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The Electronic Quasicontinuum
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High n (=50—-250) molecular Rydberg states are characterized by a high depsityn¥/2Ry) of electronic

states and by unique intramolecular couplingswhich involve long-range Rydberg electrenore multipole
interactions. We explore spectroscopic and dynamic implications of the dipole codnGp(nn')=32 of

a doorway Rydberg stata,|,Nt,NCwith a densé{n’,I',N*—1,NJ manifold (" > n) of bound Rydberg states,
which are described by Hund coupling case (d). We establish the conditions for the realization of the statistical
limit (Vp > 1 andyp > 1) and of the sparse mixed level structuxé ¢ 1 andyp < 1) within the mixed
electronic manifold (wherg = I'y¢/n® are the nonradiative decay widths). The statistical limit for an electronic
guasicontinuum is realized for the coupling strength domain 1.1@Ry}¥8 < Cp < (I'oRy/n)2, establishing

how the characteristics of the level structure and dynamics are determined by the rotational &nsyant

the molecular dipole momen€Cf O u), by the decay width constaiy, and byl (whereCp O 177). The
statistical limit within an electronic quasicontinuum is expected to be amenable for experimental observation
in polar large molecules, while thep(N*=0)—n'd(N*=1) coupling in HO (Gilbert, R. D.; Child, M. S.

Chem Phys Lett 1991, 187, 153) corresponds to the sparse mixed level structure. Our analysis provides a
generalization and unification of the theory of intramolecular coupling and dynamics for an electronic

guasicontinuum.

I. Introduction scopic and time-resolved dynamic observables. It was
. . tablishetf34.3537 that th int lecul li in th
The spectroscopy and dynaric¥ of high n(=50—250. establishetf at these intramolecular couplings (in the

' -+ absence of weak external fields?3) can be important only for
wheren is the principal quantum number) Rydberg states of low | (<3) core-penetrating states. Two classes of such
molecules are being explored by time-resolved zero electron; o : : .

L - intramolecular coupling effects subjected to the appropriate
kinetic energy (ZEKE) spectroscopy-1%-13 and by pulsed field PIng ) bprop

S - - - selection rules between high Rydberg states can prevail:
ionization (PFI) ion counting spectrosco§. Of considerable (1) The coupling between pairs of near-resonant Iqu3)
interest is the nature of radiationless transitions of high Riing P

,9,23 i _ i i i
molecular bound Rydberg states below the lowest ionization Rydbergs. Such accidental near-degeneracies will result in

: - . - ; . the redistribution of the decay widths between pairs of states.
potential, which correspond to predissociation for diatomics and —, - . - ;
) . . This effect constitutes the electronic analogue to Fermi reso-
for polyatomics and/or internal conversion for large mole-

cules®91730 The nonradiative decay channels for high Ryd- nanzce_?hfor V|br|:_;1t|on?l rgotlon. Rvdb tate t ifold
bergs, which involve the conventional dissociative continuum (2) The coupling of a doorway Rydberg state to a manifo

(for predissociation) and vibrational quasicontinuum (for internal of delnssen emdmmc Rydbergs. Gilbert and Cfﬁ?obnd.ll_ee .
conversion), are identical to those for the intramolecular et al™® have explained th_e anomalogs (type A) transitions in
dynamics of intravalence excitations and of lomRydbergs. the ZEKE spectrum of bO in terms of intramolecular Rydberg

These radiationless transitions pertain to intramolecular relax- ‘t‘alectron" |n§er?ct|o.ns, Wh!?r:dm'x.tﬁ"d (r(‘j = 35‘;)) st?tifrggg) a
ation to conventional decay channels in microsystems (mean sparse” electronic manifold with a denseép (7" = )

radiusid= (3/2)n%a, €.9.,r = 1u for n = 112), which occur electromc manifold. ) . .
from core-penetrating low electron angular momentistates In this paper, we examine the spectroscopic and dynamic

in the spatial region close to the nucleus (range A in Fano’s implications of the intramolecular coupling of a higliRydberg

terminology!). Very high n molecular Rydberg states are state to a manifold of very high' Rydbergs, addressing the
characterized by two novel features: guestion: Can a dense Rydberg manifold serve as an electronic

(2) High density of electronic states in a bound level structure quasicontinuum for a Lorentzian line broade_mng and_ for
(i.e., below IP(0)), which is(n) = n¥2Ry32 This densenl intramolecular dynamics? Intramolecular coupling to a vibra-
electronic manifold can serve in intramolecular coupling and tional manifold (or quasicontinnum) is well establistéd;

even in intramolecular relaxation of a doorway Rydberg state. providing the conceptgal framework for the dynamlcs and
. . . . spectroscopy of large isolated molecules. In this paper, we
(2) Unique intramolecular couplings. These involve long-

ranae Rvdbera electrercore multinol@®2%33and/or anisotronic generalize the concept of intramolecular coupling and dynamics,
ge =yd 8929 331 : b P addressing the features of an electronic manifold (or quasicon-
polarizability?®2%33interactions, e.g., Rydberg electrecore

dipole and quadrupole coupling for polar molecules (N33 tinuum) of Rydberg states.
HCI,%% and HO™™19 or Rydberg electrorcore quadrupole and
anisotropic polarizability in homonuclear diatomics,@2°and
N2 14). The concept of coupling and relaxation in a manifold of a
These novel aspects of level structure and intramolecular bound level structure of large molecules played a central role
coupling of high Rydberg states will be manifested in spectro- in the theory of intramolecular dynamié. Interstate (nuclear
momentum and/or spirorbit) coupling, which involves two
€ Abstract published irAdvance ACS Abstractguly 1, 1996. electronic states with a vibrational quasicontinuum (correspond-
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ing to one of these electronic states), results in internal
conversion or intersystem crossifig#’ while intrastate (an-
harmonic or Coriolis) coupling within one electronic state with
a vibrational quasicontinuum (corresponding to this electronic
configuration) results in intramolecular vibrational relaxation
in large molecule4* 47 When a doorway state (for excitation)
is coupled to a bound manifold, this manifold is characterized
as an intramolecular quasicontinuum for intramolecular relax-
ation of the doorway state and for Lorentzian spectral line
broadening, provided that the following two conditions are
satisfied:

(1) Strong coupling

Vp > 1 (I1.1)

whereV is the (interstate or intrastate) coupling strength and
the density of states within the manifold. An equivalent (and
more transparent) condition for the strong coupling is obtained
from the condition of a sufficiently large number of coupled
states within the line width of coupled states

(2) Overlapping resonances
yo>1 (11.2)

wherey is the decay width of a state within the manifold, which
originates from intramolecular decay.

When both conditions (II.1) and (11.2) are satisfied, the
vibronic level structure involves an intramolecular quasicon-
tinuum corresponding to the statistical limit of intramolecular
radiationless transitions in large molecules. When condition
(I1.1) only is satisfied while condition (11.2) is not fulfilled, the
system corresponds to the sparse mixed level struéfuté.

In analogy to the bound vibronic intramolecular manifold,
we shall explore the features of an electronic manifold of bound
highn Rydberg states below the first ionization potential. Using
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Figure 1. Energy levels scheme for the coupling of the doorway
Rydberg state(s)n,|,N* = 1,Nito the background Rydberg manifold
{In",I',N*" = ONO. V denotes the intramolecular core multipole (or
anisotropic polarizability)yRydberg electron coupling.

three submanifolds: (i) Doorway state(s). A subset of low
(I = 0—3) core-penetrating states constitutes the doorway state-
(s) for excitation. These doorway states are determined by the
optical selection conditions and selection rules, i.e., one-photon
excitation, two-photon excitation, or excitation from an inter-
mediate state. (ii) Escape states. The doorway state(s) and a
few additional lowl (<3) states, which are coupled to it by
near-resonant intramolecular interactions, constitute the escape
states for the decay. The decay widihg+n(n) (for autoion-
ization and predissociation for diatomics and/or internal conver-
sion in polyatomics) of an,|,N*,NOstate are given by the?
scaling lavg0-22:48-53
IR = ToL,NTN)/[n = 8 (NP (11.6)
whereIg(I,NT,N) is the decay constant, which dependslpn
N*, and N. (iii) The inactive states. The high (=4)

the high Rydbergs of a diatomic molecule as a generic example,nonpenetrating hydrogenic states (denotedl|bf}) are inactive

the electronic angular momentulris weakly coupled to the
rotational angular momentuidt of the molecular ion core, so

that the system is characterized by Hund's coupling case

(d).17:28.29 The total angular momentum (excluding the spin) is
N =1 + N* with a projectionMy. The Rydberg electron
core states of a definitd for a single vibrational state of the
core are

k= |n,NT,N,M O (1.3)

The energies are

E(x) = IP(N") — Ry/[n — 6(I,N,N")]? (11.4)

whered(I,N,N*) is the quantum defect, which dependsl amd
also weakly onN* and N. The ionization potential for the
formation of theN* state of the ion core is

IP(N") = IP(0) + BN"(N" + 1) (11.5)

where B is the rotational constant of the ion core. In our
analysis, vibrational excitations of the core will not be consid-

in excitation and in decay. For these staiélks) — 0 andT'o-
(L) =0.

We consider the intramolecular coupling scheme of a single
In,|,N*,NCRydberg to a densgn’,l’,N*, NO Rydberg manifold
(Figure 1). The energy difference betwegnl’,N*',NOand
In,l,N*,NCis determined by the rotational energies which appear
in eq I1.5. To consider the coupling with a nonautoionizing
[n',I',N*" NORydberg manifold, we taki™ = 0. The intramo-
lecular couplings between the quasidegenerate (proximal) zero-
order n and n" Rydberg states can be well described for
nonpenetratingl (= 2) high n,n" Rydberg states in terms of
Rydberg electroncore multipoles and polarizability
couplings?%:28-30.33 This description of long-range interactions
is borne out by the work of Eyler and PipR#?° on the
energetics of the 3d Rydberg complexes efaid by Herzberg
and Jungeti® for the 4f Rydberg states of He For lower ( =
0,1) Rydbergs, these long-range interactions provide only an
approximate description for the intramolecular coupling, while
for | = 0 Rydbergs, e.g., thes—nd coupling in NO?> where
core penetration effects are crucial, this scheme is inapplicable.
In what follows, we shall consider an approximate description
of the coupling between high| > 1 Rydbergs in terms of the

ered. We proceed to explore the intramolecular coupling and long-range interactions. We proceed to explore the character-

dynamics of an electronic manifold of high Rydbergs.

istics of the densé§|n',I'’,N*",NJ electronic manifold in terms

We consider the molecular system in the absence of an of conditions (Il.1) and (11.2). To establish the characteristics

electric field & = 0). The zero-order manifold|«} of the
high Rydberg in the Hund coupling case (d) is subdivided into

of the dense electronic manifold (Figure 1), we have to consider
the intramolecular coupliny and the density of stategn’).
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lll. Intramolecular Coupling

The Hamiltonian of the diatomic molecule (in the absence

of an external field) is
Hy=Hy+ Hpy7 (1n.2)

where the zero-order molecular Hamiltonian is

Hy = ZD]K[HEKEH (1.2)

Bixon and Jortner

np—n'd interaction,n,n” = 80—100), in accord with Berry's
classical studies of molecular autoionizatf§nThe utilization
of eq 1.8 constitutes only an approximate description, which
is, however, sufficient for our purposes.

We consider the coupling scheme in Figure 1. The (absolute)
values of the matrix elementg for the dipole coupling, eqgs
1.5, 11I.6, and III.8, are

V = Cy(nn) 32 (111.9)

where

being expressed in terms of egs 1.3 and 1.4. The Rydberg Co= (Zuezlao)(i 1) [sm [(h — A))la(h — A)] ®

electrorr-core interaction i$dint = HoipoLe + Houao + HeoL,

with the interactions between the Rydberg electron and the core

dipole HoiroLg), the core quadrupoleHguap), and the core
polarizability HpoL) being known from the work of Eyler and
Pipkirt®22and Herzberg and Jungéh.For a typical polar ion
core with a dipole moment = 1 D (a quadrupole moment of
Q = 10 esu cm and an isotropic polarizability of ~ 0.5
x 10724 cmP), the dominating contribution tbl|yt arises from
the dipole coupling?2°2%and we set

Hy =Hy + Hpipore (n.3)

with

(elrA)CY(6,¢)-Ti (111.4)

HDIPOLE

where r,0,¢ are the Rydberg electron coordinates in the
molecule-fixed coordinate systenﬂ;(l)(e ¢) is the angular
vector®* and z is the (electronic origin independent) dipole
moment of the ion core.

The matrix elements for the Rydberg electrarore dipole
coupling aré®

LN NMy Hpporeln' 1N NG M O=
— el |r 2 I' TR0 N N MGl N N M) (111.5)

wherev = n — §(l), while the angular part 8

f(LNT,N,M 1, N N My ) =

] NN
—q)HN ®
( ) 1 |r N+;
10
Ol + D@ + P ¢ Ll e

[@N"+ D" + 1)1 N 1 N (I11.6)
with the selection rules
Al = AN"=+1, AN=0, AMy =0 (lI.7)

A semiquantitative estimate of the radial integral in eq 111.5 for
highn,n’ states was obtained utilizing the Gilbe@hild¢ near-
threshold approximation with a finite quantum defect

sinfz(A — 2]

=2, n—3/2 ’
B D= 20w) 0 4+ )= 2o

(111.8)
wherel = | — 6(l) is the effective azimuthal quantum number
andv = n — 6(l). Equation III.8 is based on the asymptotic
form of the phase-shifted radial wave functin.A major
contribution to the radial integral, eq I11.8, for highand n’
states originates from very short distances (&.gs, 4 au for

f(I,N" N;(1£2),(N"£1),N) (111.10)

For a polar molecule, we take= 0.4—2.5 D (0.16-1.0 au).
Then for the lowenp(Nt=0)—n'd(N*=1) dipole coupling with
f(-) = 0.3 and with typical quantum defects data for the NO
moleculed(p) = 0.723 andd(d) = —0.05925 we estimateCp

in the rangeCp = 1 x 103 — 12 x 10° cm~L. For high values
of I (=3), we estimatett for NO V = Cp(nn')~32, whereCp =

3 x 10° cm~YI7, which increases fast~7) with decreasing,.

IV. Characterization of the Dense Electronic Manifold
The density of states in tHen’,I',N*",NO (N*' = 0) manifold
in the proximity of |n,I,N*,NCis
p(n) = (n)%2Ry

Making use of eq 111.9 for the weighted coupling parameter, eq
.1 is

(IV.1)

Vp(n') = (Cp/2Ry)('/n)*? (IV.2)

Neglecting the contribution of the quantum defects for large
values ofn andn’, we estimate from eqgs 1.4 and 1.5

(n'/n) = nMAX/(nI%/IAX - n2)1/2 (IV.3)
for n < nwax, where
Nuax = (Ry/2B)*(N* + 1)12 (IV.4)

is the highest value af below the ionization threshold IP(0)
of then’ manifold. Takingn = nyax — 1, we readily estimate
n'/In = (Nuax/2)42 = [Ry/8B(N* + 1)]¥4 It is useful to apply
a scaling of the rotational constant settiBg = B(N* + 1), so
that
(n'/n) = (Ry/8B¢)""* (IV.5)
The ratio ('/n) increases with decreasiri8y. For a “light”
diatomic molecule witiBe = 10 cnt?, (n'/n) = 6, in accord
with the estimate of Gilbert and Chiféglfor H,O (n = 50 and
n' = 330), while for a heavy molecule witB = 0.1, (¥/n) =
19.
The weighted coupling strength, eq 1V.2, is
V(1) = (Cp/2RY)(Ry/B,)** (IV.6)
The onset of strong couplingp =z 1 (for a given molecule
with a fixed B) is marked by the conditio€y > C§, where
the value of Cg:) is inferred from eq IV.6 by setting
(CSYRy) = 4.36@B.i/Ry)*8. As is apparent from Figure 2,
this condition is realized for a “heavy” model molecul4{ =
0.1 cnr?) for C©) = 2.6 x 1 cm™L. For the NO molecule
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U B R “heavy” model moleculeBey = 0.1 cntl) C§) = 2.6 x 10

2_ i cm~1 (being in the reasonable rangeof= 1 D), while for a
4l < j “Iigh;c" model molecule Ber = 10 cmi) C§) =~ 1.5 x 10
3L Lo i cm
> oL 2 ! (3) For “light” molecules, the realization of strong coupling
s p:13° - requires a large value @ (> C§’ ~ 1.5 x 10*cm™1). Such
o)’ B=0.em”! | a situation is realized for ¥D,16 which is characterized by a
|oowf \ BFZ%'S,E%' . jIO large value ofu. Of course, a complete treatment of the
—~ 80F Ve 7 lg~+ Rydberg electrofrcore dipole coupling in kD requires an
6ok \ 1s i ex_tens_ion of the diatomic molecule formalism used he_rein, but
a0l - \\ 5 14 N this will not change the gross features of our conclusions.

L e N/ 2 - (4) For “heavy” polar model moleculeB{; =~ 0.1 cnt?)
20r ‘:_i_ 12 with a reasonable value gf= 1 D, strong coupling can prevail
0% B=i9cm-! 10 for moderately low values ofp (=2.6 x 10° cm™1). Thus

10 \Fo=5x'°3 410 strong coupling with an electronic Rydberg quasicontinuum (for

—~ 8l v 9 Jg ~ moderately low values dff) is expected to be realized in the
efF \ - ] ; Rydberg spectra of large molecules, e.g., large aromatic polar

= af \ [ S PN molecules, which are expected to be_characterized by small
oF \\J 15 values B = 0.05-0.1 cnt?) of the rotational constants.

ol o= 1o We have established the conditions for the realization of
5% \ ot strong intramolecular c_oupling of |a,I,N+,NDRydb(_arg V\_/itha_
4 iB- e \ Js |n’,(I+1),(N+il),N[rnan|foId. Such a strong coupling sltuatlon

T 3[me5x103em\ 5 Jg T can correspond either to the sparse (strongly) mixed level

Lor ( ° j4t structure, i.e.yp < 1, or to the statistical limit, i.eyp > 1,

& - \QJ 15 ~ according to eq I.2. We now consider the width of the mixed
: S =] InJ,N* NCH-{ |, (I+1),(N*+1) N} states in the strong coupling
%3 4 6 8 012 ° limit (7 = 6). A “democratic” mixing of the widtH o(I)/n® of

Cp(103em-") the doorway stat@,|,N*,NCamongy |n',(I4+-1)(NT+1) NCstates,

which are characterized by the widthg(I-+1)/(n")3, results in

Fi 2. D d f th li W] dny = 27\Pp? . .
igure ependence of the coupling parametépsandy; 0 the widths of a mixed state

and of the line width parameterp on the strengttCp of the dipole
coupling. The vertical arrow marked (C) denotes the onset of strong
coupling forCp > C&). The vertical arrow marked (SL) denotes the _To(l) | To(1+1)

upper limitCp < Cy™ for the statistical limit. ”ns (n,)3

(n>1) (Iv.8)

_ I . .
]EBeﬁC(C)l'_g 7C rg ) f(';;ong_(l:ouﬂ!nﬁ pag_bﬁ act(): ompllshed_onlly Setting the decay widths parameter of thdoorway state and
or Lp” = 7.6 X cm =, which 1S higher by ailnumerlca of the n' manifold states to be equal, i.&(l) = T'g(I+1) =
factor of 2 than our estimat€p = 3.7 x 10° cm! for the I'e. we then estimate

np(Nt=1)—nd(N*=1) interaction in this molecul& For a o

“light” model molecule Bett = 10) strong coupling can set in r
only at the large value otE(DC) =15x 10¢cmL. y = —03[1 + nfl(n'/n)3] (IvV.9)
Equivalent information regarding the coupling strength is (n)

obtained from the coupling width
Making use of egs IV.1, IV.5, IV.7b, and IV.9, we get
A = 27V?p = 7C3In°Ry (IV.7a)
yp(n') = (Ty/2Ry)[1+ 2Ry/InC3] = I',Ry/nC3 (IV.10)
which is independent af’. Takingn = nyax = (Ry/2Beg)Y/2
results inA = 7Cp(Cp/Ry)(2Ber/Ry)*2. The number of states  Equation 1V.10 implies that the parametgp(n’) (OCg?),

within the coupling width is defined by which determines the overlap of resonances, is independent of
n' and ofn. Furthermoreyp is independent dBex, as expected.
7= p(N)A = (71/2)(Co/Ry)’(Ry/8B)¥*  (IV.7b) The condition for the onset of the statistical limit, eq 11.2,
sets a lower limitCS"™ on Cp, according to eq IV.10. When
Figure 2 presents the dependendg C3 for the “light” model Co < C5Y = (IoRy/m)*2 and concurrently strong coupling
molecule, for the “heavy” model molecule, and for NO, where prevalils, i.e.,Cp > C(DC), the mixed Rydberg level structure
we mark the onseC(DC) of strong couplingy = 6 (which is corresponds to the statistical limit. TWE(DSL) parameters are
equivalent toVp = 1). From this analysis we infer the determined by the decay width parameter, which (for moderate
following: values ofl = 1—-3) for molecular systems, falls in the ranGe
(1) Strong|n,|,N*,NG-{|n’,l',N*" N[} coupling can be realized = (1—8) x 10®* cm1.20-25 |n Figure 2 we present typical values
for a moderately low value df e.g., for the p-d coupling. For of C§Y (for Tp =2 x 1 cmtandlpy = 5 x 10° cmY),
higher values of (=3), the coupling i/ 0177, eq I11.10, i.e.,  which mark the upper limit of the coupling (for> 1) which
Cp = 10% cm! for typical f—g coupling (withx = 1 D) and corresponds to the statistical limit.
Cp < 1 cmtfor | > 3, which is too weak to warrant strong From this analysis we conclude the following:
coupling. (1) The statistical limit for the coupling with a Rydberg

(2) The onset of strong coupling, as marked by the values doorway staten with a Rydberg electronic quasicontinuum is
c©, is determined by the rotational constaBgr. For a  realized when
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C(DC) <Cp< C(DSL) (IV.11) tional—electronic (or vibrational) manifold of triatomic and large
moleculeg®*" to encompass the isomorphous features of a pure
© _ - sL) _ 1o electronic Rydberg manifold. There is, however, a basic
whereCp” = 4.36RyBer/Ry)** and Cp™ = (T'oRylm)™=. qualitative difference between the manifold of Rydberg states
(2) The prevalence of the statistical limit, eq IV.11, can be (the electric quasicontinuum) and the manifold of vibronic (or
realized over a reasonable domain of the interaction Strengthvibrational) states (the vibronic quasicontinuum). The coupling

Cp for al“heavy” model molecule with a small value Bty = of a vibronic doorway statgsClto the vibronic quasicontinuum
0.1 e and for a molecule with a moderate valueBf; = {a} exhibits a large variation of the matrix elemeMs, =
1.9 cnr* (Figure 2). s|H|afor differenta states, i.e., the correlation function of the

(3) The statistical limit for coupling with an electronic
quasicontinuum is expected to be amenable to experimental
observation in polar large molecules with a small valu8gf

couplings islVs Ve O W;Dfor o' = o.. On the other hand,

the couplingsVy, of a Rydberg doorway stateswith an

oS > electronic quasicontinuun|ad exhibit a smooth and slow
(4) Flor amodel “light” molecule with a large value Bfy = variation for differenta states, i.e.[Vg Vo= BV;D This

10 e we expect that(fscz)r the r(gasonable vaIueE(;.)f—. 103_,8 ) difference between the electronic and the vibronic quasicontinua

x 10° cm™, we haveCy™ < Cp”, so that the statistical limit i important for interference between several doorway states

cannot be realized. For a “light” model molecule strong pyt does not affect the gross features of the level structure and

coupling resulting in a sparse mixed level structure can prevail dynamics of mixed states, which have their parentage in a single

for a coupling strengtiCp > C§? = CSY. This situation  doorway state coupled with a quasicontinuum.

requires a strong intramolecular interaction, characterized by a The experimental spectroscopic implications of intramolecular

large value ofu. The np(N"=1)—n'd(N"=1) (h = 50, n" = coupling and relaxation within an electronic manifold are then
330) level structure in bO studied by Gilbert and Chil identical to those within the well-known vibratioratlectronic
corresponds to the sparse mixed level structure. (or vibrational) manifolcd?®47 In the statistical limit of overlap-

(5) Fgr mqlecular Rydbergs,(é/\)/here the st?;iLs)tical limit can ping resonances, a Lorentzian line shape will be exhibited whose
be realized in theCp domainCy” < Cp < Cy™, a sparse  width is given byA, eq IV.7a. In the sparse strong mixing

strongly mixed level structure can be realized for lar@er limit, a manifold of a large numbem(> 1) of resolved states
values, i.e.Cp > C(DSL) > C(DC) (Figure 2). In this largeCp will be exhibited in the spectrum. These states are characterized
domainy is very large, but the resonances do not overlap. by the average lifetime&/y with y = [[/(n')*|(2Ry?/7C3),

(6) For molecular systems characterized By < C(DC) according to egs IV.2, IV.7, and IV.9. With increasing strength

“global” level mixing does not occur and the Rydberg of the intramolecular interaction fa@ > CS"), the individual
background manifold does not exhibit the effects of strong decay widths decrease, becoming smaller than the decay width
mixing. In thisCp domain accidental near-resonances between I'y/n® of the doorwayn Rydberg. This is the spectroscopic
a small number oh,n" pairs of states can be exhibited. These manifestation of the “dilution” effect for coupling in the
near-resonances between pairs (or a small number) of stateglectronic manifold, which is analogous to the Douglas
(which are equivalent to Fermi resonances in a vibrational level effect244-47.55for lifetime “dilution” as a consequence of strong
structure) will result in local redistribution of intensities and mixing in the sparse level structure of the vibrational manifolds.
lifetimes. This situation requires the treatment of individual Regarding the dynamic implications of the intramolecular
energy gaps and couplings between proximal energy levels. coupling and relaxation within the electronic manifold, these
It should be realized that our analysis of the characteristics are determined by the autocorrelation function of the light pulse
of the n'" electronic manifold rests on the strength of the and by the experimental interrogation method as previously
intramolecular interaction. Tha andn’ dependence of the  discussed® The time-resolved population of the entire mixed
intramolecular electronic interactions is, of course, determined electronic manifold in a given energy domain (as conducted by
by the Rydberg state normalization constants(32,(n')=3/2), ZEKE and PFI experimenits!4) will be given by a superposition
but these wash out for the reduced paramétprandyp, which of exponential decay terms of the fo%?rﬁj|aj(s)|2 exp(ytih),
determine the level structure and dynamics. The reduced yhere|a®)? are the mixing coefficients of the doorway state
parameters for a given molecule are dominated by @€  ap the reciprocal lifetimes agg ~ y. No quantum beats are
parameter, which, for weakly penetrating orbitals, is determined eyhjpited in the time-resolved interrogation of the total popula-
byl, o(1), andu. In any case, for the realization of the stafistical tjon\when the population of the doorway state is interrogated,
limit or of the strongly mixed level structure, ti@& parameter e time-resolved decay in the limit of a sparse strongly mixed

(Which constitutes an intrin§ic molecular property for !’ level structure will exhibit quantum beats (which reflect the
coupling) has to be large (Figure 2) and this situation can be energy spacings) and decay lifetimesfigf* =~ Ay~1. In the

accomplished only for lowek Rydbergs. For highert = 3) statistical limit, the time-resolved population of the doorway
nonpenetrating Rydbergs, e.g., for 3 — | = 4 coupling, the  gtate (under optical excitation conditions with a light pulse with

coupling strengttCp = (1-2) x 10°cm™* (for u = 1-2 D) is a coherent width> A) will exhibit a decay lifetime ofi/A, as
already rather weak to warrant the realization of the onset of appropriate for a giant resonar®e Our analysis provides the
strong coupling. generalization and unification of the concepts of intramolecular
coupling and dynamics for a vibratiod&i*” and for a purely
electronic quasicontinuum.

We have established the characteristics of a bauldN™ Finally, we would like to point out that the present analysis
= 0) Rydberg manifold below the lowest ionization potential, focused on the spectroscopic and dynamic implications of
establishing the conditions for the realization of a strongly mixed intramolecular coupling between high(and moderately low
level structure and of the statistical limit for an electronic 1) Rydberg states in the absence of external electric fields. Such
quasicontinuum. In this case, intramolecular coupling and external weak electric fieldd=(= 0.02-0.1 V/cm), inevitably
relaxation can be realized within an electronic manifold. Our present in a ZEKE or PFl-ion counting system, indlo@r
analysis provides a generalization of previous work on intramo- Im;) mixing.181° The field-induced coupling and mixing
lecular coupling and intramolecular dynamics within a vibra- modef18-23 provides a semiquantitative account of the “global”

V. Concluding Remarks
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| mixing, which results in the breakdown of thé scaling law
for the nonradiative lifetimes (for predissociation and/or au-
toionization or diatomic$! internal conversion and/or predis-
sociation and/or autoionization for large molectilé&2}, which
results in a dramatic lifetime lengthening (by-2 orders of

magnitude) of these states. In the context of the characteristics

of the electronic quasicontinuum within a higin' Rydberg
manifold, electric field effects will dramatically increase the
density of states within the mixed manifold and result in the
lengthening (dilution) of the lifetimes of the mixed states. These
interesting effects of field mixing were already semiquantita-
tively explored in the context of the time-resolved dynamics of
the entire population of the autoionizirt1,np'[3/2]; (n =
100-280) Rydbergs of A#22 and of the predissociation
dynamics of thenf(N*=2) (n = 40—-95) andnp(N*t=0) (n =
70—125) Rydberg series of N&%23and deserve further study
in the context of the exploration of the electronic quasicon-
tinuum.
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