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Abstract. Strontium tartrate (SrC4H4O6) single crystals were grown by gel
growth technique using sodium meta silicate gel. The grown single crystals
were transparent having dimension of 2 × 2 × 1 mm3. The powder X-ray
diffraction (XRD) of the as-grown single crystals showed them to possess mon-
oclinic crystal structure. The lattice parameters were in good agreement with
the reported data. The Fourier transform infrared spectroscopy (FTIR) analysis
exhibited presence of varied bonds related to molecular structure of strontium
tartrate. The surface microstructure study substantiated layer growth mechanism
to be prevalent in the present gel grown single crystals. The thermogravimet-
ric (TG), differential thermogravimetric (DTA) and differential thermal (DTA)
analysis of the as-grown strontium tartrate single crystals shows that the crystals
are thermally stable in the temperature range from room temperature to 390 K.
Above 390 K the as-grown crystals decomposes by three steps weight loss. The
thermodynamic parameters like activation energy, activation enthalpy, activation
entropy and Gibbs free energy were evaluated using the thermographs employ-
ing Broido and Coats-Redfern relations. The obtained results are deliberated in
details.

PACS codes: 81.10.Dn, 61.05.-a, 81.70.Pg

1 Introduction

Crystal growth by gel technique is one of an imperative technique for growing
perfect single crystals [1]. Gel growth technique is used for those compounds
which are insoluble in water and have phase transition before melting [2]. Good
quality single crystals are obtained from gel growth technique due to very slow
controlled rate of crystallization and non turbulence during growth. The aim of
the present paper is to grow good quality single crystals of strontium tartrate
in sodium meta silicate gel. Here strontium tartrate was selected since it has
a potential application as dielectric, ferroelectric, piezoelectric material [3]. It
also exhibits nonlinear optical characteristics and find use in transducers, linear
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and nonlinear mechanical devices like crystal oscillators, resonators, etc [4-6].
The as-grown crystals were characterized by X-ray diffraction (XRD), fourier
transform infrared (FTIR) spectroscopy, optical micrograph and thermographs
(TG, DTG and DTA).

2 Experimental Details

The tartrate compounds are water insoluble and decompose before melting.
Hence single crystals of such compounds cannot be grown by either slow evap-
oration or melt techniques. In this situation gel growth technique is the most
appropriate one for its single crystals growth. The authors did gel growth of
strontium tartrate single crystals using sodium metal silicate gel. Optimized con-
ditions for the growth of large and perfect single crystals of strontium tartrate by
controlled ionic diffusion of reacting ions through sodium meta silicate gel were
obtained. In the crystal growth process, firstly 1.04 gm/cc solution of sodium
meta silicate is taken in a test tube. To it 10 ml of tartric acid is added to set the
pH between 3 and 5. The test tube was not disturbed for 48 h for the gel to set.
After the gel got set, 1M of strontium chloride is poured into the test tube. While
pouring the solution care is taken that the set gel surface is not disturbed. After
240 h the grown crystals of strontium tartrate were removed from the test tube
and given multiple wash with distilled water. Good quality transparent crystals
having average dimension of 2× 2× 1 mm3 were obtained. The grown crystals
photograph is shown in Figure 1. The chemical reaction that occurred during the
growth of strontium tartrate single crystals in this gel growth is as below,

SrCl2.6H2O + C4H4O6→ SrC4H4O6 + 2HCl + 6H2O

The as-grown strontium tartrate single crystals were comprehensively character-
ized by different techniques.

 
Fig. 1. Photographs of the gel growth test tube and as-grown strontium tartrate single crystals. 

 
The as-grown strontium tartrate single crystals were comprehensively characterized by 

different techniques. 

 

 

3 Results and Discussions 
 
3.1Structural analysis 
 

 
Fig. 2. Powder XRD pattern of as-grown strontium tartrate crystals. 

 
The structural characterization of the as-grown strontium tartrate single crystals was done 

by powder X-ray diffraction (XRD) technique employing Philips X-ray Diffractometer Xpert 

MPD using CuKα radiation. The Fig. 2 shows the powder XRD pattern of strontium tartrate 

single crystals. All the diffraction peaks of the XRD pattern could be indexed as those of 

strontium tartrate having monoclinic structure. The determined lattice parameters, a = 7.55 Å, b 

= 10.06 Å, c = 6.47Å and α = γ = 90°, β = 102° were in good agreement with the reported data 
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Figure 1. Photographs of the gel growth test tube and as-grown strontium tartrate single
crystals.
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3 Results and Discussions

3.1 Structural analysis

The structural characterization of the as-grown strontium tartrate single crystals
was done by powder X-ray diffraction (XRD) technique employing Philips X-
ray Diffractometer Xpert MPD using CuKα radiation. Figure 2 shows the pow-
der XRD pattern of strontium tartrate single crystals. All the diffraction peaks
of the XRD pattern could be indexed as those of strontium tartrate having mon-
oclinic structure. The determined lattice parameters, a = 7.55 Å, b = 10.06 Å,
c = 6.47 Å and α = γ = 90◦, β = 102◦ were in good agreement with the re-
ported data [7]. The sharp and high intense XRD peaks substantiate good crys-
tallinity of the grown crystals. The monoclinic structure corroborates strontium
tartrate to be strontium tartrate trihydrate [4].

 
Fig. 1. Photographs of the gel growth test tube and as-grown strontium tartrate single crystals. 

 
The as-grown strontium tartrate single crystals were comprehensively characterized by 

different techniques. 
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MPD using CuKα radiation. The Fig. 2 shows the powder XRD pattern of strontium tartrate 

single crystals. All the diffraction peaks of the XRD pattern could be indexed as those of 

strontium tartrate having monoclinic structure. The determined lattice parameters, a = 7.55 Å, b 

= 10.06 Å, c = 6.47Å and α = γ = 90°, β = 102° were in good agreement with the reported data 
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Figure 2. Powder XRD pattern of as-grown strontium tartrate crystals.

3.2 Fourier transform infrared spectroscopy (FTIR)

The recorded Fourier transform infrared spectroscopy (FTIR) spectrum of the
as-grown strontium tartrate single crystal samples in the wave number region
of 400–4000 cm−1 using a Perkin-Elmer FTIR GX Spectrometer is shown in
Figure 3. The sample pellet for FTIR analysis was prepared using KBr. The
bond vibration and bond stretching assigned to the recorded FTIR peaks of the
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[7]. The sharp and high intense XRD peaks substantiate good crystallinity of the grown crystals. 

The monoclinic structure corroborates strontium tartrate to be strontium tartrate trihydrate [4]. 

 

   

3.2 Fourier Transform Infrared Spectroscopy (FTIR) 

 
Fig. 3. The FTIR spectrum of the as-grown strontium tartrate single crystals. 
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peaks of the as-grown strontium tartrate single crystals are tabulated in Table 1. The assigned 

bonds to corresponding FTIR peaks are in good agreement with earlier reported data [8]. 
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Figure 3. The FTIR spectrum of the as-grown strontium tartrate single crystals.

as-grown strontium tartrate single crystals are tabulated in Table 1. The assigned
bonds to corresponding FTIR peaks are in good agreement with earlier reported
data [8].

Table 1. The assigned bond vibration and bond stretching to the recorded FTIR spectrum
peaks (δ – bending mode, υ – stretching mode, υs – symmetry stretching mode, υas –
asymmetry stretching mode, ρr – rocking mode, ρt – twisting mode)

Wave number Assignments Wave number Assignments
(cm−1) (cm−1)

482.25 δ (CO2) 1385.13 υas (C=O)
532.35 δ (CO2) + ρt( OH) 1445.01 δ (CO2)

630.38, 677.90 ρr (CH) 1598.45 υs (CO2)
841.53, 934.29, 999.53 υ (CO) 1658.29 υas (OCO)

1086.25 υs (CO) 2202.33 υs (C≡C)
1125.53 υas (CO) 2766.39, 2700.19 δ (CH)
1242.03 ρr (CC) 2836.06, 2898.56, 2941.94 υs (OH)
1295.01 υ (CC) 3285.10 υas (OH)
1309.65 δ (OH)

3.3 Surface morphology analysis

The as-grown surfaces of the gel grown strontium tartrate single crystals were
examined under ’Axiotech 100 HD’ optical microscope, Carl Ziess (India) Pvt.
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Table 1. The assigned bond vibration and bond stretching to the recorded FTIR spectrum peaks. 
Wave number (cm-1) Assignments 

482.25 δ (CO2) 
532.35 δ (CO2) + ρt( OH) 

630.38,677.90 ρr(CH) 
841.53,934.29, 999.53 υ (CO) 

1086.25 υs (CO) 
1125.53 υas (CO) 
1242.03 ρr(CC) 
1295.01 υ (CC) 
1309.65 δ (OH) 
1385.13 υas (C=O) 
1445.01 δ (CO2) 
1598.45 υs (CO2) 
1658.29 υas (OCO) 
2202.33 υs (C≡C) 

2766.39,2700.19 δ (CH) 
2836.06,2898.56, 2941.94 υs (OH) 

3285.10 υas (OH) 
δ - bending mode, υ - stretching mode, υs-symmetry stretching mode, υas - asymmetry stretching 
mode, ρr - rocking mode, ρt-twisting mode. 
 
 
3.3 Surface morphology analysis 
 

   
(a)      (b) 

   
(c)       (d)  

Fig. 4. Optical micrographs of gel grown strontium tartrate single crystals surfaces. 
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Figure 4. Optical micrographs of gel grown strontium tartrate single crystals surfaces.

Ltd, Bangalore, India. Neither surface modification nor any treatment was done
for the study. The most common visible microstructures observed on the sur-
faces of as-grown strontium tartrate single crystals are shown in Figures 4 (a-d).
Figures 4 (a,b) show the single crystal surfaces to be flat with growth layers on
them. The growth layers are one on another, stating the growth of the single crys-
tals to have happened by layer growth mechanism. The layer edges are irregular
in shape stating the growth to be fast. Figure 4 (c,d) show triangular hillocks on
the flat surfaces of the crystals. The hillock growth on the flat surfaces of the
crystals may have occurred due to temperature gradient during crystal growth
leading to variation in super saturation of solution.

3.4 Thermal analysis

The thermogravimetric (TG), differential thermogravimetric (DTG) and differ-
ential thermal analysis (DTA) were recorded on the as-grown strontium tartrate
single crystals using Seiko EXSTAR SII TG/DTA 7200 thermal analyzer. All the
thermocurves were recorded between room temperature to 773 K in inert nitro-
gen atmosphere at constant heating rate of 10 K/min. The TG curve, Figure 5 (a),
clearly shows that the as-grown strontium tartrate single crystals decompose by
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Table 2. The observed thermal data of the as-grown strontium tartrate single crystals. 

Steps Temperature  range (K) Weight loss (%) DTG peak 
position (K) 

1 391 - 415 44.43 411 

2 416 - 450 9.87 438 

3 536 - 584 7.79 565 
 

  
(a)         (b) 

Fig. 5. (a) TG-DTA and (b) DTG plots of as-grown strontium tartrate single crystals in inert 
nitrogen atmosphere. 

 
The thermal activation energy was calculated for each weight loss steps from the TG 

curve for as-grown single crystals using the standard Broido and Coats-Redfern relation [10, 11]. 

Furthermore the kinetic parameters like activation enthalpy (ΔH*), activation entropy (ΔS*) and 

change in Gibbs free energy (ΔG*) was evaluated using the standard relations [12, 13]. 

 

Table 3. The activation energy and thermodynamic parameters of as-grown strontium tartrate 
single crystals. 

Steps Method 
Activation 
energy Ea 
(kJ·mol-1) 

Arrhenius 
constant 

(sec-1) 

ΔH* 

(kJ·mol-1) 
ΔS* 

(J· K-1·mol-1) 
ΔG* 

(kJ·mol-1) 

1 
Broido  

1886.38 1.21×1023 1880.69 190.15 1750.62 
2 232.54 1.74×1022 226.62 173.69 103.13 
3 258.59 1.54×1022 251.62 171.31 108.06 
1 Coats-

Redfern 
 

1841.02 1.15×1023 1835.34 189.73 1705.56 
2 222.89 1.61×1022 216.98 173.01 93.96 
3 247.01 1.40×1022 240.04 170.48 97.18 

 
 

The determined thermodynamic parameters are tabulated in Table 3. The thermodynamic 

parameters value corresponding to three weights loss steps determined by the two relations are in 

good agreement with each other. The evaluated data of activation energy Ea, enthalpy ΔH*, 
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Figure 5. (a) TG-DTA and (b) DTG plots of as-grown strontium tartrate single crystals in
inert nitrogen atmosphere.

three steps weight loss. The three weight loss steps are further corroborated
by three peaks observed in DTG curve in the same corresponding temperature
regions. The TG curve furthermore states that the as-grown strontium tartrate
single crystals are thermally stable between room temperature to 390 K. Beyond
390 K, the single crystal sample shows weight loss. The weight loss takes place
in three steps and the total weight loss is ∼ 70%. The temperature ranges of
the three weight loss steps are, Step-1 lies in 391–415 K, Step-2 in 416–450 K,
and Step-3 in 536–584 K. The corresponding weight loss percentages in the
three steps are tabulated in Table 2. The weight loss data clearly shows that the
maximum weight loss is in Step-1. This maximum weight loss may be due to
dehydration of the sample owing to evaporation of water from the sample. The
complete DTA curve lies below the zero base line stating it to be of endothermic
nature. The endothermic nature of the DTA corroborates the TG behavior of
the as-grown strontium tartrate single crystals. The endothermic nature of DTA
states that heat is absorbed by the sample which leads to initial dehydration of
the sample and at higher temperature decomposition takes place, indicated by
weight loss observed in TG. The final decomposition of the strontium tartrate
leads to formation of strontium oxaloacetate [9].

Table 2. The observed thermal data of the as-grown strontium tartrate single crystals

Steps Temperature range Weight loss DTG peak position
(K) (%) (K)

1 391–415 44.43 411
2 416–450 9.87 438
3 536–584 7.79 565
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Table 3. The activation energy and thermodynamic parameters of as-grown strontium
tartrate single crystals.

Activation Arrhenius
Steps Method energy Ea constant ∆H∗ ∆S∗ ∆G∗

(kJ/mol) (s−1) (kJ/mol) (J(K mol)−1) (kJ/mol)

1 1886.38 1.21 × 1023 1880.69 190.15 1750.62
2 Broido 232.54 1.74 × 1022 226.62 173.69 103.13
3 258.59 1.54 × 1022 251.62 171.31 108.06

1 Coats- 1841.02 1.15 × 1023 1835.34 189.73 1705.56
2 Redfern 222.89 1.61 × 1022 216.98 173.01 93.96
3 247.01 1.40 × 1022 240.04 170.48 97.18

The thermal activation energy was calculated for each weight loss steps from
the TG curve for as-grown single crystals using the standard Broido and Coats-
Redfern relation [10,11]. Furthermore the kinetic parameters like activation
enthalpy (∆H∗), activation entropy (∆S∗) and change in Gibbs free energy
(∆G∗) were evaluated using the standard relations [12,13].

The determined thermodynamic parameters are tabulated in Table 3. The ther-
modynamic parameters value corresponding to three weights loss steps deter-
mined by the two relations are in good agreement with each other. The evalu-
ated data of activation energy Ea, enthalpy ∆H∗, entropy ∆S∗ and Gibbs free
energy ∆G∗ shows that it is maximum in Step-1 for both the relations com-
pared to Steps-2 and 3. This is due to maximum weight loss observed in Step-1
compared to other two steps. The ∆H∗ values are positive for all three steps in-
dicating that heat being absorbed by the crystals leading to decomposition. The
values of ∆S∗ for all three steps are positive stating less ordering due to ther-
mal decomposition. The dissociation process are non spontaneous concluded
from the positive value of ∆G∗. The high value of Arrhenius constant ∼ 1022

indicates the decomposition is very fast.

4 Conclusions

Strontium tartrate single crystals were grown by gel growth technique using
sodium meta silicate gel. The grown single crystals were transparent with av-
erage crystal dimensions of 2 × 2 × 1 mm3. The powder XRD analysis of the
as-grown single crystals showed the crystals possess monoclinic unit cell struc-
ture. The lattice parameters were in good agreement with the reported data. All
the peaks of the FTIR spectrum belonged to the strontium tartrate compound.
Surface topography study of the as-grown single crystals showed the surfaces
to be flat with layers on them. The layers were one on the other clearly stating
that the crystal growth happened by layer growth mechanism. Other than lay-
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ers, triangular hillocks on the flat surfaces of the crystals were common features.
The hillock growth may have occurred due to temperature gradient leading to
variation in super saturation of the growth solution. The thermal analysis of
the as-grown strontium tartrate single crystals was done by recording TG, DTG
and DTA curves. The thermocurves were recorded in the temperature range
of ambient to 773 K in inert nitrogen atmosphere. The heating rate employed
was 10 K/min. The TG curve showed that the crystal decomposes by three steps
weight loss. The three steps temperature ranges are, Step-1 is 391–415 K, Step-2
is 416–450 K, and Step-3 in 536–584 K. the total weight loss is around 70% with
maximum weight loss in Step-1. This maximum weight loss is due to dehydra-
tion of the single crystals. The thermodynamic parameters value corresponding
to three weights loss steps determined by the Broido and Coats-Redfern rela-
tions were in good agreement with each other. The evaluated data of activation
energy Ea, enthalpy ∆H∗, entropy ∆S∗ and Gibbs free energy ∆G∗ show that
it is maximum in Step-1 determined by both the relations compared to Steps-2
and 3. This is due to maximum weight loss observed in Step-1 compared to
other two steps. The ∆H∗ values are positive for all three steps indicating that
heat being absorbed by the crystals leading to decomposition. This heat absorp-
tion is supported by the endothermic nature observed in DTG curve. The values
of ∆S∗ for all three steps are positive stating less ordering due to thermal de-
composition. The dissociation process are non spontaneous concluded from the
positive value of ∆G∗. The high value of Arrhenius constant ∼ 1022 indicates
the decomposition is very fast.
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