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Abstract 

Calcium oxalate monohydrate crystals have been grown by gel aided technique employing sodium meta 

silicate. The grown crystals are analysed by morphological, thermal, optical and dielectric studies. Thermal properties 

like decomposition, temperature and weight loss have been reported from the thermo gravimetric analysis and 

differential thermal analysis.  The variation of dielectric constant and dielectric loss with temperature at different 

frequencies were discussed. It was found that both the dielectric constant and dielectric loss decrease with increase in 

frequency.  The optical nature of the calcium oxalate monohydrate crystal is analysed by using the UV-visible analysis. 

The morphology of calcium oxalate monohydrate crystal was confirmed by SEM and EDAX analysis. 

Keywords:  Calcium, TG/DTA, SEM-EDX, UV-visible, dielectric studies. 

I. INTRODUCTION 

 Bio mineralization processes have attracted considerable attention due to their importance in life science, 

especially with respect to pathological effects (1).  Silica gel method of single diffusion reaction technique is 

capable of yielding crystals of high optical perfection and wide morphology and its quite suitable for the growth 

of well developed and notably transparent crystals of pure metal of cadmium oxalate, barium oxalate, strontium 

oxalate and zirconium oxalate.  The TGA/DTA, dielectric and optical characterizations of cadmium and sodium 

oxalate explained their band gap energy and thermal stability found applications in optoelectronic industries in 

the similar way like barium oxalate, strontium oxalate and zirconium oxalate have been reported because of their 

potential applications in pyro technology and optoelectronic industries (2-5).   Calcium oxalate tri-hydrate 

develops in a synthetic solution but it has rarely been found in the urinary stones due to its thermodynamic 

monohydrate and dehydrate instability (6).  In this paper we report a method of growing calcium oxalate 

monohydrate crystal by controlled diffusion of chemical reaction in silica gel medium.  The aim of the present 

work is to study the thermal, dielectric and optical property of calcium oxalate monohydrate crystal.  

II. MATERIAL AND METHODS 

Calcium chloride, oxalic acid, glacial acetic acid, sodium meta silicate were purchased from sigma 

company.  They were used without further purification.  Double distilled water was used in all experiments. 

The growth of calcium oxalate monohydrate crystal was carried out in silica gel.  All chemicals such as 

acetic acid, calcium chloride, sodium meta silicate and oxalic acid were of AR grade.  The borosilicate test tube 

having 25cm in length and 2.5cm in diameter was employed.  In a single diffusion gel method, gel was set by 

mixing sodium meta silicate solution of density 1.03gm/cm-3 was adjusted to a pH of 6 by adding 5% glacial 
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acetic acid.  Calcium chloride is one of the reactants incorporated inside the gel.  The gel was set in two days in 

an aqueous solution of oxalic acid(1M) solution was slowly added over the gel and the experiments were 

conducted at room temperature within a day a white column of tiny crystals were formed (7). 

The reaction which leads to the growth of crystals was expressed as 

CaCl2 + H2C2O4     Ca C2 O4  + 2HCl  

III. CHARACTERIZATION TECHNIQUES 

The TG/DTA analysis obtained by NETZSCH STA 449F3 heating sample from room temperature to 

6000 C in an atmosphere of nitrogen with heating rate of standard procedure.  Absorption spectrum of calcium 

oxalate monohydrate crystals were recorded using a UV-2400 PC series UV-visible spectrometer over the 

wavelength range 200-900nm at science instrumentation centre, Department of Physics, Standard fire 

Rajarathnam women college, Sivakasi.  The morphology of calcium oxalate monohydrate crystals was studied by 

JEOL JSM 6390 SEM and the presence of elemental composition was calculated by OXFORD instruments, 

TINCA Pental FETX3, EDX method is available at Karunya University, Coimbatore.  The calcium oxalate 

monohydrate crystal samples are subjected to dielectric studies using model N4L PSM1735 Numeric Q dielectric 

instrument with impedance analysis interfaces which is available at Department of Physics, Loyola College, 

Chennai, Tamilnadu, and South India.   

IV. RESULTS AND DISCUSSION 

The calcium oxalate monohydrate crystals are analysed by SEM-EDX, TG/DTA, UV-visible and 

dielectric analysis are studied.   

(i). Scanning Electron Microscope –Energy Dispersive X-ray analysis  

The morphology of calcium oxalate monohydrate crystal was analysed by SEM-EDX.  Fig (1) illustrates 

the SEM image of calcium oxalate monohydrate crystal sample. The grown calcium oxalate monohydrate crystal 

samples are obtained in different morphologies such as irregular, monoclinic, prismatic shape morphology (8).  

 

Fig.1. SEM analysis of calcium oxalate monohydrate crystals 

Energy Dispersive X-ray studies were carried out on calcium oxalate monohydrate crystals to assess their 

elemental composition. Fig (2) shows the energy dispersive X-ray analysis of calcium oxalate monohydrate 

crystals. The results confirmed that the calcium oxalate monohydrate crystals are calcium 73.39% and oxygen 

26.61%.  In order to confirm the presence of the elements in the grown calcium oxalate monohydrate crystals 

were subjected to energy dispersive X-ray analysis. The obtained spectrum confirms the presence of calcium and 

oxygen (9). 
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Fig. 2 EDX analysis of calcium oxalate monohydrate crystals 

 (ii). Thermo gravimetric analysis 

To study the thermal transformations of the calcium oxalate monohydrate crystals, the sample was heated 

at the temperatures 00-6000C. Fig. 3 shows the thermo gram of a sample calcium oxalate monohydrate. The curve 

shows that the calcium oxalate monohydrate loses its weight in three well defined steps, the loss of water 

crystallization in first step, carbon monoxide in second step while carbon-di-oxide in third step. In the study of 

thermal transformations of the calcium oxalate monohydrate many intervals were considered, characterizing the 

mass losses. In the first stage weight loss of about 7.87% occurs between 300C-1400C which indicates the loss of 

water hydration.  In the second stage weight loss of about 7.83% occurred at temperature range between 1930C-

2880C corresponding to dehydration of sample in first stage. In the third stage weight loss of 1.34% was observed 

2880C-4280C the decomposition of calcium oxalate monohydrate with releasing of CO2. In the fourth stage weight 

loss of 15.56% was observed 4280C-5930C.  It is observed that there are two endothermic peaks at 2400C and 

5200C thus there is an increase in the peak temperature which indicates the thermal stability of calcium oxalate 

monohydrate crystals (10).   

 

Fig.3 TG/DTA analysis of calcium oxalate monohydrate crystals 

(iii). UV-visible analysis 

The recorded optical absorption spectrum of the grown calcium oxalate monohydrate crystal in the 

wavelength range 200-900nm is shown in Fig (4).  It is inferred from the spectrum that the grown crystals have 

low absorbance in the entire UV-visible NIR region considered and the cut off wavelength is around 247nm closer 

to ultra violet range. It is well known that the efficient NLO crystal has an optical transparency. The optical band 

gap energy value Eg is at lower cut-off wavelength between 247-900nm estimated as 4.88eV for calcium oxalate 

monohydrate crystals respectively.  The wide transmission range in the entire visible region reveals that it can 

find applications in the optoelectronic devices.  The UV-visible analysis further indicates that the crystal has a 

wide optical transmission window range is the most desirous properties of materials possessing NLO activity (11). 
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Fig.4. UV-visible analysis of calcium oxalate monohydrate crystals 

(iv). Dielectric analysis 

The dielectric constant and dielectric loss of the crystal was studied by the frequency range of 50Hz-

5MHz. The dielectric constant was calculated using the equation ξr=Cd/ξ0 A.  Where d represents the thickness 

and A represents the area of the sample. It is observed from the analysis that the dielectric constant decreases with 

increasing frequency and the found to remain a constant value being high at low frequency region.  The study of 

dielectric constant of a material gives an outline about the nature of atoms, ions and their bonding in the material 

(12). The dielectric constant has high values in the lower frequency region and then it decreases with the increase 

in frequency. The dielectric constant of material is due to the concentrations of electronic polarizations (13).  The 

dielectric constant and dielectric loss are inversely proportional to frequency. Dielectric loss is with high 

frequency and less number of electrically active defects is found for enhanced optical quality with lesser defects 

and this parameter is important for nonlinear optical materials. 

V. CONCLUSION 

Calcium oxalate monohydrate crystals were grown successfully by gel method. The SEM image shows 

monoclinic. The presence of major elements and functional groups in the grown crystals was ascertained using 

EDX technique. The three oxalate decomposition stages, the dehydration, decarbonisation and carbonation were 

found in thermo gravimetric analysis. The cut off wavelengths were determined by calcium oxalate monohydrate 

crystals. The dielectric loss and dielectric constant of calcium oxalate monohydrate crystals results have been 

discussed. 
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