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Abstract. The traditional kinetics of electronically excited 1 Introduction

products of @ and G photolysis is supplemented with

the processes of the energy transfer between electronicallyMeasurements of radiation of electronically excited molecu-
vibrationally excited levels gla*A,, v) and Q(b'SS, v),  lar oxygen in the Atmospheric bang®'=;, v=0-X3%;,
excited atomic oxygen D), and the @ molecules in the v=0) at 762nm and in the Infrared Atmospheric band
ground electronic state X3S, , v). In contrast to the  Oz(@'A,, v=0->X3% ", v=0) at 1.274m are used for retriev-
previous models of kinetics of @alAg) and G (blzg), ing the altitude profile of ozone concentration (e.g. Thomas
our model takes into consideration the following basic facts:t al., 1984; Mlynczak et al., 2001). Interpretation of
first, photolysis of @ and @ and the processes of energy the measurements of emission at L. is a well known
exchange between the metastable products of photolysis ir{nethoq of determln_atlt_)n of the altitude profile of ozone con-
volve generation of oxygen molecules on highly excited vi- céntration, and emission at 762nm was also suggested for
brational levels in all considered electronic states's, ~ this goal in Sica and Lowe (1993a, b). Both methods were

alAg and X85—; second, the absorption of solar radiation realized in Mlynczak et al. (2001). Nowadays, interest in the

8 ; ..
not only leads to populating the electronic states on vibra—.mOde'S of these emissions grows due to the measurements

tional levels with vibrational quantum number v equal to in which both emissions were measured s?mult_aneously i_n a
0— Oz(blﬁg', v=0) (at 762nm) and gatA,, v=0) (at rocket (Mlynczak et al., 2001) and especially in a satellite

1.27um), but also leads to populating the excited electronic—SXPerment (Murtagh et al., 2002).

vibrational states gb'z+, v=1) and Q(b'Z, v=2) (at Metastable molecules and atoms of oxygen are formed
689nm and 629 nm). 'Ighe proposed modegi allows one tgh the processes of photodissociation of ozone and oxygen
calculate not only the vertical profiles of thQ@lAg v=0) molecules at absorption of ultra-violet radiation of the Sun.
and Q(b'T, v=0) concentrations, but also the profiles of 1hese excited products ofsGand & photolysis play an
[Ox(alA Vg<5)] [0 (bL=+ , v=1, 2)] and QX33 v=1— important role in the electronic-vibrational kinetics of O
35;. In iﬁe_altitijdez rangég éO—léS km considergaiion of ther.nOIGCUIeS and in the heating of the middlg atmo;phere. The
electronic-vibrational kinetics significantly changes the cal-f':ztji%rgmvggsly;:\fjgteed dn;)Od_?szn‘f;eSCtT;éik';ﬁgcjg:rzze;rf q
culated concentrations of the metastable oxygen molecule P y ( )

and reduces the discrepancy between the altitude profiles dams (1983) and was significantly improved by Mlynczak

ozone concentrations retrieved from the 762-nm and 1.27:et al. (1993). At present, the model of the electronic kinet-

o . ics of the products of @and & photolysis, developed by
um emissions measured simultaneously. Mlynczak et al. (1993), is used. Let's describe briefly the
processes which were taken into account in this model. Pho-
Keywords. Atmospheric composition and structure (Air- tolysis of oxygen in the Schumann-Runge continuum and in
glow and aurora; Middle atmosphere — composition andthe Lyman alpha (Lymam) line leads to the formation of

Chemistry; Thermosphere — Composition and Chemistry) the atomic oxygen in the first excited electronic Staté[D(
Photolysis of ozone in the Hartley band also leads to the for-

mation of the OfD) atom and of the oxygen molecule in
Correspondence to: V. A. Yankovsky the first excited electronic singlet statQ(@lAg). The pro-
(valentine.yankovsky@paloma.spbu.ru) cesses of energy transfer from thel DY state to the second
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excited electronic state of the;@nolecule Q(b'=}) and,  noted, that transitions b’ =}, v—X3% ", v) have also

further, to the first electronic excited state(@A,), play an ~ been observed in atmospheric experiments. Skinner and
important role in populating these two electronic states. AllHays (1985), analyzing the brightness of the Atmospheric
these excited states of atomic and molecular oxygédyy( band of Q in the daytime thermosphere measured by the
Og(blil;f), and Q(alAg) radiate. The corresponding,O Dynamic Explorer 2 in the altitude interval 60—-300km,
emissions take p|ace in the Atmospheric band: took into account the contributions of transition,s(biEJ“,
ter ae _ v—>X3% ., V) for bands (0-0), (1-1), (2-2). We will show
O2(b"E;, v=0) — O2(X"E,, v=0) +hv(A=762nm (1) in this study that the traditional kinetics of electronically
excited products of @ and G photolysis should be sup-
plemented with the processes of energy transfer between
Oz(alAg, v=0) — 02(X32g_, v=0) + hv(A=1.27um), (2) electronically-vibrationally excited Ievelsz(alAg, v) and
Oo(b'xt, v), excited atomic oxygen D) and the Q

where v is vibrational quantum number. These emission%mecufe'S in the ground electronic state(®*<, v). In
g’ '
ntrast to the previous models of kinetics Qf(éiAg) and

are observed using a modern experimental technique. With
the use of the kinetic scheme, suggested in Mlynczak e%o . . : .

’ > (blng), our model takes into consideration the following
basic facts: first, photolysis of£and Q and the processes

al. (1993), vertical profiles of the ozone abundance are re-
i f h i f ical fil f th

trieved from the observations of vertical profiles of t eseofenergy exchange between the metastable products of pho-

tolysis involve generation of oxygen molecules on highly ex-

emissions (Mlynczak et al., 2001). At photolysis of ozone
cited vibrational levels in all considered electronic states —

in the Hartley band, galAg) is formed with the quantum
i 0 i -
yield about 90%. It seems evident that the Infrared Atmo blZ;', aa, and ngg_; second, the absorption of solar ra-

:irt)it:;“?robringzglga)t 1i§27¢ er?egz)’lethfztr Irsef[?ig\rl]iid ?Ketrapo-_ diation not only leads to populating the electronic states on
files of 0zone abun%léncep This point of view is trgaditior?al U vibrational levels with vibrational quantum number v equal
' P Pto 0 - Q(b'z], v=0) (at 762nm) and ga'A,, v=0) (at

to present. However, simultaneously with the production of . . .
0u(aLA ), the OED) atom is formed with the same quantum 1.27um), but also leads to populating the excited electronic—
2\ 28 vibrational states g{b' =", v=1) and Q(b'=}, v=2) (at the

i;leld. Therefore,.the ozone apundance retrieval COliId also689 nm and 629nm). in the framework of this study we
e carried out using the emission from the stapbds ) ; : .
8 will compare the models of pure electronic and electronic-

at 762nm (Eq. 1). In the framework of the kinetic model . . o ;
suggested in Miynczak et al. (1993), it is impossible to de_wbranonal kinetics and show the difference between the two
. ' models for the direct problem of calculations of the volume

termm_e Wh'Ch method of rgtneyal IS more accgrate. emission rates of the 762-nm and 1,2if bands and for the
Beginning with the publications of the studies of Sparks inverse problem of ozone retrieval from both emissions. As
et al. (1980), Valentini et al. (1987), Thelen et al. (1995), P '

) : it will be shown below, considering the electronic-vibrational

it has been known that the products of photolysis must o S :
L . ; kinetics significantly changes the calculated concentrations

also be vibrationally excited. Besides that, energy transfer

from O(D) to O, leads to the formation of electronically- of the metastable oxygen molecules above 60 km and reduces

vibrationally excited molecules -,_qblz;, V) (Streit et al., ::r:aentc: ;%ﬁEigze?,eezvfe;%ﬂtfea%fﬁn?r;:ljesl;%?éz}:-Con_
1976; Lee and Slanger, 1978). Mlynczak et al. (1993) sup-_. .
L - .- sions measured simultaneously.
posed that vibrational kinetics can be neglected, which is
possible only if the processes of vibrational-vibrational (V-
V) and vibrational-translational (V-T) energy transfer be- 2 Kinetics of electronically-vibrationally excited prod-
tween vibrational sublevels of electronic states are much  ycts of O3 and O, photodissociation in the middle at-
faster than collisional deactivation of electronically excited  mosphere
states. However, the present laboratory and theoretical data
on the kinetics of the excited products of ozone and oxy-In Fig. 1, the scheme of electronic-vibrational kinetics of
gen photolysis (Hwang et al., 1999; Slanger and Copelandthe products of @ and G photolysis is presented. The
2003; Dylewski et al., 2001; Kalogerakis et al., 2002; Pe-excited electronic states are shown by bold lines, and the
jakovic et al., 2005) have given new information about the vibrational levels of these electronic states are shown by
processes of energy exchange between electronic-vibration#hin lines. The vibrational number is denoted by the letter
levels, which are fast enough to compete with the processegs. The circles with italic letters in Fig. 1 denote all types
of V-V and V-T energy exchange. These works made it nec-of processes that were taken into account. References
essary to create a model of electronic-vibrational kinetics ofto the values of the rates of photodissociation of &d
the excited products of £ and Q photolysis because the Oz and of photoexcitation of ©®used in this study are
fast processes of energy exchange between electronicallypresented in Table 1, and references to the values of the
vibrationally excited levels could not be considered in therate constants of the considered processes are presented in
framework of only electronic kinetics. It should also be Tables 2-5. Let’s describe the processes under consideration.

and in the Infrared (IR) Atmospheric band:

Ann. Geophys., 24, 2823-2839, 2006 www.ann-geophys.net/24/2823/2006/
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Fig. 1. The scheme of electronic-vibrational kinetics of the products®&@d G photolysis in the middle atmosphere.

Table 1. Processes of £and G photodissociation and photoexcitation. Short notations for electronically excited states of oxygen molecule
in Tables 1-5: Q(bl):;, v)=0y(b, v), Oz(alAg, v)=0s(a, V), 02(X32g_, v)=0x(X, v). J — rate of photodissociation and photoexcitation at
the top of the atmosphere, F — quantum yield of the products.

Reaction JEh F Ref.

O,+hv(SRC)-0(P)+0(D) 2.60x10°6 1.0 Rodrigo et al. (1986), DeMore et
al. (1997)

Oy+hv(Lymanw)—O(P)+OED) 3.40x1079 0.48-0.58 Rodrigo et al. (1986), Reddmann and
Uhl (2003)

O3+hv—0o(X, v=0—35)+O€P) 0.10¢ Svanberg et al. (1995)

O3+hv—05(a, 5)+O¢D) 0.045 Michelson et al. (1994),

Os+hv—0y(a, 4)+OeD) 0.07% Sparks et al. (1980),

Os+hv—05(a, 3)+OLD) 8.00x10-3 0.07% Thelen et al. (1995),

O3+hv—05(a, 2)+O¢D) 0.135 Valentini et al. (1987),

Os+hv—05(a, 1)+O¢D) 0.135" Ball et al. (1995),

Os+hv—Oy(a, 0)+OED) 0.44T Klais et al. (1980),
DeMore et al. (1997),
Dylewski et al. (2001)

Oo+hv(762 nm band}>O(b, 0) 5.35¢1079 Bucholtz et al. (1986), Mlynczak et al.
(1996)

Oy+hv (689 nm band)> Oy (b, 1) 2.94¢1010

Oy+hv (629 nm bandy>05(b, 2) 7.94¢10712

Oo+hv (1.2714m)— Oo(a, 0) 15410710

* — Presented values are quantum yields)e254 nm, however, all calculations of the rate of ghotodissociation in the Hartley band are
carried out for the values of quantum yields depending on wave length (Yankovsky and Kuleshova, 2006).

www.ann-geophys.net/24/2823/2006/
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Table 2. Processes of @D) deactivation. A — Einstein coefficient, K — rate constant of reaction, other symbols as in Table 1.

Reaction A, F Ref.
K (cm3s™1)

O(D)—O+hv (630 nm) 9.¢1073 DeMore et al. (1997)

o(D)+0— 20 4.0¢<10712 Yee et al. (1990)

O(D)+0,— 0y (b, 1)+O 0.40 Streit et al. (1976), Lee and Slanger
3.2x107 1187/ T (1978), Green et al. (2000)

O(D)+0,—0,(b, 0)+O 0.55

0(D)+0,—05(a, 0 or X, 0)+O <0.05

o(lD)+03—20, 2.4x10°10 Atkinson et al. (1997)

O('D)#Nz— O+ 2.0x10-11¢107/T 0.67 DeMore et al. (1997), Tully (1974)

O(1D)+Ny—O+Ny(v<7) 0.33

a specific feature of this type of reaction is that the electronic
a — photolysis of @ in the Schumann-Runge contin- level changes in the initially excited oxygen molecule, while
uum (SRC) in the 120-174-nm region and in the Lynaan- the vibrational quantum number v remains unchanged, and
line (Table 1): electronic excitation transfers to the collisional partner.

1 30, Such reactions are from 2 to 3 orders of magnitude faster

Oz + hv (SRC Lyman—a) — OCD) + OCP; 3) than the reactions of intermolecular energy transfer between
these processes are the main sources 8DPgtoms above  electronic levels (reactions of the typén Fig. 1);
80km (e.g. Rodrigo et al., 1986);

f — formation of Q(alAg, v=0-3) at collisional quenching
b — photolysis of @ in the singlet channel (the Hartley of Oz(blzg, v=0) by the electronic-vibrational (EV) type of

band at 200—310 nm) (Table 1): the energy exchange (Table 2):
Os-+hv (the Hartley band)>Oz(a*A ¢, v=0-5)+0(!D); (4)  Ox(b*ST, v=0) + M (=02, N2, OCP), O3, COy)
¢ — EE transfer of electronic excitation energy from the — Oz(alAg, v<3)+ M, (8)

1
O(*D) atom to the oxygen molecule. _The_process of energyg _ the process of excitation sz(,&lAg, v=0) due to direct
transfer from O¥D) excites not only vibrational level 0, but absorption of solar radiation (Table 1):
also vibrational level 1 of the electronic stat@(@lxg) (Ta- P '

ble 2): Oz + hv(1.27um) — Oz(atA,, v=0); (9)
O('D)+02(X°%; . v=0) > O2(b*=}, v < 1)+0CP); (5)  h —the process of EE quenching 0b@" Ay, V), similar to
the channeé (Table 4):

d — excitation of all three considered vibrational levels of the

electronic state g(blzg) due to direct absorption of solar Oz(a‘Ag, v) + 02(X32g_, v=0)

radiation. The rates of absorption at 762, 689 and 629 nm 3¢ — 1 -

' 02(X°%T Oz(a™A,, v=0); 10
were taken from Bucholtz et al. (1986); Mlynczak and Mar- = O g+ V) + 020a7Ag. v=0) (10)
shall (1996) (Table 1): i — quenching of @ (alA,, v=0) of the type similar to EV-

©) exchange (Table 4):
Oz(a*Ag, v=0) + O2(X°%, v=0)
— 0x(X%%; ., v <5)+ 0(X%%; , v"=5-v);  (11)

Oz + hv (762; 689; 629 nm)— Ox(b'E{, v=0, 1, 2),

respectively;

_ : hrati T 1+
€ — quenching of vibrational excitation ofb"; , v=>1) j — excitation of the vibrational levels of the ground electronic

?EE) tgxclzr;]t;?]mgl(e_lf:au;?; Sr;?ar resonance electronlc-electronlState Q(X3)3g‘, V) at ozone photolysis in the triplet channel
9 ) (the Hartley, Huggins, and Chappius bands in the region from
O2(b' =}, v < 2) + 0x(X°S;, v=0) 200 to 600 nm); these levels are excited up to v=35 (Table 1):

— 02(X%%;, v <2+ Ox(b'z], v=0); (7)  Og+hv— Ox(X3%, v < 35 + OCP); (12)

Ann. Geophys., 24, 2823-2839, 2006 www.ann-geophys.net/24/2823/2006/
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Table 3. Processes of deactivation oﬁ(blng, v). Symbols as in Tables 1 and 2.

Reaction A, F Ref.
K (cm3s1)
05(b, 2)—> Ox(X, 2)+hv (780nm) 5.4102 Yankovsky (1991)
05(b, 2)+0—0y(b, 1)+O 1.x10°11
0y(b, 2)+O—0y(X, 2)+0p(b, 0)  1.2x10 11597 Kalogerakis et al. (2002),
3.15x10712 Yankovsky (1991)
05(b, 2)+N;—Oy(b, 1)+Np <2x10714 Hwang et al. (1999)
0(b, 2)+03—20,+0 2.9x10°10 Yankovsky (1991)
Oo(b, 1} 05(X, 1)+hv (771 nm) 7.0¢1072 Krupenie (1972)
Oo(b, 1)+0—>09(b, 0)+O 45¢10712 Pejakovic et al. (2005)
O5(b, 1)+O—05(X, 1)+Op(b, 0)  4.210711=312/T Kalogerakis et al. (2002)
0y(b, 1)+Np— Oy(b, 0)+N, <5x10°13 Hwang et al. (1999)
0y(b, 1)+03—20,+0 <3x107°10 Yankovsky (1991)
Oo(b, 0}~ 05(X, 0)+hv (762 nm) 758102 Mlynczak et al. (1993)
Oo(b, 0)+0O—~09(a, 0)+O 8.0x10-14 0.75  Atkinson et al. (1997), Hady-Ziane et
al. (1992)
Os(b, 0)+0—05(X, 0)+0O 0.25
05(b, 0)+O— Oa(a, 0)+Q(X, 3) 0.230
O2(b, 0)+O,—Oz(a, N)+Q(X,2)  3.9x10°17 0.525  Klingshirn and Maier (1985)
Os(b, 0)+O—0s(a, 2)+O(X, 1) 0.226
Os(b, 0)+O—0s(a, 3)+G(X, 0) 0.019
05(b, 0)+N,—products 2.x10°15 Atkinson et al. (1997), see text
Oo(b, 0)+CO—09(a, 0)+CO 4.2x10713 Atkinson et al. (1997)
O(b, 0)+03—05(a, 0)+Q 2.2x10711 0.3 Amimoto et al. (1980), Atkinson et al.

(1997)

k — the processes of vibrational-vibrational (V-V) and The vibrational levels of the ground electronic state are pop-
vibrational-translational (V-T) deexcitation of vibrational ulated by the processes of electronic-vibrational (EV) energy

levels Q(X3%,, v) for v=1-35 (Table 5):

02(X3%, . v < 35 + 0x(X°%,, v=0)

— oz(x?’zg—, v—1) + oz(x32g—, v=1),

O2(X*5, v < 35) + M (=0, N2, OCP),

— Oo(X3%,  v—1) + M;

| —the process of VV two-quantum transition in collisions of

(13)

03)
(14)

02(X3%,, v) with N, for v=12-26 (Table 5):

02(X°%;, 12 < v < 26) + Na(X'2, v=0)
— 02(X%%,, v=2) + No(X*3, v=1).

www.ann-geophys.net/24/2823/2006/

(15)

exchange with the statez(}ilAg, v=0) (Eqg. 11). As it was
noted above, at ozone photolysis in the Hartley, Huggins and
Chappius bands, the vibrational levels of the ground elec-
tronic level Q(X3Eg*, v) are excited up to the value of v=35
(Eg. 12). Other processes which populate vibrational lev-
els are the processes of EE exchange with the corresponding
levels of the electronic statesQ(bl):;, v) for v=0-2 (Eq. 6)

and Q(alA,, v) for v=1-5 (Eg. 10).

In Table 1 the rates of photodissociation of &d G and
of photoexcitation of @b'x, v) and Q(a'A,, v=0) used
in this study are presented. The quantum yield of)for-

mation in the @ photolysis in the Schumann-Runge contin-
uum is equal to 1 (DeMore et al., 1997). Fos ghotolysis in

Ann. Geophys., 24, 2823-2839, 2006
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Table 4. Processes of deactivation oﬁ(alAg, v). Symbols as in Tables 1 and 2.

Reaction A, F Ref.
K (cm3s~1)
Os(a, 0)—>05(X, 0)+hv (1.27m) 2.58¢10~4 Krupenie (1972)
O5(a, v>1)—0y+hy 2.58x10~4 as O(a, 0)—>Oy+hy
Oy(a, v=3)+0y—0y(X, v)+0y(a, 0)  3.6<10711 see text
05(a, 2)+G— 0o(X, 2)+0x(a, 0) 3.6<10711 Slanger and Copeland (2003)
05(a, v>1)+0—>0y+0 10713_10-16 see text
05(a, 1)+G— Oo(X, 1)+0x(a, 0) 5.6¢<10711 Slanger and Copeland (2003)
05(a, 1)+Q;—>2x0.+0 4.7x10712 Klais et al. (1980)
05(a, 0)+0—>0,+0 6.5x10~17 Lopez-Gonzalez et al. (1992)
Oo(a, 0)+O&—05(X, 5)+0Ox(X, 0) 0.014 Atkinson et al. (1997), Wild et al. (1984)
On(a, 0)+Qps Op(X, A)+0p(x, 1) 3Ox10718e7220T o)
05(a, 0)+G—0y(X, 3)+0y(X, 2) 0.772
0,(a, 0)+0;— Op+03 5.2x10 1128407 Atkinson et al. (1997)
05(a, 0)+No—>Op+N> 1.0x10-20 DeMore et al. (1997)

Table 5. Processes of energy transfer and deactivationgﬂ(ézg’, v). Symbols as in Tables 1 and 2.

Reaction K (cm3s™1) F Ref.

03+0— 0y(X, v=0-30)+GQ 5.6x10 1219597 F(v) Balakrishnan and Billing
(1996)

0y(X, v>5)+0—0p+0 Ky 7=5x10"11x(T/300-° Breig (1969), Webster and
Bair (1972)

Oy(X, v=2-4)+0—>0,+0 Ky 7(v)*=1.1x10~12x(T/300) €-0v

Oo(X, v=1)+O—05+0 Ky 7=3x 10712 Slanger and Copeland
(2003)

Oo(X, V)+02— Ox(X, v=1)+Ox(X, v=1) Ky y (v=2)=2.0x 10713 Kalogerakis et al. (2005)

Kyy (v=3)=2.6x10"13

0y(X, v=4-20)+GQ— Ox(X, v-1)+0x(X, 1) Ky (v)*=1.3x 10 12¢-031v Slanger (1997), Coletti and
Billing (2002)

05(X, v>20)+Op— Oy(X, v—1)+O0, Ky 7(v)*=6x10~17x(T/300) &2V

0x(X, v=12-17)+N— Oo(X, v=2)+No(X, v=1) Ky y/(v)*=3.6x10 19¢0.66v
0y(X, v=18-26)+Np—> Oo(X, v—=2)+No(X, v=1) Ky (v)*=4.5x10 13- 0.173v
05(X, v=1)+0y—20, Ky 7=4.2x10~19% (T/3000-5
0,(X, v=1)+No— O2+Ny(X, v=1) Ky (V)=4.2x 10~ 19 (T/300/-5

Slanger (1997)

Lopez-Puertas et al. (1995)

Ky vy (v)*, Ky (v)* — approximations of the experimental data made by the authors and used in this study.

Ann. Geophys., 24, 2823-2839, 2006 www.ann-geophys.net/24/2823/2006/
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the Hartley bands, the spectral dependence of quantum yiel@he rate constant of the reactioa(@lzg, v=2)+O(X3% 7,

of O(*D) and, correspondingly, of a'A,), is known in v=0)—0,(X3%;, v=2)+O(b'x}+, v=0) was measured in
s | A2 “g !

detail (Michelsen et al., 1994). For@"A,, v), the quan-  the experiment of Kalogerakis et al. (2002) in the temper-

tum yields significantly depend on wave length (Sparks et al. ature range 110-298 K and in the experiment of Yankovsky

1980; Valentini et al., 1987; Thelen et al., 1995). The quan-(1991) in the range 340—445K. Both sets of the data corre-

tum yields of Q(a A, v) were measured for 6 wavelengths spond to each other. In our calculations we used our approx-

for v=0-7 from 235 to 285 nm (Dylewskl etal., 2001) These imation of the data of Ka|ogerakis et al. (2002)

data show that the part of the electronically-vibrationally  For processes of deexcitation of the Statew;" v=1,

excited molecules produced ag @hotolysis changes from  2) by N, only the upper limit of the values of the rate con-

30% at 285nm to 70% at 235 nm. At the Hartley band max-stants are known. Our estimations show that these reac-

imum in the region of 254 nm this part is about 60%. This tions don't influence the populations of the stategt®=

is why for Ox(a' A, v) the quantum yields should be known =1, 2). In Tables 3 and 4 the processes of quenching the

at all wavelengths. With the purpose of presenting the quanstates Q(b12;, v) and Q(a A, v) at collisions with G are

tum yield as a function of wavelength, we constructed in- shown in connection with high values of the rate constants of

terpolated formulas for quantum yield dependence on thehese processes. However, in the mesosphere the role of such

wave numbers in the whole interval of the Hartley band 200—processes is insignificant because of low abundance of ozone.

320nm, for all vibrational quantum numbers from 0 to 5 e should discuss the influence of the possible values of

(Yankovsky and Kuleshova, 2006), using all published ex-quantum yields of the products of the reaction of quench-

perimental data. In particular, it enables us to calculate theng of Oz(blzg, v=0) by Np. In the model of Mlynczak et

total production rate of ga'A,, v) in Oz photodissociation g, (1993) it is supposed that the quantum yield F(a, 0) of the
in the Hartley band by integration of these functions, the ratesprocess

of photodissociation and the cross sections of solar radiation les

absorption over the wavelength. The vibrational levels with O2(b %, , v=0) + N2

v equal to 6 and 7 are excited by radiation, with the wave-  _, Oz(aA,, v=0) + Na(X, v=2) + 607.2cm !  (16)

length shorter than 240 nm, for which the cross section of

0, absorption is small and the processes of excitation of thdS €qual to 1. However, the rate constant of the reaction of

levels with v=6, 7 can be neglected. quenching of Q(b*E, v=0) by Np is almost 100 times
The triplet channel of @ photodissociation in the Hart- 9reater than the rate constant of the reaction of quenching

ley band gives the formation of Q3% , v=0-35). The Oz(b'sf, v=0) by Q. In the framework of electronic-

quantum yields of gxgzg, v) also depend significantly on vibratiopal kineticls, +pos§ible pathways of the process of

the wavelength. We used the calculations of the quantu uenchm_g of Q.(b Zg» v=0) by Ny should be con5|dered_.

yields of Q(XSEg_’ v) in the Hartley band from Svanberg bhe relatlvely_hlgh yalue of the rate constant for_quenchlng

et al. (1995). At @Q photodissociation in the Chappius and y NZ’. led Brathwalte etal. (1976) to t.he sug_ge.stlon that the

Huggins bands the Ievelsz()(32g*, V) are formed at v=0— following quasi-resonance process might exist:

15. The cross section of the absorption of solar radiation inO,(s1 %+, v=0) + N>

the Chappius and Huggins bands is small, so thepho- _

todissociation in the Chappius and Huggins bands does not - OZ(alAg’ v=2) + Na(X, v=1)—-319 ¢ ™. (17)

influence the production of X35, v) significantly. However, another quasi-resonance process is also possible:
In Table 2, the Einstein coefficient for emission of tat

O(D) at 630nm and the rate constants of'DY deex- 920X, v=0) + N2

citation at collisional processes, as well as the quantum _ OZ(X3E£, v=9) + Na(X, v=0)—52.8cni L. (18)

yields of electronically-vibrationally excited products of

these processes, are presented. In Green et al. (zooa'ﬁere is no information about possible values of the quan-
the total quantum yield of g@b'S+, v=0) in the reaction tUm yields of the products of this reaction; however, the ratio

g L . . . .
. between the two pathways of the reaction influence distinctly
o(*D)+ O(b'x, v>0)+0O was estimated to be equal ) . :

(D)+02—0a(b"2,, v=0) 9 the ozone concentration retrieval at the region of the second

to 0.95. In correspondence with the value of the total quan- . o . .
tum yield we calculated the quantum yields of(8-=+ ozone maximum. This is why we consider the suggestion

that both quasi-resonance processes (Egs. 17, 18) exist and
- 1y+ =
v=1) and Q(b"%", v=0), based on the results of Lee and 4.0 455umed to have the same values of the quantum yields
Slanger (1978).

. N . Oz(atA,, v=2), F(a, 2), and @X33;, v=9), F(X, 9). For
IanaEIe 3, the Einstein coefficients for emissions of our calculations we used F(a, 2) and F(X, 9) equal to 0.5.
O2(b"%E;, v) at 780, 771, and 762nm and the rate constants |, Taple 4, the Einstein coefficients for emission of

of deexcitation of @(b*E;", v) at collisional processes, as O,(alA,, v) and the rate constants of deexcitation of
well as the quantum yields of Q' A, v) and Q(X3E;,v)  Oa(a'A,, v) at collisional processes are presented. The Ein-
for v from 0 to 3 formed in these processes, are presentedstein coefficient for emission ofﬂgalAg, v=0) at 1.27um
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was taken from Krupenie (1972). For the Einstein coeffi- ple of detailed equilibrium for calculations of populations of
cients for emissions of gQalAg, v=1-5) the same value was the considered electronic-vibrational states. For inverse pro-
used, because the experimental data are absent. However, reesses of V-V and V-T energy transfer between vibrational
diative deexcitation of QalAg, v>1) can be neglected in states of the ground electronic statQ(K)'*Zg‘, V), we use

the calculations of @(alAg, V) concentration, due to the the rate constants calculated by Billing et al. (1992); Coletti
fact that the rate of radiative deexcitation is much smallerand Billing (2002) from the measured cross sections of col-
than the rates of deexcitation at collisions with (Blanger lisional reactions. The inverse processes of populating the
and Copeland, 2003). electronically-vibrationally excited statese(blxg, v) and

The rate constants of deexcitation oﬁ(@lAg, v>3) in Oz(alAg, v) are insignificant in comparison with the pro-
collisions with @ have not been measured and for thesecesses of populating from the upper states or directly by pho-
processes we used the value of the rate constant of thtdissociation, because the energy difference is greater than
process @alA,, v=2)+0, that was measured by Slanger 1eV. The estimations show that in our model we can neglect
and Copeland (2003). For the processes of collisions othese processes.

Oz(alAg, v>1) with atomic oxygen the rate constants have The experimental methods of the measurements of the rate
not been measured either. So we varied the values of the ratenstants of deexcitation processes could be conventionally
constants of these processes fronT#¥0to 10-cm®s~1.  divided into two groups: measurements for low (200—400 K)
Even for such a broad range of the values of the rate conand those for high temperatures, for example, experiments in
stants these processes do not affect the results of the calculahock tubes, which were carried out at the temperatures of
tions of Q(alAg, v=0) concentration. In Table 4 the quan- higher than one thousand Kelvins. It should be noted that
tum yields of Q(X3Z;, v=0-5) in the reaction of collisions at high temperatures the measured rate constant might be a

of Ox(atA ¢, v=0) with O, (Wild et al., 1984) are presented. superposition of the rate constants for several states (Polack,

The values of the rate constants of the reactions of deex}979)- In accordance with the atmospheric conditions, we

citation of electronically-vibrationally excitedOnolecules ~ US€ the values of the rate constants measured in the tempera-
Oa(alA,, v=1) at collisions with N are so small that e interval 150-350 K. _ o

such processes do not affect the populations of electronic- At conditions when the local thermodynamic equilibrium
vibrational levels under consideration in comparison with the(LTE) for electronic-vibrational states does not exist, the
processes of deexcitation at collisions with molecular oxy-PoPulations of the states are calculated by solving the system

gen. For estimations we used the maximum value for thes@f Kinetic equations for all 45 electronic-vibrational states

rate constants 8410~ 4cn?s~! from Klais et al. (1980) under consideration: the first excited state of atomic oxygen,
C ) : ' 1 Ly + i 1

which is two orders of magnitude smaller than the rate con-O(D), three statesoSbe Tg . V), six states of & Ag, v)

stants of the processes of deexcitation at collisions withand 35 states of XX, v).

molecular oxygen. The populations of the states of these excited species are

The role of quenching electronically excited molecules described by the system of differential equations:

O,(atA,, v=0) by N is significant, and the corresponding an;
procesé was taken into account (see Table 4). ot ; (- pig) —ni-qi + Fi, (19)

In Table 5 the rate constants of V-V and V-T processes of ) i
02(X3%;, v) collisional excitation and deexcitation are pre- wherei —the state number£1-45),n; — the population of
sented.” In order to calculate the populations of vibrationalth€ i-th state,p; x — the production rate of speciésirom
levels for v=1-35, approximations of the dependencies ofSPeCiesk (k=1-45,kzi) in collisional processes of energy
rate constants on vibrational quantum numbers on the basif@nsfer.q; — the total loss rate of speciésn the processes
of the known experimental data must be carried out. The pre®f collisional and radiative deactivatiofi; —the volume pro- -
sented approximations (see Table 5) give a convenient fornfluction rate of thé-th species in the processes of photolysis
for the calculations of the values of the rate constants used iff Oz @hd & molecules and in chemical reactions (for ex-

our model within the limits of experimental data errors. With ample, in the reaction O_f coIIisipn of O with:D
the purpose of constructing kinetic equations fer35, the Then the system of differential Egs. (19) can be presented
rate constants of V-T deexcitation 0b(X3= >, v) in colli- as a matrix equation for the vector of the state populations

g 1

i i i illi ad
sions with @ calculated for w30 (Coletti and Billing, 2002) ~ on —A-n+F. (20)
were extrapolated for¥35. ot

The ozone and oxygen photodissociation is a non-We are solving a stationary problem. In this case the system
equilibrium stationary process. For a description of suchof equations is written as a linear algebraic system
kind of processes, using the principle of detailed equilibrium -1
is inapplicable for the calculation of the rate constant of the” = AT F, (21)
inverse process of the upper state excitation by the transitioThe matrixA is a quasi-diagonal square sparse matrix. The
from the lower state. This is why we don’t use the princi- method of solving the system of equations is described in
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Olemskoy (2006). In order to derive the ozone concentra- T
tion from the measured intensities of emissions, the system 120 . —_ - — - 02 ‘I ]
of implicit algebraic equations is solved by the method of \ —-=-=--- obn |
parameter fitting. 1101 0,(b,0) ,' |

The computer code for calculating the rate of photodisso- \ ° o0,
ciation of ozone and molecular oxygen, taking into account . /
the spectral dependence of quantum yields of the products of € 100 \ ,/el .
O, and G photolysis in the interval of wavelengths from 120 ¢ . ///‘
to 850 nm, was developed. The computer code enables us toS 90 | \ //,// ]
calculate the rates of: 1) the formation oflD) atoms in F= /,’/
the @ photolysis in the Schumann-Runge continuum and in < I ! o/’
the Lymane line (3) and @ photolysis in the Hartley band 80 . 1
(4); 2) the formation of @(alAg,v) in Oz photolysis in the byl
Hartley band (4); 3) the formation of X33, v) in Oz 70 , { '\‘\ 1
photolysis in the Hartley, Chappius and Huggins bands (12) ' Y
for different solar zenith angles (from80° to 80° SZA). In l \\ \

. . .. 60 1 I |

our calculations of the photodissociation rate, the model of 1%10™ 1%10" 1%10° 1%10° 1x107

photodissociation in the Schumann-Runge continuum, sug-
gested by DeMajistre et al. (2001), and the model of pho-

todissociation in the Schumann-Runge bands, suggested ig. 2. Altitude profiles of the number densities of the molecules in
Koppers and Murtagh (1996), were used. In the code modejhe giate Q(bz{, v) for v=0, 1 and 2. Circles — experimental data
MSIS 90 was used for the main atmospherlc constituents ¢ \\=TEORS for Q(blx], v=0) (Miynczak et al., 2001). The

the O; model was taken from Keating et al. (1989), the 1,44 curves — calculations for the conditions of experiment METE-

atomic oxygen model was taken from Llewellyn and Mc- oRrs in accordance with our model. The altitude profiles of the
Dade (1996), the C&model was taken from Kauffmann et number densities of molecules in the stategt®s;", v) for v=0

al. (2002). The solar spectrum was taken from Allen andand 1, calculated for two ozone altitude profileg]Qat variations
Frederick (1982). The photodissociation cross sections obf [O3]'/[O3] equal to 0.5 and 2.0, are shown by thin grey lines.
the solar radiation for the Hartley bands were taken from De-

More et al. (1997).

In this way, the developed method enables us to calculaté!-» 2001) are shown. With the purpose of showing how the
the altitude profiles of the concentration of @olecules in ~ choice of the [Q] profile other than the one from Keating
any considered electronic-vibrational state in the middle at-et al- (1989) changes the results, the altitude profiles of the
mosphere. However, at present, only the information aboufumber densities of molecules in the Stat%t@z;, v) for
the populations of galAg, v=0) and Q(blzg—’ v=0) can be v:O_and 1 were also_ cz_ilculated for two other ozone altitude
obtained from the atmospheric experiments. In principle, theProfiles [Qs]’, for variations of [Q]'/[O3] equal to 0.5 and
formulation and solution of the inverse problem for any state2-0. )
under consideration is possible, but the accuracy of the solu- In Fig. 3 the relative contributions of different processes to
tion for upper states decreases because the values of the rdf total rate of production of £b'= 7, v=0) are shown. In
constants are less known and the populations of these staté9rrespondence with the fact that above 85 km the main pro-

are much smaller than for the lower states. cess of the @(b'=;", v=0, 1) population is the Reaction (5)
(channels 3 and 4 in Fig. 3), the ratio between the populations

of vibrational levels v=0 and 1 correlates with the quantum
3 Concentrations of electronically-vibrationally excited  ields of the Q(b'=, v=0) and Q(b'=/, v=1) formation
oxygen in the middle atmosphere in this reaction (see Fig. 2). At 125km, where the process
of radiative deactivation dominates among the processes of
The proposed model was used to calculate the altitude prodeexcitation, the results of our calculations show that the ra-
files of the number densities of2@nolecules in electronic-  tio [Oz(blxg, v:1)]/[02(b12;, v=0] becomes the same as
vibrational states. The calculations were made for the condithe ratio of the quantum yields: 0.40/0.55. Below 100 km the
tions of the experiment METEORS (Mlynczak et al., 2001), contribution of the processes of thQ(OIEg*, v=0, 1) popu-
in which both emissions at 762 nm and 1/2% were mea- lation due to the absorption of solar radiation at 762 nm and
sured simultaneously. It was carried out fof BRand forthe 689 nm becomes important (channels 5 and 2 in the Fig. 3).
Solar zenith angle 38 The drastic reduction in the 2(0312;, v=1) concentration
In Flg 2 the altitude profiles of the number densities of thein Comparison with the concentration of thQ(@lE;, V:O)
molecules in the states,(®' %", v) forv=0, 1and 2 and the  at the altitudes below 90 km (see Fig. 2) is governed by the
measured number densities of(0' =", v=0) (Mlynczak et  fast reaction of the EE exchange(©' =, v=1)+Ox(X°%,,

Number density, cm-3
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Fig. 3. Areas of diagram indicate the relative contributions of direct

and indirect processes to the total rate Q(lﬁ}):gr, v=0) produc- Fig. 4. Altitude profiles of the number densities of the molecules in

tion, in percent. Indirect processes: 1 — absorption of solar radithe states @@l A, v) for v=0, 1, 2 and 4. The bold curves — cal-

ation Qy+hv (629 nm)—>02(b12gf, v=2) (magnified by 10); 2 — culations for the conditions of experiment METEORS (Mlynczak

absorption of solar radiation@hv (689 nm)—>02(b12;’ v=1); 3 et al., 2001) in accordance with our model. Circles — experimen-
, ; 1 .

— energy transfer 3D)—O,(blx7, v=1). Direct processes: 4 — tal data of METEORS for @(a~A,. v=0) (Mlynczak et al., 2001).

. The altitude profiles of number densities of molecules in the states
1+ =) E _
ene_rg_y transfer GD)_)OZ(b g, v=0); 5 — absorption of solar Og(alAg, v) for v=0 and 1, calculated for two ozone altitude pro-
radiation Q+hv (762 nm)> O (b2, v=0).

files [O3]’ at variations of [Q]'/[O3] equal to 0.5 and 2.0, are shown
by thin grey lines.

v=0)—0,(X3%,, v=1)+Ox(b' =, v=0). The minimum of
the contributions of channels 3 and 4 in Fig. 3 at 70-80 kmjmum at this altitude. The ratio between the direct and in-
is connected to the fact that below 80km the channel ofgirect processes of thQZQalAg, v=0) population strongly
the O¢D) formation in the @ photolysis in the Schumann- depends on altitude (see Fig. 5). The indirect process occurs
Runge continuum (Eq. 3), dominating at higher altitudes, by means of fast reactions: first, an EE energy exchange O
gives way to the formation of @D) in ozone photolysis in (alAg, V>1)+OZ()(32g—, VZO)—>02(X32g_, Vv)+0, (alAg,
the Hartley band (4). v=0); second, VT-quenching at collisions with atomic oxy-
In Fig. 4 the altitude profiles of the number densities of thegen Q (a'A,, v)+OCP)~0, (a'A,, v=0)+OFP) (see Ta-
molecules in the stateszcalAg, v)forv=0,1,2and 4 and bple 4).
the measured number densities o{A,, v=0) (Mlynczak Figure 4 shows that the vertical profiles of the @*A,,
et al., 2001) are shown, although the calculations were alsq,zl) concentrations significantly differ by shape from the
made for v=3 and 5. With the purpose of showing how the[o2 (alAg, v=0)] profile. The concentrations ofzqaiAg'
choice of the [@] profile other than the one from Keating v>1) are much smaller than the;@el A, v=0) concentra-
et al. (1989) changes the results, the altitude profiles of thgjon because the Ot A, v>1) states are rapidly deacti-
number densities of the molecules in the statega\;,  vated in the process of the EE energy exchange (see Table 4).
v) for v=0 and 1 were also calculated for two variations of The radiative deexcitation is not significant for the entire al-
[O3]"/[O3], equal to 0.5 and 2.0. titude interval. Thus, as EE energy exchange is a much faster
In Flg 5 the relative contributions of the different pro- process than the processes of V-V exchange between the vi-
cesses to the total rate of production of @A, v=0) are  prational sublevels of the electronic statg @a,), the rel-
shown. The Q(alAg, v=0) population is governed by ozone ative populations of @(alAg, v>1), except for @ (alAg,
photolysis in the Hartley band (channels 2 and 3 in Fig. 5)y=2), reflect the initial populations of the vibrational sub-
and the energy transfer in the processesDPGO2(b'S,  levels @ (alA,, v) formed in G photolysis (see Table 1).
v)—0O, (alAg, V) (channel 4 in Fig. 5). The local maxi- This is why the concentrations onQalAg, v>1) below
mum of contributions of the channels 2 and 3 at the region100 km are close to each other and the vertical profiles of
of 90km in Fig. 5 is connected with the local ozone max- the & (alAg, v>1) concentrations, with the exception of
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Fig. 5. Areas of diagram indicate the relative contributions of direct
and indirect processes to the total rate Qf(a?)Ag, v=0) produc- Fig. 6. Altitude profile of the number densities of the molecules in
tion, in percent. Direct processes: 1 — absorption of solar radiathe state Q(X3Eg_, v=1) calculated selectively for four main non-
tion Ox+hv (1.27Mm)—>02(a1Ag, v=0); 2 — ozone photolysis in  LTE channels if only one channel has been taken into account for
the Hartley band @+hv—>02(a1Ag, v=0). Indirect processes: 3 — the conditions of experiment METEORS (Mlynczak et al., 2001)
ozone photolysis in the Hartley ban@{-:hv—>02(a1Ag, v>1); 4 — in accordance with our model: 1 — ozone photolysis in the Hartley,

energy transfer GD)—>02(b12g+, V) Og(alAg, V). Huggins anq Chappius bands; 2 — photolysjs gfiidthe Shumann-
Runge continuum and Lymam- 3 — absorption by @ of solar ra-

L .., diation at 689 and 762 nm bands; 4 — reactiq:;+0—>02(X3E_,

1 — g

[O2 (& A,g’ v=2)], are similar by Shape and correlate with v)+O, (see Table 5); 5 — total density (all channels are taken into

the profile of the ozone concentration. As can be seen fromycqqyny),

Fig. 4, the [Q (alAg, v=2)] are higher than the [O(@'A,,
v=1, 4)] for the entire altitude interval, because @1Ag,
v=2) is populated additionally by the quasi-resonance pro- The altitude profiles of the concentration ob(@>%;
cess of quenching of Q' =, v=0) at collisions with N y=1) were calculated with the purpose of solving the prob-
(see the discussion of Table 3 in Sect. 2). lem of non-equilibrium radiation of 0 in the 6.3x:m band
The model also enables us to calculate the number densin the middle atmosphere_ The process of quasi_resonance
ties of Q in the grOUnd electronic state with the vibrational V-V energy exchange between the first excited vibrational
quantum number from 1 to 35. As can be seen from Fig. ljevels of the HO and @ molecules is very fast; this is why
and Table 5, high vibrational levels of the®3<;) and it is important to take into account this source of vibrational
also energy transfer from £b*T}, v) and @ (a'A,, v)  excitation of HO(010) (Manuilova et al., 2001).
should be considered for correct calculations of the concen-
tration of the Q(X3x%,, v=1).
In Fig. 6 the altitude profile of the £X3%, v=1) con- 4 762-nm and 1.27um emissions in the middle atmo-
centration and the contributions of different channels of the  sphere
Oz(XBE;, v=1) population are shown. As can be seen from
Fig. 6, ozone photolysis in the Hartley, Huggins and Chap-We used our new model to calculate the concentrations of
pius bands is the main channel of th@(l&)*”Eg‘, v=1) pop-  Oo(alA,, v=0) and Q(blzg, v=0) and, correspondingly,
ulation up to 95 km, however, in the range 70-85 km the ab-the intensities of the 1.2j&m and 762-nm emissions in the
sorption of solar radiation by oxygen at 689 and 762 nm givegmiddle atmosphere.
almost the same contribution. Above 95 km ozone photoly- It should be stressed that the model of pure electronic
sis gives way to oxygen photolysis in the Shumann-Rungekinetics is a particular case of the model of electronic-
continuum and in the Lyman- As can be concluded from vibrational kinetics. The electronic kinetics model can be ob-
our calculations, vibrational excitation of,Gn the reaction  tained from the electronic-vibrational kinetics model by the
of ozone with atomic oxygen (Table 5) is insignificant during following assumptions: 1) — only electronically excited prod-
daytime (curve 4 in Fig. 6). ucts are formed in @photolysis; 2) — the processes of energy
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Fig. 7. Volume emission rate at 762 nm. Circles (1) — experimental Fig. 8. Volume emission rate at 1.2ifn. Circles (1) — experimental
data of METEORS (Mlynczak et al., 2001). Curves — calculations data of METEORS (Mlynczak et al., 2001). Curves — calculations
for the conditions of experiment METEORS: 2 — in accordance with for the conditions of experiment METEORS: 2 —in accordance with
the model of Mlynczak et al. (1993); 3 — in accordance with our the model of Mlynczak et al. (1993); 3 — in accordance with our
model. model.

5 Retrieval of the vertical ozone profile from the mea-
sured intensity profiles of the 762-nm and 1.2%:m

transfer between electronic states at collisions occur without .
emissions

vibrational excitation. Accordingly, only 17 processes re-
main from more than 100 listed in Tables 1-5. This model to-
tally corresponds to the model of Mlynczak et al. (1993). All
calculations presented below have been made for both mo
els; the pure electronic model is called by us as the model o
Mlynczak et al. (1993).

We will show that consideration of electronic-vibrational ki-
etics is very important for the problem of ozone retrieval

(from the measurements of the intensity in the Atmospheric
nd IR Atmospheric bands of thes@olecule. For the pur-

pose of revealing which errors evolve due to the use of the

Figure 7 presents the comparison of the experimental datRUre elect_ronic kinetics, we carried out the following numer-
on the vertical profile of the volume emission rate at the Cal €xperiments. _ o
wavelength of 762 nm (Mlynczak et al., 2001) and the cal- For the first numerical experiment, the test ozone mixing

culations for the experimental conditions provided by our ratio vertical profiles were taken from Marsh et al. (2002),
model and the model of only electronic kinetics. where HRDI instrument observations of ozone in the meso-

sphere and lower thermosphere are presented. The “mea-
In the same experiment (Mlynczak et al., 2001), the in- sured” volume emission rates in the 762-nm and JuB7-

tensity of the 1.27xm emission was measured simultane- bands were calculated for the test ozone mixing ratio in ac-
ously with the 762-nm emission. In Fig. 8 the experimental cordance with the electronic-vibrational kinetics model for
data on the vertical profile of the volume emission rate at thethe atmospheric conditions of this experiment. In the sec-
wavelength of 1.2%¢m are compared with the calculations ond stage, the inverse problem of ozone vertical profile re-
for the experimental conditions provided by our model andtrieval from the “measured” volume emission rates in the
the model of Mlynczak et al. (1993). For the entire altitude 762-nm and 1.2%3+m bands was solved in accordance with
interval, the values of the volume emission rate at the wavethe pure electronic model of Mlynczak (1993). Figure 9
length of 1.27um, calculated in accordance with our model, shows that there is a considerable discrepancy between the
are lower than the results calculated in accordance with theetrieved ozone vertical profiles and the test ones (for March
model of Mlynczak et al. (1993). The discrepancy betweenand December HRDI data) in the whole altitude range of
the volume emission rates at 1.,2ih, calculated in accor- 65-97 km. The maximum discrepancy between the retrieved
dance with the electronic-vibrational kinetics model, and theozone mixing ratio and the test one occurs at about 75km.
pure electronic model is 15-60% at the region of 60—-125 km.For March, this discrepancy reaches 25% for the ozone
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mixing ratio retrieved from the 762-nm emission, and for the 100
1.27-um emission the retrieved ozone mixing ratio is two

times smaller than the test one. For December, at 75 km the
discrepancy reaches 14% for the o0zone mixing ratio retrieved
from 762-nm emission and 33% for the ozone mixing ratio

retrieved from 1.27+m emission. From the numerical exper- 90 -
iment which was described above, it can be concluded, that g

95 -

in the framework of pure electronic kinetics the retrieval of < g5 4
the ozone mixing ratio from the 762-nm emission is prefer- .3
able to the retrieval from the 1.27m emission. 2 80 - i
The second numerical experiment is the interpretation of ﬁ
the atmospheric experiment on the retrieval of the vertical ,
ozone profile from simultaneous measurements of the in- 757 L ]
tensity in the Atmospheric and IR Atmospheric bands of N
the @ molecule carried out in the experiment METEORS 70 - 7
(Mlynczak et al., 2001). Using our model and the model of
Mlynczak et al. (1993), we have solved the inverse problem 65 ! ‘ ‘ ‘
of the [Gz] determination from the METEORS volume emis- 0 0.2 0.4 0.6 0.8 1 1.2
sion rates at 762 nm and 1.2 presented in Mlynczak et Ozone volume mixing ratio, ppmv
al. (2001). Figure 10 presents the results of the retrieval of 100 ‘ ‘ ‘ ‘
the ozone concentration.
Above 65km, according to our model, the vibrational- 95 - 7
electronic kinetics of the products ofs@nd & photolysis December
play an important role in the mechanism of the formation of 90 - 4
these emissions. As a result, above 65km the retrievals of
[O3] by our model and the model of Mlynczak et al. (1993) E 85| |
differ significantly. o
In accordance with the calculations for the model of 3
Mlynczak et al. (1993), in the region near 85-90km, the = 80 - , |
Os concentration retrieved from the intensity of the ikand < /
at 762nm is 45-30% greater than the €ncentration re- 75 - | .
trieved from the intensity of the £Oband at 1.27um (see \
dashed lines in Fig. 10). 701 N |
For our model the vertical [€) profiles retrieved from both \
emissions are closer to each other, and in the altitude range of 65 LN ‘ ‘
80-90 km the discrepancy is 20—17% (solid lines in Fig. 10). 0 0.2 0.4 0.6 0.8 1
The [Os] value retrieved from the intensity of the 1.24wn Ozone volume mixing ratio, ppmv

band, in accordance with our model in the range of the local

ozone peak at 80-90 km, is 40-15% as large as that obtainegly 9. Altitude profiles of ozone concentration retrieved from

for the model of Mlynczak et al. (1993) (lines 3 and 4 in “measured” @ emissions at 762 nm (thin solid line) and 1,2m

Fig. 10). (dashed line) in accordance with pure electronic kinetics model.
As can be seen from both numerical experiments (Figs. 9,Measured” volume emission rates at 762nm and L&vwere

10), up to 90km the differences between the ozone abungalcqlated in accordance yvith electronic-vibrational kinetigs moqel

dances retrieved in accordance with our model and the mod t using HRDI ozone profiles for March and December (thick solid

of pure electronic kinetics of 9and G photolysis from ne) (Marsh et al., 2002).

the emission at 762nm are much smaller than the corre-

sponding difference between the ozone abundances retrievefltion in this reaction. However, the state(B} =+, v=1)

in accordance with both models from the 12 emis- 5 deactivated by the mechanism of EE deexcitation to the

sion. Miynczak et al. (1993) considered only populating jg\e| =0 (Table 3). This is why the ozone concentrations

Oz(b'x;, v=0), using the total rate constant of collisions yerieved from the 762-nm emission, in accordance with our

of O(*D) with 0. We considered the process of populating model, and with the pure electronic model are closer to each

the electronic-vibrational levelsb' 1, v=0, 1), using the  other than those retrieved from the 1.2 emission.
same total rate constant, but taking into account the quantum

yields of the Q(b'=;, v=0) and the @(b'], v=1) for-
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Fig. 10. Altitude profiles of ozone concentration retrieved from si- Fig. 11. Altitude profiles of ozone concentration retrieved from si-
multaneous observations ob@missions at 762nm and 1.2 multaneous observations op@missions at 762 nm and 1.2 in

in METEORS (Mlynczak et al., 2001). Retrievals in accordance METEORS (Mlynczak et al., 2001). Retrievals in accordance with
with: our model — solid lines, model of Mlynczak et al. (1993) our model: taking into account CQaltitude profile — solid lines,

— dashed lines. Curves 1 and 2 — retrievals from measurement ofiith CO, mixing ratio equal to 0 — dashed lines.

emission at 762 nm g’ =], v=0-X3x,, v=0). Curves 3 and

4 — retrievals from measurement of emission at LWOZ(alAg,

v=0- X3%;, v=0). It is interesting to point to the influence of G@bundance
on the retrieval of ozone concentrations from the measure-
ments in the band at 762 nm which is connected with the
Based on the results of ozone retrievals from emissions ahigh value of the rate constant of reaction of deexcitation
762nm and 1.24m, presented in Figs. 9 and 10, one can of Oz(blzj, v=0) by CQ, whereas the C®concentration
conclude that ozone abundance retrieval carried out in aceoes not influence the retrieval of 0zone concentration from
cordance with the model of only electronic kinetics of O the measurements in the band at 1u27 (Fig. 11). For the
and @ photolysis (Mlynczak et al., 1993) from the emission calculations presented in Fig. 11 we used the; @itude
at 762 nm, which is formed by the transition from the state profile from Kauffmann et al. (2002), which gives a signifi-
Oz(blzl;f), is preferable to retrieving the profiles of ozone cant decrease in the G®olume mixing ratio above 75 km.
abundance from the Infrared Atmospheric band gfeis- Comparison of the 0zone concentrations retrieved from the
sion at 1.27um, which is formed by the transition from the measurements in the band at 762 nm, taking into account the
state Q(a'A,). This conclusion is the opposite to the tra- [CO,] altitude profile and with C@ mixing ratio equal to 0
ditional point of view but is not surprising, because in our jn the whole altitude region shows, in the framework of our
model it was shown that the mechanism of populating themodel, a sensitivity of ozone concentrations retrieval to the
Oz(alA,, V) states is much more complicated than that of [CO] altitude profile below 90 km (Fig. 11).
populating the @(blxg, V) states (see Fig. 1 and Tables 1—
4).
It should be noted that we came to this assertion on the .
basis of the analysis of only two numerical experiments. The® ~ conclusions
final conclusion about the errors introduced in the retrieved
values of ozone concentrations when using the model of only 1. We have developed the model of kinetics of the ex-

electronic kinetics of @ and G photolysis for retrieval of cited products of ozone and oxygen photolysis, taking
the profiles of ozone concentration from the measurements  into account the processes of energy transfer between
in the bands at 762 nm and 1.2 can 0n|y be made after electronically-vibrationally excited states of the oxy-

analyzing a great deal of data (e.g. in the satellite experiment ~ gen molecule of @a'A,, v) and Q(b'S/, v ), ex-
ODIN-OSIRIS both emissions are measured simultaneously  cited oxygen atoms @D), and oxygen molecules in the
during a long period of time; Murtagh et al., 2002). ground state QX3EA,‘, V).
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