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Collision-Assisted Spectroscopy of HCN above the Isomerization Barrier
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Double-resonance spectroscopy, using collisional energy transfer to populate high-lying vibrational states,
reveals the location of 27 previously undetected levels in the ground electronic state of HCN. Three laser-
pumped overtones, (#,@), (0,3,5), and (1,0,5) provide the doorway through which to collisionally populate
vibrational levels lying between 10330 and 17650 &nthis greatly increases the energy range over previous
studies using collision-assisted spectroscopy and provides access to states which have internal energy above
the predicted isomerization barrier. Levels populated by collisions fron?,40,@nd (0,0,5) are detected

directly via A state fluorescence, while those from (15) are detected through resonant multiphoton
dissociation resulting in CN (B-X) fluorescence. Although potentially, collision-assisted spectroscopy above

the isomerization barrier could access HNC localized states, such states have not been identified in the present
experiments.

I. Introduction vibrational state-to-state relaxation at high excitafi®h.attests
to the ability of this technique to probe vibrational levels having
internal energy above the isomerization barrier. The CAS
approach is a double-resonance method which also uses the A
state of HCN, complementing the above spectroscopic tech-
nigues. Here, collisional energy transfer from a laser-pumped
overtone vibration populates other levels which may be probed
by laser-induced fluorescence via thestate. Investigation of
different energy regions of the ground-state potential surface
can be accomplished by varying the overtone state initially
prepared. The CAS approach accesses a variety of undiscovered
states. For instance, it readily discerns vibrational levels
containing odd quanta in the bend as well as detecting states
o : N with excitation in all three modes, which was difficult in the
The majority of experimental contributions to the spectros- previous SEP experiments!2 We report in this study the
copy of HCN at very high vibrational excitation come from  |qcation of states collisionally populated from three initially
two complementary techniques: direct overtone absorftibh prepared levels: (0%%): Eb = 12635.888 cmt, (0,,5): Eui,
and stimulated emission pumping (SEP}2In the absence of 15551.944 cmt ’and (1,0.5): Eup = 1755'0_4'2 ’le_ In
perturbations, direct overtone absorption studies mainly uncover e |ater. the vibrational state labeling correspondsatasy,
states built on vibrational progressions that possess IargeUS whereu is the CN stretchy» is the bending modey is the
anharmonicity, for instance, those built on the CH stretch. SEP stretch, and | refers to the vibrational angular momentum.
studies, on the other hand, involve transitions to and from the Earlier studies carried out at lower energy content showed
bent Astate of HCN. Consequently, they preferentially access o gccess of the CAS approdéf?2! They resolved the
ground-state levels with high excitation in the bendmg' mode vibrational structure of HCN in the ground electronic state and
because of faV(_)rabIe Franck Condon factor_s. The _earher Wo- a1s0 explored the spectroscopy of the first excited electronic
color SEP studies of Wo.dtke et al. are partlcularly INteresting giate via probe excitation from collisionally populated levels.
because of the characterlzatlon of vibrational Iev_el; POSSesSiNGThis work demonstrates that the CAS approach can be applied
up to 14 quanta in the bend and because the minimum energy,, e very high energy regions. It was made possible at the

path for HCN-HNC isomerization occurs through high-bending pjgher excitation by probing HCN via photodissociation with

excitation. The asset but also a weakness of the latter SEPg <04 ent detection of CN emission rather than by monitoring

experiments is their selectivity. For instance, many states remaing, HcN laser-induced fluorescence as carried out at lower
undiscovered because of the strong propensity rules that goverrbnergies

the direct laser excitation method.
The work presented here utilizes a different approach, col- || Experimental Section
lision-assisted spectroscopy (CAS), which is made possible by

the success of experiments in resolving the collision-induced At the center of these studies is the population of previously
undetected states of highly excited hydrogen cyanide by

*To whom correspondence should be addressed. E-mail: cplllspn-lnduced re_Iaxatlon from a Iaser-pumped overtone
Mcarrasquillo@uh.edu. vibration. The experiments were carried out in a cell filled with

The relatively small size, light atoms, and stiffness of
hydrogen cyanide makes this molecule a particularly good model
system for high-energy and chemical dynamics investigations.
Portions of its ground-state potential surface have been well
characterized by numerous theoretic#? and experimental
investigations1~19 Of considerable interest is the accurate
description of the global potential surface for HCN/HNC
isomerization. Toward this end, more spectroscopic data in the
region near the isomerization barrier is important. For instance,
while ab initio calculations place this barrier at 16733¢ém
above the absolute minimum of the potentialirect experi-
mental evidence has yet to be obtained.
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the probe step were Exalite 428, Coumarin 480, Coumarin 500,
hv (B->X) Coumarin 540, and Fluorescein 548 providing wavelength
70000 - coverage between 210 and 217 nm and-2339 nm after

frequency doubling. The lower wavelength range merely probed

H+ CN*

65000 - known states such as (2,@) which were previously character-
60000 - ized but in studies at lower energy contéht?21Separation of

~ the frequency doubled output from the visible fundamental was
55000} hv, A accomplished with a set of four SIUV Pellin Brocca prisms or

t above 510 nm with a NiSE£CoSQ liquid filter solution.

F'E The pump and probe laser beams counterpropagated at time
o delays between 0 and& through a cylindrical laser-induced
w fluorescence cell made of Pyrex but equipped with S1UV
windows. The fluorescence cell contained neat HCN gas at a
20000 pressure of +4 Torr. Both lasers were focused at the center of
15000 the cell and the resultant fluorescence collected from the center
of the cell normal to the laser axis were passed through
10000 wavelength filters as outlined below and imaged onto an EMI
5000 9813QB photomultipler tube. The output of the photomultiplier
tube was subsequently integrated with a gated LeCroy 2249SG
00 30 120 180 analogue to digital converter which was interfaced through a
HCN HNC Camac crate to a lab computer. Collisionally populated states
T in the lower energy region were detected by collecting laser-

. _ . ~ l r
Figure 1. Laser excitation scheme utilized in the experiments. The induced fluorescence from low-lying levels of the'A

potentials are adapted from ref 9 and represent the minimum energy €l€ctronic state. However, for vibrational energies roughly above
path. The vibrational levels do not necessarily span both wells. 12000 cn?, fluorescence intensities were too low, necessitating

a new approach. Above this energy range, experiments were
neat HCN gassee below. After several collisions, adjustable made possible by monitoring the CN fragment fluorescence
by controlling the cell pressure and the pump-to-probe time jnduced by two-photon resonant-enhanced photodissociation via
delay, a variety of vibrational levels are populated. These levels, the A state. Fluence dependence studies confirm that the probe
which would not be easily detected by direct-absorption step is a two-photon process, the first photon being resonant
methods, were then probed through a fluorescing level of the wjith a low-lying level of the Astate and the second accessing
A state or via the fluorescence obtained by photodissociation 5 dissociative state (probably the @ D stat@22%). The
from the Astate as shown in Figure 1. experiments revealed that significantly more signal could be

As depicted in Figure 1, the overall laser excitation scheme gptained by monitoring the CN B~ X emission than by
for the preparation and detection of highly vibrationally collecting the HCN "A state fluorescence. Using various
energized hydrogen cyanide consisted of a two-color, double- flyorescence filters and filter combinations, it was determined
resonance procedure. First, a Continuum 581CNEAG/ that the majority of emission from the photodissociation was
TDL50A dye laser system provided the pump laser which from the B— X (0,0) transition. Depending on the probe laser
initially prepared a small fraction of the HCN molecules in a \avelength region and detection scheme used, the best results
selected high-lying vibrational state by exciting an overtone \yere obtained when the fluorescence, on its way to the
transition that is known to absorb. For this study, th@ &,5) photomultiplier tube, was first passed through either a Janos
— X(0,0,0) and the X0,(°,5) — X(0,(°,0) transitions were 220 nm interference filter, a Janos 250 nm interference filter, a
pumped directly using conventional dyes, R6G and DCM, gchott UG1 filter, or a combination Schott WG335, Schott BG3,
respectively. To populate (0,@), the first stokes of the DCM  and CVI 400 nm interference filter. Figure 1 displays the two
output was Raman-shifted in methane. The optimized laser pump-probe configurations utilized in this study for preparing
output powers for preparing the (6,9), (0,8,5), and (1,05) and detecting highly excited vibrational levels of HCN.
states were 4.5, 55, and 67 mJ/pulse, respectively. To tune the The emphasis of this work is on the analysis of states
pump laser wavelength on the (B4) transition, the laser beam  ¢qjisionally populated after initially preparing HCN molecules
was directed through a photoacoustic cell filled with 50 Torr i, the 3 =8 level of (1,0,5). Data were calibrated with the
of HCN and the signal was monitored. The photoacoustic \ye|-known I, transitions for visible probe laser wavelengths
method, however, was not possible for the {EPand (1.05)  greater than 5513 A. Bandhead assignments were not calibrated
transitions because of the much smaller overtone absorptiongirectly in the (0,8,4) and (0,0,5) experiments and are estimated
cross sections. For these transitions, we made use of the facty 12 o1, Further details of the experimental apparatus and

that collisions efficiently populate the (2,0) level Eyip = procedure may be found in the literatdfg921
6951.68 cm?), as shown by our previous studies at lower

energy content! and optimized the pump laser wavelength by IIl. Results

taking double-resonance action spectra instead. Here, the probe

laser was fixed on a well-characterized-AX transition from Accessing vibrational states high in the potential surface

the collisionally populated (29D) X state level and the resultant  becomes increasingly difficult because of the decreasing absorp-

fluorescence was monitored as the pump laser was tuned totion cross section of a given overtone. Nonetheless, the desire

excite the (0,05) or (1,8,5) overtone states. to understand the HCNHNC isomerization stimulates interest
The laser for the probe step consisted of an excimer pumpedin characterizing the spectroscopy and molecular behavior at

dye laser system (Questek 2528) #L. 3002 CES) whose output  vibrational energies sufficient to isomerize. This study extends

was frequency doubled in BBO, leading to 5601000 xJ/pulse previous investigations using collision-assisted spectroscopy

over the wavelength region investigated. The dyes utilized in below 12000 cm! to energies up to 17650 crhabove the
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e TABLE 1: Bandhead Locations over the Region from 10330
< d to 17650 cnt¥f
< bandhead Gy, @  literatur@  predicted transitiol — X
= Pump(0,6,4)
E 40256.6 12199.3 12199.94 (0,638y (3,41)
a 40431.4 12166.7 12168.26 (0,006) (2,7,1)
. . , . . 12981.9 12979.26 (0,19 (1,22,3)
2428 2434 2440 2446 2452 40572 11695.8 11696.4(Z0) 11696.24 (0,0,0)— (4,5,0)
40867.5 12339.5 12340.02 (0,28 (5,34,0)
N 3. o o2 40960.9 12339.8 12340.02 (0,26Y (5,340)
o A0 X(2.2.3) 41011.1 12196.7 12195.53 (0,18Y (4,141)
= X(0,1,0° « X(6,4%0) 41047.2 12184.7 12185.46 (0,1.8Y (3,4,1)
= 41104.6 12196.4 121955 (0,126 (4,14,1)
3 41204 12365.4 12366.05 (0,148} (5,3,0)
& 41212.4 12200.5 12199.94 (0,B6) (3,41)
41544.7 11685.4 11685.03 (0,18} (3,8°,0)
L L . e 11053.5 11053.00 (0,009 (3,73,0)
2603 2604 2605 2606 41579 11654.8 11654.6(20) 11653.83 (0,1,0)— (5,2,0)
41681.1 11525.2 11524.26 (0,18Y (3,3,1)
& ~ o 3 41746.9 11667.3 11667.3(20) 11666.90 (0,1,0 (5,2,0)
ol A(0,0,0)" « X(5,9°,0) 42015.4 10337.2 10338.04 (0,G38Y (4,3,0)
< Pump (0,0,5)
o 37454.9 15000.8 15000.81(26)15002.01 (0,0,8— (2,2,3)
E 37,452.0 15005.7 15004.54(22)15005.65 (0,0,0)— (6,4,0)
a 38032.1 14322.4 14320.23 (0,&8¥ (6,34,0)
) ) ) e 38084.8 14371.0 14370.59¢5) 14370.93 (0,0,0)— (5,640)
2760 2761 2762 2763 38228.1 15005.0 15004.54(¥2)15002.01 (0,1,0)— (6,43,0)
38240.8 14992.2 14992.06(¥2)14992.92 (0,1,0)— (6,4,0)
Wavelength (A) 38408 15005.1 15004.54(¥2)15005.65 (0,1,0)— (6,40)
. . . 38411.8 15000.9 15000.81(26)15002.01 (0,1,8— (2,2,3)
Figure 2. Laser-induced fluorescence spectra obtained by initially 3g435 14798.7 14797.66 (0,16) (3,8,1)
preparing HCN molecules in the (9,8), (0,8,5), or (1,0,5) overtone 38514.4 15054.1 15052.20 (O:]f‘:@) (5:73:0)
states. The A— X transitions in the upper panel are assigned as 38598.1 14814.2 14812.61 (0,88} (3,2.1)
follows: (a) (0,1,0) — (5,3,0); (b) (0,1,03 — (4,14,1); (c) (0,1,0y — 38722.3 15042.3 15043.88 (0,156) (6,4,0)
(3,0,1); (d) (0,1,0y — (4,1%,1); (e) (0,1,03— (5,3",0); and (f) (0,1, 38945.3 14354.0 14354.65(39)14354.05 (0,1,8)— (4,9.0)
— (5,3,0). 38979.7 14322.1 14320.23 (0,28Y (6,340)
39224.9 14345.3 14345.36 (0,1'6) (6,3%,0)
zero-point level which is ca. 4400 cthabove the predicted ~ Pump (1,0.5)
barrier to isomerization along the minimum energy path. gi;gi'g gggg'g ggig'gg (0.0:6y (6.8.0)
. i ' . . .30 (0,08) (7,50
Figure 2 displays three fluorescence spectra obtained by 35gg5 17615.6 17617.38 (0,126) (7,5-0)
selectively exciting the (0%4) (upper), (0,6,5) (middle), and 35929.2 17641.5 17642.30 (0,8) (7,5,0)

(1,,5) (lower) overtone states. The latter excitation leads to 2 Estimated error isk2 cnT, b Error bars are interpreted as the

HCN molecules with initial vibrational energies of approxi- equivalent of 3. ©Values are from ref 124 Values are from ref 11.
mately 12636, 15552, and 17550 thnrespectively. e Transition from ref 11 reassigned in ref TAll quantities are in cmt.
In all three cases, several previously undiscovered bands as

well as several known transitions are readily observed by rovibrational constants obtained from existing anharmonic
utilizing collisions to populate levels from the initially prepared expansiond®1’The presence of othé&—/ sub-band transitions
overtone vibration. Since the emphasis of this work is on statesand that of transitions to both the (0,0,0) and (0,1,0}tate
collisionally populated from (135), only an abbreviated vibrational levels provided consistency checks for the assign-
examination of bands resulting from initially preparing the ments. Table 1 lists all of the newly observed transitions from
(0,@,4) and (0,0,5) overtone states were carried out. The latter collisionally populated levels that were assigned in this fashion
studies, however, were instrumental in establishing the need forand their bandhead location.
a different approach in the probe step for the higher energy In the middle panel, Figure 2 displays a more detailed
investigations as was discussed in the Experimental Section.spectrum obtained by initially preparing HCN molecules in the
The energy regions for the (6,8) and (0,0,5) experiments (0,@,5) state. The panel shows new transitions from two closely
could not be rigorously calibrated. Bandhead assignments arelying levels that have been formerly characterized: 43)2and
estimated to be accurate to withii2 cm! on the basis of (6,4%,0)27 Congestion of the bands complicates a fit to the
comparisons with better calibrated regions. spectrum; nonetheless, the vibrational term energies and rota-
Figure 2 illustrates representative spectra that can be obtainedional constants obtained are in accord with the previous
in the CAS experiments. The upper panel shows a coarse, broadneasurement. This spectrum serves to illustrate how transitions
wavelength scan revealing the bandheads of several newfrom collisionally populated levels can be resolved when HCN
transitions obtained by initially preparing HCN molecules in molecules are initially prepared in the (%) overtone state.
the (0,0,4) state. Within this region, bands arising from at least Previously undetected vibrational levels were also revealed from
four unique ground-state levels are evident. The labeling in the this overtone state. Their band assignments and bandhead
A state follows {cn,vbengvcH) WhereK is the rotational angular  locations are additionally listed in Table 1.
momentum component along the near-symmetry axis of HCN.  Last, the bottom panel of Figure 2 displays a rotationally
Bandheads in this work were assigned by comparison with all resolved transition from the previously unobservable ¥8)9

projected bandhead locations and contours withtD cnt* level which is accessed by collision-induced population transfer
obtained from the known Astate constam$!92! and the from the (1,0,5) overtone state. Calibration and rovibrational
predicted ground-state term energies from Carter 2%l he analysis of this spectrum was possible as outlined below, leading

latter were extended to othéer levels and/ states with the to a vibrational term energy and rotational constant of 16336.73-
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TABLE 2: Comparison of HCN X State Constants (crm?)
state Gy this work By, this work Gy,iP literature By,i° literature observedransitions
(7,4,0) 16947.9(1) 1.417(2) 16947.72(1) 1.419(1y (0,1,0%
(7,4,0) 16959.33(3) 1.4163(7) 16959.224(1) 1.417(2y (0,0,0%
(0,1,0%
(5,10,0) 16984.0(5) 16983.721(57) 1.4636(189 (0,1,0¥
(5,1¢,0) 16998.2(5) 16998.072(5'7) 1.4636(18) (0,0,0%
(5,9,0) 16338.2(5) 16338.15 1.4582 (0,6,0)
(5,%,0) 16366.73(5) 1.4566 (4) 16366.21 1.4566 (09,0)
(0,0,0%
(5,5,1) 16857.86(1) 1.4342 (3) 16854.87 1.4334 (00,0)
(6,7,0) 16992.9(3) 16992.98 1.4392 (0,6,0)
(6,78,0) 17019.17(2) 1.4376 (1) 17019.47 1.4376 (0,0)
(6,7,0) 17071.85(4) 1.4336(2) 17072.54 1.4343 (0,0)
(0,0,09
(8,2,0) 17544.28(4) 1.4011 (2) 17540.95 1.4011 (03,0)
(8,2,0) 17553.27(4) 1.4007 (1) 17551.20 1.4003 (04,0)

aError bars are 90% confidence limitsList of experimental and predicted values. Error bars interpreted as equivalemfao &perimental
values. Predicted values are obtained from refs 5, Experimental values are obtained from ref $Experimental values are obtained from ref

11.¢Only the upper state is listed for the & X transition.

(5) cnT! and 1.4566(4) cmt, respectively. Table 2 reports the
band assignments and rovibrational constants derived by initially
preparing HCN molecules in the (2,8) overtone state. In all,

27 new vibrational states have been identified over the energy
range between 10330 and 17650 émin addition, 9 bands
have been rotationally characterized.

The rotationally resolved transitions obtained by initially
preparing HCN molecules in the (2,6) overtone state were
calibrated with the well-knowrl, visible lines. Rotational
analysis was performed using eq 1 and correctingAype
resonance.

E(wJd,/)=G,,, +B,,J3+1)-D,, [J0+1) -
1)

Here,G,,,/ refers to the vibrational term enerds,,, andDy, |

are the rotational and centrifugal distortion constants, respec-
tively. In all rotationally resolved case§&,,,, and By, were

fit to observed vibronic transitions with a nonlinear least-squares
program based on the Levenbefgarquardt algorithm. Pa-
rameters for the Astate are given in the bibliograph§1o21
Since the spectroscopic data was not sufficient to independently
establish the centrifugal distortion constant, fits for a given band
were performed with a projected value based on published
anharmonic expansio&l’ The effect of/type resonance is
included in all rotational fits by diagonalizing the and f
matrixes as outlined in the literatu¥eFor np even, thettype
resonance constang, is determined from the predictions of
the empirical force field of Carter et &lwhile for v, odd, the
equilibrium value ofg is used, for example, 7.2¢ 1076 cm™.

the e andf matrixes needed for determining the magnitude of
the Atype resonance, are obtained from eq 1 with the observe
data or from the semiempirical predictions of Carter et al.
extended, as necessary, with the aid of present anharmoni
expansionds17

As final examples, Figures 3 and 4 display the fluorescence
excitation spectrum of the (@,1,0% — X(8,22,0), A(0,0,0f —
X(6,72,0), and X0,0,0f — X(5,5,1) transitions and their
rotational assignment. These transitions were derived by initially
preparing HCN molecules in the (£,8) overtone state. They
were assigned by considering the possible transitions withid
cmL. The band contour, intensity profile, and consistency of
spectroscopic parameters with those predicted by thetry,
all indicate we have the correct assignment. For the?(®),2
band, further evidence is provided by the low fluorescence

The zero-order energies, for example, the diagonal elements of"

C

A(0,0,0)* « X(6,7°,0)
RQ 16
3 4 9 Q

2810 28.11 2812 2813 2814

A(0,1,0)° « X(8,2,0)

27‘90 2791 2792 2793

Wavelength (A)

Figure 3. Rotationally resolved transitions obtained by initially
preparing HCN molecules in the (2,8) overtone state.

2788 2789

intensity of the Q(10) transition which has previously been
observed as characteristic of tke= 3 level of the A0,1,0)
ibrational staté!

In all, for the (1,0,5) experiments, complete rotational

ganalysis of six previously undetermined states has been per-
formed and the results tabulated in Table 2. With the aid of

Carter et al.’s predictionstwo additional bands of different
components ((5@) and (6,70)) have also been identified.

Although the spectra for the latter was not of sufficient quality
to perform a complete rotational analysis, band origins can be

estimated on the basis of fitting the rotational profile with
predicted rotational constar&!’ The vibrational term energies
so derived have also been included in Table 2.

IV. Discussion

Spectroscopic studies in the energy regime near the barrier

to isomerization are important, as for instance, the location and

nature of the vibrational state can play a critical role in tunneling
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;(0,0,0)4 < X(5,51) the fa_ct that t_he states populated and detected in the present
experiments involve the exchange of many CH quanta for
bending and CN stretching quanta. Even though there exists
no experimental observation of the HNC sdate or of high-
lying X-state vibrational levels, current theory indicates that the
HNC vibrational states at the energy of the experiments should
give rise to some of the stronger HNC A X transitions?
Nonetheless, no clear evidence of HNC levels have yet been
identified. This is likely because the reaction coordinate for
isomerization basically corresponds to the bend. The regular
nature observed for the vibrational structure of HCN indicates
weak coupling at best to this coordinate, leading to the
L , . L expectation that vibrational energy about 16000  &should
2798 2799 2800 2801 appear in the bend to reach the threshold for isomerization. The
Wavelength (A) latter is supported by the perturbation calculations of Sugny et
al.?8 on the basis of the ab initio surface of Bowman and co-
Figure 4. Rotationally resolved transition obtained by initially  workerd and carried out assuming decoupled bending and
preparing HCN molecules in the (2,6) overtone state. stretching states. They calculate that the{5)devel lies 1800
cm~! above the barrier to isomerization of pure bending states,
just below the barrie?® This work shows that collision-assisted 158 cnt! below that to isomerization via bending excitation of
spectroscopy can be extended to investigate HCN moleculesstates possessing one quanta in the CN stretch but none in CH,
from below the barrier up to energies above the barrier to and well below the barrier to isomerization of any other
isomerization. At the higher energy regime, a different approach stretching state. Consequently, on energetic grounds, it appears
is much more effective in the probe step. It consists of that collisions can access only a few states from%&)Qthat
monitoring the CN fragment emission induced by two photon can isomerize and they possess a very high number of quanta
dissociation via the Astate of HCN. in the bend. In addition, no clear evidence of the delocalized
Several states in the energy range between 10330 and states has been found. The latter is not surprising since the
17650 et were detected by initially preparing HCN molecules  Franck-Condon factors for these states are expected to be much
inthe (0,0,4), (0,8,5), and (1,05) overtone states. These newly weaker than for the localized ongst is possible that HNC
accessible levels were identified and their vibrational term states could be discovered by collision-assisted spectroscopy
energies were derived either via their bandhead assignments orpased on self-relaxation. The best opportunities appear to be at
in the (1,0,5) experiments where calibration was possible, via even higher excitation energies. The capability of CAS to probe

their rotationally resolved spectra. Of particular interest is that higher excitation energies is currently under investigation.
by utilizing collisions to carry out the spectroscopic studies,

higher / states could be detected than can typically be ac- V. Summary
complished with the overtone absorption or SEP methods; odd-
bending states could be readily discerned which was difficult
in the previous SEP studies, and levels with up to 10 quanta in
the bend could be resolved. In addition, some states with i ) . .
excitation in all three modes could be observed. The new data®"€9!€S and rotational constants for six previously unobserved
should help improve the current global potential energy surface vibrational states have been determined. Also, bandhead as-

: ) L i ts for an additional 31 new transitions in the region
(PES) of HCN/ HNC which was recently refined significantly signmen . - )
by adjustment of the ab initio results via a singular value 10330 to 17650 cmt have been possible. Collision-assisted

decomposition method to match the experimentally observed spegtrosgopy complements other spectroscopic techniques in-
vibrational structuré. The potential for improving the PES is V°'V'F‘9 direct Iase_r excitation _and COUI.d pOtem'a”.y probe HNC
especially evident for states with excitation in all three modes localized states via collision-induced isomerization.

which systematically show the greatest deviation from the
predictions of the semiempirical global surféce.

This work shows that collision-assisted spectroscopy can be
extended to probe the HCN vibrational structure up to energies
above the barrier to isomerization. With this technique, the term
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