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Chimica. — The reaction of iü-atoms with N 0 2 using 15N 0 2 V  
Nota di G i o r g i o  L i u t i ((*) **}, S e y m o u r  D o n d e s  e P a u l  H a r t e c k  (**‘), 

presentata <****) dal Corrisp. G. S a r t o r i .

RIASSUNTO. — La reazione tra  azoto atomico e ipoazotide è uno dei più im portanti 
processi che avvengono nel corso dell’irraggiamento con radiazioni ionizzanti di miscele azoto- 
ossigeno. Allo scopo di poter valutare quantitativam ente l’effetto di tale reazione nel sistema 
accennato, la sua costante di velocità è stata m isurata direttam ente in un sistema in flusso, 
usando uno spettrom etro di massa a tempo di volo per la rivelazione dei reagenti e dei prodotti. 
E sta ta  usata ipoazotide m arcata con azoto 15 per discriminare le varie reazioni che avvengono 
nel sistema. I risultati confermano i valori stim ati in precedenza e mostrano che la produ
zione di protossido d ’azoto predom ina sugli altri processi possibili.

I n t r o d u c t i o n .

A num ber of years ago, H arteck and Dondes [1] postulated the following 
series of reactions to explain the presence of nitrous oxide in the radiolysis 
of pure NO, pure NO2 and in nitrogenoxygen m ixtures and estim ated the 
ratios of these reactions:

(1) -> n 2o  +  O

(2) N +  NO2 2 NO

(3) N2 +  2 O 

or
N 2  - f -  O 2 .

It is possible to investigate directly this reaction in a flow system using 
a mass spectrom eter to detect the species involved and thus measure the 
kinetics. This technique, which has been used by Kistiakowski and Volpi [2] 
and by Phillips and Schiff [3], is particularly  useful because the presence 
of any ions or excited states which occur during radiolysis is avoided. Due 
to the overall com plexity of this system, especially in determ ining the ratios 
of reactions (1), (2) and (3), and the role of these reactions in the radiolysis 
of pure NO, of pure NO2 and in nitrogen-oxygen m ixtures, this system was 
reinvestigated. To avoid complications in m easuring N2O, which appears 
at m\e 44 and therefore m ay be masked by CO2, which is always present 
in the ion source of a mass spectrometer, 15N02 was used. The rem ainder 
of the technique was sim ilar to that used by the previous investigators.

(*) Q uesta ricerca è stata finanziata da: «U.S. Atomic Energy Commission» con con
tratto  n. A T 30-3-32I.

(**) Istituto di Chimica Generale ed Inorganica, U niversità di Perugia (Italy).
(***) Rensselaer Polytechnic Institute, Troy, New York -  U.S.A.
(****) Nella seduta del 19 novembre 1968.
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R e s u l t s  a n d  d i s c u s s i o n .

The apparatus used in this work has been previously described [4]. 
N itrogen atoms were prepared by the use of a condensed discharge in a 
W oods-Bonhoeffer tube. The concentration of the nitrogen atoms was deter
m ined by titration with NO and monitored with a Tim e-of-Flight Mass 
Spectrom eter. The partia l pressure of the nitrogen atoms was 0.025 torr.

T a b l e  I .

Reaction o f Excess 14N -atom s w ith  14N02 at Room Temperature.
A

Conditions'. Pressure =  0.5 torr.; Ionizing Energy of Electrons in Mass Spectrometer =  20 ev 
Concentration of 14N atoms =  6.5 X io 13 atoms/cc 
Concentration of 14N02 =  5 X io 12 molecules/cc

Signal Strength at M /e 46 
(A rbitrary Scale)

Reaction Time 
(/X io3 sec)

Overall Reaction rate(*), k  
(cc/part. sec) X io 11

23-5 1 .98 2. IO

44 1-55 2.04

74 I • 13 2.13

140 0.62 2.29

350 0

B
Conditions'. Pressure =  0 .3  torr.

Concentration of 14N atoms =  5 X io 13 atoms/cc 
Concentration of 14N02 =  5 X io 12 molecules/cc

12 2.40 1.99

23-5 1.70 2.00

43-5 1 .08 2.04

75 0.53 2-35

130 0
Average k =  2 .\2  - f  

T  0 .20X  io —-11 cc/part. sec.

(*) O v era ll R eac tio n  R a te , k — kx +  k± +  kz .

The experim ents were conducted at an overall pressure of 0.5 and 0.3 torr and 
at a flow rate of about 13 meters per second. W here 15NC>2 was used, it was 
diluted with argon to a concentration of 1 %. Norm al NO2 was prepared by



366 Lincei — Rend. Se. fis. mat. e nat. — Vol. XLV — novem bre 1968 [98]

the oxidation of tank  NO (obtained from the M atheson Com pany) and 
fractionally distilled at cryogenic tem peratures. Only the middle fraction 
was used. The 15N02 was obtained from the Isomet Corporation, Palisades 
Park, New Jersey with a 15N concentration of 99 .4% . All the measurem ents 
were performed at room  tem perature.

Table II.
Reaction o f Excess 14N —atoms w ith  15N02 at Room Temperature.

A
Conditions'. Overall pressure =  o . 5 torr., Ionizing Energy of Electrons in Mass Spectro

m eter =  20 ev 
Concentration of 14N -atom s =  1 .3X 1014 atoms/cc 
Concentration of 15N02 =  io 13 molecules/cc

14N 15N Pressure 
( to r rx io 4)

14N 15NO Pressure 
(torrX io4)

Reaction Time 
(/X io 3 sec)

Ratio of Reaction Rates, 
A  +  fa

fa

1*5 1-35 1.4 1 . 11

1 .6 1 .40 3-2 1 .14

1 .6 1.50 5-3 1 .06

1-7 1.45 7.8 I * 17

B
Conditions'. Overall Pressure =  o .3 torr.

Concentration of 14N~atoms =  i . o x i o 14 atoms/cc 
Concentration of 15N02 =  io 13 molecules/cc

1.50 1 .30 1 .2 I -15

1.50 1 .40 2.5 1 .07

1-55 1 .40 4.1 I . i i

1.50 1-35 8.2 1 . 11

Average
fa +  fa .

&  = 1  •11 ± 0 .0 3

The results obtained in the reaction of an excess of N atoms with 
norm al N02 at pressures of 0.5 and 0.3 to rr and at room tem perature are 
shown in T able I. The overall reaction rate, k , (which equals k\ -f- ^2 +  kz) 
from this work is 2 .12 ±  20 X io ~ n  cc/particles sec., which is in good agree
m ent with that of Kistiakowski and Volpi of 0.8 X io -11 and Phillips and 
Schiff of 1.8 X io -11. In our experiments the concentration of the N atoms



[99] G. Liuti ed altri, The reaction o f  iti—atoms w ith  NO2 using  15NC>2 367

was in considerable excess over the concentration of the N02, so that all the 
NO2 would interact with the N -atom s ra ther than  O atoms produced in 
reactions (1) and (3). Thus, reaction:

(4) NO2 “b O NO -j- O2

does not occur to an appreciable extent. Also, since the N atom  concentration 
is practically constant, no determ ination of the mass spectrom etric sensitivity 
for NO2 is necessary. The overall rate constant can be calculated using the 
integrated first order rate equation, as follows:

(I) — 0-434 ^[N] t  =  log [NOa], 
[N02]o '

This equation involves only the ratio of the mass spectrometric signal of N02 
for various reaction times to the signal at zero time, that is in the signal 
obtained in absence of N atoms. Table II shows the production of 44N 15N 
and -14N 15NO using 15N02 under the same conditions, i.e. excess N atoms. 
Here the ratio of 14N 15N to 14N 15NO provides the relationship between 
kz +  kz and k\ since the NO produced in reaction (2) reacts rapidly  with the 
excess N atoms to produce N2, as:

(S) N +  NO ^  N2 +  O .

Also, of the two NO molecules produced in reaction (2) only one enters into 
the form ation of 14N 15N. In this work, the 14N 15N could be accurately 
measured by using a 5 % N2—95 % argon m ixture which minimizes the 
signal from the 14N 15N in natural N2. The ratio of k2+ k 3 to h  is in good agree
m ent with the m easurem ents of Phillips and Schiff; this work being 1.11, 
th a t o f Phillips and Schiff being 1.30 (calculated). Owing to the difficulty 
of m easuring 14N 15N from  reaction (3) and that formed by the 14N 15N 
produced by reaction (5), resolution as to the form ation of 14N 15N from 
reactions (2) and (3) is not possible in these experiments.

In  conclusion, this technique allows for accurate determ ination of rates 
of reactions occurring in relatively complex systems. U sing the labeling 
technique, contribution of reaction (1) can be accurately determ ined in the 
system. The other two reactions (2) and (3) in the system  are difficult to sepa
ra te  due to interference of reaction (5), therefore only their sum is known. 
Reaction (1) is of special im portance as a means of m easuring the am ount 
of nitrogen atoms formed in the radiolysis of nitrogen-oxygen mixtures.
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