
Journal of PhotocheMisiiy, 21 (1983) 365 - 367 365 

short Communication 

H,(E,F) photosensitized reaction of NO with hydrogen atoms 

L. F. PHILLIPS 

Chemistry Department, University of Canterbury, Christchurch 1 (New Zealand) 

(Received October 1,1982) 

A persistent emission feature at 336 nm has been found during experi- 
ments in which 193 nm ArF laser radiation was directed into a cell con- 
taining partially dissociated hydrogen from a microwave discharge. Light 
emitted at right angles to the laser beam was detected using a McPherson 
model 218 monochromator in combination with an EM1 type 9813QB 
photomultiplier and a PAR model 160 boxcar integrator. The laser was a 
Lumonics model 861-T operating at a repetition frequency of 35 Hz with a 
pulse energy of approximately 100 mJ, and the 336 nm emission was ob- 
served both with and without a lens to focus the light in the viewing region. 
The intensity observed with the lens was about twice as strong as that ob- 
tained in its absence. 

The spectrum of the emission (Fig. 1) shows the well-known and 
highly characteristic A 311i + X 3IZc- bands of NH [l] with an intense line- 
like Q branch of the (0,O) band at 336.0 nm, weak unresolved P and R 
branch structure and overlapping (1,l) and (2,2) Q branches at 337 nm. 
This result initially posed a problem since the bands were observed strongly 
with only Hz and H flowing through the cell. The addition of small flows 
of Nz or NzO {which was present for other reasons) caused the emission 
intensity to decrease, and it was finally concluded that the reaction in- 
volved traces of NO* which had been used in a previous series of experiments 
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Fig. 1. Spectrum observed during irradiation of partially dissociated Hz using an ArF 
laser: resolution, about 0.4 nm (full width at half-maximum); cell pressure, 1 Torr. 
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in the same apparatus and which was slowly diffusing from solution in the 
Teflon keys of greaseless stopcocks. In the presence of excess hydrogen 
atoms, NO2 is rapidly converted to NO and, as shown in Fig. 2, the addition 
of a small amount of NO to the gas stream caused the NH emission intensity 
to increase. The minimum concentration of NO required to produce detect- 
able NH emission was estimated to be 5 X lOlo molecules crnm3 in Hz at 
1 Torr, or about 2 ppm, under conditions where the H, was about 5% dis- 
sociated to atoms. 
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Fig. 2. Variation in the NH emission intensity with reactant partial pressure: 0, [NO]; 
4 [HI calculated by assuming 90% dissociation of Hz in a large excess of argon carrier; 
0, 0.1 [Hz]. 

Also shown in Fig. 2 is the dependence of the 336 run emission in- 
tensity on the partial pressures of atomic and molecular hydrogen. At low 
hydrogen atom concentrations the intensity was proportional to [HI. To 
determine the dependence on [Hz 1, hydrogen atoms were generated by a 
microwave discharge in a stream of argon containing 1% or less of H,, such 
that the degree of dissociation of the H, was expected to be close to lOO%, 
and additional hydrogen was added after the discharge. The minimum 
partial pressure of molecular hydrogen which could be attained in this way 
while still observing the NH emission was approximately 10m3 Torr. The 
intensity decreased with increasing [Hz], even when the H, pressure was 
very low. 

With NO entering the cell at a flow rate corresponding to maximum 
NH intensity, low resolution scans of the emission spectrum showed the 
presence of the (0, Y”) progression of the NO 7 bands between 220 and 
300 nm [ 11, individual bands having at most 0.5% of the intensity of the 
336 nm peak, together with a weak feature near 305 nm (about 0.25% of 
the 336 nm intensity) which was tentatively attributed to the 306.4 nm 
band of OH on the grounds that it was observed only when hydrogen atoms 
were present. 

The intensity of 336 nm emission was proportional to the square of 
the average laser power (the slope of the logarithmic plot is 1.96 _+ 0.27 where 
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the stated uncertainty corresponds to 95% confidence limits from Student’s 
t test). Two-photon absorption of ArF radiation by molecular hydrogen 
results in population of the double-minimum E,F state which is very strong- 
ly quenched by ground state Hz (rate constant, 2.1 X lOA9 cm3 molecule-’ 
s-l) to the C ‘II, state [2]. The radiative lifetime of the C state is about 
1 ns, which is a factor of 100 less than that of the E,F state [3]. The observed 
effect of vying [H,] on the NH emission intensity implies that it is the 
E,F -state rather than the C state which is involved in the emission process. 
Hence we are led to the mechanism 

H,(X) + 2hv(193 nm) --t H,(E,F) (1) 
H,(E,F) + NO(X) + Hz + NO* (2) 
H+NO*+NH(A)+O (3) 
where the electronic states of the products of reaction (2) are unknown. NO 
has a number of suitable Rydberg states which might undergo reaction (3); 
a complete range of such states up to and beyond the ionization limit could 
be populated by reaction (2). An attempt was made to detect the H,(E,F + C) 
emission bands between 700 and 750 nm, using an EMI 9558Q photomulti- 
plier and a Corning 7-69 filter, with a view to measuring quenching by NO, 
but the intensity was too low. The observed NO -y band emission may be 
accounted for by cascading from unobserved higher states of NO, while the 
very weak OH emission is presumably the result of an alternative reaction 
channel for process (3). The extent to which reaction (3) favours excited 
NH over excited OH as a product seems quite remarkable. 
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