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ABSTRACT 
A low temperature aqueous solution preparation under strong alkaline 
medium is reported for the synthesis of bismuth cuprates. Highly crystalline 
products were obtained at temperatures around 90 “C. Tetragonal Bi2Cu04 
appears to be the only stable phase formed in the Bi-Cu-0 system under 
these conditions. 
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INTRODUCTION 

Conventionally, solids are prepared through reactions proceeding at high temperatures under 
equilibrium conditions. Such efforts are often hampered by slow diffusion kinetics and 
incomplete reactions, rendering it difficult to obtain pure, single phase materials. The recent 
developments in the field of high temperature superconductivity has underlined the 
importance of synthesizing solids by several methods in order to control their chemical 
composition, crystal and electronic structures (1). Chemical solution routes such as sol-gel, 
hydrothermal, and high alkaline media are becoming popular (1) to prepare metastable, as 
well as thermodynamically stable, compounds containing copper oxides, at moderate 
temperatures. 

High alkaline media have been found to be ideal for the direct precipitation of several 
bismuthates and cuprates (2-7). During the course of synthesizing various bismuth 
containing cuprates, we found that BizCu04 could be crystallized from aqueous solution at 
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90 “C. In this paper, we report some preliminary studies on the synthesis and 
characterization of materials. 

EXPERIMENTAL 

Aqueous solutions of bismuth nitrate (1 M) and metal nitrate (1 M) in varying molar 
proportions (Bi/Cu = 25 to 0.5; total volume 50 ml) were added dropwise to 50 ml of a 
strong alkali solution (LiOH, NaOH, or KOH) taken in a three-necked glass flask, with 
continuous stirring. The final pH was around 13-14 in all cases. Air was passed through the 
solution continuously, keeping the temperature around 360 K. After about lo- 15 h, the solid 
products were filtered, washed free of alkali, and dried in air. Iodometric titration was used 
to determine the oxidation state of copper, and EDAX and atomic absorption spectroscopy 
(AAS) were employed for the estimation of alkali metal. The oxides obtained were 
characterized by X-ray powder diffraction (Rigaku), IR absorption spectroscopy (Nicolet 
SDX), thermal analysis (Stanton Redcraft, STA 780), particle size analysis 
(Microphotosizer, Seishin SKC 2000), scanning electron microscopy (Cambridge 
Instrument, Scan 360) and magnetic susceptibility measurements (Faraday balance). 

RESULTS AND DISCUSSION 

X-ray powder diffraction studies of the solids prepared from aqueous solutions revealed that 
all samples were crystalline. In solutions containing Bi/Cu in the molar ratios 5 to 0.5, only 
one phase appears to have crystallized predominantly under our preparation conditions. The 
powder diffraction patterns of all the phases were almost similar and could be indexed on a 
tetragonal cell with a - 8.5 A and c - 5.8 A. A single phase was obtained only when the 
composition was around Bi/Cu = 2. A comparison of the reflections and intensities suggests 
that the compound is Bi2Cu04. We observed that only Bi2Cu04 was formed when different 
alkali were used. 

Chemical analysis of the compound using iodometric titration confirmed that oxidation 
state of copper is essentially 2+, and the amount of copper in BizCu04 was estimated to be 
about 23.8%. EDAX and AAS analysis did not reveal the presence of alkali metal, 
suggesting a significant amount of alkali metal was not incorporated into our samples. It 
should be noted that Ham et al. (7) has reported that a small amount of alkali is incorporated 
into LazCu04 when the material is synthesized under molten alkaline conditions. It is 
possible that our samples may have been slightly nonstoichiometric, but if there was alkali 
incorporation, it was too small to be detected by our techniques. Our attempts to synthesize 
Bi&u205 from solution route, however, resulted into a mixture of Bi2Cu04 and a few weak 
lines corresponding to CuO. It should be noted here that under similar conditions monoclinic 
a-Bi203 and CuO were precipitated when the solution contained only bismuth nitrate or 
copper nitrate. 

Arjumond and Machin (8) reported the formation of an orthorhombic phase BizCuzOs at 
high temperatures. We prepared this material following their preparation. Though our X-ray 
data compared well with their results, indexing of the powder pattern and intensities 
revealed that it was a mixture of Bi2Cu04, a small amount of CuO, and a few unidentified 
weak lines. Our results show that, in all probability, BizCu04 is the only phase known to 
form in the Bi-CuO system both at low and high temperatures. 



(a) 
FIG. 1 
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Scanning electron micrographs of Bi2Cu04 prepared from (a) high alkaline method and (b) 
ceramic route. 

Thermal analysis of BizCu04 samples indicated that no water molecules were 
incorporated into the structure. Also, the phase remained stable till decomposition 
temperature (-850 “C), indicating that it is essentially the same material as that of high 
temperature preparation. IR spectra also did not show any characteristic absorption due to 
water or hydroxyl groups. 
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FIG. 2 
Particle size distribution of low temperature synthesized BizCu04 powder. 
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FIG. 3 
XLM versus T plot for low temperature synthesized bismuth cuprate. Inset shows X1~ ver- 
sus T plot for Bi2Cu04 prepared through ceramic route. 

A scanning electron microscopic examination of the BizCu04 samples (Fig. la) prepared 
with different alkali showed that uniform particles with spherical. habits were found when 
NaOH was used rather than LiOH or KOH. Figure 2 shows the particle size distribution of 
Bi2Cu04 crystallized from aqueous solution. SEM analysis and particle size measurements 
indicate that we have obtained monodisperse powders in our study. Surface area of these 
particles were found to be around 2-3 m*/g. On the other hand, morphology of BizCuQ 
powders prepared from ceramic route (Fig. lb) were distinctly different, with nonuniform 
size and shape. 

D.C. magnetic susceptibility measurement of Bi&u04 synthesized by high alkaline 
method is shown in Figure 3. For the purpose of comparison, in the same figure we have 
shown x-lhl versus T plot of Bi&uOe prepared by ceramic route. The data of the sample 
prepared by the latter method is in full agreement with the literature (9,lO) showing 
antiferromagnetic behavior with TN around 50 K; the effective magnetic moment was 
calculated to be around 1.372 B.M. in the paramagnetic region. In contrast to this, BizCu04 
synthesized from high alkaline route exhibited a different behavior at low temperatures. 
Though inverse susceptibility decreased with decreasing temperature, the trend was reversed 
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below 50 K (refer Fig. 3). The effective magnetic moment was calculated to be 1.19 B.M. in 
the paramagnetic region. 

We also made attempts to precipitate solids with the nominal compositions BhSrXuOs 
and Bi&-zCaCuzO* in high alkaline medium from solution containing respective metal 
nitrates. In both cases, Bi2Cu04 formed as a major phase. It therefore appears that Bi2CuOd 
is the only stable phase formed in the Bi-M-Cu-0 (M = Ca, Sr) system under our 
preparation conditions. 
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