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THE MECHANISM OF DISINTEGRATION OF COLOR CENTERS AND THE NON- 
STATIONARY RECOMBINATION LUMINESCENCE OF NaC1-Ag PHOSPHOR 
CRYSTAL.  I 

V. P.  Chernenko,  Yu. L. ,Lukantsever ,  and F.  N. Zai tov 

I z v e s t i y a  VUZ. Fiz ika ,  No. 5, pp. 145-152,  1965 

A combined method has been used to study the disintegration 
processes of the 355, 465, and 720 color centers of NaC1-Ag phosphor 
in the temperature range 100-550" K. The emission spectra of thermo- 
stimulated and photostimulated recombination luminescence of NaC1- 
Ag excited by X-rays at various temperatures were also studied. The 
possibility of ionrelectron and ion-hoIe disintegration mechanisms of 
the color centers in the phosphor crystal at low temperatures is examined. 

INTRODUCTION 

The study of recombination processes in activated alkali-halide 
crystals over a sufficiently wide temperature range can give impo~- 
tam information about the mechanism of recombination luminescence 

f r o m  a URS-55a appara tus  (BSV-Cu tube, I = 15 ma,  
V = 50 kV). The exc i ta t ion  t ime  va r i ed ,  depending 
upon the nature  of  the expe r imen t ,  f rom 30 to 240 rain 
( radia t ion  doses  of 75-600  R). 

F o r  the l o w - t e m p e r a t u r e  s tudies ,  the phosphor  was 
p l aced  in a c ryos t a t  made of molybdenum glass ,  which 

was f i l led  with l iquid oxygen.  The des ign of  the c r y o -  
s ta t  [4] made  it poss ib le  to p lace  a h e a t e r  d i r ec t l y  in 
the l iquid oxygen and to ef fec t  a continuous t r ans i t i on  
f r o m  low (100 ~ K) to high (600 ~ K) t e m p e r a t u r e s  at 
a given ra te  of heat ing.  In m o s t  of the t e s t s  this r a t e  

in these crystals. In particular, the combined study of the processes 
of integral thermo- or photoluminescence and de.coloration of phos- 
phors in various excited-absorption bands is a valuable source of in- 
formation on the mechanism of the creation and disintegration of 
color centers and the accompanying transformations of the energy 
absorbed by the crystal. 

In recent years, a number of authors have used this approach to 
study the detailed mechanism of recombination luminescence and to 
investigate emission spectra during thermoluminescence [1-3, 9], and 
they have established that these spectra change substantially during 
relaxation. 

Earlier [3], we elucidated the origin of the integral thermolumin- 
eseence peaks in synthetic NaC1-Ag phosphor and determined that 
such capture and emission centers were responsible for luminescence 
at various stages of thermoluminescence. 

The present paper continues the study of the emission spectra of 
nonstationary luminescence, and also the processes of thermolumin- 
eseenee and thermodecoloration over a wider range of temperatures 
(from i00 to 550" K). 

E X P E R I M E N T A L  

The NaC1-Ag phosphor  s tudied in the p r e sen t  work  
was grown f rom a m e l t  of na tura l  rock  sa l t  (Toktogul ' -  

was 0 .3~  
The absorp t ion  s p e c t r a  of  the phosphor  at  both low 

and r o o m  t e m p e r a t u r e s ,  and a lso  the c u r v e s  of  in teg-  
r a l  t h e r m o l u m i n e s c e n c e  (TL) and t h e r m o d e c o l o r a t i o n  
(TD) of  c r y s t a l s  at  va r i ous  t e m p e r a t u r e s ,  w e r e  r e -  
co rded  by means  of a pho tomete r ,  which cons i s t ed  of 
a FEU-29  photomul t ip l ie r ,  a dc ampl i f i e r ,  and a E P P -  
09 e l e c t r o n i c  r e c o r d i n g  po ten t iome te r .  The e m i s s i o n  
s p e c t r a  of the photo- and t h e r m o s t i m u l a t e d  lumin-  

e s c e n c e  w e r e  r e c o r d e d  with a pho tomete r ,  which con-  
s i s t ed  of a FEU-29  photomul t ip l ie r ,  a dc ampl i f i e r ,  
and a N-102 loop osc i l l og raph  [3]. In al l  c a se s ,  the 
e m i s s i o n  s p e c t r a  w e r e  c o r r e c t e d  for  the s p e c t r a l  
s ens i t iv i ty  of the FEU-29 ,  and a lso  fo r  the non l inear i ty  

of  the f requency  v sweep of  the s p e c t r u m .  The sweep 
t ime  of  the e m i s s i o n  s p e c t r u m  of the t h e r m o l u m  
i n e s c e n c e  and of  the photos t imula ted  l um inescence  

f r o m  6 to 2 eV was  15 sec .  

RESULTS AND DISCUSSION 

Study of the absorp t ion  s p e c t r a  of  this  phosphor  

skoe deposit)  and an Ag ac t iva to r ,  which was in t roduced  
into the m e l t  as AgNO 3 (0.2 m o l e - ~  in mix ture ) .  

We studied t h e r m o l u m i n e s c e n c e ,  t h e r m o d e c o l o r a -  
tion, and a lso  the e m i s s i o n  s p e c t r a  in t h e r m o -  and 
photos t imula ted  r ecombina t ion  l u m i n e s c e n c e  a f te r  
exc i ta t ion  of the NaC1-Ag phosphor  c r y s t a l  with X - r a y s  
at  130 and 290 ~ K. The phosphor  was exc i ted  b y X - r a y  s 

Tex = 180 K 

No, of excited- 
absorption 

bands 

km of excited- 
absorption 

bands 
(in mr) 

1 2 

showed that  the fo rm of the s p e c t r u m  v a r i e d  subs tan-  
t i a l ly  with the X - r a y  dosage (X- i r r ad ia t ion  t ime) ,  and 
a lso  a f te r  p r e l i m i n a r y  heat  t r e a t m e n t  of  the c r y s t a l  

be fore  exci ta t ion.  
Table  1 shows the pos i t ions  of  the peaks of the 

e x c i t e d - a b s o r p t i o n  bands of the NaC1-Ag phosphor  
under  study at 180 ~ and 290 ~ K in the s p e c t r u m  reg ion  

Table  1 
i 

T ex = 290 K 

7 

720 

*Study of bands 1 -3  at low t e m p e r a t u r e s  was diff icul t  owing to 
cons ide rab l e  absorp t ion  by the c r y o s t a t  m a t e r i a l  in the spec t rum 

reg ion  concerned .  
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f rom 1.6 to 6 eV af ter  X - i r r a d i a t i o n  of the c ry s t a l  for  
I hr  (X- i r r ad i a t i on  does 150 R). 

Compar i son  of the absorp t ion  coeff icients  in the 
va r ious  exc i t ed -abso rp t ion  bands given in Table 1 
showed that absorp t ion  is g r ea t e s t  in the bands with 
Xmax = 355 and 465 m~. Most a t ten t ion  was the re fo re  
given to the study of these  absorp t ion  bands .  It should 
be noted that the data in Table  1, r e f e r r i n g  to Tex = 
= 290 ~ K, differ somewhat  f rom the r e s u l t s  ci ted in 
our  e a r l i e r  paper  [3] for synthe t ic  NaC1-Ag; this d i s -  

c repancy  may be caused by d i f fe rences  in the o r ig in  
of the phosphors .  

F igure  1 shows in tegra l  cu rves  of TL for NaC1-Ag 
exci ted at 130 and 290 ~ K, and also TD curves  of the 
absorp t ion  bands of this  phosphor with Xmax = 355, 
465, and 720 rap. 

The TL curve  of the phosphor  exci ted at 130 ~ K 
(see curve  1, Fig.  la)  has two s t rong  l o w - t e m p e r a t u r e  
peaks i (T m = 190 ~ K) and It (Tm = 250 ~ K) and two 
compara t ive ly  weak h i g h - t e m p e r a t u r e  peaks,  III(T m = 
= 310 ~ and IV (T m =380 ~  Peak  IV, at T m = 
= 380~ was p r e s e r v e d w h e n t h e  phosphor was exci ted 
at room t e m p e r a t u r e  (curve 2, Fig.  la ) .  T h e r m o d e -  
co lora t ion  of the 355 m~ absorp t ion  band occurs  in 
s eve ra l  s tages  (curve 1, Fig.  lb) .  The m a x i m u m  d i s -  
in t eg ra t ion  ra tes  of the co r r e spond ing  absorp t ion  
cen t e r s  occu r  at t e m p e r a t u r e s  of 190, 225, 265, and 
400~  (curve 1', Fig.  lb) .  

L o w - t e m p e r a t u r e  deco lora t ion  of the 465 m~ band 
occurs  somewhat  different ly:  as can be seen  f rom Fig. 
l c  (curve 1), the TD curve  r i s e s  at f i r s t ,  and then 
fal ls  in s e v e r a l  s tages ;  the highest  r a t e s  of d i s i n t e g r a -  
t ion of the 465 color  c en t e r s  occur  at 225 and 265 ~ K. 
S imi la r ly ,  the absorp t ion  band with k m = 720 m~ 
(curve 1, Fig�9 ld) is  decolored  upon l o w - t e m p e r a t u r e  

exci ta t ion  (Tex = 150 ~ K). 
The data indicate  that for l o w - t e m p e r a t u r e  exc i t a -  

t ion (Tex = 150 ~ K), the m a x i m u m  ra t e s  of fo rmat ion  
of the 465 and 720 absorp t ion  bands l ie in the same  
t e m p e r a t u r e  range ,  ~190 ~ K, the TD curves  of the 
355 and 465 absorp t ion  bands  have a s i m p l e r  form 
(curves 2, Fig.  lb  and c), and the m a x i m u m  ra tes  of 
d i s in t eg ra t i on  of absorp t ion  cen te r s  of these  two types 
a re  at T m = 3 7 0 a n d 4 1 0  ~  m =370,  390, and 
450 ~ K, r e spec t ive ly .  

The above r e s u l t s  make it poss ib le ,  to a c e r t a i n  
extent ,  to e lucidate  the d i s in t eg ra t ion  m e c h a n i s m  of 
color  cen te r s ,  and to d e t e r m i n e  the color  c en t e r s  
whose d i s in t eg ra t ion  is r e spons ib l e  for the va r ious  
t h e r m o l u m i n e s c e n c e  peaks of the phosphor.  

In the t e m p e r a t u r e  range  where  peak I appears  
(190 ~ K, Fig. 1a -d ,  curves  1), the re  is pa r t i a l  d i s -  
in tegra t ion  of the 355 cen te r s  and growth of the 465 
and 720 color  cen te r s .  The p r o c e s s e s  that occur  in 
this t e m p e r a t u r e  r ange  can be i n t e rp r e t ed  in two ways.  

1. If it is a s s u m e d  that the 355 band is of the hole 
type, then the reduc t ion  in the n u m b e r  of 355 cen te r s  
in the range  180-200 ~ K (see Fig.  lb) and the s i m u l -  
taneous  i n c r e a s e  in the n u m b e r  of the e l e c t r o n  c e n t e r s  
465 and 720 in this range  (see Fig.  lc  and d) could be 
due to d i s in t eg ra t ion  of e l ec t ron  cen te r s  of a hi therto 
unknown type, loca l iza t ion  of the l ibe ra ted  e l ec t rons  

at  the F and M t rapping  cen t e r s ,  and r ecombina t ion  
of a pa r t  of these e l ec t rons  with the holes of the 355 
c e n t e r s .  

lVr j a 

] I I, ,l I::'V. 

, I 

Fig. 1. Relmxation curves of 
NaC1-Ag phosphor: a) thermo- 
l u m i n e s c e n c e  IT(T): 1 - T e x  = 
= 130 ~ K; 2 - T e x  = 290 ~ K; 3 -  
Tex = 290 ~ K followed by cool -  
l ing  to 150 ~ K before  m e a s u r e -  

ment ;  b) A~355(T): 1 - T e x  = 180 ~ 

K, l'-(~/3T)(A~4355); 2 - T e x  = 
= 290 ~ K; 2 ' -  -(D/DT)(A~355); c) 
/k'~4465 (T): 1 - T e x  = 180 ~ K, I ' - -  
-(O/~T)(A~4465), 2 - T e x  = 290~ 
K, 2'---(O/0T)(A~4~), 3-Tex = 
= 150 ~ K for heat- and radiation- 
treated phosphor; 3'--(D/0T). 
�9 (A~465) for conditions of 3; d) 

~720(T): 1--Tex = 150 ~ K, 1'--  
-(~/~T)(A• 20). 

2. But if the 355 band is of the e l ec t ron  type, then 
the p r o c e s s e s  that occur  in the reg ion  of TL peak I 
'could be r ega rded  as the r e s u l t  of the r e l e a s e  of 
e l ec t rons  f rom the 355 c e n t e r s  and the i r  cap ture  by 
the F and M cen t e r s .  

In o r d e r  to obtain a be t t e r  ins ight  into the na tu re  
of the 355 absorp t ion  band and the c h a r a c t e r  of the 
r e l axa t ion  p roces s  in  t h e t e m p e r a t u r e  range  concerned ,  
we studied the behav ior  of the 355 band dur ing  photo- 
t h e r m a l  d i s in t eg ra t ion  of the F color  cen te r s  and 
r e l e a s e  of e l ec t rons .  P a r a l l e l  d i s in t eg ra t ion  of the 
355 color  cen te r s  was also obse rved .  

In our  opinion, this tes t  conf i rms  the hole na tu re  
of the 355 absorp t ion  band, s ince if it  were  of e l ec t ron  
type, with l u m i n e s c e n c e  of the F band, the 355 band 
would have i n c r e a s e d  or ,  at  l ea s t ,  r e m a i n e d  unchanged,  
as was obse rved  in the same  e x p e r i m e n t  on the e l e c -  
t ron  275 band. 

In view of this ,  we a re  inc l ined  to think that, in 
the t e m p e r a t u r e  range  180-200 ~ K, the f i r s t  of the 
above-men t ioned  poss ib le  m e c h a n i s m s  of the r e l a x a -  
tion p roces s  is opera t ive  and that the f i r s t  TL peak 
is of e l ec t ron  type. 
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In the t e m p e r a t u r e  r ange  220-270  ~ K, w h e r e  T L  
peak  iI a p p e a r s ,  d i s i n t e g r a t i o n  of the 355 c e n t e r s  a s  
wel l  as  of the 465 and 720 c o l o r  c e n t e r s  o c c u r s .  If i t  
i s  a s s u m e d  that  the 355 band c o r r e s p o n d s  to hole 
c o l o r  c e n t e r s ,  then the p r o c e s s e s  o c c u r r i n g  in the 
t e m p e r a t u r e  r ange  ind ica t ed  can  be d e s c r i b e d  in at  
l e a s t  one of the fol lowing ways:  

1. Dur ing  t h e r m a l  d i s i n t e g r a t i o n  of the F and M 
e l e c t r o n  c e n t e r s ,  the e l e c t r o n s  l i b e r a t e d  r e c o m b i n e  
with  the ho les  that  a r e  l o c a l i z e d  at  the 355 c e n t e r s ,  
and this  l e a d s  a lso  to a r educ t i on  in the a b s o r p t i o n  in 
the 355 band.  

2. Dur ing  t h e r m a l  d i s i n t e g r a t i o n  of the 355 hole 
c e n t e r s ,  the  f r ee  ho les  tha t  a r e  f o r m e d  r e c o m b i n e  
with the e l e c t r o n s  l o c a l i z e d  at  the F and M c e n t e r s ,  
and th is  l e a d s  to a r educ t i on  of the F and M bands  in 
the s a m e  t e m p e r a t u r e  r a n g e  (see  a l so  [10 ] ) .  

A f inal  dec i s ion  as  to which of the two m e c h a n i s m s  
i s  o p e r a t i v e  in the c r y s t a l  in the t e m p e r a t u r e  r ange  
in ques t ion  r e q u i r e s  addi t iona l ,  m o r e  d i r e c t  e x p e r i -  
m e n t s  to be made  to d e t e r m i n e  the s ign  of the f r e e  
c h a r g e s  that  p a r t i c i p a t e  in the  r e c o m b i n a t i o n  p r o c e s s  
(for example ,  by the  method  of e x o e l e c t r o n  emi s s ion ) .  

The above fac ts  can be i n t e r p r e t e d  f rom the point  
of view of the concepts  of  an ion m e c h a n i s m  of  d i s -  
i n t eg ra t ion  of c o l o r  c e n t e r s  that  have r e c e n t l y  been  
deve loped  by the au thors  [5, 6, 11, 12, 16]. 

The concept  of an ion type of d i s i n t e g r a t i o n  of the 
F,  M, and 355 co lo r  c e n t e r s  in the t e m p e r a t u r e  
r ange  w h e r e  the t h e r m o l u m i n e s c e n c e  peaks  I and II 
a p p e a r  a g r e e s  a l so  with c e r t a i n  o the r  e x p e r i m e n t a l  
da t a  of o u r s .  

If the NaC1-Ag c r y s t a l  is  i r r a d i a t e d  with X - r a y s  
at  290 ~ K, a b s o r p t i o n  bands  with ~m = 355, 465, 620, 
and 720 m~ a p p e a r  in the s p e c t r a l  r e g i o n  300-800  m~. 
If, then, a f t e r  i r r a d i a t i o n  has  ended,  the exc i t ed  
c r y s t a l  is  cooled  to 150 ~ K, the a b s o r p t i o n  s p e c t r u m  
is  e s s e n t i a l l y  unchanged.  This  points  to the fact  tha t  
when the c r y s t a l  is  cooled,  the p r o p e r t i e s  of the 
c o l o r  c e n t e r s  r e m a i n  as  b e f o r e .  The TL cu rve  of 
such a c r y s t a l ,  however ,  a s  c o m p a r e d  with the T L  
cu rve  of a c r y s t a l  exc i t ed  a t  Tex = 130 ~ K, is  m a r k e d l y  
changed (Fig .  l a ,  cu rve  3): peaks  I and II a t  T m = 190 
and 250 ~ K a r e  g r e a t l y  r e d u c e d  in s ize  r e l a t i v e  to 
h i g h - t e m p e r a t u r e  peaks  HI and IV, whi le  wi th  o r d i n -  
a r y  p lot t ing of the TL cu rve  (F ig .  l a ,  cu rve  1), the 
s t r e n g t h s  of the peaks  a r e  i n v e r s e l y  p r o p o r t i o n a l .  The 
abso lu te  va lue s  of the s t r e n g t h s  of T L  peaks  I and II 
a r e  a l so  s h a r p l y  r e d u c e d  (see  c u r v e s  1 and 3). 

The TD cu rve  for  the F c e n t e r s  of  a c r y s t a l  tha t  
has  been  sub jec t ed  to r e p e a t e d  p r e l i m i n a r y  hea t  and 
r a d i a t i o n  t r e a t m e n t  and exc i t ed  a t  150 ~ K d i f f e r s  
g r e a t l y  ( see  cu rve  3, F ig .  lc)  f r om the c o r r e s p o n d i n g  
TD curve  for  a f r e s h l y  cut  c r y s t a l  (curve  1, F ig .  l c ) .  
The r i s e  in the 190 ~ K r a n g e  and a l so  the fa l l  in the 
250 ~ K r ange  a r e  much l e s s  m a r k e d  in cu rve  3 than 
in cu rve  1. The p r i n c i p a l  decay  A• ) in th is  c a s e  
o c c u r s  at  410 ~ K. 

The e x c i t e d - a b s o r p t i o n  s p e c t r a  in the  r e g i o n  of 
the F,  M, and 355 bands  with  exc i t a t ion  of the NaC1- 
Ag phosphor  at  150 ~ K and 290 ~ K w e r e  iden t i ca l .  This  

i nd i ca t e s  that  the c o l o r  c e n t e r s  of each  type  a r e  the 
s a m e  for h i g h - t e m p e r a t u r e  and l o w - t e m p e r a t u r e  
exc i t a t ion .  M o r e o v e r ,  the d i s i n t e g r a t i o n  of t he se  
c e n t e r s ,  as  can be seen  f rom Fig .  l b  and c ( cu rves  
1 and 2), o c c u r s  in qui te  d i f fe ren t  t e m p e r a t u r e  r a n g e s ,  
depending upon the exc i t a t ion  t e m p e r a t u r e  of the 
phosphor .  

T h e r m a l  d i s i n t e g r a t i o n  of the F and 355 c o l o r  
c e n t e r s  c r e a t e d  at  290 ~ K, j u s t  as  of those  c r e a t e d  at  
130 ~ K, is  a c c o m p a n i e d  by l u m i n e s c e n c e  (F ig .  l a ,  
T L  peak  IV, cu rve  2). 

The e x p e r i m e n t a l  m a t e r i a l  p r e s e n t e d  above ind i -  
c a t e s  that ,  ove r  a wide t e m p e r a t u r e  r ange  (150-500~ 
such f a c to r s  as  the s t ab i l i t y  of the c o l o r  c e n t e r s  and 
the t e m p e r a t u r e  r a n g e s  in which the c o l o r  c e n t e r s  
p a r t i c i p a t e  m o s t  ac t ive ly  in the r e l a x a t i o n  p r o c e s s e s  
(in p a r t i c u l a r ,  in the g e n e r a t i o n  of luminescence )  a r e  
d e t e r m i n e d  chief ly  not by the  na tu r e  of the c e n t e r s  
t h e m s e l v e s ,  but by the na tu re  of the c r y s t a l  l a t t i c e  
as  a whole and e s p e c i a l l y  by that  of the  ion e n v i r o n -  
men t  n e a r  these  c e n t e r s  [17, 18]. Depending upon the 
exc i t a t ion  condi t ions ,  c o l o r  c e n t e r s  of the s a m e  na-  
tu re  can p a r t i c i p a t e  in r e l a x a t i o n  p r o c e s s e s  at  d i f -  
f e r e n t  t e m p e r a t u r e s .  

C o m p a r i s o n  of the r e s u l t s  examined  above with 
the  t h e r m o l u m i n e s c e n e e  e m i s s i o n  s p e c t r a  in F ig .  2 
m a k e s  i t  p o s s i b l e  to obta in  addi t iona l  i n fo rma t ion  
about  the m e c h a n i s m  of f o r m a t i o n  of  r e c o m b i n a t i o n  
l u m i n e s c e n c e .  As is a p p a r e n t  f rom Fig .  2, the e m i s -  
s ion  s p e c t r u m  in t h e r m o l u m i n e s e e n c e  v a r i e s  in the 
NaC1-Ag phosphor  a f t e r  both l o w - t e m p e r a t u r e  and 
h i g h - t e m p e r a t u r e  exc i t a t ion .  This  v a r i a t i o n  c o n s i s t s  
of the s p e c t r u m  becoming  m o r e  complex  as  the t e m -  
p e r a t u r e  r i s e s  and a l so  of a c e r t a i n  r e d i s t r i b u t i o n  of 
the i n t e n s i t i e s  among the e m i s s i o n  bands  dur ing  the 
r e l a x a t i o n  p r o c e s s .  The in tens i ty  r e d i s t r i b u t i o n  in 
the t h e r m o l u m i n e s c e n c e  e m i s s i o n  s p e c t r a  can be 
s tud ied  in m o r e  de ta i l  by inves t iga t ing  the " f l a r e  up" 
of c e r t a i n  e m i s s i o n  bands f rom the da ta  in F ig .  2. 
F i g u r e  3 shows the s p e c t r a l  cu rves  of t h e r m o l u m i n -  
e s c e nc e  obta ined  in th is  way fo r  v a r i o u s  s p e c t r a l  
e m i s s i o n  r anges :  515, 440, 410, 375, and 325 m~. 

F r o m  the da ta  p r e s e n t e d ,  i t  can  be seen  that  the 
r a t i o  of the s t r eng ths  of the e m i s s i o n  bands  at  each  
T L  peak  d i f f e r s  a f t e r  both l o w - t e m p e r a t u r e  and h igh-  
t e m p e r a t u r e  exc i t a t ion  of the phosphor  c r y s t a l .  

Data  c h a r a c t e r i s t i c  of the v a r i o u s  r e l a t i v e  s t r eng ths  
of the e m i s s i o n  bands at  d i f fe ren t  s t a g e s  of t h e r m o -  
l u m i n e s c e n c e  a f t e r  exc i t a t ion  of the c r y s t a l  a t  90 ~ K 
a r e  shown in Table  2. 

F r o m  the table ,  i t  i s  appa ren t  that  wi th in  the l i m i t s  
of each  of the four  TL peaks ,  the "con t r ibu t ion"  to 
e m i s s i o n  in t roduced  by each  band is  d i f fe ren t ;  th is  
"cont r ibu t ion"  v a r i e s  on p a s s i n g  f rom one peak  to 
ano the r .  The r e s u l t s  ind ica te  that  s e v e r a l  types  of 
e m i s s i o n  c e n t e r s  take  p a r t  in r e c o m b i n a t i o n  l umin -  
e s c e n c e  in th is  p a r t i c u l a r  phosphor .  In each  t e m p e r a -  
tu re  r ange ,  these  c e n t e r s  a r e  c h a r a c t e r i z e d  by a 
d i f f e ren t  r e l a t i v e  number  of e mi t t e d  quanta ( see  Table  
2), and a l so  by a d i f f e ren t  r a d i a t i o n  e f f ic iency  at  v a r -  
ious s t ages  of t h e r m o l u m i n e s c e n c e  (see  F ig .  3). 
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Fig. 2. E m i s s i o n  spec t ra  
for t h e r m o l u m i n e s c e n c e  of 
NaC1-Ag phosphor excited 
at: 1) Tex = 0 ~ K, 2) Tex --- 
= 290 ~ K. M e a s u r e m e n t  of 
the spec t ra  was begun from 
the exci tat ion t e m p e r a t u r e  
of the phosphor.  Des igna-  
t ions I - I V  co r re spond  to the 
n u m b e r i n g  of the t h e r m o l u m i -  
nescence  peaks in Fig. 1. 
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Fig. 4. Osc i l logram of e m i s s i o n  spec t rum 
of NaC1-Ag phosphor photost imulated in 
the M band (km = 720 m#)  at var ious  exc i -  
ta t ion t e m p e r a t u r e s :  1) Tex = 180 ~ K, 2} 
Tex = 290 ~ K. M e a s u r e m e n t s  of spec t ra  of 
were  made at the cor responding  exci tat ion 

t empera tu re .  
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Fig. 3. Thermo]uminescence os 
NaC1-Ag phosphor for var ious  
spec t ra l  i n t e rva l s  of emi s s ion  at 
va r ious  exci ta t ion t e m p e r a t u r e s :  
a) Tex = 90 ~ K, b) Tex = 290 ~ K; 
1) 515 m # ,  2) 440 m/~, 3) 410 rap ,  

4) 3 2 5 m p ,  5) 3 7 5 m p .  
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Fig. 5. E m i s s i o n  spec t ra  of NaC1-Ag 
phosphor on photos t imula t ion  of e m i s -  
s ion in the M band (720 mp): Tex == 
= 180 ~  Tex = 290 ~ K. The shaded 
a rea  cor responds  to the s t imula ted  light 
f rom the spec t ra l  reg ion  of the M band 
that has d i s in tegra ted  into the spec t rum.  
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It  is  i n t e r e s t i n g  to c o m p a r e  the e m i s s i o n  s p e c t r a  
of pho tos t imu la t ed  l u m i n e s c e n c e  with the above t h e r -  
m o l u m i n e s c e n c e  e m i s s i o n  s p e c t r a .  E m i s s i o n  s p e c t r a  
of pho to s t imu la t ed  l u m i n e s c e n c e  taken at  Tex = 180 
and 290 ~ K and m e a s u r e d  with a r e c o r d i n g  s p e c t r o -  
p h o t o m e t e r  a r e  shown in Fig .  4. F i g u r e  5 shows the 
s a m e  s p e c t r a  a f t e r  c o r r e c t i o n s  had been  made  for  
the d i s p e r s i o n  of the  m o n o c h r o m a t o r  and the s p e c t r a l  
s e n s i t i v i t y  of the p h o t o m u l t i p l i e r .  

Table 2 

T~ 

190 
245 
320 
370 

80 
1.5 
32.5 
22 

32.5 
4.6.5 
82,5 
56.5 

61.0 
83.5 
95 

100 

I00 
lOO 
I00 
I00 

I'~"5 o9 , :7  / 

I37~ 

48.5 
67.5 
65 

136 

F r o m  F ig .  5 (1), i t  can be seen  that,  with low- 
t e m p e r a t u r e  exc i t a t ion  of the c r y s t a l ,  a t  the m a x i m u m  
of the M band,  l u m i n e s c e n c e  is g e n e r a t e d  in the s p e c t -  
r a l  range  500-300  m~ with the p r i n c i p a l  m a x i m u m  at  
X m = 400 m~. The e m i s s i o n  is of the r e c o m b i n a t i o n  
kind and of an e l e c t r o n  na tu re ,  s ince  i t  is  due to the 
p h o t o t h e r m a l  r e l e a s e  of e l e c t r o n s  f rom the M c e n t e r s .  
C o m p a r i s o n  of the e m i s s i o n  s p e c t r u m  of pho tos t imu-  
l a t ed  l u m i n e s c e n c e  with the t h e r m o l u m i n e s c e n c e  
e m i s s i o n  s p e c t r u m  at  the s a m e  t e m p e r a t u r e  of 180~ 
(see  F ig .  2) shows good a g r e e m e n t .  Such a g r e e m e n t  
of the e m i s s i o n  s p e c t r a  c o n f i r m s  the conc lus ion  
r e a c h e d  above about  the e l e c t r o n  na tu re  of the r e l a x -  
a t ion  p r o c e s s e s  dur ing  t h e r m o l u m i n e s c e n c e  in the 
r e g i o n  of TL peak I (180-200 ~ K). S i m i l a r  a g r e e m e n t  
be tween  the fo rm of the e m i s s i o n  s p e c t r u m  of photo-  
s t i m u l a t e d  l uminescence  in the e l e c t r o n  M band and 
the t h e r m o l u m i n e s c e n c e  e m i s s i o n  s p e c t r u m  at  ,~300~ 
(F ig .  5, cu rve  2, and Fig .  2) points  to the e l e c t r o n  
na tu re  of t h e r m o l u m i n e s c e n c e  at  r oom t e m p e r a t u r e s  
a s  wel l .  Since the d i s i n t e g r a t i o n  of v a r i o u s  co lo r  
c e n t e r s  in the l o w - t e m p e r a t u r e  r ange  ev iden t ly  t a k e s  
p lace  by an ion m e c h a n i s m ,  as  was  ind ica ted  above,  
r e c o m b i n a t i o n  l u m i n e s c e n c e  caused  by this  d i s i n t e g r a -  
tion, o v e r  a wide t e m p e r a t u r e  range ,  is  due to ion-  
e l e c t r o n  and a lso  p robab ly  to i on -ho le  p r o c e s s e s  that  
o c c u r  in the l a t t i ce  of the phosphor  c r y s t a l .  

The m a t e r i a l  of the p r e s e n t  pape r  aga in  c o n f i r m s  
( see  a l so  [13-15])  the n e c e s s i t y  and i m p o r t a n c e  of 
taking into account  ion p r o c e s s e s  in s tudying the 

m e c h a n i s m  of r e c o m b i n a t i o n  l u m i n e s c e n c e  of a l k a l i -  
ha l ide  phosphor  c r y s t a l s  o v e r  a r a t h e r  wide t e m p e r a -  
tu re  r ange ,  inc luding c o m p a r a t i v e l y  low t e m p e r a t u r e s .  

The au thors  thank Doc to r  of P h y s i c a l  and Mathe-  
m a t i c a l  Sc iences  Ch. B. Lushchik  for  d i s c u s s i o n  of 
the sub j ec t s  touched upon in the p r e s e n t  pape r ,  and 
a l so  Yu. N. Evs t i f eev  for  a s s i s t a n c e  in p e r f o r m i n g  
the e x p e r i m e n t .  
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