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The 193-nm photolysis of the NCO radical has been investigated. NCO was generated from the reaction of

CN + Oy, where the CN was produced by 193-nm photolysis gfi{xlose to the nozzle of a pulsed jet. A

second 193-nm photon dissociated the NCO radical during the same laser pulse. At this photon energy both

the N—CO and the NG-O bonds may break. KID,?P) and CO products have been detected using vacuum
ultraviolet laser induced fluorescence. A direct measurement of tF2)IN{((?P) branching ratio yielded an
upper limit of 72+ 18. The CO vibrational distribution was modeled with prior distributions for each of the
contributing channels with coproducts4S¢D,?P). Combination of the results from the prior model and the
direct measurement yielded a branching ratio ofSY(N@D):N(?P) of (5.1+ 1.8):(93.6+ 4.8):(1.3+ 0.3).

For the NZD) + CO product channel, the average energy disposal into product relative translation (8%) and

CO vibration (24%) was determined, leaving 68% of the available energy to appear as CO rotation. This

observation suggests that the geometry of the dissociating state of NCO is likely bent.

Introduction NCO(XIT) + hv — N(*S)+ CO(=") Ay, =513nm (1)

The NCO radical is a linear, open-shell molecule with —N(D) + CO(=") A, =258nm (2)
15 electrons and a ground-state electron configuration of thr
40%50%60211*70%273. Since its first optical detection some 40
years agd,a great deal of effort has gone into unraveling the
complex interactions that govern its spectréfOne of the
simpler, but nonetheless essential, features to come out of the
ground-state analysis is the elongated equilibriumQ0O bond
length (1.200 A) compared to free CN (1.1718 Rpr HCN Note that channel 1 is a spin-forbidden process correlating with
(1.1532 A)® Accordingly, the G-N bond in NCO is consider- a“s" state, whereas the Iowe;r energy electronic states of NCO
ably weaker than in other CN-containing species, by as much &re aII_d(_)ubIets. Channel 2 is the lowest energy spin-allowed
as 2 eV when compared to free CN, making NCO a highly dissociation. _
reactive species. This shift to weaker 8 bond strength occurs ~ 1he onset of dissociation was found experimentally to occur
in the oxidation of HCN and CN to NCO in the combustion of 1USt below the Bstate origin, which is between the thresholds
nitrogen-containing fuels:° Consequently, the key combustion indicated for channels 1 and 2. Wright et*alprobed the

reactions involving NCO are nitrogen atom abstraction reactions. e_xcnec_i-state decay dynamlcs of manyzA an_d B N(.:O
Reactions with O and H atoms, for example, are important vibronic levels over a wide spectral range using laser-induced

processes in the production of pollutant Nowhie reaction ¢ EEStelene P TRt Et e o e e betow
with NO is the basis of the RAPRENCpollution reduction 333 nm, indicating the onsetgof a nonradiative decay process
scheme _|n th(_e treatment of_combust|on exhaust gédés. . Cyr et al. studied the photodissociation of NCO in the
The dissociation energetics of NCO are also characterlzedwave|ength region between 305 and 234 HriTheir results

by a weak N-CO bond in that the lowest energy dissociation  gemonstrated that all vibronic levels of the’IB state are
channels lead primarily to N and CO products. In this case, the predissociative, even below the onset to the spin-allowed channel
bond strength is characterized by the nature of the excited Near the origin, the BT state vibronic levels undergo spin-
state(s) participating in the dissociation. As determined by forpidden dissociation to N§) + CO(S+). At vibrational levels
molecular orbital calculations and confirmed by experiment, the gpove the threshold for the spin-allowed channel, however,
first excited state (AX") has a stronger NCO bond than the  gjssociation to N{D) + CO(=*) dominates. Their velocity-
ground state with a shortened bond length similar to that of pased technique did not allow them to obtain detailed informa-
free CN*1213 Several electronic configurations are predicted tion about the internal energy distribution of the CO product.
to be involved in the excitation to the second excited state  Ab initio calculations of the electronic structure of NCO
(B2I1),*4*50ne of which involves a transition £3 < 27) from reveal a crossing between théZ and BI1 potential energy

a bonding molecular orbital to an antibonding molecular offital ~ surfaces occurring at an energy just above (&I Bstate
and results in a lengthened-\CO bond?® Dissociation from minimumZ® Spin—orbit interaction between the?&* state and

the Bstate thus appears more likely than from thetate. The a repulsive*>~ state at an energy similar to that of the first
four lowest product channels are listed below with the threshold crossing explains the onset of dissociation in the spin-forbidden
wavelength at which the channel is energetically accessible: channel. The exact mechanism of the spin-allowed dissociation

— CN(X’2") + OCP) Ay, =215nm (3)

—NCP)+ CO(E") Ay, =205nm (4)
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bent geometries the NCO Btate does correlate with the A o

products of channel ¥ ngil?:s‘;‘f:d 250 nm Monitor
The CN (X=+, v, J) product state distribution was obtained

in a study of the O+ CN dissociation channel 3 at a photolysis 400800mm §f—} lo175mm

has not been determined, although it has been noted that for
D VUV LIF vuv

3

wavelength of 193 nri® The identity of the excited state(s) Vacuum Ultraviolet )

apcgssgd at this wavelength is not knqwn. A bimodal rotgtional generation cell /‘—-/ \ci‘#ffgﬁr

distribution of the CN fragment was interpreted as evidence

for the participation of two different excited electronic states m

of NCO in the dissociation. The authors proposed that the high-

CN fragments correlated with dissociation from a bent state, Figure 1. Schematic diagram showing the experimental arrangement

while the low< CN resulted from dissociation from a linear of the molecular beam, the 193-nm photolysis laser, the VUV probe

state. Attempts to detect excited N atoms, eithébDi)\or N(ZP), laser, the VUV LIF detection system, and the VUV laser monitor.

using resonance fluorescence and chemical conversion tech-

niques, were unsuccessful. On the basis of these results theyhey investigated. The work presented in this paper provides

concluded that the N- CO channel is a minor channel. the first direct experimental determination of the distribution
At higher energies more channels for the NCO dissociation of energy in the N*{P2D) atoms and CO molecules generated

open, leading to production of excited electronic states of the from the 193-nm dissociation of NCO.

CN radical. Recently, Schoennenbeck etlatetected the

CN(B?=") radical from the VUV photolysis of NCO and Experimental Setup

determined the threshold wavelength for this channel. This was

the first study of excited states above 6.5 eV and led to a

tentative assignment of arsiRydberg series.

NCO radicals were generated in a molecular beam following
laser initiation of the rapid CN- O, reaction. The gas mixture,
15% GN, 30% O, and balance Ar, was introduced to the
NCO(5(2H) +hy — CN(AZH) + O(3P) Ay =180 nm (5) vacuum chambe_r through a piezoelect_ric pulsed nozzle_. Cus-

tomarily, a backing pressure of 40 psig was used behind an
orifice of 0.5 mm diameter. The valve was operated at 10 Hz
with a pulse duration of 250s, resulting in a chamber pressure
of 3 x 10~ Torr. Typical background pressures were 807
Torr. The experimental apparatus has been described in detail
previously?? As illustrated schematically in Figure 1, the CN
reagent was prepared by the 193-nm laser dissociation of
cyanogen, N, at the tip of the jet. The typical pulse energy
of the photolysis laser (Lambda Physik, COMPEX 201, ArF
excimer) was 75 mJ, and the beam was focused to a vertical
rectangle 2 mmx 5 mm. NCO was also photolyzed at 193 nm
to give dissociation products. Both NCO production and
photolysis occurred within the 20 ns laser pulse duration.

— CN(B*Z") + OCP) Ay, =139 nm (6)

There is an additional dissociation channel in this energy region
that has not yet been observed.

NCO(X?IT) 4+ hv — NO(X?TT) + CCP) Ay, =178 nm (7)

Our long-range goal is to obtain the product state distributions
after tunable ultraviolet photolysis of NCO. However, in
attempting to measure CO generated from tunable ultraviolet
photolysis, we found that the method of NCO generation

produced strong background levels of CO. Before continuing N(D). N(P), and CO were detected 50 nozzle diameters

with tunable photolysis, we decided to try to understand the d . ina tunabl traviolet | induced
source of this background. The experiments presented hereﬂowns ream USS\% LllJlga wa Vﬁcu:’m u rawoiz d_azer n utcl:qe
generate the NCO radical early in an expansion of cyanogen uorescence ( ). The N atoms were studied using the

roed _ ) .
oxygen, and argon from the photoinitiated radical reaction 3s dpfﬁS/Z,G?észng %3%5’225;:”5'“‘0_”25 Seazt pgl‘;g'%z‘?’ 14?[.'2820'
scheme given by reactions 8 and 9, whereas the strong@" y nm and the 352,12 3/2,121ransilions

: . ~at 174.2729 and 174.5252 rfhCO was monitored using the
background appears to come from the concomitant pI’OdUCtIOHAlH X1z band system.

of CO by 10: ;
The VUV probe laser light was generated by four-wave
C,N, + 193 nm— 2CN (8) mixing (wvuv = 2w1 — w7) in Xe using an intermediate
resonance with the 6p[li2btate?* The output of a 308-nm
CN+0,—~NCO+ 0O (9) XeCl excimer (Lambda Physik, LPX 205) was split and used
to pump two dye lasers (Lambda Physik, FL 2002). The
NCO+ 193 nm— N + CO (10) frequency-doubled output of the first dye lasek, was fixed

to the two-photon resonance in Xe at 250.04 nm using a BBO
As a result of the expansion, all products of the photolysis are crystal. The wavelength of the second dye lager,was tuned
rotationally and translationally cooled, but it is still possible to from 440 to 800 nm with several dyes. A delay line was
obtain the CO vibrational distribution, since this degree of necessary to match both laser pulses in time and to obtain the
freedom is inefficiently relaxed in the expansion. optimum VUV power, which was typically about 4photons.

The goals of our study of NCO photodissociation at 193 nm The delay line included a zero-order, 1/4-wave plate that rotated
were thus 2-fold. First, we wanted to examine the product state the w; polarization to match that frorm,, which was vertical
energy distribution generated by the dissociation. This informa- in the laboratory frame. Before entering one arm of the chamber,
tion will be useful in order to reduce any background signal both lasers were focused Wit 4 in. focal length fused silica
when carrying out subsequent tunable ultraviolet photolysis of lens into the centerfaa 6 in. long cell containing 30 Torr of
NCO. Second, we wanted to complement the 193-nm photo- Xe. The resulting VUV radiation was recollimated i 4 in.
dissociation studies previously conducted by Liu and Cooffibe. f/l MgF, lens that acted both as the exit window of the Xe cell
Our investigation provides information concerning the product and entrance to the vacuum chamber. Laser energies were
energy distribution to channels other than the €XD channel typically 0.25 and 2.5 mJ/pulse fav; and w,, respectively.
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With an etalon installed i1, the VUV laser bandwidth (fwhm) 2.0 ———71
was 0.21 cm?, as determined by scans over thermal GeX) i
in a bulb experiment.

The VUV LIF signal from N* and CO products was detected
by a solar-blind photomultiplier (SB PMT, EMR 542G-08-17)
placed perpendicular to the plane formed by the molecular beam
and the photolysis/probe lasers. #&h MgF, lens was employed
for LIF signal collection. A Mgk 193-nm high reflectance laser
mirror was placed before the SB PMT in order to reduce the
amount of scattered ArF laser light detected.

The NCO radical was probed via LIF using either th&&A
~— X2IT at 440 nm or the BT — X2II transitions at 315 nm.
The A—X system was probed using a XeCl excimer pumped 5
dye laser system (Lambda Physik, LPX 205/ FL 2002). For the T v 7
A—X system, a Nd:YAG (Spectra Physics, GCR 270) pumped ArF Laser Energy (mJ)

dye laser system (Lambda Physik, Scanmate 2E) was useciFigure 2. Photolysis of the 15% £N,/30% OJ/55% Ar gas mixture

Frequency-doubling with a BBO crystal was needed for 5193 nm yields an NCO LIF signal that strongly depends on the 193-
detection of LIF in the B-X system. The CN radical was probed nm laser pulse energy, consistent with processes08

using a XeCl excimer pumped dye laser system (Lambda Physik,

LPX 205/ FL 2002) tuned to the either the® — X2X* at 9450) trace, setting a gate on the feature of interest, and

388 nm or the BX* — AZI transition at 480 nm. In these  averaging for 16-20 shots.

experiments, the solar-blind PMT was replaced by one sensitive  power dependencies of precursor and product molecule LIF

to UV and visible light. A combination of cutoff filters was  signals were studied as a function of the photolysis laser energy.

placed before the PMT in order to reduce the scattered laserSeveral scans over a spectral feature of NCO, N*, or CO were

light from the photolysis and probe lasers. A 390 nm interference conducted in which the LIF signal was monitored as a function

filter was also used when employing the NCOXBLIF of the photolysis laser energy. An iris or a set of fine wire mesh

transition. screens was used to attenuate the incident laser energy, which
Power fluctuations in the CN/NCO probe laser were moni- was measured using a calibrated pyroelectric detector. The

tored after the chamber by sending a reflection of the laser beamdependence of the RR) LIF signal on [GN;] was also

into a cell filled with dye solution. The resulting fluorescence determined. Four mixtures with different cyanogen concentra-

was detected using a fast photodiode (Thorlabs DET2000). Thetions, 3%, 5%, 10%, and the usual 15%, were prepared for these

photodiode signal was processed by a boxcar and input to themeasurements.

data acquisition (DAQ) board/computer. The VUV laser energy ~ The gases used for this experimentsNg(purity = 98.5%,

was monitored at the opposite end of the vacuum chamber byMatheson), @ (= 99.8%, Airgas), and Ar (99.999%, Spectra

using an additional solar-blind PMT (EMR 541G-087) placed Gases), were used without further purification.

at 9C¢ upward in an elbow configuration. Reflections off &45

window passed through a MgHiffuser and a broad band VUV~ Results

interference filter, placed before the SB PMT, to help reduce  pjagnostics Several diagnostic experiments confirm that the
scatteredy, light. The output of this PMT was fed to a boxcar ineraction of the 193-nm laser with the molecular beam both
averager and input as one channel into the DAQ board/computer.produces and photolyzes NCO according to reactiond(8

The photolysis laser energy was demonstrated to be stableThe power dependence studies summarized in Figure 2 clearly
during experiments, either by continuously monitoring a reflec- show that the NCO LIF signal initially rises rapidly with
tion off the entrance window to the chamber by means of a increasing 193-nm laser pulse energy. After this rise, a dramatic
photodiode or by periodic measurements with a pyroelectric drop is observed at still fairly low~10—20 mJ/pulse) laser
detector. The chamber pressure, on the other hand, fluctuatecenergies. The initial rise in NCO LIF at the lowest photolysis
due to the mechanical characteristics of the pulsed valve. The|gser energies is evidence that the CN reagent, made by
pressure was monitored by using the analogue output of thephotolysis of GN, at 193 nm, is immediately reacting with the
ion gauge controller unit and collected on an additional channel O, present in the expansion in order to produce NCO. The
on the DAQ board. The monitored signal fluctuations for subsequent drop in NCO LIF at higher photolysis laser energies
pressure and photolysis/probe lasers were later used for noris a clear indication that the NCO absorbs a 193 nm photon
malization of the product LIF signal. and then dissociates into products. When the photolysis laser

The experiment was computer-controlled by a program beam was focused less tightly, the plots of the NCO LIF signal
written in LabVIEW (National Instruments, version 5.0) that vs 193-nm laser pulse energy showed higher signals for NCO
sent commands by means of GPIB interfaces to the digital delaythat dropped less steeply with increasing pulse energy. Very
generator, the laser computer/control units, the multichannel PC-mild focusing resulted in curves that did not drop but instead
DAQ 1/O board, and the oscilloscope. The delay generator leveled off at higher laser pulse energies. Since cyanogen
(Stanford Research Systems, DG535) set the main timing strongly absorbs at 193 nm, the plateau behavior is very likely
sequence between the nozzle opening and the trigger signalsiue to saturation in the initial absorption step (reaction 8). From
for firing the lasers. The laser wavelength was stepped usingthe fact that the NCO concentration measurements were made
output pulses from the DAQ (National Instruments LabtPC  during the photolysis laser pulse, it is clear that this multiphoton
DAQ board) I/O board sent to the laser controllers. Other inputs process occurs on the time scale of a single photolysis laser
to the DAQ board were laser power monitor signals for both pulse. The absence of the NCO signal when the probe laser
photolysis and probe lasers and the pressure monitor. The LIFpreceded the photolysis laser illustrated that there was no NCO
signal was obtained by downloading the oscilloscope (LeCroy, signal present from the previous gas and laser pulses.
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Figure 3. The N@D,?P) and CO LIF signals depend quadratically on
the 193-nm photolysis laser pulse energy, thus providing evidence for
the two-photon process described by reactiond® The solid lines
were determined by least-squares fitting of the data. The plots have
been displaced vertically.
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Figure 6. A portion of the product LIF spectrum containing the

Figure 4. The N@D) LIF signal depends linearly on the percentage N(2P/—2P;) transitions and the CO (5,7), (8,9), and (2,5) bands.

C:N2 in the beam, indicating that the excited nitrogen atoms are primary

products of NCO photolysis. . . .
photolysis of NCO at 193 nm predicts a linear dependence on

The N@D), N(2P), and CO concentrations depend quadrati- the initial [C;N], whereas CO and N production by secondary
cally on the 193-nm laser pulse energy at low pulse energy, asreactions of other species should have a quadratic dependence.
shown in Figure 3. This observation also agrees well with the Pressure dependence studies of théD)N(LIF signal on the
proposition that a second 193-nm photon is absorbed by NCO percentage of @, in the gas mixture, shown in Figure 4,
to give these products. The slopes obtained by least-square$£xhibit a linear dependence, in keeping with the photolysis of
fitting to the linear part of the In In plot are 2.8 0.12 for NCO as the primary production source of CO and N.

N(2P), 2.02+ 0.09 for N@D), 2.034 0.11 for CO¢=1). The The LIF spectra of CN, NCO, and CO show substantial
energy of the photolysis laser was maintained within the regions rotational cooling since the reaction and dissociation occur early
of quadratic behavior for detection of the a), N(2P), and in the supersonic jet expansion. The rotationally resolved spectra
CO products for normalization purposes. However, it was of each vibronic band were simulated for both NCO and CO.
demonstrated that the relative LIF intensities of the N* and CO The spectral intensities are well-characterized by a Boltzmann
products were the same both in the quadratic regime and atdistribution with a rotational temperature of about 55 K.
higher photolysis laser energies. This was taken as further Representative CO spectra in the regions of tH®Nand NEP)
evidence that the leveling off behavior with increasing 193-nm lines are shown in Figures 5 and 6, respectively.

laser energies, observed for both NCO and product LIF signals, The amount of rotational relaxation was studied by comparing
was due to saturation in the production of CN by photolysis of the intensity of the LIF vibrational/rotational spectra probed at
CoN» (reaction 8), rather than saturation in the photolysis of several distances downstream in the expansion. This was
NCO (reaction 10). accomplished by moving the pulsed valve and 193-nm laser

In the interaction region of the laser pulse and molecular light closer to the center of the chamber and decreasing the delay
beam, there are substantial concentrations of O and N atoms asime between the lasers to compensate for the shorter flight time.
well as the molecular species CO, CN, NCG;, @nd GNo. CO rotational distributions for vibrational levels= 1 and 4
Studies of the N{D) LIF signal as a function of cyanogen were observed to be significantly warmer when probed in
concentration, [eN], were performed in order to discriminate regions closer to the photolysis laser and at times earlier in the
against any other radical reactions that might be contributing gas pulse. The rotational temperatures were determined to be
to the species detected. Primary production of CO and N by 15 K at a laser delay of 36s, 50 K at 8«s, and 100 K at 4s.
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Vibrational relaxation was also investigated. In the case of 4~ R ; —
NCO, the LIF spectra showed not only rotational cooling but

also extensive cooling of the bending vibrational motion. We é i « Experiment 1
thus worried that possible vibrational relaxation of the CO EE IN — prior NCP)+ CO(v<1)  1.3% ]
fragment during the expansion could affect its measured E P ) , - R
vibrational distribution. However, LIF spectra for both CO and E r N - —prfor N(4D) +CO(vs6) 93.6%
CN showed no evidence of vibrational relaxation, even at long 2, N — prior N(S) + CO(v=16) 5.1% 1
distances and delay times. In fact, the ratio of integrated band £ | 'y 1
intensities for CO¢=1) and CO¢=4) remained unchanged to i i N i
within the experimental uncertainties at delays of 4, 8, and 36 2 F \> .
us. This constant value demonstrates that collisions do not cause = ' [ LN 7]
significant CO vibrational relaxation under the conditions of g g ix\ 1
our measurements. O 0 » ]

To investigate the possibility of collisional quenching of the 0 ﬁ(; - 2‘— — Z —— = bl - *TO
excited electronic states M,2P), LIF spectra were also Vibrational Quantum Number
recorded at different delay times between the photolysis and

probe lasers and at different positions of the lasers in the Ity X

. As th llisi ¢ d ber density in th calculated prior distributions for the three channels producirig a2P).
eXpanS|.0n.. S e co 'S',On ra'e an number aensity in the . prior distributions have been scaled to agree with the observed
expanding jet fall off rapidly with distance from the source, istribution.
the position of the photolysis laser in the expansion region . o
determines the collision environment in which the excited atoms TABLE 1. Comparison of the Observed Distribution of CO
are formed. Number densities as a function of distance from Reélative Vibrational Population with the Prediction of a

h ; . . Franck—Condon Model

the source were estimated using expressions given by Lubman
et al2> and were averaged over the finite width (2 mm) of the Franck- Franck-

photolysis laser beam. The laser delay between the formation relative Condon relative Condon

Figure 7. The observed CO vibrational distribution is compared with

of the atoms and their detection gives an estimate of the time Y PoPulation  factor v population factor

frame for collisions to occur. At the shortest delay times and 9 0.313 5 0.235:0.021 0.006

lowest densities used (44 10° molec cn? s), the NED)/ 1 264+£023 0357 6  0.1%007 0.001
2P) i i i factor of 3 smaller than that obtained 2 L17a+£008 0-212 ;o 00450011

N(?P) intensity ratio was a fac . al 3 1 0L01 0.085 o 0015 0005

at the longest delay times and highest densities (.00 4 0.63+0.10 0.025

molec cnm3 s).

It was not practical to extend the measurements to conditionsby nearly a factor of 2, depending on which upper level was
of fewer collisions, because the scattered light from the 193- excited in the CO AT — XI=* transition probed.
nm photolysis laser prevented reliable detection of the much  The CO vibrational distribution was pieced together from
weaker NEP) LIF signal. The NAD) LIF signal, however, was  repeated scans over many segments of a wide wavelength
readily detected down to (density delay) values of 8. 10° interval (149-175 nm) and taken over several weeks. Relative
molec cn® s. It was observed that the spectral line width populations within each day’s accumulation of scans over
progressively broadened as the (densitydelay) product  several vibrational bands were determined by scaling to those
decreased. This trend was also seen fotPN(at somewhat  scans probing a particular vibrational level, typically=3. In
higher (densityx delay) conditions but was not as pronounced. spectral regions wherg,»'' = 3 bands were not present, other

Although the photolysis wavelength of 193 nm is below bands were taken as the reference and the resulting ratios later
threshold for production of O+ CN(AZII), the additional rescaled tov'' = 3. Good agreement was observed between
internal energy of NCO is enough to reach the threshold of relative populations obtained from scans that probed the same
channel 5. We searched for the CN(A) state by LIF probing Vibrational levels but with different bands in other spectral
with the B?St — AZ[T transition, but no fluorescence was regions except for"" = 0, which will be discussed below. The

detected. results for the CO vibrational state distribution are presented in
Data Analysis. The vibrational distribution of the co  Table 1 gnd F|gu_re 7. _
products was measured by monitoring thd1A— X!=* band No reliable estimate of the C@¢0) population could be

LIF intensity as the probe laser was scanned over the rotationalobtained due to a large background of thermal (300 K) CO.
structure of several vibronic transitions. CO vibrational bands This background made its presence known by absorption peaks
were assigned by comparison with simulated spectra generatedn the VUV monitor signal. The absorption peaks varied in size
using the updated &I state constants of Field et #l.Good on a daily basis, reaching as high as 90% of the total VUV
agreement of normalized experimental and simulated spectramonitor signal. The CO background persisted for days, even
was routinely achieved with adjustment of four parameters: after continual pumping on the system at pressures of T0rr.
rotational temperature (typically 15 K), VUV laser bandwidth Due to the long (80 cm) path length of the VUV laser radiation
(typically 0.21 cnt?), a shift in the wavelength scale to account through the chamber to the monitor, it was not possible to
for a calibration error in the), dye laser, and an intensity scale determine the extent to which the VUV had been attenuated at
factor. The relative vibrational population was extracted from the point of intersection with the jet. As a result, G8Q) LIF
integration of each simulated band. Integrated band intensitiessignals from the dissociation of NCO could not be properly
were converted to relative vibrational populations by dividing normalized, as evidenced by large disagreements (factor of 3)
by the appropriate FranekCondon facto?’ Since the detection  in the CO¢=0)/CO@=1) population ratios obtained by scan-
efficiency of the CO LIF was wavelength dependent, the band hing different bands.

intensities were also corrected for the filter transmission and  Atomic N* populations were determined from the integrated
the photomultiplier quantum efficiency. These factors varied intensities of normalized spectra using oscillator strengths
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Figure 8. Translational relaxation of the RY) Doppler line shape by
collisions in the jet expansion region. The solid line was obtained by
fitting an exponential decay function to the data.

derived from tabulated Einsteiu coefficients for the 33P; —
282p° 2Dy and 3s?P; — 223 2P; transitions®® Although the
N(°D) and N@P) transitions are well-separated in wavelength,
the upper state 3, is common to both, and the strong emission
is dominated by fluorescence back to tA@ levels. The

efficiency of the fluorescence detection system is thus nearly
independent of the excitation wavelength, and the resulting

emission correction factors differ by less than 5%. This is not
the case, however, for the detection efficiency of the VUV

monitor system, where the filter band-pass, the diffuser trans-

mittance, and the quantum efficiency of the photomultiplier are

all strongly wavelength dependent. We estimate from measured
transmission curves and photocathode specifications that the

VUV monitor is more sensitive by a factor of 5.4 to wavelengths
near 149 nm?D) than to wavelengths near 175 nA®). This

factor was included in the normalization of the atomic spectra

to the fluctuations of the VUV laser radiation.

For the NEP;—2D;) system, the three allowed transitions are
well-resolved and the relative intensities agree well with the
9:1:5 ratio expected for a statistical population of the two spin
orbit states’D3/, and?Dsy, (see Figure 5). For the Kpy—2P;)

system, the four allowed transitions appear as two closely space
doublets (see Figure 6). Again, the spectral intensities appear

to agree well with the 1:5:2:1 ratio expected for a statistical
population of the two spirorbit states?Ps, and 2Py,. The
doublet spacing of the ground state (0.368 &ns well-resolved

under conditions of translational relaxation and scans with small
step size. The populations determined from the three spectral

components detected for IY) were consistent, as were the
populations determined from the four 4Ry lines.
A direct comparison of the RD) and N@P) LIF intensities
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(number density laser delay) product for RD). Extrapolating
the line widths to zero (density delay) or “zero collisions” is
equivalent to the sum of the parameters from tha fit b, and
yields a fwhm of 0.4874+ 0.045 cn1! for “nascent” NED).
The range parametet, in the exponential was determined to
be (3.74 1.4) x 10719 cm® molec® s%. The data and fit are
shown in Figure 8. The error bars represent the uncertainty in
the width parameter obtained from Gaussian fits to the line
shapes. Despite the broadening of théM)(ine shapes observed
at low (densityx delay) products, the effect was modest and
the poor signal-to-noise ratio of the data did not allow an
analysis similar to that for the RID) line shapes. As a result,
we report only a lower limit for the deconvoluted, “nascent”
line width of 0.194- 0.01 cn1? for N(?P), obtained at a (density

x delay) value of 4.1x 109 molec cni3 s.

Discussion

The gas-phase reaction of CN with, G@sed to generate the
NCO radicals in these experiments has three exothermic
pathways that lead to products:

CN+0,—NCO+ 0 AH’=—29 kJ/mol (11)

—CO+NO AH°=—461kJ/mol  (12)

—N(*S)+ CO, AH°= —359 kd/mol (13)

The simple abstraction channel 11 is the dominant pathway,
accounting for more than 70% of the reaction yi#ldThe
relative importance of the most exothermic channel (12),
however, is still under debate, as the results from several
experimental determinations range from 6% to 2¥%he
pathway 13, resulting in atomic nitrogen and carbon dioxide as
coproducts, is a minor channel (2%b)but is sufficiently
exothermic to access either ) or N(?P). The results of the
power dependence experiments presented in Figure 3 clearly
show a quadratic dependence of the CO?y( and NEP)
products on the 193-nm laser power. This rules out processes
12 and 13 as the sources of CO and N* in our experiments, as

c}hey would be characterized by a linear dependence on the 193-

nm laser power.

Since the number densities of both radical and molecular
species are high in the region of the expansion just downstream
of the jet orifice where NCO is made, there is the possibility of
secondary reactions giving rise to N* atoms and/or CO
molecules. The following are examples of very fast reactions
for which the N* and CO products would display a quadratic
dependence on the 193-nm laser power:

was obtained by using two sets of cuvettes, dye circulators, and

dye solutions and alternately switching the pair in and out of

thew, dye laser in order to scan over the two wavelength regions

of interest. The population ratio Rz, 52/N(?Ps12, 119 was
found to be dependent on the (denskydelay) product and
was determined to be 72 18 at 4.1x 10° molec cnt3 s, 97
+ 13 at 8.1x 10" molec cnt@® s, and 250 29 at 5.0x 10%3
molec cn3 s,

The spectral line widths of both R) and NEP) were
observed to increase as the (densitgelay) product decreased.
Widths of the spectral lines were obtained as full widths at half-
maximum (fwhm) from the fit of Gaussian functions to the
spectra and deconvoluted from the VUV laser bandwidth. An
exponential decay function of the forng & a + be /9 was
fitted to the deconvoluted line widths as a function of the

NCO+ O—CO+NO AH’= —425kJ/mol (14)
CN+O—N(*S)+ CO AH’°= —326 kd/mol  (15)
—N(CD)+ CO AH’°=—95kJ/mol  (16)

Consideration of reactions 146 together with the &N,
absorption step 8 and the fast GNO, reaction 9 does reveal

a differentiating feature from the proposed schemel®, in
which the N* and CO are produced by the 193-nm photolysis
of NCO. The product signal from the secondary reactions will
be quadratically dependent upon the fraction gfl£in the gas
mixture, whereas the 193-nm photolysis of NCO scheme will
be linear. In diagnostic studies, it was clearly demonstrated that
the N@D) LIF signal exhibited a linear dependence on the
fraction of GN in the gas mixture for a range o5, fractions
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differing by a factor of 5. The linear dependence onNg} is relative to the equilibrium bond lengths in free CO (1.128 A)
a strong confirmation that the observedD{ and CO do result and N (1.10 A)5 It is reasonable to expect that a sudden change
from NCO photochemistry rather than from secondary reactions. in the bond length of the diatomic fragment upon dissociation

The appearance of the vibrational distribution itself is further Will produce a distribution of vibrational states. A simple
evidence that the CO does not come from any of the processed:raan—COHdon model for the resulting vibrational distribution
12, 15, or 16. The CO vibrational distribution from CNO is has been shown qualitatively to reproduce thevirational

bimodal with peaks at = 0 and 9 and extending to = 12, distribution accompanying RID) for the major channel in the
while that from CN+ O, is a monotonically decreasing Ns dissociatior?® A similar calculation for the NCO dissociation

distribution extending fromy = 0 to 43° The CO distribution using Morse potential wave functicligredicts a CO vibrational
observed in this work also falls monotonically, but less rapidly, distribution that peaks at = 1 and has significant population
and it reaches to = 6, with further population extending ina  out tov = 4. The results are compared with the experimentally
long tail to at leasty = 9, but with no secondary maximum. Observed distribution in Table 1.

This evidence taken together with theNg pressure study and The CO vibrational distribution has contributions from the
the power dependence studies of the NCO, CO, and N* signalsthree channels that differ in the electronic state of the atomic

confirms that the 193-nm photodissociation of NCO is indeed hitrogen coproduct. Because of the substantial energy spacings
the process being observed. between the NG 2D,2P) electronic levels, the thermodynamic

The CO Vibrational Distribution . The CO vibrational limits to the vibrational levels in the CO coproduct from each
distribution we observe was determined under expansion channel are also substantially different. Ground-state atomic
conditions in which the CO was detected some 50 nozzle Nitrogen (S) may accompany CO |nZV|brat|onaI levels up.to
diameters downstream from where the NCO was generated and™ 16 Whereas for the excited states?D)(and NEP), the limits
dissociated at 193 nm. During the 3& flight time to the on QO V|brat|o_n are = 6andu.= 1, respectively. Vibrationally
detection volume, extensive collisional cooling of the rotational €Xcited CO with more than six quanta may then reasonably be
and translational degrees of freedom occurred, resulting in 15 &ttributed to the spin-forbidden channel, leading to ground-state
K rotational distributions for CN, CO, and NCO and laser N atoms. For CO with zero to six quanta of vibrational energy,

bandwidth limited spectral line shapes. However, the vibrational teré is an additional contribution from the spin-allowed channel
degree of freedom appeared to be affected by collisions only in '€2ding to NED). For CO with up to one quanta of vibrational
the case of the low-frequency NCO bending vibrations and not €Neray; there is a third contribution from another spin-allowed
for the much higher stretching frequency of the diatomic product channelleading to NP). The vibrational distribution displayed
CO. This has been confirmed by energy transfer experiments!" Figure 7 and listed in Table 1 clearly shows demarcation
in which the rate constants measured for vibrational relaxation PEtween two of the regions of population: a low population
of NCO bending vibrations with He or Ar are 4 orders of tail abover = 6 and a significant rise in population belaw=

magnitude greater than are the corresponding rates of relaxatiorP: There is not such an obvious difference in the low=(0—1)
of CO@=1) in collisions with He or G.31-33 region, where the NP) channel contributes, due in part to the

lack of a reliable estimate of the C©¢0) relative population.

However, the population of CO in= 1 does not appear to be

very different from what might be expected from extrapolating

the trend toward increasing population at lewThis would

indicate a minor contribution from the RR) producing channel.
The correspondence of the CO vibrational distribution with

the thermodynamic limits of the three channels of NCO

photolysis suggests that the branching ratio between the channels

L may be determined from the CO vibrational distribution. Such

?:Igjxpaa;irc?: c:?Cl\(l)%%) and Ar, result in insignificant self- an interpretation has been employed to determine the branching

! i " _ ratio in the case of the CN- O reaction channels 15 and 1%.

Diagnostic experiments were undertaken to determine the There the CO vibrational distribution was observed to be

extent to which relaxation affected the CO vibrational distribu- pimodal with widely separated peaksaat 0 andv = 9 and

tion. Integrated CO LIF intensities for the (0,1) and the (4,4) 5 gistinct valley atv = 6. A branching ratio of 4:1 was

bands were compared at several delays between production andieermined in favor of the RD) channel, which peaked at the

detection, namely, 4, 8, and 38. At each of these delays, the  |o\er vibrational levels. A trajectory calculation on a LEPS

ratio of integrated intensities for the two vibrational bands was ¢ rface showed that the CO distribution from thé®y(channel

the same within the experimental uncertaintigslg). Unfor- did not contribute to the CO distribution from the?®) channel

tunately, it was not possible to extend the diagnostic experimentsss, co viprational levely < 7.

to shorter delays, because of signal-to-noise limitations. Since  The geconvolution of the three channels in the photolysis of

most collisions occur early in the expansion (short delays), NCO at 193 nm is somewhat less straightforward, because there

partial vibrational relaxation due to collisions in the firsug is overlap between the contributions to the CO vibrational

of delay could not be ruled out. distribution. Consequently, we generated a model CO vibrational
Extensive vibrational excitation in CO was observed with distribution for each channel by using the prior distribution that

population in levels up te = 9. Dissociation in isoelectronic s based on maximum entropy considerations and the conserva-

systems such asa¥ind NO™ also reveal considerable internal  tion of energy?3°

energy in the respective,Mind NO™ fragments accompanying

the N atoms*36 Similar vibrational distributions to this work P)O{1—1£}¥

were inferred for the B fragments in the NG) and N{D)

channels when pwas dissociated with approximately the same where

energies available to products as in this work. Both NCO and

N3 have elongated €0 (1.206 A¥ and N-N (1.18 AP” bonds f,= E(CO@))/[hw — Do(N—CO) — E(N¥)]

Self-relaxation of vibrationally excited CO by collisions with
CO(v=0) has been observed to be an efficient proéésggth
measured rate constants for relaxation of low vibrational levels
of CO that are comparable to those obtained for NCO bending
relaxation by Ar. For higher vibrational levels of CO, however,
the relaxation rate constants decline by 3 orders of magnitude
over the range from C@€3) to CO@p=14). In our experiments,
the very much lower beam densities of GPand CO¢{=0),
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The denominator i, is the available energy after taking into We have used this simple model of the prior distribution as
account the photon energy (193 nm), the bond dissociation a means of separating out the contributions of the three channels
energy (2.38 eV{® and the electronic energy of the N atom. to the CO distribution. If the CO vibrational distribution was
The resulting prior distribution for CO from the channel leading partially relaxed, then the population in the high vibrational
to ground state N atoms was scaled to match the experimentallevels would be underestimated and the inferred N atom
distribution atr = 7 and 9, where only that channel contributes. branching ratios would underestimate'Si{ and possibly ND)

The prior distribution for CO from the RD) channel was then  relative to NgP). For reasonable assumptions about the available
scaled to make up the difference between the CO contribution energy for the NfP) channel, however, the modeled contribu-
from the N¢S) channel and the experimental distributiorvat  tions of the N{D) and NEP) channels to the CO vibrational

= 2—6. The difference between the experimental distribution distribution are in fair agreement with our independent experi-
and the scaled up contributions from the“S) and N{D) mental determination of the RI):N(2P) branching ratio,
channels at = 1 was attributed to the CO contribution from indicating that vibrational relaxation is not a serious problem.
the N@P) channel. The resulting CO prior distributions for the The model provides the only estimate of the relative contribu-
N(*S) channel, for the sum of the #&) and N{D) channels, tions to the CO vibrational distribution from the4$) and N{D)

and for the sum of all three channels are displayed in Figure 7 channels. The resulting branching ratio appears to be insensitive

along with the experimental distribution. to details about the internal energy assigned to the NCO parent
The agreement of this simple model with experiment is only in the model calculations. Combination of the modef$)(
partially satisfactory, because without data for COvirs 0 N(®D) result with the experimental RD):N(°P) determination,

and for higher vibrational levels in the range= 1016, the  Yields an overall branching ratio of A§):N(D):N(?P) of (5.1
comparison with the model is incomplete. The lack of data for =+ 1.8):(93.6+ 4.8):(1.3+ 0.3). The error estimates-(Lo) for
CO(=0) leaves only the vibrational population in= 1 to N(*S) and N{D) reflect the uncertainties in the scale factors
determine the scale factor for the prior distribution of théRy( ~ determined in the comparison of the prior distributions with
channel. The difference between the experimentally derived the observed CO vibrational distribution. The error estimate for
(v = 1) population and the sum of the contributions from the N(°P) is derived from the direct determination of the?Di\:
scaled prior distributions for the RI,*S) channels is on the ~ N(?P) branching ratio and by attributing all of the uncertainty
order of the experimental uncertainty. Thus, the scale factor to the much weaker NP) signal. Using the prior distributions
for the N@P) prior distribution ranges from 0.15 to 1.9; results for the two lower energy channels, the average energy disposals
in an N(ZD)N(ZP) branching ratio between 50 and 4, respec- in CO vibration are calculated to be 8870 and 3140 tffor
tively; and predicts the relative population for G&{0) to be  the N¢S) and N{D) channels. These values correspond to
from 3.2 to 5.0. The high end of the range of the?D)¢N(2P) fractions of the available energy appearing in product CO
branching ratio is reasonably close to the value of4728 vibration of 27% and 24%, respectively.
measured directly at the lowest (densitydelay) conditions. N(?D):N(?P) Branching Ratio. This is the first report of the
The N@D):N(*S) branching ratio was not affected by the choice direct detection of electronically excited nitrogen atorfi3, (
of the scale factor for the RI) channel, since it was calculated 2P) from the photodissociation of NCO at 193 nm. Previous
from scaling the prior distributions to match the data for workers using microwave discharge resonance lamps to excite
v = 2—7, 9. The resulting ND):N(*S) branching ratio was  similar atomic transitions were unable to detect the N*
18.5+ 6.7. products?® Although both experiments used a 193-nm pulsed
It must be pointed out that the prior distributions were laser for photolysis, the high intensity and the short pulse
calculated by assuming that the internal energy of NCO was duration of the VUV probe laser used here provide a greater
negligible. Bulb experiments investigating the vibronic energy detection sensitivity than the CW fluorescence lamps used in
disposal in the NCO (Xproduct from the reaction of CN- that work.
0., however, have shown the bending motion of NCO to be  We measured the RID):N(?P) branching ratio by directly
highly excited!®4Sauder et &° observed 80 different vibronic ~ comparing the intensities of consecutive scans over tRBN(
levels in the NCO ground electronic state with energies up to and the N{P) transitions. Between scans it was necessary to
51.5 kJ motl. They estimated average vibronic energies to be switch cuvettes and dye solutions in one of the dye lasers
12.74 2.1 kJ mot? in the bending motion and 5 kJ n1élin involved in the VUV generation scheme, because these transi-
the symmetric stretch. In our work, with NCO produced and tions are in different spectral regions. Normalization to the VUV
photolyzed within the 20 ns pulse duration of the 193-nm laser, probe laser pulse energies required a correction factor of 5.4,
the number of collisions with Ar or £, or O, in the jet since the VUV monitor was not equally sensitive in the two
expansion is insufficient to significantly relax the vibronic wavelength regions. This factor was calculated from filter
excitation before dissociatiof:31-4042t is not clear, however,  transmission curves and specifications for the photomultiplier
that the entire NCO internal energy needs to be considered asguantum yield. In light of the fairly large correction factor, we
available energy for disposal into CO vibration. The largely also measured the R§):N(?P) branching ratio using an indirect
bending excitation in the NCO will most likely be transferred method that compared LIF intensities from N* transitions and
to rotational motion of the CO fragment, and the effect of the CO (A—X) vibrational bands. Because the N* and CO LIF
remaining NCO stretching vibrational energy when included signals were obtained in the same wavelength region, no
in the calculation of the prior distribution is negligible. If, correction for the wavelength dependence of the detector
however, both NCO bending and stretching vibrations are efficiency was required for the N*:CQJ ratio. In this way,
included, the range of CO vibrational levels accessible to each N(2D) was compared to CQ+1) and NgP) was compared to
channel increases by one quantum and the mockE) N\ (2P) CO(v=5) (see Figures 5 and 6). The transitions probing both
branching ratio disagrees substantially with the experimental N(3P) and N{D) share a common upper state, so that the
result. The N{D): N(*S) branching ratio, on the other hand, is detection efficiency of the resulting fluorescence was the same
unaffected by the extra available energy, as it is a small fraction for both. The excited CO bands, on the other hand, fluoresced
of the total for this channel. from different upper states, so that it was necessary to correct



6350 J. Phys. Chem. A, Vol. 105, No. 26, 2001 Gomez et al.

the relative vibrational populations for filter transmissions and broaden at the lowest (density laser delay) conditions. This
photomultiplier quantum yields. In the case of the CO(3,1) and was more apparent with the #I) transitions, since the stronger
(2,5) bands used here, the correction factors differed only by LIF signals could be seen above the level of the scattered 193-
about 5%. The resulting branching ratios were obtainedD)( nm laser light down to laser delays as low as 100 ns. The widths
CO(y=1) = 5.01 &+ 0.22, NEP):CO@=5) = 0.268+ 0.047, displayed an exponential decay with laser delay over the range
and CO¢=1):CO(=5) = 11.23+ 1.01. These three ratios of 0.1-1.0 us. Because the probe and photolysis lasers were
combined give a ND):N(?P) branching ratio of 216- 42 at a spatially overlapped, the series of measurements probed the same
(density x delay) product on the order of 30molec cn3 s. region of density in the jet, so that the (densitylaser delay)
This value agrees well with the direct determination of 250  values genuinely reflect the kinetics of the process of transla-
29 at a (densityx delay) product of 5.0< 10" molec cn13 s. tional relaxation. The VUV probe laser bandwidth was decon-
The consistency of the results from the two methods lends voluted from the experimental line shapes, and an exponential
credence to the direct method and the use of the substantialdecay parameter of (3% 1.4) x 10-° cm?® molec! s~ was
correction factor for normalization to the VUV laser energies. obtained from the fit to the plot of spectral widths vs (density
The comparison was only possible, however, at the larger x delay). This value is essentially a gas kinetic rate constant
(densityx delay) products, where the CO rotational distributions for the deactivation of translational energy ofNY by collisions
were cooled in the expansion. The resulting intense and narrowwith Ar, although collisions with @ and GN; also likely
distributions could thus be scanned quickly with a sufficiently contribute to the process. The Doppler width of the transition
high signal-to-noise ratio in order to compare with the N* reflecting “zero” collisions was obtained from the fitting
intensity. parameters as 0.48% 0.045 cntl. Due to the weaker NP)
Since it was observed that the MN(ZP) branching ratio signal, only a lower limit on the nascent Doppler width could
increased with the (density delay) product, there must be one  be obtained as 0.18 0.01 cn* at the (density< delay) value
or more selective loss processes occurring. Selective andof 8.1 x 10719 molec cn® s.
significant loss of fast N* atoms by escape from the expansion  An average ND) velocity of 10904 101 ms! was obtained
region prior to detection is unlikely at the atomic velocities from the estimate of the “zero-collision” Doppler width.
allowed by the available energy. Experiments in our lab with Assuming that the decay rate constant obtained from the fit may
much faster GP) atoms (5000 ms") generated in the photolysis  be approximated as the product of the?D)( velocity and the
of ozone at 266 nm indicate that the fast atoms are quickly cross section for translational relaxation ofNY by collisions
entrained in the beari.Selective loss by reaction or quenching with Ar, a cross section of 34 Ais obtained. Similar cross
would most probably involve collisions with thed,, O,, and sections in the range 2810 A2 have been observed in bulb
Ar components of the gas mixture. Electronic quenching experiments for the translational relaxation of fastDg(with
collisions with Ar are very inefficient; the measured rate Ar.50 With the consistency of the average?NJ velocity and
constants are on the order of 20 cm® molec® s~ near 300 decay rate constant from the line width experiments thus
K.44.45Much more efficient quenching of KD) and N¢S) by confirmed, the average translational energy in the nascébN(
C:N; has been observed with rate constants~a0D-11 cm=23 + CO channel may be estimated as 1640190 cnt!. This
molec! s7! at 298 K, but no information is available for corresponds to an average fraction of (81.3)% of the
N(2P) 4647 Loss of N* by reaction with @has been more fully  available energy appearing in translation. Having accounted for
studied, and temperature dependent rate constant expressionthe average energy in vibration (24%) and translation (8%), the
have been recently evaluated; the recommended rate constantsemainder (68%) of the available energy must therefore appear

are 9.7x 10712718 and 3.1x 10712 e 59T cm~3 molec?
s1 for N(D) and N@P), respectively® It is clear that at the
highest conditions of (density delay) used in our experiments,
quenching with @N, or reaction with @ are significant

in the rotation of the CO fragment. This amounts to 9050&tm

as the average CO rotational energy for this channel. In these
estimates of the average product energy partitioning, both the
effect of relaxation of the CO vibrational distribution and the

processes. While we do not fully understand the selective nature,contribution of the parent NCO internal excitation to the

it may be that the cooling in the expansion favors reaction or
guenching of NfP). Fortunately, at the experimental conditions
of lowest (densityx delay), however, these processes ar@ 1

available energy were neglected. Fortuitously, these effects tend
to cancel because the largely bending excitation in NCO should
be converted to CO rotation upon dissociation, while correction

orders of magnitude slower and do not affect the measuredfor vibrational relaxation results in a decreased fraction of energy

branching ratio.

Branching in the production of RID,?P) has also been
observed in the dissociations of the isoelectronic systemsg of N
and NO*. For N; dissociation in the (B*) state at energies
about 1 eV above the KR) channel threshold, the major channel
produces NRD) as in the dissociation of NCO. However, the
N(?D):N(2P) ratio of 5 is much less than for NC®.The
dissociation of NO™ in the (BII) state also results in a much
lower N@D):N(?P) ratio. Similar to the NCO dissociation at an
energy just above the RR) threshold, N{D) is the favored
channel but only by a factor of 2.4 in the case @EON compared
to 72 in the NCO cas®. At higher energies, however, fR)
becomes the major channel, and upon excitation to $@"N
C state, the N(D) channel closes, leaving RR) as the sole
coproduct with NO .36

Average Energy Disposal in the N§{D) + CO Channel.
The spectral widths (fwhm) of the N* lines were observed to

ending up in CO rotation.

This very large disposal of energy into CO rotation is much
greater than the contributions from parent ground-state NCO
bending and rotational excitation generated in the photoinitiated
reaction CN+ O,. Simple classical models show that at most
only 15% of the CO rotational energy may be due to parent
NCO internal motior?® Similarly, models of impulsive type
dissociations do not predict the extensive rotational excitation
and the low translational energy release observed Hdtes
much more likely that the rotational excitation arises from
dissociation through an excited state with a bentQ@O
geometry, where the excited potential energy surface exerts a
strong torque on the departing CO.

NCO Excited States Accessible at 193 nnBoth NbO' and
NCO are linear and asymmetric triatomic species. More
importantly, they are also isoelectronic. The energetics and
dissociation of the BD™ system, however, have been studied
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much more extensively than NCO. Photoelectron spectroscopyby the channel producing R) as coproduct with CO&0—

of N,O*, for example, has clearly demonstrated the existence 6). Higher vibrational levels were assigned to the channel that
of the four lowest energy bound electronic statesf2[K, produced ground-state atomic 48§. The contributions from
A(Z), B(AI), and 22+).26 Recent ab initio theoretical these two channels were well-reproduced by a model in which
calculations have predicted these and higher energy bound andhe separate channels were represented with prior distributions
dissociative state®. The corresponding NCO (XA, and B scaled in the ratio ND)/N(*S) of 18.5+ 6.7. The combined
states have been observed experimentally, but there have beehl(*S):N(D):N(?P) branching ratio that incorporates the direct
few theoretical investigations of these or the higher energy measurement of RD) and NEP) and the prior model results is
electronic state¥21416.19A fairly low level molecular orbital thus (5.1% 1.8):(93.64 4.8):(1.34 0.3).

calculation dating back to 1975 predicts transition energies and The average energy disposal in the dominarfD)(+ CO
oscillator strengths for excitation to eight electronic states of channel was determined to be 8% into relative translation and
NCO2 The resulting NCO transition energies calculated for 24% into CO vibration. The remaining 68% of the available
the Franck-Condon region agree well with experimental results energy is expected to appear in CO rotation, suggesting that
for the A and Bstates. The strongest absorption to thetate the dissociation of the excited state of NCO must pass through
is the origin band? while the predicted excitation to theBate a bent geometry.

reaches vibrationally excited levels known to be near the peak
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