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Initial state resolved electronic spectroscopy of HNCO: Stimulated Raman
preparation of initial states and laser induced fluorescence detection
of photofragments

Steven S. Brown, H. Laine Berghout, and F. Fleming Crim
Department of Chemistry, University of Wisconsin-Madison, Madison, Wisconsin 53706

(Received 22 July 1997; accepted 19 August 3997

Stimulated Raman excitatiofBRE efficiently prepares excited vibrational levels in the ground
electronic state of isocyanic acid, HNCO. Photofragment yield spectroscopy measures the electronic
absorption spectrum out of initially selected states by monitoring laser induced fluorescHnce

of either NCO K 2II) or NH (a *A) photofragments. Near threshold, the N—H bond fission is
predissociative, and there is well-resolved rotational and vibrational structure in the NCO vyield
spectra that allows assignment K&f, rotational quantum numbers to previously unidentified
vibrational and rotational levels in the; N—H stretch andv; N-C-O symmetric stretch
fundamentals in the ground electronic state of HNCO. The widths of NCO yield resonances depend
on the initial vibrational state, illustrating one way in which initial vibrational state selection
influences dissociation dynamics. Initial excitation of unperturbgdN—H stretch states leads to
diffuse NCO yield spectra compared to excitation of mixed vibrational levels. The higher energy
dissociation channel that produces N&l {A) has coarser structure near its threshold, consistent
with a more rapid dissociation, but the resonance widths still depend on the initially selected
vibrational state. ©1997 American Institute of Physids§0021-960807)01444-X]

I. INTRODUCTION angle from its nearly linear ground state geom&tfy to a

Double resonance excitation to a dissociative electroni(?em excited state conflgurat|6?1, as Fig. 1 llustrates. The

i ; ; 3,20 4.
state using an excited vibrational level as the intermediat§1 state has mlnlma for bOthS. and trans isomers, gl
state is a means of studying fully quantum state resolved{10Ugh the excitation of thansisomer appears to dominate

photodissociatiod™® Recently, we reported the double- the electronic excitation spectrum out of the ground vibra-
resonance photodissociation of isocyanic &cfta molecule  tional state inSy.>*
that has three dissociation pathways that follow ultraviolet ~ Isocyanic acid has complex vibrational spectroscopy in
excitation to theS; (*A”) state’%-12 addition to rich photochemistry. Using stimulated Raman ex-
_ citation (SRE (Ref. 25 as a vibrational state preparation
NH(a ") +CO(X '£")  Do=42765 cm’, @ technique, we have explored the spectroscopy ofthid—H
HNCO+hr—H(X 2S)+NCO(X 2I1) D,=38380 cm?, stretc and thev; and v, N—C—O symmetric and antisym-
(20 metric stretch fundamentat®?’ In this paper, we describe
NH(X 357 )+CO(X !3*) Dy=30080 cm. 3) the excitation from initially selected vibrational levels to the
) o S, state that dissociates to produce selected quantum states
~ The dissociation of the N—H bond, chann@), occurs  of the fragments in dissociation channel$) and (2).
|n_d|r_ectly by a crossing frong,; to S;, at Ieas@ in the region Previously?2¢ we recorded HNCO Raman spectra by two
within a few thousand wave numbers of its threshofd. methods, photoacoustic Raman spectroscipRS (Ref.

Thgrﬁ CI:SOa iukt)s;[antlal b?rr_|e|:jto N_tH bor:jd f'SZ'Orl‘O‘itmt di 28) and action spectroscopy. The latter is a photodissociation
and photolragment yield spectra and product state ISéxperiment in which the Stokes laser in the SRE step scans
tributions from photodissociation of HNCO in a molecular

beam are consistent with barrierless dissociationSgn'° through  rovibrational transitions .at fixed photolysis_ and
Channel (1) is the spin-allowed dissociation of the C—N probe laser WaV(_aIengths. Figure 1is aq ener.gy _Ievel diagram
bond, and its mechanism has received careful scrutiny. | _at Sh_OVYS the vibrational and glectronlp excitation steps, the
appears, based on NH(A) and CO K 'S*) rotational dissociation channels qnd their energies, and the laser in-
distributions! fragment recoil anisotropi¢é;*°and the ob- duced fluorescenceIF) interrogation of NCO X °IT) and

1
servation of vibrational state-specific effects in theNH (@ “A).

photodissociatiofi? that channe(1) occurs mainly by direct Figure 2 presents the PAR spectra of the two most in-
dissociation on theSl surface, which has a small tense Raman transitions in HNCO, th@ N—H stretch and

(~500 cnmY) barrier to C—N bond fissioh!***Channel(3) the v3 N—C—-Osymmetric stretch fundamentals. The ground
is a spin-forbidden process @ and, therefore, must occur €lectronic state is a near prolate symmetric top with a large
via a crossing to the triplet surfacd{).'>'” We have not rotational constantmore than 30 cm?).*®?%3°The intense
explored the triplet channel in the work described here. Thdands in the PAR spectra a?®y bands with well resolved
electronic transition t®; changes the equilibriul-C-O K (Fig. 2 uses the asymmetric rotor notatity,) and unre-
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FIG. 1. Energy level diagram showing the Raman and electronic excitation, Raman Shift (cm”)

photodissociation pathways and LIF detection schemes.

FIG. 2. Photoacoustic Raman spedfP&RS of the v, N—H stretch(a) and
vy N—C-0O symmetric stretchb) fundamental transitions in HNCO. The
solvedJ structure. The PAR spectra are highly irregular be-assignments for thi, quantum number appear over ed@tbranch. In the

cause of numerous perturbations of the vibrationally excited spectrum the assignments for perturbed vibrational states also appear.
states. TheN-C-0O symmetric stretch mixes with several
combination states containing two quanta of b&h@here
are a number of combination bands that perturbithepec-  tors in the electronic transition to the beXt-C—Ogeometry
trum, each consisting of a quantum of eitheror v3, the  in S;. Here we assign rotational quantum numbefs)(to
N-C-0O antisymmetric or symmetric stretch, and severalthe previously unobserved bands in thespectrumy,,, vg
quanta of bending excitatiofv,, vs or vs, the HNC bend, and v,, and to the bands in the; region of the Raman
the NCO bend and the out-of-plane bend, respectiyeihe  spectrum by observation of the structure in the electronic
perturbations shift the energy origins of tiif, sublevels transitions out of states prepared by SRE. Scanning the pho-
unpredictably and alter the effectiieaxis rotational con- tolysis laser at fixed Stokes and probe laser waveler(gtes
stant] B=(B+ C)/2] in the vibrationally excited states, mak- Fig. 1) produces a photofragment yield spectrum. In addition
ing the shading of the unresolvell lines in the Raman to providing rotational assignments, photofragment yield
Q-branch profiles irregular as well. spectroscopy measures resonance widths in the transition to
Many of the bands in the; andv; PARS are previously the dissociative electronic state. Because the initial Raman
unobserved and, hence, unassigned. We have used a simplate selection prepares a well-defined rovibrational level, it
rotational constant analysis based on the degree and the siggmoves thermal congestion in the electronic excitation step
of the Q-branch shading to suggest which vibrational statesand provides greater resolution than the room temperature
are likely perturber§.For example, in the; spectrum, the ultraviolet absorption spectrum of HNCO reported by Dixon
states labeled, and v; have the form (00d4vsve) Where — and Kirby?° Recent photofragment yield spectroscopy by
vs+vst+ve=3. The statev, may have the same form or Reisler and co-worket$™*of NH (a 'A), NCO (X 2II),
may be made up of five quanta of bend, and thestate, and NH (X 33~) from supersonically cooled HNCO also
which splits thev; K,=2 band into a pair of transitions removes thermal congestion in ti&<— S, transition. The
whose infrared absorptions are well characterized, is mosholecular beam experiment further has the potential to pro-
likely (010110.2%3! Although some of these previously un- vide vibrational assignmerftssince the photolysis laser may
observed bands are quite weak in the photoacoustic spesean over an arbitrary frequency range without background
trum, their intensities in the action spectra are comparable trom photolysis of thermally populated states. Despite its
the other bands because they have good Franck—Condon fanore limited frequency range, the SRE initial state prepara-
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FIG. 3. NCO (X 2I1) photofragment yield spectra out of each of igsublevels in thes; manifold. The vertically plotted; PARS illustrates the initial state
selection.

tion experiments described in this work have the advantageated KOCN solution with concentrated phosphoric &cids
of exciting a variety of different initial rovibrational states, in described previousl§f The HNCO vapor flows from a

particular the widely separatdtl, energy levels in HNCO. —78 °C reservoir of the liquidvapor pressure on the order
of 1 Torr (Ref. 39] through the fluorescence cell, where its
Il. EXPERIMENTAL APPROACH temperature and pressure are approximately 25 °C and 0.1
Torr.

We have detailed the experimental approach
elsewher&®2”and provide only a brief description here. The
experiment requires four laser light sources: two to carry out|], RESULTS AND DISCUSSION
the Raman excitation, one to photolyze vibrationally excited
states prepared by SRE, and one to probe fragments by LIA
The fixed frequency pump light for the SRE is a fraction of Figure 3 shows the NCQ000 photofragment yield
the second harmonic of an injection seeded Nd:YAG lasercurves from several differeri€, sublevels in thev;, N—-H
and the tunable Stokes light comes from a dye laser pumpestretch state. On the right side, plotted vertically, is the pho-
with the remaining light from the same Nd:YAG laser. The toacoustic Raman spectrum, and on the left side, plotted
photolysis light is the frequency doubled output of anotherorizontally, are the photolysis yield spectra for the initial
Nd:YAG laser pumped dye laser system. The LIF probe lasestates prepared by the Raman excitation. The spectral range
is a XeCl excimer laser pumped dye laser. For probing NCQncludes the approximately 3000 chbetween the appear-
by LIF on the @A ?S"«—X 2II) transitior>3 we use the ance threshold for the NCO fragment from photolysis of the
fundamental of the dye laser directly at wavelengths between; states and the onset of background signal due to photoly-
420-480 nm, and for probing the NHc ¢I1—a *A) sis of thermally populated states. Any vertical cut through
transitiort* we frequency double the dye laser output to pro-the photolysis yield curves in Fig. 3 gives an action spectrum
duce the necessary 324-330 nm light. We align all fourat a specific photolysis wavelength. The spectra of electronic
beams on the axis of a cylindrical, Pyrex cell with quartztransitions out of the vibrational states in themanifold are
windows mounted at Brewster’'s angle. The cell is equippedighly structured, indicating a long-lived electronically ex-
with a microphone for photoacoustic measurements and eited state, and the structure varies considerably because of
quartz viewing window with an f/1 optical system and a rotational resonances for differeit, states and different
photomultiplier tube(PMT) for collecting fluorescence sig- Franck—Condon factors for the distinct vibrational states.
nals. We synthesize isocyanic acid by the reaction of a satuFhe presence of well-defined structure with resolved rota-

The H+NCO (X 2II) channel

J. Chem. Phys., Vol. 107, No. 21, 1 December 1997
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laser is fixed to interrogate a different NCO vibrational level,
in each case using th@,; bandhead of the lower spin-orbit
state of the uniqu& = v,+ 1 state>>3° All four traces have

an identical set of resonances, with the most important dif-
ference among spectra probing higher NCO vibrational states
being the energy shift of the appearance threshold. The dis-

HNCO ((v,/v,), K, = 2) + hvp,, — NCO(v,v,v,)

j
\,Prob'e NCO(100)

L i sociation from a bent NCO group in ti8 state of HNCO to
_V' a linear NCO fragment preferentially populates excited bend-
e Probe ing states in NCA%#! (wherev, is the degenerate bends

Vf NCO(020) shown by the relatively poor signal to noise ratio obtained

L f’ M probing NCO(100 (wherew; is the symmetric stretgh

Probe
IWI WM 2. Vibrational progressions in the S 1+ S, transition
B Dixon and Kirby?® observed several vibrational progres-
sions in the ultraviolet absorption spectrum of HNCO vapor
NSS’(BSO) at room temperature, but they did not assign the transitions to
specific vibrational modes in the upper state. Their progres-
sions, labeled A, B, C, and D, all had a characteristic spacing
of approximately 500—600 cm, consistent with excitation
of a bending vibration irs; . The most likely candidate is the
NCO bend(vs in Sp), whose experimentally measured fre-
quency inS, is 577.4 cm? (Ref. 42 and whose calculated
frequency inS, is very nearly the sam@:?’ Dixon and Kirby
suggested that the presence of several similarly spaced pro-
gressions could be the result of transitions to bathand
transisomers inS,;. Ab initio calculations of thes, surface
do indeed show the presenceai$ andtrans minima and a
FIG. 4. NCO (X 2IT) photofragment yield spectra originating in the substantial barrier tq isomerization. The slightly bent NCO
(v,/,), K,=2 level in HNCO and probing different vibrational levels in angle(172° (Ref. 18 in S, places the Franck—Condon point
the NCO fragment. The abscissa is the total photolysis energy, or the sum @loser to theransisomer than to theis.'® Recent electronic
the_phptolysis photon energy and the Raman shift for the initial_ \{il_)rationalabsorption spectra of HNCO cooled in a supersonic jet show
:)e(:ztciit(l)onh- Ther; PARS plotted beneath the graph shows the initial Statethat there is only a single important progression with a spac-
ing consistent with the NCO bending frequerty? The
electronic absorption from vibrationally excited levelsSs,

tional transitions is the key to the assignmenkgfvalues to ~ Particularly those that contain some NCO bend character,

the previously unobserved vibrationally excited states, ~ May access either well on tt& surface and may thus give
vg, andv,. rise to additional bands.

Our initial state-selected NCO photofragment yield spec-
tra resolve rotational and vibrational progressions more
cleanly than the room temperature absorption spectrum but

The NCO photofragment yield spectra in Fig. 3 have thestill show numerous anomalies. The same type of vibrational
LIF probe laser fixed on th®; bandhead corresponding to state mixing that is prevalent in the ground electronic state of
the lower @I1,,,) spin—orbit level of the vibrationless elec- HNCO (Refs. 29, 43 probably contributes to the vibrational
tronic ground state in theA 237 (000)}—X 2I1(000) energy level structure i$;, giving rise to the irregular vi-
transition®23 The experiment cleanly resolves the final vi- brational progressions that we observe. In addition, although
bronic NCO state but not the final rotational state because ibur Raman excitation prepares a single initial vibrational
probes a bandhead that includes approximately the lowestate anK, rotational level, it populates a range dftates
fifteen J states under the bandwidth of the probe Id8er. because we us®-branch excitation. The electronic excita-
Because of its complex vibronic energy level structii®,  tion spectra therefore have some rotational congestion. As
the NCO fragment presents many states to interrogate. Conf-able | illustrates, we find two dominant progressions that
bined with the choice of the initial HNCO vibrational state, are consistent with th€ andD progressions of Dixon and
the choice of the final NCO state creates a matrix of possibl&irby. (The A and B progressions lie primarily below the
state-to-state photofragment yield spectra. As Fig. 4 shows\\CO production thresholf.We are also able to resolve
however, the final NCO state has little influence on the resomany other transitions that do not fall into a regular progres-
nances in the NCO vyield spectrum. The initial state in allsion. Table Il lists rotational assignmeritfescribed beloy
traces of Fig. 4 is they; /v,), K,=2 level(as indicated by for the observed bands that correspond most nearly t€the
the PAR spectrum at the bottom of the figyreut the probe andD bands since the vibrational spacing in these progres-

38500 39000 39500 40000 40500

Total Photolysis Energy (cm")

Vv, Photoacoustic ViV,
Spectrum K,=2

1. Final state of NCO fragment

J. Chem. Phys., Vol. 107, No. 21, 1 December 1997
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TABLE I. Vibrational progression in NCO photolysis yield spectra.

C Progression D Progression E Progression

Dixon and Kirby This work Dixon and Kirby This work This work

v (cm™Y) Av v (cm™h) Av v (cm™) Av v (cm™Y) Av v (cm™h) Av
38 174 37938 38312.8

556 543 538.1
38730 38699.7 38481 385154 38850.9

549 538.8 535 543.6 536.1
39279 392385 39016 39 059.0 39387.0

546 546.3 535 530.3 523.2
39825 39784.8 39551 39589.3 39910.2

541 549 542 535.0 524
40 366 40334 40093 40 124.3 40 434

539 531
40 905 40 629

3Measurement fromiQ, in the UV spectrun(Ref. 20. All other measurements in Dixon and Kirby’s work are
band maxima. All measurements from this work 8, .

sions is relatively regular and approximately matches that ofvith prolate top selection rules &f(K=+1,AJ=0, =1, and
Dixon and Kirby?° There is one additional set of bands with the bentN—C—Oangle inS, leads to a large decrease in the
a regular spacing consistent with NCO bend excitation tha rotational constanh A= —26 cm *.2° The prolate top ro-
we arbitrarily label as E in Tables | and II. The energy rangetational energy levels areE(J,K)=Ay K>+BJ(J+1)*
over w_hiqh we may scan thg NCO photofr?gment yield SPeCyhereA.;=A—B andB=(B+ C)/2, and the larg\ A sepa-
tra is limited to the approximately 3000 crh between the  rates rotational transitions for different initial values Kf
NCO appearance threshold and the onset of significant backy, 5 1o several hundred wave numbers. Table Il lists the
ground signal due to photolysis of thermally populatedyniicipated line positions and splittings f8rRQy (prolate
states: Tr_ns limited range prepludes the a_SS|gnment of banqiép notation*XA J,) branch transitions relative f8Q, based
to excitation of specific vibrational levels in the upper state.;, theK , rotational energy levels fo, (Refs. 18, 29, 3D
N ) and the best fit values &4 in S, from this work. In NCO
3. Initial rotations yield spectra originating it =0, there is a singl€® branch
The rotational structure within each vibrational band re-(RQy) for each vibrational transition, while fd¢,>0 theQ
sults from the initiak , quantum number selected in the SRE branches occur in pairsiQy ,"Qy) that are progressively
step. The electronic absorption is a perpendicular transitiomore red-shifted and have larger splitting with increasing

TABLE Il. Line positions (cm?) for KZ=0-4 in the NCO photolysis yield spectrum.

Band "Qo PQ, fQ, PQ, RQ, PQ; RQs PQ, fQ,
E 38312.8 382819 38296.8
D 515.4 481.8 495.6 397.7 427.0 267.1 311.1 38 092.2 151.2
C 699.7 665.9 682.5 5835 616.1 451.7 obscured 281.5 339.3
C 723.7 691.3 704.8 604.9 635.0 474.2 obscured 300.3 353.9
C 763.3 730.2 745.1 645.5 678.6 515.2 567.3 339.3 obscured
E 850.9 818.0 832.5 732.9 761.4 602.0 646.5 425.3 obscured
D 39059.0 39026.0 39040.2 940.4 970.1 808.9 854.8 635.9 696.6
C 199.8 39082.2 obscured
C 238.5 121.8 39152.8 818.1 881.1
C 262.3 145.2 obscured
E 387.0 270.6 302.6
D 589.3 466.3 498.8
C 784.8 670.5 701.6
E 910.2 794.5 824.8
D 40124.3 40008.5 40039.1
C 334 208 242
E 434 316 354
Ki=1 Ki=2 KI=3 Ki=4
Avg P—R splitting 14.2+1.1 30.4:1.7 45.1+1.1 58.5:2.9
Average Alg 3.6+0.3 3.8:0.2 3.8:0.1 3.7+0.2

4ndicates weak transition.

J. Chem. Phys., Vol. 107, No. 21, 1 December 1997



8990 Brown, Berghout, and Crim: Initial state resolved spectroscopy

TABLE Ill. Calculated line positions and splittings (¢t for K”>0. number to several previously unidentified bands in the Ra-
man spectra of both the N—H stretch,j (Ref. 8 and the
N—-C—-Osymmetric stretch¥;) (Ref. 26 regions. The char-

Position relative td'Q, PQw-RQx

K" E(KM®  E(K)P PQ RQ Splitting® - o s : -
i i acteristic splitting of bands in the electronic transition results

1 30.1 3.7 —338 —19.0 148 directly from the initially selected, state, as shown in

2 118.4 14.8 -118.4 -88.8 29.6 Table III

3 260.6 33.3 —249.5 -205.1 44.4 : . . e

4 452.3 59.2 4927 _3635 59.2 The _comb gt_the top of Fig. 5 me}rks our |d9nt|f|cat|on of

theRQ, line positions belonging to Dixon and Kirby@ and

:E(K”) from if;ffared measurements, Ref. 30. D progressions. Our line positions differ from theirs because
E(K) =AeiK" Aer=(A—B); B=(B+C)/2. they identified overall vibrational band maxima without ro-

c —_ = " ! . . . . .
VR Vp=A4K Ay tational resolution in this region of the spectrum, whereas the

double resonance experiment isolaf€, more clearly(see

K,. Because SRE excites a rangeJobtates in the initial Table ). There are numerous transitions in Fig. 5 to vibra-
state preparation, spectral overlap in the electronic transitioional states not belonging to th@ or D progressions, and
makes theQ branch transitions the most intense. even the bands in thé progression itself appear to be split
Figure 5 presents NC@000) photolysis yield spectra into a series of three distinct transitions, as Table Il illus-
from three separate initial states in ti¢ manifold, all of  trates. The most complete set of data in Table Il is for lines
which have the same set of resonances when plotted agairi§@t originate inK,=0 and 2. As described further below,
a scale of total photolysis energigaman shift plus photoly- because the structure in thg K,=1 NCO photolysis yield
sis photon energy The lower trace originates in the,,  spectrum is too diffuse to identify any lines, tkg=1 data
Ka=0 pure stretch state, and the similarity of the electronidn Table Il come from initial preparation of; K;=1, which
spectra going through the previously unobserved statgs, has a onver vibrational frequency an(_j thus a smaller_ range
and v, in the upper two traces allows a confident assign-over which we may scan the NCO yield spectrum without
ment of rotational quantum numbkr, =0 to these states as Significant single-photon dissociation of thermally populated

well. In a similar fashion’ we have assigned mgquantum states. Thé(a=3 and 4 data come from initial excitation of
both v, andv; states, but the rotational populations are small

for these levels and the lines are more difficult to discern,
especially in the more diffuse, higher energy region of the

D Progression spectru m.
r ! C Progression ! 1 Table Il also presents the average splitting betw&@p
B M | ' and PQy bands and the corresponding valueAdf;, which

'"'"al,ftate directly determines th®—R splittings for theK”>0 transi-

- tions (see Table Ill. There is considerable variation in the
P—R splittings in Table Il that reflects both the difficulty in
locating the exact position of the peaks of tRebranch tran-
sitions in our spectra and possibly also the different rota-
tional constants for different vibrational states $. The
average excited state rotational constant from our data is
Aly=3.7+0.2cm’l, close to Dixon and Kirby's value of

e —1 20
- eff=4 Ccm

Initial State
Vg

Initial State
v;K,=0

m 4. Initial vibrations

The character of the initial vibrational state affects the
M structure in the transition t8; by influencing the dissocia-
38500 39000 39500 tion mechanism or dynamics and, therefore, the lifetime of
Total Photolysis Energy (cm”) the excited electronic state. A clear example appears in the
NCO photofragment yield spectra of the, K,=1 and
v K,=3 states. Figure 3 shows that there is clearly resolved
Spectrum . . . .
V1K, =0 rotational structure in the NCO vyield spectrum of every ini-
Vy

tial rovibrational state in the; manifold except folK ;= 1.
The K,=3 state has some structure in its NCO vyield spec-
trum, but also a large component of diffuse background. As
noted above, th&,=1 spectrum is so diffuse that it cannot
FIG. 5. NCO (X 2II) photofragment yield spectra originating in three dif- be used to assign i, quantum number to the initial state

ferent vibrational states within the, manifold and probing NCO in the . . _ .
(000 vibrational state. The; PARS plotted beneath the graph shows the (the rotational assignment for, K,=1 comes from infrared

three different initial states, which are the combination statgsand v, spectroscopy). The vibrationally excited states of HNCO
and the N—H stretch state; K,=0. tend to be perturbed by interactions that depend quite
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strongly on the value ok,, but theK,=1 and 3 levels are L e L e B e e e L P
unmixed, pure N—H stretch stat®&’ The otherK, sublevels
in the »; manifold are mixed by varying amounts with back-
ground states that contain several quanta of bending excit: l
tion. The mixed N-H stretch—bending states have favorabl
Franck—Condon factors to rea& compared to the unper-
turbed N—H stretch states, as evidenced by the poor signal -
noise ratio in thev; K,=1 NCO photofragment yield spec-
trum of Fig. 3.

The overlap between vibrational statesSpand differ-
ent initially prepared vibrational states 8 may be the key
to understanding the influence of initial vibrational states or |
the resonance widths. There appear to be two sets of res
nances in all of the NCO vyield spectra in Fig. 3, one of which ‘ ‘
is structured and tends to be quite strong, and a second, mu
weaker, broad continuum. The perturbed states have e
strong transitions to the structured bands but also show weg 42500 43000 43500 44000 44500
transitions to the continuum. The unperturbedevels only Total Photolysis Energy (cm™)
have good overlap with the latter. We suggest that the struc-
tured bands are transitions to vibrational levelsSnthat  FIG. 6. NH (a *A) photofragment yield spectra originating in two different
have excitation in the NCO bend or other coordinates thatibrational and rotational states in the manifold and probing NH on the
improve the Franck—Condon factor with the ground stateQ(2) line of the € “[l—a A) transition. Thev; PARS in the insets of

. . . each graph indicate the initial state selection of either the unperturped
and that the continuous absorption excites states tha_lt ha\kea:1 state or the perturbing, K,=0 state.
N—H stretch excitation irs;. The latter have shorter life-
times and broad resonances. We have shown elsefthere
that initial vibrational excitation of the N—H bond leads to
preferential Franck—Condon overlap with statesSinthat ~ N—H stretch excitation i15,. The S, andS; surfaces do not
have N—H stretch excitation. The N—H bond length and fre4intersect:® but in the N—H bond coordinate their closest ap-
guency do not change significantly betwegnandS;, and,  proach must lie along the inner repulsive walls since $he
consequently, the diagonal transitions in thevibration are  surface goes through a barrier at long N—H bond lengths
more than ten times stronger than the off-diagonal transiwhile S, does not. Vibrational states with one or more
tions. The states that perturb the fundamental have no quanta ofy; may have better overlap with high vibrational
N—H stretch excitation but significant NCO stretch and bendevels onS, at the inner turning point of the N—H oscillator.
excitation, and they contribute more strongly to the overallZyrianov et all” used similar reasoning to explain a lack of
Franck—Condon factors of the mixed states. Thus, the baclstructure in the NH X 3 7) photofragment yield spectrum
ground state character dominates the Franck—Condon factospove the NH & *A) production threshold, postulating that
of the mixed states, and those states overlap primarily withhe crossing fron; to T, that leads to dissociation in the
states inS; that have no N—H stretch excitation. triplet channel is most favorable at the Franck—Condon point

There are two likely explanations for the broad reso-on S,. Regardless of the mechanism, the important point is
nances td5, . Depending on the size and width of the barrier that direct vibrational excitation of the N—H dissociation co-
to N—H dissociation on the excited surface, N—H stretchordinate onS, leads to a shorter lifetime i8, and, thus, a
excitation may increase the tunneling rate and lead to a dire¢froader set of resonances in the electronic transition.
dissociation or5; and a consequent reduction in the lifetime.
A recent calculzlation of the b(?':lrrier height suggests that, a?' The NH (a *A)+CO channel
least for energies near the dissociation threshold, this mecha- The photofragment yield spectra probing the Ni*QA)
nism is unlikely. The two isomers i8; (cis andtrans) have fragment are qualitatively different from the NCO yield
comparable minimum energies, but the barrier to dissociaspectra in that they are more diffuse and do not display well-
tion from the trans well is about 8800 cm! above the defined resonances that depend on the initially selected rota-
H+NCO asymptote, while the barrier from tloés well is  tional state. The threshold for spin-allowed cleavage of the
4500 cm 1.3 Even for a hydrogen atom, the tunneling prob- C—N bond lies significantly higher in energy? and above
ability across either barrier is too small at threshold to comthe NH (a *A)+ CO threshold direct dissociation on tfg
pete with internal conversion t8,.%> However, at energies surface competes with crossing $g.**1¢%Figure 6 dis-
closer to the top of the barriers, the tunneling rate may beplays NH (@ *A) photolysis yield spectra for two different
come comparable to the internal conversion rate, and thiitially selected states in the; manifold, v5, which has
initial vibrational level may influence the competition be- mostly background vibrational state character, and ithe
tween direct and indirect dissociation. K,=1 unperturbed N-H stretch state. The former shows

The most likely explanation for the broad resonances icoarse vibrational structure, consistent with previous obser-
an increase in the crossing rate $g from states that have vations of the features in the NH(*A) photofragment yield
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