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Abstract

Neodyminm praseodymium oxalate decahydrate crystals were grown using silica gel tech-
nique by the controlled reaction of rare earth nitrates with oxalic acid. The grown crystal were
characterized using X-ray powder diffraction and thermogravimetric analysis. The thermal de-
composition process of the crystals is in good agreement with the proposed crystal structure.

Keywords: NdPr(C,0,),- 10H,0, oxalate crystals, X-ray

Introduction

Rare earth compounds have attracted considerable attention on account of
their interesting eiectric, magnetic and luminescent properties [ 1]. Of the various
rare sarth compounds, the oxalate family of rare earth stands out because of their
intriguing applications [2]. Some recent investigations on the fluorescence of
europium oxalate [3] suggest that the rare earth oxalate groups are potential can-
didates for optical applications. Rare earth oxalates are also used as precursor for
the preparation of the corresponding superconducting oxides [4]. The advantage
of this method over the conventional solid state reaction technique is that crystals
of a wide range of stoichiometric ratio having a high degree of homogeneity can
be prepared easily [3].

Since most of the oxalate crystals are insoluble in water and decompose he-
fore melting, it is difficult to adopt slow evaporation or melt technique to grow
these crystals. The gel technique [6] is in fact a suitable method for the growth of
crystals with low aqucous solubility and high thermal decomposition behaviour.
This paper reports the thermal decomposition process of neodymium praseo-
dymium oxalate crystals grown in hydrosilica gel.
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Experimental

Hydrosilica gel was prepared from sodium mctasilicate solution with re-
quired amount of oxalic acid as the inner reactant. Supernatant solution com-
prises equal volumes of neodymium nitrate and praseodymium nitrate solutions,
mixed with concentrated nitric acid. Afterthe proper setting of the gel the super-
natant solution was slowly added over the gel to enable the crystallization. As the
jons slowly diffuse into the gel column, impregnated with the cations of oxalic
acid, well defined crystals of neodymium prascodymium oxalate were formed
out of the following chemical reaction.

Nd(NO3)3+Pr(NO3)3+3H2C:04 — NAPr(C20.4)3-nH20+6HNO2

Depending on the pH, concentration of the reactants and the acidity of the
feed solution, the nature of crystallization varied from microcrystals to single
crystals, and the largest crystal obtained was about 5x3x1 mm in size. The grown
crystals were of different morphology but mainly hexagonal in shape. The details
of the growth process and characterisation of these crystals have already been re-
ported [7] . The X-ray powder diffraction pattern of the crystal were recorded on
a Rigaku D/max ¢ X-ray diffractometer with CuKg radiation with a scan speed,
1° min~'. The thermal decomposition of the grown crystals were studied using a
Shimadzu thermal analyser DT-40 in the temperature range 30-800°C.

Results and discussion
X-ray diffraction analysis

Recently Sheng Hua Hang ef al. [8] have reported the growth of single crys-
tals of lanthanum oxalate and its detailed crystal structure analysis. They arrived
at the stoichiometric formula Las(C»04)a-10H0 and suggested that it crystal-
lizes in the monoclinic system having space group P2,/c, and with a=11 382A,
b=9.624 A, c=10.502 A, B=114.52° and z=2. The structure is composed of two di-
mensional networks of edge sharing 1:5:3 coordination polyhedra matching the
(020) set of planes. Each Lanthanum atom being surrounded by three chelating
oxalate groups and three aqua ligands. The intervening space is filled by lattice
water molecules disordered over seven major sites, Ollendorff et al. [9] have re-
ported the X-ray diffraction studies of ncodymium oxalate decahydrate and pra-
seodymium oxalate decahydrate and found that they also crystallise in the mono-
clinic system with space group P21/c and the cell parameters are identical with
that of La,;{(C204)3-10H,0. Since the ionic radii of Nd and Pr are comparable one
can expect identical crystal structure for the double rare earth oxalate crystals as
that of the single component ones.

Figure 1 shows the X-ray powder diffractogram of NdPr(C;04)3-10H0. The
diffraction peaks are indexed assuming that it crystallises in the monoclinic sys-
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Fig. 1 X-ray diffractogram of NPO crystal

tem with space group P2)/c as in the case of single rare earth. Based on this the
lattice parameters are evaluated.

Lattice parameters of NPO crystals:

Chemical formula NdPr{C204)3- 10H20

Space group P2i/c

Cell dimensions a=112189 A
b=9.6349 A_
¢=10.2916 A
f=114.399°
=2

Volume 1013.1 A

The lattice parameters of NPO crystals are found to be identical with that of
single component systems. This suggests that the mixed rare carth oxalate crys-
tals are formed by the simple substitutional exchange of the two rare earth ions.
From a comparative study of the lattice parameters of single and mixed oxalates
of Nd and Pr with that of La, it can be concluded that the NPO crystals have the
same structure as that of Lay(C204)5-10H,0.

Thermal analysis

The machaniam and chemical intarmediates associated with the thermal
decomposition of the trivalent lanthanide oxalates have been studied exten-

sively [10-12]. The interest in these decomposition process derives largely
from the importance of the insolithle oxalates in rhe separation of lanthanides

from other metals by precipitation and for preparing the oxides of the lantha-
nides. Most of the results reported in the literature for the decomposition of
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the hydrated trivalentlanthanide oxalates are consistent with stepwise dehydra-
tion, followed by the thermal decomposition of the anhydrous oxalate to the ses-
quioxide via a dioxycarbonate intermediate [3, 13]. However, Glasner and co-
workers[14, 15]have suggestedadecompositionmechanismforanhydrousrare
earth oxalate viaadivalent intermediate. Gallagher ez a/ . {16] used Mdossbauer,
emission and IR spectroscopies and various thermal analysis techniques to char-
acterize the decomposion in the case of europium oxalate. They found no evi-
dence for a divalent europium intermediate. The observations made on the ther-
mal decomposition process of gel grown crystals of neodymium praseodymium
oxalate discussed below is in confirmation with the results obtained for Gibson
(3] and Gallagher [16].

TG and DTA curves showing the decompaosition stages of praseodymium sa-
marium oxalate decahydrate crystal are shown in Fig. 2, Taking the initial weight
as standard, the course of decomposition is analysed from the proportionate mass
loss at each stage.
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Fig. 2 TG and DTA traces of NPO crystal. Sample mass — 8.48 mg; heating rate — 10°C min ';
armosphere - O,

As indicated by the TG, the material starts decomposing at about 60°C and the
process is completed at about 590°C, and is reduced to the oxide form. The pro-
cess of decomposition involves four different stages. The first stage which is a
dehydration step continues up 1o 150°C and results in the elimination of seven
water molecules. In the second stage, 150-350°C, the rest of the water molecules
are lost, leading to the formation of anhydrous neodymium praseodymium ox-
alate. 'I'he first two endotherms in the I'TA curve correspond to these dehydra-
tion stages.

The anhydrous NdPr(C»04); is unstable and decomposes in the next stage
which extends up to 460°C. In this transition the crystal loses two CO; molecules
and three CO molecules from its carboxylic group. This intermediate dioxy car-
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bonate is stable only for a narrow range of temperature (~20°C) and is reduced to
NdPrO; in the fourth stage of decomposition extending up to 590°C. The DTA
curve in the region 350—-590°C is characterized by two exothermic peaks. The
first exotherm is typical of oxalate decomposition in air. The final exothermic re-
action is also well established for oxalate decompositions and is attributable to
the decomposition of an intermediate carbonate. Dollimore and Griffith [17]
have postulated that the highly exothermal behaviour of the oxalate decomposi-
tion in air is either due to the internal solid product or due to the oxidation of the
carbon monoxide formed. Since the rare carths would not form oxidizable solid
intermediates during oxalate decomposition, the carbon monoxide oxidation is
the most likely reason for exothermic peak.

The decomposition pattern of NPO crystal is in good agreement with that re-
ported for other rare earth oxalates [3, 16]. The proposed chemical formula and
hydration number for these crystals are found to fit well as evidenced from the
thermal studies. Two distinct stages in the dehydration process in steps of seven
and three water molecules are in agreement with the structure proposed from the
X-ray studies. The three coordinated water molecules take longer time to leave
the sample. On the other hand the other seven water molecules which are distrib-
uted at random in the intervening lattice space leave the crystal faster.

Based on TG and DTA results, the following tentative mechanisms have been
proposed for the thermal decomposition of neodymium praseodymium oxalate
decahydrate crystals.

NdPr(C204)3 10120 66311{52(?)0 NdPr(C204)3:3H20
NdPr(C204)3-3H20 i;gizsoooc NdPr(C204)3
NAPr(C204)3 e NdPr02C03
NdPr02CO3 4885509%)0(: NdPrO3

A summarized analysis of different stages associated with the thermal de-
composition of the material, observed in the thermogram along with the calcu-
lated and observed mass losses are given in Table 1.

Conclusions

The X-ray diffraction studies of the gel grown NPO crystals show that they
are structurally identical with the single rare earth crystals. The decomposition
pattern of NPO crystal is in good agreement with that reported for the other rare
earth oxalates [16]. The proposed chemical formula and crystal structure for
these crystals are found to fit well as evidenced from the thermal studies. Two
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Table 1 Thermal analysis results of NdPr(C,0,),-10H,0

Loss of Mass loss/%

Stage  Tyucomp. rcg‘/':'C material oorved ealontared Nature of reaction
1 60-150 74,0 18.03 17.28 endo dehydration
2 150-350 31,0 7.70 7.40 cndo dehydration
3 350-460 3C0+2C0, 24.30 23.58 exo decomposition
4 480-590 €O, 6.27 6.00 exo decomposition

distinct stages in the dehydration process in steps of seven and three water mole-
cules are in agreement with the general structure proposed. The three coordi-
nated water molecules take longer time to leave the sample, On the other hand the
other seven water molecules which are distributed at random in the intervening
lattice space leave the crystal faster.
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