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Introduction

Transition metal oxides display various physical properties, which make them suitable for technical applications. Typical and often quoted examples among the oxide systems with Mn3+/Mn4+ ions in octahedral coordination are perovskite manganites Ln1-xAxMnO3 (Ln = La, Pr, Nd; A = Ca, Sr). They have the potential to become ferromagnetically ordered and, at the same time, metallic. The itinerant charge carriers are thus spin-polarised, which makes manganites prospective for spin electronics and other magnetic applications. The conditions for the appearance of ferromagnetism and metallicity were thoroughly studied in many papers (see e.g. [1, 2] and references therein). The origin may be seen in the so called double‑exchange (DE) mechanism [3] that synergically favours fast migration of manganese eg electrons and ferromagnetic order due to a strong Hund intra-atomic coupling of the itinerant eg electrons to the localised t32g electrons at Mn sites. On the other hand, the tendency of DE to order the Mn spins ferromagnetically via delocalisation of eg electrons is opposed by strong electron-lattice interactions which prefer the eg electron localisation and result in orbital ordering (Jahn-Teller effect of Mn3+ ions), as well as in the Mn3+/Mn4+ charge ordering effects for particular values of x [4 – 8]. There are, moreover, indications that in other charge ordered manganite systems the Mn sites are completely indistinguishable and practically form pairs of Mn ions which share one extra eg electron (Zener pairs) [9, 10]. This situation possibly occurs namely for the Mn3+/Mn4+(1:1) ordered systems Bi0.5Ca0.5MnO3 and Bi0.5Sr0.5MnO3 where the tendency to charge ordering in the Mn sublattice is promoted by stereoactivity of the lone electron pair on Bi3+ ions. An importance of Bi0.5Sr0.5MnO3 lies further in the fact that the charge ordering is accomplished already at room temperature, which makes it feasible to perform the high-resolution electron microscopy investigation (i.e. in the atomic scale). This study revealed a strange double-stripe behaviour [11], which is incompatible with the conventional model of Mn3+/Mn4+(1:1) order. In order to progress with the understanding of the charge ordering and the role of the Bi3+ lone electron pair, high quality single crystals have to be manufactured. 

Crystal Growth

Since all known manganites melt incongruently, the application of common „own-melt“ methods for single crystal growth are excluded. Hence, single crystals of the Bi-based manganites were grown using the conventional flux method with an excess of Bi2O3 used as flux. Each experimental run started by the determination of the saturation temperature using high temperature microscopy chamber of own construction mounted to the microscope with a possibility of reflected-light observation [12]. The melts were prepared by thoroughly mixing the analysed powdered starting materials (SrMnO3, CaMnO3, MnO2, and Bi2O3) and putting them into 25 cm3 platinum crucibles. The crucible was then placed into a muffle furnace. The temperature was raised slowly up to the temperature about 50 K higher than the liquidus temperature and maintained for a period of 12 hours. After soaking period the temperature was decreased at a rate of 1 K per hour down to 800˚C. The crystals were then separated by pouring out the melt on porous ceramic brick in the furnace which was then switched off and allowed to cool rapidly to room temperature. The chemical composition of all crystals was established using AAS (atomic absorption spectroscopy). 

Measurement of Magnetic and Electrical Properties

The critical temperatures for the charge order (CO) are higher for the Sr-doped Bi-based manganites (545 K for Bi0.5Sr0.5MnO3) than for Ca-doped Bi-based manganites (347 K for Bi0.5Ca0.5MnO3) [13]. This feature is different from this found in rare-earth (La, Pr) manganites, where the CO is preferred for manganites with smaller cation in A-site (Ca) and disappears for the pure Sr-doped manganites. Two transition temperatures can be identified. At higher temperature region the CO transition and at lower temperature representing magnetic ordering (here transition from paramagnetic to antiferromagnetic state). The different shape of the CO transition suggests that a different type of the CO transition occurs in  Ca-doped and Sr-doped Bi-based manganites. In the Ca-doped, the transition is very sharp, whereas in Sr-doped ones the establishing is more gradual and the CO transition interval is larger. This behaviour difference is confirmed by the resistivity measurement vs T where a hysteresis type of the evolution is observed for the Sr-crystal. 

The measurements of the electrical resistivity and the thermoelectric power were performed in air by heating and cooling cycles. Particular difficulties were encountered in the case of Ca-crystal because of its small size; crystals crumbled likely due to the high temperature structural transition and, as a consequence, the two point method both for the electrical resistivity and thermoelectric power had to be performed. 

In dependence on composition, i.e. on Sr or Ca doping, the measured crystals exhibit a sharp metal-insulator transition at Tcrit ( 535 K and 320 K, respectively. 
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