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Supplementary Text
Text S1 The calculation of depletion width (W)

The depletion width depends on the band bending in the semiconductor’s

depletion region and can be calculated using the following equation:

/ZeeoVFB /ZSSO(EOC - Epp)

Wb:\/ aNp | aNp Eq.S1

where 4 is the elementary charge, € is the dielectric constant of the semiconductor,

€0 is the vacuum permittivity, Np is the carrier concentration, Eoc is the open-circuit
potential at dark equilibrium, and Epp represents the flat-band potential [1].

Text S2 Internal electric field (IEF) intensity

According to Le Formal and Gritzel, the internal electric field is proportional to
the surface accumulated charge, obtained by integrating the transient photocurrent
density minus its steady-state value over time. The IEF of the catalyst can be calculated
based on Kanata et al. [2—4]:

€€ Eq.S2

where E, Vs , P, €and €o represent the IEF magnitude, surface potential, surface

charge density, low-frequency dielectric constant, and vacuum permittivity,

respectively.
Text S3 Charge separation efficiency

To measure the photogenerated charge separation efficiency, 0.1 M Na,SO; was
used as both the electrolyte and hole scavenger. The separation efficiency (n) was
calculated as follows:

T]=] 2_/] 2
50%, "7 s0%; Eq.S3

Joo- Jop-

where “? 4 and %3 are the photocurrent densities measured under different

electrolyte conditions [5].



Text S4 Synergistic factor

The synergistic factor (SF) was used to evaluate the cooperative effect between piezo- and

photocatalysis:

Kapp(piezo - photocatalysis)
SF =

K app(piezocatalysis) +K app (photocatalysis) Eq.S4

where Kapp represents the apparent rate constants under the three catalytic

conditions. SF < 1 indicates a negative interaction, SF > 1 indicates a positive

interaction, and SF = 1 indicates no significant correlation.
Text S5 Escherichia coli growth inhibition experiment

The antibacterial activity of tetracycline hydrochloride (TCH) against Escherichia
coli (ATCC 25922) was evaluated using the Oxford cup method [6]. In brief, sterile LB
agar plates were inoculated with 1 mL of bacterial suspension (ODgyy = 1). Three
Oxford cups (6 mm in diameter) were placed on each plate, and 200 pL of the sample
was added to each cup. Plates were incubated at 30°C for 24 h. The residual
antibacterial activity of TCH at different treatment stages was assessed by comparing

the inhibition zones.
Text S6 First-principles calculations

The first principles calculation uses DFT via the Vienna ab initio simulation
package (VASP) package and projector enhanced wave (PAW) method, employing
generalized gradient approximation (GGA) by Perdew Burke Ernzerhof (PBE) for
electron exchange.[7] In order to make the calculation results reasonable, the plane
wave basis has a 490 eV energy cutoff, with a convergence threshold of 107 eV and a
force convergence of 0.03 eV A~! for structural optimization. A 3 x 3 x 1 k-point grid
centered on gamma is used in the Brillouin zone. A 15 A vacuum is added to prevent
plate interactions. BisTi;O;, (001) (BTO) and La-BisTi;0,, (LBTO) structures,
consisting of 7 atomic layers and a 15 A vacuum, were constructed, with defect models
generated by removing oxygen atoms from the Bi—O—-Ti layers. The bottom four atomic

layers were fixed, while the remaining layers were allowed to relax.
Text S7 Quantum chemistry calculations

The regioselectivity of ROS attacks on TCH molecules is explained based on the
Fukui index. Specifically, the Fukui function plays an important role in DFT calculation
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and is widely used to predict reaction sites for electrophilic, nucleophilic, and radical
attacks. Fukui function was defined as:

ap(r)
aN |” Eq. S5

fr) = [

Where p(r) was the electron density at a point r in space, N was electron number
in present system, the constant term v in the partial derivative was external potential.[?]
In the condensed version of Fukui function, atomic population number was used to
represent the amount of electron density distribution around an atom. The condensed

Fukui function could be calculated as:

+ _ k k
Nucleophilic attack: fre=av-4v+1 Eq. S6
- _ _k k
Electrophilic attack: fre=dan-1-4n Eq. S7
0_, k k
Radical attack: [ = (v=1~an +1)/2 Eq. S8

Where ¥ was the atom charge of atom K at corresponding state, and the values of

Fukui index of the reactive sites were usually larger than other regions.

In this study, the isosurfaces and isopotential maps of the Fukui function, frontier
molecular orbital and average local ionization energy on the surface of the TCH

molecule were visualized by using Multiwfn in combination with VMD [8,9].



Supplementary Figure
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Fig. S1 Scanning electron microscope image of BTO
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Fig. S3 Transmission electron microscopy images of BTO (a) and HRTEM images

(b), fast Fourier transform images (c) and fast inverse Fourier transform images (d).
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Fig. S5 TEM-EDX elemental mapping of Bi, La, Ti, O in LBTO-1.25

a b c d
» Shakes, Bi 4f : :
e e LBTOLS - LBTOAS o g,
! 1 o I 7 -
LBTO-1.25 : ; \b.
LALA_ S W LT S, N
1 1 !
g 1 LBTO-1.0 { i |
b 1 LBTO-1.0
LBTO-1.0 LBTO-1.0 d : i 0 '
I 1
I . LBTO-0.75 ! i LBTO0.78 : | LBT0-0.75 l
LBTO-0.75
=% bk & BTO
T T T 1 r—rr~ 1 171
859 849 839 829 168 166 164 162 160 158 156 468 462 456 536 534 532 530 528
Binding energy (eV) Binding energy (eV) Binding energy (eV) Binding energy (V)

Fig. S6 La 3d (a), Bi 4f (b), Ti 2p (c), and O 1s (d) high-resolution XPS spectrum of LBTO-X
(X=0.75, 1.0, 1.25, 1.5) and BTO.
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Fig. S7 Nitrogen adsorption and desorption curves of BTO and LBTO-1.25



Fig. S8 PFM Amplitude (a), phase (b) and KPFM image (¢) of BTO. KPFM image of

QO
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Fig. S11 Nyquist plot of samples: High-frequency part (a), low-frequency part (b),

and under different excitation conditions (c).
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Fig. S13 Photocurrent response results of the samples under different electrolyte

conditions: BTO (a), LBTO-1.25 (b). The current densities of BTO (c) and LBTO-

1.25 (d) under single photo excitation and ultrasonic-light co-excitation conditions.
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Fig. S14 Degradation performance results of samples with other doping ratios.
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Fig. S15 The comparison chart of degradation rate constants in this work with similar
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Fig. S16 ROS quenching experiments under different excitation conditions.

Fig. S17 The optimized TCH molecular structure model.
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Table S1 Condensed Fukui function calculation results.
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Atom qN) q(N+1) q(N-1) f- f+ {1
14C -0.0183 -0.0248 -0.0152 0.0031 0.0065 0.0048
15C 0.0939 0.0896 0.0952 0.0013 0.0043 0.0028
16C 0.1079 0.0218 0.1095 0.0016 0.0861 0.0439
17C -0.0539 -0.0589 -0.0477 0.0061 0.005 0.0056
18C -0.0162 -0.0196 -0.0008 0.0154 0.0033 0.0094
19C 0.0781 0.0634 0.0818 0.0036 0.0147 0.0092
20C 0.1363 0.1201 0.1476 0.0114 0.0162 0.0138
21C -0.064 -0.0695 -0.0338 0.0302 0.0055 0.0179
22C 0.1328 0.1229 0.1414 0.0086 0.0099 0.0092
23C 0.0363 0.033 0.0639 0.0275 0.0033 0.0154
250 -0.2894 -0.4108 -0.2848 0.0046 0.1214 0.063
260 -0.3444 -0.3702 -0.3152 0.0292 0.0258 0.0275
270 -0.2012 -0.2679 -0.1971 0.004 0.0667 0.0354
290 -0.2095 -0.2322 -0.2025 0.007 0.0228 0.0149
310 -0.1533 -0.1616 -0.1352 0.0181 0.0083 0.0132
33C 0.1522 0.1497 0.1596 0.0074 0.0024 0.0049
340 -0.4237 -0.4281 -0.4055 0.0183 0.0044 0.0113
35N -0.1063 -0.1084 -0.1002 0.0061 0.0021 0.0041
39N -0.0959 -0.0977 0.1561 0.252 0.0018 0.1269
40C -0.0371 -0.0385 0.0195 0.0566 0.0015 0.029
44C -0.0556 -0.0574 -0.0006 0.0549 0.0018 0.0284
51C -0.0885 -0.0944 -0.0877 0.0008 0.0058 0.0033
550 -0.2417 -0.2509 -0.2404 0.0013 0.0092 0.0052
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