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ABSTRACT 

 

         Sodium super ionic conductor (NASICON) (Na1+xZr2SixP3–xO12) has been 

extensively studied in past and recent years due to its important applications in gas 

sensing, as a solid electrolyte, low thermal expansion ceramics, substrate materials for 

electronic packaging, oxidation protection coatings of non-oxide materials, nuclear 

waste disposal and catalysis. Because of its high thermal stability and high ionic 

conductivity, NASICON is one of the most important solid electrolyte in battery and 

energy storage devices. NASICON with its novel properties is always under constant 

focus of research community and new methods for synthesis of NASICON and 

modifications in its structural properties are being continuously investigated. 

Modifications in structure of NASICON by element substitution are the well established 

techniques for enhancing ionic conductivity. Element replacement in the material 

produces significant change in lattice parameters, structure and bottle neck size which 

corresponds to modification in ionic conductivity. In the present work, NASICON 

nanograin powders were synthesized and two types of substitutions have been adopted 

i) tetrahedral substitution ii) octahedral substitution in prepared samples by sol-gel 

method.  

         In tetrahedral substitution, phosphorous (P) is partially replaced by silicon (Si) and 

prepared four samples of nanograin powders of NASICON of varying compositions (x= 

0.5, 1.0, 2.0 and 2.5) and in octahedral substitution, zirconium (Zr) is replaced by tin 

(Sn) and two Sn modified samples were prepared. Detailed study has been carried out to 

investigate the effect of composition variations and Sn insertion in the NASICON 

structure on its structural, optical and conduction mechanism.  
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            Structural characterization of the prepared powders was carried out with X-ray 

diffractograms whereas electrical conductivity was measured using electrochemical cell 

and LCR meter. On analysis of XRD patterns and using UNIT CELL software, it has 

been found that maximum unit cell volume is for x=2.5. The electrochemical cell and ac 

conductivity measurements showed that highest electrical conductivity is for x=2.0. The 

possible mechanism for such a high conductivity is discussed. 

         The optical properties of prepared NASICON nanograin powder were studied by 

UV-Vis spectroscopy. Different samples were prepared by varying sintering 

temperature and time. Absorption spectra showed red shift as we increased the sintering 

time. These observations are discussed and suggested on the basis of size effect. Optical 

band gap has also been calculated for all the samples. 

        Chemical sensing behaviour of NASICON has been investigated by using it as 

potentiometric sensor and a required sensing probe was fabricated. In the first part, 

water content in different organic solvents like ethanol, acetone and tetrahydrofuran is 

detected. It is extremely important to detect exact water content in organic solvents as 

these are commonly used in laboratories, pharmaceutical industries, and in other 

applications as well and required in pure form. The sensitivity of the sensor for various 

concentrations of water has been calculated. In another important study, NASICON 

based potentiometry method has been used for hydrogen peroxide sensing in buffer 

solution. The study reveals that on increasing hydrogen peroxide concentration the 

sensitivity is higher in the case of combination of NASICON and MnO2 coated mesh as 

compared to the case of only NASICON. In another study, pH sensor probe using 

NASICON, LISICON, and Mn doped LISICON were tested as an ion selective 

membrane.  
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