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ESR experiments a t  l i q u i d  hel ium temperatures has been done on 

d i  lu ted  (0.01% - 1%) Nd and Gd i n  YRh, and Y l r, Laves phases. ~ d ~ +  shows 

an i so t rop i c  spectra wi t h  hyperf  ine  l  ines corresponding t o  the var ious 

isotopes and a g-value appropied t o  a r6 c r y s t a l  f i e l d  ground state.The 

~ d ~ +  resonance shows s ing le  l i n e  a t  g - 1.993. 

Experiências de RPE a baixas temperaturas sob Nd e Gd d i  lu idos  

em YRh, e Y l  r, são apresentadas. ~ d ~ +  apresenta uma ressonância i so t ró -  

p ica  com est ru turas  h ipe r f i nas  correspondente aos vár ios  isótopos e um 

va lo r  de g apropriado a um estado fundamental I', . A ressonância de ~ d ~ +  

apresenta uma única l inha i so t róp ica  a g - 1.993. 

Low temperature (1.6 - 1 5 ~ )  X Band E lec t ron Spin Resonance 

experirnents has been ca r r i ed  ou t  on Nd and Gd dopped YRh, and Y l r ,  cubic 

intermetal  1 i c  compounds. 

A ser ies  of samples o f  Rex Al-x B,(RE = Nd, Gd; A = Y; B =Rh, 

Ir; < :C < tom2) were prepared by a r c  rnel t ing the s t o i c h  i o m e t r  i c  

amounts o f  the corresponding elements i n  an a rc  furnace o f  argon atmos- 

phere. No thermal treatment was necessary i n  order t o  ge t  good s i n g l e  

phase sampltis as i t  was v e r i f i e d  by X rays ana lys is .  

* P a r t i a l l y  supported by FAPESP and CNPq. 



As i n  o t h e r s  AB, compounds (A = La, Lu, Ce; B = ~ h , l r , ~ u ) " ~ ' >  

t h e  Nd3+ spec t ra  (see f i g u r e  1) shows a c e n t r a l  l i n e  (1=0) w i t h  a g-va- 

l u e  c l o s e  t o  2.667, appropr ia ted  t o  a r6 c u b i c  c r y s t a l  f i e l d  ground s t a -  

t e 4 .  The spec t ra  a l s o  shows two se ts  o f  e i g h t  s a t e l l  i t e s  h y p e r f  i n e  l i - 
nes corresponding t o  t h e  ' 4 3 ~ d  (I = 7/2, 12.3%) and "'N~(I = 7/2, 8.3%) 

i so topes .  The ~ d ~ +  resonance shows a s i n g l e  l ine  w i t h  a g- va lue  c l o s e  t o  

1.993 5. 

3+ 
F i g u r e  1 shows a t y p i c a l  spec t ra  o f  1000 ppm o f  Nd i n  YRh,. 

imi  l a r  spectrum were ob ta ined  f o r  Nd3+ i n  Ylr,. The resonance ? ines 

were analysed by the  method o f  Pe te r 'e t  aZ6. The l i n e w i d t h  was f i t t e d  

t o  t h e  formula a + bT,  and t h e  h y p e r f i n e  cons tan ts  were ob ta ined  u s i n g  

t h e  second-order hyper f  i n e  B r e i  t-Rabi fo rmu la7.  I n  o r d e r  t o  g e t  b e t t e r  

d e t e r m i n a t i o n  o f  the  p o s i t i o n  o f  the  h y p e r f i n e  l i n e s ,  t h e  second d e r i -  

v a t i v e  o f  t h e  spec t ra  was a l s o  recorded.  

Table 1 g i v e s  the  thermal broadening o f  t h e  l i n e w i d t h  (b ) ,  re-  

s i d u a l  w i d t h  (a) and g- va lue  ob ta ined  f rom t h e  spec t ra .  For t h e  lowcon- 

c e n t r a t e d  samples (C < 0.5%) no c o n c e n t r a t i o n  e f f e c t s  were observed on 
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Fig .1  - ESR spec t ra  o f  1000 ppn o f  Nd i n  YRh, a t  T=1.5 K .  The resonance 

o f  n a t u r a l  i m p u r i t i e s  o f  Gd i s  a l s o  i n d i c a t e d .  



3+ Table I - Experimental ESR data o f  Nd and ~ d ~ +  i n  YRh2 and Y l r , .  

these par.ameters, i nd i ca t i ve  of the absence o f  bot t leneck e f f e c t s  i n t h e  

re laxa t i on  mechanisms. However, f o r  t h e  h i g h  c o n c e n t r a t e d  samples 

(C > 0.5%) and low temperatures (T < 5 ~ )  some in te rac t i on  e f f e c t s  has 

been observed on the l i new id th  and g-value. 

Neglecting the in f luence o f  low l y i n g  c r y s t a l  f i e l d  exc i t ed  

s ta tes  o f  ~ d ~ + ,  and i n  the s ing le  band approximation, the r a t i o  between 
3 + . . 

the thermal broadening o f  the l inewidth f o r  Nd and ~ d ~ +  gives an ex- 

change r a t  i o 2  



Using the data of Table I ,  we found t h i s  r a t i o  t o  be about 4 
and 8 f o r  YRh, and Y l r, respect i v e l  y . Larger exchange parameter f o r  Nd3+ 

than f o r  Gd3+ was a l so  observed i n  o ther  AB, ~ o m ~ o u n d s ' ~ ~ * ~ .  This ten- 

dency toward smaller exchange pararneter i n  the f i r s t  h a l f  o f  the rare-  

-earth se r i es  w i t h  the increasing o f  the 4 f  occupation number seemes t o  

be a general behavior which has al ready been observed i n  the supercon 

ductor LaAI, and pred ic ted theo re t i ca l  ly9. 

For a s ing le  band metal the g- sh i f t s  o f  Nd3+ and Gd3+ w i l  

g i ve  an exchange r a t i o  f o r  q = O 

Since the g - s h i f t  o f  Gd3' i s  too smal l t o  be rneasured, we can 

not  compare the r e s u l t s  g iven by (2) and (1) i n  order t o  detec t  any wa- 

vevector dependence o f  the exchange parameters i n  these compounds. 

From Table I we can see t h a t  there  i s  some tendency towardpo- 

s i t i v e  g - s h i f t  f o r  Gd3+ i n  both compounds ( i n  i nsu la to r  g = 1.993) which 

w i l l  g i ve  a p o s i t i v e  q = O component o f  the e f f e c t i v e  exchange parame- 

t e r .  On the other s ide i f  we take the g-value o f  Nd3+ i n  i nsu la tor  t o  be 

2.667, ' O  i t  i s  c l ea r  from Table I tha t  the g - s h i f t  o f  Nd3+ i s  negat i -  

ve, i nd i ca t i ng  tha t  the q = O component o f  the e f f e c t i v e  exchange para- 

meter w i l l  be a l so  p o s i t i v e  (gJ - 1 < O)'. Therefore ourexperimental da- 

t a  seerns t o  i nd i ca te  no change i n  the s ign  o f  the exchange parame t e r  
3+ 

upon going from Nd t o  Gd3+. On the other hand, i f  we take the maximum 

possib le g - s h i f t  f o r  ~d~~ (-  0.01) and the minimum possib le g - s h i f t  f o r  

Nd3+ (- -0.02), formula (2) w i  I 1  y i ve  a r a t i o  o f  two approximately; sho- 

wing again the tendency toward smal ler  ex~hange parameter as the  h foccu-  

pa t i on  number increases, as mentioned before.  This reduct ion could be 

understood i n  terms o f  a recent c n l c u l a t i o n  by Troper e t  UZ." where a 

l a rge r  radius f o r  ~ d ~ +  4 f  s h e l l  compared w i t h  t ha t  o f  Gd3+ rnight reduce 

o r  eventua l ly  induce a change i n  the s ign  o P t h e  f - d  e f f e c t i v e  paranie- 

t e r  f o r  q = O because the i n t e r  s i t e  t o  i n t r a  s i t e  exchange i n t e r a c t i o n  

r a t i o  o f  the 4 f  l oca l i zed  magnetic moment and the d-conduction electrons 

wi 11 be bigger f o r  ~ d ~ +  than t h a t  o f  ~ d ~ + .  



The hyper f ine  constants ' 4 3 ~  = 209 + 2 G, l b5A  = 132 '2 G and 

' 4 3 ~  = 208 I 4 G ,  1 4 5 ~  = 131 + 4 G measured f o r  ' 4 3 ~ d 3 +  and 14'Nd3+ iso- 

topes i n  YRh, and Y l r ,  respect ive ly  are smal ler  than those reported f o r  

i nsu la to rs  ( ' 4 3 ~  = 2156, '"A = 1356)". This negative conduction e lec -  

t rons  con t r i bu t i on  t o  the  hyper f ine  constants, might be a t t r i bu tedma in -  

l y  t o  the contact  hyperf  ine i n te rac t i on7 ,  (note tha t  gJ-1 > O w i l l  g i ve  

M < O) .  
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