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Abstract. Integral cross sections and pressure broadening coefficients have been measured for the acetylene
— neon system by a molecular beam scattering technique and by high infrared resolution spectroscopy,
respectively. We have performed quantal calculations using an ab-initio potential energy surface (PES)
[J. Chem. Phys. 109, 8968 (1998)]. Results are found to be in good agreement with both measured in-
tegral cross sections and pressure broadening coefficients for the two temperatures investigated (173 and
298 K). We have also derived a semi-empirical PES parameterized using an atom-bond pairwise additive
scheme. This PES shows an isotropic component in agreement with the ab-initio calculation, reproduces
the scattering data but it only leads to a reasonable agreement for the pressure broadening coefficients.

PACS. 31.50.-x Potential energy surfaces — 33.15.Bh General molecular conformation and symmetry;
stereochemistry — 33.20.Ea Infrared spectra — 33.70.-w Intensities and shapes of molecular spectral lines

and bands

1 Introduction

Acetylene is a trace constituent of the Earth’s atmosphere
mainly produced by anthropogenic sources [1] and is es-
sentially destroyed by chemical reactions with Cl~ and
OH™. The study of this molecule provides valuable infor-
mation for the understanding of the ozone cycle as well as
for the development of pollution transport models. Acety-
lene has also been detected in the atmosphere of giant
planets (Jupiter, Saturn, Uranus and Neptune) [2,3], and
Titan [4]. Photolysis of methane by solar radiation yields
various product hydrocarbons of which the most abundant
are ethane and acetylene [5]. In 2004, Mars Express con-
firmed the presence of methane in the Martian atmosphere
where various rare gases are also present. Moreover, acety-
lene is involved in many processes relevant to combustion
and the simplicity of its spectra is well suited for thermom-
etry applications using vibrational or rotational coherent
anti-Stokes Raman scattering (CARS) (see Ref. [6] and
references therein).

For all the above applications, a detailed knowledge of
collisional line broadening is required. Many experimental
and theoretical studies have been devoted to both IR and

? e-mail: franck.thibault@univ-rennesi.fr

Raman spectra of acetylene diluted in atomic or molecular
mixtures [6-9]. To our knowledge only two (experimental)
works dealt with neon [10,11]. Moreover, the measure of
pressure broadening coefficients may be useful to test the
accuracy of a potential energy surface (PES) especially
if experimental values are available over a wide range of
temperatures [8,9,12].

Weakly bound complexes involving acetylene interact-
ing with rare gas atoms have received much attention in
recent years, because of their peculiar intermolecular po-
tential mainly affected by the interaction of the rare gas
atom with the triple bond of acetylene. The interactions
of acetylene with helium and the heavier rare gas atoms
have been thoroughly investigated [8,12-17].

For the present case, the Ne-CyHy complex, Bemish
et al. [15] carried out a complementary experimental and
theoretical characterization. They constructed the first ab-
initio PES for this system by using the SAPT method.
This SAPT PES was employed to interpret the infrared
spectra (in the v5 band region of the monomer) of the Ne-
CoHs and Ne-CoHD complexes, measured by the same au-
thors [15]. The measured [16] microwave spectrum has also
been used to test this PES. A more recent ab-initio calcu-
lation [17] with the CCSD(T) methodology has substan-
tially confirmed the value of the energy for the absolute
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minimum but suggesting an appreciably larger (4%) equi-
librium distance.

Herein, we present a further experimental investiga-
tion of this system, based on measurements of integral
scattering cross sections (ICS) and pressure broadening
(PB) coefficients. These data, which provide information
complementary to spectroscopy, are used to test the ac-
curacy of the available SAPT PES by comparisons with
dynamical calculations.

Due to the difficulties of determining full ab-initio
PESs, semi-empirical methods, which rely upon available
experimental data, are often used in their determination.
This approach is successful as demonstrated by many au-
thors and recently pursued by us for the cases of Ar-
CoH; [8,12] and Kr-, Xe-CyHy [12]. In order to complete
this study an empirical model PES has also been gener-
ated for Ne-CoHs by using the atom-bond pairwise ad-
ditive method developed in Perugia [18-20]. One of the
objectives of these studies is to characterize C-C and C-H
interactions with rare gases using simple parameteriza-
tion and simple potential expression for more complex
systems [18-22].

Our paper is organized as follows. Section 2 describes
the experimental set up for the scattering and pressure
broadening measurements. In Section 3 we will illustrate
the features of the SAPT and atom-bond PESs utilized
in this work. Comparison of calculations using these two
PESs with the experimental data will be carried out in
Section 4. Finally, discussions and concluding remarks are
presented in Section 5.

2 Experiments
2.1 Integral cross sections

The experimental apparatus has been already described in
detail previously [21] and almost all of the experimental
detail are similar to those already reported for the study
of the acetylene-Ar complex [8], so that they will not be
reported in this paper. The total (elastic + inelastic) ICS
() is obtained at a given selected molecular beam velocity
v by measuring the molecular beam intensity attenuation
due to the presence of the target gas in the scattering box.
The calibration of the absolute scale of Q(v) is obtained
following the procedure illustrated in reference [23]. The
apparatus operates under high angular and velocity reso-
lution conditions, which are necessary in order to measure
“glory” quantum interference effects in Q(v).
Experimental results are shown in Figure 1, where
Q(v) is plotted multiplied by the factor v*/® as usual to
separate the “glory” pattern from the behaviour of the
average component of the cross sections. It is important
to note that in the present experimental conditions the
inelastic contribution to Q(v) is expected to be negligi-
ble with respect to the elastic one. Indeed, for the inves-
tigated system we resolved “glory” structures clearly, not
“quenched” by inelastic effects. Therefore, in the observed
glory region Q(v) is influenced mainly by collisions at in-
termediate and large impact parameters, where the prob-
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Fig. 1. Experimental total cross sections Q(v) for scattering
of a rotationally “hot” and nearly effusive acetylene molecular
beam by neon targets. Data are plotted as Q(v) X v?/5 (see
text), as a function of the beam velocity v. Dot-dashed line are
calculations with the SAPT PES, dashed line with parameters
provided in Table 2, continuous line best fit: see Section 4.1.

ability of inelastic events is scarce [24]. In the present ex-
perimental conditions the molecular beam essentially con-
tains “rotationally hot” acetylene molecules.

“Hot” conditions refer to the comparison between the
average rotational energy of molecules and the collision en-
ergy explored in the scattering process. An evaluation of
these parameters based on the probed v range and on the
temperature of the heated molecular beam source suggests
that a neon atom, during a collision with a CoHs molecule,
at the moderate and low v of the present experiment, es-
sentially feels an isotropic force field. This is because the
CoHy molecule rotates sufficiently fast to average the in-
teraction potential anisotropy. In these conditions CoH,
tends to behave like a pseudo-atom, so that an effective
radial potential very similar to the spherical average of
the PES is expected to govern the collision.

2.2 Pressure broadening coefficients

The spectra were recorded with an improved Laser An-
alytics (LS3 model) tunable diode-laser spectrometer de-
scribed in detail elsewhere [25]. The gas samples were pro-
vided by I’Air Liquide, acetylene with a stated purity of
99.6% and neon with a stated purity of 99.99%. For the
measurements at room temperature, the absorption cell
was a White type multipass cell with 1 meter between
mirrors. The chosen path length was 8.17 m; the partial
pressure of CoHs was ranging between 0.01 and 0.10 mbar
and the pressure of Ne varied from 35 to 65 mbar. At low
temperatures (173 K) we used a single pass cell described
in detail in reference [26]. The optical path length was
40.43 cm and the temperature of the gas kept constant
to £0.5 K. In this case, the partial pressure of CoHs was
ranging between 0.04 and 0.32 mbar and the pressure of
Ne between 35 and 70 mbar. For each line under study we
used four different pressures of Ne, the partial pressure of
CoHy was constant in the mixtures. The pressures were
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P(Csz): 0.0220 mbar
0.007958 cm” P(Ne): 37.88 mbar
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Fig. 2. Example of the spectra obtained for the R(16) line in
the va+vs band of C2Hz perturbed by Ne at room temperature:
(1-4) broadened line at 37.88, 49.71, 61.25, and 74.55 mbar
of Ne; (5) diode-laser emission profile recorded with an empty
cell; (6) low pressure C2Hj line (Doppler regime); (7) saturated
line; (8) confocal étalon fringes.

measured at room temperature with two MKS baratron
gauges with a full scale reading of 1.2 and 120 mbar. The
relative spectral calibration was obtained by introducing
in the laser beam a confocal étalon with a free spectral in-
terval of 0.007958 cm~!. The assignments and wavenum-
bers of the measured lines of CoHs in the v4 + 5 band are
taken from reference [27].

Eight consecutive spectra are necessary in order to
study one line: the record of the empty cell which rep-
resents the laser emission profile, the four broadened lines
at different neon pressures with a constant CoHy pres-
sure, the étalon fringes with the cell evacuated, the pure
C3Hs;, line at very low pressure (<0.01 mbar) providing an
effective Doppler profile used to evaluate the apparatus
function, and a saturated spectrum of this line giving the
0% transmission level. An example of the spectra obtained
for the line R(16) of CoHs at 1369.0519 cm~! is shown in
Figure 2. After being recorded, the spectra were linearized
in frequency to correct the slightly nonlinear tuning of the
diode-laser with a constant step of about 1 x 10™* cm™1.

The measurements have been performed on 10 lines
distributed in the P and R branches between P(2) and
R(26) at room temperature and 9 lines at low temperature
(173 K) at the same j except R(26).

2.3 Data reduction and experimental results
of the pressure broadening coefficients

The procedure used for data reduction is similar to
the method described in detail in reference [28]. To ob-
tain the collisional halfwidths 7. at half maximum, we
have fitted the Voigt and the Rautian profiles on the
measured absorbance «(v) defined by the Beer-Lambert
law (see Eq. (1) of Ref. [28]). In the fitting procedure,
the Doppler width was fixed and three or four param-
eters are respectively determined by a non-linear sub-
routine. These parameters are: the line position v.; the
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collisional halfwidth 7., an intensity factor and for the
Rautian model, the narrowing parameter 3. which is as-
sociated with velocity effects on the spectral line shape
(see references therein [28]). Small instrumental distor-
tions were taken into account by using an effective Doppler
halfwidth vp instead of the true Doppler halfwidth vpyy,

(vp =
assimilated to a Gaussian function with a halfwidth 74,
which had a typical value of about 5 x 10™* cm™?!.

The normalized, per neon atmosphere, broadening co-
efficients 7y are obtained by least squares fitting of the
pressure dependence of the collisional halfwidth ~.. The
results are presented in Table 1 for the two considered
temperatures (297 K and 173 K). The given error is twice
the standard deviation plus 2% of ~, to take into account
various errors: the baseline location, the perturbation due
to nearby interfering lines, the nonlinear tuning of the
laser and the approximate lineshape model used.

Vo + ’ngp)- The apparatus function may be

3 Potential energy surfaces

The present experimental results were used to test two
potential energy surfaces for the Ne-CoHs complex. The
first PES has been provided by the SAPT calculations of
Bemish et al. [15] whose detail have been discussed in the
original paper by the authors. The second PES is of the
atom-bond type [18]. Detail of the parameterization can
be found in [8,18]. Essentially, the interaction energy is
represented here as sum of 3 atom-bond contributions:

Vap(r, @) = () ln(r, j) — (rm:a))n(r,a)

with

n(r,a)=9+4(#(a))2. 2)

r is the distance of the neon atom from the bond center
and « is the angle that r forms with the bond axis con-
sidered. The dependence of the potential well depth and
its location is given by the following relationships:

e(a) = e sin®(a) + g cos*() (3)

P (@) = T sin?(a) + T cos? () 4)

where €,,1 ||, "1, are these equilibrium parameters for
respectively the perpendicular and parallel approaches of
the rare gas atom to the bond.

The Ne-CH bond pair parameters were fixed to the val-
ues obtained in the past for CH4-Ne [19], CoHy-Ne [22] and
CgHg-Ne [21] PESs. The ones of the Ne-CC triple bond
pair were obtained by an empirical scaling [20] of those of
the CoHa-Ar case [8,12]. We have optimized these param-
eters in order to better reproduce the measured pressure
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Table 1. Pressure broadening coefficients and their temperature dependence. * Experimental HWHM for P lines, all other
values for R lines; profile adjusted with (a) a Voigt profile and (b) a Rautian profile.

Line T =298 K T=173 K n
M VP(a) RP(b) CC/CS VP(a) RP(b) CC/CS
1* 50.6(1.2) 52.3(1.6) 48.9 74.7(2.4) 76.6(2.3) 74.5 0.79
2% 46.1(1.3) 47.6(1.3) 46.25 68.1(2.5) 69.2(2.2) 67.8 0.68
3 43.95 64. 0.67
4 42.05 60.7 0.65
5 41.5(1.1) 43.5(1.1) 40.40 58.5(1.7) 59.4(1.7) 57.85 0.64
6 38.95 55.15 0.62
7 38.2(1.1) 40.3(1.1) 38.00 52.9(1.7) 54.9(1.5) 53.75 0.61
8 37.40 52.9 0.61
9 37.15 52.85 0.62
10 36.8(0.8) 37.8(1.2) 36.90 51.5(1.3) 52.7(1.6) 52.6 0.62
11 36.40 51.8 0.61
12 37.5(0.9 39.3(1.) 36.40 52.1(1.5) 55.4(1.8) 51.7 0.61
13 36.25 51.2 0.60
14 36.05 50.5 0.59
15 33.8(1.2) 36.4(0.9) 35.80 47.8(1.8) 50.2(1.3) 49.65 0.58
16 35.40 48.55 0.57
17 33.1(0.9) 35.7(1.2) 34.90 44.7(1.9) 48.0(1.2) 47.4 0.55
18 34.50 46.25 0.54
19 33.75 44.9 0.52
20 33.10 43.55 0.50
21 32.30 42.25 0.50
22 30.1(0.8) 33.0(1.) 38.5(1.4) 41.4(1.5)
27 25.3(0.8) 29.4(1.)

400 — T T T T 1T T T T

Table 2. Interaction potential parameters for the CyH2-Ne
system, see equations (1-4), distances are in Bohr and energies
in meV (1 meV = 8.06554 cm™").

pair Tl Tm| EmL Em||
C=C + Ne 7.237 7.615 348 4.12
C-H 4+ Ne 6.266 6.707 2.544 1.96

broadening coefficients (see below). The final values are
reported in Table 2.

A comparison between the SAPT and atom-bond
PESs is shown in Figure 3 where some angular cuts in the
intermolecular range of interest for our experiments are
displayed. These cuts are overall quite similar. In general
the semi-empirical PES is more repulsive than the SAPT
one at short range for all fixed angular orientations. The
absolute minimum of the present PES is found for a bent
geometry of about 60 degrees while for the SAPT PES it
is found at about 45 degrees.

The PESs were then projected in Legendre polynomi-
als:

10
V(R,0) =) VA(R)Px(cos0) (5)
A=0

with the help of a 16-point Gauss-Legendre quadrature
(note that only half of these points are really necessary
because of the symmetry of the PES). R is the distance
from the center of this linear molecule and the neon atom
and 0 is the angle between R and the molecular axis. The

300 b
= ]
c
< 4
> 1
200 B
—— 0° SAPT PES [15] 1
———— 45°SAPTPES[15] | -
—— 90° SAPT PES [15] i
——— 0° present PES
100 — —— 45° present PES
— —— 90° present PES 7

6 7 8 R/a, 9 10

Fig. 3. Comparison between the present (dashed lines) and
SAPT [15] (solid lines) PESs for selected fixed orientations.

Vo, Vo, V4 terms are shown to further compare with the
ab-initio results in Figure 4. As can be appreciated from
the figure the leading Vj term, which accounts essentially
for the spherical average interaction, is very similar for the
two cases.
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Fig. 4. Comparison between the present and SAPT [15]
isotropic and main anisotropic terms.

4 Comparisons of scattering and pressure
broadening cross sections with calculations

4.1 Integral cross sections

Scattering cross sections are described using a dynami-
cal model developed for collisions of light hydrocarbons
and recently applied to study CoHy [22] and CoHs [8,12]
collisions. Briefly, the dynamics are described as falling
into two different limiting regimes. A pseudo-atom regime
is assumed at low collision energies, dominated by an
isotropic force field. A molecular regime sets in at higher
collision velocities. The dynamics are modeled accord-
ing to both low and high helicity decoupling schemes
(see Refs. [8,12,22] for detail). The final calculated
ICS have been obtained within the spherical model for
v < 0.9 kms~! and in accordance to the molecular model
for v > 1.9 kms~!. The switch between the two dynamical
regimes at intermediate velocities has been carried out by
a weighted sum (the weights depending on the velocity)
of cross sections calculated for the two limiting cases. The
scattering cross sections have been calculated in the center
of mass system. Standard numerical techniques have been
used for the phase shift evaluation [29]. The cross sections
have been then convoluted in the laboratory frame and
are compared with the experimental data in Figure 1 for
both the SAPT and the atom-bond PESs.

The results for the SAPT PES (Fig. 1) are in satisfac-
tory agreement with the experiments: the glory extremum
position is well reproduced and there is only a minor devia-
tion (about 2%) on the absolute value of the cross sections,
which is at the limit of the experimental uncertainty, and
indicates a slight underestimation of the overall attraction
at long range. The overall agreement is a demonstration
that the spherical average interaction of the SAPT PES is
accurate and reliable in an absolute scale, for intermediate
and large intermolecular distances.
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For the atom-bond PES two sets of calculations are
shown in Figure 1. The continuous line corresponds to
potential parameters of the Ne-CC triple bond pair as ob-
tained by the direct scaling of the Ar-acetylene ones. The
dashed curve has been calculated with slightly different
Ne-CC triple bond pair parameters, adjusted in order to
better reproduce also the pressure broadening coefficients.
As it can be seen the latter gave a less good agreement
with the scattering cross sections, at the limit of the exper-
imental uncertainty. These parameters are those reported
in Table 2 as final best fit parameters.

4.2 Pressure broadening cross sections

Pressure broadening cross sections have been de-
rived [30,31] from binary scattering S-matrix elements
computed by MOLSCAT [32] quantum dynamical code
and its parallelized version by McBane [33]. Therefore, the
impact approximation is assumed [30,34,35]. The coupled
equations were solved by means of the hybrid log deriva-
tive — Airy propagator of Alexander and Manolopoulos
[36]. The propagation is carried out with the diabatic
modified log-derivative method from a minimum distance
of 2 A to an intermediate one of 15 A and with the
Airy method up to a maximum intermolecular distance
R =30 A. For the R(j = 0) line, convergence in the cross
sections is typically reached for total angular momentum
J of about 60 and 80 for kinetic energies of 153 cm ™~ and
263 cm ™! respectively. As the rotational quantum number
j increases less J values are needed [37], because associ-
ated pressure broadening cross sections are less sensitive
to large impact parameters. Here J = j + £, in which £ is
associated with the relative motion of the colliding pair.

In order to economize CPU time, the radial coefficients
VA(R) (Eq. (5) for R ranging from 1 to 15 A were precom-
puted and stored in a file and then used in (subsequent)
MOLSCAT runs in conjunction with standard interpola-
tion and extrapolations routines. Note that in the domain
of energies we investigated our calculations are not sensi-
tive to these extrapolations (of C, /R* form at long range).

All energetically open rotational levels and at least
four closed levels, two with odd and two with even ro-
tational angular j, are included in the calculations for
each total energy Ep = Eyin + ERrot(j). Since we com-
pare our calculations with experimental PB coefficients
for P or R lines we had to consider both species (ortho
and para) of acetylene simultaneously. The rotational en-
ergy levels were generated with a fixed rotational constant
(B = 1.176641 cm™') and the same PES was considered
in both ground and vibrationally excited states of CoHa.
Indeed, the different PESs considered here do not include
any vibrational dependence. In the rigid rotor approxima-
tion we assume the collisional width for a R(j) line to be
equal to the width of the P(j + 1) line [30].

The collisional halfwidth at half maximum (HWHM),
associated with a sample at temperature T, is obtained by
assuming a Maxwellian thermal distribution of the collid-
ing particles:

v(j; T) = np{vopp(J; Exin)) = mvopp(j;T)  (6)
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1\ T
opp(f;T) = (sz—T) /EkmUPB(j;Ekm)
0
X eXp(—Ekin/kJBT)dEkin (7)
where np is the density of the perturbers, v =

/8kpT /() is the mean relative velocity for a sample
at temperature T and opp stands for the real part of the

generalized [30] cross section ¢! since we deal with IR
lines. Therefore, the normalized (in cm™! atm™1!) colli-
sional HWHM may be written as:

vopB ~1/2- -3
0 = —— = 56.6915(uT’ 10 8
Yo = GrcknT (uT)~/"opp x (8)
in which p is the radiator — perturber reduced mass

(110yH,—Ne= 11.31 a.m.u.) and the cross section is in A2,

For the SAPT PES, in order to perform the thermal
average the close coupling (CC) method [38] was used to
compute pressure broadening cross sections, for all the
investigated lines, over 17 kinetic energies between 5 and
360 cm~!. The less accurate, but less time consuming,
coupled states (CS) method [39-41] was used for 6 higher
kinetic energies between 420 and 2000 cm~!. Note that
the weight of the latter data in the thermal average is
small at our temperatures, such that the accuracy of our
results is essentially determined by the precision of the
close coupling method. Moreover, as expected, because of
its impulsive character the CS approximation works better
as the kinetic energy and j increase because in these cases
the collision dynamic is mainly governed by the repulsive
part of the PES [7,37,42-45].

Pressure broadening cross sections calculated at the
mean kinetic energies of 153 cm~! and 263 cm™! (Ej;, =
4kpT/min em~! for T = 173 and 297 K resp.) are quite in
good agreement with thermally averaged pressure broad-
ening cross sections at the corresponding temperatures.
Figure 5 provides a comparison between thermally aver-
aged HWHM and unaveraged values obtained from cross
sections calculated at Ejy;, (in Eq. (8) opp is replaced
by opp(Ekin) still using the SAPT PES. The two types
of calculations tend to converge as the temperature in-
creases because the pressure broadening cross sections be-
comes a slowly varying function of the kinetic energy. At
173 K the maximum relative difference is 6.6% for the R(9)
line and at 297 K the maximum relative error is 3.3% for
the R(12) line. This observation, already noticed in ref-
erences [42-44] for other optically active molecules and
in references [7-9,12] for the Rg-CoHy systems, led us to
perform CC calculations with the present semi-empirical
PES at the single kinetic energies Ej;,= 153 and 263 cm ™!
only.

The agreement of the CC/CS thermally averaged pres-
sure broadening coefficients, obtained with the SAPT
PES, with the experimental values is very satisfactory
while the unaveraged values are only in fair agreement
with the measured values (Fig. 5). The good agreement
found with our rigid rotor model confirms the absence
of significant vibrational effects [8,10-12]. Moreover, our
measurements were carried out in the v4 + v5 combination
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Fig. 5. Comparison between various calculations of PB co-
efficients performed with the present atom-bond and the
SAPT [15] PESs with experimental values of references [10,11]
and present experimental values at 173 and 298 K.

vibrational band while those of Valipour et al. [10] were
performed in the v;+3r3 combination overtone band and
those of Hardwick et al. [11] in the 7 4+ v5 band.

The values calculated using the present semi-empirical
PES fall at the upper limit of the experimental data. We
consider this comparison less good than for the SAPT PES
even if still reasonable (Fig. 5). This can be explained by
writing, from semi-classical arguments opp =~ wb2, where
b is an effective scaling length. From this formula we can
estimate that, between 173 and 298 K, our calculations
probe the PES roughly between 6.15 and 8.15 Bohr. In
this region the atom-bond PES is more repulsive and more
anisotropic than the SAPT PES (see Figs. 3, 4), thus
leading to more rotational exchanges and consequently to
larger PB cross sections.

As an additional result we have calculated, with the
SAPT PES, pressure broadening coefficients at various
temperatures between 77 and 1000 K. Of course, for T
greater than 400 K these are mainly CS values. This
permits us to obtain the temperature dependence of the
HWHM using:

To

Y0(T") = 70(To) (?)" (9)

with Ty = 298 K. This simple power law may be safely
used between ~173 and 1000 K and Table 1 provides an
averaged n exponent. This may be useful in an experiment
as a first guess of the linewidths. As expected, for the
highest js 7 tends to its classical limit (0.5), especially

when T increases. For more accurate values, calculated
HWHM at various temperatures are available on request.
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5 Conclusions

We have presented new experimental results and calcula-
tions useful for characterizing the structure and potential
energy of the acetylene-neon system. In particular inte-
gral scattering cross section as a function of collision en-
ergy and pressure broadening coefficients, at temperatures
T =298 and 173 K, have been measured. Quantal calcu-
lations performed on the SAPT PES of reference [15] pro-
vide very good overall agreement with all the experimental
data indicating that both the spherical and the anisotropic
components of the interaction are very accurate.

We have also generated a semi-empirical PES of the
atom-bond type [19] by scaling, with empirical correlation
formulas [20], the parameters of the analogous acetylene-
Ar system [8]. Comparison with experimental data sug-
gests that the average component of the atom-bond PES
is very accurate while its anisotropy is realistic but not
as accurate as that of the SAPT PES. In general the re-
sults obtained here and in references [8,12] pursuing the
method developed in Perugia and using predetermined pa-
rameters characterizing the interactions [18,19,21,22] are
encouraging. The overall behaviour of the integral and
pressure broadening cross sections of acetylene interact-
ing with Ne, Ar, Kr and Xe is correct. The simple form of
the PESs expressed with the help of a few parameters may
be used as a starting material for studying more complex
hydrocarbons interacting with these rare gases.

This work ends a series of papers devoted to rare-gas
broadened CoHs lines. The overall trend of our theoretical
pressure broadening cross sections is supported by recent
measurements performed at room temperature at the Uni-
versity of Oregon [11] with these perturbers, this confirms
the accuracy of the present values and of those previously
reported in references [8,9,12]. Next challenge will be the
study of the interaction between acetylene and diatomic
molecules. This work is in progress.
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