CHAPTER 3

DATA AND RESULTS

3.1 Kinetic Analysis

The chemical chain processisinitiated by pulsed laser phaolysisof O; at
308 m, thus creaing O(*D) atoms. These excited O(*D) atoms rapidly read with
waterl-3 and hydrogen47 in the flow cdl to yield bah vibrationally “hat” (i.e., v>0)
and“cold’(i.e., v=0) OH radicds. These studies!-3 have shown that the ratio of
OH(v=1) to OH(v=0) resulting from reaction 3.1is approximately 0.40. In addition,
studies* of the OH vibrational distribution resulting from reacion 3.3 fave shown

adistributionin which 8% of the OH popdationisinv=7.

O(*D) + H,O — OH + OH k=2.2x 10"°cm®sec (3.1)
O(D)+H, - OH+H k=1.0x 10*°cm®/sec (3.2
H+0; - OH+ O, k=2.9x 10 cm®/sec (3.3

Thereis also rapid competition to guench or react the O(*D) species with Os (k =2.4
x 10" cm® molealle® s*) or O, (k= 3.2x 10™ cm® moleaules® s?) to yield

groundstate oxygen atoms or molecul es via8-10
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O('D)+0; - 20, k=1.2x 10'°cm®sec (3.4
O('D) + O3 — 0, +20CP) k=1.2x 10*°cm®sec (3.5
O('D) + 0, — 0, +O(CP) k=4.0x 10 cm®/sec (3.6)

Sincethe high-resolution IR laser samples on P(5/2)1 transitions out of OH
(v=0, J=2.5), the early time signals reflea only the fradion d vibrationally “cold”
OH radicals. Rovibrational codling of the “hot” OH species by colli sions with H,0O
and Ar buffer gas rapidly brings the system to room temperature equili bration.
Under typicd flow cdl conditions, rapid quenching of these rovibrationally “hat”
OH radicals, resultsin an esentially “prompt” rise in OH signals probed ou of the
v =0, low N quantum levels, which onamuch longer timescde, reads with Oz to
initi ate the chemicd chain reaction cycle (seefigure 3-1). The key point is that the
OH popdations are equili brated to atemperature distribution on<5 pstime scde,
whichis1 o 2 arders of magnitude faster than the subsequent chain reaction
Kinetics under investigation.

Thus, for the purposes of kinetic analysis, initiation d the dain reaction can
be gproximated simply by prompt generation d [OH]g at t = 0. For typicd XeCl
pulse energies and bean sizes, [OH]p is3 o 4 arders of magnitude smaller than
[O3],which is necessary to ensure apseudo-first-order kinetic regime and
discriminate against radical-radicd termination readions. In thislimit, the relevant

coupded kinetic eguations becme

AOH] = i [OH][O;] + k,[HO,][05] 3.7

22l = | [OH][0;] - k,[HO,][O] (3.9
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OH Production From O(*D) + H,0
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Figure 3-1. OH time profil es measured viatime-resolved IR laser absorption onthe
v=10,P(2.51 transition. In a and b,the buffer gas condtions are dhosen to
modify the rate of colli sional relaxation d the OH radicds, which in effect samples
the ealy time scde dynamics for OH production. (a) At the lowest H,O quenching
gas concentrations, thereisa “prompt” component of OH(v=0) absorption die to
rapid readion o O(*D) with H,0, which then rises to roughly twicethis value with
subsequent collisionsin the buffer gas. This nealy 2-fold additional increase in OH
signal refledsthat vibrationally “hot” (i.e., v>0) and “cold” OH(v=0) radicds are
generated in roughly equal numbers, correspondng to “active” and “ spedator” OH
bondsin the O(*D) + H,O readion. (b) For typicd H,O concentrations, however,
this colli sional relaxationistoo rapid to dstinguish these two comporents. The net
effect isaprompt production d colli sionally equili brated OH radicdsonthe 5 ps
time scae, which is much faster than the subsequent OH/HO,/O3 chain readion
kinetics of interest.
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d[OH] , d[HO,] _
& T dt2 =0, (3.9

where the last expresson reflects the negled of any net lossof chain radicd
concentration dwe to slow wall | osses, diffusion ou of beam, etc. Thesekinetic

eguations can be readily solved for [OH](t) and [HO,](t) to yield

[OH](t) - Ky @ Kina [Os]t +L (3.10
[OH], ki +k; K+ ks
[HO,I(t) — ky @_e_kind[o3]t), (3.1)

[OH], Kk +k,
where the dfedive thain induction rate and steady-state concentrations of OH

radicd and steady-state rate of chain propagation are given by

King = Ky + Ky (3.12
- k2
(OH, =[OH, 2 (3.13
k, k
k=K g1 (3.14

Equation (3.10 for the time dependence of [OH] ill ustrates sveral

important points. First of al, [OH](t) startsinitially at [OH]o and undrgoes sngle-

exporential decay to anoreero baseline value of [OH]., =[OH], % , witha
1 2

chain “induction” time nstant Ting = { kina [O3]} . Thisinduction time nstant
reflects the time required for OH and HO; radicals to come into stealy state, and
therefore is controll ed by the magnitude of both chain propagation steps.
Consequently, any kinetic analysis of this exporentia time dependence yields the
sum of the two pseudo-first-order propagation rate constants, k; andk,. Thisis

different from previous kinetic analyses'1-13 of OH + Os readion rates, which
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negled the slower seaond chain step and ascribe the observed time dependence
entirely to Uting=ki[O3]. Sewmndy, the OH decaysto anonzero value at t >> Tjnqg
due to chain regeneration d OH from the secondary HO, + O3 readion. This also
differs from previous analyses of OH + O3 kinetics, which treat the OH signal as a
single exporential decay down to [OH]ss= 0 and ascribe this time constant to the
first step in the dhain readion sequence. Sample dhain readion data supporting this
more complete kinetic analysis are presented in figure 3-2, where the water and

0zone reagent concentrations are listed in the figure caption.
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Figure 3-2. Typicd OH absorbancedata. Thefast initial decay signalsthe
“induction” of the dhain readion, foll owed by a much slower decay from the steady
state “propagation” regime to chain termination pocesses. The fast decay is
determined by the sum of the two chain rate cnstants, whereastheratio o fast- to
slow-decay comporents refleds theration d the two chain rate wnstants. For this
data, [O3]) =1.95Torr, [H2O] =5.22Torr, [Ar] =19 Torr, and the excimer pulse
energy is 0.5mJ/cm? per pulse.
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As predicted, the data unambiguously demonstrates sngle exporential decay from
[OH]o to afinite [OH]ss plateau, which in turn decays on a much longer time scale
(tdecay = 10ms) due to a ombination o nonlinear chain termination and dffusion
out of the probe laser IR beam volume. Though this scondary decay is due to
chain termination and therefore nat predicted by the smple chain moded, it can be
easily treded by including irreversible (i.e., norrchain readion sustaining) loss
processes for OH and HO,, as presented below.

If we ssume first-order, irreversible lossmedanisms for OH and HO,

radicds, the relevant kinetic equations are modified to become

AOH] = i [OH][O4] + k,[HO,][O4] - KSV[OHI, (3.19
A2 = | [OH][0,] - k,[HO,][0;] - kHC2[HO,] (3.16
dIOH] ;. AIHO:] — O OH] - KHO2[HO,] (3.17

Efficient propagation accurs when irreversible lossof OH and HO, is slow, and thus
the dhain readionis sustained for many cycles. Thisiskineticdly equivalent to
saying that the OH/HO; ratio is maintained in a steady-state ratio ko/k;, even as both
chain radical spedes are eventually consumed irreversibly. Inthis smplifying limit

of ki, kit 92 << king, equations (3.15-3.17) can be solved to yield

[OH](t) — kl e_kind [Os]t + k2 e_klermt (3 la
[OH], ki +k; k +k, . .

This now correctly predicts a double-exporential decay in the OH signal, with the
faster chain induction comporent given by ki,qg and a slower chain termination

comporent given by
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OH HO,
— kirr k2 + kirr k1

term — k1+k2 k1+k2 '

(3.19

It isinteresting to nae from equation 3.18that the chain termination rate reflects a
sum of both OH and HO,, lossrates, but now weighted by the fradional steady-state
concentrations of each radicd. As aresult, these OH/HO,/O3 chains can still
propagate quite dficiently even in the presence of relatively fast irreversible
removal processes for OH, due simply to the fact that the overall concentration o
chainradicals (i.e.,, [OH] + [HO,]) is“stored” asthe lessreadive HO, radicd. Note
also that thismodel predicts the ratio of ki/k, to be determined by the relative
amplitudes of the fast- and slow-decay comporents badk extrapolatedtot = 0.
Finally, the total number of chain cyclesistypicaly dominated by the long time

propagation kehavior, which can be foundby integration o equation (3.18) to yield

N _ Korop __ kik[G4] (3.20

cycles ™ OH HO, |, °
kterm irr k2 +kirr kl

In summary, the dowve kinetic analysis makes threepredictions. (1) Inthe
limit of efficient chain propagation and slow chain termination processes, doube-
exporential time dependence of the OH chain radicals is anticipated. (2) A plot of
the fast decay rate vs [O3] will yield aslope of {k; + ko} (i.e., the sum of the two
chain propagation reactionrate cnstants). (3) Theratio of badk extrapolated
comporents for fast (induction) and slow (termination) decays yields ki/k; (i.e., the
ratio of the two chain propagationrate mnstants). A table of relevant reactions

occurring in the flow cdl are presented in table 3-1.
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Readion K[298K] Reference
(cm¥/seq)

O(D)+H, - OH+H 1.0x 10™° 14
O(*D) + H0 - OH(v=1) + OH(v=0) 2.2x 10" 2
o(D)+0, - 0O+0, 4.0x 10 14
O(D)+0; - 20, 1.2x 10%° 14
O(D)+03 - 0,+20 1.2x 10%° 14
H+ O3 - OH(v<9) + O, 2.9x 10" 47
OH(v=1) + H,O — OH(v=0) + H,O 1.4x 10" 15
OH(v=1) + H, — OH(v=0) + H, 1.0x 10% 16

OH(v=1) + O, — OH(v=0) + O, 1.3x 10" 1718
OH(v=2) + Ar - OH(v=1) + Ar <1.0x 10 19

OH(v=2) + O3 - HO, + O, 1.9x 10" 2021
OH+ 03 » HO, + O, 8.2x 10 13
HO,+ 03 - OH+20; 2.1x 10" 22
HO,+0O - OH+ O, 5.9x 10* 14
OH+0O - O,+H 3.3x 10 14
0;+0 - 20, 8.0x 10 14
OH+OH - H,0+0 1.9x 10 14
OH + HO, - H,0 + O, 1.1x10%° 14
HO, + HO, — products 1.7x10% 14
OH+H, -~ H,O+H 6.7x 10" 14

Table 3-1. Reactions occurring in the flow cell andtheir respedive rate @nstants.

3.2 Room Temperature Results

To oltain the desired kinetic rate information, time-resolved IR absorption
traces for lossof OH radicd after excimer laser initi ation are obtained for awide
variety of experimental condtions. To verify that the kinetic results are
guantitatively reliable, these experiments have been exhaustively repeaed for =140

different cdl presaures, bufer gases, flow rates, phdolysis energies, and ower a100-
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fold dynamic range of ozone ancentrations. An abbreviated li st of the experimental

condtionsis sammarized in table 3-2.

No. of L aser H, H,O Total [O4] King (10
Data Energy  Pressre  presare Pressure x 10 cm/seq)
Runs  (mJcm?  (Torr) (Torr) (Torr) moleaules/cm®

pulse’®)
19 7.5 0 5.0 45.0 0.097 -9.46 8.2(8)
21 43 0 6.6 34,9 0.25-7.56 8.7(8)
6 5.0 0 53 29.7 0.13-1.16 9.2(9)
21 49 0 4.0 24.6 0.20 -6.45 8.3(8)
21 2.8 0 1.3 425 047 -7.62 9.1(9)
20 1.6 0 3.3 234 0.42 —-6.69 8.7(8)
12 2.4 0 6.0 16.7 0.50 -4.59 11.0(11)
19 26 0 125 434 0.095— 452 8.0(8)
10 0.5 0 3.7 26.0 0.25-2.00 8.6(9)
23 0.4 0 3.8 28.0 0.50 -3.95 8.3(8)
21 0.5 0 31 230 0.45 -3.95 8.6(9)
18 0.5 0 3.7 27.0 0.60 —4.05 9.3(9)
14 05 0 3.6 220 073 -2.41 9.4(9)
12 0.5 1.4 0.4 26.0 0.19-4.00 9.2(9)
8 0.5 0 0.6 18.0 0.85-841 8.7(9)
22 0.5 120 3.0 25.0 0.94 -6.52 8.7(9)
10 0.5 8.3 1.2 23.0 0.57 -6.34 8.3(9)
8 0.5 10.0 2.8 22.0 1.02 -5.00 8.7(9)
10 0.5 6.7 3.3 175 0.73 -6.50 9.9(10)
15 0.5 0 0.5 25.0 1.00 -6.87 10.0(10)

Table 3-2. Experimental conditions for room temperature determination d king.

A more complete discusson d these various experimental chedks is deferred urtil
later in this dion. Eadh OH radical timetrace is then fitted to the doulde
exporential deay form predicted in equation (3.18 using nonlinea least-squares
routines to extrad king, kiem andtheratio of the fast- and slow-decay components.
Sample-fitted data are shown in figure 3-2, which indicate the high signal-to-noise

(S/N) quality and small residuals obtained from the least-squares-fitting procedure.
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From equation (3.20), these experimental condtions suppat over 20 complete
chain cycles (i.e., more than 40moleaules of O3 are destroyed for each OH radicd
generated phaolytically). The dhain induction rate cmmporent (king) has been
plotted vs ozone mncentrationin figure 3-3.

From alinear least-square anaysis, the slope of thisfit (i.e., theinduction
rate mnstant) at 298K is king = ki + ko = 8.89) x 10 cm® moleaule® s* , with an
intercept which is negligible within urcertainty. It is worth stressng that these data
reflect the results of =200 separate kinetic measurements, taken at over a 50-fold
dynamic range in laser pulse energies and cdl presaures, aswell as over a100fold
dynamic rangein [Os].

Though such chain readion kinetics have been present in previous
experimental studies, the dfects require relatively high S/N to seeunambiguously.
Furthermore, detection d the steady state chain regime is enhanced by the higher
0zone cncentrations accessble to the present IR method, which is able to make the
initial decay rapid with resped to radicd-radicd chain termination processes and
diffusion ou of the probe beam. Thisisthefirst kinetic study of the OH/HO,/O5
readion system that takes chain propagation effeds expli citly into acount, and
which therefore reports the sum of the two chain rate anstants (i.e., king = k1 + k).
By way of contrast, previous kinetic analyses have gproximated the lossof OH asa

single-exporential function d time and report avalue for k; alone.
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Figure 3-3. Stern-Volmer analysis of decay time vs 0zone ancentration at 298K
for various different experimental condtions. The slope represents the sum of the
two chain rate onstants, king = ki + ko = 8.890) x 10** cm® moleaule® sec®. This
datarefleds =200 dfferent sets of independent experimental condtions taken over
several months, covering (i) a 10-fold range of excimer laser intensities (0.5 - 7.5
mJcm?), (i) 3-fold range of total cell presaure (16.7 — 45.0Torr), and (jii ) a 100
fold range of [O3] (9.7 x 10* and 9.5x 10" moleaules/cm®).
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From the previous edion, it isclea that thisisnot rigorously corred; for the
OH/HO,/O3 chain readion system, however, the magnitude of k isthought to be
only <5% of k;, which explains why the seacond decay comporent would orly be
evident at high S/N in the previous gudies. In the aurrent studies, this doulde-
exporential behavior is evident in al kinetic traces andis explicitly included in the
kinetic analyses. Thus for consistency, the present results for kinq shoud be
compared with the ealier values reported for k; from previous gudies that presumed
apurely single-exporential decay.

These results are in agreanent with the previous room temperature RF
studies of Ravishankara et a., 13 who report arate mnstant of 8.2x 10** cm®
moleaule’ s* . To make this more explicit, we have replotted the Ravishankara &
al. datal3 ontop o the arrent data (see inset regionin Figure 3-3), which indicates
anealy quantitative overlap bu also urder-scores the =10-20 fold larger range of

0zone concentrations that have been investigated viathe IR laser absorption method.

Reseacher King[298K]
(x 10 cm®¥/seq)
Andersont! 55+15
Kurylol2 6.5+ 0.5
Ravishankaral3 8.2+ 0.4
Smith?23 7.5+0.2
Reammmended 6.8
Vauel4
Thiswork 8.8+ 0.90

Table 3-3. Room temperature rate constants for king.

Asindicaed in table 3-3, thereis arelatively broad range of rate values
reported in the literaturel 11323, our datais most consistent with the Ravishankara &

al. valuel3, verified over amuch larger dynamic range of [Os]. Of particular
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importance, the presently determined value for king is>20% higher than oltained

from the k; and k, values recommended for use in atmospheric modeli ng.14

3.3 Systematic Checks

As additional confirmation d these results, the measurements have been
repeaed under avariety of diagnaostic test condtions. Thefirst isto assessfor any
eff ects due to norinea radical-radica kinetics, which one can systematicdly check
by varying the laser power. The ladk of any dependence on excimer laser power is
displayed in figure 3-4, which indicae no change in the reported vaue of kg over a

fador of 50in laser pulse energy.

Rate Constant vs Laser Energy
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Figure 3-4. Room temperature rate onstant as afunction o excimer energy.
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For comparison, most of the experiments reported in figure 3-3 are conduwcted with
laser energy of <1 mJ/ cm? at atypical ozone @ncentration o 10*° moleaules/cm? .
This corresponds to an initial OH radicd concentration d =1 x 102 moleaules/cm?®
anda[OH]o/[O4] ratio of =1 x 10“ . Thislow ratio of radicd to Oz concentrations
ensures first-order kinetics and dscriminates against contributions from even gas
kinetic radicd-radical readions sich as OH + HO, onthe time scde of chain
reagioninduction period.

A seondissueto addressis the degreeof thermal equili bration d the OH
radicd. As noted by Ravishankara d a.,13 this can be particularly important in the
OH/HO,/O3 chain readion system due to acceleration d the OH + O3 chain step by
OH vibrational excitation?4. To eliminate these interferences, the flow cel mixture
contains high concentrations of H,O, which is an extremely efficient quencher of
vibrationally as well asrotationally excited OH radicd. This can betested in several
ways. First of all, this degreeof internal state relaxationis confirmed in figure 3-1,
which indicaes the excdlent temporal separation between fast OH rovibrational
relaxation and the much slower removal of OH by chain reaction with Os.
Seoondy, since the IR probe laser is quantum state spedfic, we can monitor the
chain kinetics on dfferent rotational levels, which indicate no dfference within
experimental uncertainty. Furthermore, these kinetic measurements have been
repeaed for avariety of buffer gases (Ar, SFs, N2 and O,) and cdl presaures. As
displayed in figure 3-5 the observed rates are remarkably insensitive to bufer gas

conditions over the full range of data represented in figure 3-3.
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Rate Constant vs Buffer Gas Pressure
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Figure 3-5. Room temperature rate onstant as afunction d buffer gas presaure.

3.4 Temperature Dependent Results

It isour goal to more fully understand the OH/HO,/O; kinetics, espedally at
atmospheric temperatures. Theregion d the amosphere where this chain readionis
most important has an average temperature of approximately 200K. For this
reason, it isimportant to the scientific community to have reliable kinetic data &
these temperatures. Using ou flash kinetic laser apparatus, in conjunction with the
temperature ontrolled flow cdl, we ae aleto olserve the OH/HO,/O; kinetics at
various temperatures. Figure 3-7 presents the Stern-Volmer anaysis for selected
temperatures, whil e table 3-4 contains the experimental condtions and king for these

measurements.
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Figure 3-6. Stern-Volmer analysis of the decay time (king) VS 0zOne cncentration at
four temperatures. 334K, 314K, 273K, and 240K.

Temp. P[H20] P[H2] Tota P King
(K) (Torr) (Torr) (Torr) (x 10 cm®¥/seq)

3342) 4.3 0 25 14.614)
3141) 4.3 0 22 10.911)
29502) 06-120 0-6 16 — 42 8.9490)
287(1) 25 10 22 8.2483)
2731) 25 10 22 6.5265)
266(2) 0.3 10-15  20-25 6.2062)
2531) 0.3 1.0-15 25 5.1652)
2502) 0.3 1-6 25 4.60(46)
2402) 0.3 1-6 23 3.9940)

Table 3-4. Typica condtions and kinq @ various temperatures.
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In order to determine the temperature-dependence of the rate constant for the
OH/O;3 chain reaction, an Arrhenius expressonis utilized. The Arrhenius form for
atemperature dependant rate constant is as follows:

K(T) = Ae &=/T, (3.21)
where A isthe Arrhenius pre-exporential fador, and Eac; isthe Arrhenius adivation
energy for thereadion. Using thisanalysis, it iscommonto plot the rate constant,
k, asafunction d /T onasemi-log graph. If the readion conformsto the
Arrhenius expresson, thiswill yield astraight line with aslope wrrespondng to the
Arrhenius activation energy and an intercept correspondng to the pre-exporential
fador. Theresult of thisanalysisis shown in figure 3-8, with the foll owing

Arrhenius parameters:

em® O ) (1030+ 50)K
k (T =12.93%%) x10™ ex . 3.2
ind ( ) DSGCE ( 0.38) T(K) E ( Z’

Previous dudies concerning the OH/O3/HO, chain reaction have been
reported in the literature. For purpases of comparison, we have included these
previously determined rate anstantsin figure 3-8. It is apparent that agreement is
within experimental error at low temperatures. However, at temperatures above 300
K, ou values are onsistently greaer than those reported. Although the Arrhenius
fit isquite goodin this temperature window, our Arrhenius parameters are higher

than those previously determined.
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Figure 3-7. Arrhenius Plot for the induction decay rate, king. Circles (¢) represent

our data, triangles (A\) are from Smith et al.23, diamonds (¢) are from Ravishankara
et al.13, and squares([) are from Kurylo!2,

Reseacher King[298K] A-Fador E/R
(x 10 cm®/seq) (cm®/seq) (K)
Andersonll 55+1.5 1.3x 10 960
Kurylol2 6.5+ 0.5 -- --
Ravishankaral3 8.2+ 0.4 (1.82+0.30 x 10 930+ 50
Smith23 75+0.2 (1.52+0.10 x 10 890+ 60
Recmmended 6.8 1.6x 10" 940+ 300
Valuel4
This work 8.8+ 0.90 (2.93+0.40 x 10" 1030+ 50

Table 3-5. Comparison d king With previously determined values.
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It isworth speculating what these diff erences might be due to. The quantity most
crucial to these rate constant determinations is the ozone number density. Inan
effort to minimize systematic erors, we use an in situ measurement of ozone
density by absorption d the 308 nm phatolysis light. However, the acuracy of this
measurement is limited to the acarracy of the known cross gdionandits
temperature dependence In addition, when determining the Arrhenius parameters
of the readion, the values are quite sensiti ve to the temperature of the reactants.
Obviously, any systematic erors in temperature measurement would lead to a
discrepancy. Inthis gudy, the temperature of the gas was measured dredly in two
placesin the cell: the middle and the far end. The agreement between these
measurements are within 0.5 C. In addition, we monitored the temperature of the
circulating fluid, which would consistently be ~2° C colder than the gas temperature
during low temperature data runs and ~1° C higher than the gas temperature during
high temperature dataruns. The thermocoupes used in this investigation were
cdibrated with a mercury thermometer between 0 and 106 C and foundto be

acarateto 0.5%.

3.5 ku/king Determination at Room Temperature

The determination d k, has proven to be more difficult. As presented
abowe, theinformation needed to calculate k; is contained in the longtimetail of the
OH decay curve. By comparing equation (3.21) with equation (3.18), ore finds that
theratio o the back extrapolated intensitiesis equal to ko/king. Hence, in order to

extrad both k; and ky, one must measure both the decay rate and the intensity



47

information. Unfortunately, intensity informationis the most prone to systematic
and experimental errors. In arder to reducethese erors, a series of measurements
were taken where special attention was paid to the determination d theratio of
ko/king. The result of these measurements (shown in figure 3-4) is ky/king = 0.0432).
These measurements were taken at 295K only, and we are aurrently working to

extend these measurements to lower temperatures.

0.10
e 4.7TorrHy0
A 52Torr H50
m 24Torr H50
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Figure 3-8. ky/king measurement at 295K. From this analysis, we calculate an
average valueto be 0.0432).

Thisvalue can be compared with ather, previous measurements of k; and ky. Sinha
et al.22 report ako/k; value of 0.0263) , which is consistent with the value of

0.0293) value of Zahniser and Howard?5. As presented in the previous dions, it
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is appropriate to compare our ky/king to the previously measured values of ky/k;. Our
value, however, is roughly 60% higher than these previous measurements. An

explanation for this discrepancy is currently being pursued in ou laboratory.

3.6 Breaking the 240 K Barrier

Extending the kinetic measurements below 240K isnaot an easy task. At
temperatures below 240K, the vapor presaure of water becomes negligible, and the
only source for OH atomsis through the readion o O(*D) with H..
O(D)+H, - OH+H (3.23
Thisreation proceads at a gas-kinetic ratel4 (1.0x 10*° cm*/sec) to form OH
(v=0). However, the product H atom can react with azonein the cdl to form
vibrationally excited OH47.
H+ O3 - OH(V< 9) + O, (3.24
The branching ratio of the &ove readion hes been studied by Charters et a .4, and
more recently by Ohoyama et al.6. Ohoyama € al. has shown that 80% of the
nascent vibrational distribution d OH isin v= 7. Withou H,O present in the cdl to
rapidly quench the vibrationally excited OH into its groundstate, its presence serves
to severely compli cate the kinetics. First of al, the rate of OH(v>7) and Oz istwo
orders of magnitude faster21 than the rate of groundstate OH. In addition, the
collisional relaxation d OH(v=1) by the Ar buffer gas will | engthen theinitial OH
rise time by two orders of magnitude. A plot of sample data where H, isthe only
preaursor is sown in figure 3-10. Onewill naticetheinitial emission signal at time

t =0, signifying apopdationinversion with resped to the upper state, namely OH
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(v=1,J=1.5. Thisemissonsignal isfollowed by an extremely slow rise (t ~ 0.5
msec), which eventually turns aroundto form an exporential decay. This decay
terminates to a greatly exaggerated off set, a mnsequence of the quickly generated

HO, product from OH(v=9) and Os.
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Figure 3-9. Typicd OH absorption data when H, is used as the sole preaursor.

This dataistaken onthe OH v=0, P(2.51 transition. Noticethe initia emisson
signa, indicaing an initial popudationinversion. The slow risetimeisindicdive of
the deaeased timescale for vibrational and rotational relaxation. The cndtions for
thisdataisasfollows: [Hy] =12.0Torr, [O3] =0.30Torr, [Ar] =17 Torr, XeCl
laser energy = 0.5mJ/pulse.

However, it is gill possbleto extrad theinitial exporential decy and
observe how the inductionrate, kind, varies with respect to azone mncentrationin

theflow cdl. Theresults of thisanalysisis shown in figure 3-11.
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Temp. P[H-0] P[H2] Tota P ind

(K) (Torr) (Torr) (Torr) (x 10 cm®¥/seq)
2302) 0 13 30 239489
22002) 0 12 28 2.0240)
2102) 0 13 30 1.4429)
200(2) 0 12 29 0.77(15)

Table 3-6. Experimental conditions and results of OH + Oz kinetic data taken below

240K using H; as the sole preaursor.
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Figure 3-10. Arrhenius plot comparing datawith and without H,O present in the
flow cdl. Thedeaeasein rate constant when H; is used as the sole preaursor is
obviousinthedata. A possble explanation for this discrepancy isareadion
involving H, and Mibrationally excited OH.

It isobvious that a sharp break occursin the Arrhenius plot at temperatures

below 240K. It isimportant to investigate posshble explanations for these values
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and dcetermine how much, if at al, the rate wnstant, king, is changed when H; isthe
only precursor present in the cdl. Ravishankara g al.13 report adeaeasein the
readion rate when H, isthe only precursor is present, which is consistent with the
observations made in this gudy. Ravishankara d a. attribute the slower decay rate
to a dhain readioninvalving vibrationally excited OH and H,, which re-forms
vibrationally excited OH:
OH (v=1) + H, - H,O +H (3.25)
H + O3 — OH(v<9) + O, (3.29
The &owve reaction scheme is only adive when the time scale for OH (v=1)
reading with H; is lessthan the time scd e for OH(v=1) relaxation into OH(v=0).
Spencer et al.26 have studied reaction (3.25 and concluded that the rate constant for
the reaction d OH(v=1,2) + H, is <1 x 10* cm%sec, whil e the rate mnstants for
relaxation d OH(v=1,2) are =1 x 10** cm®*sec(seetable 3.1). When we mnsider
the high concentrations of H; in the cél, which dictate the time scale for the
OH(v=1) + H, readion, it very passble that this chain will play arolein
complicating the OH + Oz kinetics. In order for this chain to be negligible under the
condtions of this experiment, the rate of readion 3.25must be <1 x 10*° cm®/sec
Therefore, if the rate cnstant of readion 3.25is between 1x 10" and 1x 10
cm®/sec then we would exped complicaions due to the chain readion presented

abowe.

3.7 Conclusion

The primary thrust of thiswork has been to determine the temperature

dependant rate mnstant of ozone depleting chain readioninvolving OH and HO,,
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by utili zing dired infrared absorption. A pseudofirst order kinetic analysisis
presented which corredly predicts the OH time dependence to be doude
exporential, with an initial exporential comporent determined by the sum of the
two chain rate constants (i.e. king = ky + k). Furthermore, this chain “induction”
fedure decays to anorzero OH concentration in the steady-state dhain propagation
regime, which is also confirmed by experimental results. Thisanaysis differsfrom
the previous LIF/RF studies of OH + O3, which neglect chain eff ects due to the HO,
+ Oz readionandtred thelossof OH asasingle exporential decy to zero
determined orly by k;. Our data analysis yields avaue for king which is confirmed
over amuch higher dynamic range of ozone concentrations than previously

aacessble by LIF and RF methodks.
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