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Adiabatic potential energy surfaces for the six lowest singlet electronic state©QoPNA’, 21A",

31A’, 11A”, 21A” and 3'A") have been computed using ab initio multireference configuration
interaction (MRCI) method and a large orbital basis getig-cc-pVQZ. The potential energy
surfaces display several symmetry related and some nonsymmetry related conical intersections.
Total photodissociation cross sections and product rotational state distributions have been calculated
for the first ultraviolet absorption band of the system using the adiabhtinitio potential energy

and transition dipole moment surfaces corresponding to the lowest three excited electronic states. In
the Franck—Condon region the potential energy curves corresponding to these three states lie very
close in energy and they all contribute to the absorption cross section in the first ultraviolet band.
The total angular momentum is treated correctly in both the initial and final states. The total
photodissociation spectra and product rotational distributions are determineg@anially in its

ground vibrational staté,0,0 and in the vibrationally excite(D,1,0 (bending state. The resulting

total absorption spectra are in good quantitative agreement with the experimental results over the
region of the first ultraviolet absorption band, from 150 to 220 nm. All of the lowest three
electronically excited statgs3 ~(1A"), 1A(21A"), and*A(2*A")] have zero transition dipole
moments from the ground stgt&, * (1 1A’) ] in its equilibrium linear configuration. The absorption
becomes possible only through the bending motion of the molecule. The2A")

—X 137 (IA") absorption dominates the absorption cross section with absorption to the other two
electronic states contributing to the shape and diffuse structure of the band. It is suggested that
absorption to the boundA (2 'A”) state makes an important contribution to the experimentally
observed diffuse structure in the first ultraviolet absorption band. The predicted product rotational
guantum state distribution at 203 nm agrees well with experimental observatio200®
American Institute of Physics[DOI: 10.1063/1.1830436

I. INTRODUCTION Since that time the photoabsorption and subsequent photo-
dissociation of NO has received a great deal of
Nitrous oxide (NO) is an important constituent of the experimental;??> and theoreticaf?>~*?interest. The ultra-
atmosphereand is responsible for 5% of the human inducedviolet absorption spectrum of JO consists of a very broad
greenhouse effeétin the upper atmosphere, its photodisso-peak running from about 150 to 220 nm with a maximum
ciation leads to the production of highly reactive oxygennear 180 nm and having some superimposed diffuse
atoms in their first excited electronic state,"0f. Since, in  structure’*°%In this wavelength region, the photodissocia-
the photodissociation process, ‘D() comprises the major tion process
oxygen dissociation channel and its photofragmentation part-

ner, N,, is chemically inert, the photodissociation of® is NoO(X'A",v,d) +hv—Ny(X 25 ,v,j) +O(*D), (1)
often used as a source of {IY) atoms for reaction dynamics ] . o )
and kinetics experiments in the laboratdrs. which produces nitrogen in its ground electronic state,

Leifsorf first observed and identified the long wave- N2(X '3g), and electronically excited state oxygen,'Dj,

length NO absorption spectrunil50-230 nm in 1926, dominates. More detailed dynamics experim&nt® have
been carried out in the long wavelength tail, i.e., at wave-

lengths of 193, 203, or 205 nm, to measure the energetics
nd spatial distributions of the photofragments. The experi-
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Gabriel.Balint-Kurti@Bristol.ac.uk ments have shown that the, [droduced is highly rotationally
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isotropy parameteg is =~0.5. While there has been consen- clusions with our own in results and conclusions sections
sus on some details of the photodissociation process, the ifelow.
terpretation of the experiments has lead to some conflicting In this paper, we present potential energy surface and
conclusions. We are therefore interested in performing exadtansition dipole moment calculations for the lowest six elec-
quantum mechanical dynamics calculations of the photodistronic states of NO. The calculations are performed at the
sociation process based @b initio potential energy and multireference configuration interactioMRCI) level of
transition dipole moment surfaces so as to investigate théheory and utilize a larger orbital basis set than any so far
detailed dynamics underlying the observed photofragmenta?ublished. We found this to be necessary because the transi-
tion processes. We aim here to determine the total absorptidiPn dipole moments are zero to all of the first three excited
cross section as well as the rotational distribution of the re€lectronic states at the equilibrium configuraffoand the
sulting N, fragments for the photodissociation process. absorption cross sections therefore display a great sensitivity
Experiments at 193 and 203 Aft®have shown that, at ©f the detailed form of the transition dipole moment surfaces.
these excitation wavelengths, the Nroducts are produced AlSO presented are the results of time-dependent wave packet

vibrationally cold, with the amount of Nin the first excited calculations of the photodissociation cross sections for the
vibrational statep=1, being less than 2% of that in the three lowest excited state and rotational quantum state distri-

ground vibrational states(=0). The lack of vibrational ex- Putions.

citation can, most likely, be attributed to the fact that the N i Ther? tr;]ave_beler: rela_;lvglytfetw pr?‘”?’ﬁ’ Initio CF ;‘;‘gge
bond distance contracts less than 3% from 2.131 99 bohrs {ijW'0"S Of the singlet excited stateé potentials

N,O to 2.07416 bohrs in Nfollowing photodissociation. hile these potent!al energy and transmo.n dipole T“"me”t
surfaces are sufficiently accurate to provide a satisfactory

Hence, the dynamical calculations will be based on two-" "~ "~ o . -
) . . - : ualitative description of the photodissociation dynaniics,
dimensional potential energy and transition dipole momen - . o
L hey were not sufficiently accurate to provide a quantitative
surfaces where the Nbond length is fixed at 2.131 99 bohrs. - . : .
The photodissociation of XD represents a verv rich dv- description. Absorption cross sections calculated using these
ical b d 20 q bp th 'iﬁ}iﬁfsh ty surfaces have been scalgih order to improve the agree-
hamical process as underscored by N exper a ment with experimental results. The present work was under-

have been hcarrled out prlok():iré%botg th@ alhd OGD)Ifragé taken so as to achieve an improved agreement between the
ments. Both nonstate-selected’ and initial state-select totally ab initio computed cross sections and experiment. It

experiments have shown that the Nhotofragment is pro- g ¢jear that only through such a reliable theoretical approach
duced rotationally hot, with maximum population jr=74. il it eventually be possible to fully understand the complex
Qualitatively, the rotathnal excitation can be -understooddynamics underlying the detailed and copious experimental
from the strong anisotropy of the excited state ggylts which have now been reported for theO\photodis-
surfaces>*>?°2 1A’ and 1'A”, which could be involved in  sqciation process.

the photodissociation process. Neyetal'* have deter- The paper is organized as follows: Sec. Il gives an over-
mined theJ-dependent spatial anisotrogy/for the N, frag-  view of the theory, the results are presented in Sec. Il and

ment and have shown that whifg is positive for all rota-  the final section consists of a brief summary of the work.
tional states {=40-90), the anisotropy decreases with

increasing rotational statgconfirmed by Janssen and
co-workersd?). The electronic structure calculations of Brown Il. THEORY

et al?® and Janssen and co-workErsuggest that the transi- A. Potential energy surface calculations
tion is dominated by the parallel transition*&’ —XA’.
The experiments of Ahmesit al!® on the orbital alignment
of the O(D,) fragment have been interpreted to indicate

both strong initial parallel and perpendicular excitation. Also'geometry on the potential energy surface proceeded by first

. 16 . . . . .
Suzuki etal.” measure a bimodal recoil distribution of heforming a state averaged complete active space self con-
O("D») atoms providing evidence for two excited states be-gistent field (CASSCH calculation®®%” These calculations

ing involved in the dissociation process. The experiments Of;q|ded a set of molecular orbitals and multideterminental or
Suzuki and co-workers can be interpreted as evidence fqfticonfigurational wave functions which were then used in
nonadiabatic transitions between the excitéh2 state and 5 mylticonfiguration reference internally contracted configu-
the groundX 'A” state but the study of Tedfesuggests that ration interactiofMRCI) calculation®®39 Many initial tests
the dissociation primarily proceeds adiabatically. There isyere performed to determine the best orbital basis set for the
therefore a clear need for quantitative dynamical calculationga|culations. We eventually decided on using the augmented
to help interpret the multitude of detailed, and often conflict-correlation consistent polarized valence quadrypleug-cc-
ing, measurements of the,® photodissociation process.  pvQZ or AVQZ) Gaussian basis set of Dunnifff!! but

The role of photodissociation in the isotopic enrichmentwithout the g symmetry basis functions. We denote this basis
of atmospheric MO has also been widely studié?* The by the acronym AVQZ{g). For the NO calculations this
paper of Nanbu and Johnshwhich appeared during the corresponded to 186 contracted Gaussian orbitals or 225
writing of this paper, presents a new potential energy surfaceymmetry adapted primitive Gaussian-type functions. The
and also performs time-dependent wave packet calculatiorective space in the CASSCF calculations consisted of nine
of the absorption cross sections. We will compare their conerbitals, corresponding to the threp 2rbitals of each of the

The ab initio calculations of the potential energy and
transition dipole moment surfaces were performed using the
MOLPRO computer codé® The calculations for each nuclear
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atoms. While a limited number of calculations for collinear TABLE I. Details of grid and other parameters used in the quantum wave
geometries were performed using,&ymmetry, most were Packet calculations.
of, necessity, performed using the §/mmetry point group,

. . . : i . N,—0O dissociation coordinateR) range(Bohr) 0-14.0
which has just two irreducible representations correspondingumber of grid points irR 384
to wave functions that are either evefd’] or odd (A”) with ~ Number of angular grid points and basis functions 328
respect to reflection in the molecular plane. The MRCI cal-Absorption length R-Rgam) (Bohn 0.95
culations used 4327880 or 4121517 contracted moleculdtPSOrPtion strengthAuamy) (a.u) 0.1014
orbital configurations for th&” andA” calculations, respec- athe N-N exchange symmetry was used, so only 64 angular grid points
tively. were required, giving an effective basis set of associated Legendre polyno-

mials of index up tgj=128.

B. Quantum calculation of photodissociation cross

. S . . R<
sections and product state distributions 0.0 » R<Rgamp
. . L. . . Vdamr( R) = . R— Rdamp 3 )
The first part of a photodissociation calculation is the —iAgam R R Ramps R<Rmax
calculation of the initial bound state wave functions. In order max "dam

to perform the bound state and photodissociation calculations 2

we must compute the ground and excited state potentials offhereRy,mpis the point at which the damping is “switched

a grid which is much finer than that used in thb initio ~ on” and Ag,mpis an optimized parameter giving the strength
calculations. This finer grid is calculated using a two-of the damping.

dimensional cubic spline interpolation procedtfé® The The various grid parameters and the parameters of the
calculations use Jacobi coordinafés*® The coordinates damping potential are given in Table I.

consist of the vector joining the two nitrogen atoms, the

vectorR connecting the center of mass of the nitrogen to thdll. RESULTS

oxygen atom, and the anglé between these two vectors A potential energy and transition dipole moment

(zero for linearN—-N—-O geometry. The wave function is  gyrfaces

represented on a uniform grid of points in the radial ) )
coordinate¥’ and on a Gauss—Legendre quadrature grid in Fi9ure 1 shows a cut through potential energy surfaces

the angular coordinat¥-5! We have recently used similar of the four lowest singlet electronic states ofin collin-
methods and computer codes to compute the lowest 100 Va7 N—N-Ogeometry with N-N separation fixed at 2.131 99
brational states of the two lowest electronic states gt Pohrs. The calculations were performed using §ymmetry.
These calculations, which report excellent agreement witP€Parate calculations were performed for the two degenerate

the experimental results, provide evidence of the reliability®®MPOnents of thell [*I1 (1181;2A,) and*IT (1B;;1A")]
of our computer codes. and “A [*A (2A;;2A") and.A (1A5;3AN)] stgtes; whgre
Time-dependent quantum wave packet calculations wer®® have noted the symmetries of the e_Iectronlc states in both
used to compute the total absorption cross section and tHPllinear, G, and bent or ¢ symmetries. The labels as-
product quantum state distributions reported below. The
theory of these calculations has been descfibend re- 12
viewed elsewher&“>53The absorbed photon can add one
unit of angular momentum to the initial wave function of the
molecule and the details of treating the coupling of all the a
angular momenta involved form an important aspect of the Z(2A1A")
theory*? As the equilibrium geometry of the parent molecule 81 W% l
is linear, the initial wave function may also possess vibra- \\\‘~\ T A2A 2A)
tional angular momentum arising from the degenerate bend- e K 7 v AAZAY)
ing motion. All of these angular momentum contributions are TI(1B,:3A%) . "~( A
correctly accounted for in the thed®°? Note in particular 0d (1B ;3A-)/ e e
that the bound state vibrational wave functions with one !
guantum of bending vibration have one unit of vibrational 29
angular momentum about the collinear geometry axis and P
can therefore only exit in a state with a total angular momen- 3.0 35 4.0 45 5.0 55 8.0
tum quantum number of at least unity. N,--O distance / Bohr
As time proceeds the initial wave packet, formed from . .
S . .. FIG. 1. Cut through potential energy surfaces of the four lowest singlet
the product of the initial wave function and the transition yccironic states of 3O in collinearN—N—O geometry with N—N separa-
dipole moment surface, moves to large values of the radialon fixed at 2.131 99 bohrs as a function of the-ND distance. The calcu-
Jacobi scattering coordinate. As the grid on which the wavéations were performed using,Csymmetry. Separate calculations were per-
packet is represented is of necessity finite, we have to absofffmed for the two degenerate components of i [*TI(1B;) and

1 1 1 1 ]
. P . (1B,)] and *A [*A(2A;) and“A(1A,)] states. The first symmetry no-
the wave packet near the edge of the grid. We do this using ation given in the round brackets is that of thg, @oint group, while the

. . . . 56 .
negative Imaginary absorbmg pOtenﬁ_éT- We use a cubiC  second notation is that of the, @oint group which must be used for non-
form of the absorbing potential for this purpose, linear geometries.

Energy /eV
'S
1

NE'(1A,;1A)
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FIG. 2. Cut through potential energy surfaces of the six lowest singlete)s 3 \agnitude of transition dipole, in atomic units, from the ground
electronic states of 30 as the molecule is bent out of the collin@&N-O  gia16 16 the three lowest excited states as a function of the Jacobi angle. The
geometry with N-N separation fixed at 2.131 99 bohrs and heNsepa-  \_\ separation is fixed at 2.131 99 bohrs and the & separation at 3.3

ration fixed at 3.3 bohrs. The calculations were performed usingy@me- bohrs.
try. The curves correspond to the same electronic states as those shown in
Fig. 1.

of the 2A’—1A’ transition dipole and use them as pre-
) _ _ scribed by the theory given in Ref. 42. It is the component of
signed to the curves in{ymmetry correspond 1o their or- ¢ yransition dipole which lies in the molecular plane, but is
der in the gqumbrlum g?ometfy of the ground electro""cperpendicular to the Jacobi scattering coordingtevhich
Zt,;te' 'I:[he f|gur? |mrr}etd|3tely §h<)|WSt the Firesenci of ftc;]uéives rise to the “perpendicular” excitation component of
ifferent symmetry related conical intersections where : 13 Hg
I andA curves cross curves of different symmetries in ;he absorption noted by Ahmexl al. “The sharp dip in the
y magnitude of the &'« 1A’ transition dipole at around 50°

collinear geometry. There may also be some conical intersegsincides with the region of the conical intersection between
tions on the inner repulsive wall, where thH curves re- the two lowestA’ states(see Ref. 26 for a more detailed
cross the'S ~ and!A curves. discussion

Figure 2 shows a cut through the potential energy sur-  giq e 4 shows contour maps of the lowest four potential
faces of the same electronic states as the molecule is begherqy surfaces. The regions of conical intersection in col-
away from the collinear geometry with the;NO separation |inear geometries are clearly seen around,a ® separation
fixed at 3.3 bohrs. The ground state has a collinear equmb(—)f 3.7 bohrs for the A&’ and 1A” surfaces and around 4.3
rium geometry, while the lowest two electronically excited pohrs for the 2” state(see also Fig. )1 The region of an-
states (A" and 2A") both show a rapid decrease in €nergy oer conjcal intersection cone is also apparent at around 50°
as the molecule is bent. The lowest electronically excited,,q 4 N—O separation of 3.4 bohrs in thé\1 ground state
state hass - symmetry in_collinear_configuration, while the [Fig. 4a)] and the 2\’ excited statdFig. (4b)] surfacegsee
second and third electronically excne;(d stateA(2nd 24") 5150 Ref. 26. The potential energy and transition dipole mo-
are the degenerate components of thestate in collinear  ont syrfaces used in this work are available through the

geometries. The Renner—Teller coupling between these W8 arican Institute of Physics Electronic Physics Auxiliary
states will permit coupling of the wave functions associateds, pjication ServicEPAPS.5

with them. As all of the three lowest electronic states lie very
close in energy in the collinear Franck—Condon region, this ) o )

means that, provided there is a nonzero transition dipole md2- Photodissociation cross sections and product

ment connecting these states with the ground electronic statglfantum state distributions

all three states will contribute to the lowest energy UV ab-  Table Il shows the results of our calculated bound states
sorption band of the molecule. In the collinear geometry ancgind compares them with the experimentally observed energy
in the Franck—Condon region, the transition from ff" levels. We see that our two-dimensional grid based calcula-
ground electronic state to th& ~ and'A are both dipole tions, with the N—N separation held fixed, on the unscaled
forbidden. The transition becomes allowed only through theground state potential energy surface gives good agreement
bending motion of the molecule. with the experimental energy levels.

Figure 3 shows the magnitude of the transition dipole  Figure 5 shows the & < 1A’ cross sections calculated
connecting the ground state to the three lowest excited statesingab initio potential energy surfaces and transition dipole
as a function of the bendin@lacobj angle with the N—O  moment surfaces computed using different basis sets. We see
separation again being fixed at 3.3 bohrs. It is clear from thighat there is a dramatic reduction of the computed magnitude
figure that the transition to the/A? state will dominate the of the cross section as the basis set is increased from aug-
absorption spectrum. Note that the transition dipole is a vecmented correlation consistent polarized valence double
tor quantity and that we compute two separate componenigVDZ normally denoted as aug-cc-pVDZ2**! to triple ¢
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(AVTZ) and finally to the quadruplébasis minus the g-type Figure 7 shows the absorption cross sections from the
Gaussian orbitals (AVQZ{ g)), which are the main focus ground electronic state of JO to the two lowestA” states
of the present work. (1A" and 2A"). In the vicinity of the Franck—Condon region

Figure 6 shows the effect of excitation of the bendingthe energies of these two electronic states lie very close to
mode on the A’ 1A’ absorption cross section. As ex- that of the A’ state and the cross sections therefore form
pected excitation of the bending vibration greatly increasegart of the first ultraviolet absorption band. It is clear from
the absorption cross sectigsee Fig. 3 and discussion of the the figure that the magnitude of these cross sections is much
transition dipole moment surface abgv@&his property ac-  smaller than that of the® < 1A’ cross sectiofisee Figs. 5
counts for the observed temperature behavior of the Crosgnd . Figure 7a) shows 1" 1A’ cross sections starting
section] which is found to increase steadily with increasing from poth the lowest vibrational state and from the state with
temperature. one quantum of bending vibration. We see again that the

cross section for this state also increases sharply with in-
creasing bending vibrational quantum number, but still re-
TABLE II. Vibrational energies for low-lying states for the 2D calculation mains very low compared to that of theA2—1A’ cross

as compared with experimental measurements. section. The 2"« 1A’ cross section displays sharp struc-
- AE (theory¥em AE (experimentaP/cm - ture,_chargctenstlc of a bound-bou?d tran3|t|qn. This is in
keeping with the shape of theAZ (*A) potential energy
00,0 0.00 0.00 curve[see Figs. 1, 2, and(d)]. The magnitude of this cross
0,1,¢ 583.64 589.61 . : - . )
026 1160.07 116813 section also increases upon excitation of the bending motion.
1.0.6 1269.64 1284.90 The 1A”—1A’ cross section displays an unusual double

- hump profile. Detailed investigation shows that the origin of
#E(Theory):E(”l"’z"@)*E(O'O’O)' this line shape lies in the details of thé\l— 1A’ transition
aken from Ref. 59. . . . . .
3=0. dipole moment surface. In collinear geometries, in the vicin-
43=1 (p=1) since symmetry forbidden far=0. ity of the Franck—Condon region, this transition dipole is
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FIG. 5. 2A’ 1A' cross sections usingb initio potential energy surfaces FIG. 6. 2A’— 1A’ cross sections starting from,® in it lowest vibration-
and transition dipole moment surfaces computed using different basis setsotation state and in a state with one quantum of bending vibration.

AVDZ—augmented valence double AVTZ—augmented valence triplg,

AVQZ(—g)—augmented valence quadrugdleninus g-type Gaussian orbit-
als.

calculated and the experimental line shapes is excellent, in-
dicating that both our computed potential energy surfaces
.and the transition dipole moment surfaces are accurate and
eliable. The diffuse structure present in the experimentally
OMheasured line shape is absent from the calculatéd 2
—1A’ cross section.

which governs the absorption cross section, the transiti
dipole goes through zero as a function of the-XD Jacobi

coordinate, close to a N-O separation of 3.3 bohrs. The
product of the ground state vibrational wave function and the
transition dipole moment, which is the initial wave packet
for the time-dependent quantum dynamical propagation
proceduré? therefore displays a double hump in this coor-
dinate, and this in turn results in the double hump nature of
the cross section as a function of photolysis energy.

The position of the peak of the main calculated absorp-
tion cross sectionFig. 6) is almost exactly at the same
wavelength as that found experimentafyput the width of
the absorption line is considerably narrower than the experi-
mental line shape. Our calculations have not taken account
of two different line-broadening mechanisms, namely, the
Renner—Teller coupling which will allow transition of the
system from the A’ to the 2A” surface and the conical
intersection between theA? and the A’ stategsee discus-
sion of Fig. 4 above and Ref. 27In order to mimic the
effect of these two mechanisms, both of which will result in
a shortening of the lifetime of the wave packet on the excited
adiabatic 2" surface, we damp the autocorrelation function.
This results in the broadening of the absorption line shape.
An exponential and a Gaussian damping function were both
investigated. It was found that the Gaussian funcfibft)
=exp(—at?); with «=0.00005041] was able to provide a
better fit to the important long wavelength tail of the experi-
mental absorption line shape. Figure 8 shows the absorption
line shape computed using the damped autocorrelation func-
tions together with the experimentally measured cross
section®® The line shape was calculated by combining the
2A'—1A’ cross sections starting from both the ground vi-
brational state of BO (000 and from its first excited bend-
ing state(010). The cross sections were both weighted by
their Boltzmann weighting factors corresponding to a tem-

Cross section / 102! ¢cm?
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0 L
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L L
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170 180
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perature of 297 K. We see that the overall fit between theFIG. 7. N,O 1A 1A’ (a) and 24" 1A’ (b) absorption cross sections.
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FIG. 8. N,O absorption line shape for theA2«— 1A’ absorption process,
calculated from modified autocorrelation functiofdashed ling and the B
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computed autocorrelation functions were multiplied by a Gaussian damping
function [ f(t) = exp(—at?); with «=0.000 050 41]. The calculated absorp-
tion line shape is computed by taking a Boltzmann average of the cross
sections starting from both the ground vibrational state gdN000O and

from its first excited bending stat®10) using a temperature of 297 K.

140
130

120

Some part of the missing diffuse structure will arise from
absorption to the bound A state (see Fig. J. Figure 9
shows the combined computed line shape for absorption to
all of the three lowest excited statesA”, 2A’, and 2A” or 100 . . .
13,7 and!A). This line shape is again calculated by using a 170 175 180 185 190 195
Boltzmann average of the cross sections starting from the Wavelength / nm
(000 and the(010) vibrational states of the ground elec-

tronic state. While the combined calculated line shape der'G,' 9. Sum of line shapdsiotted ling to three lowest excited statesA,
. . . A’, and 24” or ‘3~ and *A) and the experimentally measured cross
show some superimposed structure, it is not as extensive dgction (Ref. 33 (solid line. The 2A’— 1A’ absorption line shape was

that present in the experimental line shape. Somewhatalculated using modified autocorrelation functigsee text and all line
strangely the magnitude of the diffuse structure is clearlyshapes are computed as Boltzmann averages of the cross sections starting
observed experimentally to increase with increasin rom the (OQO) and (010 \/_lbra_tlonal states(a) Entire absorption line(b)
. . . . ; entral region of absorption line.

temperaturé.This might well be explained by an increasing
contribution from absorption to the boundA2 state with
increasing temperature, which could possibly be broughtime only on the web based ASAP service of Journal of
about by the increased importance of excitation from thePhysical Chemistiyconcentrating on the isotope enrichment
vibrationally excited bending state of the ground electroniceffects arising from the photodissociation ot and its
state. We will examine this possibility carefully in the nearisotopomers. Thab initio calculations of this paper were at
future. There are at least two other possible contributors ta slightly less accurate level than those reported havaZ
the diffuse structure. One of these might arise from Renneras compared with AVQZ{g), see Fig. 3 but the paper
Teller coupling to the 2” component of théA state. Thisis reports and uses full three dimensional potential energy sur-
a bound statésee Figs. 1, 2, and()] and would lead to faces, which we considered would be unnecessary due to the
recurrences in the autocorrelation function, induced by fluxelatively small change in N—N separation on dissociation. In
first going from the strongly absorbingA2 state to the their calculations Nanbu and Johnson observe very large dif-
bound 2A” and then recrossing, the transfers of flux beingfuse structures which they attribute to quasibound vibrational
induced in both directions through the Renner-Teller coustates in the angular motion, induced by the presence of the
pling mechanism. Another possible contribution to the dif-conical intersection cone centered at around 50° ang-aON
fuse structure might come from the conical intersection beseparation of 3.4 bohrs on theA2 excited state surfacé.
tween thelA(2A’) and theII(3A’) states in collinear Despite the fact that our potential energy surfaces appear to
geometry around an N-O separation of 3.7 bohrs. This be very similar to theirs, we see absolutely no such structure
would provide a mechanism for crossing to th&’3surface in our calculations. We have confirmed that our computer
and back again. This surface again has a bound character anddes can, in appropriate circumstances, produce diffuse
may create recurrences in the autocorrelation function. structures through current ongoing research on the photodis-

During the final stages of completing this paper, anothesociation of 0zoné® It is possible that the potential is very
paper by Nanbu and Johns8rappearedavailable at the sensitive to stretching of the N—N coordinate, and that it is

Cross section / 102! cm?

110

H
{
H
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this that leads to the difference between the results of the two 1
calculations.

Figure 10 shows the product rotational quantum state ~_ ¢g}
distribution arising from the &'« 1A’ photolysis of NO
using light of wavelength 203.2 nm. The two parts of the
figure correspond to PO being initially in its lowest
rotational-vibrational state and in a state with one quantum
of bending vibration. The theoretical rotational distributions
can be compared to those obtained experimentally from both
state-selectdd and nonstate-selectéd’ photodissociation
at 203 nm which peak gt,.=74. We see that the calculated
rotational quantum state distribution from the ground 0 e
rotational-vibrational statgFig. 10@)] peaks exactly at the 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83
same quantum number as observed experimentally, while N; rotational quantum number
photolysis of an a molecule initially with one quantum of g
bending excitatiofFig. 1Qb)] leads to a distribution which B
peaks af j.,=75.

06 |

04 |

Cross section / 10! cm

02

IV. CONCLUSIONS

We have calculated accurate potential energy and transi-
tion dipole moment surfaces for the lowest six singlet sym-
metry electronic states of JO and have used these to study
its photodissociation dynamics. The calculated surfaces
clarify the complex nature of the many symmetry related and
nonsymmetry related conical intersectithpresent in the
system. We show that the increased accuracy of the surfaces
has a marked effect on the absorption line shéfg. 5),
with the magnitude of the cross section decreasing by over a

factor of 2 as the orbital basis set is improved from AVDZ to FIG. 10. Product rotational quantum state distribution resulting from the
AVQZ( _ g) 2A’ 1A’ photolysis at 203 nm. pO initially in its (a) ground vibrational-

. . . . rotational state(b) the 010 vibrational-rotational state with one quantum of
The computed absorption line shape is now in neakgenging vibration.

guantitative agreement with the experimentally observed ab-
sorption spectrun(Fig. 8). The calculations reported here
used the computed adiabatic potential energy and transitiogide of the absorption peak, in agreement with the experi-
dipole moment surfaces. Because these do not allow for athental observations that the most marked structure occurs in
the possible mechanisms which can lead to the depletion dhis region.
the initial wave packet from the excited state potential en- Towards the final stages of completing this work a paper
ergy surface to which they were first excited by absorption ofy Nanbu and Johnsdhappeared in which they have per-
a photon, we have included an empirical damping factor iformed three-dimensional quantum wavepacket calculations
the autocorrelation function to obtain the good agreemenfor the photodissociation of )D. Their surfaces are very
between experiment and theory displayed in Fig. 8. similar to our own, and indeed to those published previously
The calculated rotational quantum state distribution isby two of the present authof§.Despite this similarity our
also in good agreement with experiment, peaking at exactlgomputations do not show the same overly large diffuse
the same quantum number as the experimental observatiogfucture observed in the calculations of Nanbu and Johnson.
(Fig. 10. This aspect of the calculations has been discussed above and
The main absorption in the first ultraviolet absorption will be investigated in future work.
band of NO is predominantly to the & (*A) state. We
have also discussed, however, the much weaker absorptioACKNOWLEDGMENTS
to the very close lying A” (3= 7) and 24" (A) states(see
Figs. 1 and 2 The diffuse structure present in the experi-
mental spectrufi has only been partially reproduced in the
calculations through the inclusion of transitions to the two
. Y : . .
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Cross section / 102! ¢m?
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N, rotational quantum number
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