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Thc gas-p ll" SC g[L1nma-J'ay radiolysis of N W1'( I4 0 has bcen ill\'cstigatcd as a funct ion of 
dosc, concentration, and temperature (-80 to 376 °C) . Around 40 °C the mtios N~o/N~' 
and N I5 0 / X J4 0 are 0.1 and 0.4, respectively, independent of dose and conccntration. In 
the radiolysis of Ni4NI40-~150 mixtures it was found t hat t he ion pail' yield of NH was 0.5. 
The ion pa il' y ield of K~' in the rad iolys is of N15N I4 0 increases with temperature from 2.6 
at 50 °C to 21.7 :'It 376 °C. On the other hand, t he yield of N~o is, within experimental 
errol', not affected by a change in temperature, indicat ing that only the "molecula r" nitrogen 
increases wi th a n incl'case in tcmperature. The OCCUl'l'cncc of d issoc iative clcctron attac h­
men t processes is consistent w ith the experimental observations . The y ields o f N~' and 
N~o increase when a potential difference is :tpplied during radiolysis at the saturation plateau. 
The lattcr increasc can be accountcd for by an enhancement of neutral excitcd molec ule 
decompositions. Add ition of xenon and kry pton cnhances the dccomposit ion of nitrous 
ox idc. The rcs ults jlld icatc that N atom s p laya rclatively less importan t role in the inert 
gas-indu ced decompos it ion t han in the dircct rad iolys is . 

1. Introduction 

The radiolytic decomposiLion of nitrous oxide 
has been investigated on several occasions 1 using 
alpha-particles,2.3.4 accelerated electro ns, 5 X -rays 6.7 or 
gamma rays.S' 9 

At pressures around 1 atmosphere the number of 
N 20 molecules which undergo decomposition pel' 
ion pail' is rather high ("-'4) and has been sho wn 
to increase as a result or (a) the effect of an applied 
field, 3. 4.6 (b) a decrease in press lire from 200 mm to 
506 mm and (c) ,til increase in LemperaLure I from 
18 to 220 °C. 

As a result of' some of these observations, it has 
been suggested 3. 4. 6 that neu Lral excited molecule 
decomposition may play an impol'Lant role in the 
radiolysis of N 20. 

The present study was undertaken with the ex­
pectation that, by irradiating N I5NH O, it might be 
possible to obtain a better in sight of the radiolysis 
mechanism. Although not all of the results pre­
sented in this communication can be interpreted 
as yet, they are considered to be of su ffi cient in terest 
to be reported, especially if one considers that 
N20 has occasionally been proposed as a suitable 
gas-phase dosime tel'. s. 9 

.rrhis research was supported by the U.S. Ato mi c Energ ~T Commission. 
1 For a review see: S. C. Lind, Radiation Chemistry of Gases (Reinhold 

Publishing Corp ., Ne w York, 1961) , p. 243. 
, E. Wourtsel, Le Ra dium 11, 342 (1919) ; J. Ph I'S. Radium 1,77 (1920). 
3 1 L E ssex a nd A. . I). Koluban , J . Chem. Phys . 8, 450 (1940) . 
• n . E ssex a nd N. T. Willia ms, J. Chem, Phl's . 16, 11 53 (1948). 
, G. Gedye, J . Chem. Soc., 3016 (1931) . 
' B . P. Burtt and J. F. Kircher, Rad. Res. 9, 1 (1958) . 
7 G. R. A. Johnson , ·Proe. Chcm. Soc., p. 213, June 1960. 
8 P. lIarteck and S. Dondes, Nucleonics 14, 66 (1956). 
' H . W . Hummel and J . A . H eame, Nature 188, 734 (Hl60). 
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2. Experimental Procedure 

2 .1. Materials 

Nl5H4NII03 was obtained from I sornet Corporation 
and had a stated puri ty of 95.3 percent N l5 as 
labeled. Nitrous oxide was obtained by heating 
the ammonium nitrate until decomposition occurred. 
PUl'ificaLion was eil'ected by t horou gh repeated out­
gassing at - 195 °C followed by distillation from 
- 130 to - 195 °C. 

The mass spectrum (Consolidated 21- 101, 70 
eV), given below, 

14 6. 56 
15 5.68 
16 4. 71 
28 0.70 
29 10. 4 
30 30.4 

31 
32 
44 
45 
46 
47 

2. 59 
O. 07 
5.42 

100. 
0.42 
.2 

indicates that the labeled nitrous oxide contained 
approximately 5.4 percent N14N 140 and 0.4 percent 
NI5NI50. The cracking pattern indicates that at 
least 93 percent of the N 214• 150 consisted of NI5N I40.1O 

N2280 was obtained from 11atheson Company, 
Incorporated and treated in exactly the same way as 
NI5N 140 . 

N I50 from Isomet contained 2.5 percent N 140. 
Chemical impurities were removed by outgassing the 
nitric oxide at -210 °C followed by distillation from 
a low temperature distillation column maintained at 
- 185 °C. N 140 obtained from Matheson Company, 
Incorporated was treated in a similar fashion. 

10 This estimate is based OIl the ratio of mass 31 to m ass 30 as a n upper limit of 
the impurity, because mass 31 can also be produced by a decomposition of 
i\Tla)JHO+, ' l' he [act that the ratio N215,l li O/N214·130 is not 111ucb higher tban 
ex pected from the natural abundance of N ", a lso suggests that labeling of the 
center nitrogen atolll of nitrous oxide is negligi ble . 



Labeled oxygen obtained from Isomet was as 
stated, 95.2 percent 0 218. 

Phillips research grade ethylene was degassed at 
-195°C. 

Krypton and Xenon were assayed reagents from 
Airco. 

2.2. Irradiation Procedure 

The geometry of the gamma-ray sources was 
identical to that previously described. ll The source 
used in this work had an intensity of 3000 esu/cm3/sec 
in December of 1961. 

Most radiolysis experiments were carried out in 
300 cm3 Pyrex vessels, which were equipped with a 
break seal and were heated close to the mel ting point 
of Pyrex prior to b~ing .filled. The .ves~els c~uld be 
heated during radlOlysIs by a cylmdncal furnace 
controlled by a Variac. In one experiment, capillary 
tubinO" (3 mm i.d. ) attached to a break seal was used 
to co~tain the solid nitrous oxide which was irradi­
ated at -195°C. 

Accurate values of the ion pair yields were based 
on the measurement of the ion current in the satura­
tion region. For this purpose, a cylindrical cell (500 
cm3 volume) was constructed with an outer steel 
wall (6.65 cm i.d.) as the anode, and a centrally 
located inner electrode (1.62 cm o.d.) as the cathode. 
The two electrodes were joined through glass to 
metal seals and 'a grounded guard ring. The dead 
space required a 4 percent correction. Tak~lg a 
value of 30 e V for W , the energy absorbed by mtrous 
oxide was 60 x 1017 eV M - l sec- 1 in the stainless steel 
vessel. Additional applied field experiments were 
carried out in a 200 cm3 graphite coated Pyrex cell 
which was similar in design to that used by Back 
et al. 12 

The light source for a few Hge p 1) sensitized 
experiments, which were carried .out in connection 
with this study, was a flat-spIral, low pressure 
mercury arc obtained from Hanovia. A Corning 
7-54 filter was used to eliminate wavelengths below 
2200 A. 

2 .3. Analysis 

The products analyzed were nitrogen, oxygen, and 
nitric oxide. Nitrogen and oxygen were distilled 
from a trap at -210 °C by means of a Toepler pump. 
Nitric oxide was removed from a modified Ward 
still held at - 185 °C. After measurement in a gas 
burette, they were further analyzed in a Consolidated 
21- 101 mass spectrometer. 

No attempt was made to determine the yield of 
N02. Also, it was assumed that some portion of the 
N02 was converted to nitric oxide through reaction 
with mercury in the analysis system, thus contribut­
ing to the yield of the latter product. 

11 P. Ansloos and R. Gorden, Jr., J. Chern. Phys. 36, 5 (1962). 
12 R . A. Back, 'r. W. vVoodward, and K. A. Langhlan, Can . J. Chem. 40, 

1380 (1962). 

3 .Results 
The results reported in tables 1, 2, and 3 have been 

expressed in rates per mole of nitrous oxide, rather 
than in ion pair yields, because the experiments were 
carried out in ordinary Pyrex vessels in which the 
saturation current could not be meas ured. Because 
all experimen ts were carried out at the same dose 
rate, approximate ion pair yields in the pure nitrous 
oxide experiments can be estimated by dividing the 
rates by the constant factor 2.01 X 1017• This 
factor is based on the assumption that the ion pair 
yield of nitrogen is the same in the stainless steel 
vessel used for the dosimetry experiments as in the 
Pyrex vessel under otherwise identical experimental 
conditions. The ion pair yields (MIN) of N~9 
given in table 3 are only approximate calculated 
values based on the W-values 1 of Xe and Kr. In 
addition to the results given in the tables, the 
following information should be reported: 

3.1. HgCP1) Sensitized Photolysis 

A few H gep 1) sensitized experiments were carried 
out at a concentration of N I5N140 of 1.8 X 10- 6 

mole/cm3 from 30 to 250°C. The isotopic distri­
bution of the product nitrogen agrees within experi­
mental error with what is to be expected considering 
the mass spectrum of the N15N140 used in this in­
vestigation (i.e., 5.4: 100:0.4 for N~8, N~9, and N~o 
respectively) . 

In these experinlents, the yield of oxygen is within 
5 percent one-half the total nitrogen at all tempera­
tures. NO is a very minor product. Even at 250 
°C, the yield of nitric oxide is only about 2 percen t of 
the nitrogen. The formation of oxygen is completely 
quenched by 2.6 percent of ethylene. 
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3.2. Hadiolysis- Effect of Dose 

It should be noted that in the tables "N320 corr" 
is equal to the measured yield of N 320 minus 0.004 X 
N229 • The latter term essentially represents the N 320 
formed by elimination from the 0.4 percent N3200 
present in the nitrous oxide. 

At 30°C, the ion pair yield of N 228 produced in the 
radiolysis of N 2280 at 5 and 14.9 cm pressure was 
3.37 and 3.21 respectively. The conversion in 
these experiments as well as in all of those reported 
in the tables was 0.1 percent or less. These ion 
pair yield values are in rather poor agreement with 
the room temperature values of 4.74 and 3.72 
reported by Burtt and Kircher 6 for pressures of 5 
and 20 cm respectively, but are in good correspond­
ence with the value of 3.36± 0.1 reported by H arteck 
and Dondes 8 for an unspecified temperature. Ex­
perinlents carried out with NI5N 140 gave, within 
experimental error, the same ion pair yield for 
N229+N320 + N228 as is observed for N 228 with N2280. 
At 40 °C and a pressure of 5 cm in these experiments, 
a value of 0.10 is obtained for the ratio N3NN229 and 
a value of 0.45 for the ratio N150/N140. 

The values for these ratios are independent of 
conversion from 0.03 to 3 percent but show a slight 



(5% ) decrease with increase in pressure from 5 cm to 
20 cm. After correcting forthe N2l W'oduced from 
tbe radiolysis of the 5.4 percent N22 0 in N15N140, 
the value of the ratio N~8/N22g becomes approxi­
mately 0.04. At the low conversions used in this 
work, the latter value is however' necessarily less 
accurate than the valu es of N 3NN2iq which are not 
affected by the presence of traces of N 228 which may be 

released from the wall of the reaction vessel during 
irradiation or introduced in the sys tem in the course 
of the analytical procedure. 

The analysis of NO and O2 is, in most cases, not 
quantitative for reasons enumerated by Burtt and 
KU·cber. 6 However, secondary r eactions of the 
type mentioned by these authors should no t affect 
the i80topie distributions. 

TABLE 1. Effect of nitric oxide and oxygen 

N itrou s Oxide 
mole/cm 3 X lO' 

AddHivc Time 
percent TIlinutes 

R ates, molecules M - 1sec- 1X 1D-J7 

NZ2S 

N14j'\T14 0 ______ ______ .___ Nl5 0 __________ ____________ ______ ____ ___ ___________ . ______________ . __ . _______ ___ _ 
2.7L _____ ____________________ _ _ 
2.68__ ____ __________ 0.25 
2.70_ _ ______________ 0.25 
2.67 _ _ ______________ 5. 7 

60 
6 

15 
60 

5. 85 
6. 13 
5. 58 
4. 9 

0_ 92 0.232 
0_ 80 0.296 
1. 06 0.207 

1. 26 
4. 42 
2. gg 

N15NI40._____ __________ 1\'140 ----.---.- -- ----- ------- --------.--- - --- ----- -- - --. _- -- -- --- ------------.---2. 73 ___ __ ______________ ________ _ 15 0.5 5.35 0. 56 
2. 74 ___ _____________ 1. 6 15 0.72 5.2 0. 46 
2.70_ _ ________ __ ____ 7. 9 60 1. 0 5. 1 0. 35 
275 ___ ____ ___ ______ 26.0 60 1.3 5. 15 0_305 

Nl~NI40____ ____________ 0 218 

2.67________________ 4. 0 60 0.7 4. 99 0. 603 

T ABLE 2. Effect oj temperature * 

- 195 (solidl__ _______ __ _ 0.6 -80 ________________________ ___ ____ _ 
40_______ _______________ .5 
&l___________________ ___ 1.1 5 
150_ _____ _____________ __ 1. 61 
250_ ____________________ 3. 17 
310_____________________ 3. 71 
376_____________________ 5.36 
50' _______________________________ _ _ 
] 501\ _______________________________ _ 
275' _______________________________ _ 
277 b ________ --- __ -- ________ -- -- - -- --
165 ' __ _____ ________________________ _ 

9.72 
4. 94 
5.35 
5.9 

13. 6 
2(i. 7 
34.5 
43.7 
4. 45 
6.38 

14.7 
1.1. 9 
3.73 

Rates, molecules M- 1scc-1X IO- 17 

N Z30 

0. 148 
. 482 
. 56 
.64 
.92 

1. 03 
1. 00 
l.J 1 
0.477 
.582 
.60 
.457 
.223 

0, 

2.6 
.56 
. 67 

< _01 
------------
------------

------------

------------

.219 

N 14 0 

0.53 
.81 

1.11 
2. 2 
0.36 

24.0 
31. 0 
39.3 

3.91 

--- --- - --- --
---------._-
------------
------------

NlS0 

0. 34 
. 33 
.51 

1. 2 
6. 15 

] 9. 0 
26. 1 
33.4 

2.65 

O.Oll 
.094 
. 10 
.105 
.064 
.034 
.025 
_ 021 
. 103 
.087 
.037 
.034 
.056 

0. 100 
O. C85 
0.065 
0.055 

0. 117 

0.64 
.41 
.46 
.54 
. 66 
.79 
.84 
. 85 

.54 

• rrhc concen tration of N1SN140 in all gas-phase ex periments was 2.7XlO-6 
mole/em'. 

lJL4 percen t ethy lene was added. 
'40 percen t 1, added • 

• 2.3 percen t ethylen e was added. 

T A B L E 3. Effect of i nert gases 

R ates, m olecules M -1 see-1 X 1D-" 
N3: corriN" InertlN13N140 N16NI40 rroc 

mole/cm'X106 
N22~ N Z29 N,30 0, N 140 N13 0 

X enon/N15N14 0 : 
4. 13 _________ ___ ____ 1. 08 50 5. 18 35.2 2. 57 11. 9 4.2 1.64 0. 069 

(2. 4) 
4. 18 ___ _____________ 1. 05 200 15.5 84.4 4. 44 < 1.0 66. 3 47.8 .049 

(5.65) 
4.02· _______________ 1. 08 50 7.58 27. 0 0.656 < 1.0 --- ------- ---------- .020 

(1. 9) 
4_ 05b ______________ 1. 07 50 5.3 26. 5 0. 688 < 1.0 - --------- -------- -- .022 

(1. 85) 
9.7 _________________ 1. 07 50 10_ 8 79.4 4. 61 22.3 ---------- ---- ------ .054 

(2. 45) 
K rypton/N15NI40: 

5.66 __ __ ________ ____ 1. 13 50 4.35 36. 0 2.73 4. 38 ------ ---- -------- - - .072 
(2.65) 

12. 3 ___ _____ ________ 1. 07 50 8.3 66.6 4.84 11. 2 ---------- -------- -- . 069 
(2.4) 

Values given in p arentheses are M /N values. 
• 2.0 percen t N 140 added. 

16_9 percent N " O ad ded . 
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3 .3. Effect of Nitric Oxide and Oxygen 

In table 1, it is seen that N229 is an important 
product in the radiolysis of N ISO- N14N140 mIxtures. 
An increase in the added percentage of N I50 from 
0.25 to 5.7 raises the yield of N229 only slightly. 
Addition of 0.25 percent N I50 to N14N140 also 
results in appreciable increase of the measured 
product, N I40. This. ?an be ascrib~d to. the . fact 
that under these condItIOns, oxygen wIll mamly react 
witl; the added NlsO to produce N 150 2, instead of 
reacting with the product N i40 which is present at a 
relatively smaller .oncentrati~:m. The decrease of 
Nl40 with increase m converSIOn (table 1) can thus 
be attributed to the increased proba?ility for OX~~e!l 
to react with N i4O. It can be notIced that N 2 IS 
a minor product in all N'240 - NISO experiments. 

Addition of 0~8 to W 5W 40 did not appreciably 
affect the rate of formation of N 229 and N 320 , but did 
lead to the production of appreciable yi.elds of 
N 140I8 and NISOI8. A value of 0.44 was obtamed for 
the ratio (NISOI6 + W5018)/ (N!4016+ NI4018) which is 
comp(arabl~ to the val~es '~or t~e r~}io14W50/N 140 
obtained m the radIOlysis of N N O. rh~se 
observations indicate that oxygen reacts w.Ith 
nitric oxide to form N02 of which a certain fractI?n 
is reconverted to NO prior to or during analYSIS. 
The latter reaction does apparently not affect the 
ratio N 150 /N 140. 

3 .4. Effect of Temperature 

Table 2 and figure 1 are mainly concerned wi.th the 
effect of temperature at constant concentratIOn of 

30 
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0- ~ o~ 
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0 
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-
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Q) 

(5 
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~ 

10 
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FIGURE 1. Effect of tempemtllre on the -y-mdiolysis of NI5N i40. 
x. 2.3% C,li, added. 
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NI5N i40. One solid phase experiment, carried out 
at -195°C has been included in the table. The 
most striking features of the solid phase radiolysis 
are (a) the low relative yield of N~o and (b) the high 
measured yield of O2• 

In the gas phase at temperatures from -80° to 
376° there is a marked increase of N 229, N i4O, and 
N I50 as well as of the product ratio N ISOjN I40. On 
the ~ther hand, the ratio N320/ N2i9 goes through a 
maximum and the yield of N 320 increases only very 
slightly especially at the higher temperatuFes. It 
can be seen that the effect of temperature IS much 
less pronounced when 2.3 percent CzH4 has been 
added to N IsN I40. A further increase in the per­
centage of ethylene fro~ 2.3 to 11.4 ha~ ?nly a ~nil~or 
effect on the product YIelds. The addItIOn of IOdme 
quenches the formation of nitrogen. 

Blank experiments, carried out up to 400 0q, 
under identical conditions to those in the expel1-
ments listed in table 2, except for the actual irradia­
tion, did not show any detectable products. 

3 .5. Effect of Inert Gases 

Several NI5NI40 - Xe mixtures were irradiated and 
the results are given in table 3. Ion pair yields of 
N2.;9 are O"iven in parentheses. It can be noted that 
in - the i~ert gas sensitized r~diolysi~ , oxyge.n is. a 
more important product than 111 the du'ect radlOlys~s, 
although the analytical procedure was the same 111 

both cases. A rise in temperature from 50 to 200°C 
shows qualitatively the same enhancing effect on the 
product yields as in the direct radiolysis. 

3 .6. Effect of Applied Field 

In figure 2, the ion curren t and the ion pair yields 

0 
a. 
c 
.!? 
"-
"' .'!! 
::> 
u ., 
"0 
E 

z 
"-

5.0 

4.0 

3.0 

2.0 

j 

1.0 

VOLTS 

100 200 300 

...--
/ 

/ 

400 500 

N29 
2 20 

• 
- - - - 16 

NI4 0 
12 

0 
NI5 0 6 

4 

>;~~I 
a 2 3 4 5 

X/P VOLTS cm-' mm-I 

« 
:l.. 

FIGURE 2. Effect of electric fields on the -y-mdiolysis of NI5N i40. 
e. 2.5% C,TI, a dded . - - - ion current in }'A. 



of the products form ed when an elect rical field is 
applied during the r adiolysis are given . These 
exper im en ts were carried ou t in a graphite coa ted 
cell. It m ay be noted that in this r eaction vessel, 
even in the absence of an applied field, t he yields of 
N I50 and N I40 were larger than in an ordinary 
P yr ex vessel (table 2) . Also, oxygen could not b e 
detected as a produ ct. I t m ay thus be surmised 
tha t oxygen disappear s on the wall of t he reaction 
vessel. The addi tion of 2.5 percen t ethylene to 
nitrous oxide at the highest field streng th r educed the 
yield of N229 b y only 4 percen t. 

4. DiscussIon 

F rom the cracking pa t tern of N I5N H O, i t can be 
dedu ced th a t , at 70 e V, only about 35 p er cen t of the 
par en t ions decompose. The m ajor modes of frag­
m en tation of the positive paren t ion at 70 eV are as 
follows: 

N I5N I40 + --7N I40 + + N I5 50.4 % (1) 

--7N I5O++ N I4 4.3 % (2) 

--70 ++ N I5NI4 7.8 % (3) 

--7N '5++ N I4O 9.4 % (4) 

--7NIH + N I5O 10.9% (5) 

--7N I5N 14+ + 0 17.2% (6) 

B esides the fo rm ation of the positive ions dissocia tive 
electron attachm ent h as to b e considered 13. 14 as 
well. In the case of NI5N I40 , the latter process can 
be represen ted thus : 

(7) 

In addi tion to t he production of ions in the initial 
events the form ation and decomposi tion of n eutral 
exci ted m olecules m ay also be of impor tan ce. It is 
obvious tha t on the b asis of da ta reported in this 
p ap er , a detailed discussion of the differen t reaction 
m ech anisms is unwarran ted . An attemp t will, how­
ever , be m ade to acco unt for some of t he processes 
which lead to the forma tion of N a toms and N2 
molecules. 

4.1. Evaluation of G(N) 

Al tho ugh the r esul ts provide a rather accura te 
estim ate of the rela tive yield of N~o produced in the 
r adiolysis of N I5NI40 , one cannot imm ediately de­
du ce a valu e of G (NIS) . It is indeed known that 
ground state N atoms do not readily reac t wi th 

13 R . K. Curra n a nd R . E. Fox, J . Chem. P h ys. 34, 1590 (1961). 
J4 O. J. Schu lz, J . Chem. P hys. 3 '~, 1778 (1961). 

ni trous oxide,15 bu t will undergo a fast r eaction with 
the product nitric oxide to form a nitrogen m olecule 16 

(8) 

This is suppor ted by th e resul ts given in table l. 
For instan ce, th e r elatively large yield of N~9 in the 
radiolysis of N I4N I40 - N I50 mix tures, con tainin g 
only 0.25 p er cent N I50 , clearly demonstra tes the 
importance of reaction 8. F'rom these resul ts i t 
would follow tllat abou t 20 p er cen t of the total 
nitrogen is form ed by this reac tion . A t 40 °C t his 
would correspond to a valu e of M IN = 0.5 in good 
agreem ent wi th an earlier estim ltte by H a rteck an d 
D ondes. 8 

If N~o in the r adiolysis of N I5N 140 is entirely 
formed by the r eaction 

(9) 

i t m ay be e:\pected that, at short conversions, small 
a moun ts of add ed N I40 should preven t the form a­
tion of N~o in t he radiolysis of N I5N I40 by way of 
reaction 10. 

(10) 

Consequen tly, t he fact t lmt, in mixtures con tainin g 
up to 26 p ercen t N I40 , N~o is still 1111 impor tant 
produ ct indicates th ltt b esides reaction 9, oll e or more 
as yet u nid entified processes involvin g a ni trous 
oxide m olecul e m ust con tribu te to the form lttion of 
N~o. T he p resence o f electronicltlly excited N 
ato ms, N + or N20 +, nM)' have to be co nsider ed as 
possible p ltr ticipan ts. 

If we ass um e t hat all N atoms which are produced 
in the l"1tdiolysis of N I5N I40 r eact wi th N ' 50 a nd 
N I40 at the sam e rate, then It valu e of 0.38 can be 
dedu ced for t he ion pltir yield of N 15 a fter correcting 
t he y ield of N go for t he r esidunJ yield of N~o observed 
in t he N I5N I40 - N I40 experim ents . Because the 
latter val ue is consider a bly la rger t ba n t he ion pair 
y ield of 0.18 estim ated from the m ass spectrum pat­
tern , i t m ay be co ncluded that other processes besides 
1 must co ntribute to the formation of N I5 atoms. As 
will be shown la ter , decomposition of neutral excited 
nitro us oxide formed by electron impact or by ne u­
tralillation of the parent ion may be a n addition al 
source of N I5 atoms. R ecen t photochemical studies 
by Doering and M a han 17 have indeed shown that 
the process 

(11) 

is of impor tance at wavelengths r anging from 1236 
to 1830 A. 

IS O. B. K istiako\\'ski and O. O. Volpi, J . C he lll . P hys . 27, 114 1 (195i). 
16 (a) Joh n '1' . Herron, J . Research N FI S 65A, 411 (1961) . (b) R. A. Back and 

J . Y . Mni, J . P hys. C hem. 66, 1:l62 (1962). 
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17. J . P. Doering and B. lI . Mahan, J . C he m. Phys. 34, 1617 (1961). 
I1bJ. P. Doering and B. lI. Mahan, I bid 36,1 682 (1962). 



4.2. Fonnation of "Molecular" Nitrogen 

N~9 can be eliminated as a molecule from N I5N I40 
in several different ways. B esides initial events such 
as neutral excited molecule decompositions 17 or 
dissociative electron attachment,13. 14 secondary 
reactions such as IB.6 

(12) 

(13) 

may also lead to the formation of this product. 
The effect of temperature provides us with probably 

the most interesting information about at least one 
mode of formation of " molecular" nitrogen. It 
should first be noted that the observed increase in 
the yield of nitrogen from - 80 to 376°C (tables 
2, 3, fig. 1) which cannot be due to the pyrolysis of 
nitrous oxide under our experimental conditions up 
to 400°C (see Results) can also not be explained by 
an increase in neutral excited molecule decomposi­
tion for the following reasons: 

(1) There is, within experim ental errol', no increa se in 
the yield of "N~o corr" from 150 to 376 °C ' 9 indicating the 
non-enhancem ent of process 11 which, as shown r ecently 17 

should occur when highly excited nitrous oxide molecules 
decompose independent of the degree of excitation. 

(2) Lower excited nitrous oxide molecules such as those 
produced in the Hg(ap,) sensit ized decomposition do not 
eliminate an N atom but do produce an 0 atom in the ap 
or ID state which does not rcact any further with ni t rous 
oxide even up to 250 °C (see R esults) . The results of table 
2, however, show that the yield of nitric oxide increases as 
fast as that of N §9 indicating t hat, if a neutral 0 atom is 
produced at high temperatures, it does r eact r eadily with 
nit rous oxide and so cannot be in the ap or ID state. 

By the process of elimination we suggest the oc­
currence of the negative ion reactions proposed 
before by other investigators 3.4.6 

NI5NI40 + e--7N~9+0- (14) 

NI40 + N I50 - (15) 
)" 

0 -+ NI5NI40 -7NI50 + NI40 - (16) 
\. 
N~9+02 (17) 

which, at elevated temperatures, must be followed 
by a reaction which regenerates 0 - in order to ac­
count for the temperature effect. Processes such 
as 18 and 1 9 may be considered 

18 M. Zelikoff and L . M . Aschenhrand . J. Chern . Phys. 22. 1680 (1959) . 
" 10 The slight increase in "N230 corr" from 150 to 376 °C can be entirely accounted 
for by the increase of the ratio N 150 jN 140 which enhances the reaction of N15 
with N150 . 

Reaction 19 must be of less importance than reac­
tion 18 because at the highest temperature the 
material balance N 2/NO approaches the value 0.5, 
indicating that O2 can only be formed in small yields. 
The following observations favor the proposed 
negative ion chain reaction : 

(1) An electron t rap such as iodine effectively reduces 
the yield of N~9 t o a value which is lower than t hat obtained 
at -80 °C . 

(2) As may be expected from the above m echanism, the 
effect of temperature is not related to the manner by which 
t h e secondary electrons are produced. This is d emonstrated 
by the fact that an in crease in temperature in the xenon­
induced decomposit ion of NI5N 140 affects the product yields 
in very much the same way as in the direct radio lys is al­
though t here are considerable differences in the init ial radio­
lytic processes occurring in the two systems at 40°C. 

(3) Small amounts of ethy lene suppress t he yield of 
Ni9 • Such an effect would not be expected to occur if 
neutral excited molecules are involved . This has been 
corroborated by a few expcriments carried out in our lab­
oratory at 1236 A, and by t he negligible effect of ethylene 
in t he applied fi eld experiments (see R esults) . Ethylene 
may, however, be expected to intercept 0 - or NO-, t hus 
reducing t he yield of Ni9 • 

(4) At the highest temperatures, Nl50 b ecomes equal to 
N 140 . 

In view of the foregoing, it may be concluded that 
nitrous oxide can only be recommended as a dosim­
eter provided the temperature is carefully con­
trolled. The absence of a temperature effect up to 
200°C, mentioned in an earlier study,B is inconsistent 
with the present data. 

In the solid phase radio lysis experiment the rel­
atively low yield of N~o and the high yield of O2 

indicates that the dissociation of N I5NI40 into 
N~9 and O ep) or OeD) occurs with a relatively 
higher probability than in the gas phase. 
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4.3. Effect of Applied Field 

The effects of applied field on the product yields 
from N I5N 140 are very similar (fig. 2) to those re­
ported by Burtt and Kircher 6 for N~80. 

As previously suggested,6 ion recombination can 
account for the initial decrease in the yields of nitro­
gen and nitric oxide with increasing X /P (field 
strength/unit pressure in mm). Woodward and 
Back 20 came to a similar conclusion regarding the 
decrease in the yield of hydrogen from hycrocarbons 
irradiated in the presence of increasing electric field. 

As the field strength is increased in the region of 
current saturation there is a pronounced increase in 
the yield of nitric oxide, N~9, and to a lesser degree 
N~o without an accompanying increase in the ior. 
pair production. The negligible effect of ethylene 
(see Results) indicates that the increase of N~9 
cannot be accounted for by the same negative ion 
mechanism as has been proposed to account for the 
effect of temperature. Excitation of N I5N I40 by 
the accelerated electrons followed by a reaction 
mechanism analogous to that observed in the vacuum 

20 '1' . W . Woodward and R. A. Back, Can. J . Chem. 41, 1463 (1963). 



U.v. photolysis17 is the most likely explanation for 
the observed increase in ion pair yields [3, 4, 6]. A 
similar effect of electrical fields is found to play an 
important role in the decomposi tion of hydrocarbons. 21 

4.4. Inert Gas Induced Decomposition of Nitrous 
O xide 

The Xe-N~90 experiments show (table 3) that 
energy is transferred efficiently from xenon to nitrous 
oxide although the appearance potential of N 20 + 
(12.63 eV)14 is above that of the xenon ion in the 
aP3/2 state which is considered to be the major ion 
produced by electron impact. The M IN values of 
N~9 are, however, somewhat lower than in the direct 
radiolysis. 

" P. Ausloos and R. Gorden , Jr., J . Chem . Phys. U [ 1278 (1964). 
22 E. Lindholm, Z. Naturforsch. 9a, 505 (1954). 

The major differences between the product dis­
tributions in the xenon induced and direct radiolysis 
are: (a) the lower values of the ratio N~o/N~9, both 
in the presence and absence of N 140 and (b) the 
higher yield of O2• The first observation can readily 
be accounted for by the fact that the parent ion 
decomposition according to process 1 will b e of less 
importance in the xenon induced decomposition. 
The higher yield of O2 implies a low yield of NO and 
can tentatively be ascribed to the formation of 0 
atoms in the low lying 1D or 3p levels. Very similar 
conclusions can be drawn from the luypton exper­
iments except that, as may be expected in this case, 
the relative yield of O2 is lower than in the xenon 
induced decomposition. It may be noted that the 
dissociative process 1 accounted for only 11 percent 
of the total ionization 22 in the charge transfer mass 
spectrum between Kr+ and N 20. 

(Paper 69A2- 330) 
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