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Thermal decomposition of rare earth element complexes
with 2,5-dichlorobenzoic acid
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Abstract

The thermal decomposition in air of 2.5-dichloribenzoates of rare earth elements
(Y, La-Lu, without Pm) has been studied. During heating, the hydrated complexes
Lu(C;H,;CLO;) - nH,O0 (n =2, 4, 8) decompose in three steps, with the exception of
cerium, which decomposes in two steps. The hydrated complexes heated lose all (Y, Gd)
or some molecules of water of crystallization (La, Pr-Eu, Tb-Tm) and next decompose to
the oxides with intermediate formation of LnOCl, except Ce(III) complex which
decomposes directly to CeO,. The anhydrous complexes of Yb and Lu decompose in two
steps to the oxides with intermediate formation LnOCI.

INTRODUCTION

Complexes of 2,5-dichlorobenzoic acid are little known. In the previous
work [1], we described the preparation of Y and lanthanide (from La(III) to
Lu(III), without Pm) 2,5-dichlorobenzoates with the molar ratio of metal to
organic ligand of 1:3 and different degrees of hydration, their IR spectra,
X-ray patterns [2] and solubilities in water.

The studies of the thermal decomposition of Y and lanthanide
2,5-dichlorobenzoates are the continuation of our work on the thermal
decomposition of rare earths with o- [3], m- [4], p-chlorobenzoic acid [5]
and 2.4-dichlorobenzoic acid [6].

EXPERIMENTAL

The thermal stabilities of rare earth (Y, La-Lu) 2,5-dichlorobenzoates,
Ln(C,H,CL,0,); - nH,O (Table 1) were studied in air atmosphere. The
complexes of light lanthanides (La—Gd) were heated to 1773 K, whereas
those of Y and heavy lanthanides (Tb-Lu) were heated to 1273 K. The TG,
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DTG and DTA curves were recorded with a Q-1500 D derivatograph at
a heating rate of 7.5Kmin~' for the light lanthanide complexes and
10K min~' for Y and the heavy lanthanide complexes. The samples of
100 mg were heated in platinum crucibles with the following sensitivities:
TG, 100 mg; DTG, 500 ' V; DTA, 500 u V. Al,O; was used as a standard.
To confirm the results the samples were also heated isothermally at
378-418 K and the thermal curves were recorded. The intermediate
products were confirmed by IR spectra and X-ray patterns.

RESULTS AND DISCUSSION

The results presented in Figs. 1-6 and Tables 1 and 2 indicate that rare
earth 2,5-dichlorobenzoates decompose in various ways when heated. The
hydrated complexes of Y and lanthanides from La(III) to Tm(III) are
stable up to 313-348K, and then dehydrate at 378-418 K. Dihydrated
complexes of Y and Gd lose both molecules of water of crystallization and
go to anhydrous ones. The complexes of the remaining rare earth elements
(La—Eu, Tb-Tm) lose only two water molecules, forming less hydrated
compounds (Table 1). From these results, it is possible to suggest that
molecules of water of crystallization in the complexes of La-Eu and Tb-Tm
are bonded in different ways: with an anion in the space lattice bonded by
hydrogen bond (lost during dehydration) and as coordination water which
is strongly bonded with metal ion (lost simultaneously with decomposition
of the organic ligand). The dehydration process is connected with a sirong
endothermic effect at 363-408 K.

Comparing the final temperatures of dehydration of the various
complexes, it is possible to suggest that molecules of water of crystallization
are most strongly bonded in La(III) and Pr(III) complexes (418 K), and
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Fig. 1. TG, DTG and DTA curves for (a) Y(C,H,0,Cl,), - 2H,O and (b) Y(C,H,0,CL),.
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Fig. 2. TG, DTG and DTA curves for (a) La(CH,0,ClL), 8H,0 and (b)
La(C,H;0,Cl,), - 6H,0.
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Fig. 3. TG, DTG and DTA curves for Ce(C,H;0,Cl,), - 4H,O.
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Fig. 4. TG, DTG and DTA curves for Nd(C;H,0,CL); - 4H,0.
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Fig. 5. TG, DTG and DTA curves for Gd(C,;H;0,ClL,); - 2H,0.
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Fig. 6. TG, DTG and DTA curves for Lu(C;H;0,CL)s.
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least strongly in Dy(III)-Tm(III) and Y(III) complexes (378-393 K). The
DTA curve data also confirm these results. For a full interpretation of the
nature of the bonding of water molecules, it is necessary to define the
coordination and molecular structure of the complexes on the basis of
X-ray crystallographic study of single crystals.

Fully or partially dehydrated complexes when heated undergo polymor-
phic change (the endothermic peak on the DTA curve at 463-521 K) and
then decompose to the oxides with intermediate formation of very stable
LnOCI. The anhydrous complexes of Yb(III) and Lu(III) also decompose
oxides with intermediate formation of YbOCI and LuOCI. The oxychlor-
ides form in the temperature range 613-983 K. Partially dehydrated
complexes of Ce(III) when heated decompose directly to CeO, in the range
463-813 K. The other complexes of Ce(III) [3-6] also decompose directly
to CeO,.

The process of organic ligand decomposition is accompanied by a strong
exothermic effect (DTA) with maximum at 783-855 K (Table 2). The final
products of decomposition of the rare earth 2,5-dichlorobenzoates are the
oxides Ln,0,, CeO,, Pr,O;, and Tb,0,, which are formed at 813-1593 K.
Comparing the temperatures of oxide formation (7y) it is possible to
suggest that they change regularly with increasing atomic number (Z) of
metal (Fig. 7) from 1593 K for La,O; to 1118 K for Yb,O; and Lu,0,, with
the exception of CeO,, which is formed at 811 K. The temperature of CeO,
formation is the lowest, as observed during the thermal decomposition of
many series of lanthanide complexes [3-6].

The results indicate that the thermal decomposition of rare earth
element 2,5-dichlorobenzoates can be presented in the following manner:

LnL3 ° nHzo - LnL3 ° mHzo =l LHOC1—> Ln203, Prﬁoll, Tb407
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Fig. 7. Relationship between the final temperatures of dehydration T, and of the oxide
formation Ty, and the atomic number Z of the metal.
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where Ln is La, Pr-Eu, Tb-Tm and n > m;
LnL; - 2H,0O — LnL; — LnOCl — Ln,0,
where Ln is Y, Gd;

LnL;— LnOCl— Ln,0;

where Ln is Yb, Lu;

CeL, - 4H,O0 — CeL, - 2H,0— CeO,

In general, it can be suggested that 2,5-dichlorobenzoates decompose in
two or three steps. The hydrated complexes lose during heating all or some
water molecules, undergo polymorphic change, and then decompose to
oxides Lu,O;, PriO,; and Tb,O, with intermediate formation LnOCI,
except for the Ce(IIl) complex which decomposes directly to CeO,. The
anhydrous complexes of Yb and Lu decompose to Yb,O; and Lu,O; with
intermediate formation of LnOCI. Yttrium(III) 2,5-dichlorobenzoate de-
composition is similar to those of heavy lanthanides.
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