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Fourier-transform infrared spectroscopy spectra 

 

Fig. S1 FTIR spectra of N-TiO2-450 and N-Ce-TiO2-450. 

In order to explain the influence of Ce-doping on the structure of the resulted materials better, the 

Fourier transform infrared spectroscopy (FTIR) spectra of TiO2 samples with different dopant 

calcined at 450 0C was added, shown in Fig.S1. In undoped sample exhibits a peak at 502 cm-1, 

which is the characteristic peak of titania. But in the case of Ce-doped samples, this peak shifted to 

the range of 465-480 cm-1 due to the formation of Ti-O-Ce bond. 1, 2  

X-ray diffraction patterns 

 

Fig. S2 Wide angle XRD patterns for the TiO2 films. A: N-P123-TiO2-450 and B: N-Ce-P123-TiO2-450 

From the wide angle XRD results in Fig.S2, the crystallite size was estimated to be approximately 

16.7 nm in the N-P123-TiO2-450 sample and 10.5 nm in N-Ce-P123-TiO2-450 sample.  
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X-ray photoelectron spectroscopy studies 

  

 

Fig. S3 XPS spectra of a. Ti 2p, b. O 1s, c. C 1s, and d. N 1s of N-Ce-P123-TiO2-450 

To get a better understanding about the chemical state of all elements on the membrane surface, 

N-Ce-P123-TiO2-450 was investigated by XPS technique and the XPS spectra of Ti 2p, O 1s, C 1s, 

and N 1s were presented in Fig. S3. 

In Fig. S3 (a), the XPS peaks of Ti 2p3/2 and Ti 2p3/2 observe at 458.5 eV and 464.4 eV, were due 

to Ti4+ in pure anatase form.3 The O 1s spectrum was also well fitted by two components with O 1s 

binding energies at 531.1 eV and 529.7 eV, respectively. The O 1s peak with the binding energy at 

529.7 eV can be unambiguously assigned to the oxygen bound to Ti4+ and another peak at 531.1 eV 

ascribe to the typical values of O 1s binding energy for oxygen in OH groups.4 In Fig. S3 (c), 

primary C 1s relevant peaks were found mainly at 284.8 eV, 286.5 eV, 288.5 eV. The peak (284.8 

eV) is thought to signal the presence of adventitious elemental carbon and the other two suggest the 

existence of C-O and C=O, respectively, which indicates the formation of carbonated species. These 

data reveal that carbon may substitute for some of the lattice titanium atoms and form a Ti–O–C 
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structure via the hybridization between P123 and titanium dioxide.5-6 Fig. S3 (d) confirms the states 

of the doped N atom, N 1s XPS spectrum of the sample, there is only one strong peak observed at 

400.1 eV (at. %: 2.04), which probably reflects a chemical structure like O-Ti-N in the surface.7-10   

 

Optical absorption properties 

The band of the semiconductor can be deduced from the equation below: 11, 12 

2/)E-hν(αhν n
gA         (1) 

where α, ν, Eg and A are the sbsorption coefficient, light frequency, band gap, and a constant, 

respectively. Among them, n is determined by the type of optical transition of a semiconductor (for 

TiO2, n=4). Therefore, the band gap energy of TiO2 was determined from a plot of (ahν) 1/2 versus 

energy (hν) (Fig. S4) and is found to be 2.14 eV for N-Ce-P123-TiO2-450 and 2.65 eV for 

N-P123-TiO2-450. 

 

Fig. S4 Plots of (ahν))1/2 versus energy (hν) for the band gap energy of N-P123-TiO2-450 (A) and 

N-Ce-P123-TiO2-450 (B) 
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Photolysis experiment of methyl orange  

 
Fig.S5 The direct photolysis of methyl orange solution (5mg/L, pH=3) under visible light (800 nm>λ> 400 nm) 

The direct photolysis of methyl orange solution was shown in Fig. S5, we can see that the 

concentration of methyl orange was almost unchanged in 80 min. The influence of photolysis on 

methyl orange can be neglected. 
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