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Abstract

The vacuum ultraviolet fluorescence of Kr and Xe and its dependence

on gas pressure (10 Torr to 500 Torr) was studied under monochromatic
excitation in the vicinity of the first (JP') and second (‘Pl) resonance
states. For excitation purposes, synchrotron radiation from an electron
storage ring was used. The exciting light and the fluorescence light were

monochromatized at the same time by different monochromators.

Excitatation in the long wavelength tail of the 3Pl states directly results
in excited molecules (e.g. 2Kr + M*Kr;). The radiative decay of these

molecules results in the first (Kr: 1250 &, Xe: 1500 &) and second (Kr:
1470 X. Xe: 1700 R) continua. Under resonant ]PI excitation, molecule for-
mation via three body collisions (e.g. Kr.¢2l(r*|(r; + Kr) is established.
Kinetic model calculations indicate a population of 0:' and l"):; mole-
cular states by three body collisions. The characteristic quantities, 1+K
(lifetime x rate constant) are deduced for different collision processes.
Excitation of ll’l states results in lPl emission and the continua. The

ll’l emission contains molecular components. In Xe, it is strongly quenched
by collisional interaction between the 'Pl state and a near lying atomic

p state. This is established by fluorescence excitation spectroscopy.




1. Introduction

The interest in the vacuum ultraviolet (VUV) fluorescence of gaseous rare gases
has grown rapidly since it was demonstrated that these materials are well suited
for the development of tunable, high power VUV lasers (Kdhler et al 1972, Rhades
1974, Bradley 1975, Wallace and Kenney-Wallace 1975). Depending on the pressurc
of the rare gas, the fluorescence spectra consist of either (collision broadened)
atomic resonance lines or molecular emission bands. The molecular emission hands

are the candidates for laser application.

In an intermediate pressurc range (approximately 10 Torr to 500 Torr) different
fluorescence bands can be observed simultaneously (Leichner and Ericson 1974,

Leichner et al 1976):

{i) The radiative decay of the ns(3/2)l and ns'(l/Z)I states (n=5 [or Kr and
n=6 for Xe).

(ii) The radiative decay of vibrationally excited (first continuum) and vi-
brationally relaxed (second continuum) homonuclear molecules, R; into the

repulsive ground state.

Additionally an emission band connected with the 5d(3/2)1 state of Xe was cbserved
(Brodmann et al 1976). The emission connected with the ns'(]/Z)I states of Xe

seems to have also a molecular contribution (Brodmann et al. 1976).

In nearly all investigations of rare gas fluorescence, "broad band" excitation

has been used like high energy electrons {Leichner and Ericson 1974, Leichner

et al 1976), protons (Stewart et al 1970) or discharges (Tanaka and Zelikoff
1954, Tanaka 1955, Huffmann et al 1965, Wilkinson 1967). In these experiments

the collision kineticsleading to excimer formation and relaxation are severely
influenced by free electrons and atomic or molecular ions. Time resolved spec-
troscopy has been used for the investigation of the complicated kinetics {(Leichner

and Ericson 1974, Leichner et al 1976), The different processes that fumnel highly

excited atoms or molecules into the lower radiating states are not understoed

in detail.

The kinetics in the neutral systems (electrons and ions being absent) may be

very important for a better understanding of the relaxation processes. The neutral
systems can be investigated under optical cxcitation of well defined states
using a tunable light source in the VUV region. In a recent paper (Brodmann et

al 1976) it was demonstrated for the first time that synchrotron radiation of

an eloctron storage ring is well suited for such experiments. Due to the lack

of suitable conventional light sources, up Lo now, opLical excitation of rare

gas fluorescence was used only for Xe in a small number of experiments (Siek 1968,
Freeman et al 197!, Atzmon et al 1974, Fink and Comes [975). It should be men-
tioned that a breakthrough has also been achieved using monochromatized synchro-
tron radiation for excitation purposes in the field of photoluminescence of rare
gas solids (see, e.g., Brodmann et al 1974, Ackermann et al 1976).

In this paper we want to report on photoexcited fluorescence of Kr and Xe in an
extended pressure range (10 Torr to 500 Torr). The states excited selectively with
monochromatic light are the first resonance lines, ns(3/2)|(3P‘), the second
resonance lines, ns'(]/2)](lPl), (n=5 for Xr, n=b for Xe) and molecular states
associated with them.Though we use the notation of atomic states we want to

point out that already at 10 Torr the influence of rare gas dimers on absorption
cannot be neglected (Castex 1974, Freeman et al 1974, Castex and Damany 1974).
The pressure dependence of the intensity of the different fluorescence bands
enables us to disentangle the processes involved in the collision kinetics and
relaxation, provided an appropriate excited state is picked up by monochromatic

excitation.

2. Experiment

The experiments were carried out in the new synchrotron radiation laboratory at
the electron storage ring DORIS of the Deutsches Elektronen-Synchrotron DESY in

Hamburg.The laboratory has been described recently (Koch et al 1976).The synchro-



tron radiation with its intense and continuous spectral distribution was dis-
persed by a near normal incidence monochromator. The monochromatic Light was
focused into a LiF gas cell containing either high purity Kr (99.9997 %) or
high purity Xe (93.997 Z) with a pressure between 10 Torr and 500 Torr. The
special design of the gas cell described by Brodmann et al (1976) enabled us

to measure simultaneously transmission and [luorescence. The length of the gas
cell was 1 em. The wavelength range ol exciting light was limited by the Lrans-
mission of the LiF gas cell to > > 1040 %. The band pass of exciting lighL was
~3 &, At very low pressures, this band pass is much Targer than the width of

the absorption bands. At higher pressures (p » (0 Torr) the widths of the ab-
sorption bands of Kr and Xe are comparable or even larger than the band pass

of the exciting light.

The fluorescence light was analyzed with a Seva Namioka VUV monochromator
atLached to the sample chamber. The fluorescing parr of the gas cell served as
entrance slit of the second monochromator thus giving rise to an upper limit of
the resolution of the second monochromator (10 to 303). This resoluLion was
sufficient to clearly separate the melecular fluorescence bands. All fluerescence
spectra are corrected for the characteristics of the photomultiplier (EMR 541G).
They are not corrected for the transmission ol the analyzing monochromatcr
because the transmission curve has only a smooth and weak wavelength dependence
in the range of interest.

All measurements were catrried out al room temperature. More experimental details
are given by Brodmanu et al (1975).

3. Excitation in Lhe vicinity of the first resousnce line

3.1 Fluorcscence spectra for different pressures and dilferent excitation

wavelengths

In Figs. | - 4 the [luorescence spectta of gaseous Kr and Xe are displayed for
different pressures and excitation wavelengths. fn Fig. 1 (Kr) resonant excl-

- \l N
tation of the pressure broadened Kr 5s(3/2)|(3PR state was chosen (1236 & =

10.02 eV). The insert of Fig. ) shows a transmission curve of Kr in the neipghbour-

-6 -

hood of the first resonance line at a pressure of 100 Torr. It demonslrates that
the resonance line is considerably broadened at higher pressures. The excitation
wavelength is indicated in the insert by an arrow. Fig. 2 (Xe) displays the ana-
logous result of Xe (resonant excitation of the Xe 65{3/2)](3P9 state, excitation

wavelength 1470 Rz 8.44 eV).

Both the Ar and Xe curves show the lst continua (centered around 1240 - 1250 b4

(Kr) and 147G - 1500 2 (X¢)) and the Znd continua (centerced around 1470 by (Kr)

and 1700 % (Xe)). The peak poasition at 1720 by given by Brodmann et al  (1976) for
the 2nd continuum of Xe was due to the lower resolution G~SDR) obtainable at that
time. The curves in Figs.l-4 are normalized to the maxima of the ist continua

[or the following reason: at low pressures (p ., 80 Torr) toLal absorption is not
reached for the whole band width of exciting light. Therelore 1t is difficult to
normalize the curves to the ahsorbed intensily of exciting light, Normalizatian

Lo the absorbed intensity is not necessary if anly relative intensitics of different

[luorescence bands are discussed.

The curves of Figs. 1 and 2 demonstrate a dramatic enhancement of the 2nd continua
relative to the 1st continua with increasing pressure. The absolute intensities

of the Ist continua decrease. They are no longer detectable at pressures ;1000 Torr
{not shown here). In the pressure range covered by our experiments we are hardly
able to discriminate between the resonant emission of the atomic 3PI state of Kr

or Xe atoms (Leichner and Ericson 1974, Leichner et al 1976) aund the emission

of vibrationally cxcited dimers of Kr or Xe (lst continua) due to the resolution

of 10 - 30 & of the analyzing monochromator,

Figs. 3 and 4 show the fluorescence curves of Kr and Xe at different pressures,
excited in the long wavelength tails of the Kr 55(3/2)P (3P|) and Xe 65(3/2)|(3Pl)

absorption bands. As cxcitation wavelengths, 1250 A (= 9.94 ev) for Kr and



1490 & (= 8,33 eV) for Xe were chosen as a compromise between two requirements:

(i) The excitation wavelength should be far away from rescnant excitation

(at least more than kT).

{il)} The absorption should be large enough to lead to detectable fluorescence.

Similar to Figs. | and 2, both continua show up under off-resonant cxcitation.
The relative change of the spectra is much less pronounced than for resenant
excitation, The spectral positions of the lst continua are shifted to longer
wavelenghts by about 10 R (Kr) and 20 b (Xe), because the excitalion wavelength

has been shifted, too.

3.2 Pressure dependence of the fluorescence bands

As can be seen from Figs. | - 4, the role of Lhe sclected excitation wavelength
strongly manifests itself in the pressure dependence of the different bands.
We discuss the pressure dependence of the relative intensitics of the different

fluorescence bands for the same reasons as mentioned in section 3.1.

In Fig. 5, the intensity ratios of the 2nd continuum and the lst continuum (in-
cluding the non resolved resonant emission) of the Kr fluorescence are plotted
as a function of pressure, The intensities of the different bands were obtained
by a deconvolutien of the measured curves and by integration over the individual
contributions. The ratios are given both for resonant excitation ol the Kr 3P|
state (1236 & 2 10.02 eV) and off-resonant excitation (1250 & = 9.94 eV). The

corresponding plots for Xe are shown in Fig. 6.

A completely different pressure dependence of the ratios of fluorescence inten—
sities for resonant and off-resonant excitatiom in the vicinity of the 3P] states
of Kr and Xe is found. Excitation of Kr and Xe in the long wavelength tail of

the first resonance line results in an approximately linear increase of the
ratio. Resonant excitation results in a complicated pressure dependence. A linear
pressure dependence is only reached at rather high pressures. The slope of the

linear part of the curve is different from the slope of the "off-resonant"

curves.

3.3 Discussion of the results under excitation in the vicinity of the first
resonance line
3.3.1 Fluorescence mechanism

It is generally accepted that the 1st and 2nd continua of Kr and Xe arc due to

the radiative decay of the diatomic molecules Kr; and Xe;. Apart lrom a shallow
van der Waals minimum, the ground statecs of these molecules are repulsive. The
lowest excited states are bound states. The molecules in the lowest excited states
ar built up from ns(}/Z)l’Z(BPl’z)and ]So atoms. Potential curves of Xe; have
been published by Mulliken (1970, 1974). Fn Fig. 7, potential curves of the Xe,
molecule are shown. The ground state curve is taken from scattering experiments

of Farrar et al (1973). The potential curves of the excited states conuected

with atomic 63(3/2)]’2 states are taken from Mulliken (1974). The tepulsive po-
tential curves of this group which are dipole forbidden have not been drawn. The
solid curve connected with the 65'(1/2)‘ atomic state stems from Castex and

Damany (1974). The broken potential curves shall indicate that repulsive as well

as attractive molecular states connected with higher atomic states exist. Follow-
ing Mulliken (1970, 1974), the molecular states are classified with Hund's coupling
case (c) for large internuclear distances and case (a) for small internuclear

distances. Tn this notations the Ist continuum is due to the radiative decay of

. . . + +
the vibrationally excited lu and Ou states to the ground state Og' The 2nd con-



- g -

| ,3"\-*

4 States which decay inte the

tinuum stems from the vibrationally relaxed

e 3 » . . -
ik ground state. The different contributions to the 2nd continuum of Xe could
&

be identified by life time measurements (Keto et al. 1974). A short componeat

. Io+ 3c+ .
(5.5 ns) was ascribed to iu and a long component (96 ns) to Eu' Recent time

resolved investigations of the fluorescence of gaseous Xe under vptical excita-

tion, however, yield radiative lifetimes of the 3?: state of w50 s (Haaks 1976).

. * * . ) ) ) ) .
The formation ol Kr2 and Xe, molecules under aptical excitation 1s discussed in

2

connection with the pressure dependence of the fluorcscence intensilics.

3.3.2 Pressure dependence under off-resonant excitation

We want to present a simple kinetic model which enables us to explain quantita-
tively the measured pressure dependence of the ratio of the fluorescence inten-
sities under off-resonant excitation. The model is schematically illustrated

in Fig. 8a.

. . . - * .
The starting point is the formation of the rare gas molecule, R,, by the absorp-

21

tion process itsclf.

" * 4
R2<Og) + huw > R2(Ou) (1)

prgp——

I/T0

The molecular type of absorption in the long wavelength tail of the first re-
sonance lines ol rare gases has been proved by measuring the pressure dependence
of the abhsorption, ln(lO/I) which is preoportional to the squarce of gas pressure
(Brodmann 1976). This is in agreement with results of Freeman ct al  (1974) and
Castex and Damany (1974). The R:(D:) state is a vibrationally excited state.

TL either decays radiatively with a life timo'io (Ist continuum) or undergoes

vibrational relaxation via two body collisions.

*

Ry

K
+ 1 2 * |t 3T+ 1
@) + ROS ) == RyCE L TR+ RUS)) (2}

: . lo+ ot C .
The rate constant for this process is K The ;u, jiu states decay radiatively

2°
. . Ic#+ . . s s .
into the repulsive ;g ground state (2nd continuum) with the radiative life-

3 . . . .
§ ). Here these lifetimes are composed to one single time,

times T(ISU) and 1( -

1/
Fy3¢+ u Io+
L) T Ry( T+t (3

*
RZ(
Under steady state conditions we obtain from Eqs, (1) to (3) the following

result:

1.(2)

—'-'.'I 1 oK .
L e (RESY) = 1Ry )

If(2> means the intensity of the second continuum, IF(I) means the iutensity
ol Lhe 1st continuum. (R(lsn)} is the concentration ol ground state atoms which
is proportional to the pressure, p. The rules of chemical reaction kinetics
have been used. The terr.  which describes the absorpLion, is canceled by

calculating the ratio of the intensities.

The linear dependence of the ratio of fluorescence intensitics on pressure
under olf-resonant cxcitation is well established by the experimental results
shown in Figs. 5 and 6. From the slope of the straight lines in Fige. 5 and 6,

values for EO'K“ can be deduced. We obtain o K, = 6 « I(),I9 (-m'k for Kr and
“

o
o gam19 3 . ) )
5.2 « 10 cm™ Lor Xe. These values are in good agreement with an cstimate

of Fink and Comes (1975), Ky =4 ‘IO-kg cm3 for vibrational relaxation of

¥ . . .
Xe, via two body collisions with Kr atoms.

For the determination of K, itsclf, the radiative lifetime 0 of the 0 stiate
2 u

must be known. For an cstimate of Kz, we adopt tne radiative lifetime of the

v+ +
!, state for Lbe Ou state because these states merge one into each other as

a function of internuclear distance. KeLo et al. (1974) have measured 5.5 ns for

=10

Xe. The Kr value is unknown. With 0 6 ns we obrain K, = 10 cm3/scc for Kr



cmjlsec for Xe. K2 =2 ><10_“

11

and K, = 8,7 %10 em®/sec given by Fink and

2
Comes (1975) is based on an assumption of o T 20 ns, Our numerical results

are listed in Table 1.

3.3.3 Pressurc dependence under resonant excitation

We use the model of Fig. 8b for the interpretation of the pressure dependence
of the fluorescence intensities under resonant excitation of the 3P1 states.

The absorption and the radiative decay of the 3P| states is described by

0
A *
(s v re 2R (5)

1 .

Iy
Sp is the atomic absorption cross section and Ty the radiative lifetime of the
3 . . . . P . . .
Pl states. 1 1Is not identical with the radiative lifetime of an isolated

A

* .3 . . - ) .
R ( Pl) but increases drastically due to radiation sell trapping at higher pres-
sures (Holstein 1951). It has been proved that the pressure dependence of
ln(Io/I} is linear under resonant excitation in contrast to the case of off-

resonant excitation (Brodmann 1976).

Alternatively to the radiative decay of the R’(SPI) atoms, molecules are formed

by three body collisions:

K
i
R+ 2rd's) 2 Rl + rels ) (©)

The rate constant for this process is K3. The three body collisions result in

. . . +
vibrationally excited Ou molecules.

. : + . . .
According to Fig. 7, the Ou state 1s not the only candidate which can be reached

states which

by three body collisions., We have to include the formation of l’3£+

- 3 . . . .
originate from the P] o atomic states. The inclusion of these states into the
y

kinetic has been proposed by Fournier (1975)
X
+ 1

R'Ce) + m('s) 3 R:(]'3§;) + r('s ) )

+ P .
The 1’3} states cannot decay radiatively into the ground state !

. . 1,3+ P A
forbidden). lt is assumed that the ° A? states decay via infrared radiation

1,3¢4 . : .
,jiu states and thus directly feed into the 2nd continuum. Under

5% (parit

! parity

"8

into the
- - . |,3y* .

steady state condition therefore the concentration of Ly states is added

- 1,3¢+
to the concentratioa of ']Eu states.

The radiative decay and the vibrational relaxation of the 0; state ard de-
scribed by Eq. (1) and Eq. {2). The radiative decay of the vibrationally

o+ + . . .
relaxed ];u, BEU states is given by Eg. {(3).

Because we ure not able to distinguish experimentally betweer the resonant
emission of the 3P] atoms (Eq. 5) and the Ist continuum (Eq. 1), we now cal-

culate the ratio

F

L, ‘
- f 3 Poe '
L)+ 1.(R) L ¢ ::o)] Ky

L (2) T RURCS )T ¢ (kD 4 ek K (RC'S )2
A3 o’ S T i L D A

| 2
RCS,))
IF(R) means Lhe resonant fluorescence (Eq. 5). If we take the values of TO.KZ
from the resulls under off-resonant excitation, in Rq. (8) only two parame-
ters are unknown, namely TA'K3 and TA'Ké. With Lhe expression given by Eq. (8)

-

we can fit the experimental results of Fig. 5 and Fig. 6. The full, curved

lines represent such fits. Tn this way, values [or 1A‘K3 and 1A-K§ can be

deduced. They are listed in Table 1,

The deduction of K3 and Ké needs teliable values for T4t We take the values

for the radiative lifetime of the isolated 3P] Kr and Xe atoms given by

Matthias (1976) (Kr: 5.1 ns, Xe: 3.6 ns). The influcnce of radiation self-~

trapping is taken into account according to

Th S %—o T R g = 0.205




These furmulae have been given by Holstein (1951). 7 means the natural lifetime,
» the wavelength of the resonance line. D is the diamcter of the cylindrical
O
gas cell. We obtain e 3 ps for Kr and T = 3.5 s for Xe. The resulting K3
A

and Ki values are listed in Table |. The Ké values are roughly twice the K3

1o+ - . .
values. Therefore, the 3 Lg states must play a considerable role in the for-

mation of the molecules.

A good test for the model Is a comparisun between our results for K, and other-

3
, . . =32, .
wise published data. For Xe, h3 = 3.4 % 10 cm /sec (our result) is between
37 -32
the value of 1.7 = 10 32 ﬁm6/suc (Freeman et al  1971) aad 4.5 ~ 10 3 cmé/snc
(Leichner et al. 1976). For Kr, K, = 8.3 « IO_37 cmh/sec can be deduced {rom

3
the results of Leichner and Ericson (1974). This value is slightly smalicer than

32

our result (2.2 x 10 Cmﬁlscc).

3.3.4 Influence ol metastable 3P? atoms

3.3.4.1 Off-resonanL excitation

Excitation in the long wavelength tail of the first resonance line directly lecads
* oo* .

to the formation of excited molecules Kr,, Kez. lu the decay model presented io
Sec. 3.3.2 only twe decay channels were taken into account: radiative decay
(Eg. 1 and Eg. 3) and vibrational relaxation (Eq. 2). Additienally, twn hody
collisions between a molecule in a high vibratiovnal state and an atem may lead

. N ; 3 I .
to dissociation of the molecule intu a metastable “P, atom and a So atom.

The 3P7 atoms may either lead to querching or feed back into the radiative channels

in a way similar to 3Pl atoms {Sec. 3.3.3). A feed back of 3Pq atoms intu the

fluorescence baunds must give a conlribution tu the pressure dependence of the
ratio of fluvrescence hands which clearly differs from lircarity. The experimental
result does not show such deviatinus. Therefore tie influence of “P, ztoms seems

to be meglegible. iowever, it cannot be decided whether the rate of dissociation

or the feed back is neglegidle.

. . 3
3.3.4.2 Resonant excitation of P] states

c7

In some papers (Turner 1997, Boucique and Mortier 1970, Timpson and Anderscn
.. . . .3
1970, Atzmon et al. 1974) a collision induced cooversion of Lhe atomice Pl

5 3 . . . . ;
states to the metastable P, states is reported. Formation of Kr and Xe dimers

. 3
then starts from the metastable long lived P, states.

We also tried to interprete the results of Sec. 3.2 including the conversion
-3 3 .o . .
of P] states to P, skates by two body collisions. The foliowing results are
obLained:
- . - ” . 3, 3
(1) Under the assumption oi (00 7 conversion of ll atoms te “P, atoms
(as a limiting case) Lie measured pressure dependence under resonant
. . - 3 . . .
excitation of the "P. states cannot be fitted, iudependent of the cholice

1

of values for the rate coustants.

(i1) L we include molecule {ormation via the 3P2 stute additionally to the
chaunel described by Eq. &, we are able to [it the measurcments. However,
it is impossible, to fit the pressure dependence under resonant excilLation
with the lo'h2 values obtained from the pressure dependence under off-
resonant excitation, independeat of the cholce of all other paramelers.
The 1

Lo . 3 - .
O'Kq values frem a fit including "P., states are by a factor of wwo

to three larger than the values obtained under off-resonant excitalion.

The simplest models for a consistent interpretatioa ol the pressure dependences

of fluorescence ratios under resovant and off-resonant excitation are the models
. ; ce . " < . . 3, 3,

described 1n Sec. 3,3.2 and Sec. 3.3.3, Tie conversion of 1I to P, states

seems to play  only a minor role under the experimental conditions of our ox-—

puriments,




3.3.5 Influence of long radiative lifetimes on the kinetic models

The rate cocfficient, K,, for two body collision deduced from our results

23
(Sec. 3.3.2) sensitively depends on the unumerical value of the radiative
lifetime of vibrationally excited molecules, R;(O;).Recent direct measureme:ts
of the radiative lifetimes (Haaks 1976) yield much larger values

(I(O:) % 11 ps) than can be estimated from the results of Keto et al (1974),
The numerical values of the radiative lifetimes do not influence the kinectic
models themselves but may change the values of the rate constants drastically.
At the prescnt time, we are not able te decide between the different values
for the radiative lifetime. It may be of interest in this context, that the
luninescence band of solid Xe which is very similar to the 2nd continuum of

the gas phase, has a component with a radiative lifetime In the usec range

(Hahn et al 1976).

4. Excitation in the vicinity of the second resonance line

4.1 Fluorescence spectra at different pressures

Excitation of Kr and Xe in the vicinity of the lPl states in the pressure
range covered by our experiments results in three emission bands: the Ist and
2nd continua and a fluorescence connected with the ns' (]/2)l (]P]) states

nl

(the "'P  bang").

1

Fig. 9 presents some fluorescence curves which have been obtained under re-
sonant excitation of the Kr 5s'(1/2), ('P|) state and the Xe 6s'(1/2), ('B))
state. It has been checked carefully that the lPl band is not due to stray

light of the exciting light. The curves of Fig. 9 have been normalized to the

heights of the lPl bands.

In both systems, with increasing pressure the Ist and 2nd continua strongly
increase compared to the 1Pl band. The ]Pl Iluorescence itself decreases and

is no longer detectable For pressures 1000 Torr (Kr) and ~100 Torr (Xe).

The ratios between the 2nd and 1st continua deviate from the ratios measured
under resonant excitation of the 3P] states.

There is a remarkable difference between bLoth sets of curves of Fig. 9. Relative
to the Ist and Znd continuum, the IPI band of Kr is much stronger than-thu

P, state, the lP band

lP band of Xe. Tn Kr under resonant excitation of the | 1

| 1

plays a dominating role whercas it is weak in Xe.

4.2 Excitation spectra of Lhe fluorescence bands

For Xe, the rclative intensities of the three fluorescence bands under ]P] exci-

tation sensitively depend on the exact excitation wavelength. Within the sensi-
tivity of our experiment this is not the case for Kr. The effect can be demon-
strated better in cxcitation spectra than in fluorescence spectra. Such
measurements are shown in Fig. [0a (Kr) and 10b (Xe). They are compared with
the corresponding transmission curves o[‘Kr and Xe in the vicinity of lP]
excitation.

The maxima ol the excitation spectra of all the Kr fluorescence bands are
resonant with the ]PI transmission minimum (Fig. !0a). The maxima of the cxci-
tation spectra of Lhe Ist and 2nd continuum of Xe also coincide with the IP]
transmission minimum of Xe. The excitation spectrum of the Xe ]P] fluorescence
clearly has iLs maximum at the long wavelength melecular tail of the 1l’] ab-
sorption band. The shift between the spectral pesition of the transmission

minimum (1296 %) and the maximum of the excilation spectrum (1300 %) is clearly

larger thaun the accuracy of the experiment. The difference in cnergy between



O . ) -1
both extrema (260 cm ') is comparable with kT at room temperature ( 200 cm ).

4.3 Discussion of the results
4.3.1 Origin of the "IP1 band"

- . i C .
Within the accuracy of the measurements of Fig. 9, the 'P] pands o Kr and Xe

are resonant with the excitation wavelengLh. The width of tie measured bauds

. . c - . NS .
is due to the rather puvor resolulion. Thercefore, at first sight, the P, hands

scem Lo be due to the radiative decay of excited atoms (resonance ssion). AL
higher pressures molecular effects have to be taken into account. As can be
. - . + : P
scen {rom Tig., 7 there exists a molecular state O with a shallow minimum at
u
racther large internuclear distances. This potential curve is connected to the
65'(1/2)1 state, and the existence of the minimun has been proved by CasLex and
. L. i : + +
Damany {1974) for Xe. TransiLions from this molecular Ou state Lo the 0 ground
&
state are dipole allowed. Brodmaun et al  (1976) gave some arguments thal the

+ ., T : [ .
molecular Ou(bs') state is involved 1a the P, band. At higher pressures che

|
molecules should conlribute considerably to the ]P] band. The Stokes shift of
Lhe molecular part of Lhe IPI band is expected to be small because the depth of

- + . :
Lhe miniwum of the Ou state 1s expected to be small., Castex and Damany (1974)

. - ~1 R . .
give a value of 1000 ¢cm = for Xe. The Kr value is unknown.

o . P I . .
Striking evidence for Lhe molecular type of Pl emission is given by the exci-
. ) . . . l .
tation spectrum of this band (Xe). Fig. 10b clearly shows that the PI hand can

be excited in the long wavelength, molccular tail of the 6s'{1/2 ) absorpLion,

L 3 : -
L aralogy to the resonant emission of Pl atoms and its overlap with the lst
continuum we interprete the 1Pl band as resonant emission with a molecular con-

. . . . + .. . s .
tribution. The wolecular contribution (Ou-*Og) increases with increasing pressure

and may finally dominate.

. R - 1.,
4%.3.2 Decay chamaels ol the P] states

. . . N . . |
Excitation of ns'(I/Z)I( P)] states of Kr and Xe not only leads to Lhe P1
fiucrescence band but also to the Ist and 2nd coutinua, Deexcitation of the

.1 - . . .
atowmic 1’1 states therelore contzins two contributions:

(1) Radiative decay (see Sec. £.3.1)
{1i) Decay processes which lead te a population of the lowest rvadiative slates
. . * .; e
of Kr, Xe (resonance emission) aad the molecules Kry, Xe, (lst and 2nd

continua)l

A detailed kinetic model for the population of the lluorescing levels under
excitation of the sccond resenance lines of Kr and Xe secems to be too complicated.
The different behaviour of Kr and Xe displayed in the floorescence and exclta-

tion spectra leads to a qualitative description of the relaxation processes.

In Kr we expect two decay channels for deexcitation of the 55'(1/2)](IPI) atoms:

(i) Radialive decay, dominating at low pressures

**¥

5 -

(1) Collision induced molecule formation (Kr

The first chammel Is straight farward. The second channel has also been considered
. . . wE : - . I
by Lelchuer and Ericseon (1974). Part of the Kr, may directly feed into the PI

+ + o
band (OU 'Og). Part of the Kr2 molecules may cascade down to lower states and

feed into the Ist and 2nd continuum.

Additionally to these decay channels, a collision induced conversion of Kr
Ss'(l/Z)l(lPI) states into Kr 55'(]/2)0(3P0) states cannot be excluded. Recause
the 31",J state Is a long lived metastable state, its deexcitation is expected to

take place via molecular interaction feeding into the Ist and 2nd continuum.
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The situation is different in Xe. Besides the radiative decay of the 63'(]/2)]
(IP]) states and molecule formation we must take into account the role of the
6p(1/2)l state. The energetical distance between the 63'(]/2)I state and the
6p(1/2)l state is only 84 cm_! (Moore 1949). Therefore the 65'(I/2)l state can
be depopulated efficiently by two body collisions and ﬁp(llz)l states are formed.
The 6p(l/2)| states can decay radiatively into 6s atomic states. The 6s atomic

states pive rise to the resonance emission or feed into the ist and 2nd continuum.

The interesting difference between Kr and Xe is this third decay channel. ln Xe,
the population of the lowest excited states is possible in che atomic system
whereas in Kr the molecular system is essential for the population of the lowest
excited states. In Kr, the 55‘(l/2)](]P]) state is separated from the 5p state

by 5320 cmMI (Moore 1949) which is too large for collision induced transitions.

The experimental proof for the qualitative model (Xe) is given by the excitation
spectra of Fig. 10b. The excitation specttum of the 1PI band has its maximum at

the long wavelength tail of the Il’l absorption. The energetical distance between

the maximum of the excitation spectrum and the Xe 6p(1/2)l state is ~350 cm_l.
This is slightly larger than kT at room temperature (4200 cm-l). Collisions
obviously quench the ]PI fluorescence as far as the initially excited state
(atomic or molecular) is within kT below Lhe bp state. In Kr, the average
kinetic energy of the atoms (at room temperature) is by far too low for the

corresponding process. Therefore in Kr the maximum of the excitation spectrum

1 P . L. L. 1 .
of the Pl band coincides with the transmission minimum of the PI absorption.

_20_
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