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ABSTRACT

This paper describes, how synchrotron radiation can be used as an excitation
source in time- and spectrally resolved fluorescence in connection with experi-
ments on the kinetics of electronically excited atoms or molecules., As
examples, the formation and the decay of various excimer systems are discussed.
In addition, a few aspects of intramolecular dynamics in diatomic molecules are
sketched.

INTRODUCT ION

Since many years, synchrotron radiation (SR) is used for excitation purposes
in molecular dynamics experiments. The unique properties of the source make
feasible nearly § -like vibrationally and in the case of small molecules even
rotationally resolved selective excitation in the vacuum ultraviolet (VUV)
spectral range. This is the basis for various kinds of experiments to exploit
in detail dynamical processes in molecular physics. Fragmentation, ionization,
dissociation, relaxation, intersystem crossing, and elementary chemical reac-
tions were already investigated. A comprehensive review on the early papers (up
to 1978) was given by Koch and Sonntag (ref.l).

Of special importance in probing dynamical processes is fluorescence spec-
troscopy. The pioneering efforts in time- and spectrally resolved fluorescence

under state selective excitation with SR were undertaken at ACO (ref.2), at

EXPERIMENTAL ASPECTS

Properties of the source

The properties of SR were already described in detail elsewhere (ref.7,8).

In short we can summarize:

4

(i) SR has. a continuous spectral distribution extending from the infrared
(IR) to the x-ray region.

(ii) SR (from a storage ring) has a unique time structure. It consists of

1ight pulses with a fwhm between | ns and .| ns. The repetition frequency
ranges between | MHz and 500 MHz.
(iii) SR is laserlike collimated (vertically).
(iv) SR has a well defined polarization.
The set-up SUPERLUMI

In this set-up, 50 mrad (horizontal) of SR are collected and spectrally dis-

persed by a 2m-normal incidence (NI) monochromator (ref.5). The flux obtained

with this optical layout is comparable to what is obtained with more recent

wiggler sources (ref.9).

TABLE |
Technical parameters of the experimental set-up SUPERLUMI.

SPEAR (ref.3), and at DESY (ref.4). In the meantime, a unique experime
station (SUPERLUMI) for such measurements was constructed in the Hamburger
chrotronstrahlungslabor HASYLAB at DESY (ref.5,6). Part of the results pre
ted in this paper, were obtained with this apparatus.

After a short description of the set-up and the experimental techni
used, the formation and the decay of excimer molecules like rare gas di
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(R,), rare gas halides, and rare gas hydrides are discussed. The last part
cover some aspects of Rydberg-valence interaction of excited states in diat

molecules,

sAop

to be published in "Photophysics and Photochemistry above 6 eV", ed. by
P. Rigny, Elsevier Science Publishers B.V., Amsterdam
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Excitation resolution interval working range flux/f-number

2m-N1 monochromator 1> .007 nm 30 - 330 nm 2x10'2 phot./sec*

Analysis

.5m asymmetric Pouey n

mousting §A> .5 om 50 - 300 nm £/2.8

.5m double monochro-

mator, mod. Czerny- SA> .03 nm 200 -1000 nm £/5

Turner-mounting

Detectors time resolution** quantum
efficiencyr**

windowless channel

plate, CsJ-sensitized 2 50'pe £ 100 = 10 %

solar blind type

with MgF, window > 5ns 120 - 300 nm 152

(Hamamat3u R1460)

Valvo XP2020Q >100 ps 160 - 550 nm 25 2

RCA C31034 2100 ps 200 - 930 nm 132

*  This number holds for 6
covered with Al + MgF, in the blaze maximum.

#% The lower limit of lifetiuu which can be measured is given here. In all
cases, an upper limit is 10 us.

%% Estimates for the maximum.

= | nm at a beamcurrent of 100 mA for a grating

The monochromatic light is focused inside the ultra-high vacuum (UHV) sample



chamber which can be equipped with a ggs cell, a He-cryostat ete, Fluorescence
is analysed at right angle te the exciting beam with two monachromators. One of
them covers the VLV spectral range and has an extremely large acceptance
(£/2.8) at a medium resolution (ref.6). The other one extends the wavelength
range to the near IR.

In connection with the rime structure of the storage ring DORIS (fwhm=130
ps; rep. rate > | MHz), time constants 1 between 50 ps and 10 ps can be
measured. Relevant numbers characterizing the set-up are given in Table 1.

Besides conventional absorption- and reflection spectroscopy, statiorary
tiuoreseence and flucrosconce excitation spectra (fluorescence intensity as a
function of excitarion wavelength, Aex) can be measured. For time-resolved
spectroscopy, the single-photon and timing method (delayed coincidences)
{ref.4,10) is used. With this method, with fixed )\ex and )\an (fluorescence
wavelength), risc- and docay curves can be measured. In time-resclived fluorss-
cence spectira ()\,Ex fixed), the fluorescence intensity is measured within a time
window &t (» .5 ns) at a fixed delay AT (0 < AT < 1 ps) as a function af )‘an'
In time-reaolved cxcitation spectra, the fluorescence intensity is registrated

within &t, however, as a function of Aex ().an being fixed).

FORMATION, DECAY AND POTENT1AL CURVES OF EXCIMERS
Introduction

In the last years, excimers attracted much interest because many of them are
used as laser molecules in UV and VUV gas lasers {ref.ll). Neglecting the small
thermodynamic concentration of dimers in, e.g., dense rare gases, excimers arc
generally formed in reactive collisions of electronically excited atoms or
malecules with ground state species. It was amply demonstrated, that SR can be
used as an excitation source to study the kinetics of such excimer systems.
After initial experiments on rare gas dimers, RZ (R: Xe, Kr, Ar) the investiga-
tions were extended to rare gas monohalides. Very recently, rare gas halides
were included because of the particular interest in these simplest rare gas

compounds .

Rare gas dimers

Kinetics. Schematic potential curves are given in Fig. 1. The Dg ground
state is repulsive apart from a shallow Van der Waals minimum at large internu-
clear distance. Correlating with 3p and 3 excited atoms, bound excited

! 2
+ - . N - .
states (0u and lu/ﬂu) exist. Details of the potential curves are given, e.g.,

in ref.i2 (Xez), cef. I3 (Krz), and ref.l4 (Arz). R, molecules are identified by
their characteristic bound-free fluorescence. At high pressure, the vibra-
tionally relaxed molecules emit the so-called "second continuum”, whereas at

low pressure, rhe decay of vibrationally excited molecules dominates ("first

- & -
n cont inuum") (ref.I5). In Fig. |, a typical

fluorescence spectrum af Xe2 is included

with the sccond continuum at -~ 170 nm and
IR .
qu ' the first continuum at ~ 148 nm (inlerme-
5 -R +
a 2 diate pressure). The emission of the 0, and
<)

]L‘ state spcctrally overlap. They can be

separated in time-tesolved experiments.

The complex kinetics even under primary
state sclective excitation could be disen-~

tangled making use of the tupability of

ENERGY

the SR source (ref.I6). Tig. 2 shows,

e.g., the temporal behaviour of the second

FLUORESCENCE INTENSITY
Xe:1470A , Kr:12364

continoum of Xez for different pressures
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and excitation wavelengths. Excitation

+
from the ground state to 0u and lu well

=
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------- '50 below the 3[’2 atomic level leads to a
| ] 1 [ |

3 4 5 6 7 simple temporal behaviour. The decay
INTERNUCLEAR DISTANCE (&)

u
(slow) emission. From the pressure depern-

curves display both the 0‘: (fast) and |

Fig. 2. curves and [luoc-
resconce g ot & rare gas dence, rhe radiative lifetimes of the
dimer.

states involved, average vibrational re-
. s co oot -
laxation rates, and the rate constants for collisional mixing of Ou and ]umu

were extracted for Kr, and Xe, (ref.16-18). As an example, in Fig. 3 the

2
pressure dependence of the Xe, Iu/Ou lifetime is shown (lowest part).

Excitation of Xe, or Kr, in the vicinity of 3P leads to collisional dis-
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Fig. 2. Decay curves of the second continuum of X92
for difforent ).ex and various pressures,



— 3 sociation intao 3!’2 atoms (refl.16) which then

act as reservoir from which the molecules are

;ﬂ < i formed predominantly by three-body colli-
k2 sions,
* * -
- R'Cr) e r v R0 - R (n
R SO RS TS < u
< The temporal behaviour of the second conti-
= o
&- - o nuum is of the cascade-type and displays the
50 2
. actual lifetime of the precursor (= k; ) in
40 o # g xek . 2 ) :
3 fig. 3 with its strong p -contribution) and
= 30) - )
3 the lifetime of the Iu/0u state. With further
20) .
8 increasing excitation energy, Che atomic 3P|
W0k — - - .
. state is populated. As a relaxation scheme,
a‘ _-':"-1 1 L i 1 1 1 i X . L
B— we now have to Lake into account (simplified)
: PR H 2 a)
P N S
' * : ® 3 IR R e by ROE3 2R
L v JTRCP ) TR0, high v o RPN
0 200 00 500 800 1000 I 277
PRESSURE {Torf] * - R _* - 3
H ' > 1 Z
Rz(Iu/OU, high v') R2(1u/0u’ low v') (2)
Fig. 3. Decay rates of the ue- In the decay curves the lifetimes of both re-
cond continuiim Of Xe, for vari- serviors and the lifetimes of the emitting
ous A 45 a functicn of gas
pressu?e. states show up. Numerical results are given
in Table 2.
TABLE 2
Comparison of the lifetimes of KIE and Xcg excimer states and of the two-body
rate constants of formation measured with SR excitation. Lifetimes are given in
. 6 -1
ns, rate constants in cm S
Radiative lifetimes reaction rate constant
* * -32
RKen(0T) 3.4 a) K (3P )42Kr ~ Kr,(0)+kr 3.2x10 a)
27y 1 2 7u " )
. 5.2 b,e) T
Kr, (1 /0 ) 264 a) %3 * - 5. 1% <)
Y s o) Key (R )e2Ke + Kry (1 /0] )4k 1.78x " b)
v 1.97%x " )
2.2x " d)}
* x 3
sen(0' high v') 2.5 b) xe (3P )+2%e » Xe,(0')+Xe Sx " b,h)
AT i 2w 3 " £)
* 4 1.6 e) 5.3 °
%ey(@, low v') 4.6 £) 3.4x &
* _ 6.9 g % 3 " _ .
Xe, (1 /0 ) 10] b,h) Xe (P, )+2Xe ~+ Xe, (I /O ))+Xe 7.5x% b,h)
2 vy ? 2 2 u'u
99 )
112 gl
105 e)
45-60 i)

alref.18 blref.19 c)rel.20 d)ref.15 elref.2l  flref.22 giref. 17
hlref.16 i)ref.23

- 6 -
. —iob
b J 5
I i
Z| o ] e
M ]
= hoeet / '
g _h
:; ol M.M“ o2
- Mﬁffﬁwvﬁhwvw {_ﬁ
P555;4 Hi!
i ) ! 1 i ; L i
Time

3786%

%
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The decay curves of Fig., 2 were measured with a solar blind type detector (BX
762). The tremendous propress realized with channel plate dctectors is
demonstrated in Fig. 4. It shows a decay curve of Kr; excited with EX = 124 ,8
nm {ref.24). This is an excitation near to the crossing of the O: and the ]g/D;
state (Fig. 1). The wavelength of analysis was 147 nm (center of the second
continuum). At this wavelength, not only the emission of vibrationally relaxed,
but alse of vibrationally excited molecules is observed. The tiny spike {in-
sert} stems from the initially excited molecules which collisionally dissociate
into 3[’ atoms or relax vibrationally. Those molecules which relax within the
0% statc, emit the second fast peak (insert} with a risetime (= vibrational re-
laxation) and a decay {= lifetime of the O: state). The slow contribution stems
from those molecules which were formed in the Iu state via the atomic 3P2 re-
servoir.

Determination of potential curves. The potential curves of the excited

states (0:, 1u/0;) are only known at large internuclear distances (from absorp-
tion measurements) and around their minima (from high pressure fluorescence)
(see, e.g., ref.l2-14). At small internuclear distances, experimental determi-
nations are scarce. In principle, the potential curves can be extracted from
the bound-free fluorescence spectra of molecules excited selectively at high v’
(Fig, 5), However, in order to have a considerable concentration of R2 ground
state molecules which then can be excited selectively, a high particle density
is required which then destroys the initial vibrational pepulation by colli-
sions. Dutuit et al. (ref.25) overcame this problem for the first time by
measuring the fluorescence within a time window &t {(Fig. 5) immediately
following pulsed excitation with SR at ACO. In the case of Xez, they measured
the long wavelength onset of fluorescence (which stems from the "inner turning

. + .
point™) and extracted the Ou potential curve.
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With the new set-up SUPERLUMI it was possible to resolve the oscillatory
structure of the bound-frce fluorescence spectra cmitted at short internuclear
distances for XEZ’ Kr2, and Arz. The long wavelength onset is correlated to Aex
in the expected way (smaller Aex leads to a red shift of the onset). As an
example, in Fig. b Kr, results are shown (ref.24,26). The oscillations and the
onset are visible only in a considerably magnified scale (insert). In connec-
tion with recent high resolution laser excitation studies (ref.27) the ex-
traction of reliable patential curves of the ground state and of the excited

state should be possible in the near future.

Rare gas monohalides

Scme remarks on the kinetics of formation. The efficiency of SR as a

tunable and pulsed excitation source was demonstrated recently in a study of
the formation and the decay of rare gas monchalides in R/Cl2 mixtures (R: Xe,
Kr, Ar). Using SR at ACO, it was shown that the monohalides are not only formed

in reactions of the typ

* %
R+ 0L, > (RC1) +cCl (3)
but also following primary electronic excitation of Cl2 itself:
% %
R+ Cl, + (RCL) +cl (4)

2
This follows from, e.g., the excitation spectra of the monohalide B * X

emission (XeCl: 308 nm, KrCl: 222 nom, ArCl: 175 nm) in R/Cl2 mixtures

-8 -

(ref.28,29). The experiments were continued at HASYLAB (recf.30,31).

As an example, Ar/Cl_ is discussed. In this system, twe competing fluores-

2

cence channels, the Cl2 23Eg emission at 258 nm and the ArCl B » X emission

itself are observed. Fig. 7 shows the excitation spectra of both bands

(ref.30). In the transparency range of Ar (Aex > 107 nm)} they exhibit rich struc

T tures, some of them being assigned to the
U 2y .HHI
5 Oy

1 2%, the 2's and the 2'T scate of €1
= |1ig u u u 2
|| ‘ u (ref.32), It is ohvious that ArCl can
| AcTede 9 v
ii“l . only be formed under primary excitation
N 2’r, ) ) .
Mitorcy s 275tom ar PR with A < 130 nm (this threshold is as-

cribed to the energetic threshold of the

i N

5 reaction and leads to formation of ArCl
‘ 3= 10%cps,

in the minimum of the B-state (ref.30).

g The formation of rare gas monchalides

T i w with SR excitation was also studied at

g kﬂﬁw 1 V \ M SPEAR, especially XeF which was obrained

I
g ) JV‘ from phatodissociation of XeF, in the gas
o .
2 [ ST phase (ref.33) and in rare gas matrices
ACl B-X

780m (ref.34). )(e/Cl2 mixtures were extensive-

A L}10%m- ly studied by Tang ct al. (ref.35). The

0 ‘ kL¢ o ] fluorescence spectra werc analyzed only
100 ne 120 130 160 . . . . :

excitalion wovelength (nm) with a combination of optical filters.

arasr

”ég. 7. &xcctation spect
2“”0 arid ArCl 5 > X emis
dopéd Ar.,

SN 3
a of --Lz
ion in Ci

Decay of rare gas monohalides and B/C mixing. The decay of the B =+ X

emission of rare gas monohalides is of great interest for laser application,
Therefore, the decay was studied in a wide range of rare gas pressure (~ 2 rorr
ta ~ 1000 torr) following selective excitation of the Cl, precursor in R/Clz
mixtures. Details, including numerical values for the rate constants of various
processes 1involved, are pgiven in another contribution in this volume (ref.36).
Only one example is presented here which underlines once more the efficiency of
the excitation source.

As already mentioned, ArCl can be produced at the bottom of the B-state, if
C12 is excited in the ZIE: v' = 0 state (however, 2123 is not the electrenir
state involved in the elementary reaction, see below). Then, the decay rate of

B ~ X emission is described by (Fig. 8}

2

K= Ar

1
Tt kl(tlz) * k](Ar) Par * k2(Ar) P (s)

P
B Cl2
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B/C mixing can be neglected. Reliable two- and three-body rate constants and

the radiarive lifetime of the B state (v' = 0) were extracted (vef.30,36).

Tuning the primary excitation to v’
> 1 of the ZIZ: state of C12 dramati-
cally changes the situation. In the
clementary reaction, both B- and
C-state molecules are created. B/C
mixing by collisions takes place. Then
the B » X emission contains two rates.
The slower one approaches the parabolic
behaviour only at high Py At lower
Par it yields a deflection and then
goes down to an intercept which corres-

Decay Rate (108sec™)

Ch 2'L,v'=D + 12800m ponds to the lifetime of the C state at
1 x 1265nm
2 0 1250nm
Ja
.

\230m Py, = O (Fig. 8). The deflection is

TBOPm typical for the slower decaying state

) (here the C state) being above the

L. 1
0 Argé%opressurez(otgrr} L faster one (ref.36). Whereas in the

case of XeCl and Kr{l the B + X decay
Plg, &, Dscau i
emrssion &as  a
pressure for various
wavelongths,

S ey - ? | B X .
‘i"i of Arcl 8 o> X is correctly described in the whole

£
unction of Ar
s axcitation pressure range by a two-level model for
B/C mixing, this is not the case for
ArCl. Here the B/C energy separation is much larger rthan the vibrational quan-—
tum (AE(B-C) = 5 x ’l'wo) (ref.30,36). The mixing is better described in a

"two~ladder" model of the vibrational levels of the B and the C state {ref.37).

Rare gas hydrides

This class of excimers attracted much interest from point of view of theory
(ref.38). A safe experimental proof of the existence was up to now not achieved
except for ArH (ref.39). The reason is obvious from the insert of Fig. 9. Tt
shows calculated potential curves of the ground state and the lowest excited
states {HeH, ref.40). The potential curves are very close one to each other at
short internuclear distances. If the hydrides are formed in high vibrational
levels of the excited states, many of them obviously predissociate into the
ground state and the characteristic fluorescence is quenched.

The tunability of the SR excitationm source comes into play here again. For
the first time, Mdller proved, that hydrides are formed in collisions of the

type

R + H:, » (RH)* + A (6)

if H2 is excited into it's C state (ref.41). The hydrides are monitored by

w T T T their radiative decay in the

visible and near UV (10 nm -

+
500 nm; BZII - Xz}: transition;
] ref.41). Fig. 9 shows excitation
i Torr H2 » 10 Yorr A
spectra of HeH, NeH, and ArH

) LN bk
<. . .
& | ~| emissicn. In all cases, a thres-
3 1 Torr by + 10 Torr Ne /1/ hold of formation is cobserved
8 i m ; .
% — = A _?p» | with a systematic trend. The
3 g V . .
Z ' eH threshol f f -
T orrHy + Wiore He By 2 old of formation is as
Mo — cribed to the energetical thres-
STorr H SRS | hold of the elementary reaction,
WM | L2 1 I . Y
90 X0 , 10 which was deduced from the cal-
Wavelength [mi 27886
culated minima of the excited
Fly. 9. Ixcitation spectrz of rare gas liy- states of the hydrides and the
dride fluorescence in H_ doped BHe, Ne, Ar, ..
The <ctructures 410 rof—?t‘r_‘;n.i.’ig resolved binding energy of HZ (ref.al)
bandz of the H7C‘[I_ state (v' - 0: 100,589 For comparison, in Fig. 9 an
am, v'o— I: 92,53 nml vl o= 2: 96,53 nm, v' - citati N £ lieh
4: 92.95 nm, etc.!. Detaiis soc text. excitation  spectrum of  light

eventually emitrted by pure H2
into the same spectral range as covered by hydride emission is included. Within
the sensitivity of the sct-up, no 'r{z emission is observed (the lines at 95.8 nm
and 98.6 nm stem from traces of N2)'

The experiment of MSller is pioneering also from another point of view. The
pas cell used was equipped with an In window* because the excitation wave-
lengths used were below the LiF cut-off. Pressures up to 50 torr were used.
This clearly demonstrates that - due to the high sensitivity of SUPERLUMI - the

excitation wavelength in time- and spectrally resolved fluorescence experiments

on dense gases is no longer limited to ;’ex > 104 am (LiF cut-off).

RYDBERG-VALENCE INTERACTION IN DIATOMIC MOLECULES
Introduction

Tn the preceding part, somc aspects of intermolecular dynamiecs were dis-
cussed. We now go on with a specific aspect of intramolecular dynamics. In many
molecules, avoided crossing phenomena between diabatic states of the same
symmetry lead to splittings and adiabatic double-well potential curves as is
shown in Fig. 10 for Cl,. By far not all potential curves are given. The re-
ferences for the curves are given in ref.32. The cases discussed here, are

avoided crossings of Rydberg- and valence-type states.

%
The high quality In windews were produced by Mr. H., ZEIGER in the preparation
laboratory of HASYLAB.

-
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The purpose of this chapter is to show, how a combination of absorption and
fluurescence spectroscopy with SR excitation can help to deduce double-well
potential curves and information about the diabatic crossing of the gap between

both adiabatic states involved.

4]

In spite of many efforts, even in high resolution spectroscopy experiments
{ref.42), an unambiguous assignment of the various progressions in the VUV was
not possible, because Rydberg-valence interaction effects lead to very irregu-
lar vibrational sequences. Using SR excitation and combining absorption and
fluorescence spectroscopy, the regular ZIIIU, the 0:[ and lu components of 23ﬂu.

I+ 1o+ . . .
the double-well | Eu and the 2 Zu stale, which stem from an avoided crossing,

were analysed in detail (ref.32). The inner-well region of the | Z: potential
curve is shown in an enlarged scale (ref.32} in Fig. Il (rogether with ZIHU;
the dotted curve was calculated (ref.43)). Please, note the irregular spacing
of the vibrational levels of ]]E:.

The adiabatic wavefunctions v' = 37 and 38 are of particular interest. Under

selective excitation, due to the large amplitude in the inmer-well region,

1 . .
pronounced bound-bound | E\: + X ]L; fluorescence is observed from the v' = 37
level, which is nearly absent, if v' = 38 is excited (Fig. 12, ref.32). The

long wavclength parts of the spectra in Fig. 12 stem from the outer well and
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-
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fluorescence energy (cm-1)
Fig, 12. ¢luorescence of 612 {o%low:’ng primary excitation of v' = 37 {upper
curve) and v' = 35 of the 1 )'.u state. Dashed curve: transmission characte-

ristics of the set-up.

contain hoth a I'IE; + X ]E; bound-bound and a bound-free vontribution with its
pronounced maximum at ~ 200 nm corresponding to the transition at the max imum
of the difference potential (ref.44).

Fluorescence experiments of this kind were important to assign certain
features in absorption which did not fit into a regular progression. Another

puzzle was solved in this way. Whereas most of rhe bands of | Z: are red-shaded

PR (am e (outer-well region), especially v' = 37 is
blue shaded (ref.32), a fact which preven-

1 '|—_1_T_T- ) X
= 21, ted an assignment to the same electronic

- state before (ref.32,42).

i 41?:; The key for the deduction of the }lz+
—Tmmr— (- u

i A state was the fluorescence excitation spec-

| 2|'l“|—l—1 T

trum. In Fig. 13 (ref.44,45), the excita-

tion spectrum of the integrated fluores-
. . . +
cence (which contains practically only IIEU

emission) is compared with the absorption

cross section. The most dominant absorption

= R features (I]Hu, 23.'IO+ | ) do not show up in

>
. . u
the excitation specErum. Tt was concluded

wirkungsquerschnitt
.
\
i
I
|

that the excitation spectrum is a measure

of the cross section of II}I; (ref.32).

712000 72000 7%000 78000 52)000 The 21'5+ state leads to ]IE* emission

Energie {cm" u u
Fig. 13. Absorption cross secticn
fupper curve) and fluorescence  amplitudes of the absorption cross-sectians
excitatiorn spectrum of C12

fref.q44,45,.

(excitation above 78000 cm_l). However, the

and the excitation spectrum are different

(Fig. 13). The fluorescence yield is
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plotted as a function of v' of ZIZ; in Fig. 14 {upper right part). Mdller et
al. (ref.44,45) tentatively vorrelated the behaviour of the fluorescence yield
to the Landau-Zener probabilities of diabatic crossing of the gap between 2!X:
and IIL': (Fig. 10). Whether this interpretation is valid with respect to a com-
plete analysis of the perturbation is an interesting question for theory.

The latter result is interesting from another point of view. Imn Fig. 14,
below the f{luorescence yield In pure C12, the yield of the Cl; (23;'|g) emission
and the yield of ArCI* (B > X) emission in ClZ doped Ar is given {(ref.30). The
composition of the mixtures (2) and (3) is given in the left part. The yield of
ArCl* (B + X) emission is ~ proportional to the yield of IIE: emission in pure
Clz. From this result it was concluded, that - even under primary excitation of
ZIZS - the precursor in the reaction C1§‘+ Ar » ArCl* + Cl is the IIZ: state
(ref.30),

HCL

The ingert of Fig. 15 shows selected calculated potential curves of this
molecule (ref.46). It is obvious that similar effects must occur than in C12.
From the first absorption and fluorescence measurements which were performed
with SR excitation, it turns out that the situation may even be more complica-
ted (ref.47). Because the work under discussion is still in progress, only ome
result is presented here, which is also interesting from an experimental poiat
of view.

The fluorescence of the 2]X+ state can be clearly separated in an inner-well

. . It
and an outer-well part. The inner-well part contains a long wavelength 2 7

—_l -
3 4 Rlbohr,;

et
120
wb \’AJ \
1 d ' It B L
115 120 Anm) 125

35

Tes N
cpectra of 2'L emission of B OC
ding to the right arrcw, lower cu

i (ref.47). Upger curve:
rve: - left arrow in the

cocaloulated pofential curves of HC1 (ref_46).

> III', contribution, whereas the outer-well part decays only into the ground
state at shorter wavelengths. Fig. 15 shows excitation spectra of the two decay
channels indicated by arrows in the insert. The rotational substructure of the
different vibraticnal transitions is clearly observed {isotope-clean HBSCI was
used). Both spectra are drastically different. From this result we expect that
the interaction of the diabatic states can be studied rotationally resolved.
This will be of particular importance, if lifetimes are studied under rotatio-

nal selective excitation.
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