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F l u o r e s c e n c e  o f  BaS:Sm p h o s p h o  r h a s  b e e n  s t u d i e d  u s i n g  
a pulsed Nitrogen laser (337.1nm) as the excitation 
source. The spectrum consists of a broad band in the 
region 540-660nm superposed by the cheracteEistic Sm ~+ 

lines. Energy level splitting pattern of Sm ~+ due to 
crystal field effects has been calculated and tel,vent 
figld parameters_are evaluated. Analysis shows that 
Sm takes up Ba substltutional sites. 

Study of luminescence and related 

properties of alkaline earth sulphide 
phosphors is important in the context of the 
d e v e l o p m e n t  o f  d i s p l a y  d e v i c e s  a n d  a l s o  w i l l  
b e  h e l p f u l  i n  u n d e r s t a n d i n g  t h e  e f f e c t  o f  
c r y s t a l  f i e l d  on  f r e e - i o n  e n e r g y  l e v e l s .  
A m o n g s t  t h e  c l a s s  o f  s u l p h i d e  p h o s p h o r s  CaS 
h a s  b e e n  s t u d i e d  e x t e n s i v e l y  [ 1 - 3 ] .  W h i l e  s u c h  
i n v e s t i g a t i o n s  a r e  v e r y  l i m i t e d  i n  t h e  c a s e  o f  
S r S  a n d  BaS.  We h a v e  b e e n  s t u d y i n g  t h e  
synthesis and characterlsation of 

alkaline-earth sulphide phosphors for the last 
few years [4]. In this paper'we report the 

results obtained from the study of BaS:Sm 

phosphor under N 2 laser excitation'. Unlike the 

earlier reports on Sm doped BaS phosphQrs [5] 

we "observed the characteristic Sm ~+ ion 
emission superposed over a'broad emission band 
due to the host material. 

Phosphor samples were prepared by the 
reduction of BaSO& in Carbon atmosphere, 

giving an initial firing at 950 °C for about 
one hour. To a weighed amount of BaS thus 

obtained, the flux Na2S203[2 mol % by wt.] and 

the dopant in the form of aqueous solution of 
SmCI 3 in proper concentrations (5 mol % by wt. 

to 0.001 mol • by wt. of BaS) were added, well 

mixed and the mixture was then slowly heated 
and dried. The resulting mass was crushed and 

refired at IO~0 °C for 90 min. under reduced 
pressure (I0 Torr.). The powder thus obtained 

was pressed into dlsc pellets of 10mm die. and 
2mm thickness. 

S a m p l e s  w e r e  e x c i t e d  u s i n g  3 3 7 . 1 n m  

r a d i a t i o n  f r o m  a p u l s e d  n i t r o g e n  l a s e r  s y s t e m  
( p e a k  p o w e r  300KWs 10 n s  p u l s e  w i d t h ,  2 5 p p s ] .  
F l u o r e s c e n c e  s p e c t r a  w e r e  r e c o r d e d  i n  a 
p e r p e n d i c u l a r  d i r e c t i o n  u s i n g  O.5m g r a t i n g  
m o n o c h r o m a t o r ( J a r r e l  Ash )  h a v i n g  a n  EMI 9663 
KOB PHT w i t h  S20 c a t h o d e  as d e t e c t o r  a l o n g  
w i t h  a h i g h l y  s t a b i l i s e d  p o w e r  s u p p l y ( E M I  
m o d e l  PM 28B) f o l l o w e d  by a l o w - n o i s e  
p r e a m p l i f i e r  a n d  o m n i s c r l b e  c h a r t  r e c o r d e r .  
All measurements were carried out at RT. 

The fluorescence spectra (fig. 1) 

revealed three groups (A,B,and C) of well 

seperated bands superposed over the broad 

emission band (550-650m) of BaS phosphor. The 
overall emission show the usual concentration 

quenching of fluorescence above an optimum 
Sm cone.(0.5 mol % by wt. of BaS). The 

observed three groups of emission lines at 
56Ohm (group A), 600nm (group B), and 650~+ 

( g r o u p  C) r e g l o n s 4 c a n  be a t t r i b u t e d  t o  Sm 
t r a n s i t i o n s  f r o m  G t o  v a r i o u s  l o w e r  l e v e l s  

5 , z  

viz. 6H ,SH and 6H [6]. Fine structure 
5 / Z  7 / 2  P / Z  

r e v e a l e d  i n  t h e s e  bands e r e  due t o  t h e  c r y s t a l  
f i ~ d  i n t e r a c t i o n  on f r e e - i o n  e n e r g y  l e v e l s  o f  
Sm 

BaS w i t h  3 . a e V  b a n d  g a p  u n d e r g o e s  a 
d i r e c t  b a n d - t o - b a n d  t r a n s i t i o n  u n d e r  N l a s e r  

2 
excitation(337.1nm). Electrons and holes 
generated in the process will migrate through 

3+ 
BaS lattice and will be trapped by Sm ions 
f o l l o w e d  by  r a d i o a c t i v e  r e c ¢ ~ m b i n a t i o n s  o f  
e l e c t r o n s  a n d  h o l e s .  A l s o  t h e  o b s e r v e d  
i n c r e a s e  i n  f l u o r e s c e n c e  e m i s s i o n  o f  BaS:Sm 
p h o s p h o r  s u g g e s t s  t h e r e  i s  a n  e f f e c t i v e  e n e r g y  
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Fig.1. Fine structUre spectrum of BaS:Sm 
Phosphor 

F r e e - i o n  t e r m s  w i t h  3 - 5 / 2  w i l l  s p l i t  i n t o  
two s u b l e v e l s  v i z .  U 8 a n d  U? i n  o c t a h e d r a l  

c r y s t a l  f i e l d .  T h e 4 f o u r  liDseHs o b s e r v e d  i n  t h e  
g r o u p  A i s  due  t o  G --) t r a n s i t i o n s  o f  

5 / Z  5 / Z  

Sm 3+ ion can therefore be explained by taking 
into consideration the doublet structure ~I 
upper and l~wer levels with separation I14cm 

a n d  274cm r e s p e c t i v e l y .  The s i x  l i n e s  
o b s e r v e d  i n  t h e  g r o u p  B a r e  4 t r a n s i t i o n s  d u e  
t o  t h e  r a a i a t i v e  d e - e x c i t a t i o n  G - 4  6H 

5/Z ?/Z 
between the two s u b l e v e l s  o f  tG (U and U) 

5 / z  s 

and the three sublevels of 6H/z(U ° ?  ,U and 

U?) having multiplet separation 74om -~ and 

177cm - 1 .  s i m i l a r l y  t h e  s i x  l i n e s  o f  t h e  g r o u p  

transfer between BaS host lattice centers to 
Sm centers. Since BaS has NaCI structure, 

2+ Ba site will experience a cubic crystal 
field with octahedral co-ordlna~ion. Free-lon 
energy levels of SIn s+ Ions in Ba z+ site will 
split into sub-levels due to crystal field 
effect. 

Analysis of crystal field splitting can 
be made by the method used by Zhong and Bryant 
[7] end Pillai and Vallabhan [8] in the 
analysis of EL spectra. Within a manifold of 
angular momenta J of 4f n electron 
configuration, the gener&l operator equivalent 
potential wlth cubic syHnetry can be written 
as [9 ]  

, .  B,O ÷ ,o: , ÷  B°,O: ÷ , ,  o'° ) 

w h e r e  Ol m a r e  t h e  u s u a l  s p h e r i c a l  

f u n c t i o n s .  
U s i n g  t h e  m o d i f i e d  n o t a t i o n ,  

h a r m o n i c  

O 06 
( 2 )  

where o -  o°-°. , , . a ,  
a n d  F ( 4 )  a n d  F ( 6 )  a r e  d e f i n e d  t h r o u g h  t h e  -I 
r e l a t i o n s ,  B t F ( I ) ' W x ;  B 6 ~ ( 6 ) ' l - l x  I (3 .b )  

with -L~x~£, and W the scale factor. 
The pattern of crystal field splitting is 

determined by B 4 and 85 which are given by 

B - A. <r4> ~ end B 6 - A 6 <r6> y ~ (4) 

where <r4> and <rS> are the mean fourth and 
si3th powers of the radii of 4f electrons of 
Sm3+ion and ~ and y are the Steevan's 
multlplicative cohstants [ 1 0 ] .  A 4 and A6 are 

the geometrical co-ordlnatlon factors and are 
given by the point charge crystal field modeJ. 
Freemann and3Watson [15 ]  gave 4(ri> and <r°~ 
v a l u e s  o f  Sm i o n  a s  1 . 5 9 7  a H a n d  8 . 7 7 5  a H 

r e s p e c t i v e l y  ( a  H - t h e  Bohr  r a d i u s ) .  

~ 15' 

I 0 - -  

/ - 0 . 8  -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 i 

X--~\ / , 

" ' - - - - - 2 /  -'---, 

60 - -  

+ 0.2 0.4 o++ : , -  

Fig.2. The splitting pattern 6H and 6H 
7 / Z  9 / Z  

m a n i f o l d  o f  Sm g÷ i o n  i n  BaS l a t t i c e .  E i s  i n  
- i  cm ; x i s  a d i m e n s i o n l e s s  p a r a m e t e r  d e f i n e d  

i n  t h e  t e x t .  The b r o k e n  l i n e s  i n d i c a t e  t h e  
v a l u e s  o f  x u s e d  t o  e v a l u a t e  t h e  s c a l e  f a c t o r  
W [ i n  cm - I  ) r e q u i r e d  f o r  t h e  e x p e r i m e n t a l  
d e t r e r m l n a t i o n  o f  c r y s t a l  f i e l d  p a r a m e t e r s .  
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Transitions involved corresponding to the fine structure spectrum of 

Sm 3+ in BaS lattice. 

Group 

Transitions Wavenu~_er 
Upper state Wavelength ( V cm ) 

- - - ~ l o w e r  s t a t e  ( run ) . . . . . . . . . . . . . . . . . . . . .  
Obse rved  C a l c u l a t e d  

A 

4 G 5 / 2 - - - > T H s / 2  

F 8 - - - >  F 7 5 5 4 . 9  18021 18021 

r 8 - - - >  r 8 5 6 3 . 3  17752 17747 

P7 - - - >  r 7  5~8 .3  17911 17907 

r 7 - - - >  r 8 567 .1  17633 17633 

B 

4Gs/2---)6HT/2 

r 8 - - - >  F 7 5 9 2 . 7  16866 16866 

F 8 - - - >  r 8 5 9 9 . 2  16888 16869 

F 8 - - - >  F 6 6 0 1 . 9  16614 16615 

F 7 - - - >  r 7 5 9 7 . 0  16750 16752 

F 7 " - - - >  F 8 6 0 3 . 0  16583 16575 

F 7 - - - >  r 6 6 0 6 . 0  16501 16501 

C 

4 G s / 2 - - - > 6 H 9 / 2  

r 8  - - - >  r ( l )8  6 4 1 . 8  15581 15581 

r 8  ___> r8-(z) 6 5 1 . 5  15349 15350 

F 8 - - - )  F 6 6 5 4 . 7  15274 15275 

r 7  ___> re--(l) 6 4 6 . 8  15469 15467 

- - (2)  6 5 6 . 2  15239 15236 r 7 ---> r 8 

r 7 - - - >  r 6 6 5 9 . 5  15163 15161 

40% 

6H~, 2 

I 1141cm_t 

6,/ 

g 

r. 

g 

, ~2! 

FI~.3. Energy level multiplet structure of 
Sm =-" In BaS lattice. Term values are given as 
obtained from the ~analysis. Various 
transitions are also shown. 

ci• b e  a t t r i b u t e d  t o  t h e  t r a n s i t i o n  
~G H w h e r e  H s p l i t  i n t o  t h r e e  

5/2 ~/2 O/2 
(~  a n d  U l i )  with multiplet s u b l e v e l s  v l z .  r d , r  s s 

separation as 75cm ~I and 231cm - I .  These lines 

are then compared with splitting pattern for 
J-7/2 a n d  J-9/2 terms (fig. 2). The multiplet- 
structures of the observed energy levels 
assigned for Sm 3+ in BaS (as given in Table l- 
and fig. 3) can be best fitted with 
theoretical prediction by tallng x-~.955 6and 
the scale factor W-8.442rm- for G -, H 

S/2 ?/Z 
transitions and W-11.84cm -I for 4G -+6H 

5/2 9/2 

transitions. 
releventcrystal 
=B " 0 . 1 3 4 3 6 ;  

4 
cm-lfor J-7/2 

B 6 - 2 . 1 1 4 x 1 0 - 4 1  

C a l c u l a t i o n s  g a v e  t h e  
f i e l d  p a r a m e t e r s  a s  

B 6 - 3 . 0 1 5 x 1 0 - 4 ;  A 4 ~ r 4 > - 5 3 . 7 4  

t e r m  a n d  B 4 - 0 . 1 8 8 4 5 3 ;  

A 4 < r l > - 7 5 . 3 4 5 c m  - 1  f o r  J - 9 / :  

t e r m  r e s p e c t i v e l y .  
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In conclusion, We analysed the flne 
structure of Sm ~+ in BaS lattice by laser 
induced fluoresGence. The splittlng patterns 
obtained for Sm energy leyels in BaS lattige 

show the activator ions(Sm ) occupies Ba 
substitutional sites. Calculated values of the 
crystal field parameters using the 
experimental data support this fact. 
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