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X-ray diffraction spectrum (XRD):

Phase identification was carried out by powder X-ray diffraction (XRD) using Bruker AXS C-8
advanced diffractometer with Cu K, radiation (A = 1.5406 A). The XRD spectra of the
RGO/Sn0O, QDs, RGO and SnO, QDs are presented in Fig. S1(a-c). All the diffraction peaks in
the spectra corresponding to the tetragonal rutile structure of polycrystalline SnO, QDs are well
matched with JCPDS card no. 72-1147. In addition, a broad peak denoted by ‘*’ at an angle 20 =
24.2775° (d-spacing = 0.37 nm) is observed which correspond to RGO.! These results confirm

that the synthesized product is RGO/SnO, QDs nanocomposite. The XRD spectrum of RGO

shows a broad peak centered ~ 24.2782° Fig. S1(b).
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Fig. S1: XRD spectra of the as synthesized (a) RGO/SnO, QDs, (b) RGO and (¢) SnO, QDs.
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Fig. S2: XPS spectra (a) survey spectrum of RGO/SnO, QDs, (b) C 1s deconvoluted spectra of RGO and
(c) survey spectrum of SnO, QDs and inset shows Sn 3d deconvoluted spectra.

The elemental analyses of the RGO/SnO, QDs, RGO and SnO, QDs have been studied by X-ray
photoelectron spectroscopy (XPS). The XPS measurements were made with a K-Alpha Thermo
Scientific equipped with a monochromatic Al-Ka X-ray and 100-4000 eV ion gun. Fig. S2(a)
show presence of C, O and Sn only; no other elements were detected in the RGO/SnO, QDs
sample. The band corresponding to 282.5 eV and 530.8 eV are attributed to the Cls and Ols,

respectively.? Further, several other Sn band exists corresponding to 757.0 €V (Sn 3p;5), 714.9



eV (3psp) and 25.2 eV (4d).? The Sn 3d spectrum indicates two symmetrical peaks at 484.3 eV
and 495.1 eV, which are due to the Sn 3ds,; and Sn 3d;,, respectively and confirms the formation
of SnO,.* In Fig. 2(b), the presence of Cls corresponding to 284.0 eV, attributed to C-C band in
the graphene based materials.® Fig. 2(c) shows the XPS spectrum of bare SnO, QDs where
several bands matched with XPS spectrum of RGO/SnO, QDs, while shifting of the bands. The
shift in 3d (487.6 eV, Sn 3ds;) and (495.4 eV, Sn 3d;;) correspond to bare SnO, and
RGO/SnO, QDs composite, respectively, is attributed to the interaction between the graphene

and the SnO, QDs.¢




Fig. S3: TEM and HR-TEM images of the as synthesized (a) RGO and (b) SnO, QDs.

The bright-field TEM and HR-TEM images of the as synthesized RGO and SnO, QDs are shown
in Fig. S3(a, b). Fig. S3(a) shows RGO sheet and the corresponding HR-TEM image depicts 3-4
RGO sheets. Fig. S3(b) indicates the TEM images of the SnO, QDs having particle size of ~7
nm. The HR-TEM image is consistent with the tetragonal rutile structure of SnO, where the
lattice fringes are assigned to (110) and (101) planes and proves the high crystallinity of the

SnO, QDs.
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Fig. S4: FE-SEM images and corresponding elemental mapping of the as synthesized (a) RGO/SnO,
QDs, (b) RGO and (¢) SnO, QDs.



The morphology and elemental composition of the as-prepared RGO/SnO, QDs, RGO and SnO,
QDs were investigated by JEOL scanning electron microscope (SEM) along with elemental
mapping. Fig. S4(a-c) present FE-SEM images of the RGO/SnO, QDs, RGO and SnO, QDs. The
micrographs of the RGO/SnO, QDs, RGO and SnO, QDs show the different resolution images
and corresponding elemental mapping. It can be seen that the associated elements in the mapping

are C, Sn, O for RGO/SnO, QDs, C for RGO and Sn, O for SnO, QDs.
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Fig. S5: UV-Vis. spectra of (a) RGO/SnO, QDs, (b) SnO, QDs.

Analysis of the optical absorption spectra is one of the most powerful techniques for
understanding the band structure and energy gap of the materials. Fig. S5(a, b) shows the
absorption spectra of RGO/SnO, QDs and SnO, QDs. The UV-Vis spectra shows absorption
peak at ~268 nm and ~270 nm for RGO/SnO, QDs and SnO, QDs, respectively, corresponding
to a significantly wider band gap compared to the bulk band gap (3.6 eV) of SnO,. The
observations confirmed the quantum confinement feature of RGO/SnO, QDs and SnO, QDs
sample.”?

The H, and LPG gas sensing response of the bare RGO and SnO, QDs based sensor have been

investigated and shown in Fig. S6(a, b) and Fig. S7(a, b), respectively. Fig. S6(a, b) shows the H,



and LPG sensing response profiles of the RGO sensor. It is observed that the response increases

for all concentrations up to 200 °C and thereafter decreases. The H, response is observed to be

saturated in the temperature region 250-275 °C as shown in Fig. S6(a). But in the case of LPG,

the gas sensing response increases with all concentration and temperature up to 250 °C after that

it was slowed down [Fig. S6(b)]. It may be due to the scattering of electrons by defect levels,

which reduces the conductivity of the electrons.
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Fig. S6: The gas sensing response characteristics of the (a) H, and (b) LPG based on RGO sensor.
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Fig. S7: The gas sensing response characteristics of the (a) H, and (b) LPG based on SnO, QDs sensor.



Fig. S7(a, b) shows the H, and LPG gas sensing characteristics of the bare SnO, QDs. It is seen

that the sensing response first increases up to 200 °C and after that found to be saturated except

at 300 ppm, where the response decreases [Fig. S7(a)]. It may be due to the dense environment

around the sensor surface which leads to decrease in response. However, in case of LPG sensor

[Fig. S7(a)], the test gas response increases for all the concentration and temperature and attains

its maximum value at 275 °C. It is due to the more interaction of test gas molecules with the

sensing sites present on the surface of sensor.
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