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The reactions of ground-state and first-excited-state oxygen atoms with cyanogen have been 
investigated using the technique of flash photolysis and kinetic spectroscopy. In experiments 
using ozonefcyanogen mixtures under conditions where only the ozone is decomposed by the 
photolytic flash to give 01D, it was possible to detect absorption due to CN and NCO together 
with other transient spectra in the regions 2807, 3290, 3920 and 4265 A. From the kinetic evidence 
described in this work together with spectroscopic data obtained elsewhere these latter spectra 
would appear to be due to the free NCN radical. No transient species were observed during the 
photolysis of nitrogen dioxide+ cyanogen mixtures where the reaction involved is that between 
ground-state (3P) oxygen atoms and cyanogen. Investigations were also carried out on cyanogen+ 
oxygen mixtures using an annular spectrosil flash tube-reaction vessel assembly ; the cyanogen was 
dissociated to a considerable extent and reactions between free CN radicals and molecular oxygen 
were studied. 

From the results obtained it is concluded that ground-state oxygen atoms do not react with 
cyanogen to any appreciable extent at room temperature, whereas 01D atoms react rapidly, 

The reaction between free CN radicals and molecular oxygen is also fast, again leading to the 
formation of NCO according to 

Subsequent reactions leading to the production of NCN radicals are discussed. 

01D + C2N2 +NCO + CN. 

CN+02 +NCO+O(3P). 

Extensive thermochemical 1 and kinetic 2 studies have been carried out on cyanogen 
flames and many reactions involving free CN radicals have been postulated to occur 
during the combustion of cyanogen and hydrocarbons in air,3-6 and in active 
nitrogen flames.7-9 There is, however, little reliable data available on the ele- 
mentary processes involved, and in particular on the differences in behaviour be- 
tween ground-state and excited oxygen atoms in their reactions with cyanogen. 
Using flash photolytic techniques it is possible to distinguish between these re- 
actions by using nitrogen dioxide and ozone as sources for O(3P) and O(1B) respec- 
tively, since cyanogen itself absorbs at such short wavelengths that it is possible 
to ensure primary dissociation of the atomic oxygen sources only. The elementary 
reactions of the free CN radical itself can also be studied using the concentric 
spectrosil reaction vessel and flash tube arrangement, described previously,lo which 
is capable of photolyzing an appreciable amount of the cyanogen. 

EXPERIMENTAL 

A P P A R A T U S  

The apparatus and experimental technique have been described elsewhere.119 12 The 
conventional flash tube and reaction vessel assembly initially used, consisting of a quartz 
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reaction vessel and flash tube lying side by side in a magnesium-oxide-coated reflector, 
did not result in any detectable production of CN radicals from cyanogen, when fired at 
1280 J. This was undoubtedly due to the weak absorption characteristics of cyanogen 
within the transmission limits of the quartz,139 14 and so the conventional set-up was used 
to study reacting systems in which it was not desirable to dissociate the cyanogen directly 
in the photolytic flash. 

In order to obtain a reasonable percentage dissociation of the cyanogen on flashing it 
was necessary to modify the apparatus so that a higher output of light was obtained in the 
shorter wavelength region, where the cyanogen absorption is reasonably strong. This 
was accomplished by combining the flash tube and reaction vessel in a condenser-like 
arrangement (fig. 1) in which the photolytic flash occurred in the annular space D surround- 
ing the inner reaction vessel C which was made of spectrosil. The end windows B of the 
reaction vessel were also of spectrosil and the electrodes E and F were identical to those 
already described.12 In order to concentrate as much light as possible into the reaction 
vessel the outer flash tube was covered with an aluminium foil reflector. A concentric 
reaction vessel and flash tube similar to that described above was also made of Pyrex glass 
in order to study the reactions of O(3P) with cyanogen, using nitrogen dioxide as the atomic 
oxygen source. 

A 

- - - - -  _ _ - - - - - -  

. - - -  - - -  - - - - -  

B 

FIG. 1.-Flash tube and reaction vessel assembly. 
A, gas inlet to reaction vessel; B, quartz end windows; C, reaction vessel; D, photolytic flash 

tube ; E, electrode and gas inlet ; F, electrode 

Flash energies of 1280 J were used in all experiments and absorption spectra were 
taken using a Lyman discharge tube spectroscopic flash,ll triggered at pre-set delay times 
after firing of the photolytic flash. Spectra were taken using a quartz Littrow spectro- 
graph (Hilger B478), recorded on Ilford Selochrome or Ilford Q plates, and developed using 
a high contrast developer (D19b). 

P R E P A R A T I O N  AND PURIFICATION OF GASES 

CYANOGEN.-DrY silver cyanide was heated under vacuum and the resulting cyanogen 
frozen out using liquid nitrogen. The product was degassed and purified by trap-to-trap 
distillation. 

ozom.-Well-d.ried cylinder oxygen was passed through four Siemens ozonizers joined 
in series at a rate of about 200ml/min. A solution of copper sulphate acted as current 
carrier for the ozonizer and the power was supplied from a 10,000 V 50 clsec transformer. 
The ozonized oxygen was condensed in a trap cooled with liquid nitrogen and the liquid 
oxygen which condensed was pumped off using the rotary pump. The residual ozone was 
then purified by bulb-to-bulb distillations. 

NITROGEN DIOXIDE.-This was prepared by heating lead nitrate in a stream of air. The 
resulting gas was dried by passing it over phosphorous pentoxide and condensed in a trap 
cooled with an acetone+solid C02 mixture. It was then purified by trap-to-trap distilla- 
tion under vacuum. 

ARGON, NITROGEN, NITROUS OXIDE AND OXYGEN (B.Q.C. cylinders) were used without 
further purification. 
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644 REACTIONS OF OXYGEN ATOMS WITH CYANOGEN 

RESULTS 

REACTIONS OF 01D W I T H  CYANOGEN 

Cyanogen + ozone mixtures (ratio 1 : 1) were flash photolyzed under isothermal 
conditions (i.e., with 10-50-fold excess of inert gas present) using 3 mm Hg partial 
pressure of cyanogen. Spectra obtained at short delay times after flashing the 
above mixtures in the conventional type reaction vessel show strong absorption due 
to excited oxygen molecules with v" up to 17 and CN radicals with off  up to 4. 
In addition, the absorption spectra of two other transient species were observed. 
The first of these species was the NCO radical. Both systems of NCO appeared 
strongly, ie., B(2nt) - X(2n,) at 2620 A and A(2Z+) - .X(2I&) at 3600 A. Detailed 
analyses on both these systems have been carried out by Dixon.15~ 16 

The absorption spectrum of the second species consisted of a series of complex 
bands in the wavelength region 3250-3330 A ; this has been attributed to the free 
fulminate (C-N-0) radical.10 A detailed rotational analysis of this system has, 
however, been carried out by Herzberg and Travis 1 7 ~ 1 8  who attribute the spectrum 
to the CN2 radical. 

The absorption spectra due to excited oxygen, NCO, CN and CN2 all appear 
strongly at 15 m sec, but whereas the excited oxygen decays rapidly and has completely 
disappeared at 50psec, the CN2 and CN intensities decay slowly to zero at 500 
psec and 2.5 msec respectively. The NCO intensity, however, seems to follow a 
slightly different pattern being strong at 15 psec, weak at 50 psec, reappearing 
strongly at 500 psec and finally decaying to zero at 2.5 msec. The continuous ab- 
sorption due to ozone has completely disappeared after 50 psec. 

When a cyanogen + ozone mixture (ratio 5 : 1) with excess inert gas was flashed 
using the concentric spectrosil set-up, in order to decompose all the ozone rapidly 
so that the spectral region below 3000A could be studied at short delay times, only 
very weak excited oxygen absorption was observed even at the shortest delay used, 
i.e., 15 psec (see fig. 2). The absorption spectra of CN, CN2 and NCO were, 
however, observed at all delay times from 15 psec to 2.5 msec. In addition to these 
systems, another three diffuse absorption bands degraded to the red with heads 
at 4265, 3920 and 2807 A were also observed. 

When a cyanogen+ozone+argon mixture of ratio 5 : 1 : 30 was flashed, a study 
of the spectral region 2200-285OA revealed the presence of a small quantity of 
excited NO molecules with d' = 1 at the shortest delay time observable (i.e., 40 psec). 
This excited NO absorption gradually decayed with time but weak (0,O) NO absorption 
was observable on the infinity shot. 

REACTIONS OF 0 3 ~  WITH CYANOGEN 

Spectra obtained during the isothermal flash photolysis of a cyanogen +nitrogen 
dioxide mixture (ratio 5 : 1) using the concentric spectrosil reaction vessel showed 
the presence of the weak 2807 A system, the CN2 system and the CN Av = 0 system 
(see fig. 3). The NCO, 4265 and 3920 A bands observed with the ozone+cyanogen 
mixtures were not present but this may have been due to strong NO2 absorption 
in these regions. The CN intensity increased to a maximum at 25 psec and then 
rapidly decayed to zero at 80 psec, whereas the CN2 intensity, which was also at a 
maximum at 25 psec, decayed slowly to zero at 500 psec. When the same mixture 
(i.e., 5 : 1, C2N2/N02) was flash photolyzed isothermally using a concentric type 
reaction vessel made of Pyrex glass, no transient spectra or other signs of reaction 
were observed. 
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T.  MORROW A N D  W .  D .  MCGRATH 645 

REACTIONS OF CN R A D I C A L S  W I T H  OXYGEN A N D  N I T R O U S  OXIDE 

Spectra obtained during the isothermal flash photolysis of a cyanogen + oxygen 
mixture (ratio 1 : 1) using the conventional reaction vessel showed only exceedingly 
weak NCO absorption. This was presumably due to the small amount of cyanogen 
decomposition obtained using the conventional apparatus. (When cyanogen + 
inert gas mixtures were flashed in this conventional apparatus no CN radical ab- 
sorption could be detected.) 

Adiabatic and isothermal flash photolysis of cyanogen using the concentric 
spectrosil reaction vessel and flash tube resulted in the production of an appreciable 

1 2 

0 I 2 3 4 

W 2 )  - H g  
FIG. 4.-Concentration of CN, NCO, NCN and X as a function of P(02) at 50 psec delay. 

amount of CN radicals with v” up to 4. However, spectra obtained during the 
adiabatic and isothermal flash photolysis of an oxygen + cyanogen mixture (ratio 
1 : 1) showed no sign of CN absorption but both absorption systems of the NCO 
radical, along with the exceedingly weak 3250-333OA system due to CN2, were 
observed. The intensities of the absorption bands due to CN2 and NCO decreased 
with increasing delay time and had completely disappeared after 50 and 500 psec 
respectively. 

A range of mixtures each containing 15 mm Hg partial pressure of cyanogen 
but varying amounts of oxygen were isothermally flash photolyzed using the same 
delay time, i.e., 50 psec, and the spectra obtained showed the same NCO, CN, CN2 
2807, 3920 and 4265 A systems obtained from ozone + cyanogen mixtures. The 
kinetic behaviour of the NCO, CN2 CN and 4265A X systems with increasing 
oxygen concentration is shown in fig. 4. The radical concentrations, in arbitrary 
units, were obtained from photometric tracings of the spectra reported above. 
The 2807 and 3920 A bands seemed on visual examination to follow a similar kinetic 
pattern to the 4265A band but they were too weak for an accurate photometric 
trace to be made. 
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646 REACTIONS OF OXYGEN ATOMS W I T H  CYANOGEN 

As may be seen from fig. 4, increase in the oxygen concentration resulted in 
suppression of the CN concentration at 50 psec but increased the NCO concentra- 
tion up to a maximum after which it also decayed with further increase in the oxygen 
concentration. The CN2 and 4265 A absorber concentrations, however, had sharp 
maxima at about 0.1 iiim Hg of oxygen. Increase of the oxygen pressure above 
this limit resulted in suppression of these bands. 

When a C2N2 + 0 2  +argon mixture of composition 15 mm : 0.1 rnm : 50 mm Hg 
was flash photolyzed, the CN2, CN, 4265, 3920 and 2807A systems observed all 
seem to have maxima at about 25 psec and then gradually decay to zero at 2.5 msec 
whilxt the NCO system is at its maximum intensity at 15 psec and decays rapidly 
to zero at about 250 psec. 

Spectra obtained during the isothermal flash photolysis of a cyanogen + oxygen 
mixture of ratio 1 : 5 using the concentric spectrosil set-up showed only the presence 
of strong NCO absorption and exceedingly weak CN2 absorption both having their 
maxima at 7-5 psec and decaying rapidly to zero at 50 psec. Examination of the 
spectral region 2200-285OA showed the presence of NO with 0'' = 0 (relatively 
strong) and zl" = 1 (weak) even at the shortest delay time used, i.e., 7.5 psec. 
Experiments carried out on the isothermal flash photolysis of C2N2 + N20 mixtures 
of varying composition using the concentric spectrosil reaction vessel showed only 
absorption due to the free CN radical indicating little or no reaction between CN 
and N20. 

DISCUSSION 
ASSIGNMENT O F  SPECTRA 

Controversy exists concerning the assignment of the four new absorption systems 
observed during this work, i.e., the 3250-3330, 2807, 3920 and 4265 A bands. Pre- 
viously,lO we assigned the 3250-333OA system to the free fulminate (C-N-0) 
radical. The principal argument is the necessary presence of oxygen in the re- 
acting mixture before the 3250-333OA system may be obtained. Further support 
was obtained by flash photolyzing fulminic acid which also gave the same 3250- 
3330 A bands together with an additional four complex band systems in the regions 
3065-3100, 3165-3175, 3340-3380 and 3425-3450 A which have not yet been identified. 

Similar series of bands in the spectral region 3250-3330 A to those reported above 
have been detected in emission from flames supported by active nitrogen by Jennings 
and Linnett 8 and from cyanogen+ oxygen chilled flames by Thomas, Gaydon and 
Brewer.1 Jennings and Linnett attributed their bands to an emitter containing only 
carbon and nitrogen and so concluded that the most likely emitting species were 
C2N, CN2 or some excited state of cyanogen. Thomas, Gaydon and Brewer 
attributed their bands to the CNO radical, by analogy with HCO obtained in hydro- 
carbon chilled flames. 

A more detailed analysis of the system has, however, been carried out by Herzberg 
and Travis,l73 18 and although these workers did not attempt any oxygen isotope 
experiments to show absence of oxygen in the absorbing species, they conclude 
from the spectroscopic data obtained that the 3250-333OA system is due to the 
XIq6 (inv) - 3'c- transition of the linear symmetric molecule NCN. This conclusion 
is also supported by the work of Pontrelli and Anastassiou19 who observed the 
3250-3330 A system during the flash photolysis of N3CN. 

were also observed by Basco 20 and from their 
observed kinetics were attributed to either N2C20 or N2C20 produced by the reactions 

CN + NCO -+N2C20 (1) 
CN + NC02 +NC02CN. (2) 

The bands at 4265 and 3920 
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As seen from fig. 4 the kinetic behaviour of the CN2 bands is similar to that of 
the 4265A X system observed by Basco and it is likely that both belong to the 
same absorber. Although the 3920 and 2807 A systems were too weak for accurate 
photometric measurements to be made they would also seem from a visual examina- 
tion, to follow the same behaviour. 

It is therefore concluded that the four new absorption systems observed in these 
experiments belong to the one absorbing species and this species is the NCN radical. 
This conclusion is also in agreement with the kinetics and reaction mechanisms 
discussed below. 

K I N E T I C S  A N D  R E A C T I O N  MECHANISMS 

R E A C T I O N S  OF O(l0) W I T H  C Y A N O G E N  

When ozone + cyanogen mixtures are flash photolyzed in the conventional re- 
action vessel the amount of direct photolytic decomposition of the cyanogen is 
extremely small and the effect of the photolytic flash is therefore confined to the 
dissociation of the ozone. Ozone decomposes under these conditions as 21 

k v 
03-+  0 2  + O( ID). (3) 

In the absence of competitive reactions for the removal of oxygen atoms, reaction 
(3) is followed by the fast reaction (4) resulting in the production of vibrationally 
excited oxygen molecules : 

O ( 9 )  + 0330;" + 0 2 .  (4) 
When the cyanogen and ozone were present in equimolar amounts in the cyanogen 

+ ozone + argon mixtures used in these experiments, vibrationally-excited oxygen 
molecules with v" up to 17 were produced by reaction (4) and easily detected at short 
delay times. When the cyanogen/ozone ratio was increased to 5 : 1 this spectrum 
due to excited oxygen molecules disappeared (fig. 2) indicating the preferential re- 
moval of 01D by a reaction involving cyanogen molecules. The reaction of 01D 
with cyanogen produces large concentrations of CN and NCO radicals, whose 
absorption spectra are observed to be at their maximum intensities at the shorter 
delay times, and must proceed as follows : 

O(W) i- N f C-CN-tC EE N+ NCO. (5) 
An estimate for the heat of reaction ( 5 )  cannot be given due to the lack of reliable 

thermochemical data for the NCO radical. Dixon 15 gives a value of 64 kcal/mole 
for the dissociation energy of NCO into N + CO and estimates the dissociation 
energy of the CO bond to be 0.6 eV greater than that of the CN bond. This would 
give a value of 78 kcal/mole for the dissociation energy of NCO into CN+O, but 
the uncertainty in both these values given by Dixon could be as high as +25 kcal. 
Taking D(NC-CN) as 145 kcal/mole, reaction (5) would be 21 kcal+25 kcal 
endothermic. From the observed strengths of the CN and NCO spectra obtained 
it is likely that reaction (5) would be fast and exothermic, indicating that D(N-CO) 
and D(NC-0) should be at least 89 kcal/mole and 103 kcal/mole respectively. 
These values are within the uncertainty limits of k25  kcal given by Dixon and 
would also be in better agreement with the value for D(0-CO) of 125 kcal/mole, 
obtained by taking D(C-0) as 256 kcal/mole for carbon monoxide and the atomic 
heat of formation of COa as 381 kcal/mole. 

If the new absorption spectra observed at 2807, 3250, 3920 and 4265 A do belong 
to the NCN radical the most likely reaction for its production is (6). 

(6) CN + NCO ->NCN + CO, 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
66

. D
ow

nl
oa

de
d 

by
 I

lli
no

is
 S

ta
te

 U
ni

ve
rs

ity
 o

n 
21

/1
0/

20
14

 2
0:

13
:0

6.
 

View Article Online

http://dx.doi.org/10.1039/tf9666200642


648 REACTIONS OF O X Y G E N  ATOMS W I T H  C Y A N O G E N  

Reaction (6) would be exothermic by an amount equal to the difference between 
D(N-CN) and D(N-CO). This difference would probably be at least 20 kcal/ 
mole due to the lower stability of CN compared with CO. Reaction (6) would 
therefore be expected to be a fast reaction. This mechanism is also in agreement 
with the observed kinetics of fig. 2, where the NCN intensity reaches a maximum 
at the shorter delay times when large concentrations of CN and NCO are present 
in the reaction mixture, and the intensity of the NCN decays as the CN and NCO 
concentrations fall. 

All or some of the 2807, 3920 and 4265rf bands could, however, be due to a 
species of structure NCNCO formed by the reaction 

provided this NCNCO species then decomposed rapidly giving NCN and CO, 
according to (8), 

CN + NCO +NCNCO, (7) 

NCNCO +NCN + CQ. (8) 
It therefore remains only to explain the presence of the small amounts of vibra- 

tionally excited nitric oxide in the reaction mixtures at the shorter delay times. The 
most probable niechanisms for the production of vibrationally excited nitric oxide 
here would undoubtedly be 

O(~)+NCO+NO:+CO (9) 
O(lD)+NCN--+NO*,+CN. (10) 

These reactions are of the type known to produce vibrationally excited species 22 and 
sufficient energy would undoubtedly be present for their production. 

The reaction 
O(1-D) + C2N2 +NO + C2N (1 1) 

would also be about 20 kcal exothermic, taking D(NCC=N) = D(CN) = 175 kcal/ 
mole and D(NQ) as 150/mole, and so could result in the production of vibrationally 
excited NO molecules. However, since no spectra which could be attributed to 
the C2N radical were observed during any of these experiments, reaction (1 1) would 
not seem to occur to any appreciable extent. 

Although the reaction 
CN + 0 2  +NO + CO 

is over 100 kcal/mole exothermic it is not of the type known to produce vibrationally- 
excited products. 

(12) 

R E A C T I O N S  O F  Q(3P) W I T H  C Y A N O G E N  

When cyanogen + nitrogen dioxide + argon mixtures were flashed in the spectrosil 
concentric reaction vessel the results obtained were identical to those obtained with 
cyanogen+ozone+argon mixtures and it was at first thought that there was little 
difference in reactivity between G(1D) and O(3P) with cyanogen. However, when 
the same mixture was flash photolyzed using a Pyrex concentric reaction vessel no 
indication of reaction between O(3P) and cyanogen was obtained (see fig. 3). 

The processes occurring in the spectrosil concentric reaction vessel could be due 
to one or more of the following reactions : 

(1 3) 
CN+ 02-tNCO + 0 (14) 

O(lD)+C2Nz+NCO+CN. (1 5)  

CN + NO2 +NCO + NO 
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Evidence for the photolytic production of O(1D) from NO2 using the concentric 
spectrosil reaction vessel has already been found in this laboratory, and can be 
attributed to the increased output of light in the shorter wavelength region obtained 
using this type of reaction vessel. It would therefore seem that reaction (5) is the 
principal primary reaction operative when nitrogen dioxide + cyanogen + argon 
mixtures are flashed under these conditions, but reactions (13) and (14) will un- 
doubtedly occur to some extent. 

It is therefore concluded that O(3P), unlike O(lD), is not capable of reacting ap- 
preciably with cyanogen according to (1 5), 

O(3P) + C2N2 +NCO + CN. (15) 
The difference in reactivity of O(3P) and O(1D) with cyanogen is probably mainly 

due to a high activation energy for reaction (15). However, other factors, par- 
ticularly the difference in spin between O(3P) and O(lD), may also play important 
roles. 

REACTIONS OF CN FREE RADICALS W I T H  O X Y G E N  

The primary act following the absorption of radiation by cyanogen is dissociation 
into CN radicals. When oxygen is present in the reaction mixture the transient 
spectra of CN2 and NCO are observed. The CN2 arises from a reaction involving 
both CN and NCO radicals since it is observed (fig. 4) that the intensities of all 
four CN2 bands obtained from a given pressure of cyanogen at a given delay time 
at first increase with the partial pressure of oxygen, reach a maximum and then 
decrease as the oxygen pressure is further increased. The effect of oxygen on the 
concentrations of CN and NCO over this pressure range is to decrease continuously 
the former to zero and increase the latter to a maximum. The CN2 bands are only 
observed to be strong in the presence of appreciable concentrations of both CN 
and NCO indicating that the reaction mechanism is as follows : 

CN+ 02+NCO + 0 (14) 
CN + NCO +NCN + CO. (6)  

Taking the bond strengths of CO, 0 2  and CN to be 256, 118 and 175 kcal/mole 
respectively, reaction (14) is 27 kcal/mole exothermic if the dissociation energy of 
NCO into N+CO be taken as 64 kcal/mole. The uncertainty, however, in this 
value of the dissociation energy may be as high as +25 kcal/mole. It is therefore 
likely that the oxygen atom produced in (14) would be in the ground state, i.e., 

This would also result in the conservation of total spin. 

react with oxygen as follows : 
The NCO and NCN radicals could then polymerize, disproportionate or further 

2NCN+(NCN)2 (17) 
2NC0 +(NCO);! 
2NCN-tN2 + C2N2 

2NC0 +Nz +2CO (20) 
NCN+02+NO+CN+O or NO+NCO (21) 
NCO+02+NO+CO+0 or NO+CO2 (22) 

(23) NCN + NCO 3N2 + CN + CO. 

21 
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Mass spectrum analysis of the final products from the flash photolysis of cyanogen 
+ oxygen + argon mixtures showed the presence of a small concentration of a stable 
product of mass 80, which would correspond with (NCN)2, along with the expected 
mass number of 28 corresponding to CO and N2. 

The foregoing conclusions can therefore be summarized in the following scheme : 

O(1D) + C2N2 +NCO + CN ( 5 )  

at room temperature (24) 
(16) 

O(3P) + C2N2 +no appreciable reaction 

CN + 027NCO + O(3P) 
CN + 0 3  +NCO + 0 2  

NCO+CN+NCN+CO 
2NCN -t(NCN)2 +N2 + C2N2 
2NC0 ->(NC0)2 +N2 + 2CO 

(17) and (19) 
(18) and (20) 

O(1D or 3P) + NCN -+NO: + CN 
O(1D or 3P) + NCO -+NO: + CO 

(26) 
(27) 

COMBUSTION OF CYANOGEN 

Many of the reactions discussed above will occur in cyanogen flames. Under 
high-temperature flame conditions the polymeric compounds produced in reactions 
(17) and (18) would undergo thermal decomposition as follows : 

(NCN):! +N2 + 2CN (26) 
(NCO)2+N2+2CO, (27) 

NO +CN-+N2 +CO. (28) 

and NO could probably react with CN as in (28). 

The CO produced would then undergo further combustion to C02 with the result 
that the only reaction products obtained would be CO2, CO and N2. The high 
temperatures obtained using cyanogen + oxygen and cyanogen + ozone flames are 
undoubtedly due to the high rate constants of reactions involving cyanogen and CN 
radicals and the high stabilities of the reaction products. However, because of the 
high temperatures prevailing in cyanogen flames, many other reactions, some in- 
volving ionic species, not observed during these isothermal flash photolysis experi- 
ments will also have reasonably high rate constants. 
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