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Abstract

The oxides LngLizSb,0,, (Ln=Pr, Nd, Sm) were prepared in air by heating a mixture
of Ln,O,4, LINO; and Sb,0; in the temperature range 1023-1243 K. Lattice parameters
as well as atomic coordinates in the space group 12,3 (Z=28) are established from X-
ray powder diffraction data by the Rietveld method. Magnetic susceptibilities from 4.2
to 300 K follow a Curie-Weiss law above 50 K (Ln=Pr) or 70 K (Ln=Nd). This is
attributed to the splitting of the ground state associated with the Ln®” ions by the
influence of the crystal field. The magnetic moments, 3.54 and 3.61 ug for praseodymium
and neodymium respectively, agree with those calculated by Hund’s formula. The Sm®*
behaviour can be explained by taking into account that the splitting of the multiplets is
not too large compared to k7. The magnetic moment observed at room temperature for
this cation is 1.6 ug.

1. Introduction

A new series of mixed oxides, Ln;LizSb,0;, (Ln=La, Pr, Nd, Sm, Eu),
has recently been synthesized [1]. The unit cell is cubic (space group 12,3,
Z=28).

In this paper we report the experimental magnetic susceptibilities for
the oxides LngLizSb,0,, (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. Experimental details

LngLiz;Sb,0;, (Ln=Pr, Nd, Sm) samples were prepared from Ln,Os, LiNOg
and Sb,05; (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% LiNOg. Therefore the stoichiometry of this compound
could not be fixed, but the tentative chemical formula of the phase La;Li;Sb,0,
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[2] is proposed taking into account the structural analogy with the niobium
(V) and tantalum (V) ternary oxides [3].

3. Results and discussion

Powder X-ray diffraction patterns were registered at a rate of 0.1° (26)
per minute by means of a Siemens Kristalloflex diffractometer powered by
a D500 generator using nickel-filtered Cu Ka radiation. A 26 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° (26) for
287 observed reflections. The structure of LagLis(Nb,Ta),0O,, was used as
a trial model. The Rietveld programme minimizes the function y%=(Rup/
Rgpxp)®. The reflection conditions are k+k+1=2n for (k, k, 1), k+1=2n for
(0, k, 1) and h=2n for (h, 0, 0), compatible with the space group 12,3.
The structural data for Ln;Li;Sb,O,; (Ln=Pr, Nd, Sm) 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 LngLi;Sb,0,, (Ln=Pr, Nd, Sm).

The structure of these compounds is isomorphous to LagLi;Sb,0,;, and
can be described as a three-dimensional framework of lanthanide, antimony
and oxygen atoms. The SbOg4 octahedra are located along the threefold axes
of the unit cell and are associated with three lanthanide atoms, forming
infinite chains of composition (Ln;Sby,0,,),. These chains are bonded with
others by means of lanthanide and lithium atoms. Figure 1 shows the orientation
of (LngSb,0,,), 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® em™!. The equipment was calibrated with Hg(Co(SCN),) and
Cd»(S0,);-8H,0 and x was independent of the field in the temperature range
of the measurements. Values of effective moment (ugp) and Weiss constant
(8) were obtained by least-squares fits from the linear part of the x ! vs.
T plots.

The magnetic susceptibility of PrsLisSb,0,; 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 Nd;Li;Sb,0,, obeys a Curie~Weiss law, y=1.63/T+14.8, above 70 K
and the moment calculated from the y ~' 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®" in the oxides can be found in Table 3. In these cases negative



253

eeL="4 ‘L8'8="Y ‘002 ="y ‘08T ="Y

:(96) s1070e) Lipqeroy
(PP 6861 :(gy) dwniop
(L2981 =0 (y) 190wered a0

L99="Y ‘6g9="Y '0'1g="Y ‘281="y
(%) s10908) Liniqeidy

(1)28'6€02 An%v OWIN[OA
(Q¥L921=D HQNV 1owrered [

98'L="Y 'ee8="Y ‘0°03=Y ‘96T=Y

{(0p) s1030€] ANpqeroy
($)£2°0L02 :(gy) dwnioA
(@)gpL g1 = :(y) 10t0uresed [100

(8)sL40 (8090 (BIELY0 9% (0 (@)6890 (LI8er 0 (B)E990 242 (PO (1950 (D0Lv'0 (@D¥I90 298 (GO
(@egro (Mr1go (8)09e0 292 ()0 (98sy 0 @WFS0 (98280 2¥2 (80 (Boero (Mrkeo (0)zgieo 292 (80O
(Dvgzo (@szvo (eiego 992 (B0 (B)Eeeo (D96g0 (FPgg 0 2vg (@0 (81620 ()g6L0 (FSIZ0 297 ()0
(Dgzzo (Wioro (801c0 203 (DO (P00 Y600 (0€92°0 292 (Do (MIPZ0 (D88o'0 (O)ezeo 282 (1O
(Lzego (1)gseo (6)98F 0 92pz (BT (L9690 (9)zse'o BWsro 2%z (21 (66690 (©)ese0 (rero 2v2 (DT
(@ereo (@rszo (Dyego 2v2 (D1 (Dees 0 (1)L0g0 (98090 292 (D1 (©)eeso (@rogo (00890 2b7 (V1
0520 0820 0620 ©8 (z)as 052°0 0920 082'0 vg (2)48 0820 0820 0%z'0 w8 (2)98
0000 000°0 0000 7©8 (1as 000°0 0000 00000 vg (1)a8 000°0 0000 0000 v»g (1)as
05820 0000 (6)029°0 qz1 (2PN 0520 0000 (6)239°0 qgl (2PN 0520 0000 (86190 4931 ()14
0420 00000 (9)91T1°0 931 (1)wg 0520 0000 (@¥31°0 931 (1PN 0520 0000 (6)81T°0 4931 (1)1d
2 I x NS woy z A T Mg woly -4 I T NS WOy

wg = urg PN=Uu] d=ul

S10%qgerTfuy 10) s1ajowered [eInonng

T dT1dvVL



254

TABLE 2

Bond lengths (angstroms) and bond angles (degrees) of LngLi;Sb,0,,

Ln=Pr

Sb(1)-0(3) 2.61(7) 3% Pr(1)~0(4) 2.43(9) 2%
Sb(1)~0(4) 1.69(1) 3% Pr(1)-0(4) 2.60(6) 2%
Sb(2)-0(1) 2.26(7) 3 Pr(1)-0O(1) 2.83(3) 2%
Sb(2)-0(2) 1.90(5) 3% Pr(1)-0(1) 2.90(4) 2%
Pr(2)-0(2) 2.62(5) 2X% Pr(2)-0(2) 2.564(2) 2%
Pr(2)-0(3) 2.39(5) 2X Pr(2)-0(3) 2.52(0) 2%
Li(1)-0(1) 2.01(0) Li(2)~0(1) 2.02(2)

Li(1)-0(2) 2.19(5) Li(2)-0(1) 2.34(3)

Li(1)-0(2) 2.69(5) Li(2)-0(2) 2.19(8)

Li(1)-0(3) 2.21(1) Li(2)-0(3) 2.19(4)

Li(1)~-0(3) 2.00(0) Li(2)-0(4) 2.49(6)

Li(1)-0(4) 2.11(2) Li(2)-0(4) 2.62(2)
0(4)-Pr(1)-0¢4) 90.02 O(1)-Pr(1)-0(1) 140.80
0(2)-Pr(2)-0(2) 70.43 O(3)-Pr(2)-0(3) 59.69
0(3)-Sb(1)~-0(4) 84.48 0(4)-Sb(1)-0(3) 87.54
0(1)-Sb(2)-0(2) 89.41 0(2)-Sb(2)-0(1) 110.38
0O(3)-Li(1)-0(1) 65.67 O(1)-Li(1)-0(3) 81.44
O(3)-Li(1)-0(2) 94.95 0(2)-Li(1)-0(2) 73.68
0O(2)~Li(1)-0(4) 93.04 0O(4)~-Li(1)-0(3) 91.65
0(2)-Li(2)-0(4) 92.26 0(4)-Li(2)-0(1) 124.03
O(1)-Li(2)-0(1) 63.08 O(1)-Li(2)-0(3) 55.77
0O(3)-Li(2)-0(4) 89.74 0(4)~-Li(2)-0(2) 90.02
Ln=Nd

Sb(1)-0(3) 1.73(9) 3x Nd(1)-0(4) 2.62(2) 2%
Sb(1)-0(4) 2.24(0) 3% Nd(1)-~0(4) 2.94(6) 2%
Sb(2)-0(1) 2.06(0) 3 X Nd(1)~0(1) 2.24(0) 2%
Sb(2)-0(2) 2.14(1) 3X Nd(1)-0(1) 2.62(6) 2%
Nd(2)-0(2) 2.14(1) 2% Nd(2)-0(2) 2.46(9) 2%
Nd(2)-0(3) 2.64(0) 2% Nd(2)-0(3) 2.73(6) 2%
Li(1)-0(1) 2.55(1) Li(2)-0(1) 2.14(6)

Li(1)-0(2) 2.79(9) Li(2)-0(1) 2.38(6)

Li(1)-0(2) 2.09(6) Li(2)-0(2) 2.42(7)

Li(1)-0(3) 2.10(4) Li(2)}~0(3) 2.09(6)

Li(1)-0(3) 2.46(3) Li(2)-0(4) 2.08(0)

Li(1)-0(4) 2.20(1) Li(2)-0(4) 2.01(7)
0(4)-Nd(1)»-0(4) 78.47 O(1)-Nd(1)-0(1) 68.29
O(2)-Nd(2)-0(2) 72.06 0O(3)-Nd(2)-0(3) 84.57
0(3)-Sb(1)-0(4) 77.65 0(4)-Sb(1)-0(3) 89.61
0(1)-Sb(2)-0(2) 92.79 0O(2)>-Sb(2)»-0(1) 69.99
0(3)-Li(1)-0(1) 91.05 O(1)-Li(1)-0(3) 79.74
O(3)-Li(1)-0(2) 110.90 0(2)-Li(1)~0(2) 89.02
0(2)-Li(1)-0(4) 78.26 0(4)-Li(1)-0(3) 64.27
0(2)-Li(2)-0(4) 89.80 O(4)-Li(2)-0(1) 108.90
O(1)-Li(2)-0(1) 92.81 O(1)-Li(2)~0(3) 85.78
0O(3)-Li(2)-0(4) 88.97 O(4)-Li(2)~0(2) 90.20

(continued)



TABLE 2. (continued)

Ln=Sm

Sh(1)-0(3) 2.00(3) 3% Sm(1)-0(4) 2.62(5) 2%
Sb(1)-0(4) 1.90(7) 3 X Sm(1)-0(4) 2.26(1) 2%
Sb(2)-0(1) 2.04(1) 3 X Sm(1)-0(1) 2.77(4) 2%
Sb(2)-0(2) 2.24(0) 3X Sm(1)-0(1) 2.93(8) 2%
Sm(2)-0(2) 2.26(6) 2% Sm(2)~0(2) 2.79(7) 2%
Sm(2)-0(3) 2.20(2) 2% Sm(2)-0(3) 2.39(8) 2%
Li(1)~-0O(1) 2.09(4) Li(2)-0(1) 2.12(3)

Li(1)-0(2) 2.84(2) Li(2)-0(1) 2.40(6)

Li(1)-0(2) 2.10(0) Li(2)-0(2) 2.19(3)

Li(1)-0(3) 2.09(9) Li(2)-0(3) 2.09(6)

Li(1)-0(3) 2.27(1) Li(2)-0(4) 2.41(4)

Li(1)-0(4) 2.39(1) Li(2)-0(4) 2.19(5)
0(4)~Sm(1)-0(4) 66.72 0O(1)-Sm(1)-0(1) 69.03
0(2)-Sm(2)-0(2) 77.54 0(3)-Sm(2)-0(3) 61.92
0(3)-Sb(1)-0(4) 102.85 0(4)-Sb(1)-0(3) 90.38
O(1)-Sb(2)~-0(2) 89.54 0O(2)>-Sb(2)-0(1) 77.62
O(3)-Li(1)-0(1) 88.81 O(1)-Li(1)-0(3) 83.96
O(3)-Li(1)-0(2) 98.99 O(2)-Li(1)-0(2) 79.44
0O(2)-Li(1)-0(4) 99.42 O(4)-Li(1)~-0(3) 84.55
0O(2)~Li(2)-0(4) 73.07 O(4)-Li(2)~-0(1) 137.57
O(1)-Li(2)-0(1) 70.70 O(1)-Li(2)~-0(3) 119.33
O(3)-Li(2)-0(4) 96.61 0O(4)-Li(2)~0(2) 88.81

w

Fig. 1. A threefold axis along which chains of (1n;Sb;0,,), (Ln=Pr, Nd, Sm) are disposed
and location of lithium atoms (circles).

values for the Weiss constant (6) are found. It is obvious that the Weiss
constant values are due to the crystal field effects.

A different behaviour in the temperature dependence of the magnetic
properties of SmgLizSb,0,, is observed (Fig. 3). The susceptibility of
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Fig. 2. Temperature dependence of reciprocal magnetic susceptibility for Ln;Li;Sb,0,, per
mole of Ln®* (Ln=Pr, Nd).
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Fig. 3. Temperature variation of magnetic susceptibility per mole of Sm;LizSb,0,,. Full lines
represent calculated values.

SmgLizSb,0,;, remains almost constant between 100 and 240 K. This char-
acteristic behaviour is attributed to the fact that the energy differences of
the ®H multiplet levels for Sm®* are comparable to k7T, and for this reason
Van Vleck can be used in a first approximation [10], neglecting the J-mixing
and crystal-field-splitting effects, although this gives a poor fit of the ex-



TABLE 3

Magnetic parameters for LngLi;Sb,0,,

Ln Ground state of u ut i}

the free ion (7] (kp) (K)
Pr 3H, 3.58 3.54 ~16.0
Nd Ty 3.62 3.61 —-14.8
Sm “Hy/ 1.6 1.6* -

2Calculated at 298 K.

perimental and calculated susceptibilities, as Fig. 3 shows, and a value of
A=298 cm™! for the orbit-coupling constant is obtained.
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