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ROVIBRATIONAL SPECTROSCOPY OF ArCO VAN DER WAALS COMP.IX

Edward J. Campbell, Anne Da Piante and
Steven J. Buelouw

Chemistry and Laser Sciences Division
Los Alamos National lLabors&tory
Los Alamos, NM 087343 USA

INTRODUCTION

The information that can be obtained from the high resolution
rovibrational spectra of small moleculax clusters is very useful for
determining intermoleculir potentials and the eilfects of intermolecular
interactions on intramo.ecular bonds. Recently, such spectra have been
obtained via absorption measurements using F-center(l,2), frequency
difference(),4) and diode laser(3) sources. Because F-center and
frequency difference lasers operate best in the 2-4 um region, studies
ueing these laser sources have involved high frequency vibrational modes
{H-X, X=C,Fr,Cl,B8r) or overtones. Although diocda lasers cover & much
proader spectrsl range (3)-310 um), they are less conveniant to use for
4d0ing 9JuCrvey SpeCtIOsCOPpY. ¥We have developed several new techniques
which 1aprove the sensitivity and convenience of absorption mesasurements
using diode lasers for the study of molecular clusters in supersonic
enpansions. Here we descride these techniques and their application for
the measuremonat of the rovibrational spectra of ArCO near 3 um.

CXPERIMENTAL

A schematic d agram of the aspparatus used in our umperiments 1s shown
in F1g. 1. The output of a Laser Analytics diode laser 1s collected with
a parabolic mirror and passed through a Spex 1 meter monochromator to
select a singlw lawer mods. A portiun of the laser outputr (-3V) is spiit
sf€f, passed through a Fabry-Perot etslon (0.01% cm~! FSM) and detected
-with an InSd dectectcr. The signal from the detector s recorded by a
tcAnglent digitlizer, providing a relative frequency calibration for tre
spectra. The remaining radlation passes Cthrough a stati. gas cell ana
_hen 1LNtO a vécuum chamber. Tnree spherical mirrors irside the vac..m
~hamber (r=4%0 rym), which are used in a wh'te Cell(6é]) -onfiqguration. asy
r.e lajet radiatlon along the opening o9f a pulsed #slit norzle & %9 =~ =
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rigure 1. Schematic drawing of the experimental arrangemsnt.

.005 cm). The radiation is mildly focused near the noxzle and pasases 12
times within 1-2 ca of the nogzle slit. The path length in the high
density regicn of the gas eagansion is neariy « mster (Fig. 2). Under
typical exnperimental conditions ( 735% Ar, 238 CJ, 2 atm. bacling
pressure), the strongeat ArCO features absorbh 3-10 % c¢f cthe laaer
radiation. The laser radiation passing through the axpansion is dstected
by a second InSb detector and recorced by a transient digitizer.

The vacuum chaamber is pumped by three mechanical pumps vhich have a
total pumping speed of 1.8 nd/ainute. Cluster esbsorption can be observed
as long as the background pressure in the chaubex ‘s less zhan 0.6 torr.
Typlicilly during our experiments the pressure ls below (.2 torr.
Absorption lines of reference Juses placed in the statisc gas cell provide
absolute frequency calibration foir the spectra. Usually this ce’l i{s not
required since CO monomer abasorption in “he vacuum chamber is strong and
produces numerous reference linece in the ACO data, To raduce nolwme
produced by amplitude fluctuations ir. the diode laser output, the diode
laser is scanned very rapidly (200 ca~l/gec). Signales from the AxCO
1bsorption teatures which are about 0.003 cm~! wide appaar at eloctron:c
frequaencies greater thaan 10 kNs - far above the low frequency
fluctuations {in the diode laser output. By averaging 2000 laaser scans,
absorbances as amall as ) x 10~ cun be detected.

During an enpeciment the diode laser is repeatedly scanned cver a
laser mode (.73 to 1.3 cm-1l) evexry % mi)'.isecvonds. The transient
diglcizsers are triggered at the start of erery hindredch laser scan.
After this initial scan is completed, the norxzle is opened snd a second
laser scan i» recorded on the second half of the trarsient reccrder
output (Fig. J). The first escun is subtracted from the second, helping
to correct for laser amplitude changer due to varying lasex cutput over
the mode and interference effects that can occur in the optics. Due to
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Figure 2. Scale drawing showing multipassing of diode lasar
radiation through nozzle expansion,

cohmic heating, the diode laser requires 10-13% of the scan time to return
to the original lasing frequency at the end of each voltage ramp. It is
during this time that the nozzle opens and reaches a steady state flow.
The nozxsle i3 kept open for a total of 7 milliseconds.

Although signal to noise can be quite high on a single scan (> 130),
it is often necessary tO average many scans to -biLerve weak spectral
features. Tc prevent drifting of the diode laser scan region during
averaging, the scan region is stabilized using a boxcer integra:sr and
voltage summing device. This is accomplished by sampling the etalon
signal with a boxcar integrator at a specific time in the scan. If at
this time the etalon signal is not at a zero croseing, the output voltage
of the boxcar will be non~zero. This outpuc voltage is summad with the
ramp voltage scanning the diode lasser, shifting the spectral region
scunned by the laser 0 that a rexo crossing of the etalon trace ocuurs
at the sampling time of tie boszcar. Thus the boxcarx produces an error
signal which preveats drifting of the diode laser. The linewidths(l) of
the CO monomesr features recorded in a single 3 millisecond scan of the
diode laser are 0.0023 cm~1. When 2000 asuch scans are averaged, the
linewidths increase to 0.0020 cm-l, Thue, once locked to a zero
crossing, the spectral reagisn scanned by the laser drifts less than
0.0005 cm~}.

The slit nozxtle {9 capabla of producing linewidths(4) less than

0.0013 cm~l, therefore, the resolution in our experiments is curraently
limited by the diode laser. Although the dicde laser besam do®s not cross
the expansion perpendicularly, the multiple crossing angles contribute

less than 0.0009 cm~l to the total linewidth.

(1.)F0r this messurement, the vacuum chamber was pumped by two diffusion
pumps (3000 liter/sec) to a pressure of 10"¢ torr to minimizae absorption
by background CO.
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rigure 3. Truceas of transient recorder outpu-. Top panel shows

signal from radiation paasing through vacuum chamber.
First half of trace corresponds to scan taken before
noskle opens. Note that cluster sbeorbances ars clearly
visible on second scan recorded sfter the noazle opens.
Middle panel shows etalon signal (FSR=0.03 cm~l). Bottom
tigures show enlarged view of etalon trace near boxcar
sixpling gate.

RESULTS AND DISCUSSION

¥We cbaerve asver 100 absorption lines near the CO monomer band center
at 2143.27116 cm~! (7) which can be attributed to the ArCO complex. The
spactral region between 2130 to 2160 ca~! ulso containe many lines for
pure CO clusters. Although the number of pure CO clusters in our Ar/CO
expansions can be reduced by reducing the proportion of CO in the Ax/CO
gas mixtures, they cannot be completely ellminated. Since the scan region
of the diode laser can be locked very accurately, it is possible to first
take a spectrum with an Ar/CO gas nixture, repeat the scan using only CO,
then subtract the two. Although the temperatures of the expansions may



not be exactly the same, the spectral features dus to pure CO clusters
reproduce quite well. The linewidths of features attributed to the ArCO
complex are all less than 0.003 cm=1, within che 1limits of our
resolution, we find no evideuce of line broadening due to vibrational
predissociation of the ArCO complex.

The ArCO spectrum is similar to one produced by a b-type transition
in a nearly prolate, symmetric-top molecule. No lines axre observed that
can be attributed to an a-type tranasition. The most prominent festures
in the spectrum, two sub-bands corresponding to the Ke=0->1 and Kel->0
transition regions (K=K_;!), are found in the null gap of the CO monomar.
The Q-branch of the K=0->1 region is shown in Fig. 4. A preliminary,
least-squares analysis of these P, Q, and R sub-branches yields
rotational constants for the K=0,1 3jub-levels. They are presented in
Table 1. Since the bending motion of the CO subunit and rotation o’ the
CO about the Ar-CO bond axis may be strongly coupled, the energy levels
can be represented by the expression (8)

Ex = vg * Bxd(J41) - DR(J{I+1))2 + 8y | [3/4(By~Cy) T (I+1) -832(I+1)2)

where Byg=(B+C) /2 and the term following the Kronecker dolta accounts for
the asymmetry splitting in the K=l states. The spectrum contains a
progression of such K-type sub-bands on each side ot the CO monomer line
center. The P, Q and R branchas of the K=1->2 and K=2->1 tranasition
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Table 1. Effective Parameters for ArCO

v=0 ve]l
K=0 K=l K=0 K=1

B (MHz) 2072.2(7)% 2064.6(1.3) 2074.1(1.3) 2062.5(7)
B-C (MHz) 128.5 (6) 130.5(6)
D/10-2 (MHz) 6.3(2 7.3(3) 7.0(3) 6.4(3)
8/10°3 (MHz} -3.2(0 -1.9(4)
A-B (MHz) 71643(12) 70973 (12)

Av (cm-1) 2142.8322(8)

Ay (MHZ) 1287(3)

4Numbers in parentheses denote one standard deviation and apply
to last digitas of constants.

regions are all split by the asymmetry of the complex. Assuming that the
oriqino.v°x, of the various K sub-levels can be expressed as

vox = v + (A-B!KZ + AyK4,

ve can solve fox AV = V'—v", (A-B)', (A~B)" and Ay = Ay’ = Ax" from the
Ka2->]1, Kel=>0, K«0->1 and K=1->2 sub-band origins, where the prims and
double prime refexr to the excited and ground states respectively. Values
for these constants are u.iso given in Table 1.

Caiculations of potential surfaces [(9) for the ArCO complex suggest
that the CO subunit may not be strongly oriented in the complex. The
calculations predict that only small-to-intermediate-sized barriers
1estrxict the rotation of the CO in the plane of the complex. Although
tnere have been nc published studies of the spectra of ArCO, there have
been reveral exparimentzl and theoretical studies of the very similar
AxN3 complex (10,11). This complex possesses both localized bending
states ¢ well a9 nearly free-rotor a%ates of the Ny sub-unit., TFor luw K
states, the energy level spacingi resemble those of a slightly asymmetric
top, while for very high ¥ statas, the snergy lavel spacings are closex
to those of a free rotor. Similar behavior is observed in our data. The
energy level spacines (ar crsnsiticna involving K>1 levels bear a
decreansing resemblance to¢ Lithoxe of a slightly asymmetrlc top.
Preliminary analysia indicates :hat for the higher K levels, a

Iy



Hamiltonian tfor a semi-rigid molecular structure will not reasonalLly
reproduce our ArCO spactra. In conclusion, we feel that to obtain
meaningful structural information, it will be necessary to analyze the
data using a hindered rotor Hamiltonian.
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