
T E M P E R A T U R E - D E P E N D E N C E  
OF W I L L E M I T E  L U M I N E S C E N C E

(RECEIVED : 15. X II. 1951)

In  previous com m unications i t  was rep o rted  [1 ], [2 ], [3 ] th a t  th e  te m p e ra ­
tu re  dependence of w illem ite lum inescence m ay  be d e :c rib ed  b y  a fo rm u la :
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l t  was also estab lished  th a t  b y  v a ry in g  th e  ac tiv a to r co n cen tra tion  log C 
and  E  change in  a sim ilar m anner. The p resen t paper deals w ith  a generalization  
of th e  above assertion . 24 w illem ites, con ta in ing  various am o u n ts  of m anganese 
a c tiv a to r  (0,001, 0,01, 0,1, 0,7, 2 and  5% ) an d  iron killer (0,001, 0,01, 0,1, 1% ) 
were in vestiga ted . I t  was found th a t  th e  tem p e ra tu re  dependence of th e  lum ines­
cence for all th e  specim ens could be described b y  a m odification  of form ula (1), 
nam ely  :
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T he values of th e  exponen tia ls in th e  denom inato r group them selves 
in to  tw o d is tin c t classes. F o r th e  first exponen tia l, C1 is a p p r. 102—TO3 an d  
E l 0,2 — 0,4 e. v ., for th e  second, C2 appr. 109, E 2 1 — 1,4 e. v . T h is m eans, th a t  
th e  second exponen tia l can n o t be observed below  appr. 600° K , and  therefo re , 
in m ateria ls  contain ing  su b stan tia l am ounts o f  m anganese o r iron , it  m ust h av e  
escaped a tte n tio n . T he effect o f iron  can be s tu d ied  thus only on  th e  first exponen­
tia l w ith  th e  resu lt th a t  increasing am ounts o f  iron  m onotonously  lower b o th  
Cj an d  Е г. T he sam e holds for m anganese above the  o p tim u m  co n cen tra tion . 
T he constan ts  of th e  second exponen tia l, C2 an d  E„, m ay be de te rm ined , b u t less 
accura tely , th ough  th e  m agn itu d e  m entioned  is u n d o u b ted ly  correct.

T here seems to  exist a definite co rre la tion  betw een th e  corresponding 
ac tiv a tio n  energies (E) an d  co n stan ts  C. P lo ttin g  log C as a func tion  o f E ,  
(log Cj vs. F j  and  log C2 vs. E 2), we get qu ite  an  accurate  s tra ig h t  line (F ig. 1.). 
This re la tionsh ip  can therefo re  be expressed thus : 10log C — a -f- bE . 
The existence of th is  re la tionsh ip  is no t d estro v ed  by possib le errors in th e  
d e te rm ina tion  o f th e  corresponding C and  E ,  fo r th e  ev en tu a l v a ria tio n s in  C 
and  E  m erely cause a sh ift o f th e  locus a lm ost exactly  p a ra lle l to  the  above 
line.
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Fig. 1. E  a n d  logC for v a rio u s  lum inescent m ateria ls .
O ur m easu rem en ts : ° best va lues, • possible va lues.

K röger and  H o o g en straa ten  : X fluorescence o f zinc silicate,
Д  tem p era tu re  dependence of th e  phosphorescent decay ,
V  fluorescence in  th e  green b an d  o f zinc beryllium  silicate. 
О  ZnS • Ag • Co, according to  H ill an d  Klasens.
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As an  ind ica tion  th a t  th is  re la tion  is a general one, th e  sam e figure co n ta in s 
th e  C and  E  values, ca lcu la ted  from  th e  p u b lished  curves o f  Kroger and  Hoogen- 
straaten [4 ], [5 ], M oreover, th e  d a ta  o f th e  la s t nam ed a u th o rs , on th e  green 
h a n d  o f various zinc bery llium  silicates, analysed  as in th e  previous case, are 
also p lo tted .

This co rrelation  betw een  C and E  seem s to  be tru e  n o t  only for th e  green 
band  of zinc silicates, b u t  for a m uch w ider class of lum inescen t m ateria ls too . 
F o r ZnO [6], for the green an d  blue bands o f  copper a c tiv a te d  ZnS [7] the  d a ta  
o f Vergunas and  Gavrilov fall again on a s tra ig h t line. F o r ZnS contain ing  Ag 
and  Co, the  d a ta  of H ill  an d  Klasens [8 ] show  the  sam e relationsh ip , a n d  in  
th is  la tte r  case, for th e  m ateria ls  having th e  sam e hea t tre a tm e n t, b o th  C an d  
E  m onotonously  decrease w ith  increasing co b a lt concen tra tion . (Fig. 1.) T he 
values of th e  co nstan ts  are sum m arized in  th e  following ta b le  :

TA B LE I

M aterial a b
Zn silicate (Mu, Fe)
ZnB e silicate (M n), green band  accord.

to  N agy, K roger, e t al. 0,5 7,1
ZnO [ 6 ] ...............................................................................  0,8 16,7

ZnS • Cu [71 blue b a n d  ............................... 0,8 16,7

ZnS • Cu [7] g reen  b an d  ............................. 0,7 8,3

ZnS • Ag • Co [8] ........................................................  0.8 13

Sim ilar rela tionsh ip  was established fo r th e  c o n d u c tiv ity  of some sem i­
conductors b y  M eyer an d  Neldel [9 ], by  B usch  in the case o f SiC [10]. Busch  
has offered an  exp lan a tio n  b y  assum ing th a t  below a specific tem p era tu re  
(T c) th e  irregularities o f th e  c ry s ta l la ttice , increasing  in n u m b e r tow ards h igher 
tem pera tu res according to  a B o ltzm ann-re la tion , are frozen in . The tem p era tu re  
T c can be determ ined  in  th is  case b y  b.

This exp lanation  w ould  lead in our case to  a T c w hich  is ap p aren tly  too
low.

A nother exp lana tion  w ould be possible, b y  assum ing th a t  the  relationsh ip  
is caused by  th e  linear dependence of th e  ac tiv a tio n  energy  on tem p era tu re , 
E  =  E 0 (1 — а Г ) ,  C being in v a rian t. This assum ption  leads directly  to

(3)
F.

k f =  Cn
-gp *T  
kT C0e к .

Л
k T i. e. log C  =  logC0 - f E 0a

к

T aking  in to  consideration  th a t  th e  w illem ites m en tioned  were all p rep ared  
b y  th e  sam e schedule (base la ttice  com position , firing tem p era tu re ) and  wrere 
excited  in course of th e  m easurem ents by  th e  sam e a m o u n t of 2537 A u. v .
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en erg y , it  seem ed  desirable to  e x te n d  these  investiga tions b y  v a ry in g  the  co n d i­
tio n s  of m an u fac tu re , the  ZnO  : S i0 2 p ro p o rtio n , and th e  ex c ita tio n  in te n s ity . 
T hese  in v estig a tio n s are a t  p re se n t in p rogress.

The a u th o r  recognizes w ith  th an k s th e  help  of Mr. G. Bauer  in  perform ing  
th e  spectrum  m easurem ents.
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