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ABSTRACT 
 
Trisodium citrate pentahydrate (TSCP) is a centrosymmetric, semiorganic nonlinear optical crystal 
with molecular formula (Na3C6H5O7.5H2O), was successfully grown by solution growth, slow 
evaporation method at room temperature. The structure of the grown crystal was confirmed by 
single-crystal X-ray diffraction. The grown crystal belongs to orthorhombic system with the space 
group Pnma. The presence of functional groups was identified by FT-IR spectrum. Optical properties 
of the grown crystal was studied using UV-visible spectrum analysis, crystal showed good optical 
transparency from near UV region to entire visible region with a minimum cut-off wavelength of 235.9 
nm. energy band gap  (Eg) was determined by Tauc’s plot as a function of photon energy. Refractive 
index of the crystal was measured as 1.5002 by using prism coupling technique. The Dielectric 
constant and dielectric loss were calculated and plotted as a function of frequency at room 
temperature says the suitability of the grown crystal for nonlinear optical applications. TG-DSC 
studies were carried out to estimate the thermal stability of the grown crystal. SHG is confirmed by 
Kurtz Perry Powder technique and compared with KDP. 
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1. INTRODUCTION 

 
The aim of crystal growth is the outcome of new crystals with a collection of properties, for 

the selected applications. Based on the requirement and considerable interest, many attempts have 
been made in research to synthesize and characterize new optical materials for nonlinear optical 
(NLO) applications because of their strong impact on laser technology, optical communications, 
optical data storage and high-speed information processing. The study of nonlinear optical properties 
was initiated with inorganic materials. At first inorganic materials were used to grow the crystals to 
study their nonlinear optical properties. Crystals grown from pure inorganic compounds have 
excellent mechanical, thermal stability and high degree of chemical inertness [1] The main drawback 
from inorganic crystals is they have poor NLO efficiency when compared with organic crystals. 
Organic materials have acquired a great place in the field of nonlinear optics because of their high 
nonlinear susceptibility, fast response to electro optic effect and large damage threshold value due to 
the presence of π-conjugated accepted-donor system, and hyperpolarizabilities associated with large 
dipole moments between ground-state and excited-state leads to high optical nonlinearity which 
makes organic materials as suitable for device fabrication[2-4]. But oraganic materials are soft in 
nature possess low melting point and poor in transparency which makes the researchers to think to 
produce better crystals by overcoming the disadvantages in inorganic and organic. A new attempt 
was made to grow the crystal by mixing the organic compounds with inorganic host to obtain the 
better outcome. The new class of materials is named as semiorganics or metal organics. This hybrid 
class of crystals gains good qualities from both the materials which absolutely researcher needs for 
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NLO application[5-7] The present investigation is on growth and characterization of trisodium  citrate 
pentahydrate single crystal. The available reports on citrates are Gallium Citrate, Iron(II) Citrate, 
Magnesium Citrate decahydrate, Manganese Citrate, Potassium Dihydrogen Citrate, Sodium and 
Lithium Dihydrogen Citrates, Triammonium Citrate, Trisodium citrate, Zinc citrate etc.,[8-13]. M. 
Venkateshwarlu et al has reported the growth and characterization of Triammonium Citrate [14] Tri 
sodium citrate pentahydrate crystal structure was reported by D.M. Burns et al.[15] Nucleation 
studies were reported by Junyan Gao et al.[16] To the best of author’s knowledge, growth and 
characterization studies of TSCP have not been reported till now. In the present work, we report for 
the first time, spectral, thermal, electrical, optical and NLO properties of optically clear crystals of 
Trisodium citrate pentahydrate (TSCP) grown by slow evaporation technique using aqueous solution. 
 

2. EXPERIMENTAL 
   

Single crystals of Trisodium citrate pentahydrate (Na3C6H5O7.5H2O) were grown from 
saturated aqueous solution of commercially available trisodium citrate dihydrate, which was 
purchased from Merck. The solution was strirred to obtain homogeneity, then filtered by a fine quality 
filter paper and kept for evaporation in dust free environment. Good quality transparent crystals were 
grown for the duration of 10 days. As grown TSCP has shown in Fig. 1 

                            
 

Fig.1 As grown TSCP crystal 
 

3. RESULTS AND DISCUSSION 
 
3.1. Single Crystal X ray diffraction analysis 
 

The grown crystal is subjected to single crystal x-ray diffraction. The evaluated cell 
parameters from single crystal XRD data are a = 6.45A

°
, b = 16.55A

°
, c = 26.57A

°
 and the interfacial 

angles α = β = γ = 90
°
. The crystal belongs to orthorhombic symmetry with space group Pnma is 

centrosymmetric in nature. The obtained cell parameters are well agreed with reported values [15]. 
 

3.2. FT-IR Spectrum analysis 
 

 The FT-IR spectrum of the grown crystal was recorded by IR Affinity -1 SHIMADZU 
in the wave number region 500–4000 cm

−1
 by KBr pellet technique which is shown in Fig. 2 The 

frequency and assignment of vibrations were tabulated. (Table. 1) Wave numbers 511.14 cm
-1

 and 
592.15 cm

-1
 tell us deformation of carbon atoms.  The energy bands correspond to 732.95, 835.18 

and 920.06 cm
-1

 represents carbon to carbon and carbon to oxygen deformation which are in phase, 
and the peak at 1078.21 cm

-1
   shows the carbon to oxygen deformation which is out of phase[17].    
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Fig .2 FT-IR spectrum of TSCP 
 
The wave number at 1259.52 refers the skeletal vibration. The wave numbers 1396.46 cm

-1 
and 

1479.40 cm
-1 

specifies the symmetric and asymmetric stretching of methyl group [18]. 1598.99  cm
-1
 

indicates presence of double bond between carbon atoms which  consists anti symmetric stretching 
and 1737.86 refers symmetric stretching with  double bond between the carbon and oxygen atoms. 
The wave number 2968.45 cm

-1
 carbon hydrogen stretching .The peaks at wave numbers 

3226.91cm
-1

, 3404.3 cm
-1

 and 3496.94 cm
-1

   corresponds to O-H stretching [19]. 
Fig .2 FT-IR spectrum of TSCP 
 
Table .1 FT-IR Vibrational Assignments 

Wavenumber  
(cm

-1
 

Vibrational Assignment 

511.14  C-C deformation 
592.15 C-C deformation 
732.95 C-C-O stretching 
835.18 C-C-O stretching 
920.05 C=C-H deformation 
1078.21 C-C stretching 
1134.14 C-C skeletal vibration 
1259.52 C-H skeletal vibration 
1396.46 C-H deformation 
1479.86 C-H stretching 
1598.99 C=C stretching 
1737.76 C=O stretching 
2968.45 C-H stretching  
3226.91 O-H stretching  
3404.3 O-H stretching  
3496.94 O-H stretching 

 
 
3.3. Optical studies  

 
Transparency is one of the foremost criteria for NLO application. UV- visible analysis was 

carried out by aVarianCary5E UV–vis spectrophotometer. UV analysis reveals the changes in 
electronic energy levels within the molecule arising due to transfer of electrons [20]. The absorption 
of light energy in visible and ultraviolet region by the material involves in the excitation of electrons in 

,  and n orbitals from the ground state to higher energy state.  π → π * transitions can occur due to 
the presence of  unsaturated hydrocarbons in the  title compound. The UV–vis–NIR transmittance 
spectrum of TSCP crystal was recorded in the wavelength region of 200–800 nm as shown in Fig. 3 
The material shows low absorption in ultraviolet region 
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Fig. 3 UV-vis Spectrum of TSCP 
 
and there is no absorption in the entire visible region have good transmittance  64.9 % with lower cut-
off wavelength 235.9 nm. The low absorption in the entire UV and visible region is a potential 
requirement for NLO application. The transmittance (T) measured using optical absorption spectrum 
and was used to calculate the absorption coefficient (α) using the following relation [21]. 
 

                                        (1) 

where T is the transmittance and  ‘t’ is the thickness of the crystal. According to the Tauc’s relation, 
the absorption coefficient α for direct band gap material is given by    
           

 (αhν)
 
 = A (Eg - hν)

n
                                              (2) 

                                                                                      
Where A is a constant, is different for different transitions depends on transition probability, Eg is the 
optical band gap of the crystal, hν is the energy of the photon and n is an index which assumes the 
values ½, 3/2, 2 and 3 depending on the nature of electronic transition. (n = 2 for allowed indirect 
transition and n = 1/2 for allowed direct transition) From the Tauc’s plot energy gap value found to be 
5eV. If band gap is wider then the material can be used for higher frequency applications in power 
electronics [22]. The obtained band gap energy of the TSCP crystal shows the dielectric nature of the 
crystal and it could be used for high power and high frequency applications.  
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Fig. 4 Refractive index of TSCP 

 
3.4. Refractive index measurement 

 
The refractive index is one of the basic optical properties, which plays a key role in device 

designing. Refractive index is measured using MetricoPrismcoupler model 2010. Refractive index is 
closely associated with electronic polarazability of ions and the local field inside the material [23]. A 
laser beam was allowed to pass through the base of the prism, and it was normally reflected at the 
base of the prism, and then received by a photo detector. Refractive indices can be determined by 
monitoring the light intensity reflected at the prism-sample interface. The index was calculated by an 
appropriate computer algorithm. Fig. 4 shows the mode profile which was determined by measuring 
the reflected intensity vs. the table rotation (in degrees). The polished TSCP crystal was used to 
measure the refractive index using a He–Ne laser with a wavelength of 632.8 nm, and the effective 
refractive index of the material was found 1.5002. 
 

                                                          
Fig. 5(a) Dielectric constant Vs log frequency                             Fig. 5(b) Dielectric loss Vs log 
frequency 

 
3.5. Electrical Properties 
 
The materials applicability for nonlinear optical studies also depends on dielectric behavior of the 
material. Dielectric measurements were carried out by using NumetriQ PSM1735 impedance 
analyzer. Crystal of thickness 3.13 mm and area 52 mm

2
 has chosen for measure dielectric 

measurements using an impedance analyzer. Fig. 5(a) shows the dielectric constant as a function of 
log frequency and Fig. 5(b) Shows the dielectric loss as a function of log frequency. Dielectric 
behavior of the material is directly proportional to the low concentration of electric dipoles The 
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dielectric constant value will be high in the lower frequency region and then decreases with applied 
frequency. The reason for high dielectric constant at low frequency is due to the presence of all the 
four types of polarizations [24]. The characteristic of low dielectric loss with higher frequencies are 
significant for higher NLO applications. 
 
   3.6. Mechanical properties 
 

Hardness of a crystal provides information about the strength, yield strength, elastic constant 
of material [25]. The indentation hardness is measured as ratio of applied load to the surface area of 
the indentation.  

 
 

Fig. 6(a) Hardness number (Hv) Vs Load P 
 

 
Fig. 6(b) log P vs log d 

 
The well-polished TSCP crystal was placed on a micro hardness tester, and the indentations were 
made for different loads – 10, 25, 50, 100, 200 and 300 g the diagonal lengths were measured for 
each load. The Vickers micro hardness Hv was calculated using the following equation. 
 

        (3) 

 
Where (p) is applied load and (d) is diagonal length of indentation. From the Fig. 6(a) we can 
observe that initially the hardness number increases with the increase in load, for further increase of 
load the hardness number decreasing. The reason for decrease in hardness number is if the material 
is not enough hard then the indentation by applied force develops over the surface which leads to 
increase in diagonal length causes decrease in hardness number. The material shows both reverse 
indentation and normal indentation size effect. The origin of cracks was explained on the basis of 
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dislocation interaction and the direction of flow of displaced material and crack was found at 300gm. 
Meyer's law provides the relationship between applied load (p) and diagonal length ‘d’ of the indenter.    
         

                            (4) 

 
From the plot Fig. 6(b) of log p versus log d, Meyer's index number ‘n’ was found to be1.49 from the 
slope of the graph. According to Onitsch [26], if n is less than 1.6, the material belongs to the hard 
materials category. 
 
3.7. Thermal analysis 
 
The thermal stability of the compound was determined by thermo gravimetric (TGA) and differential 
scanning calorimetric analysis (DSC) studies simultaneously. The thermal analysis of TSCP crystal 
was carried in the temperature range of 30°C to 800 °C in the presence of nitrogen atmosphere using 
SDTQ600 analyzer at a heating rate of 20 °C/min. Initially decomposition started at the temperature 
of 80°C, corresponds to the weight loss of 16.71% due to the evaporation of water. The second stage 
of weight loss 10.58% occurring from 162.96 °C to 175.11 °C is attributed to the decomposition of 
citric acid.  The next endothermic peak at    327.89 °C attributes the decomposition of all volatile 
compounds (NO2, CO2, NO, OH), the melting point of the title compound is 327.89 °C, which also 
refers the decomposition temperature [27]. Hence it shows that the material is stable up to 327.89°C. 
Thermo gravimetric and differential Scanning calorimetric analysis curves are shown in the Fig. 7(a) 
and 7(b). 
 
                              

 
Fig. 7(a) TGA of TSCP 
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    Fig.  7(b) DSC of TSCP 
 
 
3.8. Second harmonic generation 

SHG of TSCP was measured using Kurtz–Perry technique [28]. The powder sample 
prepared from the grown crystals of TSCP was used for the analysis. A Q-Switched mode Nd:YAG 
laser operating with first harmonic output at 1064 nm, 10 ns pulse width and power of 1.13 mJ per 
pulse was allowed to fall on the sample. The green emission from the TSCP sample confirmed the 
SHG behavior with an output of 1 mV where as for the standard KDP, it was found to be 18 mV. It is 
observed that the SHG efficiency of TSCP is very less due to its centrosymmetric nature. 
                  

 4. CONCLUSION 
 

TSCP single crystal was grown from slow evaporation method. Grown crystal was subjected 
to both powder and single crystal X-ray diffraction study, confirmed that the crystal belongs to the 
monoclinic system with space group Pnma. The presence of the compounds were identified by FT-IR 
spectroscopy. The grown crystal has good transmittance of 64.9% in the entire UV and visible region 
with a lower cut-off wavelength of 235.9 nm and optical band gap energy of 5 eV. Refractive index 
was determined as 1.5002 using Metricon prism coupler. Melting point of the crystal was found from 
thermal analysis and it is confirmed that the material is stable up to 327.89 °C. Vickers micro 
hardness analysis says that the crystal has good mechanical stability and also belongs to the hard 
materials category. The low value of dielectric constant and dielectric loss at higher frequencies 
showed that the suitability of TSCP for NLO applications. The grown crystal exhibited SHG even it 
belongs to centro-symmetric group and is confirmed using Kurtz powder technique. 
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