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Abstract. Contributions of intermolecular electron en- dependence of the calculated rate coefficients forbﬂﬁgf
ergy transfers in the electronic quenching are calculated fostate of Q by Kirillov (2004c) showed a good agreement of
molecular collisions MA3Z;F, W3A,)+Na(X!5f, v=0),  the theoretical results with experimental data for vibrational

u?
N2(A3Z )+N(XIE S, v20), Np(ASE)+0x(X3x8,, v=0-  levelsv=1-3.
2), Ox(alA,, HrEH)+0,(X3% >, v=0-2). The calculation In isotopic studies of collisional processes ip (Rravilov
’ 5 one & estmate : ing ratios. [Et al., 1988; Piper, 1994; Otti t al., 1995) the impor-
has allowed one to estimate the product branching ratios. 1€t &' » FIper, » Qtunger et al., ) the impor
is shown that there is a dependence of the calculated ratint role of intermolecular electron energy transfers during

coefficients on the vibrational excitation ofz(\xlzg-) and melastic _molecular interaction was emphasized._The sugges-
tion of Kirillov (2004a) to consider the electronic quench-

OZ(XBE;) molecules. In many cases, the calculated rate CO_i rocesses as a sum of intramolecular and intermolecular
efficients have a good agreement with available experimentalng P! . .
uasi-resonant energy transfers assumes a possible sufficient

q
data. contribution of both kinds of these transfers in the quenching

Keywords. Atmospheric composition and structure (Air- rate coefficients, as well.

glow and aurora) — lonosphere (Auroral ionosphere) The main aim of the paper is a new calculation of quench-
ing rate coefficients for the lowest metastable and long-lived
electronically excited states of,Nind Q. Special attention
shall be paid namely to the study of the important role of
intermolecular electron energy transfer processes related to

pthe AT} state of N andalA, andblzg states of @ in
molecular collisions M-N2, N2-Os, 02-0O5.

1 Introduction

The auroral electrons and protons interact inelastically wit
atmospheric Nand @ molecules, causing the electronic ex-
citation of the molecules. Spontaneous radiational and col-
lisional cascade processes in these molecules decrease the . 3ot a3 Tegt
level of the electronic excitation. By these processes, the ex?  COllSIoNs No(AZE,", WAL )+N2(XTE,)
citation energy is finally accumulated in the vibrational lev- S
els of the lowest metastable state3s of N andalA, C_oII|S|0n-|r_1duced energy transfers among metastaE A
andblzg- of Os. with long-lived WBA, states and the radiating® B, state of

The application of Landau-Zener and Rosen-Zener ap!N2 Were studied by Bachmann et al. (1992, 1993). Our anal-
proximations by Kirillov (2004a) allowed us to obtain analyt- ¥Sis in Kirillov (20044, b) of their experimental data led us to
ical formulas for the calculation of electronic energy quench-Cconsider any quenching of an electronically excited state in a
ing rate coefficients in molecular collisions. The calculation Molecular collision as a sum of energetically quasi-resonant
of the rate coefficients for collisions AN, and G-O, by mtramolecglar aqd intermolecular energy trans.felr processes.
Kirillov (2004b) showed a good agreement with laboratory Moreover, isotopic study of the considered collisions by Ot-
experimental data for a few states of molecular nitrogen andinger et al. (1995) on the basis of well-resolved 1PG emis-

molecular oxygen. Moreover, the analysis of temperatureSiO” spectrum allowed us to distinguish between intramolec-
ular and intermolecular mechanisms. Hereby, we would like

Correspondence toA. S. Kirillov to compare our calculations of the contributions of the con-
(kirillov@pgia.ru) sidered metastable%,jr with long-lived WP A, states in the
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R B N and the sum of the intramolecular and intermolecular ones
k, cm3s-'
100 0 E N2(W2, v)+N2(X*, v=0)—N2(B%, V)+N2(X*, v=0), (2d)
- a0 % o ] N2(W23, v)+Na (X1, v=0)—Na(X1, v/>0)+No (B3, V). (2€)
| A A
10" m = “mgaO A E The existence of intermolecular energy transfers (1e) and
F D-'Aﬁ A ,A ] (2e) between two nitrogen molecules was demonstrated
9o EA- Lt ] by Ottinger et al. (1995) by means of isotopic label-
1012 | 47, a 5E ing. A beam of electronically excited®N,(A3x ) and
= X E 14N, (WBA,) molecules was generated by means of a dc
- N . discharge. The beam was passed through a collision cell
, L] where bothl"'Nz(Xlzg) and15N2(X12;)were used as tar-
10 0 4 8 12 16 20 24 get molecules and the collisions were taking place. High-
Vibrational levels resolution spectral detection allowed one to distinguish be-

tween the*N(B3IT,) and 1°N,(B3I1,) product emission
Fig. 1. The calculated rate coefficients of processes: (1d) — solidfrom many well-specified vibrational levels. An inspec-
triangles, (1e) — open triangles, (2d) — solid squares, (2e) — opettion of the obtained spectrums of thev=2 and Av=3 se-
squares. quences of BIl,, v—A3S}, v/ emissions by Ottinger
et al. (1995) proved that intermolecular energy transfers

o ) _ o do occur in agreement with the conclusions by Pravilov et
vibrational population of the &1 ¢ State with quantitative es- ). (1988).
timations of Ottinger et al. (1995). It should be noted that Ottinger et al. (1995) considered

The results of the calculations for quenching rate coef-the vibrational population 0¥4N2(B31'Ig) and 15N2(B31'Ig)
ficients in Np(A3ZF, v=2-23)+N> and No(W3A,, v=0-  molecules in v=2-10 vibrational levels (energies62 688—
18)+N, collisions are made by Kirillov (2008) The calcula- 75051 cnt? for the 14N, molecule), so, hereby, we shall
tions have included contributions of intermolecular electrongea| with energetically close=10-23 levels £=62823—
energy transfer processes 75092 cntt) of No(A3S+) andv=3-12 levels £=63 750
75540 cmtl) of No(WBA,,). Calculated rate coefficients of
intramolecular (1d) and (2d) and intermolecular (1e) and (2€)
processes for the mentioned vibrational levels 884 and
W3A, states, according to analytical formulas by Kirillov
N(A3, v>12)+Na(XL v=0)— Nap(XE, V/>0)-No(B3, V 1c (2004_a), shown in Fig. 1. The results are indicative of an

2(A% V=12 =N =0+ ) (10 effective production of the 81, state, both in the electron-
with the excitation of more lower vibrational levels of the ically excited nitrogen molecule and in the target molecule
same state and %4, B’32; states with similar configu- during these collisions. Using the V|brat'|onal population of
ration of electron orbitals d;10320220,421n33021ng and the 83Hg state (=2-10) related to the intramolecular en-

the sum of intramolecular and intermolecular electron energy£r9y transfers (Fig. 5 of Ottinger et al., 1995) we have calcu-
transfer processes lated the populations of &+, v=10-23 and WA, v=3—

N2(A3, v)+N2(XL, v=0)— N2 (XL, V/>0)+No (A3, V), (1a)

N2 (A3, v=7)+No(Xt, v=0)—No(XL, vV'=0)+No(W3, V), (1b)

u’?

12, suggesting that every state has the only contribution in
N2(A3, v>7)+Na(Xt, v=0) — Na(B3, V)+No(X1,v=0), (1d) the B%II, excitation. Since the amount of the considered vi-

brational levels of the A~} and WA, states exceeds the
N2(A% v=7)+Na(X1, v=0)—Na(X1, V20 +N2(B%, V) (le)  one for the BT, state we have proposed equal populations

f()=f(vi11) forthei=11, 14,17, 19, 21 of the ¥+ state
with the o,— 7, change in electronic configurations. Sim- andi=9 of the WPA,, state. The calculated vibrational popu-
ilarly for the WA, state the electronic quenching includes lations of A3 and WAA,, states are shown in Fig. 2. Any
intermolecular electron energy transfer processes tendency of the decrease in vibrational populations with the
increasing number of vibrational levels in the considered
intervals is seen for both states.

Applying the calculated rate coefficients for processes (1e)
and (2e) and the obtained vibrational populations 625
(v=10-23) and WA, (v=3-12) states we have completed
the estimation of the vibrational population of théIB,

IKirillov, A. S.: Electronic kinetics of main atmospheric com- (v=2-10) state related to the intermolecular energy trans-
ponents in high-latitude lower thermosphere and mesoshere, Anders. The results of the calculation for both states are com-
Geophys., to be submitted, 2008. pared in Fig. 3 with experimental estimations by Ottinger et

No(W3, v) + Na(Xt, v=0) — Na(X1, v/ > 0) + N2(AS, V), (2a)
No(WS3, v) + Na(X2, v=0) — Na(X1, v/ > 0) + No(W3, V), (2b)

No(W3, v=>4)+Na(X!, v=0)—No(X1, v/>0)+No (B3, V)  (2¢)

Ann. Geophys., 26, 1149457 2008 www.ann-geophys.net/26/1149/2008/
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F|g 2. The calculated populations Ofgg:lj and V\PAM states — F|g 3. The Vibrational population Of the%-[g state: CaICulated
triangles and squares, respectively. from the 3%} distribution — triangles, from the ¥\, distibution
— squares, experimental data by Ottinger et al. (1995) — solid and
open circles, for intramolecular and intermolecular electron energy

al. (1995). Itis seen from Fig. 3 that there is a good quali-tranSfers’ respectively.

tative agreement of theoretical estimations with experimen-
tal ones in the predominance of the population for low vi-
brational levels. In accordance with the data by Ottinger et
al. (1995) the contribution of processes (1e) and (2e) in th
excitation of high levels of the H1, state is negligible.

The last mechanism of thezK\B3Hg) production in the
fterglow, suggested by Hays and Oskam (1973), is the pop-
€lation of the BT, state by radiationless transitions from
highly vibrationally excited A%} state molecules which are
produced in the interaction of J¢A3x;") with vibrationally
excited ground state ;NXlE;). Piper (1989, 1994) con-

3 Orange afterg|0w Of mo|ecu|ar nitrogen tinued the Study Of the afterglOW SpeCtl’um produced in the
interaction of these molecules. It was found in those papers

Hays and Oskam (1973) studied a spectral distribution ofnat the nitr%gen orange afterglow results from the produc-
tion of Np(B*I1,, v=1-12) in the energy transfer reaction

1PG bands during an afterglow period of nitrogen plasma. 38 Lt :
They found that at least three processes populate #ig, B Petween M(A®Y,") and Ny(X™Xy', v=4) molecules. Esti-

state of N during afterglow long and short periods. mations of the vibrational population of théBg state in the
The first process is related to the recombination of nitro-°range afterglow by Piper (1989, 1994) showed a monotonic
gen atoms. The well-known, long-duration Lewis-Rayleigh decregse with increasing vibrational Ieve_ls, in contrast to yel-
(vellow) afterglow is caused by this recombination (Brown, oW Pink, blue and green aftergllows. Plper1£1994% also has
1970). The pink short-duration afterglow is related to similar ©Ptained that the mixing IPNo(X'= ], v) and Na(AZ))
recombination processes and collisions of excited molecule§°lecules generated the orar;ge afterglow with the predomi-
(Oldenberg, 1971). The reduction in the discharge to the@nce of emissions froftN2(BIT,), emphasizing the dom-
weakest current changes its colour to blue (Bryan et al./nance of intermolecular electron energy transfers.
1957). The cooling of the nitrogen to low temperature Hereby, we complete our calculations for the intermolecu-
changes the colour of the short-duration afterglow from pink 2" €l€ctron energy transfer process from ey state
tq green (aurora_l) ('!'anaka anq Jursa, 1961). This reco_mNz(As, V)+N2(XL, v=0)— Na(XE, vV'=0)+N2(B3, V), (3)
bination of atomic nitrogen mainly populates the upper vi-
brational levelsy=10-12 of the BII, state of the nitrogen taking into account the “hot’ vibrational excitation of
molecule. the Nz(X]'E;) molecule. Piper and Marinelli (1988)

Hays and Oskam (1973) also showed that the emissiomemonstrated that the vibrational distribution (}Lf(leg)
of 1PG bands during the early afterglow period is gov- molecules in microwave-discharge did not follow the Boltz-
erned mainly by the annihilation of two metastable moleculesmann distribution, but rather the modified Treanor distribu-
N2(A32,j) with the production of the b(B?’Hg) molecule. tion (Treanor et al., 1968). Therefore, in this paper we use
This pooling mechanism was studied later by Piper (1988) Eqgs. (2-5) from their paper to calculate the vibrational distri-
In all cases it was obtained that the intensity of 1PG banddution of l\b(Xlzg) molecules for vibrational levels=0—
varied quadratically with the intensity of Vegard-Kaplan 17. The Boltzmann vibrational temperature (see Eq. (3)
(VK) bands. of Piper and Marinelli, 1988) is taken to equal 5000K, in

www.ann-geophys.net/26/1149/2008/ Ann. Geophys., 26, 1M¥92-2008
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Fig. 4. The calculated rate coefficients of the excitation of tReIB Fig. 5. The calculated rate coefficients of the excitation of the

. . K 3yt i ; ; —
state in the process (3) for vibrational levels v=0, 2, 4 of tR&A A Eu3 s}rate in the process (4) for vibrational levels v=0, 2, 4 of
state — squares, circles, triangles, respectively. the A°X, state — squares, circles, triangles, respectively.

is a good agreement of theoretical estimations for the pro-
cess (1a) and experimental results in the magnitude and in
N the increase with the increasing number for vibrational lev-
=U— = +
(v=0-12) for vibrational levels=0, 2, 4 of the A%, state elsv=2-7. It was found by Kirillov (2008) that the main

are shown in Fig. 4. Itis seen from Fig. 4 that overall there S L N
. : - , contribution in rate coefficients for vibrational levels2—6
is a tendency of a decrease in the rate coefficients with the

increasing vibrational level, in some accordance with the f;:gjgg? 'P;Ség‘soéic(ullg)r 2:1%0((9;2)(1$)r1:$gg7 tEZTesuIts
vibrational distribution of the Bl'[g state registered by Piper : P . o SR
(1989, 1994). of this paper emphasise that the vibrational excitation of

1y+ i ici in-
Also in the study of the orange afterglow by Piper (1989) N2(X z) molecules increases sufficiently the rates of in

it was directly evidenced that there was a regeneration OFermolecular electron energy transfer processes in collisions
o ; with metastable molecule 3x.+), especially for low vi-
NZ(A32;[) molecules with vibrational levels exceeding0. SR, ), esp y

: ! larational levels of metastable molecule.

Since intermolecular electron energy transfer processes (le

and (3) are distinguished only by “cold” and “hot” vibra-

tional distributions of the ground state nitrogen molecule, we4 Processes of electronic energy transfer and dissocia-

propose, in a similar way, the alternative process for the en-  tjon in collisions Nz(A3E,T)+Oz(X3Eg_)

ergy transfer in (1a). The results of our calculation for the

intermolecular electron energy transfer process frotx A Experimental measurements of the overall rate coefficients

(v=0, 2, 4) to X} (V=0-20) states for the title reaction have been performed by several groups
(Dreyer et al., 1974; Thomas and Kaufman, 1985; De Bene-

N2(A3, v)+Na(X1, v>0)—Na(XL, V/>0)+No(A3, V) (4)  dictis and Dilecce, 1997). One of the problems related to the
reaction is the estimation of product branching ratios. A lab-

are shown in Fig. 5. The calculation is completed for the oratory study by Zipf (1980) gave a very high effective yield

modified Treanor distribution ofNXlzl;) moleculesonvi-  of 0.6 for the production of the nitrous oxide molecule in

brational levels, as for process (3). The results show thathe interaction. This high value has allowed one to speculate

there is an effective excitation of the lowest vibrational lev- considerably about the effective production agiby the re-

els of the A?E;F state for conditions of the orange afterglow. action in the auroral D and E regions (Zipf and Prasad, 1980),

Therefore, the regeneration oL,(A3S+, v>0) evidenced inthe quiet mesosphere, as well as the mesosphere disturbed

by Piper (1989) may be related to intermolecular electronby solar protons and relativistic electrons (Prasad and Zipf,

energy transfers (4). 1981; Zipf and Prasad, 1982), and in the troposphere during

Dependencies of the quenching rate coefficients on the via thunderstorm lightning (Levine and Shaw, 1983).

brational levelv for processes (1a), (1e), (3), (4) are shown However, a variety of other laboratory investigations of

in Fig. 6. The rate coefficients are calculated by the sumthe N;O formation of lannuzzi et al. (1982); De Souza et

on v'=0-20 for (1a) and (4) processes and0-12 for (1e) al. (1985); Fraser and Piper (1989) has led to the conclu-

and (3) processes. Experimental data by Dreyer and Pernesion about the negligible role of the reaction as a source of

(1973) are also presented in Fig. 6. It is seen that theratmospheric nitrous oxide. Moreover, Fraser et al. (1990),

agreement with similar estimations of Piper (1994). The re-
sults of our calculations of the excitation of théIB, state

Ann. Geophys., 26, 1149457 2008 www.ann-geophys.net/26/1149/2008/
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Fig. 6. The calculated rate coefficients for processes (1a) and (4fFig. 7. The calculated total quenching rate coefficients of

— open and solid squares, respectively, for processes (1e) and (NZ(A3Z;",V)+02(X3Eg_, v=0) (solid line) are compared with ex-

— open and solid circles, respectively; experimental data by Dreyeperimental data by Dreyer et al. (1974) (crosses), Thomas and Kauf-

and Perner (1973) — crosses. man (1985) (solid triangles), De Benedictis and Dilecce (1997)
(solid squares). The calculated contributions of Egs. (5a), (5b), (5¢)
processes, molecular oxygen dissociation — open triangles, open

using their results of an experimental study, postulated thasquares, circles and dotted line, respectively.

the principal NO production mechanism in the atmosphere

during the discharge is the interaction of highly vibrationally :

F I ! I

excited ground state Nwith electronically excited galAg " Kk, cmds! 1
orbtsh) 101" = 4
g . E= i
Therefore, hereby, we consider the processes of the inter- E ‘\A 5
action of metastable molecular nitrogen with a ground state T g -
O2 molecule as a sum of the processes of intermolecular elec- [3 2 A
tronic energy transfers and the dissociation N A o A A A A B
10 E o = E

N2(A3, v)+02(X3, v=0—-2)—Na(X1, V'>0+0,(ct, V),  (5a) g - 2 o é
r o ]

N2(A3, V) +0,(X3, v=0-2)— No (XL, V'=0)+0,(A%, V),  (5Db) = - S =
N2(A3, v)+02(X3, v=0-2)—Na(X*, V'>0)+0,(A%, V),  (5¢) 1015 i | | | | :
0 2 4 6 8 10

3 3 = 1./ 3
N2 (A°, v)+0o(X?, v=0—2)—No(X ", V'>0)4+0,(B>, V), (5d) Vibrational levels

N2(A3, v)+02(X3, v=0-2)—Na(X1, vV'>0)+0(3P) +-0(P), (5
2(A%, H0X% v )= Na z0+0CP+OCP), (5€) Fig. 8. The same as in Fig. 7, but for the vibrational levell of

N(A3, V) +0x(X3, v=0-2)—Na(XL, V>0 +0CP)+0(ID). (5f)  C2(<*Zg).

We do not take into account the processes of the excitation of

singletalAg andblxgr states of molecular oxygen since the Thomas and Kaufman (1985), De Benedictis and Dilecce
probabilities of the excitation calculated according to Kir- (1997) are compared with the results of our calculation for
illov (2004a) are negligible. To calculate the rates of pro- vibrational levelv=0 in Fig. 7. It is seen from Fig. 7 that

cesses (5e) and (5f) through continuumsedE,, A®A,,  there is a good agreement of experimental estimations with
A3z and B’s, states we use Franck-Condon densities, theoretical results. The considered intermolecular processes
taken according to Jarmain and Nicholls (1964, 1967). (5a-f) are principal in electronic quenching of(43%;) for

The calculated rate coefficients of (5a), (5b), (5¢) pro-the lowest vibrational levels. Only far>10 was it necessary
cesses, molecular oxygen dissociation and total quenching include intramolecular electron energy transfer from the
of N2(A3%,", v=0-10) in (5af) processes are presented iNA3s} state to the BI1, state (Kirillov, 2008).

Figs. 7-9 for vibrational levels 0, 1, 2 of the’X " ground The results of this calculation have shown that there is
state of Q, respectively. Since thealiu‘ state is mainly pre- an increase in the total quenching rate coefficient for the
dissociated, we have included process (5d) in the channel dix(A3F, v=0) molecule with the rise in the vibrational

u’?

the dissociation. Experimental data of Dreyer et al. (1974),level of OZ(X3Eg—). Moreover, there is an increase in

www.ann-geophys.net/26/1149/2008/ Ann. Geophys., 26, 1M¥9%2-2008
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A R ] The first calculation of quenching rate coefficients for
alAg andb's] states of molecular oxygen was completed
by Kirillov (2004b) for vibrational leveles)=0-10. Hereby,
we continue the calculation for higher levels of these states.
The calculation includes the following intermolecular elec-
tron energy transfer processes

1011 I

By
- L

10 Ox(@t, vV)+0,(X3, v=0)— 0x (X1, V' >0)+0x(al, V). (6a)

O
NIRRT == R

T
o

Oz(at, v)+02(X3, v=0)— 0p(X1, V'>0)+0,(bt, V), (6b)

Oz(@, v)4+02(X3, v=0)— Oo(X1, v/ >0)+02(ct, A, A3, V) (6C)

10.15 | | | |
2 4 6 8

Vibrational levels and intramolecular processes

o
-
o

Fig. 93 The same as in Fig. 7, but for the vibrational level of Oo(al, v)+0(X3, v>0)
O2(X"%g)- —0z(X3 bt ¢t A% A3 V'20)+0,(X%, v=0)  (6d)

for thea'A, state and a similar set of processes
the partial contribution of electronic excitation of the O

molecule forv=1-10 vibrational levels of NA3E) with ~ O2(b', V)+02(X3, v=0)—>0x(X*}, V'20)+0z(@", V), (7a)
the vibrational excitation of the £molecule. High branch-
ing ratios of the dissociation for all vibrational levels of Ou(b!, v)+0(X3, v=0)— 0x(X1, v/>0)+0o(bt, V), (7b)

the A3E,jr state are in good agreement with the experimen-
tal conclusions by lannuzzi et al. (1982), Fraser and Pipeio,(b!, v)+0,(X3, v=0)—0x(XL, v/>0)+0,(ct, A, A3, V) (7¢)
(1989).

0, (bY, v)+0,(X3, v>0)

5 Electronic quenching of the singlet oxygen in colli- —0(X3, &, ¢t A% A% V'>0)+0,(X3,v=>0)  (7d)

sions Qy(atAg, b1E)+0x(X3% )

for theblE;r state. The results of our calculation for vibra-

The processes with participation of metastable singlet oxy-tional levelsv=1-25 of theaA, state andv=1-20 of the
gen Q(a'Ag, b)) are a subject of great interest, mainly b's} state at temperatures of 155 and 300K are compared
due to the radiational and chemical activity of the moleculein Figs. 10 and 11 with the experimental data by Hwang et
in various atmospheric and biological processes. Six vibra-al. (1998), Bloemink et al. (1998), Kalogerakis et al. (2002),
tional levels of theblzéF state are effectively excited in the Slanger and Copeland (2003) obtained at room temperature
aurora with the subsequent emission of atmospheric bandand the experimental data by Amaral et al. (2002), Slanger
(Vallance Jones and Gattinger, 1974; Henriksen and Sivjeeand Copeland (2003) obtained at a temperature of 155K. It
1990; Witt, 2006). There is also a large enhancement ofis seen from Figs. 10 and 11 that there is good agreement be-
intensities of the infrared atmospheric band 1u27 in the  tween the calculated rate coefficients and experimental data
aurora (Noxon, 1970; Gattinger and Vallance Jones, 1973for low and high vibrational levels for both states. The cal-
Baker et al., 1978). The mechanisms of the production ofculation has shown that intermolecular energy transfers (6a),
the singlet oxygen in the mesosphere and lower thermo{7a), (7b) are dominant in the quenching of these states for
sphere and the emission in the infrared atmospheric and athe considered intervals of vibrational levels. The contribu-
mospheric band nightglow have been studied during a fewtions of (6¢) and (7c) are negligible and there is an increase
decades (Llewellyn and Solheim, 1978; Witt et al., 1979;in the contribution of intramolecular processes (6d) and (7d)
McDade et al., 1986, 1987; Kita et al., 1992; Slanger et al.,with the excitation of the ground and Herzberg states for
2000, 2003). It is known that the singlet oxygen is very ac-v~30.
tive in the interaction with organic molecules and processes The calculated quenching rate coefficients cﬁéAg and
of chemiluminescence (Kearns, 1971; Lissi et al., 1993). Thdylzgr states in collisions with §(X3Eg*, v=0-2) are com-
very important role of the singlet oxygen in oncological is- pared in Figs. 12 and 13. It is seen from these figures that
sues, photodynamic therapy, including the mechanisms ofhere is a movement of positions of maximal and minimal
certain human diseases, cell aging and laser cancer treatmevdlues in the side of higherwith the increase in the vibra-
was studied by Gomer (1991); Pass (1993); Gal (1994). tional excitation of Q(X3Eg‘).
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Fig. 10. The calculated total quenching rate coefficients of Fig. 12. The calculated total quenching rate coefficients of
O2(aAg, v)+0x(X3E;, v=0) at temperatures of 155 and 300K Oa(alAg, v)+0(X3%;, v=0, 1, 2) at a temperature of 300K
(dotted and solid lines, respectively) are compared with experimen{solid, dotted and dotted-dashed lines, respectively).

tal data by Hwang et al. (1998) (squares) and Amaral et al. (2002),
Slanger and Copeland (2003) (crosses). The calculated contribu-
tions of processes (6a) and (6b) at room temperature — triangles and
circles, respectively.
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Fig. 11. The calculated total quenching rate coefficients of

Ox(bts], v)+0x(X3%,, v=0) at temperatures of 155 and 300K molecular nitrogen BA3S:) and singlet oxygen gla®A,,
(dotted and solid lines, respectively) are compared with experi—b12+)_ These transfers are dominant for many vibrational
mental data by Bloemink et al. (1998) (squares), Kalogerakis etleve?s of the considered states o Bind G. Moreover, we

al. (2002) (solid triangles) and Amaral et al. (2002), Slanger and .
Copeland (2003) (crosses). The calculated contributions of pro-have obtained good agreement between the calculated rate

cesses (7a) and (7b) at room temperature — open triangles and Cip_oefﬁClent_s with a few available exp(_arlmental data.
cles, respectively. The main results of these calculations are as follows:

1. Using a vibrational population of the AXB3II,)
6 Conclusions molecules obtained in the experimental arrangement by
Ottinger et al. (1995) for intramolecular electron energy
Hereby, we have continued our calculation of quenching rate  transfers, we have estimated the possible vibrational

coefficients for various vibrational levels of electronically ex- populations of N(A®x ;") and Ny(WBA,) in the exper-
cited states of Nand G in collisions N>-N2, N2-O,, 0»-0>, iment. The populations were used to calculate the vi-
started in Kirillov (2004b, 2008. This paper has shown that brational population of NB3Hg) molecules for inter-
intermolecular electron energy transfers play a very impor- molecular transfers. The results of the calculation are in

tant role in processes of electronic quenching of metastable  good qualitative agreement with the similar estimation
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