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Abstract

On the basis of uniform methodics, oxalatometallates of rare earths(III) with sodium, were
synthesized. The compounds were obtained by adding saturated solution of sodium oxalate to
1 M solutions of Ln(NO,), in a molar ratio Na,C,0,/Ln’" not lower than 5. X-ray powder diffrac-
tion photographs were used for the classification of the isolated compounds into five, internally
isostructural groups.
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Introduction

This paper reports on the oxalatometallates of lanthanons(II) and sodium.
Laz(C204)3 [N32C204&H20 and Laz(C204)3 DN32C204@H20 [] ], NaCe(CZO4)2[3H20
and Na4C62(C204)5|]0H20 [2], NaCe(C204)2E6H20 [3], NaGd(C204)2[3H20 [4],
NaYb(C204)2ElH20 [5], NaSm(C204)2@H20 [6] and NaSm(CzO4)2[35H20 [7] have
been synthesized and their thermal decomposition have been studied.

The present investigation were carried out in order to establish the formation of
complexes of Ln(IIT) with sodium oxalate and to study their thermal behaviour under
constant conditions over the temperature range 25-500°C. This study is a continu-
ation of our work on the oxalates complexes of trivalent lanthanons with different
monovalent cations [8—11].

Experimental

Starting substances for the synthesis of double oxalates were rare earth(Il1)ox-
ides, guaranteed pure 99.9%, referring to the corresponding element from the firm
Koch-Light Laboratories, Colnbrook, England, as a source for preparation of corre-
sponding nitrates. Compounds were isolated by adding saturated solution of sodium
oxalate to 1 M solutions of Ln(NQO3;);, at room temperature at a pH around 6. The
rare earth(l1l) was determined by gravimetry as rare earth(l111)oxides, after precipita-
tion as rare earth(lll)oxalate and ignition [12]. The oxalate group was determined
permanganometrically.
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Powder photographs with Guinier-de Wolf camera with CuK, radiation were
taken for all isolated compounds.

The conditions of thermal analysis were as follows: Mettler’s thermoanalysator
[13] with combined TD1 measuring head, rate of heating 4°C min”!, dry air 51 h™,
mass 50 mg and a-Al,O; as the reference material for DTA.

Results and discussion

The compounds in Table 1, were isolated with the molar ratio Na,C,04/Ln>"=5/1.
A survey over the table leads us to the conclusion that the stoichiometry of
NaLn(C,04),#H,0 (where n=5.5 for Pr and Nd, »=5 for Sm-Dy and »n=4.5 for
Ho-Y) is principal. Larger deviations appear only in the case of the compounds with
La, Ce and Lu. Another case of stoichiometry appears for La, Ce and Lu at a ratio
Ln**/C,037=2/5. With other rare earth(l11l) elements the ratio Ln**/C,037=1/2 ap-
pears. On the basis of X-ray diffraction patterns all isolated compounds can be di-
vided into following five isostructural groups:

1. NasLna(C204)s01H20 (Ln=La, Ce)
2. NaLn(C504),3.5H,0 (Ln=Pr, Nd)

3. NaLn(C204)2BHzO (Ln=Sm—Dy)

4. NaLn(C,0,),.5H,0 (Zn=Ho-Yb, Y)
5. Na4Ln2(C204)5EII ]HQO (Ln=Lu)

In the thermal analysis, the first step is the thermal dehydration of compounds
and the second exothermic oxidation of oxalate ion. Their TG, DTG and DTA are
given in Fig. 1 a—n. It is seen that the dehydration begins at a temperature lower than
100°C. The complexes NasLax(C204)s001H20 and NasCex(C204)s01H20 lose all
their water in a single stage (mass loss: calculated 19.65%, found 19.8% for La, and
calculated 19.59% and found 18.81% for Ce) with an endothermic peak at 100°C
(La) and at 110°C (Ce). Although the thermal decomposition are similar, therefore,
the thermal decomposition should be discussed for each isostructural group. The
thermal decomposition of the Pr and Nd compounds takes place only in two stages.
In the first stage dehydration occurs. The Pr and Nd compounds lose water in the
temperature 150°C (calc. value 22.55%, found 22.06% for Pr compound and calc.
value 22.39%, found 21.60% for Nd compound). In the second stage of thermal de-
composition, the decomposition of the anhydrous double salt to sodiumoxalatomet-
allates takes place in both cases. The final product of thermal decomposition at
500°C is the corresponding basic carbonate (Ln202[CO3) and sodium carbonate in
both cases (calc. value for NaxCO3+Pr202[C O3 is 43.66%, found 43.79%, calc. value
for Na2CO3+Nd202[CO3 is 43.87, found 43.14%). In the DTA curve (Fig. 1c, d) for
the Pr compound there is an endothermic peak at 395°C and for the Nd compound at
400°C.

In the dehydration of the double salts of Sm-Dy five moles of water are lost in
two very close steps at similar temperature interval 25-200°C. In the first step of the
decomposition the compounds lose four water moles, represented by the endother-
mic peak at 60°C (Sm, Eu), at 80°C (Tb) and at 75°C (Gd, Dy) in the DTA curves

J. Therm. Anal. Cal., 58, 1999



131

GENCOVA, SIFTAR: OXALATOMETALLATES OF RARE EARTHS

€79 96'1T IL°LY 60°¥T LL'IT 6€'LY vSHeT OHS B*"OD)ABN ¢
1S°8 €681 SLOY (143 0T'81 S0°0F $8'1€ O'HID*("O%)'nTeN 1
oLt vyL1 S1°8¢ 8¢°8¢ 8Ll $8'8¢ 61°8€ O'HS'B("O°D)IABN €1
[ANS v0°81 0T°6€ €9°L€ LE81 10°6€ 1€°L€ O'Hs B“"OD)wIeN Tl
ve'y 4L T8°LE v6°'s€ YLl TLLE vLSE O'HS B("O°DMdEeN 11
LIS 1781 95°6¢€ LOLE L8l S10O¥ TL9¢€ O'HS ' B("O°D)OHEN 01
60°S €6°61 86'8¢€ 66'S€ 6561 86°8¢ LT'SE O'HE‘"0°D)AaeN 6
€1°¢ 01°0T 6T°6€ 8¢ §T0T €T°6¢ 98°c¢ O'HE“("'0%D)qIeN 8
SIS L10T vy 6€ vTse 0561 v0°0b 6T°SE O'HE“"'0D)PDEN L
1T'S 0¥0T 16'6€ 9p'¥€ SE0T 96°6€ 8€°¥E O'HE*"O*D)naeN. 9
€T's 8¥°0T S0°0F £TYE 0$°02T 80°0% 1S°v€ O'HE‘"O*D)wseN ¢
61°S 6€7TT 6L°6€ 79°¢ 09°1T 1L°0b 6T €€ O'HS B“"ODPNEN. ¥
ST'S §§°TT 010t 01°ze 90°CC 91°0% 0L'TE O'HS E“"ODNdeN. ¢
016 6561 sscr vLLT 1881 Sty 08°LT OHID*("0*D)%D"BN ¢
(AN $9°61 S9ch 9$°LT 8161 YTy €TLT O'HID'("O*D)®TeN |
eN O'H "0 ug O'H "0 ug

punodwo)  -oN

%/P1[NO[BD) %/PUno

son[eA pajenojes pue spunodwod ay} Jo elep [esnkeuy | AqeL,

J. Therm. Anal. Cal., 58, 1999



132 GENCOVA, SIFTAR: OXALATOMETALLATES OF RARE EARTHS

0 100 200

AM/%

¢ 100 200

Am/%

¢ 100 200

AM/%

¢ 100 200

Fig. 1 TG, DTG and DTA curves of NasLny(C>04)s01H,0: a—La; b — Ce;
NaLn(C»04)s538.5H,0: ¢ — Pr; d — Nd; NaLn(C,04),3H,0: ¢ — Sm; f— Eu; g — Gd;

h—Tb
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Fig. 1 Continued: TG, DTG and DTA curves of NasL.ny(C,04)sd1H>0: i — Dy;
NaLn(C504)24.5H,0: j—Ho; k—Er;e—Tm; m—Yb;n—Y

(Fig. 1e—i). In the second step of the dehydration the compounds lose one water
mole which is followed by an endothermic peak at 180°C (Sm), 195°C (Gd), 200°C
(Eu, Tb) and at 225°C (Dy). Here, the isolation of monohydrates would probably be
possible. Exothermic oxidation of oxalate occurs at the temperature 400+15°C re-
gardless of the rare earth. The final product of thermal decomposition up to 500°C
was the corresponding a mixture of sodium carbonate and either the basic carbonate
(LnyO,CO;) for the double oxalates from Sm to Dy.

The thermal decomposition of the Ho—Yb and Y compound is very similar to that
of Sm-Dy compounds. In the temperature range 25-200°C the compound lose
4.5 water moles in two steps. In the DTA curves (Fig. 1 j—n) there are two endother-
mic peaks. In the temperature 100°C (Ho, Tm, Yb) and 85°C (Er, Y) compounds lose
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four water moles. In the second step of dehydration the compounds lose the remain-
ing 0.5 water moles. The first and the second steps for the compounds from Ho-Yb
correspond to the formation of sesquihydrates. The final product of thermal decom-
position up to 500°C was corresponding a mixture of sodium carbonate and either
the basic carbonate (Ln,O,[TO;) in all cases, as concluded from the X-ray powder
diffraction patterns of the residues, and also from the calculated and experimentally
found values. An exception is the cerium compound where CeO, and Na,CO; were
obtained (calculated value for Na,CO;+CeO, is 44.93%, found 44.04%). The DTA
maximal for the Ce compound is reached at 300°C, probably because of formation
of CeO,.

The X-ray powder diffraction patterns showed that the double oxalates of
NaLn(C,04)3H,0 and KLn(C,04),8H,0 [10] (Ln=Sm-Dy) are isomorphous. The
TG and DTA curves (Fig. 1 e-i) and (Fig. 1 d, e) [10] are similar, indicating in gen-
eral two stages of thermal decomposition in the temperature range 25-500°C. In the
first stage dehydration occurs, and in the second stage of thermal decomposition the
anhydrous double oxalate decomposes. The dehydration takes place in the tempera-
ture interval 75£10-200°C with different velocities. In the first step of the decompo-
sition the Na compounds lose 4.5, and K compounds lose 3.5 water moles. The first
and the second steps for the Na and K complexes at Sm—Dy correspond to the for-
mation of sesquihydrates. The second stage of thermal decomposition of the sodium
compounds is too very similar to that of the potassium compounds. The DTA maxi-
mal for the sodium and for the potassium compounds are at 400+£10°C caused by the
oxidation of oxalate ion. The final product of thermal decomposition up to 500°C
was the corresponding mixture sodium or potassium carbonate and either basic
earth(lll)carbonate (Ln,O,[CO; where Ln=Sm-Dy).

Thermal decomposition at higher temperature was not examined because of great
possibility of corrosion of platinum vessels. The compounds of this type present a
potential for the synthesis of the binary oxides of sodium or potassium and elements
of rare earths.

All the samples were extremely dispersive and therefore Guinier diagrams were
not very sharp. For more details, single crystal structures of the representatives of all
Na and K compounds will be needed.

We had a lot of experiments to obtain the macrocrystals, suitable for the X-ray
structural analysis. Unfortunately, without success, for now. According to the found
structural data for the compounds: NH4Y(C,04)»MH,0 [14], Ki;LnOX;#H,O
(Ln=La-Tb), KgL.nOX;04H,0 (Ln=Tb-Yb, Y) [15], K3(LnOX;3H,0)H,0 (Ln=Nd,
Sm, Gd, Tb) [16], the coordinate number of the lanthanon cation is 9 (nine). Because
of this, we suppose that some parts of the water are coordinatively linked and prob-
ably some other parts of the water, are bridging ligands, as well as the oxalate ions.
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