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The absorption spectra at 300K, the emission and excitation spectra at 
77K and 300K of BaBr2--Sn phosphor have been studied. The complicated 
structure observed in the absorption and excitation spectra was connected with 
transitions to the components of the 1P 1, 3P 1 and 3P 2 excited states in tin centers 
which preserve the symmetry of the basic lattice. There has also been observed 
a complicated structure of the emission spectrum at 77K, which unlike all 
alkali earth halide phosphors observed so far, manifests itself also in the visible 
region of the spectrum. 
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Spektroskopische Unter~'uchungen an Einlcristallen des BaBr2--Sn-Phosphors 

Die Absorptions-, Anregungs- und Emissionsspektren des Phosphors 
BaBr2--Sn wurden bei 77 K und 300 K gemessen. Die komplizierte Struktur der 
Absoi'ptions- und Anregungsspektren ist mit Ubergs zu Komponenten der 
AnregungszustSmde 1P1, 3P t u n d  3P 2 des Sn ~+ unter der Annahme zu ver- 
kn/ipfen, dab die Zinnzentren die Symmetric des Grundgitters beibehalten. Ftir 
77 K ist auch das Emissionsspektrum yon komplexer Natur, was bis jetzt  bei 
keinem Erdalkal ihalogenid--Phosphor im sichtbaren Bereieh beobaehtet wnr- 
de. 

Introduction 

Recen t ly ,  the  s2-conf igurat ion a c t i v a t o r s  i nc o rpo ra t e d  in a lka l i  
e a r t h  ha l ides  a re  becoming  the  sub j ec t  of  i nves t iga t ion  1 5. I t  has  been 
e s t ab l i shed  tha~c, the  b i v a l e n t  a c t i v a t o r s  Sn~+ and  P b  2+ in BaC12 and  
SrC12 have  a b s 6 r p t i o n  a n d  exc i t a t i on  spec t r a  which  are  s imi lar  to  those  
of  K C 1 - - S n  and  K C 1 - - P b .  B u t  in the  emiss ion spe c t r a  of  the  f i rs t  
p h o s p h o r s  severa l  b a n d s  s i t u a t e d  in the  s h o r t w a v e  region are  observed.  
D a t a  a b o u t  a lka l i  e a r t h  b r o m i d e  p h o s p h o r s  are  lack ing  in l i t e r a tu r e  for 
t he  p resen t .  
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Experimental 

The phosphor BaBr2--Sn was prepared by the Bridgman method. BaBr2 
was dried by melting in vacuum and a subsequent heating up to 250 ~ in an 
atmosphere of HBr. The activator was incorporated as SnBr2, also previously 
dried. The investigations were carried out on quenched single crystal plates of 
dimensions 10-10"0.7mm. The activator concentration was determined by 
atomic absorption analysis and it was found to be 25ppm. The measurements 
were done in metal ic cryostate at 77 K and 300K. The absorption spectrum at 
300K was meast/red by means of a Cary 14R spectrophotometer. The 
excitation and emission spectra were measured by a method described in 4,5. 

Table 1 

X 1 (nm) Peak Position 

in Excit. Spectra in Abs. Spectra 

350, 425, 500 208 nm - -  
425, 500 220-230 nm 222 nm 
500 �9 240nm 240nm 
425 245 nm - -  
350, 500 250 nm 250 nm 
500 257 nm - -  
350, 425, 500 268 nm 268 nm 
350, 425, 500 278 nm expanded deformation 
350, 425, 500 290 nm 293 nm 
425, 500 305 nm expanded deformation 

Results 

Fig. 1 shows the exci ta t ion  spectra  for different  regions of the 
emission spec t rum at  77 K as well as the  absorp t ion  spec t rum at  300 K. 
A compara t ive ly  good correspondence be tween the absorp t ion  and  
exci ta t ion  spectra  is observed, bu t  the la t te r  has a be t t e r  expressed 
s t ructure .  The peak posi t ions are given in the  Table,  where X I is the  
wave length  of the emission for which the  exc i ta t ion  spec t rum has been 
studied.  

The bands  in the  spectra  can be divided in to  two groups. The bands  
of the longwave group are well separa ted  in the exc i ta t ion  spectra  of the 
visible emission, while in the absorp t ion  spec t rum only  one weak non-  
symmet r ic  b a n d  is observed. I n  the exc i ta t ion  spec t rum for the  
emission at  350 nm,  the most  longwave b a n d  at  305 n m  does no t  appear.  
I n  all exc i ta t ion  spectra,  one can observe deformat ion  be tween 220 n m  
and  230 nm,  which corresponds to the well resolved b a n d  at  222 n m  in 

the absorp t ion  spectrum.  
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One can observe in the region of 235-280nm in the excitation 
spectra five bands, which are of different relative intensity and do not 
correspond well in spectral position to the bands of the absorption 
spectrum. 

In the most shortwave region, 200-220 nm, one can observe a band 
which is most intensive by excitation of the 425nm emission. I t  
probably corresponds to the great rise of absorption below 210nm. 
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Fig. 1. Absorption spectrum (curve 1) at 300 K and excitation spectra at 77 K, 
measured at: 350nm (2), 425nm (3), 500nm (4) 

The emission spectrum of the phosphor studied is complicated. For  
77 K it consists of several bands located in the wide region 300-600 nm 
(Fig. 2 and Fig. 3). In the region 300400nm (Fig. 2) two bands are 
observed at 315 nm and 340 nm, the intensity of which depends on the 
wave length of the exciting light. Such a dependence is also established 
in the visible par t  of the spectrum (Fig. 3). By excitation at 205 nm, the 
most considerable differences in the shortwave side of the emission 
curves are obseryed. At 300K, only one visible band exists in the 
spectrum. Its spectral position and halfwidth depend on the wave 
length of the exciting light (Fig. 4). The emission spectrum obtained by 
excitation at 303 nm (in the most longwave region of the absorption 
spectrmn), irrespective of the temperature,  consists of one band (Fig. 5) 
which moves in the longwave direction with decrease of temperature.  
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Fig. 2. Emission spectra at 77 K in the region 300400 n m  excited with: 205 nm 
(1), 250nm (2), 303nm (3) 
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Fig. 3. Emission spectra at 77 K in  the region 400-550nm excited with: 205rim 
(1), 250nm (2), 303nm (3) 
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7ig. 4. Emission spectra, at 300K excited with: 205 nm (1), 250 nm (2), 
303 nm (3) 
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Fig. 5. Emission spectra excited wi th 303 nm at: 77 K (1), 300K (2) 
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Discussion 

We interprete the above results assuming tha t  a type of center is 
formed in BaBr2--Sn which has the rhombie symmet ry  of the host 
lattice. This assumption is based on the low concentration of the 
activators,  and its electric charge being equal to tha t  of Ba2+; the 
quenching of the samples, the results from measurements  of the 
excitation spectra for different regions of the emission. According to the 
Bethe's theory 7, three bands corresponding to transitions to the compo- 
nents of the 3P 1 state (A band in the alkali halide phosphors) and three 
components  of the C band (to the 1P 1 state) are to be expected. The 
components of the B band (vibration-induced transit ion to the 3P 2 state) 
can be three. 

The two most longwave bands in the excitation spectra at  290 nm 
and 305nm, to which an asymmetr ic  absorption band at 293nm 
corresponds, are supposed to be connected with transitions to the 
components of the 3P 1 state (A band). I t  can be assumed tha t  below 
77 K, a third band might be observed, corresponding to a transit ion to 
the third component  of this state, just  as is the case with the absorption 
spectrum of BaC12--Sn at  4 K. 

The weak band at 278nm in the excitation spectrum, which is 
nonresolved from the neighbouring more intensive shortwave band in 
the absorption spectrum, could be due by  analogy with K B r - - S n ,  to a 
transit ion to the 3P 2 state (B 1 band). The well distinguished band at  
268nm (B2 band) can be connected with a transition to another  
component  of this state. Bands of similar behaviour are also observed in 
BaC12--Sn, and they are also considered to be B bands. 

The intensive bands in the absorption and excitation spectra at 
240 nm, 250 nm and 257 nm are supposed to be due to transitions to the 
components  of the 1P 1 state. The band at 245 nm, which appears  only in 
the excitation spectrum for the emission at  425nm, although well 
shaped, does not appear  in the absorption spectrum and can be 
interpreted as a result of superposition of the bands a t  240nm and 
250 nm. 

The bands at  222 nm in the absorption spectrum and at  208 nm in 
the excitation spectrum are assumed to be similar to the D and D '  
bands in alkali halide phosphors. This assumption corresponds to the 
closer location of the D and C bands in K B r - - S n  compared to 
KC1--Sn 6. 

The great halfwidth of the emission band at  300 K and the different 
max ima  in the spectrum at 77 K show tha t  a great  number  of bands 
with commensurable intensity due to transitions to components of the 
different excited states are present in the spectrum even at  77 K (which 
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is not the case with K B r - - S n  and KC1--Sn). The emission band excited 
in the most longwave region of the absorption spectrum (303 nm) is 
considered to be due to a transition from the lowest lying components 
of the 3P 1 state. 
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