One-Step Synthesis and Investigation of Thermal Behaviour of a mixed
Mn-Pyrazole-Phosphate and Mn-Oxyhydroxide Nano-Composite.
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Abstract:

The synthesis of novel inorganic-organic hybrid materials has recently gained
considerable attention due to their diverse applications. In this context, manganese-oxyhydroxy
[1-3] and manganese-pyrazole [4-5] each contribute significantly to electrochemical energy
storage, electrochemical devices, solar cells, and as additives for thermal-management
coatings. In this study, an effort was made to integrate the properties of these materials into a
single framework. The composite material was synthesized using a one-step precipitation
method. After synthesis, it was divided into two parts and dried using different methods—one
at 80°C (SS-1) and the other at room temperature (SS-2). The composition of SS-2 is
represented as Mn(CsH4N2)(OH)3(HPO4):(MnHPO4)-(Mn-O-OH)::(NaH2PO4)2-3H20. It was
characterized using ICP-OES and CHNS analysis, with TGA providing further validation.
Average crystallite sizes using PXRD were evaluated by Debye-Scherrer formula and
Williamson Hall method were found to be 83.5 nm and 60.8 nm for SS1 and SS2 respectively.
Structural analysis of SS-1 and SS-2 was carried out using FTIR, UV-Vis-NIR, and SEM, while
TGA and DSC were utilized to study their thermal behavior. The UV-Vis-NIR spectrum
confirms the presence of Mn-N and Mn-O bonds, whereas the FTIR spectrum identifies various
functional groups and linkages, including O-H, C=N, P=0, Mn-O, Mn-N, and H-O-H,
validating the molecular composition of the composites. UV-Vis-NIR analysis further indicates
that SS-1 has a band gap of 1.46 eV with a refractive index of 2.84, while SS-2 possesses a
band gap of 0.50 eV with a refractive index of 3.71. DSC analysis indicates that the specific
heat capacity( Cp) of SS-1 and SS-2 is 0.148 J/g-K and 0.167 J/g-K, respectively. The specific
heat capacity vs. temperature plot reveals that the average Cp values of these materials are

relatively low (see Fig. 1).
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Fig-1: Plot of specific heat capacity of SS-1 and SS-2 versus temperature.

This indicates that materials with a high refractive index and low specific heat capacity exhibit
strong light interaction and undergo rapid heating and cooling after the heat source is removed.
The presence of nanosized particles can enhance thermal performance through increased
surface interactions. Such materials may be beneficial for applications in aerospace, automotive

industries, and industrial furnaces.
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