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Abstract

Double oxalates of rare earths(IIl) and rubidium with the general formulae RbCe(C_ O 4)2-

4.5H,0, RbLn(C,0 ),4H,0 (Ln=Yb, Lu), RbLn(C,0) 3.5H0 (Ln=La, Pr—Dy),2 and
RbLn(CZO 4)2~3H26 &.n=l-fo, Er, Tm, Y) were synthesized. ZI‘hey were characterized by chemi-
cal analysis, TG, DTG and DSC over the temperature interval 20-500°C and X-ray powder dif-

fraction examination. At the chosen final temperature (500°C), either oxide (LnZO ) or basic car-

bonate LnZO CO3) and Rb CO3 were obtained, depending on the rare earth(IIT) efement. On the
basis of the )7(-ray diffraction patterns, the isolated compounds can be divided into five isostruc-
tural groups.

Keywords: double oxalates, rare earths (lanthanons), rubidium

Introduction

As a continuation of work on the synthesis and characterization of double ox-
alates of trivalent and monovalent cations [1, 2], this paper reports on the oxala-
tometallates of rare earths(IIT) and rubidium. A survey of the literature did not re-
veal any substantial data on oxalatometallates of rare earths and rubidium.

The synthesis and thermal characterization of RbEu(C,0,),-3H,0 [3] and
RbGd(C,0,),-nH,0 [4] were recently described.

In the present study, we investigated the thermal behaviour of all the isolated
compounds and determined the isostructural groups.

Experimental
Reagents and methods

The procedure for the synthesis of double oxalates of the rare earths(III) and
monovalent cations is given in Part 1 of this study [5].
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The thermogravimetric (TG), derivative thermogravimetric (DTG) and DSC
curves were obtained on a Thermal Analyst 2000 (E.I. DuPont, Wilmington DE) in
a flow of dry air. The same thermoanalytical methods and experimental conditions
were used as for the examination of the double oxalates of the rare earths(IIl) with
the general empirical formula RbLn(C,0,),-nH,0 described in [5].

Powder photographs with a Guinier de Wolf camera with CuK, radiation were
taken for all isolated compounds. The Guinier diagrams were not very sharp. The
X-ray powder diffraction patterns are not presented.

Results and discussion

Analytical results are given in Table 1, together with the calculated values. The
percentage of H,O was obtained by thermogravimetric measurements.

The compounds in Table 1 were isolated from a starting mixture with a molar
ratio Rb,C,0,: Ln®*=5:1, at a pH around 6. The tabulated data reveal the
stoichiometry RbLn(C,0,),-nH,0 (n=3.5 for Ln=La, Pr-Dy; n=3.0 for Ln=Ho,
Er, Tm, Y; n=4.0 for Yb, Lu; and n=4.5 for Ce).

On the basis of the X-ray diffraction patterns, the isolated compounds can be di-
vided into the following five isostructural groups:

1. RbLn(C204)2-3.5H20 (Ln=La)

2. RbLn(C,0,),-4.5H,0 (Ln=Ce)

3. RbLn(C,0,),-3.5H,0 (Ln=Pr, Nd, Sm, Gd, Tb, Dy)
4. RbLn(C,0,),'3.0H,0 (Ln=Ho, Er, Tm, Y)

5. RbLn(C,0,),4.0H,0 (Ln=Yb, Lu)

For more details, single-crystal structures of representatives of all five groups
will be needed. TG, DTG and DSC curves of the obtained compounds are given in
Figs 1(a)-(h) and Figs 2(a)-(h). The thermal decomposition of the compounds
takes place in two stages. The first step is thermal dehydration, and the second is
the exothermic oxidation of oxalate ion.

The complexes RbLa(C,0,),-3.5H,0 and RbCe(C,0,),4.5H,0 lose all their
water in a single stage, with an endothermic peak at 151.79°C (La) or 126.06°C
(Ce). For the elements from Pr to Y, the course of dehydration proceeds through
several steps. The first and second steps for the compounds from Sm to Er and Pr
and Yb correspond to the formation of the intermediate 0.75 hydrate, while the fi-
nal step of dehydration for the Nd compound corresponds to the formation of the
1.25 hydrate, for that of Tm to the 0.5 hydrate, for that of Lu to the 1.5 hydrate and
for that of Y to the monohydrate. The Pr to Y compounds appear to contain addi-
tional zeolitic water which is lost at low temperature. Similar studies have been per-
formed on the complexes K;[Ln(Ox),(OHy)]-2H,0 [6].

The last step for all compounds gave the dehydrated salt. The decomposition of
the anhydrous double oxalates in the temperature range from 300 to 550°C takes
place in four stages:

1. Ln2(C204)3 —» Ln202C0O3 + 3CO + 2CO2
2.2CO + 0, = 2CO,
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3. Rb,C,0, — Rb,CO, + CO
4. Lny,0,CO; — Ln,0; + CO,

A survey of the DSC curves demonstrates that the first three reactions are exo-
thermic. It is difficult to explain the role of the oxidation of carbon monoxide. Work
in an inert atmosphere does not give an answer, because in this case elemental carb-
on is obtained. At the chosen final temperature (only 500°C), either rare earth ox-
ide or basic carbonate and Rb2CO3 were obtained, depending on the rare earth
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Fig. 1 TG and DTG curves of RbLn(C,0,), nH,0 (where Ln is La (a), Ce (b), Pr (c), Sm
(d), Tb (e), Dy (f) and Tm (g) and n is 3.0 (g), 3.5 (3, c, d, e, 1), 4.0 (h) and 4.5 (b)
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element. An exception was the decomposition of the cerium complex, where this
maximum was reached at 378.4°C, probably because of the formation of CeQs.
Oxicarbonate intermediates are well known in the thermal decomposition of lantha-
nide oxalates [7, 8}. The presence of carbonate was confirmed via its characteristic
reaction with acids. The final product of thermal decomposition was identified
from the X-ray powder diffraction pattern of the residue, and from the theoretical
values and experimental results (Table 2). Exothermic peaks in the DSC curves for
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Fig. 2 DSC curves of RbLn(C,0,),-nH,0 (where Ln is La (a), Ce (b), Pr (c), Sm (d), Tb

(e), Dy (f) and Tm (g) and n is 3.0 (g), 3.5 (a, b, c, d, e, f) and 4.0 (h)
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Table 3 The dehydration enthalphy function AH calculated from DSC-curves in kJ mol™ H,0

AH_for different stages of AH_, . for total
Compound dehydration/kJ mol™ H,0 dehydration/kJ mol™ H,0
1 I 1
1 RbLa(C,0,),-3.5H,0 51 - - 51
2 RbCe(C,0,),4.5H,0 36 - - 36
3 RbPr(C,0,),3.5H,0 43 16 - 36
4 RbNd(C,0,),3.5H,0 51 19 - 38
5 RbSm(C,0,),-3.5H,0 42 36 - 40
6 RbGdA(C,0,),3.5H,0 48 50 44 47
7  RbTH(C,0,),3.5H,0 50 68 - 55
8 RbDY(C,0,),3.5H,0 49 44 67 53
9 RbHo(C,0,),-3.0H,0 4] 54 - 45
10 RbEr(C,0,),-3.0H,0 10 53 54 49
11 RbTm(C,0,),:3.0H,0 18 44 69 13.98 39
12 RbYb(C,0,),4.0H,0 - ~ - 14
13 RbLu(C,0,),4.0H,0 27 11 5 12
14  RbY¥(C,0,),-3.0H,0 46 57 - 49

Rb and in the DTA curves for K [5] were probably due to crystal modifications
(phase transitions) of Ln203, and also to the work in the Pt crucibles in an air at-
mosphere, because Pt catalyses the conversion of CO to CO2, which is a highly
exothermic reaction.

We have also investigated the trends in the magnitude of the dehydration en-
thalpy function, AH. All the values are calculated in kJ mol™' H,O. The corre-
sponding heats of reactions from the DSC curves fall in the range 12-55 kJ mol™!
H,O. The AH values are shown in Table 3, where a good correlation was not ob-
tained. It can be seen from the DSC curve for the complex of Yb that the dehydra-
tion process occurs in a stepwise way. The three stages of water loss are observed
in the DSC curve (Fig. 2(h)), but there is not a distinct separation of the dehydra-
tion stages in the TG curve (Fig. 1(h)), and hence we give the total value of the en-
thalpy (14 kJ mol™' H,0).
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