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Abstract

New Nd-Co based polynuclear coordination compounds containing as ligand polyhydrocar-
Poxylic acid as tartaric, nadic and gluconic acids were prepared, namely: |[NACo(art) | 4H,0,
(NH)[NdCoy sCuy, s(tart);]-4H,0,  (NH[NdCo(malic);|- 4H,0, (NH)[NdCo,, ;Cu,, ((malic),]-
4H,0, [NdCo(gluc),]-4H,0 and [Nd,CoCu(gluc),]-5H,0. A comparison between the thermal be-
haviour of the studied polynuclear coordination compounds concerning thermal stability and ther-
mal decomposition stoichiometry was inferred. Oxalic and malonic intermediates were identified
al about 300"C in the thermal decomposition of tartaric and malic compounds. In all the decom-
position processes at about 400°C the presence of oxocarbonate is shown. The residual products
arc mixed oxides of perovskile type.
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Introduction

Perovskites type oxides ABOy (A™=Ln, and B *=Fc¢, Cr, Ni, Co, Mn) are known
1o be active catalysts for the gas-phase reactions (CO and hydrocarbon oxidation,
NO, reduction, hydrogenation of CO and hydrocarbons, controlled partial oxidation
of hydrocarbons) [1-3]. Pcrovskites preparcd by conventional ceramic and ni-
trate/acelate decomposition methods have rather small specific arca (10 m* g7'). As
a conscquence, new strategics were developed in order to obtain fine particles of
mixed oxides. Among these, the thermal decomposition of polynuclear coordination
compounds precursor method should be mentioned.

The present investigation deals with the thermal analysis of some polynuclear co-
ordination compounds which contain as ligands tartaric, malic and gluconie acids,

precursors of the perovskites CoNdO5 and Cog sCug sNdO5 s,

Experimental

The synthesis methed of the polynuclear compeunds represents a version of the
onc used by Mclson and Pickering [4]. The polynuclear coordination compounds
were separated from the reaction medium (a solution containing Co(11)-Nd(IIT)-

*Author te whem all correspondence should be addressed.

{418-2874/99/ § 5.00 Akadémiai Kiadd, Budapest
© 1999 Akaddmiui Kiadi, Budajess Kilwwer Academic Publishers, Dordrecht



598 PATRON ct al.: COORDINATION COMPOUNDS WIT!H NEODIUM

polyhydrocarboxylic acid or Cu(IT}-Co(II}-Nd(IIL)-polyhydrocarboxylic acid) by
extraction with ethanol. Complete precipitation required 24 h, and was repeated af-
ter adjusting the pH to 5.5-6 by addition of a 20% NH4OH solution. The scparated
finc-crystalline products were filtered, washed with ethanol and dried.

Elemental analysis: the metal content was determined by atomic adsorption tech-
nique, and the carbon and hydrogen content by using a combustion method coupled
with chromatographic techniques.

Spectral measurements: the IR spectra of the polynuclear compounds were ob-
tained by the KBr disc echnique in the range 400-4000 em™' using a BIO-RAD
FTIR 125 infvarcd spectrophotometer type.

Thermal measurements: the thermal decomposition curves have been recorded
by a Q-1500 D Paulik-Paulik-Erdey derivatograph in a static air atmosphere, at heat-
ing rates in the range 2.5-5 K min™". The mass ol sample was 50 mg.

Results and discussion

Characterization of the polynuclear coordination compounds

The isolated coordination compounds are characterized by the following molecu-
lar formula:

[NUCo(ta11)3]-4H20 and (NH)[NdCoy sCug.s(tart)s]-41T:0 with tartaric acid;

(NH}NdCo(malic);]-4H;0 and {(NH)[NACop Cug s(malic)s |- 4HyC with malic
acid;

INJCo(gluc)y]-4H-0 and [Nd;CoCu(gluc)s]-5T1,0 with gluconic acid.

The results of CHN analysis agree well with the theoretical content correspond-
ing to the above formulae of the coordination compounds,

The IR spectra were used for the investigation of chemical bonding in the synthe-
sized compounds. In order (o obtain information about the polyhydrocarboxylic ion
function the following absorption regions were analyzcd:

a) 1700-1300 em”, region which is characterized by the presence of the vibra-
tion mode of the carboxilic group. Bands were assigned 10 Voo asym (~1600 em™)
and Voco cym (1390 em™"). The characteristic bands for free ~COOH are present only
in the gluconic compounds spectra.

by 1200-1000 ¢m™ region is characteristic of the vibration frequency of OH
aronp. The presence of a doublet at ~1100 cm™" and respectively ~1070 cm™' proved
that C~OH groups arc coordinated dissimilarly, namely to two different metallic
ions.

Thermal behaviour of polynuclear coordination compounds

In the following paragraphs the thermal stabilities and behaviour of the com-
peunds tested during heating in air (heating rate 5°C min™'} are described on the ba-
sis of the thermal analysis and IR spectra of the intermediates.
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Polynuclear coordination compounds with tartaric acid as ligand

Thermal decomposition data obtained for the two coovdination compounds are
listed in Table 1. It is worth mentioning that, the presence of copper ion in the coor-
dination compound led to a decrease of the final decomposition lemperature by ap-
proximately RO°C.

Table 1 Thermoanalytical data for the coordination compounds, [NdCo(tart);]-4H,O and
(NH[NdCa, ,Cuy ((tart),]- 41,0

T-T#'C  Tauw {DTGY'C Mass loss/%  Thermal cifect Suggested intermediates
[NdCo(tart),]-4H,0

93-180 107 10.34 weak endo |MdCo(tart) ]
207-316 280 4,32 weak exo [NdCo{ox),]
316-383 326 22.24 strong exo NdCo(Co,),0
383-530 452 6.02 medium exo NdCo{C0,), 0, 5
570-680 641 2.95 medium cxo NdCoO,

Total: 65.96
(NH)[NdCoy sCuy s(tart);]-4H,0

90-179 108 9.17 weak endo [NdCa, ;Cu, s(rar),]
179-250 228 15.03 weak exo [NdCo,, ;Cu,, s(rart){ox), |
250-322 10,93 medium exo [NdCo,, Cuy, ;(0x),]
322-343 1.56 strong exo
343-470 399 21.42 strong exo NdCo,, ,Cu, (COy), ;0
470-608 R 78 weak exo NdCo, Cu, O, ¢

Total: 66.64

The prepared compounds are thermally stable up to 90-95°C. Due to the gradual
hcating the compounds lose water and ammonia in a single endothermic step up to
180°C. The following oneftwo decomposition steps correspond (o the transformation
of lartaric anions to oxalate ones. The intermediates obtained are unstable, being
converted Lo oxocarbonates. Such oxocarbonate intermediates have already been re-
ported in the thermal decomposition of polynuclear coordination compounds which
coniain tartaric acid as ligands |5, 6]. These intermediates undergo a further decom-
position {two or one steps) into oxocarbonates with lower content of carbonate an-
jon. The final stage of the thermal decomposition is the total transformation of oxo-
carbonates intcrmediates.

Besides the stoichiometrie caleulations based on the thermoanalytical curves, the
above mechanism was confirmed hy IR investigations ol the intermediates. The dis-
appearance with increasing temperature of the bands characteristic for the presence
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of tartaric ligands, assigned to ve.gn (1120 and 1050 em™) and vy (900 cm™') and
the conservation until ~300°C of the bands specific for carboxylic anion, indicate the
formation ol oxalie anion. The appearance at higher temperature of the abgorption
hands assigned 10 CO?™ vibrations (1420-1410 em™" and 820-810 ¢cm™) and the in-
creasing inlensilies ol the bands assigned to the metal-oxygen bond proved the pro-
posed reaction stoichiometry.

Polynuclear coordination compounds with malic acid as ligand

Table 2 summarizes the thermogravimetric data for the two synthesized coordi-
nation compounds. It is worth emphasising that the presence ol copper ions affects
only the reactions stoichiometry with no influence on the temperature range of de-
composition occurrence,

Table 2 Thermoanalytical data for the coordination compounds, (NH,)[NdCo(malic),]-4H,0 and
(NH[NdCo,, (Cu,, s(malic);|-4H,0

T-THC T, (DTOIC Mass loss/%  Thermal ellect Suggested intermediates
(NH}[MdCo(malicy] 4H,0
90-192 110 13.39 weak endo [NdCo(malic),]
192-300 265 15.49 weak exo [NdCo(malonic),]
300-357 307 19.04 strong exo NdCo(CO,)
357-560 11.9 weak exo NdCo(€0,), 130, 4«
360-660 388 2.38 weak exo NdCoO,
Total: 61.87
(NH){NdCo, sCu, s(malic);]-4H,0
82-180 101 11.67 weak endo [NdCo,, sCu,, [(malic),]
216-275 253 14.38 weak exo [NdCo,, ;Cu,, ((malonic),)
275-328 299 12.72 strong exo [NdCo, ;Cu, s(malonic),(CO,)]
328-520 438 20.75 strong exo [NdCo,, ,Cu, (CO,),,,0,]
550-658 547 3.38 weak exo NdCo,, ,Cu, .0, ,

Total; 62.90

The five-step decompositions start with the cvolution of water and ammonia in an
endothermic step. The following decomposition step may be assigned to the trans-
formation of malic 1ons Lo malonic ones, which are subsequently converted, totally
or partially, to carbonates compounds. These intermediates are wrned into mixed ox-
ides as final products via oxocarbonates intermediates, The presence of malonic in-
termediates during the thermal decomposition of malic compounds was mentioned
in earlier studies |7].
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The IR spectrum of the intermediates isolated at about 270°C exhibits two very
strong bands assigned to carboxylate group at ~1400 ¢m™ (voeq sym) and
<1570 cm™! (voeo asym)- The band at 1090 em™! assigned to the frequency v gy dis-
appeared, which supports the reaction mechanism mentioned above. The IR spec-
trum of the reaction intermediate isolated al about 400°C exhibits some bands as-
signed to the carbonalte group: a very strong band at --1400 cm™! which replaces the
band assigned to the carboxylale groups, a strong band ~880 ¢m™ (8¢co, out of
plane) and a medium one at ~700 cm™ (8¢, in plane).

Polynuclear coordination compounds with gluconic acid

As shown in Table 3, the thermal decomposition of these compounds is similar.
The presence of copper ions has no influence upon the temperature of occurrence of
the multistep decomposition.

Table 3 Thermoanalytical data for the coerdination compounds, [NdCo(gluc),]-4H,0 and
[Nd,CeCu(gluc),]-5H,0

T-T/'C T (DTGYC Mass loss/% Thermat effect Assignation
[NAColghuc),] 4H,0
98-150 107 7.58 weak endo dehydration

internal dehydration

150-238 204 21.66 weak ¢ndo release ~COOI
238-282 262 16.68 medium exo thermal degradation of
282-333 4.11 strong exo the ligand molecules
333-561 379 28.38 strong exo
600-641 618 1.29 weak exo NdCoO,
Total: 74.39

[Nd,CoCulgluc),;]-5H,0
102-170 1t 5.1 endo dehydration
283-348 16.59 strong exo Hflzr]r:gﬁnlfﬁi;]déz:;;:t
348650 380 16.39 Strong cxo NdCo, Cuy, 05 ¢

Total: 70.66

It was not possible to establish a reaction stoichiometry for the whole decompo-
sition process due to the complexity ol the ligand molecule.

The release of water starts at about 100°C and is finished at about 150°C, four and
five molecules of water respectively being released in one endothermic step. A sec-
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ond endothermic reaction was isolated in the decomposition of [NdCo(gluc)y|-4H,0
compound, assigned to an internal dehydration and the release of free acid moiety
—COOH. The sccond decomposition step of [NdyCoCu(gluce)7]-5H20 compound 1s
accompanied only in the beginning by an endothermic effect. The decomposition
turns rapidly into an exothermic one, because of the thermal degradation of polyhy-
droxocarboxylic acid melecules. An oxocarbonale intermediale was isolated at
about 500°C for the lirst coordination compound.

Characierization of the final products of the thermal decomposition

A thermal treatment performed at 700°C-5 h, leads Lo clean perovskite phase,
Further studics will be made to correlate the precursors’” nature with specific area.
Preliminary investigations identified the optimal conditions for high specific arca mixed
oxides obtained from malic potynuclear coordination compounds as precursors.

Conclusions

1. The thermal behaviour of six pelynuclear coordination compounds of Nd and
Co with tartaric, malic and gluconic acid as ligands was investigated.

2. The decomposition process of the compounds with tartaric and malic acid led
to oxalic and malonic compounds respectively in an intermediale stage.

3. In the thermal decomposition of the compounds with gluiconic acid, an internal
dehydration was identified.

4. At temperatures higher than 350°C oxocarbonates intermediates were isolated.

5. The end producis are mixed oxides of perovskile type.
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