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" THE FORMATION OF NITROGEN OXIDES IN THE SHOCK
WAVE OF A STRONG EXPLOSION IN AIR

[ This is a translatiom of an article
written by Yu, P. Rayzer in Zhurmal
Fizicheskoy Khimii (Journal of Physi-
. cal Chemistry), Vol., XXXIII, No. 3,
1959, pages 700-709. 7 =

(Submitted to editors 5 September 1957)

At high temperatures in the order of several
thousand degrees, an intensive oxygen and nitrogen com-
bination reaction occurs in air, resulting in certain
percentages of the nitrogen being oxidized. The percen-
tage series of nitric oxide which forms is oxidized at
these temperatures to dioxide., The formation of oxides
of nitrogen, especially dioxide which, in contradistine-
tion to oxygen and nitrogen molecules, strongly absorbs
visible light, is of extremely great significance in
regard to the optical properties of the air in a shock
wave, .

It has been found that an entire series of inter=
esting optical phenomena observed during a strong explo-
sion at the stage where the temperature of the wave front
drops from about 7000°* to ~.1000° owe their origin to the
specific nature of the formation of nitrogen oxides in
the detonation wave and to their optical properties (1).

These phenomena: the incandescence of a shock
wave at the relatively low temperatures of ~7000°-2000°,
the breaking away of the shock wave front from the boun-
dary line of the incendescent body - a fireball at a tem~
perature of the front close to 2000°, the unique effect
of minimum brightness of the fireball at the moment of
breaking away and its further burning are described in
the survey (2). :



The starting point for an explanation of these
phenomena may be found in an examination of the kinetics
~{ the reactions and the distribution of the concentra=
tions of oxides in the air encompassed by the detonation
wave which is the subject of the present work.

Nitric oxide which is formed at high temperatures
does not detompose after an explosion when the air cools
off, inasmuch as the speed of the reaction drops exireme=-
ly sherply with a lowering of temperature, the so-called
cooling effect takes place, Gradually all of the oxide
is oxidized to dioxide. About 100 m of n&frogeu oxides
in all are formed in an explosion with 10 ergs energy
in air. Nitrogen peroxide lends a reddish hue to the
cloud rising after the detonation is over, which has been
noted in (2). At the stage, of interest to us in this
work, where the temperatures are still high, cnly a swmall
fraction of the oxide is converted to dioxide. This
will make it possible to examine the oxide and dioxide
formation reactions separately: in the first case dis-
regarding the oxidation of the oxide, and in the =secon
considering the concentration of oxide known. . :

HYDRODYNAMICS OF AN EXPLOSION AND EQUILIBRIUM CONCENTRA~
TIONS OF NITROGEN OXIDES IN AIR

At the explosion stage which interests us where

the temperature of the shock wave front changes from
~7000° to ~1000°, the hydrodynamic process may be describe
with good accuracy by the well-known self-modeled solution
of the problem of a strong explosion with constant exponent
of the adiabatic curve 74, found by L. I. Sedev (3).

. According to this solution the distributions of
Yall the hydrodynamic values along the radius depend only
on the relation of the radius to the shock wave front
radius r/R¢, similarly changing with time. For example,
temperature is represented as a function of the ¢coordinate
and time in the form:

T g Te () (x/RD @ (1) =1 (T, is the

temperature at
the front ).

The temperature, density and pressure lines for ¥ = 1.23
are depicted in Fig. 1.

In actual air the adiabatic exponent at high tem-
peratures depends on temperature and density owing to
the excitation of vibrations in the molecules, dissocia-




tion (and iomization whem T >10000°). However, as compu=
tations of the thermodynamic functions of air with con-
sideration of these processes show, the magnitude of the
esponent ' .

=1+ p/pg (1)

varies within rather narrow limits and may be galected ir
an effective manner. :
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Fig. 1. Distribution of
' "temparature, preéssure
and density in a
ztrong detomnation

wave where Y = 1.2%;
1 - T/Tyi 2 - P/Pés

3 - PP

. 3

It is precisely the value (1), characterizing
the relation of pressure p to the specific internal
energy a('p is the density) which determines the hydro-
dynamic process, and not Poisson's actual adiabatic
exponent which in the presence of a variable y can dif-
fer somewhat from value (1) at the very same tempera~
turse and density values.

The dissociation of oxygen ahd nitrogen proceeds
very rapidly, so that the concentrations of nitrogenm and
oxygen atoms and molecules are practically always in
equilibrium. As we shall see,this toc has bearing on
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' the concentration of nitric oxide at temperatures above

~3000° (the formation of a small quantity of mitric
oxide is barely perceptible in the thermodynamic func-
tions of air), hence the thermodynamic functions can be.
calculated on the basis of the computation of chemical.
equilibrium *.

Table 1 shows € K Cal/g and exponent ¥’ for cer-
tain values of temperature and compresgion N = P/eo (Po =

= 1.25 + 10™3 cm™> is the density of the initial air).

Table 1
£, K Cal/g Y
€, KKAA[3 _ ' v =14 plet
k 10 i [13} 10 i 0.4
273° 0,047 0,047 0,047 1,400 1,400 §,400
4000° 0,.83 0,183 0,183 1,375 1,375 {.,375
2000° 0,442 0,412 0,413 1,335 1,335 i.33§
3000° 0,687 0,710 0,974 £,300 4,295 1,295
4000° 1,08 1,22 - 4,48 1,265 §,240 1,210
6000° 1,99 2,28 2,70 1,235 1,220 1,495
8000° 3,14 4,30 6,52 1,220 1,180 1,445

. Generally speaking, to derive the hydrodynamic
solution the effective exponent ¥ should be specifical-
ly chosen for each moment of time,

Nevertheless, to shorten numerical computation,
it is possible without any particular loss of accuracy
to limit the two values 1(: 1.23 with the temperature
at the shock front 7000° >T§>3000° and 9’ = 1.30 where
3000‘>’I‘§ >1500¢*., The laws of adiabatic cooling and

* In these calculations we have used the energy of
nitrogen dissociation which is equal to 9.76 electron

volts which, judging by subsequent data (4), is more

probable than the other assumed value of 7.38 e.v,




the distribution of air particles in the detonation wave
computed by the self-modeled solution approximate well
the formmlaz which are convenient for the calculation of
the kinetics of the nitrogen sxidation reaction:

4T = i/To i‘“/ToI“(‘ﬁ&) (2)
o = %o {fo/1)*", i (3»

where Tgo and'qo - are the temperature and compre%sian'
at the moment of time t, when the shock front crosses
the particle, and a and b are the numerical constants

which depend solely on the effective exponent 3ﬂ

The need to exXamine the kinetics of the reaction
arises only at low shock front temperatures of 3000° >
>’P >1500°. At this stage g"_ 1.30 and @ = O.4k,

b 0 Yer

Table 2
(cNﬂ)-wi . (cND')-m'

7 16 s } 1 0 5 1
2000° 0,80 .80 0,80 l 1,44 0,79 ¢,35
’Cv(;ﬂ" 2,76 2,75 2,75 | 2,062 1,42 0,63
J006° 4,68 4,65 4,60 ‘ 2,24 1,58 0,69
3500° 7.53 1,27 6,96 | 2,9 1,92 0,7‘:?
A000° 8,77 9,54 8,47 ; 2,86 1,90 0,{3:
S000 12,24 1.0 7,50 i 2,41 1,29 0,25

Table 2 lists the valueg of equilibrium concentra-
tions of X0 and NO. in air (c,.J) and (e }, where the
2 NG NOg

concentration is determined as the relation of the number
of molecules of a given sort im a unit mass of air to the
number of molecunles in a unit maszs of cold air. The
eguilibriam constant of nitrogen paroxide is calculated
by the statistical method

Puno,. 1,06 (4 e —2HOT ) (4 - 2000/TYs J0a80/T

Rxon= ConE = 7% (1 -+ e T (1 — 0T (4 — I8 (1—e™ w4

{7 in degrees, the partial pressures p; in atmospheres).
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were choseéti “om the basis of a camparison with Bodenstein's
sxperimental data (5) at temperatures from 499 to 825° K,
as this had been done by Giauque (6),

The frequency of natural melecular oscillations
and the electron anergy of the NO molecule were taken
from (7).* -

THE KINETICS OF NITRIC OXIDE FORMATION IN A DETONATIOH
WAVE ' .

Shock front tempsesratures ofau7000‘ - 1500* are
reached at the moment of time t~10-3 - 10-1 gec for a
very wide energy range of the explosion E~n1021-102% erg
(3) *+*. In order to determine how much oxide is formed
during this time in the different parts of the air, it
is necessary to examine the kinctics of the nitrogen
exidation yeaction ' :

BN, + %O, + 21.4% = No, (5_)

which is described by the equation

o=kt~ ®

where aNO - is the actual oxxde concentration, and

(cN - is the equilibrxum concentratlon corresponding

%he values of nitrogen and oxygen concentrasions, to
the temperature and the compression at the moment ¢,
which iz egual with great accuracy to

(ewo) = %m ewmar, | (7)

* It should be noted that in the widely distributed
handbook (7) the equilibrium constants of Kygp which
.Wwere borrowed from the erroneous work of Zeise (8)
have been increased by 2.42 times,

**According to the law of anadlogy the moments corres-
ponding to the given shock wave amplitude t ~E¥%,




This reaction which proceeds by chain mechanism

0O+ N, =NO+0, N+0O,=NO+0

2

was studied in detail both theéoretically and experimen-
tally by Ya. B. Zel'cGovich, P. Ya. Sadovanikov and D. A,
Frank-Kamenetskiy (9. _

The formula which we have derived for the velocity
of the reaction, upon being rewritten in our denctations,
takes on the form:

S.A08t
k= i’ﬁf_frgi_ e—43000T | . ¢ 8)

V.”A'C On *

It is evident from formula (6) that the charace
teristic time for determining the equilibrium concen-
tration of the oxide is * '

1 2,006,402

oy = T .y 3671 . ¢
NO k (CNOM -l/,q"‘c""'N: e%3 Py X (.’)

At temperatures below 5000° the nitrogen barely dissoci.
ates and in (9) one can substitute cy, = 0.79%.

The values of N0 for certain temperatures and
normal density are presented in Table 3, ®po increases
exceptionally sharply with a reduction in temperature
through the great reaction activation energy.

_ Table 3
T°. K l 1700 l 2000 l 2300 2300 ; 2600 ‘ 000 | 4000
! i . | |
T €8 | 140 1.0 0,21 |3,1.40 2,240°3 | 1,4-1078 | 1,5-10¢

We will examine the distribution of oxide concent
tion behind the wave front at a certain moment of time t
Figures 2 and 3 systematically depict the shock

* Actually, under constant outside conditions the solu-
tion of equation (6) with the initial condition t = O,
cNo = O is  cno = (ong) (e2t/™O.1)/(e2t/™NO , 1),




front trajectery and certain air particles and cooling
curves of these particles. Allowing that particle Aj
was heated by the wave front at moment toj to tempera-
ture Tgi; at moment t it cools adisbatically to tempera-
ture Tji. In those particlies for which t - tgj&ﬂkﬁﬁTi)

the concentration of oxide is closer, obviocusly, to eguil
ibrium, since it "followe" from the very beginning behin.
temperature and density variations which take place slowly
in this particle in comparison with the rate of the reac-
tion.

On the contrary, in particles rather close to the
fromt, for which t - %544 TNO (Tgi)s the oxide does not
succeed in forming at the moment™ t.

It is apparent from a comparison of the charac-
teristic time the particle remains in the heated state
t - toi'\’t’ which is in the order of 103« 10-1 sec.

with the relaxation time o that in the air particles
whose temperature is higher than ~3000°, the concentra-
tion of oxide is definitely in equilibrium, while in
particles which the front heats to a temperature lower
than ~,2000°, the oxide gemerally mever forms. These
temperature limits owing te the extremely strong rela-
tion £No(T) are very stable and depend mersely logarith-
mically on the force of the expleosien.

8§ - t24e

i
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Fig. 2. Schematic illustratgon of
the trajectories of the shock
front and air particles in a
strong explosion: 1 = Ajj 2 -
Ag; 3 - A3; 4 - shock front

In the cooling air particles which were heated
by the fromt to a temperature above ~3000°, the concen-
tration of oxide "follows" the cooling and expansion,
remaining near equilibrium only up to a temperature of
~s2300¢, Upon reaching a temperature of this order,
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g %2
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Fig. 3. The dependence of
temperature on time
in the air particles
heated by the shock
front cf a strong

" explosion: 1 - Ajj
2 ~ Az3 3 - Ag

'y

pPistribution of mitric oxide cone
centration behind the shock frent at
the moment t=2,6k:10"2 sec, R§=123 mj
T¢=1600° (E=1021 erg). The dotted
1ine shows the equilibrium concentra~
tion of oxide. Temperatures and prese
sures are indicated at several points
x=0, T¢=1600°, q,:?.?; x=2m; T=2010°,
QﬂS.B; x=4 m, T = 2550°, q = 4.4 :
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further cooling by several hundred degrees practically
stops the reactiom, and the oxide occurring in the par-
ticle at this moment 'mever" decomposes at this point,
despite the fact that according to the law of chemical
ecquilibrium its concentration should be continuously
diminishing in proportion to the cooling of the air (the
cooling effect).

Inasmuch as at these low temperatures (cno) is
nearly independent of demnsity, the total amount of nit-
rogen oxidized in the blast is approximately equal to
the equilibrium concentration (cyg) at T~2300°, multi-
plied by the quantity of nitrogen in the air encompassed
by the detomation wave, where the temperature at the
front TiAr2300°, This value is by dint of similarity
proportional to the energy of the explosion and does not
depend on air density, i.e. on the height of the explo-
sion (when E~s1021 erg, as has already been mentioned
above, there form~100 m of nitrogen oxides)., To com=-
pute concentration cNo in the intermediate area for
which t - toi~tyg (T i) it is necessary to solve the

kinetic equation (6), (7), (8) with the cooling and
expansion laws {(2), (3). We introduce the new variables

Ly = Bty y = Bexol(exoor (10)

where

B - lko'qo(fwo‘ofo/ﬂ‘/“”*), 2= 2

The values with the index zéro refer to the
initial moment tg at which the shock front passed through
the particle. The kinetic ejuation (6) assumes the form

—

dy 8 12 a2 | 11)
‘dx z (y x )' (

and the initial condition t = tQ y ¢No = O is converted

to the condition x = B, y = O. As may be seen from an
estimate, in the interval of change of all the magnitudes
of interest to us, it is possible to omit the value in
the exponent of degree at x in fomula (11) without incur-
ring great error.

10




i The Riccati type equation * thus obtained figures
in monograph (9) where tables are given which make it
rossible to plot the integral curve passing through the
reyuired point. ‘

Kuowing from the hydrodynamic solution the ini-
tial conditions tg, Tp and o for any particle behind
the front, the distribution of ¢NO behind the frontcan
be computed by the method indicated,

The typical distribution of the oxide behind
the shock front at the moment of time the temperature
-t the front is below 2000° is shown in Fig. 4, in
which x is tiie coordinate read off from the front to
the inside of the wave. ' '

It is evident from the graph that when x{ 1.7 m,
oxide generally cannot be formed, when x>h.5m it is
practically in equilibrium. In the layer L, mD>DxD1.7 m
the concentration of oxide is above equilibrium (cooling
effect).
At temperatures of the front above ~3000° the
oxide is at equilibrium throughout, with the exception of
the very thin layer immediately behind the front. Thus,
for instance, when Ty = 3000° the thickness of the layer
around the wave fron%, within which the oxide has still
not yet been able to form, totals 1 cm.

THE KINETICS OF NITROGEN PEROXIDE FORMATION

Differing from the reaction of nitrogen oxidiza-
tion the nitrogen peroxide formation reaction has been
studied experimentally only under comparatively low
temperatures.

The well known trimolecular exothermic reaction

2NO + 05 = 2NOy + 25.6 K Cal/ Mol,

(12)
described by the kinetic equation -
d fop? T .2
7 N0, 7 Kt [(eno)® — ol (13)

* Resulting in this by means of the corresponding select-
tion of variables is the equation of kinetics with the
cooling law of the type 1/T=(1/To)+(a'/To)t, examined in
the book (9). As A.S. Kompaneyets has noted, this equa-
tion is integrated in Bessel functions of the order 2/5.
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has a low activation energy and takes place at low tem-
peratures as well.

The rate of reaction of dioxide formation (direct
reaction) (k1') cm®/mol? sec. was computed by Glesston
by the activated complex method (10). Since the for-
mula for (k1!') is derived from very general considera~

tions and is in good accordance with the experimental
data of Bodenstein (5) in the temperature range from
253 to 845° K, it can be expected that it will not pro-
duce significant errors at the high temperatures which
are of interest to us.

The characteristic time of determining equilib-
rium can be expressed by this rate and the equilibrium
constant Kyo,. which is given by formula (4)

' { 1,802-108T K2y,
TRO = K (exo )M T (k1) MiCxo,)

Aec. (14)

The relaxation times TNQy SecC. computed according
to this formula are presented in Table k4.

Table 4

Tinog @ and T'NO2 b in seconds

n 10 ) 1

T *'N0, *"NO, %0, *No, N0, N0,
1600° 3,2.40°2 0,35 0,36 0,69
1800° 1,410 3.9.10-2 0,16 0,9.107
2000° 2,7-10°3 3,110 7,8:40-3 4,5-10~% 8,7.10- 1,0.10-2
23007 5,7.104 2,7.40-¢ 1,6-10"2 4,0-10-¢ 1,8-10-* 0,4.10-3
2600° 1,990 4,4-10°% 5,4-10-¢ 6,3-10-% 6,1-10°% 1,4-10-4
S00° 0,740 6,6-10-9 1,9.10-¢ 9,4.40-¢ 2,2.40-8 2,1.1078
4000° 1,0.10-7 2,8-1077 3,0-10-7 4,0-10-7 4,2.40-% 1,0-10-¢

It is natural to assume that at high temperatures
‘with reaction (12) there will compete, despite its endo-
thermic character, the bimolecular reaction

cal
w5

NO +4 0, + 45 o= NO, + 0, (1)
which is described by the equation

12




d ”, 0
a7 im0, = Kefey [(exo) — exa,b (16)

withh the characteristic relaxation time

e

ran,
~3
—

We have not been successful irm lecating any works in the
literatnre which contain either thenrctical or experi-
mental information on the rate of thie reaction, hence

we will estimate this here by the sctivated complex

method (10). For the sake of convenience we will start
out with the reverse reaction of dioxide decomposition,
the specific rate of which {ko") cmB/sae = k"/ny (Mg =

= 2,67+1019 ecm=3  « the number of wmolecules in 1 cw? of
cold air}. , :

The method yields for the specific rate the general
Tformula .

(") = L gmes (18;

nofbe M

Here Znog s Zoy 4* arz the gtotistical sums of dioxide,
oxygen atoms and the NOz complex, where the latter ine
cludes one variable degree of freedom {this is repiaced
by the gradual degree of freedom alony the reaction path,
the statistical sum of which enters as cone of ihe common
multiples in tne coefficient RT/h}y h and k are the Planck
and Boltzmann constants; n is the tramsmission coeeffi-~
cient, ordinarily close to unity {(wn assume § = 1).

Coming into the statistical sunm of the cowplex
are a series of unknown constants which we single out in
the following manner.

The statistical weight of the electron state
g*;} 2, since the complex contains one unpaired electron
we will assume g* = 2. The symmetry factor ¢* = 1, since
the complex is asymmetrical., The mass of the complex is
1.39 times larger than the mass of a NOp molecule. As-
suming that its dimensions surpass to some extent those
of NOo we will consider that the average mament of inertia
of the complex is 1.3 times larger than the mean mement
of the NOg molecule,
’ The natural freguerniss of the NO% molecule, ac-
cording to which it might havae been peousible to deterw-
mine the freqguencies of the compiex, are not known,

13




It can however be assumed that three higher frequencies
are less than the frequencies of the NO, molecule, which
are equal to hy NOg/k = 960, 1960 and 2310°, inasmuch
as the bond in the complex is weaker. It is easy to
prove that the expression for the rate is not very sen-
sitive at the temperatures in which we are interested to
the choice of frefuencies in the complex. - For the cal-
culation we will take the frequencies hvy */x = 600°,
800, 900, 1500 and 2000°.
: The activation energy of the reverse reaction €
is apparently very small, as often occurs when an atom
appears through one of the reagents, of a triatomic
molecule rather than bivalent.
It may be thought that we have merely lowered
the reaction rate, having taken the value € = 10 K Cal/mol.
Substituting these as well as other known constants
in formula (18), we obtain

fi
1,16-10"12 {u
=g (19)
- oy - -

where £ = (1-e'hv/kT)“l' are the multiples in the statis-
tical sums which correspond to normal fluctuations,

The relaxation times'f'b sec., calculated ac~
cording to formulas (17), (19) are collected together
in Table 40 : .

It can be seen from Table 4 that at temperatures
above 2000° "TN02' >TN02" the second reaction proceeds

more rapidly and is the primary mechanism for the forma-
tion of nitrogen peroxide.
By comparing the relaxation times‘ﬂNOz and f"NOz

with the characteristic times of the hydrodynamic process
at the stage of interest to us t~10-3 -~ 101 sec.,, we
can draw the following conclusions.

At temperatures above ~2600° both reactions occur
so rapidly that even when taking the inaccuracy of the
estimates into consideration, one can be confident that
nitrogen peroxide is in equilibrium with the oxide and
oxygen and "follows" changes in their concentrations,
temperature and density.

In the temperature range from ~2600° to~2000° the
reserve is not very large already, however it may be as-

.~ sumed that here too, chiefly as a result of the second

reaction, the dioxide enters into equilibrium with the
actual (already non-equilibrium!) concentration of oxide
rather quickly. :

At temperatures of ~ 2000-1800° the relaxation

14



times are comparable to the times during which a marked
change in the state of the air particle takes place,

and at still lower temperatures the latter -are even sur-
passed, hence at T< 2000° the dioxide concentration is
not in equilibrium. ' _

Fortunately, in the examination of optical ef=-
fects only temperatures above ~2000° are of interest,
so that the need of calculating the kinetics of the
dioxide, which also cannot be performed reliably, is
alleviated. v

One should bear in mind while examining low tem-
peratures that in the air particles heated by the shock
wave to a temperature lower than 2000°, there are general-
ly no oxides, and consequently, no dioxides . ¥ After this
"cooling" nitric oxide slowly oxidizes to dioxide, where-
upon as a result of expansion * the rate of this reaction
rapidly drops.

The total conversion of nitric oxide to dioxide
takes place after the explosion, when the residual heat
in the air diffuses as a result of convectioni this
process lasts a comparatively long while,

I extend my sincere thanks to D.I. Blokhintsev
and Ya. Be. Zel'dopich for valuable discussions.

CONCLUSIONS

1. The examination of the kinetics of formation
reactions of nitrogen oxides and the distribution of
their concentrations in the detonation wave are of great
value in interpreting the optical phenomena observed
during a strong explosion.

_ 2. Equilibrium concentrations of nitric oxide
and nitrogen peroxide in air at temperatures of from
2000° to 5000° have been calculatedo '

%, The kinetics of nitrogen oxidation have been
analyzed. A method is given for solving the kinetic
equation in adiabatically cooling air particles in the
detonation wave., It was shown that at temperatures above
2000° the concentration of oxide is in equilibrium, at
temperatures below 2300° the cooling effect takes place.
In air layers encompassed by the shock front with a

* The adiabatic cooling of air is smallj for instance,
a particle with the temperature of . 2000° and pres-
sure of 50 atm. with the pressure dropping to that
of the atmosphere, i.e. upon reconversion to the nor-
mal state, cools off totally_ to -.750° (To.p(* =1/ y=1.35)
expansion is very great (prl ¥); the particle expands
~s20 times.

%% 3Jee next page for insert ;g



In particles which were first heated to higher
temperatures and adiabatically cooled and expanded, the
dioxide "following" the oxide decomposes up to tempera~
tures of ~ 2000°. '



temperature below ~,2000°, generally oxide is not formed.
The total quantity of nitrogen oxidized in the explosion
was estimated.

4, The kinetics of dioxide formation are examined.
1t was shown that at temperatures above,2000° a basic
role is assumed, not by the ordinary trimolecular reac-
tion, but by the reaction NO + O2 = NOg + O, The rate
of the reaction was computed by the activated complex
method. It was demonstrated that at temperatures above
~2000° the dioxide is in equilibrium with the oxide.
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THE FORMATION GF NITROGEN OXIDES IN THE SHOUK WAVE GF A STRONG
EXVPLOSION IN AR

Y, P Belagy (Mescom)
Summary

“In the report the kinetics are examined of ihe formation of the nitrogen oxides NO
and NOyp and thele distribution is colenlated in air canght in o stroag shock wave. Ap
estimation is wade of the tutal niitogen oxidizged during the strong explosicn,

H bhas been shown 1hat the nitrogen axide dues not form in fronts with temperatures
helaw 20007,

Fhe basic mechanism bu the formation of the dioxide at temperatusos above 2000°
has been shown (o he the process NO-pOg=s NOx+ O and the rale of this resction has
peen calculated with the sid of the activated comples met sod. :

The investigation was mcsssary Lo explain 4 number of optical phonomena ohserved
in a strong explosion: glow of the shock wave at temperatures 700G ~~2000 , the
breaking away of the wave fraut from the hell aof fire and the characteristic intensity
minbnogm of 1he latter. An interpretation of thuse effects baa hecn given by the author

in another reporiii]
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