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Comment on the Far~Ultraviolet'Photolysis of Nitrie Qxide

*
Bruce H. Mahan -,

Department of Chemistry. and Inorganic Materilals Division
of the Lawrence Radlatlon Laboratory, Unlverslty of
Californla, Berkeley, California

‘ln a recent pape'r,l Leiga'and Taylor report the'results‘
of the photolysis‘of nitric oxlde at three wavelengths 1n the
vacuum ultraviolet. 'They demonstrate that for nitric oxide.
pressures in the range of 10 to 700 Torr, the quantum yleld "
.of nitrogen is approximately 0.4 for irradiation in the 1600~ A )
| spectral region, and approximately 0.5 at 1470 and 1236 A..
Since the primary process at 1236 R 1s photoionization of
nitric oxlde, they conclude from the relative insensitivity
of the quantum yield to wavelength that the recombination of
lNO+ with an electron leads to an excited nitric oxide molecule
similar to ones formed by absorption of light at 1600 and
1470 . These excited molecules may be quenched, radlate, or
as a result of a collision, decompose in N and O atoms. ILeiga
and Taylor,suggeSt that the direct dissoclative recombination
reactlon -

No™t

+ e —>N+0, . - (1)
does not occur.. The purpose of this comment is tovshow that
under the conditions employed by Leiga and Taylor, Reaction (l)
cannot be expected to be important, and consequently no .
conclusions as to whether or not it does,euerhoccur'should be .

~drawn from this work. There 1is an alternate mechanism for
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photolysls in the photoibnizatidn‘pegion'that 1s'consistent;
- with the observatlons of Lelga and Taylor, and which incorporates
what 1s known about the behavior Qf electrons in nitric oxide.

2,3 of the photOionizaﬁion of nitric oxide

| “Investigations
wlth probes and microwave cavlty resonance have demonétréted
that the dominant electron-loss process 1s the attachment

~reactlon

e + NO + NO —~ NO~ + NO, N (2)

V\when the bressufe of nitric oxlde 1s greatgr than a few
‘torrecelll, and thé ion concentration 1s no greater'thanjlo;O{”'5
_ion/cc, From_the'?eported lamp 1ntensit&,lvthe absofétion
coefficient of_nigfic okide,4-and approximate values for the

2,3

lon~electron or ion4ion5 recombinatioh coefficients for,"

thls system 1t 1s possible to estimate that the lon concentration

in the experiments of Leiga and Taylor did not exceed approx-

9 lon/cec at a nltric oxide pressure of 10 Torr.

Imately 5x10
This figure 1s consistent with our own5 direct measurements
of ion concentration in such photochemical systems. Even if

~ the ion-electron dissociative recompination coefficlent 1s as
2,3

-

as 1076 ce/lon-sec, and if the three-body electron
3

large
 attachment® ¢oefficlent 1s 4x1079% ccs/ionZQSec, then electrbh |
attachment should be approximatély lOAtimes‘as fast as ion-

- electron recombinétion.at-a nitric oxlde pressure of 10 Torr.

'~VFor greater nitrlc oxlde pressures the ion concentration may

‘approach lOlo cd’l, because the light is absorbed in a shorter

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

—

~ however, electron attachment cén_be expected to be.the dominant
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electron—loés mechanism. Fof_pressures much‘above lOO Torr,
the fact that moét of the light 1s absorbed in the first milli-v
| meterﬂfrom.the window may complicate 1nterpretatioﬁ of thej
experiments. | .

" The exlstence of poéitive and négative gaseous lons offers‘
an obvious mechanism for populating some of the lower excitéd

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

pressures of 10 Torr and above, ions neutralize each other-5 by
‘both two- and three-body processes that can lead to electronically .

exclited states of the neutral fragments:

NOT 4+ NOT (+M) —= NO* + NO (+M)
NOT + NO; (+M). — NO' 4 N.oz' -(}M)-:“
Here wevhave recognized ﬁhat some of the negativeviQné‘ma& be' "
NO,. | ) | o
- The maximum energy’avaiiable:to the produépswof such :.
neutralizatlon reactlons is QQual to fhe'differénce between thé”
ionization energy and the electrOn’affinity of:the relevant . |
neutrals. The electronaffini’cies6 of NO-and Noziare 0.921 ahd“"
 4.0 eV, respectively, and consequently.the nitric oxide prbduéed v
' by charge transfer may have at most 8.3 eV of excltation energy.
_-If most lon recomblnatlons are df_the three-body type., Qi if
'most.involv; NOE,‘the excitation'energy of the'neutrallmay
often be less than 8.3 eV. An.excitation énergy,of 8.3 eV
would COrrespond to ébsorptidn by nitric oxide of a'photon}of
'approximateiy 1490 K..vThus,-thé résulté‘of:Leiga_and Taylor

interpreted 1n this manner suggest that the products of mutuai 



'neutralization reactions of ions in this system are’ electronf

ically excited nitric oxide molecules that behave chemically ?
" in much the same manner as those formed by direct absorption-
iof photons of wavelengths greater than 1236 k.

This work was performed under the auspices of the U. S."7tl

Atomic Energy Commission.
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