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The c o n t r i b u t i o n  t o  the  pseudo-mult ipolar f i e l d ,  proposed by 

JBrgensen and Judd t o  account f o r  hypersens i t i ve ,  due t o  o s c i l l a t i n g  qua- 

d rupo le  moments i s  shown t o  be n e g l i g i b l e .  A d i scuss ion  o f  the  r e s u l t s  

i s  presented. 

E demonstrado que a c o n t r i b u i ç ã o  para o campo pseudo- mu l t ipo -  

l a r ,  proposto por JBrgensen e Judd para expl i c a r  o fenômeno de h ipersen-  

s i t i v i d a d e ,  devido a momentos quadr ipo lares o s c i l a n t e  6 n e g l i g i v e l .  Os 

resul tados são d iscu t idos .  

Considerable e f f o r t s  have been made t o  understand the  enormous 

v a r i a t i o n  o f  some lan than ide  4f* 4f i n t e n s i t i e s  which f o l l o w s  a change 
1-8 o f  chemical environment . Th is  h y p e r s e n s i t i v i t y ,  as c a l l e d  by JBrgensen 

and $ddl, i s  general l y  observed i n  t r a n s i t i o n s  which obey e l e c t r i c  qua- 

drupole s e l e c t i o n  r u l e s .  

The dynamic coupl i ng  mechanism, proposed by Mason e t . a ~ . ~  t o  ac- 

count f o r  t h i s  phenomenon, has been shown r e c e n t l y  by ~ u d d '  t o  be i d e n t i -  

c a l  t o  the  pseudo-mul t i p o l a r  f i e l d 7 "  o r i g i n a l  l y proposed by JBrgensen 

and ~ u d d ' .  The l a t t e r  i s  based on the  f a c t  t h a t  o s c i l  l a t i n g  d i p o l e s  indu- 



ced on the  ' igands by the  ex te rna l  r a d i a t i o n  produce a f i e l d  which i s  e f -  

f e c t i v e  i n  inducing e l e c t r c n i c  t r a n r i t i o n s .  

Recently,  i t  h25 been argued7" t h a t  t h i s  mechanisw i s  a b l e  t o  

e x p l a i n  the  rflsin fea tu res  o f  h y p e r s e n s i t i v l t y ,  and tna: not  o n l y  the 2' 

- po la r  cornocnent o f  :r,e f i e l d  produced by those o s c i l l a t i n g  dipoles i s  ini- 

po r tan t ,  i n f a c t  the  niost one, bu t  a l s o  i t s  2 '  and 2cpoolar c o m p o n e o t s ,  

s p e c i a l l y  f o r  the case of the  Gf ++ 4f i n t e n s i t i e s  o í  the p3' ion. r 

The purposc o f  the present paper i s  t o  analyse the c o n t r i b u t i o n  

t o  the  pseudo-wult ipo!ar f i e l d ,  due t o  o s c i l l a t i n g  quadrupole moments in -  

Juced on the  l i gands  by tbe ex te rna l  r a d i e t i o n .  I t  i; then shown t h a t t h i s  

c o n t r ; b u l i o n  i s  neyl i g i b l e ,  and i t  i s  i n  f a c t  o f  the same+osder as the  

c o n t r i b u t i o n  due t c  :he second term i f i  t he  expansion o f  t o  t h e f i e l d  

producec! hy t k e  o s c i  i l e t i a g  d ipo les .  Th is  I s  r a t h e r  a  ror  tuna te  p o i n r  s i -  

CP i t  shows the  f a s t  convergence o f  the  m u l t i p o l a r  se r ies ,  a  í a c t  which 

seems t o  be n o t  observed i n  the  case o f  Lhe c o n t r i b u t i o n ,  due t o  mu l t ipo -  

:e moments, to  the s t a t i c  c r y s t a l  po:.erttial i n  the  i o n i c  modelg. 

The c o n t r i b u t i o n  t o  the  pseudo-mult ipolar f i e l d  due t o  o s c i l l a -  

t i n g  d i p o l e s  índuced on the  l i gãnds  by the  ex te rna l  r a d i a t i o n ,  may be 

c a ~ z u l a t e d ~ ' ~  by cons ider ing  the  p a t e n t i a l  energy o f  the  N equ iva len t  e- 

!ect rons o f  a n9,' c o n f i g u r a t i o n  due to p o j n t  d i p o i e s  l o c a l  ized a t  the  li- 

gands'G, i .e .  

whrre j l a b r i s  i h e  n!L e l e c t r o n r  and H the  l i gands .  The g u a n t i t i e s  p i ' ) ( p )  
-+ q "  

a r e  the  :ensorial  components u f  a  d i p o l e  moment P ( V )  local ized a t  8 ( t n e  
1-i 



p o s i t i o n  o f  the p - t h  l igand), the C" a re  the usual Racah's tensor  ope 
k 4 k 

r a t o r s"  and the <r > a re  the r a d i a l  averages o f  r 
j' 

I n  the presence o f  the ex te rna l  r a d i a t i o n  f i e l d ,  the  dynamica 
-t 

p a r t  o f  the  d i p o l e  moment P(p)  i s  g iven by 

where a i s  the  p o l a r i z a b i l i t y  o f  the p - t h  l igand and z ( u )  the e l e c t r i c  u -+ 
f i e l d  o f  the ex te rna l  r a d i a t i o n  a t  the  l i g a n d ' s  p o s i t i o n  R By expres- 

-+ u m  
s ing  the  vec to r  ~ ( p ) ,  f o i  a  g iven p o l a r i z a t i o n ,  as 

-+ 
eM (M = 0,  11) being a  u n i t  spher i ca l  vec to r ,  i t  i s  poss ib le  t o  f i n d  the 

f o l l o w i n g  express ion f o r  the E i n s t e i r i ' s  c o e f f i c i e n t  o f  spontaneous emis- 

s ion  r e l a t e d  t o  the t o t a l  t r a n s i t i o n  p r o b a b i i i t y ,  between the mani fo lds 

JiJ and $ V 1 ,  due t o  the  above mechani sm7" 

where i t  :is assumed t h a t  

and the c o e f f i c i e n t s  yk+l a re  r e l a t e d  t o  l a t t i c e  sums by the express ion 
q ' 

I n  Eq. (4) ,  the q u a n t i t i e s  x and % represent the  Lorents  l o c a l  f i e l d  co r-  

r e c t i o n  and the s h i e l d i n g  f a c t o r s  r e s pe c t i v e l y 5.  

I t  i s  important t o  no te  t h a t  i n  the development o f  E q . ( 4 ) ,  the 
Z 

long-wavelengfh approximat i o n  (e "$ I ) har been asiumed. 



T h u s , t h i j  equat ion has been used t o  p r e d i e t ,  f o r  example, the 

i n t e n s i t i e s  o f  the + 7 ~ 2  and '0, + 7 ~ , ,  t r a n s i t i o n s  o f  the ion do- 
u 

ped i n  the Y, 0, hos t 7.  For a = 3  a 3 ,  the c a l c u l a t e d  i n t e n s i t i e s  were e-  

qual t o  643 and 63 s-' respec t i ve l  y  whereas the experimental va 1 u e s  o f  

~ r u ~ k e "  were 732 and 75 s- '  r e s p e c t i v e l y .  

The qual i t a t i v e  aspects o f  Eq. (4 )  ,. and how i t rnay account f o r  

h y p e r s e n s i t i v i t y ,  has been discussed by ~ u d d '  and peacock6. 

3. OSCILLATING OUADRUPOLE MOMENTS 

I n  order  t o  see how o s c i l l a t i n g  quadrupoles, induced on the l i -  

gands by the externa1 r a d i a t i o n ,  can c o n t r i b u t e  t o  the pseudo- m u l t i p o l a r  

f i e l d ,  we have developped, by the procedure descr ibed i n  re f .10 ,  the f o l -  

lowing expression f o r  the p o t e n t i a l  energy o f  the nR e l e c t r o n s  due t o  

p o i n t  quadrupole rnoments l o c a l i z e d  a t  the l i gands :  

where M ( ~ )  ( p )  i s  a  t e n s o r i a l  component o f  the p o i n t  quadrupole l o c a l  i zed  
P 

a t  the v - t h  I i gand .  This  express ion has been checked w i t h  t h a t  g iven by 

Hutchings and ~ a ~ ' .  

The o s c i  l l a t i n g  rnoments M ( ~ ) ( L I )  a r e  g iven by 
P 

where crR(u) i s  the quadrupolar p o l a r i z a b i l  i t y  o f  the v - t h  l i gand  and 

[ d i ) E t )  ] (u) expresses the g rad ien t ,  o f  the e l e c t r i c  f i e l d ,  a t  2 . 
?J 

Fo l low ing  the same procedure as f o r  the o s c i l l a t i n g  d ipo les ,  i f  

444 



we express the e l e c t r i c  f i e l d  o f  the  externa1 r a d i a t i o n  f o r  a  givencomps- 

nent o f  a  g iven p o l a r i z a t i o n  as i n  Eq. ( 3 )  we f i n d  

and t h e r e f o r e  

Now, us ing  the expansion13 

-r -+ 
iK .R  .k r r * 

e = I 4.2 ~ ~ ~ < m > $ ,  <nK) $ ' , (Q~)  
k 'q" 

and approx imat ing the spher i ca l  Bessel 's  f u n c t i o n s  by 

we may use the  equat ion13 

I k '  1 

qr'cM+p -q" iV - p  

t o  o b t a i n  

Owing t o  the lead ing  term i n  the above express ion ( k r = l )  we o b t a i n  



.v (2) ( V )  = (- 
P 

S u b s t i t u t i n g  

i n  the form 

. (14) i n t o  (61, we may w r i t e  the i n t e r a c t i o n  energy 

W(t) = R ~ ( W )  

and use Fermi l s  qoiden r u i e I 4  ' t o  get  the  t o t a l  t r a n s i  t i o n  p robab i l  i t y  bet- 

ween two manifolas ijiJ and i j i ' J ' .  To t h i s  end, we i n t e g r a t e  over d Qx and 

sum over the assumed e q u a l l y  therrnal ly  popcilated V5 and M J ,  components. 

Then,after summation over f r e e  ind ices  and the  th ree  values 0f.V fo l lowed 

by mul t i p l  i c a t i o n  by 2/3 7 ,  we o b t a i n  

where we have used the  f a c t  t h a t  

The sums over and v '  i n  E q .  (17 

p o i n t  charge e l e c t r o s t a t i c  model 

o s c i l l a t i n g  d ipo les ,  and we f i n a  

) may be r e l a t e d  t o  l a t t i c e  sums i n  the 

o f  the c r y s t a l  f i e l d ,  as f o r  the  case o f  

l l y  o b t a i n  



We a r e  then i n  p o s i t i o n  t o  est imate the c o n t r i b u t i o n  o f  o s c i l -  

l a t i n g  quadrupoles t o  the pseudo-mult ipolar f i e l d .  

4. RESULTS AND DISCUSSION 

For the case o f  4$2 c o n f i g u r a t i o n s  CnR 5 4f), the values o f  k 

i n  Eq.(18) a r e  r e s t r i c t e d  t o  2,4 and 6. I f  we consider  the t r a n s i t i o n s  

'D,, + 'f2 and 'D2 + 'F, o f  the E? ion, and the equat ion 

k = 2 ,  4, 6, where the Rk are  i n t e n s i  t y  parameters which c o n t a i n  c o n t r i -  

bu t ions  from the e l e c t r i c  d i p o l e  m e c h a n i ~ m " ' ~ ~  and from the pseudo- mul- 

t i p o l a r  f i e l d ,  i t  seems t h a t  w i t h  the same Q2 parameter the  i n t e n s i t y  o f  

both t r a n s i t i o n s  above rnay be accounted f o r .  Thus, we rnay a l ready  expect 

the c o n t r i b u t i o n  from o s c i l l a t i n g  quadrupoles t o  be indeed small s ince  i t  

p r e d i c t s  a R,  which depends s t r o n g l y  on the t r a n s i t i o n  frequency. 

I n  f a c t ,  i f  we take a f o r  the O-- i o n  q u a l  t o  3.694 a5 l 7  and 
Q 

the appropr ia te  values f o r  the q u a n t i t i e s  i n  Eq.(18)5"8 '19 , we f i n d  f o r  

the 'D, + 'F? and 'D, + 'F, i n t e n s i  t i e s  o f  the i o n  doped i n  Y, O,, 

c o n t r i b u t i o n ~ .  which a re  smal ler  than 10-' s- ' .  These values d i f f e r  from 

those quoted by ~ r u ~ k e "  (see sec t ion  2) by more than four  o rders  o f  mag- 

n i tude .  These c o n t r i b u t i o n s  a re  indeed o f  the sarne order  o f  magnitude as 
+ -+ 

those a r i s i n g  from the t e r m i K . R  i n  the treatment o f  o s c i l l a t i n g  d i p p l e s  

i f  the lon 

t r i b u t i o n s  

con ta in ing  

yp, o f  odd 

wavelength approximat ion i s  no t  assumed. 

t i s  i n t e r e s t i n g  t o  note t h a t  Eq.(18) g ives nonvanishFng con- 

(even though negl i g i b l e )  even i n  the case o f  s i t e  symmetries 

a cen te r  o f  i nvers ion  s ince i t does n o t  depend on l a t t i c e  sums, 

rank. 

The convergence o f  the mtil t 

w i t h  the f a c t  t h a t  the s e n s i b i l i t y  o f  

decreases as powers o f  KR. 

i p o l a r  ser 

a  nli e lec  

, i e s  i s  c l e a r l y  connected 

t r o n  t o  a p u l s a t i n g  l i g a n d  
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