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Investigation on structural and photoluminescence properties
of (Co, Al) Co-doped SnO2 nanoparticles
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Pure and (Co, Al) co-doped (Co=1, 3, 5 mol %, and Al = 5 mol % as constant) SnO2 nanoparticles were synthesized in aqueous solution by the

chemical co-precipitation method using polyethylene glycol (PEG) as a stabilizer. The effects of structural and photoluminescence of (Co, Al)

co-doped SnO2 nanoparticles are investigated. The XRD pattern reveals that the samples are in a single phase rutile type tetragonal crystalline

structure of SnO2. The peak positions with Co concentration are slightly shifted to lower 2θ values and size of particles from XRD calculations

are in between 20–30 nm. The Raman studies of the samples reveal that the Raman peaks are shifted towards lower wave numbers, when

compared to those of pure SnO2 at 150 cm−1, 303 cm−1, 476 cm−1, 630 cm−1, and 765 cm−1 respectively. Photoluminescence studies

show that pure SnO2 has an emission peak at 444 nm and (Co, Al) co-doped samples show emission peaks at 417 nm, 433 nm and 485 nm

with exciting wave length 320 nm. The PL intensity increases and broadening of peaks for co-doped samples with increase of Co concentration

indicates the decrease of size of the crystallinity. The UV absorption spectrum exhibits absorption at 310 nm, and is in agreement with the

emission spectra.
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1. Introduction

The importance for the synthesis of nanoparticles with desirable size and surface morphology has increased
because of their potential applications in various fields in material sciences [1], electronics [2], and optics [3,4]. Tin
oxide (SnO2) is an n-type metal oxide semiconductor with a wide band gap (3.6 eV) [5–7]. As such, SnO2 offers
wide range of applications in solar cells [8, 9], catalytic support materials [10], transparent electrodes [11, 12] and
solid state chemical sensors [13–17]. Many efforts have been made to synthesize the SnO2 nanoparticles by sol-gel,
chemical vapor deposition (CVD), thermal decomposition [18], co-precipitation [19], microwave assisted solution
[20], and gas phase condensation [21] methods. Preparation of SnO2 nanoparticles at low cost on an industrial
scale is a challenge in material production, and co-precipitation is a simple technique under suitable conditions
of synthesis. High surface area with agglomeration and irregular particle morphology of SnO2 nano powders
have been reported [22–24]. The preparation of desirable size of metal oxide nanoparticles using chemical co-
precipitation method and their characterization are still challenging. Optical techniques, such as photoluminescence
(PL), are very useful to determine the structure, defects and impurities in the nano crystals. Previous investigations
have generated many reports on the luminescence of SnO2 nanocrystals [22–26]. The luminescence has been
observed to range from 350–550 nm (UV and visible regions), which may be due to defects such as oxygen
vacancies and tin interstitials or dangling bonds [27–31]. The generation of defects in nanocrystals varies with
shape of nanocrystals, which would influence the emission properties. Feng Gu et. al. [32] have proposed a
model for blue emission from SnO2 nanocrystals. The room temperature photoluminescence of blue emission with
weak intensity has recently been reported by Zhijie Li [33]. Particle size plays a significant role in the optical
properties the valence band. In order to overcome the stronger luminescence property with peak shift and to
prepare SnO2 nanocrystalline powders with the desired size, the chemical co-precipitation method was chosen. In
the present paper, a systematic study was undertaken to characterize the structure of nanocrystalline pure and (Co,
Al) co-doped nanoparticles prepared by the chemical co-precipitation method. The photoluminescence properties
and the results are also discussed.

2. Synthesis

SnCl2.2H2O, Co (CHOOH).6H2O and AlCl3 are AR grade for the synthesis of Sn1−xCoxAlyO2 series. The
required amount of SnCl2.2H2O is dissolved in de-ionized water, and aqueous ammonia is added drop wise to the
above solution to maintain PH = 9 under constant stirring. Then, under constant stirring, co-doped ions are added
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to the above solution. A light brown precipitate was obtained, and then 2 ml of polyethylene glycol was added
to stabilize the particle size. Finally, the obtained precipitate was washed with de-ionized water and filtered out
separately. Thereafter, the precipitate was dried at 80 ◦C. The dried powders were subsequently annealed at 600 ◦C
for 4 hours, affording (Co, Al) co-doped SnO2 nanoparticles.

2.1. Characterizations

The prepared powders were carefully subjected to the following characterization studies. Powder XRD pattern
was recorded on Bruker diffractometer within the 2θ range of 20 to 80◦ using CuKœ as X-ray source (λ=
1.53906 Å). The structure of pure and co-doped SnO2 were analyzed by Micro Raman Spectroscopy (LAB-RAM
HR, HORIBA JOBIN-YVON Spectrophotometer). The optical properties were analyzed by UV-VIS diffusion
reflectance Spectroscopy using CARY 5E UV-VIS-NIR Spectrophotometer in the wavelength range 200–2500 nm.
The room temperature photoluminescence (PL) studies were carried out with a PL Spectrometer.

3. Results and Discussion

3.1. X-RAY Diffraction studies

FIG. 1. XRD Spectra of (a) pure (b) 1 mol % Co (c) 3 mol % Co (d) 5 mol % Co with 5 mol %
Al co-doped SnO2 nanoparticles

Figure 1 shows the XRD pattern of pure and co-doped (Co = 1, 3, 5 mol % with 5 mol % Al as constant) SnO2

nanoparticles. The diffraction peaks of the samples corresponded to the rutile phase of SnO2, and peak positions
are in good agreement with the standard pattern [JCPDS CARD No: 41-1445]. The absence of extra peaks showed
that no impurity phases were present in samples within the detection limit of the instrument. However, it was
found that the diffraction peaks of all co-doped samples were slightly shifted to lower positions when compared to
the pure SnO2 nanoparticles. The crystallite size (d) is calculated using Scherer formula:

d =
0.91λ

β cos θ.

The calculated particle size for pure and Co (1, 3, 5 mol %) with 5 mol % of Al co-doped SnO2 nanoparticles
were in between 20–30 nm. The diffraction calculations showed that the size of pure SnO2 particles was small and
the size increased with the doping of Co with 5 mol % of Al doped SnO2.

3.2. Raman studies

Figure 2 shows the Raman spectrum of synthesized nano crystals. In the present investigation, for pure SnO2,
exhibit peaks were observed at 476 cm−1, 630 cm−1 and 776 cm−1 which corresponded to Eg , A1g and B2g

respectively. The Raman peaks of Co (1, 3, 5 mol %) with 5 mol % of Al to SnO2 nanoparticles at 150 cm−1,
303 cm−1, 476 cm−1, 630 cm−1 692 cm−1, and 765 cm−1 and. They correspond to B1g , Eu, Eg , A1g , A2u LO
(LO: mode of longitudinal optical phonons), and B2g respectively. The peak at 856 nm is might be laser peak.
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FIG. 2. Raman Spectra of (a) pure (b) 1 mol % Co (c) 3 mol % Co (d) 5 mol % Co, with
5 mol % of Al co-doped SnO2 nanoparticles

The co-doped peaks are broad and slightly shifted to lower wave numbers as compared to bulk rutile SnO2. The
sharp band located between 550 – 650 cm−1 is attributed to the surface vibration modes [34]. The origin of peaks
at 303 cm−1 may be due to Eu mode and peak at 476 cm−1 represents the Raman active Eg doubly degenerate
mode. The A1g and B2g are non-degenerate modes at 630 cm−1 and 765 cm−1 respectively.

3.3. Photoluminescence analysis

The PL emission peaks for pure SnO2 nanoparticles were at 417 nm and 456 nm and for co-doped samples
the peaks were at 417 nm, 433 nm, and 485 nm when the excitation wavelength was 320 nm. The spectrum was
characteristic of the UV emissions at 417 nm, and 433 nm. The peak at 485 nm indicates blue emission, which
was due to the reduced nanocrystal sizes and intrinsic defects in lattice of SnO2. With an increase in the Co
concentration, the oxygen vacancies increased, which resulted in the broadening of the peaks along with increased
peak intensity. This might be due to the electron transitions mediated by defect levels in the band gap and also
due to the non-uniformity of the particle size [35].

FIG. 3. PL spectra of (a) pure (b) 1 mol % Co, (c) 3 mol % Co (d) 5 mol % Co with 5 mol %
Al co-doped SnO2 nanoparticles
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3.4. UV–VIS Absorption

Absorption spectroscopy is a powerful non destructive technique used to investigate the optical properties of
semiconducting nanoparticles. The optical absorption spectra of (Co, al) co-doped SnO2 nanoparticles are shown
in Fig. 4. The absorption spectra showed an absorption edge at ∼ 310 nm, and for different samples the value is
almost identical. It is interesting to note that (Mn, Al) doped samples do not show a sharp absorption edge due to
Mn d states extending in to the band gap region resulting from the overlapping of orbitals by Mandal et al [36].
The changes in local disorder result from the varying crystalline size and annealing temperature of the samples.

FIG. 4. UV-Absorption Spectra of (a) 1 mol % Co (b) 3 mol % Co (c) 5 mol % Co co-doped
with 5 % Al into SnO2 nanoparticles

4. Summary and conclusion

In summary, tin oxide (SnO2) nanocrystalline powders were successfully synthesized by a simple precipitation
method obtained at 600◦C by a reaction of SnCl2 and NH3 derived from aqueous ammonia. The XRD patterns
confirm that SnO2 nanocrystalline powders possess a tetragonal rutile structure. The average crystallite size of the
nanopowders is in the nanometer range; the crystallite size of the SnO2 was found to increase from 20 to 30 nm.
The heating effect has influence on the size of the crystallites in the nanocrystalline powders. When samples were
heated, the lattice parameters and dislocation density decreased, and thus, a smaller number of unit cells started
to grow. The Photoluminescence emission exhibited peaks at 417 nm, 433 nm and 485 nm. The peak at 417 nm
is related to the recombination of electrons in singly occupied oxygen vacancies with photo-excited holes in the
valence band. The heating temperature also affects the luminescence process, the emission resulting in the decrease
in the oxygen vacancies, as revealed by the decrease in luminescence at 485 nm. This is in agreement with the
absorption edge at 310 nm.
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