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Introduction 

Crystals have always attracted mankind and for a long-time crystal growth has been one of the most fascinating areas of 

research. With advancement in instrumentation and technology, the growth of crystals with tailored physics and chemistry, 

characterization of crystals with more advanced instrumentation and their conversion into useful devices play vital roles in 

science and technology (Lal et al, 1981; lvan et al, 2003; Govindhan et al, 2010). This has attracted many researchers to 

grow single crystals of metallic ions or mixture of metallic ions by gel method. Most tartrate compounds have shown 

interesting physical properties such as piezoelectricity, ferroelectricity and optical second harmonic generation, etc. (Fousek 

et al, 1970; Ivanov, 1984; Torres et al, 1995; Rahimkutty et al, 2001). The techniques for the growth of single crystals, gel 

media has found a unique place due to its simplicity and characteristic of suppression of nucleation centres (Arora, 1981). 

The agar-agar gel technique is modest and inexpensive for growing single crystals and satisfies all required conditions for 

crystallization (Patel & Rao, 1982; Jethva, 2017; Jagtap & Patil, 2022). Manganese tartrate is a quite interesting compound, 

and hence some attempts had been made to grow its pure and mixed crystals using silica hydrogel (Ramkrishanan & Maroor, 

1988; Yanes et al, 1996; Joshi et al, 2006, 2010, 2012).  

 

But precedence literature is not available on manganese tartrate crystals grown in the agar-agar gel. In the present 

investigation, the authors report the growth of manganese tartrate crystals in the agar-agar gel and their characterization by 

powder XRD, FT-IR spectroscopy and TGA. 
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Tartrates crystals with transition and non-transition compounds have shown interesting 
physical properties such as piezoelectricity, ferroelectricity and optical. The manganese 
tartrate (MnTa) crystals were grown by gel technique using a single diffusion method at room 
temperature. Agar-agar gel (1%) was used as a growth medium with a test tube as a 
crystallization vessel. For crystallization 1M Manganese Chloride and 1M Disodium Tartrate 
were used as reactants. After 25 days of impregnation of reactants in set gel, fully grown 
translucent and mostly pink manganese tartrate crystals were grown in an aqueous medium. 
In this paper, we report the FTIR, thermal and structural characteristics of manganese tartrate 
crystals. The peak at 1399 and 1220 cm

-1
 are attributed due to >C=O symmetric vibration and 

C-O stretching mode respectively. The absorption wave numbers at 717 cm
-1

 are due to metal 
oxygen stretching. The maximum weight of the fully grown manganese tartrate crystal was 
obtained about 95 mg with well-defined morphology. From XRD data, calculation of cell 
parameters reveals that manganese tartrate belong to triclinic crystal system and unit cell 
volume 2160 Å

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

attached to the crystal lattice which are lost around 341℃ as revealed by the endotherm 
peak. To the best of our knowledge, no literature is available on manganese tartrate crystals 
grown in the agar-agar gel. 
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Materials and Methods 

The crystallization of manganese tartrate crystals was accomplished using the gel diffusion technique. The crystallizer 

consisted of a single glass tube of length 30 cm and diameter 2.5 cm. The chemicals used in this study were AR-grade 

disodium tartrate dihydrate (Na2C4H4O6∙2H2O), manganese chloride (MnCl2.4H2O), and agar-agar gel (commercial grade). 

Agar-agar gel was prepared by dissolving (1% w/v) of agar-agar in double distilled water that was preheated to a boiling 

temperature (Jagtap et al, 2022; Patil et al, 2022; Jagtap et al, 2022). The hot agar-agar solution was then transferred to the 

tube containing solution of manganese chloride (1M, 10 mL) and thoroughly mixed. This highly homogeneous solution was 

kept for setting and aging at room temperature in dust free atmosphere. After aging and setting of gel, an aqueous supernatant 

solution of disodium tartrate (1M, 20 mL) was carefully poured over it along the walls of test tube.  

The tartrate ions diffuse through the narrow pores of the gel and react with manganese ions present in the gel as lower 

reactant, giving rise to the formation of manganese tartrate crystals. The following reaction was expected to occur in the gel 

medium. 

MnCl2.4H2O + Na2C4H4O6∙2H2O → Mn(C4H4O6)x∙xH2O + 2NaCl + xH2O 

Results and Discussion 

Formation of manganese tartrate was accomplished by the reaction between manganese chloride tetrahydrate and disodium 

tartrate dehydrate in agar-agar gel, using single diffusion crystal growth technique as discussed above.  After addition of 

supernatant solution (disodium tartrate) nucleation started after 24 hours and small crystals appeared at the gel-solution 

interface. It was observed that the crystal size gradually increased with time and the growth terminated after a period of 25 

days, 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 inert, the gel framework acts like a small vessel in which the crystal nuclei are carefully held 

in the position of their formation and supplied with the nutrients for growth (Joshi et al, 2012). The Figure 1 (a) shows 

growth of manganese tartrate crystal in agar-agar gel in test tube and Figure 1 (b) shows harvested crystals. The maximum 

weight of the fully grown manganese tartrate crystal was obtained about 95 mg and the values of growth parameters that 

ensure optimum good quality manganese tartrate crystals of this study are summarized in Table 1. The grown crystals were 

mostly pink and orthorhombic shaped. The fully grown manganese tartrate crystals were characterized by different 

techniques. To procure information about functional groups associated with the crystal lattices, the chemical bonding or 

molecular structure of materials, Fourier Transform Infrared (FTIR) analysis was carried out. To know the various phases, 

present in the crystalline composition, its geometry and shape of molecules powder X-ray diffractogram was recorded. The 

crystals of manganese tartrate were studied for thermal stability and decomposition mechanism using TGA-DTA analysis. 

 

Table 1: Optimized growth parameters of the MnTa crystals 

Crystallization parameter Values 

Crystallization temperature 27 ℃ 

Molarity of Manganese chloride 1 M 

Molarity of disodium tartrate 1 M 

% of Agar gel  1 % 

Gel setting and aging period 3 days 

Crystal maturity period  25 days 

Nature and Colour of the crystal Translucent, Pink 

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

 

FTIR spectral analysis  

FTIR spectra recorded using “Agilent Cary 630 FTIR Spectrometer” for manganese tartrate crystals are shown in Figure 2 

and reveal interesting features. The spectrum was recorded in the region 4000–400 cm
−1

 at room temperature. 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 broad band centered at 3356 cm
-1

 indicates the presence of water of hydration in pure manganese tartrate 
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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 1399 and 1220 cm
-1

 are attributed due to >C=O symmetric vibration and C-O stretching mode 

respectively. The absorption wave numbers at 717 cm
-1

 are due to metal oxygen stretching (Jethva et al, 2016).  This study 

reveals that the manganese tartrate crystals grown in agar-agar gel complies with the reported IR spectrum of manganese 

tartrate crystals grown in silica gel (Joshi et al, 2010, 2012).   

 
Fig 2: FTIR spectrum of MnTa crystals 

 

Table 2: Spectral assignments of IR peaks of MnTa crystals 

Wavenumber (cm
-1

) Assignment 

3356.5 -O-H stretching 

1589.7 >C=O stretch of carbonyl group 

1399.6 >C=O symmetric stretch  

1220.7 C-O stretching 

1114.5, 1053.0 δ (C-H) vibration 

840.5 -O–H deformation out-of-plane 

717.5 M-O Stretching 

Powder XRD Analysis  

Unit cell parameters of the agar gel grown manganese tartrate crystals were studied using powder XRD measurements 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 (20 80). The FullProf Suite software, Crystallography 

Open Database (COD) CIF file (P-1) and Rietveld refinement method was used to identify the reflecting planes, unit cell 

dimensions and interaxial angles. The indexed X-Ray diffractogram is shown in Figure 3. The obtained sharp peaks in the 

diffractogram confirm the crystalline nature of the synthesized manganese tartrate crystals. The XRD pattern displays six 

characteristic diffraction peaks located at 20.3, 22.92, 23.54, 25.30, 26.30, and 34.90. The indices of the major peaks 

for manganese tartrate with intensity are found to be (2 -1 0), (1 3 1), (2 2 4), (2 3 3), (2 -2 0) and (3 4 4). The calculated d-

values using the cell parameters for the grown crystal are in conformity with the experimental values. The obtained crystals 

and the Miller indices of major 

peaks observed in the spectra of the manganese tartrate sample are given in Table 3. The unit cell parameters were explored 

and tabulated in Table 4. The apparent crystallite size of crystals in the form of powder can be determined using variants of 

the Scherrer equation (Thomas et al, 2022). The average crystallite size of manganese tartrate crystals was found to be 67.49 

nm.  

 

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

2  d Å Relative Intensity (cts) Indices 

20.28 4.3766 401.26 (2 -1 0)  

22.92 3.8759 144.87 (1 3 1) 

23.54 3.7765 172.22 (2 2 4) 

25.30 3.5166 301.60 (2 3 3) 

26.30 3.3847 122.61 (2 -2 0) 

34.90 2.5691 127.60 (3 4 4) 

 

Table 4: Crystal parameters of MnTa crystals 

Crystal 

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

3
 

MnTa 11.64 11.70 17.89 72.93 74.28 70.91 2160 
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Fig 3: X-Ray diffractogram of MnTa crystals 

 

Thermal Analysis (TGA and DTA)  

The thermal stability of the manganese crystal grown in agar gel was assessed by Thermogravimetric Analysis (TGA) and 

Differential Thermal Analysis (DTA). Figure 4 depicts the TGA - DTA curves of manganese tartrate crystal. The TGA 

curves suggests that the upon heating the crystal initially dehydrate and become anhydrous at 92 ℃ with 8.21 % weight loss 

and then further decompose at 341 ℃ into respective oxides with 64.73 % weight loss. In the DTA analysis the sharp 

endothermic dip peak at 341 ℃ results in the formation manganese oxide. The decomposition to manganese oxide is through 

smooth single step. 
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Fig 4: TGA and DTA curves of MnTa crystals 

 

Conclusions 

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

technique in an optimized crystal growth environment.  

2. The functional groups present in manganese tartrate crystals have been confirmed by FTIR spectra. The FTIR 

spectroscopic study suggests the presence of water of hydration, >C=O, -C-O stretching and metal oxygen bonding.  
3. The crystalline nature of the agar gel grown manganese tartrate crystal is confirmed by powder XRD pattern. The unit 

cell dimensions, interaxial angles and unit cell volume were computed using XRD data. The XRD data suggest that the 

grown crystal belong to triclinic crystal system. The unit cell volume of the grown crystal was found to be 2160 Å
3
 and 

average grain size 67.49 nm. The values of unit cell parameters did not comply with values reported earlier for the 

manganese tartrate crystals grown by silica gel.  
4. The TG curves portrays that the crystals were thermally unstable. Upon heating, they became anhydrous and decomposed 

into metal oxides through a smooth single stage. From DTA, endothermic reaction stages were identified. 
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