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Abstract 

The synthesis of double oxalates of rare earths(III) and potassium with empirical formulae 
K4Ln2(C204) -10H, O (Ln=La, Ce) and KLn(C204)2.nH20 (where n=4  for Pr-Dy and n=4.5 
for Ho-Lu, ~) is ~escribed. The compounds obtained were studied by TG, DTG and DTA over 
the temperature interval 25-500~ and by X-ray powder diffraction and chemical analysis. Three 
structurally different groups were recognized. It was found that either rare earth oxide or basic 
carbonate (Ln202.CO3) and potassium carbonate were obtained as final product at 500~ de- 
pending on the rare earth element. The thermal decomposition takes place in two well-resolved 
stages. 

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

Introduction 

Double oxalates of rare earths(III) and classical monovalent cations or ammo- 
nium have been the subject of many investigations: the synthesis and thermal de- 
composition of double oxalates with lithium [1-5], sodium [6-8], rubidium [9, 10], 
caesium [2, 4, 8-10] and ammonium [2-4, 9, 11, 12] have been reported. 

Double oxalates of rare earths(III) and potassium, with general empirical formu- 
lae KYb(C204)2.4H20 [2], KSm(C204)2.3.5H20 [2], KGd(C204)2.4H20 [13] and 
K4Ce2(C204)5.9H20 [I 1], have been prepared. Double oxalates of rare earths(III) 
with empirical formulae K3LnOx3.nH20 (Ln=La-Tb) and KsLnOxT.14H20 
(Ln--Tb-Yb, Y) [14] and K3[LnOxyH20].H20 (Ln=Nd, Sm, Eu, Gd, Tb) [15] too 
have been prepared, and the crystal structures of the compounds containing Nd and 
Gd have been determined at room temperature by single-crystal X-ray diffraction 
methods. The compounds are triclinic with space group ~ and 1 =2. It was found 
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that Tb forms a monoclinic complex KsTbOxT.14H20 and a triclinic complex 
K3TbOxy3H20. 

As a continuation of the work on the synthesis of double oxalates of lanthanons 
and monovalent cations [16], we present here the results of the synthesis, chemical 
analysis and thermal analysis of double oxalates of rare earths(III) and potassium, 
with general empirical formulae KLn(C204)2.4H20, KLn(C204)2.4.5H20 and 
K4Ln(C204) 5.10H20, obtained from a starting mixture with a 1:5 molar ratio of rare 
earth(III) nitrate and potassium oxalate. 

E x p e r i m e n t a l  

Extensive preliminary investigations were made in order to isolate pure com- 
pounds, including the use of some other univalent cations, in order to establish op- 
timal conditions. Details will not be given here, however. Normal oxalates of the 
rare earths were obtained in acidic solutions. 

On the basis of the preliminary research, we chose a molar ratio of 
Ln(NOa)a:K2C204= 1:5, at a pH around 6; at lower ratios, mixtures of normal ox- 
alates with oxalatometaUates were detected. The compounds were isolated by add- 
ing a saturated solution of potassium oxalate to a 1 M solution of Ln(NO3)3, at room 
temperature. The rare earth was determined by a standard method [17].The oxalate 
group was determined permanganometrically. 

The thermoanalytical curves were obtained on a Mettler Thermoanalyzer in dy- 
namic dry air: flow velocity 5 1 h-~; Pt/Pt-Rh thermocouple; Pt crucibles (TDI and 
TDMa), sample mass approximately 50 mg; heating rate 4~ min -~ . The reference 
for DTA determinations was tx-A1203, in the temperature range 20-500~ 

Remits and discussion 

From the X-ray powder diffraction patterns, it was possible to identify three 
structurally different groups of double oxalates. Group 1 involves those of La and 
Ce, group 2 those from Pr to Dy, and group 3 those from Ho to Lu and Y. From 
TG and the results of quantitative analyses of Ln and the C204 group (Table 1), the 
following general empirical formulae were found for the three groups: 

1. K4Ln(C204)5-10H20 (Ln=La, Ce) 
2. KLn(C204)E.4H20 (Ln = Pr-Dy) 
3. KLn(C204)2.4H20 (Ln=Ho-Lu,  Y) 

The first thing to be stressed as concerns Table 1 is the 2:5 stoichiometry for 
Ln3+: C204 in the cases of La and Ce. ~terba-B6hm et al. [11] reported a similar 
ratio only for sodium and cerium: Na4Ce2(C204)5.10H20. For all the other rare 
earths, the ratio Ln3+: C204 was found to 1:2. 

The TG, DTG and DTA curves (Figs l(a)-(h)) reveal that the thermal decompo- 
sition is similar in each isomorphous group and takes place in two well-resolved 
stages. In the first stage, associated with the dehydration, the water is evolved at dif- 
ferent rates and two DTA endothermic peaks appear for all three isostructural 
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Fig. 1 TG, DTG and DTA curves of: K4Lth(C.20+)5.10H20 (La (a), Ce Co)), 
KLn(C204)2.4H20 (Nd (c), Sm (d), Dy (e)) and KLn(C204)2.4.SH20 (Ho (f), Er (g), 
Y(h)) 
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Table 2 TG analysis of KLn(C204)2.nH20 at 500~ 

Compound Fragmentation products Amain/% Amcalc./% 

K4Lae(C204)f 10H20 2K2CO 3 +La202.2CO 3 34.52 34.42 

K4Ce2(C204) 5.10HeO 2KzCO 3 +2CeO 2 40.77 40.74 

KPr(C204)2.4HzO K2CO 3 +PrzO2.CO 3 40.33 40.18 

KNd(C204)2.4H20 K2CO 3 + Nd202.CO 3 38.94 39.87 

KSm(C204)e.4HzO K2CO 3 +SmzO2.CO 3 39.31 39.31 

KEu(C204)2.4H20 K2CO 3 + EtI202.CO 3 39.00 39.17 

KGd(C204)2.4H20 K2CO 3 +Gd202-CO 3 38.65 38.71 

KTb(C204)2.4H20 l~CO 3 +Tb202.CO 3 38.55 38.49 

KDy(C204)2.4H20 K2CO 3 + DY202.CO 3 37.50 38.25 

KHo(C204)2.4.5H20 K2CO 3 + Ho202.CO 3 40.12 39.26 

KEr(C2Oa)2.4.SH20 K2CO 3 +Er203 43.90 43.81 

KTm(C204)2.4.5H20 K2CO 3 +Tm203 42.80 43.65 
KYb(C204)2-4.5H20 K2CO 3 +Yb203 43.00 43.27 

KY(C204)2.4.5H20 K2CO 3 +Y203 54.65 54.02 

groups, at 75+10~ and 200~ (Figs l(a)-(h)). In the first step, the double oxalates 
evolve 3 moles of water, and in the second step 1 or 1.5 moles of water. The first 
and the second steps for the compounds from Pr to Dy correspond to the formation 
of monohydrates, and for the compounds from Ho to Lu and Y to the formation of 
sesquihydrates. 

The second stage of thermal decomposition, which begins at about 300~ and 
ends at about 500~ involves the thermal decomposition of the anhydrous double 
oxalates at about 400+5~ with exothermic effects caused by the oxidation of ox- 
alate ion. An exception is the decomposition of cerium, where this maximum is 
reached at 300~ probably because of the formation of CeO 2. On the basis of the 
total mass losses (Am), which are in agreement with the theoretical values (Ta- 
ble 2), it is proposed that final product formed at 500~ is a mixture of potassium 
carbonate and either the basic carbonate (Ln202CO3), for the double oxalates from 
La to Ho (an exception is the cerium compound, where CeO 2 and K2CO 3 were ob- 
tained), or KzCO 3 and Ln203, for the elements from Er to Yb and Y. 

The report by Kahwa et al. [15] is interesting because of the method of synthesis 
of the double oxalatometallates of lanthanons and potassium. The main difference 
is that they worked with hot solutions, whereas our double oxalates were obtained 
at room temperature. 
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