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The rate constant for the reaction of NH3 + OH -, NW2 + Hz0 has been measured in a h&i temperature fast flow reactor 
over the range 294-1075 K k = (5.41 + 0.86) X IO”“* ewp[ -(2f 20 + 143) cal moW’/fWj cm3 molecule-’ s-*. Thus re- 
sult IS compared wth hterature values and dlscussed. 

1. Introduction 

The role of the reaction 

498 = -10.7 + 1.5 kcal mot-1 0) 

is rmportance in underst~~g atmosphenc [I ,2f 
and combustion [3,4] chermstry. Although wet! 
studled near room temperature [5--IO], this reaction 
1s also important at the elevated temperatures of com- 
bustors and combustor exhaust flows. It has been pro- 
posed as the key initiation step m the removal of 
NO, by ammonia addition to combustor exhaust 
flows [3,1 I] _ 

lhs work 

laser mduced fiuorescence detection techniques_ Flow 
gases can be monitored by a molecular beam sampling 
mass spectrometer to facilitate in the rden~~cation of 
reaction products. Gas temperatures ase obtained wzth 
shielded W-5%Re~-26%Re ~e~~ouples using a 
technique fi4,15] which removes the contribution of 
waU radiation to the measurement. 

Ralcals are made with discharge ilow techniques, 
ut&zmg a 2450 MHz microwave discharge source, 
and mtroduced through the inner of two coaxial a!u- 
mina mlet tubes. By addmg a second gas through the 
outer tube, new reactant species can be produced. 
Hydrogen atoms made in the microwave source react 
with NO,, resultmg in a clean source of OH. The con- 
centration of OH is always kept low enough to pre- 
vent secondary reactions. An alternate source of H 
atoms is the use of heated tungsten coil to dissociate 
Hz at the mserted end of the inner tube. Both produc- 
tion methods gave comparable results. 

A second reactant, in this case ammonia, is added 
through a moveable quartz injector. Helium buffer gas 
IS added at the entrance of the flow tube through 
mtillite multichannel arrays which preheat and laminar- 
I.ZX the flow. The purities of gases used are: 
He(99995%), Hz (99999%), NH3 (99.99%), and 
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Table 1 
Evperunental rate data 

T (K) P (Torr) IJ (cm/s) k,” (s-l) [NH31 (cmS3) Rio,, (s-l) kNH,+OH (cm3 molecule-’ s-l) 

294 1.20 895 54.8 1.42( I E,’ 40.4 
294 1.20 895 54.8 2.32( 14) 61.9 
294 1.20 895 54.8 3.94(14) 78.9 
294 1.38 916 54.8 1.45(14) 58.6 

294 1.38 916 54.8 2.73(14) 94.2 

294 1.42 873 54.8 3.50(13) 26.6 
294 1.42 873 54.8 1.09(14) 41.3 
294 1.42 873 54.8 1.86(14) 48.5 
294 1.42 873 54.8 2.90(14) 72.8 
294 1.42 87.’ 54.8 4.20(14) 80.5 

575 1.38 
575 1.38 
575 1.38 
575 1.38 
575 1.38 

45.9 5.08(13) 64.7 
45.9 9.25(13) 99.7 
45.9 1.65(14) 169.4 
45.9 2.48(14) 233.9 
45.9 l-26(14) 130.0 

775 
775 
775 
77.5 

77.5 

1.43 
1.43 
1.43 
1.43 

1.43 

875 1.45 

875 1.45 
875 1.45 
875 1.45 

875 1.45 

1790 
1790 
1790 
1790 
1790 

2390 
2390 
2390 
1-390 
2390 

2590 
2590 
2590 
2590 

2590 

3340 
3340 
3340 
3340 
3340 

3450 
3450 
3450 
3450 
3450 

63.4 2.18(13) 53.5 
63.4 4.62(13) 85.4 
63.4 9.52(13) 157.2 
63.4 1.52(14) 239.7 
63.4 6.94( 13) 120.6 

75.7 l-50(13) 33.9 
75.7 3.51(13) 60.4 
75.7 6.27( 13) 119.0 
75.7 9.53(13) 154.7 
75.7 1.34(14) 193.7 

975 
975 
975 
975 
975 

1075 
1075 
1075 
1075 
1075 

1.39 
1.39 
1.39 
1.39 
1.39 

80.5 1.36(13) 43.2 
80.5 2.73(13) 66.2 
80.5 4.28(13) 99.6 
80.5 7.05(13) 158.9 
80.5 LlO(14) 273.0 

1.62 
1.62 
1.62 
1.62 
1.62 

121.5 2.41(13) 59.3 
121.5 4.30(13) 104.5 
121.5 6.60(13) 162.3 
121.5 9.05(13) 192 0 
121.5 1.16(14) 240.2 

(1.42 f 0.28) X lo-l3 

(1.45 f 0.29) X lo-‘3 

(8.67 f 1.73) X lo-l3 

(1.43 + 0.28) X lo-‘* 

(1.37 * 0.27) X IO_‘2 

(2.39 f 0.47) x lo-‘* 

(1.93 f 0.36) X lo-” 

Table 2 
Comparrson of expenmental rate determmatlons for NH3 + OH wth selected hterature values 

Room tempcraturc 
rate constant 
(cm3 molecule-’ s-*) 

A E Temperature 
(cm3 molecule-’ s-l) (callmole) range (K) 

Method Ref. 

2.42 X lo-l3 (5.3 + 0.8) X lo-l2 
(27 * 0.3) x 10-13 1.1 x IO_‘2 
(1.5 r 0.4) x 10-13 - 

lJ8 x 10-13 2-3 K 10-12 
(1.64 +- 0.16) i; lo-13 2.93 x lo-‘2 
(1.44 f 0.29) x 10-13 (5.41 r 0.86) X lo-‘* 

1830 
870 f. 80 

1600 
1710 f 300 
2120 * 143 

298-669 
298-365 
298 

228-472 
297-427 
294-1075 

flow reactor t91 
pulsed radlolysis [lo] 
flash photolyns [6] 

flash photolym [7,81 
flash photolysls [S] 
flow reactor present 
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3. Results 4. Discussion 

Hydroxyl decay is measured as a function of the 
injector position for a ftved NH3 concentration with 
[NH31 E+ [OH] to ensure pseudo-first order kinetics. 
Some representative data are shown in fig. 2 for 875 
K. Rate constants @I) for each measurement are ob- 
tained by a least squares fit to the slope of -In(signal) 
versus reaction time. 

Removal rates of OH by the uncoated alumina tube 
wall are measured by varying the OH residence time 
at fixed pressure. This is done during each run and 
the observed k, are shown in fig. 3. These values, 
along with estimated diffusion coefficients [I 6] * for 
OH in He, are used to correct for the effects of wall 
removal and axial and radial diffusion on the observ- 
ed rates. This is most accurately accomplished using 
the procedure outlined by Brown [ 171. The correc- 
tions are small, ranging from 15-36%. The corrected 
first order rate coefficients, ki,,, are listed along 
with the measured k, in table 1. A least squares fit 
to k’ corr versus [IV-$] results in kNH3+OH(T). A few 
of these curves are illustrated in fig. 4. The overall 
accuracy of the rate constants is estimated (-‘la) at 
20%. 

The temperature dependence of the measured rate 
constants can be represented by the Arrhenius ex- 
pression, k(cmf molecule-l s-1) = A exp(-fi/I?T), 
as shown in fig. 5. Also included are the data of Perry 
et al. [S] and Smith and Zellner [7,8], which are the 
most recent measurements over J range of tempera- 
tures. 

A non-linear least squares fit to our present data 
results in values (&lo) for the pre-exponential factor 
A = (5.41+ 0.86) X lo-l2 cm3 molecule-l s-1 and 
an activation energy of E = 2120 + 143 cal mol-I. 
This is indicated by the solid line in fig. 5. 

A comparison of the present results with selected 
literature values is shown in table 2. Our room tem- 
perature value is in excellent agreement with recent 
work. In general, they tend to exhibit a slightly lower 
A factor than our high temperature results. The im- 
plication is that the temperature dependence has a 
slight upward curvature, as would be expected from 
transition state theory for this simple hydrogen atom 
extraction, and as recently observed for a series of 
reactions of OH with substituted alkanes [ 191. Due 
to the nature of our apparatus it is difficult to accu- 
rately maintain a temperature below ~500 K (other 
than room temperature), thus in the present work 
measurements to determine the curvature directly 

* The diffusion coefficient of OH in He is assumed to be 
equivalent to that of 0 in He. 

TEMPEATURE (Kl 

Pig. 3. Temperature dependence of the measured OH 
wall removal rate. 

Fig. 4. Dependence of pseudo-first order rate constant on NH3 concentra- 
tion at various temperatures. 
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+PRESENT WORK 

P FERRY, ETAL (REF 5) 

---SMITH. ETAL.(REF 8) 

I I 1 I \., , 

IO 20 30 40 50 
IOClO/T(K) 

Fig. 5. Temperature dependence of measured rate constants 
for NH3 + OH reachon. 

could not be performed. Flttmg all the pomts in fig. 
5 to k = AT” exp(-E/RT) was statlstically unwarrant- 
ed, thus any devlatlon from Arrhemus behavior is 
small. The conclusion can be drawn that the Arrhenius 
parameters extracted from the experiments below 500 
K are indeed valid to temperatures above 1000 K, in 
the regon of mterest to many combustion and exhaust 
cleanup studies. 
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