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INFLUENCE OF PREPARATION CONDITIONS ON THERMAL
PROPERTIES OF LANTHANIDE BENZENEPOLYCARBOXYLATES

M. Iwan", R. Eyszczek, A. Ostasz and Z. Rzqczynska

Department of General and Coordination Chemistry, Faculty of Chemistry UMCS, Maria Curie Sktodowska Sq.2
20-031 Lublin, Poland

Properties of lanthanide 1,2,4-benzenetricarboxylates and lanthanide 1,2,4,5-benzenetetracarboxylates obtained by a classical syn-
thesis method and under hydrothermal conditions were compared. Solid 1,2,4-benzenetricarboxylates and 1,2,4,5-benzene-
tetracarboxylates of cerium, neodymium and erbium were prepared by a classical precipitation method. The same lanthanide com-
pounds were obtained also from hydrothermal reaction. All obtained products were examined by elemental analysis. General
formulae of complexes were: Ln(1,2,4-btc)-xH,0 and Lny(1,2,4,5-btec); yH,O. The thermal analysis shows that hydrothermal con-
ditions cause the coordination of less number of water molecules to complex molecule. Because lanthanide ions exhibit the most of-
ten the coordination number equal 8 or 9 one can conclude that the coordination ability of carboxylic groups under hydrothermal
conditions is different from that under mild ones. Probably, in hydrothermal conditions the carboxylic groups of

1,2,4-benzenetricarboxylate ions are able to form more coordination bonds with lanthanide ions than under normal pressure.
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Introduction

Various polycarboxylates ligands are used to prepare
coordination polymer compounds of metals. Such
polymers having microporous structure and open chan-
nels are applied as heterogeneous catalysts, storage or
sorption materials, ion exchanger, etc. [1, 2]. By this
reason the development of coordination framework
materials is an area of current interest. Lanthanide co-
ordination polymers offer attractive properties in terms
of their potential application, for example as lumines-
cent or non-linear optical materials [3—6]. High coordi-
nation numbers of lanthanide ions allow to obtain un-
usual structures of framework of coordination
polymers that would be difficult to prepare with
d-block metals [4, 7, 8]. However, lanthanide-based
systems are far less known in comparison with d-block
ion analogs. The obtainment of highly porous and/or
highly crystalline compounds is the principle problem
of synthesis of metal-organic framework. Fortunately,
solvothermal or hydrothermal techniques have ap-
peared very useful in this case [9].

Our work presents the results of influence of
preparation conditions on properties of 1,2,4-ben-
zenetricarboxylates and 1,2,4,5-benzenetetra-
carboxylates of chosen lanthanides (cerium(III), neo-
dymium and erbium).
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Experimental

Solid 1,2,4-benzenetricarboxylates and 1,2,4,5-ben-
zenetetracarboxylates of cerium(II1), neodymium and
erbium were prepared by a classical precipitation
method. Stoichiometric amounts of 0.05 M solution
of ammonium benzenepolycarboxylate (pH 5.5) were
added to a hot solution of lanthanide chlorides (in the
case of cerium(IIl) a nitrate solution was used) [10].
The same lanthanide compounds were obtained also
from hydrothermal reaction: water solutions of sub-
strates were put into Teflon-lined autoclave at 140°C
under autogenous pressure. After 5 days autoclaves
were cooled with a rate of 5°C h™" and the solid prod-
ucts were separated by filtration.

The compounds were identified by the method of
elemental analysis (with a Perkin-Elmer CHN 2400
elemental analyzer) and on the base of IR spectra re-
corded over the range of 4000400 cm ' in KBr discs
by using a FTIR 1725X Perkin-Elmer spectro-
photometer.The X-ray diffraction patterns were taken
on a Seifert-DRON automated X-ray diffractometer
(26=5-80°) at ambient temperature.

The thermal stability and decomposition of the
lanthanide benzenepolycarboxylates was investigated
with the aid of a Setsys 16/18 (Setaram) thermal ana-
lyzer, recording TG/DTA/DTG or TG/DSC/DTG
curves. Samples (9-10 mg) were heated in ceramic
crucible between 30—1000°C (30—400°C in the case of
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Table 1 Results of elemental analysis of 1,2,4-benzenetricarboxylates (C,H,0; ) and 1,2,4,5-benzenetetracarboxylates

(C,,H,0¢") of cerium, neodymium and erbium obtained under classical and hydrothermal conditions

C/% H/% Ln/%

Complexes

found calc. found calc. found calc.

Classical synthesis
CeCyH3042.5H,0 27.50 27.54 2.00 2.04 35.29 35.73
Ceq(CyoH,05)5-18H,0 22.46 22.03 2.96 2.57 34.44 34.29
NdCyH3043.5H,0 25.97 26.07 2.67 241 34.98 34.82
Nd4(CoH,0s)5 14H,0 22.66 22.80 2.00 2.15 36.14 36.54
ErCyH;0¢°3.5H,0 24.50 24.70 2.36 2.29 38.03 38.25
Er4(C9H,05)5°14H,0 21.50 21.54 2.11 2.03 40.05 40.04
Hydrothermal synthesis

CeCyH;04 30.00 31.11 1.00 0.86 38.10 40.37
CeC,oH,052H,0 29.15 28.16 1.00 1.41 34.40 32.88
NdCyH;06 30.55 30.75 1.00 0.85 39.23 41.07
Nd4(CoH,05)5- 10H,O 24.00 23.89 1.82 1.73 37.92 38.29
ErCyH;042H,0 26.52 26.32 1.82 1.71 39.79 40.77
Er4(C10H205)5- 10H,O 22.50 22.51 1.78 1.63 41.31 41.84

DSC analysis) in flowing air atmosphere (v=1 L h™")
with a heating rate of 10°C min . The products of de-
composition were postulated on the basis of the TG
curves. The purpose of TG/DSC/DTG analysis was to
determine the enthalpy of dehydration process.

Results and discussion

The benzenepolycarboxylates of cerium(III), neo-
dymium and erbium were obtained as crystalline
compounds. The stoichiometry of compounds is
given in Table 1. The elemental analysis clearly
shows that complexes obtained by hydrothermal syn-
thesis bond less water molecules than compounds
synthesized under mild conditions. The results are
confirmed by thermogravimetric curves (Tables 2, 3).
With the exception of cerium complexes obtained hy-
drothermally all results of elemental and thermo-
gravimetric analysis are in good agreement with theo-
retically calculated values of C, H and Ln content
(Table 1). The most probable interpretation is a partial
or full oxidation of cerium(III) ion to Ce(IV) caused
by hydrothermal conditions.

X-ray diffraction patterns indicate that all stud-
ied complexes are crystalline. Figure 1 presents the
patterns of neodymium complexes as an example.
The shape and the number of peaks of X-ray diffrac-
tion patterns show that the hydrothermal technique
produces higher crystalline compounds. Their struc-
tures seem to be more ordered than the structures of
classically obtained compounds.

The thermal stability of complexes was studied
in air atmosphere. The results are presented in
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Tables 2 and 3. The scheme of thermal decomposi-
tion: hydrated complex — anhydrous complex — ox-
ide is very characteristic of lanthanide organic com-
plexes and it was observed by many authors [11-14].
Table 4 presents the values of enthalpy of dehydration
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Fig. 1 X-ray diffraction patterns of neodymium

1,2,4-benzenetricarboxylate obtained by classical syn-
thesis (I) and under hydrothermal conditions (IT)
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THERMAL PROPERTIES OF LANTHANIDE BENZENEPOLYCARBOXYLATES
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Fig. 2 TG and DTA curves of thermal decomposition of neo-
dymium 1,2,4-benzenetricarboxylate obtained by clas-
sical and hydrothermal conditions (dynamic air
atmosphere; =10°C min™")
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Fig. 3 TG and DTA curves of thermal decomposition of neo-
dymium 1,2,4,5-benzenetetracarboxylate obtained by
classical and hydrothermal conditions (dynamic air at-
mosphere; p=10°C min™")

process determined by DSC method. At all cases the
complexes obtained hydrothermally bond less water
molecules (the cerium and neodymium 1,2,4-benze-
netricarboxylates appeared anhydrous). They are
much more stable than their classical analogs (see
temperature ranges of decomposition in Tables 2
and 3 and values of onset point temperature of endo-
thermic peaks of dehydration in Table 4). Figures 2
and 3 are useful to compare the thermal stability of
complexes obtained under different conditions. One
can conclude that hydrothermal conditions eliminate
the weakly bonded water molecules, probably from
outer sphere of complex.

Analyzing the thermal stability of cerium and
neodymium 1,2,4-benzenetricarboxylates it is evident
that the anhydrous complexes which are formed un-
der hydrothermal conditions are less stable than the
anhydrous compounds formed during thermal decom-
position of classically obtained complexes (Table 2).
For example the hydrothermally obtained
Nd(1,2,4-btc) decomposes above 200°C and the same
salt which is the intermediate of the thermal decom-
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position of Nd(1,2,4-btc)-3.5H,0 is stable up to
450°C. We have not succeeded in explaining this fact.
Probably the different structure of both anhydrous
compounds is responsible in charge of different
thermal stability.

The hydrothermally obtained anhydrous
1,2,4-benzenetricarboxylates are interesting also by
other reason. The carboxylates of lanthanides show
the most often the existence of nine-coordinated
lanthanide ions or the change of coordination number
from 9 to 8 in the series from La to Lu [15]. Because
the 1,2,4-benzenetricarboxylates of cerium and neo-
dymium are anhydrous we suppose that the coordina-
tion ability of carboxylic groups under hydrothermal
conditions is different from that under mild ones. In
the absence of crystallization water molecules three
carboxylic groups have to fill 9 coordination place.
The following conclusion can be drawn: in hydrother-
mal conditions the carboxylic groups of 1,2,4-benze-
netricarboxylate ions act as more dentate than under
normal pressure. Our results are consistent with those
reported by Livage et al. concerning the cobalt(I])
succinate [16].

Conclusions

» The hydrothermal conditions probably cause the
partial or full oxidation of cerium(Ill) ion to
Ce(IV).

e The structure of hydrothermally obtained com-
pounds is more ordered than the structure of classi-
cally synthesized ones.

e The complexes bond less water molecules under
hydrothermal conditions than under mild ones. The
high temperature and pressure eliminate the most
weakly bonded water molecules.

* Probably, in hydrothermal reaction carboxylic
groups of 1,2,4-benzenetricarboxylate ions act as
more dentate than under normal pressure.
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