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Pure and Sn-doped ZnO nanostructures were synthesized by simple chemical solution method. In this method we used zinc
nitrate and NaOH as precursors. Sn doping content in ZnO was taken with the ratio 0, 5, 10, 15 and 20 percent by weight.
Physical properties of Sn-doped ZnO powder were studied by XRD analysis which revealed that Sn doping had a significant
effect on crystalline quality, grain size, intensity, dislocation density and strain. The calculated average grain size of pure ZnO
was 21 nm. The best crystalline structure was found for 0 wt.%, 5 wt.% and 10 wt.% Sn doping as observed by FESEM and
XRD. However, higher Sn-doping (>10 wt.%) degraded the crystallinity and the grain size of 27.67 nm to 17.76 nm. The
structures observed in FESEM images of the samples surfaces were irregular and non-homogeneous. EDX depicted no extra

peak of impurity and confirmed good quality of the samples.
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1. Introduction

Zinc oxide is a type of semiconductor material
having band gap of 3.37 eV and high binding en-
ergy of 60 MeV. ZnO materials are used in solar
cells, UV detectors, gas sensors and photo cata-
lysts, because of good optical, optoelectronic and
piezoelectric properties [1]. ZnO properties can be
improved using different techniques [2, 3]. ZnO
is an excellent nanoscale metal oxide. ZnO is an
n-type II — VI semiconductor having normally a
hexagonal or wurtzite structure. ZnO microstruc-
ture has found novel applications in gas sensors,
solar cells, varistors and photocatalyst with high
chemical activity [4-7]. ZnO based improvements
have been made on nanomaterials in basic sciences
and advanced material engineering [8, 9]. Sn is an
active n-type dopant in ZnO. The radius of Sn**
(0.071 nm) is almost equivalent to Zn"2 (0.074 nm)
which is favorable in substituting Zn ions in ZnO
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lattice in order to adjust visible emission of ZnO
materials by Sn-doping [10-12]. Sn doped ZnO
was successfully synthesized and its physical and
chemical properties were studied [13]. The im-
provement of zinc oxide properties has been pro-
posed by the refinement of its nanostructure and
optimizing its morphology [14, 15].

Different synthesis techniques of ZnO particles
have been reported [16-20]. In this work, we syn-
thesized the Sn doped ZnO nanoparticles using
chemical solution method. XRD, FESEM and EDX
analyses have been carried out.

2. Experimental

2.1.
ticles

Synthesis of Sn doped ZnO nanopar-

Sn doped ZnO nanoparticles have been syn-
thesized using a simple chemical solution method.
The stock solutions of starting materials 50 mM
zinc nitrate Zn(NO3),-2H,O, 50 mM stannic chlo-
ride SnCly-5H,0 and 100 mM sodium hydrate
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NaOH were prepared using deionized water as a
solvent for each sample. The solution of NaOH was
dropped into the solution of Zn(NOj3),-2H,0 un-
der continuous magnetic stirring till the formation
of white precipitates of Zn(OH),. The precipitates
were filtered off and washed with distilled water for
five times. The precipitates of Zn(OH), were first
dried in air at room temperature and then heated at
250 °C for 24 hours to attain fine crystallinity. For
the preparation of 5 wt.%, 10 wt.%, 15 wt.% and
20 wt.% Sn doped zinc oxide, the stock solutions of
50 mM Zn(NOs3),-2H,0 and 50 mM SnCly-5H,0
were mixed accordingly to each composition and
the same procedure as used for the preparation of
ZnO was adopted for each case.

The synthesized samples were characterized us-
ing a Rigaku XRD instrument with monochro-
matic CuK« radiation source having wavelength of
1.5418 A. The morphology studies and composi-
tional analysis of nanoparticles were carried out by
FESEM integrated with EDX (TIMA3 LM TES-
CAN). The samples were coated with carbon us-
ing low voltage sputtering and then analyzed under
SEM operating at a voltage of 20 kV.

3. Results and discussion

3.1.

Fig. 1a shows the XRD patterns of ZnO with
0 % Sn concentration. The X-ray diffraction pat-
terns of samples a, b and c are consistent with
the reference codes 01-005-0664 and 01-075-0576.
The peak with (h k I) value (1 0 1) positioned at
36.36° has maximum intensity. The (1 0 1) major
plane along with some other minor planes indicate
the polycrystalline nature of the prepared material
having hexagonal geometry [21, 22].

Structural parameters

When the Sn doping of ZnO material increased
above 10 wt.%, the intensity of the major peak has
increased showing the improvement in the crys-
tallinity [23]. Beyond 10 wt.% Sn doping, the de-
crease in intensity of the major peak corresponding
to (0 1 5) plane has been observed what indicates
poor crystallinity. Sn doping has improved the crys-
tallinity up to the concentration level of 10 wt.%
but ZnO crystal structure showed poor crystallinity
above the Sn concentration level of 10 wt.%.
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Fig. 1. X-ray diffraction peaks of 0 wt.%, 5 wt.%, 10
wt.%, 15 wt.% and 20 wt.% Sn doped zinc ox-
ide.

The grain sizes of the prepared samples were
calculated using Debye-Scherrer’s formula [24]:

KA
~ BcosH

)

where d is the grain size, k is a constant taken to
be 0.89 for the hexagonal structure, A is the wave-
length of X-ray used (1.5418 A), B is full width at
half maximum and © is the Bragg’s angle. Equa-
tion 1 is multiplied by a factor 7t/180 to change the
value of W from degree to radian:

_ KLom
~ BcosB 180

2

Table 1. Variation of grain size with the increase of Sn
content in Zn;_xSnyO (x = 0.00 to 0.20) [33]

X 20 FWHM Intensity [a.u.] Grain size [nm]
0.00 36.2 0.006671 679.96 21.3270
0.05 36.2 0.005137 814.26 27.663
0.10 36.2 0.00521 377.49 25.272
0.15 36.2 0.00676 122.60 21.028
0.20 36.2  0.0080 71.8320 17.763

The calculated average grain size of pure ZnO is
21 nm and it decreases up to 17 nm for 20 wt.% Sn-
doped sample. The variation in grain size with the



Synthesis and study of structural properties of Sn doped ZnO nanoparticles

743

increase in Sn concentration is shown in Fig. 2 and
Table 1. The grain size decreases with Sn content
which is likely due to the substitution of Sn metal
into zinc oxide lattice [25, 26].

Fig. 2. Grain size versus Sn content of ZnO nanoparti-
cles.

The strain produced in the samples due to Sn
doping has been calculated using the relation [27]:

_ BcosO

€=

3)
where € is strain and 0 is the Bragg’s angle in
degrees.

Dislocation density was calculated by [28]:

6= “4)

a2
The dislocation density (8), defined as the length
of dislocations lines per unit volume has been esti-
mated using equation 4.

Table 2. Calculation of strain, and dislocation density
with an increase of Sn content in Zn_xSnxO
(x = 0.00 to 0.20).

X Strain Grain Dislocation density
(€) size [nm]  (3) [lines/m?]
0.00  0.001584 21.3270 0.00212
0.05 0.00122 27.663 0.00130
0.10 0.00123 25.272 0.00161
0.15 0.0016 21.028 0.00226
0.20 0.0019 17.763 0.00317

Calculated values of strain and dislocation den-
sity are presented in Table 2.

The effect of strain in ZnO nanoparticles due
to Sn dopant is demonstrated by the grain size
(d), strain (€), and dislocation density (5) given
in Table 2. For the samples with Sn-doping con-
centration of 5 wt.%, the grains tend to increase
in size because of the small strain in the sample
that influences the normal growth of ZnO. How-
ever, when Sn-doping concentration is 10 wt.%,
the grain size slightly decreases because of higher
strain. This shows again that the best crystalline
structure is achieved only up to 10 wt.% Sn dop-
ing as previously followed from XRD analysis. At
higher doping up to 10 wt.%, the grain size de-
creases again as a result of greater stress leading to
poor crystallinity. It should be mentioned that the
strain value (€) depends on both 3 and cos as
shown in equation 3. Dislocation density (5) may
also be considered as a measure of crystallinity.
Among the different doping concentrations 5 wt.%
and 10 wt.% doping give the smallest (8) which
shows the best crystalline structure compared to
higher or lower doped ones [29].

The microstructure and morphology of
nanoparticles were analyzed using FESEM.
Fig. 2 shows the micrographs of the samples of
Sn doped ZnO nanoparticles. The images show
clearly the morphological changes due to the
different doping levels of Sn in ZnO. The Sn
doped ZnO nanoparticles are inhomogeneous
in nature. Interestingly, when we increase the
doping rate, the morphological changes of the
microstructure show the mechanism of nucleation
and/or wrinkles growth [30]. These variations are
produced by Sn atoms which promote the growth
of network-winkles destressing the microstructure
and reducing energy of the system. Similar result
was presented by Bahsi et al. [31] in the study of
the effect of Mn and Cu doping on microstructure
of ZnO. Furthermore, the surface micrographs
showed that the doping of Sn plays an important
role in changing and improving the structure of
the ZnO nanoparticles. The ratio of Sn is the
main factor that controls the morphology and
structure of the final product. This may be due
to the defects created by Sn doping. The size of
these crystalline structures varies in the range
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Fig. 3. FESEM micrographs for different concentrations of Sn doped ZnO nanoparticles (A) 0 wt.%; (B) 5 wt.%;

(C) 10 wt.%; (D) 15 wt.%; (E) 20 wt.%.

of ~54 nm to 111 nm in Fig. 3A and Fig. 3B.
When the concentration of Sn dopant increased
from 5 wt% to 10 wt.%, the Sn-doped ZnO
nanoparticles showed noticeable variations in the
surface morphology [32]. Anisotropic growth of

crystal results from the driving force of the dopant
on ZnO lattice, hence, Sn-doped ZnO nanostruc-
tures have a granular shape as shown in Fig. 3A to
Fig. 3C. Furthermore, ZnO nanoparticles at higher
Sn concentrations (above 10 wt.%), (Fig. 3D and
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Fig. 4. EDX spectra of ZnO nanoparticles doped by different concentrations of Sn (a) 0 wt.%; (b) 5 wt.%; (c)

10 wt.%; (d) 15 wt.%; (e) 20 wt.%.

Fig. 3E) tend to agglomerate and show irregular
flake structure [32].

EDX analysis was carried out to study the qual-
ity and composition of Sn-doped ZnO nanostruc-
tured samples [33]. EDX analysis confirmed the
presence of Zn, O and Sn elements in the synthe-
sized materials. Fig. 4a shows the spectrum of pure
ZnO with two to three high intense peaks which are
associated with Zn and O atoms.

The measured atomic percentage of these el-
ements is about 42.04 and 57.96, respectively.
Fig. 4b and Fig. 4d exhibit the results of EDX
analysis of Sn-doped ZnO nanoparticles; the
measured Sn contents are 0.52, 3.27, 8.03 and
9.68 atomic percentage, respectively, for the four

nominal compositions of 5 wt.%, 10 wt.%, 15 wt.%
and 20 wt.%, indicating that Sn percentage in the
ZnO nanoparticles increases according the nominal
loading of Sn [33, 34]. Results of elemental analy-
sis of ZnO doped by different concentrations of Zn
are compared in Table 3.

4. Conclusions

Sn doped ZnO nanoparticles have been synthe-
sized using a simple chemical solution method. The
average grain size of pure ZnO is 21 nm and it
decreases up to 17 nm for the sample doped with
20 wt.% Sn. The increased Sn concentration results
in the agglomeration which has taken place. XRD
results show that the material is polycrystalline
with preferred orientations (1 0 1) and (0 1 5).
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Table 3. Compositional analysis of synthesized Sn doped ZnO nanoparticles at 0 wt.%, 5 wt.%, 10 wt.%, 15 wt.%

and 20 wt.%.
ZnO -0 % Sn Zn0O-5%Sn  7ZnO-10% Sn 7ZnO-15% Sn  ZnO —20 % Sn
Element [wt.%] [at.%] [wt.%] [at.%] [wt.%] [at.%] [wt.%] [at.%] [wt.%] [at.%]
Zn 7477 42.04 75.09 4386 82.89 65.63 5770 37.93 3934 2221
0] 2523 5796 2331 5562 9.61 31.10 20.12 54.04 29.53 68.12
- - - 1.61 0.52 7.49 3.27 22.18 8.03 31.13 9.68
Total 100 100 100 100 100 100 100 100 100 100

It is observed that up to 10 wt.% Sn doping, the
peak intensity corresponding to plane (1 0 1) in-
creases and thus the grain size increases, while for
Sn concentration above 10 wt.%, the peak inten-
sity decreases which indicates poor crystallinity of
the samples. FESEM results show the fine granular
structure for 0 and 5 wt.% Sn doping in ZnO. The
structure has been disturbed above the Sn doping
level of 10 wt.% that might be due to the incor-
poration of excessive amount of Sn metal into the
crystal structure of ZnO materials.
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