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T he poisoning effec t o f iron  is caused by severa l agencies.
I t  is shown th a t  th e  iron  has a co n cu rren t ab so rp tio n  fo r 2537 Ä ex c ita tio n  and in add ition  

h as  som e ab so rp tion  fo r th e  e m itted  m anganese lum inescence.
B o th  effects are , how ever, in ad e q u a te  to exp la in  en tirely  the  po ison ing  effect. The iron 

is also capable o f p ro h ib itin g  th e  ra d ia tiv e  transition  o f th e  excitation  energy  absorbed p rev i­
o usly  on the  m anganese  itself.

A form ula w as d e riv ed  to  acco u n t for th e  b rig h tn ess  of m anganese an d  iron  con tain ing  
w illem ites a t  low tem p e ra tu re s . T he agreem ent be tw een  m easured an d  calcu la ted  va lues is 
q u ite  sa tisfactory .

Introduction

I t  was estab lished  long ago th a t  im p urities of the  iron  group (chrom ium , 
iron , nickel, cobalt) a c t as po isons of lum inescence in  m ost m a te ria ls . F ro m  an 
investiga tion  of substances con ta in ing  various am ounts of a c tiv a to r  and  k iller 
one can hope to  gain some in sig h t in to  th e  m echanism  of lum inescence in  these 
m ateria ls .

T he killer e ffect, i. e. th e  inco rpo ra tion  o f foreign ions, w ith  th e  resu lting  
lig h t o u tp u t decrease, can be  caused in severa l possible w ays an d  therefo re  
th e  re la tiv e  co n trib u tio n  of each  m ust be sep a ra te ly  ta k e n  in to  account. W e 
d iscuss here in  th is  respect th e  zinc silicates a c tiv a te d  by  m anganese and co n ta in ­
ing iron.

I t  is ev id en t th a t  th e  observed  lig h t decrease of fluo rescen t m ateria ls  
co n ta in in g  foreign a tom s too  m a y  be caused b y  a n y  of th e  follow ing m echanism s :

a)  concu rren t abso rp tion  of the  excitin g  rad ia tion ,
b)  absorp tion  of the e m itte d  lum inescence and
c)  lowering of I he tem p era tu re , above w hich  tem p era tu re  quenching sets in .
d )  This m eans, th a t  all con tribu tions re su ltin g  from  a ) ,  b) an d  c)  m ust be 

sep ara te ly  m easu red  and  ta k e n  in to  account, an d  only th e  rem ain ing  efficiency 
loss w hich can n o t be  explained  b y  m echanism s a ) —c) will be  te rm ed  by  us real 
k ille r effect.
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a )  In  o rd er to  ascerta in , w h e th e r th e  absorp tion  o f th e  excita tion  (2537 A) 
is increasing  due to  th e  added  k iller, i t  w as found  necessary  to  devise a m eth o d  
fo r th e  d e te rm in a tio n  of th e  abso rp tio n  coefficient of substances, availab le  only 
in  grains of lin ea r d im ensions below  20 m icrons. T h is prob lem  was solved b y  
one of us [1 ]. T he m ain  fea tu re  o f ou r m ethod  lies in  th e  d e riv a tio n  of th e  diffuse 
reflexion, d ep en d en t on he gra in  size an d  absorp tion  coefficient. T he calcu la­
tions show  th a t  th e  ligh t reflec ted  is dependen t only  on th e  p ro d u c t o f grain 
size an d  ab so rp tio n  coefficient. A pp ly ing  therefo re  a th ic k  layer com posed of 
grains of as hom ogeneous a size d is tr ib u tio n  as possible, th e  d e te rm in a tio n  o f 
th e  absorp tion  coefficient is m ade possible by  the  m easu rem en t of th e  diffuse 
reflexion.

H av ing  app lied  th is  m ethod  to  w illem ites con ta in in g  various am o u n ts  o f 
m anganese an d  iron  [2 ] we got :

ju/cm (2537 Ä ) = 2 0 + 6 0 0  CMn+ 1 2 0 0  C F e ,

Смп s tan d in g  for th e  m anganese, CFe for th e  iron c o n te n t, b o th  expressed  in 
w eight p ercen ts.

I t  w as found  th a t  these values show  no change w ith  tem p era tu re  (betw een 
170° and  570° K ) [2].

These experim en ts have  th u s  show n th a t  th e  iron gives rise to  a concu rren t 
abso rp tion , w hich is one of th e  causes of th e  observed lig h t decrease. T he d e te r­
m in a tio n  of th e  efficiency loss caused  by  th is  concu rren t abso rp tion  w ill be 
given la te r  in  th is  paper.

b) I t  w as observed th a t  th e  iron-con ta in ing  silicates were a lm ost colour­
less an d  th e  m easurem ents show ed th a t  th e  absorp tion  coefficient in  th e  green 
(a t th e  em ission m axim um ) w as so low, th a t  no su b s ta n tia l ligh t decrease could 
be  caused b y  th e  absorp tion  of th e  em itted  fluorescence. This effect w as in  th e  
m ag n itu d e  o f 20%  for th e  pow ders w ith  appr. 5%  m anganese or a sim ilar 
am o u n t of iron .

I t  was found  therefo re  th a t  efficiency loss could be  encountered  in  th a t 
w ay  too , its  size, how ever, being qu ite  negligible for m a te ria ls  con ta in ing  a 
m o d era te  am o u n t of m anganese or iron .

c)  I t  m u st be borne in  m ind  th a t  th e  ac tiv a to r an d  killer assum e random  
positions in  th e  la ttice , in d ependen t of each  o ther. T he experim en ta l p ro o f of 
th e  above assertions is fu rn ished  b y  th e  m easurem ent of th e  absorp tion  coeffi­
c ien t, w hich w as found  to  be th e  sim ple sum  of th e  con tribu tions from  th e  
base la ttic e , a c tiv a to r  (m anganese) an d  k iller (iron).

M oreover, th e  w id th  of th e  em ission b an d , and  its  tem p e ra tu re  dependence, 
th e  position  of b a n d  m axim a are all uneffected  b y  th e  presence of th e  k ille r thus 
show ing th a t  th e  levels of th e  a c tiv a to r  are  n o t m odified  in  th is  case b y  the  
presence of th e  k ille r [3]. Besides th e  decrease in  th e  m ax im um  q u a n tu m  effi­
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ciency caused b y  th e  k iller, he te m p e ra tu re  dependence o f th e  efficiency is 
g rea tly  m odified  too . I t  is in v ariab ly  fo u n d  th a t  w ith  increasing  am o u n t of 
killer p resen t, th e  co n stan ts  C  and  E  in  th e  form ula :

A

1 +  C e  XT

b o th  decrease m onotonously  [3 ]. The f ir s t  m en tioned  exp erim en ta l d a ta  seem  
to  ind ica te  th a t  th e  abso rp tio n  of th e  ex c ita tio n  and  th e  la s t phase of th e  em is­
sion ac t are  insensitive to  killers. The k ille r effect m ay  th erefo re  tak e  p lace 
only a fte r th e  absorp tion  an d  before th e  em ission. T his effect consists o f a t  
least tw o sep ara te  phases. T he one ph ase  — no t observable a t low te m p e ­
ra tu re s  —• is characterized  b y  th e  easier conversion of energy  b y  a rad ia to n less  
process. (D ecrease of E .) T he exact p h ysica l significance of th e  exponen tia l 
expression in  (1) is up to  now  still u n c e rta in  [4 ].

T he efficiency loss m ay  be caused b y  y e t ano ther m echanism , nam ely  by  a 
concurren t lum inescent em ission of the  k ille r itself, w hich w as detec ted  n e ith e r  
in  u ltra -v io le t, visible no r n ea r infra-red . A n even tual fluorescence in th e  fa r 
in fra-red  is also excluded b y  th e  m easu rem en t of th e  q u a n tu m  efficiency [5 ], 
w hich was found  to  be 0, for a m ateria l con ta in in g  app r. 10~5 M n a n d 5  • 10—3 F e.

d) A fte r  tak in g  in to  consideration  processes a)  — c)  only  the  rem ain d er 
of th e  efficiency loss m ay  be term ed  k ille r effect, caused b y  in te rac tio n  o f a c ti­
v a to rs  an d  killers. This rem ainder is fa r  from  negligible an d  in  fac t com prises 
the g rea test p a r t  of th e  observed efficiency loss.

I t  m u s t be em phasized therefore th a t  th e  iron  is capab le  of p ro h ib itin g  
th e  lum inescen t tran s itio n  w ith in  th a t  m anganese cen tre  to o , w hich has a lread y  
absorbed  th e  u ltra -v io le t excita tion .

W e h av e  succeeded in  deriving an  expression w hich  en tire ly  describes 
ihe efficiency dependence on m anganese an d  iron  con ten ts a t  low tem p era tu res . 
T his d eriv a tio n  of th e  c o n s tan t A  in eq. (1) tak es  in to  consideration  th e  effects 
a )  and  d ) ,  w hile th e  effect b)  is negligible, and  c)  is e lim in a ted  by  th e  use of 
low tem p era tu res .

( 1 )

Calculation of the conti ibution from  a) and d)

F rom  th e  fac t, th a t  th e  q u an tu m  efficiency assum es a m ax im um  for a 
specific a c tiv a to r  concen tra tion , one m ay  infer th a t  th e  a c tiv a to r  com plexes, 
w hich lie to o  close to  one an o th e r are  u n ab le  to  lum inesce. This supposition , 
w hich is v e ry  sim ilar to  th e  ex p lan a tio n  of th e  co n cen tra tio n  quenching  of 
fluorescent organic solu tions, leads to  th e  following d e riva tion  :

1
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W e d iv id e  th e  substance  in to  cells, each  hav ing  a vo lum e v, and  we su p ­
pose th a t  on ly  such cells a re  capable  of lum inescence w hich  con ta in  one, an d  
on ly  one m anganese  ion. As w as show n, th e  abso rp tion  coefficient in  th e  u l t r a ­
v io le t is lin ea rly  increasing  w ith  th e  m anganese  co n cen tra tio n . W e deno te  b y  
fx() th e  abso rp tio n  coefficient of th e  h o s t c rys al an d  all th e  o th e r im p u ritie s  
excep t m an g an ese ; b y  [x, th e  abso rp tion  coefficient caused b y  a single m an g a ­
nese ion in  a cubic cen tim etre , an d  b y  C  th e  n u m b er of m anganese ions p re sen t 
in  a cubic cen tim etre . T hen

j x =  [x0 +  /xC. (2)

W e ca lcu la te  th e  rad ia tio n  absorbed  on m anganese fo r an  in fin ite ly  th ic k  
specim en o f th e  lum inescent m ateria l b y  in v estig a tin g  a lay e r s itu a ted  a t  a d e p th  
x  from  th e  su rface . D enoting  b y  J0 th e  in c id en t rad ia tio n , th e  following am o u n t 
of rad ia tio n  is absorbed  in  a lay er o f th ick n ess  dx  :

d l  =  — J0/x e— dx =  — I0( r 0 -f- i_iC) e~Px dx .

P a r t  o f th is  abso rp tio n  tak es  p lace on th e  m anganese, nam ely  :

dlMn — — J0 ^  dx -

In te g ra tin g  b e tw een  oo an d  0, we get :

(3)

(4)

l M n

d lM n — 1мп — -íou -̂' f е-^х dx  — J0 uC
/jlC

1 +  - ^
V (5)

T his re su lt w as a lready  a n tic ip a ted  in  th e  in tro d u c tio n .
W e now' ca lcu late  th e  p ro b ab ility  o f  a single m anganese a tom  occupying

a cell. The u n it  volum e con ta ins i  =  n  cells, an d  C m anganese ions will be d is tri-
v

b u te d  a t  ra n d o m  am ong th em .
The p ro b a b ility  th a t  ju s t  one m anganese ion gets in to  a specified cell is :

i c ) 1 r  —  M 0-1=  U J  n  h H ( 6)

T he p ro b a b ility  th a t  no m anganese ion  gets in to  th e  cell is s im ilarly  :

(V

T hus th e  en tire  n u m b er of cells in  th e  u n it  volum e, each  contain ing  one 
m anganese ion  is :

ГСл 1 m — b e —1
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(C being  large enough), w hereas th e  e n tire  num ber o f cells, no t con ta in in g  m an­
ganese is :

( П —  be  ( be
------------------  = "  N---------- pa n e

V n  )  V TlJ (9)

N ow  th e  p ro p o rtio n  of the  in c id en t rad ia tio n  ab so rb ed  on th e  lum inescen t 
m anganese and  on a ll th e  m anganese is :

C ( 10)

Supposing th a t  th e  energy ab so rb ed  in th e  cells con ta in ing  only  one m an ­
ganese ion leads in v a riab ly  to  lum inescence, while th e  energy abso rbed  an y ­
w here else does no t lead  to  lum inescence, th en  th e  q u a n tu m  efficiency of lum i­
nescence is given b y  :

V =
1

1 + Ц0
fj.C

e~ C v. ( И )

D en o tin g  Cv b y  у  an d  b y  a  , we get

V
У

У
( 12)

w hich assum es its  m ax im um , when

an d  th u s
У =

a 2 +  4 a  — a
~ 2 ~

L^a2 +  4 a  — a  — 4  (f« 2+4a —a )
V m ax  =  , --------  e 2

\  <x2 +  4 a  4- a

(13)

(14)

T his form ula was app lied  to  F o n d a ’s m easurem ents [6 ] on zinc silicates 
con ta in ing  various am o u n ts  of m anganese. As Bodó's  in v es tig a tio n  has show n, 
1%  o f m anganese, w hich is eq u iva len t to  4 • 1020 M n atom s/cm 3 gives an 
absorp tion  coefficient of 600 cm- 1 , th e  value of fx to  be used  here  is
M =  1 5 - 10"-18 Cm------- T he values o f /x0 and  v w ere chosen to  give th e  b est
f M n /c m 3
fit . So we have here :

Г) =
1

1 + 60
1,5 - Ю - i 8 - c

e —5 .1 0 - '22-C
(15)
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i. e. / t0= 60 cm ” 1, v = 5  • 10“ 22 cm s?»(8 A)3, a = 0 ,0 2 ,  for rjmax = 0 ,7 6 1  a t  a 
M n co n cen tra tio n  o f 0,66% .

I t  m ust be em phasized  th a t  rjmax depends s trong ly  on р,0, th e  con tam ina­
tio n s  in fluencing  th e  position  a n d  m agn itude  o f th is  m axim um  v e ry  m arkedly . 
I t  m u s t be bo rne  in  m ind  too, t h a t  th is  form ula can n o t be used  fo r an y  ex c ita ­
tio n s app roach ing  sa tu ra tio n . T h e  m easured  an d  ca lcu la ted  values are compiled 
in  T ab le  I . I t  can  be seen th a t  som e d iscrepancy  exists for h ig h  m anganese 
co n te n t, w hich m ay  be caused v e ry  p robab ly  b y  th e  self-absorp tion  of th e  
e m itte d  lum inescence w ithin th e  m a te ria l itse lf  (effect b).

К (Mn 0/0) Measured Calculated
I = 133 ry

0,01 12 12
0,10 80 65
0,40 96 97
0,60 98 100
0,90 100 99
1,40 96 93
2,00 90 88
4,50 44 49
5,00 34 44
9,00 20

L et us now  exam ine th e  ro le of iron in  th is  m ateria l. W ith  th e  sam e n o ta ­
tio n  as th a t  used  before, th e  p ro p o rtio n  of th e  inc id en t ra d ia tio n  absorbed on 
m anganese  to  th e  en tire  ab so rb ed  rad ia tio n  is :

___________ ' '  M n  6 M n _________

И-о +  b  M n (-Mn +  b-Fe C  Fe

H ere  again /л0 is th e  absorp tion  o f th e  host c rsy ta l and of all o th e r  con tam ina­
tio n s  (except F e  o r Mn).

The n u m b e r of cells each  conta in ing  one m anganese ion is here  :

F M n

,li Mn“  ® пм п  =  С м п  e ^ M n l м п . (16)

We again  subdiv ide th e  u n i t  volum e of th e  m ateria l, co n ta in in g  n Fe cells, 
(n Fe • v Fe= \  cm 3), and  suppose th a t  cells con ta in ing  even one iron  ion will 
be  non -lum inescen t. Then th e  n u m b er of cells con ta in ing  no iron  is :

”0 Fe =  n F e e ~ CFev Fe. (17)

O f all th e  n 1Mn cells co n ta in in g  one m anganese ion each th e re  will be n ° Fe
n Fe

w hich  are n o t k illed  by iron  (con ta in  no iron). The n u m b er of such cells is 
obviously  :

С м п  & ^ M n VM n &  * ~ F e V F e '
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N ow  th e  p ropo rtio n  of in c id en t ra d ia tio n  absorbed  on the  lum inescen t 
m anganese an d  on all th e  m anganese is :

CMn e  c M n v M n e  c F P VFe Fe

JM n

T he q u an tu m  efficiency of th e  m a te ria l con tam in a ted  by iron  is th u s  
g iven b y  :

t* M n  ^ M n  _ r  If г  If / 1 o \
T] —  ; ~  " “  C M n  M n  & Fe Fe ( Ш )

jt<0 +  И Mn С м п  +  Ц Fe C Fe

T his form ula was checked ag a in s t Kroger's m easurem ents [7 ]. Kröger 
m easured  th e  b righ tness of a series o f lum inescen t w illem ites a t —180° C each 
con ta in ing  0 ,55%  Mn and v a ry ing  am o u n ts  of iron. S u b s titu tin g  th e re fo re  our

------  Kröger

prev iously  d e te rm in ed  abso rp tio n  coeffic ien ts  in to  eq. (18) : /x0= 6 0  cm  1 
v = 5  • 1 0~ 22 cm 3, иьмп ' С л т = 0 ,5 5  • 6 0 0 = 3 3 0  cm“ 1 an d  ou r experim en ta l 
value for 1%  Fe of 1200 cm- 1 , it  is to  be  seen th a t  th e  e n tire  range is a ccu ­
ra te ly  covered  an d  we get for Vpe— 60 • 10“ 22 cm3£%18 Á )3. The m easured  
an d  ca lcu la ted  values are  p lo tte d  in  F ig . 1.

I t  can  be seen th a t  th e  effect of iron  is fully reproduced  b y  an 
ap p ro p ria te  selection of v Fe, all the  o th e r  constan ts  being derived from  our 
in d ep en d en t abso rp tion  m easurem ents an d  from  th e  a lread y  know n effect 
of m anganese concen tra tion  upon  q u a n tu m  efficiency. T h is m eans th a t  our 
supposition  seems to  be co rrect and  th e  derived  vp e value has a physical sign i­
ficance.
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This fo rm ula  can  easily b e  generalized fo r th e  case o f  m ore th a n  one 
c o n tam in a tio n , a n d  th e  ab so rp tio n  of the  e m itted  lum inescence can  be accounted  
fo r  b y  fu rth e r e ~ ^ C functions.

T he earlie r deriv a tio n s a n d  app lica tions o f tin's fo rm ula a re  discussed by  
E w le s[8 ]. R ecen tly  Johnson  a n d  W illiam s [9] u sed  a s im ila r p ic tu re  fo r th e  
c o n cen tra tio n  dependence  of KC1 • T1 lum inescence. In  ih e ir  calculation  th e  
ab so rp tio n  coeffic ien ts for h o s t la ttic e  and  a c tiv a to r  were selected  to  give th e  
b e s t  f i t  to  th e  d a ta . O ur d e riv a tio n  goes a step  fu r th e r  b y  su b s titu tin g  th e  m easu ­
re d  absorp tion  coefficien ts and  th e reb y  reducing  th e  num ber o f  constan ts freely 
se lec ted .

The k ille r e ffec t of iron  in  m anganese ac tiv a te d  zinc silica te  is found  to  
c o n s is t o f tw o ite m s  : 1. T here  is a co n cu rren t abso rp tion  a n d  2. th e  iron  is 
cap ab le  of d iss ip a tin g  th e  en erg y  already  abso rbed  in  th e  m anganese. T his 
en e rg y  d iss ip a tio n  tak es  p lace from  a d is tan ce  appr. tw ice as g reat as th a t  
b e tw een  tw o ne ighbouring  m anganese ions. I t  m ust be em phasized  th a t  th is  
p ic tu re  is v a lid  o n ly  for low tem p era tu res . O u r efforts to  describe th e  te m p e ­
ra tu re  dependence o f  q u an tu m  efficiency by  ad e q u a te  v Fe(T )  a n d  t? (T) functions 
eq u a lly  good fo r  a n y  w illem ite conta in ing  iro n  and  m anganese proved  to  be 
to ta l ly  fu tile , a n d  we are of th e  opinion th a t  th e  difference in  th e  tem p era tu re  
dependence is cau sed  b y  a s e p a ra te  m echanism , w hich again  favours th e  q u en ch ­
in g  b y  low ering th e  value o f E  in  eq .(l)  (effect c).
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ЛЮМИНЕСЦЕНЦИЯ ВИЛЛЕМИТОВ, СОДЕРЖАЩИХ МАРГАНЕЦ И ЖЕЛЕЗО
Е. Надь и 3. Бодо 

Р е з ю м е
Понижающее влияние железа на светимость при возбуждении 2537 Ä может быть 

сведено к многим причинам.
Во-первых в отношении излучения в 2537 Á железо проявляется конкуррентным 

абсорбентом. Во-вторых железо способно абсорбировать даже и зеленый люминесциру- 
ющий свет.

Однако эти два действия недостаточны для объяснения всего понижения светимости. 
Присутствие железа может препятствовать также преобразование ультрафиолетового 
св.та абсорбированного на марганце.

Авторы вывели формулу, которая хорошо совпадает с зависимостью свестимости 
от содержания марганица и железа при низкой температуре. Приводится один из возмож­
ных способов вывода формулы.
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