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Abstract The structural, optical and magnetic properties

of pure and Sm doped SnO2 nanoparticles synthesized in

aqueous solution by a low cost chemical co-precipitation

method without using any stabilizing agent have been

reported. X-ray diffraction analysis reveals that the crys-

tallite size of SnO2 decreases with the increase of Sm

doping into the SnO2 matrix. The calculated value of

optical band gap of undoped SnO2 nanoparticles is calcu-

lated to be 2.65 eV and it anomalously increases with the

increase of Sm3? concentration. The band gap of undoped

SnO2 nanoparticles is found to be lower than those reported

for bulk SnO2 (3.6 eV) that may be due to the presence of

defects, oxygen vacancies and non-stoichiometry of SnO2

nanoparticles. All the undoped and Sm doped SnO2

nanoparticles show weak room temperature magnetism in

the range of applied low magnetic field region of 2000 Oe

due to the presence of defects and oxygen vacancies. All

the samples exhibit negative magnetic susceptibility for the

applied magnetic field higher than 2000 Oe. The strong

optical absorption with weak magnetic properties at room

temperature may serve the SnO2 nanomaterials as a

potential candidate for many DMS, spintronics, and opto-

electronics based applications.

1 Introduction

The semiconducting oxide nanomaterials are the hot area

of research interest for scientific and technological

advancement in the field of nanoelectronics, optoelectron-

ics, photovoltaic’s, magneto-optics, magneto-electronics

and photonic devices. Recently metal oxide based semi-

conductors such as TiO2, ZnO, SnO2, In2O3, CdO, ZrO2

and WO3 etc. are popular materials to investigate their

unique properties at nanoscale, which are different from

those of their corresponding bulk state [1–5]. Among var-

ious metal oxides, SnO2 is one of the widely studied n-type

wide band gap semiconductor (Eg = 3.6 eV, at 330 K, unit

cell parameters are a = 4.737 Å and c = 3.185 Å and its

space group is P42/mmm). The high optical transparency,

chemical and electrochemical stability, good electrocat-

alytic activity, nontoxicity and plentiful oxygen vacancies

are the key factors for its potential applications in the

transparent conducting electrodes [6], gas sensors [7], Li

batteries, photoactive systems, liquid crystal display tran-

sistors, ferroelectric transparent thin film transistors, cata-

lysts, optoelectronic devices and spintronic devices [8].

The effect of various doping elements like Fe, Ti, Cr, In,

Cu, Rh, Co, Pb, Pd, Er, Mn, Sb, Ta, F, Sm, N and Ni etc.

have been studied by many researchers to tailor the energy

band gaps, structural, electrical, magnetic, electronic,

electrochemical, optical and optoelectronic properties of

SnO2 based nanomaterials [9–19]. In spite of the many

work researches on doped SnO2 nanostructures, the rare

earth (RE) ions doped SnO2 based nanostructures are still

the subject of in-depth study for band gap alignments, site

symmetries, magnetic and luminescence properties.

Amongst the lanthanides, samarium (Sm) is a very active

member having interesting properties that has tremendous

applications in high-density optical storage, under sea
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communication and colour displays and its emitting 4G5/2

level exhibits relatively high quantum efficiency due to its

fluorescence property [9]. The effect of Sm doping into the

SnO2 host matrix has not been rigorously studied so far for

its various applications in electronic, photonic, optical and

optoelectronic devices. In this direction, Sm3? ions are

already reported to be most interesting lanthanide ions for

its multiple energy-level structure and high fluorescence

efficiency, which act as a great emitting centres and a

spectroscopic probe due to presence of hypersensitive

transitions to the symmetry of the ion environment [20]. It

is essential to extend the study of Yanes et al. [20] to

investigate rigorously the other structural, electronic,

optical and magnetic properties of Sm3? doped SnO2 for its

possible applications in future optoelectronic devices. The

authors [20] have used sol–gel method to synthesize the

materials for studying its structural and morphological and

emission properties. In the present study the most

promising co-precipitation method has been used because

it provides the control over the particle size, morphology,

and surface chemistry by controlling the processing

parameters such as solution composition, pH, reaction

temperature, reaction pressure, ageing time, and nature of

solvent involved in the process [21]. The present work

reports the systematic study of Sm3? doped SnO2 nanos-

tructures to explore its structural, optoelectronics and

magnetic properties by the help of various characteriza-

tions techniques such as X-ray diffraction (XRD), ther-

mogravimetry analysis (TGA), transmission electron

microscopy (TEM), scanning electron microscopy (SEM),

vibration sample magnetometer (VSM), UV–visible spec-

troscopy and photoluminescence (PL) spectroscopy.

2 Experimental details

2.1 Synthesis

The approach for synthesizing the pure SnO2 and Samar-

ium doped SnO2 nanoparticles is simple, solution-based

chemical co-precipitation method which is inexpensive as

compared to commercially available other techniques. All

the chemical reagents used were of AR grade, and used

directly without further purification. In typical synthesis of

SnO2 the stannic tetrachloride hydrated (SnCl4�5H2O),

3.5058 gm was dissolved in 100 mL distilled water to

prepare 0.1 M solution under vigorous magnetic stirring

for 30 min at room temperature. 3 mL of an aqueous

ammonia solution was added to the above solution drop

wise under stirring to maintained pH in between 7 and 7.5.

The dropping rate was well controlled for the chemical

homogeneity and to form white slurry. After 18 h of ageing

the slurry was filtered and washed for 8 h with distill water

to remove impurities from the precipitate. The resulting

precipitate was dried in an oven at 80 �C for 10 h to

remove water molecules and then calcinated at 400 �C for

2 h in a furnace and the calcinations process started at

room temperature. After calcinations the samples were

crushed into fine powder to get undoped tin oxide (SnO2)

nanomaterials.

For the synthesis of Sm doped SnO2, the stannic tetra-

chloride hydrated (SnCl4�5H2O), 3.5058 gm and samarium

(III) nitrate hexahydrate Sm(NO3)3�6H2O, 0.0444 gm

(1 at%) was dissolved in 100 mL distilled water to prepare

0.1 M solution under vigorous magnetic stirring for

30 min. An aqueous ammonia solution was added to the

above solution drop wise under stirring and to maintain the

pH in between 7 and 7.5. This process was repeated for

3 at% (0.1333 gm), 5 at% (0.2223 gm), 7 at%

(0.3112 gm) and 10 at% (0.4446 gm) of Sm doping. After

18 h of ageing the slurry was filtered and washed for 8 h

with distilled water to remove impurities from the precip-

itate. This precipitate was then dried in an oven at 80 �C
for 10 h to remove water molecules and then calcinated at

400 �C for 2 h in a furnace. After calcinations the samples

were crushed into fine powder to get Sm doped tin oxide

nanomaterials of different doping concentration. Figure 1

shows the flow chart for the synthesis of Sm doped SnO2

nanoparticles.

2.2 Instrumentation

The structural properties of synthesized undoped and Sm

doped SnO2 powder samples were analysed by XRD

measurements using powder diffractometer (Bruker AXS

D8) with Cu–Ka radiation (k = 1.5406 Å). The size and

shape of the synthesized powder were studied by TEM

(Hitachi- H-8100) measurements. The FT-IR spectra of the

synthesized samples have been recorded in the spectral

range of 500–4000 cm-1 with Perkin–Elmer 1600 Fourier

transform instrument. KBr was mixed in powder samples

and then pelletized to record the FTIR spectra. The UV–

Vis absorption spectra of all the samples were taken after

ultrasonication of a small amount of sample dissolved in

distilled water in the spectral range of 275–800 nm by

Perkin–Elmer Lambda 35 UV–Vis spectrophotometer. The

room temperature Raman spectroscope (RS) of the powder

samples were recorded in the range of 200–1000 cm-1

using thermo scientific DXR—XI Raman imaging micro-

scope. The 532 nm laser line of the Ar? ions laser was used

to illuminate the powder samples. Thermal properties of

the synthesized samples were measured by thermo gravi-

metric analyser measurements using (TA Instruments

Q50). The photoluminescence emission spectra of the

synthesized samples were recorded by using a spectro-

fluorometer (Spex Flurolog 3, FL3-22) with a 450 W
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Xenon Lamp as the excitation source with 330 nm exci-

tation wavelength. For recording the PL spectra, emission

slit width was kept to 3.0 nm. The room temperature

magnetic properties of the synthesized samples were

measured by a vibrating sample magnetometer (VSM)

(Microsense EV7).

3 Results and discussion

3.1 X-ray diffraction

The typical XRD patterns of the undoped and Sm doped (1,

3, 5, 7 and 10 at%) SnO2 samples calcined at 400 �C are

shown in Fig. 2. The peak positions of each sample exhibit

the rutile phase tetragonal structure of SnO2, as confirmed

from the ICDD card No. 77-0452 and JCPDS card No.

77-045 [5, 21]. The broadening in (110) and (101) peaks

increases with the increase in Sm doping into SnO2 matrix.

As the Sm concentration increases the crystallinity and

average crystallite size of doped SnO2 decreases with

respect to undoped SnO2 sample. The average crystalline

size was estimated using Scherrer’s formula for the

tetragonal phase structure of the samples from most intense

XRD peaks and is presented in Table 1 [5]. Further, No

other impurity peak related to Sm dopant was observed in

the XRD pattern within the limits of instrumental sensi-

tivity which shows the single phase SnO2 formation. When

the particle size decreases to the nanometer scale, no

crystal lattice of a long-range order exists in the SnO2

nanoparticles. Thus, the lack of its long-range order causes

a reduction in the intensity of the peaks in the XRD pattern.

Further, it is not possible for Sm?3 (0.109 nm) to occupy

the regular lattice site of Sn4? in SnO2 matrix due to its

larger ionic radius than that of Sn?4 (0.069 nm) [22]. Thus,

Sm creates defects and distortion in the SnO2 lattice that

reduces the crystallinity of SnO2 and results into noise in

the XRD pattern of Sm doped SnO2 samples.

It means that even though the Sm ions does not occupy

the regular lattice site of Sn4?, but it produces crystal

defects and lattice mismatching around the dopants

Fig. 1 Flow chart for synthesis

of Sm doped SnO2 nanoparticles

by co-precipitation method

Fig. 2 XRD pattern of undoped and Sm doped SnO2 nanoparticles

calcined at 400 �C
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resulting into the charge imbalances that are responsible to

change the stoichiometry of the host materials [1]. The

lattice constants ‘a’ and ‘c’ have been determined by the

following relation [3, 23] and are presented in Table 1:

1

d2
¼ h2 þ k2

a2
þ l2

c2

where ‘d’ is the interplaner spacing and (h, k, l) are Miller

indices, respectively. By looking at Table 1, it is clear that

lattice parameters are significantly affected by Sm doping

into SnO2 matrix.

3.2 Thermogravimetry analysis

TGA profiles of undoped and Sm doped SnO2 samples are

depicted in Fig. 3. The weight loss in the temperature

range between 90–200 �C can be attributed to the loss of

adsorbed water in the tin oxide [24]. The combustion of

residual organic species, including the decomposition of Cl

ions are responsible for the weight loss between 300 and

550 �C [24].

In Fig. 3, the maximum weight loss is 5 % for 10 at%

Sm dopant concentration while the weight loss is minimum

(2.5 %) for undoped SnO2. This weight loss increases with

the increase of Sm content which indicates the increase of

adsorbed water and higher residual organic species in the

samples.

3.3 FTIR spectra

FTIR spectra of undoped and Sm doped (1, 3, 5, 7 and

10 at%) SnO2 nanoparticles recorded at room temperature

in the range of 500–4000 cm-1 is presented in Fig. 4. It is

evident from spectra, that undoped and Sm doped SnO2

nanoparticles still contain the water molecules since H2O

molecules (bending vibrations in the range of

1500–1650 cm-1) have the property to be chemisorbed

easily on the SnO2 surface when exposed to the atmosphere

[9]. The broad spectra centred at *3745 cm-1 is assigned

to the stretching vibrations of O–H. The presence of these

two bands indicates that a large amount of hydroxyl group

are associated with the SnO2 surface in both undoped and

Sm doped samples.

The weight loss corresponding to H2O molecule and

hydroxyl group is well supported by TGA also. The peaks

at the low wavenumbers (500–1000 cm-1) may be attrib-

uted to the characteristic peaks of SnO2. The band appeared

at *697 cm-1 is assigned to the Sn–O antisymmetric

vibrations [9]. The band observed at *2893 cm-1 is

assigned to C–H stretching mode of vibrations for the

samples [5, 9]. An additional peak observed at around

2358 cm-1 is observed which shows the existence of CO2

(which usually appear around 2361 cm-1) molecules in air.

Table 1 Structural parameters

Sm doped SnO2 nanoparticles
Sr. no. Samples at 400 �C Average crystallite size (nm) Lattice parameter (Å

´
)

1 SnO2 6.5 ± 2 a = b=4.741, c = 3.198

2 1 at%Sm 3.3 ± 0.3 a = b=4.757, c = 3.167

3 3 at%Sm 3.1 ± 0.6 a = b=4.765, c = 3.196

4 5 at%Sm 2.8 ± 0.6 a = b=4.741, c = 3.198

5 7 at%Sm 2.6 ± 0.6 a = b=4.709, c = 3.307

6 10 at%Sm 2.4 ± 0.2 a = b=4.786, c = 3.283

Fig. 3 TGA of different Sm doped SnO2 nanoparticles calcined at

400 �C
Fig. 4 FTIR spectra of different Sm doped SnO2 nanoparticles

calcined at 400 �C
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3.4 Raman spectra

Figure 5 shows the Raman spectra for undoped and Sm

doped SnO2 nanoparticles calcined at 400 �C. The peak

positions corresponding to various Raman bands of rutile

SnO2 which belongs to the point group were indexed in the

spectra. SnO2 having tetragonal rutile crystalline structure

consists of 6 unit cell atoms which give a total of 18

branches for the vibration modes in the first Brillouin’s

zone. According to group theory, the normal lattice

vibrations at the gamma point of the Brillouin zone

are C = 1A1g ? 1A2g ? 1A2u ? 1B1g ? 1B2g ? 2B1u ?

1Eg ? 3Eu, where the B1g, Eg, A1g, and B2g modes of SnO2

are Raman active, A2u and Eu are infrared (IR) active, and

A2g and B1u are inactive in both Raman and IR [5, 25]. The

Raman bands of the pure rutile phase of SnO2 and Sm

doped SnO2 were observed in different range. The main

dispersion peaks in the range of 470–595, 623–633,

766–779 cm-1 were assigned for the three allowed fun-

damental modes Eg, A1g, and B2g, respectively of rutile

SnO2 vibrations. The A1g and B2g modes are non degen-

erate and might be related to the expansion and contraction

of the vibrating mode of Sn–O bonds, whereas the doubly

degenerate Eg mode may be related to the vibrations of

oxygen in the oxygen plane. The A1g and B2g modes

vibrate in the plane perpendicular to the c-axis, whereas the

Eg mode vibrates in the direction of the c-axis. In addition,

few weak Raman bands are located for all the samples in

the range of 300–320 cm-1 that are associated with the

surface modes of SnO2 nanostructures [5, 25–27]. Xi and

Ye [28] have also observed few new additional Raman

modes for ultrathin SnO2 nanorods as compared to bulk

SnO2, which were related to the facet surface area of a

crystal, with small grain size of nanoscale SnO2. Beside

this, the Raman spectra were compared with Raman active

modes as predicted by group theory for B-type Sm2O3

structures. Anandhan et al. observed different lines at 457,

335, 152 cm-1 which were assigned to Ag modes and

424 cm-1 to both Bg and Ag modes for Sm2O3 structures

[27]. Therefore, in this present work there is no mode of

vibration mode for samarium (Sm3?) based oxide nanos-

tructures (Sm2O3) which are in good agreement with the

XRD results. As the Sm dopant concentration increases, the

new weak bands arise in the range of 247–300 cm-1. This

behaviour might be due to the fact that the addition of Sm

might be is responsible for the changes in local disorder

and defects such as vacant lattice sites or vacancy cluster or

clusteration which may result in lattice distortion or

reduction in lattice space symmetry. In case of all the

samples, the peak positions drastically shifts either towards

a higher wave number or lower wave number depending on

the Sm doping concentrations. Similar anomalous shifting

in the Raman spectra has been previously reported for TiO2

nanostructures with respect to the changes in annealing

temperature [29].

3.5 Morphology analysis

The shape and size of the nanoparticles has a direct rela-

tionship with the crystal symmetry, growth methods, and

growth conditions (such as volume, pressure and temper-

ature etc.). Mainly, two quantities (1) chemical potential

(2) surface energy for the atoms at surfaces play an

important role for structuring the shape and size of the

nanomaterials. The SEM images recorded for undoped and

Sm doped SnO2 samples are shown in Figs. 6a–d and 7a–d

at different scale of magnification.

In the SEM micrographs, it is clearly observed that the

grain size and agglomeration remains similar with the

increase in doping concentration of Sm precursor in SnO2

matrix. It means that the samarium doping into SnO2 does

not lead to an extra clusteration. TEM micrographs recor-

ded for undoped SnO2 are shown in Fig. 8a–c, while for

5 at% Sm doped SnO2 nanoparticles are presented in

Fig. 9a–d, respectively. The undoped SnO2 nanoparticles

show well isolated spherically shape, while 5 at% Sm

doped SnO2 nanoparticles are not exactly spherical in

shape. In fact the granular form of spherical nanoparticles

are observed. It is observed that as the dopants precursor

was added to SnO2 precursor, the average particle size

decreases. The average particle size as estimated from

particle size distribution curve (Figs. 8c, 9c) is calculated

to be 7.5 ± 1.6 and 7 ± 2 nm for undoped and 5 at% Sm

doped SnO2 nanoparticles, respectively.

The results are consistent with the crystallite size cal-

culated from the XRD patterns. The selected area electron

diffraction (SAED) patterns for both the undoped and Sm

doped SnO2 indicates polycrystalline nature of the samples.

All the main identified planes such as (110), (101), (211)
Fig. 5 Raman spectra of different Sm doped SnO2 nanoparticles

calcined at 400 �C
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are indexed in SAED pattern, which are in good agreement

with the results obtained from XRD patterns. The ele-

mental analysis of the Sm-doped SnO2 has been carried out

for one of the samples and it is shown in Fig. 9d. The

impurity peaks have been not observed in the EDX pattern

of doped samples. From the EDX graph of 5 at% Sm doped

SnO2, the peaks corresponding to Sm, Sn and O can be

easily seen that further confirms the presence of Sm ions

into the host SnO2 matrix.

3.6 UV–visible spectroscopy

UV–visible absorption spectroscopy is used to explore the

optical properties of pure and Sm doped SnO2 (1, 3, 5, 7 and

10 at%) nanoparticles calcined at 400 �C. The absorbance is
expected to depend on several factors, such as band gap,

oxygen deficiency, surface roughness and impurity centres.

The optical absorption spectra of undoped and Sm doped (1,

3, 5, 7 and 10 at%) SnO2 nanoparticles are shown in Fig. 10.

The optical band gap energy of the corresponding

samples is calculated from Tauc plot by extrapolating the

linear portion of (ahm)2 versus hm plots to intercept the

photon energy axis as shown in Fig. 11 by using the fol-

lowing equation [24, 29].

ðahmÞn ¼ Bðhm� EgÞ

Where hm is the photon energy, a is the absorption

coefficient, B is a constant relative to the materials and n is

a value that depends on the nature of transition (n = 2 for

direct band gap, 2/3 for direct forbidden gap and 1/2 for

indirect band gap). The calculated band gap is 2.65, 3.16,

2.82, 2.78, 2.91 and 2.75 eV for undoped SnO2, 1, 3, 5, 7

and 10 at% Sm doped SnO2 nanostructures, respectively.

In thise case the bandgap of undoped SnO2 bandgap

(2.65 eV) is quite low as compared to the bandgap of bulk

SnO2 (3.6 eV). This reduction in the band gap gives an

indication of the stoichiometry deviation and degeneracy of

the doped SnO2 and the increase in oxygen vacancies

within the lattice. The results are consistent with those

Fig. 6 SEM micrographs at 5 lm scale, a undoped SnO2; b 1 at% Sm doped SnO2; c 5 at% Sm doped SnO2; d 10 at% Sm doped SnO2

nanoparticles
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studied by Drake and Seal [15] for the band gap energy

modifications in indium (In3?) substituted SnO2

nanocrystallines. The possible explanation for the ability of

a material to decrease its band gap energy is that the

density of surface states induced by chemisorbed oxygen

species decreases with decreasing particle size, which

would lead to a lesser degree of Fermi pinning. This allows

the surface barrier to undergo larger changes and control

the ability of charged species to move through the material.

This decrease in density of surface states is directly caused

by the curvature of the nanoparticles. A combination of the

decrease in the density of surface states and the large

amount of oxygen vacancies retained in the material

explains the departure in the band gap values from the

bandgap of bulk SnO2 (3.6 eV) [15]. The increase in

bandgap after Sm doping is anomalous as there is no clear

trend either for increase or decrease in the band gap for Sm

doped SnO2. The results are quite interesting as the band

gap for Sm doped SnO2 is found to be larger than the

undoped SnO2 which indicates the blue shift in doped

sample as compared to SnO2. The blue shift in the present

study cannot be considered due to quantum-confinement

effect as the atomic Bohr radius (*2.2 nm for SnO2) is

very less than the radius of all the Sm doped SnO2

(*3.5 nm for 5 at% Sm doped SnO2) nanostructures. This

anomalous behaviour in the bandgap may be influenced

both by the oxygen concentration and intrinsic differences

(like native defects and strain) in the electronic structure of

the different samples as a function of doping concentration.

3.7 Photoluminescence

The room-temperature PL spectra of undoped and Sm (1, 3,

5, 7 and 10 at%) doped SnO2 nanoparticles under

Fig. 7 SEM micrographs at 10 lm scale, a undoped SnO2; b 1 at% Sm doped SnO2; c 5 at% Sm doped SnO2; d 10 at% Sm doped SnO2

nanoparticles
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Fig. 8 TEM micrographs of

SnO2 nanoparticles, a SnO2 at

50 nm scale; b SAED pattern

and c particle size distribution

curve

Fig. 9 TEM micrographs of 5 at% Sm doped SnO2 nanoparticles, a SnO2 at 50 nm scale; b SAED pattern; c particle size distribution curve and

d EDX pattern
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excitation at the wavelength of 330 nm are depicted in

Fig. 12. A strong emission peak around *393 nm

(3.1 eV) can be observed from the spectra for undoped and

Sm doped SnO2 nanoparticles which is comparable to the

band edge transition energy of SnO2 nanoparticles. The

emission band at *393 nm is attributed to the direct

recombination of a conduction electron in the Sn 4p band

and a hole in the O 2p valence band [30]. The PL spectra of

prepared samples are obtained as a result of the electron–

hole separations, electron–phonon scattering and electron–

hole recombination. Generally, oxygen vacancies are

known to be the most common defects in semiconductor

nanocrystals and usually act as radiative centre of lumi-

nescence in visible region. In SnO2, oxygen vacancies are

present in three different charge states: V0
o, V

þ
o and V2þ

o , in

which V0
o is very shallow donor. The origin of visible

emission can be assigned to the recombination of electrons

in the shallow levels with the photo excited holes in the

valence band [1]. Interestingly in the PL spectra of all the

samples a broad emission edge is observed in the range of

400–500 nm which is the indication for the presence of

multiple peaks under a main peak corresponding to mul-

tiple emissions from oxygen vacancies present in the

samples. These vacancies give rise to the defect levels in

Fig. 10 UV–Vis absorption spectra of undoped and Sm doped SnO2

nanoparticles

Fig. 11 (ahm)2 versus hm plots for undoped and Sm doped SnO2 nanoparticles

Fig. 12 Photoluminescence spectra (PL) of undoped and Sm doped

SnO2 nanoparticles
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the crystal and enhance the visible emission in the spectra

[1]. From PL spectra of the Sm doped SnO2 nanoparticles,

it is also observed that emission peaks shifts towards lower

wavelength side (Blue shift) with respect to undoped SnO2

which is consistent with the results obtained from UV

results spectra. This shifting in doped tin oxide nanopar-

ticles may be attributed to the increase in band gap with the

increase of Sm content in SnO2.

3.8 Magnetic properties

The field dependent magnetization (M–H curve at 300 K)

measurement of undoped and Sm (1, 5 and 10 at%) doped

SnO2 nanocrystalline samples calcined at 400 �C are shown

in Fig. 13. The magnified region of the graph (in the region

-2000 to 2000 Oe) is shown in Fig. 13b. All measurements

have been corrected by eliminating the signals from the

sample holder. All curves clearly exhibit hysteresis beha-

viour with coercivity and magnetization under a strong

externally applied magnetic field of 20 kOe. The graph

exhibits weak ferromagnetism in nature at room temperature

for undoped and doped SnO2 nanoparticles under a weak

applied magnetic field region of 2000 Oe. In general the

week ferromagnetism is not expected in undoped doped and

defects free SnO2 due to the nonexistence of unpaired elec-

trons. There are several reports for room temperature (RT)

ferromagnetism in doped SnO2 [5, 31–33]. The weak ferro-

magnetism in undoped and doped SnO2 at lower applied

magnetic field is attributed to the oxygen vacancies (Vo) and

the surface defects created during synthesis process [33, 34].

The presence of oxygen vacancy defects are already con-

firmed by PL spectra. The maximum coercivity (*324 Oe)

was observed for 10 at% Sm doped SnO2 nanocrystalline

sample. As the strength of externaly applied field is

increased, the magnetic susceptibility dramatically goes

negative and consequently the graphs show diamagnetic

nature (diamagnetic above 2000 Oe for undoped SnO2 and

6500 Oe for 10 at% Sm doped SnO2) for the samples.

The diamagnetic nature with a linear negative behaviour

which increases as the magnetic field increases is assigned

to the diamagnetic contribution coming from the sample

holders. Therefore no saturation magnetization has been

observed for Sm doped SnO2 nanoparticles. The first

principles calculations by Wang et al. [31] revealed that s

and p electrons of oxygen atoms in SnO2 can be spin

polarized, resulting in net magnetic moment for pure SnO2

nanosheets. There are several mechanisms proposed in the

literature to explain the ferromagnetism and its origin in

diluted magnetic semiconductors (DMS) but the exact

mechanism is still under debate [5, 31–37]. More studies

are needed to understand such room temperature magnetic

behaviour of SnO2 based DMS nanostructures.

4 Conclusions

Undoped and Sm doped SnO2 nanoparticles were synthe-

sized by a simple chemical co-precipitation method. The

tetragonal phase of undoped and doped SnO2 nanoparticles

was confirmed from XRD and SAED analyses. The

undoped SnO2 nanoparticles are spherical in shape while

the doped SnO2 nanoparticles show granular shape of

partially spherical nanoparticles. TEM analysis revealed

that particle size decreased with Sm doping into SnO2

matrix. The calculated optical band gap of undoped SnO2

nanoparticles is 2.65 eV and anomalously increases with

the doping of Sm into SnO2 matrix. Room temperature

ferromagnetism was found in undoped and Sm doped SnO2

Fig. 13 a M–H curve of undoped and Sm doped (1, 5 and 10 at%) SnO2 nanoparticles and b magnified graph
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nanoparticles at in the lower region of applied magnetic

field which drastically changes to negative susceptibility

with diamagnetic behaviour at higher ([2000 Oe) mag-

netic field.
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