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Synthesis of In,O3; Nanoparticles:

In,O3 nanoparticles are synthesized by using hydrothermal method and basic idea was taken
from the reported literature. ! The solution containing 2 mm of NazCit and 2.4 mm of InCl; was
kept under stirring. The solution was stirred at room temperature for 30 minutes and then 2 mm
of Urea was added and kept on stirring for another 30 minutes. After being stirred for 30 minutes
the transparent solution was transformed into a 50 ml Teflon lined stainless steel autoclave and
was heated at 140 °C for 18 hours. Then autoclave was cooled to room temperature naturally.
The obtained white precipitate was washed and centrifuged with de ionized water at 9000 rpm
and repeated the purification and centrifugation five times. The obtained sample was dried at 60
°C for overnight so as to obtain the Indium Hydroxide spherical nanoparticles. In,O; spherical
NPs were obtained by calcining the Indium hydroxide spherical nanoparticles synthesized in the

above manner at 350 °C for 2 hours. The heating rate was controlled at 2 °C per minute.
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Figure S2: HR-TEM image (a) and SAED patterns (b) of In,O3 NPs.
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Figure S3: XPS Spectra of (a) In 3d and (b) Ols elements in In O, NPs.
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Figure S4: Powder X-ray diffraction patterns of In(OH); and In,O3 NPs.
Photoluminescence Studies:

Since In,O; belongs to transparent conducting oxide materials, the room temperature

photoluminescence (PL) studies were also performed for both Au@In,O5 core shell and bare
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In,O; NPs under the excitation of 300 nm and shown in Figure S7. Normally the bulk In,O3
cannot emit visible light at room temperature.> However, The PL spectrum of In,O; NPs
(Figure S2) exhibited three emission bands at 428 (violet), 470 (blue), and 562 nm (green)
whereas the Au@In,O; core-shell NPs also exhibited three emission bands at 398, 425, and 470
nm in violet and blue regions respectively. The luminescent emission mechanism can be divided
into two broad categories: near band edge (NBE) emissions and deep level (DL) emissions. NBE
emissions can be favored by the high crystal quality and quantum confinement effect, and the
DL emissions can be found due to impurities, low crystallinity or structure defects. In the case of
In,0O; and Au@In,0; core-shell NPs, the luminescence emission mechanism was attributed to
the existence of oxygen vacancies. These oxygen vacancies can acts as deep defect donors in
semiconductors and induce the formation of new energy levels in the bandgap.® The blue
emission resulted from the radioactive recombination of a photo-excited hole and an electron
occupying one of the oxygen vacancies.> The other visible emission bands observed in the
spectra are related to different energy levels produced by the oxygen vacancies caused during
calcination process* and these oxygen vacancies were confirmed by XPS studies in earlier
section. However in the case of Au@In,O; core-shell nanoparticles, the PL properties were
weakened and some emission peaks disappeared, indicating that the energy band structures
changed due to presence of extra Au metals. This type of quenching may come from
luminescence reabsorption by the gold nanoparticles present in the Au@ In,O3 core-shell

nanoparticles.’

Raman Studies:

The Raman spectrum of Au@In,O3 core-shell and In,O; NPs are shown in Figure S8
together with their microstructural images. Since cubic In,O3 structure belongs to the P, T',
space group, © then the structure contains two kinds of cations: 8 In*" with side symmetry S6 and
24 Tn** with point symmetry C2. The 48 oxygen atoms in the body-centered cell are on general
positions (e) with CI1 site symmetry. For such a structure, the following vibration modes are
predicted”:

4AH4E+ 14T +5A,+5E+16T,
The vibrations with symmetry A,, E,, and T, are Raman active and infrared inactive, while the
T, vibrations are infrared active and Raman inactive. The A, and E, vibrations are inactive in
both infrared and Raman measurements. The peak at 121 cm! is assigned to the In-O vibration

of InOy structure units.® The peak observed at 300 cm™! is usually interpreted as the bending
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vibration & (InOg) of octahedrons. The other two peaks 481 and 595 cm! are attributed to the
stretching vibrations of the same v (InOg4) octahedrons and these data was consistent with the
earlier reports.” 10 Here is slight shift in the vibrational modes of Au@In,O; core-shell NPs as
compared to In,O; modes which is due to the presence of extra foreign element in the core-shell

NPs.
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Figure S5: Photoluminescence spectra of Au@In,0; core-shell and bare In,O3 NPs.
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Figure S6: Raman Spectra of bare In,O; and Au@lIn,0O; core-shell NPs with their
microscopic surface sample images
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Figure S7: Resistance variation of Au@In,0O5 core-shell and In,O3; NPs exposed to different H,
gas concentrations at 200 °C.
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Figure S8: Long term stability of Au@In,O5 core-shell NPs at a working temperature of 300°C
to 100 ppm gas.
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Tested Gas Response Values
Au@In,0j; core-shell In,O; NPs
NPs sensor device sensor device
H, 34.4 9.3
CO 6.4 5.2
NO, 14.7 4.6
Ethanol 254 21
Acetaldehyde 21 20

Table S1: Response values of Au@In,O, core-shell and bare In O, NPs based sensor devices to

100 ppm to different gases at operating temperature of 300 °C.
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