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1.  ABSTRACT 

        In this study, we explore the mixed ligand approach, using azide (N3
−) and formate (HCOO−) in varying ratios 

with Mn2+ to fine-tune the properties and structures of perovskites. Crystals were obtained via the slow diffusion 

method. FTIR and DSC analysis of the compounds obtained revealed a high dependence between the thermal and 

structural properties and the ligand ratio used. 

2. INTRODUCTION  

With the continuous development of electronic devices towards high performance and miniaturization size, heat 

dissipation problem has become a major obstacle to their development. For this challenge, solid-to-solid Phase Change 

Materials (ss-PCMs) offer significant potential for thermal energy storage and thermal management through 

reversible phase transitions.[1] Among these materials, hybrid organic-inorganic perovskites have attracted 

considerable interest due to their versatility.[2] This family of materials has a general formula of ABX3, where A is the 

guest molecule, B is the transition metal, and X is the ligand bridge. A well-studied family is the formate-perovskites, 

in which formate (HCOO−) serves as the bridging ligand.[3] These compounds exhibit intriguing properties, such as 

anomalous thermal expansion and magnetic ordering.[4] Another family is the azide-perovskites, where the azide 

(N3
−) acts as the linker, also displaying notable properties and solid-to-solid phase transitions. In this study, we explore 

the mixed ligand approach, using azide and formate in varying ratios with Mn2+ to fine-tune the properties and 

structures of perovskites. 

3. METHDOLOGY  

Two mother solutions of sodium formate and sodium azide were mixed in various ratios. Crystals were obtained 

via the slow diffusion method after one week. The resulting crystals were isolated and washed with methanol several 

times. 

4. RESULTS 

FTIR analysis confirmed the presence of both ligands in all the new compounds (Fig. 1, top). The thermal 

properties of these samples were examined using DSC. For samples with a higher proportion of azide (0:100, 

5:95, and 10:90), a decrease in transition temperatures was observed while maintaining similar enthalpy (ΔH) 

values (Fig. 1, bottom). Samples with higher formate content showed completely different transition profiles. 

Specifically, samples with a 15:85 and 20:80 azide:formate ratio exhibited multiple phase transition events. 
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Samples with a 40:60 and 50:50 azide:formate ratio demonstrated phase transitions at approximately -50oC. 

Finally, higher proportions of formate did not exhibit phase transition in the temperature range used. 

 

 

Figure 1. FTIR (top) and DSC(bottom) analysis of all the samples. 

5. CONCLUSIONS 

A new set of compounds has been synthesised via the ligand mixed approach method. Presence of both of the 

ligands was confirmed via FTIR measurements. Interestingly, at ratios with higher proportions of azide (< 15 %) a 

fine tune of the thermal properties. Higher ratios of formate produced a substantial variation in the thermal 

properties. Crystallographic analysis of all the compounds will be performed to obtain the structure of this new 

set of compounds and to be better understanding the mechanisms of the thermal transitions.  
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