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Luminescence spectra and decay time measurements of the 4s’ ion As3+ m CsZNaScCl, are presented. A dynamical Jahn-Teller 
effect is observed in the excitation spectrum of the As3+ ton. The luminescence properties of Cs,NaScCI,-As3+ are comparable to 
those of CsZNaScCl,-Sb’+ taking into account the differences in ionic radius and spin-orbit coupling constant of the dopant ions. 

1. Introduction 

Recently we reported on the luminescence of the 
5s’ ion Sb3+ in the elpasolite lattices Cs2NaLnX, 
(with Ln=Sc, Y, La and X=Cl, Br) [l-3]. The 
luminescence of the 6s2 ion Bi3+ in the elpasolites 
Cs2NaYC16, Cs*NaYBr, and Cs2NaLaC1, has also 
been investigated in our laboratory [ 451. The elpa- 
solites Cs,NaLnX, form a nice model system for the 
study of trivalent s2 ions. The trivalent s* ion occu- 
pies the perfect octahedral site of a trivalent host 
cation. Moreover the halide octahedra have no com- 
mon ions. It is of interest, therefore, in addition to 
6s’ and 5s’ ions, to investigate the luminescence of 
the 4s’ ion As3+ in the elpasolite host lattice. As far 
as we are aware, this is the first time the lumines- 
cence of the 4s’ ion AS’+ has been reported. 

2. Experimental 

Preparation of the Cs,NaScCl,-As3+ crystal has 
been carried out as described in ref. [ 11. The dopant 
ion is added as As203 (Merck, p.a.). The initial con- 
centration of Asz03 corresponds to a doping level of 
0.1 mole% As. The optical instrumentation is 
described in refs. [ l-31. 

3. Results and discussion 

Before discussing the As3+ luminescence we 
remark that the samples also showed Sb3+ lumi- 
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Fig. 1. Emission (broken line) and excitation (full line) spectra 
of the luminescence of CszNaScC1,-As3+ at (a) liquid hehum 
temperature and (b) at room temperature. @ denotes the radiant 
power per constant energy interval in arbitrary units. qr gives the 
relative quantum output in arbitrary units. 

nescence, present as an impurity. The luminescence 
of Sb3+ in Cs2NaScC1, has been extensively reported 
[ 1,2] and since it has no influence on the As3+ lumi- 
nescence it will be ignored henceforth. 

Fig. 1 shows the emission and excitation spectra 
of As3+ in Cs2NaScC1, at liquid helium temperature 
and at room temperature. The emission consists of 
one band with a maximum around 520 nm (19300 
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Fig. 2. Jahn-Teller splitting 6,( r) against T”* for Cs,NaScCl,- 
AS”+. The lines drawn represent the best fit to eq. ( 1) . 

CM-’ ) . No temperature quenching is observed up to 
room temperature. 

The excitation spectrum consists of several bands: 
a doublet band around 32500 cm-‘, a weak band 
around 35600 cm-’ and a strong band around 40000 
cm-l. Due to instrumental limitations the shape of 
the latter band is rather inaccurate and could only be 
measured up to 40000 cm- I. Diffuse reflectance 
spectra reveal that this band actually shows a triplet 
splitting. The excitation bands are assigned to the 
‘A,g-+3TlU (A band), ‘A Ig+3Eu+3T2U (3 band) and 
‘A,,-+ IT,,, (C band) transitions, in order of increas- 
ing energy. As expected the B band gains intensity 
with increasing temperature [ 2,6]. 

The energy difference between both components 
of the doublet band (A band) increases with increas- 
ing temperature. This behaviour is typical for a 
dynamical Jahn-Teller effect acting on the 3T1, 
excited state of an s2 ion and has been observed 
before, especially for mono- and di-valent s2 ions in 
alkali halides [6,7], but also for Sb3+ in elpasolites 
[ l-31. The temperature dependence of the 
Jahn-Teller splitting 6(T) of the A band is given by 

6( T) =S( 0) [ coth( Ao,,/2kT)] “2 , (1) 

in which 6( 0) is the Jahn-Teller splitting at 0 K and 
ocff is an average phonon frequency over all the 
modes involved [ 81. As shown in fig. 2, the observed 
splittings obey eq. (1). The fitting parameters are 
6(O)= lOSO+ IO cm-’ and h~,~= 1402 10 cm-‘. 
The Jahn-Teller effect accounts also for the triplet 
structure of the C band. The same phenomena are 
observed in the excitation spectra of Sb3+ in 
Cs,NaLnX, (Ln=Sc, Y, La, X=Cl, Br) [ I-31. The 
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Fig. 3. Decay time of the 520 nm emission of CsZNaScCl,-As’+ 
as a function of temperature. The line drawn gives the best three- 
level fit of the data. 

excitation spectra of Bi3+ in elpasolites did not show 
any Jahn-Teller splitting, probably due to the large 
spin-orbit coupling constant of the heavy Bi3” ion 

14,51. 
As for CszNaScCi,-Sb3+, the emission spectrum of 

CszNaScC1,-As3+ consists of one band, indicating 
that the Jahn-Teller effect does not lead to two dif- 
ferent minima on the potential energy surface of the 
relaxed excited state of the s2 ion [ 81. The emission 
band is ascribed to the 3T,U--+‘AIg transition and at 
very low temperatures to the 3A,U-+‘A,g transition. 
This is confirmed by decay measurements. The decay 
curves of the emission band are all single exponen- 
tial. The decay time is plotted versus temperature in 
fig. 3. At very low temperatures a long decay time T,, 
is observed, reff ecting the forbidden character of the 
3AlU+‘Alg transition. At somewhat higher temper- 
atures the 3T,U level becomes populated. This leads 
to shorter decay times because the 3T,U+1AIg tran- 
sition (with decay time TV) is partially allowed by 
spin-orbit coupling, leading to mixing of the 3T,,, 
with the ‘T,, state. Fitting the experimental decay 
time to the well-known three-level fit [ 91 gives 
r,=2450&20 us, r,=7?2 us and A&3T,,,-3A1.) 
= 9.0f0.4 cm-‘. The radiative decay times are 
longer, and the AE value smaller, than the corre- 
sponding values for Sb3+ in r&NaScCl, [ 21, which 
is ascribed to the decrease in the spin-orbit coupling 
constant i on going from Sb3+ to As3+, 

The value of C, as well as the values for the 
exchange energy G and the dipole strength ratio of 
the C band to the A band R,,,, can be calculated from 
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the positions of the excitation bands [ 2,3,6]. This 
yields~=2500~100cm-‘,G=2700*100cm-’and 
Rth= 15? 1. Indeed, the value of c for As3+ in 
Cs2NaScC1, is lower than the corresponding value 
for Sb3+ in CszNaScC1, (viz. 3850 cm-‘). As 
expected, the values of G and R,, for As3+ in 
CszNaScC1, are larger than for Sb3+ in CszNaScC1, 
(viz. 2400 cm-’ and 8, respectively) [ 21. The 
observed dipole strength ratio of the C band to the 
A band is smaller ( Rexpz 7) than the calculated R,, 
value. As pointed out earlier, the relatively high As3+ 
concentration in the sample crystals may be the cause 
of this discrepancy [ 21. 

The Stokes shift of As3+ in Cs,NaScCl,, taken as 
the energy difference between the lowest excitation 
maximum and the emission maximum, amounts to 
12200 cm-’ at room temperature. For Sb3+ in 
CszNaLnC1, (Ln = SC, Y, La) it lies in the range 7500 
to 10000 cm-‘, depending on the host lattice [ 1,2]. 
For Bi3+ in Cs2NaYC16 or Cs,NaLaCl, the Stokes 
shift is only some 1000 to 2000 cm-’ [4,5]. The 
increasing value of the Stokes shift in the sequence 
Bi3+ Sb3+, As3+ is due to the decreasing radius of 
the s2 ion in this series. It is well known that the 
Stokes shift of an s* ion increases when the space 
available for the ion increases [ 2, lo]. 

In conclusion, the luminescence of Cs,NaScCl,- 
As3+ is completely in line with that of CslNaScC1,- 

Sb3+. The differences can be satisfactorily explained 
by taking into account the smaller ionic radius and 
the weaker spin-orbit coupling of the As3+ ion. 
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