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Characterization  

Morphological and elemental analyses were conducted using a field-emission scanning electron 

microscope (FE-SEM, TESCAN S9000G, Germany) equipped with a Schottky-type FEG 

source, providing a spatial resolution of 0.7 nm at 15 keV in In-Beam SE mode. Elemental 

composition was examined using an Oxford Instruments UltimMax energy-dispersive X-ray 

spectroscopy (EDS) detector operated with AZtec software (v6.0). Samples were mounted on 

metallic stubs using carbon tape and coated with a thin chromium layer by ion sputtering to 

enhance surface conductivity. Transmission electron microscopy (TEM) observations were 

performed on a FEI Tecnai F20 field-emission gun microscope equipped with an S-Twin 

objective lens, offering a point resolution of 0.24 nm. Images were acquired using a Gatan 626 

TV-rate camera and a Gatan 794 slow-scan CCD camera (Gatan, Pleasanton, CA, USA) at an 

accelerating voltage of 200 kV. For TEM analysis, the samples were dispersed in 2-propanol, 

ultrasonicated to ensure homogeneous suspension, and deposited onto carbon-coated copper 

grids. X-ray photoelectron spectroscopy (XPS) measurements were carried out using an M-

Probe instrument with an Al Kα radiation source (hν = 1486.6 eV). Survey spectra were 

recorded over a binding energy range of 0-1100 eV with an energy step of 5 eV. Peak 

deconvolution was performed using mixed Gaussian-Lorentzian functions following Shirley 

background subtraction. Binding energies were calibrated with respect to the C 1s peak at 284.6 

eV. Fourier-transform infrared (FTIR) spectra were collected using a Mattson 1000 FTIR 

spectrophotometer. Samples were prepared as KBr pellets and analyzed in transmission mode 

within the 4000-500 cm⁻¹ wavenumber range at a spectral resolution of 4 cm⁻¹. Optical 

properties were investigated by UV-Vis diffuse reflectance spectroscopy using a Varian Cary 

100 spectrophotometer equipped with an integrating sphere, employing BaSO₄ as the 

reflectance reference. 

Photoluminescence (PL) measurements were performed at room temperature using a Fluorolog 

F2 Horiba-Jobin Yvon spectrofluorimeter with an excitation wavelength of 300 nm. Textural 

properties of the pristine and composite samples were evaluated by N2 adsorption-desorption 

measurements at -196 °C using a Micromeritics Tristar II 3020 analyzer. Prior to analysis, the 

samples were degassed at 150 °C for 6 h to remove physically adsorbed species. The specific 



surface area was calculated using the Brunauer-Emmett-Teller (BET) method, while the total 

pore volume was estimated from the amount of N₂ adsorbed at a relative pressure (P/P₀) of 0.98. 

The Barrett-Joyner-Halenda (BJH) model was applied to determine the pore size distribution, 

average pore diameter, and pore volume. 

Results and discussion  
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Figure S. 1  Tauc plot  
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Figure S. 2 Nitrogen adsorption-desorption isotherm of hBN. Insert : pore size of hBN 
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Figure S.3 Nitrogen adsorption-desorption isotherm of  Fe2O3. Insert :pore size of Fe2O3 
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Figure S.4 FTIR spectra of α-Fe2O3, hBN and 0.5% Fe2O3-hBN 
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Figure S.5 High-resolution spectra of (a) B 1 s, and(b) N 1 for bare hBN. 

 

 

 

 

 

 

 

 

 

 

 

 

 


