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Photodissociation of NH in the Two-Dimensional Light—Heavy—Light Approximation
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Photodissociation dynamics through thAZ2?A,), the ZA"(22B,), and the 3A"'(1%A,) states of NH are

studied in the two-dimensional lighheavy-light approximation at the equilibrium angle of the ground state.

The NH, radical is of relevance in the chemistry of interstellar clouds and cometary atmospheres.
Photodissociation is the major destruction mechanism of the radical in these environments. Since it is difficult
to produce the molecule in the laboratory, little is known about this process from experiments. Total and
vibrationally resolved partial cross sections have been calculated. The surfaces of the transition dipole moments
are taken into account in all calculations. By far the largest total cross section of photodissociation is found

for the ZA'"(2?B,) state. Through the bound® (2?A,) state, photodissociation mainly proceeds through
resonant levels close to the dissociation limit, corresponding to coupled antisymnsgtrimetric stretching
motions. The Fourier transform of the autocorrelation function also contains a number of bound vibrational
levels, which are assigned to the antisymmetric and coupled antisymmm&triametric stretching vibrational
levels. Since the?\'(2?A,) state has the same equilibrium bond angle as tii& ¥round state, the present
calculations are expected to give the essential physical properties of the photodissociation dynamics through
this state. Direct photodissociation proceeds through tAg€(32A,) state. By far the largest cross section
of photodissociation is found for the’?&R"(2?B;) state. The results from this work are compared to an
experimental fragment fluorescence spectrum from the literature.

1. Introduction In this study photodissociation processes of ;NHrough

The NH; radical is widely observed in cometary atmosphires Various low-lying excited states are studied. The photodisso-
and is thought to be an important link in the nitrogen chemistry ciation dynamics calculations are based on ab initio multiref-
in interstellar clouds. erence configuration interaction (CI) calculations from ref 6

The relevance of the NHadical for astrophysics results from  €mploying the MRD-CI method.*° Such calculations provide
its property as an indicator for the production pathways of Potential energy surfaces (PESs) for the ground state and the
nitrogen-bearing moleculés The NH/NH; ratio is supposed ~ €xcited states and the transition dipole moments connecting
to clarify whether NH is preferentially formed by gas phase them. The subsequent solution of the Scimger equation for

reactions or on grains. nuclear motion using these PESs enables a quantitative deter-
The most usual formation path of Nkh the gas phase of =~ mination of the total and partial photodissociation cross sec-

interstellar clouds is through the reaction of hons, which tions. In the low-temperature interstellar medium the transitions

are mainly formed by cosmic ray ionization, with,.Hi By from the bound ground state to dissociative excited states are

further abstraction reactions withyldnd subsequent recombina- mainly limited to those from the zeroth vibrational level of the
tion with free electrons, further NHx > 3) species can be  ground state. Therefore the present work is restricted to these
formed. In the presence of sufficiently high UV photon fluxes, transitions.

NH: is also produced via photodissociation of \NHn turbulent The NH, radical hasC,, symmetry in its XB; ground state.
clouds NH can also be formed via subsequent abstraction The equilibrium geometry according to ref 6ris=r, = 1.954
reactions of H with N. Since the reaction barriers of these 5, andaeq=102.£. This is similar to the older experimentally

processes are high, shock speeds as high ad@%&m s are determined ground state equilibrium geom&tnyith ry = r,
required to render this production pathway efficitnEollisions = 1.935 083 andaeq = 103°. The ground state is bound with
of the released H atoms with NHllow destruction of N to a relatively low dissociation energy of 3.93 eV in accordance
yield NH, again. The primary destruction route of bl well - \yith the radical properties. Previous theoretical studies of NH
as N in so-called photon-dominated regions (PDRSs (e.g. refs 12 and 13) mainly focused on the avoided crossing

photodissocigtion, wh.ich, however, becomes less e.ffici.ent at petween the low-lying AA; and BB, states (here in the notation
higher depth into the interstellar cloud due to the shielding of ¢ {he Cz, symmetry group of the 38, ground state), which

the radiation field by the outer layefs. both becomeA’ states inCs symmetry, and on the low-lying
Crucial information for the determination of the NEolumn states of NH. The X2B,, A?A,, and BB, states. which are

Qensity from opservatipns and Chemica! reaction netvyork mOOIeISthe lowest ones at the ground state equilibrium geometry,
is the photodissociation rate, which is a convolution of the
photodissociation cross section and the interstellar radiation field
both as functions of the excitation energy. However, little is
known about photodissociation of Nffom experiments, since
the radical is difficult to produce in the laboratory. On the other
hand, it is small enough for accurate quantum chemical ab initio
calculations.

are
pure valence-type states at all bond distances. FBg &nd

'the 2A; states are also valence states at the ground state
equilibrium geometry. All higher-lying states are predominantly
Rydberg in character at the ground state equilibrium geometry.
Rydberg-valence interactions occur in the potentials of #Bg, 2
22A1, and PA, states. A previous MCSCF study of potential
energy curves, transition dipole moments of the five lowest
€ Abstract published ilAdvance ACS Abstract&ebruary 1, 1997. doublet states along one NH bond length (with the second one
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fixed at the ground state equilibrium value), and a calculation
of the cross sections of photodissociation through the 2 &hd 3
states into NH+ H in a one-dimensional (1D) approximation
have been undertaken by Saxon et“alWhile two broad
resonances with low peak intensities of 2.7 and 4.3072!
cn? are found for the 22" state in accordance with its bound
state character, the cross section through @#¢ 8tate, which
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molecular plane of Nklis assumed to couple to the correspond-
ing rotational angular momentum (i.e. the rotational momentum
perpendicular to the molecular plarié).

A comparison of our results with recent spectroscopical data
will follow in section 4.4 of this study. The importance of the
22A; state for photodissociation of NHwill be discussed in
sections 4.1 and 5. The following section summarizes some

is also bound with respect to photodissociation but has a information from the electronic structure calculatibrehich

relatively small dissociation energy of 0.56 eV, has a high
maximum of 2.9x 10717 cn? with a width of 0.042 eV at 7.64
eV and a lower {3 x 1071° cn?) and broader one at 8.26 eV.
In spite of the bound state character of ti#&'3state, the high

is essential for the understanding of the photodissociation
dynamics through the?8'(22A,), 2'A"(22B;), and 3A"(1?A)
states (from here th€s notation of the states will be used
throughout the text). Section 3 reviews the method of the

threshold resonance occurring in the 1D treatment made thisdynamics calculations and important details of the calculation

state appear to be a promising candidate for photodissociationprocedure. In Section 4 the results for the calculated cross
of the radical under interstellar conditions. The resonance sections of photodissociation will be presented and discussed,
structure found in this 1D approximation is expected to be including a comparison with recent experimental results.

altered considerably, if the second-INl bond length is also Conclusions will follow in Section 5.

varied.

More recenﬂy MC-CEPA calculations of the vertical and 2. Information from Electronic Structure Calculations

adiabatic ionization energies and of the potential energies of tpa 4p initio potential energy surfaces (PESs) and transition
the ground state and eight low-lying excited states along the ins1e moments from ref 6, which enter the dynamics calcula-
bending coordinate at constant=rz = 1.954 have been  iong have been computed by means of the MRD-CI package
performed by Biehl et a2 From their calculations the jnciyding a configuration selection and energy extrapolation
equilibrium bond angles of the three states at constant proceduré 1% and on the basis ¢A" molecular orbital functions
equal to the ground state equilibrium bond lengths are known. .o 4 Roothaan-HF-SCF procedure.

For the 3A’.(22A1) state an equilibrium bond anglt_a_of_losj@ Further details of the method and performance of the
found;which is 2'6 above the grOm_qd state equilibrium bond o0 c4ronic structure calculations are given in ref 6. BothHN
angle. The comparison of the potential curves from ref 15 along . 4 lengths have been varied independentiZisymmetry

thze bond angle at constant = r, = req for the ZA, and the j; tha calculations, whereas the bond angle is kept fixed at the
X“By states shows that not only the minima of the curves but \ 5,6 of the ground state equilibrium bond angle for each of
also the derivatives around the minima are in good accordance i« three excited states under consideration.

Therefore a 2D treatment of the photodissociation dynamics with The coordinate system has been chosen such shiat
::)hee Zgngc?ggli;'xsg "?; thgo%rogndrcs);ai‘:ﬁa?gﬂl'?(;'utrﬁearf]gllle gg” perpendic.ular to the molecular plane and that@hexis of the
| Ip' for thi 9 A 2D PP imation h Iso b molecule is parallel t& In Cy, symmetry thez-component of
Cﬁ cu at:(on hor';rBls state.f . ﬁpproxwrjl_al;tlpn SS 350 Ieen the electric transition dipole moment lies in the representa-
¢l oien or:] €/ 1hstate 0 "'éo W';é an equilibrium bond angle i they-component in B, and thex component in B. In Cs
similar to that in the groun _sta o _ symmetry they- and z-components of the transition dipole
For the other two dissociative excited states considered here,moment lie both in A wherea lies in A"
22A"(2By) a?sd 3A"(1?A;), an equilibrium angle of 180has In the present work spline fit interpolations along theand
been found:'> Therefore the present 2D results have to be r, internal coordinates have been used in order to represent the
scrutinized by subsequent 3D calculations for both of these gp initio potentials for the A" ground state and théa', the
states. However, the total cross sections integrated overpza and 3A" excited states on a dense and regular grid. Al
excitation energy (or photon wavelength), which are crucial pggg gre symmetric with respeesto ther, = r line. The

quantities in astrochemical applications of molecular dynamics, ground state PES (Figure 1) has a minimum-&£99 eV with
are expected to be accurate within 15%. Since the ground Stat§espect to the dissociation limit &t = r, = 1.954a.

vibrational wave function is normalized, deviations betweenthe  The A’ PES has two identical shallow minimarat= 2.020
2D and 3D results for the integrated total cross sections cang, andr, = 2.881a, symmetric to they = r, line (Figure 2).

only result from non-FranckCondon effects involving the  The potential energy at the minima is 7.22 eV, 0.32 eV below
bending motion. that at the ground state equilibrium geometry. The lowest
The 2D results are also helpful for the understanding of a asymptotic energy o#0.56 eV with respect to the minima of
recent experimental fragment fluorescence speditiion the the PES is found parallel to theg , axes, keeping the second
NH(ASIT) + H asymptote. In this experiment NHs photo- bond distance fixed at 1.9&. Since the vertical excitation
lyzed in a flow system with tunable synchrotron radiation from energy is lower than the minimum asymptotic energy by 0.25
200 to 105 nm and other vacuum ultraviolet light sources. In eV, the total cross section of photodissociation through this state
previous work on the formation of NHEAI) in the photolysis is expected to be much smaller than that through #4¢' 2tate.
of hot NH; at 193 nm (6.42 eV), Kenner et Hlconcluded that Due to configuration interaction with an antibonding valence-
the absorption of Nklat this wavelength is due to the transition type state, a small potential well arises parallel torthandr;
from rotationally excited levels of the2B; ground state of Nk axes, betweenm, (r;) = 3.5 and 4.58,. This well is highest,
to the 2A; state. The observed polarization of the NF{R i.e. 3.15 eV with respect to the minimum of the PES, onrthe
— X3%7) fluorescence was attributed to high overtones of the = r; line around 4.3y and decreases to zero in the asymptotic
out—off plane rotation in the initial B, state and a subsequent range of the PES. A nodal line on the surface of the electric
fast dissociation via the?A; state of NH. This course of the  transition dipole moment arounda3, which had already been
fragmentation process would lead to the observed preferentialdiscovered by Saxon et #.in the 1D approximation at one
population of the antisymmetria doublets of NH(AIT); i.e. N—H bond length fixed at that of the ground state equilibrium
the singly occupiedr orbital oriented perpendicular to the (eq.) geometry, also reveals this configuration interaction.
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Figure 1. Two-dimensional contour plot of the potential energy surface Figure 3. Two-dimensional contour plot of the geometry-dependent
of the X?A" ground state of Nklat the eq. bond angle of 102.4s a dipole transition moment?3’' — X?A" in au at the ground state eq.
function of the internal coordinates;{r). The numbers at the contour ~ bond angle of 1024as a function of the internal coordinates, ¢2).
levels denote the potential with respect to the minimum of this state in The numbers at the contour levels denote the electric dipole transition
eV. The ground state eq. geometry israt= r, = 1.954a,. moment in au. The ground state eq. geometry is at r, = 1.954a,.

ST | AN minimum is lower than the energy at the ground state equilib-
T rium geometry by 0.16 eV, which correspond to the minimum
height of the barrier between the two indistinguishable troughs.
With respect to the 2D PES the minimum along the= r,
line is a saddle point. These results are in accordance with the
previous 1D results by Saxon et!4lalong one N-H bond
length. In their treatment the?8' state has a saddle point at
an N—H bond length slightly larger than the ground state
equilibrium bond length of 1.954; and a shallow minimum
around 3.0a.
Because of the particular shape of the PES with two identical
minima symmetrical to the; = r, line and the minimum along
r1 = rp, at which the minimum barrier between the two potential
troughs occurs, a complicated pattern of anharmonic vibrational
modes has to be expected for this PES. As a first indication
for the ratios of the frequencies and the way in which
photodissociation proceeds, it is instructive to compare the
directional derivatives at particular points of the PES. At the
F 1 two minima of the PES, the derivative of the PES along the
0 S S S S S S longer symmetry axis of each of the two potential troughs is
0 2 4 6 8 smaller by a factor of 4 than that perpendicular to this direction.
1 (bohr) The latter one is smaller by a factor 1.5 than that at the minimum
Figure 2. Two-dimensional contour plot of the potential energy surface glong ther; = r; line. At the ground state eq. geometry, the
of the A’ state of NH at the ground state eq. bond angle of 102.4 derivatives along the; = r, line and along each of the

as a function of the internal coordinates, (r2). The numbers at the . :
contour levels denote the potential of the excited state with respect to coordinate axeg, ; are essentially the same. Therefore a large

the minimum of the electronic ground state in eV. The ground state Part of the flux will be trapped in the bound region of the
eq. geometry is at; = r, = 1.954a. potential, even at excitation energies above the dissociation limit,

and resonant photodissociation will account for most of the total
However, this nodal line is outside the FranrdRondon region ~ and partial cross sections.
and does therefore not affect the photodissociation dynamics The 2A" PES has a local minimum at =r, = 2.03ay, i.e.
through this state significantly. At the ground state eq. geometry close to the ground state equilibrium geometry (Figure 4). The
the transition dipole moment is 0.410 &uFigure 3 shows the  height of the barrier to dissociation into the two low-lying
shape of the transition dipole moment inside the Franck identical NH(@A) + H asymptotes is 0.15 eV. It can be
Condon region, i.e. in the bond lengths range from 1.67 to 2.23 expected that the barrier to dissociation strongly affects the
a. In this range the transition dipole moment changes its value photodissociation dynamics through this state. The transition
only weakly. A minimum of the PES with respect to the dipole moment at the ground state equilibrium geometry is 0.607
symmetric stretching coordinate of the ground state exists atau (-component). This indicates that the total cross section of
an energy of 7.37 eV along the = r; line at 2.12ay. This photodissociation through this state will be large compared with

r2 (bohr)
o
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Figure 4. Two-dimensional contour plot of the potential energy surface Figure 6. Two-dimensional contour plot of the potential energy surface
of the ZA" state of NH at the ground state eq. bond angle of 102.4  of the A" state of NH at the ground state eq. bond angle of 102.4
as a function of the internal coordinates,i;). The ground state  as a function of the internal coordinates, (r2). The ground state
eq. geometry is at; = r, = 1.954a,. Contour levels as indicated in  eq. geometry is at; = r, = 1.954a,. Contour levels as indicated in
Figure 2. Figure 2.

2.6 The PES of the Z\" state is purely repulsive along the

minimum energy paths at constant(r,) = 1.95a, (Figure 6).

The derivative of the potential energy at the Fran€london
point is largest perpendicular to the = r; line, i.e. in the
direction of the antisymmetric stretching coordinate. The
interaction with the 2A"(3%B,) state leads to an avoided crossing
at bond lengths slightly larger than that at the ground state eq.
geometry® The nodal line on the surface of tiyecomponent

of the transition dipole moment also reveals the avoided crossing
(Figure 7). ltis also seen that tggcomponent of the transition
dipole moment from the ground state strongly increases up to
a factor of 4.05 with respect to its value 0.112 au at the ground
state eq. geometry at the largg; boundary of the Franck
Condon region. Toward NH bond lengths smaller than that
at the ground state eq. geometry, the transition dipole moment
decreases. lts zero transition inside the Frar©&ndon region
and the increase of the transition dipole moment toward larger
NH bond lengths, where the potential energy is lower, are
expected to strongly influence the photodissociation dynamics
through this state. Therefore a significant non-FranClkndon
contribution to the total and partial cross sections is to be
expected for the Z\" state (cf. section 4.3).

r2 (bohr)

r1 (bohr)

Figure 5. Two-dimensional contour plot of thecomponent of the ' " : ;
geometry-dependent dipole transition momet#'2<— X2A"" in au at For the 3A’ and ZA" states the asymptotic energies are

the ground state eq. bond angle of 10224 a function of the internal higher by several electronvolts along the=r» line. The 3A"

coordinatesrg, ). The ground state eq. geometry is at r, = 1.954 state has a lower-lying asymptote along the= r; line, which
ao. Contour levels as indicated in Figure 3. lies nevertheless above the lowest asymptotes by 0.95 eV.

Therefore dissociation into N- H + H product channels is
that through the Z\' state. In geometrical configurations in  virtually prevented compared with that into the lower-lying NH
which the point group of the molecule is loweredGg the z- + H channels.
and they-components of the electronic transition dipole moment
are both_ allowed to be nonzero. _In accordance with the 3 Method and Parameters of Dynamics Calculations
expectations, thez-component remains larger than the
component at most geometries. A contour plot of this 3.1. Method. The 2D total and partial photodissociation
component of the transition moment surface is shown in Figure cross sections have been calculated by a time-dependent wave-
5. It is seen that it decreases at most geometries inside thepacket propagation method along the lines of that developed
Franck-Condon region with respect to the constant transition by Schinke!® which has been developed for triatomic molecules
dipole moment of 0.607 au ai = r, = 1.954ay, i.e. at the in Cz, symmetry in the lightheavy-light (LHL) approximation
ground state eq. bond lengths. using internal coordinates andr..° In the LHL approximation
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Figure 7. Two-dimensional contour plot of thg-component of the
geometry-dependent dipole transition momet#'3<— X2A"" in au at
the ground state eq. bond angle of 102a4 a function of the internal
coordinatesr(, rz). The ground state eq. geometry igat r, = 1.954

Koch

being the energy of the diatomic fragment in:tstate, andgg
being the energy of the initial state, i.e. the vibrational ground
state, from which the excitation stari,(r2.,w) is equal to

i 00

Ay(r2,ooaw) = 27_[ t=0

exp(ifio + Egt/) [@ (r )| D(r,,,, 1, )0
(6)

The factor 2, which occurs in eq 4 in addition to the prefactor
of the partial cross sections of a linear triatomic in Jacobi
coordinates (cf. eq 7 of ref 21, eq 6 of ref 22, in which the
reduced mass of the moleculg replaces that of the diatomic
fragmentug), arises from the existence of two different, however
indistinguishable, fragmentation channels for symmetric tri-
atomic molecules.

The time-independent vibrational eigenfunctions of the ground
state are obtained from a variational procedure. As a basis set,
12—18 Morse oscillator functions are employed along each
coordinate. The integrals involving the ground state potential
are calculated by the Gauskaguerre quadrature. The wave
function at timet, ®(ry,ro,t), is obtained by application of the
time evolution operator o®(ry,r,,0)

D(ry, 1, t) = WHP(r 1), 0) (7)

H denotes the Hamiltonian for nuclear motion in the LHL

a0. The numbers at the contour levels denote the electric dipole transition approximation

moment in au. Contour levels as indicated in Figure 3.

all terms of the Hamiltonian proportional to the inverse of the
mass of the heavy central atom are neglected.

(8)

The cross section can be calculated either as the Fourier

transform of the autocorrelation functi@it)2°

o(w) = 6“’?: S expl(E, + ho)Uh) SO ot (1)

with
2)

d(r1,r,,t=0) equal to the product of the electric transition dipole
momentu(ry,rz), and the normalized vibrational ground state
wave function®9(ry,r;). The dependence of the electronic part
of the electric transition dipole moment on the internal
coordinates, r, of the nuclei is taken into account within the

Born Oppenheimer approximation. This way part of the non-

St) = W(ry, r,, t=0)|D(ry, 1, )O

with uc and uq denoting the reduced masses of the two
indistinguishable NH fragments

MMy,
my+my,

The Hamiltonian of eq 8 is isomorphous to the Hamiltonian
for nuclear motion in linear triatomic molecules in Jacobi
coordinates (e.g. ref 23) with; formally replaced byr, r»
replaced byR, and the reduced massesy of the two identical

NH fragments replaced by the reduced mass of the complex
(uc) and of the diatomic fragment§), respectively. The LHL
approximation implies that the coupling terms of the kinetic
energy operator involving the two stretching modes and the
corresponding stretchirgbending coupling terms are neglected.

HUcq (9)

Franck-Condon contributions to the total cross section are taken gjnce the main deviations of the full 3D result from the 2D

into account. The total cross section can alternatively be | | and 3D LHL results arise from Hs, the 2D LHL and 3D
represented as the sum of the partial cross sections with respec 4| results for the vibrational fragment distributions are in very

to the vibrational fragment states:

o(w) = ZOU((U) (3

The partial cross sections result from the projection of the
wave packetbd(ry,r,t) on a particular fragment chann®l,(r)
in the asymptotic range of the potential energy surface

2

)
o (w :—U.A r @ 2 4
0) = Frge A 200) @)
with k, given by
1
k, = 2y/2uqfo + Eg— &) (5)

with x4 denoting the reduced mass of the diatomic fragment,

good agreement. Hs vanishes for a bond angle of Q0
Therefore the LHL approximation is most suitable for molecules
with an equilibrium bond angle around 90 Mainly for this
reason the LHL approximation is better applicable t®Hvith
a ground state equilibrium bond angle aroundlibxn to CH
with a ground state equilibrium bond angle around 134

Since NH has a mass ratioy/my (myx: mass of the heavy
atom) between the mass ratios for £&hd HO, and since at
the same time the equilibrium bond angle of Nl still closer
to 9C¢° compared with HO (102.4 vs ~ 104°), it can be
assumed that the LHL approximation is fully applicable to,NH
also. Calculations including the coupling term in the kinetic
energy operator are within the present computational scope and
have also been performed e.g. for the first excited state©f%
Although the contribution of the coupling term to the total cross
section and to the individual partial cross sections is estimated
to be small here, inclusion of the coupling term turns out to be
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important in other cases, namely in order to obtain correct
intensity ratios in emission to pairs of vibrational states with
different symmetric and antisymmetries( vs) quantum num-
bers?s

The character of the periodic or vibrational motion which

J. Phys. Chem. A, Vol. 101, No. 8, 1997465

through this state will be extremely slow and that the major
contribution to the total and partial cross sections will arise from
resonant levels or from the dissociation continuum with excita-
tion energies close to the dissociation limit. Test calculations,
in which different point densities have been employed for the

can be assigned to the maxima of the total cross section ofgrids of the PES in a NH bond distance range from 1.3 to
photodissociation or photoabsorption can be inferred from a 10.0ap, have shown that the major contribution to the total and

contour plot of the stationary wave functi@b(ry,r,,Ep) at the
resonance or bound state eneEgyvhich is given by the Fourier
transform of the wave packet:

[ 0(r, 1y t)-expliEH) dt (10)
For a potential with the shape of a rotational paraboloid with
its main axes of inertia along andr>,, the nodal planes of the
two stretching normal modes would be parallel and perpen-
dicular, respectively, to; andr,. If two minima occur on the

partial cross sections arises from the excitation energy range of
0.6 eV above the dissociation limit. Thus the wave packet will
take up at the most about 0.6 eV of kinetic energy. With the
reduced mass of 0.98822.89 au for the dissociating hydrogen
atom, a maximum wavenumbkiof 8.7 au results. This leads
to a minimum grid spacing of 0.364 meaning that in a range
from 1.3 to 10.0ap more than 22 grid points are required along
each of the two bond coordinatesandr,. In order to allow

the NH fragment to take up the same amount of kinetic energy,
a point density larger by a factor af{n/my)Y2 ~ 3.7 is needed.
The resulting minimum number of points per dimension is 82.

potential energy surface of a symmetric triatomic, which are |, o ger o achieve a smooth representation of the PES, the point

separated by a small barrier allowing interaction between the density was increased to 140140 points.

two potential troughs, the vibrational levels and v, in each

of the two potential troughs are split by the interaction. The
resulting wave functions of the interacting vibrational levels are
either symmetric or antisymmetric with respect to the= r,
line. For symmetry reasons, from the= 0 ground state
vibrational level only transitions into symmetrically coupled
levels are allowed, i.e. levels with a wave function symmetric
to thery = ry line. If the potential is strongly anharmonic,
additional coupling may arise between the symmetrically
coupled levels of the antisymmetric and symmetric stretching

normal modes. Examples for the analysis of the nodal structure

of stationary wave functions of bound vibrational levels and at
the energies of vibrational resonances will be given in section
section 4.

In the application of the kinetic energy operator on the excited
state wave function the Fast Fourier Transform algorfimas
been used. The time propagation of the wave packet has bee
performed by applying the short iterative Lanczos integréftor.

In order to prevent reflections of the wave packet from the
asymptotic range into the FranelkCondon region of the excited
state PESs, which could falsify the Fourier transform of the
autocorrelation function, the wave function is multiplied with
an absorption function defined by

fcut: 1 (fOf)/ < 0)
for=6y%(1—y) (fory < 0.5)
f=1—21-1y)°® (fory>0.5)

f=0 (fory > 1) (11)

minimum and maximum values of the rangergfr, in which

a nonconstant absorption function is applied.
Subsequent spline fits in both dimensions of the 2D surface

In order to allow
the initial wave function to escape from the grid with a
probability of 23%, a propagation timeof 4800 fs is needed.
The minimum energy\AE = a/T which can still be resolved
with this choice of the propagation time is 0.0004 eV. This
turns out to be sufficient for the resolution of the sharpest
resonance line with a full width at half-maximum (fwhm) of
0.0012 eV. In order to cover an excitation energy range up to
8.5 eV, a time step of less than 10.0 au has to be chosen for the
propagation.

The 2ZA" state has a vertical electronic excitation energy of
7.60 eV® The energy of the lowest (indistinguishable) NH-
(a'A) + H asymptotes is 5.75 eV. Thus the dissociating
hydrogen atom can be provided with a kinetic energy of at most
about 1.8 eV. Inside the width of the initial wave packet the
potential energy increases by about 0.5 eV. In total a kinetic
energy range of 2.3 eV for the dissociating atom should be
"Yescribed. This corresponds to a grid spacing of @gper
dimension. If the NH fragment is allowed to take up the same
kinetic energy, a point density of 90 points is needed for each
dimension in a coordinate range from 1.2 tag8 In practice,
grids of 96-120 points per dimension have been used. The
resolution of the vibrational substructure of the cross sections
requires an energy resolution which is smaller by at least 1 order
of magnitude compared with the vibrational frequencies obNH
in this state. Propagation times between 60 000 and 200 000
au corresponding to energy resolutions between 0.0014 and
0.0004 eV have been used. The time step has been set to 6 au.

The A" state with a vertical excitation energy of 9.07%V
shares its lowest asymptotes with tifé3state. The minimum
energy paths run parallel to theandr, axes, with the second
N—H bond length equal to 1.9%. Local minima do not occur
along these paths. The kinetic energy released to the dissociat-
ing fragments is 1.26 eV. This is expected to be distributed
between the H and the NH fragments according to their inverse
mass ratio. If, however, the heavier NH fragment is allowed

have been used in order to represent the electronic potential on, ke up the same amount of kinetic energy as the hydrogen
a dense and regular grid as a function of the bond coordinates.5iom 3 grid spacing of 0.0 and a point number of 109 along

3.2. Parameters of Dynamics Calculations.The extension
of the initial wave function, given by the width at which it has
decreased to 1/e of its maximum absolute value, is &%fong
bothr; andr,.

A vertical excitation energy of 7.53 eV has been calculated
for the electronic transition from the ground state to tRa'3
state, i.e. without taking into account the zero-point enérgy.
Since the energies of the two indistinguishable NEI{A+ H
asymptotes are 7.78 éVijt follows that the fragmentation

each bond coordinate in a range from 1.2 tay&re required.

A propagation time of 60 000 au was also used here, corre-
sponding to an energy resolution of 0.0014 eV. A time step of
4 au has been used.

4. Results and Discussion

For the zero-point energy of the?>A" state an energy of
0.432 eV has been calculated using a variational procedure on
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400 TABLE 1: Maxima in the Fourier Transform of the
Autocorrelation Function Assigned to Most Pronounced
Bound and Resonant Stretching Vibrational Levels in the
3%A’ State of NHy; Assignment Given in Text. Weaker
Splitting Components by Fermi Type Interactions Are Not
Counted as Separate Lines
g i ) line no. excitation energy line no. excitation energy
= 1 7.0195 14 7.7266
S 2 7.0931 15 7.7689
~ 3 7.1652 16 7.7887
5 7.2461 17 7.8135
g 200~ I 7.2580 18 7.8454
» 5 7.3383 19 7.8957
6 7.4208 7.9129
5 7.4458 7.9390
E 7 7.4930 20 7.9484
e | i 8 7.5250 21 7.9719
9 7.5638 22 7.9964
10 7.5819 23 8.0136
11 7.6014 24 8.0345
bb UL 7.6463 25 8.0674
12 7.6557 26 8.0945
0 U' V1T T 7.6729 27 8.1519
7 725 7.5 8 13 7.7000 28 8.1816

Excitation énergy / ev

PES. The nodal line of the transition dipole moment between
r, = 2.75-3 ap at variabler; lies outside the FranekCondon
region and does not therefore affect the results of the dynamics
calculations significantly.

As expected the vibrational substructure of the total cross
section clearly differs from that found in the 1D treatment by
Saxon et all# in which only two maxima had been found in
the total cross section (cf. section 1). The nine lines which are
lowest in excitation energy correspond to bound vibrational
levels. For these levels, which are infinitely sharp in energy
within the nonrelativistic quantum mechanical description, the
line widths are artificially induced by the finite propagation time
in the calculation.

The vibrational motion at the energies of the bound levels
and the resonances can be analyzed by inspection of the nodal
structure of the stationary wave function given by the Fourier
transform of the wave packet (cf. section 3). In what follows
the notation for the antisymmetric and symmetric stretching
levelsy; andw; in one individual potential trough isolated from
the other one is used. Due to the particular shape of the PES
of this state (Figure 2), the symmetric stretching mode can be
characterized as one with nodal planes parallel to the dissociation
coordinates; » at large bond distances and perpendicular to

. o ) 9 thery = ry line in the coordinate range of the saddle point,
state as a function of excitation energy: (a) lower excitation energy . . . .
range with bound and resonant vibrational levels and (b) higher Whereas the antlsymmetrlg stretching mF’de h,as, wave functlons
excitation energy range above bound range of the potential, resonantWith nodal planes perpendicular to the dissociation coordinates
vibrational levels. The-scale is different in (a) and (b). ri2 at large bond distances and parallel to the= r; line in

the coordinate range of the saddle point.

the space of Morse oscillator basis functions. This is in good The excitation energies at which the bound vibrational levels
accordance with the experimental result of 0.404 eV resulting and resonances occur are listed in Table 1. The bound state
from the symmetric and antisymmetric stretching frequencies line at the lowest excitation energy in Figure 8a corresponds to
measured by high-resolution Fourier transform IR spectros- the totally symmetric vibrational level without any nodal planes
copy?® The following results for the total cross sections from and with its maxima at the two identical minima of the PES
the Fourier transform of the ACF and from the sum of the partial (Figure 9a). The zero-point energy including symmetric and
cross sections are in accordance to better than 8.02D18 antisymmetric stretching motion on this PES amounts to 0.236

20

-18 2
cm

10

Total cross section / 10

0 | L
7.5 7.75 8 8.25
Excitation energy / eV

8.5

Figure 8. Total cross section of photodissociation through th&’3

cm2,
4.1. Photodissociation through the 3A’'(22A,) State. In
accordance with the bound state character of th& 3tate

eV. The lowest vibrational level lies already above the small
barrier between the potential troughs by 0.084 eV. The
stationary wave function of the second bound vibrational state

photodissociation through this state is a slow fragmentation has one nodal plane at each of the two local minima of the
process, which is, however, interesting due to the multiline PES, perpendicular to thg and T, axes, respectively. In
vibrational structure of the total cross section, arising from bound accordance with the derivatives alofig and T, at the two
and long-lived resonant vibrational levels (Figure 8a). In minima, this line is assigned to the symmetrically coupled
accordance with the existence of bound vibrational levels about= 1 levels of the antisymmetric stretching motion in each of
77% of the wave packet remains in the bound region of the the two identical troughs (Figure 9b). An energy quantum of
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Figure 9. Contour plots of stationary wave functions at various bound state and resonance energies, respectively, corresponding to the excitation

energies of (a) 7.0195, (b) 7.0931, (c) 7.1652, (d) 7.2524, () 7.8957, and (f) 8.0945 eV.

0.074 eV results for the antisymmetric stretching motion. This (bound spectrum) are smaller than the minimum resolvable
also agrees with the longer recurrence periods of about 56 fs inenergy difference of 0.0004 eV and are therefore not seen in
the ACF. From the zero-point energy of 0.236 eV and the the spectrum. The fifth bound level at an excitation energy of
energy quantum of 0.074 eV for the antisymmetric stretching 7.338 eV corresponds to the symmetric combination of:ithe
motion, a symmetric stretching quantum of 0.398 eV follows = 4 levels perturbed by; = 1. Due to the smaller amplitudes
for the lowest symmetric stretching level. The strong anhar- of the wave functions at higher, and v1 quantum numbers,
monicity of the potential may however cause deviations from the nodal structure of the higher lying levels can only be resolved
the harmonic oscillator behavior already in the low-lying close to the spatial maxima of the wave functions. Therefore
stretching levels; i.e. the lowest symmetric stretching level the nodal structure of the wave functions corresponding to higher
presumably occurs at lower energy than 0.398 eV above thelying bound levels is only clear in the coordinate range close
totally symmetric level. The third line in the Fourier transform to the maximum of the absolute value of the wave function.
of the ACF is assigned to the symmetric combination ofihe  Furthermore the infinitely small line widths of the bound and
= 2 levels in each of the two potential troughs (Figure 9c). the small line widths of the order of 0.001 eV of some resonant
The stationary wave function has two nodal planes mainly levels render it very difficult to hit the energies of these levels
perpendicular tor; and T, respectively. Again only the  within their fwhm induced either by the finite propagation time
symmetric combination of these levels is seen in the spectrum.or their natural life time. An unambiguous assignment is
The reduced energy difference of 0.072 eV between the third therefore not possible for the higher-lying sharp levels. Besides
and second level may result from a weak interaction with the the nodal structure, the tentative assignment of the higher-lying
v1 = 1 level. Since the energy quanta of the antisymmetric bound levels and the resonances given in this work is based on
stretching motion are small compared with those of the an extrapolation of the sequence of the lower-lying vibrational
symmetric stretching motion, several levels of the antisymmetric levels. The sixth level at 7.421 eV presumably corresponds to
stretching motion are involved in the interactions with the vz = 5 interacting withy; = 1. Approaching the dissociation
levels. They; = 1 level is split by a Fermi resonance with the limit, the strong anharmonicity of the potential increases the
symmetric combination of the, = 3 levels into two components  density of antisymmetric and symmetric stretching levels. In
with an energy separation of 0.004 eV. The nodal structure in this excitation energy range, on average one symmetric stretch-
both components shows the interaction (cf. Figure 9d, for one ing level interacts with the two adjacent antisymmetric levels.
component). The shift of the fourth bound state line toward This leads to the 3-fold split features close to the dissociation
higher excitation energy is caused by this interaction. Weaker limit. The levels at 7.446, 7.493, and 7.524 eV presumably
interactions ofy; = 1 involve thev, = 2 and thev, =4 and 5 correspond to the interaction of the (symmetrical combinations
levels. The splittings of these levels in the low-energy range  of) the levelsy; = 2, v, = 6, andv, = 7. The one at 7.446 eV
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has a very small overlap with the= 0 ground state vibrational T T T T T T T 1
level and does therefore not contribute to the Fourier transform r 7
of the ACF. The level at 7.564 eV is expected to arise from v'=2

the interaction of they = 3 and thev, = 8 and 9 levels. This - ]
feature smoothly extends into the photodissociation continuum.

The ground state = 0 vibrational level has its largest overlap
with the low-lying bound symmetrically coupled antisymmetric P I I N R E R 7\ S P
stretching vibrational levels of the@’ state. Its overlap with 81 82 83 84 85
the rapidly oscillating wave functions of the dissociation
continuum is small. This means that photodissociation through
this state will mainly proceed through resonant stretching
motion. In accordance with the increasing interaction with the
photodissociation continuum toward higher excitation energy,
the resonance lines are gradually more broadened above the
dissociation limit. Yet resonance lines with line widths as
small as 0.001 eV are found, e.g. for the sharp resonance line
at 7.896 eV.

The first two resonance lines at excitation energies of 7.582
and 7.601 eV are expected to correspond to the higher-lying R0 = V=0

splitting components from the; = 3 and v, = 8 and 9
interaction. The next three resonance lines at 7.656, 7.673, and - h 8
70 78 79

8

~2
o
~2
2
N
o]
~2
©
@

1

76 77 78 79 8 81 82 83 84 85

Partial cross sections / 10

7.700 eV arise from the interaction of the = 4 andv, = 10
and 11 levels. The small additional splitting of the first of the 0
three levels may result from the interaction with the adjacent "6
Zﬁ = 3 levels. .Due to }Ehe rl]argel anklla!'monlﬁlty of t:]]e. portlentlal, Figure 10. Par;ial Cross segtio_ns of photodissociation thrqugh 'féhé 3
the wave functions of the three levels |nt.erc ange their ¢ ar"?‘Cter'state as functions of excitation energy. denotes the vibrational
Therefore all three components contribute to the photodisso- quantum number in the NHEAT) fragment state.
ciation spectrum. The coupling of symmetric and antisymmetric

stretching motion is particularly important in this case of slow ! I I
photodissociation in order to direct part of the flux into the 250 |-
dissociation channels. Above 7.75 eV the splitting pattern
becomes irregular due to the increasing overlap with the direct
photodissociation continuum. The most long-lived sharp reso-
nances at 7.769, 7.845, and 7.896 eV with line widths between 200 = 7]
0.001 and 0.002 eV, corresponding to life times between 326
and 653 fs, mainly arise from antisymmetric stretching motion
(Figure 9e). The broader and smaller resonances all correspond
to combined symmetricantisymmetric stretching motion. This

is obvious from the stationary wave functions at the resonances,
e.g. at 8.095 eV (Figure 9f).

Since the equilibrium bond angle in théA3 state is similar
to that in the ground state, it is expected that the vibrational
substructure of the total cross section remains mainly unchanged
in a 3D treatment. However, a broadening of the resonances 50 - -
might arise from the interaction with the bending motion.

The total cross section of photodissociation through this state
integrated over excitation energy yields 0.9320718 cm~2-eV. o |
Eighty-eight percent of the NH fragments are found inthe T4 prcitation ergy / &V 0
0 vibra}ional IeV(_eI of théll ste}te. T_he shape and substructure Figure 11. Total cross section of photodissociation through th&'2
of th_eu = 0 partial cross section (_Flgure 10_) an(_j the total CIOSS giate as a function of excitation energy.
section (Figure 8a,b) are very similar. Vibrationally excited
fragments are only produced at excitation energies higher thanfragment in thes’ = 1 level of the AII state. Thes’ = 3
7.94 eV ¢ = 1) and 8.28 eV { = 2) (Figure 10). The partial cross section integrated over the full excitation energy
integratedy’ = 1 partial cross section yields 10% of the total range contributes by less than 0.2%.
integrated cross section, whereas the contribution of the 4.2. Photodissociation through the 2A"(22B,) State. The
integratedr’ = 2 partial cross section is 1.3%. At excitation total cross section of photodissociation through thé2 state
energies higher than 7.9 eV thé = 1 vibrational fragment is shown in Figure 11. This cross section includes the
state is preferred. Its partial cross section provides the dominantcontributions from both components of the electric transition
contribution to the total cross section, i.e. 57% compared with dipole moment in the Arepresentation of th€s point group.
34% from they' = O partial cross section, both with respect to As expected, the surface of tkecomponent of the transition
the integrated total cross section in this excitation energy range.dipole moment yields almost the total intensity of the spectrum.
From the analysis of the stationary wave functions at the The contribution of thg-component to the total cross section,
resonance energies, it is seen that the symmetric stretchingwhich vanishes at the ground state equilibrium geometry for
motion is highly excited in this excitation energy range. Only symmetry reasons, amounts to only 3% of the total integrated
here the excitation energy is sufficient for leaving the NH cross section. In contrast to théA3 state, the 2A" total cross

) S . |

8 8.1 82 83 84 85
Excitation Energy / eV

2
cm

-16

Total cross section / 10
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section shows only a single pronounced resonance at an I T T
excitation energy of 7.426 eV. This excitation energy is higher .
by 0.11 eV than the barrier to dissociation. The line width of
the resonance is 0.015 eV (fwhm), corresponding to a life time
of 43.5 fs for the resonant level. The nodes of the stationary
wave function at the resonance energy are perpendicular to the
dissociation coordinates parallel to theandr, axes. Apart
from a strong maximum in the region of the local minimum of
the PES, the probability amplitude of the wave function along
thery = ry line is zero. This nodal structure shows that the
resonant photodissociation process proceeds via antisymmetric
stretching motion. The broad, shallow maximum at 7.72 eV
excitation energy corresponds to direct photodissociation. Its
maximum intensity is 7.35X% 10718 cm2. From comparison
of the absolute values of the total cross section it is already
obvious that photodissociation through this state is much more
efficient than through the?3' state. The total cross section
integrated over excitation energy yields 8.3320718cm~2-eV, @
of which 97% arises from the dominamtcomponent of the
transition dipole moment. This integrated total cross section is Ehs on 5'3 ;5 0 1;_5 0
about 88% of the result obtained from a calculation based on Excitation energy / eV
the constant transition dipole moment, since the dominant
z-component of the transition dipole moment decreases at most i I
geometries inside the FranekCondon region with respect to
the constant transition dipole moment of 0.607. The
component of the transition dipole moment, through which the
transition from the ground state is symmetry-forbidden at the
ground state eq. geometry, yields only 3% of the total integrated
cross section and does not alter the shape of the total cross
section significantly. More than 96% of the NH fragments from
dissociation through this state are produced in the vibrational
fragment level’ = 0 of the NH?A state. The structure of the
v’ = 0 partial cross section corresponds very well to that of the
total cross section. The partial cross sectidn= 1 only
contributes by 3.5%, whereas the contributions of the vibrational
fragment states’ = 3 and 4 are 0.2% and 0.01% only. All
partial cross sections have essentially the same structure as the
total cross section (Figure 11) and are therefore not shown
separately.

4.3. Photodissociation through the 3A"(1%A,) State. The
total cross section through thé 8" state is shown in Figure . | | | |
12a. Figure 12b displays the non-Fran¢kondon contribution 8 85 | tedion eners? /oy 1° 105
of the z-component to the total cross section which vanishes at
the ground state eq. geometry for symmetry reasons (note thatFigure 12. (a) Total cross section of photodissociation through the
the y-scales are different in parts a and b of Figure 12. The 3’A" state as a function of excitation energy. (b) Non-FranClondon
shape of the total cross section is determined by the purelycontrlbutlon to the total cross section of'(a), arising from the

. . . - -» z-component of the geometry-dependent dipole transition moment

repulsive nature of this state and by the avoided crossing \_Nlth (Figure 7b). They-scale is different in (a) and (b).
the £A""(3?B,) state® The latter leads to a zero transition in

the y-component of the transition dipole moment close to the 939 of the total cross section of photodissociation through this
ground state eq. geometry (Figure 7). The intermediate state integrated over excitation energy. The smaller continuum
minimum of the total cross section in Figure 12a at 9.24 eV feature at higher excitation energy has its maximum at 9.53
arises from this nodal line. For comparison the result for the eV. Both features of the total cross section are mainly caused
total cross section through this state has also been computedy direct photodissociation and thus reflect the purely repulsive
by means of the constant transition dipole moment of 0.112 au potential of this state. The diffuse substructure in the low-
at the ground state eq. geometry. From this calculation it was excitation energy slope of the most pronounced feature in Figure
seen that the intermediate minimum does not occur here and12a,b is due to short-lived vibrational resonances from coupled
that the maximum of the total cross section is smaller by a factor antisymmetrie-symmetric stretching motion. In accordance
of about 5. This is feasible since Figure 7 shows that the with the gradient of the PES being lowest along the symmetric
dominant component of the transition dipole moment rapidly stretching coordinate; = r,, symmetric stretching motion is
increases toward larger-NH bond lengths, up to a factor of  primarily excited at the resonance energies. The anharmonicity
about 4 at the outer boundary of the Fran€ondon region, of the potential induces strong coupling between adjacent
and that the maximum of the total cross section is found for resonant symmetric and antisymmetric stretching levels. This
the broad continuum feature at lower excitation energy. The coupled motion transfers part of the flux from the Franck
most pronounced feature of the total cross section with a Condon region of the PES into the dissociation channels. The
maximum at 8.75 eV and with a width of 0.50 eV contains natural line widths of these weak resonances are larger than
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1 I I | I in the same energy range but has a NiAja+ H asymptote
and does thus not contribute to the NK[® + H fragment
fluorescence spectrum. The low-angiA2 state dissociates
1 into NH(b'=") + H and does therefore not contribute to this
fluorescence spectrum either. The energy resolution in the
- experimental spectrum is given by 3 rifrwhich corresponds
to 0.28 eV around 148 nm and to 0.14 eV around 165 nm, the
boundary of region I. Since the calculated energy spacing
between the adjacent bound state and resonance lines is less
than 0.1 eV, the calculated vibrational substructure of fi4¢ 3
cross section is not resolved in the experimental spectrum.
10.5 Photodissociation in the excitation energy range of-8.6
eV corresponding to “region II” of the experimental spectttim
is expected to proceed via théA3' and £4A" states. The
- contributions of the 24" and 3A' states to the sum of the total
cross sections of the three considered states have decreased to
1% and 0.5%, respectively, of the sum of the integrated total
= cross sections through thésg, 22A", and 3A"" state in this
i energy range. Since théAl’ state does not correlate with the
NH(ASIT) fragment state, only the avoided crossing of th&'3
and 4A" states close to the FranekCondon region could lead
. to a significant contribution of the?A"" state to the NH(AII)
0 | | | fluorescence intensity via a nonadiabatic transition. However,
8 8.5 Excitagon Energgg Jev 10 10.5 since the energy and intensity of a nonadiabatic transition
; depends sensitively on the exact shape of the PES, the
investigation of this nonadiabatic transition and photodissocia-
tion through the 3B, state must be left to a 3D treatment of
photodissociation. Considering the ratio of the integrated total
cross sections through thé/8 and the 3A" states, namely
0.57, a first comparison with Figure 1 from ref 15 suggests that
the fluorescence intensity of region Il mainly arises from
photodissociation through the’8" state and that a possible
contribution of photodissociation through théA4 state by a
nonadiabatic dipole transition is weak. The experimentally
detected vibrational substructure with a spacing of 0.10% eV
is not found in the 2D treatment of photodissociation through
this state. Hence it can be expected that the vibrational
substructure of region Il corresponds to (coupling to) the bending
mode, which will be further investigated in a 3D treatment.

P.c.s. /10" cm®

P.c.s. / 107" cm®
IS
[

Figure 13. Partial cross sections of photodissociation through #A¢' 3
state as functions of excitation energy. denotes the vibrational
quantum number in the NHEI) fragment state.

0.019 eV corresponding to life times shorter than 35 fs. Toward
higher excitation energies the life times of the resonances
decrease. The energy quanta of about 0.05 eV of this mode
corresponds to recurrence periods of about 82 fs in the ACF.
The partial cross sections of photodissociation resolved with
respect to the vibrational fragment quantum numhérs- 0
andy' = 1 are shown in Figure 13. The contributions of higher-
lying vibrational fragment levels are smaller than 5% of the
= 0 partial cross section of Figure 13. The latter essentially
corresponds to that of the total cross section in its shape and
vibrational substructure and yields 82% of the total cross section
integrated over excitation energy. For #ie= 1 fragment state,
the integrated partial cross section of Figure 13 amounts to 15%

of the integrated total cross section. Among the 3A'(22A,), the 2A"(22B,), and the 2A"(1?A,)

The integrated cross section of photodissociation through this states of NH, the 2A" state has by far the largest cross section
state amounts to 1.640 10! cm 2-eV. With the relatively  of photodissociation. The integrated total cross section of
small constant transition dipole moment of 0.112 au at the photodissociation through this state amounts to 8.8300 18
ground state eq. geometry, an integrated cross section of onlycm-2-eV. The total cross section of photodissociation through
0.316 x 10718 cm-2eV results. This comparison shows that the 2A’ state is relatively small, in accordance with its bound
it is absolutely essential to take the geometry dependence ofstate character. Its integration over excitation energy yields
the transition dipole moment into account in this case. The most 0.937 x 1018 cm2-eV. Since the equilibrium angle of this
dominant contribution to the integrated total cross section, i.e. state differs by only 2%from the ground state equilibrium bond
82%, arises from the-component of the electric transition  angle, the results for the total and partial cross sections are
dipole moment. However, a significant non-Franckondon expected to remain essentially unaffected if the dynamics
contribution to the total cross section stems from the  calculations are extended to three dimensions. Photodissociation
component of the electric transition dipole moment which through this state mainly proceeds via resonant levels of the
vanishes at the ground state eq. geometry. coupled antisymmetriesymmetric stretching motion. The

In a full 3D treatment including the bending motion, the vibrational substructure of the total absorption cross section in
diffuse resonances and the intermediate minimum from the nodalthe bound and resonant region of excitation energies has been
line of the transition dipole moments may be broadened and analyzed. An assignment has been suggested for the lines
shifted in energy by the interaction with the bending motion. corresponding to bound vibrational levels and for the more
Small shifts in energy may also occur for the maxima of the pronounced resonance lines. Both tR&'2and the 3A’ state

5. Conclusions

total and partial cross sections. absorb in essentially the same energy range between 7 and 8.5
4.4. Comparison with Experiment. The fluorescence  eV. Hence the ratio of the integrated cross sections through
intensity in the energy range #8.3 eV (“region I” in ref 15) both states corresponds to that of the photodissociation rates.

of the experimental spectrum by ref 15 only arises from Therefore it can be concluded that under interstellar conditions
photodissociation through the& state. The 2A" state lies photodissociation of Nkithrough the 2A"" state is much more
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efficient than through the?d’ state. However, since thé®"’ the University of Leiden, The Netherlands, which have been

state has a NH{aA) + H asymptote, it does not contribute to  used for carrying out this project, and the financial support of

the NH(AIT) + H fragment fluorescence spectrum by Biehl et the project by the European Community in the framework of

al..*> which has been compared to our results above. the program “Human capital and mobility” are greatfully
For both the 2A" and the 3A" state, the geometry acknowledged.
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