
Patil et. al.,/IJBAS/ 11(4) 2022 ; 86-90 

International Journal of Basic and Applied Sciences                                                                                                                            86 

 
 
 

 
 
 
 
 
Full Length Research Paper 

Growth and Characterization of Zinc Tartrate Crystals in Agar-agar Gel 
 
Anil K. Patil1, Uday S. Jagtap2, Harish R. Talele1 
1
Department of Chemistry, Dhanaji Nana Mahavidyalaya, Faizpur, Dist. – Jalgaon, (MS), 425503, India 

2
Department of Physics, Dhanaji Nana Mahavidyalaya, Faizpur, Dist. – Jalgaon, (MS), 425503, India  

 

ARTICLE INFORMATION          ABSTRACT 

 

 
 
 
 

 
 
 
 
 
Introduction 

Crystals differs in physical properties due to its different arrangement, packing and the materials contains in it. The properties 

of the crystals make them as a pillar of modern science and technology. The initial and most crucial step in determining any 

crystal structure and its applicability for this need to produce high-quality crystals of the appropriate size and packing 

(Kullaiah et al., 2003; Nishinaga, 2015).  

 

The tartrate crystals were grown with alkaline earth metals and transition metal series elements exhibits very interesting 

physical properties. The properties including ferroelectric, piezoelectric and dielectric variances play very important roles in 

ultrasonic transducers, linear and nonlinear optical devices and microphones (Fousek et al., 1970; Blinc & Zeks 1974; Ivanov 

& Nikolaj, 1984; Jona & Shirane, 1993; Torres et al., 1995; Torres et al., 1998; Quasim et al., 2008; Joseph et al., 2009). The 

cadmium tartrate crystals are well known for its piezoelectric application (Hopwood & Nicol, 1972). The cobalt (II) tartrate 

complexes in carbonate solutions used in an electrochemical procedure of anodic decomposition of cobalt oxyhydroxide film 

on glassy carbon substrate in an alkaline medium (Casella, 2002). Generally, the single crystals of tartrate metal complexes 

were conveniently grown using gel diffusion method (Kumar et al., 2007). Structural, thermal, dielectric and magnetic 

properties were previously studied by the tartrate crystals of zinc and zinc mixed tartrate grown using sodium metasilicate gel 

techniques (Dabhi & Joshi, 2002; Nandre et al., 2012; Vidhya et al., 2013; David et al., 2014; Reema et al., 2021). 

 

The crystal growth using gel approach is particularly interesting and straightforward way for growing such kinds of materials 

at room temperature. The agar gel technique is a low-cost, straightforward method for generating single crystals that meets all 

crystallization requirements (Arora, 1981; Agarwal et al., 1999; Jagtap et al., 2022). The Zn-tartrate crystals was grown using 

dextro-tartaric acid and levo-tartaric acid in sodium meta silicate and studied the thermal properties of the crystals and its 

relationship (Dabhi & Joshi, 2002). In the present investigation, study to grow pure Zn-Tartrate crystals by using gel 

techniques especially single diffusion agar-agar gel method, and to characterize the grown crystals by using FTIR, powder 
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XRD and TGA/DTA analysis. This is the first ever report to our knowledge, in which crystals of Zn-Tartrate were produced 

in agar-agar gel. 

 

Materials and Methods 

The growth of zinc tartrate crystals was carried out by using Agar-agar gel. All the chemicals zinc chloride (ZnCl2), disodium 

tartrate dihydrate (Na2C4H4O6•2H2O) and agar-agar Type-I was used of analytical grade. The Zn-Tartrate crystals were 

grown by the single diffusion gel growth technique. Glass test tubes of 25 mm diameter and 200 mm length were used as 

crystallization apparatus. Crystal growth method was optimized and 1% Agar-agar gel was found suitable for the growth of 

crystals (Patil et al., 2022; Jagtap et al., 2022). In gel medium, 1M solution of ZnCl2 and 1M Disodium tartrate dihydrate 

reacts and the following reaction expected to take place: 

ZnCl2 + Na2C4H4O6•2H2O → Zn(C4H4O6)x•xH2O + 2NaCl + xH2O 

The gel as a support to grow the crystals, was prepared by dissolving 1% w/v of extra pure agar-agar powder in hot doubly 

deionized water. The hot solution of 1% agar-agar gel was added to the tube containing the solution of 10 mL of 1M ZnCl2. 

The tube was kept for 3 days to setting up the gel, after aging and setting of gel 15 mL of 1M disodium tartrate dihydrate 

solution was added slowly over the set gel. A nucleation was observed in the tube after 24 hours, white spherulitic shape 

crystals were grown at the interstitial layer of the glass tube, as shown in Figure 1(a). Some good quality white spherulitic 

crystals of Zn-Tartrate are shown in Figures 1(b). The largest crystal of Zn-Tartrate was having the weight about 128 mg and 

size 7 mm x 6 mm x 6 mm. 

 
Fig 1: (a) Crystals of Zn-Tartrate; (b) White spherulitic crystals of Zn-Tartrate 

 

Results Discussion 

The Zn-Tartrate crystals were grown by the repeated trials and the ideal conditions for growing crystals by single diffusion 

are given in Table 1. The nucleation and mechanism of collision, mass transfer, and growth process are the main aspects in 

the crystal growth. Parameters like gel density, gel setting time, gel aging time and concentration of reactant have a 

considerable effect on rate of crystal growth (Shitole & Saraf, 2001; Patil et al., 2022). 

 

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

Conditions Single diffusion 

% of agar-agar gel 1.0  

Concentration of zinc chloride  1 M 

Concentration of disodium tartrate dihydrate 1 M 

Gel aging and setting period 3 days 

Period of growth 25 days 

Temperature Room temperature (27 °C) 

Colour and quality of crystals White, spherulitic crystals 

Size (Length x Width x Height) 7 mm x 6 mm x 6 mm 

 

The nucleation for the growth of crystals was observed in the crystallization assembly after 24 hrs from addition of 

supernatant 1M Disodium-Tartrate dihydrate solution on the settled gel. The nucleation for the crystal growth was further 

increased and took 25 days for its complete crystallization. The well-shaped white spherulitic crystals were grown inside the 

gel as shown in Figure 1. The crystals were isolated from the gel and further analyzed by various techniques. In the 

preliminary confirmation FTIR techniques was used for the functional group detection. The -OH stretching mode owing to 

water, carbonyl group, -CH stretching modes and metal-oxygen stretching were identified. The unit cell dimensions and 

volumes, interaxial angles characterized by powder X-ray diffraction studies (XRD) also which show the trigonal geometry 

of the crystal. Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) are done to find the thermal 

properties like stability and decomposition which manifest the water of hydration in the crystal. 

 

FTIR Spectral Analysis 

The identification of chemical constituent in the molecules including the basic information about the functional group is an 

important part in structure elucidation. The infrared radiations promote transitions in a molecule between rotational and 
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vibrational energy levels of the ground electronic energy state. The FTIR spectrum for a particular chemical compound 

shows unique characteristic of that particular compound (Colthup et al., 1990). The Zn-Tartrate crystals were analyzed on 

Agilent Cary 630 FTIR Spectrometer studied in the ranges of 4000-400 cm
-1

 for the functional groups and the possible 

stretching and vibrational aspects in the structure (Ben Salah et al., 2000). The recorded FTIR spectra of Zn-Tartrate crystals 

with observed band are shown in the Figure 2, and the observation and confirmations of the functional group with respect to 

frequencies as shown in Table 2. In spectrum, the broad peak at 3401.2 cm
-1

 is due to an asymmetric and symmetric -OH 

stretching mode which generally indicating the presence of water of crystallization. The weak band at 2981.9 cm
-1

 is 

attributed to the -CH stretching mode of vibrations, the strong and sharp absorption peak at 1578.5 cm
-1

 due to the >C=O 

stretching mode of vibration. A very sharp peak at 1416.4 cm
-1

 and 1366.1 cm
-1

 attributed to C-O stretching vibrations. The -

OH group is confirmed by the peaks at 1086.5 and 1047.4 cm
-1

 due to the bending modes in a plane. The Metal-Oxygen 

stretching vibration was confirmed by the sharp peaks at 930.0, 885.2 and 739.9 cm
-1

 (Johnson & DarlinMary, 2017). 

 
Fig 2: FTIR spectrum of Zn-Tartrate crystals 

 

Table 2: FTIR spectral assignments of Zn-Tartrate crystals 

Wavenumber (cm
-1

) Assignment 

3401.2 -O-H stretching 

2981.9 -CH stretching 

1578.5 >C=O stretch of carboxylate group 

1416.4 -C-O Stretching 

1366.1 -C-O Stretching 

1086.5, 1047.4 -O-H out of plane bending 

930.0, 885.2, 739.9 M-O Stretching 

Powder XRD Analysis 

The powder XRD studies of Zn-Tartrate crystal powder was carried out using Small Angle X-ray Scattering, ANTON 

PAAR, (SAXSpace) with CuKα radiation (λ=1.54056 Å) at SAIF, Chandigarh. The samples were scanned over the required 

range of 2θ values (5°- 80°). The powder XRD patterns of Zn-Tartrate shown in Figure 3, the XRD indexed using Rietveld 

refinement method to identify the reflecting planes and the XRD data was analyzed using FullProf Suite software and 

Crystallography Open Database (COD) CIF file (space group: P-3112). The XRD pattern shows a sharp peak due to the 

crystalline nature of the grown material (FullProf; COD; Patil et al., 2022; Sameeh, et al., 2014). Lattice parameters obtained 

for Zn-Tartrate crystals by powder XRD technique are listed in Table 3. The indices of the major peaks for Zn-Tartrate in 

decreasing order of intensity are (2 0 9), (2 0 10), (2 1 1), (2 1 3), (2 1 6), (3 0 2), (2 1 10), (2 1 12), (2 2 8).  From the powder 

XRD analysis it is evident that Zn-Tartrate crystals belong to Trigonal system with space group P-3112. The cell parameters 

of crystal are worked out using FullProf software and are a = 12.4175 Å, b = 12.4175 Å, c = 66.7020 Å, α = 90°, β = 90°, γ = 

120° and unit cell volume 8907.12 Å
3
 shown in Table 4. The experimental d-values are in conformity with the calculated 

ones using above cell parameters for Zn-Tartrate crystals. The grain size determined by the Scherrer formula and an average 

grain size of the zinc tartrate crystal is 73.96 nm. 
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Fig 3: Powder XRD spectrum of Zn-Tartrate crystals 



Patil et. al.,/IJBAS/ 11(4) 2022 ; 86-90 

International Journal of Basic and Applied Sciences                                                                                                                            89 

Table 3: Powder XRD data of Zn-Tartrate crystals 

2 d Å 
Relative  

Intensity (cts) 
Indices 

20.4 4.3477 773.68 (2 0 9) 

21.22 4.1824 434.24 (2 0 10) 

21.88 4.0572 762.44 (2 1 1) 

22.22 3.9959 924.92 (2 1 3) 

23.28 3.8173 1115.22 (2 1 6) 

24.96 3.5637 949.56 (3 0 2) 

25.66 3.4684 456.37 (2 1 10) 

27.16 3.2807 430.45 (2 1 12) 

30.7 2.9104 287.76 (2 2 8) 

Table 4: Crystal parameters of Zn-Tartrate crystals 

Crystal 

Parameters 
a Å b Å c Å α° β° γ° 

Volume 

Å
3
 

Zn-Tartate 12.4175 12.4175 66.7020 90 90 120 8907.12 

 

Thermal Analysis (TGA and DTA)  

The thermal analysis was conducted at UDCT, KBCNMU, Jalgaon on TGA 55 from TA Instruments, United States. The 

initial volume of Zn-Tartrate crystal powder was 6.061 mg and the final mass left after the experiment 2.224 mg at 600 °C, 

the total weight loss found to be 63.30%. From the graph it was observed that the total 2.94% weight loss occurs up to 300.28 

°C due to the evaporation of water molecule. The well-defined sharp decline in graph from 300.28-400.23 °C attributes to 

major weight loss due to releasing of CO and CO2 gases and molecule goes to the decomposition. The heating above 400.23 

°C the crystal exhibited thermal stability in the oxide state up to 588 °C. The DTA plot shows the sharp endothermic peak at 

358.86 °C for the decomposition of crystals results in the formation of zinc oxides due to carbon monoxide and carbon 

dioxide gases release (Dabhi & Joshi, 2002; Sameeh, et al., 2014). 
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Fig 4: TGA and DTA of Zn-Tartrate crystals 
 

Conclusion 

1) Quality crystals of Zn-Tartrate were grown successfully in the agar-agar gel technique at an ambient temperature 27 

°C.  

2) The FTIR spectra of grown crystals confirms the presence of -OH, >C=O, -C-O and -C-H functional groups 

including metal-oxygen (M-O) stretching of Zn-Tartrate crystals. 

3) Unit cell dimensions, interaxial angles and unit cell volume were computed, which shows trigonal nature of the 

crystals. The unit cell volume of the grown crystal was found to be 8907.12 Å
3
 and average grain size 73.96 nm. 

4) The thermalgravimetric analysis shows 63.30% total weight loss up to 588 °C and DTA shows endothermic reaction 

corresponding to decomposition of the crystals towards the formation of zinc oxides. 
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