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Abstract:  

Single crystals of intrinsic strontium L(+) tartrate (IST), Mg2+ doped strontium L(+) tartrate (MDST) 

and Zn2+ doped strontium L(+) tartrate (ZDST) are grown using gel diffusion  method. Optimum condition 

for crystal growth is established by varying density of Sodium Meta Silicate (SMS) solution, gel pH, 

concentration and matrix of supernatant solutions. Stoichiometric composition and cationic distribution of the 

grown crystals are analyzed by EDAX measurements. Fourier transform infrared (FTIR) and Laser Raman 

spectral studies unveil various functional groups in the grown crystals. Thermo gravimetric analysis (TGA) 

confirms the presence of water molecules in the lattices and reveals decomposition behavior of the crystals in 

the temperature range of 30-1000 oC. Experimental data are used to generate the chemical formula for IST, 

MDST and ZDST crystals. IST crystals are found to possess a chemical formula: SrC4H4O6.5H2O with a 

molecular weight of 325.77. MDST crystals show up with a chemical formula of Sr0.9987Mg0.0013C4H4O6.5H2O 

(molecular weight 325.69) having a cationic distribution ratio: Sr2+:Mg2+=768:1. The ZDST crystal bears a 

chemical formula of Sr0.9929Zn0.0071C4H4O6.5H2O (molecular weight 325.61) with a cationic distribution ratio: 

Sr2+:Zn2+=140:1. During the final stage of decomposition at high temperatures (761-1000 oC), the parent IST 

and the doped MDST and ZDST crystals attain stable state and exhibit thermal stability indicating usefulness 

of these crystals in high temperature electronics 
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1. Introduction 

 Production of pure, fine and defect free crystals 

is essential for industrial applications and in the 

studies of transportation of energy in crystals. Gel 

technique is a simple and relatively inexpensive 

method of growing pure crystals at ambient 

temperatures. Tartrates generally decompose before 

melting. Single crystals of such materials are 

conveniently grown using gel diffusion method [1]. 

Gel technique is also suitable for growing doped, co-

doped and metal ion induced crystals [2]. 

Tartrate crystals exhibit special electrical and 

optical properties. Tartrate crystals induced with the 

ions of alkaline earth and transition metals exhibit 

piezoelectricity, ferroelectricity and dielectric 

anomalies which are useful in ultrasonic transducers, 

microphones, linear and nonlinear optical devices [3-

6]. Studies on growth and synthesis of strontium 

tartrate trihydrate and tetrahydrate crystals under 

distinct growth environments are available in the 

literature [7-12]. Growth of strontium tartrate 

pentahydrate using strontium nitrate as a second 

reactant, and its dielectric studies are also reported 

[13,14]. Doping of intrinsic crystals help in easily 

tuning the properties of the lattice to a specific 

purpose. Effect of the size and chemical nature of 

dopant particles on various properties, including 

electrical and optical properties, of crystals has been 

discussed by Hossain et al. [15].  

 The present study is mainly focused on the 

growth of intrinsic strontium L(+) tartrate (IST), 

Mg2+ doped strontium L(+) tartrate (MDST) and Zn2+ 

doped strontium L(+) tartrate (ZDST) crystals, using 

strontium chloride as a second reactant, with silica 

hydro gel as the growth medium. Optimal growth 

condition is established by suitably varying the 

density of SMS solution, gel pH, concentration and 

matrix of supernatant solutions. The grown crystals 

are characterized by spectroscopic and analytical 

techniques and the results are reported.  

2. Material and Methods 

Chemicals used to grow IST, MDST and ZDST 

single crystals are L(+) tartaric acid, strontium 

chloride (SrCl2.6H2O), magnesium chloride 

(MgCl2.6H2O),     zinc chloride (ZnCl2) and sodium 

meta silicate (SMS) (Na2SiO3.9H2O) of AR grade. 

Silica hydro gel is prepared by mixing SMS solution 

of specific gravity ranging between 1.035-1.070 gcm-

3 with 0.5M tartaric acid in the ratio of 5:4. To achieve 

proper gelling, tartaric acid is added drop wise to 

SMS solution with constant stirring; the solution is 

collected in different glass tubes and allowed to set. 

Chloride solutions of Sr2+ ions (3 mL) and Sr2+:Mg2+ 

and Sr2+:Zn2+ ions in the ratio of 5:1 are added 

distinctly in each of the glass tubes over the set gel. 

Diffusion of cations leads to nucleation with 

(C4H4O6)
2- ions to establish the growth of IST, MDST 

and ZDST crystals. Growth accomplishes in about 15 

days and the crystals are extracted. Following 

chemical reactions describe the formation of IST, 

MDST and ZDST crystals, respectively: 

SrCl2.6H2O+C4H6O6→SrC4H4O6.5H2O+2HCl+H2O 
 

MgCl2.6H2O+SrCl2.6H2O+C4H6O6→ 

MgSrC4H4O6.5H2O+4HCl +6H2O+½O2. 
 

ZnCl2+SrCl2.6H2O+C4H6O6→ 

ZnSrC4H4O6.5H2O+4HCl+½O2. 

The extracted crystals are shown in Figure 1. Table 1 

records growth parameters of the grown crystals.  

 

 

Figure 1. The extracted IST, MDST and ZDST 

crystals 
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3. Characterization 

Gel pH is optimized using digital pH meter EQ-

614A (QUIP-TRONIC). Chemical constituents, 

cationic distribution and surface morphology of IST, 

MDST and ZDST crystals are identified using CARL 

ZIESS FESEM (Oxford instruments) attached with 

EDS system [16]. Functional group identification of 

intrinsic and doped crystals is made using FTIR 

(Fourier transform infrared) spectrophotometer 

(Bruker -Alpha) by adopting KBr  pellet technique in 

the wave number range     400-4000 cm-1 [1,17]. Laser 

Raman spectroscopic (Raman) measurements are 

made using Raman microscope: Horiba scientific 

Xplora Plus, with 532 nm laser source. Thermal 

stability and decomposition behaviors of the grown 

crystals are investigated using TG-DSC 

Simultaneous thermal analyzer (NETZSCH STA 

2500A-0027-N) instrument at temperatures in the 

range of 30-1000 oC, with a heating rate of   3 oC/min 

[18]. 

4. Result and discussion 

The EDAX spectra of the crystals, shown in 

Figure 2,  Figure 3 and Figure 4 confirm the presence 

of Sr2+, Mg2+ and Zn2+ ions in the crystal geometry. 

The characteristic peaks in the spectra identify 

presence of Sr, C and O as prime elements in IST 

crystal; Mg, Sr, C and O in MDST crystal and Zn, Sr, 

C and O in ZDST crystal. Table 2 shows the atomic 

and weight percentages of prime constituents of 

parent and doped crystals.  

From EDAX measurements, MDST and ZDST 

crystals are found to have cationic distributions of 

Sr2+:Mg2+=768:1 and Sr2+:Zn2+=140:1 respectively. 

SEM images with 100µm resolution (Figures 5, 

6 and 7) show fine morphology of the crystals. Both 

the parent and doped crystals show good surface  

 

finish. MDST and ZDST crystals possess hillocks 

[19] with sharp pointed tip. 

 

Figure 2: EDAX spectrum- IST crystal 

 
  

 
Figure 4: EDAX spectrum- ZDST crystal 

 

Figure 5: SEM image of IST crystal 

 

Figure 3: EDAX spectrum-MDST crystal
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Following Ben et al [20], various functional 

groups and the possible stretching modes of the 

crystals are studied using FTIR and Raman spectra 

(Figures 8, 9 and 10). The observed wavenumbers 

and the band assigned are the same in both FTIR and 

Raman spectra. 

 

In Figure 8, Figure 9 and Figure 10, the 

functional group region is located above 1600 cm-1 

and finger print region below this wavenumber [21]. 

The FTIR profiles of parent and doped crystals 

followed by Raman spectral results are reported in 

Table 3, Table 4 and Table 5 (along with relevant 

references), respectively. 

 
Figure 6: SEM image of MDST crystal 

 

 
Figure 7: SEM image of ZDST crystal 

 
Figure 8: FTIR and Raman spectra of IST crystal 

 
Figure 9: FTIR and Raman spectra of MDST  

crystal 

 
Figure 10: FTIR and Raman spectra of ZDST 

crystal  
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The FTIR results reveal that the cationic 

induction of Mg2+ and Zn2+ ions results in shifting of 

the absorption peaks, keeping the functional groups  

 

 

of the parent IST crystal preserved. The molecular 

vibrations characterized by Raman techniques are in 

agreement with FTIR results of the crystals. 
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TGA and DSC profiles of the IST, MDST and 

ZDST crystals are shown in Figure 11, Figure 12 and 

Figure 13 respectively. Both parent and doped 

crystals show four stages of decomposition. 

The parent IST crystal exhibits first stage of 

decomposition (Figure 11) at temperature range 73-

190 oC. In this stage, the crystal undergoes a weight 

loss by 17.05% (calc. loss 16.59%) with the 

elimination of three water molecules. This 

corresponds to DSC endothermic peaks at 136 oC and 

172 oC. The second stage of decomposition occurs at 

190-335 oC, showing weight loss of 19.59% (calc. 

loss 20.27%), with the elimination of two coordinated 

water molecules and with liberation of formaldehyde 

gas. [31]. In the third phase, (temperature range:             

335-470 oC), the crystal suffers a weight loss of 

14.09% (calc. loss 14.13%) due to the loss of a water 

molecule and liberation of carbon monoxide. This 

process results in the formation of strontium oxalic 

anhydride and the state continues upto      836 oC. 

During the fourth and final stage of decomposition 

(temperature range:  836-1000 oC), the crystal is 

decomposed to strontium oxide (SrO) with liberation 

of two molecules of carbon monoxide [31]. 

 

 
Figure 11: TG-DSC plot of IST crystal                                                                 

 
Figure 12: TG-DSC plot of MDST crystal 
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The first stage of decomposition of MDST 

crystal (Figure 12) occurs in the temperature range of 

72-176 oC with a weight loss of 16.34% (calc. loss 

16.59%), and with the elimination of three water 

molecules. This corresponds to a DSC endothermic  

peak at 143 oC. In the second stage of decomposition 

(temperature range:  176-361 oC), the crystal loses 

two coordinated water molecules and a molecule of 

carbon monoxide, undergoing a weight loss of 

19.37% (calc. loss 19.66%), attaining stability at 

strontium magnesium tartronate state. In the third 

stage (between 361-496 oC), the crystal suffers a 

weight loss of 10.15% (calc. loss 9.83%) with the 

liberation of methanol gas (exothermic peak at 426 
oC) and forms strontium magnesium oxalate. This 

state continues up to 812 oC. During the final stage of 

decomposition (temperature range: 812-1000 oC), the  

 

 

 

material reduces to strontium magnesium carbonate 

(SrMgCO3) with liberation of a molecule of carbon 

monoxide [1, 12, 32]. 

Figure 13 shows TG-DSC plot for the ZDST 

crystal.  The crystal exhibits four distinct stages of 

decomposition. The first stage of decomposition, 

occurring in the range of 65-150 oC, shows a weight 

loss of 16.52% (calc. loss of 16.59%). This is due to 

elimination of three lattice water molecules. 

In the second stage of decomposition   (150-299 
oC), the crystal loses two coordinated water 

molecules along with an exothermic liberation of 

H2CO gas, suffering a weight loss of 20.56% (calc. 

loss 20.28%). In the third stage           (299-454 oC), 

the crystal decomposes to strontium zinc oxalic 

anhydride unveiling a weight loss of 14.37% (calc. 

loss 14.13%). This is due to endothermic expelling of 

H2O molecules (DSC peak at 358 oC) along with 

exothermic liberation of a molecule of CO (403 oC) 

[31]. In the final phase (761-1000 oC), the ZDST 

crystal loses two molecules of carbon monoxide and 

attains stability as strontium zinc oxide (SrZnO) [31]. 

It is evident that the IST and ZDST crystals 

decompose to oxide state with liberation of 2CO, 

whereas the MDST crystal lattice attains carbonate 

state with liberation of a molecule of CO. Thus, at 

high temperatures, all the crystals exhibit thermal 

stability. The results of this study also reveal the 

presence of five water molecules in each of the grown 

crystal lattice.  

The range of temperature, loss of weight and 

the relevant chemical reaction associated with every 

stage of decomposition of the crystals are shown in 

Table 6 and Table 7. 

 
Figure 13: TG-DSC plot of ZDST crystal 

  



Journal of Advanced Applied Scientific Research -ISSN: 2454-3225 

K. B. Reema et al., JOAASR- Vol-3-1 January 2021: 7-15 

 
14 

 

 

The TG-DSC plots (Figures 11, 12 and 13) clearly 

highlight the distinct decomposition behaviour of the 

parent IST and doped MDST and ZDST crystals. The 

variation in decomposition temperatures, changes in 

DSC peaks and metastabilities confirm the 

distinctness among the IST, MDST and ZDST 

lattices. 

From the EDAX measurements followed by 

evaluation from FTIR and TG analysis, the estimated 

chemical formula for the IST crystal is 

SrC4H4O6.5H2O with a molecular weight of 325.77. 

Doping of Mg2+ into Sr2+ vacancies forms MDST   

crystals having a chemical formula of 

Sr0.9987Mg0.0013C4H4O6.5H2O with a molecular 

weight of 325.69. Similarly, doping with Zn2+ 

produces ZDST        crystals having a chemical 

formula of Sr0.9929Zn0.0071C4H4O6.5H2O with a 

molecular weight of 325.61. 

5. Conclusion 

MDST and ZDST single crystals are grown by 

doping a grown IST lattice with Mg2+ and Zn2+ ions, 

by adopting gel method in an optimized growth 

environment. The growth kinetics and morphology of 

IST, MDST and ZDST crystals are observed to be 

different. Stoichiometric composition and cationic 

distribution of the grown crystals are analyzed by 

EDAX measurements. IST crystals are found to 

possess a chemical formula SrC4H4O6.5H2O with a 

molecular weight of 325.77. MDST crystals show up 

with a chemical formula of 

Sr0.9987Mg0.0013C4H4O6.5H2O (molecular weight 

325.69) having a cationic distribution ratio: 

Sr2+:Mg2+ = 768:1. The ZDST crystal bears a 

chemical formula of Sr0.9929Zn0.0071C4H4O6.5H2O 

(molecular weight 325.61) with a cationic 

distribution ratio: Sr2+:Zn2+ = 140:1. All the crystals 

are pentahydrated. During the final stage of  

 

decomposition at high temperatures (761-1000 oC), 

the parent IST and the doped MDST and ZDST 

crystals attain stable state and exhibit thermal 

stability indicating usefulness of these crystals in high 

temperature electronics.  
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