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A novel method for the synthesis of perovskite-type 
mixed metal oxides by the inverse microemulsion 
technique 

L. M. GAN, L. H. ZHANG, H. S. O. CHAN, C. H. CHEW, B. H. LOO* 
Department of Chemistry, National University of Singapore, Republic of Singapore 

Nanoparticles of lanthanum-nickel, lanthanum-copper and barium-lead oxalates with the 
metal molar ratios of 1:1, 2:1 and 1:1, respectively, have been successfully synthesized in 
inverse microemulsions. These metal oxalate particles of about 20 nm diameter were readily 
calcined into single-phase perovskite-type LaNiO3, La2CuO4 and BaPbO3. The calcination 
temperatures for these metal oxalates were generally 100-250~ lower than those for the 
metal oxalates prepared by the conventional aqueous solution precipitation method. The 
substantial reduction in the calcination temperatures is attributed to the formation of 
uniform, near-spherical nanoparticles of the metal oxalate precursors obtained by the 
unique inverse microemulsion technique. 

1. Introduction 
The perovskite-type mixed metal oxides exhibit some 
interesting physical and chemical properties. The 
physical properties include piezoelectricity, pyroelec- 
tricity, ferroelectricity and dielectricity which have 
been utilized in technological applications in light 
modulation, infrared detection, charge storage, optical 
memory, etc. The chemical properties include high 
catalytic activity and an oxygen-transport phenom- 
enon. As such, the perovskite-type mixed metal oxides 
are an important class of materials. A review of the 
perovskite-type mixed metal oxides has recently ap- 
peared [-1]. 

Several methods, comprising all three phases, name- 
ly, the solid phase, the solution phase, as well as the 
vapour phase, have been used in the processing of the 
perovskite-type mixed metal oxides. The solid-phase 
methods are the conventional routes based on solid- 
state reactions. They involve multiple preparation 
steps such as mixing, grinding, sintering, etc., and 
quite often, homogeneity and completeness of reac- 
tions are difficult both to achieve and to ascertain. 
Moreover, solid-state reactions normally necessitate 
processing at higher temperatures. While the vapour- 
phase routes, such as chemical vapour deposition 
(CVD), molecular beam epitaxy (MBE), etc., are ca-  
pable of providing selective, high-purity deposition of 
nanoparticles, they suffer from the high cost of equip- 
ment and the dearth of suitable volatile starting ma- 
terials. With the potential advantages in producing 
homogeneous materials in complex shapes or as com- 
posites at lower calcination temperatures, and in pro- 
viding easy control of the stoichiometry of the metals 
[1], the solution routes may offer practical alterna- 

rives to the conventional routes for the synthesis of the 
perovskite-type mixed metal oxides. 

The solution-phase inverse microemulsion technique 
has attracted considerable attention in view of the small 
water domains (5-20 nm diameter) which are ideal me- 
dia for the preparation of extremely fine particles. 
Nanoparticles of metal oxides [2], metal carbonates 
[3], silver chloride [4] and silver bromide [5] have 
been prepared in inverse microemulsions. In addition, 
high Tc superconducting YBa2Cu307 -x [6, 7] has also 
been synthesized by this technique. Several chemical 
approaches have been recently investigated to produce 
homogeneous, pure and microstructurally controlled 
perovskite-type compounds [8-13]. Coprecipitation of 
metal oxalates [12, 13] is one of the better chemical 
techniques which produces uniform cation distribution 
and a small impurity contamination. In this study, we 
have successfully demonstrated the use of the inverse 
microemulsion technique in the preparation of single- 
phase perovskite-type mixed metal oxides. The cop- 
recipitated nanoparticles of lanthanum-nickel, lan- 
thanum--copper, and barium-lead oxalates, derived 
from the corresponding inverse microemulsion systems, 
were readily converted to fine powders of the perov- 
skite-type LaNiO3, La2CuO4 and BaPbO3 by calcina- 
tion at processing temperatures considerably lower 
than those required in the conventional techniques. 

2. Experimental procedure 
2.1. The preparation of oxalate precursors 

in inverse microemulsions 
The oxalate precursors, namely, lanthanum and nickel 
oxalates, lanthanum and copper oxalates, barium and 
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T A B L E  I Compositions (based on wt %) of inverse micro- 
emulsions 

Mixed Common components Metal Precip- 
micro for MA and MB ions itation 
emulsion in MA agent 
system a NP-5 PE Octane in MB 

La/Ni 1 25.5 59.5 - 15 15 
2 42.5 42.5 - 15 15 

La/Cu 3 25.5 59.5 - 15 15 
4 42.5 42.5 - 15 15 

Ba/Pb 5 25.5 - 59.5 15 15 
6 42.5 - 42.5 15 15 

cined oxide samples, which were coated with gold, 
were examined with a scanning electron microscope. 

2.4. The rma l  ana lys i s  of meta l  o x a l a t e s  
Thermal gravimetric analysis (TGA) and differential 
thermal analysis (DTA) of coprecipitated oxalate par- 
ticles were performed on a Dupont 2100 thermal ana- 
lyser. Samples of 5-10 and 15-20 mg were heated in 
air at 15 ~ to 900~ for TGA and DTA, re- 
spectively. 

"La/Ni system: 0.2 M La (NOa)3/0:2 M Ni (NO3)2 in MA and 0.5 M 
oxalic acid solution in MB. La/Cu system: 0.2 g La (NOa)3/0.1 N 
Cu (NOa)z in MA and 0.4 M oxalic acid solution in MB. Ba/Pb 
system: 0.1 N Ba (NO3)2/0.1 M Pb (NO3)z in MA and 0.2 g am- 
monium oxalate solution in MB. 

lead oxalates, were prepared in inverse microemul- 
sions. For all these cases, two types of inverse micro- 
emulsion, designated A and B, were initially prepared 
and then proportionally mixed to yield the desirable 
metal oxalates. The microemulsion A(MA) consisted 
of a non-ionic surfactant of poly(oxyethylene)s nonyl 
phenol ether (NP-5), petroleum ether (PE, b.p. 
60-80 ~ or octane, and an aqueous solution of mixed 
metal nitrates, which were the reactants. The concen- 
trations of the different nitrate solutions are given in 
Table I. The nitrate salts used were better than 99.9% 
in purity. The microemulsion B (MB) consisted of an 
aqueous solution of oxalic acid (0.4-0.5 M), the pre- 
cipitating agent, and NP-5 and PE or octane which 
were common components to MA. The metal nitrates 
in MA reacted slowly with the oxalic acid in MB as 
the two inverse microemulsions with certain composi- 
tions were mixed with continuous stirring at room 
temperature. After about 6-7 h mixing, very fine metal 
oxalate particles were recovered by centrifugation. 
The recovered metal oxalates were washed with 
acetone to remove NP-5 and then dried at l l0~ in 
an oven. 

2.2. The preparation of perovskite-type 
mixed metal oxides 

The light-green powder mixture of lanthanum and 
nickel oxalates was calcined at 800 ~ for 20 h, the 
light-bluish powder mixture of lanthanum and copper 
oxalates was calcined at 600 and 700 ~ for 2 h, where- 
as the white powder mixture of barium and lead 
oxalates was calcined at 600 and 650 ~ for 12 h. After 
calcination, these mixed metal oxides were cooled 
slowly in the furnace to room temperature. 

2.3. Morphologies of metal oxalates and 
calcined oxide particles 

A drop of the mixed MA and MB was deposited on 
a copper grid and the nanoparticles of metal oxalates 
were examined in situ with a transmission electron 
microscope (Joel Model 100CX). In addition, the cal- 

2.5. Characterization of mixed metal oxides 
Inductively coupled plasma/atomic emission spectro- 
metry (ICP/AES) was used to analyse the metal con- 
tents in the calcined oxide samples with a Plasmascan 
710 (Lab Tan Company). Powder X-ray diffraction 
(XRD) experiments were done on a Phillips 1792 dif- 
fractometer using CuKa radiation to identify the 
phase(s) present in the calcined oxide samples. 

3. Results and discussion 
3.1. The microemulsion systems 
An inverse microemulsion is a thermodynamically 
stable and optically isotropic dispersion of aqueous 
microdroplets in a continuous oil phase. The system is 
stabilized by surfactant molecules at the water-oil 
interface. Fig. la shows two types of inverse micro- 
emulsion regions (shaded area) for the preparation of 
the La-Ni or La-Cu oxalates. The microemulsion 
obtained from the region as enclosed by the solid line 
is designated as MA which consists of reactants of 
mixed nitrates of lanthanum (0.2 M) and nickel (0.2 M), 
and the two unreactive components NP-5 and PE. 
A nearly similar microemulsion region is also ob- 
tained for the system containing an aqueous solution 
of mixed nitrates of lanthanum (0.2 M) and copper 
(0.1 M). On the other hand, the microemulsion ob- 
tained from the region as enclosed by the dashed line 
is MB, which contains the precipitating agent as an 
aqueous solution of 0.5 M oxalic acid for the La-Ni 
system, or 0.4 M oxalic acid for the La-Cu system, in 
addition to NP-5 and PE which are common to MA. 
Similarly, Fig. lb shows the MA region (enclosed by 
the solid line) which consists of reactants of barium 
(0.1 M) and lead (0.1 M) nitrates, NP-5 and octane. The 
corresponding MB region (enclosed by the dashed 
line) consists of an aqueous solution of 0.2 M am- 
monium oxalate, which is the precipitating agent, and 
NP-5 and octane. 

Metal oxalates could be prepared, in principle, from 
numerous combinations of MA and MB within the 
shaded areas as shown in Fig. la and b. In particular, 
stable mixed microemulsions could usually be 
achieved by using the same compositions of NP-5 and 
PE/octane from the common microemulsion regions. 
The 15 wt % aqueous phase (MA and MB) was used 
for all microemulsions, because it was found earlier 
that a homogeneous 1 : 1 mixture of lanthanum and 
nickel oxalates was readily obtained from microemul- 
sions containing 15 wt% or more of the aqueous 
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Figure 1 Phase diagrams of microemuls ions  at 28 ~ C. (a) ( - - )  Microemulsion A, X: a mixed aqueous solution of 0.2 N La(NO3) 3 and 0.2 M 
Ni(NO3) 2; (---)  microemuls ion B, X: 0.5 M oxalic acid aqueous  solution. (b) ( - - )  Microemulsion A, Y: a mixed aqueous  solution of 0.1 g 
Ba(NO3) 2 and 0.1 M Pb(NO3) z; (- - -) microemuls ion B, Y: 0.2 M a m m o n i u m  oxalate aqueous  solution. 

phase [14]. Table I shows the six compositions of the 
microemulsions which have been investigated in this 
study. These compositions are roughly shown by the 
points M and N in Fig. la, and the points O and P in 
Fig. lb. The La-Ni, La-Cu and Ba-Pb oxalates syn- 
thesized from these microemulsion combinations are 
designated as samples 1 and 2, 3 and 4, 5 and 6, respec- 
tively. In order to ensure complete precipitation of the 
metal oxalates, the amount of MB containing the 
precipitant (either oxalic acid or ammonium oxalate) 
used must be in excess. 

3.2. The metal oxalate precursors 
As MA and MB were both transparent, the formation 
of the mixed metal oxalate particles could be followed 
optically by the quasielastic light scattering (QELS) 
technique. From the QELS measurements, the appar- 
ent diameters of the inverse microemulsion droplets 
containing metal nitrates were found to increase 
roughly from about 5 nm to 10 nm as the aqueous 
phase in the microemulsion was increased from 
5 wt % to 15 wt % [14]. It is known that microemul- 
sion droplets collide with each other and then move 
apart very rapidly [15]. Once the respective MA and 
MB were mixed, metal oxalate particles formed in the 
water domains of these microemulsion droplets 
through collisions and diffusions between the metal 
and oxalate ions. The mixed metal oxalate particles 
formed in the microemulsions were initially stable in 
the water domains, but they gradually flocculated and 
finally precipitated. The ultrafine La-Ni and Ba-Pb 
oxalate particles formed in the mixed microemulsions 
were generally stable for at least 2 h, but only 1 h for 
the La-Cu oxalate particles. 

The molar ratios of La:Ni, La:Cu and Ba:Pb in 
the recovered metal oxalates were analysed by the 
inductively coupled plasma/atomic emission spectro- 
scopy (ICP/AES) method. It was found that complete 
coprecipitation of the metal oxalates could only be 
attained in the above cases when the precipitants used 

were 15%'30% in excess of the stoichiometric 
amounts. From the microemulsion compositions used 
as listed in Table I, the molar ratios of La : Ni, La" Cu 
and Ba : Pb in the oxalate coprecipitates were found to 
be 1.00 4- 0.03, 2.00 _+ 0.03 and 1.00 _+ 0.02, respec- 
tively. In each of these cases, less than 10 p.p.m, metal 
ions was detected in the filtrate, indicating that almost 
all of the metal ions had reacted with the precipitant 
oxalic acid or ammonium oxalate in forming the insol- 
uble oxalates. 

Transmission electron micrographs of the La-Ni, 
La-Cu and Ba-Pb oxalate coprecipitates revealed 
that these oxalate particles were very uniform and of 
nanometre size. Typical transmission electron micro- 
graphs of the La-Ni oxalate particles in the samples 
1 and 2 are shown in Fig. 2. These particles are quite 
spherical and monodispersed, with an average size of 
about 20 nm diameter. An increase in the time of 
mixing of MA and MB from 2 rain to 2 h did not 
facilitate further growth of particles in the sample 
1 (Fig. 2a and b). This result suggests that the oxalate 
particles formed very rapidly as soon as MA and MB 
were mixed. After a few hours of mixing MA and MB, 
flocculation of the oxalate particles occurred, which 
eventually led to the coprecipitation of the oxalate 
particles. Because of the flocculation of the metal 
oxalate particles, the appearance of the mixed micro- 
emulsions slowly changed from transparent to opaque 
over a period of time. The flocculation mechanism was 
substantiated by the experimental observation that 
the oxalate coprecipitate powder, after washing with 
acetone and drying in an oven, could still be redisper- 
sed by sonification (Fig. 2c). 

In addition to stabilizing the microemulsions at the 
water-oil interfaces, the surfactant molecules also pro- 
tected the oxalate particles from coalescence as soon 
as they were formed in the mixed microemulsions. 
However, from Fig. 2a and d, it is apparent that an 
increase in the surfactant concentration in the mixed 
microemulsions did not seem to affect the particle size 
of the La-Ni oxalate coprecipitates. Since there 
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Figure 2 Transmission electron micrographs of the La-Ni oxalates 
from microemulsions. (a) Sample 1 after 2 min mixing; (b) sample 
1 after 2 h mixing; (c) the coprecipitated particles in sample 1 after 
washing and redispersion; (d) sample 2 after 2 rain mixing. 
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were no appreciable differences in the particle size for 
samples 3-6 at different mixing durations, only trans- 
mission electron micrographs for the oxalate particles 
formed after 2 rain mixing (Fig. 3a and c), and those 
after washing and redispersion (Fig. 3b and d) are 
shown. The particles of the La-Cu oxalates (samples 
3 and 4) and the Ba-Pb oxalates (samples 5 and 6) had 
an average size of about 5 and 8 nm diameter, respec- 
tively. These results show that the flocculated La-Cu  
and Ba-Pb oxalate coprecipitates could be readily 
redispersed to almost their initial sizes. Similar to the 
case of the La-Ni  oxalates, an increase in the surfac- 
tant concentration and a change in the organic phase 
(PE or octane) also did not seem to affect the particle 
size of the La-Cu and 'Ba-Pb oxalates. 

Thermal analysis was performed on the co- 
precipitated oxalates in order to study their thermal 
decomposition behaviour. The TGA and DTA curves 
of the La-Ni, La-Cu and Ba-Pb oxalate coprecipi- 
tates are shown in Fig. 4. For  all three systems (see 
Table I), the TGA/DTA curves of the oxalate co- 
precipitates agreed well with the combined thermal 
behaviour of the component metal oxalates. Hence, 
the thermal analysis results established that each of 
these coprecipitates consisted of a mixture of metal 
oxalates. For  all the metal oxalates, thermal decompo- 
sition took place after a dehydration step (except for 
lead oxalate) which was completed before 240 ~ The 
exothermic peaks at about 400~ for lanthanum 
oxalate (Fig. 4a and b), 360~ for nickel oxalate 
(Fig. 4a), 300 ~ for copper oxalate (Fig. 4b), 450 ~ 
for barium oxalate (Fig. 4c), and 375~ for lead 
oxalate (Fig. 4c) corresponded to their thermal de- 
compositions [16-18]. For  both La-Ni  and La-Cu 
oxalate coprecipitates, a small exothermic peak was 
observed at about 500~ which was absent in the 
DTA curves of the component metal oxalates (Fig. 4a 



Figure 3 Transmission electron micrographs of the L~Cu and 
Ba-Pb oxalates from microemulsions. (a) Sample 3 after 2 min 
mixing; (b) the coprecipitated particles in sample 4 after washing 
and redispersion; (c) sample 5 after 2 rain mixing; (d) the cop- 
recipitated particles in sample 6 after washing and redispersion. 

and b). The small exothermic peak for the La-Ni  
oxalate coprecipitates was ascribed by Takahashi 
et al. [16] to the formation of the intermediate oxide 
phase of La2NiO4. Likewise, the small exothermic 
peak for the La-Cu oxalate coprecipitates might be 
attributed to a yet unidentified intermediate phase of 
lanthanum-copper oxide. For  the Ba-Pb oxalate co- 
precipitates, the phase transition and thermal de- 
composition of BaCO3, formed after the decomposi- 
tion of barium oxalate, took place at about 620~ 
(Fig. 4c). This temperature was much lower than that 
for the neat barium oxalate, in which the phase 
transition and thermal decomposition of BaCO3 oc- 
curred at 800 and 960~ respectively [19,20]. This 
may be due to the presence of BaPbO3 phase which 
catalysed the decomposition of BaCO3 at lower tem- 
peratures. 

3.3. The mixed metal oxides 
From the XRD studies, it was found that all the 
oxalate coprecipitates synthesized based on the micro- 
emulsion compositions in Table I were readily con- 
verted to the corresponding single-phase perovskite- 
type mixed metal oxides by calcination at high tem- 
peratures. Since the same results were obtained for 
both samples in each case, only the results for the 
odd-numbered samples are given. The three mixed 
metal oxides obtained are discussed individually be- 
low. 

3.3. 1. LaNi03 
The mixed oxide LaNiO3 is sensitive to oxygen at 
elevated temperatures [21], and is unstable in air 
at temperatures above 860~ [22]. Specifically, it 
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Figure 4 (- - -) TGA and (--) DTA curves of the La-Ni, La-Cu and Ba-Pb oxalates. (a) Lanthanum and nickel oxalates, (b) lanthanum and 
copper oxalates, (c) barium and lead oxalates. 

decomposes gradually to the lower oxide La,+lNi,  
03,+ t at higher temperatures [23,24] and finally to 
La2NiO4 at above 1200~ For these reasons, the 
synthesis of pure LaNiO3 is restricted to a limited 
temperature range. 

Recently, Takahashi e t  al.  [16] have reported the 
preparation of LaNiO3 powder from the copre- 
cipitated lanthanum and nickel oxalates in 
a water-alcohol mixed solution of oxalic acid. The 
optimum conditions were to use equal volumes of 
water and ethanol for an oxalic acid solution of 
0.4-1.0 M, and an aqueous solution of 0.2-0.6 
M mixed metal chlorides in coprecipitating the metal 
oxalates. These coprecipitates were then calcined from 
800-850~ and a fine powder of LaNiO3 was ob- 
tained. 

In the present method, single-phase LaNiO3 was 
readily obtained by calcining the La-Ni  coprecipitates 
at 800 ~ for 20 h. Fig. 5a shows a representative XRD 
spectrum of the calcined samples. The XRD patterns 
are identical to those reported for the pure LaNiO3 by 
Fierro e t  al.  [25]. In contrast, calcined samples from 
the La-Ni  coprecipitates obtained from the conven- 
tional aqueous solution precipitation method con- 
sisted of more than one phase. Their XRD spectra (see 
Fig. 5b) shows several peaks in addition to those for 
the single-phase LaNiO3, which is indicative of the 
presence of some minority phases. The identities of the 
minority phases were not determined, as it was not the 
goal of the present research. Nonetheless, the su- 
periority of the inverse microemulsion method over 
the conventional aqueous solution precipitation 
method in producing single-phase oxalate coprecipi- 
tates is obvious when comparing the following 
ICP/AES results. The molar ratio of La :N i  in ~the 
La-Ni  oxalate coprecipitates before calcination was 
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Figure 5 X-ray diffraction patterns of the La-Ni oxalate samples 
after being calcined at 800~ for 20 h. (a) The sample from the 
inverse microemulsion method; (b) the sample from the conven- 
tional aqueous solution precipitation method. 

analysed by ICP/AES and was found to be 1.00 _+ 0.03 
in the present method, whereas it was 1.22 _. 0.03 for 
the samples prepared by the conventional aqueous 
solution precipitation method. The molar ratio of 
La :Ni  of 1.22 in the latter case may be due to the 
different rates of precipitation of the lanthanum and 
nickel oxalates. When the aqueous solutions of metal 
nitrates and oxalic acid are mixed, the lanthanum and 
nickel oxalates form instantaneously and the extent to 
which they precipitate out in solution depends on 
their solubility products, K=p. (The K=v values for 



On the contrary, in the inverse microemulsion 
method, the reaction kinetics is controlled by the 
collisions and diffusions between the metal and 
oxalate ions in the microemulsions [15]. As soon as 
the metal oxalate particles are formed, they are pro- 
tected by the surfactant molecules from coalescence, 
and hence the precipitation process is slow, extending 
over a period of several hours. 

The mixed valency of the nickel ions in the LaNiO3 
powder was analysed, and its chemical formula can be 
expressed as LaNiO2.82_ 2.90 due to the coexistence of 
the Ni 2 § and Ni 3 § ions in the oxides. The procedure 
for the quantitative analysis of Ni 3 + is as follows [16]; 
a 0.2 g amount of KI was first dissolved in 25 ml 
12 NH4C1. 0.250 g of LaNiO3 powder was then added 
to this solution and completely dissolved. The Ni 2 + 
formed from the reaction o fNi  3 § with I -  was titrated 
with a standardized sodium thiosulphate solution. 

Scanning electron micrographs of the LaNiO3 pow- 
ders indicate the presence of fine grain particles of 
about 0.2 lain diameter which aggregated to a larger 
size of about 2 gm of near-spherical shape (Fig. 6a). 

Figure 6 Scanning electron micrographs of the perovskite-type 
mixed metal oxide powders. (a) LaNiO3, (b) LazCuO4, (c) BaPbO3. 

lanthanum and nickel oxalates are not available in the 
literature, but for other metal oxalates they span over 
a wide range from 10-7-10 - 12, see for example [26].) 

3.3.2. Lae Cu04 
Fig. 7a shows the XRD spectrum of sample 3 after it 
was calcined at 700 ~ for 2 h. Calcination of the 
La-Cu  oxalate coprecipitates at this temperature gave 
rise to the single-phase La2CuO~ as their XRD pat- 
terns were identical to those reported earlier for the 
pure La2CuO4 [17]. However, calcination at a lower 
temperature 600 ~ produced predominant XRD pat- 
terns of La2CuO4 and additional weak peaks at the 20 
values of about 30 ~ 35 ~ and 40 ~ indicating incomplet- 
ion of the reaction at this temperature. 

Fig. 7c shows the XRD spectrum of a sample from 
the La-Cu  oxalate coprecipitates obtained from the 
conventional aqueous solution precipitation method. 
The result is quite similar to that shown in Fig. 7b. 
Apparently, the calcination temperature at 800 ~ was 
not high enough to complete the reaction. Nonethe- 
less, single-phase La2CuO4 was readily obtained when 
the oxalate coprecipitates were calcined at 950 ~ for 
2 h. Earlier, Andrade and Marchado [17] studied the 
formation of LazCuO4 from a metal oxalate mixture 
in acid medium. The metal oxalates formed were 
a well-defined mixture of non-crystalline lanthanum 
oxalate and a crystalline copper oxalate. Polycrystal- 
line La2CuO4 was obtained after the metal oxalates 
were heated in the air at 950 ~ for 2 h. 

Hence, the calcination temperature to produce 
single-phase La2CuO4 in the inverse microemulsion 
technique was about 250 ~ lower than that required 
in the conventional aqueous solution precipitation 
method or in the method of Andrade and Marchado 
[17]. The substantial reduction in the calcination tem- 
perature is attributed to the formation of uniform, 
spherical nanoparticles of the La -Cu  oxalate precur- 
sors which increases the surface forces, causing the 
particles to flow at lower temperatures [1]. 

The scanning electron micrograph of the La2CuO4 
powders (Fig. 6b) shows that they were aggregates of 
irregular fine grains of micrometre size. 
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Figure 7 X-ray diffraction patterns of the La-Cu oxalate samples 
after being calcined at different temperatures for 2 h. (a) Sample 
3 (700 ~ (b) sample 3 (600~ (c) the sample from the aqueous 
solution precipitation method (800 ~ 

3.3.3. BaPb03 
The preparation of BaPbO3 from an ethanol solution 
of oxalic acid and an aqueous solution of Ba-Pb 
nitrates was reported by Yamanaka et al. [18]. They 
obtained BaPbO3 by calcining Ba-Pb oxalate cop- 
recipitates at 727 ~ for about 14 h. 

Fig. 8a shows the XRD spectrum of sample 5 after it 
was calcined at 650~ for 12 h. Calcination at this 
temperature of the Ba- Pb oxalate coprecipitates gave 
rise to the single-phase BaPbO3 as their XRD patterns 
were identical to those reported by Yamanaka et al. 
for the pure BaPbO3 [18]. Calcination at a lower 
temperature 600 ~ produced predominant XRD pat- 
terns of BaPbO3 as well as additional weak peaks at 
the 20 values of about 23 ~ , 32 ~ and 35 ~ , which shows 
the incompletion of the reaction at this temperature. 

For comparison, the XRD result of a sample from 
the Ba-Pb oxalate coprecipitates obtained from the 
conventional aqueous solution precipitation method 
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Figure 8 X-ray diffraction patterns of the Ba-Pb oxalate samples 
after being calcined at different temperatures for 12 h. (a) Sample 
5 (650 ~ (b) sample 5 (600 ~ (c) the sample from the conven- 
tional aqueous solution precipitation method (650 ~ 

is given in Fig. 8c. The result is quite similar to that 
shown in Fig. 8b. Again, the calcination temperature 
of 650 ~ was not high enough to ensure the comple- 
tion of the reaction. In this case, single-phase BaPbO3 
was readily obtained at 750 ~ for 12 h. 

The calcination temperature to produce single- 
phase BaPbO3 by the inverse microemulsion tech- 
nique was about 100 ~ lower than that required in 
the conventional aqueous solution precipitation 
method, and 77 ~ lower than that of Yamanaka et al. 
[18]. 

The scanning electron micrograph of BaPbO3 pow- 
ders reveals that they were also aggregates of irregular 
fine grains of micrometre size (Fig. 6c). 

4. Conclusion 
Monodispersed and spherical nanoparticles (about 
20nm diameter) of La-Ni, La-Cu and Ba-Pb 
oxalates with the metal molar ratios of 1 : 1, 2 : 1 and 
1:1, respectively, have been synthesized from react- 
ions in inverse microemulsions. By calcining these 
La-Ni, La-Cu and Ba-Pb oxalate coprecipitates at 
800, 700 and 650 ~ respectively, the corresponding 
single-phase perovskite-type LaNiO3,La2CuO~ and 
BaPbO3 were readily obtained. The mixed metal ox- 
ide powders were the aggregates of micrometre-size 
grains. The calcination temperatures for these oxalate 
coprecipitates were generally 100-250 ~ lower than 
those for the metal oxalates prepared by the conven- 
tional aqueous solution precipitation method. Thus, 
the inverse microemulsion method offers a new route 
for the synthesis of pure, stoichiometric and homo- 
geneous perovskites of micrometre size at lower calci- 
nation temperatures. This method can also be applied 
to other perovskite systems once suitable microemul- 
sion phase diagrams are established. 
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