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A mass spectrome tri c s tud y has bee n made of the interaction of NO and ot he r additives with 
"purifi ed" active nitrogen. The obse rved in crease in N a tom partial press ure when NO is added 
is interpreted in terms of a c ha nge in the acco mmodation cOf' ffi c ient of the N atoms . 

The me tastable N2 species whi ch ca n be detec ted with the mass spec tro me te r ca n be deac tivated 
with N20 or NH3 , but not with NO, O2 , or NF". 

1. Introduction 

Young and Sharpless [1] J have s tated that the ex
cited species present in active nitrogen, suc h as those 
contributing to the pink nitrogen afterglow [2], can 
destroy nitri c ox ide and hence lead to a false value 
for the ato m concentration as measured by the NO 
titration technjqu e [3] . Young, Sharpless, and String
ham [4] have given so me detailed results on the effect 
of adding a variety of co mpounds both before and after 
passing nitrogen through a mic rowave discharge. The 
magnitude of t he effects observed see ms to depe nd on 
the initial purjty of the nitroge n. In untreated "pre
purified" grade nitrogen they are not s ignifi cant. 

The recent e mphasis on high purity gases, particu
larly in the stud y of atomic recombination reac tion s 
makes it manda tory that we have a clear unders tanding 
of the nature of the interaction of NO and other addi
tives with highly purified active nitrogen. 

I wish to report here a mass spectrometric s tudy of 
the interaction of NO and other additives with active 
nitrogen. 

2. Experimental Procedures 

The instrument and associated reactors have been 
desc ribed e lsewhere [5]. 

Matheson "prepurified" grade nitrogen was taken 
at 19.7 psi through copper lines, a glass flowmeter 
(attached with s hort Tygon sleeves), and a metal needle 
valve into the low pressure flow system. On the high 
pressure side the gas could be passed through a copper 

1 Fi/.!:lHCS in brac h ' ls indica lc till ' li tc ra lure refe rences a t the end of thi s paper. 

coil held at -78 °C, while on the low pressure side it 
could be passed through a glass coil held at -196 °C 
before en tering the discharge zone (2450 MH electrode
less discharge). The total pressure was varied from 
2 to 6 torr [6] at linear flow rates of about 1000 c m/sec. 

Reactant gases could be added just before the dis
c harge or at various points afte r the discharge. The 
sampling ori fi ce of the mass spec trom eter was down
s tream of the reactant inlets . 

The partial pressure of the additives was followed 
in the usual manner us ing 58 eV electrons. The rela
tive partial pressures of atomic Na nd 0 were meas ured 
at reduced electron energies (25 e V nominal) as pre
viously described [5, 7]. The relative partial pres
sure of me tastable N2 was followed at 17 e V (nominal). 

3. Effects of Additives on the N Atom Partial 
Pressure 

The method of purification used here was not as 
elaborate as that used in references [1] and [4], and 
in general the effects observed were proportionally 
less. Nonetheless, the same general phenomena 
were observed ; the addition of NO, O2, NH3 , NF;j, 
or SF6 in varying proportions before the discharge 
led to about a threefold increase in the partial pres
sure of the N atoms detected by the mass spectrom
eter. If added after the discharge, the additives , with 
the exception of SF 6 which had little or no effect, 
caused about a twofold increase in the N atom partial 
pressure. 

The lower two c urves of figure 1 show the relative 
partial pressures of Nand 0 atoms (in terms of ion 
current) as a function of the initial partial pressure 
of NO added after the discharge. It is noteworthy 
that 0 atoms are detectable over the entire range. 
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INITIAL NO-ARBITRARY UNITS 

F IGURE I. Relative Nand 0 atom partial pressure from mass spec
trometric and photometric measurements as a function of the 
initial NO partial pressure, at various distances from the NO 
inlet. 

The photu metric meas ure me nt s an.:' not c orrec ted for e miss ion from the NO * formed in 
the reac tion of N with O. (NO inl et loca ted 20 e m below the discharge zone. TOlal pres
s ure ;{ to rr.) 

Oxyge n atoms were also de tected when O2 was 
added after the discharge. If the O2 was partially 
deco mposed in a discharge before addition, then only 
about !f3 as much O2 was required to maximize the 
N atom partial pressure. When J5NO was used as an 
additive, the maximum amount of J5N produced (at 
any point) was no greater than 0.4 percent of the 14N 
originally present. This indicates that, barring some 
improbable reac tions, NO is not decomposed by active 
nitrogen, but rather reacts via N + NO ~ N2 + 0, 
confirming previous studies on untreated active nitro
gen [7 , 8]. 

Some additional experiments were made using a 
photomultiplie r to monitor the nitroge n afterglow 
intensity (proportional to [N)2) at various points along 
the reactor when NO was added after the discharge. 
These data are shown in figure 1. The nonlinearity 
of v1 c urves is caused by e mission from NO formed 
by the reaction of Nand 0 atoms [9]. Figure 1 is a 
composite curve, and there is no absolute connec
tion between each set of data. 

No striking difference was observed when reactants 
were added before, directly into, or after the pink 
nitrogen afterglow. 

4. Effects of Additives on Metastable N2 
Molecules 

Foner and Hudson [lOJ have shown that metastable 
N2 molecules in active nitrogen can be detected by 
means of mass spectrometry. By working at reduced 
electron energies (17 e V nominal) it was possible in 
the present work to detect an increase in the ion cur
rent at mle 28 when the disc harge was turned on. 

If the metastable was generated only in the discharge 
zone, then its decay in the presence of an additive 
can be described by the reactions: 

kJ Ni + A ---'-'---~) products (1) 

(2) 

Reaction (2) may be influenced by the wall, or may 
simply represent the radiative decay of the metastable 
state. 

The overall ra te of disappearance of Ni can be 
written as: 

Since [A] is co nstant under the co nditions described 
here 

Here [Ni]! is the relative partial pressure of the 
metastable species at a fixed time t. 

The effects of adding NH3 or N20 to active nitrogen 
are striking. A plot of log [N:lt versus [A] for these 
additives is s hown in fi gure 2 (in terms of partial pres
sure) . It is obvious that the s imple kinetic sche me 
is inadequate. 
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FIGURE 2. Relative part ial pressure of metastable Nz as afunction 
of the partial pressure of NH3 and N,O additives (total pressure 
3 torr). 
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FIGU RE 3. Relative partial pressure 0/ metastable N2 as a/unction 
0/ the partial pressure of NO and O2 additives (to tal pressure 3 
torr). 

The additio n of O2 or NO caused a shift in the base 
line for N.;- so that small effec ts are diffic ult to de ter
mine. A plot of log [N t]t versus [A] for these additives 
is shown in fi gure 3. It would appear th at neither 
of the m appreciably deactivates the metastable spec ies 
[11]. The same observation was made fo r NF3 . 

5. Discussion 

Examin ation of fi gure 1 shows that the max imi zin g 
effec t of NO on the N ato m parti al pressure increases 
as the di sta nce between the point of addition and the 
point of detec tion is increased. Since the NO + N 
reaction is so rap id th at all th e NO would be con
sumed within a distance of about 5 c m fro m the poin t 
at which it was added in the Aow sys te m used in thi s 
work , it is unlikely that NO itself could be connected 
with effec ts observed further dow ns tream. It is more 
likely that 0 atoms are the responsible species. Thi s 
is sup ported by the observation that part iall y decom
posed O 2 is more effecti ve than ordinary O2 in maxi
mizing the N ato m partial pressure. 

If a catalyti c reac tio n be twee n 0 a toms and so me N 
atom precursor is invoked, th e reac tion is either rela
ti vely slow, or the precursor conce ntratio n must in
cre ase with di s tance (tim e). The la tter possibility 
see ms highly improba ble, while the forme r would 
predic t a shift in the position of the N atom maxi mum 
to higher initial N O parti al press ure as the di s tance 
was reduced and not to lower initial NO parti al 
pressure as observed . 

A better explanation for the shapes of these curves 
is a c hange in the rate of di sappearance of N atoms on 
the walls occasioned by a change in the accommoda
tion coeffici ent. The latter effect is probably due to 
" poisoning" of the walls with oxygen atoms . This 
explains the nonlinearity of the 0 + curve up to the 
point of maximum N+. Once the walls are saturated 
with 0 a toms, the N atom partial pressure begins to 
decrease linearily and the 0 atom partial pressure to 
increase linearily. 

The greater ra te of recombination of atoms on the 
walls would also explain the fact that the walls become 
extremely hot in th e case of purified ac tive nitrogen . 
E nha nced wall ac tivity m ay also playa significant part 
in the formation of the " pink" afterglow, since the 

latter is bes t obtained in purified ac ti ve nitrogen and 
is depe ndent on wall parameters . 

The importance of wall effects was directl y ob
servable under certain condi tions. Thus, if the reac
tor was first cleaned with HF, a considerable reduction 
was observed in both afte rglow inte nsity and detect
a ble N atoms. However, a ba nd about 3 mm deep 
was observed to form on the walls of the tube about 
15 c m from the di scharge, and the n slowly to move 
down the tu be (at about 3 c m/min). The nit roge n 
aft erglow was di stinctly more inte nse on the ups tream 
side of the band. Addition of O2 to the di scharge in
tensified thi s effec t. W hen the O2 was s hut off, the 
walls took on a dull red glow. 

Although the effects of the other additives used has 
not been studi ed in any de tail, a similar wall poisoning 
mechanism is applicable, in volving either the additive 
or its reac tion products. 

There appeared to be no connection be twee n the 
max imizing of the N a tom parti al pressure and the 
magnitud e of metas table N2 parti al press ure. The 
only pertine nt observation here was th at the me ta
s table parti al pressure was so mewha t la rger in purified 
ni troge n. 

6. Conclusion 
Th e number of para me te rs a nd com plexity of the 

mecha nisms involved makes it diffic ult to draw fir m 
co ncl us ions about t he natu re of active nitroge n. It 
is sugges ted however, th at wall effec ts p lay a n im
porta nt part in the "catalytic" prod uc tion of nitrogen 
a toms, and in the production of the " pink" afte rglow. 
F urther it is observed that the catalyti c effect is not 
co nnec ted with th ose metas table N2 molecules de
tecta ble by mass spec tro metr y, and th at the latter are 
not a pprec iably affected by the addition of ni tr ic ox id e. 
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