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Vibrationally mediated photodissociation combined with Doppler spectroscopy and time-of-flight detection
of H-atoms provides information on the photofragmentation dynamics from selected rovibrational states of
AA,"-state ammonia. The competition between adiabatic dissociation forming excited-staté NH H

and nonadiabatic dissociation leading to ground-statg(38) + H products changes drastically for dissociation

from different parent levels prepared by double-resonance excitation. The H-atom speed distributions suggest
that the nonadiabatic dissociation channel is the major pathway except for dissociation from the antisymmetric
N—H stretching (3) parent level, which forms exclusively NBA;) + H. The energy disposal depends
strongly on the parent state with as little as 2% of the available energy channeled into translational energy for
dissociation from the Bstate.

Introduction
T , . ) 90000
Conical intersections are an important aspect of electronically

nonadiabatic processes that include essential photochemica 80000
reactions such as light harvestihiyarkony recently reviewed
the theory of conical intersectioAsIhe influence of coupling
between Borr-Oppenheimer potential energy surfaces often  gy500-
results in branching between energetically allowed fragmentation -
pathways in the photodissociation of polyatomic molecules from § 50000+
excited electronic statésln many respects, the first singlet

70000

excited state of ammonia is a model system for nonadiabatic A09007 s 5

photodissociation dynamics. 300001 NH, X ('A",) NH, X(*B4) + H(*S)
The AlA," state of ammonia is quasibound with a barrier in

the exit channel leading to the productstHNH,. The ground 20000,

electronic state of the NHproduct £B;) correlates with the
first excited stateA,") of the parent, while the first excited
state {A;) of the NH, product correlates with the ground state
(*A{) of ammonia. In the lower symmetry of nonplanar 0.7
geometries, these states have the same symmetry and form a 30 50

avoided crossing, as shown in Figure 1. At planar geometries, gigyre 1. Cut through the Aand Xstate potential energy surfaces of
the difference in the symmetries of the correlated electronic ammonia. The barrier to predissociation in thestate is 2348 crit
states allows the potential curves for the two states to cross.(see ref 17)

Experimental studies. olfst_he p.hotofragmentation.dyna.lm.ics of tion. Mordaunt et af:!* investigated the dissociation from
the Astate of ammonfa’® identify three different dissociation selected vibrational levels of-Atate ammonia and found a third,

pg_th\t/)vatys, the tW(t) moithlmportantt_tt_)em% rsonadlatkr)]atlc ?\:d state-specific contribution to the total dissociation rate that
adiabatic dissociation. The competition bétween hese two proceedes through internal conversion to high levels of the

pathways governs the branching between the ground and firstgrounol state.

Electro dmtch e>t<)C|tgg?§t§t(Ts OIhthfhuﬁagléne?aggstgec::?'on A well-resolved progression in the excited-state out-of-plane
eyé)n ' the Iar? ?I ow ‘.:'t drets to 0 p otr (umbrella) bending mode dominates the-X absorption band.
producing electronically excited-state BFA) ragments, Each band in the progression contains transitions that have
nonadiabatic dissociation forms ground-electronic-state frag- lifetime-limited widths whose dramatic variation with the
ments NH(*By) + H by passage through the conical intersec vibrational quantum number reflects vibrational predissociation
T Part of the special issue “Charles Parmenter Festschrift.” on th.e As'gate potential energy Surfa(.:e' We recently |n\(estlgated
*To whom correspondence should be addressed. E-mail: ferim@ the vibronic structure of the Atate of jet-cooled ammonia using
chem.wisc.edu. vibrationally mediated photodissociation action spectroséépy.
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Initial vibrational excitation changes the FrargRondon factors H*
for the subsequent electronic transition markedly, and we assign
sharp resonances to a progression in the degenerate bending
mode for the first time. Our assignment reveals an accidental
degeneracy of the umbrellalf2zand bending mode {twith
fundamental frequencies of 892 8 and 906+ 30 cnt?, NH A( )+ HES) H*
respectively. We also identify broad, non-Lorentzian-shaped .
resonances as transitions to the symmetri¢ &hd antisym-
metric N—H stretching (3) fundamentals.

Here we describe experiments using conventional Doppler
spectroscopy combined with time-of-flight detection of H-atoms
to study the photofragmentation from selected rovibrational
states of Astate ammonia that we identify using our new
excited-state assignments. In these vibrationally mediated pho-
todissociation experimentg®infrared light excites a vibration A
in ammonia and a subsequent ultraviolet pulse preferentially
dissociates the vibrationally excited molecules. The different
Franck-Condon overlap for vibrationally excited ammonia
compared to ground-state ammonia apparently results in a _

NH27<(2B1) +H(2S)

dissociative wave function that samples a different region of Mo

the coupled excited-state surfaces and may change the branching —

ratio between the Nyf?A,) excited-state fragments and MH NH, X ('A",)

(°B,) ground-electronic-state fragments. Analyzing the H-atom ° !

speed distributions for dissociation from different vibronic parent NH,—H

States reveals highly s_tate-s_pecific photodi_ssoci_atior_l dynarT“CS’Figure 2. Schematic energy level diagram for the vibrationally
partllcglarly for 5‘?”“65 involving t.he S”emh'“g vibrations. Dis- mediated photodissociation of ammonia showing the relative energies
sociation from different stretching states either promotes or of the products. The electronically excited Nifagment lies 48551
inhibits the production of electronically excited Milagments, cm ! above ground-state Nifand the energy of the ground-state NH
a process that hinges on the competition between adiabatic andragment is 37115 cnt.
nonadibatic dissociation pathways.

vectors of all three pulses are parallel to the time-of-flight axis
Experimental Procedure in the measurements reported here.

The experimental apparatus is a modified version of one pagyits
described previousi20-23 A mixture of 0.1% NH in helium
(99.998%) at a typical backing pressure of 2000 Torr passes We previously analyzed the vibronic structure ofstate
through a 0.4 mm orifice of a pulsed valve to form a free jet ammonia to obtain the action spectra and assignments sum-
expansion that infrared vibrational excitation, ultraviolet pho- marized in Figure 3/ A well-resolved progression in the
todissociation, and probe laser pulses intersect. Difference excited-state umbrella mode™{2iominates the AX absorption
frequency generation in a 30 mm long LiNb®©rystal using band, which appears in the one-photon action spectrum in Figure
the 1.064um light from an injection-seeded pulsed Nd:YAG 3a. Transitions to bending states)(and antisymmetric stretch-
laser and light from a dye laser provides infrared light with ing (3') states appear clearly in the +RJV double-resonance
typical pulse energies of 0.5 to 1 mJ in a bandwidtm@f= experiments, along with less prominent features due to transi-
0.05 cnt! at 3 um. Frequency tripling light from a second tions to the symmetric stretch )1 We use vibrationally
Nd:YAG pumped dye laser provides the ultraviolet photolysis mediated photodissociation to prepare these dissociative states
light in the 200-230 nm range. A third Nd:YAG pumped dye and analyze the Doppler profiles to extract information on the
laser provides ultraviolet probe laser light at 243 nm fér1l2 ~ photofragmentation dynamics from these states.
REMPI detection of the hydrogen atoms. The infrared light =~ We measure Doppler profiles for dissociation from rovibra-
arrives 20 ns before the photolysis and probe pulses at a po|ntt|onal levels of Astate ammonia at energies marked by arrows
in the gas pulse controlled by a digital delay generator. Two in Figure 3. We first present and analyze the H-atom Doppler
different lensesf(= 150 mm andf = 350 mm, respectively)  profiles for dissociation from the%Gstate and the™?states and
focus the counterpropagating ultraviolet and infrared laser beamsthen compare the speed distributions for dissociation from these
into the skimmed molecular beam inside the source of a linear states to those for dissociation from levels in the bendify (4
time-of-flight mass spectrometer, in which double-channel plates progression and from the antisymmetrié)(@nd symmetric ()
detect the resulting hydrogen ionsvVg = 1). Integrating the stretching states. The latter two states provide the most dramatic
signal from single-laser-shot active base-line subtraction givesillustration of the influence of vibrational excitation on the
the increase in hydrogen ion signal due to vibrational excitation photodissociation dynamics.
for a total of 160 laser pulses. Figure 2 shows the energetics of A. Dissociation from (. We prepare a single rotational state
the vibrationally mediated photodissociation process. We preparein the vibrationless level of Astate ammonia by double-
selected rovibrational states of-skate ammonia by double- resonance excitation. A sharp transition appears in the action
resonance excitation and obtain Doppler profiles by scanning spectrum on the right in Figure 4, obtained following excitation
the probe laser AGond While detecting the total H-atom  to the 4 (J' = 1, K' = 0) intermediate state with the infrared
photofragment flux using21 REMPI. The Doppler line shapes laser. The transition is to a single lifetime-broadened resonance,
are independent of the relative alignment of the polarization the @ (J = 2, K = 0) state. We tuned the photolysis laser to
vectors of the photolysis and infrared light, and the polarization the center of this resonance at a total energy of 46208'cm
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J'=2,K'=0 Figure 4. Doppler profiles and speed distribution obtained following
A I double-resonance excitation to th&(0 = 2, K = 0) state. The dotted
lines in the speed distribution show both slow and fast components

4 | j and the shaded area is the standard deviation.
2% [

appear in Figure 5. The well-resolved progression in the excited-
state out-of-plane (umbrella) bending mode dominates th A
u’b ; 3 IJ‘=1.K'=I absorption band, which we observed in the one-photon action
— 3 : spectrum in Figure 3a. For odd quanta of umbrella excitation,
K :; g 4'4 we tuned the photolysis laser to the center of the vibronic band
RN R ERRE N RS envelopes, exciting mainly the R(0,0) transition to access the
46000 48000 50000 52000 (J = 1, K = 0) state, which contributes about 83% of the

Total Energy / cm™ intensity. We measured Doppler profiles for dissociation from
Figure 3. Overview of the action spectra of ammonia obtained from the 2 and 2 states with the phOtO'YS'S Iaser .at 47963 ¢m
the (a) vibrationless ground state and for—() different initial and 49806 cm', respectively, mainly exciting the three
vibrational excitation revealing both sharp and broad features and modesrotational states listed in Table 1. The distribution obtained for
that are FranckCondon inactive in the one-photon spectrum. The dissociation from the 2state is clearly bimodal with maxima
assignments are discussed in detail in ref 17. The arrows show theat 6670 m/s and 14920 m/s. The speed distribution for
total energies used to obtain Doppler profiles. dissociation from the Pstate has a maximum at 7400 m/s while

for the 2 and 2 states the maximum is at a lower velocity of
and measured the Doppler profile shown on the left in Figure ~5300 m/s. The fraction of the available energy appearing in
4. Typically, the experimental Doppler profiles are an average translation decreases from about 0.2 to 0.15 with increasing
of six to eight individual probe laser scans. We fit the excitation of the umbrella mode, as shown in Figure 6.
experimental data with the procedure described by Taatjes et C. Dissociation from 4. The measured Doppler profiles and
al?* and by Aoiz et aP® using a series of even harmonic speed distributions for dissociation from single rotational levels
oscillator basis functions. Five basis functions adequately for one to four quanta of bending excitation in thesfate of
represent our data. We analytically deconvolute the fitted ammonia appear in Figure 7. Table 1 lists the major contribution
function from the instrument response function and obtain the of rotational levels accessed for each vibrational state and the
speed distributionf(z)? by numerical differentiation. The  different intermediate states used in the double-resonance
resulting bimodal speed distribution also appears in Figure 4, excitation scheme. The speed distribution for dissociation from
where the shaded area indicates the standard deviation. Aghe 4 state is clearly bimodal and similar to the distribution
described in the next section, we use the two Gaussian functionsfor dissociation from the ©state. The distributions for dis-
plotted as dashed lines in Figure 4 to divide the speed sociation from other states in the bending progression have
distribution into two parts, with only 1A 4% coming from maxima at 8280 m/s for’46630 m/s for 4, and 9650 m/s for
slow hydrogen atoms. The available excess en&xgy = hv the # state. The average translational energy release for the
— Do(H—NH,) for dissociation from the ¥(J = 2, K = 0) hydrogen atoms for dissociation from all levels of bending
state is 9093 crmi, calculated using a bond dissociation energy excitation is smaller than from the 8tate, even though more
Do(H—NH) of 37115+ 20 cn1,19and thus, the average energy energy is available, as listed in Table 1. This situation results
releasedEyans 0= 3770+ 150 cnit is 41% of the available  in a much smaller fractioffians (of the available excess energy
energy (Table 1). The available energy is not sufficient to form being channeled into translational energy. The fraction is nearly
electronically excited Nk{?A;) photoproducts, whose threshold  constant at 20% for dissociation from different quanta of bending
for production is 48551 cri. motion and similar to dissociation for the nearly isoenergetic
B. Dissociation from 2. The measured Doppler profiles and 2" umbrella states. Figure 6 compardgns Ofor dissociation

speed distributions for dissociation from tHeseates i = 1—4) from different levels, including states in the bending progression

(d)
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TABLE 1: Average Translational Energy Release and Its Fraction of the Available Energy for Dissociation from Selected
Rovibronic States of Ammonia

total available

energy energy [Etrans [ fraction
staté intermediate state (cm™) (cm™) (cm™) (firans 0 fast
2 (J=1,K=0) 47060 9945 1886- 110 0.19+£0.01 0.38+ 0.06
2 (J=2,K=0(@{d=2,K=1)@{@=1,K=1) 47963 10848 2306 90 0.21+0.01 0.33t0.01
28 (Jd=1,K=0) 48870 11755 1746 160 0.15+ 0.01 0.31+ 0.04
2¢ (U=2,K=0(@{d=2,K=1)@{@=1,K=1) 49806 12691 1688 90 0.13+0.01 0.27+0.04
® (@=2,K=0) L(J=1,K=0) 46208 9093 3776150 0.41+0.02 0.83+0.04
' (U=2,K=0)J=0,K=0) L(J=1,K=0) 48700 11585 3496450 0.30+:0.04 0.75+0.04
3? (@=2,K=2) Z(J=1,K=1) 48700 11585 266 90 0.02+£0.01 0.0
4 J=1,K=1) LI =2K=0) 47032 9917 1716-200 0.17+£0.02 0.56+ 0.12
2 (J=2K=21=-2) 3(F=1K=1) 48124 11009 1888380 0.17+0.03  0.53+ 0.04
£ (J=3,K=11=2) L(J=2K=0) 49145 12030 2686150 0.22+0.01  0.71+0.02
4 (J=2,K=0) LI =1,K=0) 49994 12879 2259280 0.1740.02 0.52+0.03
1.0
NHy A('A%) NH,ACA ) + HES)
0.8
NH, X(B,) + H(®S)
Am 0.6
§
R
V04 ~
NH, X ('A"))
] H ’_I H
0.0 T — T T |H|ﬂ1 rH||_|| 1H
o® 11 3! ol 2 3 4 a' 238 4P

NH, ﬁ(‘A”Q) parent state

Figure 6. Average translational energy release for dissociation of
selected rovibronic levels of -Atate ammonia.

Figure 8 shows the Doppler profiles and speed distributions
obtained for dissociation from the symmetric and antisymmetric
stretching states of Atate ammonia. The Doppler profile for
dissociation from the antisymmetric! State has nearly a
Gaussian shape and is much narrower than the profile for
T dissociation from 1 The average translational energy release
€ 4 0 4 8 0 10000 20000 for dissociation from 1is 3490+ 450 cnt?, 10 times more
Clopplersghitttvifm i) than that for dissociation from the! 3tate, even though the
Figure 5. Doppler profiles and speed distributions for dissociation total energies are the same. The speed distributions are also
from the A-state umbrella fundamental and overtones accessed by one-yery different with a bimodal distribution for'with maxima
photon excitation. at 5520 and 13850 m/s and a single maximum corresponding
to slow hydrogen atoms with speed&000 m/s for 3. Figure
% shows thath,ans 0= 2% for dissociation from Bwith most
of the energy appearing in internal energy of the Nioto-
fragment while for dissociation from!labout 30% of the
available energy appears in translation.

and shows that the excess energy disposal depends strongly o
the initially prepared state. The low fraction of excess energy
appearing in translation for dissociation from the bending states
also implies that the NElfragments are born with high levels

of internal excitation.

D. Dissociation from 3 and 1. Both stretching states!'3
and I couple strongly to the dissociation continuum and appear
as the broad spectral transitions shown with shaded areas in The state-selective photofragmentation dynamics of the first
Figure 3. We obtain a Doppler profile for dissociation from the electronically excited state ¢A,") of ammonia in our vibra-
symmetric stretching state of-gtate ammonia at a total energy  tionally mediated photodissociation experiments are consistent
of 48700 cml, marked by an arrow in Figure 3b;480 cnt?! with previous experimental studies for dissociation from the
higher in energy than the onset of the band. For the antisym- vibrationless level and from umbrella stafe$® Vibrationally
metric stretching state, we use a different intermediate state inmediated photodissociation allows preparation of single rovi-
double-resonance excitation listed in Table 1 to prepare the 3 bronic levels of the symmetric and antisymmetric stretching
(J=2,K = 2) state selectively at a total energy of 48700¢m states, as well as bending parent states, for the first time.
~300 cnt! above the onset of that band. Table 1 gives the Dissociation from these states promotes or inhibits the produc-
total energy, available energy, and the selected rotational statestion of electronically excited NE fragments, a process that

Discussion
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Figure 9. Fractions of slow and fast hydrogen atoms extracted form
the bimodal speed distributions as a function of parent vibronic level.

the fraction of slow and fast hydrogen atoms for dissociation
from the selected rovibronic states, except for the case".of 3
The simplest model with the fewest fitting parameters that
reproduces our data includes a Gaussian function centered at
6525 m/s with a fixed width (fwhm) of 3555 m/s for all slow
hydrogen atoms and a Gaussian that has a width and center
that scale linearly with excess energy for all fast hydrogen atoms.
Fits with fewer constraints did not yield better residuals, and
the fraction for the slow and fast hydrogen atoms differed by
no more than 10% for different models. Figure 9 shows the
average fractions for the slow and fast hydrogen atoms for five
fits to the speed distributions with different constraints. The
uncertainty ranges shown in Figure 9 are the standard deviation
from these average fractions. To understand these observations,
we briefly review the dissociation dynamics for each different
dissociation pathway and discuss the state-selective change in
the competition between the adiabatic and nonadiabatic path-

from the A-state bending fundamental and overtones. Single rovibronic ways.
levels are prepared by double-resonance excitation with the intermediate A |nternal Conversion. Mordaunt et aP:%investigated the

and final states listed in Table 1.

11
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Figure 8. Doppler profiles and speed distributions for dissociation
from the symmetric stretch and antisymmetric stretch obtéte
ammonia.

photodissociation from the’@nd 2 levels of A-state ammonia

and its deuterated isotopomers and assigned sharp features in
the kinetic energy release spectra to a population of a subset of
vibronic levels in ground-state N{¥B;). They also found a
background continuum at low kinetic energy. This background
is consistent with a statistical distribution over the vibrational
and rotational degrees of freedom in the XiB;) photofrag-
ments. The authors assigned the continuum to state-specific
dissociation of the parent molecules by internal conversion to
high levels of the ground state. In their picture, the statistical
contribution to the kinetic energy release spectra arises from
molecules that miss the conical intersection on the first pass
and only make the A~ X transfer on a later encounter during
NH,—H bond compressiot.

The contribution of slow hydrogen atoms shown in Figure 9
could, in principle, arise from internal conversion. The total
fraction of slow hydrogen atoms for dissociation frofionly
0.17 £ 0.04, but it is 1.0 for dissociation from'3For the
progression in the umbrella mode™ 2the fraction of slow

involves the competition between adiabatic and nonadibatic hydrogen atoms is nearly constant 20.65, while for the

dissociation pathways.

progression in the bend T4it is only ~0.40. The rates of

The three different dissociation pathways lead to very internal conversion depend on the ground-state density of states
different energy deposition in the photofragments. The nona- and the matrix elements coupling the @nd X states. A
diabatic dissociation channel forms ground-electronic-state harmonic-vibrational-state count gives a density of states in the

fragments NH(?B;) + H by passage through the conical

ground electronic state at the energy of tAstate of~40 cnt.

intersection and mainly forms fast hydrogen atoms while both Internal conversion must preserve nuclear permutation sym-
internal conversion and adiabatic dissociation result in slow metry, and the effective background density of states is only
hydrogen atoms. The bimodal character of the speed distribu-one-sixth of the total density of states for states witreAd A
tions depends strongly on the parent state. We simultaneouslyvibronic symmetry but is two-thirds for states with E vibronic
fitted all speed distributions with two Gaussians to calculate symmetry?
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If all slow hydrogen atoms arise from internal conversion,
then the fraction of slow hydrogen atoms in Figure 9 should

J. Phys. Chem. A, Vol. 107, No. 49, 200B0495

for dissociation from 1 is similar to @ with almost no
vibrational excitation in the NEiphotofragment.

increase with increasing energy and a corresponding increasing C. Adiabatic Dissociation Channel.Biesner et af. found
effective density of states. Furthermore, dissociation from statesthat the adiabatic dissociation channel producing electronically

of E vibronic symmetry (841,42, and 4) should have a larger

excited-state NK{?A;) fragments opens at the energetic thres-

fraction of slow hydrogen atoms than for dissociation from states hold for dissociation from the"™n > 2) states. Loomis et &l.

with A; (2! and 2) or A, (0% 1%, 22, 2%, and 4) vibronic

observed a bimodall = K, rotational distribution inv, = 0 of

symmetry. Figure 9 clearly shows that the observed trends arethe NHx(?A;) photofragments for dissociation fron§, 2vhich

different and that internal conversion is only a minor dissociation
pathway, in agreement with the results of Mordaunt ét al.

B. Nonadiabatic Dissociation ChannelBelow the threshold
of 48551 cnt! for producing electronically excited-state hH
(A1) fragments, nonadiabatic dissociation forms ground-
electronic-state fragments NfAB;) + H by passage through
the conical intersection. The energies of tte P, and 4
(n < 3) states are below this threshold. Biesner ét®dirst

they suggested may result from the competition between planar
and bent geometries during dissociation. The quantum yield for
forming NHy(2A ;) fragments for dissociation fromfand 2 is

only ~0.18 Thus, the fraction of slow hydrogen atoms shown
in Figure 9 reflects the amount of highly rotationally and
vibrationally excited ground-state N@B;) photofragments with

a minor contribution of internal conversion and electronically
excited NH(?A1) photofragments for dissociation from all states

investigated the product quantum-state distributions resulting €xcept the antisymmetric stretch.

from photodissociation of Atate ammonia using H-atom

The speed distribution for dissociation from 8hown in

photofragment translational spectroscopy. Dissociation from the Figure 7 has only very slow hydrogen atoms in contrast to the

electronic origin yielded ground-state NHphotofragments
mostly in their zero-point vibrational level and a nearly statistical

distributions for dissociation from all the bending, umbrella,
and symmetric stretching states. The available excess energy

population distribution over the energetically accessible product for dissociation from the Bstate is 11585 cr, just above the

rotational levels withN ~ K,. In the picture of Mordaunt et
al. 10 this rotational excitation arises from the substantial out-

threshold to populate the lowest rotational states in the-NH
(3A1) product.The production of only slow H atoms suggests

of-plane torque acting at the conical intersection to produce that the adiabatic pathway dominates in dissociation from the

angular momentum in the products. This product distribution

antisymmetric stretch &3 In this picture, dissociation from'3

has both fast and slow hydrogen atoms, which we also observeyields only NH(?A;) photofragments while dissociation of

in the speed distribution obtained for dissociation frofn 0

In contrast, dissociation from umbrella™2parent levels
produces highly inverted rotational population distributions over
the N ~ K, rotational states and a higher level of vibrational
excitation>6 resulting in a larger fraction of slow hydrogen
atoms. The fraction of slow hydrogen atoms for dissociation
from 2" shown in Figure 9 is 4 times larger than that for
dissociation from @ This trend mainly reflects the increasing
amount of rotational and vibrational excitation in the NH
fragment with increasing quantum numivervhich agrees with
the results of Biesner et af

The Doppler profiles for dissociation fron? 4ppearing in
Figure 7 closely resemble the profiles for dissociation from 2

ammonia prepared in the isoenergefictate yields only Nk

(?B;) photofragments. Both stretching states have planar ge-
ometries during dissociation, and a simple competition between
planar and nonplanar dissociation cannot explain the highly
state-selective photodissociation dynamics. Dissociation from
the 1 level, however, is more likely to conser@, symmetry
than dissociation from thel3evel. Trajectories starting from
the 3 state are more likely to bypass the deep funnel of the
conical intersection in the exit channel and preferentially stay
on the upper adiabatic surface leading to the, (&) + H
products.

Conclusions

shown in Figure 5, and the fraction of excess energy appearing  Vibrationally mediated photodissociation combined with
as product translational energy is also very similar, as shown Doppler spectroscopy and time-of-flight detection of the H-
in Figure 6. The parent bending motion correlates adiabatically atoms provides new information on the photofragmentation

with the bending motion, of the NH, product. Calculations
by Dixor?® predict the loss of one quantum of bending excitation
and a rotational product distribution with~ K, for dissociation

dynamics from selected rovibrational states etate ammonia.
Initial vibrational excitation changes the FrargRondon factors
for the subsequent electronic transition markedly and allows

from the parent bend. Inspection of Figure 9 and Table 1 shows preparation of single rotational levels of parent bending and

that, for the same quantum numiedissociation from the bend

stretching states in addition to umbrella states and the vibra-

(4™ results in slightly more fast hydrogen atoms compared to tionless level.

dissociation from the corresponding umbrelld)(Bvel. The
speed distributions obtained for dissociation from &laAd 2

The H-atom speed distributions show that the nonadiabatic
dissociation channel is the major pathway for dissociation from

levels have less bimodal character compared to dissociation fromg|| umbrella, bending and symmetric stretching states. Internal

0°, and the separation into slow and fast components is not conversion plays a minor role in dissociation from all states, as
unique. The larger fraction of fast hydrogen atoms for dissocia- the fraction of slow hydrogen atoms does not correlate with

tion from 4' compared to 2 may, however, suggest less
vibrational excitation in the Nkphotofragment for dissociation
from the bend.

The speed distribution for dissociation from the symmetric

the effective density of states. We conclude that the adiabatic
pathway dominates dissociation from the antisymmetric stretch
(31) state consistent with the narrow speed distribution of slow
hydrogen atoms. Dissociation from th&l8vel is less likely to

stretch (1) appears in Figure 8 and has the same shape as theconserveC,, symmetry during dissociation in contrast to the

distribution for dissociation from the vibrationless level. The

1! level prepared with the same amount of excess energy. In

large fraction of fast hydrogen atoms indicates an essentially this picture, trajectories starting from theé2ate are more likely
direct nonadiabatic dissociation through the conical intersection to bypass the deep funnel of the conical intersection in the exit

along a coordinate that consen@s symmetry?6 The similarity

channel and preferentially stay on the upper adiabatic surface

of the speed distributions suggests that the product distributionto form the NH(?A;) + H products.
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The energy disposal depends strongly on the parent state, with756(77) Dixon, R. N.; Hancock, T. W. RJ. Phys. Chem. A997 101,
as little as 2% of the available energy channeled into H-atom : . o )
translational energy for dissociation from thes3ate but with 658_(8) Loomis, R. A.; Reid, J. P.; Leone, S. & Chem. Phys2000 112
20%—40% entering translation for all other vibrations of A (9) Mordaunt, D. H.; Dixon, R. N.; Ashfold, M. N. Rl. Chem. Phys.

state ammonia. The experiments described here along withlg?fo)loh‘}iofggzht D, H Ashfold. M. N. R.- Dixon. R N. Chem. Phvs
i . unt, D. H.; , M. N. R.; Dixon, R. N.. . yS.
additional recent measurements using H-Rydberg-atom photof-1996 104, 6460.

ragment translational spectroscépseveal highly excited Nkl (11) Reid, J. P.; Loomis, R. A.; Leone, S. R.Chem. Phy<2000Q 112,
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