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Vhsiract Theimally slimuialed luminescence (ISL) studies ol undoped, Cu and Mn doped Li,B4fJ7 arc reported in this paper The polyuystalline
sjini’Iĉ . ol undoped and doped weie prepared by melting method The foimation of the undoped compound was cheeked bv X-iay diflractioii
.Hill louiier transform mirared (PTIR) studies The compound has orthorhombic structure at room tcmpeiature In TSL studies undoped sample 
L\hibiis two glow peaks at the lernperatuies 190 and 28()'‘C The Cu-doped lithium iclraboraie sample exhibits three plow peaks at the lempeiuturcsIHS, 
‘Ml ,iiul 350'*C whereas the Mn doped sample exhibits glow peaks at 190 and U)0‘*(' Qui results show that Cu-doped Lithiinn tetraborate is moic 

,LiisUi\e and the TSL intensities ol IH'  ̂ and 290”C glow peaks in Cu doped Li,B4 0 .̂ are enhanced by about 25 and 10 limes respectively when compared 
.Mill ihe coiresponding glow peak intensities m undoped LiyH^O^

K r\u o rd s  T h e r m a lly  s lm iu la lc d  lu m in e s c e n c e , X R D ,  F T IR .  

r \ (  S Nos. 7H 60 Kn. 61 10.N/

1. Introduction
Ooraic c o m p o u n d s  c o n ta in in g  im p u r it ie s  such as C u  an d  M n  
lind a p p lic a t io n  as p h o s p h o rs  becau se  th e y  h a ve  tissue l ik e  
J ia ia c tc n s tic s  an d  h ig h  s e n s it iv ity  an d  h e n ce  th ey  are w o rth  
MLklying lo r  p e rs o n a l d o s im e try  [1 ) .  T h e s e  c o m p o u n d s  f in d  
a p p lic a t io n  n o t o n ly  as h ig h  s e n s it iv e  p h o s p h o rs  u s ed  in  
' l ic in m lu m in c s c c n c e  d o s im e try  o f  io n iz in g  ra d ia tio n  but a lso  as 
a iin ii- l in e a r  o p tic a l m a te r ia l used  fo r  la ser h a rm o n ic  g e n e ra tio n  
Inr e x a m p le , b a r iu m  b o ra te  [ 2 | .  A t te m p ts  h a ve  been  m a d e  by  
many re s e a rc h e rs  to  s tu d y  th e  p ro p e r tie s  o f  l i th iu m  b o ra te  
em p lo y in g  d if fe re n t  p re p a ra t io n  m e th o d s . T h e  p re p a ra tio n  o f  
these s a m p le s  is v e ry  t r ic k y  an d  th e s e  p h o s p h o rs  c a n  be  
piepared  o n ly  by d o p in g  im p u r ity  at te m p e ra tu re s  v e ry  c lo s e  to  
the m e ltin g  [3 -6 1 . T h e  s y n th e s is  o f  the p u re  l i th iu m  b o ra te  and  
hihiurn b o ra te  d o p e d  w ith  C u  an d  M n  arc c a rr ie d  o u t in the  
hiboratory. T h e  th e m ia l ly  s tim u la te d  lu m in e s c e n c e  ( T S L )  studies  
‘̂1 pure, C u  an d  M n  d o p e d  L i 2B ^O ^ a rc  re p o rte d .

2. Experimental details

T h e  s a m p le s  o f  p u re  a n d  d o p e d  lith iu m  b o ra te  c o m p o u n d s  
p rep ared  l>y m e lt in g  m e th o d  [7J. TTie p re p a ra tio n  o f  l ith iu m  
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borate sam ples has been m ad e by m ix in g  lith iu m  carbonate (9 9 % ,  
L o b a  C h e m ic , B o m b a y  ) and b o ric  ac id  ( 9 9  5% , S. d. f in c -C h c n i 
L td ., B o is a r  ) in  s to ic h io m e tr ic  ra tio  and the m ix tu re  is m e lte d  at 
9 .S ( y t  in a s ilic a  c ru c ib le  and th en  ra p id ly  c o o le d  to  m o m  
le m p e ra tu rc . T h e  re s u lta n t g lassy m ass is h e ated  at 6 5 i f C  lo r  
0 .5  h i. T h e n  il is g ro u n d  an d  s ieve d  to  o b ta in  100 to  2 0 0  m esh  
p o w d e r. D o p e d  Li^B^O-^ sam ples are p rep ared  in a s im ila r  m anner  
by ta k in g  the s tarting  m a te ria ls  in s to ic h io m e tr ic  ra tio  and add ing  
0 .5  w t%  o f  C u C I t ( 9 8 % , L o b a  C h e m ie , B o m b a y  ) o r  M n C I ,  
(9 9 .5 % , S. d. f in e -C h e m  L td ., B o is a r ) in the m ix tu re .

T h e  c h a ra c te r iz a t io n  o f  L i^B ^O ^  is c a rr ie d  o u t by X - r a y  
d i f f r a c t io n  an d  F T I R  s tu d ie s . X - r a y  d i f f r a c io g r a m  o f  th e  
c o m p o u n d  w as taken  in C e n tra l R esearch  F a c ility , I I T  K h a ra g p u r  
a t r o o m  te m p ,  in  a w id e  r a n g e  o l  B r a g g  a n g le  

20(20^^ < 2 0 <  80^^ u s in g  a R ig a k u  ( M i n i i lc x ,  Japan ) X - r a y  

d iffra c to m e te r  w ith  C u K a  ra d ia tio n  ( A  =  1 .5 4 1 8 A )  at a scann ing  

rate o f  2° /m in . T l ie  F T I R  sp ectru m  ( K B r  p e lle t)  in  the reg io n  4 0 0  
to  40CK) cm  ' w as rec o rd ed  in the C h e m is try  D e p a rtm e n t, In d ia n  
S c h o o l o f  M in e s  on F T lR - 2 0 0 0 ,  (P e rk in  E lm e r , S w itz e r la n d  

s p e c tro m e te r).

© 2 0 0 2 1A C S

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IACS Institutional Repository

https://core.ac.uk/display/159813997?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


550 J Manam, A K Sinf^h and S K Sharma

A l l  s a m p le s  w e re  h e a te d  to  4(X )^C  fo r  5 m in s  an d  th en  
q u e n ch e d  to  R T  b e fo re  X - ir ra d ia t in g  th em . T h e  p o w d e r sam ples  
w e re  ir ra d ia te d  b y  X -r a y s  o b ta in e d  fro m  C u  ta rg e t o f  M a c h le t t  
tube  o p e ra te d  at 2 0  K V  an d  15  m A . T h e  T S L  stud ies w e re  m a d e  
b y  u s in g  P e rs o n a l C o m p u te r  B a s e d  T h e r m o lu m in c s c e n c e  
A n a ly z e r  S y s te m  (T y p e  l(K )7 )  s u p p lie d  by  N u c lc o n ix  S y s te m s  
P r iv a te  L im i t e d ,  H y d e r a b a d , In d ia .  T h e  g lo w  c u rv e s  w e re  
re c o rd e d  b y  h e a tin g  th e  s a m p le s  at a u n ifo rm  ra le  o f  4 ^ K /s  w ith  
th e  h e lp  o f  a t e m p e r a tu r e  c o n t r o l le r  ( t y p e  5 7 4 )  a n d  th e  
lu m in e s c e n c e  e m is s io n  w as  d e te c te d  by a p h o to -m u lt ip l ie r  lu b e  
( ty p e  9 9 2 4  B ) .  T h e  p h o to -c u rre n t fro m  P M  lu b e  is a m p lif ie d  by a 
D C  a m p lif ie r  w h ic h  is in te r fa c e d  to  a p e rs o n a l c o m p u te r. T h e  
T S L  o u t p u l is f in a l ly  re c o rd e d  by a p r in te r  c o n n e c te d  to  the  
p e rs o n a l c o m p u te r.

3. Results and discussion

T h e  X - r a y  d if f ra c t io n  o f  Li-iB^O.^ is tak en  at ro o m  tem p e ra tu re  as 
s h o w n  in  F ig u re  I . T h e  sh arp  an d  s in g le  d if f r a c t io n  p e aks  o f  the  
X R D  p a tte rn  s u g g e s te d  th e  fo rm a t io n  o f  s in g le -p h a s e  n e w  

c o m p o u n d . F r o m  th e  I Q  v a lu e s  o f  th e  d i f f r a c t io n  l in e s ,  
in te r p la n a r  s p a c in g  ( d )  o f  th e  p e a k s  w a s  c a lc u la te d .  T h e  
d il ir a c t io n  lin e s  w e re  in d e x e d  an d  u n it c e ll c o n f ig u ra t io n  w as  
id e n tif ie d  u s ing  a c o m p u te r  p ro g ra m  p a c k a g e  ‘P o w d m u lt ’ |8 ,9 J . 
O u t o f  those a s u ita b le  o r th o rh o m b ic  u n it c e ll w as  se lec ted  fo r  

w h ic h  -  d^^^i) w a s  fo u n d  to be m in im u m . T h e

la ttice  pa ra m e te rs  o f  th e  u n it c e ll w e re  re f in e d  us ing  least-square^ 
m e th o d  an d  w e re  fo u n d  to  b e : a = 1 4 .1 0 8 5  A, b =  1 0 .0 7 5 4  A c -  
1 3 .4 1 5 4  A. A  g o o d  a g re e m e n t  b e tw e e n  th e  o b s e rv e d  and 
c a lc u la te d  d -v a lu e s  (T a b le  1.)  suggests  the  s u ita b il ity  ot 
cry s ta l s tru c tu re  an d  u n it c e ll p a ra m e te rs . T h e  F T IR  spectrum o\ 

L i^ B ^ O ^  is tak en  a t ro o m  te m p e ra tu re  as s h o w n  in  F ig u re  2 . The 
F T IR  s tu d y  I I 0 , 1 1] o f  u n d o p e d  s a m p le  s h o w s  th e  presence of 
bands c o rre s p o n d in g  to  b o ra te  a n io n s  a t 1 3 8 7 .5  c m “ ' and 779 H 
c m  'w h ic h  a lso  c o n firm s  th e  fo rm a t io n  o f  L i^ B ^ O ^  com pound

T abic  1. Comparison o f  observed and calculated d-values (A ) o( sonic 
reflections o f  sam ple  at room  tem peratu re .
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Thermally stimulated luminescence studies etc

samples exhibit two glow peaks at temperatures 190“C and 280°C 
w hich  280°C glow peak is the strongest. Moreover the 

miensilics of the glow peaks are found to increase with increase 
,,1 the X-ray dose. The TSL glow curves of Cu-doped Lî B . 0  
powder samples were recorded by X-irradiating at RT for 1 0  
„i„s. and 15 mins, as shown in Figure 4. The TSL glow curve.s 

x-irradiated Cu-doped LijB^O, exhibit three glow peaks at 
290”C and 350®C of which the intensity of 185”C glow

lii^iirr 4. T S l ,  ( i l o w  curves  o f  Cu d o p e d  Li,B^C), s a m p l e  f o r  10 & IS 
iimis ()l X - M T i id i a l i o n
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p e a k  is the m a x im u m . In  th is  case a lso  the in te n s itie s  o f  g lo w  
peaks a re  fo u n d  to  in c reas e  w ith  the in crease  o f  X - r a y  dose  
T h e  T S L  g lo w  c u rv es  o f  M n  d o p e d  L i^ B .O ,  p o w d e r  sam ples  
w e re  rec o rd ed  by X - ir r a d ia l in g  at ro o m  tem p era tu re  fo r 20 m m s. 
as sh ow n in the F ig u re  5. It  ex h ib its  tw o  g lo w  peaks at tem peratu re  
ot \ 9 i f C  an d  o th e r at o f  w h ic h  the g lo w  pe ak  at 3 (K )^ t  is
m o re  in ten se  llia n  I 9 0 ^ t  g lo w  p e a k . I t  is o b s erve d  that in th is  
case a lso , the g lo w  p eaks  g io w  in in te n s itie s  w ith  the increase  
o f  X - r a y  dose.

I t  is o b s erve d  that C u  and M n  d o p e d  L i  3 ^ 0 ^  and undo ped  
Li^B^O.^ ha ve  so m e c o m m o n  fea tu res . In  a ll the.se cases the (irs i 
(w o  p eaks  are c o m m o n  and o c c u rr in g  aro u n d  I W C  and 290^’ C  
and the g lo w  peaks arc g ro w in g  in in te n s ity  w ith  the increase o f  
X - r a y  dose. H o w e v e r , an  a d d itio n a l p e ak  is o bserved  in C u -  
doped  L ith iu m  le irah o ra ie  at a tem peratu re  ot 35(/^ C . C om parison  
o t in te n s itie s  ot g lo w  peaks  in d ica te s  that the in te n s ity  o f  g lo w  
p eaks o f  C u  d o p e d  L i^B ^O ^  c o rre s p o n d in g  to 18 5 “C  and 2 9 0 X  
arc e n h an c ed  b y  2 5  and 10 lim e s  rc s p c c iiv e ly  w h e n  co m p are d  
to those o f  u n d o p ed  L i 3 4 0 .̂ . H o w e v e r  in the case o f  M n  doped  
L i^B ^O ^, the in te n s ity  at 3(K3"C g lo w  p e ak  is en hanced  by 2 .5  
lim e s  w h e n  c o m p a re d  to that o f  u n d o p e d  L i^ B ^ O ^ .O u r results  
also  sh o w  th at the C u  d o p e d  L i-,B ^O ^ is m o re  sen s itive  than M n  
d o p e d  L i^B ^O .^ . I 'h u s  th e s e  re s u lls  e s ta b lis h e d  th a t the  
s e n s it iv ity  o f  L i 3 4 ^ 7  has been  en h an c ed  m a n y  fo ld
w ith  the in c o rp o ra tio n  o f C u  im p u rity .

I t  has been  su gges ted  that th e  g lo w  cu rv es  o f  C u  doped  
l i th iu m  Ic lra b o ru te  are re la te d  to  the re la x a tio n  o f  the ex c ite d  
C u  ions (Cu"^)* .U p o n  irra d ia tio n , Cu"^ ions e ith er trap  an electron  
to b e c o m e  Cu^’ o r  th ey  trap  a h o le  to b e c o m e  Cu "̂*  ̂ ions.

Cu"* +  e le c tro n  —> Cu^’ ,

Cu"^ 4- h o le  —> Cu^"*".

O n  th e rm a l s t im u la t io n , these c o p p e r a to m /io n s  g iv e  rise to  
T S L  em iss io n  ac c o rd in g  to the fo llo w in g  m e c h a n is m  1121.

C u ‘  ̂ 4- h o le  —> (Cu"^)* —> C u ^ +  hv.

O r Cu'^'^ 4- e le c t r o n —> ( C u '^ ) * C u ' * ^  +  h \ ’.

T h e  in c re a s e  in th e  in te n s itie s  o l Ih c  g lo w  c u rv e s  w ith  
inc rease  o f  ir ra d ia tio n  dose can be u n d ersto o d  by the l a d  that 
m o re  and m o re  traps re s p o n s ib le  fo r  these g lo w  peaks w ere  
g e tt in g  f i l l e d  w ith  th e  in c re a s e  o f  ir r a d ia t io n  d o se  and  
su b s e q u e n tly  these traps re lease  the ch arg e  ca rrie rs  on th e rm a l 
s tim u la t io n  to  f in a l ly  re c o m b in e  w ith  th e ir  co u n te rp a rts  , thus  
g iv in g  rise  to  d if fe re n t  g lo w  peaks

4. Conclusions

(i) T h e  c o m p o u n d  L i 2B 40*7 is fo u n d  to  h a v e  
O rth o rh o m b ic  s tru c tu re .

(ii)  T h e  T L  s e n s itiv ity  o f  L 12B 4O 7 p h o s p h o r is en h an ced  
w ith  the in c o rp o ra tio n  o f  C u  o r  M n  im p u rity .

(iii)  T h e  a d d itio n  o f  C u  im p u r ity  to  u n d o p ed  L 12B 4O 7
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increases the scnsin viiy many fold as comparable to 
addition of Mn impurity to undopcd Li^B^O .̂
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