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Abstract  

Solid solutions of composition Y~Gdl_zVO4 (x=0.25, 0.50, 0.75) have been prepared 
and characterized. These phases are isomorphous with zircon, ZrSiO4. The crystal structures 
were refined from X-ray powder diffraction data by the Rietweld method. The lattice 
parameters show a linear decrease with increasing yttrium content and the final reability 
factors are in agreement with the proposed structural model. In order to study the effect 
produced by the substitution of Gd a+ by diamagnetic y3+ ions, the magnetic susceptibility 
of Gdo.sY0.~VO4 has also been measured in the temperature range 4.2-300 K. 

1. I n t r o d u c t i o n  

Rare ear th  ions in an ox ide  ma t r ix  have  rece ived  cons iderab le  interest ,  
main ly  concen t r a t ed  on the  l uminescen t  and  magne t i c  p r o p e r t i e s  of  these  
ions. In fact ,  YVO4 ac t iva ted  with Eu a÷ is a highly efficient l u m i n o p h o r  [1 ]. 

In the  case  of  ra re  ear th  (R) vanada tes ,  RVO4, all the  m e m b e r s  crystal l ize 
in the t e t r agona l  sys tem,  space  g roup  I 4 ~ / a m d ,  being i s o m o r p h o u s  with 
minera l  zircon, ZrSiO4. The  s t ruc tura l  p a r a m e t e r s  of  ErVO4 [2], DyVO4 [3] 
and NdVO4 [4] have  been  r epo r t ed  previous ly ,  as well as the theore t ica l  
p a r a m e t e r s  for  the  o the r  m e m b e r s  of  the  series.  

The rare  ear th  v a n a d a t e s  (IV) have  e m e r g e d  as  c lassic  e x a m p l e s  of  
mate r ia l s  which  exhibi t  c o o p e r a t i v e  J a h n - T e l l e r  s t ruc tura l  phase  t rans i t ions  
[5 -9 ] .  Crysta ls  o f  GdVO4 and YVO4 do not  show s t ructura l  p h a s e  c h a n g e s  
[10l.  

In this p a p e r  we r e p o r t  the  syn thes i s  and  s t ructura l  charac te r iza t ion  by 
X-ray p o w d e r  diffract ion of  the  solid so lu t ions  YxGd~ _xVO4 ( x =  0.25,  0.50, 
0.75).  The  magne t i c  b e h a v i o u r  of  one  m e m b e r  of  this solid solut ion ser ies  
has  also b e e n  studied.  

2. E x p e r i m e n t a l  de ta i l s  

Microcrysta l l ine  mate r ia l s  YxGdl_xVO4 ( x = 0 . 2 5 ,  0.50,  0 .75)  we re  ob- 
ta ined by  solid s ta te  r eac t ion  be t ween  the ox ides  Y2Oa (Merck)  Gd2Oa (Merck)  
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and V205, this last  ox ide  be ing  isolated by  the  m e t h o d  descr ibed  in ref. 11. 
The initial m ix tu r e  in s to ich iomet r i c  ra t io  was  hea t ed  in air  for  92 h at  900  
K. 

P o w d e r  X-ray diffract ion pa t t e rn s  were  reg i s t e red  at  a ra te  of  0.1 ° (20) 
pe r  minu te  by m e a n s  of  a S iemens  Kristalloflex d i f f r ac tomete r  p o w e r e d  by  
a D500  g o n i o m e t e r  us ing  nickel-f i l tered Cu Ka  radiat ion.  

Magnet ic  suscept ib i l i ty  m e a s u r e m e n t s  were  m a d e  us ing  the  F a r a d a y  
m e t h o d  in the  r ange  4 . 2 - 3 0 0  K with a DMS5 Pendule  s u s c e p t o m e t e r .  The  
m a x i m u m  app l ied  m agne t i c  field was  15 kG with H ( d H / d Z ) =  29 kG 2 c m - x .  
The e q u i p m e n t  was  ca l ib ra ted  with Hg(Co(SCN)4)  and  Gde(SO4)3"8HeO and 
X was  i ndependen t  o f  the  field in the t e m p e r a t u r e  r ange  of  the  m e a s u r e m e n t s .  
Values of  effect ive m agne t i c  m o m e n t  (IZB) and  Weiss  cons t an t  (0) w e r e  
ob t a ined  by  l eas t - squa res  fits f r o m  the l inear  p a r t  of  the  X-x vs. T plots .  

3. R e s u l t s  and  d i s c u s s i o n  

A 20 scan  o f  0 .04 ° was  used  and  the  Rietveld profi le  analysis  m e t h o d  
[12] was  e m p l o y e d  for  r e f inement  of  X-ray diffract ion resu l t s  in the  r ange  
10%-120 ° (20) for  144 o b s e r v e d  reflect ions.  The s t ruc tu re  of  YVO4 [1] was  
u s e d  as  trial mode l .  The  Rietveld p r o g r a m m e  min imized  the  funct ion  )(2 = (Rwp/ 
REXP) 2. 

The  ref lect ion condi t ions  a re  h + k + l = 2 n  for  (h k l), h, k = 2n for  (h k 0), 
k + 1 = 2 n  for  (0 k l ) ,  2h + 1 = 4n  for  (h h 1), 1 = 4n  for  (0 0 1), h = 2n  for  (h 0 0) 
and h = 2 n  for  ( h h 0 ) ,  c o m p a t i b l e  with the  s p a c e  g r o u p  I41 /amd  ( Z = 4 ) .  
The  a t o m s  o c c u p y  the  fol lowing posi t ions :  y t t r ium and gadol in ium in 4 a  (0, 
~, ~), v a n a d i u m  in 4b (0, 3, ~) and  oxygen  in 16h ( 0 ,  y,  z).  

The  c rys ta l lograph ic  p a r a m e t e r s  are  p r e s e n t e d  in Tab le  1. As can  be  
seen ,  the  uni t  cell p a r a m e t e r s  dec rea se  l inearly wi th  inc reas ing  the  y t t r ium 
con ten t .  

The  s t ruc tu re  of  these  sol ids  so lu t ions  is i s o m o r p h o u s  with zircon [14] 
and  can  be  desc r ibed  as cha ins  of  a l te rna t ing  RO8 d i s to r ted  p o l y h e d r a  (with 
R - Y  or  Gd  r a n d o m l y  dis t r ibuted)  shar ing  edges  and  co rne r s  with VO4 

TABLE 1 

Crystallographic parameters of Y~Gdl-~V04 

Composition Unit cell Oxygen position Reliability 
parameters (/~) factors 

a c y z Rwp Rp 

GdVO~ [13] 7.213 6.348 
Y0.25Gdo.75VO4 7.164 6.315 0.435 0.212 13.52 8.22 
Yo.sGdo.sVO4 7.143 6.310 0.440 0.201 12.50 7.19 
Yo.75Gdo.25VO4 7.136 6.300 0.436 0.202 14.68 5.31 
YVO4 [i] 7.123 6.292 
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t e t rahedra .  Figure  1 shows a pe rspec t ive  of  the  s t ruc ture  in which chains  
of  VO4(1)-ROs-VO4(1)  are defined along the c axis direction.  It can be seen  
that  there  is oc ta -coord ina t ion  of R ions (black oxygen  a toms) ,  with VO4 
t e t r ahed ra  offering a c o m m o n  edge  (labelled 1) or a ve r t ex  ( labelled 2 and 
3). This fact  is ref lected in two sets  of  R-O bond dis tances,  whilst the V-O 
ones  remain  unchanged  with the compos i t ion  (Table 2). 

The magnet ic  susceptibi l i ty  of  Y0.sGd0.sVO4 has also been  measured  in 
the t e m p e r a t u r e  range  4 . 2 - 3 0 0  K as an example .  These  resul ts  show a quasi- 
Curie-like behav iour  over  the ent ire  interval  of  measurement s ,  as can be 
obse rved  f rom Figure 2. This behav iour  is character is t ic  of  the g round  state  
of  Gd 3+ , SSv/2, for  which the crystal  field splitt ing should be very  small, i.e. 
less than  1 cm -I  [15], and can be neglected,  and the magnet ic  m o m e n t  
takes  the  exper imen ta l  value 8.01 t%, which agrees  with the free-ion value 
o f  7.94 /~B [16]. 

The high symmet ry  of  the g round  s ta te  of  Gd a+ yields a 0 value for  
Y0.sGdo.sVO4 close to zero (0= -0 .42) .  It is obvious  that  this negat ive  Weiss 
cons tan t  value  is due to the crystal  field effects  and non-coopera t ive  inter- 
act ions,  i.e. ant i fe r romagnet ic  coupling,  p resen t  in this c o m p o u n d  down to 
4.2 K. 

By subst i tu t ion of  Gd 3÷ by y3+ ions the n u m b e r  of  pa ramagne t i c  ions 
is r e duc e d  but  the  magnet ic  behav iour  is scarcely  modif ied with respec t  to 
GdVO4 [ 11 ]. Analogous  resul ts  are  obta ined  for  the remaining s to ich iometr ies  

I 

• - -  Y ,Gd  

o e  - - 0  
Fig. 1. VO4 tetrahedra around yttrium or gadolinium atoms. 

TABLE 2 

Selected interatomic distances (angstroms) in YxGdl_xVO4 (R=-Y or Gd) 

Yo.26Gdo.'15VO4 Yo.sGdo.sVO4 Yo.TsGdo.25VO4 

R---O (× 4) 2.29(3) 2.28(3) 2.31(9) 
R--O (× 4) 2.45(4) 2.50(8) 2.51(9) 
V-O (× 4) 1.71(5) 1.71(8) 1.71(9) 
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Fig. 2. Temperature dependence of reciprocal molar susceptibility in Yo.sGdo.sVO4 . 

in  t h e  s o l i d  s o l u t i o n s .  F r o m  t h e  c r y s t a l  s t r u c t u r e  o f  t h e s e  o x i d e s  o n e  c a n  
c o n c l u d e  t h a t  in  t h e  w h o l e  r a n g e  o f  c o m p o s i t i o n  p a r a m a g n e t i c  i o n s  a r e  
i s o l a t e d ,  t a k i n g  i n to  a c c o u n t  t h e i r  l o c a t i o n  o n  4 a  c r y s t a l l o g r a p h i c  s i t e s .  
T h e r e f o r e  i t  is  f e a s i b l e  to  m o d u l a t e  t h e  G d  3+ c o n c e n t r a t i o n  in t h e  m a t e r i a l  
fo r  d i f f e r e n t  p u r p o s e s .  
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