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ABSTRACT 

     Single crystals of sodium chlorate (NaClO3 ) were grown from aqueous solutions by slow 

evaporation technique. The grown crystals were transparent and colourless. The grown 

crystals have been subjected to X-ray diffraction (XRD) studies to determine the unit cell 

dimensions and diffraction planes. It is observed that the grown crystal crystallizes in cubic 

system with a non-centrosymmetric space group P213 and hence NaClO3 crystal is a second 

harmonic generator of laser light. Second harmonic generation (SHG) from the sample was 

confirmed using Nd:YAG laser. The functional groups of the sample have been identified by 

FTIR spectral studies. The density of the grown crystal was measured by floatation method. 

The TG/DTA studies reveal that the material  has good thermal stability. The grown sodium 

chlorate crystals were also characterized by microhardness studies and  SEM studies.  
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___________________________________________________________________________ 

*Corresponding author: P.Selvarajan 

I. Introduction 

         Nonlinear Optics (NLO) is a  study of interaction of intense electromagnetic field with 

materials to produce modified fields that are different from the input  field in phase, 

frequency or amplitude. New nonlinear optical frequency conversion  materials  have a 

significant impact on  laser technology,  optical communication, data storage technology, 

signal processing and instrumentation (Chemla and Zyss, 1987; Meredith, 1983; Selvarajan et 

al, 2009). Sodium Chlorate (NaClO3) crystal  is an isomorphous  and  an  NLO material.  It 

can be used as  a second harmonic  generator of laser light. It belongs to cubic structure with 

a non-centrosymmetric space group (Yulia V Nelyubina et al, 2008).  It is transparent, 

mechanically hard and thermally stable. As there are no reports available on NLO property of 

sodium chlorate crystal, we report the same here for the first time. The aim of this paper is to 

grow single crystals of sodium chlorate and to characterize the grown crystals by various 

studies like solubility, XRD, FTIR, microhardness,  measurement  of density, SHG, SEM and  

TG/DTA studies.   

  

2. Experimental  

2.1 Solubility    

 Analytical Reagent grade sodium chlorate (NaClO3) salt was purchased  

commercially and it was purified further by a  re-crystallization process. Solubility study for 

the re-crystallized sample in double distilled water  was carried out by gravimetrical method. 

The solubility of the synthesized salt was determined by dissolving the solute in double 

distilled water in an air-tight container maintained at a constant temperature. This study was 

carried out using a hot-plate magnetic stirrer and a digital thermometer.  A voltage regulator 
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was attached with a hot-plate magnetic stirrer in order to maintain the temperature constant.  

Initially, the temperature of  the solution was maintained at 30 
o
C  and stirred continuously 

using the magnetic stirrer and sodium chlorate was added till a small precipitate was formed. 

This gave a confirmation of the supersaturated condition of the solution.  Then 25 ml of the 

solution was pipetted out and taken in a petri dish and it was warmed till the solvent was 

evaporated. By measuring the amount of salt present in the petri dish, the solubility (in 

gm/100 ml) of salt in double distilled water was determined (Lucia Rose et al, 2011) . The 

experiment was repeated at other temperatures such as  40, 50  and 60 
o
C.  The variation of 

solubility with temperature for sodium chlorate sample is shown in the figure 1.  It is 

observed that solubility increases with temperature and  hence  the sample of this work has 

positive temperature coefficient of solubility.  

 

 

 

 

 

 

 

                           Fig.1: Solubility curve for sodium chlorate sample 

         2.2 Preparation of seed crystals and Growth  

 Using the solubility data, 100 ml of saturated solution of the re-crystallized salt of  

sodium chlorate was prepared at 30
°
C and stirred well for about 2 hours. Then the solution 

was filtered and it was taken in a petri dish for  crystallization.  The solvent evaporates and 

when it attains super saturation,  nucleation starts and the crystal grows.  Over a period of 10-

15 days, well faceted optically transparent seed crystals of various dimensions were collected 

and shown in the figure 2.  

 

 

 

 

 

                                       

Fig.2: Seed crystals of sodium chlorate 

           400 ml of saturated solution of sodium chlorate was prepared using the re-crystallized 

salt at 30 
o
C by constant stirring for 2 hours using the predetermined solubility data.  The 

solution was then filtered in a breaker. The filtered solution was carefully distributed equally 

(100ml) in four identical beakers.  Good quality seed crystals were selected and were placed 
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at the bottom of the four beakers containing the solution.  The beakers were covered with 

perforated polythene papers and they were kept in a vibration free platform at room 

temperature (30
°
C).  The solvent gradually evaporates leading to supersaturation.  The excess 

of the solute was deposited on the seed crystals and the crystals grew into big-sized crystals.  

Pure crystals with maximum dimensions (2 cm x 2 cm x 0.75 cm) were harvested after a 

period  of 30 days.  Figure 3 shows the grown NaClO3 single crystal. Initially, the 

transparency of the grown crystal was good and after 10 days, it was observed that the 

transparency was reduced.   

 

 

 

  

 

Fig. 3: As grown crystal of sodium chlorate 

2.3 Techniques for characterization 

              The lattice parameters were calculated by single crystal X-ray diffraction studies 

using ENRAF NONIUS CAD-4 X-ray diffractometer with Mo Kα (λ= 0.71069 Å) radiation 

and the diffraction planes were identified by powder XRD studies using  an  XPERT-PRO 

powder diffractometer and the sample was scanned between the required range of 2θ  (10 - 

70
o
 ) and relative intensity values. The functional groups were identified from FTIR analysis  

recorded at M.K. university, Madurai using a SHIMADZU 8400S spectrometer by the KBr 

pellet technique in the range of 400-4000 cm
-1

. To confirm the nonlinear optical property, 

Kurtz and Perry powder SHG test was carried out for the grown crystal using Nd:YAG Q-

switched laser which emits the first harmonic output of 1064 nm. Microhardness analysis was 

carried out using Vickers microhardness tester fitted with a diamond indenter. TG/DTA 

studies are recorded using Perkin- Elmer instrument in nitrogen atmosphere in the temperture 

range of  40 - 1000 °C.  

 

3. Results and Discussion 

 

3.1 X-ray diffraction studies 

Single crystal XRD  data of  sodium chlorate crystals were collected  from  a single 

crystal X-ray diffractometer with  graphite monochormated MoKa radiation and the obtained  

data are presented in the table 1. From the data, it is observed that the grown crystals 

crystallize in cubic  system  with the space group P213 . The number of molecules per unit 

cell (Z) for the crystal is found to be 4.  The lattice parameters were  found to be  α =β = γ 

=90
°
,  a=b=c =6.536 (3) Å  .  The cell volume = 279.21(2) Å

3
 . The unit cell parameters of 

sodium chlorate crystal  obtained in this work are very close agreement with reported work 

(Yulia V Nelyubina et al, 2008). The powder X-ray diffraction (XRD)  pattern  of  sodium 

chlorate sample  is shown in  the figure  4.  The well-defined peaks   at specific   2Ө values  

show high crystallinity of  the grown crystals. All the reflections of powder XRD patterns of 

this work were indexed using the TREOR and INDEXING software packages. The powder 

XRD data of the samples are provided in the table 1.   
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Fig.4: Powder XRD pattern for the sodium chlorate sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Powder XRD data for NaClO3 sample 

d-

Spacing 

Å 

hkl  2 (degrees) Relative Intensity (%) (I/Io) 

4.71301 110 18.81288 4.53 

3.84705 111 23.10037 8.86 

3.65877 002 24.30682 0.52 

3.32987 200 26.7501 100 

2.97341 210 30.02815 16.91 

2.70394 211 33.10251 7.34 

2.34403 220 38.36926 0.26 

2.20392 300 40.91394 4.02 

2.09409 3210 43.1644 1.94 

1.99415 311 45.44509 1.9 

1.90954 222 47.5799 0.45 

1.83406 320 49.66746 1.14 

1.76353 321 51.79766 11.12 

1.65239 400 55.57092 0.74 

1.60265 004 57.45297 2.66 

1.55762 410 59.27663 0.43 

1.51338 411 61.19183 0.99 

1.47618 420 62.90707 0.79 

1.44076 412 64.63845 1.28 

1.10568 323 66.45655 0.4 
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3.2 Density by floatation method 

            The floatation method was employed for the precise determination of  density of 

crystals (Selvarajan et al, 2009).  After mixing the liquids bromoform and carbon 

tetrachloride in a suitable proportion in a specific gravity bottle, a small piece of a 

crystal was immersed in the mixture of the liquids. When the sample was attained in a 

state of mechanical equilibrium, the density of the crystal would be equal to the density 

of mixture of liquids. The density was calculated using the relation   ρ = (W
3 

-W
1
) / (W

2
-

W
1
)   where  W

1 
is the weight of the empty specific gravity bottle, W

2 
is the weight of 

the specific gravity bottle with full of water and W
3  

is the weight of the specific gravity 

bottle full of the mixture of bromoform and carbon tetrachloride.  The  density of  

sodium chlorate crystal was found to be 2.552 g/cc.  The density was also calculated 

from the crystallographic XRD data using the relation  ρ=(MZ)/(NV) where M  is the 

molecular weight of the sodium chlorate crystal (M= 106.43), Z is the number of 

molecules per unit cell, N is Avogadro’s number and V  is volume of the unit cell and 

the density was found to be 2.578 g/cc.  

 

3.3 FTIR Studies 

 Fourier transform IR spectrum of NaClO3 were recorded in the range 500-4000 cm
-1

 

employing a Perkin-Elmer spectrometer in the form of solids dispersed in KBr Pellet 

technique .  The FTIR spectrum obtained for  NaClO3 sample is  shown in figure 5. The 

various assignments related to the vibrational frequencies of the functional groups have been 

identified.  

 

Fig. 5:  FTIR Spectrum for NaClO3 sample 

3.4 Surface Analysis 

The microphotographs of  NaClO3 crystal was taken using a scanning electron 

microscope(SEM)  and presented in figure 6.  The  SEM analysis gives in sight into the 

surface features of the crystals under various magnifications.  It was observed that the surface 

of the crystal was smooth and the small crystallites were found on surfaces.  At  x1000 

magnification, the surface was found to be smooth and at  ×2000 magnification, the surface 

was smooth and flower like pattern is observed on the surface.   
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                         Fig.6: SEM images for the grown sodium chlorate crystal 

3.5 Thermal Analysis 

 The TG/DTA curves for   NaClO3 crystal  are shown in the figure 7.  On seeing the 

TGA curve, it is observed that the sample is  thermally stable upto  260 
o
C. The endothermic 

peak at 265 
o
C in DTA curve  indicates the melting point of the sample and here there is very 

little weight loss  noticed.  At 600 
°
C,  decomposition occurs and 49% of the sample is left. 

The weight loss may be expected with decomposition of sodium chlorate and it is  

appreciable between 575 
o
C and 600 

o
C.  After this decomposition point, 35% of the sample 

is residue is left over.  Sodium chlorate decomposes according to the chemical equation                                     

NaClO3 -> NaCl +3/2 O2 .  

 

                    Fig.7: TG/DTA thermal curves for sodium chlorate sample 
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3.6 Hardness studies 

 Hardness is the resistance offered by a material to localized plastic deformation 

caused by scratching or by indentations.  The indentation hardness is measured as the ratio of 

applied load to the surface area of the indentation.  The greater the hardness of the metal the 

greater resistance it has to deformation. Vickers hardness is a measure of the hardness of a 

material, calculated from the size of an impression produced under load by a pyramid-shaped 

diamond indenter.  The diagonal of the resulting indention is measured under a microscope 

and the  Vickers hardness number  Hv is calculated using the following formula Hv = 1.854  

P/d
2
     kg/mm

2  
where P is the applied load (measures in kilograms –force) and d is the 

diagonal length of the indentation (measured is millimeters).  Indentations were carried out 

using Vickers indentation for varying loads ( 25-100 g).  For each load, several indentations 

were made and the average value of diagonal length was used to calculate the microhardness 

(Lucia Rose et al, 2011).  The obtained values are presented  in the table 2. The hardness is 

found to decrease with load.  The work hardening coefficient (n) of the material is related to 

the load P by the relation P=a d
n
 where ‘a’ is an arbitrary constant.  The plot of log P  vs log d 

is  a straight line shown in figure 8. The work hardening coefficient is found to be 1.647 for 

NaClO3 crystal. 

Table 2: Microhardness data for sodium chlorate sample 

Load P 

(g) 

Indentation L1  

(mm
2
) 

Indentation L2  

(mm
2
) 

 Hv    

(kg/mm
2
) 

25 19.83 22.125 105.5 

50 33.16 35.305 79.1 

100 53.48 55.36 62.6 

 

 

Fig. 8: A plot of log P versus log d of NaClO3 crystal 
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3.7 SHG efficiency 

 

 Kurtz and Perry powder method is an important tool for searching for organic/semi 

organic/ inorganic NLO materials  (Sankaranarayanan et al, 2006). In order confirm  

nonlinear optical property,  microcrystalline form of  sodium chlorate crystal  was subjected 

to  Kurtz and Perry powder  test and  Second Harmonic Generation (SHG)  was confirmed  

by emission of green light ( = 532 nm).  The SHG  efficiency was found  to be 8.8  mJ/pulse 

for KDP and  7.2  mJ/pulse for sodium chlorate  sample and hence the  sample of this work is 

a second harmonic generator of laser light.  

4. Conclusion  

 Highly Transparent well faceted crystals of NaClO3 were grown by slow evaporation 

method.  Solubility study shows that sodium chlorate crystal has positive temperature 

coefficient to solubility. SEM studies show very good surface features and TG and DTA 

gives information about the thermal stability of NaClO3 sample. FTIR studies confirms the 

functional groups and XRD studies confirmed the crystallianity of  NaClO3 crystal.  The 

density of sodium chlorate crystal was found to be  2.552 g/cc.  The measurement of 

microhardness shows the mechanical strength of the NaClO3 crystal and the work hardening 

coefficient was determined. 
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