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Alumina—tin oxide nanocomposites deposited on 1D carbon backbone for
solar cell and optoelectronic applications are synthesized by simple co-
precipitation method. The nanocomposites are characterized by different
techniques. The TEM image indicates that the prepared Al,0;—SnO, nano-
composites are deposited on 1D carbon backbone. The length of the nan-
owire is in a few micrometers, and radius is of around 10 nm. The ele-
mental analysis shows the presence of peaks due to Al, Sn, C and O. The
average crystallite size of SnO, is found to be 5.185 nm from XRD analy-
sis. Further, no peaks related Al,0; are detected indicating amorphous
phase of Al,O; nanoparticles. Room-temperature photoluminescence spec-
troscopy of Sn—Al,O; nanowires reveals emission ranging from 410 nm to
540 nm comprising of multiple emission bands centred at 433 and 504 nm
and additionally shoulder peaks at 445, 455, 478 and 488 nm. None of
these bands corresponds to the band-gap of the material and, hence,
should be due to different defect states within the band-gap. UV—Visible
diffused reflectance studies reveal that the band-gap of the nanocompo-
sites is of 4.23 eV. BET investigation shows that the specific surface area
of the mnanocomposites is of 130 m?>g' and pore volume is of
0.268 cm?g!. The estimated high exciton-binding energy of alumina—tin
oxide nanocomposites deposited on 1D carbon backbone is crucial in optoe-
lectronic applications.
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HamokommosuTtu 3 ramHosemMy i okcuay CraHymy, AKHUX OCaJKeHO Ha Of-
HOBUMIipHi# Byryenesiii omopi, AJA COHAUHUX eJIeMEHTIB i ONTOeIeKTPOH-
HUX 3aCTOCYBaHb CUHTE3YIOTHCS IIPOCTOI0 METOAOI0 CYMiCHOTO OCaKeHHS.
HamokoMImo3uTu XapaKTepU3YIOTHCA PisHUMHU MeToxaMu. 300pasKeHHs IIPO-
CBIiTJIIOBAJILHOI €JEeKTPOHHOI MiKpocKomii BKasye Ha Te, IO IIiATOTOBJIEHI
nanoxommosutu Al,0;,—SnO, ocizatoTh Ha OogHOBUMIipHiil Byrieresiit omopi.
JoB:KuHA HAHOAPOTY CTAHOBUTH KiJibKa MiKpoMeTpiB, a pagiioc CTaHOBUTH
o6smmspko 10 EM. EjneMenTHa aHaiza moKasye HaABHICTH HiKiB 3a paxyHOK
Al, Sn, C i O. Cepegniii posmip kpucranitie SnO, cranoButs 5,185 HM 3a
JaHUMU PEHTT'eHiBCHKOI audparToMerpnuHoi aHanisu. Kpim Toro, He BuAB-
JIeHO mikiB, moB s3aHux 3 Al,O;, 110 BKasye Ha aMopdHy (asy HaHOUYACTHU-
HOoK Al,O;. 3a KiMHaTHOI TeMIlepaTypu CIEeKTPOCKOIid (oToaoMiHeceHIii
naroapotiB Sn—Al,O; BusABase emicito Big 410 um mo 540 HM, 10 CKJaja-
€ThbCA 3 MEeKiMTbKOX eMicifiHux cmyr, socepemsxenux Ha 433 i 504 um, a Ta-
KoK ycrynuacTi miku mpu 445, 455, 478 i 488 um. Komma 3 1nMux cMyr He
BimmoBizae 3ab6opoHeHil (eHepreTuuHiil) 30HI MarepiAny i, oT:Ke, Mae OyTH
IIOB'sI3aHA 3 Pi3HUMU Oe(PEeKTHUMH CTaHAMU BCepeAuHi 3a00pOoHEHOI (eHep-
reTuuHoi) 30HU. [oCHimKeHHS PO3CisTHOTO BigOMBHOTO BimoOpaskeHHA Yy BU-
IuMii i yabTpadioseToBiii ob6siacTAX BUABJISAIOTH, IO 3ab0opoHeHa (eHepre-
TUYHA) IiJTNHA HAHOKOMIO3UTIB cTaHOBUTHL 4,23 eB. Mocraimxennsa 3a Bpy-
HayepoM, Emmetrom i Tesnsmepom mokasye, 1o IHUTOMA ILJIOIIA IIOBEPXHi Ha-
HOKOMIIO3UTiB cTaHoBuTh 130 M%r !, a 06'em mop — 0,268 cm®r!. 3a omin-
KaMU BHCOKA €Heprisi eKCUTOHHOTO 3B A3yBaHHA [JA HAHOKOMIIO3UTIB 3
ranHo3eMy i okcuny Cramymy, IO OCAAKeHi Ha OOJHOBUMIipHiil ByrjeneBiit
omopi, Mae BUPIIlIaJbHEe 3HAUYEHHSA B ONTOEJEKTPOHHUX 3aCTOCYBAaHHAX.

Key words: alumina, tin oxide, 1D carbon backbone, band-gap, solar cells,
optoelectronics.
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1. INTRODUCTION

Semiconducting metal oxides have been comprehensively studied
due to their extraordinary optoelectronic and structural properties,
which are of technological significance [1, 2, 3, 4]. They demon-
strate good electrical conductance and better transmittance in UV-
Visible range. Hence, they find applications in the construction of
solar cells and nanosheet transistors [5, 6]. The efficiency of solar
cells and nanosheet transistors depends on the optoelectronic prop-
erties of the electrodes [7].

Dye-sensitized solar cells (DSSCs) and quantum dot-sensitized so-
lar cells (QDSSCs) based on semiconductor electrodes are highly re-
garded as substitutes for conventionally used silicon-based photo-
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voltaic cells, given the ease of fabrication, low-cost and eco-
friendliness [8, 9].

A perfect photoanode for DSSCs/QDSSCs must possess character-
istics such as large surface area, rapid electron transportation and
low electron recombination [10, 11]. Many attempts have been made
in the literature to develop SnO, photoanodes [12, 13]. Nanostruc-
tured tin oxide (SnO, NP) is n-type semiconductor having good
structural and optoelectronic properties [14, 15]. SnO, NP and its
composites find applications in photovoltaic cells, catalysis, gas sen-
sors, antistatic coatings, transparent electrodes, etc. [16, 17, 18].
The transparent and conductive nature of SnO, NP is possibly due
to deviations from stoichiometry, impurities and by the microstruc-
tures [19].

Aluminium oxide nanoparticles (Al,0; NP) exhibit remarkable
properties like large dielectric constant, wide band-gap, good corro-
sion resistance and good adherent to materials [20]. AL,O; NP have
recently emerged as an alternative passivation material [21, 22].
Al,O; NP are utilized in variety of industries in the manufacture of
catalysts, sensors, antireflection coatings, abrasive materials and
nanolaminates.

Nanowires exhibit rapid electron transport in DSSCs compared to
nanoparticles. This rapid electron transport in nanowires is due to
the presence lesser number of grain boundaries, good contact and
surface area [23, 24]. The nanowires offer direct electric route for
swift collection of charges in DSSCs/QDSCs [20, 21].

In the present work, we have reported a simple single step co-
precipitation technique to synthesize Al,0;—SnO, nanocomposites
and deposited on 1D carbon backbone.

The main objective of this work is to study the optical, electron-
ic, and structural properties of these nanocomposites for solar cells
and other optoelectronic devices.

2. EXPERIMENTAL

The precursors used for the preparation of Al,0;—SnO, nanocompo-
site were Al,(SO,);, SnCl,, polyethylene glycol (PEG 200) and am-
monia (NHj). All chemicals used were of analytical grade.

16.65 g of aluminium sulphate (Aly(SO,);) with 2.37 g of stan-
nous chloride (SnCl,) were dissolved in 100 ml distilled water. 3 g
of polyethylene glycol (PEG 200) was added to the solution in order
to prevent agglomeration of particles and precursor for carbon wire.
Above-mentioned solution was titrated with drop wise addition of
ammonia solution (30% conc.) and simultaneously stirred at
800 rpm using magnetic stirrer till the pH meter reads 9. The
product formed is heated to 400°C for 3 hours and then washed
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with ethanol and distilled water. Finally, the nanocomposites were
calcined at 550°C.

Be means of reactions

Alz(SO4)3 + 6NH4OH —> A12033H20 + 3(NH4)2SO4,
during calcination, SnO, is formed:
SDOH20 + 0.502 _> Sn02 + Hzo.

Transmission electron microscopy, energy-dispersive x-ray, scan-

ning electron microscopy, x-ray diffraction, BET surface area and

UV-Vis diffused reflectance techniques were used to characterize
Al,0;—Sn0O, nanocomposite on 1D carbon backbone.

Fig. 1. SAED and TEM image of Al,0;—SnO, nanocomposites on carbon
nanowire.

20kV X500 50um 0000 1249 SEI

Fig. 2. SEM image of Al,0;,—SnO, nanocomposites on carbon nanowire.
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3. RESULTS AND DISCUSSIONS

The transmission electron microscopy image indicates that the pre-
pared Al,0,—SnO, nanocomposites were deposited on 1D carbon
backbone. The length of the nanowire was in a few micrometers,
and radius was of around 10 nm. After observing SAED image
(Fig. 1), it was clear that bright spots are not visible because parti-
cle sizes were very small, and it was in the form of continuum addi-
tion to that, amorphous Al,O; covered the crystalline SnO, particles.

Figure 2 shows the SEM image of Al,0;—SnO, nanocomposites on
1D carbon backbone taken with JEOL JSM-6360 model. The SEM
reveals the spongy and porous structure of agglomerated Al,O;—
SnO, nanocomposites on 1D carbon backbone. These nanostructures
have diverse shapes and sizes, which lead to a better surface area.
The SEM image reveals that the agglomerated particles were closely
packed having irregular shape. This indicates that the nanowires
were entangled.

The XRD analysis (Fig. 3) of Sn-doped Al,O; nanoparticle shows
the characteristic diffraction peaks of SnO,, but no peaks of Al,O;.
This is because Al,0; formed is amorphous in nature, whereas SnO,
is in crystalline form. The positions of peaks (planes) at 26.576
(100), 33.379 (101), 37.501 (200), 51.502 (211), 65.398 (301) con-
firm the rutile-type tetragonal phase of Sn0O,. The XRD peaks are of
relatively lower intensity as compared to standard SnO,. This is be-
cause crystalline SnO, particles are trapped inside the amorphous
AlLO;,.

The average crystallite size of 5.185 nm for SnO, was obtained
from Debye—Scherrer equation. The small size of SnO, is because of
addition of excess PEG as a precursor for 1D carbon backbone is
also acting as a capping agent during preparation [25].

The EDX analysis of Al,0;,—SnO, composite on 1D carbon back-
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Fig. 3. XRD of Al,0;—Sn0O, nanocomposites on carbon nanowire.
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Fig. 4. EDX of Al,0;,—Sn0O, nanocomposites on carbon nanowire.

TABLE. Specific surface area and pore volume of Al,0,—SnO, nanocompo-
sites on carbon.

Specific surface area, Pore volume,
Sample 2 1 3 1
m*g cm’-g
Al,0,—Sn0O, nanocomposite
on 1D carbon backbone 130.4 0.268

bone (Fig. 4) was achieved with the JEOL JED-2300 instrument. It
confirms the occurrence of four separate x-ray peaks belonging to
C, O, Al and Sn. The energy-dispersive x-ray analysis indicates the
existence of peaks related to Al, Sn, C and O.

BET nitrogen gas adsorption method (SmartSorb 92/93) was used
to measure the specific surface area of nanocomposites. The specific
surface area and pore volume of nanocomposites are given in Table.

UV-Visible diffused reflectance spectroscopy is a standard meth-
od in the evaluation of the absorption characteristics of nanostruc-
tures. Energy band-gap and absorption coefficient are the essential
properties of nanostructures for optoelectronic applications and are
estimated by means of the diffused reflectance spectroscopy.

The diffuse reflectance spectra of nanocomposites (Fig. 5) were
collected using a UV/Vis/NIR spectrophotometer equipped with a
150 mm integrating sphere using BaSO, as a reflectance standard.
The Kubelka—Munk theory was used to transform diffused reflec-
tance measurements (R,) to absorption coefficient o.:

E (1-R)
S~ 2m - fem(R,) -

0

~
~
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Fig. 5. The diffused reflectance spectra of Al,0;,—SnO, nanocomposites de-
posited on 1D carbon backbone.
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Fig. 6. The Tauc plot for determining the band-gap of alumina—tin oxide
composite deposited on 1D carbon backbone.

Here, fxu(R.) is the Kubelka—Munk (KM) function, whereas £ and S
are absorption and scattering coefficients, respectively. For the di-
rect transition, band-gap E, of nanocomposites was evaluated by the
Tauc method that is expressed as

(ahv) = A(hv—E,)",

where A is a constant, which depends on the wavelength, 2 and v
are Planck’s constant and frequency, respectively [26].

Tauc plot of KM function was used to asses optical band-gap of
Al,0;,—Sn0O, nanocomposites deposited on 1D carbon backbone (Fig.
6). E, was obtained by extending the linear portion of [fxy(R.)hv]"?
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vs the photon energy (hv) curve on the zero ordinate. The band-gap
of the alumina—tin oxide nanocomposites on 1D carbon backbone is
of 4.23 eV.

Filatova et al. reported [27] the band-gap of 7.0 eV for amor-
phous Al,O; and 7.6 eV for y-Al,0,. Toyoda et al. reported [28] the
band-gap of 5.1-7.1 eV for Al,O; nanofilms. The variation in the
band-gap is primarily attributed to shift in the location of lower
edge of conduction band. The movement of electrons from alumini-
um to oxygen atom controls the location of conduction band.
Al atom coordination symmetry governs the charge transfer pro-
cess.

The room-temperature photoluminescence excitation and emission
spectra were collected by means of Jasco FP8300 photoluminescence
spectrometer. The instrument is attached with xenon light source
and a high-speed chopper.

Room-temperature photoluminescence spectroscopy of Al,0;—SnO,
on 1D carbon backbone (Fig. 7) revealed emission ranging from 410
nm to 540 nm comprising of multiple emission bands centred at 433
and 504 nm and additionally shoulder peaks at 445, 455, 478 and
488 nm. None of these bands corresponds to the band-gap of Al,O,
or SnO, and, hence, should be due to various defect states within
the band-gap.

The observed emission bands may be due to SnO, formed at the
annealing temperature of 550-600°C. Similar emissions were ob-
served with the SnO, nanoribbons [29].

Generally, oxygen vacancies in oxides serve as luminescence cen-
tres apart from other possible defects. Tin vacancies or tin intersti-
tials may also form trapped states within the band-gap [30, 31, 32,
33, 34].

Wide band-gap and high exciton-binding energy make any semi-

— 370 ex
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Fig. 7. Room-temperature photoluminescence spectroscopy of Al,0,—SnO,
on 1D carbon backbone.
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conductor suitable for optoelectronic-device applications such as
window layer for solar cells. Excitons are electron—hole pairs, which
are generated when photon strikes semiconductor nanostructures.
The thermal and electron transport properties are important to pho-
tovoltaic systems. The parting of exciton into a free electron and
free hole is the source of electrical energy in a dye-sensitized solar
cell. The diffusion of excitons to an interface that can then divide
them into electrons and holes remains a central challenge in many
photovoltaics. An attempt has been made to estimate the exciton-
binding energy for alumina—tin oxide nanocomposite on 1D carbon
backbone. Photoluminescence is fundamentally the recombination of
exciton, during which excited electron go back to the valence band.
Photoluminescence line is the difference between the band-gap and
exciton-binding energy (E, — E,.) [35]. The band-gap of 4.23 eV for
alumina—tin oxide nanocomposite was determined by UV-—Visible
diffused reflectance spectroscopy. Exciton-binding energy ~4.2-3.0=
=1.2 eV. These extremely high exciton-binding energies mean that
excitonic behaviour dominates at room temperature and above, and
we are indeed able to follow the evolution of these characteristics to
300 K [36]. Due to the large exciton-binding energy, the true band-
gap is substantially higher than the dominant spectral characteris-
tic normally observed with photoluminescence [37, 38]. This infor-
mation is crucial for developing future technological applications
and enables further progress in both experimental and theoretical
efforts to understand better alumina—tin oxide nanocomposite on
1D carbon backbone.

4. CONCLUSIONS

Alumina—tin oxide nanocomposites deposited on 1D carbon back-
bone were synthesized by simple precipitation technique. The nano-
composites were characterized by electron microscopy and x-ray dif-
fraction techniques. The crystalline phase of tin oxide is rutile-type
tetragonal, and alumina is amorphous. The optical band-gap of the
composite is of 4.23 eV. The photoluminescence property of the
nanocomposites may be due to tin or oxygen vacancies. The estimat-
ed high exciton-binding energy of alumina—tin oxide nanocompo-
sites deposited on 1D carbon backbone is crucial in optoelectronic
applications.
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