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Introduction 

Modern technology revolution has been supported by single crystals and tartrates played an important role in this 

technological development. The metal tartrate compounds exhibit interesting physical properties such as dielectric, 

piezoelectricity, ferroelectricity, nonlinear optical, photo conductive, photo refractive, laser action, medical, pharmaceutical, 

and magnetic (Fousek et al, 1970; Lal, 1981; Ivanov, 1984; Markov, 2003; Suresh Kumar et al, 2007; Firdous et al, 2009; 

Joshi et al, 2010). Therefore, they are used in transducers, several linear, nonlinear mechanical and optical devices (Torres et 

al, 1998; Greena et al, 2010; Dabhi et al, 2005; Vidhya et al, 2018; Reema & Jagannatha, 2021). This has attracted many 

researchers to grow single crystals of metallic ions or mixture of metallic ions by gel method. To grow crystals under ambient 

conditions, the gel method is the simplest technique. This technique is well suited for the crystal growth of compounds which 

are insoluble in water and decompose before melting (Rahimkutty et al, 2001; Torres et al, 2002; Arora et al, 2004; Jethva et 

al, 2016; Jethva, 2017). The agar-agar gel technique is modest and inexpensive for growing single crystals and provide 

conducive environments for crystallization (Patel & Rao, 1982; Dalal et al, 2006; Patil et al, 2022; Jagtap et al, 2022).   

 

Some attempts had been made to grow pure, mixed and doped crystals of barium tartrates using silica hydrogel (Abdulkhadar 

et al, 1980; Vanaja et al, 2015; Juliatsahayamary et al, 2015; Vidhya et al, 2018) and agar gel (Patil et al, 2022). To the 

utmost extent of our knowledge no literature is available on pure barium tartrate crystals grown in the agar-agar gel, hence, 

an endeavor has been made for the first time to grow barium tartrate crystals in agar-agar gel. In this paper we are reporting 

the growth of pure barium tartrate crystals grown in the agar-agar gel using single diffusion technique and their 

characterization by powder XRD, FT-IR spectroscopy, and TGA. 
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Pure barium tartrate crystals were grown by gel method using single diffusion technique at 
room temperature in agar-agar gel (1% w/v), that serves as growth medium. For 
crystallization 1M BaCl2 (Dihydrate) and 1M Disodium Tartrate were used as reactants. After 
27 days of impregnation of reactants in set gel, fully grown white, shiny and spherulitic shape 
barium tartrate crystals were harvested. In the FTIR analysis, the peaks at 3065.7, 2875.6 and 
2735.9 cm

-1
 indicate the presence of water of hydration, 1589 cm

-1
 is due to free carbonyl 

stretch, 1382.8 cm
-1

 is attributed due to >C=O symmetric vibration and peaks at 751.1 and 
689.6 cm

-1
 are due to metal oxygen stretching respectively. The maximum weight of the fully 

grown barium tartrate crystal was obtained about 95 mg with well-defined morphology. The 
XRD-pattern of these samples reveals the crystalline nature, and from XRD data, calculation 
of cell parameters reveals that barium tartrate belong to orthorhombic crystal system and unit 
cell volume is 5671Å

3
. The TGA and DTA analysis support the presence of water molecules 

attached or trapped in the crystal lattice which are lost around 306 ℃ as revealed by the small 
endotherm peak and decomposition into oxide takes place in the range of 400 - 600 ℃. To the 
utmost extent of our knowledge no literature is available on pure barium tartrate crystals 
grown in agar-agar gel hence these efforts are made for the first time to grow barium 
tartrate crystals in agar-agar gel. 
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Materials and Methods 

Gel diffusion technique was used to grow barium tartrate (BaTa) crystals. The crystallizer consisted of a single glass tube of 

length 20 cm and diameter 3.0 cm. The chemicals used to grow barium tartrate crystals were commercial grade agar-agar gel, 

AR-grade disodium tartrate dihydrate (Na2C4H4O6∙2H2O) and barium chloride dihydrate (BaCl2.2H2O). Agar-agar powder is 

insoluble in cold water, but dissolves readily in boiling water at temperatures between 95-100 ℃ and sets to form a gel at 

concentrations as low as 0.5% (Jagtap et al, 2022). For the present study 1% w/v agar-agar gel was prepared by dissolving of 

agar-agar powder in double distilled water that was heated to boiling temperature (Patil et al, 2022). The hot agar-agar 

solution was then transferred to the glass tube (20 cm  3cm) containing solution of 1M BaCl2.2H2O and thoroughly mixed. 

This highly homogeneous solution was kept in dust free atmosphere for setting and aging at room temperature. After the 

setting and aging of gel, an aqueous supernatant solution of disodium tartrate (1M) was carefully poured over it along the 

walls of glass tube. The tartrate ions diffuse through the narrow pores of the gel and react with barium ions present in the gel 

as lower reactant, giving rise to the formation of barium tartrate crystals. The following reaction was expected to occur in the 

gel medium. 

BaCl2.2H2O + Na2C4H4O6∙2H2O → Ba(C4H4O6)x + 2NaCl + xH2O 

 

Results and Discussion 

After impregnation of reactant BaCl2∙2H2O by pouring gently the aqueous supernatant solution of disodium tartrate dihydrate 

(1M) over the set gel, the tartrate ions diffuse through the narrow pores of the gel and react with barium ions present in the 

gel to give white, shiny and spherulitic type barium tartrate crystals. The crystal size was noted every day and observed that 

the crystal size gradually increases with time and finally the growth rate ended after a period of 27 days. This may be due to 

the decrease of solute concentration of supernatant solution and non-availability of the ions in the gel. Since the agar gel is 

chemically inactive, the gel framework acts like a small container in which the crystal nuclei are carefully held in the position 

of their formation and supplied with the nutrients for crystal growth (Joshi et al, 2012).  

 
Fig 1: (a) BaTa crystals in the test tube, (b) Photographs of BaTa harvested crystals 

 

The Figure 1 (a) shows growth of barium tartrate crystal in agar-agar gel in glass tube and Figure 1 (b) shows harvested 

crystals. The maximum weight of the fully grown barium tartrate crystal was obtained about 95 mg and the values of growth 

parameters that ensure optimum good quality barium tartrate crystals of this study are summarized in Table 1. The fully 

grown barium tartrate crystals were characterized by different techniques. Fourier Transform Infrared (FTIR) analysis was 

carried out to get information about functional groups associated with the crystal lattice and chemical bonding or molecular 

structure of materials. The powder XRD was recorded to know the various phases, present in the crystalline composition, 

geometry and shape of molecules. The thermal stability and decomposition mechanism were studied by using TGA-DTA 

analysis. 

 

Table 1: Optimized growth parameters of the BaTa crystals 

Crystallization parameter Values 

Crystallization temperature 27 ℃ 

Molarity of Barium chloride dihydrate 1 M 

Molarity of disodium tartrate dihydrate 1 M 

Agar gel percentage  1 % w/v 

Gel setting and aging period 3 days 

Crystal maturity period  27 days 

Nature and Colour of the crystal White, shiny and spherulitic 
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FTIR spectral analysis  

The Figure 2 shows FTIR spectrum of barium tartrate crystals and was recorded in the region 4000–400 cm
−1

 at room 

temperature using “Agilent Cary 630 FTIR Spectrometer”. The infrared radiations promote transitions in a molecule between 

rotational and vibrational energy levels of the ground electronic energy state (Suresh Kumar et al, 2007). The observed bands 

with intensity and their vibrational assignments are given in Table 2. The presence of weak absorption peaks at 3065.7, 

2875.6 and 2735.9 cm
-1

 indicate the presence of water of hydration in pure barium tartrate crystals. The strong absorption 

peak at 1589 cm
-1

 is due to free carbonyl stretch of >C=O function and bending of water molecules. The peak at 1422.0 and 

1382.8 cm
-1

 are attributed due to >C=O symmetric vibration and peaks at 1136.8, 1080.9 cm
-1

 δ (C-H) vibration respectively. 

The absorption wave numbers at 751.1 and 689.6 cm
-1

 are due to metal oxygen bond stretching (Colthup et al, 1990). This 

FTIR study shows that, the barium tartrate crystals grown in agar-agar gel complies with the reported IR spectrum of barium 

tartrate crystals grown in silica gel.   

 

 
Fig 2: FTIR spectrum of BaTa crystal 

 

Table 2: Spectral assignments of IR peaks 

Wavenumber (cm
-1

) Assignment 

3065.7, 2875.6, 2735.9 -O-H stretching 

1589.7 >C=O stretch of carbonyl group 

1422.0, 1382.8 >C=O symmetric stretch 

1136.8, 1080.9 δ (C-H) vibration 

840.5 -O-H deformation out-of-plane 

751.1, 689.6 M-O Stretching 

 

Powder XRD Analysis  

Powder X-ray diffraction analyses of the agar-agar gel grown barium tartrate crystals were performed by using Small Angle 

X-ray Scattering, ANTON PAAR, (SAXSPace) X-ray diffractometer with CuKα radiation (λ=1.54056 Å) at SAIF, 

Chandigarh and the Figure 3 illustrates the powder XRD patterns of barium tartrate crystals. In the XRD diffractogram the 

very sharp peak with high intensities confirms fine crystalline nature of the grown tartrate crystal. From these XRD pattern, 

„d‟ values and „hkl‟ planes were calculated and are in conformity with the experimental values. All the observed diffraction 

peaks were indexed and the „hkl‟ values from peak indexing method are (1 4 2), (1 1 5), (0 5 1), (3 3 1), (1 0 6), (3 1 5), (1 2 

7), (2 2 7), (3 0 7), (2 7 2) and (4 6 0) of 2θ values 21.22, 22.36, 23.41, 24.21, 25.85, 29.06, 31.35, 33.43, 35.35, 

36.10, and 38.37 respectively. The 2θ values, d values and the indices (hkl) for the prominent peaks observed in the spectra 

of the barium tartrate are given in Table 3. The reflecting planes, interaxial angles and unit cell parameters are calculated by 

the FullProf Suite software, Crystallography Open Database (COD) CIF file (P212121) and Rietveld refinement program, 

according to the values of 2θ in XRD pattern are tabulated in Table 4. The obtained crystals of barium tartrate are observed to 

be orthorhombic crystal system. The average crystallite size of grown crystals was found to be 83.32 nm and unit cell volume 

5671.12 Å
3
. The apparent crystallite size of crystals in the form of powder can be determined using variants of the Scherrer 

equation (Thomas et al, 2022). 

 

Thermal Analysis (TGA and DTA)  

To find out weight change of a sample over a temperature range, material's thermal stability and its fraction of volatile 

components thermogravimetric analysis (TGA) was carried out. The Differential Thermal Analysis (DTA) was recorded to 

find at which temperatures reactions happen in the sample and if these changes are endothermic or exothermic. The 

thermogravimetric analysis (TGA) and differential thermal analysis (DTA) curves and decomposition processes of the 

barium tartrate crystals are shown in Figure 4 for the temperature range of 50-600 ℃ and were recorded at UDCT, Kavayitri 

Bahinabai Chaudhari North Maharashtra University (KBCNMU), Jalgaon. 
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Fig 3: X-ray diffractogram of BaTa crystal 

Table 3: XRD data of BaTa crystals grown in agar-agar gel 

2  d Å Relative Intensity (cts) Indices 

21.2264 4.1824 991.64 (1 4 2) 

22.3654 3.9808 457.22 (1 1 5) 

23.4194 3.7927 654.70 (0 5 1) 

24.2184 3.6771 1175.97 (3 3 1) 

25.8504 3.4438 1760.67 (1 0 6) 

29.0634 3.0752 981.54 (3 1 5) 

31.3584 2.8503 747.73 (1 2 7) 

33.4324 2.6781 822.32 (2 2 7) 

35.3534 2.5380 497.62 (3 0 7) 

36.1014 2.4916 906.74 (2 7 2) 

38.3794 2.3455 1111.29 (4 6 0) 

 

Table 4: Crystal parameters of BaTa crystals 

Crystal Parameters a Å b Å c Å α° β° γ° Volume Å
3
 

BaTa 13.73 19.34 21.34 90 90 90 5671.12 

 

To study the thermal stability of the compound the initial weight of the sample was taken to be 7.498 mg. In general, it is 

believed that a clear peak in DTA curve is attributed to a change in exchange energy at a phase transition (Fukami et al, 

2017). No endothermic or exothermic peak in the DTA curve was observed in the temperature range 50-250 ℃ and indicates 

that there is no phase transition in the temperature range for the crystal. The crystals underwent weight loss in every stage of 

their decomposition with respect to increase of temperature. The weight loss of crystals at different stages agrees with the 

corresponding values calculated theoretically. The crystals accomplish stability through three stages of decomposition. The 

first stage of decomposition of barium tartrate crystal starts at 250 C and continues up to 306 C to the anhydrous state of the 

crystal with an observed weight loss of 39.5 %. The crystal underwent second stage of decomposition in the range 306-396 

C, with liberation of carbon monoxide and carbon dioxide with 15.3 % of weight loss. The third stage of decomposition 

takes place in the range of 400-600 C and continues until the sample attains stability in barium oxide (supported by the sharp 

endothermic dip peak at 396 ℃).  
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Fig 4: TGA and DTA of BaTa crystal 
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Conclusions 

1. High-quality crystals of barium tartrate are grown in agar gel at an ambient temperature 27 ℃ using single diffusion 

technique in an optimized crystal growth environment.  

2. FTIR spectroscopic study suggests the presence of water of hydration, >C=O, -C-O stretching and metal oxygen 

bonding.  

3. The XRD pattern confirms the crystalline nature of the barium tartrate crystal grown in agar gel and the crystal structure 

at room temperature was determined to be orthorhombic. The unit cell dimensions, interaxial angles and unit cell volume 

were computed using XRD data. The unit cell volume of the grown crystal was found to be 5671 Å
3
 and average 

crystallite size was found to be 83.32 nm. We observed that, the values of unit cell parameters are different from the 

values reported earlier for the barium tartrate crystals grown by silica gel.  

4. The TG curves shows that the crystals are thermally unstable; on heating they become anhydrous and then decompose 

into metal oxide in the range of 400 - 600 C. From DTA, endothermic reaction stages were identified. 
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