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PURPOSE

s
The purpose of this research was to measure the rate constant for the

reaction of hydroxyl radicals with ammonia as a function of temperature.
SUMMARY

The oxidation of ammonia could be a significant source or sink for
tropospheric NO_ via reactions of the NH, radical. This radical is formed in

the troposphere predominantly by the reaction:
NHy + OH » NHy + 1,0

This abstraction reaction is the rate~limiting step in the gas—phase oxidation
of ammonia in the atmosphere. Numerous studies of this reaction have been
undertaken, employing a variety of techniques. In this study,fzhe discharge
flow technique with resonance fluorescence detection of OH was used for the
measurement of the rate constant as a function of temperature. Special
attention was given to the minimization of secondary chemistry which could
interfere with the measurement. The rate constant was measured at five
temperatures from 297-364 K yielding the Arrhenius expression (4.55 + 1.0) x
10742 exp{(-973 + 78)/T] cm molec-l s—l with one standard deviation quoted as
the statistical uncertainty. A comparison of this result to other reported
values shows good agreement in most cases. A computer model of the experimental

data was used to estimate rate constants for the reactions



NH, + NO » N, + H + OH

A Stern-Volmer analysis of the steady state 0H fluorescence intensity measure-
ments made during the OH + NH, rate constant experiments was used to determine
the rate constant for OH(A22+) quenching by ammonia of (9.6 + 0.8) x 10710 cm3

molec L 57! ar 297 K.



INTRODUCTION

Ammonia is the third most abundant nitrogen species in the atmosphere. It
is thought to play a significant role in both homogeneous and heterogenecus
atmospheric acid neutralization reactions.ls? However, possibly as much as 50%
of atmospheric ammonia is oxidized in the gas phase.3’4 The primary reaction

responsible for the initial step in ammonia oxidation 1g:4

NHy + OH > NH, + H,0 (1)

Several measurements of the rate constant for this reaction have been reported

-14 1 -1

in the literature ranging from 4.1 x 10 to 2.7 x 10_13 cm3 molec © s at

room tEmperature.S_l2

The ultimate fate of the amidogen radical (NH2) thus formed is unclear,

however. 1t has been implicated as a potentially significant source for atmos-

pheric NOx via the reactions:l’qiﬁ

NHyp + 0, > products (2)

NH, + 03 > products (3)

Unambiguous rate constant measurements for reaction (2) do not exist, but upper

15 1 -1

limits have been reported in the range 8.3 x 1072 to 2 x 10718 cud molec! s

11,13,14

at room temperature and above. Rate constants for reaction (3) have

been reported in the range 6.3 x 10714 0 1.2 x 10713 cn? molece™! a~l at room

temperature.15=16,17



The amidogen radical could also be a2 significant sink for atmospheric

Noxl’4’6 via the reactions:
NH, + NO » products (4)
NH2 + N02 + products (5)

The rate constant for reaction (4) has been reported in the range of 1.2 x 10711

-1 18-22

to 2.7 x 107H cm3 molec“l 5 at room temperature, whereas reaction (5)

has a rate constant measured to be 1.2 x 1011 to 2.3 x 10711} cm3 molec"l
5-1.19’24 Several possible exothermic channels exist for reactions {2)-(5), but
few product identifications have been made. It is likely that reactions (3) and
(4) occur by more than one pathway. VFor example, OH has been detected at levels
of a few percent of NH, in experiments performed on reaction (3),16 and perhaps

20% of reaction (4) proceeds via an OH formation process.18 The formation of OH
as a product of reaction (5) is also thermodynamically possible. Clearly,

further study is required to elucidate the rates and mechanisms of potential

atmospheric reactions of NHZ'

Given the rate constant measurements for reactions {(1)-(5) and the
approximate atmospheric concentrations of OH, NH4, and NO , it can be concluded
that the rate limiting step in ammonia oxidation is reaction (1).12 It ig,
therefore, important that the rate constant for this reaction be accurately
established. The initial objective in studying NHx chemistry was, therefore, to
unambiguously ascertain the rate constant of this reaction as a function of

temperature.



EXPERIMENTAL

The discharge flow apparatus used in this study is illustrated in Fig. 1.
It consists of a resonance fluorescence detection cell and a removable 2.5-cm
I.D. x 3.8-cm 0.D. Teflon—coated aluminum tube. FEight fixed-position reactant
inlet tubes (1/16" 0.D.) were equally spaced from 10 to 45 cm from the detection
zone and were positloned to open at or near the center of the axis of major gas
flow. Other ports were used for pressure and temperature measurements as well
as for a sidearm through which radicals were introduced. The flow tube and
fluorescence cell were wrapped with an electrical heating element and insula-
tion. A movable thermocouple probe (retracted during kinetics measurenents) was
used to verify that temperature control was maintained to within 42 K throughout

the reaction zone.

Hydroxyl radicals were produced 30 cm upstream of the first reactant inlet
port by reacting atomic hydrogen (produced by microwave discharge through 92-ppm
hydrogen in helium) with an excess of nitrogen dioxide. Concentrations of
nitrogen dioxide were chosen such that hydroxyl radical formation was always

complete (i.e., three H atom half-lives) within three milliseconds.

Hydroxyl radicals were detected downstream via resonance fluorescence
induced by a resonance lamp consisting of a microwave discharge through approxi-
mately two torr of 1% Hy0 in helium. Fluorescence signals were collected at
right angles to the fluorescence excitation source through an interference

filter and detected via a photomultiplier (EMI 9789QA) operated in the
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Fig. 1 Schematic diagram of discharge flow-resonance fluorescence system.



photon—counting mode. Apertures and focusing optics were utilized with both
optical axes to maximize the ratio of signal to scattered light. Hydroxyl
radical sensitivity was estimated at 3 x 109 molec cm_3 at a slignal to noise
ratio of one. Concentratlions of hydroxyl radicals were measured daily by
titration of H atoms with nitrogen dioxide, and never exceeded

6 x 10ll molecules cm_3,

The clean Teflon-coated surface of the flow tube was found to have
unacceptably high and irreproducible wall loss rates for hydroxyl radicals.
Coating the flow tube and injectors with halocarbon wax (Halocarbon Products
Corp. series 15-00) minimized this problem and was used for all experiments.
Wall loss rates for hydroxyl were measured daily by varying the point of nitro-
gen dioxide injection and determining the slope of 1n [OH fluorescence] vs. wall
exposure time. Wall loss rates measured in this way never exceeded 6 s, This
technique assumes Instantaneous hydroxyl formation, no H-atom wall loss, and no
hydroxyl loss due to reaction with excess nitrogen dioxide. The first two
assumptions lead to an underestimation of hydroxyl wall loss. This under—
estimate is partially offset by the reaction of hydroxyl with nitrogen dioxide
which, under the conditions employed, occurs at approximately 1 s_l. Hydroxyl
wall loss rates were also determined from the intercepts of plots of pseudo—
first—order decay rates of OH fluorescence vs. reactant concentration. Hydroxyl

wall loss rates determined in this manner never exceeded 13 5—1.

Gases used were helium (Matheson UHP 99.999%), hydrogen in helium (92-ppm
Matheson certified standard), nitrogen dioxide in helium (274 ppm and 0.917%
Matheson certified standard), and ammonia (Matheson anhydrous 99.997 minimum).

The 0.917% nitrogen dioxide in helium was analyzed via long path Fourier



transform Infrared spectroscopy and found to contain 550 ppm of aitric oxide as

& contaminant. All gases were used directly without further purification.

Pressure in the flow system was measured at 50 cm from the detection zone
by an MKS capacitance manometer. Temperature was measured with type-T thermo-—
couples. All gas flow rates were controlled and measured with Tylan mass-flow
controllers calibrated by measuring the pressure rise resulting from a timed

flow inte a known volume.

The kinetics experiments were performed under pseudo-first—order conditions
by adding ammonla in large excess over hydroxyl, sequentially through each of
the eight reactant inlet ports. Measurements of scattered light and OEH fluores-—
cence in the absence of ammonisg, Ig, were made both immediately befaore and after
the kinetics experiments were conducted. Measurements of IE were used in the
determination of the rate constant for quenching of OH (A22+) by ammonia as

discussed later.

Acquisition of fluorescence couat rates, gas flow rates, pressure, and
temperature was accomplished by a CAMAC standard Kinetic Systems 8010 micro—
computer system. Statistical tests were applied to these measurements to verify
that data collection occcurred during stable experimental conditions. A series
of eight measurements of each parameter was made at each reaction time and the
data remeasured if the standard deviation in any measurement was greater than

3%. Remeasurement of data was typically not required under these conditions.

The measured pressure and calculated flow velocity were corrected for

viscous pressure drop to derive the pressure and velocity at the point



representing the average of the midpoints between reactant injection and
hydroxyl detection. These corrections were typically approximately 5%. The
corrected flow velocity (typically 20 m 3—1) and pressure (~l torr) were used to
calculate the reaction time and specles concentrations (based on the fraction of

total flow measured for each gas).

RESULTS
OH + NH4

Reaction (1) was studied at five temperatures from 297 to 364 K at 1 torr.
With [NHq] > 1.4 x 1014 molec cm™> »> {OH] € 6 x 1ol molec cm_3, reaction (1)
is pseudo-first-order in OH. Figure 2 shows typical plots of 1n [OH fluores-—
cence] vs. reaction time. Slopes of such plots yield a value for the observed
pseudo-first~order rate of OH decay, Kopg» where Kops = ky[NH3] + k, and k, is a
first—order term for removal of OH at the flow tube wall. Intercepts of such
plots yield a value for the flusrescence intensity, IF, in the presence of
ammonia but in the absence of OH removal by reaction with ammonia. The values
for Ip were employed in a Stern-Volmer analysis as discussed later. A plot of
Kogg vs- [NH4] is shown in Fig. 3. The value for k; at each temperature is
derived from the slope of such plots as caleulated by a weighted least-
squares fit of the data. The value for ky at 297 K determined in this way is
1.73 + 0.11 x 10713 cnd molec™?! -1, A summary of Kgypq, temperature, and
ammonia concentration for each experiment, as well as the values of kl are

listed in Table I.
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Plots of the natural log of OH fluorescence signf% VB . reacti?g time at
334 K. 2 curves sh%wn correspond to 1.61 x 107, 3,01 x 10" and

5.14 x 10 molec cm ammonia respectively from top to bottom. Error
bars represent statistical uncertainties of 29. Intercepts of such
plots represent the natural log of OH fluorescence intensity in the
presence of ammonia but in the absence of OH removal by reaction with
ammonia. This extrapolated value for fluorescence intensity, Iz, can be
used in_a Stern-Volmer analysis to yield the rate constant for quenching
of OH(AZE ) by ammonia as has been reported herein for 297 ¥ data.
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Fig. 3 Plot of pseudo-first-order rate constant for OH fluorescence decay vs.
ammonia concentration. Data 1s for 334 K.
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TABLE I

Compilation of Experimental Data from kl Determination

Temp. NH 1 g
P N [N ) Xoss “oss
*K 10 molec em™? s—l g
297 2.66 57.0 1
297 4,33 88.5 2
297 6.24 130 2
297 7.91 148 2
297 9.68 168 4
297 11.4 195 4
297
320 2.1L 56.8 1
320 3.34 84.0 2
320 4.18 105.0 2
320 5.05 123 1
320 5.92 140 2
320 6.99 158 1
320
334 0.61 49.9 1
334 2.30 68.2 2
334 3.01 87.0 1
334 3.71 104 2
334 4.43 120 1
334 5.14 136 2
334 5.86 156 2
334
348 0.16 48.9 1
348 2.14 64.3 1
348 2.67 80.9 2
347 3.21 101 2
347 3.73 114 2
347 424 119 1
348
363 1.47 32.2 1
363 1.98 46.6 1
3163 2.50 59.6 1
363 3.00 86.1 1
363 3.54 08.4 1
363 4,10 111 1
363 4.59 125 1
363

12

ky

em> molec t g71

(1.73 £ 0,11) x 10713

(2.12 + 0.06) x 10713

(2.48 £ 0.03) x 10713

(2.74 + 0.12) x 10713

(3.07 + 0.15) x 10713



The values for k; for the five temperatures were fit to an Arrhenius
expression to yield a temperature-dependent rate constant of (4.55 % 1.0) x

3 1 -1

10"12 exp{(-973 £ 78)/T] cm” molec - s ~. The stated errors in all cases

represent one standard deviation. The Arrhenius plot is shown in Fig. 4.

OH (A22+) Quenching

From Fig. 2 it can be noted that the OH fluorescence signal at zero

reaction time varies as a function of ammonia concentration. Under ideal con—

ditions resonance fluorescence would result from two processes:

hv + OH » oH(AZEh) (a)
2_+ kr
OH{(A™S ) » OH(XZHi) + hy' {b)

where hv' is the OH fluorescence to be detected and kr is the rate constant for
the radiative decay of 0H(A22+). However, the nonradlative process of colli-

sional quenching can also occur:

kM

oncaZsty + u -9 DH(XZHi) + M (c)

where kﬁ is the rate constant for the quenching process via molecule M. Flug-
rescence intensity is, then, a function of quenching. Under the experimental
conditions employed, M is predominantly helium, N02 and NHq. The OH(A22+)
fluorescence lifetime, 1%, in the absence of ammonia is

NO

He yi
tpo= (ke + kg [Hel + ko

-1
[¥0,1)

13
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The OH(AZE+) fluorescence lifetime in the presence of ammonia, Tp, 1s:

NO NH

He 2 3
Tp = [kr + kg [Hel + kq (N0, ] + kq [NH, ]

]—1

At a given hydroxyl concentration, the ratioc of OH fluorescence intensity in the
absence of ammonia, IE, to the fluorescence intensity in the presence of
ammonia, IF’ is:

N
Ip/lp = wp/1pg = 1 + 13 k, ~INHg]

This 1is the typical Stern-Volmer quenching expression which can be enployed to
derive a rate constant for the gquenching of 0H(A22+) by ammonia. The values of
Iz used for these calculations were obtained in conjunction with the kl deter-
mination by extrapolating the In(OH fluorescence) vs. reaction time data

(Fig. 2) to zero reaction time. This provides a measure of OH fluorescence both
in the presence of ammonla and in the absence of removal of OH by reaction with
ammonia. The values for IE were the fluorescence signals measured in the
absence of added ammonia. Ammonia flows used for the k1 deternination never
exceeded 37 of total gas flow; hence, concentrations of other quenchers remained
essentially constant between measurements of IE and experiments resulting in

derivation of IF.

Using the radiative lifetime of OH(A22+) and the rate constants for
, 2.+ 23 2.+
quenching of QH(A"Y ) summarized by Schofield, the OH{A®F ) fluorescence life-
time in the absence of ammonia (TE} is essentially equal to the radiative 1life-
time of OH(A22+), i.e., ~0.76 x 10_6 s+ Given the gas flow velocities employed

in the experiments (~20 m s'l) and the spatial resolution of fluorescence

15



detection (~0.5 cm), the time resolutlicn of fluorescence deteotinn La long

relative to processes (a)-{c), hance these processes are in steady state.

A least—squares analysis of the data (Fig. 5) vields a value for 1%g -
q

of (7.3 + 0.6) x 10716 o3 molec *, Hence the 297 K rate constent for 9ﬂ{A22+}
quenching, as measured relative to the radiative 1ifetime, is (9.6 % 0.8) =
10710 ¢n3d motee™! 7R, Although possible, there is no evidence that quenching
involves chemical reactions. This possibiity was not investigated in these
experiments. It should also be noted that the measurement of kl and kq’

although subject to the same uncertainties, are each independent of the other.
DISCUSSION

Data from experiments performed at room temperature and high ammonia
concentrations displayed a slight nonlinearity in plots of In (OH fluorescance)
vs. reaction time as shown in Fig. 6. Although the data are linear within the
statistical uncertainties, the slight nonlinearitles are suggestive cof an effect
of secondary chemistry. The potential fate of NHE formed via reaction {1) was
therefore investigated.

Recent studies have revealed two possible branches for reaction (4}):

NH, + NO > K, + H,0 (4a)

NHy + NO = N, + H + Ol {4

16
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Fig. 5 Stern-Volmer plot of 297 K data showing I./I. vs. ammonia concentration.

Error bars represent statistical uncertainties of 2 g.
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Fig. 6 Comparison of experimental data (normalized to measursd OH
concentration} and the computer model predictions of OH concentration.
Solid lines represent the weighted least squares fit of experimental
data (+). The computer model predictions of OH concentration (x) were

obtained using kup = 5 x 10712 cm3 molec -1 g1 and kgy = 0 cm3 molec 11

s7L, Similar model predictlons result with ka =5 x 507 -13 cm3 molec
s_l and kéb = 0 cm3 molec” s-l. The curves represent ammonla concen—
trations (from top to bottom) of 4.33 x 101%, 7.91 x 10'%, 9.68 % 10
and 1.14 x 10!° molec en™2. The increasing curvature with increasing
ammonia concentration is possibly due te the faster rate of reaction
(4%) and/or (5b) which results from increased NH, formation from reac-
tion (1). The increased curvature of these plots relative to those of
Fig. 2 suggests that the OH formation channels of reactions (4) and (5)
have negative temperature dependences as has been previously observed
for the overall reactiomns.

»
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At room temperature, possibly 20% of reaction (4) occurs via (4b).18 In these
experiments, reaction (4b) would result in the production of two OH for each NH,
reacted, since OH would also be formed via the fast reaction of H with the

nitrogen dioxide in the system.

There 1s evidence that reaction (5) occurs predominantly but not

exclusively via:19

NHy + NO, + NyO + H,0 (5a)

However, there is an exothermic channel for this reaction which could also

result in OH formation:

NH, + NO, » N, + 2 OH {5b)

The potential impact of reactions (4b) and (5b) on measured OH decays in this
study would therefore be nearly identical, i.e., two OH formed for each NH2

reacted.

Reactions (4) and (5) have both been measured to have negative temperature
dependences which would be consistent with the observation of nonlinearity of
experimental data at low temperature only. Furthermore, this nonlinearity would
be expected to be most prominent under conditicns of high NHy concentration,
which is consistent with its occurrence only in experiments performed using high

ammonla concentrations.

19



To determine the possible influence of reactions (4b) and {5b) an the
measurements reported herein, a computer model of the dominant chemistry present
in the experiments was used to simulate the results at 297 K. The chemical
reactions and rate constants used in the simulation are shown in Table TI. The
slmulations were performed using a program written by M. R. Whitbeck? that uses
the technique described by Gear.25 Simulations were based on experimente at
room temperature and utilized the measured [OH], kw’ [N02] and pressure. To
determine the potential influence of reaction (5b) on the measurcments reparied
herein, the rate constants for (5a) and (5b) were varied while maintainiag the
overall rate constant at kg = 2.2 x 1071 cu® motec™! 571 and assuming

k&b = 0. The model predicted the experimental Kopg for hydroxyl when Kgp = 2 X

10_13 cm3 molec—l s"l. The model predicted OH concentraticns outside the 2a

statistical uncertainties of the OH fluorescence measurements when k5b =1 x
10—12 cm3 molec_l 5_1. To determine the potential impact of reaction (4B) on

the measurement of kl the rate constants for (4a) and (4b) in the simulations

were also varied while maintalning the overall rate constant at ky = 2.2 x 10_11

3 1 -1

cm” molec — s and assuming kgy, = 0. The simulations indicate that the
experimental results were relatively insensitive to the branching ratic of
reaction (4) since the dominant loss of NH2 was via reaction (5). However, the
best match between the experimentally obtained KOBS and KOBS obtained from the
simulation occurred when reactlon (4b) was predicted to proceed at approximately
5 x 10712 cod molec™! 7', The simulation results are shown with experimental
data in Fig. 6. The rate of OH formation predicted by the model from either
reaction (4b) or (5b), is less than 10% of the rate of OH loss due to

reaction (1) throughout the range of ammonia concentrations utilized im the

experiments. Furthermore, the model predicts OH concentrations within the Zg

limits of statistical uncertainty of the experimental data when k4b and k5b are

20



TABLE II

Chemical model used to examine the perturbation
on measured [OH] resulting from reaction {4b) or (5b}.
Initial concentrations:

[K0] = 1 x 10*? molec co”3*

[NOp) = 1 x 10'3 malec cm™3

[NHq) = 4.33 x 10*% - 1.14 x 1015 molec cn™3
M] = 3.2 x 1018 nolec co™3

[OH] = & x 101 molec en™3

Reaction Rate Constant References

H + NO, + OH + NO 1.23 x 10710 ca? molec™! 571 28

OH + NHq » NHp + Hy0 1.7 x 10713 end wolec™! 47! Thie work
{4a) NH, + NO » Ny + HeD 0-2.2 % 1071} cm? molec™? 7! Sum of 4a and 4b set at average
(46} My + N0 > Ny + H + OB 2.2 x 10-11 - 0 ea® molecl o~} of references 20, 21 and 22
(58) NHy + NOy » Np0 + Hy0 2.2 x 10711 - 0 cn? molec™ 87 Sum of Sa and 5b set at average
{5b) NHp + KO, + Ny + 2 OH 0-2.2 x 10711 3 molec™ 572 °f references 19 and 24

NHy + H + M > NHy + M 2.9 x 10739 cu® molec™? 7t 29

Ny + FHy + M > Notl, + % 6.9 x 10730 cob mclee™ 571 29

NH, + OH » NHyOH 5.0 x 107! cm’ molec”! 571 14

OH + NOp + M + HNO3 + M 2.6 x 10730 cpb molec"? g7t 28

OH + HO + M » HONO + M 6.7 x 1073} cu® molec™? 57! 27

OH + OH + Ho0 + 0 1.8 x 10712 cn? molec™! g7t 28

OH > WALL 12.6 87} This work

NH, » WALL 12.6 g7} Assumed equal to k, for DH

as measured Iin this work

* Based on the measured NO contanination of the N0y used, plus the NO resulting from the OH formation reaction.

21



both zerc. The modelling of these experiments therefore suggests that OH
formation from NHq reactions is possible if not probable.* However, the data

demonstrate that kl is not significantly perturbed by this secondary chemistry.

Of seven studies of kq previously reported (summarized in Table 1II), four

are in reasonable agreement and yield the preferred value for kl of 1.6 %

10713 ca® molec™! &7! at room temperature.30 Three of four flash photalveis

studies®™/ and one of two discharge [low studies9 support this result.

A potential for secondary chemistry in the flash photolysis studies exists

due to the potential for ammonia photolysis with subsequent reaction of tha NE,

photofragment via:

NHZ + OH » products {6}

The rate constant for reaction {6) has been estimated at 5 x 1071l cm3 molec_’1

5“1.14 Since the absorption cross section for ammonia, across much of the

27 ig equal to or greater than that for water (the 0H

ultraviolet spectrum,
source in most flash photolysis studies)}, the concentration of NH, produced by
both photolysis and reaction (1) could be expected to exceed the concentration
of OH. Hence the rate of OH decay in the flash photolysis studies might be
expected to increase beyond that resulting from reaction (1). However, Smith

5

and Zellner” carefully checked for and eliminated this possible complication in

* 1In fact, preliminary experiments performed in this laboratory have
confirmed the formation of OH (as detected via resonmance fluorescence) from
elther reactien (4b) or (5b). Subsequent detection of nitric oxide
contamination of the nitrogen dioxide used in these experiments precludes
the confirmation of reaction (5b) as the sole source of this OH, however.
Further investigations of these reactions are currently in progress.

22
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their study. The agreement obtained in two of three other flash photolysis
studies which did not investigate this possibility suggests that the rarte con—

stant for reaction (6) has been overestimated.

The possible complicating secondary chemistry in the discharge flow studies
results from the potential for OH regeneration via reacticns (4b) and {3by &g
discussed previously. This would result in a decreased rate of OH decay from
that expected due to reaction (1l}. Of the two discharge flow studies, only Hack

10 considered secondary chemistry. Their result, however, does not agree

et al.,
with the flash photolysis studies. The discharge flow study of Silver and Kolh®
did not investigate secondary chemistry, Farthermore, the tempsrature range of

their study 1s not comparable with the flash photolysis studies, except atr rozm

temperature where their result is in agreement.

This study, then, offers an alternative to the flash photolysis technique
while also carefully considering potential secondary chemistry. The good agree—
ment obtained between this study and most flash photolysis studies (despite the
potential for secondary chemistry which could effect the results in opposite
directions) offers strong confirmation for the preferred value of kl.

As reaction (1) is the rate-limiting step in the atmospheric gas-phase
oxidation of ammonia, It controls the extent to which the tropoapheric NO,,
budget can be influenced by reactions (2)-{(53). The extent of this influence
could far exceed NO_ sources due to combustion.® An understanding of this
influence awaits knowledge concerning the relative importance of reactions (4)
and {5) (NOX sink) as opposed to reactions (2) and (3) {NOX source}, as well as

the relative importance of reaction (1) to heterogeneous or other ammonia loss
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processes. TFurther investigations of the rates and mechanisms of reactiong

(2)-(5) are, therefore, still required.

The technique employed to concurrently obtain the rate constant for
OH(AZZ+) quenching and OH(XZHi) reaction kinetics has not, to the author's
knowledge, been previously employed. A more cumbersome technique to accomplish
this has been reported by Clyne and Holt.3l However, it is worthwhile to note
that the technique reported herein can be easlly applied to much of the
extensive data in existence for ground state radical reaction kinetics, with no
further measurements required. Furthermore, this technique is equally valid for
flash photolysis experiments. Care must be taken, however, to Insure stable
intensities in the fluorescence excitation and the photolysis source s¢o as to
maintain constant concentration and excitation of OH(XZHi) between measurements

of Iz and Ip. This means that the reactant must not significantly absorb either

wavelength employed.
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