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THERMAL ANALYSIS OF SOME POLYNUCLEAR COORDINATION
COMPOUNDS
Ligand tartarate, precursors of LnFeQO; perovskites
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The thermal behaviour of five polynuclear coordination compounds containing tartaric anion as ligand, namely
(NH4)3[LHFC(C4O6H4)3(OH)3] (Ln:La and Eu), (NH4)2[PrFe(C406H4)3(OH)z] and (NH4)[LHFC(C4OGH4)3(OH)]3H20 (L}’l:Nd
and Gd) was investigated. The reaction progress was studied by TG/DTA and FTIR measurements. Oxalates and oxocarbonates
were identified as intermediates. In the case of Ln=La, Nd, Pr, Eu and Gd, pure LnFeO; was obtained as final decomposition prod-
uct. The thermal decomposition of Eu-Fe compound, leads to a mixture of mixed (ortho-ferrite (EuFeOs) and garnet (Eu;FesO1,))

and simple oxides (Eu,0; and o-Fe,03).
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Introduction

It is well-known that the synthesis procedures play an
important role in materials characteristics. The prepa-
ration of mixed oxides, including perovskites
(LnMeOs, M=Mn, Fe, Cr) through thermal decompo-
sition of coordination compounds precursors leads to
high homogeneity and low particle sizes of the final
mixed oxides [1]. In the last decades, the investiga-
tions directed to the thermal decomposition of coordi-
nation compounds proved to be a major interest due to
their use for controlled synthesis of simple and mixed
oxides [2, 3].

The synthesis of LnMeO; oxides by thermal de-
composition of heteronuclear complexes was first
proposed by Gallagher [3] in 1968 who used ferri-
and cobaltcyanide La[Me(CN)q]-nH,O (M=Fe or Co),
as precursors. Cyanides complexes precursors were
used also to obtain bi- and trimetallic perovskite-type
oxides [1, 5-9]. Another class of coordination com-
pounds precursors is represented by the double com-
plex [Co(NH;)s][La(CO3);]'-H,O synthesized by
Sakamoto et al. [8] Polyhydroxycarboxylates
polynuclear compounds such as malates, tartarates
and gluconates compounds were used in synthesis of
some manganites [9, 10], cobaltites [13] and chro-
mites [14] by Patron et al.

The aim of the present study is to investigate the
thermal behaviour of some iron-rare earth tartarates with
molecular  formulas  (NHy4);[LnFe(C4OsHy4);(OH);]
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(where Ln=La and Eu), (NHy),[PrFe(C40¢H4);(OH);]
and (NH4)[LI]FC(C4OGH4)3(OH)]3H20 (Where Ln=Nd
and Gd), in order to determine their suitability as precur-
sors for LnFeO; synthesis.

Experimental

As raw materials in precursors synthesis,
Fe(NOs);-9H,0, Ln(NO;);-nH,0 (Ln=La, Nd, Pr, Eu
and Gd) and tartaric acid
(HOOC—(CHOH),—COOH) of reagent quality, in a
molar ratio Ln*'— Fe*'—tartaric acid = 1:1:3 were
used. The iron-lanthanides complexes (Ln=La, Nd,
Pr, Gd and Eu) were separated from the reaction me-
dium (solutions containing Ln*'— Fe**— tartaric acid)
by extraction with ethanol. For a complete precipita-
tion, 24 h was necessary together with repeated ad-
justment of the pH to ~5 with an ethanolic solution
of ammonia. The precipitates were filtered, washed
with ethanol, and dried on P,O,q in vacuum. The ob-
tained precipitates characterized by
(NH4)3[LI’IFC(C406H4)3(OH)3] (Where Ln=La and
Eu), (NHy),[PrFe(C40sH4)3(OH);] and
(NHy)[LnFe(C4O4H4);(OH)]-3H,0 (where Ln=Nd
and Gd) formulas, are yellow coloured, water-solu-
ble and insoluble in most organic solvents.

The coordination compounds were identified by
quantitative analysis. The iron content was deter-
mined by a spectrometric technique, the lanthanide
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content by a gravimetric method and, the carbon, ni-
trogen and hydrogen contents by a combustion
method on a Carlo Erba Model 1108—CHNS-O ele-
mental analyser. LaFeC,,H,7N30,;: found (%)/calcu-
lated (%) La, 18.69/18.67; Fe, 7.40/7.50; C,
19.38/19.36; H, 3.63/3.63; N, 5.65/5.64.
NdFeCi,H23NO,y:  found  (%)/calculated (%)
Nd, 19.69/19.67; Fe, 7.51/7.61; C, 19.66/19.64;
H, 3.14/3.13; N, 1.91/1.90.

PrFeCi,H2N>Oyp: found  (%)/calculated (%)
Pr, 19.48/19.82; Fe, 7.75/7.85; C, 20.28/20.26;
H, 3.09/3.09; N, 3.94/3.93.

EuFeC;H,7;N;0,;:  found  (%)/calculated (%)
Eu, 20.10/20.07; Fe, 7.28/7.37; C, 19.04/19.02;
H, 3.57/3.56; N, 5.55/5.54.

GdFeC;Hp;3NOp,:  found  (%)/calculated (%)
Gd, 21.09/21.07; Fe, 7.38/7.48; C, 19.32/19.30;
H, 3.08/3.08; N, 1.87/1.87.

The thermal measurements (TG, DTG, DTA)
were performed using a Q—-1500 D Paulik—Paulik—
Erdey derivatograph in a static air atmosphere, at
heating rates in the Fig. 2, with sample mass of ~ 40
mg, in ceramic crucibles with a-Al,O; as reference
compound. FTIR spectra (400-4000 cm ') were re-
corded with a BIO-RAD FTIR 125 type spectro-
photometer in KBr pellets. The structure of the as- re-
sulted powders was examined with a DRON X-ray
powder diffractometer linked to a data acquisition and
processing facility. CuK, radiation (A=1.540598A)
and a graphite monochromator have been used.

Results and discussion
Characterization of the coordination compounds

The corresponding IR spectra of the five coordination
compounds suggest a similar coordination of the
tartarate anion, namely coordination to the metal ions

Absorbance/a.u.

4000 3000 2000 1000 0
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Fig. 1 IR spectra of the polynuclear compound
a — (NHy4),[PrFe(C4O6H4);(OH),] and b — the corre-
sponding oxide, PrFeO; obtained after a thermal treat-
ment of 1 hat 1073 K
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through both its two COO™ and C—OH groups. This
statement is supported by the split of the free carboxylic
group band (~1746 cm™) into two very strong bands
characteristic for coordination carboxylic group
(Vocoasym ~1600 cm ! and Vocosym ~1400 cm’l), and by
the split of the band assigned to Vvcon
(~1088 cm'—>1110-1060 cm™). The splitting of
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Fig. 2 TG, DTG and DTA curves of the:
a— (NHy);[LaFeC406H4)3(OH)s3];
b — (NHy)o[PrFe(C4OsH4)3(OH),];
Cc— (NH4)[NdFe(C4OGH4)3(OH)]3H20,
d— (NHy);[EuFe(C406H4)3(OH)s];
e — (NHy)[GdFe(C406H4)3(OH)] 3H,0
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Vocoasym and Vocosym Vibrations leads to values of the
magnitude of separation Av (AV=Vocoasym—Vocosym) Of
~200 cm ', typical for unidentate coordination of COO™
groups [15]. The presence of the doublet at
1110-1060 cm ™' means a dissimilar coordination of the
two C—OH groups to two different metallic cations
(Ln*" and Fe’") [14, 16, 17]. The bands appearing at in
the range 500-650 cm ', can be attributed to M—O
stretching vibration. To exemplify this affirmation the
IR spectra of (NHy),[PrFe(C4OsH4)3(OH),] is presented
in Fig. la.

Non-isothermal analysis of the polynuclear
compounds

The thermal curves (TG, DTG and DTA) of the five
polynuclear coordination compounds are displayed in
Fig. 2 a—e. The thermal decomposition data on the co-
ordination compounds are listed in Table 1.

Several common characteristics may be pointed
out:

+ the thermal behaviour of the investigated com-
pounds occurs in six decomposition steps in the
temperature range 309.7-1018.0 K;

 the observed mass losses, (65.70% (La), 65.43%
(Nd), 64.42% (Pr), 63.81% (Eu) and 64.00% (Gd))
confirm the formation of compounds with molecu-
lar formula LnFeO; as end decomposition prod-
ucts, (theoretical mass losses: 67.43% (La),
66.23% (Nd), 65.63% (Pr), 66.26% (Eu) and
65.07% (Gd)). The lower values of registered mass
losses (ranging from 0.8 to 2.45%) are determined
by the adsorption on the surface of organic residue
(resulted during decomposition). Their presence is
confirmed by the IR bands identified in the range
1700-850 cm™'. An extended thermal treatment
leads to pure oxide(s), the above mentioned bands
being not any more detected in IR spectra;

« the first decomposition stage which occurs in the
temperature range 309.7-411.6 K is associated
with an endothermic effect. It represents the evolv-
ing of ammonia and water. In the case of the com-
pounds which contain crystallization water (Nd—Fe
and Gd—Fe compounds) two maxima are identified
on DTG curve, the one which appear at higher tem-

peratures (~363 K) corresponding to water elimina-
tion. The initial (7j), final (7f) and maximum
DTG temperature (7yax1pre, the temperature at
which the decomposition rate is maximum) of this
decomposition step, do not vary gradually with the
atomic number Z of the lanthanide ions;

the second decomposition step corresponds to the
transformation of tartarate anions to oxalates and
further to carbonates. For La—Fe and Nd-Fe com-
pounds, the decomposition stage occurs up to
~473 K and the conversion is only partial, leading
to [LnFe(tart);(0x),] intermediates. In the case of
the other compounds, the decomposition step is
completed at higher temperatures (up to ~533 K)
and [PrFe(ox),(CO;)] and [LnFe(ox)(COs),]
(Ln=Eu and Gd) formation is favoured. The IR
analysis of the decomposition intermediates sup-
ports the above mechanism. The disappearance
with increasing temperature of the bands assigned
to vcong (~1110 and 1060 cm’l) and vcey
(~900 cm') characteristic for the presence of
tartarate anions as ligands and, the conservation of
the bands specific for carboxylate anion (~1600
and ~1400 cm ') indicates the formation of oxalate.
The carbonate existence is confirmed by the pres-
ence of the strong absorption bands at ~1500 and
~1420 cm™' and the weak bands at ~1070 and
~840 cm ';

the second step intermediates are unstable being
converted at further heating into oxocarbonates.
LnFe(CO3),50¢05 (Ln=La and Nd) are obtained
when the final decomposition temperature of the
step is ~523 K and LnFe(COs),0 (Ln=Pr, Eu and
Gd) when the final temperature is 593—-623 K;

the oxocarbonates undergo a further three steps de-
composition, being converted into oxocarbonates
with lower content of carbonate and finally to ox-
ides. LnFe(CO3)0250¢75 intermediates are identi-
fied for all five coordination compounds as inter-
mediates in the last but one decomposition step;
the last decomposition step represents the forma-
tion of the oxides corresponding to molecular for-
mula of LnFeOj3. A lower ionic radius of lanthanide
ions determines a decrease of the temperature at
which the rate is maximum (7},.x6 ptg) and of the fi-
nal one (7%):

Lanthanide La* pr’ Nd** Eu®’ Gd*
Ton radius/nm [18]° 0.1061 0.1013 0.0995 0.0950 0.0938
Tmaxs p6/K 872.7 901.0 938.0 980.0 999.0
Tiw/K 900.7 917.0 960.4 1009.6 1018.0

ionic radius value assuming a coordination number equal with 6

J. Therm. Anal. Cal., 88, 2007
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Table 1 Thermal decomposition data of the Ln—Fe (Ln=La, Nd, Pr, Eu and Gd) polynuclear coordination compounds

T-Ty Tax DTG/ Mass loss/% )
Compound Stage Intermediate
K K exp. theor.
1 314.0-411.6 343.5 13.74 14.13 [LaFe(tart)s]
2 411.6-464.3 455.7 15.34 16.15 [LaFe(tart)(ox™),]
. 3 464.3-496.4 486.9 21.20 22.34 [LaFe(CO03),5005]
(NHy)s[LaFe(tart');(OH)]
4 496.4-617.4 550.2 5.94 5.92 [LaFe(COs3),50, 5]
5 496.4-762.8 651.0 7.87 7.4 [LaFe(CO;)0250075]
6 852.9-900.7 872.7 1.61 1.48 LaFeO;
1 312.5-401.3 356.0 10.11 9.85 [PrFe(tart);]
2 401.3-502.9 4542 29.8 29.29 [PrFe(0x),(CO3)]
3 502.9-593.0 528.6 12.8 14.04 PrFe(CO;),0
(NHy)o[PrFe(tart);(OH),]
4 593.0-707.8 651.4 7.15 7.73 PrFe(C03)0.7502.25
5 593.0-822.6 727.4 3.00 3.09 PrFe(C0O3)0.2502.75
6 870.2-917.0 901.0 1.54 1.63 PrFeO;
349.0,
1 310.0-397.8 365.0 12.15 11.45 [NdFe(tart);(OH)]
2 397.8-472.0 460.0 16.11 16.58 [NdFe(tart)(ox)]
(NH,),[NdFe(tart);(OH)]- 3H,0 3 472.0-527.0 509.4 22.56 23.20 NdFe(C0s3),5005
4 527.0-650.0 ~572 4.78 6.00 NdFe(CO3),50, 5
5 658.0-827.5 657.0 8.12 7.51 NdFe(CO3)2500.75
6 909.2-960.4 938.0 1.71 1.50 NdFeO;
1 309.7-410.4 355.1 13.14 14.00 [EuFe(tart);]
2 527.0-474.1 458.2 30.27 30.94 [EuFe(0x)(COs),]
3 474.1-625.1 577.0 9.71 9.60 EuFe(CO;),0
(NHy)s[EuFe(tart);(OH)s]
4 625.1-753.7 638.7 5.02 5.86 EuFe(CO;)0,
5 753.7-960.4 4.03 4.40 EuFe(CO;)O,25OO,75
6 753.7-1009.6 980.0 1.64 1.46 EuFeO;
347.6,
1 311.07-411.5 366.0 11.71 11.94 [GdFe(tart);(OH)]
459.6
2 753.7-533.3 480 6 31.61 31.68 [GdFe(0x)(CO;3),]
(NH,)[GdFe(tart);(OH)]- 3H,0 3 533.3-604.6 551.9 9.77 9.66 GdFe(CO5),0
4 533.3-724.0 653.0 8.38 8.85 GdFe(C04),5005
5 724.0-984.1 1.47 1.47 GdFe(C03)p2500.75
974.7,
6 984.1-1018.0 999.0 1.22 1.47 GdFeO;

tart = dianion of tartarate acid; ox = dianion of oxalic acid

The infrared spectra of the decomposition oxides
(except Eu—Fe compounds) consist in two absorption
bands associated with stretching (v, in the range
~590-570 cm') and bending (v,, in the
range ~470-400cm™') vibrations of LnFeO; [19]
(Fig. 1b).
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Characterization of the end products

The thermal decomposition of the investigated coordi-
nation compounds leads to end products which corre-
spond to the molecular formula LnFeOs, specific for
ortho-ferrites. Well-crystallized pure mixed oxides (ex-

J. Therm. Anal. Cal., 88, 2007
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Fig. 3 XRD patterns of a — Ln—Fe and b — Eu-Fe oxides (ther-
mal treatment 1 h at 1073 K)

cept Eu-Fe compound), as confirmed by X-ray diffrac-
tion analysis (Fig. 3a), were obtained after thermal treat-
ment of 1 h at 1073 K. In the case of Eu—Fe compound,
a mixture of complex oxides, namely ortho-ferrite
(EuFeOs) and garnet (EusFesO,,) together with Eu,O;
and a-Fe,O; (Fig. 3b are detected).

Conclusions

Ln-Fe (Ln=La, Nd, Pr, Eu and Gd) polynuclear
coordination compounds containing tartarate anion as
ligand underwent a six steps thermal decomposition,
via oxalate and oxocarbonate intermediates, leading
to oxides corresponding to molecular formula
LnFeO;. An increase of the final decomposition tem-
perature by ~120 K (900.7—1018.0 K) as the ionic
radius decreases from La’" to Gd*™ (0.1061—
0.0938 nm) is observed.

J. Therm. Anal. Cal., 88, 2007

Pure LnFeO; (Ln=La, Nd, Pr and Gd) complex
oxides were obtained after one hour of calcination at
1073 K. In similar condition, from Eu—Fe compound
a mixture of mixed (ortho-ferrite (EuFeOs) and garnet
(EusFes01,)) and simple oxides (Eu,0; and a-Fe,0;)
is obtained.
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