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S1. Materials 
Titanate isopropyl ((CH3CH3CHO)4Ti), acetic acid, anhydrous ethanol, bismuth nitrate 

pentahydrate (Bi(NO3)3·5H2O), tetracycline hydrochloride (TC), and tert-butanol (TBA) were 
purchased from Shanghai Aladdin Reagent Co. Ltd. (Shanghai, China). Hydrochloric acid and 
ethanol were provided by Xilong Scientific Co. Ltd. (Guangzhou, China). P-benzoquinone (p-
BQ) was purchased from Shanghai Macklin Biochemical Co. Ltd. (Shanghai, China). All of the 
chemical reagents were of analytical grade and used without further purification. 

S2. Characterization 

The X-ray diffraction (XRD) patterns were recorded using a Bruker D8-Advance X-ray 
powder diffraction instrument with Cu Ka radiation (λ= 0.15418 nm). The morphology and 
surface composition structure were characterized by a scanning electron microscope (SEM, FEI 
Quanta 250, Portland, OR, USA) and a transmission electron microscope (TEM, FEI Tecnai G2 
20). The chemical compositions of the obtained samples were analyzed by X-ray photoelectron 
spectroscopy (XPS, Thermo Scientific K-Alpha, Waltham, MA, USA). The specific surface areas 
of samples were measured by a nitrogen adsorption analyzer (Micromeritics ASAP 2020, 
Norcross, GA, USA). Fourier transform infrared (FT-IR) spectra were recorded on a Nicolet 
5700 FT-IR spectrometer (Thermo Electron Corporation, Waltham, MA, USA). The UV–Vis 
diffuse reflectance spectra (DRS) were recorded with a UV–Vis spectrophotometer (Shimadzu 
UV-2600, Kyoto, Tapan) in the range of 200–800 nm. The electron spin resonance (ESR) spectra 
were recorded on an electron spin resonance spectrometer (Bruker A300, Billerica, MA, USA) 
with 5,5-dimethyl-1-pyrroline N-oxide (DMPO: 50 mM, 0.2 mL). The electrochemical 
measurements of the samples were performed on an electrochemical workstation with a 
standard three-electrode system (Shanghai Chenhua, CHI 660D, Shanghai, China) and a 300 W 
Xe lamp (PLS-SXE300, Perfect Light Company, Beijing, China) as the light source.  

 

S3. Evaluation of Adsorption Performance 

The adsorption data in the dark reaction were fitted to the pseudo-first-order and pseudo-
second-order kinetic models. 
Pseudo-first-order kinetic model equation, as shown in Equation (1):  



Ln(qe−qt) = ln(qe) – k1t              (1)  
Pseudo-second-order kinetic model equation, as shown in Equation (2):  

t/qt = 1/(k2qe2) + t/qe               (2) 
where qt and qe (mg/g) are the amount of pollutants adsorbed over a given period of time t and 
at equilibrium time, respectively; t is the adsorption time (min); k1 (1/min) and k2 (g/mg min) 
are the adsorption rate constant of the pseudo-first-order and the pseudo-second-order kinetic 
models, respectively. 

 

Figures 

  

Figure S1. FT-IR spectra of TiO2 NPs, Bi2O3, and TiO2 NPs/Bi2O3 composites. 

 

 

Figure S2. EDS elemental analysis of TB-3 and table of the elemental content (inset). 

 



 
Figure S3. (a) Adsorption of TC in the dark, and (b) pseudo-second-order fitting plots of P25, TiO2 NPs, 

and TB-3. 

 

Figure S4. Adsorption in the dark and photocatalytic degradation of TC under visible light irradiation. 

 



 

 

 



 

 

 



 

 

 



 

 

 



 
Figure S5. HPLC-MS spectra of the intermediates in the photocatalytic degradation of TC using TB-3. 

Tables 

Table S1. The BET specific surface area (SBET) and pore volume of the samples. 

Sample 
SBET 

(m2 g−1) 

Pore Volume 

(cm3 g−1) 

 
 

TiO2 NPs 119.87 0.353   

Bi2O3 5.14 0.0357   

TB-1 101.04 0.300   

TB-2 90.38 0.287   

TB-3 99.52 0.245   

TB-4 83.12 0.212   

 

Table S2. Kinetic fitting parameters of TC adsorption onto P25, TiO2 NPs, and TB-3. 

Model  Pseudo-First-Order   Pseudo-Second-Order   

Sample qeexp/ 

(mg·g−1) 

K1/ 

(min−1) 

R2/  K2/ 

(min−1) 

R2  



P25 10.05 −0.093 0.875  0.095 0.999  

TiO2 NPs 17.04 −0.037 0.701  0.052 0.980  

TB-3 33.99 −0.099 0.918  0.029 0.999  

 

Table S3. Comparison of TC removal % with other TiO2 and Bi2O3-based heterojunctions. 

Catalysts C0 (mg/L) Dosage 
(mg/mL) 

Reaction 
Time (min) 

Removal  
(%) 

Light Ref. 

Fe3O4/rGO/TiO2 20 20/50 330 92.6 UV [1] 

SrTiO3/Bi2O3 10 100/100 140 85 Visible light [2] 

N–TiO2/AgI 10 100/200 105 72.5 Visible light [3] 

CPS@TiO2 10 10/50 120 90.1 420 nm [4] 

AgBr–TiO2–Pal 20 25/50 90 89 Visible light [5] 

TiO2 NPs/Bi2O3 50 30/50 60 80 Visible light This 
work 
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