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ABSTRACT 
Examination of the vibrational transitions of NaN02 fluorescence yields asym- 

metric lineshapes which are attributed to the exciton dispersion of the excited 
state as well as to the vibron dispersion of the ground state. We have studied 
fluorescence excitation spectra and their dependence on detection energy and 
temperature. The dependence on the detection energy changes drastically at a 
critical temperature of about 15 K. This leads to the conclusion that at lower 
temperatures the excitons are not thermalized during their lifetime. 

INTRODUCTION 

The well known fluorescence spectrum of NaN02, Fig.1, shows a strong progres- 

sion of narrow lines resulting from the bending vibration of the NO; molecular 

ion. Earlier investigations of the sensitized fluorescence of doped NaN02 single 

crystals demonstrated energy transfer phenomena in the first excited singlet 

state which can be described in terms of Frenkel-Excitons (refs. l-3). Studying 

the fluorescence transitions with high spectroscopic resolution one observes 

asymmetric lineshapes (ref. 1). This observation led to a band-structure model 

for the excitonic state as well as for the vibrational states in the electronic 

ground state (ref. 2). 
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6 Fig. 1. Comprehensive view of the 
fluorescence spectrum of NaN02 at 
T = 4.2 K. 
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The model is supported by the fact that fluorescence lines due to isotopically 

substituted ions ( CL : 14N180160; p :15 16 - N 02) showed Lorentzian shapes (ref.l), 

and that in enriched Na15N02 (99%) crystals the situation is reversed in this 

regard (Fig.2). In this contribution we report on fluorescence excitation spec- 

troscopy carried out to get further information about the suggested band 

structures. 
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Fig.2. Shapes of (0-l 
l!5 

vibrational lines in a Na14N02 (natural 
abundance) and in a Na NO2 (99 % enriched ) crystal 

EXPERIMENTAL 

The procedure of crystal growth and sample preparation is described in 

(ref. 1). The experimental setup is identical to that used in previous work 

(refs. l-3). 

EXPERIMENTAL RESULTS 

Fig. 3a, shows the (O-1) fluorescence line at high spectroscopic resolution 

and illustrates the asymmetric lineshape mentioned above. In the excitation- 

spectroscopy experiments the detection system was adjusted to the photon ener- 

gies marked by @ through 0’ resolutionA F = 0.3 cm-‘) while a dye laser was 

scanned as narrowband excitation light source. Thus in the spectra presented in 

Fig. 3b only light with photon energies in the indicated region contributed to 

the observed excitation spectra. The observed spectra depended significantly on 

the detection energy. This observation was confirmed on each of the narrow zero- 

phonon lines we investigated (O-l), (O-2), (O-3), (O-5). The excitation spectra 

observed on different lines were similar but not exactly identical. 
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Fig. 3. 
a) Shape of the (O-1) line at 4.2 K 

obtained with broadband excitation. 
b) Excitation spectra of the (O-1) line 

at 4.2 K . The labels correspond to 
the respective detection energies : 
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Fig. 4. Excitation spectra of the 
(O-1) transition at T = 11 K and 
T = 15 K detected at positions 
indicated in Fig. 3a. 
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Fig.4 illustrates the temperature 

dependence of some excitation spectra 

representative for the behaviour of all 

the observed spectra: Below 12 K the 

excitation spectra are different for 

different photon energies in the detec- 

tion channel. At temperatures above 15 K 

the excitation spectra are quite similar 

and independent of the detection energy. 

Finally the excitation spectra of 

transitions due to isotopically substi- 

tuted molecules of the Q and p species 

in NaNQ2 in natural abundance were 

studied. 
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In these experiments the (O-2) fluorescence line was chosen for the detection 

channel since it yielded an improved signal to noise ratio. The observed spectra 

are presented in Fig. 5. Remarkably their stucture at low temperature (4.2 K) 

closely resembles that of the high-temperature excitation spectra of the 

isotopically most abundant species (see Fig. 4). 
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Fig. 5. Excitation spectra observed on the 
(O-2) transitions of isotopically substi- 
tuted molecules as indicated. The narrow 
line is cut off at 10 % of its intensity. 

DISCUSSION 

Using narrow band excitation with photon energies exceeding the (0-O) transi- 

tion energy it is possible to generate k + 0 excitons selectively, combined with 

a simultaneous creation process of a corresponding phonon (see Fig. 6). In order 

to explain the dependence on the detection energy observed below T = 12 K one 

has to postulate that the excitons are not thermalized during their lifetime (8 

ns (ref. 2)). This assumption was introduced by Kato and coworkers who 

investigated the fluorescence lineshapes and their dependence on the excitation 

energy at T = 4.2 K (ref. 4) . The low temperature data presented here are 

consistent with their results. Based on this model the observations can be 

explained at least qualitatively. If the thermalization is slow ~(T ( 12 K), 
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excitons exist only in distinct k-states the population of which reflects the 

phonon density of states. Consequently optical transitions can occur only into 

distinct vibron states according the A k = 0 selection rule. The resulting 

excitation spectra reflect a multiplication of the density of states of all the 

states involved. The spectral position in the fluorescence line determines the 

excitons the fluorescence of which is monitored by the detection scheme. Thus 

the detected intensity is dependent on both, the excitation and the detection 

wavelength resulting in the observed low temperature spectra. If thermalization 

is rapid ( T :! 15 K ) the excitons reach a state of thermal equilibrium and no 

memory of the k-state in which the excitons were created exists. Thus the 

excitation spectra reflect the rate of exciton creation (density of states of 

phonons and excitons ) as a function of the exciting photon energy. Yet in first 

order approximation they are independent of the detection wavelength. 
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Fig. 6. Schematic sketch of the 
suggested band structures with 
indication of fast (left arrow) 
and slow (right arrow) therma- 
lization. 

The model is corroborated by the excitation spectra of “isotopic impurities” 

(Fig. 5). Since they are localized point defects they are coupled to all the 

phonons in the first Brioullin zone which are allowed by symmetry relations. The 

fact that their excitation spectra are structured similarly to those of the 

excitons at high temperatures leads to the following conclusions : 
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i) The exciton excitation spectrum is determined by the product of the densi- 

ty of states of phonons, vibrons and excitons, where the latter is weighted by 

the actual occupation probability. The excitation spectrum of the point defect, 

on the other hand, is predominantly governed by the phonon density of states. 

Since the spectra are very similar at high temperatures we can conclude that the 

bandwidths of excitons and vibrons are small compared to the phonon bandwidth. 

This conclusion is in agreement with all previous observations. 

ii) The deviation between the spectra of excitons and defects below 12 K 

indicates that the occupation probability in the exciton band deviates from 

Boltzmann distribution which means that thermalization does not take place. 
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