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New Europium(II)-compounds CsEuLn(PO,),, with Ln = La, Ce, Pr, Eu, and Tb, were prepared by 
thermoreduction of rare earth(W)-phosphate solid solutions with cesium vapor. CsEuLn(PO,), are 
charge compensated substitutions of LnP04 in a rhabdophane hexagonal structure. Lattice parameters 
and their linear regression equations are reported. D 1~2 Academic press. IX 

1. Introduction 

In 1950 Mooney (I) discovered that the 
orthophosphates of lanthanum, cerium, pra- 
seodymium, or neodymium would crystal- 
lize in a metastable hexagonal modification 
if the preparation was performed in an aque- 
ous solution at moderate temperature. The 
crystal structure of this hexagonal phase 
was described to have big open tunnels with 
ca. 5 A in diameter running through the 
structure along to the c-axis. The tunnel 
walls are constituted by REO, and PO4 poly- 
hedra. In the tunnels, water molecules are 
accomodated, giving the composition as 
REP04 * 0.5 H,O. Mooney predicted that 
cations could be accomodated in the tunnels 
instead of water molecules if charge com- 
pensating substitutions were made on the 
RE sites. As a result, compounds with gen- 
eral formula of M’M”M”‘(PO,), should 
form. This type of structure is also adopted 
by a mineral called rhabdophane (2, 3). 

* On leave from Department of Chemistry, Bejing 
Normal University, Bejing, 100875, China. 

Recently compounds like ABC(PO,), 
(A = K, Rb, Cs; B = Ca, St-; C = RE and 
Bi) were prepared and Mooney’s prediction 
has been confirmed (4-6). During the prepa- 
ration of the new divalent europium double 
orthophosphate KEuPO, by reducing mona- 
zite EuPO, with metallic potassium vapor 
(7), we found that the product contained an 
unknown phase besides orthorhombic 
KEuPO, if the reduction was not completed. 
This new phase was characterized to be hex- 
agonal KEu”Eu”‘(PO,), , having an X-ray 
powder pattern just like that of the charge 
compensated derivatives of rhabdophane, 
ABC(PO,),. Thus the idea of preparing a 
new series of ABC(PO,), with Eu(I1) instead 
of Ca and Sr by means of the newly devel- 
oped synthesis method (8-10) arose. Here 
we report on CsEuLn(PO,), with Ln = La, 
Ce, Pr, Eu, Tb. 

2. Experimental 

EuP04 as well as Eu,,,Ln,,5P0, with 
Ln = La-Tb, except Sm and Eu, as starting 
materials were quantitatively precipitated 
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TABLE I 

THE LATTICE DIMENSIONS OF CsMLn(PO& 

Ln a (A) 

EU M Sr 

c (.Q cla v (A3) Ln a (4 c (‘Q c/a v (/x3) 

La 
Ce 
Pr 
EU 
Tb 

7.292(2) 6.468(2) 0.887 297.8(2) La 7.315 6.493 0.888 300.9 
7.268(l) 6.462(2) 0.889 295.6(l) Nd 7.235 6.431 0.889 291.5 
7.251(2) 6.445(2) 0.889 293.5(l) Sm 7.201 6.418 0.891 288.3 
7.178(2) 6.398(2) 0.891 285.5(2) Dy 7.136 6.402 0.897 282.2 
7.125(2) 6.392(3) 0.897 281.1(2) 

from nitrate solutions of Eu3+, or Eu3 + and 
Ln3+ (1 : l), by adding excess (NH,),HPO, 
solutions with the pH-value ranging from 4 
to 6. 

The precipitates were washed and dried 
at 600°C in uucuo. The products were char- 
acterized to be hexagonal EuPO, , as well as 
hexagonal mixed crystal Eu,,,Ln,.,PO, . 

The reduction of Eu,.,Ln,,,PO, was per- 
formed in a Ta/Nb-lined quartz ampoule un- 
der <l Pa argon by metallic vapor of ce- 
sium, produced from a mixture of CsCl and 
Ca (1 : IO), at 300 - 400°C for several days. 
The excess cesium was seperated from the 
reduced product as vapor and condensed 
at the cool part of the ampoule. 
CsEuEu(PO,),/CsEuSm(PO& was pre- 
pared by heating the equimolar mixture of 
CsEuPO, (11) and EuPO,/SmPO, in the 
form of a tablet at 600-800°C for 7 days. The 
reduced products were reheated at 800°C 
under <l Pa argon for several days to im- 
prove the crystallinity of the samples. 
X-ray powder diffractometer STOE Stadi P, 
CuKa,, and SEM-EDX (Zeiss 940) were 
used to characterize both the starting mate- 
rials and the reduced products. 

3. Results and Discussions 

The chemical compositions of the starting 
materials and reduced products were con- 

firmed by EDX. All the reduced products 
are yellow, stable, and not hygroscopic in 
air at room temperature. The lattice pa- 
rameters are listed in comparison with 
CsSrLn(PO,), (5) in Table I. 

The cell volumes of CsEuLn(PO,), de- 
crease regularly with the ionic radii of Ln 
while the c/a ratio is increasing. Further- 
more, there are linear relationships between 
a, c, as well as V”3 and R, the ionic radii of 
the lanthanoides which the new compounds 
contain. The respective linear equations are 
(see also Table II) 

a = 5.786 + 1.462 R 

c = 5.255 + 1.186R 

V”3 = 5.508 + 1.136R. 

The same regularity appears in the case 
of CsSrLn(PO,), . It provides a new fact on 
the similarity between Eu2+ and Sr2+ in 
crystal chemistry. Another fact worthy of 
special remark is that the cell dimensions of 
CsEuLa(PO,), are a little smaller than those 
of respective CsSrLa(PO,), . This is reason- 
able, because the effective radius of Eu2+ 
(1.17 A) is a little smaller than that of Sr2+ 
(1.18 A) (22). 

CsEuLn(PO,), with Ln = Nd, Sm, Gd, 
and Dy were also prepared, but the samples 
were mixtures of CsEuLn(PO,), , Eu,(PO,), , 
and LnPO,. The formation of multiphase 
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R (li, Ln 

1.032 La 
1.020 Ce 
1.010 Pr 
0.947 Eu 
0.923 Tb 

TABLE II 

THE MEASURED AND REGRESSED a, c, AND ti OF CsEuLn(PO& 

34 (A, a (f0 

obs reg 14% obs reg 14% obs 

6.678 6.680 0.04 7.292 7.295 0.04 6.468 
6.659 6.667 0.12 7.268 7.277 0.12 6.462 
6.649 6.655 0.09 7.251 7.262 0.15 6.445 
6.585 6.584 0.02 7.178 7.171 0.09 6.398 
6.551 6.556 0.08 7.125 7.135 0.14 6.329 

c (A, 

w 

6.478 
6.464 
6.452 
6.378 
6.349 

IAl% 

0.15 
0.03 
0.11 
0.31 
0.31 

reaction products seems to be caused by the 
following reasons: heating too fast during 
the reduction, overheating after the reduc- 
tion, and, with the highest probability, the 
starting materials having a small amount of 
EuP04 and LnPO, which had not composed 
into solid solutions with each other. The 
starting materials crystallizing as mono- 
clinic monazites also proved to be difficult 
to prepare as pure products. 
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