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l . INTRODÜCTION

Self-Trapping of Hot and Thermalized Excitons in Solid Xenon

E. Roick, R. Gaethke, (•. Zimmerer

II . Inst i tut für Experimentalphysik, Univers i tä t Hamburg,

U-2000 Hamburg 53, Federal Republic of Cermany

and

P. Gürtler

Hamburger Synchrotronstrahlungslabor HASYLAfl/DESY

D-üOOO Hamburg 52, Federal Republic of Cermany

The coexistence of free and self-trapped exciton states äs a

consequence of exciton phonon iiittraction in a deformable lattice was

l 2 3-5
the subject of recent experimental and theoretical investigatlons

It was established in lurainescence experiments in alkali halides and

2
rare gas solids which clearly yield luminescence of free excitons and

broad band, stokes-shifted etnission of self-trapped excitons.

The coexistence is dut to the fact that the adiabatic potential surface

of the exciton interacting with the lattice has tuo minima. One mininium

represents the exciton state in the undeformed lattice, the so-called

"free exciton", FE. In the mentioned materials it is metastable. The

other minimum represents an exciton accompaniea by a local lattice de-

formation (atoroic displacements), the so-called "self-trapped exciton",

STE. Bölh states are separated by a potential barrier (self-trapping

barrier). If we represent the lattice deformation by a single configu-

ration coordinate, Q, we get the potential diagram shown in Fig. l.

It explains the qualitative behaviour of luminescence. As an example,

a Lypical luminescence spectrum of solid Xe is included with its FE

contribution at ̂ 8.3 eV and its STE contribution centered at ̂  7.1 eV.

The first direct measurement of the self-trapping rate, P- ,

of thermalized excitons in solid Xe is presented. The

temperature dependence of T is explained by thermal assisted

tunneling through the self-trapping barrier separating free

and self-trapped exciton states. The results agree with recent

theories on self-trapping. The ratio of luminescence intensity

of free and self-trapped states disagrees with the measured

self-trapping rates and displays the role of self-trapping of

hot excitons.

Self-trapping of excitons is usually ascribed to tunneling through

the barrier (low temperatures; path (1) in Fig. l, tunneling probability T )

and to thermal activation (higher temperatures; path (2), probability

" exp(-W/kT)). In this paper it is shown that we have to distinguish

between self-trapping of hot excitons and of thermalized excitons. For

hot excitons, the self-trapping barrier is practically transparent.

Thermalized excitons are self-trapped via thermal assisted tunneling

(path (3) in Fig. I).

The self-trapping probability, r__, of thermalized excitons reflects
o l

the detailed nature of exciton phonon interaction. For rare gas solids

(RGS) only deformation potential interaction with acoustic phonons has

2
to be taken into account . RGS thus play the role of model substances

for self-trapping of excitons. This paper presents the first direct

measurement of r„T of a RGS. Xe shows the most prominent FE luminescence
j l

of all RGS. It is thus the most promising candidate for the experiment.
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The f i r s t theoretical est imate of T in RGS yielci<:
l l -1 h

T,,-, ^ 1 .7 x 10 s . Especially for solid Xc, r__ vas alsc

estimated from the relative intensities of FE and SIE luminescence

according to Icu^c-ry * ^R^CT' ^R: radiat>vt decay probability of FE).

Values of T-5 x 10ItJ6~' and %IO I 25~' wert obtained.

Höre rigorous calculat ions by Rashba (3) and Kasu and Toyozawa (5)

indicated that T might be considerably s m a l l t r . Tliis encouraged us

to measure the l i f e t ime .T , of FE luminescence in s. conventional time

resolved luminescence experiment.

2. EXPERIMENT

Our study was undtr taken in Ehe Synchrotron radia t iof l (SR) laboratory HASYLAfl

(Hamburg),SR f rom DORIS II consisls of sharp light pulses (fwiin ^ 150 ps)

aL a repeticion rate of "- l MHz and is well suited äs an exc i ta t ion source

for lime resolution aown to the ^ 50 ps ränge

and the metliod of measuremtnt are described elsevhere

. The experimental sct Up
10

The measurements were performed under p r i m a r y excitat ion of n " 2 exituns.

The excitation energy was chosen äs a compromise between two requirements.

To avoid scattered l ight superimposed to luminescence it should be far off

the luminescence energy, On the other hand, to avoid the influence of hole -

electron recombination processes on the time evolut ion of luminescence,

excitat ion in the excitonic region of absorption is indispensable .

The samples were Condensed near the Subl imat ion temperature at 55 - 60 K

at a deposition rate of ^ 2000 S/min on a LiF substrate. The high deposition

temperature is indispensable to get FE luminescence. To ensure pur i ty of

the samples, gas handling and sample chamber are u l t rah igh vacuum Systems.

Xe of a nominal puri ty of 99.997 Z was used. Ttie pur i ty was checked with a

mass sptctrometer.
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. RESl'LTS AND DISCUSSIOJ

Fig. 2 sitows decay curves of Fl lumiuescence at different temperatures.

The lowest curve was measured witli prompt stray li^lit and tlius yields

the convolution of the shape of the excitatiun pulse, the detector

response aud electronics. It has a fvrlim of r. 200 ps but a tail to

long«r timt's. The decay curves (1) tu (4) coatain luminescence light

and some residual scattered light (both oonochromators of the set up

are only single pass Instrument s) . llio lifetimes given in Fig. 1 were

obtained from numerical evaluation ine ludin J deconvolution with L he

apparatus i unction.

The self-trapping rate TCT is obtained fron; the decay rate T " l/T
o I

via rsi 2-IoV- R„. T itself is not known, We take rD
K K 3 K 1 1

(approximattly the decay rate of gas phase Xe P atoms ). The

estimate influences the conclusions only marginally because rc_. » F...
dl n

In Fig. 3, TCT is plotted äs a function of temperature (lower curve).
o I

Evident ly, r,,- has a strong temperature dependence even aL rather low

temperatures. The ratio, T / r„_, therefore sharply decreases

(I' : independent of TJ with increasing T. This is in striking coiurast
K

to the temperature dependence of the intensity ratio, ^t/IcTc- A tyP'c31

meaüurement of the intensity ratio is included in Fig. 3 (see also Ref. 12).

A striking difference is also foutid for the values of Tp/r-j and ^F^CTP

at low T. The ratio of the probabilities is 'W l whereas the intensity ratio

^ *• J 12
is 'WOI (this paper) to •v 10 . It is obvious that we are not allowed

to identify r_/r__ with I,-,./I,,,. äs was done before. In other words, those
A b i r L o I L

excitons which siiov up in the FE luminescence line are not the precursors

of the majority of self-trapped excitons.

This surprising result is supported by an analysis of the rise of STE

luminescence which does not display the decay of FE luminescence but which

is prompt (äs fast äs stray light). This was measured for different excita-

tion energies and different temperatures

Obviously, under primary excitation of higher members of the exciton series,

in the course of electronic relaxation, excitons are self-trapped before they

reach thermal equilibrium. For hot excitons with an average kinetic energy

comparable to the height, W, of the barrier ( ̂  20 meV for Xe, see below)

the s e l i n g barrier is practically transparent. Thus IL-U/ICTI.- 's mainly
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Figure Captions

Fig. l Energy, E, of the exciton interacting uith the lattice,

äs a function of a configuration coordinate, Q. Q is

the value of Q in the unrelaxed lattice. The origin of

FE and STE luminescence is indicated by arrows. Lower

curve: luminescence spectrum of solid Xe at T - 8 K

undL r photon excilation at 9.1 eV.

Fig. 2 Typical decay curves of FE luminescence of solid Xe at

different temperatures. Temperatures and lifetimes are

given in the figure. For comparison, time evolution of

scattered light is included.

Fig. 3 Self-trapping rates of (thermalized) excitons in solid Xe

äs a function of temperature. Füll curve: Rashba's theory,

Daslied curve: intensity ratio I~/ICTI7 äs a function of
r r. alt

temperature (excitation energy 9.1 eV).
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