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1. Experimental Section

1.1 Materials

Lactic acid, choline chloride (ChCl) and ethanol were purchased from Sinopharm 

Group Chemical Reagent Co., Ltd., Beijing, China. Tetrabutyl titanate (TBOT), 

tetracycline (TC), ofloxacin (OFLX), amoxicillin (AMX) and ciprofloxacin (CPFX) 

were provided by Macklin Biochemical Co., Ltd., Shanghai, China. All the reagents are 

utilized without any purification.

1.2 Synthesis of DES

Deep Eutectic Solvents (DESs) are eutectic compounds usually obtained by mixing 

hydrogen bond acceptors (HBAs) and hydrogen bond donors (HBDs) via hydrogen-

bond association.[7,S1] They mainly have the following advantages over conventional 

solvents in nanomaterial synthesis: (I) The structures and properties of DESs can be 

easily adjusted by selecting both the nature and the ratio of the hydrogen-bonding 

constituents. (II) The extensive hydrogen-bond networks in DESs enable the template 

effect for regulating crystal growth of materials. (III) DES has high solubility and can 

dissolve a variety of organic and inorganic compounds to provide a stable dispersion 

system that ensures complex syntheses go smoothly.[S2-S4] In this wok, DES was 

synthesized by mixing three components ChCl, urea and lactic acid with 2:1:1 molar 

ratio to form a clear and transparent liquid at 80 ℃ under continuous stirring for 2 h. 

Fourier transform infrared (FT-IR) spectra of ChCl, urea, lactic acid and the designed 

ChCl/urea/lactic acid DES are shown in Fig. S1. The –NH2 vibration of urea and –OH 



vibration of lactic acid in the DES showed obvious red shifts from 3433 (3340) and 

3416 to 3316 cm-1, while the –OH vibration of ChCl in the DES displayed an evident 

blue shift from 3226 to 3316 cm-1, which illustrated that H-bonding chiefly took place 

between H in the –NH2 of urea and the Cl- of ChCl (or O in the –OH of ChCl), between 

H in the –OH of lactic acid and the Cl- of ChCl, and between O in the –OH of lactic 

acid and H in the –OH of ChCl.[10]
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Fig. S1. FT-IR spectra of ChCl, urea, lactic acid and the ChCl/urea/lactic acid DES.

1.3 Synthesis of (β-Bi2O3/Bi2O2.33)/TiO2 (BBOTO)

Firstly, 1.5 mL distilled water was added into 13.5 mL DES with vigorous string 

to obtain a mixed solution which play the role of reaction solvent and structure oriented 

template. Then, 0.02 mmol Bi(NO3)3·5H2O and 0.25 mmol tetrabutyl titanate (TBOT) 

as raw materials were added into the mixed solution in turn. Then the obtained mixture 

was transferred to a 25 mL Teflon-lined stainless-steel autoclave at 180 ℃ for 18 h. 

After being naturally cooled to room temperature, the mixture was subsequently 

washed repeatedly with distilled water and absolute ethanol, collected to obtain a white 

precipitate, and dried in an oven at 60 ℃ for 12 h. Finally, the collected power was 

calcined at 400 ℃ for 4 h in air atmosphere to obtain the target samples (BBOTO). The 

sample with lower content of oxygen vacancies was prepared by changing the 



calcination temperature (at 420 ℃), which was named as BBOTO-1. Moreover, the 

pure β-Bi2O3/Bi2O2.33 (abbreviated to BBO), and pure TiO2 (abbreviated to TO) were 

also synthesized, and their synthesized steps are the same with that of BBOTO apart 

from only adding Bi source Bi(NO3)3·5H2O or Ti source TBOT.

1.4 Characterizations of DES and catalyst

FT-IR spectra were characterized with a Varian 3100 FT-IR spectrometer. The 

crystal structure of the sample was determined by an X-ray diffractometer (XRD, 

Bruker D8, Germany) using Cu Kα radiation. The morphology and microstructure of 

the sample were examined by scanning electron microscopy (SEM, Hitachi S4800), 

transmission electron microscopy (TEM) and High-Resolution TEM (HRTEM, JEM 

2010 EX). Nitrogen adsorption/desorption curves were collected by a Micromeritics 

ASAP2020. X-ray photoelectron spectroscopy (XPS) spectra were collected on a 

Thermo Scientific Escalab250Xi spectrometer equipped with an Al Kα Source 

(1486.6eV). Diffuse reflectance spectroscopy (DRS) spectrum of samples and the 

absorption intensity of antibiotic were measured by an UV-Vis spectrometer 

(METASH UV-8000). Electron paramagnetic resonance (EPR) spectra were recorded 

on a Bruker A300 spectrophotometer. Photoelectric chemical measurements were 

measured in a standard three-electrode system on the electrochemical workstation 

(CHI660E, Chenhua, China).

1.5 Photocatalytic activity test

TC was selected as the main model pollutant to investigate the photocatalytic 

activities of the synthesized catalysts. Typically, 5 mg catalysts were added into a quartz 



tube containing 25 mL antibiotic solution (C0=10 mg/L) at room temperature, the 

abtained mixture was stirred in darkness for 45 min, and then the mixture was placed 

under a 500 W xenon lamp for photocatalytic reaction. After the reaction, the 

supernatant was obtained by centrifugation. The absorption intensity of the supernatant 

was measured by UV-VIS spectrophotometer at 276 nm, and the degradation rate of 

TC was calculated. The catalytic degradation conditions of OFLX, AMX and CPFX 

were the same as that of TC, while its absorption intensities were tested at 288, 283 and 

272 nm, respectively.

The photocatalytic H2 evolution experiment was carried out in a 30 mL quartz 

vessel sealed with a silicone rubber septum at an ambient temperature under 

atmospheric pressure. First, 5 mg of the as-prepared photocatalysts, was suspended in 

10 mL double distilled water containing 30 vol% methanol as the sacrificial electron 

donor. Then the sample solution was thoroughly deaerated by evacuation and purged 

with nitrogen for 20 min. Next a 500 W Xe lamp was irradiated for 6 h at room 

temperature under constant stirring. Finally, the evolved gases were analyzed by 

injecting 1 mL of headspace gas into the gas chromatograph (FULI 9750, TCD, 

Nitrogen as the carrier gas, and 5 Å molecular sieve column).

1.6 Photoelectrochemical performance measurement

Using catalyst electrode, Ag/AgCl electrode, and Pt wire electrode as the working 

electrode, reference electrode and counter electrode, respectively, 0.5 M Na2SO4 

solution as the electrolyte, photocurrent responses test was carried out under 350 W 

Xenon lamp illumination with a bias voltage of 0.6 V. Selecting catalyst electrode, 



mercury/mercuric oxide electrode and Pt wire electrode as the working electrode, 

reference electrode and counter electrode, respectively, 1 M NaOH solution as the 

electrolyte, electrochemical impedance spectroscopy (EIS) was carried out at open 

circuit voltage over a frequency range of 0.01-100000 Hz with a bias voltage of 0.5 V.

2. Figures

2.1 UV-DRS spectra and the corresponding band gap energies
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Fig. S2. (a) UV-DRS spectra and (b) the corresponding band gap energies of pristine TO, pristine 

BBO and BBOTO.

2.2 XRD pattern and high resolution XPS spectra O 1s of BBOTO-1
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Fig. S3. (a) XRD patterns of BBOTO and BBOTO-1. (b) High resolution XPS spectrum O 1s of 

BBOTO-1.

The XRD pattern of BBOTO-1 in Fig. S3a showed the same positions of 

characterizational peaks with that of BBOTO. The contents of oxygen vacancies of 

BBOTO and BBOTO-1 were calculated as 22.85 % and 18.28 % based on the high-



resolution XPS spectra of O1s of the two catalysts in Fig. 2d and Fig. S3b by the 

formula of Ooxygen vacancies/(Olattice oxygen+Ooxygen vacancies+Osurface absorbed hydroxyl).[S5,S6]

2.2 TC photodegradation curves with different oxygen vacancy contents
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Fig. S4. TC photodegradation curves BBOTO and BBOTO-1.

2.2 Comparison of degradation rate with reported values
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Fig. S5. Comparison of degradation rate with reported values.[S7-S14]

2.3 Stability test
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Fig. S6. Stability test of BBOTO.

2.4 TPR and EIS spectra
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Fig. S7. (a) TPR, (b) EIS Nyquist plots of individual TO, individual BBO and BBOTO.
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