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Abstract 
 
Barium mixed Magnesium Oxalate (BMO) crystals were grown successfully by silica hydrogel technique. 

Crystals were optimized by various parameters. Grown crystals were studied using the spectroscopic 

techniques which included FESEM, EDAX, FTIR and Raman spectrometer. Field Emission Scanning 

Electron Microscope (FESEM) reveals morphology of BMO crystal. Characterization of Energy Dispersive 

X-Ray Analysis (EDAX) shows the presence of Mg, Ba, O and carbon elements in the crystal. The presence 

of functional groups in the grown crystal was confirmed by Fourier Transmission Infrared (FTIR) 

spectrometer and Raman spectrometer. 
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1. Introduction 
 

Single crystals are of great interest for their important applications such as optical data storage technology, 

telecommunications, optical electronics, laser frequency shifting, amplitude modulation, phase modulation 

[1, 2]. Now a days significant attention has been paid to growth of mixed single crystals because of their 

perfect electrical and optical properties, they influence on growth parameters, growth kinetics and 

morphology of single crystals [3, 4]. Many nonlinear optical devices fabricated by using single crystals 

based on their optical transmission characteristics [5]. Intensity of nonlinear optical material defends on 

refractive index and absorption coefficient which is very useful application for optical devices [6]. Present 

paper describes Barium mixed Magnesium oxalate single crystals were grown by silica gel technique. 

Silica gel method gained good attention because of its simplicity and inexpensive and crystals were grown 

at ambient temperature [7]. Oxalate crystals also played very important role in many technologies such as 

ferroelectric, magnetic and super conducting materials [8, 9]. Surface morphology of grown crystals was 

studied by using Field Emission Scanning Electron Microscope. The elements present in the crystals were 

identified by Energy Dispersive X-Ray Analysis. Spectroscopic studies done successfully by FTIR and Raman 

spectrometer it reveals modes of water molecules, carboxylic group and metal oxide bonds. 

 

2. Experimental methods 
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The Barium mixed Magnesium oxalate (BMO) crystals were grown by silica gel technique. The    

chemicals Sodium Meta Silicate (Na2SiO3), solution of oxalic acid (C2H2O4.2H2O), solution of Barium 

chloride (BaCl2.2H2O) and Magnesium chloride (MgCl2.6H2O) were used in growth process. Gel was 

prepared by dissolving solution of oxalic acid in the solution of Sodium Meta Silicate of specific gravity 

1.038 g/cc. Prepared gel solution was stored in the different test tubes of 15cm length and 1.5cm diameter. 

After 4 to 5 days gel was set in the test tubes. The concentration of solution of oxalic acid was 0.5M. 

Mixture of Barium chloride solution and Magnesium chloride solution was poured along the sides of the 

gel contained test tubes. Concentration of barium chloride solution and magnesium chloride solution was 

0.5M. Crystals were grown inside the test tube after 20days. Maximum sized, good quality crystals were 

yielded. Fig.1 shows grown crystals. 

 

                                                                   (a)                                            (b)                                                                         

 FIG 1. a) Growth of Barium Magnesium oxalate crystals and   b) Extracted BMO crystals  

 
3. Results and Discussion 
 
a. Crystal growth 

 

The effect of the various growth parameters such as gel density, concentration of oxalic acid solution, 

concentration of Barium chloride solution, concentration of Magnesium chloride solution and gel setting 

time were optimized to get good quality crystals. The optimized conditions were recorded and shown in 

Table 1. 

 
Table 1. Optimum condition for growth of BMO crystals 

   Parameters Optimization condition 
   Gel density 1.038g/cc 

   Concentration of oxalic acid 0.5M 

 Concentration of BaCl2 0.5M 

 Concentration of MgCl2 0.5M 

 Gel setting time 4 to 5 days 

 Crystal formation time 20 days 
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b. Field Emission Scanning Electron Microscope and Energy Dispersive X-ray Analysis 
 

Field emission scanning electron microscope reveals the morphology of grown crystal is shown in Fig.2. 

The study of the surface morphology of the crystal gives valuable information about its internal structure. 

Micro crystals and rod shaped units attached to the surface of the crystals was observed [10,11]. Energy 

dispersive X-ray analysis spectrum confirms the presence of essential elements Magnesium, Barium, 

Oxygen and Carbon in the crystals.  Atomic and weight percentage of the composed elements are studied 

by the EDAX. 

 

                                                         (a)                                                             (b)                   

FIG 2. a) FESEM image of BMO crystal  b) Electron spectra of BMO crystals 

Table 2. Chemical composition of BMO crystal 

Elements                                                Weight %                                           Atomic % 

O                                                                  52.50                                                            60.30 

Mg                                                                     0.18                                                              0.13            

Ba                                                                    70.32                                                              9.41 

C                                                                      19.70                                                            30.15 

 
c. Fourier Transform Infrared (FTIR) 
 

The Barium mixed Magnesium Oxalate crystal analyzed by Fourier Transform Infrared (FTIR) Shown in 

Fig.3. The spectrum of FTIR recorded in the region 0 to 4000cm
-1 shows different functional groups 

present in the grown crystal. The peaks from 3757.78cm
-1

   

to 2967.58cm
-1 is assigned to the symmetric and 

asymmetric stretching of O-H group modes of water molecules [12, 13]. The strong asymmetric band at 

1577.86cm
-1 corresponds to C=O stretch of carbonyl group. The sharp peak at 1306.09cm

-1 is attributed to 
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the asymmetric stretching of C-O group. The peaks at 747.12cm
-1 and 505.33cm

-1 indicates M-O stretching 

mode [14, 15]. 

 

FIG 3. FTIR spectra of BMO crystal 

d. Laser Raman spectrometer 

Fig.4 shows the laser Raman spectrum of BMO crystal was recorded in the range 0 to 4000cm
-1

. The 

spectrum shows weak peaks at 3834.89cm
-1 and 3341.02cm

-1 which are assigned to symmetric and 

asymmetric stretching of O-H band. The peak at 2801.18cm
-1 corresponds to C-H band of symmetric 

vibration [16,17]. The broad band at 1557.49cm
-1

and sharp band at 1468.27cm
-1 confirms asymmetric and 

symmetric stretching vibration of the carboxylate group respectively. The peak at 883.38cm
-1

 confirms 

presence of C-C vibration. Weak band at 494.05cm
-1 and medium band at 134.46cm

-1 assigned to 

stretching vibration of M-O bands [18,19]. 

 

 

FIG 4. Raman spectra of BMO crystal 
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4. Conclusion 

The Barium mixed Magnesium Oxalate crystals were successfully grown by silica gel technique.   Crystals 

were optimized by various parameters. Surface morphology analyzed by FESEM characterization. 

Elements present in the crystals were confirmed by the EDAX. The functional groups present in the crystal 

indentified by FTIR spectrum and laser Raman Spectrum. 
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