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Abstract
A series of Sn1−xMnxO2 (X = 0.00, 0.015, 0.025, 0.035 and 0.045 mol%) nanoparticles have been synthesized by effective 
chemical precipitation method. In this work to explore the structural, morphological, optical, electrochemical and magnetic 
properties of the pure and Manganese doped SnO2 nanoparticles are characterized on the TG/DTA, XRD, SEM/EDX, HR-
TEM, FTIR, UV–DRS, PL, CV, and VSM analysis. XRD indicates that the tetragonal crystal structure, with the crystallite 
size of range from 37 to 11 nm. The structure, size, shape, and morphology analysis by SEM and HR-TEM was spherical 
shape is observed. FTIR studies on functional group analysis of pure and Manganese doped SnO2 nanoparticles. The peak 
appeared at 619 cm−1 due to O–Sn–O stretching vibration of clearly indicates the formation of SnO2 phase. UV–DRS 
absorption measures were the optical band gap energies decreasing with increasing Mn (0.00%, 0.015%, 0.025%, 0.035% and 
0.045%) concentration from 3.89 to 3.75 eV. UV–DRS analyzed the mechanisms of electron–hole recombination and charge 
carriers separation. Further, the electrochemical properties were subsequently characterized by cyclic voltammetry. From 
the CV performance of the supercapacitor application was analyzed, the higher capacitance value of pure and Manganese 
(0.045%) doped SnO2 electrode 156.7 Fg−1 and 285.2 Fg−1 observed in the scan rate of 5 mV s−1 for the product calcinated 
at 700 °C. The M–H loop of pure SnO2 nanoparticles showed diamagnetism, Manganese doped SnO2 nanoparticles show 
weak ferromagnetic and paramagnetic behavior at room temperature as measured by VSM. A tin oxide with lower manga-
nese concentration show larger magnetization and with increasing manganese concentration the retentivity and coercivity 
are found to decrease. The magnetic parameters such as saturation magnetization (MS), coercivity (HC) and retentivity (MR) 
are obtained from VSM data.

1  Introduction

Synthesis and characterization of nanomaterials are gain-
ing recognition among the scientific communities for funda-
mental or applied research because many material properties 
change significantly as the particle size reaches the nanom-
eter assortment. Nanoscale has been looked into broadly 
for their fashionable size-dependent properties, such as 
electricity, optics, and magnetism [1–3]. From the various 
metal oxides, SnO2 materials such formation of a tetragonal 

structure is an important role of n-type band gap energy 
(3.6 eV at RT). Due to the band gap energy the semiconduc-
tors that are various distinctive properties such as chemi-
cal, optical and electronic, such as owing to catalysis, solar 
cells, gas-sensing, spintronics [4–7] and portable electronic 
[8] device applications due to its high electric conductiv-
ity (21.1 Ω cm), high theoretical capacity, as well as supe-
rior electron mobility (100–200 cm2/Vs). In addition, tin 
oxide, also well known capable candidates for diluted mag-
netic semiconducting materials, while the transition metal 
3d ions for impurities were replaced into the cation site of 
ZnO nanoparticles [9]. Thus, the final properties of impu-
rity doped SnO2 nanoparticles are developed for numerous 
applications in magnetic, electrical and optical devices, 
manganese nanoparticle can be a respectable possibility 
to supplant Sn particle in the SnO2 cross section since its 
unrivaled warm dissolvability (10 mol%), it can expand the 
measure of infused twists and bearers [10]. While various 
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test examines the attraction of SnO2 based DMSs doped 
with progress metal (TM, for example, Co, Mn, Fe, Ni, and 
Cr) [11–15], disputable outcomes have reported on mag-
netism prepared by various techniques and researchers. 
With esteemed Manganese doped SnO2, announced ferro-
magnetism over room temperature in bulk product [13, 16]. 
Observed ferromagnetism only below 27 K for Sn1−xMnxO2 
(x = 0.01, 0.03, 0.05) bulk counterpart was prepared using a 
solid-state method [17]. Nanosized doped SnO2 have been 
synthesized by various techniques such as simple chemical 
co-precipitation method [18], sol–gel method [13], and early 
techniques were reported.

In the era, we complete an effort to study the effect of 
the thermal behavior, structural analysis, functional analy-
sis, morphology and elemental analysis, optical and energy 
band gap, electrochemical and magnetic properties of the 
synthesized products of pure and manganese doped SnO2 
nanoparticles were reported through TG/DTA, XRD, FTIR 
Spectroscopy, SEM, HR-TEM, UV–DRS, CV and VSM.

2 � Synthesis procedure

2.1 � Materials

All the chemicals were purchased by Sigma Aldrich AR 
grade. Aqueous solutions containing stoichiometries 
rates of the precursors for tin(IV) chloride pentahy-
drate (SnCl4·5H2O), manganese(II) chloride tetrahydrate 
(MnCl2·4H2O) and, distilled water was used in the follow-
ing synthesis process.

2.2 � Synthesis of SnO2 nanoparticles

In synthesis process, several concentrations of 0.015%, 
0.025%, 0.035% and 0.045% Manganese-doped and pure 
SnO2 nanoparticles were synthesized by chemical precipi-
tation technique. A transparent solution was synthesized by 
controlling the mixing of 0.1 M SnCl4·5H2O was dissolved 
100 ml distilled water. After a few minutes stirring and the 
precipitation was obtained by adding a sufficient amount 
of NH4OH to the above transparent solution. The resulting 
precipitation was filtered and washed, with distilled water 
and used absolute ethanol to remove the impurities, the final 
products were dried at 80 °C for hot air oven, and it was 
further calcined at 700 °C for 2 h to maintain a furnace. A 
comparative strategy was taken after for the planning of the 
Manganese doped SnO2 nanoparticles, with the assistance 
of manganese chloride to the transparent tin(IV) chloride 
arrangement sooner than the expansion of NH4OH and the 
convergence of the Manganese was changed in the concen-
tration of 0.015–0.045 mol%.

2.3 � Characterization of SnO2 nanoparticles

The phase confirmation of the pure and Manganese doped 
SnO2 nanoparticles was characterized in X-ray diffraction 
technique using PW3040/60 X’pert PRO powder X-ray dif-
fractometer with CuKα radiation (λ = 1.5406 Å) at 40 kV 
and 30 mA. The scans for two theta range from 20° to 
80° available at Alagappa University, Karaikudi, Tamil-
nadu, India. TG/DTA investigation utilized the instrument 
NETZSCH-STA 449 F3 JUPITER available at Instrumen-
tation and Services Laboratory (CISL), Annamalai Univer-
sity, Annamalai Nagar, Tamilnadu, India. SEM was well 
known for utilizing a scanning electron microscope, EVO18 
MODEL available at St. Joseph’s College, Tiruchirappalli, 
Tamilnadu, India. The analysis of morphology was done by 
HR-TEM using JEM 2100 F, available at SAIF, Cochin and 
Kerala, India. UV–DRS spectroscopy using SHIMADZU-
UV 2600 spectrometer available at dept. of Chemistry Anna-
malai University, Annamalainagar, Tamilnadu, India. The 
Photoluminescence were measured in a make Jobin Yvon, 
model FLUOROLOG-FL3-11 available at CIF, Pondicherry 
University, Puducherry. The electrochemical property of the 
nanoparticles was carried out by cyclic voltammetry using 
model CHI 660 available at St. Joseph’s College, Tiruchi-
rappalli, Tamilnadu, India. The magnetic behaviors were 
analyzed in make lakeshore, model 7410 series at room 
temperature available at CIF, IIT Guwahati, Guwahati.

3 � Results and discussions

It is better to identify that tin hydroxide begins to form at pH 
0.5 [19]. In addition, Sn(IV) has a tendency to hydrolyze in 
the fluid solution, shaping charged and uncharged types of 
SnO(OH)3 at pH 8 and SnO(OH)2 at pH 7, respectively [20]. 
Identified with respectively. SnO(OH)2 was first formed in 
the present investigation at pH 8 [20], But, Seby et al., was 
unable to explain the complete studies. We carried out the 
present study and try to give the complete pieces of informa-
tion about SnO2 nanoparticles. Further reported that dopants 
are shaped as they hydroxides on the surface of SnO(OH)2 
particles [19]. In addition, Manganese hydroxide was formed 
at pH 7 as Mn(OH)2 on the surface of SnO(OH)2 particles 
during the precipitation. At that point, they were changed 
into their relating oxides along with the calcination proce-
dure [19]. On the following chemical reaction is given by:

Mn(OH)2 existing on the surface of SnO2 was trans-
formed into their corresponding oxides. Obviously, a few 

MnCl2 ⋅ 4H2O + NH4OH = Mn3O4 + NH4Cl + H2O + H2

SnCl4 ⋅ 5H2O + 4NH4OH = SnO2 + 7H2O + 4NH4Cl
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cations were required to be moved into the inside of SnO2 
and form a solid solution [19, 21].

3.1 � TG/DTA studies

The thermal behavior of the as-synthesized tin oxide sample 
as shown in Fig. 1. A thermal property of the synthesized 
product was deliberated by differential thermal analysis 
(DTA) and thermogravimetry (TG) analysis. The differen-
tial thermal analysis, curve showed the endothermic peak 
at 420 °C, which confirms the decomposition of hydroxide, 
and exothermic peaks appeared at 275 °C is the removal 
of hydroxide. This may be related to the decomposition of 
precursor SnCl4·5H2O at 420 °C and 590 °C with an elimi-
nation of the nitrates [22]. These occur in involving that intra 
and inter-molecular transfer reaction. The thermogravimetry 
curve predicts three major weight loss regions. The first step, 
from room temperature to 180 °C due to 9% of weight loss is 
occurred, which is caused by dehydration and evaporation of 
alcohol existing in the product. The second step, 180–580 °C 
for the weight loss is about 7%, which is accredited to the 
removal of the strongly bound water or the surface hydroxyl 
groups present in the product. The final step, 580–700 °C 
for weight loss is about 3%, which results from the decom-
position of the remained ammonium chloride. The complete 
weight loss value upon heating to 1100 °C was about 19%. 
No other weight loss in TG was observed at 700 °C achiev-
ing the stable phase of the material [23].

3.2 � XRD studies

The X-ray diffraction of Sn1−xMnxO2 nanoparticles was cal-
cined at 700 °C in Fig. 2. The phase identification of pure 
and manganese doped SnO2 nanoparticles with the composi-
tion (0.015, 0.025, 0.035 and 0.045 mol%) is characterized 

by X-ray diffractometer. All the diffraction peaks reflect 
(110), (101), (210), (211), and (112) planes confirmed that 
the synthesized nanoparticles possess a tetragonal structure 
[24] with p42/mnm space group. The peaks present in the 
obtained XRD patterns are well matched with compared to 
JCPDS card no. 77-0449 and it’s confirmed that the synthe-
sized pure and manganese doped SnO2 nanoparticles [25]. 
The average crystallite size is measured by Debye Scherrer’s 
equation [26].

where D is the crystallite size of tin oxide nanoparticles, k 
is the Scherrer constant with the value from 0.89 to 1 and 
θ is the Bragg’s angle, λ is the wavelength of X-ray source 
(0.1546 nm), and β is known as the FWHM of the diffrac-
tion pattern. The Table 1 shows that all structural param-
eters were calculated. The average crystallite size of the pure 
SnO2 nanoparticles size is 37 nm and the manganese doped 
SnO2 nanoparticles average crystallite size ranging from 
23 to 11 nm. The manganese concentration increased from 
0.015 to 0.045 M% with the crystalline decreased from 23 
to 11 nm. Further, the structural parameters such as disloca-
tion density (δ), microstrain (ε) and unit cell volume (V) 
were also determined from the XRD data by the following 
equations [27, 28].

If all the above-mentioned factors were minimum, then 
the crystallinity of the prepared product should be better. It 

(1)D =
k�

� cos �

(2)� =
1

D2

(3)� =
� cos �

4

(4)V = a2c

Fig. 1   Thermogravimetric and differential thermal analysis plot of 
SnO2 as-prepared sample

Fig. 2   X-ray diffraction of pure and Manganese doped SnO2 nanopar-
ticles calcinated at 700 °C
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is evident from Table 1 indicate that the values of disloca-
tion density (δ), microstrain (ε) and unit cell volume (V) 
were calculated and these values given the information about 
the high crystallinity of synthesized manganese doped SnO2 
nanoparticles. Some researchers also observed a reduction in 
the crystallite size with an increase in the manganese content 
[29]. In general, as the increasing manganese concentration 
such as (0.015, 0.025, 0.035 and 0.045 M %) the peak inten-
sity increases. Whereas decreases lattice parameter it may 
be due to the fact of Manganese ions are inclined to incor-
porate into the lattice in the form of Mn3+ (0.65 Å) ions or 
Mn4+ (0.54 Å) since their ionic radius is smaller that of Sn4+ 
(0.69 Å). It’s obeying the mechanism of Vegard’s law [30].

3.3 � Morphology analysis

The morphology of pure and manganese doped SnO2 
(0.045%) nanoparticles have been characterized by the 

means of SEM images in Fig. 3. It is observed that the 
particles are spherical in shape on the surface [31]. The 
EDX spectrum of pure SnO2 and manganese doped SnO2 
(0.045%) nanoparticles calcined at 700 °C as shown in 
Fig. 3. From EDX spectra of the element present in the 
pure SnO2 product are identified as Sn and O are major 
trace elements, and manganese doped SnO2 product are 
identified Mn, Sn, and O are major trace elements. These 
results suggest that the pure SnO2 and manganese doped 
SnO2 (0.045%) nanoparticles calcined at 700  °C have 
been formed. In addition, the atomic/weight percentage 
was listed. Figure 4 shows that the HR-TEM picture of 
the pure and manganese doped SnO2 (0.045%) nanoparti-
cles. The spherical morphology is well dispersed, the few 
aggregated particles were observed in an HR-TEM picture. 
The corresponding average particle size was calculated at 
36.8 nm and 12.0 nm, these are a good result with the size 
that has been estimated from the XRD and confirm that 

Table 1   Various structural 
parameters calculated from the 
XRD pattern

Samples Lattice param-
eter

Unit cell 
volume 
(V)

Dislocation 
density (δ)

Micro strain (ε) Average 
crystallite size 
(D)

Bandgap 
energy (eV)

a = b c

Pure SnO2 4.7477 3.1945 72.0061 0.0007 0.0359 37 3.89
Mn 0.015% 4.7502 3.1913 72.0097 0.0082 0.1196 23 3.75
Mn 0.025% 4.7434 3.1748 71.4325 0.0044 0.0957 17 3.67
Mn 0.035% 4.7323 3.1721 71.0381 0.0034 0.0957 15 3.62
Mn 0.045% 4.7237 3.1682 70.6931 0.0018 0.0718 11 3.52

Elements Weight 
% 

Atomic 
% 

O 10.80 47.62

Sn 89.20 52.30

Elements Weight 
% 

Atomic 
% 

O       12.24 49.22

Sn    74.12 38.36

Mn      13.64 12.42

(a)

(b)

Fig. 3   SEM images of a pure and b Manganese (0.045 mol%) doped SnO2 nanoparticles corresponding EDAX spectrum and weight percentage



7610	 Journal of Materials Science: Materials in Electronics (2019) 30:7606–7617

1 3

the reduction in particle size is the result of increasing the 
manganese concentrations [32]. Also, the corresponding 
to the polycrystalline rings exhibited on SAED pattern, 
which were all from the rutile tetragonal structure of SnO2, 
is shown in Fig. 4. These rings indicate the well crystalline 
nature of the sample is shown in XRD spectra (Fig. 2). 
The metal ions doped SnO2 nanoparticles prepared to use 
a chemical precipitation process are alike in size mutually 

narrow size distribution and are readily dispersed [33]. It 
shows that the crystallinity increases with an increase in 
manganese content of 0.045%. The graphical size distribu-
tion histogram presented in Fig. 5, which is obtained from 
the micrograph from the image of pure and manganese 
(0.045%) doped SnO2 nanoparticles and get in average 
particle size is 36.8–12.0 nm respectively, with the help 
of image J viewer Software.

Fig. 4   a–c, e–g HR-TEM images of pure and Manganese (0.045%) doped SnO2 nanoparticles. d, h Corresponding SAED pattern of pure and Mn 
(0.045%) doped SnO2 nanoparticles
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3.4 � FTIR studies

The FTIR spectra Fig.  6 show that the SnO2 and the 
manganese doped SnO2 nanoparticles (0.015%, 0.025%, 
0.035% and 0.045%). KBr pellet techniques were using 
for recorded on FTIR spectra in the range of wavelength is 
4000–400 cm−1. The observed stretching vibration band at 
619 cm−1 to the Sn–O–Sn antisymmetric stretching mode 
can be assigned. The band region on 470 and 517 cm−1 can 
be accredited to symmetric bonds Sn–O–Sn and Mn–O 
respectively [29–34]. The vibration band observed at 
1471 cm−1 can be assigned to the symmetrical stretching 
N–O for the existence of nitrogen-based compounds due to 

the synthesis of nitrate precursors in the product, while the 
peak at 1765 cm−1 is assigned to C=O is stretching vibra-
tion. The present assignments support the values reported 
in the available literature [24, 35]. The peak appeared in 
619, 642, 644, 648 and 650 cm−1 in all products are due 
to O–Sn–O bridge functional group which clearly indicates 
the formation of SnO2 phase [36]. It has been attributed 
that, the increase in manganese content causes the small 
shift in wavenumber to the lower region.

3.5 � UV–DRS studies

Figure 7 shows that the optical properties of manganese 
doped SnO2 nanopowders were analyzed by UV–DRS 
spectrum. The sketch plotted [F (R∞) hυ] versus hυ shows 
that intercept value and the band gap energy of 3.89 eV 
[37] during the extra plotting as shown in Fig. 7. It can 
exist in the band gap energy of 3.89 eV, considered that 
the spectra of manganese doped SnO2 show that massive 
blue shift in the band gap transition with doping man-
ganese elements. The band gap value for pure SnO2 is 
3.89 eV, which is in good agreement with the reported val-
ues [38]. The manganese doped SnO2 product display with 
the increase in the doping concentrations, the band gap 
value has drastically decreased from 3.75 to 3.52 eV, the 
noted reduce in band gap energy can be about the charge 
transfer during the manganese ions and SnO2 conduction 
or valence band. It can be inferred from reducing in the 
optical band gap that manganese ions have been included 
in Sn sites of SnO2 lattice homogeneously.

Fig. 5   Particle size distribution graphs for a pure and b Manganese (0.045%) doped SnO2 nanoparticles

Fig. 6   FTIR spectra for pure and Manganese doped SnO2 nanoparti-
cles at different concentration cacinated at 700 °C
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3.6 � Photoluminescence studies

The room temperature PL emission spectra of manganese 
doped SnO2 nanoparticles are exposed in Fig. 8. An excita-
tion wavelength of 320 nm indicates the clear UV emission 
bands. Likewise, the observed in a strong visible emission 
peak at 425 nm can be assigned to the luminescent centers in 
the SnO2 nanoparticles. In addition, the various weak emis-
sion peaks showing at 445, 467 and 538 nm are reasonable to 
have started from the oxygen vacancies [39]. Furthermore, it 
can be seen that the manganese concentrations increase with 
the intensity of luminescent emission increases, which possi-
bly because of the increase in the oxygen vacancies as a role 
of the manganese concentrations. Also, some works of lit-
erature have previously said that smaller sized nanoparticles 

have a higher population of surface defects for the enhanced 
defect emission applicable to the UV emission, as seen in 
the appearance of metal ion doped metal oxide nanoparticles 
[40, 41]. The oxygen vacancies are present in three differ-
ent charge states Vo

0, Vo
+, and Vo

2+ in the oxide. As a very 
shallow donor is Vo

0, the majority oxygen vacancies will be 
in their paramagnetic Vo

+ state under flat band conditions. 
The peaks might too come from the luminescence centre of 
tin interstitials or dangling etc. in the pure and manganese 
doped SnO2 nanoparticles. The previous reports recom-
mended that the broad peaks around 400–500 nm can be 
assumed to be due to the formation of a Vo

++ luminescent 
centre in the SnO2 nanocrystals and nanorod [42].

In this case of doped samples, it is easy for Mn2+ ions to 
substitute for Sn4+ ions because the nearly same ionic radius 

Fig. 7   Kubelka–Munk plots for direct band gap determination of the (a) Pure SnO2 nanoparticles (b) 0.015 M% (c) 0.025 M% (d) 0.035 M% and 
(e) 0.045 M% Manganese doped SnO2 nanoparticles
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of Mn2+ and Sn4+, thus created give increase to defect levels 
in the crystal and hence enhance the emissions. Therefore, 
the show best activity of 0.045 M% manganese doped SnO2 
nanoparticles, due to smaller particle size distribution and 
larger surface area. From the results, the manganese concen-
trations play a very important role in modifying the optical 
properties of the SnO2 samples.

3.7 � Electrochemical properties analysis

Figure 9 shows, that the cyclic voltammetry study of pure 
and manganese (0.015, 0.025, 0.035 and 0.045 M%) doped 
SnO2 electrode was recorded at a different scan bar in 5, 10, 
30, 50 and 100 mV/s and all products calcinated at 700 °C. It 

reveals that an electrode material combines at the same time 
two type of energy storage mechanism EDLC with Faradaic 
capacitance. Which were measured at − 0.2 to + 0.2 V poten-
tial window. The curves of pure and manganese doped SnO2 
nanoparticles exhibit a similar rectangular shape with redox 
peak, represents the electrodes not only acquire good EDLC 
but also display obvious pseudocapacitance from manganese 
doped SnO2 nanoparticles [43]. The specific capacitances 
values of the SnO2 electrode can be computed by using the 
formula [44].

where the specific capacitance is Cs (Fg−1), the average 
charge in the anodic and cathodic scan bar is Q, the mass 
of the active material is m, and the potential range is ∆V 
[45]. Electrochemical properties were done in 0.2 M tetra 
butyl ammonium perchlorate with a normal three electrode 
configuration comprising of a product is working electrode, 
an Ag/AgCl as a reference electrode and a platinum wire as 
a counter electrode [44].

In the present work, pure and manganese doped SnO2 
nanoparticles have different scan bar such as 5, 10, 30, 50 
and 100 mV/s. Moreover, pure SnO2 nanoparticles revealed 
that the specific capacitance values 156.7 F/g for low scan 
bar at 5 mV/s. And lower specific capacitance 1.7 F/g was 
identified for the higher scan bar 100 mV/s, the doping 
concentrations of Mn increase with increased the specific 
capacitances. In general, the higher specific capacitance was 
identified in the manganese (x = 0.045%) doped SnO2 nano-
particles in which lower scan bar 5 mV/s for increasing the 
specific capacitance value are 285.2 F/g. Higher scan bar 
100 mV/s for decreasing the specific capacitance is 5.6 F/g. 
From the mechanism of lower scan bar at increasing the 
specific capacitance due to the electrolyte ions have enough 
time to penetrate the pores of the material and higher scan 
bar decreasing behavior of specific capacitance in which 
only it accumulates on the outer surface. The results were 
tabulated in Table 2. In addition, the observed specific 
capacitance esteems were higher than the reported values 
of the pure and manganese doped SnO2 synthesized by wet 
chemical methods [46–48].

Dinesh et al. [49], announced the specific capacitance 
value of Cd2SnO4 nanoparticles by hydrothermal method 
was 112 F/g. The higher specific capacitance esteem saw 
in the present study confirms that good crystallinity of the 
manganese doped SnO2 nanoparticles.

3.8 � Magnetic properties analysis

Figure 10 shows room temperature M–H loop of pure SnO2 
and Mn-doped SnO2 nanoparticles annealed at 700 °C were 
recorded with a range of + 15 KOe to − 15 KOe for the 

(5)CS =
Q

mΔv

Fig. 8   Photoluminescence spectra of pure SnO2 (b) 0.015 M%, (c) 
0.025 M%, (d) 0.035 M% and (e) 0.045 M% Manganese doped SnO2 
nanoparticles
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Fig. 9   Cyclic voltammogram of pure and Manganese (0.015, 0.025, 0.035 and 0.045%) doped SnO2 electrode for different scan rates with 
700 °C and different scan rates their specific capacitance values
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Sn1−xMnxO2 (x = 0, 0.015, 0.025, 0.035, and 0.045 mol%). 
It can be seen that the magnetism of the samples strongly 
depends on the doping content. For the doping concentration 
0.015%, 0.025%, ferromagnetic hysteresis loops are recorded 
at room temperature, while the loops are superimposed by 
a paramagnetic behavior, whereas, for the doping concen-
tration 0.035%, the ferromagnetism is either suppressed 
or disappears; only paramagnetism is found. For the dop-
ing concentration 0.045% is observed weak ferromagnetic 
behavior [50]. It is also to be revealed that the pure SnO2 
sample was measured, the signal was not established, ana-
lytical of the diamagnetism of SnO2 matrix. These results 
intimate that almost higher manganese doping concentration 
do not contribute to the arrangement of ferromagnetism, it 
may be due to the arrangement of manganese clusters as a 
consequence of decreased Mn–Mn distance, as noted in Mn 
doped zinc oxide bulk samples and powders [51, 52]. Man-
ganese clusters can be produced with increasing of doping 

concentration, which can lead to antiferromagnetic pairing 
connecting Manganese ions and restrain the ferromagnetic 
property. This line was reported by Sharma et al. [51]. In 
this case, it is reasonable to suppose that the antiferromag-
netic coupling increase and the ferromagnetic coupling 
degrade with the increase of Manganese concentration in 
the Sn1−xMnxO2 samples.

Before ascribe the observed room temperature ferromag-
netism to be intrinsic, one should rule out the possibility that 
the impurity phase is responsible for the ferromagnetism, 
although no second phase was detected by XRD study. It is 
not complicated to exclude the donation from manganese 
based oxides because no manganese based oxides are fer-
romagnetic at room temperature, such as MnO, Mn2O3 and 
MnO2, the materials are antiferromagnetic with Neel tem-
peratures of 116, 76 and 84 K, respectively. The exception 
is that Mn3O4 and SnMn2O4 are ferromagnetic nature with 
consequent Curie temperature of 46 and 53 K [53, 54]. These 
materials cannot report for the ferromagnetism detected at 
RT. Moreover, if the manganese connected secondary phase 
is accountable for the formation of ferromagnetic behavior, 
an increase in manganese concentration would apparently 
increase the volume fraction of the secondary phase and 
matching the ferromagnetic property. However, our out-
comes indicate that the ferromagnetism decrease with the 
increase of Mn concentration. Therefore, the ferromagnetism 
can be due to the incorporation of manganese ions interested 
in the SnO2 lattice.

In the current study, although there appears to be no sin-
gle theory that can explain the ferromagnetism for all oxide 
DMSs, an imperfection mediated ferromagnetic model based 
on Bound Magnetic Polaron (BMP) theory has been pre-
dicted theoretically [55] and confirmed experimentally [56] 
the activation of ferromagnetism in oxide DMSs in a crucial 
role. In support of occurrence, surface defects have been 
concerned to be necessary for the age group of ferromag-
netic in oxide DMSs [57]. Nevertheless, Okabayashi et al. 
[58] reported enhanced RTFM in Fe and Mn co-doped SnO2 
synthesized by sol gel method. In our result, the increasing 
concentration of Mn, saturation magnetization gets increased 
and then decreased [59]. Thus, a weak ferromagnetic behav-
ior is observed at room temperature when the doping con-
centration at 0.045%. The results were tabulated in Table 3.

4 � Conclusions

In this summary pure and manganese (0.015, 0.025, 0.035, 
and 0.045 M%) doped SnO2 nanoparticles using the chem-
ical precipitation method and calcinated at 700 °C. XRD 
pattern confirms that all the products are good nanocrystal-
lite with tetragonal structure. The average crystallite sizes 
were observed around 37–11 nm. SEM images clarify that 

Table 2   The different scan rate and their specific capacitance Value 
of pure and Mn doped SnO2 (0.015%, 0.025%, 0.035%, 0.045%) cal-
cined at 700 °C

Scan 
rate 
(mV/s)

Specific capacitance (Fg−1)

Pure SnO2 Mn/SnO2 
(0.015%)

Mn/SnO2 
(0.025%)

Mn/SnO2 
(0.035%)

Mn/SnO2 
(0.045%)

5 156.7 157.7 183.4 196.5 285.2
10 50.9 44.5 78.5 62.3 90.5
30 10.5 9.9 11.92 11.8 26.6
50 4.9 4.6 4.18 5.1 13.6
100 1.7 1.6 1.3 1.9 5.6

Fig. 10   In-plane hysteresis loop recorded at room temperature for the 
Sn1−xMnxO2 ((a) 0.000, (b) 0.015, (c) 0.025, (d) 0.035, and (e) 0.045 
M%) samples
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the particles are spherical in shape, and well dispersed 
spherical morphologies, alongside some accumulated par-
ticles, were shown in the HR-TEM images, the average 
particle size was calculated as 36.8–12.0 nm, these are in 
excellent concord with the size that has been predictable 
from the XRD. FTIR analysis confirms that the presence 
of functional groups is identified. The UV–DRS studies 
confirm that the band gap energy to be 3.75–3.52 eV. From 
the CV study confirms that the higher capacitance value 
of 156.7 F/g for pure SnO2 nanoparticles. The Manganese 
(0.045%) doped SnO2 nanoparticles exhibit higher spe-
cific capacitance value such as 285.2 F/g at 5 mV/s than 
pure and other Manganese doped SnO2 nanoparticles at 
the lower scan rate. Even the higher scan rate (0.045%) 
Manganese doped SnO2 nanoparticles lead the higher 
capacitance value (5.6 F/g at 100 mV/s). In addition, it 
improved specific capacitance are esteemed. The typical 
room temperature ferromagnetic reaction of the pure and 
manganese doped material is observed. It is found out, 
the decreasing crystallite size with increasing manganese 
concentration tend to materials towards weak ferromag-
netic and paramagnetic phase. With the ability to create 
manganese doped SnO2 with good magnetization at room 
temperature. Finally, the scientific applications of pure and 
manganese doped SnO2 nanoparticles are to manufacture 
electrochemical sensors and spintronic devices which are 
used in a pharmaceutical and biological product with the 
agreeable.
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