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 Abstract: In the present study the manganese doped stannic 

oxide nanoparticles were synthesized by microwave assisted 

solution method. The structural characteristic of the synthesized 

nanoparticle was investigated by X-ray diffraction spectra. The 

particle size was estimated from the diffraction spectra data. 

Morphological analysis of manganese doped stannic oxide 

nanoparticle by scanning electron microscope. The elemental 

composition was confirmed by Energy dispersive X-Ray 

Spectroscopy. The optical band gap was determined from 

Ultraviolet- Visible spectroscopy. The characterization results had 

shown the successful doping of Manganese in the stannic oxide. 

Complex impedance analysis was used to predict the dominance of 

grain boundary resistance in the doped samples. The dielectric 

parameters of stannic oxide nanoparticles were reduced by 

increasing the concentration of manganese.   

Index Terms: Dielectrics, manganese, nanoparticles, optical band 

gap, stannic oxide. 

I. INTRODUCTION  

Nanometer-sized semiconductor metal oxides receive much 

attention due to their physical, chemical, magnetic and optical 

properties (Gu et al., 2004). In this study was focused on the 

post-transition metal oxide namely, stannic oxide (SnO2). Tin 

(Sn) is a naturally occurring element that appears in group 14 of 

the periodic table. Tin coating provides protection against 

oxidation of the metal (Selamat et al., 2014). Tin oxide are used 

as catalysis (Eranna et al., 2004), chemical gas sensing (Jia et al., 

2004), heat reflection (Song, 1999) and microelectronics 

(Lamelas & Reid, 1999).  

The crystalline structure, size and shape of the particles 

depend on the method of synthesis (Jiang et al., 2008). The 
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stannic oxide nanostructures have been synthesized by using 

chemical techniques rendering innovative applications (Schmidt 

& Helmut, 2001). The various chemical techniques are electro 

deposition, sol-gel technique, solvothermal and hydrothermal for 

the synthesis of nanoparticles. Owing to this solvothermal 

method was used in this present work. The heating treatment is 

conducted by microwave using domestic microwave oven of 

2.45 GHz. Microwave method have the advantage of employing 

lower reaction times with respect to the other chemical methods. 

Microwave heating upgrades the reaction rate, significant aspect 

and size dissemination of nanoparticles. Microwave assisted 

synthesis is expeditious and cost-effective than conventional 

method (Gerbec et al., 2005). Manganese (Mn) is one of the 

transition metal is used as the doping material due to dielectric 

polarizability of Mn is lower than Sn. Manganese acts as a good 

activator to tune the optical and electrical properties of stannic 

oxide nanoparticles  than  other transition  metals (Salah N, et 

al., 2016). The aim of this paper is to investigate the structural, 

optical and electrical properties of SnO2 by doping the 

manganese through the characterization.   

II.  EXPERIMENTAL  

A. Materials 

Stannous chloride dihydrate (SnCl2·2H2O), Manganese 

chloride (MnCl2.4H2O), urea and ethylene glycol were 

purchased from Merck was used without further purification. For 

the synthesis of manganese doped stannic oxide nanoparticle, 

SnCl2.2H2O as a precursor, MnCl2.4H2O as a dopant, urea as a 

catalyst and ethylene glycol as a solvent. All the chemicals were 

of analytical grade. 
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B. Synthesis of Manganese doped Stannic Oxide 

Nanoparticle 

For the synthesis of stannic oxide nanoparticle, 11.28 g  

SnCl2·2H2O, and 9 g Urea was dissolved in 50 ml of Ethylene 

glycol under constant agitation for an hour in magnetic stirrer at 

room temperature. After 1 hour of stirring, the stirred solution 

was heated in a domestic microwave oven of 2.45 GHz at 100° C 

with 540 W. At the boiling point of the solution, the urea 

liberates the hydroxide ions which can cause precipitation of 

metal oxide. The urea was decomposed slowly by maintaining 

steady temperature (Marinho, J. Z., et al., 2012) to control the 

nucleation process for yielding the controlled growth rate of 

SnO2 nanoparticle. The resultant nanoparticle was collected by 

drying the solution up to the formation of precipitate in 

microwave oven. The unwanted organic impurities are removed 

from the precipitate by washing with double distilled water and 

acetone (Karpagavalli, S, et al., 2019). The resultant 

nanoparticles were annealed at 400oC to get stannic oxide 

nanoparticle. Finally, the yield powder was grounded by using 

agate pestle and mortar. 

For the Mn doped stannic oxide nanoparticles MnCl2.4H2O 

were used as dopant. This dopant was incorporated at various 

weight percentages (2, 4, 6, 8 and 10). The percentage of Sn and 

urea remains constant and the percentage of Mn was varied 

throughout the nanoparticle synthesis. The final solution of 

different weight percentages of manganese was treated in the 

way as the un-doped SnO2 nanoparticles synthesized.  

III. CHARACTERIZATION TECHNIQUES  

Powder X-ray Diffraction (XRD) patterns of the synthesized 

samples were taken by a X-ray powder diffractometer 

(PANalyticalX’PertPRO) with Cu Kα radiation (λ = 0.15406 

nm). The scan was taken between 2θ of 20° and 2θ of 80° at 

increments of 0.02° with a count time of 4 seconds for each step. 

The morphology was examined using Scanning Electron 

Microscope and elemental composition of nanoparticles was 

analyzed by Energy Dispersive X-ray Analysis (SEM-EDAX, 

JEOL 6390LA). The absorption characteristics of the 

synthesized nanoparticles were investigated by diffuse 

reflectance spectra (Agilent Cary 5000 UV-Vis spectrometer). 

The impedance and dielectric measurements were carried out in 

the frequency range 42 Hz to 5 MHz using Soltran Dielectric 

Interface and Impedance Analyzer (SI 1296 and SI 1260). 

IV. Results and discussion 

A. Structural Properties 

1)     XRD Analysis 

Powder X-ray diffraction spectra for manganese doped 

stannic oxide nanoparticle shown in the Fig. 1. Diffraction 

pattern reveals the crystalline structure and particle size of pure 

and Mn doped (2wt%, 4wt%, 6wt%, 8wt% and 10wt%) SnO2 

nanoparticles. The prominent peaks of the XRD pattern are 

similar to those of the standard JCPDS file no 41-1445. Fig. 1 

shows the sharp diffraction peak at 26.70°, 34.08°, 37.99°, 39.08°, 

51.82°, 54.92°, 57.97°, 61.96°, 64.94°, 66.05°, 71.28°, 78.73° and 

confirmed the formation of tetragonal structure. FWHM and 

intensity of the X-ray Diffraction peaks decrease on increasing 

the manganese ion. The particle size of Mn doped SnO2 

nanoparticle for different concentration was calculated for the 

most intense diffraction peak (110) by using Scherrer formula 

(Patterson, 1939) denoted in (1) 

 

                                 D =
𝐾𝜆

𝛽 cos 𝜃
 nm                                     (1) 

 

Where D is the particle size, K is the shape factor(0.94),  λ is 

the wavelength of X-rays (λ= 1.54059 Å),  β is the full width at 

half maximum (FWHM)  and  θ is the angle of diffraction.  

FWHM of the diffraction peaks were calculated using Origin 8 

software (Lu, P. J, et al., 2015) and listed in Table. I. The lattice 

parameters (a,b,c) (Kasar et al., 2008) were  determined using 

(2) 

 

                                 
1

d2 =
h2+k2

a2 +
l2

c2                                    (2) 

   

Where d is the interplanar spacing and h, k and l are the 

miller indices.  

 
Fig. 1. XRD pattern of Mn doped SnO2  

The crystallite size, lattice constants and cell volume of Mn 

doped stannic oxide nanoparticles were calculated and listed in 

Table. I. The particle size of SnO2 nanoparticle was decreased 

from 23 to 11 nm by increasing manganese concentration. By 

increasing the weight percentage of the dopant, the diffraction 

peak intensity was decreased.  From Table. I it was clearly 

noticed that due to increasing the dopant, FWHM also increases. 

Thus the decrease in the lattice constants and  unit cell volume 

of the synthesized  nanoparticle is due to the ionic radius 
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(Cojocaru et al., 2017) of Mn4+ (0.53 Å) (Balaji et al., 2012) is 

smaller than Sn4+ (0.71 Å) (Yao et al., 2013).  

Table I. Structural Parameters of synthesized Mn doped SnO2 

Mn 

% 

Particle 

size 

(nm) 

 

Lattice 

parameter 

 

 

Volume 

( Å3 ) 

 

FWHM 

a=b  

( Å ) 

 

c  

( Å ) 

 

0 27.49 4.81 3.34 77.62 0.1476 

2 23.18 4.75 3.23 73.219 0.2460 

4 21.28 4.74 3.21 72.326 0.2952 

6 17.56 4.73 3.20 71.810 0.344 

8 15.22 4.71 3.19 71.027 0.4428 

10 11.34 4.70 3.19 70.705 0.7872 

The particle size calculation and lattice strain was also 

calculated by Williamson–Hall (W–H) plot method. The 

broadening of XRD peaks (βhkl) is the sum of size broadening 

(βD) and strain broadening (βs) (Venugopal, et al., 2014).  

 
                                      𝛽ℎ𝑘𝑙  =  𝛽𝑜 + 𝛽𝑠        
 

                     𝛽ℎ𝑘𝑙   𝑐𝑜𝑠𝜃 = (
𝑘𝜆

𝐷
) +  4𝜀𝑠 𝑠𝑖𝑛𝜃                    (3) 

Where 𝜀𝑠 is lattice strain. The Williamson–Hall plot is a plot of 

β cos(θ) versus 4sin(θ). The particle size was calculated from the 

y-intercept of W–H plot. The slope of the straight line fit was 

used to obtain the lattice strain of the synthesized nanoparticles. 

The lattice strain will lead to a broadening in the XRD peaks 

(Nandan, et al., 2013). Fig. 2 shows the W–H plot of pristine and 

Mn doped stannic oxide nanoparticles. From the Table. II it was 

confirmed that the particle size was determined from the W–H 

plot was nearly equal to the crystallite size was calculated from 

the Scherrer formula The lattice strain of the synthesized 

nanoparticles were observed from the negative slope of the fitted 

lines of the W–H plot. This negative lattice strain values 

indicating the presence of compressive strain in the lattice of 

SnO2 due to the doping of manganese. Thus the lattice strain 

occurrence results in the broadening of the XRD peak  

 

2)     Morphological analysis 

SEM images of pure SnO2 nanoparticle with magnification 

of 100 µm and 1µm are shown in the Fig. 3 and labeled as S1A 

and S1B. In Fig. 3 for  Mn doped SnO2 nanoparticles (2, 4, 6, 8 

and 10 wt%, Mn) with magnification of 100 µm are labeled as 

S2A, S3A, S4A, S5A and S6A and 1µm magnification are 

labeled as S1B, S2B, S3B, S4B, S5B and S6B. The 1µm 

magnification SEM images show the spherical shape of 

individual nanoparticles. The nanoparticles shown in the 100 µm 

magnification were appeared to be porous this would be 

favorable for gas sensors because pores would promotes gas 

diffusion (Suematsu et al., 2019).  

 

Fig. 2. Williamson–Hall Plot of Pristine and Mn doped stannic 

oxide nanoparticle  

 
Fig. 3. SEM image of Mn doped SnO2 nanoparticle with 

magnification of 100 µm and 1 µm  

The SEM image clearly shows that the particle size of 

synthesized nanoparticles decrease significantly with increasing 

manganese concentration. This is due to the ionic radius of Mn4+
 

is smaller than Sn4+. Sn ions had been replaced by Mn ions due 

to doping the manganese in controlled manner into stannic oxide 

lattice. 
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Table II. W-H Plot - Structural parameters of Pure and Mn doped 

SnO2 

Mn 

% 

Particle size 

(nm) 

 

Lattice strain 

 

0 25.33 -0.00571 

2 22.09 -0.009375 

4 19.35 -0.00625 

6 16.18 -0.02 

8 13.92 -0.00892 

10 10.16 -0.00365 

3) Elemental compositional analysis 

 EDX spectrum of pristine and Mn doped stannic oxide 

nanoparticles (2, 4, 6, 8 and 10 wt%, Mn) are shown in the Fig. 4 

and labeled as E1, E2, E3, E4, E5 and E6. The presence of tin, 

manganese and oxygen element in Mn doped stannic oxide 

nanoparticle was confirmed by the EDX spectrum. The weight 

percentages of Sn, Mn and oxygen atom were reported in the 

Table. III. 

Table III. Elemental composition of Mn doped SnO2 

Mn      

% 
Element Wt %  At % 

0 
O 24.2 70.32 

Sn 75.8 29.68 

2 

O 26.80 72.52 

Sn 71.36 26.03 

Mn 1.84 1.45 

4 

O 27.87 72.98 

Sn 68.31 24.11 

Mn 3.82 2.91 

6 

O 29.32 73.39 

Sn 63.62 21.46 

Mn 7.06 5.15 

8 

O 30.4 74.08 

Sn 61.58 20.23 

Mn 8.02 5.69 

10 

O 32.36 75.25 

Sn 58.5 18.13 

Mn 9.14 6.62 
 

B. Optical Properties 

Fig. 5 reveals the diffuse reflectance spectrum of manganese 

doped stannic oxide nanoparticles. As a result of absorption, the 

reflectance of stannic oxide nanoparticles shows the peak around 

280 to 400 nm. There is a significant shift in the reflectance 

spectrum with increasing Mn concentration.  

 

 
Fig. 4. EDX spectra of Pristine and Mn doped stannic oxide 

nanoparticle  

 

 
Fig. 5. UV–Visible diffuse reflectance spectra of Mn doped SnO2 

nanoparticles 

The reflectance spectra was assayed using the Kubelka-

Munk relation (Pal, M, et al., 2012) 

 

                             𝐹(𝑅)  =  (1 − 𝑅)2 /2𝑅                       (4) 

 

Where F(R) = α is the K–M function and R is the percentage 

of reflectance. Equation (5) is used to correlate the absorption 

coefficient (α) and optical band gap Eg (Ghobadi, 2013) 

 

                       α hυ =  A( hυ −  Eg )𝑛                                    (5) 

 

Where A is absorbance, Eg is the optical band gap energy and 

h is Planck’s constant. The exponent n varies according to 

allowed direct, allowed indirect, forbidden direct or forbidden 

indirect transitions and the values are 1/2, 2, 3/2 and 3 

(Viezbicke et al., 2015).  

For stannic oxide nanoparticles, n depends on the allowed 

direct transition (Selvakumari et al., 2017). Eg of the pure and 

Mn doped SnO2 nanoparticles was obtained using Tauc’s 

method (Suram et al., 2016). Thus the band gap energy can be 
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determined by plotting (F(R) hυ)2 versus hυ. Fig. 6 shows the 

tauc plot of stannic oxide nanoparticles.  

 
Fig. 6. Tauc plot of Mn doped SnO2 nanoparticles 

 

Table. IV reveals that Eg value of stannic oxide nanoparticles 

is enhanced by increasing the manganese concentration and 

results in blue shift from the bulk SnO2 of 3.6 eV (Zhou et al., 

2014). This is due to lattice strain (Nandan, et al., 2013) with the 

decrease of particle size for increasing manganese concentration 

in stannic oxide nanoparticle.  

Table IV. Band gap values for different Mn concentration 

Dopant  concentration 

Mn  % 

Band gap energy, Eg 

(eV) 

0 3.79 

2 3.80 

4 3.88 

6 3.90 

8 3.91 

10 3.98 

C. Electrical Properties 

1)     Dielectric Constant 

Fig. 7 shows the variation of dielectric constant of Pristine 

and Mn doped stannic oxide nanoparticles with respect to the 

frequency (42 Hz – 5 MHz) at room temperature.  

The dielectric polarizability of manganese ions (2.64 Å3) is 

smaller than tin ions (2.84 Å3) (Shannon & Robert, 1993). Thus 

the dielectric constant of stannic oxide nanoparticle decreases as 

the concentration of manganese increases as revealed from the 

Fig. 7. The dielectric constant decreases as the frequency of the 

applied field increases and becomes constant at high frequency 

for all concentrations of manganese. For pure SnO2, dielectric 

constant becomes constant beyond 794 kHz frequency and Mn 

doped SnO2 nanoparticles remains constant after 3.16 kHz 

frequency.  

 

Fig. 7. Variation of dielectric constant with frequency 

 

2)     Dielectric Loss (tan δ) 

Fig. 8 shows the loss tangent exhibits behavior similar to the 

dielectric constant and also the synthesized nanoparticles show 

no loss peak. Due to high resistivity, dielectric loss attains high 

at low frequency region. Thus the manganese doped stannic 

oxide nanoparticle can  be used in high frequency microwave 

devices (Azam et al., 2010). 

 
Fig. 8.Dielectric loss varies with frequency  

 

3)  AC Conductivity 

Fig. 9 shows the AC conductivity of Mn doped stannic oxide 

nanoparticle varies with frequency at room temperature. The 

conductivity gradually increases at low frequency but increases 

rapidly at high frequency. Therefore increasing the manganese 

concentration impedes the flow of charge carriers in stannic 

oxide nanoparticles (Azam et al., 2010). This results the 

conductivity of the system is decreased. 
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Fig. 9. AC conductivity varies with frequency  

 

4)     Impedance Analysis 

The AC Complex Impedance Spectroscopy (CIS) technique 

is used to obtain the electrical parameters of manganese doped 

stannic oxide nanoparticles (Maldonado et al., 2014). The CIS 

data contains the resistive and capacitive components of the 

synthesized nanoparticles which are analyzed using the Nyquist 

plot is shown in the Fig. 10. It is clear that all the doped stannic 

oxide nanoparticles show single semicircular arc.  

 
Fig. 10. Nyquist plot for Mn doped stannic oxide nanoparticle at 

room temperature 

The equivalent electrical circuit is shown in the inset of Fig. 

10 used to represent the electrical properties of the sample is 

obtained from Z-view software. The value of grain boundary 

resistance (Rgb) and grain boundary capacitance (Cgb) was 

tabulated in Table V. 

On doping the manganese in to SnO2, the values of grain 

boundary resistance increased and grain boundary capacitance 

decreased. Thus the grain boundary contribution is increased 

(Mehraj et al., 2013) and results in only one semi-circular arc for 

different concentration of manganese doped stannic oxide 

nanoparticle. Thus the crystallite size decreases on doping 

manganese into the stannic oxide lattice, the grain boundary 

contribution was dominated (Takaki et al., 2014). Due to the 

grain boundary resistance it can be suited for resistance based 

gas sensor device at room temperature (Deb, B., et al., 2007).   

Table V. Values of electrical parameter for different Mn 

concentration 

Dopant  

concentration % 

Rgb 

(KΩ) 

Cgb 

(nF) 

0 72.518  1.10256 

2 2567.4 0.06723 

4 4528.9 0.03736 

6 12319.3 0.03234 

8 18643.1 0.03095 

10 63429.7 0.02801 

CONCLUSION 

Mn doped SnO2 nanoparticles were successfully synthesized 

using microwave assisted solution method. The structural, 

morphological, optical and impedance properties for manganese 

doped stannic oxide nanoparticle was studied. The particle size 

of SnO2 nanoparticle was decreased by increasing the weight 

percentage of manganese. This is because the ionic radius of 

manganese is smaller than that of stannum. The synthesized 

sample shows spherical in shape and the doping of manganese in 

SnO2 lattice is confirmed through EDAX spectrum. Complex 

impedance spectrum shows one semicircular arc for all dopant 

concentration of manganese indicating the grain boundary 

contribution.  
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