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.Comment on the Far-Ultraviolet Photolysis of Nitric Oxide 

* Bruce H. Mahan 
Department of Chemistry.and Inorganic Materials Division 

of the Lawrence Radiation Laboratory, University of 
California, Berkeley, California 

. 1 . 
In a recent paper, Leiga and Taylor report the results 

of the photolysis.of nitric oxide at three wavelengths in the 
' vacuum ultraviolet. They demonstrate that for nitric oxide 

pressures in the range of 10 to 700 Torr, the quantum yield· 

of nitrogen is approximately 0.4 for irradiation in the 1600-~ 
0 

spectral region, and approximately 0.5 at 1470 and 1236 A. 

Since the primary process at 1236 ~ is photoionization ~f 

nitric oxide, they conclude from the relative insensitivity 

of the quantum yield to wavelength that the recombination of 

NO+ with an electron leads to an excited nitric oxide molecule 

similar to ones formed by absorption of light at 1600 and 

1470 X. These excited molecules may be quenched, radiate, or 

as a result of a collision, decompose in N and 0 atoms. Leiga 

and Taylor suggest that the direct dissociative recombination 

reaction 

NO++ e ~ N + O, (1)· 

does not occur. The purpose of this comment is to show that 
' 

under the conditions employed by Leiga and Taylor, Reaction (1) 

cannot be expected to be important, and consequently no 

conclusions as to whether or not it does ever occur should be . 

drawn from this work. There is an alternate mechanism for 

* . . Alfred P. Sloan Foundation Fellow · 
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photolysis in the photoionization region that is consistent_ 
·' 

with the observations of Leiga and Taylor, and which incorporates 

what is known about the behavior of electrons in nitric oxide. 
. 2 3 
Investigations ' of the photoionization of nitric oxide 

with probes and microwave cavity resonance have demonstrated 

that the dominant electron-loss pro.cess is the attachment 

. reaction 

e +NO+ NO ~NO-+ NO, (2) 

when the pressure of nitric oxide is greater than'a few 

'torrecelli, and the ion concentration is no greater than 1010 . 

ion/cc. From the reported lamp intensity, 1 the absorption 
/ . 4 

coefficient of nitric oxide, and approximate values for t~e 

ion-electron2' 3 
ot' ion..:.ion5 t'ecombination coefficients for . 

this system it is possible to estimate that the ion concentration 

in the experiments of Leiga and Taylor did not exceed approx

imately 5xl09 ion/cc at a nitric oxide pressure of 10 Torr. 

This figure is consistent with our own5 di~ect measurements 

of ion concentration in such photochemical systems. Even if 

the ion-electron dissociative recomb.ination coefficient is as· 

large 2 ' 3 as 10-6 cc/ion·sec, and if the three-body electron. 

attachment 3 coefficient .. is 4xlo-31 cc 3/ion2 ~ sec, then electron 

attachment should be approximately 10 times as fast as ion

electron recombination at a nitric oxide pressure of 10 Torr. 

For greater nitric oxide pressures the ion concentration may 

·approach 1010 cc-1, because the light is absorbed in a ·shorter 

distance from the lamp window. · At pressures below 100 Torr, 

however, electron attachment can be expected to be.the dominant 
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electron-loss mechanism. For pressures much above 100 Torr, 

the fact that most of the light is absorbed in the first milli

meter .from the window may complicate interpretation of the 

experiments. 

The existence of positive and negative gaseous ions offers 

an obvious mechanism,for populating some of the lower excited 
I 

electronic states of, the nitric oxide molecule .. At total 

pressures of 10 Torr and above, ions neutralize each other5 by 

both two- and three-body processes that can lead to electronically 

excited states of the neutral fragments: 

.No++ NO- (+M) ~NO*+ NO (+M) 

NO+ + .N02 (+M). ~NO*+ N.o2 (+M} 

Here we have re.cognized that some of the negative ions may be 

N02· 

The maximum ·energy available to the products of such 
. ' 

neutralization reactions is equal to the difference between the · 

ionization energy and the electron affinity of the relevant 
' 

neutrals. The electron affinities6 of NO and N02 are 0.91 and 

4.0 eV, respectively, and consequently the nitric oxide produced· 

by charge transfer may'have at most 8.3 eV of excitation energy. 

If most ion recombinations are of the three-body type, or if 
\.,.-

most involve N02, the excitation energy of the neutral may 

often be less than 8.3 eV. An excitation energy of 8.3 eV 

would correspond to absorption by nitric oxide of a photon of 

approximately 1490 A. Thus, the results of Leiga and Taylor 

interpreted in this manner su~gest that the products of mutual 
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neutralization reactions of ions in this ·system are·electron-

ically excited nitric oxide molecules. that behave chemically 

in much the same manner as those formed by direct absorption 

of ph~tons of wavelengths greater than 1236 A. 
This work was performed under the auspices of the U. S. 

Atomic Energy Commission. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




