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Introduction 

The Natural as well as Gel grown crystals plays an important role in modern technology development. The gel technique of 

crystal growth is the most simple and versatile technique compared to other methods of crystal growth under ambient 

conditions. Since the method involves minimum technological sophistication, it has been exploited for the growth of useful 

crystals suitable for research and technology (Henisch et al., 1965). Several metal tartrate crystals have been successfully 

grown by the gel method (Kotru et al.,1986; Abdulkhadar et al., 1977; Mansotra et al.,1991; Selvarajan et al.,1993; Joseph et 

al.,1997; Joshi et al., 2001). The metal tartrates crystal has attracted the attention of scientific community due to their 

different potential properties and applications (Joseph et al.,1997; Joshi et al., 2001; Govani et al., 2008). 

 

Tartrate form single crystals with transition and non-transition metals, and these crystals are of tremendous interest due to 

their superior optoelectronic characteristics (Quasim & Gupta, 2021; Pradeepkumar et al., 2020). Copper tartrates find the 

various applications such as a catalyst in a production of carbon fiber floret (Zhang et al., 2011) and in Folin method for the 

determination of blood sugar (Folin & Malmros, 1929). The effect of light on copper tartrates with various bands has been 

examined (Jethva et al., 2016). Copper tartrate is used to examine how copper mediates the oxidation of thiols in the 

regulation of luteinizing hormone-releasing hormone release (LHRH) (Rice & Barnea, 1983). The copper levo-tartrate 

complex has a network of hydrogen bonds and Lewis acidic coordinated water, which is beneficial for proton conduction 

(Saravanabharathi et al., 2012). Several authors carried out and modified the copper tartrates crystal growth in the gel 

medium and characterized by different techniques (Dabhi & Joshi, 2001, 2003; Quasim et al., 2008; Bridle & Lomer, 1965; 

Binitha & Pradyumnan, 2013). 

 

However, the literature does not cover the growth and investigation of the nucleation kinetics of the transition metal tartrates 

produced in agar-agar gels. The Cu-Tartrate crystal was grown in present investigation using agar-agar gel impregnated with 

copper chloride and disodium tartrate dihydrate as a supernatant solution. The grown crystals of Cu-Tartrate were 

characterized by FTIR and the thermal stability of the crystals was investigated by TGA-DTA analysis. 
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Copper Tartrate (Cu-Tartrate) crystals have been grown by gel method using agar-agar gels 
as a medium for the growth. Crystal of copper tartrate grown by using the solution of 1M 
Copper chloride dihydrate reacted with 1M disodium tartrate dihydrate in the aqueous agar-
agar gel. The growth of the crystal is controlled by the diffusion of copper ions through agar-
agar gels impregnated with disodium tartrate. The complete growth of copper tartrate 
crystals with a light green platy shape was achieved within 20 days. The FTIR peaks at 3450.9 
and 3409.8, 1612.1 and 823.7, 745.5 cm

-1
 represent the -OH stretching, >C=O stretching and 

M-O binding respectively. XRD analysis confirmed the crystalline nature of Cu-Tartrate crystal 
and the crystal packing system is orthorhombic with a cell volume 2375.77 Å

3
. The TGA and 

DTA analysis of Cu-Tartrate crystals show 64.22% weight loss up to 551 °C and the overall 
decomposition of crystal was found endothermic in nature. To the best of our knowledge, this 
is the first report where the Cu-Tartrate crystals are grown in the Agar-agar gel. 
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Materials and Methods 

The single diffusion agar-agar gel technique was used to grow the Cu-Tartrate crystals in aqueous neutral medium. All the 

chemicals Copper Chloride dihydrate (CuCl2.2H2O), disodium tartrate dihydrate (Na2C4H4O6•2H2O) and agar-agar Type-I of 

AR grade are purchased and used as such without purification. The crystals were grown in a crystallizer consisting of a single 

glass tube of 25 mm diameter and 200 mm length. The 1% Agar-agar gel was found suitable for the growth of crystals (Patil 

et al., 2022). The following reaction is expected to take place in the gel medium: 

 

CuCl2•2H2O + Na2C4H4O6•2H2O    →    Cu(C4H4O6)x•XH2O + 2NaCl + XH2O 

 

The gel was prepared by dissolving 1% w/v of extra pure agar-agar powder in doubly deionized hot water. The hot solution 

of 1% agar-agar gel was added to the glass tube containing the solution of 10 mL of 1M CuCl2•2H2O. The glass tube was 

kept for 3 days for aging and setting of the gel. The upper reactant 15 mL of 1M disodium tartrate dihydrate solution was 

poured over the set gel along the sides of the glass tube, without disturbing the gel. Crystals were grown near the interface 

and deep inside the gel. The crystallizer glass tube assembly was then left for a period of 20 days at room temperature, after 

which well-faceted crystals of Cu-Tartrate grew inside the gel. Light green crystals look like platy nature were grown at the 

interstitial layer of the glass tube as shown in Figure 1(a) Some good quality harvested crystals of Cu-Tartrate are shown in 

Figures 1(b). 

 
Fig 1: (a) Platy shaped Cu-Tartrate crystals at the interstitial of the gel; (b) Some good quality harvested Cu-Tartrate crystals 

 

Results Discussion 

The single diffusion method is extensively used method for the crystal growth by using the sodium meta silicate. There are 

few reports to use the agar-agar gel for the crystal growth, herein, we report the Cu-Tartrate crystal growth in agar-agar gel 

by single diffusion method and the optimum condition was given in the Table 1. In the crystal growth mass transfer, the 

mechanism of nucleation, and growth process are the main aspects. Different parameters such as gel density, gel setting time, 

gel aging time, concentration of reactant, and addition of impurities in gel have a considerable effect on rate of crystal growth 

(Patil et al., 2022; Jagtap et al., 2022). In the conventional single diffusion method, the glass tube of 25 mm diameter and 250 

mm length was used as crystallization assembly. The hot solution of 1% agar-agar gel was added to the tube containing the 

solution of 10 mL of 1M CuCl2•2H2O. After 3 days upper reactant 15 mL of 1M disodium tartrate dihydrate solution was 

poured over the set gel along the sides of the glass tube, without disturbing the gel. The platy light green crystals grow 

gradually as the diffusion proceeds into the gel. The crystal grown in this system are good quality, platy shaped-light green in 

colour and analyzed by the following analytical tools. The FTIR spectrum of Cu-Tartrate crystals was recorded in the region 

4000-400 cm
-1

 using “Agilent Cary 630 FTIR Spectrometer”. The structural analyses were carried out by powder XRD 

studies by Small Angle X-ray Scattering, ANTON PAAR, (SAXSPace) with CuKα monochromator of wavelength 1.54056 

Å. The weight of change of Cu-Tartrate crystal sample over temperature range as well to find out the thermal stability and its 

fraction of volatile components by TGA/DTA using TGA 55 from TA Instruments, United states. 

 

Table 1: The optimum condition for the growth of Cu-Tartrate crystals 

Conditions Single diffusion 

% of agar-agar gel 1.0  

Concentration of Copper chloride dihydrate  1 M 

Concentration of disodium tartrate dihydrate 1 M 

Gel aging and setting period 3 days 

Period of growth 20 days 

Temperature Room temperature (27 °C) 

Colour and quality of crystals Light green and platy shaped crystals 
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FTIR Spectral Analysis 

The infrared spectroscopic technique is a powerful tool for identifying the functional group in a compound (Colthup et al., 

1990; Hemalatha et al., 2017). Figure 2 shows FT-IR spectrum of Cu-Tartrate crystals grown in agar-agar gel. The FT-IR 

spectrum was recorded in the region 4000-400 cm
-1

 using “Agilent Cary 630 FTIR Spectrometer”. The bands assigned to the 

various types of vibrations are summarized in Table 2. The weak absorption peaks observed at 3450.9, 3409.8 and 2976.3 

cm
-1

 are due to symmetric and asymmetric stretching of -O-H bond. A strong and sharp absorption peak observed at 1612.1 

cm
-1

 due to carbonyl >C=O group stretching. The -C-O stretching vibrations give rise to absorption band at 1321.3 cm
-1

. The 

absorptions at 1058.6 cm
-1

 are due to out of plane -O-H deformation and -C-O stretching. The absorptions at 823.7 and 745.5 

cm
-1

 are due to copper-oxygen stretching vibrations and the IR spectra complies with the reported IR spectrum 

(Ariponnammal & Velvizhi, 2019). 

 
Fig 2: FTIR spectrum of Cu-Tartrate crystals 

 

Table 2: FTIR spectral assignments of Cu-Tartrate crystals 

Wavenumber (cm
-1

) Assignment 

3450.9, 3409.8, 2976.3 -O-H stretching 

1612.1 >C=O stretch of carboxylate group 

1321.3 -C-O Stretching 

1058.6 -C-O and-O-H out of plane bending 

823.7, 745.5 M-O Stretching 

Powder XRD Analysis 

The crystal structure and crystalline nature of the developed crystal was studied by powder X-ray diffraction analysis. The 

samples were scanned over the range of 2θ values from 5° to 80°. The Figure 3 shows the X-ray powder diffraction pattern 

of Cu-Tartrate crystals. It was indexed using Rietveld refinement method to identify the reflecting planes. The XRD data was 

analyzed using FullProf Suite software and Crystallography Open Database (COD) CIF file (space group: P-nn2) (Patil et al., 

2022; Jagtap et al., 2022). The appearance of sharp and strong peaks confirms the good crystallinity and purity of the grown 

Cu-Tartrate crystals. The XRD analysis also identified the active ingredients in the crystal packing. The 2  values, d values 

and the miller indices (h k l) of major peaks observed in the spectra of the Cu-Tartrate are given in Table 3 (Patil et al., 2022; 

Jagtap et al., 2022). Calculation of cell parameters reveals that Cu-Tartrate belongs to orthorhombic crystal system having 

space group P-nn2. The cell parameters of crystal are worked out using FullProf software and are a = 17.07Å, b = 19.34Å, c 

= 13.48Å, α = 90º, β = 90º, γ = 90º and unit cell volume 2375.77 Å
3
. The crystal parameters of Cu-Tartrates are shown in 

Table 4. The average grain size calculated from the full width half Maxima values, and found as 27.3291 nm. 
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Fig 3: Powder XRD spectrum of Cu-Tartrate crystals 
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Table 3: Powder XRD data of Cu-Tartrate crystals 

2 d Å Relative  

Intensity (cts) 

Indices 

20.39 4.3513 4994.28 (0 1 3) 

21.77 4.0791 3176.98 (2 3 2) 

23.45 3.7900 1106.65 (1 5 0) 

25.00 3.5589 1795.03 (2 4 2) 

25.47 3.4935 3005.96 (2 5 0) 

30.67 2.9119 1441.45 (0 6 2) 

35.33 2.5380 1341.87 (2 1 5) 

36.90 2.4340 1453.04 (3 0 5) 

42.11 2.1436 1623.15 (7 4 1) 

 

Table 4: Crystal parameters of Cu-Tartrate crystals 

Crystal 

Parameters 
a Å b Å c Å α° β° γ° 

Volume 

Å
3
 

Cu-Tartate 17.07 19.34 13.48 90 90 90 4452.12 

 

Thermal Analysis (TGA and DTA)  
Thermal analytical studies play a significant role in the development and characterization of different materials towards its 

applications. Generally, it is considered that a change in an exchange energy at phase transition is responsible for a prominent 

peak in the DTA curve (Fukami et al., 2017). In the below Figure 4, the thermogram of sample, the temperatures range of 30-

600 °C with rise 10.00 C/min. The lack of an endothermic or exothermic peak in the DTA curve in the temperature range of 

50 to 210 °C suggests that the crystal is not undergoing a phase transition in this region (Paul et al., 2008; Mathew et al., 

2011). The TGA curves indicates the sharp slope at 211.96 to 228.26 °C shows the sudden 62.98% weight loss due to the 

elimination of CO, CO2 molecules from the crystal of Cu-Tartrate. The heating above 228.27 °C the crystal decomposed and 

exhibited thermal stability towards the oxide formation up to 551 °C with the total weight loss 64.22%. The DTA plot shows 

the sharp endothermic dip peak at 228.26 °C towards the decomposition of crystals and formation of copper oxides. 
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Fig 4: TGA and DTA of Cu-Tartrate crystals 

 

Conclusion 

1. Cu-Tartrate crystals are grown successfully using agar-agar gel diffusion technique and growth parameters tuned to 

obtain a reasonably well size, shape, and morphology. The crystal lattice structure determined to be orthorhombic.  

2. The FT-IR spectrum of Cu-Tartrate reveals the presence of -O-H, >C=O, -C-O and metal-oxygen bonds. 

3. The XRD spectrum confirmed the crystalline nature of Cu-Tartrate and having the orthorhombic structure with 

space group P-nn2. The cell parameters were a = 17.07Å, b = 19.34Å, c = 13.48Å, α = 90º, β = 90º, γ = 90º and unit 

cell volume 2375.77 Å
3
. 

4. TGA suggests the Cu-Tartrate crystals are thermally stable up to 211.95 °C. 
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