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Ab initio configuration interaction calculations were carried out on the potential-energy surfaces of
the ground and Rydberg excited electronic states of.Nibe results show that potential-energy
curves with typically Rydberg form are obtained for most of the excited states at linear geometries,
similar to the ground-state potential of JOAt nonlinear geometries valence-Rydberg interactions
complicate the potential-energy surfaces of the excited states. Quantum defect functions have been
determined from theab initio results on the 80 Rydberg state and vibrational autoionization
widths have been calculated for excited vibrational levels of members ofdbeseries. ©2001
American Institute of Physics[DOI: 10.1063/1.1415084

I. INTRODUCTION An early theoretical stud§} of the potential-energy sur-
faces of a large number of excited states of Niovides a
The NGO, radical has served as prototype in studies ofgreat deal of information on the electronic structure of this
state-to-state autoionization dynamics by high resolution lasystem but since diffuse functions were not included in the
ser spectroscopic methods-giving information on the highebasis sets, the above study is not appropriate for the Rydberg
excited Rydberg states of NQvibrational autoionization of states. Vertical transition energies to Rydberg states, at the
the Rydberg states and on the rotational-vibrational structuréxperimental ground-state geometry have been obtained by
of the cationt™ In these experiments, the Rydberg states ofPrevious configuration interaction calculatiofisHowever
NO, serve as the intermediate states for the production ofh€re exists no report on the potential-energy surfaces of the
low-lying vibrational states of NO. A general framework Rydberg states of N such as would be required for an
for the theoretical treatment of vibrational autoionization inMQDT treatment of the highly excited Rydberg states and
polyatomic molecules has been propdsethile vibrational ~ the vibrational autoionization of NO

autoionization widths in N@have been calculated by ai q :)T the }:E)resen.t workab ;pitio m”'t"‘?ferenc? single and
initio Fermi-Golden rule calculatich. ouble substitutions configuration interactiofMRDCI)

i 146,17 ;
A comprehensive treatment of the autoionization dynam-calcljlatloné have been carried out on Rydberg states of

o . Lo . the NG, radical, at symmetric linear and bent geometries and

ics in NG, is possible in the context of multichannel quan- o . .

tum defect theory(MQDT) once the appropriate quantum asymmetric linear geometries. The object of the present work
o . is to calculate the potential-energy surfaces of the lower Ry-

defect surfaces have been generatab. initio potential- dberg states, which may serve to genesate, andd quan-

energy _surfaces of the Iovyer-lymg Rydberg s_tat_es_ar_ld th'f"um defect surfaces, by combining the present calculations

electronic states of the cation, which are the ionic limits of

) : o with the earlier reported potential-energy surface of the
the Rydberg series, canllserve in the_ determln_at_mn of thﬁround electronic state of the cation, NQRef. 18 and to
quantum defect surfacés! However, itis rather difficult 0 .5 jate autoionization widths of excited vibrational levels
calculate accurately the potential-energy surfaces of the eXst the n| states.

cited states for this 23-electron system. Even for the ground  The vibrational autoionization calculations were per-

state, the symmetry breaking problem is difficult to resolve formed by using matrix elements of the quantum defect func-
The Rydberg states are, in principle, easier to calculate thagons, in the NG vibrational basis, to construct the MQDT
valence states, since to a good approximation they may be matrix. Standard MQDT theory was then employed to
described by a closed shell NQzore plus a Rydberg elec- calculate ion yield profiles, as a function of photon energy,
tron. The minimum energy geometry of the Rydberg states isor double resonance excitation via several vibrational levels
expected to be linear and similar to the ground-state geonof the 3p 23 Rydberg state.

etry of the cation core. The experimental geometry of the

ground electronic state of NGs a bent symmetric structure

with a bond angle of 134.07° and bond length of 1.193%A. ||\ = /\/7/0 MRDCI CALCULATIONS

At the ground-state geometry most of the lower-lying excited

states are valence and favor bent geometriesile the Ry- Ab initio MRDCI calculations have been carried out on
dberg states are very high in energy. s, p, andd Rydberg electronic states of NOMost of the
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calculations have been carried out@y, symmetry as it is olds of 2x 10 ® Hartree for thé?A,, and 1x 10" ® Hartree,
common to bending, symmetric stretch, and linear asymmetespectively.

ric stretch geometries. One set of calculations, involving lin-

ear symmetric geometriéb..;, symmetry, corresponding to  Il. RESULTS OF THE AB INITIO CALCULATIONS
symmetric stretch displacements, has been also carried out i Results of the D, calculations: Symmetric stretch
D,y symmetry, since in this higher symmetithanC,,) it is potentials

possiblg to distribute th_e electronic_ states_into di_fferent Cl At the equilibrium geometry of the ground state of the
calculations, corresponding to the different irreducible repregaiion, i.e., linear symmetric geometry with N—O bond
sentations. In this manner it is easier to identify the statefengths of 2.1203 bohr, all the lower-lying excited states of
and to calculate them with higher accuracy. NO, have Rydberg character. At longer bond lengths, starting
The atomic orbital basis set is basically as in the calcuat N-O of 2.15 bohr, the first excited statéS], becomes
lations on NG *® consisting of thg 11s6p/5s3p] basis sets valence, while at even larger bond lengths there are avoided
of Dunning?® for oxygen and nitrogen, where the nitrogen crossings of the Rydberg with the valence states: The linear
basis set was augmented for the present calculationssyith Symmetric stretch potentials of the electronic states o NO
p, andd diffuse functions, with exponents 0.028, 0.0066, anddlong with the stretching potential of the ground state of

+ . . - .
0.0032 for thes, 0.025 and 0.0051 for the, and 0.015 and YOz f1ave beeg plonest In Figstd-1d. o Shg‘?’” NS
0.0032 for thed functions. For most of the calculations, a 1(a), the ground stat&"ll, favors a longer bond length than

sinale d polarization function with exponent 0.88 was in- the cation, whereas the stretching potentials of the two Ryd-
geanp P ' berg states B and 4p 221, and 32II, follow closely the

cluded in both_the oxygen and the mtroggn basis sets. A SG'sthape of the ground-state potential of the cation. At large
of test calculations iC;, symmetry employing twal polar-  y5nq |engths, there is a valence-Rydberg interaction causing
ization functions with exponents 1.5 and 0.38 in each AOzn avoided crossing with valence states, which at short bond
basis set, showed that it is sufficient to employ the simgle |engths lie higher in energy than the ground state of the cat-
polarization basis sets. ion. A similar situation is encountered with the stretching
In the linear symmetric geometry the ground state ofpotentials of the p and 4p 12B,, and 2By, (122, and

NO, is 2II, which is calculated as 2B,,+12Bg, in Dy, 2°%3;) states, see Fig. (f), which also show valence-
symmetry (A, +12B; in C,,). The Rydberg states in the Rydberg interactions, again manifested as avoided crossings

linear geometry, are calculated as followg?S ") as?A,, p @t large bond lengths with higher-lying valence states. These
(s} 211,) as 2By, and 2B,,+ 2B, respec?ively agndd valence-Rydberg interactions may lead to predissociation of
u u u u u 1

(25, 21, and ?Ag) as?Ag, 2Byg+ 2By, and 2A,+28,,,  he Rydberg states.

respectivelv. In the bresent calculations. se six The calculated energies of tﬁeg states have been plot-
5 pectl Zy. p2 , Sevey, ted in Fig. Xc). As shown, the Rydberg states follow the
Biu, Six “By, and two“Bs4 states. Large reference spaces

- X ) ““potential of the cation, in that the minimum is at the same
of the order of 100 configurations in each case, determinegjue of N—O bond length as in the potential of the cation.

on the basis of preliminary calculations at different linearqowever, the lowestA, state (122@’ which at shorR has
symmetric geometries, have been employed and selection gdydberg 3 character, changes from Rydberg to valence at
configurations were carried out with respect to the aboveN—-O larger than 2.15 bohr, with a minimum at 2.45 bohr.
roots and a threshold ofx110 © Hartree. The change in character here occurs at the molecular orbital
In bent geometries the point group symmetry of the mol-level and it is not a consequence of an avoided crossing with
ecule isC,, and the ground state ¥ ?A; . At linear geom- @ valence state. Similarly, the symmetric stretch potential of

2

efries theC,, states correlate with the linear as follows: (e 2°Aq 4s state (234) and that of the BA, 5s state
2A1—>22§, 2p,+2B,—211,, and 2Ag, 2g, 25", 2B, (4229), aF bond lengths Iarggr than the minimum energy
+2A2—>2Hg, etc. In this symmetry, nindA, , five 2B, , six value, deviate from the potential of the cation, as they take
2 2 ._on the character of the lower state, i.e., 3s and 4s, respec-
B,, and four A, states have been calculated at geometrle% . .

ina in bond le f 120° to 180° and N—O bond ively. The symmetric stretch potentials of the 3(?,0%, and
fanging in bond angie from ° and =Y DONU 2a (323 and 12A), and 4, 62A, and T2A, (423

lengths from 1.8 to 2.7 bohr. Reference spaces of 68, 46, 56ng 22A) states[cf. Fig. 1c)] and those of the 3d and 4d
and 54 configurations for the above symmetries respectivelgrng [Fig. 1(d)] do follow closely the corresponding potential
and selection thresholds 0b210~°® Hartree for th€A;, and  of the cation. As shown in Figs(d) and 1d), in the case of
1x10°® Hartree for the other symmetries were employed.the s andd Rydberg states, the valence-Rydberg interactions
The resulting CI spaces range from 100 000 to 200 000 cordo not lead to dissociation, at least in the symmetric stretch
figurations, over the different geometries. coordinate.

A second set ofC,, calculations have been carried out
on linear asymmetric geometries, corresponding to antisymB. Results of the C,, calculations: Asymmetric linear
metric stretch and to asymmetric dissociation with one of theJeometries
N-O bond lengths fixed at 2.12 bohr. These calculations The results of the calculations on linear asymmetric ge-
involved ?A; (°S and?A) and?B; (°I1) states, with refer- ometries are summarized in Figga2-2(d). As shown[Figs.
ence spaces of 87 and 86 configurations and selection thresBb) and 2d)], the electronic states of NGare bound with-
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linear symmetric stretch
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FIG. 1. Symmetric stretch potentials, resultsinf, calculations:(a) 2B,, states(b) 2B, states,c) A, states,(d) 283g states.

respect to antisymmetric stretch, at least for the displaceat the long N-O distance (N—£) near 2.6—2.8 bohr, which
ments considered. The calculations along the asymmetriesult from valence-Rydberg interactions and become disso-
dissociation path show that the lowé& ™ state is dissoci- ciating at larger distances. TRA stateqdotted lines in Fig.
ating [Fig. 2] while the Rydberg>* states have maxima 2(c)] and the?ll states[Fig. 2(c)] seem to be stable with
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FIG. 2. Linear asymmetric dissociation and linear antisymmetric stréaiih) S and?A states|c),(d) I states.

respect to asymmetric dissociation. It might be noted howi{arge change occurs in the character of the states caused by
ever that it was not possible to calculate fiestates for the possible avoided crossings with valence states, and it is
geometries with the long N—O distance larger than 3.0 bohno longer possible to calculate them with the reference set
[Fig. 2(d)]. Thus, it is conceivable that, beyond that point, aemployed.

Downloaded 08 Dec 2008 to 194.177.215.121. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



10398  J. Chem. Phys., Vol. 115, No. 22, 8 December 2001 I. D. Petsalakis, G. Theodorakopoulos, and M. S. Child

C. Results of the C,, calculations: Bending potentials tion energies with respect to the ground state, at the ground-

Bending potentials have been calculated at different vaiState experimental gef?me”Y' W'th N—O of 2.2552 bohr and
ues of the N—O bond length, ranging from 1.8 to 2.7 bohr.ONO angle of 134.07° are listed in Table I. Generally good

The complete set of calculated energies may be obtaineﬁgreemem is obtained with the available experimental data
directly from the authors and with the results of previous calculations at the experi-

The bending potentials at N—O bond length of 2_1203men;\al getorgetkr)% the attent f th t Kis f
bohr, which is the equilibrium bond length of the cation NO S hoted above, the attention of the present work 1s 1o-

and of the Rydberg states and at N—O of 2.2552 bohr whiclg‘fuseOI on the Rydberg states for which the region of impor-
is the equilibrium bond length of thi 2A; of NO, a're tance for their spectroscopy is at linear geometries. The tran-

collected in Figs. @)—3(f). All the excited?A, states favor sition energies at the linear geometry and N-O of 2.1203

linear geometry, as may be seen in Fig&) and 3b). The bohr are listed in Table Il. As shown in Table Il, the different
ground stateX Z’Al has minimum at a bond angle 'Of 134° C,, states corresponding to degenerate states of linear sym-

and for bond length of 2.2552 boliFig. 3b)] the whole " metry are not calculated degenerate: tBg component of

2 2 H
curve is shifted to lower energies than at bond length ofhe ll, and the"A,, states is calculated from 0.07 10 0.1 eV

25+ i
2.1203 bohfFig. 3(a)]. Conversely, the bending potentials of lower tha_n théAl' The 3p I'x, state, which SEIVes as _the
the higher?A, excited states shift to higher energies at N_o/ntermediate linear state in the three-photon autoionization of

H ~1 7
bond length of 2.2552 bohr. The bending potentials of thé\lo?’ has expenmentalr(_, of 55 649.'2 cm (6.'90 eV,
first excited?A, state at 2.1203 and 2.2552 bohr are veryWh'le the present theoretical adiabal&,, value is 6.53 eV,

showing that the Rydberg states are treated better than the

close, while at linear geometry, the longer bond length is d state. For th lculati f th tum defect f
favored. The bending potentials of the second and especial ound state. For the cajcuation of In€ quantum detect func-
ons, it is required to have the correct energy difference

the third excited?A,; states at 2.2552 bohr, for bond angles etween the Rydberg states and the corresponding ionic

smaller than 140° turn towards lower energies, indicating the  Th : tal adiabatic ionizati tential i e
existence of a minimum at small bond angles. imit. The experimental adiabatic ionization potential is esti-

The bending potentials of all tHé, states show a mini- mated at 77 315.'9 crit (9.59 eVf,” which means an experi-
mum at the linear geometry, as shown in Figs) &nd 3d). mental energy dlffer.ence between the 3_&1; state and Fhe
The lowesEB, state @ 2B,) meetsX 2A, at 180° where the ground state of the ion of about 2_1 667 chi2.69 eV). _Th|s
two states givex 2I1,. Again, at bond lengths of 2.2552 value may be L_Jsed to compare W|_th th_e corresponding calcu-
bohr [Fig. 3d)] the bending potential of thé 2B, state lated energy difference and to shift uniformly the calculated

shifts to lower energies while those of the RydbéEg states potential-energy surfaces of all the Rydberg states accord-

shift to higher energies, especially near bond angle of 1804ng|y, since there have not been reported experimental ion-

It might be noted that in th€,, calculations slightly higher :zatlr?n energ|est1;‘or any Otf thedotfhe; Rydrerg St?eﬁ ?E“NO
energies are calculated than in g, calculations, while at N this manner the quantum detect analysis which 1oflows

180° the calculated energies of the?A; andA 2B, states must be viewed in terms of its qualitative aspects.

are not identical. It is rather difficult to accommodate simul-

taneously the various valence and Rydberg_ stavésthe V. QUANTUM DEFECT CALCULATIONS:

same symmetpyand to calculate the electronic states with AUTOIONIZATION

similar accuracy over the different geometries. A large num-

ber of roots must be included in order to account for all the  From the calculated energies of the lower-lying Rydberg

relevant states and their interactions, which makes the calcistates,E(Q) and the potential-energy surface of the cation

lation very large. V*(Q), it is possible to generate quantum defect functions
The bending potentials of th&B, states are very com- [Egs. (10) and (11)]. Single-channel quantum defect func-

plicated, cf. Fig. 8e), showing the characteristic Rydberg tions w;,(Q), wherei refers to the ionic state ard to the

shapes only for bond angles larger than 16@°bond length  particular channel, may be calculated from

of 2.1203 bohrand series of valence-Rydberg interactions at _

smaller bond angles. At a bond length of 2.2552 Halotted tan 7ui(Q) +tan wvi(Q)=0, (]

lines in Fig. 3e)], the Rydberg region is restricted to angles where

very close to 180°. A similar picture is shown by the bending _ n 12

potentials of théA, stategcf. Fig. 3f)]. The minima of the vi(Q)=[2(Vi (Q) ~B(Q) ] )

lower-lying valence’B, and ?A, states are to be found at As mentioned above the potential-energy surfaces of the

smaller bond angles than calculated héréhe present work  excited states of NQare complicated by valence-Rydberg or

is mainly concerned with the Rydberg states of N@d thus  Rydberg—Rydberge.g., among the differemtl state$ inter-

the determination of the minima of the valence states a&ctions. The 8o state (5°A, state of theC,, calculation$

small bond angles has not been pursued. Information on theas found to be relatively free of such interactions for a

equilibrium conformation of the valence states existsregion of molecular geometries near the equilibrifiof.

elsewherd?1* Figs. 1-3, so it is possible to calculate the single channel

quantum defect function for this state. A functional expres-

sion for the resulting quantum defect function is obtained in
In order to provide some comparison with previouslyterms of the symmetric displacemefR from the equilib-

calculated quantities and experimental data, vertical transiium bond length and the bond anglausing

D. Transition energies
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2
M(AR,0)=ZO
j=0

CijAR' cos 6/, )

where AR=(R—R,) and R,=2.103 bohr and the coeffi-

cients are obtained by a least-squares fit toaheinitio u«
values derived from Eqgl) and(2) at theab initio energy
points. The resulting coefficients for thel@ (3 22;) state
are listed in Table III.
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TABLE . Vertical transition energie&V) with respect to the ground state, TABLE IIl. Global-fit single channel quantum defect function for the,
at the experimental ground-state geometry, 2.2552 bohr and 134.07°,0f NOndo state of NQ.

State  Present work  Other theoretfcal ~ Experimentdl c;? IANd(2z )P

12B, 3.10 3.22,3.03,3.4,2.43 2.9-3.0,3.10 Coo 39.080 882

1%B, 2.83 2.79,2.45,2.8,2.46 2.7-3.1,281, 2.84 Co1 81.418 558

12A, 3.39 3.25,3.9,3.4,2.15 Coo 42.549 690

22p, 5.34 5.04,4.14 5.28-6.2 Cio 43.996 894

22B, 5.66 5.5,5.8, 4.24 5.22 Cu 86.281 594

324, 6.71 6.76, 5.45 Cip 42.544 297

227, 7.24 7.71,6.59 6.2-7.57.5 Cao —65.662 40

32B, 8.16 8.84,7.38 Cy —100.442 885

22B, 8.17 8.62,6.17 7.52-9.19, 8.6 Cyy —35.873 229

327, 8.20 8.73,7.20 _ _

42B, 8.22 8.29 C;; is the coefficient of the termAR)'(cos ) .

42A, 9.14 9.75 PFit over region 2.8:R<2.4 bohr, and#=160°, 170°, 180° only.

427, 9.24 9.74

3B, 9.27 7.93

52A, 9.28 11.65

624, 9.31 12.12 calculatiott?%2tjs to construct a vibrationat matrix with

5%B, 9.06 9.18 elements

42B, 9.49 8.16 9.66

72A 9.51 12.63 9.50-9.92

GZB: 968 970Y 1079 966 KV7V+:<V+|tan WMQ(Q)|V;>7 (4)
2

gzgz g:gg 12'2?’ 9.91 10.83-11(2.75-10.05 where|v, ) are vibrational states of the positive ion. Appli-

82A1 0.88 13.79 cation of the appropriate boundary conditions then leads to

92A, 10.01 16.02 equations of the forA?

#From Refs. 14 and 15.

bFrom Refs. 12, 14, and 15. Koot tan mu(E) Kee ) (ZC) ~0 (5)

Koc Koo~ tan @ r(E)l o/ | Zo ’

whereo andc denote open and closed channels, respectively.
The simplest case of vibrational autoionization involves! oo 1S the open channel unit matrix and taw (E) is a closed

coupling between the bound levels of a closed vibrationaf@nnel diagonal matrix such that

channel with the continuum of a lower vibrational state be- _ 12

longing to the same electronic channel, with quantum defect VV+(E)_{RY/(EV+_ )i ©®)
function u,(Q) say, wherga)=[il\). In the present calcu- anq-(E) are the eigenphases, which are parameterized in the
lations autoionization of manifolds of states, belonging to theBreit—Wigner form

ndo electronic channel and converging to higher vibrational

levels of the cation, by a lower-lying threshold of the same 7(E)=1°(E)+ = * arctafil,/2(E,E)], )
vibrational symmetry, will be examined. For example auto-

ionization of the(010 and the(001) manifolds by the(000) whereE, is the resonance position ahdis the linewidth. In '
threshold, is symmetry-forbidden. Eq. (5) Z. and Z, are the closed and open channel ampli-

The first step in an MQDT autoionization tudes, respectively. Equatidb) is commonly solved by us-
ing the closed portion to express the closed channel am-
plitudes in terms of thé&, open channel ones; thus

TABLE II. Transition energieseV) of the Rydberg states at linear geometry 7 =—[K..+tan EY17iK. 7
with N—0=2.1203 bohr. o= ~[Kecttan mv(B)] " KeoZo, ®

whereby Eq.(5) reduces at any energy to &h X N, eigen-

State Ca, states EnergyeV) value equation for tamrv(E). The corresponding open

X 210, X 2A;, A?B; 0.07, 0.00 channel coefficientsZ,(E) determine the photoionization
1225 3s ZZAI , 197 distribution over the open channels, whidg(E) determine
2’11, 3p 3°A1, 2°B; 4.03,3.94 the spectroscopic lineshape profiles. The open channel coef-
123} 3p 1%B, 4.15 . .
2254 ac 22 465 ficients are normalized such that
12HZ 3d 12A;, 22B, 5:05, 5.07
3237 3d 52A, 5.11

g P2 —
127, 3d 62A,, 328, 5.19, 5.09 i:;pen(Zi) =cos 77, ©)
321, 4p 72A,, 4°B; 5.38, 5.28
2223 4p 3282 5.38 where the subscript distinguishes different eigenphases if

+ .
gzig 45; gzﬁl 47 g-gé . 4 there are several open channels. Finally, to the extent that
522% 4d 92A2’ 2 57 vibrational wave functions in the intermediatgp@ elec-
ZzAz 4d 5251 571 tronic state are identical with those of the positive ion, the

photoionization cross sections for intermediate excitation via
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% FIG. 5. Overview of the spectra corresponding to the nine lowest vibrational
0 -0,2 levels of the(000) manifold.
-0,4 1
] (140, (220), and(300) have been carried out, using different
06 T T * T 1T * 1T T~ 1T 1T "1 combinations of closed and open channels in order to obtain

L |
0 50 100 150 200 230 30? 350 400 450 500 converged results for the six lowest channels.
Energy(cm ) Figure 5 gives an overview of the spectra obtained by
FIG. 4. Eigenphase as a function of the energy above(@06) level of use of Eq.(10) in .the 10-channel CaICUI.atlon'.Th.e gnergy
NO, (lower par} and variation of the relative coefficients corresponding to r.an_ge covers the interval .betlwe?n the f(i@0) ionization
the calculated levelgupper pat Nominal principal quantum numbers are limit and the threshold for ionization of th@40 channel at
n=7 for the (040), (120), and (200 levels,n=10 for (020) andn 2474 cm' L. Notations to the right indicate the relevant inter-
=11 for (100 mediate vibrational level of thef@r state. It is evident from
the coincidence between resonance positions that there is
very considerable interaction between the various closed
the vibrational statgj), the counterpart of which is neces- channels, because each channel would otherwise show
sarily closed in the autoionization region, are proportional tomerely its own hydrogenlike autoionization series. The situ-
ation is particularly confused below th@20) ionization
Xj=2> (Z0)?, (100 limit, where only the broad features in thi&00) spectrum
P contains a recognizable Rydberg series. It also appears that
whereZ} is related to the open channel amplitudes by Eqthe resonances in this channel are typically broader than
9). those in other channels below tf@20) ionization threshold,
A plot of 7(E) as a function of energy for autoionization as expected from Berry’av=1 selection rule, although
of vibrational levels of thend 'A; (ZE;“) states of NQ by  there are isolated broad features such as the resonance at 610
the (000) continuum, along with a plot of the relative coef- cm™ in the (040) spectrum. We also notice a very strong
ficients of the contributing closed channels, for resonances déature in the040), (120, and(200) spectra, just below the
energies up to 500 cnt above the000) level are shown in  (100) ionization threshold, the possible origin of which is
Fig. 4. The particular calculation involves one open channeldiscussed below.
(000, and five closed(020), (100), (040), (120), and(200). Turning to a more detailed examination of the individual
As shown in Fig. 4, generally large widths are obtained forspectra, Figs. 6 and 7 indicate approximate assignments de-
most of the energy levels in that region and more than on¢ermined by the channel thresholds and quantum defects de-
closed channel is involved in each case, as close-lying vibradived from the diagonal elements of thematrix, as listed in
tional states of differenh Rydberg states interact. For ex- Table IV. It may be noted that thedd quantum defect at the
ample, a width of 10 cm' is obtained for th&200) closed  equilibrium geometry of the positive ion 0.1&om theab
channel, interacting with thé020 channel at energy of 411 initio energiegis close to the values around 0.2 extracted by
cm 1 above the(000) threshold. The calculated width of 10 Camposet al® from the observed autoionization spectra of
cm lis in good agreement with the observed width of 13the (100 manifold. This coincidence is to some extent for-
cm™ ! for the 7do level of NO,. tuitous, however, because it seems unlikely that the uniform
In the present work, several calculations involving theshift of all Rydberg electronic eigenvalues, to produce the
10 channels(000), (020), (100), (040, (120, (200, (060), correct ionization energy from thepd state, will be equally
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accurate for all other shifted states. The increase in the vin~2, from 5 cmit at n=11 to 0.5 cm® at n=24 for ex-
brationally averaged quantum defects, by between 0.06 anaimple. Those of th€100) series are however much broader,
0.14 units should therefore be taken primarily as a rougtwith a width of perhaps 25 cnt atn=11 falling to 5 cm'*
measure of the strength of the interchannel coupling, becausg n=24. Notice that it is difficult to ascribe a confident
the calculated off-diagonaK matrix elements are by no width to every member of th€l00 series because, for ex-
means uniformly smaller than the diagonal ones. It should bample, the complex lineshape of the- 19 resonance clearly
remembered of course, that the vibrational diagonalization irrises from interaction with the=25 member of th€020)
the positive ion state necessarily includes Fermi resonancseries, the zeroth order position of which lies within 1¢m
coupling width in the{020,10Q and {040,120,20p vibra-  of n=19 of (100), while n=26 of (020 also lies within the
tional polyads, which adds to the stretch-bend coupling arisresonance profile. The recognition of individual peaks in the
ing from mixed terms in the expansion of the quantum defect100 series becomes progressively easier as the density of
function (see Table II). (020 resonances increases, although the line shape is far
It is evident from Figs. 6 and 7 that principal quantum from Lorentzian. By any measure of linewidth, there is how-
number assignments can be given with considerable confever a definite decrease from around 15 ¢ratn=12 to 1
dence, except for the lowest levels of {20 series, which cm * atn=27, consistent with the 2 law, followed by an
terminates at 1250 chl. To the extent that clear assignmentsincrease to about 4 ch at n=28, where the resonance lies
are possible, the lines in tH820) series decrease broadly as in the quasicontinuum just below tl@20) ionization thresh-
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TABLE IV. Channel thresholds and approximate quantum defects for they/. CONCLUSIONS
five lowest excited vibrational channels.

Potential-energy surfaces of Rydberg excited electronic
states of NQ have been calculated tap initio MRDCI cal-
Threshold/cm* 1250 1385 2474 2646 2769 culations. Significant valence-Rydberg interactions at nonlin-
Quantum defect 02735 03412 03188 02587 03281 oar gapmetries complicate the shapes of the potential-energy
surfaces of most of the Rydberg states. Single-channel quan-
tum defect function were obtained for thmdo states and
old. This fourfold increase may be taken as a rough measurgbrational autoionization spectra from thedo states via
of the relative coupling strengths to tf@20) and(000) con-  double resonance excitation via several vibrational levels of
tinua, no doubt mediated by Fermi resonance coupling bethe 3po state were calculated. Significant interchannel cou-
tween (100 and (020), in violation of theAv=1 coupling pling was observed, particularly for low states, but recog-
rule. Structure due to interaction with high levels of {dg0)  nizable autoionization series could be recognized fior
series disappears at the threshold, above which a sequence™af5. Trends in the autoionization linewidths conformed
smooth peaks converges on thE00 limit, apart from a roughly to Berry'sAv =1 selection rule, but with some ex-
major perturbation of the quasicontinuum due to interactiorceptions attributable to Fermi resonance coupling. A typical
with n=10 of (040) andn=9 of (200 (see below. linewidth decrease as™2 in a given series was also ob-

Turning to the resonance structure in §0£0,120,20p  served.
polyad in Figs. 7c)—7(e), the strong feature at 1350 crhis
almost certainly due to a change coincidence betweem the
=10 zeroth order level of040), then=9 level of (200 and
the (100 quasicontinuum, with further Fermi resonance me- 1y, o Chupka and E. R. Grant, J. Phys. Chemil@8, 6127 (1999.
diated coupling to th€120) channel. The spectra at higher 2H. Mmatsui, J. M. Behm, and E. R. Grant, J. Phys. Ch6d, 6717(1997.
energies arise from autoionization to three open channels}E. Mayer, E. Zgkerman, L. Zhang, H. Hedderich, J. Behm, and E. Grant,

; [ ; ; :~ Philos. Trans. R. Soc. London, Ser.385 1569(1997.
and the increase in linewidth compared with the spectra M, “Matsui and E. R, Grant, J. Chem. Ph$84, 42 (1996.

Figs. Ga) and @b), can be attributed part!y to the O_pening of 5G. Bryant, Y. Jiang, M. Martin, and E. R. Grant, J. Chem. Phyd, 7199
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