
This article was downloaded by: [Universitat Politècnica de València]
On: 24 October 2014, At: 09:33
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthesis and Reactivity in
Inorganic and Metal-Organic
Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsrt19

Thermal Decomposition of
Rare Earth Complexes With 2-
Amino-3, 5-Dichlorobenzoic
Acid
R. Mrozek a , M. Sikorska a & Z. Rzączyńska a

a Department of Inorganic and General Chemistry ,
Institute of Chemistry, Maria Curie-Sklodowska
University , 20-031, Lublin, Poland
Published online: 20 Aug 2006.

To cite this article: R. Mrozek , M. Sikorska & Z. Rzączyńska (1997) Thermal
Decomposition of Rare Earth Complexes With 2-Amino-3, 5-Dichlorobenzoic Acid,
Synthesis and Reactivity in Inorganic and Metal-Organic Chemistry, 27:5, 707-720, DOI:
10.1080/00945719708000221

To link to this article:  http://dx.doi.org/10.1080/00945719708000221

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any

http://www.tandfonline.com/loi/lsrt19
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00945719708000221
http://dx.doi.org/10.1080/00945719708000221


losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ita
t P

ol
itè

cn
ic

a 
de

 V
al

èn
ci

a]
 a

t 0
9:

33
 2

4 
O

ct
ob

er
 2

01
4 

http://www.tandfonline.com/page/terms-and-conditions


SYNTH. REACT. INORG. MET.-ORG. CHEM., 27(5), 707-720 (1997) 

THERMAL DECOMPOSITION OF RARE EARTH COMPLEXES WITH 
2-AMIN0-3,5-DICHLOROBENZOIC ACID 

R. Mrozek, M. Sikorska and Z. Rzqczynska* 

Department of Inorganic and General Chemistry, Institute of Chemistry, 

Maria Curie-Skiorlowska University, 20-031 Lublin, Poland 

ABSTRACT 

The conditions of the thermal decomposition of the 2-amino-3,5-dichloro- 

benzoates of Y and lanthanides have been studied. During heating in air, the 

dihydrated complexes Ln(CgH2C12NH2C00)3.2H20 decompose in three steps, 

with the exception of the yttrium(II1) and cerium(II1) complexes, which 

decompose in two steps. In the first step the complexes lose two molecules of 

water and next decompose to the oxides with intermediate formation of LnOC1. 

The complexes of Y(II1) and Ce(III), when heated, are dehydrated and then 

decompose to the oxides. The mode of metal-ligand coordination is discussed. 

mTRODUCTION 

Our investigations of lanthanide complexes with aminobenzoic acids concern 

the formation and thermal stability of the coordination sphere of lanthanide ions. 

707 
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708 MROZEK, SIKORSKA, AND RZACZYNSKA 

The coordination sphere of the metal is formed by the organic anions, bonded by 

oxygen atoms of the carboxylate group and water molecules. The water molecules 

complete the coordination number to 9 for the light, and to 8 for the heavier 

lanthanides. With a high degree of complex hydration, some water molecules are in 

the outer coordination sphere of the complexes for lack of free coordination sites 

around the central atom. The position of water molecules in the benzoate 

complexes of lanthanides does not always influence the shape of the dehydration 

curve. 

The aim of this work was to examine the thermal stability series of new 

compounds as continuation of our study on the thermal stability and properties of 

chloro-14. amin0-5-~ and aminochlorobenzoates of lanthanidess, 9. 

RESULTS AND DISCUSSION 

The 2-amino-3,5-dichlorobenzoates of Y(II1) and lanthanides(II1) were 

prepared by the reaction of equivalent amounts of 0.1 M ammonium 2-amino-3,5- 

dichlorobenzoate (pH 7.2-7.6) and rare earth element chloride solutions (Ce(II1) 

was used as nitrate), The reaction mixture was heated at 70°C and the solids 

formed were filtered off, washed with hot water to remove the NH4' and C1- ions 

and dried at 30°C to a constant weight. 

The complexes of Y, La and the lanthanides with 2-amino-3,5- 

dichlorobenzoic acid of the formula Ln(CgH2NH2C12C00)3.2H20 where Ln = 

Y, La-Lu (Table I) were obtained as light grey powders. The small size of particles 

probably caused the color of the compounds. The powder patterns of the 

complexes obtained at various conditions of temperature indicate that the whole 

series of complexes is amorphous. It is worth noting that the previously 
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710 MROZEK, SIKORSKA, AND RZqCZYASKA 

investigated series of chlorobenzoates14, a rn inoben~oates~-~  as well as complexes 

of  lanthanides with 3-amino-4-chlorobenzoic acids and 2-amino-4-chlorobenzoic 

acid9 are crystalline. The series of 2-amino-3,5-dichlorobenzoates is unique 

inasmuch as it represents the first series of amorphous lanthanide benzoates. 

Their solubility in water at 20°C is in the range of 1.96 to 6.79.10-s molldm3 

(Table II), which is much smaller than those of the chloro-1-3 and 

aminobenzoates 6,7, 

The analytical (Table I) data show that the metal ions, as a central atom of 

the complexes, are coordinated by three organic ligands and two molecules of 

water. The 2-amino-3,5-dichlorobenzoate anions may coordinate with the 

lanthanide ions first of all through the oxygen atoms of  the carboxylate group. The 

coordination by the nitrogen atom of the amino group is rather unlikely because of  

strong preference of the lanthanides for oxygen atoms. Up to now, coordination of 

aminobenzoate anions to lanthanide ions by a nitrogen atom of amino group was 

observed in the polymeric structure of neodymium(II1) complex with 4- 

aminobenzoic acidlo. 

IR Studies 

In the IR spectra of the complexes, the main effect of coordination of the 

carboxylate group of the ligand with a metal ion is observed at the C-0  

frequencies1' v3,5,8,11,15, but the most useful are the v3 frequency 

corresponding to the C-0 symmetric stretching and the v8 frequency 

corresponding to  the antisymmetric stretching vibrations. After metal 

coordination, a change of the 0-C-0  angle of the carboxylate group takes place; 

increasing this angle decreases the v3 and increases the v8 frequencies and hence 

the increase of  Av = v8 - v3. The value of Av may be used with extreme caution to 

predict the mode of carboxylate group coordination". 
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THERMAL DECOMPOSITION OF RARE EARTH COMPLEXES 71 1 

Compound Solubility [mol/dm3] 

YL3.2H20a 2.29.10-5 

TABLE I1 

Compound Solubility [mol/dm3] 

TbL3 2 H 2 0  3.95.10-5 

SmL3.2H2O 2.62.10-5 

EuL3.2H2O 2.3 6. 

GdL3.2H2O 3,7 1. loe5 

LaL3.2H20 3 -67. 

CeL3.2H20 3.53.1 0-5 

PrL3.2H2O 3.97.1 0-5 

NdL3.2H2O 2.0 1.10-5 

YbL3.2H20 6.79. 

LuL3.2H20 6.05.10-5 

hL3.2H20 5.16. 

H o L ~  .2H20 1.96. 

ErL3.2H20 4.88. 

TmL3.2H2O 6.09.10-~ 

In the IR spectra of the 2-amino-3,5-dichlorobenzoate complexes of the 

lanthanides (Table 111) the bands of symmetric vibrations of the carboxylate group 

(vs )  at 1380-1392 cm-l are slightly shifted to higher frequencies compared to 

those of the sodium salt. The antisymmetric vibration bands (vas) are split into two 

bands at 1508-1530 cm-I and 1532-1545 cm-l. The first of these is slightly shifted 

to low frequencies but the second one is close to that of the sodium salt. The values 

of  Av = vas - vs are 120-142 cm-1 and 144-157 cm-l, while for the sodium salt it 

is 152 cm-l. Considering the IR spectral criterion for the mode of carboxylate 

bonding based on the direction of the shifts as well as magnitude of Av11,'2 and our 

own experience concerning the crystal structure and properties of lanthanide 

aminobenzoatesl3-18, one can assume that some of the carboxylate groups in 

2-amino-3,5-dichlorobenzoate complexes have bidentate-chelating and others 
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THERMAL DECOMPOSITION OF RARE EARTH COMPLEXES 713 

bidentate-bridging character. The chelating and bridging character of carboxylate 

groups suggests that in the investigated complexes the metal ions must be joined by 

bridging the carboxylate groups in dimer units similar to tetraaqua-bis(p-4- 

aminobenzoato-0, O’)tetrakis(Caminobenzoato-0, O)diytterbium(III) dihydrate3s 

or polymer chains similarly to catena-diaquabis(p-3,5-diamino-benzoato- 

O,O’)(3,5-diaminobenzoato-O,O)yttrium(III) tetrahydrate14. Additionally, each 

metal ion must join with or one4 chelating carboxylate groups and two 

molecules of water. In this case, the coordination number of the rare earth ions 

must be 8 in the whole series. Carboxylate groups may also be chelating-bridging, 

similarly to the dirners of octaaquabis(p-2,6-dichlorobenzoato-O,O,O’)- 

tetrakis(2,6-dichloro-benzoato-0)dilanthanide(III) dihydratesl* joining two metal 

ions in the dimeric unit or polymeric chain. The coordination number of the metal 

is 9. In the latter model of complexes, two molecules of water are always in the 

inner sphere. 

Thermal Studies 

All the complexes are stable at room temperature. Upon the heating in air all 

compounds, except the cerium(II1) and yttrium(II1) complexes, decompose to  

oxides in three steps. At first, the hydrated complexes lose the molecules of 

coordination water and turn into the anhydrous form. The temperature of 

dehydration is about 50°C for the light and about 60°C for heavy lanthanide and 

yttrium(II1) complexes (Table IV, Figs. 1, 2). The anhydrous compounds are stable 

during hr ther  heating. At the temperature of about 260°C decomposition of the 

light, and about 340°C decomposition of the heavy lanthanide compounds occurs. 

One of the stable intermediate products of decomposition are oxychlorides of the 

lanthanides - LnOCI. These compounds were identified by X-ray diffraction 
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patterns. The patterns were in agreement with the data from the catalogue of 

International Centre for Diffraction Data19,20. Oxychloride formation was observed 

by a decomposition process of lanthanide 3-chlorobenzoates*, 4-chloroben~oates~ 

or 2,4- 3, 2,5-dichlorobenz~ate~ complexes. 

The Ce(II1) and Y(II1) complexes decompose in two steps, and the 

anhydrous compounds on hrther heating decompose directly to the oxides. The 

final products of decomposition of the Y(II1) and Ln(II1) 2-amino-3,s- 

dichlorobenzoates are the oxides: Y2Oy CeO2, Pr6O11, Tb407 and oxides of 

type Ln2O3 for other lanthanides. The temperature of oxide formation is 

considerably higher in the case of the light lanthanide complexes: 1360°C for the 

La(II1) to 1055°C for the Eu(II1) complexes and for the complexes of Y(II1) are at 

820°C and the heavy lanthanide(II1) complexes at 730-990°C. The temperature of 

Ce02 formation has the lowest value at 540°C. In the case of Ce(II1) complexes 

with other organic ligandsI4 the direct decomposition to CeO2 without oxy 

compound formation was observed. 

The scheme of the thermal decomposition of the rare earth 2-amino-3,5- 

dichlorobenzoates may be presented as follows: 

LnL3.2H20 + LnL3 + LnOCl + Ln2O3 
(for Ln = La to Lu except Ce) 
YL3.2H20 -+ YL3 + Y2O3 
CeL3.2H20 --+ CeLj + Ce02 

The dehydration processes are accompanied with a very weak endothermic 

effect in the range of 60-144°C. The endothermic effects of decomposition are 

masked by the exothermic effect of burning the organic ligand, thus in the range of 

240-400°C one can observe strong exothermic effects. 
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EXPERIMENTAL 

2-Amino-3,5-dichlorobenzoic acid, >96% (Merck, Germany); NH3.H2O 

p.a., 25% solution, HCI p.a., 36% solution, Lu2O3 99.9% (POCh Gliwice, 

Poland), Y2O3 99.9%, La203 99.5%, Ce(N03)3.6H20 99%, Pr6011 99.5%, 

Nd2O3 99.9%, Srn2O3 99%, Gd2O3 99.5% (prepared at our laboratory); Eu2O3 

99.9%, Tb4O7 99.9%, Dy2O3 99.9% (Koch Light Laboratories Ltd., England); 

Ho2O3 99.9% (Union Chimique Belge); Er2O3 99.9% (Fluka AG, Buch GS, 

Switzerland); Tm2O3 99.9% (Research Organic/Inorganic Chemical Corp., USA); 

Yb2O3 99.9% (prepared in the laboratory of the I. Franko University, Lvov, 

Ukraine) were used. 

The ammonium 2-amino-3,5-dichlorobenzoate solution and the solution of 

suitable lanthanide(II1) salts (chlorides or nitrate in the case of cerium(II1) ) were 

employed in the molar ratio 3:l for the synthesis of lanthanide(II1) 2-amino-3,5- 

dichlorobenzoates. In each synthesis 1 g (0.0048 mole) of 2-amino-3,5- 

dichlorobenzoic acid, dissolved in 50 mL of 0.1 M ammonia solution, was used. 

The pH of the ammonium salt solution was 7.2-7.6. 

In the synthesis of cerium(1II) 2-amino-3,5-dichlorobenzoate, 0.69 g (0.0016 

mole) of cerium(II1) nitrate hexahydrate, dissolved in 50 mL of water, was used. In 

the synthesis of yttrium(II1) and the other lanthanide(II1) 2-amino-3,5- 

dichlorobenzoates, 0.0008 mole amounts of Y2O3 and Ln2O3 (Ln = La, Nd, Sm, 

Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu), 0.00027 mole of Pr6O11 or 0.0004 mole of 

Tb4O7 were employed. The oxides were dissolved in 20 mL of 3 M HCI solution 

and evaporated. The obtained crystals of lanthanide(II1) chlorides were dissolved in 

50 inL of water. The pH of the solutions obtained was 4.5. 

The yields of the yttrium(II1) and lanthanide(II1) 2-amino-3,5- 

dichlorobenzoates were about 78% (Table I). 
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718 MROZEK, SIKORSKA, AND RZqCZYflSKA 

The contents of carbon, nitrogen, chlorine and hydrogen in the compounds 

were determined by the elemental analyses. The rare earth elements were 

determined by ignition of the complexes to Ln2O3, CeO2, Pr6O11 or TbqO7 

(Table I). The contents of water were established from the TG curves and 

el em ental analyses . 

The IR spectra of the prepared complexes were recorded over the range 

4000-400 cm-1 (Table 111). X-ray patterns of the prepared complexes were 

recorded on a DRON 2 diffractometer by the Debye-Scherrer method using CuK, 

radiation. The solubility of the prepared complexes in water at 20°C was examined. 

Saturated solutions were prepared under isothermal conditions. The concentration 

of Y(II1) and lanthanide(II1) ions was determined spectrophotometrically on a 

Specord M40 spectrometer using arsenazo II121,22. The results are presented in 

Table 11. 

The thermal stability of the complexes of Y and lanthanides with 2-amino- 

3,5-dichlorobenzoic acid was studied. TG, DTG and DTA curves were recorded 

using a Q 1500D derivatograph. The complexes of the light lanthanides were 

heated to 1500°C at the rate of 7.5 deg/min and heavy lanthanides and Y were 

heated to 1000°C at the rate of 10 deg/min in air atmosphere. The samples of 100 

mg were heated in platinum crucibles with the following sensitivity: TG-100 mg, 

DTG-500 pV, DTA-500 pV, using A1203 as the reference material. As an 

example, the curves obtained for the Ce(II1) and Sm(II1) complexes are presented 

in Figs. 1 and 2. From the thermal curves of the prepared complexes the 

temperatures of the thermal decomposition were evaluated. They are presented in 

Table IV. 
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