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1.1.  Characterization 
The charge carrier of the nanocomposites was analyzed by Photoluminescence spectroscopy (Hitachi F-7000) with an emission wavelength region of (280–500) nm at RT. The vibrational mode of the sample was tested with a confocal-Raman imaging system using a 532.13 nm excitation laser (Renishaw in Via Reflex, NRS-5100). Elements in the material, surface structure, and electronic structure were tested with XPS (PHI 5000 Versa Probe). The crystallinity of the samples were analyzed by the XRD (SHIMADZU XRD-6000) equipped with a Cu Kα X-ray source (1.540059 Å). The surface state and element units of the samples were analyzed by the SEM-EDX (JSM-5600 JEOL, Akishima, Tokyo, Japan). The shape of the particle and dispersion were analyzed by the TEM (Hitachi H9500, Tokyo, Japan). The element state of the nanocomposite was evaluated by SAED, EDX and EDS-element mapping analysis. The pore volume and surface area were evaluated by the Barrett–Joyner–Halenda (BJH) and Brunauer–Emmett–Teller (BET) methods, respectively, and the whole experiment was conducted on a Micro Active for ASAP 2460 (Norcross, GA 30093, USA).
The average crystallite size in the XRD patterns was calculated using the Scherrer equation [2]. The formula of Scherrer formula is :
            [2]

where, Dp is the particle size, λ is the wavelength of X-ray radiation (Cu Kα X-ray source = 1.540059 Å), K is a crystallite size factor (constant factor K=0.9), β is the full-width at half-maximum (FWHM) of the peak (in radians) and 2θ is the Bragg angle.
1.2.  Density functional theory calculation
The first-principle calculations were performed to explore the geometries and the density of states of nanocomposites. All calculations were implemented by performing the first-principles VASP software package based on total density of states (TDOS) of the nanocomposites were thoroughly discussed. The Perdue-Burke-Ernzerhof (PBE) method was adopted to describe the exchange correlation effects, with the plane wave truncation energy is 450 eV. The unit cell was subjected to structural relaxation for optimization calculations. During the optimization process, all atoms were relaxed until the relaxation convergence accuracy was 1×10-4 eV/each cell and the interaction force between atoms less than 0.01 eV/Å. The smearing of above all calculations were conducted on “Gaussian”. A vacuum region of 20 Å along the z-axis was used to eliminate interactions between the neighboring cells of slab models under periodic conditions for pBN/β−SiC fiber/SnO2/In2O3. For all the two slabs calculations, the Brillouin zones were sampled with 4×4×2 Monk horst-Pack grids.
1.3.  Gas sensing measurement
The gas sensing test was conducted in a laboratory made reactor which was composed of alumina tube chamber, having gas-in and gas-out channels on two-sides, temperature controller, and mass-flow controller (as shown in Figure S1). The gas sensing electrode was prepared as follows: the prepared quaternary nanocomposite was mixed with binding material (ethyl cellulose) and used to make a fine slurry with an ethanol dispersant. Ni-foil was used as a current collector and base for coating. The slurry was spread on the current collector to make a thin-film. The coated electrode was dried in an electric oven (100 °C) and then put in a furnace at 400 °C. The as-prepared electrode was installed in the main alumina tube chamber. In the experiment, the pure CO2 and O2 gases (99.9% purity) were used as the detection gases. Prior to commencing the sensing measurements, the gases were purged into the reactor and a gas sensor was installed. Subsequently, gas-sensing measurements were performed. The gas-flow rate was controlled by a mass-flow controller at 6 kg/cm2 for 60 min. The temperature of the gas sensor reactor was controlled at 25 °C and 700 °C. During gas flow, the CV curve was measured using the PGP201 potentiostat (A41A009). The resistivity and resistance values were calculated from current density (mA/cm2) of the CV curve using the following eq. [1]:
                                                                       [1]
where R= resistance, ρ= resistivity, L= length (cm), A= cross sectional area (cm2). The evaluated values were summarized in Table 2 (in main text). 
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Scheme S1. The schematic illustration of the gas sensing mechanism. 
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Fig. S1. SEM images of the (a-b) bare porous BN, (c-d) bare β-SiC fiber, (e-f) bare In2O3 and (g-h) bare SnO2 nanocomposites. 
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Fig. S2. (a) (b). SAED, (c) EDX and (d) EDS-element mapping analysis of the pBN-101, pBN-103 and pBN-105 nanocomposites. 
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Fig. S3. B1s, N1s, Si2p, In3d, Sn3d, O1s and C1s XPS analysis of the pBN-101, pBN-103 and pBN-105 nanocomposites.
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Scheme S2. 3D structure of the molecule (for TDOS calculation).
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Fig. S4. TDOS of the bare nanocomposites.
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Scheme S3. Graphical abstract of the pBN/β−SiC fiber/SnO2/In2O3 quaternary structured sensor and gas-sensing mechanism under RT and HT conditions.
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