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Abstract—A number of different OH Meinel band excitation models are used to investigate the extent to
which quenching and vibrational deactivation processes could cause the nightglow OH vibrational dis-
tributions to vary with altitude. The various models, which ure based upon those described by McDade
and Llewellyn (1988, Plunet. Space Sci. 36, 897). are used to calculate the steady state OH vibrational
distributions throughout the 80-100 km region. The results of the calculation show that, irrespective of
the basic model assumptions, the OH vibrational distributions should not be strongly altitude dependent
and that the emission profiles of the Meinel bands from the v’ levels | through 9 should not differ in ultitude
by more than one or two kilometers. The results of some recent laboratory studies pertaining to the
Meinel band excitation mechanism arc also discussed and it is shown that stepwise collisional vibrational
deactivation is unlikely to play a major role in controlling the observed nightglow OH vibrational dis-

tribution.

1. INTRODUCTION

In spite of many years of observational and theoretical
study very little is known about the altitude depend-
ence of the OH vibrational distributions in the night-
glow. In a limited number of rocket experiments
(Rogers ¢t al., 1973 Lopez Moreno et al.. 1987;
McDade er al., 1987) attempts have been made to
measure simultaneously the altitude profiles of differ-
cnt OH vibrational levels. Thesc experiments have all
been performed using broad-band radiometers that
captured emission from a number of different v levels,
but the results of these experiments have suggested
that the lower vibrational levels peak at a lower alti-
tude than the higher vibrational levels. A number of
theoretical calculations have also been reported and
these studies have indicated that the vibrational dis-
tribution should shift towards higher vibrational
levcls at higher altitudes (Nagy ez ¢l.. 1976 ; Llewcllyn
et al., 1978 ; Battener and Lopez-Moreno, 1979 ; Tak-
ahashi and Batista. 1981 : Sivjee and Hamwey, 1987 ;
Lopez and Moreno et al., 1987). These theoretical
calculations, however, were largely based upon
assumed excitation mechanisms and/or reaction rate
coefficients that are now considered to be of ques-
tionable validity (Finlayson-Pitts and Kleindienst,
1981 ; Greenblatt and Wiesenfeld. 1982 ; McDade and
Llewellyn., 1987 ; Meriwether, 1989).

In this paper we reconsider the question of the
altitude dependence of the OH vibrational dis-
tributions and use a number of different OH Meinel

band excitation models to examine how quenching
and vibrational deactivation processes could cause the
vibrational distributions to vary with altitude. We
show that the altitude dependence of the OH
vibrational distribution should not be very strong and
that the emission profiles of the various v levels of the
Meinel band system should not differ in altitude by
more than one or two kilometers across the entire
vibrational manifold.

2. THE MEINEL BAND EXCITATION MODELS

It is now generally accepted that the reaction
between ozone and atomic hydrogen, first suggested
by Bates and Nicolet (1950),

H+0,5 OHw < 9)+0, )

1s the major source of vibrationally excited OH in the
nightglow and that the HO.+O reaction docs not
make a major contribution (Kaye, 1988 ; Meriwether,
1989). However, the factors which control the night-
glow OH vibrational distributions have still not been
established. The main outstanding problems concern
the extent to which collisions between the vibration-
ally excited OH radicals and the major atmospheric
specics O,, N, and O contribute to the production
and loss of each level. It is known that reaction (1)
preferentially produces vibrationally excited OH in
the levels n =7, 8 and 9 and that the lower levels,
which are responsible for most of the Meinel band
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cmission, must be populated as the result of either
radiative cascade from the higher levels

A{ "}

OH{Y—— OHE Y+ A {2y

or stepwise collisional deactivation processes

OH(y')+ QX% Ol +Q. 3)

The loss of each vibrational level may be controlied
by either of these two processes or by reactions that
remove the vibrationally excited species

i

OH(v) +Q~~— ather products. 4)

If the collisional processes {3} and (4} were not
important at nighiglow altitudes then the OH
vibrational distribution would be invariant with
respect to altitude and geophysical conditions and all
of the Meinel bands would have the same vertical
distribution profile. However. the nightglow dis-
tributions are known to vary (Krassovsky er al., 1961}
and the mean distribution differs from that which
would result from reaction {1) and a purely radiative
cascade mechanism (Llewellyn er al., 1978 ; Turnbull
and Lowe. 1983). This implies that the collisional
processes must be important and that the OH
vibrational distributions will be, to some extent, alti-
tude dependent. However, the nature and strength of
the altitude variations will depend critically upon the
roles played by O,, N, and O in reactions (3) and (4).

McDade and Llewellyn (1987) have previously con-
sidered how these reactions might control the OH
vibrational populations and they used the mean OH
vibrational distribution observed from the ground to
derive kinetic parameters pertinen{ or two quite
distinct excitation models. In the first case which
McDade and Llewellyn considered. stepwise vibra-
tional deactivation, i.e. reaction (3), was assumed
to dominate and to proceed via single quantum
steps. This model is known as the *collisional cas-
cade model”. For the aliernative model, known as
the “'sudden death model™, it was assumed that the
collisional losses of each level were dominated by reac-
tion (4) and that stepwise vibrational deactivation did
not contribute significantly to the production of each
level. In a subsequent paper (McDade and Llewelivn,
1988) the parameters for these two basic models were
further refined to accommodate upper and lower
limits for parameters describing the oxygen atom
quenching process which was assumed 1o proceed via
chemical reaction and/or multi-quantum vibrational
deactivation to the v = 0 level.
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Since the four models described by McDade and
Llewellyn (1988) represent extreme limiting cases that
should bracket the details of the actual mechanism., we
have used these models to investigate how the OH
vibrational distributions might change with altitude
throughout the OH airglow layer. These four models
are referred to in this paper as (a) collisional cascade
with no O-atom guenching. (b) collisional cascade
with maximum O-atom quenching, {¢) sudden death
with no O-atom quenching and {(d) sudden death with
maximum O-atom quenching,

2.1, The model formulation

Under steady state conditions in the nightglow the
number density of each vibrational level of OH may
be expressed as

[OH)] =

9
p)+ Y [OHEM{A@*. 0)+ 3 kS (0% 0)[Q]}
)

Ve |

fA{) +MZ k?(lJ)[Q]}wm
Q

L]

&)

where p(v) represents the nascent volume production
rate of the level v in the H4 O, reaction and &2(v)
represents the total rate coefficient for collisional
removal of the level v by the species @ = Q.. N, or O
in reactions {3) and (4). In their assessment of the
potential importance of these two reactions McDade
and Llewellyn (1987) chose to avoid making any
assumptions about the absolute Meginel band tran-
sition probabilities which were highly controversial at
that time. Consequently, each of the kinetic par-
ameters which they derived from the observed mean
OH vibrational distribution. and a constraint imposed
at v = 9 by the laboratory experiments of Finlayson-
Pitts and Kieindienst (1981), was obtained in the form
of the quotient of the relevant rate coefficient and
the inverse radiative lifetime of the v = 9 level, 4(9).
Under this formulation the relative population in each
vibrational level of OH, normalized to that in the level
v = 9, may be obtained from the expression

N@) =
F) {1+ K2™(9)]0.]+ K2 (9){0]}
+ Y, NEe®H{at vy +K$Ner 00,

r¥=d }

{a(v) + KO™(0)[0,]+ KS ) [OTH
(6)

where  F(u) = p(o)/p(9);  a(u*,v) = A(v* )/A(9);
K2y = k) A(9); and K9™:(0) and K$™(0*,v)
correspond to the kinctic parameters [A:v)+



OH vibrational distributions

RkN(0))1/4(9) and  (kS:(v*,v)+ Rk5:(v*.v)}/4(9)
described by McDade and Llewellyn (1988) with
R(x4) representing the mean N,: O, number den-
sity ratio in the mesopause region.

To investigate how the OH vibrational distributions
would vary with altitude for each of the proposed
limiting case models we have used equation (6),
together with the model parameters listed in Tables
1 and 2 and the [O,] and [O] profiles given by the
CIRA 1972 Mean Reference Atmosphere, to calcu-
late the altitude profiles of the fractional populations
in each OH vibrational level. The results of these cal-
culations are discussed below.

3. THE MODELLED VIBRATIONAIL DISTRIBUTIONS

3.1. The *collisional cascade with no O-atom quench-
ing’’ case

The fractional population profiles calculated for
the “no O-atom quenching™ limit of the collisional
cascade model are shown in Fig. !. Clearly, the
vibrational distributions calculated for this model are
only weakly altitude dependent and this weak depend-
ence would not result in any significant differences
between the emission profiles of the various v” Meinel
bands. The calculated vibrational distributions do
shift slightly towards lower vibrational levels at higher
altitudes. This may at first seem surprising since one
might expect the distributions for a collisional cascade
model to become less relaxed, or “hotter”, as the
densities of O, and N, decrease. However, the ““col-
lisional cascade with no O-atom quenching” par-
amcters were chosen to reproduce the observed mean
OH vibrational distribution in the 85-90 km region
(McDade and Llewellyn, 1987). The mean OH

TaBLE 1. REACTIONS AND
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vibrational distribution considered by McDade and
Llewellyn is “hotter™, or less relaxed, than the dis-
tribution that would result from a purely radiative
cascade mechanism. This radiative cascade dis-
tribution is determined only by the nascent product
state distribution of the H + O, reaction and the rela-
tive Meinel band transition probabilities. Since the
vibrational distributions calculated for any viable
“collisional cascade with no O-atom quenching”
model must reproduce the “hotter” OH distribution
in the 85-90 km region and approach the “colder”
radiative cascade distribution at high altitude. the dis-
tributions calculated for such a model must, by neces-
sity, shift towards lower vibrational levels as the O,
and N, densities decrease. We do note, however, that
if the mean OH distribution was in fact more relaxed
than the radiative cascade distribution then any viable
collisional model that does not include O-atom quen-
ching would predict a shift towards higher vibrational
levels at higher altitudes.

3.2. The “sudden deuth with no O-atom quenching’
case

The fractional population profiles calculated for the
“no O-atom quenching” limit of the sudden death
model arc shown in Fig. 2. Here again we note that
the vibrational populations shift towards the lower
vibrational levels at higher altitudes and this effect is
stronger than that observed in the ““collisional cascade
with no O-atom quenching™ case. Under the sudden
death assumptions radiative decay of the higher lying
levels is the only source of the lower levels and the
collisional loss of each level does not feed the level
immediately below. Consequently, the lower vibra-
tional levels and their precursors are both quenched

ADOPTED COEFFICIENTS

Reaction Coefficient Reference
H+ 0, L OH(®) + 0, p(9) = 0.32 Ohoyama et af. (1985)*
’ p(8) =0.29 Ohoyama et al. (1985)*
p(7) =0.19 Ohoyama et al. (1985)*
pi6) = 0.06 Ohoyama et al. (1985)*
p(5) = 0.06 Ohoyama et al. (1985)*
p4) = 0.06 Ohoyama et af. (1985)*

OH®") At OH")+ he

a(v’,

~ »o?
OH()+ QX "L OHW") +Q

N
OH(uv) +QM all products

v’y = AW W/ A4(9)

Q=0,N,,0

Murphy (1971)
Q=0.N, See text and Table 2

See text and Table 2

* Adjusted using the relative transition probabilities of Murphy (1971) as described by McDade and

Llewellyn (1987).
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TABLE 2. MODEL PARAMETERS

Collisional cascade with
no O-atom quenching

all k%)/4(9) =0

Collisional cascade with
maximum O-atom quenching

all kP (v)/A(9) =6x107"*

all k2(v)/4(9) = kS(v,v—1)/4(9) all K2/ A(9) = kS (v,5—1)/4(9)

v k0. 0= 1)+ RES:(v,0—1)}/A4(9) (kv 0~ 1)+ Rk§:2(u.o—1)}/A(9)
9 53x 107" 5.3x 107

8 8.9x 10~ " 8.8x 10"

7 13.4x107 " 129x 10" "

6 9.8x 107" 9.0x10" "

5 59x107'* 48x107"

4 4.1x107" 29x107"*

3 3.3x 107 [.8x 107"

2 2.5x 107" 0.9x10""

1 1.4x107" 0

Sudden death with Sudden death with
no O-atom quenching maximum O-atom quenching
all kQ()/4(9) =0 all kQ(u)/4(9) = 1.5x 107"
all k(' v} A(9) =0 all kS, v")/A4(9) =0

v k() + RK (1) }/A(9) {kPv) + RE=(0)}/4(9)

9 53x 107" 53x107"

8 45x107" 43x107 "

7 51x107 " 49%x107"
6 LIx107" 1.O0x 107"

5 0.1x107" 0
4 0.15x 10" ' 0
3 0.15x 10" ' 0
2 0.25x 107" 0
1 0.15%x107 " 0

All coefficients are cm® molec "' units and taken from McDade and Llewellyn (1987, 1988).
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FiG. 1. THE ALTITUDE PROFILES OF THE FRACTIONAL POPU-

LATIONS IN THE OH VIBRATIONAL LEVELS v = 1-9 CALCU-

LATED FOR THE ‘‘COLLISIONAL CASCADE WITH NO O-ATOM
QUENCHING"’ MODEL.

FiG. 2. THE ALTITUDE PROFILES OF THE FRACTIONAL POPU-

LATIONS IN THE OH VIBRATIONAL LEVELS U = 1-9 CALCULATED

FOR THE “SUDDEN DEATH WITH NO O-ATOM QUENCHING
MODEL.
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FiG. 3. THE EMISSION PROFILES OF THE OH MEINEL BANDS

FROM THE " LEVELS 1, § AND 9 CALCULATED FOR THE "'SUDDEN

DEATH WITH NO O-ATOM QUENCHING"" MODEL AND A GAUSSIAN

VIBRATIONALLY EXCITED OH DENSITY PROFILE CENTRED ON
AN ALTITUDE OF 90 km.

by O, and/or N,. This results in a cumulative quench-
ing effect and the populations in the lower levels
are selectively eroded at lower altitudes. It should
also be noted that although the magnitudes of the
“collisional cascade with no O-atom quenching”
parameters decrease with vibrational level (see Table
2), the effective quenching coefficients for the levels
below 1 = 6 increase relative to the inverse radiative
lifetimes and this tends to amplify the effects of the
cumulative quenching process.

The altitude dependence of the OH vibrational dis-
tributions calculated for the “‘sudden death with no
O-atom quenching’ model would lead to a small shift
in the altitude profiles of the Meinel bands from
different v’ levels. For example, if the total vibration-
ally excited OH density profile was a simple Gaussian
layer centred on an altitude of ~90 km. then the
emission profiles shown in Fig. 3 would result and the
v’ =1 emission bands would peak approximately 1
km above the v" = 9 bands.

3.3. The “'sudden death with maximum O-atom quench-
ing" case

The fractional population profiles calculated for the
“maximum O-atom quenching™ limit of the sudden
death model are shown in Fig. 4. Clearly. when the
possible effects of OH quenching by atomic oxygen
are considered we sec a reversal of the trends obtained
in the “'no O-atom quenching” limit. Throughout the
80—100 km region the vibrational distributions now
shift towards higher vibrational levels at higher alti-
tudes. This effect is mostly due to cumulative quench-
ing by atomic oxygen which erodes the populations
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FIG. 4. THE ALTITUDE PROFILES OF THE FRACTIONAL POPU-

LATIONS IN THE OH VIBRATIONAL LEVELS v = [--9 CALCU-

LATED FOR THE “SUDDEN DEATH WITH MAXIMUM O-ATOM
QUENCHING’™ MODEL.

in the lower vibrational levels at higher altitudes. We
note, however, that for the “sudden death with
maximum O-atom quenching” case the levels below
v = 6 are not assumed to be quenched by O, or N,
(see Table 2) and the populations in the lower levels
are not eroded at lower altitudes. The structure in the
fractional population profiles shown in Fig. 4 is a
reflection of the structure in the adopted CIRA 1972
oxygen density profile and the profiles shown in this
figure are only meant to represent the trends that
would be expected for this model. Nevertheless, the
calculations do indicate that a small shift in the alti-
tude profiles of the various Meinel bands would result
from this cxcitation mechanism and the magnitude of
this shift will depend upon the local atomic oxygen
density profile.

3.4. The ‘‘collisional cascade with maximum O-atom
quenching " case

The fractional population profiles calculated for the
“maximum O-atom quenching” limit of the collisional
cascade model arc shown in Fig. 5. The behaviour of
the OH vibrational distributions calculated for this
model is qualitatively similar to that obtained for the
“sudden death with maximum O-atom quenching”
case. However, in the “collisional cascade™ case the
oxygen atom quenching parameters, k7 (v)/A(9), are
substantially larger and this results in enhanced ero-
sion of the populations in the lower vibrational levels
at higher altitudes.

The *‘collisional cascade with maximum O-atom
quenching” model clearly leads to the strongest alti-
tude variation in the OH vibrational distributions.
This altitude dependence would result in a small shift
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F1G. 6. THE EMISSION PROFILES OF THE OH MEINEL BANDS
FROM THL ¢ LEVELS [, 5 AND 9 CALCULATED FOR THE
“COLLISIONAL CASCADE WITH MAXIMUM O-ATOM QUENCHING™
MODEL AND A GAUSSIAN VIBRATIONALLY EXCITED OH DENSITY
PROFILE CENTRED ON AN ALTITUDE OF 90 km.

in the altitude profiles of the various Meinel bands
and the magnitude of this shift will depend upon the
local atomic oxygen density profile. For the CIRA
1972 oxygen atom densities the Meinel bands with
v = 9 would peak ~ 2 km above those with v’ = 1 as
shown in Fig. 6.

4. DISCUSSION

In the previous section we have shown that stepwise
vibrational deactivation or sudden death quenching
by O, or N, could cause the nightglow OH
vibrational distributions to shift towards lower

1. C. McDape

vibrational levels at higher altitudes but that quen-
ching by atomic oxygen would tend to cancel or
reverse this effect. We have also shown that the alti-
tude dependence of the OH vibrational distributions
would be strongest for an OH excitation mechanism
that involved collisional cascade with strong oxygen
atom quenching. However, even for such a mechanism
the altitude dependence of the distribution would be
fairly weak near the peak of the OH layer and would
not cause the peak heights of the Meinel bands to
vary by more than 2 km across the entire vibrational
manifold.

The validity of these conclusions does, however,
depend upon the extent to which the adopted limiting
case models really do embrace the actual kinetics of
OH formation and loss in the nightglow. The model
parameters which we have utilized in this study were
obtained by McDade and Llewellyn (1987) from a
particular set of Meinel band intensity ratios using
the product state distribution of the H4O; reaction
reported by Ohoyama et «f. (1985) and the relative
Meinel band transition probabilitics of Murphy
(1971). Since there is now some discussion in the
literature about (a) the appropriateness of the
Murphy (1971) relative transition probabilities and
{b) the accuracy of the Ohoyama ez al. {1985) branching
ratios we have considered how the adoption of alter-
native transition probabilities and branching ratios
might alter the basic model parameters.

New measurements of the branching ratios for the
production of OH{(v = 6-9) in the H+ O, reaction
have been reported by Klenerman and Smith (1987)
and we have repeated the McDade and Llewellyn
(1987) analysis using these branching ratios in place
of those of Ohoyama et af. {1985). The kinetic par-
ameters thus obtained for the collisional cascade and
sudden death excitation models are compared with
those originally presented by McDade and Llewellyn
(1987) in Figs 7 and 8. The revised parameters
(labelled “case A™ in Figs 7 and 8) differ slightly from
those originally obtained using the Ohoyvama et af.
(1985) data but the altitude profiles of specific
vibrational levels calculated using these parameters
do not differ significantly from those presented in Figs
1 and 2.

Alternative sets of Meinel band transition prob-
abilities have been presented by Mies (1974), Langhoff
et al. (1986), Turnbull and Lowe (1989) and Nelson
et al. (1990). Unfortunately, the calculations by
Langhoff er al. {1986) and Nelson et al. (1990) do not
extend to Av = 6 transitions and therefore they can
not be used for any re-evaluation of the McDade and
Llewellyn analysis which requires knowledge of the
A(9.3};A(9) transition probability ratio. Conse-
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FiG. 7. THE COLLISIONAL CASCADE Xq{k$(v.v—1)/A4(9)]
[Q)/[O:] PARAMETERS ORIGINALLY PRESENTED BY MCDADE
AND LLEWELLYN (1987) (SOLID CIRCLES) AND THE PARAMETERS
OBTAINED AS DESCRIBED IN THE TEXT USING ALTERNATIVE
BRANCHING RATIOS AND TRANSITION PROBABILITIES.
The parameters labelled ““case A" were obtained using the
branching ratios of Klenerman and Smith (1987) and the
transition probabilities of Murphy (1971). The parameters
labelled “'case B”" were obtained using the branching ratios
of Ohoyama ef al. (1985) and the transition probabilities of
Turnbull and Lowe (1989). The parameters labelled “case
C™" were obtained using the branching ratios of Ohoyama e¢
al. (1985) and the transition probabilities of Mies (1974).
Each set of alternative parameters has been normalized to
those of McDade and Llewellyn at v = 9 using the indicated
factors. The open squares show the A5:(n,u— 1) coefficients
reported by Dodd er al. (1990) scaled as described in the text
using 4(9) = 10s~".

quently, we only consider here the impact of adopting
the probabilities of Mies (1974) or Turnbull and Lowe
(1989). If the relative transition probabilities of
Murphy (1971) are to be replaced with relative prob-
abilities derived from the Einstein coefficients of either
Mies (1974) or Turnbull and Lowe (1989) then several
aspects of the McDade and Llewellyn (1987) analysis
must be reconsidercd. For example, the mean OH
nightglow vibrational distribution used in the analysis
must correspond to the distribution that would be
inferred from airglow observations using the alter-
native probabilities. Similarly, the key input par-
ameter k£9:(9)/A4(9). which is based on the laboratory
measurements of Finlayson-Pitts and Kleindienst
(1981), must be changed to take into account any
revision of the A4(9.3)/4(9) branching ratios (see
Appendix B of McDade and Llewellyn, 1987). In the
case of the Mies (1974) probabilities £ 72(9)/A4(9) must
be decreased from 5.3 x 107 "* cm? to 2.9 x 10~ ** cm*
and in the case of the Turnbull and Lowe (1989)
probabilities £9:(9)/4(9) has to be increased from
53x 107" em® to 1.5x 107"} ecm®. To examine the
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FIG. 8. THE SUDDEN DEATH X¢{k$(1)/A4(9)}[QV/[0:]
PARAMETERS ORIGINALLY PRESENTED BY MCDADE AND
LLEWELLYN (1987) (SOLID CIRCLES) AND THE PARAMETERS
OBTAINED AS DESCRIBED IN THE TEXT USING ALTERNATIVE
BRANCHING RATIOS AND TRANSITION PROBABILITIES.
The parameters labelled “case A™ were obtained using the
branching ratios of Klenerman and Smith (1987) and the
transition probabilities of Murphy (1971). The parameters
labelled ““case B™* were obtained with the branching ratios of
Ohoyama er al. (1985) and the transition probabilities of
Turnbull and Lowe (1989). The parameters labelled “case
C™ were obtained with the branching ratios of Ohoyama er
«l. (1985) and the transition probabilities of Mies (1974).
Each set of alternative parameters has been normalized to
those of McDade and Llewellyn at v = 9 using the indicated
factors.

impact of adopting the Turnbull and Lowe (1989)
probabilities we have repeated the calculations of
McDade and Llewellyn (1987) using a revised value
for £9:(9)/4(9) of 1.5x107'* cm® and a mean OH
vibrational distribution derived from the array of
Meinel band intensities presented in Table 3 of
Turnbull and Lowe’s paper. The collision cascade and
sudden death model parameters thus obtained are
shown in Figs 7 and 8 and arc labelled *‘casc B™. These
revised parameters are larger than those obtained with
the transition probabilities of Murphy (1971) but they
do exhibit the same gencral vibrational level depend-
ence. The parameters obtained with the Turnbull and
Lowe (1989) probabilities would imply stronger quen-
ching of all levels of vibrationally excited OH but
the vibrational distributions calculated using these
parameters do not differ significantly from those pre-
sented in Section 3. The collision cascade and sudden
death model parameters obtained using the transition
probabilities of Mies (1974) and a mean OH
vibrational distribution based on these probabilities
[see Table 4 of Turnbull and Lowe (1989)] are shown
in Figs 7 and 8 ard labelled “case C”. These revised
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parameters are smaller than those obtained with the
transition probabilities of Murphy (1971) and the
“collisional cascade™ coefficients maximize at v = 6
rather than v = 7. However, the altitude profiles of
specific vibrational levels calculated using these
revised parameters are qualitatively similar to those
presented in Figs 1 and 2. Clearly, the model para-
meters do vary depending upon which transition
probabilities and branching ratios are used but our
main conclusions concerning the altitude dependence
of the OH vibrational distributions are not par-
ticularly sensitive to these assumptions.
Unfortunately, it is not yet possible to identify
which of the four limiting case models considered in
this work most closely resembles the actual Meinel
band excitation mechanism. McDade and Llewellyn
(1987) have previously noted that the collisional cas-
cade parameters exhibit a very unusual vibrational
level dependence and they suggested that a sudden
death model should. perhaps, be preferred. The results
of some very recent laboratory experiments would
now seem to strongly support this view. Rensberger
et al. (1989) have used a two-laser pump-and-probe
technique to measure the total rate coefficients for the
removal of OH(v = 2) by O, and N, and they have
reported that k92(2) is 2.6 x 10~ '* cm* s™' and that
kN>(2) is less than 1x 107" ¢cm® s™'. Dodd et al.
(1990) have analysed time resolved H+O; chemi-
luminescence measurements using a single quantum
relaxation model and they have reported values for
kQ(1.0), k(2.1 and k9:(3.2) of 1.3x 10" P em™ s~ ',
21x107 " em® s ' and 29x 107" cm® s~ ' respec-
tively. The vibrational trend in the k$:(v,v—1)
coefficients reported by Dodd et «l. is remarkably
similar to that of the collisional cascade parameters
deduced by McDade and Llewellyn (1987) (see Fig.
7) and the two sets of coefficients would be in excellent
agreement if 4(9) was ~10 s~ '. However, it seems
very unlikely that 4(9) could be so small since the
theoretical calculations of Mies (1974), Langhoff et
al. (1986), Turnbull and Lowe (1989) and Nelson et
al. (1990) all strongly favour values of A(9) lying
between 200 s~ ' and 300 s~ '. Furthermore, McDade
and Llewellyn (1987) have pointed out that the col-
lisional cascade parameters would conflict with the
Spenser and Glass (1977) rate coefficient for quench-
ing of OH(v = 1) by atomic oxygen if 4(9) had a
value less than ~ 170 s~ '. Consequently, unless there
are scrious problems with both the Spenser and Glass
measurements and the theoretical OH radiative life-
times, the single-quantum deactivation coefficients
required to explain the nightglow with a collisional
cascade model are much larger than those which have
been inferred from the laboratory studies of Dodd et
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al. (1990) and the appropriateness of the collisional
cascade model must be seriously questioned.

The alternative sudden death models would, there-
fore, appear to be more viable and the combined
laboratory measurements of Spenser and Glass (1977)
and Rensberger et al. (1989) suggest that the
“maximum O-atom quenching” limit of this model
should be preferred. The ratio of the rate coefficients
k9(1) and £2(2) reported by Spenser and Glass (1977)
and Rensberger er al. (1989) is ~400:1. Near the
peak of the OH layer the [O,]: [O] density ratios are
typically ~100: 1. Therefore, if the rate cocfficients
k2 (v) and k$:(v) are not strongly v dependent below
v = 6 then the collisional loss of these levels must be
dominated by atomic oxygen rather than O, or N..
This is basically consistent with the “sudden death
with maximum O-atom quenching™ model but would
not be consistent with the “sudden death with no O-
atom quenching”” model. We should also point out
that the sudden death model does not preclude the
possibility that the processes studied by Rensberger
et al. (1989) and Dodd er al. (1989) represent single
quantum vibrational deactivation since such a weak
background vibrational relaxation process would not
play a significant role in controlling the nightglow OH
vibrational distributions. To remain viable, however,
the sudden death model still requires that the levels
above v = 6 are strongly quenched by O,, or Ny, in a
sudden-death manner and evidence to support this
has been presented by Sappey and Copeland (1990).
Sappey and Copeland report that the v = 12 level of
OH is removed by O, and N, with rate coefficients of
1.6x10° " cm® s~' and 2.5x 107 '? cm® s ™' respec-
tively. These total loss rate coefficients would be con-
sistent with the vibrational trend in the sudden death
parameters if 4(9) was ~300 s~ ' as the theoretical
calculations cited above suggest.

5. CONCLUSIONS

We have used a number of limiting case OH Meinel
band excitation models to examine how sudden death
quenching and stepwise vibrational deactivation
processes would cause the nightglow OH vibrational
distributions to vary with altitude. These model
calculations show that the altitude dependence of
the OH vibrational distributions should be relatively
weak and that the emission profiles of the various v’
Meinel bands should not differ in altitude by more
than one or two kilometers. We have also shown that
some recent laboratory experiments suggest that the
nightglow Meinel band emission is best explained by
a mechanism that involves sudden death quenching



OH vibrational distributions

of the higher vibrational levels rather than stepwise
single quantum vibrational deactivation.
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