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Abstract 

The conditions of the formation of rare earth element (Y, La-Lu) dipicolinates were 
studied, and their quantitative compositions and solubilities in water at 293 K were 
determined (lo-* to 10e3 mol dmm3). The IR spectra of the hydrated complexes were 
recorded and their thermal decomposition in air was determined. During heating the 
hydrated dipicolinates Ln,(C,H,NO,), nH,O (n = 9-25) lose some or all of their water 
molecules of crystallization water in one, two or three steps; then the anhydrous or hydrated 
complexes decompose either directly to the oxides (Y, Ce, Sm-Dy, Tm-Lu) or with 
intermediate formation of oxocarbonates Ln,O,CO, (La, Pr, Nd, Ho, Er). 

Keywords: Dipicolinic acid; DTA; DTG; Lanthanon; TG 

1. Introduction 

Pyridine-2,6-dicarboxylic acid C,H,N( COOH),, known as dipicolinic acid, be- 
longs to an interesting series of compounds with biological applications. A survey 
of the literature shows that dipicolinates of Mn(II), Fe( II), Cu(II), Zn( II), Ni( II) 
[ 1,2], Cr(II1) [3], Co(I1) [4], Pd(I1) [5], Mg(II), Ca(II), Sr(I1) and Ba(I1) [6] have 
been studied in aqueous solution. Basim et al. [7] have studied the structure of 
lanthanide complexes with dipicolinic acid in solution using NMR. Brittain et al. 
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[8- 1 l] have studied the complexation of Tb( III) ions by dipicolinic acid in aqueous 
solution. The complexes of Sr [ 121, Cu( II) [ 131 and Ca( II) [ 141 have been prepared 
in the solid state and their IR spectra have been described. Dipicolinates of rare 
earth elements in the solid state were unknown before the present study. 

The aim of this work was to prepare rare earth element(II1) dipicolinates in the 
solid state and to examine their physico-chemical properties and thermal decompo- 
sition in air. 

2. Experimental 

2.1. Preparation of the complexes 

Dipicolinates of Y and lanthanides from La to Lu (without Pm) were prepared 
by adding stoichiometric quantities of a hot 0.2 M solution of ammonium dipicol- 
inate (pH 5.5-6.0) to a hot solution of the rare earth element chlorides (Ce( III) was 
used as its nitrate). The precipitate formed was heated in its mother liquor for 
0.5 h at 345-353 K, and then filtered off, washed with hot water to remove Cl- 
and NH,+ ions and dried at 303 K to a constant mass. The sodium salt was 
prepared by adding stoichiometric quantities of dipicolinic acid to a solution of 
NaOH and crystallizing at room temperature. 

2.2. Elemental analysis 

The carbon, hydrogen and nitrogen contents were determined by elemental 
analysis using V,O, as oxidizing agent. The metal content was determined from the 
TG curve and by ignition of the complexes to the oxides at 1253 K. The content of 
crystallization water was determined from the TG curve and by heating the samples 
isothermally at 473 K to a constant mass. 

2.3. IR spectra 

The IR spectra of dipicolinic acid, and of the separated Y and lanthanide 
complexes and the sodium salt were recorded over the range 4000-400 cm-’ with 
an FT-IR 1725X Perkin-Elmer spectrophotometer. The samples were prepared as 
KBr discs. 

2.4. Derivatograph measurements 

The thermal stability of the prepared dipicolinates was determined using a 
Paulik-Paulik-Erdey Q 1500 D derivatograph. The TG, DTG and DTA curves 
were recorded. Measurements were made at a sensitivity of 100 mg (TG), 500 PV 
(DTG) and 500 PV (DTA). Samples ( 100 mg) were heated in platinum crucibles to 
1273 K at a heating rate of 10 K min-‘. The hydrated complexes were heated 
isothermally at a set temperature to constant mass and the products were confirmed 
by their IR spectra and elemental analysis. 
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2.5. Determination ef solubility 

The solubility of the prepared dipicolinates in water was determined at 293 K. 
The saturated solutions were prepared under isothermal conditions. The content 
of Ln(II1) ions was determined by the oxalate method. The solubilities were 
determined on the basis of oxide mass (see Table 1). 

3. Results and discussion 

Dipicolinates of Y and lanthanides from La( III) to Lu(II1) were prepared as 
crystalline solids having the color characteristic of the lanthanide(II1) ions. From 
the elemental analyses, it was found that all complexes were prepared as hy- 
drates with a molar ratio of metal to organic ligand of 2 : 3 and various degrees 
of hydration which do not change regularly with decreasing ionic radius of the 
lanthanide series (Table 1). 

In order to confirm the composition of the prepared dipicolinates and to 
determine the metal-ligand coordination, the IR spectra of dipicolinic acid, and 
of the prepared Y, lanthanide and sodium dipicolinates were recorded. The IR 
spectra of the dipicolinates are similar to each other and have many bands 
(Table 2). In the IR spectrum of free dipicolinic acid, there is a single strong 
absorption band at 1697 cm-’ of COOH groups, which confirms their equivalent 
character. In the IR spectra of the prepared complexes, this absorption band 
disappears and the bands of asymmetrical (v,,) and symmetrical (v,) vibrations 
of the OCO- group appear at 1627-1608 and 1588-1572 cm-‘, and 1444-1430 
and 1403- 1370 cm-‘, respectively, the broad absorption bands of v(OH) appear 
with maxima at 3463-3100 cm-‘, the bands of valency vibrations of C-N in the 
ring appear at 1299-1273 and 1083-1074 cm-‘, the bands of C-H appear with 
maxima at 959-910 and 595-513 cm-‘, and the bands of the Ln-O bond 
appear at 447-424 cm-‘. The absorption bands of C-N in the prepared com- 
plexes are shifted insignificantly compared to the respective band of dipicolinic 
acid, which indicates that Ln(II1) ions are coordinated only by the oxygen atoms 
of two carboxylate group and that the nitrogen atom of the pyridine ring does 
not take part in the coordination of the metal. The separation values (Av) of 
v,,( OCO) and v,(OCO) in the IR spectra of the prepared complexes (Av = 180 
cm-‘) are very similar to this value in the sodium salt (Av = 187.5 cm-‘), which 
indicates a notable participation of the ionic bond in the rare earth element 
dipicolinates (Table 2). The asymmetrical (v,,) and symmetrical (v,) bands of the 
OCO- group are split which suggests that OCO- groups are bonded in different 
ways in the same complex molecule. The nature of the metal-ligand bonding 
can be explained in detail after determination of the crystal and molecular struc- 
ture of the monocrystals. 

The rare earth element hydrates are stable up to 313-483 K and, when heated 
in air, decompose in various ways (Table 3, Figs. l-5). 
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I 
373 573 

Temperature in K 
a73 

Fig. 1. TG, DTG and DTA curves of Y,(C,H,NO,), .12H,O. 

373 573 
Temperature in K 

073 

Fig. 2. TG, DTG and DTA curves of Ce,(C,H3N0,)3. 9H,O. 

During heating, the hydrated complexes of Ce(III), Eu(III) -Tb(III), Ho and Lu 
are dehydrated in one (Ce, Eu-Tb) or two (Ho-Lu) steps. The anhydrous 
complexes are stable up to 518-663 K and then decompose directly to the oxides 
(Ce, Eu-Dy, Tm-Lu) or with intermediate formation of oxocarbonates Ln,O,CO, 
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5i3 
Temperature in K 

Fig. 3. TG, DTG and DTA curves of Sm,(C+H,NO,), .24H,O. 

60- 

373 
I 

573 873 
Temperature in K 

Fig. 4. TG, DTG and DTA curves of Ho,(C,H,NO,), 9H,O. 

(Ho, Er). The complex hydrates of Y, Pr-Sm and Dy when heated lose some 
crystallization water molecules, and then simultaneously lose their remaining water 
molecules in one (Pr-Sm, Dy) or three (Y) steps, and decompose either directly to 
oxides (Y, Sm, Dy) or with intermediate formation of oxocarbonates (La, Pr, Nd). 
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3i3 5i3 
Temperature in K 

ai3 

Fig. 5. TG, DTG and DTA curves of Yb,(C,H,NO,), 12H,O. 

The results indicate that the thermal decomposition of Y and lanthanide dipico- 
linates can be presented in the following manner 

Ln,L, xH,O + Ln,L, + Ln,O,, CeO,, Tb40, for Ln is Ce, Eu-Tb 

Ln,L, xH,O + Ln,L, yH,O + Ln,L, + Ln203 for Ln is Tm, Yb, Lu 

Ln,L, xH,O + Ln,L, yH,O -+Ln,L, + Ln,O,CO, + Ln,O, for Ln is Ho, Er 

Ln,L,~xH,O+Ln,L,~yH,O+Ln,O,CO,+Ln,O,, P&O,, for Ln is La-Nd 

Ln,L, xH,O + Ln,L, . yH,O + Ln,O, for Ln is Sm, Dy 

Y,L, 12H,O+Y,L,. 10H,0+Y,L3. 4H,O+Y,L,. H,0+Y203 

In general, it can be suggested that hydrated rare earth element dipicolinates 
when heated in air lose all or some water molecules, and then decompose to the 
oxides either directly or with intermediate formation of oxocarbonates. 

The dehydration and decomposition of the complexes are connected with a 
strong endothermic effect, whereas the combustion of the organic ligand shows an 
exothermic effect. The endothermic effect (DTA) associated with dehydration and 
simultaneous decomposition is larger than that for the dehydration alone. 

On the basis of the IR spectra and the thermal curves, it is possible to suggest 
that the water molecules present in rare earth element dipicolinates are bonded in 
different ways. The water molecules in the Ce, and Eu-Tb complexes are probably 
outer-sphere water, and those in the complexes of Y, La, Pr-Sm, and Dy-Lu are 
outer and inner sphere water. 

The temperatures of dehydration (T,), the temperatures of decomposition (T) of 
the complexes and the temperatures of oxide formation (TK) change irregularly 
with 
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increasing atomic number 2 of the metal (Fig. 6). The T, values are similar to each 
other (313-333 K) except for the hydrated complexes of Nd, Er and Tm, which are 
stable up to 483, 413 and 393 K, respectively. The decomposition of the anhydrous 

complexes begins at 518-663 K, and that of the hydrates at 5 13-643 K. The 
temperature of oxide formation changes insignificantly in the lanthanide series; 
La203 forms at the highest temperature (1063 K) and Dy,O, at the lowest (923 K). 
These results are listed in Table 3. 

Dipicolinates of Y and lanthanides are soluble in water. Their solubilities are in 
the range lo-*- lop3 mol dme3 (Table 1) and change irregularly with change in the 
ionic potential Q (Fig. 7). The solubilities of Y and heavy lanthanide dipicolinates 
are almost ten times greater than those of light lanthanide complexes. The Tm 
complex is most soluble and that of Sm the least. 
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