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Thermal decomposition of rare earth element complexes 

with 2,3-dichlorobenzoic acid

Termiczny rozkład kompleksów pierwiastów ziem rzadkich 
z kwasem 2,3-dichlorobenzoesowym

INTRODUCTION

A survey of literature shows that the complexes of dichlorobenzoic acids 
with metal ions are not well known. The study is not complete and concerns 
only complexes of some metal ions. The salts of 2,4-dichlorobenzoic acid with 
Ba [1], Cu (II) [2], Na [3-5], К [6], Sc (III) [7], a double salt with Fe (III) and 
Na [8], the salts of 2,5-dichlorobenzoic acid with Na [4], K, NH4, Ca, Ba, 
Ag (I), Cu (II), and Fe (III) [9], the salts of 2,6-dichlorobenzoic acid with Ba [1], 
Cu (II) [10], Co (II) and Ni (II) [11], the salts of 3,4-dichlorobenzoic acid with 
Ca, Ba [1], Cu (II), Co (II), Ni (II) and Zn (II) [12], and the salts of 2,3-dichlo­
robenzoic acid with Ca and Ba [1] are known. 2,3-Dichlorobenzoates of Ca and 
Ba have been prepared as crystalline solids with formula: CafCyfLCLCbh^I-LO 
and Ba(C7H3O2C12)-3H2O, respectively [11]. In our previous work [12], we de­
scribed the preparation of Y and lanthanide (from La (III) to Lu (III), without 
Pm) 2,3-dichlorobenzoates with the molar ratio of metal to organic ligand of 1:3 
and crystallizing with two water molecules. The hydrated complexes are stable 
in air at room temperature and can be stored for several months without
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changes. The IR spectra and diffractograms were recorded [13]. The solubilities 
of the complexes are of the order lO’mol-dm’3 and change from 
2.33-10‘3moldm'3 for the Eu complex to 4.9610’3moldm’3 for the Y one.

The aim of this work was to examine thermal decomposition of Y (III) and 
lanthanide (III) 2,3-dichlorobenzoates in air atmosphere and to determine the 
influence of the metal and its ionic potential on thermal decomposition of the 
complexes in the lanthanide series.

The studies of thermal decomposition of Y and lanthanide 2,3-dichlo­
robenzoates are the continuation of our work on the thermal decomposition of 
rare earth complexes with 2,4- [14,15], 2,5- [16 -18 ] and 2,6-dichlorobenzoic 
[19,20] acids.

The systematic studying of the lanthanide complexes with isomers of di­
chlorobenzoic acids permits to determine the influence of the twochlorine atom 
position in benzene ring on the properties and thermal decomposition of the 
complexes, which is connected with the change of the type of the metal-ligand 
coordination and the energy bonding.

EXPERIMENTAL

The thermal stabilities of Y(III) and lanthanide (III) (La—Lu) 2,3-dichlo­
robenzoates Ln(C7H3O2Cl2)3-2H2O (Tab. 1) were studied in static air atmo­
sphere. The complexes of light lanthanides from La (III) to Gd (III) were heated 
to 1773K, whereas those of Y (III) and heavy lanthanides from Tb (III) to Lu 
(III) to 1273K. The TG, DTG and DTA curves were recorded. The measure­
ments were made using a Paulik-Paulik-Erdey Q-1500D derivatograph at 
a heating rate 7.5K min’' for the complexes of light lanthanides and lOK min 1 
for the complexes of Y and heavy lanthanides. The samples of 100mg were 
heated in platinum crucibles with the following sensibilities: TG 100mg, DTG 
500pV, DTA 500pV. A12O3 was used as a standard. The samples of the lantha­
nide complexes were also heated isothermally at 41 OK and the thermal curves 
were recorded [Fig. lb]. The products of thermal decomposition were calculated 
from TG curves and their IR spectra and X-ray patterns were recorded.
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RESULTS AND DISCUSSION

The thermal analysis results presented in Figures 1,2 and in Tables 1 and 2 
indicate that 2,3-dichlorobenzoates of Y (III) and lanthanides (III) decompose in 
various ways when heated. Dihydrated complexes of lanthanides from La (III) to 
Ho (III) are stable up to 323-353 K, and then dehydrate at 403-413 К losing 
both molecules of water of crystallization and go to anhydrous ones. The pro­
cess of dehydration is connected with endothermic effect at 383-398 K. The 
similar temperatures of dehydration permit to suggest that the water molecules 
in these complexes are bonded in the similar ways. During dehydration the 
structure of the complexes are changed (Fig. 3).

Anhydrous complexes of La (III) to Ho (III) are stable up to 548-661 К 
(TBD, Tab. 2) and then during heating decompose to the oxides Ln2O3, PreOu, 
Tb4O7 with intermediate formation LnOCl (except Ce (III) complex which de­
composes directly to CeO2 at 548-778 K).

Dihydrated complexes of Y (III) and lanthanides from Er (III) to Lu (III) are 
stable up to 655-678 К and then decompose to oxides with intermediate forma­
tion LnOCl. Dehydration takes place simultaneously with decomposition of the 
organic ligand, which indicates that the energy of bonding water molecules and 
organic ligand are similar to each other.

The hydrated complexes of Y (III) and heavy lanthanides (with smaller 
ionic radius) are more stable than those of light lanthanides (with greater ionic 
radius), which is connected with the lanthanide contraction effect. Comparing 
the thermal stability of the complexes in the lanthanide series one can observe 
clearly a division into two groups (the complexes of light and heavy lan­
thanides). The complex of Y (III), which has the ionic radius similar to the ionic 
radius of heavy lanthanides, has thermal stability similar to their stability. On 
this basis it is possible to state that the energy bond of water molecules and the 
thermal stability of the complexes increases with decreasing ionic radius in the 
lanthanide series.
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Fig. 1. TG, DTA and DTG curves for: a) 8т(С7Н!О7С12)3-2Н2О; b) Sm(C7H3O2CI2)3

en
do

Fig. 2. TG, DTA and DTG curves for Ce(C7H3O2Cl2)3-2H2O

Fig. 3. Comparison of XRD patterns: 
a) hydrated Sm(C7H3O2Cl2)3-2H2O; b) anhydrous Sm(C7H3O2Cl2)3
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During heating the prepared complexes change their crystal structure at 
473-601 К (endothermic peaks on DTA) (Figs 1 and 2, Tab. 1).

The intermediate products of decomposition are formed at 768-1103 К 
(Tab. 2) and are stable. Only the Ce (III) complex decomposes directly to CeO2 
and does not form oxychloride. The other complexes of Ce (III) with organic 
ligand behave similarly [14,18,20]. The decomposition of organic ligand is con­
nected with a strong exothermic effect (DTA) with a maximum at 723-888 К 
(Tab. 2).

The final products of decomposition of Y(III) and lanthanide (III)'2,3-di- 
chlorobenzoates are the oxides: Ln2O3, CeO2, РгбОц and Tb4O7, which are 
formed at 778-1578 К (TK, Table 2). Comparing the final temperatures of oxide 
formation (TK) it is possible to suggest that they change with increasing the 
atomic number in the lanthanide series from 1578K for La2O3 to 1108K for 
Lu2O3 (Tab. 2), except for CeO2 which is formed at 778K (the lowest tempera­
ture in all series of the lanthanides). This change is connected with the lantha­
nide contraction and increasing polarization effect. The temperature of Y2O3 
formation (1185K) is similar to the temperature of Ho2O3 formation (1198K), 
which is connected with the similarity of the ionic radii of Y (III) and Ho (III).

The thermal decomposition of rare earth element 2,3-dichlorobenzoates can 
be presented in the following manner:

LnL3-2H2O ——» LnL3 —-4 LnOCl ——> L1I2O3, Рг6Оц, Tb4Ov 
Ln = La, Nd-Ho

CeL3-2H2O-—СеЬз —4 CeO2

LnL3-2H2O ——4 LnOCl ----- > LI12O3 Ln = Y, Er-Lu

In general, it can be suggested, that the complexes of Y (III) and lanthanides 
(III) with 2,3-dichlorobenzoic acid during heating decompose in three steps (La, 
Pr-Но) or in two steps (Y, Ce, Er-Lu). The complexes of the lanthanides from 
La to Ho heated are dehydrated and next they decompose to oxides with an in­
termediate formation of LnOCl, without anhydrous Ce (III) complex, which 
decomposes directly to CeO2. The hydrated complexes of Y and Er-Lu heated 
do not form anhydrous complexes, but they decompose to oxides with an inter­
mediate formation of LnOCl. The yttrium (III) complex has properties similar to 
the complexes of heavy lanthanides.
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Comparing the thermal properties of the lanthanide complexes with isomers 
of dichlorobenzoic acids it is possible to suggest that they change with changing 
the position of chlorine atoms in the benzene ring [14,16,18,20], which influ­
ences the electron cloud density on the carbon atom of carboxylate group as 
well as the way and the energy of the bonding metal-ligand. The nature of 
metal-ligand bonding can be explained in detail following the determination of 
the crystal and molecular structure of monocrystals, but they have not been pre­
pared up to now, except for 2,6-dichlorobenzoates of light lanthanides [21]. In 
these complexes carboxylate groups are mono- and terdentate. The chlorine 
atoms do not take part in coordination metal-ligand.

2,6-Dichlorobenzoates of all lanthanides (III), 2,3-dichlorobenzoates of 
light lanthanides (III) and 2,4- and 2,5-dichlorobenzoates of Y (III) and Gd (III) 
heated are dehydrated forming anhydrous compounds. The remaining hydrated 
complexes heated lose some crystallization water molecules and do not form 
anhydrous compounds. The temperatures of decomposition of dichlorobenzoates 
of the most lanthanides change in the order

2,5- > 2,6- > 2,4- > 2,3-

with the change of the position of chlorine atoms. The Ce (III) dichloroben­
zoates decompose at the lowest temperature in the lanthanide series. All lantha­
nide dichlorobenzoates decompose to oxide with an intermediate formation of 
LnOCl, except for Ce (III) complexes, which decompose directly to CeO2.

Comparing the temperatures of oxide formation it is possible to suggest that 
for 2,4-, 2,5-, 2,6- as for 2,3-dichlorobenzoates they decrease with increasing the 
atomic number Z of the metal in the lanthanide series. In all the discussed com­
plexes the temperatures of CeO2 formation (Tk) are the lowest (778-813 K) 
[16,18,20].
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STRESZCZENIE

Zbadano rozkład termiczny 2,3-dichlorobenzoesanów pierwiastków ziem rzadkich (Y, La- 
Lu) w atmosferze powietrza. Uwodnione kompleksy Ln(C7H3O2Cl2)-2H2O ogrzewane rozkładają 
się dwu- (La(III), Pr(III)-Ho(III)) lub trójstopniowo (Ce(III), Ег(П1)—Lu(III), Y(III)). Uwodnione 
kompleksy La(IIl)—Ho(lII) ogrzewane tracą wszystkie cząsteczki wody krystalizacyjnej, a następ­
nie rozkładają się do tlenków z wytworzeniem związków pośrednich LnOCl, z wyjątkiem kom­
pleksu Ce(III), który rozkłada się bezpośrednio do CeO2. Dwuwodne kompleksy Y i lantanowców 
ciężkich od Er(III) do Lu(III) ogrzewane rozkładają się do tlenków z wytworzeniem związków 
pośrednich LnOCl. W czasie ogrzewania otrzymane kompleksy ulegają przemianie polimorficznej.




