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Collisional deactivation of OH(X1, v=1—4) by NH; has been studied using pulsed laser photolysis coupled
with the pulsed laser probe technique. Mixtures efNMs/N, were photolyzed at 248 nm, and time-resolved
OH populations were monitored via thes = 0 and—3 sequences of the? ™—X2IT; transition. The following
deactivation rate constants at 2881 K were obtained: (2.9 0.2) x 10 for v =1, (1.14£ 0.2) x 10710

for v =2, (3.4+ 0.4) x 109 for v = 3, and (4.1% 0.3) x 107%for » = 4 in units of cn¥ molecule® s™*

(the errors are @. The present study is the first report on the rate constant for/©#)+ NH; reaction.

The deactivation of OH(=3) by NH; can be elucidated by nonresonantV energy transfer caused by
long-range interaction; that aof = 4 deviates from the gap law.

1. Introduction hydrides. We have applied the detection of OH fia= —3

. . sequence to a kinetic study, and reported deactivation rate
The hydroxyl radical OH(XIT;) has been the object of a great constants for OH=1—4) + CH,.24 Silvente et af? have given

deal of research because of its importance in the chemistry Ofthe overall rate constants of Ob¢1—3) + H,O and+ CH,

the atmosphere and combustion. Vibrationally excited OH is using the LIF viaAv = —1 sequence. They measured the rate
produced atmospherically by the following reactions:+HD3 constants for OH(=1,2) + NHs using Av = —1 sequence

— OH(v=9) + O, in the mesopause (85 km altitude), and(  ziough they did not measure those foe 3. ’

+ HZ0 = 20H(=3) m_the stratosphngeThe reaction Of OH In the present study, we have produced vibrationally excited
with NH3 produces amidogen (Nffwhich removes NQvia a OH in a chemical process, &) + NHs — OH(v<4) + NH,

process called thermal deNONH, + NO = H,0 + No.22 ith a pulsed laser, and recorded the time-resolved populations
The rate constants of the OH NHjz reaction have been \é\/fIOH(gll‘J[-) N = O—d levels using thel,&u a 5 S;/queelc[()el;/( [

i . i = =
measured over a wide range of temperatures, and the resulting_ 0, 1, and 2) and\» = —3 sequences(= 3 and 4) of the

recommended value is (17 10°%) exp[~710 £ 200 KfT] AZZt—X2IT; system. The temporal profiles of= 1, 2, and 4

cm?® molecule® s71, and the rate constant at 298 K is 1x6 , . ,
1013 e molecule’ s-14 were analyzed by smglt_a-exponennal Ieas_t-squares fitsw Eor_
There have been many studies on deactivation of vibrationally 3, because the production anq consumption rates are relat[vely
. R11) b ] llisi nefs24 | i close, _both double-expone_ntlal fits an_d a linear integration
gxuted OH(XII;) by various Lcoflision partners.= Laser- analysis were used to obtain the deactivation rate constants.
induced fluorescence (LIF) excited with a tunable laser is widely
used to detect OH. Low vibrational levels£ 0—2) have been
monitored by LIF via the\v = 0 or —1 sequences of the’&*—
X2IT; system, and high vibrational levels with= 721 832325

92102112 and 12° have been detected via the vibrational a5 heen described previougheonly the significant features
bands qf the B*—XZIT; transition. of the present study are described here. A flow of the mixture
Relatively fewer measurements have been reported for theof O, and NH; in a N, carrier gas was irradiated with a 248 nm
middle range of vibrational levels, 3 v < 6. Teiteloaum et peam from a KrF laser (Lambda Physik LEXtra50, 2 mJ-&m

al** have employed time-resolved Fourier transform infrared jncident at the flow cell). The reaction &) + NHz — OH +

2. Experimental Section

Because the experimental apparatus used in the present study

spectroscopy (FTIR) to measure the rate constants forSH{ NH, (AH%0s = —165 kJ mot?) was used to prepare vibra-
4) + Os, and Dodd et al? have determined relaxation rate  tionally excited OH¢<4). The N buffer was effective in
constants for OH(=1-6) + O, and OH¢=1-4) + CO;, using limiting the production of OH to very short times, because N
the same technique. Wiesenfeld’s grétff has reported that s an efficient quencher of €D) to OCP): k = 2.6 x 1011
the LIF viaAv = —2 and—3 sequences are feasible for the ¢ molecule! s~1,4 and because the reaction of 3 with
detection ofv = 3 and 4, and they have studied the product NH,, k(298 K) = 7 x 10717 cm® molecule’? s71,2 is much
vibrational distributions of the reactions between'@)(and slower than that of GD) + NHz: 2.5 x 10710 cm?® molecule'?
s14
* Author to whom correspondence should be addressed. R 25 Vibrational levels of OHK?IT;, »=0—4) were detected by

262 7530. E-mail: yam@scux.sc.niigata-u.ac.jp. . . "
* Department of Applied Chemistry, Kobe City College of Technology, aser-induced fluorescence (LIF) via théX —XIT; transition

Gakuen-Higashi-machi, Nishi-ku, Kobe 651-2194, Japan. using a frequency-doubled dye laser (Lambda Physik LPD-3002
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Figure 1. Time-dependent profiles of laser-induced fluorescence

signals from OH(XIT): (a)v =1 and 2, and (by = 3 and 4. Scanned
step sizes of the delay were 1@6, (a); 18 ns, (b)Po, = 0.5 mTorr
andPyx, = 20 mTorr. All the profiles are normalized to their maximum

intensities. It should be noted that the scales of abscissa of (a) and (b)

are different by a factor of 10.

with a BBO Il crystal, 100-700uJ cnt ! incident at the cell)
pumped with a N&™:YAG laser (Spectron SL803). The LIF of
0-0, 1-1, 2—2, 3—3, 0—3, and 4 bands were observed.
Because the fluorescence yields of OR¥A, »'>3) are very
low because of efficient predissociati#ht! a sequence with
Av = —3 instead ofAv = 0 was excited to deteet’ = 3 and
4. The rotational lines excited werg(P) of the 6-0 (308.6
nm), 1-1 (314.3 nm), and 22 (320.8 nm) bands, and;@R)
of the 0-3 (449.2 nm) and 44 (451.0 nm) bands, respectively.
The Q(2) lines blend a little with theélP,y(2) satellite lines;

Yamasaki et al.

m-s~! were used. Total pressure in the flow celH10 Torr)

was monitored with a capacitance manometer (Baratron 122A,
10 Torr full scale). The total pressure measurement together
with the mole fractions as measured by the flow controllers gave
the partial pressures of the reagents. Ozone was prepared by
electric discharge in pure oxygen (Toyo-Sanso, 99.9995%) with
a homemade synthesizer and stomred i3 dn? glass bulb with

N2 (1% dilution). The partial pressure ofs@vas fixed at 0.5
mTorr. Highly pure grade N(Nihon-Sanso, 99.9999%) and NH
(Nihon-Sanso, 99.999%) were used without further purification.

3. Results and Discussion

Figure 1 shows the time-dependent profiles of the four
vibrational levels { = 1—4) of OH(XII;) observed at 20 mTorr
of NHs. The initially prepared OH(=< 4) undergo the following
reactions:

OH(v) + OH(v') — OH(v + 1) + OH(»'-1) (1)
OH(v) + O;— OH(v—1) + O, (2a)
— products (2b)

OH(v) + N, — OH(v—1) + N, (3)
OH(v) + NH; — OH(v—1) + NH, (4a)
— products (4b)

OH(v) = OH(¥') + hv (5)

OH(v) — diffusion (6)

The concentration of GD) produced in the @248 nm
photolysis is estimated to be about 55L0* atoms cni3 from
the photoabsorption cross section afé 248 nm, 1.08< 1017
cn?;* the O(D) yield, 0.9% the photolysis laser fluence, 2 mJ
cm~2; the beam diameter of the photolysis laser, 5 mm; and
the concentration of € 0.5 mTorr. A large portion (93%) of
the O{D) is quenched by MNof 5 Torr; the remaining 7% reacts
with NHgz, producing OH of about 4 10'° molecules cm? at
the typical NH pressure (40 mTorr). It takes about L4 for
99% of the initially prepared @D) to be consumed in
guenching or reactions.

however, no problems occurred because the lines originate in - Tejtelbaum et al* have reported that the rate constantsifor

the same lower rotational level.

= 3 and 4 of (1) are near the gas-kinetic rate, and those of (2)

The photolysis and probe lasers were counterpropagated andare smaller than 1.4 1011 cm? molecule’® s2. Time constants
overlapped in the flow cell, and the LIF was collected with a of the reactions are estimated to be about 125 ms for (1) and
lens ¢ = 80 mm) and detected with a photomultiplier tube 4.4 ms for (2) under the present experimental conditions.
(PMT) (Hamamatsu R928) mounted perpendicularly to the laser Although there has been no report on the rate constants of (3)
beams. The signal from the PMT was averaged with a gatedfor higher vibrational levels than = 2, the previous reports
integrator (Stanford Research SR250) and stored on a computershow a vibrational level dependences10-24 for v = 21517

Rate constants for the rotational relaxation of OA{X »=0,
N=1-14) by N; have recently been reported to be 240711
cm® molecule’® s71,32 giving a relaxation time of about 250 ns
by N, at 5 Torr. The intensity of LIF due to a single rotational
line after the time for exhaustion of &) is proportional to

<6 x 108 for v =721 <5 x 103 for v = 920 (7 £ 4) x
1078 for v = 8,2 and (1.64 0.6) x 10712 for » = 1028 in
units of cn?® molecule’! s71. It can, therefore, be assumed that
the rate constants of (3) even for= 3 are at most 10 cm?
molecule s, and consequently, the relaxation by (8) with

the population of each vibrational level. Temporal profiles of |ong time constant can be negligible in comparison with (4) of
vibrational levels of interest were observed by scanning the delay interest.

time between the photolysis and the probed laser, with a step  Radiative decay processes (5) are known as the Meinel system
size of 7-100 ns. The typical number of data points in a profile and an origin of atmospheric nightgld%34 Langhoff et af>

was 2000. At least three profiles were recorded for a single have reported that the radiative lifetimes of vibrational levels

vibrational level, and averaged data were analyzed.

= 1-15 decrease with vibrational quantum numherthe

The flow rates of all the sample gases were controlled with lifetimes of v = 1, 2, 3, and 4 are 92.9, 45.0, 28.0, and 19.4
calibrated mass flow controllers (Tylan FC-260KZ and STEC ms, respectively. These are much longer than the time scale of

SEC-400 mark3), and several linear flow velocities withinlD

the actual observation in the present study.
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4
[OH()] = ZCi exp[—(K*NH ] + ky)t] (8)

where C; are time-independent constants and given by the
complicated expressions composed of the initial populations and
rate constants related to the levaind higher levels. If the first-
order decay rate of the levelof interestk®*® (= K®[NHa3} +
kq) is sufficiently slower than those of higher levels, the profiles
L N of [OH(v)] at larget is represented by a single terrT, exp(—
0 50 100 150 200 k?@), As seen in Figure 2ay = 1 andv = 2 show clear
Time / us single-exponential decay after 50 and 2§, respectively.
Therefore, total removal rate constakfS for v = 1, 2, and 4
have been obtained from semilogarithmic analyses of time-
dependent profiles recorded at various \N#essures: (2.%
0.2) x 10 for » =1, (1.14 0.2) x 1070 for » =2, and (4.1
+ 0.3) x 10719 for » = 4 in units of cn¥ molecule® s™1. The
errors denoted areo2 Time-dependent LIF intensities instead
of absolute concentrations at left-hand side of eq 8 were used
in the actual analysis. This does not lead to any error because
LIF intensities are in proportion to the concentrations of the
vibrational levels of interest.

Contrary tov = 1, 2, and 4y = 3 shows a slightly positive

Time / us curvature over a wide temporal range, because of the small

Figure 2. Semilogarithmic plots of time-dependent profiles of LIF dlfferencg b?tween the decay rateset 3 and 4 (Flgurg 2D).
signals. The data are the same as those in Figure 1,9HR) show The fact indicates that eq 8 fer= 3 cannot be approximated
single-exponential decay after 50 and:25 OH@=4) shows an entire {0 be a single term even at largand that the profiles must be
straight line; OH{=3) shows a slight positive curvature, indicating represented by the following double-exponential form:
that the rates of relaxation to and framm= 3 are close each other.

LIF intensity / arb units.

LIF intensity / arb units.

Reverse processes of (4a) are estimated by the principle of [OH(v=3)] = C; exp(-k5**™) + C, exp(-K;**™) (9)
detailed balancing. The rates for backward reactions of (4a) are

smaller than those of forward ones by a factor of ex#, — Because the decay of= 4 is faster than that of = 3, C3 >
E,-1)/ksT], whereE, is an energy of vibrational level andkg 0 andC,4 < 0. In general, both decay rate constak&'gayand
is the Boltzmann constant. Vibrational energy spacigsEs, Ky are adjusted to reproduce observed profiles. In the

Es—_lEz, E>—Ei, and E1—7Eo are 307§, 3240, 34804, and 3570 present case, becauki® at different NH pressures have
cm8, and thus 3.5¢ 107/, 1.6 x 1077, 6.9 x 10°%, and 3.3x already been obtained in the analysisof= 4, only k3*®
107" are the ratios of backward to forward, respectively. AS @ spouid be adjusted. This type of double-exponential fits is
result, the backward reactions of (4a) can be considered relatively easy, andkgecay is readily obtained. Observed pro-

negligible in the analysis. files of LIF intensity were used also in this type of analysis.

g :\; Sr?jg;ittfg Srbeosvethrgigteiﬂp:ei"ca%cilngir;g) r?sageggﬂggitigghe NH; pressure dependence of apparent first-order decay rates
: tot 10 11
pseudo-first-order conditions [OH& [NH3], [N ] are satisfied gaveky’ fo be [3.3% 0.4()] x 107 cm® molecule ™ s,

in the present study, rate equations fofexceptv = 4) are
expressed by the following:

We also analyzed the profiles of= 3 by single-exponential
fits. Resultant rate constants were dependent on the range of
analysis and smaller than those obtained by the double-
d[OH(v)] exponential fits. When a wide temporal range was analyzed (2
—U = tot H
g K [NH[OH(+1)] - 20 us), kY was obtained to be 2.% 10710 cm? molecule!
s71, and another analysis over4Q0us gave 3.0x 10-1°cm?
{(K, -1 T K)INH] + kG [OH)] (7) molecule’! s71. It is apparent that semilogarithmic analysis

wherek, 1 corresponds to the rate constants for the vibrational underestimateks’. _ . )
relaxation from the leved to v — 1 by NHs (4a),k, is a reactive . In order to confirm the val[dlty of Fhe double-exponential
removal rate constant for the level(4b), andky is the first- fits, we also adopted a linear integration analy$i¥.Because
order rate constant for the diffusion loss (6). Because all the LIF intensities _mstead _of concentrations of V|brat|onal_ I_e_vels
vibrational levels have the same mass, it is assumed that theVere recorded in experiments, and because the detectivities for
rates of diffusion are the same. The skm_1 + k, is defined vibratio.nal levels are different and sig.nal intensities are
to be a total removal rate constadft of the levelv. Because proportional to the absolute concentrations, the following
the highest populated vibrational levelds= 4, from the heat equation is satisfied:

of reaction, OD) + NH3z — OH + NHp: AH%3 = —165 kJ

mol2, there are no terms of Ok£5) in eq 7. Because = 4 1,() = a,[OH(v)] (10)
undergoes only decay, the profiles can be readily fit to a single-

exponential form, and actually the semilogarithmic plots of wherel,(t) anda, are the observed LIF intensity at tinh@nd
observed profiles are linear, as shown in Figure 2b. The time detectivity for a vibrational level, respectively. After the
dependences of < 3, on the other hand, are given by the absolute concentration at tinhgOH(v=3)], in eq 7 is replaced
following linear combination of exponential terriss’ with eq 10, the following expression is obtained: The integration
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di ot
% = k43[NH3]%3I4(t) — (KPINH S + k)I4(t)  (11)
4

of eq 11 fromtp to t results in the following regression equation:
O3 ot
15(t) = I5(to) + k43[NH3](E4) JJa® dt =
(KINH] + k) [ 150 ct (12)

The integrated values to tintecan be readily calculated, by a
trapezoidal formula, from the time-dependent LIF signal intensi-
ties, I3(t) andl(t), recorded in experiments. The lower limit of
integrationty is set to the time after which a scheme composed
of (4) and (6) are valid. In other word&, must be positioned
after the termination of the reaction ¥) + NHz; — OH(v) +
NH, and the rotational relaxation of the nascent @H(n the

Yamasaki et al.

[o2] [+2]
T T T T
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Figure 3. Pseudo-first-order decay ratéd€®°® for OH(»=3,4) at
various NH pressures: solid circles, = 4; solid trianglesy = 3.

There is only one report on deactivation rate constant for OH-

actual analysis, regression calculations were performed for more(v=3) by NHs. Cheskis et at? have performed almost the same

than 100 combinations &f andt, and the regression coefficients
obtained were averaged over all the combinations.

Multiple linear regression analysis using eq 12 gives
Ks'INH3] + kg as a partial regression coefficient. Although
another coefficientys[NHs3](os/ow), is simultaneously obtained
in the analysiskss and as/a4 are not determined separately,

type of experiments as the present study. Their value,£3.0
1.0) x 10719 cm® molecule! s71, is a little smaller than that
obtained in the present study. It must, however, be added that
the two values agree by virtue of the large confidence limits.
Because Cheskis et al. did not show their profiles ef 3, it

is difficult to make clear the reason for the difference. Their

and thus the branching ratios between relaxation and reactive!@rge error might be due to the smallness of data points (at most
removal are not derived. It, however, should be noted that total 30 Points), although this is by no means certain.

removal rate constank;y' (=ks» + ks) can be determined
without the value of relative detectivitys/os. The fact indicates

that the absolute concentrations of the vibrational levels are notconstant forv =

needed. The valueg?[NHs] + ks measured at several NH
concentrations are plotted in Figure 3 along with the plotfor
= 4, and the slope gives a collisional removal rate congegint

of [3.5 £ 0.4()] x 10719 cm?® molecule’! s~L. This value is

in excellent agreement with that obtained by the double-
exponential fits. The smahegatie intercept of the plot ok

= 3 has no physical meaning, because tlwee2ror of the
intercept is much larger:2 x 10* s71, indicating that the rate
of diffusion loss is negligible in the time scale observed. We
have averaged the values Kf' determined by the double-

The rate constant far = 4 obtained by the present study, is
the first of the deactivation of OktE4) by NHs. The rate
4 is only 17% larger than that far= 3. As
shown in Figure 4, the ratios of rate constants between adjacent
vibrational levels decrease with vibrational quantum numbers:
3.8,32,and1.2for =2/v=1,v=3/v=2,andv = 4/v =
3, respectively. Unfortunately, there is no information on the
branching ratios between vibrational relaxation and reactive
removal on each vibrational level. Accordingly, vibrational
energy dependence pfire vibrational relaxation rates cannot
be discussed. If vibrational relaxation (4a) is predominant over
reactive removal (4b), the large rate constants on the order of
10711-1071 cm?® molecule’* s™ might be due to the V¥V
energy transfer from OHYJ to NHs. The energy differences

exponential fits and the linear integration analysis, and obtained o\ een adjacent levels of OH are 3570, 3404, 3240, and 3078

deactivation rate constant for= 3 by NH; as [3.44 0.4(2)]
x 10719 cm?® molecule s71.

cmiforv=0andly=1and2y=2and3,and =3 and
4, respectively? There are four vibrational modes of NH3337

An assumption was made that vibrational relaxation is limited cmt (v), 950 et (i), 3444 et (v3), 1627 ot (va); of
to a single quantum change in the reaction scheme (4a). It isthese,vs and, are doubly degenerate vibratioHsThe 1 or

>

possible that multiquantum relaxatioAv 2 occurs in
collisions with NH;. We also analyzed the same data with
different schemes including relaxatickw > 2; however, no
significant rate constants for multiquantum relaxatidvw (=

2) were obtained. However, a decisive conclusion cannot be

derived, because temporal overlap between two levelsd v

vz modes are the most preferable vibrational modes for accepting
OH vibrational energies. The energy defeats of the V-V
vibrational energy transfer

OH() + NH;— OH(v—1) + NH, + AE  (13)

— 2 are very small, and the data points are scarce. Observationgre +233, +67, —97, and—259 cntt for » = 1—4 and NH-
of three consecutive levels with higher time resolution than the (;,) and+126, 40, —204, and—366 cnt! for v = 1—4 and

present study is necessary to evaluate the importance ofNH,(y5). When the mean translational energy at temperature

relaxation withAv > 2. An ideal way to judge the contribution
of multiguantum relaxation is single level excitationzg and
observation of the time evolutions of the levels< ;.

The overall rate constants” for OH(1<v<4) + NHz are

T, (3/2RT = 311 cn1! at 298 K, is added to the defects, this
results in the followingeffectve defects: +544,+378,+214,
and+52 cnt! by NH3(vy), and+437,+271,4+107, and—55
cm~1 by NHz(v3). The exponential energy gap model is given

listed in Table 1 together with previously reported values. There py the following equatiort—43

have been several studies of the deactivation of &H(2) by
NH3.8181517.22 The reported values far = 1 are somewhat

ky_v = C exp(=f|AE|) (14)

scattered, but the differences are not so serious. Our rate constant

for v = 1 is in excellent agreement with that recently reported
by Silvente et al. The rate constant for= 2 obtained in the

Because the present-W energy transfers are governed by a
dipole—dipole interaction, energy transfer probability is intrinsi-

present study agrees well with all the reported rate constantscally proportional to the vibrational quantum numbef3

for v = 2.

Therefore, the quotierk,—/v instead ofky—y should be used
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TABLE 1: Total Removal Rate Constants for OH(z) + NH3?

J. Phys. Chem. A, Vol. 104, No. 40, 2008085

v=4 v=3 v=2 v=1 refs
(8+£2.7) x 10711 (2.5+0.6) x 107110 8
(3.0+£1.0)x 1071° ggi 8%)5; 12;010 (21+0.3)x 10°1* ig 1
. .15) x )
(1.01+0.09) x 10°%° (2.49+0.21)x 10°* 17
(1.26+£0.12) x 10710 (2.86+0.12)x 10°1* 22
(4.1+0.3)x 10°1° (3.4+0.4)x 1071° (1.1+0.2)x 107 (29+0.2)x 10°1* this work¢

21n units of cn® molecule’* s™%. PValues were corrected using a more reliable rate constant for the reference re&atiors denoted arec2
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Figure 4. Vibrational energy dependence of total removal rate
constants forw = 0—4. The error estimates shown are two standard
deviations (2). Rate constants far = 1—4 determined in the present
study and reported value fer= 0% are plotted.
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Figure 5. Normalized deactivation rate constam®/v vs effective
energy defectAEle = |AE| + (3/2)RT, where|AE]| is defined by eq
13 in the text. Vibrational modes of NHaccepting OH vibrational
energy arer; (closed circles) ands (open circles). Vibrational quantum
numbers of OH are written near the circles.

in eq 147 Figure 5 shows the relation between ti@malized
rate constants and energy defects. The plots/fer 1-3 are

faster tharw = 1. The relatively small difference between the
rate constants far = 3 and 4 is due to the asymptotic approach
to the gas-kinetic rate (Figure 4). Deactivation ratesfor

1—-3 can be accounted for by the nonresonartWenergy
transfer from OHY{) to the v, or v3 vibrational mode of N,
under the assumption that vibrational relaxation is predominant
over reactive removal at every vibrational level (Figure 5). There
has, however, been no report of direct evidence to prove the
validity of this assumption. Because a the barrier for the
chemical reaction OH+ NH3 — NH» 4+ H>0 is about 7.7 kJ
mol~1 over the temperature range 23860 K** even the lowest
vibrationally excited level = 1, with 43 kJ mot? of vibrational
energy, might readily surmount the barrier. It is possible that
the contribution of reactive removal to the overall deactivation
increases with vibrational energies.

Branching ratios between vibrational relaxation and reactive
removal could be determined if the relative detectivities
o,—1/a, were known. The vibrational relaxation rate constant
k,,—1 is obtained usingt,—1/a, and NH; pressure dependence
of the apparent first-order decay rd€“® givesk® (= k-1
+ k,), and therk, is derived from the overall rate constant. If
the nascent vibrational distributions of OH produced in the
O(D) + NH3 reaction were knowna,/a,,-1 could be
determined* Cheskis et al? have determined the nascent
vibrational distributions of OH in the @D) 4+ NHj3 reaction.
They, however, have analyzed their data on the assumption that
no reactive removal is present; therefore, their results cannot
be used to determine the branching ratios between vibrational
relaxation and reactive removal. Thus, information on the
nascent vibrational distributions of OH is a key to extending
the knowledge about the kinetics of vibrationally excited OH.
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v1 andvs. The regression lines give the paramegter 0.0041

(cm™H)~1 These findings suggest that the deactivation of OH-

(v=1-3) by NH;s is mainly governed by the ¥V energy
transfer.

The rate constant far = 4 deviates from the fit for the ¥V
energy transfer. This might indicate, not that 4 is deactivated
by a different mechanism from < 3, but that the overall rate
constant reaches its ceiling (i.e., the gas-kinetic rate)-at4.
Deactivation cross sections for=1—4 are 2.9, 13, 41, and 48
A2, respectively.

4. Conclusions and Future Directions
The overall deactivation rate constants of ORI v = 1—4)

by NH; have been determined. We have found that the rate .,

constant forv = 4 is larger than that for = 3 by only 17%,
while v = 3 is 3.2 times as fast as= 2 andv = 2 is 3.8 times
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