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Abstract. The microspheres of stannous oxide were synthesized via simple
room temperature wet chemical route using potassium hydroxide (KOH) as the
precipitating agent. The prepared samples were characterized by the X-ray
diffractometry (XRD), Scanning electron microscopy (SEM), and Photoluminescence and Ultraviolet-visible spectroscopy. The structural, optical and morphological properties of synthesized samples were controlled by varying the
concentration of precipitating agent. It was observed that, the concentration
of KOH affected the sample morphology and phase also. XRD study showed
the change in phase from stannic oxide (SnO2 ) to stannous oxide (SnO), with
increase in KOH concentration. SEM micrograph showed the change in morphology from nanoparticle network to the porous microsphere as an effect of
variation of KOH concentration. TEM confirm the formation of flower like morphology by interconnection of nanosheets having <200 nm in size. In this study,
the size of individual SnO microsphere was controlled in the range of 10–14 µm
in diameter, suitable for various photocatalytic and sensing applications.
K EY WORDS : Wet chemical route; stannous oxide; microspheres; cross-linked
nanosheets; size-controlled synthesis.
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Introduction

It has been extensively investigated that, self-assembled ordered semiconducting
nanostructures exhibited enormous effect on device performance including sensors and optoelectronic devices [1–3]. This is due to the fact that, properties of
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nanostructures depend on synthesis method, size, shape and composition. The
three dimensional (3D) nanostructures offer huge surface to volume ratio, enhanced surface reactivity, microstructural, optical and electrical properties [3,4].
In the modern era, search or development of synthesis method that has an ability to reduce the size of the nanocrystals and control their shape is one of the
major challenge of scientific community [4]. Stannous oxide (SnO) is p type
wide band gap (bulk band gap of ~2.8 eV) semiconducting material [5, 6] and
a promising candidate for photocatalyst [7], photoluminescence [8], sensor [9]
and field-effect transistor [10] applications. The advanced photocatalysts and
sensor technologies require well crystallized nanocrystals with high surface area,
porous and uniform size distribution [11]. A large number of reports on synthesis of SnO nanoparticles, nanosheets, nanobelts, nanowhiskers and nanowires
using advanced / modified chemical or physical methods are available in the literature [7–13]. However, it still remains a promising task for researcher to obtain
pure SnO nanocrystals in large quantity at room temperature and to minimize unwanted by-products. Further, there are very few reports on synthesis of porous
three dimensional micro/nanostructured SnO. Recently, Haspulat et al. reported
SnO nanocrystals composed of pentagonal, rod and plate shapes [14]. They observed that the SnO nanosheets with high specific surface area and higher UV
absorbance have excellent photocatalytic activity for highly polluting organic
dyes. We have also reported the chemically prepared SnO2 for nanostructured
solar cell application [15, 16]. However, these porous nanosheets were overlapped due to the planar geometry and consequently have decreased surface area.
The cross-linked orientation of nanosheets to form three dimensional architecture may enhance the effective surface area and hence its reactivity. Recently we
have reported the effect of NaOH for the synthesis of SnO and SnO2 [17].
Present work reports structural and optical investigations of SnO microspheres
with cross-linked nanosheets synthesized at low temperature using in-situ wet
chemical method. This approach would be economic, fast and modest synthesis
route.
2
2.1

Experimental
Material

The precursors were analytical grade stannous chloride (dihydrate, SnCl2 2H2 O)
and anhydrous potassium hydroxide (KOH) obtained from LOBA chemicals.
2.2

Synthesis of SnO and SnO2

The synthesis approach was based on precipitating agent assisted wet chemical
method. 1.4 gm amount of stannous chloride was dissolved in double distilled
water and then added into a glass vessel containing KOH solution of particular
2
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concentration. The reaction was maintained under continuous vigorous magnetic stirring at room temperature (27◦ C) for 15 min. On completion of the
reaction, the precipitates were collected, washed with distilled water and absolute ethanol for several times and dried over the night. Above procedure was
repeated twice by varying the KOH concentration. The concentration of KOH
solution was adjusted to assure the alkaline environment during each reaction.
A gray precipitate was obtained on addition of 2M KOH solutions to stannous
chloride, which suddenly changed to white crystals on stirring the mixture for a
few minutes. Further, when 4M KOH solution was added to stannous chloride
and stirred continuously, the initial gray precipitate turned to light yellow and
then quickly to black colored crystals. In order to study the effect of annealing,
the as prepared samples were annealed at 450◦ C for one hr. The samples with
2M KOH were termed as S1 and S2, that with 4M KOH, as S3 and S4 before
and after annealing, respectively.
2.3

Physicochemical characterization

The structural properties were studied using an X-ray diffractometer (XRD,
Rigaku D/B max-2400 with Cu-Kα radiation, λ = 1.54 Å). Optical absorption
spectra of the prepared samples were recorded using JascoV-670 spectrophotometer in the range of 200 to 800 nm. The microstructure and morphological
topographies were observed using SEM (JEOL-JSM 6360-A). Photoluminescence emission (PL) properties were studied using Perkin Elmer LS55 with excitation wavelength of 320 nm.
3
3.1

Results and Discussion
Structural properties

The structural properties of the samples were analyzed using X-ray diffractometry before and after annealing. Figures 1 and 2 show X-ray diffractograms for
all the four samples (S1, S2, S3 and S4), which confirm the successful synthesis
of SnO2 and SnO nanocrystals at room temperature. The samples annealed at
450◦ C in both experiments (S2 and S4) show increase in peak intensity, which
can be attributed to enhancement in crystallinity of the samples. However, crystallite size is not affected due to annealing, as the broadening of peaks appears to
be same. From the XRD results (Figure 1), it can be clearly understood that the
samples S1 and S2 are composed of SnO2 phase with tetragonal rutile crystal
structure (JCPDS card no. 41-1445), which belongs the space group P42 /mnm.
In sample S1, prepared with 2M KOH at room temperature, some impurity peaks
were observed at 28.5◦ , 30◦ and 31.1◦ which may be due to the existence of
some impurities in the sample.
Figure 2a shows the diffractograms for the samples prepared with 4M KOH. All
3
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the peaks in these diffractograms correspond to pure tetragonal phase of SnO
(JCPDS No. 06-0395, space group: P4/mnm, unit cell parameters: a = b =
3.80, c = 4.83 Å) without any impurity peaks. The peak positions are extracted
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by curve fitting using Gaussian standard deviation method. Gaussian fitting of
prominent peak for (101) plane is shown in Figure 2b. The peak positions obtained after Gaussian fitting is 29.83 for (101) plane, which is most accurate.
It has been reported in the literature that the nanostructured materials prepared
by chemical routes may contain certain impurities. The presence of impurities
in sample S1 indicates in complete conversion of reactants in desired product
[18, 19].
3.2
3.2.1

Microstructural properties
Scanning electron microscopy

Figure 3 shows the SEM images of all synthesized samples at different concentration of KOH. It is observed that the KOH concentration has considerable
influence on surface morphology of samples. The 2M KOH resulted in the formation of SnO2 nanoparticles network with an average diameter of 300 nm.
The SEM images of synthesized sample using 4M KOH shows formation of 3D
porous SnO microspheres with an average diameter of about 12 µm. Magnified SEM image shows that the microspheres are composed of 2D inter-linked
nanosheets and are self-assembled to form flower like structures. Such an interlinked nanostructures also forms 3 dimensional macro-porous network which
5

Sandeep A. Arote et al.

Fig. 3. SEM micrographs
formicrographs
as-synthesized
SnO2 (S1)
SnO
(S3)(S3)
andandannealed
Figure 3. SEM
for as-synthesized
SnO2&(S1)
& SnO
annealed SnO2 (S2)
SnO2 (S2) & SnO (S4) nanostructures.

& SnO (S4) nanostructures.

help to enhance
the sensing and photo-catalytic activity. Further, no re3.2.2 Transmissionmay
Electron
Microscopy
◦

The

markable change in morphology was observed even after annealing at 450 C
which indicates that, the microspheres are not just aggregated structures but are
crystallinity
and morphology
of nanostructured SnO sample was analyzed
the self-assembled
ones.

using

transmission electron microscopy (TEM) technique. Figure Fig. 4 shows TEM micrograph and
3.3

Transmission electron microscopy

selected area electron diffraction (SAED) for SnO (S3) sample. From TEM image (Fig. 4a) 2D
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From TEM image (Figure 4a) 2D nanosheets having size up to 200 nm with few

(a)

nm thickness are observed and the SAED pattern shown in Figure 4b reveals the
polycrystalline nature of the SnO nanostructure.
3.4

Optical properties

(b)

The optical absorption spectra for annealed samples (S2 and S4) were recorded
in the range of 200 to 800 nm in diffused reflectance mode with equal quantity
of the powder samples. As in shown in Figure 5a, the absorption spectra for
both the samples have a narrow peak near the band edge with λmax at 271 nm
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The crystallinity and morphology of nanostructured SnO sample was analyzed using
transmission electron microscopy (TEM) technique. Figure Fig. 4 shows TEM micrograph and
selected area electron diffraction (SAED) for SnO (S3) sample. From TEM image (Fig. 4a) 2D
nanosheets having size up to 200 nm with few nm thickness are observed and the SAED pattern
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Figure 4. (a) Low magnification bright field image; and (b) SAED pattern of as synthesized SnO (S3) nanostructure.

and 300 nm for the samples S2 and S4 respectively. Fano like shape is observed
in SnO absorption spectra may be due to the less defect concentration. The
optical band gap energies for these samples are estimated using the absorption
spectrum fitting (ASF) method by plotting (absorbance/λ)2 vs. 1/(λ (nm)) curve
(Figure 5b) [20]. Using ASF, the value of energy band gap can be calculated
using
1240
EgASF =
,
λg
where EgASF is the band gap energy calculated using ASF method with λg as
the corresponding wavelength calculated by extrapolating the (absorbance/λ)2
vs. 1/λ curve. From Figure 5b, for S2 sample, i.e. SnO2 , the band gap energy EgASF is about 3.43 eV. Similarly the calculated EgASF for S4 sample, i.e
SnO micropheres, is about 2.89 eV and are consistent with previous reports on
SnO and SnO2 [22, 23]. According to literature, band gap energy of SnO varies
from 2.7 to 3.4 eV as an effect of preparative and structural parameters [5, 21].

Fig. 5. a) Optical absorption spectra and b) band gap energy calculation of annealed samples

Figure
5. (a)
(S2 and
S4)Optical absorption spectra; and (b) band gap energy calculation of annealed
samples (S2 and S4).
3.4 Photoluminescence (PL) Properties
Fig. 6 shows the room-temperature PL spectra for S2 and S4 samples, obtained at excitation
wavelength of 320 nm. A strong emission peak observed in Fig. 6a for sample S2 (i.e. for SnO2)
at 345 nm (3.6 eV) corresponds to the near band-edge emission [24]. The other emission peaks
obtained at higher values of wavelength may correspond to defects in the samples, like structural
defects, defects in nanostructures, luminescent centers etc [25-27]. The broad and less intense
peak appeared at 482 nm can be assigned to the oxygen vacancies, that creates the defect levels in
the neighborhood of conduction band [28-29].
Fig. 6b shows PL spectra for SnO microspheres, recorded for sample S4. The spectra shows
a strong emission peak at 386 nm (3.21 eV) which can be attributed to the near band edge emission,
[30-31] whereas, the peaks at 412 nm and 474 nm are accredited to the defects in the material [32]
According to the study performed by Togo et. al., the p-type conductivity of SnO originates from
Sn vacancies [21]. Thus, the emission peak observed at about 474 nm is ascribed to the Sn
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The observed increase in Eg for both the samples can be attributed to quantum
confinement effect [17, 19–23].
3.5

Photoluminescence (PL) properties

Figure 6 shows the room-temperature PL spectra for S2 and S4 samples, obtained at excitation wavelength of 320 nm. A strong emission peak observed in
Figure 6a for sample S2 (i.e. for SnO2 ) at 345 nm (3.6 eV) corresponds to the
near band-edge emission [24]. The other emission peaks obtained at higher values of wavelength may correspond to defects in the samples, like structural defects, defects in nanostructures, luminescent centers etc [25–27]. The broad and
less intense peak appeared at 482 nm can be assigned to the oxygen vacancies,
that creates the defect levels in the neighborhood of conduction band [28, 29].
Figure 6b shows PL spectra for SnO microspheres, recorded for sample S4.
The spectra shows a strong emission peak at 386 nm (3.21 eV) which can be
attributed to the near band edge emission [30, 31], whereas, the peaks at 412 nm
and 474 nm are accredited to the defects in the material [32]. According to the
study performed by Togo et. al., the p-type conductivity of SnO originates from
Sn vacancies [21]. Thus, the emission peak observed at about 474 nm is ascribed
to the Sn vacancies in the sample.
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4. Conclusions
Conclusions
The structural and optical properties of SnO2 and SnO phases of tin oxide were broadly
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of SnO with 3D microstructures may show enhanced photocatalytic activity for
reduction of organic pollutant.
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