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Abstrac t  

The ox ides  Ln:~Li.~Sb20~2 ( L n ~ P r ,  Nd, Sin) were  p r e p a r e d  in air  by hea th lg  a mix tu re  
of Ln20:~, LiNO:3 and  Sb203 in the  t e m p e r a t u r e  r ange  1 0 2 3 - 1 2 4 3  K. Latt ice p a r a m e t e r s  
as  well as a tomic  coo r d i na t e s  in the space  group I213 ( Z = 8 )  are es tab l i shed  f rom X- 
ray powder  diffract ion da ta  by the  Rietveld method .  Magnet ic  suscept ib i l i t ies  f rom 4.2 
to 300  K follow a C u r i e - W e i s s  law above  50 K (Ln=-Pr)  or 70 K (Ln~-Nd).  This  is 
a t t r ibu ted  to the  sp l i t t ing  of  the  g round  s ta te  assoc ia ted  with the  Ln a÷ ions by the 
inf luence of the  crysta l  field. The magne t i c  m o m e n t s ,  3 .54 and  3.61 /ZB for p ra seodynf ium 
and  n e o d y m i u m  respect ive ly ,  agree  with those  ca lcu la ted  by H u n d ' s  fornmla.  The  Sm 3+ 
b e h a v i o u r  can  be  exp la ined  by tak ing  into a c c o u n t  tha t  the  spl i t t ing of the  mul t ip le t s  is 
no t  too large c o m p a r e d  to  kT.  The magne t i c  m o m e n t  obse rved  at  room t e m p e r a t u r e  for 
th is  ca t ion is 1.6 /x B. 

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

A new series of mixed oxides, Ln3Li~Sb20,2 ( L n - L a ,  Pr, Nd, Sm, Eu), 
has recently been synthesized [1]. The unit cell is cubic (space group I2~3, 
Z=8). 

In this paper we report the experimental magnetic susceptibilities for 
the oxides LnaLi~Sb2OL2 (Ln = Pr, Nd, Sm) in polycrystalline samples, which 
were also characterized by X-ray powder diffraction data, refined on the 
basis of the Rietveld analysis method. 

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

Ln3Li~Sb2Oi2 (Ln - Pr, Nd, Sm) samples were prepared from Ln203, LiNO3 
and Sb203 (Merck). The initial mixture in stoichiometric ratio is heated to 
1023 K for 6 h. The second step is a thermal treatment at 1243 K. In this 
process, sublimation of lithium oxide takes place and it is necessary to add 
an excess  of 30%-40% LiNO3. Therefore the stoichiometry of this compound 
could not be fixed, but the tentative chemical formula of the phase La3LisSb2012 
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[2] is proposed taking into account  the structural analogy with the niobium 
(V) and tantalum (V) ternary oxides [3]. 

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

Powder X-ray diffraction patterns were registered at a rate of 0.1 ° (20) 
per minute by means of a Siemens Kristalloflex diffractometer powered by 
a D500 generator using nickel-filtered Cu Ka radiation. A 20 step scan of 
0.04 ° was used and the Rietveld profile analysis method [4] was employed 
for refinement of X-ray diffraction patterns in the range 10°-120 ° (20) for 
287 observed reflections. The structure of La3Li~(Nb,Ta)20,~ was used as 
a trial model. The Rietveld programme minimizes the function X 2= (Rw~,/ 
RExp) 2. The reflection conditions are h + k + l = 2 n  for (h, k, l),  k + l = 2 n  for 
(0, k, l)  and h = 2 n  for (h, 0, 0), compatible with the space group 12,3. 
The structural data for Ln3Li~Sb2012 ( L n - P r ,  Nd, Sin) are given in Table 
1. The unit cell parameters  decrease linearly in accordance with the lanthanide 
contraction effect. Table 2 lists the experimental  bond lengths and angles 
of Ln3LisSb20,2 ( L n - P r ,  Nd, Sm). 

The structure of these compounds  is isomorphous to La3Li~Sb20,2 and 
can be described as a three-dimensional framework of lanthanide, antimony 
and oxygen atoms. The SbO6 octahedra are located along the threefold axes 
of the unit cell and are associated with three lanthanide atoms, forming 
infinite chains of composition (Ln3Sb20,2)n. These chains are bonded with 
others by means oflanthanide and lithium atoms. Figure 1 shows the orientation 
of (Ln3Sb2012)n chains along a threefold axis. 

Magnetic susceptibility measurements  were made using the Faraday 
method in the temperature  range 4 .2 -300  K with a DMS5 Pendule suscep- 
tometer.  The maximum magnetic field applied was 1 kG with H(dH/dZ)= 29 
kG 2 c m - ' .  The equipment was calibrated with Hg(Co(SCN)4) and 
Cd2(SO4)3" 8H20 and X was independent  of the field in the temperature range 
of the measurements.  Values of effective moment  (~B) and Weiss constant 
(0) were obtained by least-squares fits from the linear part  of the X - '  vs. 
T plots. 

The magnetic susceptibility of Pr3LisSb2Ol~. follows a Curie-Weiss law 
behaviour from 300 to 50 K. Below this temperature  deviations upwards 
from linearity are observed, analogous to those found in some compounds 
of praseodymium [5, 6]. Since this cation has an even number  of f electrons, 
the lowest crystal field level could be a singlet and the upward deviations 
observed at the lower temperatures  are probably due to the population of 
this singlet level (see Fig. 2). The reciprocal molar  magnetic susceptibility 
for NdaLisSb2012 obeys a Curie-Weiss law, X= 1.63/T+ 14.8, above 70 K 
and the moment  calculated from the X - '  vs. T plot suggests that crystal 
fields effects are probably present  (Fig. 2). Similar remarks have previously 
been reported for different neodymium compounds [7-9].  

The observed and calculated magnetic moments  and Weiss constants 
for Ln 3+ in the oxides can be found in Table 3. In these cases negative 
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TABLE 2 

Bond lengths (angstroms) and bond angles (degrees) of Ln~Li,~Sb2Oje 

Ln ~ Pr 

Sb(1)-O(3) 2.61(7) 3x Pr(1)-O(4) 
Sb(1)-O(4) 1.69(1) 3 x Pr(1)-O(4) 
Sb(2)-O(1) 2.26(7) 3 x Pr(1)-O(1) 
$b(2)-O(2) 1.90(5) 3 x Pr(1)-O(1) 
Pr(2)-O(2) 2.62(5) 2 x Pr(2)-O(2) 
Pr(2)-O(3) 2.39(5) 2 x Pr(2)-O(3) 
Li(1)-O(1) 2.01(0) ai(2)-O(1) 
ai(1)-0(2) 2.19(5) Li(2)-O(1) 
Li(1)-0(2) 2.69(5) Li(2)-0(2) 
ai(1)-0(3) 2.21(1) Li(2)-0(3) 
Li(1)-0(3) 2.00(0) Li(2)-0(4) 
Li(1)-0(4) 2.11 (2) Li(2)-O(4 ) 

O(4)-Pr(1)-O(4) 90.02 O(1)-Pr(1)-O(1) 
0(2)-Pr(2)-0(2) 70.43 0(3)-Pr(2)-0(3) 
O(3)-Sb(1)-O(4) 84.48 O(4)-Sb(1)-O(3) 
O(1)-$b(2)-O(2) 89.41 0(2)-Sb(2)-O(1) 
O(3)-Li(1)-0(1) 65.67 O(1)-Li(1)-O(3) 
O(3)-Li(1)-0(2) 94.95 0(2)-Li(1)-0(2) 
O(2)-Li(1)-O(4) 93.04 0(4)-Li(1)-0(3) 
0(2)-Li(2)-0(4) 92.26 0(4)-Li(2)-0(1) 
O(1)-Li(2)-O(1) 63.08 0(1)-Li(2)-0(3) 
O(3)-Li(2)-0(4) 89.74 O(4)-Li(2)-0(2) 

Ln~Nd 

2.43(9) 
2.60(6) 
2.83(3) 
2.90(4) 
2.54(2) 
2.52(0) 
2.02(2) 
2.34(3) 
2.19(8) 
2.19(4) 
2.49(6) 
2.52(2) 

2x  
2 x  
2 x  
2 x  
2 x  
2 x  

140.80 
59.69 
87.54 

110.38 
81.44 
73.68 
91.55 

124.03 
55.77 
90.02 

Sb(I)-0(3) 1.73(9) 3 x Nd(1)--O(4) 
Sb(1)-.0(4) 2.24(0) 3 x Nd(1)-O(4) 
Sb(2)-O(1) 2.06(0) 3 x  Nd(1)-O(1) 
$b(2)-0(2) 2.14(1) 3x  Sd(1)-O(1) 
Nd(2)-0(2) 2.14(1) 2 x Nd(2)-O(2) 
Nd(2)-O(3) 2.64(0) 2 x Nd(2)---0(3) 
Li(l)-O(1 ) 2.55(1) Li(2)-O(1) 
Li(1)--0(2) 2.79 (9) Li(2)-O (1) 
Li(1)-O(2) 2.09(6) Li(2)-0(2) 
Li(l)-0(3) 2.10(4) Li(2)-0(3) 
Li(1)--O(3) 2.46(3) Li(2)-O(4) 
Li(1)-0(4) 2.20(1) Li(2)-0(4) 

O(4)-Sd(1)-O(4) 78.47 O(1)-Sd(1)-O(1) 
O(2)-Nd(2)-0(2) 72.06 0(3)-Nd(2)-O(3) 
O(3)-$b(1)-O(4) 77.65 O(4)-$b(1)--O(3) 
O(1)-$b(2)-0(2) 92.79 0(2)--Sb(2)--O(1) 
O(3)-Li(1)-O(1) 91.05 O(1)-Li(1)---O(3) 
O(3)-Li(1)-O(2) 110.90 0(2)-Li(I)-0(2) 
O(2),,-Li(1)-O(4) 78.26 0(4)-Li(1)-O(3) 
0(2)-Li(2)-O(4) 89.80 O(4),,-Li(2)-O(1) 
O(1)-Li(2)---O(1) 92.81 O(1)-Li(2)-O(3) 
O(3)-Li(2)-O(4) 88.97 O(4)--Li(2)-0(2) 

2.62(2) 
2.94(6) 
2.24(0) 
2.62(6) 
2.46(9) 
2.73(6) 
2.14(6) 
2.38(6) 
2.42(7) 
2.09(6) 
2.08(0) 
2.01(7) 

2X 
2 x  
2 x  
2 x  
2 x  
2 x  

68.29 
84.57 
89.61 
69.99 
79.74 
89.02 
64.27 

108.90 
85.78 
90.20 

( continu~ed) 



TABLE 2. (corttinued) 

2 5 5  

Ln -= Sm 

Sb(1)-O(3) 2.00(3) 3× Sm(1)-O(4) 2.62(5) 2x  
Sb(1)-O(4) 1.90(7) 3× Sm(1)-O(4) 2.26(1) 2x  
Sb(2)-O(1) 2.04(1) 3× Sm(1)-O(1) 2.77(4) 2x  
Sb(2)-O(2) 2.24(0) 3× Sm(1)-O(1) 2.93(8) 2× 
Sm(2)-O(2) 2.26(6) 2 × Sm(2)-O(2) 2.79(7) 2 x 
Sm(2)-O(3) 2.20(2) 2 x Sm(2)-O(3) 2.39(8) 2 x 
Li(1)-O(1) 2.09(4) Li(2)-O(1) 2.12(3) 
Li(1 ) -0(2)  2.84(2) Li(2)-O(1) 2.40(6) 
Li(1)-0(2) 2.10(0) Li(2)-O(2) 2.19(3) 
Li(1)-O(3) 2.09(9) Li(2)-O(3) 2.09(6) 
Li(1)-0(3) 2.27(1) Li(2)-O(4) 2.41 (4) 
Li(1)-O(4) 2.39(1) Li(2)-O(4) 2.19(5) 

O(4)-Sm(1)-O(4) 66.72 O(1)-Sm(1)-O(1) 69.03 
O(2)-Sm(2)-O(2) 77.54 0(3)-Sm(2)-O(3) 61.92 
O(3)-Sb(1)-O(4) 102.85 O(4)-$b(1)-O(3) 90.38 
O(1)-Sb(2)-O(2) 89.54 O(2)-$b(2)-O(1) 77.62 
O(3)-Li(1)-O(1) 88.81 O(l)-Li(1)-O(3) 83.96 
O(3)-Li(1)-O(2) 98.99 O(2)-Li(1)-O(2) 79.44 
O(2)-Li(1)-O(4) 99.42 O(4)-Li(1)-O(3) 84.55 
O(2)-Li(2)-0(4) 73.07 O(4)-Li(2)--O(1) 137.57 
O(1)-Li(2)-O(1) 70.70 O(1)-Li(2)-O(3) 119.33 
O(3)-Li(2}-O(4) 96.61 O(4)-LJ(2)-O(2) 88.81 

Sb 

Li .,~- --~0 0 

0 0 

La ~ 0 

Fig. 1. A threefold axis along which chains of (Ln3Sb20~2), ~ (Ln-=Pr, Nd, Sin) are disposed 
and location of lithium atoms (circles). 

v a l u e s  fo r  t h e  W e i s s  c o n s t a n t  (0)  a r e  f o u n d .  I t  is  o b v i o u s  t h a t  t h e  W e i s s  
c o n s t a n t  v a l u e s  a r e  d u e  t o  t h e  c r y s t a l  f ie ld  e f fec t s .  

A d i f f e r e n t  b e h a v i o u r  in t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  m a g n e t i c  
p r o p e r t i e s  o f  SmsLisSb2012 is o b s e r v e d  (F ig .  3) .  T h e  s u s c e p t i b i l i t y  o f  
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Fig. 2. Temperature  dependence  of reciprocal magnetic susceptibility for Ln3Li~Sb2012 per  
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Fig. 3. Temperature  variation of magnetic susceptibility per  mole of Sm3LisSb20]2. Full lines 
represent  calculated values. 

Sm3LisSb,~O12 remains  a lmost  cons tan t  be tween 100 and 240 K. This char-  
acterist ic  behaviour  is a t t r ibuted to the fact  that  the energy  differences of  
the 6H mult iplet  levels for  Sm ~+ are comparab le  to kT, and for  this reason 
Van Vleck can be used in a first approximat ion  [10 ], neglect ing the J -mixing  
and crystal-field-splitting effects, a l though this gives a p o o r  fit of  the ex- 
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Magnetic parameters for Ln3LisSb2Oj~ 
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Ln Ground state of #~ bt " 0 
the free ion (/x~) (bt/~) (K) 

Pr 3H 4 3.58 3.54 - 16.0 
Nd 41"/z 3.62 3.61 - 14.8 
Sm 6H5/2 1.6 1.6 ~ -- 

~Calculated at 298 K. 

per imenta l  and calculated susceptibil i t ies,  as Fig. 3 shows, and a value of 
A = 298 cm-1  for  the orbi t -coupl ing cons tan t  is obtained.  
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