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Fluorescent  tungsta tes  of meta l s  of group II of the per iodic  sys t em,  used, in pa r t i cu la r ,  as x - r a y  
luminophors ,  belong to the Class of se l f -ac t iva ted  c rys ta l lophosphors  based  on sa l t s  of oxygen-containing 
acids ,  which, as a rule ,  a r e  de r iva t ives  of d - t r ans i t ion  meta l s  -- tungsten,  molybdenum, niobium, tan-  
ta lum,  z i rconium.  It is suggested  that  the cen te r s  of f luorescence  a r e  anionic complexes ,  fo rmed by 
these  e lements  [1, 2]. 

Very l i t t le  is as yet known about the energy  s t ruc tu re  of the luminophors  under considerat ion.  There  
a r e  data on the widths of the forbidden zone Eg only for  ca lc ium tungstate:  an invest igat ion of the sp ec t ru m 
of exci tat ion of the phosphorescence  of CaWO 4 in the in terval  of energ ies  4-14 eV led to the conclusion [3] 
that  the quantity Eg is equal to 6-6.5 eV. At an energy  of the quanta of excit ing radia t ion exceeding 2Eg, 
an i nc r ea se  in the yield of s ta t ic  f luorescence  was observed,  in te rpre ted  as a consequence of photon a m -  
pl if icat ion.  

In this work we d iscuss  the resu l t s  of a m e a s u r e m e n t  of the spec t r a  of excitat ion of s ta t ic  f luo res -  
cence of ca lc ium and cadmium tungstates  within a b roade r  range  of energies  (3-30 eV). In pa r t i cu la r ,  
these  m e a s u r e m e n t s  pe rmi t t ed  the detect ion of ce r ta in  pecu l ia r i t i es  of the influence of quenching agents ,  
as well as chemical  and heat  t r ea tmen t  of the tungsta tes ,  on the i r  f luorescence .  

In the region of 10-30 eV, exci tat ion was p e r f o r m e d  with 
~k. tel  synchro t ron  radiat ion,  the sou rce  of which was an e lec t ronic  ampl i -  
ur/its.-, f i e f  at 680 MeV. A VMR-2 monoehroma to r  with a normal  drop was 
" [ l  ~ used.  A chamber  for  m e a s u r i n g  f luorescence  and ref lec t ion was 
z se t  up at i ts  exit .  

/ r , ,  ~ ~ ~ ~  The re la t ive  quantum yield of the f luorescence  was de te rmined  
t , r , ,  -. I -  by measu r ing  the intensi ty of the f luorescence  of the invest igated 

\ . .  luminophor re la t ive  to the intensi ty of the f luorescence  of sodium 
sa l icy la te ,  the quantum yield of which, at l eas t  up to 35 eV, does 

' ~ '  not depend on the energy  of the photons of the exciting light [4]. 8 IO /? s 
Fig. 1. Spectra  of exci ta t ion ,  sodium sa l iey la te  was se t  up in the place  of the luminophor .  The 
of s ta t ic  f luorescence  of CaWOr signals  were  r eco rded  succes s ive ly  with a FI~U-19A photomult ip l ier .  

In each m e a s u r e m e n t ,  the signal of a pickup of the number  of e lec-  produced by prec ip i ta t ion  f r o m  t rons  on the orbi ta l  was used as the support ing signal.  After  a m -  
solution (1) and calcined,  fol- pl i f lcat ion with a p r eampl i f i e r ,  the signal was sent  f rom the FEU to 
lowed by washing with wa te r  
(2) and Supplementary  t r e a t -  an  ampl i tude- - t ime  t r a n s f o r m e r  with output on a digital vo l tme te r .  

merit with hydrochlor ic  acid In the region of 5.5-14 eV, the m e a s u r e m e n t s  were  p e r f o r m e d  
and ammonia  (3). on a-vacuum monochroma to r  according to the Sey--Namiok scheme .  
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Fig. 2. Spectra of excitation of static fluorescence of cawo 4, 
calcined with CaCI2 (a), and CdWO4, calcined with CdCI 2 (b), 
without intentionally introduced impurities (i) and with impuri- 
ties P2C~7- (2) and SbO~- (3). 
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Fig. 3. Spectra of excitation 
of static fluorescence ofCaWO 4 
(I) and CdWO 4 (2). 

The sou rce  of exci tat ion was a cap i l l a ry  hydrogen lamp.  Optical 
s epa ra t i on  of the s ignals  with synchronous record ing  of the suppor -  
t ing signal f r o m  sodium sa l icy la te  and the signal f r o m  the inves t i -  
gated sample  on an ]~PP-09 was c a r r i e d  out. Two F~U-29 photo- 
mul t ip l i e r s  were  used as the light r e c e i v e r s .  A SZS-22 light f i l ter  
was se t  up in front  of the photomul t ip l ier ,  which r eco rded  the fluo- 
r e s cence  of the invest igated s ample .  

Measu remen t s  in the long-wave region (3-5.9 eV) were  p e r -  
fo rmed  on the QR-50 spec t ropho tome te r  f r o m  Shimadzu with an in- 
t egra t ing  sphe re .  

The prec ip i ta ted  ca lc ium tungsta te  p o s s e s s e s  compara t ive ly  
weak photolumineseence .  As a r e su l t  of its calcinat ion with a flux 
(CaC12) at 1000~ the yield of f luorescence  in the invest igated r e -  

gion of energ ies  of the quanta inc reased  3-4- fo ld  (Fig. 1). In the case  of exci ta t ion with x r ays ,  the in- 
c r e a s e  in the yield of f luorescence  reached  10-20-fold [5]. This  co r re sponds  to the assumpt ion  [3] that  
not eve ry  WO 4 group is capable  of se rv ing  as a cen te r  of luminescence .  

The p r e s e n c e  of re la t ive ly  inact ive l aye r s  on the su r face  of tungsta tes  is cha r ac t e r i s t i c ,  which leads 
to the appea rance  of a deep "dip" in the exci ta t ion spec t r a  beyond the  edge of the fundamental  absorp t ion  
at E > 7-8 eV (Figs.  1 and 2). The quantum yield of the f luorescence  in this region (beginning with E = 6.3 
eV) is subs tant ia l ly  inc reased  (doubled at E > 10 eV) as a resu l t  of the r emova l  of the su r face  l aye r  of ca l -  
cined CaWO 4 by i ts  succes s ive  t r e a t m e n t  with hydrochlor ic  acid and ammonia  (Fig. 1). 

F igure  2a ci tes  the s pec t r a  of exci tat ion of the f luorescence  of CaWO 4 with an impur i ty  of P20~ - ,  
which is a quenching agent,  and without it. Quenching, l ike the influence of su r face  t r ea tmen t ,  has an 
effect  begfnning with a quantum energy  of 6.3 eV, which evidently co r re sponds  to the width of the forbidden 
zone of CaWO 4. Moreover ,  quenching is a lso  observed  in the long-wave por t ion  of the excitat ion spec t rum,  
which can be explained by inact ive (or re la t ive ly  inactive) absorp t ion  of the excit ing radia t ion by the cen-  
t e r s  of quenching. This  effect  is mani fes ted  to an even g r e a t e r  degree  when ant imonate  is introduced into 
CaWO 4 (Fig. 2a), as  well as pyrophosphate  into CdWO 4 (Fig. 2b). In the sho r t -wave  region the quenching 
act ion of the impur i ty ,  evidently assoc ia ted  with migra t ion  losses  of energy,  begins (as in the case  of in t ro -  
duction of P20~-) at 6.3 eV in the f i r s t  of these  two cases  and at 5.9 eV in the second.  Probab ly  the l a t t e r  
quantity co r re sponds  to the width of the forbidden zone of CdWO 4. 

We m e a s u r e d  the s pec t r a  of excitat ion of s ta t ic  f luorescence  of CaWO 4 and CdWO 4 in the region of 
quantum energ ies  up to 30 eV, us inga  synchro t ron  radia t ion  (Fig. 3). It should be noted that the s p e c t r u m  
of exci ta t ion of the f luorescence  of CaWO 4 in the in terva l  6-40 eV was obtained e a r l i e r  [6] by the use  of 
s eve ra l  sources  of u l t rav io le t  radiat ion;  however ,  the g r e a t e r  d i spe r s ion  of the exper imenta l  points in 
this work does not p e r m i t  re l iab le  es tab l i shment  of the posi t ions of individual max ima  in the spec t rum.  

A s teep  r i s e  in the spec t r a l  curve  of the exci tat ion of CaWO 4 begins at a quantum energy  of 13-15 eV, 
somewhat  exceeding twice  the width of the forbidden zone. Poss ib ly  this r i s e  co r responds  to the beginning 
of photon ampli f icat ion.  The fur ther  shape of the curve  can be explained by the appea rance  of h igh-ene rgy  
e lec t ronic  and exciton s ta tes  or  p l a smons ,  responsil~le for  the m o r e  effect ive energy  t r a n s f e r  along the 
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la t t ice  than the e lec t ron--hole  pa i r s  and low-energy  exci tons.  This probably  also explains the fact  that the 
yield of x - r a y  and cathode luminescence  of tungsta tes  and other  luminophors  based  on sa l t s  of oxygen-con-  
taining acids is s eve r a l  t imes  lower  than might have been expected f rom calculat ions s i m i l a r  to [7], which 
were  based  on the assumpt ion  that the energy t r a n s m i t t e r s  a r e  the rmolyzed  e lec t rons  and holes .  

In the reg ion  of energy g r e a t e r  than 25 eV, in c ry s t a l s  of ca lc ium sa l t s ,  t rans i t ions  f rom the levels  
of the Ca 2+ f r amework ,  fo rmed  by 3p-s ta tes  of this cation, appear ,  which is conf i rmed by a calculat ion 
of the energ ies  of these  s ta tes ,  p e r f o r m e d  on an e lec t ronic  computer  in [8] (let us note that the energy  of 
the MII , I I I - level  of the f r ee  Ca a tom is 25.4 eV [9]). The ref lec t ion m a x i m a  in the region of 25-27 eV 
were  detected exper imenta l ly  in calc ium sulfide, oxide [10], and f luoride [8]. Evidently they a lso  occur  
in the ref lec t ion  s pec t rum  of CaWO 4. A d e c r e a s e  in the depths of penet ra t ion  of the excit ing radia t ion and 

a cor responding  i nc r ea s e  in the losses  of energy nea r  the su r face  cor respond  to it. This a l so  explains the 
p r e s e n c e  of a dip in the exci tat ion s p e c t r u m  of CaWO 4 i n t h e  region of 26 eV. A sharp  max imum at 23 eV 
may  be assoc ia ted  with the  fo rmat ion  of a cationic exeiton (cf. [11]) or  a p lasmon.  

In the exci ta t ion s pec t rum  of the  f luorescence  of cadmium tungstate ,  a dip in the region of 18-20 eV 
may  also  be a s soc ia t ed  with t rans i t ion  f rom the level  of the shell  of the cation or f rom the lower level of 
the valence zone, gene t i ca l ly  re la ted  to the cadmium ion (according to cer ta in  data, the energy  of the 
N i v , v - l e v e l  of the f r ee  cadmium a tom is equal to 17.1 eV [12]). 

For  a m o r e  re l i ab le  in te rpre ta t ion  of the m e c h a n i s m  of excitat ion at individual maxima ,  it is neces -  
s a r y  to calculate  the zone s t ruc tu re  and p e r f o r m  m e a s u r e m e n t s  of the ref lec t ion spec t rum of single c r y s -  
ta l s  of the cor responding  tungsta tes  in the region of the fundamental  absorpt ion.  

The authors  a r e  s ince re ly  gra teful  to M. D. Galanin for  his d iscuss ion of individual r e su l t s  of the 
work, as well as to A. A. Mikhalev and M. I. Tombak for  p repa r ing  the invest igated samples .  
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