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Abstract

Metal oxide semiconductor has attracted so much attention due to its high carrier mobility. The thermoelectric study of
nanocrystalline SnO: through a simple co-precipitation method is observed to enhance the Seebeck coefficient (S). X-Ray
Diffraction, Thermogravimetric Analysis (TGA), resistivity (p), Seebeck coefTicient (§), and power factor (PF) measurements are
conducted to analyze the thermoelectric properties of the material. The measurements show that there are two interesting results,
which are the unusual resistivity behavior and the high value of the §. Resistivity behavior shows a non-reflective intermediate
semiconductor-metals behavior where the turning point occurs at 250 ©C. This behavior is strongly correlated to the surface oxide
reaction due to annealing temperature. The maximum § likely occurs at 250 °C, since the curve shows a slight thermopower peak
at 250 °C. The value of the § is quite high with around twenty times higher than other publications about SnQO: thermoelectric
material, this happens due to the bandgap broadening. The energy gap of SnO: calculated using Density Functional Theory (DFT)
which was performed by Quantum Espresso 6.6, the result shows there is a broadening energy gap at different momentum or wave
factor. Nanoerystalline semiconductors material is giving an impact (o increase the width of bandgap due to quantum confinement
and could enhance the thermopower especially in SnOz nanocrystalline.

Keywords: thermoelectric, Seebeck, co-precipitation, nanocry stalline, metal-oxide, tin-dioxide.

I. INTRODUCTION

Thermoelectric materials are promising candidates
as harvesting energy devices for converting »ﬂle heat
into electricity [1]. Thermoelectric could be acting as
solid-state refrigerators oaat pumps. One advantage of
thermoelectric is it does not use any moving parts and
environmentally harmful fluids. Due to their high
reliability and simplicity, thermoelectric materials are
used extensively in fields such as space pd generation
and a variety of cooling applications [2]. Thermoelectric
performance is determined by the dimensionless figure
of merit (ZT) [2], [3], which is denoted by (1).
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where § is Seebeck coefficient representing a
significant temperature differefd&lwhich is required to
generate electrical energy, o is electrical conductivity, &
is thermal conductivity, and T is the absolute
temperature. In order to increase thermoelectric material
performance, elevating the optimization of the ZT value
is required. To maximize ZT value, the §, large &, and
low & are needed simultaneously. However, there are
conflicting parameters in optimizing ZT, since the S, o,
and x. are strongly coupled by carrier concentration (1)
and difficult to control those variables independently
following Wicdcmauu-FrLilw [4],[5].

Based on equation 1, to achieve a high ZT value, the
enhancement of the § is needed. There are two

C()l‘]\"ai()ﬂill strategies to optimize the ZT values, which
are: (1) enhancing the power factor (PF) by point defect
engineering, and band engineering; (2) independently
reducing the lattice thermal conductivity (s by
structural nano-crystallization, interface engineering, and
hierarchical  architect-ing, or designing novel
thermoelectric materials with intrinsically low x[6], [7].

A semiconductor material is a good candidate as a
thermoelectric iculi()n since it can be doped to
zlchievingle n-type or p-type carrier for enhancing the
5. As mixed n-type and the p-type carrier will lead to
lowering the 5 [8]. In other words, both low n and high n
of semiconductor behavior can obtain the large §.

Several material types attracted so much attention in
the thermoelectric application such as chalcogenide
metals [9], SiGe alloy [10], [I1], silicon based
thermoelectric materials [12], and skutterudites [13].
There alraveml thermoelectric materials commercially
provided from low to high temperature, which are Bi,Tes
(300500 K) [14], PbTe (500-600 K) [15], and SiGe
(600— 800 K) [11]. The progress of thermoelectric
material is still lieed for practical application, since
their applications are largely restricted by the toxicity,
limited element resources, and r'ra:rial degradation at
high temperatures because of the temperature limitation
due to phase transformation at high temperatures [2],
[16].

Metal oxide-based material is one of lcamdidallcs
of thermoelectric application, since it has low-mobility
materials properties, primarily because of its highly ionic
characters, abundance in nature, and non-toxicity [16],
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[17]. However, the l()wcr)bilily in metal oxide
thermoelectric leads to larger lattice thermal conductivity
and to achieve high ZT is quite difficult [5].

Tin-dioxide is one of the metal-oxide group that is a
candidate of an n-type semiconductor material due to its
electrical conductivity simultaneously with optical
properties and high-temperature stability [18], [19].
Sn0» has a wide-bandgap (3.6 eV) and the value of
bandgap width is a fundamental property in
semiconductor material [8], [20] to achieve desired
properties such as elevating the S to enhance the ZT.
Fonstad et al. reported l Hall mobility (uy) value of
Sn0; single-crystal was one-order larger than the drift
mobility (u4) of copper [21].

Sn0:; as thermoelectric material has been
synthesized using several techniques and showed a
nearly similar § coefficient value. Ferreira et al did SnO»
n-type thermoelectric thin-film synthesis by radio
frequency (rf) sputtering and showed § of -225 uV/K, p
below 10° Q.m, and around 10* W/m.K? for PF [22].
Bagheri et al also did SnO, thin films synthesis using
spray pyrolysis technique and showed n-type
thermoelectric. The § effect showed -255 uV/K with n-
type thermoelectric material and resistivity 1.3 x 107
0Q.Cm [23]. SnO; has been synthesized using a solid-state
method by Paulson et al [18]. The results showed the §
was between -220 and -230 puV/K, crystallite size was
83.6 nm, and the PF was between 6 and 7 x 10 W/m X2
However, the PF of each result showed big different
values due to the o for each material could be different
due the size of the bandgap. The limiting point of Sn0O;
as a thermoelectric application was low thermoelectric
performance due to large thermal conductivity around 40
Wm'K!. Kerrami et. al. published a mjlilli()ﬂ about
enhanced ZT of SnO; by modulating the energy band
structure through an applied strain [19].

In order to enhance the § coefficient, nanostructured
materials are required. Nanostructured material often

s different properties with the bulk material due to
strong surface interactions between closely packed
nanoparticles, a large surface to volume ratio and
quantum confinement effects due to the tiny size.
Decreasing particle size will reduce the xand preserve n
due to confining electron motion into a specified energy
level. The electron motion confinement makes
discreteness of level energy and widens up the bandgap.
Increasing the bandgap width generating enhancement of
the § and could elevate the effectiveness of PF of
thermoelectric material [8], [20], [24].

This paper aims to characterize thermoelectric
properties of undoped SnO: nanocrystalline. The co-
precipitation method is used as a synthesis method to
obtain nanocrystalline materials to increase the bandgap
width to enhancing the S§. This method used since the
published papers about the synthesis SnO; co-
precipitation method are rare to find because of the
majority used for gas sensing and photovoltaic
application. The method is commonly used to
synthesized nanocrystalline materials [25]. Moreover,
the co-precipitation method is facile, low energy, and
practicable in reproducibility.

II. EXPERIMENTAL SECTION

A. Materials

SnCl2.2H20 (Merck) and Ammonia (Merck) were
used as starting materials with 022 M and 2 M
respectively using DI water as a solution to synthesize
Sn0O; powder using a simple co-precipitation method. A
magnetic stirrer with a hot plate was equipped to dissolve
the SnCl,.2H-0 in DI mer at low-speed stirring under
ambient temperature. The temperature of the solution
increased to 40 °C while the ammonia slowly
dropped into the solution until the pH ached 10 -11.
Then the temperature was raised to 90 °C and the solution
was stirred for 2 h.

The solution was let cool down to room temperature,
then the precipitation was collected and cleaned for

ral times using DI water. The white powder was
dried at 60 °C for 24 h and annealed at 800 °C for 2 h
under ambient pressure.

B. Characterization

The phase of powder SnO; was determined by using
Bruker D8-Advance X-ray powder diffractometer with
0.02 angle steps between 20° to 90° of 20 using Cu Ka
Elli()l‘]. The results were then refined using Rietveld
analysis to obtain the lattice and structure parameter. The
crystallifgffize and strain were calculated manually in
python from the XRD pattern perspective using the
illiamson-Hall (W-H) plot method [26], [27]. Grain
size, morphology, and elemental composition of SnO;
were determined wusing a Scanning Electronic
Microscopy with an Energy Dispersive X-ray
Microscopy (SEM/EDS) JEOL-JSMIT 300.

Thermoelectric properties of SnO; were examined
using Linseis LSR-4 in the range of 150 to 450 “C of
temperature. That range was obtained from
Thermogravimetry Analysis (TGA) characterization
using NETZSCH TG 209 F1 Libra TGA209F1E-00 with
the heat rate 10°/min in the range 30 - 600 °C under an
oxygen atmosphere. Band structure of SnO:
nanocrystalline  was  analyzed using theoretical
calculation using Density Functional Theory (DFT)
method iuﬁerfc)rmcd by Quantum Espresso 6.6.

III. RESULTS AND DISCUSSIONS

X-ray powder diffraction pattern of SnO; is shown
in Figure 1, where all the peaks belong to SnOz structure
with space group P 42/m n m and there is no peak
belonging to other elements indexed to the Powder
Diffraction File (PDF) cassiterite tetragonal SnO- (PDF-
96-900-7434) [28]. The refinement was done using the
Rietveld method [29] and obtained 1.6, 2.46, 8.61, and
5.49 for the Goodness of Fitting (GoF) index; Chi®, Rwp,
and Rf, respectively.

The crystallography structure is shown in Figure 2.
The Sn-atom is surrounded by six oxygens and resulting
rutile properties which have atetragonal crystal structure.
All refined parameters were shown in Table 1.
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Figure 1. X-ray diffraction refinement.

TABLE 1. CRYSTAL DATA AND REFINEMENT RESULT FROM SNO-»

Structure Par 1
Atom X ¥ z Ue Site
Sn 000000 | 000000 | 0.00000 | 1000 | 2a
0 030350 | 030350 | 0.00000 | 1043 [ af
Lattice Par
a | B | ¢ [ a [ B [y
47377A [ 47377TA | 3u8s4A | 90° | 90° | 90°
.
A= b

Figure 2. Structure of mtile SnO-.

The peak broadening from X-Ray powder
diffraction is a contribution from crystallite size and
microstrain which represents the displacement of atoms
from their original positions and instrumental
broadening. Indirect crystallite size and microstrain
determination could be done using the XRD pattern
perspectiveZeAt least the Williamson-Hall (W-H) plot is
used since the Scherrer equation gives arough estimation
of a crystallite size where the line broadening is only
from crystallite size contribution and neglecting other
parameters i.e. strain, instrumental broadening, preferred
orientation, and shape factor. The smaller size of
crystallite is causing the crystal growth limitation and
change to imperfect crystal, which leads to broadening in
the difﬁ'acti(mak [26]. Williamson-Hall (W-H) plot is
a technique to separate the contributions of crystallite
size and microstrain to the peak broadening in X-Ray
powder diffraction patterns with Lorentzian profiles
which is denoted by (2) [27].

B= Bp+ B (2)
Scherrer equation is described in (3).
ki
"GD . Dcosd (3)

where fp is Full Width Half at Maximum (FWHM) in
radm, k is the shape factor, D is the crystallite size, 0 1s
the peak position in radians, and A is the wavelength of
the X-ray source.
Peak broadening contribution from micro-strain is
given by (4).
B. = 4e tand 4)

where ff; is the FWHM due to strain and & is the strain.
The Williamson-Hall equation can be written as (5).

BeosO = e(4 sind) + % (5)

Cared to the linear fitting equation, micro-strain
value and crystallite size were obtained from the slope
and intercept, respectively. The result is shown in Figure
3. The slope was obtained as micro-strain in negative
value indicates that there is lattice compression [30] with
-0.00033 occurrence. Then, the crystallite size from the
W-H plot is around 70 nm.
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Figure 3. Wiiliamson-Hall plot from SnO..

The morphology of SnO; was scanned by SEM and
the result in Figure 4(a) shows that the material most
likely has a near-spherical shape that tends to oval shape.
Other publication about co-precipitation SnO; synthesis
method showed a similar shape [31]-[33].
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Figure 4. (a). SEM image of Sn0-. nanocrystalline. (b). Histogram and
distribution curve of Sn(0; nanocrystalline shows frequency vs

diameter of grain size (nm).

TABLE 2. WILIAMSON-HALL PLOT DATA RESULT.

I Grain Size
Sample Strain | CrystalliteSize | p o sEM
(nm)
(nm)
$10; 2000033 70 711

The micrograph result obtains a distribution curve
which resulted that the grain size is ;lr()unda nm and
shows in Figure 4(b). SEM measurement is a proper
method to compare the crystallite size to the W-H plot
with the real morphology of SnO: material
approximation. Both methods give almost similar value.
The results from the W-H plot method and SEM
examination are summarized in Table 2.

The temperature range of Sn0: thermoelectric
properties is determined by TGA measurement to
observe the decomposition of the sample then
disappeared sample while thermoelectric measurement
conducted could be avoided. Figure 5(a) shows the TGA
result and its differential curve in figure 5(b).

TABLE 3. MASS CHANGE PERCENT FROM TG A MEASUREMENT RESULT

Mass Change Temperature Range ("C)
(%) Min Max
-0.32 26.4 112.7
0.18 1127 286.0
-0.07 2860 362.5
-0.76 3625 599.9

The sample decreasing at 36.1 °C possibly represents
the evaporation of some solvents. The changing mass of
the sample occurs at four temperature ranges as shown in
Table 3. Overall, the curve shows the sample undergoes
multistage decomposition progress, however, there is an
uncommon increasing weight at 113.2 - 286.3 °C due to
oxidation [34] with gaseous substance since the
measurement was conducted under oxygen atmosphere
[29],[30]. In post-metal oxide material, when
temperature increases, the material attracts an electron
from oxygen which leads to increased weight due to
surface oxide reaction. Then the weight losses of SnO»
slowly decreased after 600 °C [36].
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Figure 5. (a) TGA diagram of SnO; nanocrystalline and (b)
Differential curve from TGA diagram of SnO: nanocrystalline.

The electrical resistivity curve in Figure 6(a) shofg]
two-phase of the character of conductivity behavior. As
the temperature increases, charge carriers are thermally
activated which increases their drift mobility (u4) and
decreases p from 150-260 °C, this shows a typical
semiconductor, then the p starting to increase from 250
°C indicates metal conductivity characteristic. From the
curve, it could be said that the character of SnO-
conductivity  exhibits non-reflective  intermediate
properties between semiconductor and metal.

This notable change could be strongly related to the
TGA curve which has a slight increase in weight
percentage around 113.2 - 286.3 °C, while temperature
increases after 113.2 - 286.3 °C range, the oxygen seems
to be excited at a higher temperature and the SnO» tends
to have metal resistivity behavior. These properties are
also found in CuQ; [37] due to annealing temperatuggiad
the material phases formed are calculated using
Lichtenecker’s formula for resistivity of two-phase
alloys.

The § curve is shown in Figure 6(b), the negative
sign indicates that SnO; nanocrystalline is an n-type
semiconductor. At a glance, the § is ten times higher than
any other publication about SnQO;. This is caused by the
5 in semiconductor will be much larger than it is in metals
due to the presence of a bandgap which breaks the
symmetry between electron and hole [38]. The § curve
did not show a clear thermopower peak, but the point at
250 °C is noteworthy which shows -5.79 x 10" uV/K.
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Figure 6. Thermoelectric properties result (a) Resistivity (b) Absolute
seebeck cofficient, and (c) Power factor.

The absolute § at temperature (T) < 250 °C drops
significantly followed by conductivity alsmll. this is
typically semiconductor behavior since the Fermi level is
moving into the valence band [38]. The § at T > 250 °C,
the curve decreases slowly and shows metals behavior
due to increasing conductivity.

The relation mveen the energy gap and the S in a
semiconductor. Goldsmid and Sharp developed an
analytical expression on the bandgap and the maximum
Seebeck coefficient through Goldsmid-Sharp in (6) [24],
[39].

Ly = 2elSlmaxTnax (6)

where E, is the energy gap, ISl is Seebeck coefficient
maximum, and Ty, is the temperature where the §
maximum occurs. Goldsmid-Sharp is a useful tool for
estimating the energy gap through temperature
dependence S measurement value [24].

Theoretical computation of band stucture is
employed as an explanation about the bra@é8ning band
gap which occurs in Sn0»> nanocrystalline using Density
Functional Theory (DFT). The gap energy of material has
different values for each wave factor or momentum,
hence, all the Brillouin Zone (BZ) should be included in
reciprocal space. To determine the energy gap and
correct the charge-charge and spin-spin interaction, an
exchange-correlation function is needed. There are a lot
of exchange-correlation function types and the property
15 unique for each mall structure.

In this paper, a band structure and Density of S
(DOS) were performed using Quantum Espresso 6.6 [40]
with Projector Augmented Wave (PAW) [41] and
PBEsol exchange-correlation which is generally used to
determine the energy gap [42]. Band structure and DOS
are calculated using lattice constant from the experiment
result and compared with the optimized structure to
represent the bulk structure (a =4.7690, ¢=3.2295).
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Figure 7. Band structure and DOS of Sn0; nanocrystalline caleulation

using DFT.

The PBEsol exchange-correlation method is used to
explain the gap energy broadening phenomena, however,
to obtain the gap energy near to the exact value needs
another exchange-correlation method which is more
complex than PBEsol [43]. In this paper, the use of the
PBEsol exchange-correlation method is proper enough to
explain the broadening {e¥dhe ecnergy gap phenomena.
The calculation result is shown in Figure 7, the energy
gap minimum at ' position has 1.114 eV from the
experiment structure and 0.781 eV from the optimized
structure and all energy gap calculation results at each
position are summarized in Table 4.

TABLE4. ENERGY GAP RESULT FOR EACH POSITION.

Energy Gap (eV)
Position Sn0: Optimized Sn0:
Structure nanocrystalline
r 0.781 111
X 4.310 4614
M 4.852 5204
Z 6.504 6866
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It is clearly seen that the SnO; nanocrystalline shows
a broadening of the energy gap at each position. This
result is in good agreement with Zhou et. al. publication
which exhibits a similar result with this paper for energy
gap broadening compared to the optimized structure and
the experiment structure at ' position [44]. The
broadening value of the energy gap from the experiment
at I' position occurs due to lattice compression [44] which
is shown in Table 5. The lattice compression is also
exhibited in the W-H plot calculation and shows a
negative strain value due to decreasing crystalline size
[30], [45].

TABLE 5. LATTICE PARAMETER COMPARISON BETWEEN OPTIMIZED
STRUCTURE (BULK) AND NANOCRYSTALLINE STRUCTURE.

Lattice SnO: Optimized Sn0:
Par Structure nanocrystalline
a 47690 A 4.7364 A
b 47690 A 4.7364 A
c 32295 A 3.185T A

Nanocrystalline on SnO: semiconductor is most
likely gid;m impact to the increase in the width of the
bandgap due to quantum confinement and the effect of
the int strain. The nano-structuring makes the
particle too small to be comparable with the wavelength
of the electron, the motion of the electron is restricted to
the specified energy through quantum confinement.

The confinement of moving electrons is making the
valence and conduction band split and discrete due to
restricted the electron movement into specified energy,
which results in widening up the bandgap [8], [20], [46].
Sahana et al [20] increased the SnO; bz ap from 3.89
to 4.5 eV through nano-structuring by a controlled choice
of composition and annealing temperature. The
enhancement of thermopower due to quantum
confinement is also giving an impact on lowering the x
[8]. [47].

Figure 6(c) shows SnO; reaches the maximum PF at
171 °C with the value of 15.03 x 102 W/m.K2. This value
is much related to the § and . When the temperature is
rising, the charge carrier conductivity also increases.

Nonetheless, the high § value cannot meet the clarity
yet since many things could affect the materials.
However, the strong one which is correlated to the
enhancement of the § is the bandgap of the materials with
temperature influences. Both resistivity behavior and the
interesting § in SnO: nanocrystalline need further
investigation using a comprehensive  bandgap
measurement and theoretical approach relating to the
oxygen occupancy and the temperature influence to the
bandgap modification.

CONCLUSION
In summary, SnO: nanocrystalline was synthesized
using the facile co-precipitation method. The
thermoelectric properties were examined and showing
two interesting results, which are the electrical resistivity
(p) behavior to the increasing temperature due to surface
oxide reaction and the high Seebeck coefficient (S)

around twenty times higher than other publications. The
relationship between the § and nano-structuring value is
strongly correlated to the bandgap broadening due to the
quantum  confinement process. However, those
arguments need further investigation by energy gap

characterization  and  comprehensive  theoretical
approach.
ACKNOWLEDGEMENT

This study has been supported by Research Center
for Electronics and Telecommunications-LIPI and
Research Unit for Clean Technology-LIPI for the
measurement and characterization facilities.

REFERENCES

[ Y. Yin, B. Tudu, and A. Tiwari, “Recent advances in oxide
thermoelectric materials and modules,” Vacuum, vol. 146, pp.
356-374,2017.

2] A. I Minnich, M. 8. Dresselhaus, Z. F. Ren, and G. Chen,
“Bulk nanostructured thermoelectrdic matedals: Current
research and future prospects,” Energy Environ. Sci., vol. 2,
no. 5, pp. 466-479, 2009,

[3] G. S. Nolas, I. Sharp, and J. Goldsmid, Thermoelectrics:
basic principles and new materials developments. vol. 45.
2013,

[4] B. Poudel er al, “High-Thermoelectric Performance of

Nanostructured Bismuth Antimony Telluride Bulk Alloys,”
Science, vol. 320, no. 1996, pp. 634-638, 2008

[5] S. A Miller er al., “Sn0 as a potential oxide thermoelectric
candidate,” J. Mater. Chem. C. vol.5.n0.34, pp. 88548861,
2017.

[6] C. Li, F. lHang, C. Lin, P. Liu, and J. Xu, “Present and future

thermoelectric materials toward wearable energy harvesting,”
Appl. Marer. Today, vol. 15, pp. 543-557, 2019.

[7 Y. Zheng ef al., " Designing hybrid architectures for advanced
thermoelectric matenals,” Mater. Chem. Front., vol. 1, no.
12, pp. 2457-2473,2017.

[8] Z. G. Chen. G. Hana. L. Yanga. L. Cheng. and J. Zou.
“Nanostructured thermoelectric materials: Current research
and future challenge,” Prog. Nat. Sci. Mater. Int., vol. 22, no.
6, pp. 535-549,2012.

9] J. F. Nakahara, T. Takeshita, M. I. Tschetter, B. I. Beaudry .
and K. A_ Gschneidner, “Thermoelectric properties of
lanthanum sulfide with Sm, Eu, and Yb additives,” J. Appl
Phys..vol. 63, no. 7. pp. 23312336, 1988.

[10] C. M. Bhandari and D. M. Rowe, *Silicon-germanium alloys
as high-temperature thermoelectric materials.” Contemp.
Phys..vol. 21 . no. 3, pp. 219-242, 1980.

[11] D. M. Rowe and V. 5. Shukla, “The effect of phonon-grain
boundary scattering on the lattice thermal conductivity and
thermoelectric conversion efficiency of heavily doped fine-
grained, hot-pressed silicon germanium alloy,” J. Appl.
Phys.,vol. 52, no. 12, pp. 7421-7426, 1981.

[12] S. at Tanusilp and K. Kurosaki, “Si-based materials for
thermoelectric applications,” Materials {Basel )., vol. 12, no.
12,2019,

[13] B. C. Sales, D. Mandrus, and R. K. Williams, *Filled
Skutterudite Antimonides: A New Class of Themmoelectric
Materials,” Science (80-. )., vol. 272, no. 5266, pp. 1325-
1328, 1996,

[14] B. M. S. Dresselhaus er af., *New Directions for Low-
Dimensional Thermoelectde Matedals,” vol. 19, pp. 1043—
1053,2007.

[15] Y. Takagiwa, Y. Pei, G. Pomrehn, and G. J. Snyder, “Dopants
effect on the band structure of PbTe thermoelectric material,”
Appl. Phys. Lenr.,vol. 101, no. 9, pp. 1-4,2012.

[16] N. Okinaka and T. Akiyama, “Thermoelectric properties of
nonstoichiometric TiO as a promising oxide material for
high-tempemture thermoelectric conversion,” [Inr. Conf.
Thermoelectr. ICT, Proc., vol. 2005, no. 1, pp. 34-37, 2005.

[17] Y. Feng er al., “Metal oxides for thermoelectrc power
generation and beyond,” Adv. Compos. Hybrid Mater.,vol. 1,
no. 1, pp. 114-126, 2018.




[18]

[19]

[20]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A. Paulson, M. Sabeer, and P. P. Prayudmnan, “Enhanced
thermoelectric property of oxygen deficient nickel doped
Sn02 for high temperature application,” Mater. Res. Express.,
vol. 5, pp. 1-21, 2018,

Z.Kerrami, A. Sibari, O. Mounkachi. A Benyoussef, and M.
Benaissa, “8n02 improved thermoelectric properties under
compressive strain,” Comput. Condens. Matrer_ vol. 18, p
e00356,2019

M. B. Sahana, C. Sudakar, A. Dixit, J. S. Thakur, R. Naik,
and V. M. Naik, “Quantum confinement effects and band gap
engineering of SnO 2 nanocrystals in a MgO matrx,” Acta
Mater..vol. 60, no. 3, pp. 1072-1078, 2012,

C. G. Fonstad and R. H. Rediker, “Electrical properties of
high-quality stannic oxide crystals,” J. Appl. Phys., vol. 42,
no. 7, pp. 29112918, 1971.

M. Ferreira, J. Loureiro, A. Nogueira, A. Rodrigues, R.
Martins, and 1. Ferreira, “Sn02 thin Film Oxides Produced
by rf Sputtering for Transparent Thermoelectric Devices,”
Mater. Today Proc.,vol. 2, no. 2, pp. 647653, 2015.

M. M. Bagheri-Mohagheghi, N. Shahtahmasebi, M. R.
Alinejad, A. Youssefi, and M. Shokooh-Saremi, “Fe-doped
Sn02 transparent semi-conducting thin films deposited by
spray pyrolysis technique: Thermoelectric and p-type
conductivity properties,” Solid State Sci., vol. 11, no. 1, pp.
233-239, 2009.

Z. M. Gibbs er al., “Band gap estimation from temperature
dependent Seebeck measurement — Deviations from the 2e |
S ImaxTmax relation Band gap estimation from temperature
dependent Seebeck measurement — Deviations from the 2e j
S j max T max relation,” vol. 106, pp. 022112-1-022112-5,
2015

A.Rajaetyan and M. M. Bagheri-Mohagheghi, “Comparison
of sol-gel and co-precipitation methods on the structural
properties and phase tmnsformation of y and w-AlI203
nanoparticles,” Adv. Manuf..vol. 1, no. 2, pp. 176-182,2013.
V. D. Mote, Y. Purushotham, and B. N. Dole, *Williamson-
Hall analysis in estimation of lattice strain in nanometer-sized
ZnO particles,” J. Theor. Appl. Phys..vol. 6, pp. 1-8,2012.
G. K. Williamson and W. H. Hall, *X-Ray broadening from
filed aluminium and tungsten,” Acta Metall., vol. 1, pp. 22—
31,1953,

W. H. Bauwr, * Uber die Verfeinerung der
Kristallstukturbestimmung einiger Vertreter des Rutiltyps:
TiO 2, SnO 2, GeO 2 und MgF 2 ” Acta Crystallogr., vol.
9. no. 6, pp. 515-520, 1956.

L..McCusker,R. . Dreele. D. . Cox, D. Louer, and P. Scardi,
“Rietveld refinement guidelines,” J. Apply. Phys. . vol. 32, pp.
36-50, 1999,

N. 5. Gongalves, 1. A, Carvalho, Z. M. Lima, and J. M.
Sasaki, “Size-strain study of NiO nanoparticles by X-ray
powder diffraction line broadening,” Mater. Letr..vol. 72, pp.
36-38,2012.

M. Aziz, S. Saber Abbas, and W. R. Wan Baharom, “Size-
controlled synthesis of SnO2 nanoparticles by sol-gel
method,” Mater. Lett., vol. 91, pp. 31-34,2013.

V. Kumar er al, “Effect of solvent on crystallographic,
morphological and optical properties of SnO2 nanoparticles,”
Mater. Res. Bull., vol. 85, pp. 202-208,2017.

H. Uchiyama, H. Ohgi, and H. Imai, **Selective preparation
of Sn02 and SnO crystals with controlled morphologies in an
aqueous solution system,” Cryvst. Growth Des . vol. 6, no. 9,
pp. 2186-2190, 2006.

S.Loganathan, R. B. Valapa, R. K. Mishra, G. Pugazhenthi,
and 8. Thomas, Thermogravimetric  Analvsis  for
Characterization of Nanomaterials, vol. 3. Elsevier Inc..
2017

G. Widmann, “Interpreting TGA curves: information for
users of Mettler Toledo thermal analysis systems,” pp. 1-20,
2001

I. Huang, N. Matsunaga, K. Shimanoe, N. Yamazoe, and T.
Kunitake, “Nanotubular Sn02 templated by cellulose fibers:
Synthesis and gas sensing,” Chem. Marer.. vol. 17, no. 13, pp.
3513-3518,2005.

V. Nadutov, A. Perekos. V. Kokorin, 5. Konoplyuk, and T.
Kabantsev, “Influence of Oxidation on Electrical Properties
of Compacted Cu Nanopowders,” Nanoscale Res. Lert., vol.
11, no. 1, pp. 0-3,2016.

M. Markov, S. E. Rezaei, §. N. Sadeghi., K. Esfarjani. and M.

[39]

[44]

[45]

[46]

[47]

Zebarjadi, “Thermoelectric properties of semimetals,” Phys.
Rev. Marer.,vol. 3. n0. 9, pp. 1-7, 2019,

H. I. Goldsmid and J. W. Sharp, “Estimation of the thermal
band gap of a semiconductor from Seebeck measurements,”
J. Electron. Mater.. vol. 28, no. 7, pp. 869-872, 1999,

P. Giannozi er al., “Advanced capabilities for materials
modelling with Quantum ESPRESSO.” J. Phvs. Condens
Matter, vol. 29, no. 465901, pp. 1-30,2017

P. E. Blichl, “Projector augmented-wave method,” Phys.
Rev. B, vol. 50, no. 24, pp. 17953-17979, 1994

1. P. Perdew ef al., “Restoring the density-gradient expansion
for exchange in solids and surfaces,” Phys. Rev. Lent.. vol.
100, no. 13, pp. 1-4, 2008.

A. Morales-Gareia, R. Valero, and F. Illas, “An Empirical,
yet Practical Way to Predict the Band Gap in Solids by Using
Density Functional Band Structure Caleulations,” J. Phys.
Chem. C,vol. 121, no. 34, pp. 18862—18866,2017.

W. Zhou, Y. Liu, Y. Yang, and P. Wu, “Band Gap
Engineering of SnO 2 by Epitaxial Strain: Experimental and
Theoretical Investigations,” J. Phys. Chem. C.vol. 118, pp.
6448-6453,2014.

Y. Zhao and J. Zhang, “Microstrain and grain-size analysis
from diffraction peak width and graphical derivation of high-
pressure thermomechanics,” J. Appl. Crystallogr., vol. 41,
no. 6, pp. 10951108, 2008.

M. B. Sahana er al ., “Bandgap engineering by tuning particle
size and crystallinity of SnO 2 - Fe203 nanocrystalline
composite thin films,” Appl. Phys. Leti., vol. 93, no. 23, pp.
2-5,2008.

S. Hao, V. P. Dravid, M. G. Kanatzidis, and C. Wolverton,
“Computational strategies for design and discovery of
nanostructured thermoelectrics,” npj Compur. Mater., vol. 5,
no. 1, pp. 1-10,2019.




#378.docx

ORIGINALITY REPORT

16

SIMILARITY INDEX

PRIMARY SOURCES

Nadya L. Kartika, Budi Adiperdana, Asep R. Nugraha, 67 words — 2%
Dedi. "Superparamagnetic nano-a-FeOOH as absorber
material for X-band frequency range", AIP Publishing, 2020

Crossref

Changcun Li, Fengxing Jiang, Congcong Liu, Peipei 35 words — 1 %
Liu, Jingkun Xu. "Present and future thermoelectric

materials toward wearable energy harvesting”, Applied Materials

Today, 2019

Crossref

: . 0
IIrl]grkn;f,prlnger.com 33 words — 1 A)

Muralikrishna Molli, K. Venkataramaniah, S.R. Valluri." 50 oo 1%
The polylogarithm and the Lambert functions in
thermoelectrics ", Canadian Journal of Physics, 2011

Crossref

N. Okinaka, T. Akiyama. "Thermoelectric properties of 28 words — 1 %
nonstoichiometric TiO as a promising oxide material for

high-temperature thermoelectric conversion”, ICT 2005. 24th

International Conference on Thermoelectrics, 2005., 2005

Crossref

R. Anuroop, B. Pradeep. "Effects of Sn doping on the  , words — 1 %
optoelectronic properties of reactively evaporated

In4Se3 thin films", Materials Science in Semiconductor

Processing, 2019

Crossref

pubs.rsc.org 24 words — ] %

Internet



RN RN RN
w N -

- (0]
www.mdpi.com g
Internet g 22 words — /0

Erry Dwi Kurniawan, Alwin Adam, Muhammad Ichlasul 22 words — “ %
Salik, Paulus Lobo Gareso. "Programmable Syringe

Pump for Selective Micro Droplet Deposition", Jurnal Elektronika

dan Telekomunikasi, 2019

Crossref

Sahana, M.B.. "Quantum confinement effects and band 54 \\ 4o 1 %
gap engineering of SnO"2 nanocrystals in a MgO
matrix", Acta Materialia, 201202

Crossref

o
mrs.org 17 words — < l A)

Internet

aip.scitation.org 16 words — << 1 %

Internet

Mehraj, Sumaira, M. Shahnawaze Ansari, Attieh A. < %
: . L . 15 words —

Al-Ghamdi, and Alimuddin. "Annealing dependent

oxygen vacancies in SnO2 nanoparticles: Structural, electrical and

their ferromagnetic behavior", Materials Chemistry and Physics,

2016.

Crossref

: : o
K. Firman, K.B. Tan, C.C. Khaw, Z. Zainal, YP. 15 o <« 1%
Tan, S.K. Chen. "Influence of Nb 2 O 5 substitution

on the structural and electrical properties of Bi 3 TaO 7 ceramics”,

Materials Chemistry and Physics, 2018

Crossref

'I}/Id. Amir, M. Geleri, S. Guner, A. Baykal, H. Sozeri. 14 \ 04 < 1 A)
Magneto Optical Properties of FeBxFe2-x0O4

Nanoparticles", Journal of Inorganic and Organometallic Polymers

and Materials, 2015

Crossref

. o)
thesis.library.caltech.edu 11 words — < 1 A)

Internet



RN -
oo ~

22

23

24

: o)
lr:g?gscalereslett.sprlngeropen.Com 10 words — < 1 /0
. . : : L o
Kim, D.H.. "Thermoelectric properties of fine 10 words — << 1 (0]

grained Bi"2Te"3 alloys", Journal of Alloys and
Compounds, 20050816

Crossref

o : : o
Yue Li. "Selective synthesis of SnO2 hollow 10 words — < 1 A)
microspheres and nano-sheets via a hydrothermal

route”, Chinese Science Bulletin, 03/2010

Crossref

Moon, C.S.. "Highly sensitive and fast responding 10 words — < 1 %
CO sensor using Sn0O"2 nanosheets", Sensors &
Actuators: B. Chemical, 20080514

Crossref

Ghena:du Korotcenkov, Viadimir Brinzari, I\_/Ioo_n Ho 10 words — < 1 A)
Ham. "In203-Based Thermoelectric Materials: The

State of the Art and the Role of Surface State in the Improvement

of the Efficiency of Thermoelectric Conversion", Crystals, 2018

Crossref

0

/

hdl.handle.net 1owords — < 1%
. 40

I;r?tt;r}]/est|cs.aps.org 9 words — < Yo

Kriti Tyagi, Bhasker Gahtori, Sivaiah Bathula, S. 9 words — < 1 %
Auluck, Ajay Dhar. "Band structure and transport

studies of copper selenide: An efficient thermoelectric material”,

Applied Physics Letters, 2014

Crossref

Rhyee, Jong-Soo, and Jin Kim. "Chemical Potential 9 words — < 1 %
Tuning and Enhancement of Thermoelectric
Properties in Indium Selenides", Materials, 2015.

Crossref

Ran He, Wieland Heyn, Felix Thiel, Nicolas Pérez et al.



"Thermoelectric properties of silicon and recycled 9 words — < 1
silicon sawing waste", Journal of Materiomics, 2019 %

Crossref

: o
Afzal, Naveed, Mutharasu Devarajan, and 9 words — < 1 Yo

30

32

33

Kamarulazizi Ibrahim. "Growth of polycrystalline
indium aluminum nitride thin films on silicon (111) substrates”,
Materials Science in Semiconductor Processing, 2014.

Crossref

Thompson, W.D., Rajesh Vaddi, and B.E. White. o o < 1%
"Low thermal conductivity in nanocrystalline Zn3P2",
Journal of Alloys and Compounds, 2016.

Crossref

n H H . 0
Goncalves, N.S.. "Size-strain study of NiO 9 words — < 1 /0
nanoparticles by X-ray powder diffraction line
broadening", Materials Letters, 20120401

Crossref

meetings.aps.org 8 words — < 1 %

Internet

Sampad Ghosh, Sivasankaran Harish, Michitaka < 1 %
o . : .. 8 words —

Ohtaki, Bidyut Baran Saha. "Enhanced figure of merit

of cement composites with graphene and ZnO nanoinclusions for

efficient energy harvesting in buildings", Energy, 2020

Crossref

eprints.qut.edu.au 8 words — < %

Internet

S. Katsuyama. "Effect of substitution of La by alkaline < %
. . 8 words —

earth metal on the thermoelectric properties and the

phase stability of y-La[sub 3]S[sub 4]", Journal of Applied Physics,

1997

Crossref

- : ) o
A. BoIIer?, A Klrchner_, 0. Qutflelsch, K.-H. Muller, L. 8 words — < 1 A)
Schultz. "Highly coercive milled and melt-spun
(Pr,Nd)FeB-type magnets and their hot workability", IEEE
Transactions on Magnetics, 2001



Crossref

o o
Nasegn'l' Ahmad,_ShakeeI Khan, Mohd Mohsin leam8 words — < 1 /0
Ansari. "Exploration of Raman spectroscopy,

dielectric and magnetic properties of (Mn, Co) co-doped SnO2
nanoparticles", Physica B: Condensed Matter, 2019

Crossref

Weigen Chen, Qu Zhou, Fu Wan, Tuoyu Gao. " Gas 8 words — < 1 %
Sensing Properties and Mechanism of Nano-SnO -

Based Sensor for Hydrogen and Carbon Monoxide ", Journal of
Nanomaterials, 2012

Crossref

: — : o
Z. Kerrami, A."Slbal’l,.O. Mounkachi, A. Benyoussef, 8 words — < 1 /0
M. Benaissa. "SnO2 improved thermoelectric

properties under compressive strain", Computational Condensed

Matter, 2019

Crossref

Wangqing Dong, Zheng Zhou, Lijun Zhang, Mengdi 8 words — < 1 %
Zhang, Peter Liaw, Gong Li, Riping Liu. "Effects of Y,

GdCu, and Al Addition on the Thermoelectric Behavior of

CoCrFeNi High Entropy Alloys", Metals, 2018

Crossref

YunX|a'\' Wang, Yuiji Ohishi, Ken Kurosaki, Hiroaki 8 words — < 1 A)
Muta. "Experimental study of the thermoelectric
properties of YbH2", Journal of Alloys and Compounds, 2020

Crossref

: : . : . 0
Yinong Yln, Bhgratl Tudu, Ashu.tosh Tlvyarl. Recent 8 words — < 1 A)
advances in oxide thermoelectric materials and
modules”, Vacuum, 2017

Crossref

Laifeng Li, Zhen Chen, Min Zhou, Rongjin Huang. 6 words — < 1 %
"Developments in semiconductor thermoelectric
materials", Frontiers in Energy, 2011

Crossref

Enes Kilinc, Fatih Uysal, Erdal Celik, Huseyin Kurt. ... < 1%
"Steady-state thermal-electric analysis of a T-shaped



8-pair thermoelectric generator”, Materials Today: Proceedings,
2019

Crossref

ON OFF
ON



	#378.docx
	#378.docx
	ORIGINALITY REPORT
	PRIMARY SOURCES


