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Oxygen-broadened and air-broadened linewidths for the NO infrared absorption bands
by means of the exact-trajectory approach
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Semiclassicabb initio values of oxygen-broadened and air-broadened NO infrared linewidths are reported
in the range of atmospheric temperatures 163—299 K. The calculation is based on the authors’ recently
developed extended exact trajectory approach implemented within the Robert-Bonamy formalism for colli-
sional line broadening. The results obtained are found to be in excellent agreement with recent straightforward

measurements.
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. INTRODUCTION NO infrared linewidths. The high reactivity of Owhich

readily reacts with NO to form N©through the reaction

During the last decades the nitric monoxide infrared ab2 NO+0,—2 NO,, had for a long time inhibited experi-
sorption has been extensively studied both experimentallyhentalists to make straightforward measurements. In fact, so
and theoretically. The motivation for undertaking such StUd-far, the only way to assess the role of oxygen as a perturber
ies is the abundance of NO in the upper Earth’s atmosphergyas through theoretical analyses. However, such estimates
Stratospheric injections and aircraft emissions are two eXsuffer from the lack of reliability and rigor because of the
amples among a variety of NO sources. In practice, measurerhitrariness in the way to parametrize the N@-iitermo-
ments of the NO concentration require accurate data of linetecular potential surfaces in conjunction with thepriori
widths, intensities, and line positions, over a wide range o{nknown degree of validity of the theoretical results which
temperatures and pressures for different perturbers. Two @ftrongly depend on the response of the model used.
the most important perturbing species are nitrogen and oXy- Only very recently some experimental data for N@-O
gen since they are the main constituents of the air. linewidths at 299 K9] and 295 K[10] became available, by

Given that experimentation with NO,Ns quite easily two research groups independently. The experiment of
feasible, the need for a better understanding—from the thechackerianet al. [9] dealt with the fundamental band and
oretical standpoint—of the structure and dynamics of thisyas held in an environment of oxygen of constant pressure.
system through a meaningful comparison with the experia particular experimental setup was for this purpose elabo-
ment appeared very early, and semiclassical studies Qhted, which made use of a flow system to eliminate the
NO-N, had been attempted already in the 19¥Ds4]. In puildup of NO, and to replace the concentration of NO. The
spite of the advent of high-speed computers, semiclassicgecond experiment, that by Alloet al. [10], dealt with the
approaches are still preferable as compared to straightfofirst overtone band; the partial pressure of NO incide the cell
ward quantum-mechanical computations because of the corgecreased during the recording of the interferogram. A spe-
plexity of the aforementioned system. In this context, it turnscjal method was used therein to obtain collisional widths
out that Robert and Bonamy®B) [5] theory is the most  from Fourier-transform spectra. The experimental data re-
advanced of all sem_iclassical appro_ache_s thus far developeeorted by these two groups may therefore serve as a refer-
However, because it uses parabolic trajecto(®¥) to de-  ence for making useful comparisons with theoretical results

scribe_the.relative motion.of Fwo coIIiding mc_)IecuIes, this to be reported here, ending up with rigorous predictions of
formalism is known to provide inaccurate linewidths for high broadening coefficients for NO perturbed by the air

values of the rotational quantum numk@. Recently, we As far as theoretical results are concerned, the first calcu-

pro_posed a more rigorous methodology f(_)r symmetric toF1ation of linewidths for the aforementioned systems was held
active moleculeg6] based on the exact trajectofiT) ap- by Tejwani et al. [1] in the framework of the Anderson-

proach[7,8] and implemented within the RB formalism. A )
good agreement with the experiment was found for bothTsao—Curnutte{ATC) theory[12,13, but their approach was

2[1,,, and 2I1, subbands in the temperature range 163_296nv_alld for nonpolar molecules (Nand Q_) and led to un- _
K. We thus managed to substantially improve the theoreticafatisfactory results. Later on, a more rigorous computation
values of the literature, and this enabled us to complete dat¥as carried out by Houdezt al.[2] within the RB formal-
for NO for temperatures which were unstudied until that timelSM using parabolic trajectories, and theoretical data based
[6]. on their results have been included in the HITRAN96 data-
In the present paper we are rather focusing on an analdase for NO pertubed by afi1]. It should, however, be
gous but complementary study involving oxygen-broadenedpointed out that the latter information is very approximate,
the reported values being identical for all linege the foot-
note of Table 2 of Ref{11]).
*Email address: jeanna.buldyreva@univ-angers.fr Our paper is organized as follows. In Sec. Il we briefly
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TABLE I. Physical parameters characterizing the intermolecular potential NCGxtOmic Lennard-Jones
parameters are given for the three available parametrizations: low(limiidpoint(Il), and high limit(l11).

di; @ g; [rail,rol 2 QP (10 esy
(erg A (erg A%) A) n (10 esy Bo ¢ (cm™?)
dy.o=0.1424(1) en.o=0.1910(1)
do_o:0.0673 (l) 60_020.1459 (I)
dN-0202547 (”) eN_o:02502 (”) |r1N|:0614 QNO: —-1.8 BONO: 1.6957
do.o=0.1326 (1) €0.0=0.1980 (1) |r1o/=0.537 Qo,=—0.39 Boo,= 1.4377
dy.o=0.4286 (IIl) en.o=0.3185 (Ill) IF 20| =0.603 pno=0.158

do.o=0.2479 (1)

€0.0=0.2606 (Ill)

8Referencd 19].
bReferencd2].
‘Referencd 11].

present the features of the RB formalism adapted to the cas® that the air-broadening coefficients for the atmospheric
of NO viewed as a symmetric top active molecule, and weconstitution are calculated. In Sec. IV the main results are
recall the essential points of the ET approach. In Sec. I, thasummarized and some perspectives are given.

latter approach is applied to the calculation of oxygen-
perturbed NO linewidths, for botfll,,, and Il 5/, electronic
subbands and for various temperatures ranging from 299 to
163 K. Then, the NO-@results are combined with analo-
gous data, recently provided by the authors for N@{8l,

II. THEORETICAL TREATMENT

Because of an unpaired electron, nitrogen monoxide is an
intriguing and particulary challenging diatomic molecule. In
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contrast to ordinary diatoms, its ground electronic state is of TABLE II. O,-broadening coefficientén cm™* atm™*) for NO
a 2II type and splits up into two components, namély;,,  at 299 K; our exact trajectorfET) values are given for the mid-
and ?Il,, via spin-orbit interaction. The corresponding ro- Point parametrization II.

tational wave functions are those of a symmetric top,

|JKM), characterized by a rotational quantum numbea ™M MyAf)  Mype) Py PMgp Mgy
magnetic oné, as well as by an additional quantum number Expt.[9]  Expt.[9] ETI  Expt.[9] ETII
K, which desrl]gngtes theI prolec_tlon r?f the tpglal anlgular ?‘?{_1-5 59.6778) 59.59487) 49 54

mentum on the internuclear axis. The possible values of the ; ¢ 4943 5926)  51.30

latter quantum number are thus defined by the sum of the_3'5 545033 55.6432  49.39 57.0740) 5107
corresponding components of spil € =1/2) and of elec- _4'5 52'1(045) 52.6(134) 49'29 55.0V33) 50.87
tronic (A=1) angular momente&K = 1/2 or K=3/2. We re- _5'5 50.7958) 51.6350) 49'12 54'2023) 50.63
call that the case of linear molecules witt®aground elec- _6'5 48'%59) 49'3&36) 48'92 52'7037) 50'37
tronic state corresponds Ko=0. The effects of an additional _7'5 48'4327) 48'3360) 48'70 51'8&3) 50'10
A-doubling caused by the coupling between the rotation of - ' : ) : '

the molecule and the orbital motion of the electrons can o 48.2139)  47.7964) 4848 504LD) 4984
sometimes be observed experimentally for NB,10, but 47.3847)  47.4362) 48.24  50.82)  49.58
these effects are neglected in the context of the semiclassical0-> ~ 46.789  46.7844)  48.01 49.5€0  49.32

formalism to be applied here. 115 47.3136) 47.1354) 47.75 49.3122)  49.05
In order to make the RB approafh] (which was initially =~ —12.5  47.4047) 46.1762)  47.47 48.76
developed for linear molecules in the grouRdstaté appli- —135 46.1850) 45.07153  47.10 48.180)  48.38
cable to the more general case of a symmetric top active14.5 45.5911) 44.8310)  46.64 47.287)  47.92
molecule, an extension of the formalism is required. —155 46.2146) 43.4368)  46.18 46.2868)  47.46
—-16.5 46.7430) 43.5334) 45.69 46.986) 46.96

A. The Robert-Bonamy formalism for a symmetric top active —17.5 451661 44.1519 45.26 46.53
molecule —-18.5 44.5974) 42.5373)  44.86 48.06150 45.13

—19.5 42.4%83) 41.1593)  44.46 45.72
ert and BonamyiS] consttuies an important leap ahead 1200 42280 403861 4403 43606 4529
. . . ; . s 215 43725 41.1394)  43.61 4528180 44.86
semiclassical studies since it manages to significantly im; o 60.9340)  60.4207) 50.23
prove the well-known(but insufficienf ATC theory. This ' ' : :
became possible by means of an exponential form of thé> 57.7126)  56.9825) 49.67 58443 5155
scattering matrix\which now avoids the ambiguous cutoff 3.5 54.6%40)  54.3467) 4951 57400  51.33
procedurg and a more physical model of a curved trajectory4'5 53.1€35 51.6947) 49.37  55.1L25  51.04
(which now is a parabojagoverned by the isotropic poten- °-° 51.3863) 51.0164) 4819 54.0&6  50.75

tial. 6.5 49.9%78) 48.9663  48.97 52922  50.45
Within this approach, for the case considered here, thé-5 50.0030) 47.8657)  48.74 51.4€5  50.17
linewidth (in cm™1) 4, associated to a radiative transition 8.5 49.1860) 47.4441) 48,50 50.7080)  49.89
f«i is reduced to 9.5 48.0377) 46.3854) 48.27 50.3827) 49.62
10.5 47.7289) 45.6264) 47.03 49.35

. Ny * * L 11.5 47.5067) 46.1017 47.77 49.0080) 49.07

YT omc 122 piJo vi(v)d jo 2mbdb{1-[1-Sh70] 15y 47.3165) 45.4161)  47.48 489128  48.77

135 47.10 48.6B) 48.38

X ex] — (Sppa+ Spia+ SSihin) 1} (1) 145  47.340) 43.8054  46.65 47.78l0) 47.93

15.5 48.07100 43.8803 45,18 47.0948) 47.46

Here n,, stands for the numerical density of the perturbing¢ 5 46.6533) 43.8909) 4570 4568400  46.98

particles ancjoj2 denotes their thermal population. For prac- 17 g 47.1234)  42.4640) 4426 46129  46.53

tical calculations, the integration over the relative veloecity 185 45.6846) 42.9345) 4487 45.8013) 46.13

with the Maxwell-Boltzmann distributioh(v) is replaced by 195 42.9967) 42.3823) 44.46 44.788)  45.73

the mean thermal velocity= y8kT/7m* (T is the tempera- 20.5 44.2153) 39.5047) 4405 43.6885  45.31

ture andm* is the reduced mass of the molecular palihe  21.5 45.5762) 40.0291) 43.59 43.4806) 44.85

integral over the impact parameteis replaced by the inte- 225 40.0617) 39.951.80 43.14

gral over the distance of closest approaghfor more de-

tails, see Ref[5]), wherer . andb are related with each other

via the energy conservation condition form Vi y(r)=4e[(a/r)*?—(o/r)®] is often taken, where
the two parameters and o designate the depth of the po-
b/re=V1=Vi(re)- tential well and the radius of action of the repulsive forces,
respectively.

The asterisk denotes the isotropic potential’s reduced value Explicit expressions for the various second-order contri-
defined byVZ%,=2Vis,/m*v2. As Vi, the Lennard-Jones butionsS, in Eqg. (1) are tedious and lengthy, and can be
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FIG. 2. Comparison between theoretical

O,-broadened NO linewidths for different param-
etrizations of the atom-atom potentighis work),
midpoint values of Houdeaet al. [2] obtained
with parabolic trajectoryPT), and experimental

data of Alloutet al.[10] at 295 K;(a) °I1,,, sub-
band,(b) 21/, subband.
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found in Ref.[5]. We simply note that all what is needed is in passing that this modification, i.e., when switching from

matrix elements of the anisotropic potentig, s, over ro-
tational wave functions of the molecular systépm;j,m,)

K=0 to K+#0, has already been implemented within a
parabolic-shape trajectory and reported in the p&S}, but

before and after the collision. Under the classical path asro mathematical argumentation was made therein. A more
sumption, this function is factorized as a product of wavedetailed derivation has, however, been given throughout the
functions corresponding to the active molecule and to theresentation of our exact trajectory appro@6h

perturber, so that the matrix element can be written as a
product of separated matrix elements. When the active mol-
ecule no longer is linear, its wave functions, thus far spheri-
cal harmonicsY, (%, ¢), have to be modified, and for the

B. Exact trajectory approach

The exact solution of the classical equations of motion for

case of a symmetric top they have to be replacedlldy

1/2
DYy _m(i, 9, ).

)

71_2

2J+1
|JKM)=( 5

a particle in the action of an isotropic potential is well known
[16]. But only in 1992 was it proposed to incorporate it in a
semiclassical calculation of spectral paramef{ét8]. It is
noteworthy and somehow surprising, however, that in Refs.
[7,8] this ET approach, conceived to provide high accuracies,

In Eqg. (2), D'm,m(lp,ﬁ,qs) are the Wigner rotation matrices Was implemented within the ATC theory. Moreover, only
(whose arguments have been reversed for practical punposéiieshifts for some systems were calculated and reported

described by the three Euler angles, ¢}, ) relative to the
orientation of the molecule in the laboratory-fixed frame.

therein, despite the fact that the degree of validity of this
modeling should be checked more extensively by further ap-

over anisotropy ranks of two interacting moleculesl,, the

frame of the RB formalism for the vibrational line shifts of

matrix element gives rise to the Clebsh-Gordan coefficient§!2-He [17] and for the isotropic linewidths of self-perturbed

C}(’)?lo (for the collisional transitio —j') for a linear active

nitrogen[18]. In contrast to the preceding studies, where the
active species were atoms or ordinary diatomic molecules,

molecule, and td:}(('flo in the case of a symmetric top. Note we managed to extend this approach to the case of a sym-
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metric top active molecule and to apply it to the infrared TABLE Ill. O,-broadening coefficientsin cm™
NO at 295 K; our exact trajectory approatT) values are given

linewidths of NO broadened by N6].

PHYSICAL REVIEW A63 032705

1

The main idea of the ET approach consists of using clasfor the midpoint(il) and high-limit(lll) parametrizations.

atm 1) for

sical expressions for the time and phase of relative moleculat

motion as functions of the initial kinetic energy and the iso-M My, My My Mg gy Mgy Mgy

tropic potential, aiming at replacing the integration of matrix Expt. ETIl ETII Expt. PT[2] ETI ETII

elements over time by integration over intermolecular dis- [10] [10]

tances for a given value of the impact paraméfer more 5 5157 5637

details, see Refl6]). Although the computational effort is '5 51'45 56.30 5213 56.73

much higher than that for analytical straight-line or parabolic _3'5 51'37 56'26 51'89 56'58

trajectory expressions, a far better precision is attained pro- ~- : : : )

vided that the potential employed is equally rigorous. —45 51.30 56.18 5168 56.44
—-55 51.12 56.04 69 51.44 56.25

lll. CALCULATION OF LINEWIDTHS —65 55 5092 5587 60 51.18 56.05

—-7.5 56 50.69 55.70 50.89 55.84

For NO-O, (as for NO-N), no ab initio potential-energy -85 49 50.45 5550 59 50.62 55.63
surface is available. Its anisotropic paft,;s, between two 95 52 5020 55.31 50.35 55.42
molecules 1 and 2 is thus represented as a superposition af105 55 4995 5513 50.07 55.22
Iong-range electrostatic interactionidipole-quadrupole ~-115 54 49.68 54.94 57 49.78 55.01
Vi, and quadrupole-quadrupoMQle), as well as of _45¢ 4938 54.72 4947 54.79
atom-atom ones accounting for short-range forces, —135 55 4897 54.46 49.06 54.52

—14.5 48.50 54.18 48.59 54.24

Vanisd 1) = Vel(r) + Vat.ar(r) -155 48.03 53.89 4811 53.94

4 e -16.5 4752 53.58 4760 53.63

=V,.0,*Vo,0,* > ( 1_; _%) _ -17.5 47.07 53.30 47.15 53.35

WAL g T -185 46.65 53.01 46.72 53.06

—19.5 46.21 52.70 46.28 52.74

The summation is taken over thth atoms of the first mol- _og 5 45.74 52.39 45.81 52.43

ecule and thgth atoms of the second molecule. The atomic _»1 5 4527 52.08 4533 52.12

pair energy parameted;, €, Iy as well as the multi-  _ 4481 51.79 44.87 51.82

polar moments for the considered systems are listed in Table 23 5 4431 5149 4437 5153

. This expression foW 4,5 iS the same as that of Ref,6] 43.89 51.20 43.94 5124
and enables us to realize a meaningful comparison of results 1'5 52.26 56.82 ' '

obtained with different trajectories. ' ' '

We first calculate the linewidths of NO embedded in an 2> 51.69 5645 52.38  56.90
environment of oxygen. Different temperatures, ranging 35 5152 56.34 563 5216 56.75
from 299 K down to 163 K, are studied, allowing us to check 4.5 51.38  56.23 51.85 56.55
the applicability of our approach. Then, using the up-to-date -2 51.20 56.08 51.56  56.33
NO-N, theoretical data from our previous wdi&], we com- 6.5 50.96  55.90 519 5126 56.10
pute the broadening coefficients for NO perturbed by the air. 7.5 50.73 55.71 50.97 55.88

8.5 50.48 55.52 50.67 55.66
A The NO-0; case 108 s 487 i 5010 5526

Let us start our analysis by the temperature of 299 K, for 11 c 57 4969 5494 49.81 5503
which a series of experimental linewidths by Chackerian 125 4938 54.72 494 4948 5480
et al. is available[9]. Since the optimal parametrization of 135 4997 5446 51 4907 5452
the NO-GQ potential isa priori unknown[19], computations 14'5 48 49'51 54' 18 48'60 54'24
are done against the quantum numiyefior the three param- ' ' ' : :
etrizations which are available: low-limit), midpoint (Il), 155 51 4903 5389 55 48.1 4812 53.95
and high-limit(I11) [19]; we recall that for the® branch,m 165 49 4753 53.58 47.61 53.64
=—J, while in theR branch it ism=J+1. Results are il- 17 47.07 53.30 47.15 5335
lustrated in Figs. @) and Xb). What is attested there is that 185 47  46.65 53.01 46.2  46.72 53.06
the calculated linewidths strongly depend on the way to pa- 19-5 46.21 52.70 46.28 52.74
rametrize; therefore, a good estimation of the atom-atom pa- 20.5 45.75 52.40 45.82 52.44
rametersdIJ ,&;j is of crucial importance. For bothIl,, and 21.5 45.28 52.09 441 4534 5213

214/, subbands, for not too low rotational numbers, the mid- 22.5 44.78 51.79 44,85 51.82
point parametrization for the exact trajectory approach pro- 23.5 44.33 51.49 44.39 51.53
vides an excellent agreement with the experimental data; 24.5 43.87 51.20 43.92 51.24

only for very low rotational numbers some deviation in the
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TABLE IV. Comparison between theoretical values of NQ-O dominant(dashed curves on Fig) And, therefore, no more

linewidths at 163 K;R branch of the?Il,, subbandparametriza-
tion Il is employed in both approaches

are they able to give rise to the characteristic “shoulder”
[20,6]. The role of short-range forces are thus very important
for these rotational numbers and a slightly inaccurate param-

J PT (Ref.[2] ET (this work etrization may remove all advantages of teensitive exact

2.5 91.0 84.4 trajectory approach.

55 83.5 82.0 Another series of experimental ddtaith uncertainties of

8.5 81.3 79.6 about 10% was obtained by Alloutet al. at 295 K [10].
11.5 78.2 76.1 These data are plotted together with our corresponding the-
145 74.1 72.8 oretical valuegfor parametrizations I-I)lin Fig. 2. In ad-
17.5 69.7 69.2 dition, for the K=3/2 cas€g[Fig. 2(b)] available theoretical
20.5 65.2 65.9 results of Houdeaet al. [2], obtained with parabolic-shape

trajectories with parametrization Il, are also included. Table
Ill gathers all numerical values. For the diamagnetic sub-
trend is observedfor numerical values see Table).llWe  band, Fig. 2a) shows that for theR-branch (>0) line-
ascribe the inability of the ET approach to predict accuratevidths the midpoint parametrization remains preferable but
linewidths for smallJ to the roughness of the atom-atom for the P branch (m<0) the high-limit parametrization
parameters. Indeed, for the system considered, the longeems to work better. The same tendency is observed for the
range electrostatic interactions are very weak=0.158 paramagnetic subband, as wgfig. 2(b)]. It should also be

X 10 8 esu andQ,= —0.39x 10" % esu, the latter value to stressed that the predictions of the PT approach are almost
be compared withQ,=—1.59x10 ¢ esu for NO-N. identical to our ET results, both obtained with parametriza-
Hence, in opposition to NO-Nwhere the linewidths for tion Il. Only slight deviations are observed at extreme values
smallJ are mainly due to electrostatic interactidri$,2,4, (both low and high of the rotational quantum number. This
the corresponding contributions for NO,@o longer are tendency of the parabolic trajectory approach to provide
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larger linewidths for small while smaller ones for larg&in YNO-air= 0_79),N0_N2+ 0-217No-02,

comparison to the exact trajectory ones, has already been

reported[18,6] and should be recognized as a signature of

the two compared approaches. since, within binary collision regime, a single NO molecule
For other temperatures, no experimental values for thés either perturbed by ajNmolecule or by an @one, whose

oxygen-broadened NO linewidths are available, but som&oncentrations in the atmosphere are of 79% and 21%, re-

calculations have been performed by Tejwenal. [1] and ~ Spectively, and the linewidth is an additive spectral property.

by Houdeatet al. [2]. As was mentioned above, the values Aiming to analyze the influence of the different atom-

of Ref.[1] are unsatisfactory and therefore there is no inter2l0m NO-Q parametrizations ofyno.air,» We plot in Fig. 3

est for these results to be reproduced. So, in Table IV wé’Il12 and “I13; subbandsthe corresponding linewidths for

report our ET results together with the PT values of Rgf. 295 K; we note that for the NO-Ncase the low-limit pa-

for 163 K (midpoint parametrization It can be stated from ramet_ers were found to be more appropnate for merImg the

Table IV that the linewidths obtained with both trajectory €XPerimental data. Due to the dominant concentration of N

approaches are very close to each other. Only some diffef” the gtmos?here, tthethgetnerfal Feno{ent(;]y ('1{ tgg thegretztlcal
ences are again observed for very small rotational quantu Hrves 1S analogous 1o that reterring to the Q-tdse, bu
numbers. e electrostatic interactiongdashed line curye are no

longer dominant even when rotational numbers get small
values. Furthermore, the “shoulder,” which thus far was ob-
B. The NO-air case served in thelm|-values interval 5-196], is now hardly
reproduced. We also note that, despite the great differences
between the parametrizations checked for NQ-the air-
Having already computed the line-boadening coefficientgerturbed linewidths are not of high sensitivity, relative de-
of NO for both perturbers, namelyyo.n, and yno-o,, the  viations between theoretical results amounting to 2—3%.
air-broadened linewidths are deduced by the simple weight- Finally, in Fig. 4 the variation of the/yg.,;r s a function
ing expression, of m, for different temperatures in the range 295-163 K, is
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TABLE V. Comparison between theoretical values of NO-air

linewidths; R branch of the’IT, subband.

T 295 K 163 K

J PT(Ref.[2]) ET (this work PT (Ref.[2]) ET (this work)

2.5 68.5 64.3 112.3 103.3

5.5 63.8 62.3 105.4 99.3

8.5 60.8 60.5 100.8 96.7
11.5 58.5 59.5 93.0 93.6
145 55.4 57.9 83.8 89.0
175 51.5 55.8 73.0 83.6

plotted. Apart from Tejwaniet al's work [1] for the R
branch of the subbandIl,,, at 300, 250, and 200 K and
Houdeauet al's work [2] for the R branch of the subband
215, at 295, 250, 200, and 163 K, no otha initio theo-
retical results have, to our knowledge, ever been reported f
the temperature range considered. Analogously with the co

PHYSICAL REVIEW A3 032705

IV. CONCLUSION

In this work the extended exact trajectory approach, re-
cently developed by the authdi], was applied to infrared
line broadening. Linewidths for the fundamental band of NO
perturbed by oxygen and air wesb initio calculated for
different temperatures of atmospheric interest. This calcula-
tion significantly completed the scarce theoretical data which
until the present work were available in the literature.

A straightforward comparison of our results for NGQ-O
with the experimetal values by Chackerianal.[9] and Al-
lout et al. [10] allowed us to make a detailed analysis of
different ways to parametrize the atom-atom part of the in-
teraction potential. In spite of the fact that the influence of
the three different parametrizations on the oxygen-broadened
linewidths was found to be strong, these parametrizations
only weakly affect the linewidths for the air.

The results obtained with the exact trajectory once more
clearly demonstrated the advantages of this approach, espe-
cially for the low temperatures for which the parabolic tra-

qictory (PT) is inadequate. Given the fact that the use of a

odel interaction potential masked to a certain extent the

clusions drawn for nitrogen and oxygen, these plots Showpeties of the approach, a more advanced study employing
that our air-broadening coefficients are substantially smallefofined NO-Q and NO-N potential surfaces whenever

than those of Houdeaet al. for low values of the rotational

available would be of particular interest. This should allow

quantum number but greater for high ones. A straightforwarq;s to draw definite conclusions on the degree of validity of

numerical comparison is made in Table V.

our approach as well as on its accuracy.
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