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Abstract: - Gadolinium and Thulium doped 

SrTiO3- i.e. Sr1-xGdxTi1-yTmyO3-  for 0≤x≤0.30 

and 0≤y≤0.05 have been successfully synthesized 

using sol gel technique in this work. XRD 

patterns of the obtained ceramics are found to be 

sharp and well defined having no impurity 

phases for all the compositions. The lattice 

parameter ‘a’ decreases with amount of 

Gadolinium. Thermal Analysis, XRD, FESEM 

and EDX studies confirm the formation of Sr1-

xGdxTi1-yTmyO3-  (0≤x≤0.30, 0≤y≤0.05) ceramics 

with required cubic structure. FESEM/EDX 

analysis revealed that ceramics possess high 

density with marginal inter-granular porosity. 

The dielectric studies of the synthesized samples 

revealed that the synthesized samples possess 

high dielectric constants, high ac conductivity 

and low loss factors. The improvement in the 

dielectric properties of the synthesized samples 

has been observed with gadolinium and thulium 

doping.  
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I. INTRODUCTION 

Energy is the one of the basic requirements for 

sustainable development. The energy sources 

used nowadays suffer from many problems like 

global warming [1], various pollutions, their 

limited stocks etc. so renewable sources like 

wind, solar, hydrothermal energy etc were 

invented but these are dependent on climate 

conditions and are also less efficient 
Fuel cell is one of the leading options available 

as efficient and environment friendly 

technologies that can generate power from 

renewable fuels like hydrogen etc. A fuel cell, 

like a battery, can generate electricity from 

electrochemical reaction.  It can produce electricity 

as long as it is supplied the source of H2 and O2. 

Solid oxide fuel cells (SOFCs) are better than other 

fuel cell types like alkaline fuel cell, phosphoric 

acid fuel cell, molten carbonate fuel cell due to 

various limitations like requirement of pure fuel, 

expensive catalyst, corrosive electrolyte, high 

temperature requirement etc. [2-3].  

Anode, cathode and electrolyte are the main 

components of SOFCs. The conventional materials 

i.e. nickel/copper – yttria stablized zirconia, rare 

earth doped ceria etc., used for the fabrication of 

different components of SOFCs, suffer from the 

various problems like sulfur poisoning, poor 

mechanical integrity, carbon deposition and lesser 

stability in reducing conditions. These problems put 

a major hurdle in commercializing this futuristic 

technology. The oxides with perovskite structure 

have emerged as good alternates as these can 

withstand the aforesaid problems. The most widely 

studied perovskites are Strontium titanates, 

Lanthanum chromites and their doped forms [4-9]. 

The doping of SrTiO3-δ with various elements i.e. 

La, Ce, Sm, Gd, Dy, Y, Cu for Sr site and Fe, V, W, 

Mo, Ta, Nb for Ti site have been investigated by 

various research groups and enhancement in the 

ionic conductivity has been reported [10-11].  

A number of synthesis routes have been employed 

to synthesize these perovskite materials in literature 

but all of them suffer from one or the other 

problems but sol gel based method offers a clean, 

contamination free and easy method for 

synthesizing these materials. In this study, Gd and 

Tm codoped SrTiO3- i.e. Sr1-xGdxTi1-yTmyO3-  

(0≤x≤0.30, 0≤y≤0.05) have been synthesized using 

sol gel technique and investigated for thermal, 

structural, micro-structural and elemental 

composition using DTA/TGA, XRD and 

FESEM/EDS analysis. 
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II. EXPERIMENTAL WORK 

 
A. Synthesis  

Sr1-xGdxTi1-yTmyO3- (x = 0, y = 0; x = 0.05, y = 

0.005; x = 0.1, y = 0.005; x = 0.15, y = 0.02; x = 

0.2, y = 0.02; x = 0.25, y = 0.05; x = 0.30, y = 0.05)  

samples had been synthesized via sol gel method 

employing titanium tetra isopropoxide 

{Ti(OC3H7)4}, strontium acetate {Sr(CH3COO)2}, 

Gadlonium Nitrate {Gd(NO3).6H2O} and thulium 

nitrate penta hydrate {Tm(NO3).5H2O}; all from 

Alfa AesarTM, as starting chemicals. The propanol, 

hydrochloric acid (HCl) and distilled water were 

used as solvents. In total seven samples had been 

prepared corresponding to various values of ‘x’ and 

‘y’ i.e. x = 0, y = 0; x = 0.05, y = 0.005; x = 0.1, y = 

0.005; x = 0.15, y = 0.02; x = 0.20, y = 0.02; x = 

0.25, y = 0.05 and x = 0.30, y = 0.05 and were 

referred as STO0, STO1, STO2, STO3, STO4, 

STO5 and STO6 for respectively. The required 

amounts of raw chemicals were calculated using the 

metallurgical reaction (1). 

 

(1-x) Sr(CH3COO)2 + x Gd(NO3).6H2O + (1-y) 

Ti(OC3H7)4 + y Tm(NO3).5H2O 

            → Sr1-xGdxTi1-yTmyO 3-                   ………(1) 

 

Firstly a 6wt% alcoholic solution of titanium 

dioxide (TiO2) was prepared using titanium tetra 

isopropoxide (28wt%) as precursor, hydrochloric 

acid (13wt%) as catalyst, propanol (58wt%) and 

distilled water (1wt%) as solvent. A part of propanol 

was mixed with titanium tetra isopropoxide to form 

a solution (1) and the remaining amount of 

propanol, distilled water & HCl were mixed to form 

a solution (2). Both the solutions (1 & 2) were kept 

stirring at room temperature for 20 minutes and 

were then mixed to form the alcoholic solution. The 

alcoholic solution was stirred at room temperature 

for 24 hours and then calculated amounts of 

strontium acetate {Sr(CH3COO)2}, Gd(NO3).6H2O 

and Tm(NO3).5H2O were added to it to prepare the 

titania solution. The prepared solution was kept for 

2-3 hours at room temperature, as a result of which 

the destabilized titania solution turned to 

homogeneous opalescent alcogel. The alcogel was 

then dried at ~ 80oC and crushed to obtain the fine 

powder [12]. The obtained powders were calcined at 

600oC and then sintered at 1250oC for 2 hours at 

heating rate 3oC per minute.  

The pellets of the sintered powders were prepared 

with the help of hydraulic press using PVA solution 

as binder. The binder was expelled by heating the 

pellets at 600oC for 1 hour at heating rate of 3oC per 

minute. The sintering was done before the pellet 

formation to avoid the pulverization of pellets. All 

the seven samples were prepared using the aforesaid 

technique in a single go.  

 

B. Characterization 

DTA/TGA/DTG analysis of uncalcined STO0 (x=0, 

y=0) and STO3 (x=0.15, y=0.02) powders was done 

under nitrogen atmosphere at heating rate 

100C/minute using EXSTAR TG/DTA 6300 

instrument. X ray diffraction analysis of the 

synthesized pellets was done with the help of 

XPERT-PRO X-RAY diffractometer 

0000000011141934 using Cu Kα radiation. 

SEM/EDS analysis of the prepared pellets was 

carried out using using Nova Nano FE-SEM (FEI) 

for morphological and elemental analysis. The 

dielectric properties of the sintered the samples were 

studied with the help of LCR HiTester.  

 

III. RESULTS AND DISCUSSION 

 
A. Thermal Analysis 

DTA/DTG/TG thermograms for uncalcined 

powders of STO0 (x=0, y =0) and STO3 (x=0.15, 

y=0.02) samples are shown in fig.1. Clearly, 

DTA/DTG/TG curves for both the samples; STO0 

and STO3 are almost same. These can be divided 

mainly in three parts. First part of TG curves 

corresponds to heavy weight loss from 99% to 78% 

in the temperature range from 26oC to 239oC with 

two endothermic peaks at 69oC & 1300C and 78oC 

& 146oC for STO0 and STO3 respectively. The 

weight loss and endothermic peaks are due to the 

evaporation of some remainders of solvents with 

rise in the temperature. Second part of TG curve 

corresponds to weight loss of 17% (STO0) and 22% 

(STO3) in the temperature range from 240oC to 

815oC and exothermic peaks at 385oC and 476oC for 

STO0 (x=0, y=0) and STO3 (x=0.15, y=0.02) 

respectively. This is due to decomposition of the 

organic residues present within the samples with 

increase of the temperature. Third region 

corresponds to weight loss of approximately 9% in 

temperature range from 815oC to 1288oC with small 

endothermic peaks at 815oC and 827oC for STO0 

and at 828oC and 874oC for STO3 sample. This 

region of the curves corresponds to the development 

of the required SrTiO3- and Sr1-xGdxTi1-yTmyO3-  

phase [12-15]. 
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Fig. 1 DTA/DTG/TG curves for uncalcined powders of STO0 and STO3 samples 

.  

 

 

B. XRD Analysis 

 
B.1 Phase development 

XRD peak patterns of Sr1-xGdxTi1-yTmyO 3- samples 

(0≤x≤0.30, 0≤y≤0.05) are shown in fig.2. Clearly, all 

the XRD peaks are well defined and are indexed on 

the basis of cubic symmetry of the structure using 

mathematical method [16]. The XRD patterns 

observed here are similar to the XRD pattern of 

SrTiO3 reported in literature [12]. All the STO 

samples show nearly identical XRD patterns with no 

detectable impurity phases indicating the purity of 

the synthesized ceramics. 

 

 

 

 

 

 

 

 

The shift of most intense peak (110) for Sr1-xGdxTi1-

yTmyO3-; STO samples from pure sample i.e. STO0 

with increase in gadolinium content and constant 

doping amount of thulium is shown in fig. 3. The 

peaks shift toward the larger angle side with 

increase in Gd content that may be attributed to 

intake of relatively smaller ion Gd3+; ionic radius 

107.8 pm, as a replacement of Sr2+ ions; ionic radius 

132 pm, in the ceramic matrix. The replacement of 

the Sr2+ ion by smaller Gd3+ ion decreases the lattice 

parameter of the samples [10,17]. 
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Fig. 2 XRD peak pattern for Sr1-xGdxTi1-yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05) 

 

Fig. 3 Shift of the most intense peak (110) for Sr1-xGdxTi1-yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05) with 

increase in ‘Gd’ content. 
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B.2 Lattice parameters  

Table 1: Lattice parameter values for Sr1-xGdxTi1-

yTmyO3- samples (0≤x≤0.30, 0≤y≤0.05) 

 

Sample 

Code 

x y Lattice 

Parameter (Å ) 

STO0 0 0 3.9114 

STO1 0.05 0.005 3.9022 

STO2 0.1 0.005 3.8984 

STO3 0.15 0.02 3.9006 

STO4 0.2 0.02 3.89975 

STO5 0.25 0.05 3.90038 

STO6 0.3 0.05 3.89983 

 

The lattice parameters for the synthesized samples 

were calculated using mathematical method for 

cubic crystals16. The values of lattice parameter ‘a’ 

for all the doped Sr1-xGdxTi1-yTmyO3- compounds 

are included in table 1. The variations of lattice 

parameter for Sr1-xGdxTi1-yTmyO3- samples 

(0≤x≤0.30, 0≤y≤0.05) for STO0, STO1 & STO2; 

STO0, STO3 &STO4 and STO0, STO5 & STO6 are 

shown in figures 4(a), (b) and (c) respectively. The 

figures 4, 5 & 6 clearly reveal that lattice parameter 

‘a’ decreases from STO1 to STO2, STO3 to STO4 

and STO5 to STO6; all values smaller than that for 

STO0; the pure undoped sample. The decrease in 

the lattice parameter is caused by replacement of 

Sr2+ (132pm) by the smaller rare-earth element Gd3+ 

(107.8pm) [17].   

 

B.3 Crystallite Size 

The crystallite sizes for all the synthesized samples 

were calculated for (110) reflection; the peak with 

maximum intensity, using the Sherrer’s equation 

(2). The sherrer’s equation [18] is: 

                                                .……(2)  

Here d is crystallite size; k is constant, equal to 0.9, 

as the particles are assumed to be spherical, ‘λ’ is X-

ray wavelength (1.5406 Å), β is FWHM and ϴ 

represents the angle of diffraction for the peak under 

consideration. All the doped Sr1-xGdxTi1-yTmyO3-  

samples have crystallite size lying in the range from 

46 to 52 nm. 
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Fig. 4 Variation of lattice parameter ‘a’ with ‘x’ for (a) STO0, STO1 and STO2, (b) STO0, STO3 and STO4 

with ‘x’ and (c) STO0, STO5 and STO6 with ‘x’ 
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C. FESEM Analysis 

The microstructures of all Sr1-xGdxTi1-yTmyO3-; 

STO (0≤x≤0.30, 0≤y≤0.05) samples as obtained by 

FESEM are shown in fig. 5. Clearly, all the samples 

are dense having homogeneous microstructure with 

well developed small angular grains. The grains 

have isotropic shapes close to spherical one for 

STO0 (x=0, y=0) to STO5 (x=0.25, y=0.05) 

ceramics; whereas the grain shape is cubiodal for 

STO6 (x=0.30, y=0.05) sample. The grain 

boundaries for all the prepared samples are smooth 

and clear having straight edges, well defined 

corners, faces without any extra phase precipitation. 

The straight edges confirm the high crystalline 

nature of the obtained ceramics, similar also 

revealed by XRD analysis. The synthesized STO 

samples have good sinterabiltiy and the low amount 

of inter-granular porosity as indicated by few 

residual and isolated voids present in the 

micrographs of STO samples. It is worth noting that 

the low heating rate used in the experiment i.e. 

3ºC/min for sintering is favorable to the grain 

growth. 

The microstructures of Sr1-xGdxTi1-yTmyO3-; STO 

samples have almost identical features, differing 

only in grain sizes. The grain sizes for SrTiO3- 

samples as obtained from SEM analysis are in the 

range 407-972 nm, 83-587 nm, 104-750 nm, 234-

747 nm, 169-426 nm, 179-618 nm and 43- 407 nm 

for STO0, STO1, STO2, STO3, STO4, STO5 and 

STO6 respectively; clearly in the nano range. The 

grain sizes of the synthesized samples are smaller 

than reported in the literature; that is normally in the 

micrometer range for the rare earth doped SrTiO3 

ceramics prepared by other techniques i.e. at high 

sintering temperature ~1300- 1470oC [10, 19]. The 

nano size of the synthesized samples may be due to 

the fine precursor powders derived from sol-gel 

method and the low densification sintering 

temperature.  

  

Fig. 5 FESEM image of Sr1-xGdxTi1-yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05) 
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The grain growth in SrTiO3- has been reported to be 

highly sensitive to doping amount [10, 20]. Here 

also, it can be easily realized that increase in 

Gadolinium and Thulium doping leads to gradual 

decrease of grain size; with minimum value of grain 

size for STO6. Thus, the high purity rare earth 

doped SrTiO3- materials with high density have 

been successfully obtained by sol gel process at 

relatively lower sintering temperature. 

 

D. EDX Analysis 

 

  

Fig.6 EDS spectra for Sr1-xGdxTi1-yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05). 
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EDX spectra for Sr1-xGdxTi1-yTmyO3-  samples for 

all the compositions are shown in fig. 6. It can be 

easily observed from EDX spectra that only 

strontium, titanium and oxygen are present in STO0 

(x=0, y=0), however, along with these elements, 

gadolinium and thulium are also present in the all 

other STO compositions. There is no evidence for 

any other element confirming the purity of the 

synthesized STO samples. Table 3 includes the 

atomic ratios of the elements for all the Sr1-xGdxTi1-

yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05) as obtained 

from EDS analysis, which are almost same as 

elemental ratio i.e. Sr + Gd : Ti + Tm : O = 1 : 1 : 3, 

calculated theoretically.  

 

Table 3: Atomic ratio of elements for the Sr1-

xGdxTi1-yTmyO3-  samples (0≤x≤0.30, 0≤y≤0.05) 

from EDS analysis 

 

Sample 

Code 

x y Sr + Gd Ti + 

Tm 

O 

STO0 0 0 1.26 1 3.29 

STO1 0.05 0.005 0.6 1 1.94 

STO2 0.10 0.005 0.64 1 2.6 

STO3 0.15 0.02 1.03 1 3.08 

STO4 0.20 0.02 1.22 1 2.89 

STO5 0.25 0.05 0.88 1 2.29 

STO6 0.30 0.05 1.04 1 3.25 

 

The atomic composition of all the synthesized Sr1-

xGdxTi1-yTmyO3- ; STO samples as obtained from 

EDX analysis is given in the table 4. It is evident 

from the data included in the table that amount of 

gadolinium increases from STO0 to STO6 as 

expected and that of thulium also increases as 

required. 

Table 4: Atomic composition of Sr1-xGdxTi1-yTmyO3-

  samples (0≤x≤0.30, 0≤y≤0.05) from EDX analysis 

 

STO Sr Gd Ti Tm O 

STO0 1.26 0 1 0 3.29 

STO1 0.55 0.07 1 0.07 2.08 

STO2 0.54 0.14 1 0.06 2.8 

STO3 0.92 0.19 1 0.08 3.33 

STO4 0.74 0.21 1 0.09 2.51 

STO5 0.74 0.41 1 0.11 3.61 

STO6 0.93 0.48 1 0.16 3.34 

 

 

3.5 Dielectric characterization 
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Fig. 7 Variation of dielectric constant with 

frequency at at room temperature, 3090C & 4000C 

for Gd, Tm doped SrTiO3 samples 
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The values of dielectric constant (εr) were 

determined from the measured values of capacitance 

using the LCR meter between 30 - 400oC 

temperatures. The frequency dependence of εr at 

room temperature, 3090C & 4000C is shown in fig. 7 

for all the doped samples. The variations of 

dielectric constant with temperature ranging from 50 

to 400oC at frequencies 10 KHz, 100 KHz and 1 

MHz for all STO compositions are shown in fig. 8. 

A sharp decrement in εr values with increase in 

frequency (<1 kHz) can be observed which may be 

due to the reason that at low frequency, contribution 

from electronic, ionic, orientation and space charge 

polarization exist but at high frequency only 

electronic polarization or some contribution from 

ionic polarization [21]. The strong dependence of 

dielectric constant on frequency up to 1 KHz is 

evident from fig. 8; which is termed as dielectric 

dispersion [22] and is quite common for dielectric 

materials. Whereas dielectric constant remains 

almost constant at frequencies above 1 KHz which 

is due to the reason that electric dipoles can’t follow 

the fast varying electric field. 

The dielectric constant remains almost constant up 

to a certain temperature and then, increases rapidly 

with increasing temperature (300–400°C). The 

space charge polarization arising from the 

movement of ions and defects in the material may 

be responsible for this increase [23]. There is no 

curie peak detected in the whole measurement 

temperature range [24-25]. The high values of 

dielectric constant at room temperature for all the 

STO samples may be attributed to the presence of 

all kinds of polarizations at room temperature which 

can lead to irregular increase in the permittivities 

[26-27]. It can be observed that doped STO 

compounds have larger dielectric constant values in 

comparison to undoped SrTiO3; STO0 ceramic 

sample at all the studied temperatures and 

frequencies [28, 29].   
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Fig. 8 Variation of dielectric constant with 

temperature at frequency 1000KHz, 100KHz and 

10KHz. 
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Fig. 9 Variation of imaginary part of dielectric 

constant with temperature at 10KHz for doped 

SrTiO3 samples 

 

Fig. 9 and 10 show the temperature and frequency 

dependence of imaginary dielectric constant (ε′′) for 

doped SrTiO3 samples respectively. ε′′ shows the 

similar trends as that of εr i.e. increase with 

temperature and decrease with frequency. There is 

no loss peak in the whole frequency spectrum of ε′′. 

The values of ε′′ are high only at low frequencies 

(below 1KHz) and at high temperature (300oC to 

400oC) owing to the interfacial build up of the free 

charges either within the sample ( Maxwell-Wagner 

(MW) polarization) [30] or  between sample and the 

electrodes (space-charge polarization). It can be 

easily observed that doping leads to increase in 

imaginary component of dielectric constant. 
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Fig. 10 Variation of imaginary part of dielectric 

constant with frequency at room temperature, 3090C 

& 4000C for doped SrTiO3 samples 
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Fig. 11 Variation of dielectric loss with frequency at 

room temperature, 309oC and 400OC.  
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Fig. 12 Variation of dielectric loss with temperature 

at 100KHz and 10 KHz for doped SrTiO3 samples 

 

The variation of loss tangent for the doped samples 

with frequency at room temperature and at various 

temperatures i.e. 309, 400 is shown in fig. 11. Fig. 

12 depicts the dependence of dielectric loss on 

temperature at frequencies 100 KHz and 10 KHz 

from 50 to 400oC. From all these plots, it can be 

easily observed that tanδ values decrease with 

frequency and increase with temperature. The 

decrease of dielectric loss with frequency can be 

explained using the relation [31]:  

tanδ ∝ σ\ 2Πf  

where tanδ is the loss tangent factor, σ is the 

conductivity and f is the frequency. The increase in 

frequency is more than the increase in conductivity 

with frequency. So, loss tangent factor shows a 
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decrease with the increase in frequency within the 

entire temperature range. 
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Fig. 13 Variation of ac conductivity with 

temperature at 100KHz and 10 KHz for doped 

SrTiO3 samples 
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Fig. 14 Variation of ac conductivity with frequency 

at room temperature, 3090C & 4000C for doped 

SrTiO3 samples 
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The observed enhancement in loss factor values at 

high temperature can be due to transportation of 

thermally energetic ions.  The conductivity 

dominates at high temperatures due to presence of 

oxygen vacancies and defects created by oxygen 

loss at high temperature sintering; which leads to 

increase in loss factor also. In spite of this, the 

ferroelectric domain walls contribute less at high 

temperature leading to rise in loss tangent factor. 

Similar dielectric behavior has been reported in the 

literature for similar category compounds [24, 25, 

27, 28].  

The variation trends for the doped samples are 

approximately identical to that for undoped STO. 

The increase in loss factor with doping can be 

observed from above figures. In fig. 11, the 

dielectric relaxation for STO5 at ~ 10 KHz 

frequency can be observed which shifts to higher 

frequency with temperature rise [32]. 

Fig. 13 depicts the temperature dependence of ac 

conductivity at 10 KHz and 100 KHz frequency. 

The frequency dependence of ac conductivity at 

room and higher temperatures for all the doped STO 

samples is shown in fig. 14. It can be easily depicted 

that ac conductivity is almost constant at lower 

frequencies and at higher temperatures and 

frequencies there is a sharp enhancement in ac 

conductivity due to the strong hopping mechanism 

[33].  

A plateau in the curves at low frequency and 

dispersion at high frequencies can be easily 

observed in the spectra. The conductivity which 

corresponds to the plateau region, is independent of 

frequency, and is termed as the DC conductivity. 

The transportation of the mobile ions due to applied 

field may be responsible for the observed plateau 

[34]. The observed trends for doped samples and 

pure STO0 sample are similar. It can be observed 

that doping with thulium and gadolinium gives rise 

to increase in ac conductivity in comparison to 

undoped STO0 samples. Similar trends were 

observed for yttrium [35, 36] or lanthanum [37, 38] 

doped strontium titanate, where conductivity 

showed an increase with increasing the doping 

amount [39].   
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Fig. 15 Variation of real part of impedance with 

frequency at room temperature, 3090C & 4000C for 

doped SrTiO3 samples 

ISSN: 2692-5079

Volume 1, 2019 150

  



2 3 4 5 6

0

5000000

10000000

15000000

Z
 re

a
l

log(f)

 at RT

 at 48
o
C

 at 108
o
C

 at 209
o
C

 at 309
o
C

 at 400
o
C

 

Fig. 16 Variation of real part of impedance with 

frequency at various temperatures for pure SrTiO3 

sample. 

 

Fig. 15 shows the variation of the real part of 

impedance (Z’) for all doped STO samples with 

frequency at room temperature, 309 and 400oC 

respectively and fig. 16 shows the variation of Z’ 

with frequency for pure STO0 sample at various 

temperatures. The decrement in Z’ with frequency 

as well as with temperature can be easily depicted 

from the two figures. The value of Z′ for all 

temperatures coincides at high frequency. All the 

doped samples show behavior similar to pure STO 

sample. The rise in temperature reduces the barrier 

which in turn leads to increase in ac conductivity 

and thus decrement in Z′. The decrease in Zwith 

rise in temperature is very clear at low frequencies 

in fig. 16; revealing that synthesized materials 

possesses negative temperature coefficient of 

resistance.  

Fig. 17 shows the frequency dependence of 

imaginary part of impedance (Z) for all the doped 

samples at various temperatures. It can be easily 

depicted from the curves that Z values show a 

maximum value i.e. a peak in the plot; and this peak 

or maxima shifts towards high frequency value as 

the temperature is increased.  The observed 

broadening of peaks in these plots may be attributed 

to spread of relaxation time i.e. the temperature 

dependence of electrical relaxation in the studied 

materials. Z values merge in the high frequency 

region, as clearly visible from the plots; this can be 

due to accumulation of space charges in the sample 

[34, 40-43].  
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Fig. 17 Variation of imaginary part of impedance 

with frequency at room temperature, 3090C & 

4000C for doped SrTiO3 samples 
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Fig. 18 Cole-Cole plots between real part (Z)and 

imaginary part (Z) of impedance at room 

temperature and 400oC for doped SrTiO3 samples 

 

Cole-Cole plots can be used to explain the dielectric 

relaxation phenomenon within the studied frequency 

range. Fig. 18 shows the Cole-Cole plots (Nyquist 

plots) of doped STO ceramic samples at room 

temperature and 400 ℃. All the doped samples 

almost show the similar plots and radius of 

semicircle decreases with doping of gadolinium and 

thulium which shows that resistance decreases with 

doping. The presence of single depressed semicircle 

can be easily depicted from the plots for all the 

studied samples at room temperature as well as at 

400oC; which represents the grain effect in the 

synthesized material. Furthermore, the increase in 

temperature leads to decrease in the semicircle 

radius indicating the decrement in the resistivity. 

The behavior of doped samples is similar to that of 

undoped STO sample [40]. 

 

IV.  CONCLUSION 

In this work, Sr1-xGdxTi1-yTmyO3- (0≤x≤0.30, 

0≤y≤0.05) samples have been successfully 

synthesized using low temperature sol gel 

technique. The XRD patterns for all the 

compositions are sharp and well defined having no 

impurity phases. The lattice parameters decrease 

with increase in amount of Gadolinium. The 

microstructures of the synthesized STO samples are 

homogeneous, less porous and crystalline having 

nanometric grains. The doping with Gd and Tm 

further reduces the grain size. EDX analysis 

suggested that the ratio of strontium, titanium, 

thulium, gadolinium and oxygen is in close 

agreement with theoretical values. Thus, thermal, 

XRD and FESEM/EDX studies reveal the formation 

of phase pure Sr1-xGdxTi1-yTmyO3- samples having 

cubic structure. All the synthesized STO samples 

possess high dielectric constants, high ac 

conductivity and low loss factors. The dielectric 

properties show enhancement with increase in 

content of gadolinium and thulium. 
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