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A b m c t  The e f f e c t  o f  t h e  Jahn-Tel ler  i n t e r a c t i o n  on t h e  g i romagnet i c  
f a c t o r  g i s  c a l c u l a t e d  f o r  the  ground s t a t e  o f  a  s u b s t i t u t i o n a l  co2+ i n  
c r  s t a l l i n e  MgO. I n  t h e  model employed, o n l y  t h e  i n t e r a c t i o n  b e t w e e n  
Cox+ and t h e  s i x  neares t  02- i s  considered,  and t h e i r  d isp lacements f rom 
t h e  e q u i l i b r i u m  p o s i t i o n  a r e  expressed as l i n e a r  combinat ions o f a l l  t h e  
phonon modes o f  t h e  c r y s t a l .  The pf.,oi;cnspectrum employed i s  an a n a l y t i c  
approx imat ion  t o  the  r e s u l t s  o f a  d e t a i l e d c a l c u i a t i o n  o f  another  a u t h o r .  
The e f f e c t s  o f  covalence a r e  a l s o  taken i n t o  account i n t h e  presentmodel.  

1. INTRODUCTION 

H i s t o r i c a l l  y  t h e  Janh-Te1 l e r  (JT) theorem appl  i e s  t o  a non- 

-1 inear  molecule o r  a  c r y s t a l l  i n e  d e f e c t  wi  t h  o r b i t a l  d e g e n e r a c y  a n d  

i t  s t a t e s  t h a t  t h e  nuc lear  c o n f i g u r a t i o n  i s  expected t o  be u n s t a b l e  

w i t h  respec t  t o  a s t a t i c  d i s t o r t i o n  which l i f t s  t h e  degeneracy. I n  t h i s  

paper we d i s c u s s  a dynamlc fo rm o f  t h e  JT e f f e c t  t h a t  has been e x t e n -  

s i v e l y  d iscussed by Ham i n  a r e p o r t  o f  1 9 6 8 ~ .  Accord ing t o  t h i s  e f f e c t ,  

even when t h e  s p i n - o r b i t  i n t e r a c t i o n  s t a b i l  i z e s  t h e  c o n i i ; u r a t  i o n  o f  

h i g h e r  symmetry, t h e  c o u p l i n g  o f  t h e  e l e c t r o n s  o f  t h e  c r y s t a l l i n e d e f e c t  

t o  t h e  symmetric modes o f  v i b r a t i o n  o f  t h e  n e i g h b o u r i n g  ions s t i l l  

a f f e c t s  t h e  p r o p e r t i e s  o f  t h e  system. I t  i s  t h e  s t r e n g h t  o f  t h i s  coup- 

l i n g  which determines whether one should observe a s t a t i c  d i s t o r t i o n  o r  

a  dynamic e f f e c t .  The dynamic JT e f f e c t  may become impor tant  when some 

o f  t h e  energy d i f f e r e n c e s  between t h e  s p i n - o r b i t  l e v e l s  a r e  c l o s e  t o  

phonon f requenc ies  w i t h  an a p p r e c i a b l e  d e n s i t y  o f  s t a t e s .  The  B o r n -  

-0ppenheirner approx imat ion  i s  i n v a l i d  i n  t h i s  case and t h e  e l e c t r o n i c  

and v i b r a t i o n a l  p a r t s  o f  t h e  wavefunct ion f o r  each e i g e n s t a t e  o f  the  

coupled system a r e  i n e x t r i c a b l y  mixed. 

The m i x i n g  o f  s t a t e s  due t o  t h e  JT e f f e c t  i m p l i e s  a r e d u c t i o n  

i n  t h e  va lues o f  m a t r i x  elements o f  o r b i t a l  o p e r a t o r s  between t h e  e l e c -  



t r o n i c  states,  and producesa s h i f t  i n  the g values fo r  the defec t .  I n  
2+ 

the cases o f  Co and ~ e ~ +  ions placed as subs t i t u t i ona l  impur i t i es  i n  

MgO, the magnitude of these s h i f t s  f o r  the respect ive ground states has 

been al ready computed w i t h  a molecular 'c luster  mode12'3. In  t ha t  model 

the v i b r a t i o n a l  spectrum o f  the c r y s t a l  has been replaced by a s ing le  

e f f e c t i v e  frequency whose value, together w i t h  the values o f  the co- 

valency parameters and o f  the JT coef f i c ien ts ,  have been chosen so as 
2+ 

t o  s a t i s f y  cons i s ten t l y  the EPR data as we l l  as, i n  the case o f  Fe , 
the in f ra red spectrum of the system. I n  the present work we are  con- 

2 + 
cerned w i t h  the c a l c u l a t i o n  o f  the  g s h i f t  o f  the ground s ta te  o f  Co 

i n  MgO w i t h  a model i n  which the JT i n t e r a c t i o n  i s  r e s t r i c t e d  t o t h e s i x  
2- 

nearest O , but  employing an extended phonon spectrum. I n  t h i s  way we 

e1 iminate one o f  the ad jus tab le  parameters ( t he  c l u s t e r  frequency) and 

provide a more r e a l i s t i c  t e s t  f o r  the use o f  the JT mechanism. 

Koloskova and ~ o c h e l a e v ~  have performed t h i s  type o f  ca lcu-  

l a t i o n  w i t h  a Debye spectrum. I n  the present paper we employ a dens i ty  

o f  states tha t  represents more c lose l y  the phonon spectrum ca lcu la ted 

by peckhairi5 f o r  pure MgO, and we a l so  consider simultaneously e f  f e c t s  

which were neglected by Koloskova and Kochelaev. A study o f  covalencyis 

important because i t  competes w i t h  the JT e f f e c t ,  and t h e i r  r e l a t i v e  

magnitudes must be considered i n  the assignement o f  the values o f  the 

JT c o e f f i c i e n t s .  The e f f e c t s  o f  covalency a re  introduced i n  the next  

sect ion,  where we describe the problem i n  the absence o f  the JT e f f e c t .  

Section 3 i s  devoted t o  the desc r i p t i on  of the JT Hamiltonian and o f  
2+ 

i t s  e f f e c t s  on the wavefunctions o f  Co i n  MgO. I n  sec t ion  4 wediscuss 

the avai l a b l e  experiments o f  EPR o f  MCJO:CCI~+ under externa1 s t r e s s e s  , 
which can be used t o  f ind a range o f  values f o r  the JT c o e f  f i c i en t s . 
F i n a l l y  the expression for  the JT s h i f t  of the lowest sp in- o rb i t  doub- 

l e t  i s  obtained i n  sec t ion  5 and the r e s u l t s  and discussions a re  given 

i n  sec t ion  6. 

2. THE ZERC)TH ORDER PROBLEM 

The r e l a t i v e  pos i t i ons  o f  the sp in- o rb i t  l eve l s  which a re  

s p l i t  froni the ground e lec t ron i c  t r i p l e t  'T o f  the co2+ i n  the pres- 
l g  

ence o f  a cubic c r y s t a l  f i e l d  are  shown i n  F ig .  1. Two c o e f f i c i e n t s  ci 

and B are  introduced t o  take i n t o  account the c r y s t a l  f i e l d  a d m i x t u r e  



o f  the s ta tes  4 .o f  'T w i t h  the s ta tes  $f o f  'p 
Z I g  z 

@. = a $ .  + B  4 '  
z z i 

An appropr iate d iagona l iza t ion  o f  the Hamiltonian inc lud ing the c rys  

t a l  f i e l d  i n te rac t i on  i n  t h l s  weak f i e l d  representat ion gives a =0.98 

and B = 0.194 (ref  .6). The e f fec ts  of U and ncova lent  bonding o f  the 

s t a t e s 4 T  a n d 4 T  (see ~ i ~ . l )  w i t h  l i n e a r  combinations o f  the 2P 
I g 2g 2- 

o r b i t a l  o f  the s i x  nearest O ions can be introduced through the o r -  

b i t a l  reduct ion fac to rs  k o ,  k ,  and k ,  3 7 7  

The qJi and $i are molecular o r b i  t a l s  constructed w i  t h  the 'T and 
I g 

'T atomic o r b i t a l s ,  respect ive ly ,  3 i s  the angular momentum operator  
2g  

and X i s  the f r e e  ion sp in- o rb i t  c o e f f l c i e n t  o f  co2+. Ins teadof  tak ing  

k,=k,  as i t  was done by ~ i n k h a m ~ ,  we sha l l  leave k l  and k2 as indepen- 

dent parameters because the 4~ s tates o f  co2+ a re  expected t o  g ive  a 
2 g 

greater  admixture w i t h  s ta tes  o f  the neighbouring ions than the '2' 
1 g 

states, so tha t  k l > k 2 .  Nevertheless, weexpect t h a t t h e  d i f f e r e n c e w i l l  not 

be too la rge.  Using the e f fec t i ve  sp in- o rb i t  Hamiltonian ( H ~ ~ )  and the 

e f f e c t i v e  Hami l t on ian  f o r  the Zeeman e f f e c t  deduced (both w i t h  respect 

t o  the s ta tes  i n  the subspace 8 
*Tl g) by Kanamor i , we can express the 

energy d i f fe rences o f  the s ta tes  r,, r, and r', from r, (see Fig.1) and 

t h e g  value o f  the ground doublet r 6 a s  

where A i s  the energy separation o f  the 'T from the 'T . On sub- 
2g 

s t i t u t i n g  the numerical values A = -180 crn" A =  6800 cm and 9, = 

= 2.0023 (see reference 3 )  we ob ta in  the zeroth order energy differencec 



and g value i n  terms o f  the three covalency parameters. 

Fig.1 - ( a )  Ene rgy  l e v e 1  
scheme o f  the f ree C O ~ + ;  (b) 
o r b i t a l  l eve l s  i n  the pres- 
ente o f  a cubic c r y s t a l  f i e l d ;  
(c) spl i t t i n g  o f  the ground 
o r b i t a l  leve1 i n  the pres- 
ente o f  the sp in- o rb i t  i n t e r -  
ac t  ion. 

3. THE VIBRONIC PROBLEM 

T 
w r i t t e n  as 

where Hv descr i  

2+ 
h e t o t a l H a m i l t o n i a n f o r t h e ~ s y s t e m  Mg0:Co can be 

H = H o + H  JT = H s o  + H + HJT 
s v (4) 

bes the v ib ra t i ona l  states of the MgO and HJT descr i  bes 

the JT i n te rac t i on .  The eigenfunct ions o f  the zeroth-order Harniltonian 

H are products o f  the e lec t ron l c  e igenfunci ions r6, r7, r8 and r; 
times the v ib ra t i ona l  e igenfunct ions of H v .  I n  the low temperature 

l i m i t  we may consider v i b r a t i o n a l  s ta tes  w i t h  no more than one-photon 

exci ted,  so tha t  i n  the occupation number representat ion they can be 

described by 10> when n+ =O fo r  a l  l wavevector and p o l a r i z a t i o n  and by 
4s 

1n-t > when onl  y the occupat ion number corresponding t o  the wavevector 
-+ qs 
q and po la r i za t i on  s i s  equal t o  one. The JT i n te rac t i on  m i x e s  each 

j I ' n - + > = l r > I n - + > w i t h a l l  n qs n qs t h e o t h e r e i g e n f u n c t i o n s o f  H,, and these 

l i nea r  combinations are  the v ib ron i c  e igenfunct ions o f  Hs which de- 

scr ibe  the s ta tes  o f  the coupled system. HJT i s  g iven by1'2 '3 



where VA, VE and VT are  the JT coe f f i c i en ts ,  rY are  e lec t ron i c  oper- 

a to rs  which can be def ined i n  the subspace o f  the func t ions  4~ as 
1 g 

T" = 1 

8 
T = (-312) R: + I 

E 
T = (&2) (jc - a; )  

T L R  R y z - ly 

TV = !Lz Rz - Rz !Lz 

,c = R R 
x Y - 

and the Q are  normal modes o f  the seven ions complex composed by the Y 2- 
impur i ty  and i t s  s i x n e a r e s t  O . I n  eq.(6) the I i s  the i n d e n t i t y  

operatsr  and the r ,  R and R, are  components o f  an e f f e c t i v e  angular 
Y 

momentum operator w i t h  &I, def ined f o r  the o r b i t a l  pa r t  o f  the sub- 
2+ 

space generated by the ground 'T s ta tes  o f  CO . We see from eq. ( 5 ) 
15' 

t ha t  the JT i n te rac t i on  i s  1 im i ted  t o  modes o f  v i b r a t i o n  w i  t h  sym- 

metr les Alg, Eg and T the partners o f  which a re  a(A  ) ,  8 and E 
2g' 15' 

(Eg) and 5 ,  rl and 5 (1 ) ,  respect ive ly .  We sha l l  see tha t  on ly  the 
2g 

modes E and 2' con t r i bu te  e f f e c t i v e l y  i n  our ca l cu la t i on .  
g  2g 

The coordinates & are  l i n e a r  combinations o f  the  car tes ian  
2-  

coordinates o f  the s i x  nearest O which can be expressed i n  terms o f  

the normal modes &f o f  the c r y s t a l  (phonons). Using the corresponding 
qs + 

c rea t i on  and a n n i h i l a t i o n  operators a+ and a+ , we f i n d  
qs 9s 

2- 
where m i s  the mass o f  the O , N i s  the number o f  c e l l s  i n  the c rys-  

t a l  , VO=V =V V =V =v =V and the TX are  the coe f f  i c i e n t s  conect ing B E E ' S T I T T  9s 
the Qy t o  the &t expressions f o r  the T& are  found, f o r  example, i n  

9s ' + 
referente 1 .  In  terms of a+ and a+ we have 

qs '7s 

Wlth eqs. ( 7 ) ,  (8) and the spin-orbi  t hami 1 tonian8 



-+ 
where S S and S a r e  t h e  components o f  t h e  s p i n  o p e r a t o r  S , we 

2' Y Z 
complete the  d e f i n i t l o n  o f a l l  termsappearing i n t h e v i b r o n i c  Hami l ton ian  

Hs g i ven  i n Eq.  (4) . 

4. THE EFFICTS OF APPLIED STRESSES 

To d e r i v e  t h e  JT c o u p l i n g  c o e f f i c l e n t s  f rom measurernents o f g  

va lues  i n  t h e  presence o f  externa1 deformat ions we s h a l l  assume t h a t  

t h e  i n t e r a c t i o n  caused-by these d isp lacements i s d e s c r i  b e d  by t h e  

Hami l ton ian  
e E 5 rl 5 

H' = V,(T e g  + -r ee)+ V,(T e  + T e + T e  ) 5 rl 5 
(1 O) 

where t h e  e t rans fo rm l i k e  t h e  i r r e d u c i b l e  r e p r e s e n t a t i o n s o f  t h e c u b i c  
Y 

group and a r e  l i n e a r  combinat ions o f  t h e  usual s t r a i n s .  The V, and V, 
a r e  c o u p l i n g  c o e f f i c i e n t s  r e l a t e d  t o  t h e  J T  c o e f f  i c i e n t s  b y  v E = 6  
V , / 2  and VT = V5//2R (R i s  t h e  n e x t  smal l e s t  d i  s tance o f  t h e  MgO I a t -  

t i c e ) .  Tak ing H' as a p e r t u r b a t i o n  t o  Hz, r e t a i n i n g  o n l y  terms which 

a r e  l i n e a r  i n  t h e  magnetic f i e l d  and n e g l e c t i n g  c o n t r i b u t i o n s  o f  t h e  

t h i r d  and h i g h e r  o r d e r ,  we o b t a i n  t h e  c o r r e c t i o n s  6 t o  t h e  tensor  g 
f o r  t h e  doub le t  r 6 .  Using t h e  Vo igh t  n o t a t i o n

g  
we can then w r i t e  

69; = E'. . e  
-L3 i ( 1 1 )  

I t  i s  foui id t h a t  f rom t h e  36 p o s s i b l e  elernents F.., t h e  o n l y  non-zero 
23 

ones s a t í , s f y  t h e  r e l a t í o n s  Fll=F22=F33, F44=F55=F66 and F,,=F1,=F2, 

(Fj3=Fij). The c a l c u l a t i o n  f o r  o u r  model g i v e s  

4 (-3/2) a 2  + 8' - 9e F,, = - F,, = - 
3 E6 - E8 6 v~ 

(-3/2) a 2  + 82 - ge 
F = - -  

4 4 3 - E8 
2R v~ 

App ly ing  : j t a t i c  u n i a x i a l  s t resseç  a long  t h e  c r y s t a l  a x i s  E, 0, 01 and 

D , I , ~  - i n  t h e  f i r s t  case w i t h  magnetic f i e l d s  p a r a l e l l  and normal t o  

t h e  s t r a i i i  and i n  t h e  second case w i t h  a magnetic f i e l d  p a r a l e l l  t o t h e  

s t r a i n  - Tucker9 has measured t h e  va lues  o f  F,,, F,, and Fe4. S u b s t i -  



t u t i n g  h i s  r e s u l t s  i n t o  eq.(12) w i t h  E,-E, given b y  e q .  ( 1 3 - b )  and 

. taking k,=k2=l, we f ind 

The estimated experimental e r r o r  i s  20%, so tha t  we sha l l  l e t t h e v a l u e  

of VE t o  vary w i t h i n  an i n te rva l  o f  '20% around the r e s u l t  above. As 

the value o f  VT i s  ra ther  smaller than tha t  o f  VE, we sha l l  neg lec t the  

e f f e c t s  o f  20% changes o f  i t s  value, and we sha l l  employ the value 

quoted f o r  VT i n  Eq. (13) . 

5. THE JT OF THE g VALUE 

The mat r ix  elements o f  HZ are  ca lcu la ted here between . pa i r s  

of v i b ron i c  s ta tes .  Denoting the two r, s ta tes  by (a> and I-a> and 

the corresponding v ib ron i c  s ta tes  by IA> and /-A>, the f o l  lowing re -  

duct ion fac tors  can be d e f i n e d l Y 2  

kB = <-A I R i s Z  I -A>/<-a I R*S I -a> 
Z Z 

and the expression f o r  the g value can then be w r i t t e n  as 

(15) 

We see tha t  each reduct ion f a c t o r  i s  the r a t i o  o f  the ma t r i x  element 

o f  an e lec t ron i c  operator  ca lcu la ted between v ib ron i c  states t o  the 

ma t r i x  element o f  the same operator  ca lcu la ted between the correspond- 

ing e lec t ron íc  s ta tes  and w i t h  the Za t t i ce  i n  the ground u i b r a t i o n a l  

s ta te .  When the JT  e f f e c t  i s  neglected we have k  =k =k =k =1, and eq. 
s R A B  

( 1  5 )  reduces t o  eq . (3-d) . 
I n  the per turbat ion  c a l c u l a t i o n  the s ta te  I-A> i s  obtained as 

a  co r rec t i on  t o  I-a>=ITaO>, w i t h H J T g i v e n  b y e q . ( 7 ) .  Toperform the 

ca l cu la t i on  we have employed a  few approximations: we replace the sum 

over by an i n teg ra l  over d 3 q  w i t h  the dens i ty  o f  s ta tes  v/87r3, where 



V i s  the volume o f  the c r y s t a l ,  and we take the phonon f r e q u e n c y  as 
+ 

independent o f  the d i r e c t i o n  o f  q and o f  the po la r i za t i on .  lfweassume 

tha t  the phonon p o l a r i z a t i o n  i s  s t r i c t l y  t rm5ve rsa l  o r  l ong i t ud ina l ,  
4 

the f o l  lowing r e l a t i o n  

s i n  2R 
= 4n[ l  -*] bnI 

can be used separately f o r  the acoust ica l  and o p t i c a l  phonons. With 

t h i s  r e l a t i o n  the fo l lowing expression i s  obtained i n  second order o f  

per turbat  ion 

(1 7) 
where the index j i s  used t o  d i s t i n g u i s h  the con t r i bu t i ons  o f  the 

o p t i c a l  phonons from tha t  o f  the ac'ouçt i c a l  phonons, and where 

We have taken w = ( E ~ -  E~)/PI, where E R  i s  the energy of the unperturbed 
!L 6 

e l e c t r o n i c s t a t e s  Ir,>. l t  i s  r e a d i l y  v e r i f i e d  tha t ,  when y=A the 
1 s' 

l a s t  terrn cancels the f i r s t  one. Since the cases E =E6 o r  E  =E6 a re  m n 
excluded i n  the second o r  t h i r d  terms, we can conclude t h a t  the A 

l g  
modes do not  con t r i bu te  t o  our c a l c u l a t i o n  when we l i m i t  ourselves t o  

the subspace o f  states o f  the ground 4~ The c o n t r i  but ions com i ng 
Ig' 

from exci  ted 4~ states can be neglected, because then w would be 
2g R 6 

a t  l eas t  an order of magnitude greater  than when i t belongs t o  4~ 
Ig' 

Expression (18) can be simpl i f i e d ,  if we take i n t o  account t h a t  the  



operators C? we employ couple !-a> on l y  w i t h  s ta tes  Ir, > ;  i n  t h i s  case, 

according t o  the tab le  o f  Koster e t  aZ. ' O ,  the double $um over y and 

rn (o r  n)  i n  the second and t h i r d  terms o f  eq. (18) i s  zero and these 

do not  con t r i bu te .  

We employ simple ana l y t i ca l  expressions t o  s imulate the one 

-phonón densl t y  of acoust i c a l  phonons Pa (w) and o f  opt  i c a l  phonon s 

p,(w) ca lcu la ted by peckham5. We have selected s i x  phonon f r e q u e n c y  

i n te rva l  s, and expressed p,(w) and p, (w) i n  each i n t e r v a l  by a func t  ion 

o f  t h e  type 

aij + b . .  (W L w.) i j  
'L3 3 I (19) 

Each of these con t r i bu t i ons  i s  shown i n  F ig .  2 ,  together w i t h  t h e i r  

sum and w i t h  the curve o f  Peckham. We have introduced d ispers ion  rey 

l a t i o n s  q.(w) t ha t  s a t i s f y  the r e l a t l o n  
J 

and i t s  expression i n  the i - t h  i n t e r v a l  i s  o f  the type 

Su@tituting,,eqs. (19) and (2 

t eg ra l s  o f  the the type 

a .  .+b , . (w-wj) 
'L3 ZJ 1 - 

i j  (wrn6+w> hn6+w) 

) i n t o  eq. (17) we had t o  ca l cu la te  i n -  

which have been obtained numerical ly .  I n  terms o f  these integrais we 

can w r i t e  

r 1 T a Im 

(23)  
The ma t r i x  elements o f  the e l e c t r o n i c  operators fi and can be calcu- 

l a ted  w i t h  the func t ions  \rR> given, f o r  example, i n  r e f .  ( I ) ,  and w i t h  



a i d  o f  the tab le  o f  Koster e t  aZ.. To ca l cu la te  the i n teg ra l s  
Im 

i t  

1s necessary t o  know the values o f  E -E, as given by eqs. (3-a, b ,c  ) ,  R 
w l t h  appropr iate choice o f  the covalency parameters k, and k,. This 

choice arld a l so  tha t  o f  the parameters k o  and VE which s a t i s f y  the ex- 

perimental r e s u l t  g = 4.278 " i s  discussed i n  the next sect ion.  

6. RESULTS AND DISCUSSIONS 

F i g . 2  - (a) One-phonon densi t y  o f  
s ta tes  f o r  the MgO obtained by 
Peckhan; (b) the f u l l  l i n e  rep- 
resents a s imula t ion  o f  the 
Peckhan's curve used i n  our calcu- 
l a t i o n ,  and i t  i s  obtained by the 
superposi t ion o f  theacoust ica l  and 
o p t i c a l  c o n t r i b u t i o n s  (dashed  
1 ines) 

I n  a recent work12, we have shown tha t  the JT e f f e c t  reduces 

the energy d i f fe rence E,-E, and increases E;-Es by an amount o f  

30-40 cm'-' when,in absence o f  the JT i n te rac t i on ,  we take these d i f -  

ferences as -300 cm-' and -900 cm-', respect ive ly .  Since the cor re-  

sponding experimental values are  c lose t o  305 cm-' and 935 cm-', re -  

spect ive ly  (see r e f .  12), we assume tha t  i n  the absence o f  the JT i n -  

te rac t lo r i  these di f ferences are 330-340 cm-' and 890-900 cm-'. Knowing 

the values of E,-E, and E:-E,, we can then deduce k ,  and k, from eqs. 

(3-b) anci (3-c). Imposing 0.8k1 as the lower 1 i m i t  o f  k2 i n  the con- 

d i t i o n  k,<kl (stated i n  sect lon 2 ) ,  we take k, = 0.92?0.01 and kz = 

= 0.82I0.01 which correspond t o  E,-E, = 330 cm-', E;-E, = 890 cm-' and 

E,-E6 = 945 cm-l. Subs t i t u t i ng  these numbers i n t o  eq. (22) we f ind by 



numerical i n teg ra t i on  the fo l l ow ing  values f o r  Im 

I,, = 0 . 1 7 7 ~ 1 0 - ~ ~  ( r a d / ~ ) - ~  Ia, = 0.0347~1 ( r a d / ~ ) - ~  

Subs t i t u t i ng  these values i n t o  eq. (22) and t a k i n g  VT = 0 . 3 4 ~ 1 0 "  

(cm-'/cm) and g = 4.278, the fo l l ow ing  sets o f  pa i r s  o f  values o f  V* 
(w i t h in  the l i m i t s  o f  the experimental e r r o r )  and k ,  s a t i s f y  eq.(15) 

The o r b i t a l  reduct ion f a c t o r  f o r  ~ e ~ +  i n  MgO has been estimated t o  be 

k ,  = 0 . 9 5 ~  and I f  we assume, as emphasized by some authors7" , tha t  
2+ the e f f e c t s  o f  covalency i n  the ~ e ~ +  are  greater  than i n  the Co , a 

natura l  choice o f  k ,  i n  the tab le  above i s  0.96. This i s  i n  the region 

predicted by Ray and ~ e ~ n a r d ~  and together w i t h  kl = 0.92 they are  

much c loser  t o  one than the values ka = 0.89 and k l  = 0.81 o b t a i n e d  

when the JT e f f e c t  i s  neglectedl? A t  the sarne t ime the corresponding value 

VE = 2.40x10" cm-'/cm i s ,  w i t h i n  the 1 i m i t s  o f  the experimental e r r o r  

o f  the EPR measurements, discussed i n  sec t ion  4. 
We have thus obtained a set o f  parameters wh icharecons is tent  

between themselves and w i t h  the e x i s t i n g  experimental data. In  view o f  

the arguments considered above, we sha l l  adopt the values k,=0.96-+0.01, 

ki = 0.92+0.01 and V = (2 .4kO. l )x10 '~  cm-'/cm. These values have E 
been employed i n  the ca l cu la t i on  o f  the con t r i bu t i on  o f  the JT e f f e c t  

t o  the e lec t ron i c  Raman spectra o f  the M ~ O : C O ~ +  ( ~ e f .  121, and the 

r e s u l t s  seem t o  i nd i ca te  t ha t  they are  e s s e n t i a l l y  co r rec t  w i t h i n  the 

stated prec is ions .  We then conclude tha t  the JT mechanism c o n s i d e r e d  

here provldes an accurate explanat ion o f  the  proper t ies  o f  the system 

M ~ o : c o ~ + ,  and tha t  i t s  e f f e c t s  are comparable t o  those o f  covalency. 

The reduct ion fac to rs  associated t o  the parameters a d o p t e d  

above are  



and t h e i r  departure from u n i t y  i s  due o n l y  t o  the JT i n te rac t i on .  Note 

tha t  our d e f i n i t i o n  o f  the reduct ion f a c t o r s  i s  d i f f e r e n t  from t h a t  

given by t ~ a m ~ ' ~ ,  which gives values d i f f e r e n t  from 1 even i n  the ab- 

sence o f  the JT e f f e c t  . 

\Je express our g r a t  i tude t o  the Fundação Cec i l i a no Abel de 

Almeida f o r  support i n  the preparat lon o f  the manuscript. 
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Resumo 

C! e f e i t o  da in teração Jahn-Te1 l e r  sobre o f a t o r  giromagnét ico  g 
6 calculado para o estado fundamental de um ion C O ~ +  subst i  tuc iona l  em 
MgO c r i s t . a l  ino.  No modelo usado, somente é considerada a interação en- 
t r e  o co2+ e o s  se is  02- mais prõximos, e seus deslocamentos da posição 
de e q u i l i b r i o  são expressos como combinações l ineares  de todos os modos 
fonõnicos do c r i s t a l  . O espectro de fonons u t  i 1 izado 6 uma aproximação 
a n a l í t i c a  dos resultados do  cá l cu lo  detalhado de um ou t ro  autor .Osefe i -  
tos da covalência sao levados em conta no modelo. 


