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Reaction of ammonia and dioxygen in solid neon excited with
far-ultraviolet radiation investigated with electronic and
vibrational spectra
Sheng-Lung Chou, J.F. Ogilvie, Jen-Iu Lo, Yu-Chain Peng, and Bing-Ming Cheng

Abstract: Irradiation of dilute mixtures of NH3 and O2 dispersed in solid Ne at 3.6 K with light of wavelengths 200, 192.5,
173, and 143 nm from a synchrotron initiated photochemical dissociation of those precursors and the production of N, NH,
NH2, O, O3, HO2, NO, NO2, N2O, H2O, HONO in both s-cisoid and s-transoid rotational isomers, and HONO2, detected accord-
ing to their spectra in mid-infrared absorption from 450 to 4000 cm�1 and in absorption and emission from 200 to 1100 nm.

Key words: mid-infrared absorption spectra, visible emission spectra, visible absorption spectra, photochemistry, far-ultraviolet
excitation.

Résumé : L’irradiation de mélanges dilués de NH3 et d’O2 dispersés dans le Ne solide à 3,6 K par une lumière synchrotron de
longueurs d’onde de 200, 192,5, 173 et 143 nm a entraîné la dissociation photochimique de ces précurseurs et la formation
des espèces N, NH, NH2, O, O3, HO2, NO, NO2, N2O, H2O et HONO sous les deux formes d’isomères rotationnels, scisoïde et
stransoïde, ainsi que HONO2. Ces espèces ont été détectées selon leur spectre d’absorption dans l’infrarouge moyen de 450
à 4000 cm–1 et leurs spectres d’absorption et d’émission de 200 à 1100 nm. [Traduit par la Rédaction]

Mots-clés : spectres d’absorption dans l’infrarouge moyen, spectres d’émission dans le visible, spectres d’absorption dans le
visible, photochimie, excitation dans l’ultraviolet lointain.

Introduction
Many reports have appeared on the production of novel species

by means of the photochemical decomposition of a suitable pre-
cursor dispersed in an inert diluent at temperatures less than
80 K.1 Apart from free radicals as fragments of a dissociated pre-
cursor that are expected products if they become trapped with-
out further reaction, some perhaps unexpected species in singlet
states have been generated in this manner. As an early instance
from our own experience, after the photolysis of azidosilane,
H3SiNNN, in solid Ar at 4.2 K, iminosilicon was detected through
its mid-infrared spectral lines in absorption, three for HNSi and
three for DNSi;2 not only a force field but even its molecular
structure was deduced, which was confirmed after two decades
through microwave spectra of the free molecules.3 As an alterna-
tive mechanism to enable spectral observations of novel stable
species, a reaction between two precursors both dispersed in an
inert diluent after one or the other is excited with ultraviolet
light is also practicable. As an instance of such a reaction, photo-
chemical excitation of iodomethane in the presence of O2, both
dispersed in solid Ar near 10 K, produced the first direct spectral
evidence of hydrogen hypoiodite;4 the perturbation of the mid-

infrared spectral lines associated with the other product, methanal,
relative to its spectrum in isolated conditions in solid Ar at 4.2 K5

indicated the formation of aweak intermolecular complex between
the two products, likely in the form of a hydrogen bond between H
of HOI andO ofH2CO.
In the present work, we have investigated a system of the latter

kind, involving explicitly ammonia and dioxygen, both dispersed
in solid Ne at temperature 3.6 K. To initiate the reactions, we
applied tunable radiation in the far-ultraviolet region provided
by a synchrotron, at four wavelengths selected to excite primar-
ily one or other of the precursor molecules. Other than the con-
ventional mid-infrared spectra in absorption to detect and to
identify the products of such a reaction, we recorded emission
spectra, during photolysis, and absorption spectra, after photolysis,
both throughout the near-ultraviolet, visible, and near-infrared
regions from 200 to 1100 nm. The identification of the products of
reaction between the precursor species was greatly aided by the
knowledge of the products of photolysis of the separate species,
NH3

6 and O2,
7 under similar conditions of Ne dispersant and tem-

perature. In previous work, the photolysis of NH3 andO2 in solid Ar
at 4.2 K at ratios from 1:0.2:200 to 1:5:200 was implemented with
radiation at 253.7 and 184.9 nm concurrently from a Hg lamp;8
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various detected products were supposed to result from the reac-
tion of NH2 radicals with O2, but the speculated mechanism was
based on only mid-infrared spectra with no knowledge of species
such as N, O, and N2 that we prove to have a significant presence in
the irradiatedmixtures.

Experiments
In these experiments, the samples were solid deposits formed

from the condensation of gaseous NH3, O2, and Ne in one stream
onto a KBr window enclosed in a refrigerator to maintain the fro-
zen samples at 3.6 K or a selected greater temperature; the appa-
ratus has been described previously.6,7 The capability to vary the
temperature of the sample was applied for annealing operations
in which, after all cycles of photolysis and respective recording of
absorption spectra were completed, the temperature was increased
to 8 K for 10 min and then cooled to allow the recording of further
absorption spectra; raising the temperature above 8 K leads to
loss of Ne from the sample. The purities of the precursors were
Ne 99.9995%, NH3 99%, and O2 99.95%. The nominal ratio of com-
ponents of our solid samples (NH3:O2:Ne) was 1:2:1000.
These samples were subjected to irradiation with light of wave-

length 200, 192.5, 173, or 143 nm selected from an undulator on
beam line 21A2 of synchrotron Taiwan Light Source at National
SynchrotronRadiationResearchCentre. After transmission through
appropriate gaseous and crystalline filters to suppress harmonics

from the undulator, the intensity of the selected light incident on
our samples amounted to �1015 photons s�1, with line width �2%.
Absorption spectra, in the mid-infrared range 450–4000 cm�1 at re-
solution 0.5 cm�1 and in the range 200–1100 nm at resolution 0.13 or
0.26 nm, were recorded before photolysis and after sequential peri-
ods of photolysis of duration 10, 30, and 60 s, 5, 10, 30, and 30 min,
and after the annealing operation. Details of the spectrometers used
to record the absorption and emission spectra have been reported
previously.6,7 Concurrently with each period of irradiation of our
samples of duration at least 60 s, emission spectra were recorded in
the range 200–1100 nm at spectral resolution 2.6 nm. The spectra of
NH3 in Ne at 4 K and of O2 in Ne at 4 K in region 105–210 nm were
recorded separately at beam line 08 of Taiwan Light Source at spec-
tral resolution 0.2 nm.

Results
Our experiments involved photolytic excitation of our samples

at four wavelengths – 200, 192.5, 173, and 143 nm. These wave-
lengths were selected based on the absorption spectra of NH3 dis-
persed in solid Ne, shown in Fig. 1a, and of O2 dispersed in solid
neon, shown in Fig. 1b. The onset of absorption of NH3 in solid Ne
according to electronic transition A 1A002  X 1A1 occurs at a wave-
length greater than 200 nm; this absorption is significantly
enhanced at 192.5 nm and attains a maximum near 173 nm,
before decreasing to a perceptible minimum near 150 nm and

Fig. 1. Absorption spectra of (A) NH3 dispersed in solid Ne, 1:500, at 3.5 K and (B) O2, curve b, dispersed in solid Ne, 1:500 at 4 K, with
curve a of gaseous O2 near 298 K and curve c of solid O2 at 10 K for comparison. The scale for cross section applies to only curve a of
gaseous O2; the other absorbance scales are merely relative. [Colour online.]

Chou et al. 781

Published by Canadian Science Publishing

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
Si

m
on

 F
ra

se
r 

U
ni

ve
rs

ity
 o

n 
08

/2
6/

21
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



then increasing markedly in other electronic transitions toward
the limit of measurements near 105 nm. In contrast, O2 in solid
Ne has weak absorption at wavelengths greater than 175 nm,
before an intense maximum near 143 nm, likely associated with
transition B 3R�u  X 3R�g ; spectra of gaseous and solid O2 are
shown for comparison. In either case, the energy of a photon at
each selected wavelength suffices to dissociate NH3 into NH2 +
H or O2 into 2 O. Although absorption by both NH3 and O2 at all
selected wavelengths is likely not negligible, we assume that ex-
citation of the dilute mixtures of NH3 and O2 dispersed in solid
Ne likely involves primarily NH3 at 200, 192.5, and 173 nm and
O2 at 143 nm.
The new lines assigned in absorption spectra recorded after

photolysis, or in emission during photolysis, of dilute mixtures
of NH3 and O2 in solid neon near 3.6 K are classified in three sets:

� lines that were previously identified6 after photolysis of only
NH3 in Ne (Table 1),

� lines that were previously identified7 after photolysis of only
O2 in Ne (Table 2),

� lines beyond those two groups that hence involve both NH3

and O2 as precursors (Table 3).

The latter lines in the mid-infrared region (Fig. 2) after photoly-
sis at 173 nm are characteristic of OH, NO, N2O, HO2, H2O, HONO
in both s-cisoid and s-transoid rotational isomers, and HONO2, in
order of increasing molecular size.1 The emission spectrum in
the visible and adjacent regions (Fig. 3) during photolysis at
173 nm shows that N, O, NH, and N2 were also present and active
in our samples. The absorption spectrum in the visible and adja-
cent regions (Fig. 4) after photolysis at 173 nm shows principally
lines due to NH2 in two systems.

Discussion
In Fig. 1b, the diffuse vibrational structure accompanying an

electronic transition of NH3 in region 160–200 nm indicates that
the vibrational intervals for the angular deformation �2 of NH3 in
solid Ne are slightly larger than for the free molecule, likely
resulting from a slight perturbation of this motion by the Ne lat-
tice. In contrast, the maximum of absorption of O2 in Ne near
143 nm, according to Fig. 1a, occurs at a wavelength similar to
that of the free molecule near 296 K, but appreciably greater
than for pure solid O2, 137 nm, at about the same temperature. In
either case, these electronic absorption spectra provided a

satisfactory basis for the design of our photolytic experiments.
The presence of identified products of photolysis of NH3 and O2

indicates that absorption of light by NH3 or O2 about 200 nm suf-
ficed to initiate photochemical reactions.
Most atomic or molecular species identified through their

absorption and emission spectra have as precursor only one NH3

molecule and one O2 molecule; the exceptions to this condition
are N2O, O3, and HONO2. The intensities of spectral lines are here
described in relative terms. The major mid-infrared lines of
HONO2 were weak after irradiation at 200 and 192.5 nm but
intense at 173 nm and moderate at 143 nm. Mid-infrared lines
of O3, and NO2, were increasingly intense as the energy of

Table 1. Spectral lines of products after photolysis of NH3 + O2 and separately NH3
6 as precursor in solid Ne at 3.6 K.

Mid-infrared absorption Absorption 200–1100 nm Emission 200–1100 nm

v~, cm�1 Species l , nm Species, transition l , nm Species, transition

1528.4 NH2 (�2) 785.9 NH2, A
2A1/X 2B1 p system (1, 0) 344.3 N2, C

3Pu!B 3Pg (0, 0)
3128.5 NH 691.6 NH2, A

2A1/X 2B1 p system (2, 0) 365.9 N2, C
3Pu!B 3Pg (0, 1)

624.5 NH2, A
2A1/X 2B1 p system (3, 0) 390.5 N2, C

3Pu!B 3Pg (0, 2)
565.4 NH2, A

2A1/X 2B1 p system (4, 0) 418.1 N2, C
3Pu!B 3Pg (0, 3)

512.0 NH2, A
2A1/X 2B1 p system (5, 0) 449.4 N2, C

3Pu!B 3Pg (0, 4)
467.9 NH2, A

2A1/X 2B1 p system (6, 0) 484.8 N2, C
3Pu!B 3Pg (0, 5)

429.3 NH2, A
2A1/X 2B1 p system (7, 0) 525.8 N2, C

3Pu!B 3Pg (0, 6)
396.2 NH2, A

2A1/X 2B1 p system (8, 0) 573.3 N2, C
3Pu!B 3Pg (0, 7)

367.1 NH2, A
2A1/X 2B1 p system (9, 0) 335.7 NH, A 3Pi!X 3R– (0, 0)

591.3 NH2, A
2A1/X 2B1 r system (4, 0) 799.7 NH, a 1D!X 3R– (0, 0)

535.3 NH2, A
2A1/X 2B1 r system (5, 0) 518.5 N, 2D!4S

486.0 NH2, A
2A1/X 2B1 r system (6, 0) 324.5 Unidentified

445.5 NH2, A
2A1/X 2B1 r system (7, 0) 464.4 Unidentified

335.0 NH, A 3Pi/X 3R (0, 0) 1011.0 Unidentified
304.0 NH, A 3Pi/X 3R (1, 0)

Note: Numbers in parentheses after the specification of an electronic transition indicate the quantum numbers of vibrational
states in the upper and lower electronic states as (v’, v”), respectively.

Table 2. Spectral lines of products after photolysis of NH3 + O2 and
separately O2

7 as precursor in solid Ne at 3.6 K.

Mid-infrared absorption Emission 200–1100 nm

v~, cm�1 Species l , nm Species, transition

1039.6 O3 (�3) 335.7 O2, A0 3Du ! X 3R�g (0, 3)
353.4 O2, A0 3Du ! X 3R�g (0, 4)
372.7 O2, A0 3Du ! X 3R�g (0, 5)
394.1 O2, A0 3Du ! X 3R�g (0, 6)
417.6 O2, A0 3Du ! X 3R�g (0, 7)
443.8 O2, A0 3Du ! X 3R�g (0, 8)
472.7 O2, A0 3Du ! X 3R�g (0, 9)
505.4 O2, A0 3Du ! X 3R�g (0, 10)
542.1 O2, A0 3Du ! X 3R�g (0, 11)
583.7 O2, A0 3Du ! X 3R�g (0, 12)
631.3 O2, A0 3Du ! X 3R�g (0, 13)
518.8 O2, c 1R�u ! a 1Dg(0, 4)
558.3 O2, c 1R�u ! a 1Dg(0, 5)
561.7 O2, c 1R�u ! a 1Dg(0, 6)
603.6 O2, c 1R�u ! a 1Dg(0, 7)
655.5 O2, c 1R�u ! a 1Dg(0, 8)

761.7 O2, b 1Rþg ! X 3R�g (0, 0)
864.8 O2, b 1Rþg ! X 3R�g (0, 1)
629.9 O, 1D2!3P1,2
636.9 O, 1D2!3P1,2
701.7 Unidentified
750.8 Unidentified

Note: Numbers in parentheses after the specification of an electronic
transition indicate the quantum numbers of vibrational states in the upper and
lower electronic states as (v’, v”), respectively.
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Table 3. Spectral lines of products after photolysis of mixtures of NH3 and O2 as precursors in solid Ne at 3.6 K.

Mid-infrared absorption Absorption 200–1100 nm Emission 200–1100 nm

v~, cm-1 Species l , nm Species, transition l , nm Species, transitiona

3580.2 OH 307.2 OH A 2R+/X 2Pi (0, 0) 307.8 OH, A 2R+!X 2Pi (0, 0)
1874.4 NO 309.1 OH A 2R+/X 2Pi (0, 0) 309.1 OH, A 2R+!X 2Pi (0, 0)
848.5 c-HONO (�4) 282.0 OH A 2R+/X 2Pi (1, 0) 282.0 OH, A 2R+!X 2Pi (1, 0)
637.2 c-HONO (�6) 283.1 OH A 2R+/X 2Pi (1, 0) 283.1 OH, A 2R+!X 2Pi (1, 0)
3530.8 HONO2 (�1) 313.6 OH, A 2R+!X 2Pi (1, 1)
1695.0 HONO2 (�2) 314.8 OH, A 2R+!X 2Pi (1, 1)
1323.3 HONO2 (�3) 261.2 NO, A 2R+!X 2Pr (0, 3)
1305.6 HONO2 (�4) 273.9 NO, A 2R+!X 2Pr (0, 4)
763.3 HONO2 (�8) 287.7 NO, A 2R+!X 2Pr (0, 5)
1391.7 HO2 (�2) 302.6 NO, A 2R+!X 2Pr (0, 6)
1102.8 HO2 (�3) 321.7 NO, A 2R+!X 2Pr (0, 7)
2225.1 N2O (�1) 339.1 NO, A 2R+!X 2Pr (0, 8)
1285.2 N2O (�3) 356.5 NO, A 2R+!X 2Pr (0, 9)
1612.6 NO2 (�3) 379.1 NO, A 2R+!X 2Pr (0, 10)
3579.2 t-HONO (�1) 264.4 NO, a 4PI!X 2Pr (0, 0)
1683.8 t-HONO (�2) 277.3 NO, a 4Pi!X 2Pr (0, 1)
1262.8 t-HONO (�3) 291.0 NO, a 4Pi!X 2Pr (0, 2)
791.1 t-HONO (�4) 306.5 NO, a 4Pi!X 2Pr (0, 3)
595.8 t-HONO (�5) 324.5 NO, a 4Pi!X 2Pr (0, 4)
544.2 t-HONO (�6) 217.7 NO, B 2Pr!X 2Pr (0, 1)

226.7 NO, B 2Pr!X 2Pr (0, 2)
236.5 NO, B 2Pr!X 2Pr (0, 3)
246.8 NO, B 2Pr!X 2Pr (0, 4)
213.5 NO, b 4R–!X 2Pr (0, 1)
222.3 NO, b 4R–!X 2Pr (0, 2)
232.0 NO, b 4R–!X 2Pr (0, 3)
242.1 NO, b 4R–!X 2Pr (0, 4)
252.9 NO, b 4R–!X 2Pr (0, 5)

Note: Numbers in parentheses after the specification of an electronic transition indicate the quantum numbers of vibrational
states in the upper and lower electronic states as (v’, v”), respectively.

aUnidentified: 270.0, 275.6, 287.7, 296.7, 305.6, 358.1, 377.5, 379.1, 427.8, 456.5, 524.3, 527.8, 548.8, 555.2, 564.5, 582.4, 612.1, 614.1,

639.1, 650.4, 679.6, 698.0, 708.5, 714.4, 718.1, 728.5, 757.6, 776.2, 915.6, 926.3, 930.4, and 1035.8 nm.

Fig. 2. Mid-infrared absorption spectrum after photolysis of NH3 and O2 in Ne at 173 nm. The curve represents the difference of
absorption between after and before photolysis for 76 min; some products are identified.
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photolytic photons increased, but lines of N2O were weak at all
photolytic wavelengths. Mid-infrared lines9 of HONO in both s-
cisoid and s-transoid rotational isomers were weak after photoly-
sis at 200 and 192.5 nm, intense at 173 nm, but only moderate at
143 nm; although secondary photolysis under the latter con-
dition is suspected, corroborating evidence is lacking as the

electronic spectra of these rotational isomers are undocumented
in the far-ultraviolet region. The ratio of intensities of lines at
791.1 cm�1 due to the s-cisoid rotamer and at 848 cm�1 due to the
s-transoid rotamer was essentially constant at all wavelengths of
irradiation and at all periods of progressive photolysis from 10 s
to 76min in total.

Fig. 3. Absorption spectrum in near-ultraviolet, visible, and near-infrared regions after photolysis at 173 nm of NH3 and O2 in solid Ne at
3.6 K; some products are identified.

Fig. 4. Emission spectrum in near-ultraviolet, visible, and near-infrared regions during photolysis at 173 nm of NH3 and O2 in solid Ne at
3.6 K. Some emitters are identified. Some lines of the progression of N2 appear in the second order of the grating in region 600–1000 nm.
[Colour online.]

784 Can. J. Chem. Vol. 99, 2021

Published by Canadian Science Publishing

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
Si

m
on

 F
ra

se
r 

U
ni

ve
rs

ity
 o

n 
08

/2
6/

21
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



Apart from other aspects, the emission spectra prove the direct
involvement of atomic N and O in the reaction system, through
their emission lines at 518.5 nm and 629.9, 636.9 nm, respectively,
that were discernible after irradiation at 192.5 nm or smaller
wavelength. The presence also of atomic H, not detected directly
from any spectral line although it must arise from the primary
photolytic dissociation of NH3 to NH2 + H, is confirmed through
the increased intensity of lines of HO2 after annealing: this opera-
tion, which consisted of increasing the temperature of the sam-
ple from 3.6 K to �8 K, maintaining that temperature for 10 min,
and then recooling to 3.6 K before recording further spectra,
allowed H atoms, trapped or isolated in the Ne lattice after disso-
ciation from NH3, to migrate somewhat, and thus to react with
available O2 molecules to form HO2; for this reaction, no barrier
exists. A continuous absorption in the near-ultraviolet region
with a maximum near 260 nm seems to increase at a rate similar
to the mid-infrared lines of HO2 near 1103 and 1392 cm�1; such a
continuum was observed during early flash-photolysis experi-
ments involving gaseous mixtures of H2 and O2 (R.G.W. Norrish,
personal communication to JFO), but the continuous nature of
that near-ultraviolet absorption precluded then, and now, a de-
finitive assignment. In other cases, the absorption lines of NH2 in
both visible and mid-infrared regions confirm definitively their
assignments; for NH, only the near-infrared and near-ultraviolet
lines had significant intensity, although a weak line of NH was
perceptible at 3128.5 cm�1 after irradiation at 192.5 nm. After irra-
diation at only 143 nm, the emission spectra also showed a pro-
gression for CO a 3Pr v = 0! X 1R+ v = 0 – 4; this CO resulted from
the photolysis of CO2 present as a trace adventitious impurity
during deposition (which, like H2O, was adsorbed on surfaces of
tubing leading to the cryostat and was carried with the depositing
sample but was barely detectable immediately after deposition),
which became dissociated to CO with radiation of wavelength 173
or 143 nm; the mid-infrared absorption spectrum concurrently
exhibited a decreased absorption at 2348.7 cm�1 due to reactant
CO2 and a new line at 2141.1 cm�1 due to product CO.
The most notable differences between experiments with pho-

tolysis at 200 nm and those at 143 nm appear in the emission
spectra. At 200 nm, there are fewer emitting species, only OH, O2,
N2, and barely perceptible NO, and hence fewer emission lines;

their maximum intensities are of order a few hundred counts per
second. In contrast, at 143 nm, there are many species and lines
and their maximum intensities are of order a few thousand
counts per second under the same conditions of collection; Fig. 5
shows a section of the near-ultraviolet emission spectrum from
200 to 300 nm to illustrate these effects. At 143 and 173 nm, emis-
sion lines of atomic N at 518.5 nm and of atomic O at 630 nm are
prominent, whereas emission of NH near 335.7 nm and OH near
308 nm occurred at all wavelengths of excitation. The intensities
of features of emission spectra from experiments with irradia-
tion at 192.5 and 173 nm are generally intermediate between
those of spectra recorded at 200 and 143 nm.
For OH formed in part as a result of reaction of H from NH3

with O3 or N2O, not only lines 0,0 of electronic transition A 2R+!
X 2Pi with no accompanying vibrational excitation were observed
in emission at 307.8 and 309.1 nm, but also lines 1,0 at 282.0 and
283.1 nm, and even lines 1,1 at 313.6 and 314.8 nm, during irradia-
tion at 200 nm for instance. Apart from OH, most emission lines
assigned during irradiation at 200 nm correspond to transitions of
O2, A

0 3Du� ¼ 0! X 3R�g � ¼ 8� 13, and N2, C
3Pu v = 0! B 3Pg v =

0 – 7; in the latter instance, the transition occurred between two
electronically excited states of N2, the energy of each of which is
greater than that of a photon at 200 nm. A combination of a N atom
in ground state 4S and another N atom in excited state 2P can result
in a N2molecule in state C 3Pu, which can accordingly emit light in
an intense transition to state B 3Pg. The same emissions occurred
after excitation at 143 nm, but their counting rates (intensities)
were thousands of times as great. In addition to that transition of
N2, transition C0 3Pu v = 0! B 3Pg v = 0 – 7 was recorded after exci-
tation at 143 nm.
The nature of the mechanism of emission of many lines in elec-

tronic transitions in these photochemical experiments is myste-
rious. Two well defined and pertinent mechanisms would be
photoluminescence (absorption of a photon at the wavelength of
irradiation and subsequent emission at the same or greater wave-
length) and chemiluminescence (emission of a photon from an
electronically excited molecule formed as a product of combina-
tion of atoms or free radicals). The transitions of CO, a 3Pr !
X 1R+, arise likely from the former mechanism after absorption
into state A 1P near 143 nm and radiationless relaxation into

Fig. 5. Emission spectrum in range 200–300 nm during photolysis at 143 nm of NH3 and O2 in solid Ne, 1:2:1000, at 3.6 K progressions of
CO and NO are indicated.
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state a 3Pr; the transitions of N2, C
3Pu ! B 3Pg, might result

from the latter mechanism, but the production of N atoms in
states 4S and 2P to enable that transition is not readily accounted.
In other cases, neither mechanism seems applicable; radiation
beyond the nominal width of the excitation lines at the selected
wavelengths was perhaps not negligible.
In the absorption spectrum from 200 to 1100 nm, the most

obvious features were two progressions of lines of NH2 in transi-
tions A 2A1 / X 2B1 in both p and r systems,6 the latter of much
less intensity than the former. Lines of OH were also present for
the transition A 2R+ / X 2Pi for both 0,0 and 1,0 features, simi-
larly to the emission spectrum as stated above. A continuum gen-
erated with maximum near 600 nm might be due to O3 in the
Chappuis bands, but again, a continuum is difficult to assign.
Our experiments with NH3 and O2 in solid Ne were conducted

at relative concentrations much smaller than the preceding
experiments in solid Ar.8 In the latter work, the wavelength of
light effective for photolysis was only 184.9 nm because absorp-
tion of precursors at 254.6 nm would be negligible. That wave-
length 184.9 nm lies midway between two wavelengths, 192.5 and
173 nm, applied for excitation in our experiments. The identifica-
tion of product NH2OH in that work was apparently based on
only one absorption line, at 1118.6 cm�1, which appears weakly
also at 1117.1 cm�1 after our irradiation at each wavelength, but
our identification of HONO2 as a product not previously reported8

is based definitively on five absorption lines,10 at 3530.8, 1695.0,
1323.3, 1305.4, and 705.3 cm�1, despite a smaller proportion of O2

and larger proportion of Ne.
The species detected through their various spectra as our likely

products of primary photochemical reactions were also subject
to secondary photolytic decomposition. For instance, a species
conspicuous by its absence was HNO; as atomic H and NO were
certainly available and as their reaction lacks a significant bar-
rier, a reason for its absence might well have been its decomposi-
tion before its proportion in a steady state was sufficient for
detection, which is consistent with its known diffuse and intense
absorption in region < 208 nm.11 NO was detected in both mid-
infrared absorption spectra and near-ultraviolet emission after
irradiation at all wavelengths.

Conclusion
Products N, NH, NH2, O, O3, HO2, NO, NO2, N2O, H2O, HONO in

both s-cisoid and s-transoid rotational isomers, and HONO2 of

reactions initiated with irradiation at 200, 192.5, 173, and 143 nm
of mixtures of NH3 and O2 dispersed in proportions 1:2:1000 in
solid Ne at 3.6 Kwere identified by means of their various spectra
in absorption both in the mid-infrared region and from 200 to
1100 nm and in emission from 200 to 1100 nm. When one takes
into account the greater energy of photons at 143 nm and the
intensities of absorption at that wavelength, there is little evi-
dence, according to our experiments, of a selective effect of the
wavelength of irradiation on the nature of the distribution of the
products generated from NH3 and O2 excited under constant
other conditions.
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