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The chemical composition and elemental oxidation state of BIT films were investigated by XPS. The XPS model is Escalab 250Xi 

and the instrument manufacturer is Thermo Fisher (Manchester, England). The vacuum degree in the chamber is better than 5.0×10-
10 mBar. During the analysis, the beam spot of the X-ray source (Al target) is 650 μm, and the voltage and current are 15 kV and 15 
mA, respectively. This information is also added to the supporting material in the manuscript. The spectral line fitting method we 
use is Gaussian line shape, and the type of background subtraction is Shirley background subtraction. Figure S1(a) and (b) shows the 
XPS survey spectrum of the BIT films, confirming the presence of major elements such as Bi 4f, Ti 2P, O 1s and C 1s, where the C 1s 
peak is derived from the carbon adsorbed on the sample surface. The XPS spectra of the samples were fitted to analyze the precise 
positions and valence states of the Bi 4f, and Ti 2p. As shown in Figure S1(c) and (d), the Bi 4f high resolution spectra was deconvo-
luted into two clearly separated Gaussian peaks at 159.2 and 164.5 eV, which corresponded to the Bi 4f7/2 and Bi 4f5/2, respectively, 
indicating the presence of Bi3+. The Ti 2p high resolution spectra (Figure S(e) and (f)) presents a broad bump at within 465 eV, con-
tributing to the partial overlapping of Bi 4d3/2 and Ti 2p1/2. After the peak fitting analysis, the peaks of Ti 2p3/2 and Ti 2p1/2 could 
be achieved at 458.2 and 464.1 eV, respectively, proving the presence of Ti4+.  
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Figure S1. (a-b) XPS survey spectrum, (c-d) Bi 4f high resolution spectra and (e-f) Ti 2p high resolution spectra of air-annealed and 
oxygen-annealed BIT films respectively. 


