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Experimental

Materials

K,FeO4 was purchased from Macklin Biochemical Co., Ltd. (Shanghai, China).
Graphite flake with an average size of 100 mesh was supplied by Qingdao graphite
company (Shandong, China). Tin(IV) chloride pentahydrate (SnCly-5H,0, 99.0%),
sodium hydroxide (NaOH), and polyethylene glycol 400 (PEG-400) were purchased
from Sinopharm Chemical Reagent Co., Ltd (Beijing, China).
Preparation of GNP

K,FeO4, a hexavalent ironsalt, is a powerful oxidizing agent, and its oxidizing
ability is strongly dependent on pH, especially in an acidic environment, where its
redox potential is the highest (Mao et al., 2006). K;FeO4/H,SO4 is an effective,
nondestructive and green oxidation system for oxidative functionalization of carbon
nanotubes (Zhang et al., 2015). In this oxidation system, the sp3-hybridized carbon
atoms were selectively oxidized, but the C=C bonds were entirely unaffected.
Although spz-hybridized carbon atoms wouldn’t be oxidized in K,FeO4/H,SOy,
FeO,” was formed whose penetrability was strong and could speedily intercalate into
the interlayer spacing of graphite (Peng et al., 2015). Furthermore, FeO4” reacts with

H,0 to produce O,, and the reaction rate is high. The instantaneously excessive



pressure of O in the interlayer spacing of graphite might weaken the conjugate forces
between pristine graphitic lamellae. So herein, we propose a simple and fast
methodology for the preparation of GNPs via K;FeOy, as an intercalator.

GNP was prepared by following steps: 1.0 g flake graphite and 30.0 mL of
concentrated sulfuric acid were loaded into a 50 mL beaker, then 5.0 g K,FeO4 was
slowly added to the mixture at room temperature under magnetic stirring. The mixture
was sonicated for 1h and stirred at 40 °C for 3h. The resulting mixture was
centrifuged, the precipitate was poured into 200 mL of cold water, and settled for 2 h
to sediment the solid GNP. After repeated centrifugation and water-washing, the

obtained GNP was freeze-dried, collected and stored in a desiccators.
Characterization

The phase and crystallinity of the samples were examined using X-ray diffraction
(XRD, Cu Ka, Bruker-AXSDS) (Bruker, Madison, WI, USA) with a wavelength of
0.154 nm in step of 10°(20) min" from 10° to 90°(20). The morphologies and
structures of the as-prepared products were directly observed through field emission
scanning electron microscopy (FESEM, Quanta™250 FEG) (FEI, Eindhoven, The
Netherlands) and transmission electron microscopy (TEM, JEOL JEM-2100
microscope) (JEOL, Tokyo, Japan). Thermal gravity and differential scanning
calorimeter (TG—DSC) was carried out on a TA-SDT Q600 (TA Instruments, New
Castle, DE, USA) at a heating rate of 10 °Cmin'at an air atmosphere. The porous
feature of the samples were characterized by the N, adsorption-desorption
measurement (Quantachrome Autosorb-iQ sorption analyzer) (Quantachrome,
Boynton Beach, FL, USA). Before carrying out the measurement, the samples were
degassed at 100°C for more than 12 h. The specific surface areas (Sggt) and the pore
diameter distributions were determined from Nitrogen adsorption—desorption

1sotherms.
Sensor fabrication and measurement

The gas sensing property of the as-prepared composite to ethanol was tested by the
intelligent gas-sensing analysis system (CGS-4TPs) (Beijing Elite Co., Ltd., Beijing,
China). Figure S1 shows a simple device schematic diagram. The relative humidity is
34% and the temperature is 25 °C in the test chamber in the process of the gas-sensing

test. The gas sensors were made in a conventional way (Sun et al., 2016). The way is
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demonstrated as follows: a small amount of the as-prepared products were fully
ground in an agate mortar with a few drops of ethanol. Then, the pastes were equably
spread on a ceramic substrate (13.4 mm x 7 mm) with interdigitated Ag-Pd electrodes
to form the thin film. To improve the stability and repeatability of the gas sensors, the
substrate was aged at 180 °C for 24 h before starting the test. Response of the gas
sensor was defined as: Response = Ra/Rg (Where, Ra and Rg were the resistances of

the sensor measured in air and in test gas, respectively.)
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FIGURE S1 (a) The CGS-4TPS gas-sensing test system, and (b) the gas sensor

substrate.
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FIGURE S2 Scanning electron microscope (SEM) images of (a) pristine graphite, (b)
GNP, (c) SnO; nanoparticles, and (d) SnO,/GNP-5 nanocomposite.
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FIGURE S3 The responses of sensors (SnO; and SnO,/GNP-5) versus different

concentrations of ethanol at 280 °C.
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FIGURE S$4 The stability curve of SnO,/GNP-5 to 500 ppm of ethanol in 30 days.

TABLE S1 Comparison of the gas sensing properties of various SnO-based material

to ethanol.
. . Ethanol concentration Temperature Response
Sensing materials (ppm) l()o 0) (Rz?/Rg) Ref.
SO, nanowires 100 360 31 [33] (Pelltaﬁfnzgo‘illlf;‘dhada
SnO, nanotubes 200 300 16.7 [34] (Zhang et al., 2013)
SnO, nanorods 100 300 30.7 [35] (Chen et al., 2006)
SnO; nanoflowers 100 300 47.29 [36] (Yuetal., 2016)
SnO; nanoflowers 200 240 62.2 [37] (Lietal., 2016)
RGO/hollow SnO, 100 300 70.4 [38] (Zito et al., 2017)
Pure SnO, 100 280 46 this work
SnO,/GNP-5 100 280 94.6 this work
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