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Dissociation of I, and the vibrational Kinetics

in the oxygen-iodine medium

V N Azyazov, V S Safonov, N I Ufimtsev

Abstract. The comparative analysis of the processes respon-
sible for dissociation of molecular iodine in the oxygen-io-
dine medium is made. The rate of relaxation of vibrationally
excited oxygen in the O,—1,—H,0 medium is shown to be
limited by the VV energy exchange between oxygen and wa-
ter molecules, and the fraction of vibrationally excited O,
(v =1) in the active medium of the oxygen-iodine laser can
reach several tens of percent. It is noted that the VV exchange
in 0,("4,v=1)+I( P3/2)<—>02(3Z, v=1)+ I(ZPI/Z) reaction
may be of considerable importance in the kinetics of for-
mation of the active medium in the oxygen-iodine laser.

1. Introduction

Relaxation of the electronic energy accumulated by singlet
oxygen in the active medium of the chemical oxygen-iodine
laser (COL) causes nonequilibrium population of vibra-
tional levels of O, I, and H>O molecules. This energy can
have a substantial effect on the kinetics of processes in the
active medium of a COL, especially the processes associated
with dissociation of molecular iodine. Although dissocia-
tion of I, in singlet oxygen is not yet completely studied, it
is well known to be governed by chain and two-step
mechanisms. The I, molecule cannot dissociate in a single
collision with electronically excited oxygen Ox('4) or atomic
iodine 1(*P, /2) because their excitation energies are much
smaller than the dissociation energy. The dissociation of I,
requires at least two photons emitted by electronically
excited O,('4). As found experimentally in [1, 2], an
increase in the I, concentration in a mixture with a fixed
content of singlet oxygen reduces the dissociation time. This
is evidence of the chain mechanism of dissociation. There-
fore, any model of iodine dissociation should include initi-
ation and chain stages.

It was found in Ref. [3] that molecular iodine rapidly dis-
sociates in the presence of singlet oxygen. In this paper, two
possible models of iodine dissociation were proposed. In the
first model (model I, Table 1), where electronically excited
oxygen Oy('Y) plays an important role, iodine dissociates
in accordance with reactions 1—4 (Table 1). At the initiation
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stage, Ox('Y) is produced in reaction 1. At the chain stage,
after the production of a certain amount of atomic iodine,
0,('2) is produced in reaction 4. In the second model (model
IT), an iodine molecule dissociates after two successive colli-
sions with O»('4) in reactions 5a and 6a. Based on the analysis
of their experimental data, the authors of Refs [4—6] con-
cluded that iodine dissociated in accordance with model I.
A satisfactory agreement between the calculations and the
experimental results was obtained when the rate constant
of reaction 2 was K, = 2 x 1071 ¢cm3 s™!. The rate constant
directly measured in Ref. [7] proved to be much smaller than
expected value. Model IT was not widely applied because it
did not take into account the chain dissociation mechanism.

The analysis of experimental data on iodine dissociation
shows that reactions 4 and 7 are the only reactions in the oxy-
gen-iodine medium that are able to provide the necessary
dissociation rates at the chain stage. At the initiation stage,
reaction 1 has the highest rate, but it does not provide the
required dissociation rate.

The dissociation model that is most extensively used now-
adays has been proposed if Ref. [1] (model IIT). This model is
characterised by the population of an intermediate state of
the I dissociation at the chain stage in reaction 7. This state
is not concretised there. It was assumed to be either the elec-
tronically excited I, (4’ *n,,) state of molecular iodine or
the vibrationally excited ground electronic state of iodine
I, (X,30 < v <40) (Fig. 1). The intermediate iodine state
relaxes in accordance with reactions 8 —10. In reaction 6b,
which is similar to reaction 6a from model II, the dissociative
iodine terms are populated from an intermediate I state. In
Refs [20 —22], population of vibrational levels of I,(X) in sin-
glet oxygen was studied. The population of vibrational iodine
levels with v = 30 — 45 was shown to be substantially none-
quilibrium. Based on this fact, the authors of Refs [20—22]
assumed that vibrationally excited iodine in the ground elec-
tronic state I,(X, 30 < v < 40) might be an intermediate I3
state in iodine dissociation.

To explain the dissociation rates observed at the initiation
stage of the dissociation process, reaction 5b was introduced
in model III. It remains unclear which energy state of iodine
is an intermediate one at the initiation state. All the known
rate constants of the O,('4) deactivation by molecules [23]
are smaller by several orders of magnitude than the rate of
reaction Sb. It is most likely that the rate of EV energy trans-
fer between O,('4) and 1, is unable to provide the required
iodine dissociation rate at the initiation stage. It is more likely
that the EE exchange occurs between them. The electronically
excited state of molecular iodine that is the nearest one to
0,('4) is the (4'*n,,) state with the excitation energy of
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Table 1. Rate constants of reactions in the oxygen-iodine medium.

1

Dissociation model Reaction number j Reaction Rate constant K;/cm? s~ References
1 0,(!4) + 0,("4) = 0,('=, v) + 0,( %) 9.5 x 107273 exp(700/T) [8]
2 0,('%) + 1, — 05(°%) +21(?P3)) 4x10712 [7]

03] 2a 0,('%, v =2) + 1, — 0,(°%) +21(?P3)) 2x 10710
3 0,('4) +1(*P3 ) < 05(°%) + 1(*Py n) Key0.75 exp(402/T) [9]
4 1(*Py ) + 0y('4) — 1(*P30) + 01('Z, v) 4 x 107# T3 exp(700/T) 8]
5a 0,('4) + L(X) = 0,(%) + L(4 *ms,)

1] 6a 0,("4) + L(A *my,) — 02(°%) + 20(*P3)s)
5b 0,('4) + L(X) = 0,(’%) + I 7x 107" 1
6b 0,("4) + 15 — 05(°%) +21(*P3)) 3x 107! ]
7 1P12) + L(X) = 1(*P30) + T 3x 107" [10]

1] 8 L+ 0,(%) — LX) + 0,(’%) 5% 10712 [
9 I; + Ar — L(X) + Ar 2.3 x 107" [20]
10 I} + H,0 — I,(X) + H,0 3% 1071 [
5c 0,('4, v =1) + L(X) = 0,(’%) + I,(4" *ny,) 1.4x 107"
11 0,('Y) + H,0 — 0,('4, v) + H,0(v) 6.7 x 107" [12]
12 0,('4, v) + 0y (v) = 05('4, v —1) + O, (v" + 1) ~ 107" [13,14]
13 0,(v = 1) + H,0(000) < O,(v = 0) + H,0(010) ~3x1078
14 0,(v=1)4 0, — O,(v=10)+ 0, 10718 [15]
15 0,(v=1) 4+ Ar — O,(v = 0) + Ar 2% 1072 [16]

V] 16 05(v = 1) + H,O — Oy (v = 0) + H,0 1016 [16]
17 H,0(010) + H,0 — H,0(000) + H,O 5% 107! [17]
18 0,(2) +I1(*Py)5) — 0,(°%, v) + 1(*P3)2) 3x 1071 [18]
19 H,0 +I(*Py)5) — HyO(v) + I(*P3)) 23x 10712 [19]
20 0,('s,v=2)+0, - 0, + 0, 27%x 10712 [14]
21 0,('4, v=1)+1(?P3 ) = O,(’%, v =1) +1(*Py5) ?

Note. 7'is measured in Kelvin; K, is the reaction equilibrium constant.

9989 cm ! (see the energy level diagram in Fig. 1). The energy
gap between these states is AE = 2107 cm ™. If an O,('4)

16 FE/10° cm ™! v=2 L(B*ry:)
BTy T d
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Figure 1. Some energy levels of the I atom and O, 1>, and H,O molecules.

molecule is found at the first vibrational level, AE in reaction
5a is considerably smaller (623 cm ™).

As shown in Ref. [11], the electronic-energy relaxation in
the active medium of the COL causes a substantially none-
quilibrium population of vibrational levels of oxygen mole-
cules. In Ref. [11], the iodine dissociation mechanism was
proposed in which vibrationally excited oxygen O,(4,v = 1)
plays an important role (model I'V). In this model, as in model
I1, the electronically excited state of molecular iodine 4" *ny,
is an intermediate I5 state. This state is populated, both at the
initiation and chain stages, according to reaction 5c, which is
similar to reactions 5a and 5b. A distinctive feature of model
IV is that dissociation at all stages is described by the same
processes, whereas model 111 uses different processes. Model
IV adequately describes the iodine dissociation rates ob-
served in the experiments [11]. In Ref. [24], the iodine dis-
sociation mechanism involving vibrationally excited singlet
oxygen with v > 3 was proposed. This mechanism can take
place in mixtures containing no water vapour.

In this paper, we compare previously proposed models of
iodine dissociation in the singlet oxygen medium and deter-
mine the vibrational oxygen population at the output of a
chemical jet-droplet generator of singlet oxygen in the active
medium of the COL.
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2. Experiments

The measurement of the vibrational population in the
active medium of the COL is a complicated problem [24]. In
Ref. [25], a method for determining the vibrational popu-
lation of oxygen with v =1 in a medium with electronical-
ly excited oxygen molecules from the analysis of emission
spectra of oxygen dimoles at wavelengths 634 and 579 nm
was proposed. Cooperative events of emission of electroni-
cally excited oxygen molecules in the bands with centres at
these wavelengths are described by the processes

('4,0=0)("4,0=0) —

(*Z,0=0)(*Z,0=0)+/hv (L =634nm),
(1A,u: 1)(1A,U:0) —
(PZ,v=0)(’Z,0=0)+/hv (4A=579nm).

At the wavelength of 579 nm, emission is produced by
an oxygen dimole formed by two molecules of singlet oxy-
gen, one of which is vibronically excited with v=1. In
Ref. [26], the ratio of rate constants of these processes
K579/ K34 = 0.93 is presented. Using the ratio of rates of pho-
ton emission in these processes and the experimentally mea-
sured radiation intensities at these wavelengths, /579 and Ig34,
we can determine the relative population of oxygen at the
level v = 1 from the relation [27]

[0y("4,0=1)] I3 Keza o
[02('4,v=0)] g4 Ks79°

where [0,('4,v=0)] and [O,('4,v = 1)] are the concen-
trations of singlet oxygen with vibrational quantum
numbers v = 0 and 1, respectively.

Luminescence spectra of oxygen dimoles at the output of
a jet-droplet generator of singlet oxygen were measured on a
setup, which is described in detail in Ref. [27]. The generator
reaction zone represented a cylindrical cavity 12 mm in diam-
eter and 10 cm high, which was drilled in a block of organic
glass. We used a gas-liquid generator operating in the coun-
terflow mode. Gaseous Cl, was injected into the lower part of
the generator reaction zone, and an alkaline solution of
hydrogen peroxide was injected into its upper part. The injec-
tor for this solution consisted of 85 pipes made of stainless
steel, with an inner diameter of 0.3 mm and a length of 25
mm. The jet velocity in the reactor was ~ 20 ms~', and
the rate of chlorine flow was 10 mmol s!. The fraction of
0,('4) in the gas flow at the output of the singlet oxygen gene-
rator was ~ 65 %, and the degree of chlorine utilisation under
our experimental conditions exceeded 90 %.

We used a measurement cell made of organic glass and
having a cylindrical channel 10 mm in diameter drilled in
it, which was attached directly to the generator block. The
pressure and the gas velocity in the measurement cell were
70 Torr and 30 m s~ ', respectively. We used an additional
injector between the generator and the measurement cell to
inject gaseous nitrogen and iodine vapour into the oxygen
flow. Radiation was outcoupled from the measurement cell
through quarts windows at its ends. The light signal passing
through the window was incident on the entrance slit of an
MDR-6 monochromator, and the signal outgoing from its
exit slit was detected by a FEU-69B photomultiplier. Photo-

detector signals were amplified by a universal precise U7-1 dc
amplifier whose transmission band extended from zero to
10 Hz.

Emission spectra of oxygen dimoles were measured in two
regimes. In the first regime, the gas was supplied from the
output of the singlet oxygen generator through the measure-
ment cell. The gas circuit connecting the generator outlet with
the cell inlet represented a cylindrical channel 9 mm in diam-
eter and 45 mm long. In the second regime, we injected iodine
vapour into the gas flow from the generator. The vapour was
injected at a distance of 25 mm from the cell inlet. The inten-
sity measured ratio for the 634-nm and 579-nm emission
bands in the first regime was Is;9/I34 =~ 0.02. By substituting
this value in (1), we find the relative vibrational population of
singlet oxygen at the outlet of the jet-droplet generator

[0,('4,0=1)]
———=~0.02.
0,(14.0=0)

Thus, approximately 2% of oxygen molecules at the gen-
erator outlet are vibrationally excited. The gas temperature in
the measurement cell in these experiments was 350 K [27]. At
this temperature, the equilibrium concentration of vibration-
ally excited oxygen is lower than the measured valued by an
order of magnitude. Vibrational levels of oxygen at the outlet
of the singlet oxygen generator are populated in reaction 1. In
reaction 12 of the VV exchange (see Table 1), vibrational
quanta are redistributed over all the electronic states of oxy-
gen and accumulated at the vibrational level with v = 1. The
rates of VT relaxation of the vibrational energy accumulated
in oxygen are rather low (reactions 14 —16), and, therefore,
energy transfer from the vibrational reservoir to the thermal
one occurs in the following way.

At the first stage in reaction 13, oxygen molecules transfer
vibrational quanta to water molecules. At the second stage,
the vibrational energy is transformed into translational de-
grees of freedom of a gas mixture in the rapid reaction 17.
The rate of reaction 13 is much lower than the rate of reaction
17, and because of this, it limits the vibrational-energy relaxa-
tion rate. The rate constant of this process can be estimated by
equating the rate of production of vibrational quanta », in
reaction 1 to the rate of reaction 13:

n,Ki [02('4)][02('4)] = Ki3[05('4,0 = 1)] [H,0].

The concentration of water vapour in a gas flow is equal
to the saturation vapour concentration at the solution tem-
perature (—10°C); under our experimental conditions, it was
[H,0] ~ 3 x 10" cm™>. Reaction 1 in combination with fast
reaction 11 can produce four or five vibrational quanta of
oxygen [24, 28]. Setting n, = 4, LOQ(IA)] ~ 13 x10"% cm™,
and K, (T = 350K) = 3.3 x 107" cm3 s™', we obtain the es-
timate K;3 ~ 3 x 107" c¢m?3 s~ for the rate constant.

Using the technique described above, we attempted to
measure the vibrational population of O, in the oxygen-
iodine medium. For this purpose, molecular-iodine vapour
was injected into the oxygen flow at the outlet of the singlet
oxygen generator, and its fraction in oxygen was varied in a
range of 0.1 -1%. Emission of molecular iodine at 579 nm
overlapped emission of oxygen dimoles at this wavelength.
We failed to separate the emission band of oxygen dimoles
from the background produced by the iodine emission. The
main rate constants of the processes describing the vibratio-
nal kinetics of the oxygen-iodine medium are known (see
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Table 1), and, therefore, one can calculate the vibrational po-
pulation of O».

3. Calculations

Consider the flow of an oxygen-iodine medium in a channel
of constant cross section with the subsonic velocity and the
Mach number satisfying the relation M2 < 1 under the
assumption of instantaneous mixing. The flow of singlet
oxygen g = N, U varies along the coordinate x according to
the law

d(N,U)

T == 72K1NANA - 2](4]\141\71)k 7K6£1NANI*2 7K7NI*N12

—K5 NNy, + Ky i Ny Ny — KigN3,Ni — K1gN N7

where the subscripts 4, ls, and 3s denote oxygen in the
electronic states ]A, IZ, and %, respectively; I and I, are
atomic and molecular iodine; w is water vapour; and * and
v mean electronic and vibrational excitations, respectively.
The right-hand side of the equation consists of single-type
terms describing the rates of bimolecular reactions. In this
case, it is advantageous to make a change to the coordinate
T = Xpox/ Uy, Where p,, is the partial pressure in Torr and
U, is the initial gas velocity.

Let us move from the concentrations of components N, to
their fractions #; = g;/gox, Where g; = N;U is the flow rate
of the ith component; U is the gas velocity; and g, =
N2 Uy = const is the total oxygen flow rate. Subsonic gas
flows with M? < 1 are characterised by the relation U /Uy
= T/T,, where T and Ty are the current and the initial gas
temperatures, respectively. After simple manipulations, we
obtain the following equation for the fraction of singlet oxy-
gen

dﬂ * * *
T: = ( = 2kynny — 2kan my — k6a17A1712 - k7’11’712

— ksenany, + kit — Kishah — k19’1w’7f)/l‘23 2

where k; = Kingy; t = T/Ty; and n,, is the O> concentration
for pox =1 Torr and T = T,. One can similarly obtain
equations for other components of the medium

d(n;) i kinmy
dr 2 )

The fractions of electronically excited oxygen molecules
in the 'Y state and of vibrationally excited H>O (010) mole-
cules can be found with a high accuracy from stationary
equations. In this model, we took into account the fact
that the VV energy exchange between stretching and bending
H>0O modes occurs much faster than the VT relaxation of
stretching modes [17]. Similarly, the VV exchange between
vibrational levels of oxygen occurs faster than their VT relax-
ation. Because of this, vibrational energy quanta are
accumulated predominantly on the lower excited vibrational
level of O,(v = 1) and on the bending mode of H>O (010) mol-
ecules. The fraction of electronically excited atomic iodine
1P, s2) in the flow is determined from the equilibrium con-
dition for direct and inverse reactions 3 (Table 1)

-1
) 1-
n =20, —m,) (1 - "“) , )

Keq 4

where K, is the reaction 3 equilibrium constant.

The gas flow temperature is described by the equation

ar > dikinn; )
dt ¢, i2(1+h)

where ¢; is the energy release in the ith reaction; ¢, is the
molar heat capacity of a gas medium; and / is the degree of
dilution with a buffer gas.

The gain o, of a medium for the 2P1/2(F =3)— 2P3/2(F
= 4) electronic transition of the iodine atom, reduced to an
oxygen pressure of 1 Torr, is given by the equation

o 7 3np=2(n) —m)
= o = g s R, ©)

o
where ¢ is the cross section for induced emission at the line
centre of the given transition.

The knowledge of the composition of a medium O,:0,('4)
:H,O:1,:N, = k:I:m:n:s and its temperature at the initial mo-
ment (O, denotes oxygen in all energy states) is sufficient for
solving system (2) — (6). The pressure and the initial gas veloc-
ity enter into the expression describing the relation between x
and 7. The initial fractions of components of the medium are
determined from the chosen mixture composition, which is
specified by the fractions of singlet oxygen, 112‘ = [/k, molec-
ular iodine, 17?2 = n/k, and water vapour, n, = m/k. The
initial fractions of vibrationally excited oxygen and water
molecules correspond to equilibrium popu-lations of these
components at the initial gas temperature 7;,. The degree &
of oxygen dilution with a buffer gas in Eq. (5) is also deter-
mined from the chosen gas composition as & = s/k.

Fig. 2 presents the dependences of gain and the fraction
of molecular iodine ¢ =1y, / 17(1)2 in the oxygen-iodine medium
on the coordinate 7 calculated for the mixture with composi-
tion O, : Oz(lA) :H,O:1,: N, =1000:700:50:10:0and
the initial gas temperature 7, = 300 K. This composition is
typical of the active medium of the oxygen-iodine laser.
The parameters of the medium presented in the figure are cal-
culated for three dissociation models.

One can see from Fig. 2 that the dissociation rate of mole-
cular iodine in models IIT and IV is the same. In model I with
the rate constant of reaction 2 equal to 2 x 107! ¢cm3 s7!
[15], the dissociation rate is lower at the initiation stage of the
process. This is explained by the fact that the rate of the ini-
tiating process in models III, I'V exceeds the rate of reaction 1,
which may be thought of as an initiating process in model I.
As a result, the maximum gain of a medium in model I is
reached at the coordinate t that is greater by a factor of about
two, whereas the gain coefficients «, differ insignificantly.

Direct measurements made in Ref. [7] showed that the
rate constant of reaction 2, in which I, dissociates in collisions
with electronically excited oxygen O,('>, v = 0), was smaller
by several orders of magnitude than the value expected
in Ref. [5]. The situation can be saved by the fact that reac-
tion 1 produces predominantly electronically excited oxy-
gen O,('2, v = 2) [28]. One can see from Fig. 1 that the energy
of this oxygen state is almost equal to the energy of the elec-
tronically excited state of molecular iodine I,(B 315% ). Be-
cause of this, it is reasonable to assume that the rate constant
of iodine dissociation in reaction 2a is close to the gas-kinetic
value.

Fig. 2 also presents calculations of the fraction of molec-
ular iodine and gain of a medium in which dissociation of I
was described by reaction 2a and relaxation of the oxygen
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Figure 2. Dependences of the fraction of molecular iodine (a) and the gain
coefficient of a medium (b) on the coordinate = for 7= 300 K and the
medium with composition O, : OZ(IA) :H,O: 1, : N, =1000 : 700 : 50 :
: 10 : 0. The calculations are made in the dissociation models presented in
Table 1. (A) Model 1V; (0O) model I1I; (&) model 1I; (O) model I; (O)
model I with reactions 2a, 11, and 20.

state '¥, v = 2 was described by reactions 11 and 20. One can
see that the dissociation rate in this case is much less than the
rate obtained in other models of iodine dissociation analysed
by us. Thus, our attempt to reanimate model I failed. In what
follows, we analyse only models III and IV.

The second stage of the dissociation process in model IV
is reaction 6a. Vibrational levels of oxygen in the oxygen-
iodine medium are populated in accordance with reactions
1, 4, 11, and 18. Reactions 14-16 describe the VT exchange
between the vibrational and the thermal energy reservoirs.
Vibrational energy quanta are redistributed over the oxygen
states 32, ]A, and 'Y in quasi-resonant reaction 12, and water
vapour is of considerable importance in the vibrational
kinetics of the oxygen-iodine medium. In reaction 13, water
and oxygen molecules exchange vibrational energy, and reac-
tion 17 is characterised by the highest efficiency of energy
transfer from the vibrational reservoir of a mixture to the
thermal one.

The concentration of vibrationally excited oxygen in the
oxygen flow upstream the iodine injection point is deter-
mined by reactions 1, 11, 13, and 17. Under conditions
commonly used in the COL, when oxygen pressure is not
higher than several Torr, the relationship between relaxation
rates for the population of vibrational levels is such that the
concentration of O,('4,v=1) is close to the equilibrium
value. The rate constant of reaction 5¢ under these conditions
was chosen so that the rate constants of reactions 5b and 5c at
the initiation stage of the dissociation process in models III
and IV be identical. As the number of iodine atoms in the
oxygen-iodine medium increases, the rate of population
of vibrational oxygen levels in reactions 4, 11, and 18 also
increases. As a result, the rate of iodine population to
the A'3n,, state also increases. Starting from a certain mo-
ment, dissociation passes from the initiation stage to the
chain one.

Tables 2 and 3 present parameters of the oxygen-iodine
medium for the values of 7 corresponding to the maximum
gain coefficient of the medium oy** for a large set of compo-
sitions of the medium. They were calculated in models IV
(Table 2) and III (Table 3). For instance, we find from
Table 2 that the gain coefficient for the initial gas flow
Uy=50ms™!, the initial temperature T, = 300 K, the
oxygen pressure p,, = 2 Torr, and the medium with com-
position O, : OZ(IA) :H,O: 1, : N, =1000: 700 :100 :10: 0
reaches its maximum value o = oy poy = 0.348 m~! at the
point x = 1™ U, /pox = 2 cm. At this point, the proportion
of singlet oxygen is 1, = 0.66, the proportion of iodine is
¢ = 0.17, and the gas temperature is T = 1T, = 438 K.

Models IIT and IV almost similarly describe the disso-
ciation process in a wide range of variation of composition
of a medium. An advantage of model IV over model III is
that it describes dissociation at the initiation and chain stages
by one and the same processes.

Vibrational processes in the oxygen-iodine medium may
be important not only in dissociation, but also in the proc-

Table 2. Parameters calculated for the active medium of the oxygen-iodine
laser in the transverse section of a gas flow where the gain coefficient
reaches a maximum. The calculations are made in model IV for T, = 300
K and the composition of the medium O : Oz(lA) :H,O:1,: N, =
1000 : 700 : m : n : 0.

m n zxg"‘”‘/m71 ’1"01’1‘71 Tm“/ms Torr n!jlax (pmax [max
0.041 220 069 000 103

2 0.080 1.60 068 000 104
50180 113 067 000 109

0 10 0201 0.90 066 001 121
20 0.366 0.72 0.63 003 148

40 0316 0.57 058 016  2.00

0.038 2.00 069 001 108

2 0072 1.50 069 001 110

0.154 1.07 068 003 119

10 10 0244 0.85 067 004 133
20 0308 0.68 065 009 161

40 0285 0.50 061 031 201

0.035 2.00 069 002 LI12

2 0064 1.50 069 004 116

0.133 1.07 068 006 126

00 10 0205 0.85 066 008 142
20 0263 0.64 0.64 018 165

40 0255 0.50 061 036 205

0.031 220 068 003 119

2 0056 1.50 068 008 121

0.113 1.07 067 010 133

10 19 0174 0.80 066 017 146
20 0225 0.64 0.64 024 172

40 0229 0.47 062 045  2.00

0.025 220 068 010 127

2 0044 1.60 067 013 132

0.087 1.07 066 020 143

20000 o3 0.80 065 027 156
20 0.176 0.60 0.64 038 175

40 0192 0.47 061 051  2.06
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Table 3. Parameters calculated for the active medium of the oxygen-iodine
laser in the transverse section of a gas flow where the gain coefficient
reaches a maximum. The calculations are made in model I1I for 7, = 300
K and the composition of the medium O : Oz(lA) :H,O:1,: N, =
1000 : 700 : m : n : 0.

m n agm / m~! Torr™! % /ms Torr R
1 0035 4.00 069 004 LI

2 0068 230 069 004 112
0.158 113 068 004 LIS

0 10 0280 0.65 0.66 005 121
20 0446 0.40 063 005 134

40 0578 0.23 059 009 156
0.033 400 069 006 LI3

2 0063 240 068 006 114
0.146 120 067 006 119

10 10 0258 0.70 066 006 125
20 0404 0.40 063 009 137

40 0518 0.23 059 016 159
0.026 420 068 015 120

2 0.049 270 068 015 124
0.110 1.40 067 016 130

00 10 0188 0.80 065 020 136
20 0.286 0.48 063 023 150

40 0362 0.27 060 036 168
0.021 4.40 067 024 127

2 0038 2.80 067 028 130

5 0081 1.53 066 030 138
10019 0135 0.95 065 033 147
20 0202 0.52 063 043 154

40 0260 0.30 0.61 054 170

1 0015 4.00 067 042 131

2 0025 2.80 0.67 047 137
50,050 1.60 0.66 053 144
200 19 0082 1.00 065 058 150
20 0.123 0.60 064 065 159

40 0163 0.33 063 073 166

esses forming inverse population on transitions of the iodine
atom. Fig. 3 presents an example of the calculation of pop-
ulation of the first vibrational level of the oxygen molecule
in conditions typical of the COL. One can see that vibrational
quanta are accumulated on the first vibrational level of oxy-
gen with time. In this specific example, the vibrational
population of oxygen for t =2 ms Torr reaches 38%. The
presence of a region with population inversion whose length
along the flow is sufficiently large is one of the conditions for
applying laser cavities that provide a sharp direc-tivity of
radiation in a COL. In this case, several tens of percent of
oxygen molecules at the output of a COL cavity may be vibra-
tionally populated.

Vibrationally excited oxygen will be involved in the kine-
tics of forming inverse population of iodine atoms in reaction
21, which is similar to reaction 3 (see Table 1). As follows
from calculations, the proportion of vibrationally excited
oxygen in a mixture is of considerable importance, and, there-
fore, one should take this process into account when modeling
the COL.

-1 —1 v
a,/m™" Torr™ ',y nde -

0.6

0.4

0.2

0 1 2 t/ms Torr

Figure 3. Dependences of the gain coefficient of a medium ([J), the frac-
tion of singlet oxygen (A), and the fraction of O,(v = 1) 3, (O) on t calcu-
lated for T, =300 K and the medium with composition O, : O,('4) :
H,0 : 1, : N, = 1000 : 700 : 50 : 20 : 0 in dissociation model I'V.

4. Conclusions

Thus, our analysis of the models of I, dissociation in the
oxygen-iodine medium showed that models III and IV give
approximately the same iodine dissociation rate in a wide
range of compositions of the oxygen-iodine medium. Iodine
dissociation at the initiation stage in reactions 5b (model
IIT) and 5¢ (model IV) has the same rates. In model IV,
iodine dissociation at the initiation and chain stages is
described by one and the same reactions, and this is its
advantage over model III. The rate of decrease in vibra-
tional energy accumulated due to the relaxation of
electronic energy in oxygen is limited by the rate of VV
energy exchange between oxygen and water molecules. Our
estimation of the rate constant of this process gave
Ki3~3x1078 em3 s

Approximately 2% of oxygen molecules at the output of
the jet-droplet generator of singlet oxygen are found on the
first vibrationally excited level. The vibrational population
of oxygen in the active medium of the COL can reach several
tens of percent. Because of this, vibrational processes make a
substantial contribution to the formation of population inver-
sion on the atomic iodine transition, and one should take
them into account when modeling the COL.
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