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Abstract

This paper reports an investigation of the thermal stabilities of the class of coordination com-
pounds containing lanthanide ions Ln(Ill) (Ln»=La, Sm, Eu, Dy, Er), Co(ll) ions and oxalate ani-
ons C,0Z". The thermal decomposition steps were identified, and in some cases the values of the
non-isothermal kinetic parameters were determined.
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Introduction

The controlled thermal decomposition of polynuclear coordination compounds is
used to obtain mixed oxides with spinel and perowskite structures.

Following research on the thermal stability and non-isothermal decomposition
kinetics of coordination compounds [1-7], this paper presents results on five
polynuclear coordination compounds involving mixed oxalates of lanthanides and
cobalt(ll).

Experimental

The coordination compounds (I)-(V) were synthesized and characterized via
elemental chemical analysis, electronic and vibration spectra and magnetic suscepti-
bility measurements [8].

The thermal decomposition curves were recorded with a Paulik-Paulik-Erdey
derivatograph (MOM, Budapest? in the temperature range 20-1000°C at heating
rates in the range 2.7-10 K min™".

X-ray diffractograms were recorded with a Phillips P. W. 1140 X-ray diffrac-
tometer, using CrK radiation.
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In order to estimate the mean sizes of crystallites, Scherrer’s formula [9] was ap-
plied. For evaluation of the non-isothermal kinetic parameters, the integral methods
of Coats-Redfern [10], Flynn-Wall (for constant heating rate) [11] and Coats-Red-
fern as modified by Urbanovici-Segal [12] were used.

The experimental data were processed with the program Versatile written in Ba-
sic language by Dragoe and Segal [13]. The program yields the values of the kinetic
parameters, and allows simulation of the TG curves in the coordinates (o, 7/C°), a
being the degree of conversion, and their fitting to the experimental points. In this
way, the correctness of the determined values of the non-isothermal kinetic parame-
ters is checked.

Results and discussion

The following solid coordination compounds were prepared and studied:
LaCo(C204)2 5[6H20 (1)

SmCo(C204)2.5mH20 (II)

EUCO(C204)2_5|9H20 (III)

DYCO(C204)25D] OHQO (IV)

EFCO(C204)2.5|BH20 (V)

The general molecular formula of these compounds is

- (n-4)H,0

Ln=La, n=6; Ln=Sm, n=4; Ln=Eu, n=9; Ln=Dy, n=10; Ln=Er; n=6

Table 1 presents results obtained from an analysis of the X-ray powder diffrac-
tion data on the investigated compounds.

Thermal decomposition of LaCo(C,0,), s/6H,0
The TG curve indicated the following decomposition steps:

115°C
LaCo(C204)2_5%H20(S) LaCO(C204)2_5|2H20(S) + 4H20(g) (1 )

165°C
LaCo(C,04), 52H,0 )

LaCo(C504), 55y T 2H20g) (2)

As shown by the DTA curve, reactions (1) and (2) are accompanied by endother-
mic effects.

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



BADEA et al.: POLYNUCLEAR COORDINATION COMPOUND 105

Table 1 Relative intensities, interplanar distances and mean crystallite sizes of the investigated

compounds
Compound d/i. Relative intensity /L
5.69 45
5.39 64
4.84 36
4.55 92
LaCo(C,0,), sBH,0 (I) 443 92
4.23 85
3.94 100 30.86
3.57 64
3.38 63
2.83 81
2.63
4.80 63
4.62 100 30.47
4.45 36
4.28 32
4.15 43
SmMCo(C,04), s@H,0 (11) 3.97 25
3.34 51
3.32 67
3.14 34
2.80 37
2.76 51
2.72 69
2.38 43
5.62 28
522 95
5.06 55
EuCo(C,0,), s@H,0 (I1I) 483 46
4.66 56
4.45 69
4.21 92
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Table 1 Continued

Compound d/i. Relative intensity /L

3.93 97
3.34 79
3.30 92

EuCo(C,0,), sOH,0 (11I) 3.12 100 63.48
3.01 87
2.79 93
2.64 70
2.60 67
5.62 71
5.24 59
4.78 70
4.68 72

4.46 100 30.55
DyCo(C,0,), s10H,0 (IV) 4.23 57
3.98 83
3.57 75
3.31 45
2.79 63
2.64 46
2.59 41
5.64 67
5.29 78
4.45 92

ErCo(C,0,), BH,0 (V) 4.23 100 30.67
3.96 64
3.58 54
3.35 72
2.85 40
2.63 65
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In the strongly exothermic third step, a mixed carbonate is generated:

245°
2LaCo(Cy04)1 5(5) —2-5v2L.aCo(CO3)y 5(5)+ SCOg (3)

During the fourth step an oxocarbonate is formed:

2L.aCo(CO3), 5(6) —L-s 21.aC0(CO3)0) 5(5)+ 3COxg) (4)

In the last decomposition step, which is also strongly exothermic, the mixed ox-
ide with perowskite structure is obtained:

2LaCo(CO3)0 55+ 112051 ~2%C, 21.aC00s) + 2C04 ) (5)

This compound is stable up to 900°C.
At higher temperatures, it decomposes into La,O3 and Co30y, as shown by the X-
ray diffractograms (Figs 1 and 2).

LaCoO4

| SN | O | U DS

P P VP S S DU

72 70 68 66 64 82 B0 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 20

Fig. 1 Diffractogram of LaCoO,

° Coz0,
— La,O4

A I i

72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 20

Fig. 2 Diffractogram of mixture of La,O; and Co;0,

In Egs (1)—(5), the temperatures written above the arrows correspond to the

maximum rates (peaks of the DTG curves) at a heating rate, B, of 2.78 K min™".
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Table 2 Values of the non-isothermal kinetic parameters of reaction (1) at f=2.78 K min™!

Methods n E/kJ mol™ Als™ ||

Coats-Redfern 1.4 117.6 4.04m0" 0.999
Flynn-Wall 1.4 117.7 4.15m0" 0.999
Modified Coats-Redfern 1.2 116.3 2.6400" 0.999

* Correlation coefficient of linear regression

For reaction (1), the values of the non-isothermal kinetic parameters are listed in
Table 2.

Thermal decomposition of SmCo(C,0,), s 4H,0

Decomposition to the mixed oxide proceeds in the following steps:

SMC0(C104); sBH,0) 225+ SMCO(C204), s2H,0() + 2H 0y (6)
SMC0(C104); s2H,0(5) 25+ SmCo(C204), 5(5) + 2H,0(g) (7)
260°C

2SmCo(C204) 505) 22L& 2SmCo(CO3), 5¢5) + SCO,) (8)
390°C

ZSmCO(CO3)2.5(S) —_— ZSmCO(CO3)200_5(S) + COz(g) (9)
430°

2SmCo(CO3),0 5(5) e 2SmMCO(CO3) 0x6) + 3CO g, (10)

2SmCo(CO3) 05 5+ 112055 27053YC 29mCo049) + COLy (1)

The first three decomposition steps are endothermic; the others are exothermic.

The solid residue obtained at 630°C consists of the mixed oxide with perowskite
structure. At temperatures higher than 900°C, this compound decomposes to the sim-
ple oxides.

Thermal decomposition of EuCo(C,0,), s19H,0

This compound exhibits the following decomposition steps:

EuCo(C,04)2 sS9H,0 ) —25+ EuCo(C,04), sBH,0() +3H,0  (12)
1 (¢}
EuCo(C204), s8H,0(s) 1= EuCo(Cr04): s2H0) + 4H00)  (13)
202°C
EUCO(C204)2.5|2H20(5) EUCO(C204)2_5(S) + 2H20(g) (14)
265°C
2EUCO(C204), 55) =225 2BuCO(CO3), () + 5CO g, (15)
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2EUCO(CO3); 56+ 11205 22025C, 2EuC005) +5C0s (16)

The solid residue obtained at 625°C, which is the mixed oxide with perowskite
structure, undergoes further decomposition to the simple oxides at temperatures
higher than 900°C.

The values of the non-isothermal kinetic parameters for the reaction described by
Eq. (12) are listed in Table 3.

Table 3 Values of the non-isothermal kinetic parameters of reaction (12) at =2.78 K min~"

Method n E/KJ mol™ Als™ |r|*

Coats-Redfern 1.5 135.8 8.0900" 0.999
Flynn-Wall 1.5 134.9 6.07000'° 0.999
Modified Coats-Redfern 1.4 141.9 6.8810" 0.997

* Correlation coefficient of linear regression

As in the former case, reasonably satisfactory agreement was observed between
the values obtained with the three integral methods.
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7041 841 981 1151 1264 1401 TrC

Fig. 3 Simulated thermogravimetric curve, using coordinates , T (°C) for reaction (1);
— — calculated curve, o — experimental points
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Fig. 4 Simulated thermogravimetric curve, using coordinates a, 7 (°C) for reaction (12);
— — calculated curve, o — experimental points
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Figures 3 and 4 show the simulated (a, 7, °C) curves obtained with the Coats-
Redfern values of the non-isothermal kinetic parameters, and the experimental
points, which practically lie on the curves. This is further proof of the correctness of
the obtained values of the non-isothermal Kinetic parameters.

Thermal decomposition of DyCo(C,0,), sU0H,0

The following thermal decomposition steps were indicated:

DyCo(Cy04), sT0H,0—2L5 DuCO(C,04), s[TH,0() + 3H0)  (15)

DyCo(Cy04), s[TH,0() 225 DyCo(C,04), sBH,0 )+ 3H,01)  (16)

175°C
DyCo(C204)2_5@H20(S) DyCO(C204)2_5[2H20(S‘) + 2H20(g‘) ( 1 7)
221°C
DyCo(C,04), 52H,0(s) DyCo(C104)1 5(5)T 2H2Og) (18)
270°C
2DyCo(Cy04)1 5 (s) 2DyCo(CO3), 5¢s) + 5CO g (19)

422-520°C
2DyCO(CO3)2_5(S)+ 1/202(g) —_— 2DyCOO3(S‘)+ SCOZ(g) (20)

The solid residue with perowskite structure is obtained at 520°C. Tt decomposes
into the simple oxides at temperatures higher than 900°C.

Thermal decomposition of ErCo(C,0,), s[6H,0

In this case, the following four thermal decomposition steps were observed:

ErCo(Cy04), s8H,0) 229, ErCo(C,04), s@H,04) + 2H,0p)  (21)

1 O
ErCo(C,04) s3H,0() —s ErCo(C,04)y.5(5) + 4H,0(4 (22)
275°C
ZEYCO(C204)2.5(S) 2EFCO(CO3)2_5(S) + SCO(g) (23)
ErCo(CO3), 55+ 1/205g) 220 C, 2B1C00s4) + 5COy) (24)

In this case too, the mixed oxide is obtained at a relatively low temperature
(500°C). At temperatures higher than 900°C, this compound undergoes decomposi-
tion to the simple oxide.

For all the investigated compounds, the thermal degradation of the oxalate ligand
occurs in a narrow temperature range (maximum 10°C). The corresponding tempera-
tures increase in the following sequence:

La(111) (245°C) < Sm(111) (260°C) < Eu(11l) (265°C) < Dy(l1l) (270°C)
< Er(1ll) (275°C)
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This is experimental evidence of the increase in thermal stability and ligand —
metal ion bond strength with decrease in the ionic radius. The interaction of Ln(IIT)
(a strong acid — class a) with the ligand C,07 (a strong base — class a) exhibits a
strong electrostatic character; thus, the metal — ligand bond energy increases with
decrease in the ionic radius.

Conclusions

The thermal decomposition steps of five polynuclear coordination compounds
were established, and for two steps the non-isothermal kinetic parameters were de-
termined by three integral methods. The correlation between the thermal stability
and the metal — ligand bond energy is inferred.
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