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ammummmpsglﬁm. They are identified as the molecular
c D 20 -X N (v',0) transitions,blue shifted with respect
to_the gas phase by ~0.85 eV. Excitation of the molecule yields emission from
A 2p*(v=0) with i;zqe absorption-emission Stokes shifts, and from the valence
B 2[[(v=0) and a M (v=0) states. Intensity ratios between these states in Ar,Kr
and Xe matrices are given and discussed.

TINTRODUCTION
mstaumofmf_rappedinmegasmtrmesbyva:mughtsoumes
(refs 1-3) shows that emission stems essentially from the lowest two valence
states B A (v=0) and a I (v=0) ,with a weak contribution from the lowest
Rydbera A 27:+(w.-o) state.These results suggested that intramolecular relaxation
in matrix-isolated NO is a fast process. The observation of Rydberg fluorescen-
ce (ref. 3) stimilated the debate concerning the fate of Rydberg states in
condensad matter. In effect, Roncin et al. (refs 4,5) noted a disappearance of
dxeridxkydbergspectnmoftbbytnmh\gitinmregasmttiws. It was
arqtnﬂ&atﬁnmhmeractimofkydbergotbitalswiﬂ\mtrixam
mmwﬂswmlymntﬂeymmmﬂemummofue
mmmmmmmmﬂmm.ammmmumt
mmmmmmﬂmdam&mumofmmmwmu-
xation processes (ref.6). Few instances of folecular Rydberg absorption in
m&immwmmutmmmmmwmuy
limited to the first Rydberg excitation. Higher excitations have been reported
only MCzﬁ‘,C‘Bsmdm:‘I (ref.7) and they were interpreted within the frame-
wrkoftmmmmimmdelmidmmsmfulmeqﬂamngtmaw
tronic excitations in rare gas solids. Wannier excitons have no parentage with

feahxesofkydbergabso:pumamin\nrm,mmeswﬂpartwwmgive
results concerning intramolecular relaxation within the low lying states of
the molecule.

In Fig. 1 we present an excitation spectrum of the valence M bard a(0,7)
at 3941 & of 0.3 § NO/Ar. The spectrum consists of sharp bands previously
idmt.tfiedasmenzn-xznaxﬂB' 2A-lel (v',0) valence progressions
(refs 4 5).. They are superimposed on broad shaded bands (FWHM = 130 meV) which
can be grouped into three different vibrational progressions. It is generally
wcqatad&dmibeam&cuﬂmlecuhrkydbexgmmiﬂmsinm
matter in terms of Wannier excitons (ref.7). Wannier excitons are bound
electron-hole pairs described by the hydrogenic formula :

1
zrl.”:ci;‘fz
vhere EL is the impurity ionization potential in the solid and B an effective
Rydbugmtmtmichtakesaccountofﬁecrysmldielecuicmues.
Atte:pstointer;retthebmadtnrdsintmofﬂamietaerisfaﬂeﬂiorﬂe

following reasons :
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- No fit, even approximate, of the Wannier formula was possible.

- The intensity n > dependance, expected for a hydrogenic series, is not
observed for the broad bands (see Fig. 1).

- There are only three progressions and despite a careful search no higher

Q.s_ lying progressions or bands were observed.

v D~ 0
2 v Ci=XivD) o
1

3 2 v ATSXIv0 o
by 1
o Bh=X(v.0)

i AL ] | ] ] L}

Bn-X{v.0)
R ]

Aiouqy)

intensity [Arbitrary units]
1-
B
e

the free species excited states. Using synchrotron radiation at HASYLAB/DESY on the

SUPFRLIMI set-up (ref.B),we have observed Rydberg states of NO trapped in rare
gas matrices which bear direct parentage with the free molecule
states. In the first part of this contribution , we will discuss

to be published in "Photophysics and Photochemistry above 6 eV"
F. Labmani fed.), Elsevier Publishing Co., Amsterdam,

Fig. 1: Excitation spectrum of the M band a(0,7) at 3941 A of 0.3% NO in solid
m.ﬂekydbexgbmﬂsmaiumbydadedm.



The failure of the Wanmier model svoscste an irteveretabion in teomes of

mxlocular Rydhoro states. The eneryy spacing bsiwesu the fivsl four bands is

similar o that of the WO Rydoers states {(ref.9) wrd their intenzity distriku-
tion reproduses that given by Franck Condon factors (ref.10). We assigred them
w the lowest A 2Z+ Rydbexrg state, with a blue patrix shift of ~ 0.85 &v.

Using the gas phase splittings Afo)-C{o) and Afo)-D{o) between the lowest thrce
Rydbery states, the higher prxgressions were identified as the C 2H and

b %t x 2
of 0.85 eV for the NO Rydverg states in argon is of the same order of magnitude
as that of the atomic like n=1 exciton in pure and rare gas doped sclid argon
(ref.11). The cut~off in Rydb?rg absorption is rclated to the impurity ioniza-

T {v',0) Rydberg transitions in a staightforward manmer, The shift

tion potential in the solid Eé ¢ Qiven by (refs 7,11):

i_
EG—Ig+p++v0

where Iq is the gas phase ionization potential, P , the medium polarization
enerqy induced by the positive ion%c core and A is the free electron energy in
the solid. Our calculation gives Ej = 8.1 eV for NO in Ar with the v, and B,
values from ref.11. THe highest cbserved Rydberg state is D 2y {v=0) at
7.46 oV, the next higher state is E 2X*c>q)ected to lie at 8.4 eV. It appears
that the cut-off in Rydberg absorption is due to the large red shift of the
ionization limit (~1.2 &V) ard the blue shift of the Rydberg states.
Excitation of A(v=o) yields Rydberg fluorescence bards A-X(o,v"} with
FWEM = »80 meV and an absorption-anission Stokes shift for the Afo,0) band of
~ 0.6 ev (fig.2). These results are explained in terms of microcavity forma-
tion where, as a consequence of the repulsive overlap between the extended
Rydberc orbital and the matrix atoms, lattice relaxation takes place and a
smail cavity is formed. This idea of a "bubble", already put forward by
Goodman and Brus (ref.3) for N0, is supported by their lifetime measurements
which show Pvdberg fluorescence decay times close to the gas phase one, it is
also discussed for pure solid neon in another contribution to this volume
(ref.12). The formation of a "bubble" in equilibrium with its envirommen: takes
place by dissipation of phonons (ref.13) and this precess is expected to range
in the picosecond time scale. Similar features, both static and dynamic, have
also been observed for NO in Ne, Kr and Xe matrices. A detailed accomnt of our

results will be presented in a forthcaming publication.

INTRAMOLECULAR RELAXATION
The excitation spectrum in fig.l clearly shows participation of Rydberg
: ) 4
states in the a {v=0) valence umission. Similar spectra have been cbtained

the

o
for BB I - x 2{ {o,v")) mands of NO in Ar and i 3 and ¥ bands of NO ia

N et - L. 2ot o . i
¥r. BExcitation gpectra of the 3 “% (v-o} Rydberg emdssion in Ar and kr show
also the sawe oross features though with some differences cutlired below.
Un the other hand in Xe, no valonce emission whatsoever could be cbserved,

solely R{o,v") bands appearcd.
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Fig. 2: The Rydberg A-X{(0,0) transition line in absorption ard emission shown
on the same energy scale, The sharp peaks superimposed on the absorption band
are due to valence absorption (see fig. 1).

In fio.3, we present potential curves of the B and a states and of the A
state inabsorption {upper curve) and emission (lower curve) taking account of
the respective matrix shifts in Ar, Kr and Xe. In the following we will present
results essentially related to low energy excitation (h\)exc.s 6.5eV), excita-
tion at higher energy complicates the uv cuission spectrum by the appearance
of new bands of which only one system has so far been identificd as the
L’ 2@? ~X 2H (ref.l4). Our results can be sunmrized as follows:

- Non-radiative relaxation from Rydberg to valence states are observed in Ar

and Kr, and vice-versa only in Ar,

- The emission intensity ratios between the A, B and a states are “1:9:90

in Ar, 1:1:50 in Kr and 1:0:0 in Xe matrices. The B:a ratios are indepen-
dent of the excitation enaray.

- Relative yields of Rydbera A(v=o) fluorescence in Ar, Kr and Xe are in the

ratio of +1:1.5:0.5 .

The B:a intensity ratios are in fair agrcement with previous reports



{refs 1-3}. 1n arqgon, the B{o) level lies A700 c1n_"L above the a(7) level and it
has been argued {ref. 3) that this large encrgy gap hinders non radiative
dissipation of energy from B{o) to the a state. On the other band in krypton ,
B{o) lies ~7C b above the a(8) lovel. This small energy gap might be the
reason for the reduced B:a intensity ratio as compared to Ar.

12 i
Internuciear distance (A}

Fiq. 3: The potential curves of the Iowest three electronic state:.; of NO in Ar,
¥r and ¥e matrices. The upper curve of the A state is in absorption and the
lower one is in emission. For the a state in Xe matrices the gas phase curve
{broken line) has been used.

It appears that in Ar and Kr matrices, A(v=0) decays non radiatively to the
valence states simultaneous to “bubble” formation. The “bubble” formation
lowers the energy of the Rydberg state {fig.3) thus reducing its Franck-Condon
overlap wigh the valence states. Once the hubble formation is completed the
Franck-Condon cverlap is negligible and the remaining population decays radia-
tively to the around state. In Xe matrices, the same process seems to occur but
it is pogsible that cfficient non radiative B-a X relaxation quench valence
@'lﬁ'SSion‘. Tre: vielc of Alv=0) exission in Xe would have been expected to be
larger than in Ar and Kr as the rranck-Condon overlaps with valence states are
smaller (£ig.3!.It oould be that a ratrix induced coupling between the A erd
the B,a states increases the efiiciency of the Rydberg to valence non radiative

TooAKGhion in Xe matrioss
Tre hvdbero-wmlan e non rediative processes are oomplex, "bubble" formation

and 1oa radiative cvansitions are fast processes and it remains to b clarified

tez in the final populaticn balance, fur-

3

the Tatksc which predo

Fherr . teoae aebrcoos baek transfers are otcerved. Finally, the nor radiative

6

transition between Rydberg and valence states is strorgly coupled to the
lattice since the B-X, and probably the a-X,transitions are weakly coupled
{ref. 6) and the A-X transition is strong quadratically coupled to the
lattice (ref. 13) .

This work was supported by the Bundesministerium fiir Forschung und Technologie
(BMFT) and the Deutsche Forschungsgemeinschaft (OFG)
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