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& ABSTRACT . L

f Hydrogen atoms were excited to the 2P level‘by absorption of
Lyman~0 radiation. Relative intensities were measured for eﬁission
bands arising from primary reactions of H(ZP) with 055 'Ne,‘ Yo, Néo,“ |
-CO, an and 802. The emitting species were all diatomic hydridés. The';'
emission intensities observed with different reactants were all very .
similar, which éuggests that the probability of obtaihing an electréni-
. cally excited hydride molecule from a reaction of H(QP) is near.unity.

‘Some emission due to secondary reactlons was also observed.

-Eiesentiadﬁiessx Inorganic Materials Research Division, Lawrence -
Radiation Laboratory, Univeraity of California,
Berkeley, UsS.As
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Introduction :

Reactions of H(ZP)'with N2 and 02 were previously studied by Tanaka

1-3

and co-workers Among other results of this work, they reported3 an

emission band of NH near 3000A which was tentatively attributed to the

production of electronically excited NH in the primary reaction.. of H(ZP) L7

with NZ‘ In a more recent communication4 we described a method of dis-

tinguishing luminescence arising from prhnafy reactions of H(ZP) from other

‘.light emitted by the reaction system, and used the method to show that

electronically excited OH is produced in the reaction ole(zP)_with 02.

In this method the Lyman-o lamp is operated from the ac mains so that its
output at 12164 is modulated at 100 Hz. Consequently thé population of
short-lived H(ZP) is modulated at 100 Hz, and any luminescence arisihg from:_
allowed transitions of electronically excited species prqduced by its re-
actions is therefore also modulated in phase with the lamp. This lpmines-
ceﬁce can be distinguished from scattered light from the lamp, and from |
emission by‘excited species produced by photolysis of the molecular reactantf A

2,0 by its dependence on the

or of.likely trace impurities such as water,
simultaneoﬁgkpresencelof both ground-state atomic hydrogen and the
molecular feactant.

The aim of the present work was to attempt to verify that excited
NH is produced in the reaction of H(ZP) with NZ’ to dgtect excited products
of other simple reactions of H(ZP), and to estimate the relative intensi-

ties of the emission features obtained with different reactants.

Experimental

Hydrogen mixed with argon was partially dissociated in a microwave
discharge before exposure to Lyman-a radiation in the conical reaction
vessel shown in Fig. 1. The reactant gas was admitted through the jet J.
The water-cooled hydrogen-neon lamp L was similar to that described by

Tanaka and McNesby.1 The intensity of Lyman—d radiation was monitored:
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The McPherson model 218 0.3m vacuum spectrometer M could be fitted with a

with the ionization chamber l_which was filled with either NO or CS

grating blazed at either 15008 or 50008, for monitoring either the scattered | ;
Lyman-a radiation or the near ultraviolet chemiluminescence. The shape of '
the reaction vessel was such that the spectrometer viewed a large volume
of reaction but did not receive direct reflections from the lamp. The
lithium fluoride windows W were used for an hour at mosf; after which it'v?
was necessary to anneal them for eight hours at 500°C.8 |

At the exit slit of the spectrometer was an E.M.I. 9514SA photo-
multiplier which could be used with a sodium solicylate coated window if_ . 
required. The oﬁtput from the photomultiplier was tdken to a 100Hz tuned
amplifier and'phase-sensitive detector, the reference signal for the
detector being derived from the 50-cycle mains. If the radiation whose
intensity was to be measured was not modulated a field—eff?ct chOpper-was
aétivated at the input to. the amplifier. ' The variation of speﬁtrometer'
and detector sensitivity with wavelength was determinéd_from the response
to a tungsten strip-filament lamp of known colour temperature,

Hydrogen was purified by passage over hot copper and through liquid
air traps. Welding grade dry argon was also purified over hot copper ﬁhen
through solid co, and liquid air traps, and the reactant gases, except NO,
were taken from Matheson research-grade cylinders and dried through liquid
air traps. The NO was purified by low temperature vacuum distillation.

In a typical experiment the partial pressures in the reaction vessel
were Ar: 1,5 torr, H,: 1.0 torr, H: O.2~torr, and reactant 0.1 torr.
With the Lyman-o lamp and microwave discharge turned on, and the input
chopper turned off, the spéctrometer scanned the visible and near u.v.
regions to detect emission features that might have arisen from reactions

of H(ZP). All likely bands were tested for dependence on the presence of
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the reactant and on the microwave discharge. Finally, the spectrometer was
scanned through the  same spectral region with the.input chopper turned on,
to detect any ummodulated luminescence due to secondary reactions. |

Results and discussion

In Table I are summarised the modulated emission features that were

~ observed with the various reactants, the intensities of these features

.relative to the 3064& OH band arising from the reaction with 0,, and the

reacfions which are here proposéd to account for the various emissions.
Oxygen and nitrogen are particularly suitable reactants for this kind of
study because of their low extinction coefficients at 12164. However,
although the other reactants do adsorb more or less strongly in this fegion,9
the very low intensity of the emission observed from excited species pro-
duced by direct photolysis6 appears to rule out the reaction of such species .
with ground state atomic and molecular'hydrogen as a possible mechanism of
excitation for our observed luminescence. Reactions of H(ZP) with the
products of previous reactions, or of photolysis, could account for some of
the modulated emission, but‘these processes are believed to be unimportant
in comparison with reactions involving the much more abundant reactant
molecules. Reactions of ground state H with the.feactants used here are
all very slow. Because of variations in the output of the lamp and in the
transparency of the lithium fluoride windows, combined with the 1ike1ihood
that some of the reactants absdrbed a significant amount of Lyman-a
radiation, the relative intensities given in the Table are believed to be
correct only to within a factor of 2. The most notable feature of these
intensity figureé_is that the total number of quanta emitted'per reactant
molecule is remarkably.constant, the range of variation from the median
value being less than a factor of three. In view of the differing natures

of the reactants, which would normally be expected to lead to widely
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differing efficiencies of light emission for a given type of chemi-
luminescent process, the lack of discrimination found here strongly suggests
that the probability fhat a reaction of H(ZP) will give rise to an elec-
tronically excited hydride molecule is close to unity.

Some features that might have been expected to be observed do not b
appear in Table I, the most notable being OH emission from the reactions
with NO, NZO' COZ, and SOZ' In the case of SO2 it is believed that the OH
emission was probably present but was largely obscured by the SH emission
which occurs in the same region. With the others the OH bands could have
been weakly present, the lower limit of detection being about 5% of the
intensity of emission obtained with 02.

In the list of reactions which are proposed to account for the
luminescence there is necessarily some uncertainty because the observations
. yield information about the electronic state of only one of the producté.
In most cases it has been assumed that the other product is in its ground :
~ electronic state, although there is always sufficient energy available for bdtﬁ
products to be excited. In process (2), thever, a reaction giving N(4S)
would appear to involve too large a change of spin, and the nitrogen atom
is therefore shown being produced in its first excited state, namely 2D.
There is in fact sufficient energy available to excite the nitrogen atom to
the higher 2P level. - In reactions (7) and (8) the concerted process needed
to give molecular oxygen as a product is considered highly improbable. The
processes shoﬁn have an analogue in one of the primary steps of the reaction _
of atomic ‘nitrogen with NO,.'? ‘ - o

The emission observed from the reaction systems when the field-effect
" chopper was activated necessarily included the modulated features listed in
Table I, together with any un-modulated bands. In the.reaction with 0, sbmev

unmodulated OH emission was observed with v' = i; this is attributable to
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recombination of ground state O and H atoms,”~ In the reaction with N

2

the analogous process yields NH baﬁds with V;.= 1 only,12 so that there

was no marked difference between the modulated emission and the total
emission in this case. The relationship between the emission from the
reaction of N and H atoms and the dissociation energy of NH is discussed
elseﬁhere.13 The reaction with NO gave OH bands in thé:ﬁnmodulated |
emission, even though these were not detected in the modulated emission. No
bands of NO itself were observed in this case. In the reaction of NZO’
band§ arising from both OH and the an state of NO were present in the
unmodulated signal, in addition to the NH bands already observed in the

- modulated emission. In the reaction with CD2 the OH bands were present in
“the unmodulated emission, though absent from the modulated signal. No
atomic lines which might be attributed to reaction products, for example the
55778 line arising from 0(1S), were observed. This is p obably a reflection
on the sensitivity of our detection system for unﬁodulated light rather

than on the ability of the reactioﬁs to produce excited atoms.
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H +Hy ond ‘Ar

15 cm

XBL686-3011

Fige 1 Reaction_ vessel with lamp L :and fonization
chamber I, M 18 a McPherson model 218
vacuum monochromator, W indicates a lithium
fluoride window, and J “1is the reactant inlet
Jete : .
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