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a b s t r a c t

The exposure of specific facets in catalysts plays a pivotal role in surface/interface reactions. This study

systematically explores facet engineering as a novel approach to enhancing the piezoelectric and piezo-

photocatalytic capabilities of metal-organic frameworks (MOFs), with a focus on ZIF-8 as a model com-

pound. By selectively exposing specific facets-(100), (110), and a combination of both in mixed config-

urations, this research examines how facet orientation affects piezoelectric properties, charge separa-

tion efficiency, and catalytic performance. The ZIF-8 samples, identified as ZIF-8-RD, ZIF-8-CUBE, ZIF-

8-TRD1, and ZIF-8-TRD2 demonstrated distinct catalytic activities in photocatalysis, piezocatalysis, and

piezo-photocatalysis. Notably, ZIF-8-TRDs, with the mixed-facet exposure, showed superior catalytic per-

formance, achieving up to 94% degradation of tetracycline (TC) in piezo-photocatalysis, a substantial im-

provement over the single-facet variant. This enhanced performance is attributed to the mixed facets’

higher carrier concentration and superior charge separation facilitated by the increased internal piezo-

electric potential. Density functional theory (DFT) calculations corroborate the experimental results, re-

vealing that mixed facets contribute to a larger dipole moment, indicating greater structural asymmetry

and piezoelectric efficiency. The findings underscore facet engineering as an effective strategy to optimize

MOF-based catalysts, opening avenues for high-performance materials tailored for environmental reme-

diation and sustainable energy applications. This work not only pioneers facet engineering in MOF piezo-

photocatalysts but also opens new avenues for the development and enhancement of high-performance

MOF in piezoelectricity.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Photocatalysis, as a form of clean and sustainable technology

that converts solar energy into chemical energy, has garnered

significant attention in recent years for environmental treatment

and addressing the energy crisis [1–4]. However, achieving high-

efficiency photocatalysis still poses significant challenges, includ-

ing sensitivity to weather conditions, low light transmittance in

natural water, rapid recombination of electron-hole pairs [5–7].

The introduction of mechanical energy to achieve built-in electric

fields in catalysts can be considered a virtual driving force to pre-
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vent charge recombination: When subjected to mechanical energy

such as stretch, strain, vibration, or even water wave energy, piezo-

electric materials deform, causing the distribution of positive and

negative charges in the crystal lattice to both sides of the piezo-

electrics. This results in spontaneous polarization and the creation

of built-in electric fields. Consequently, the coupling of piezo- and

photocatalytic processes, known as piezo-photocatalysis, may make

full use of natural wave energy and facilitate the effective sepa-

ration of abundant photogenerated carriers through piezoelectric

polarization, thereby significantly enhancing catalytic performance

[8–13].

To date, numerous materials with piezoelectric properties have

been developed for piezo-photocatalysis. Piezoelectric materials

with proper bandgaps have been focused on, such as ZnO [14],

https://doi.org/10.1016/j.cclet.2025.111667
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BaTiO3 [15], CdS [16], and halide perovskite CH3NH3PbI3 [17].

For example, Ma et al. demonstrated that piezo-photo synergis-

tic catalysis has significantly enhanced the degradation of dye,

showing superior efficiency over photocatalysis and piezocataly-

sis alone [18]. Heterojunction materials composed of photocatalysts

and piezoelectric materials have also been designed and showing

stand-out catalytic activities, including Au/BiVO4 [19], PbTiO3/CdS

[8], BiFeO3/C [20], MoS2/Au [21], ZnO@PVDF [22], PZT/TiO2 [23],

BaTiO3/MoS2 [24], and Bi2Fe4O9/carbon-dots/g-C3N4 [25]. Huang et

al. prepared a type II heterojunction using PbTiO3/CdS composite

material, exhibiting a higher H2 yield (849.0 μmol h−1 g−1) com-

pared to independent photocatalysis and piezoelectric catalysis [8].

Although these materials exhibit great catalytic performance, cer-

tain limitations, such as susceptibility to large elastic strains, low

surface area, and charge loss cannot be overlooked. Hence, new

possibilities in piezo-photocatalysts are to be explored.

Metal-organic frameworks (MOFs), as a class of promising

porous materials composed of metal ions/clusters and organic lig-

ands, have garnered significant attention due to their unique prop-

erties, including high surface area, abundant active sites, perma-

nent porosity, and customizable intrinsic structure. These proper-

ties render them applicable in various fields such as catalysis, sep-

aration, sensing, and energy storage [2,26,27]. Recently, MOFs have

also been considered as potential candidates for piezoelectric ma-

terials owing to their promising properties [28].

For example, adenine-modified UiO-66 catalysts [29] and ZIF-

8 derivatives [30] have been employed to degrade organic dyes

under vibrational conditions, leveraging their structural asymme-

try and piezoelectric properties. Zhao et al. reported a MOF sheet

(UiO-66-F4) with polar fluorinated ligands for piezocatalytic wa-

ter splitting [31]. Zhu’s group reported a series of Fe-based MOF

catalysts (MIL-100 and MIL-101) for piezocatalysis, enabling highly

efficient catalytic H2 production, H2O2 production, and organic pol-

lutant removal through the piezoelectric effect induced by stir-

ring or ultrasound [32–34]. Additionally, Jiang et al. conducted the

first study on MOFs for piezo-photocatalysis, reporting isostruc-

tural MOFs, UiO-66-NH2(M) (M=Zr, Hf), which demonstrated su-

perior H2 production in piezo-photocatalysis compared to separate

photocatalysis and piezoelectric catalysis. Notably, UiO-66-NH2(Hf)

exhibited 2.2 times higher activity than UiO-66-NH2(Zr) under si-

multaneous light and ultrasonic irradiation. However, despite these

advancements, the piezoelectricity of MOFs remains limited when

compared to traditional piezoelectric materials [35].

Designing MOFs with facet engineering could be an effec-

tive approach to change the structural symmetry, band struc-

tures, dipole moments, surface binding energies, adsorption en-

ergies [36–43], thus, it may result in the enhancement of their

piezoelectricity. Recently, efforts have been directed towards reg-

ulating MOFs to enhance their photocatalytic performance with

facet engineering [44–47]. For instance, Sun’s group conducted a

systematic study on the surface energy, adsorption energy, and

active sites of specific exposed facets in MIL-125-NH2, revealing

the significant role of (110)-facet and (111)-facet in photocatalytic

hydrogen production and CO2 photoreduction reactions, respec-

tively [48–50]. Gao has fabricated a series of sandwich-structured

metal-organic framework composites, featuring Pd nanoparticles

deposited on the specific crystal facets of the ZIF-8 core, for

hydrogenation of p-chloronitrobenzene [44]. To our knowledge,

the research on the facet regulation of MOFs for piezocatalysis

and piezo-photocatalysis remains largely unexplored. Therefore, in-

depth research on the effect of crystal facets on these processes is

urgently needed.

Herein, for the first time, we investigate the regulation of facets

in MOFs for piezo-photocatalysis enhancement. We employ a rep-

resentative MOF, ZIF-8, which exhibits distinct specific facets, in-

cluding the (110) facet, the (100) facet, and the mixed facet (de-

noted as ZIF-8-RD, ZIF-8-CUBE, ZIF-8-TRD1, and ZIF-8-TRD2, respec-

tively). In this study, we comprehensively explored the facet effects

of ZIF-8 in the degradation of antibiotics through photocatalysis,

piezocatalysis, and piezo-photocatalysis. ZIF-8-RD and ZIF-8-CUBE

with single facets demonstrate comparatively weak catalytic per-

formance in all catalytic processes compared to the mixed facets

of ZIF-8. The mixed facets of ZIF-8 (ZIF-8-TRD1 and ZIF-8-TRD2) ex-

hibit higher degradation rates (achieved 77% and 94% degradation

with 100min, respectively) of tetracycline in piezo-photocatalysis

than either the (100) facet (only 51%) or the (110) facet (only 45%)

of ZIF-8 alone, attributed to a higher carrier concentration and su-

perior charge separation owing to the enhanced piezoelectricity.

The exceptional piezoelectric catalytic ability is attributed to the

large internal piezoelectric potential generated by the more asym-

metrical structure with the exposure of mixed facets. Interestingly,

by tuning the (110) and (100) facet ratio, ZIF-8-TRD2 demonstrates

optimal piezo-photocatalytic activity, evidencing the effectiveness

of facet engineering in piezocatalytic and piezo-photocatalytic ac-

tivities. This work may also shed some light on the design and op-

timization of novel MOF-based piezo-photocatalysts.

To demonstrate the effect of exposed facets on piezoelectric-

ity and catalytic performance, the representative polyhedral MOF,

zeolitic imidazolate framework-8 (ZIF-8), was chosen and synthe-

sized as an example. As illustrated in Fig. 1a, the cubic ZIF-8 (ZIF-

8-CUBE), featuring six (100) facets, was synthesized by mixing

Zn(NO3)2, 2-methyl imidazolate (2-Mim), and cetyltrimethylammo-

nium bromide (CTAB) in deionized water at room temperature for

6h. Rhombic dodecahedral ZIF-8 (ZIF-8-RD) and truncated rhom-

bic dodecahedral ZIF-8 (ZIF-8-TRD), which expose the (110) facet

and mixed facets respectively, were prepared by reacting an aque-

ous solution of Zn(CH3COO)2·2H2O, 2-Mim, and CTAB (except for

ZIF-8-RD) at room temperature for 2h. The ratios of (100) to (110)

mixed facets in ZIF-8-TRD were controlled using CTAB as a struc-

ture regulator, resulting in ratios of approximately 0.68 and 0.38

for ZIF-8-TRD1 and ZIF-8-TRD2, respectively (Fig. S1 in Supporting

information). The detailed synthesis process of ZIF-8 with different

facets has been provided in Supporting information.

Scanning electron microscopy (SEM) and transmission electron

microscopy (TEM) images of the resulting particles exhibited well-

defined morphology with good homogeneity, as shown in Figs.

1b-e. The particle sizes were as follows: ZIF-8-RD (139±9nm),

ZIF-8-CUBE (165±15nm), ZIF-8-TRD1 (162±6nm), and ZIF-8-TRD2

(190±11nm), detailed in Fig. S1. Nitrogen sorption isotherms at

77K revealed high porosity in all samples and significant Brunauer-

Emmett-Teller (BET) surface areas. Specifically, ZIF-8-TRD2 showed

the highest BET surface area of 1924 m2/g, while ZIF-8-RD, ZIF-8-

CUBE, and ZIF-8-TRD1 had surface areas of 1757, 1702, and 1427

m2/g, respectively (Fig. S2 in Supporting information). Powder X-

ray diffraction (XRD) patterns verified the crystal structures and

exposed surfaces of the synthesized ZIF-8 particles, indicating no

impurity peaks and confirming good crystallinity for all samples

(Fig. 1f). The higher intensity of characteristic peaks indicates a su-

perior degree of crystallization in the synthesized ZIF-8. The ob-

served peak values of 2θ at 7.3°, 10.38° and 18.1° correspond to the

crystal planes (110), (100) and (111) of ZIF-8 respectively [51]. From

ZIF-8-CUBE to ZIF-8-RD, the ratio of the (110) to (100) diffraction

peak intensity progressively increases, indicating a greater expo-

sure of the (110) facet. Specifically, ZIF-8-CUBE exhibits the highest

(100) diffraction peak intensity, whereas ZIF-8-RD demonstrates

the most pronounced (110) diffraction peak intensity, aligning with

the exposed crystal facets observed in the SEM images. X-ray pho-

toelectron spectroscopy (XPS) spectra in Fig. 2 confirmed that the

ZIF-8 nanoparticles are composed of Zn, C, N, and O elements. In

Fig. 2a, the Zn energy level spectra of ZIF-8 displayed two peaks at

approximately 1044.5 eV and 1021.4 eV, corresponding to Zn 2p1/2

and Zn 2p3/2, respectively. The XPS spectrum of N 1s exhibits a dis-
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Fig. 1. (a) Schematic illustration of the synthesis of ZIF-8. SEM images of (b) ZIF-8-RD, (c) ZIF-8-CUBE, (d) ZIF-8-TRD1, (e) ZIF-8-TRD2 (inset shows the TEM, separate SEM

and shape diagram images of ZIF-8) and (f) PXRD patterns of the as-synthesized ZIF-8.

Fig. 2. XPS spectra of (a) Zn 2p, (b) C 1s, (c) N 1s, and (d) O 1s of the as-

synthesized ZIF-8 samples.

tinct peak at approximately 398.8 eV (Fig. 2c), which is attributed

to the Zn-N bond. Additionally, the XPS spectra in Fig. 2d showed a

peak at binding energies of 531 eV, attributed to the Zn-O-C bond

in ZIF-8. Furthermore, Table S1 (Supporting information) presents

the measured surface contents of various elements in the four

samples. It can be seen that the elemental composition of the four

materials exhibits only minor variations. The additional character-

ization of FT-IR and TEM images can be found in Figs. S3 and S4

(Supporting information), respectively.

To evaluate the photocatalytic activity of ZIF-8 with different

facets under cloudy or natural water with very limited light irra-

diation, the degradation efficiency of tetracycline with each ZIF-8

under weak visible light has been compared (Fig. 3a). Before the

catalytic experiments started, the catalyst was dispersed in a TC

solution with a very slow stirring rate with a very small magnetic

stir bar (5mm) to avoid piezocatalysis, and the adsorption was

kept in the dark for 60min to reach adsorption-desorption equilib-

rium. It is observed in Fig. 3 that RD, Cube and TRD2 show similar

adsorption rates (∼26%), while TRD1 shows the lowest adsorption

Fig. 3. Catalytic properties of ZIF-8 for TC degradation under different conditions:

(a) Photocatalysis, (b) piezocatalysis, (c) piezo-photocatalysis and (d) ZIF-8-TRD2

catalytic activities for different antibiotics degradation.

rate (only 17%). The adsorption of TC by each catalyst in the dark-

ness agreed with the surface area measurements in Fig. S2. ZIF-

8-TRD1 exhibits the highest photocatalytic degradation efficiency

under weak visible light irradiation, achieving approximately 70%

degradation within 100min. Both ZIF-8-RD and ZIF-8-CUBE with

only a single facet show lower degradation abilities and rates com-

pared to ZIF-8-TRD1, with <50% degradation. ZIF-8-TRD2 demon-

strated an intermediate photocatalytic degradation capacity with

60% degradation.

To study the optical absorption property, UV–vis spectra have

been compared in Fig. S6a (Supporting information). As direct

bandgap semiconductors, their optical bandgap widths were calcu-

lated using the Tauc formula [52] and the resulting Fig. S7a (Sup-

porting information) illustrates that ZIF-8-CUBE and ZIF-8-TRD2

show relatively smaller optical bandgap widths of 4.70 eV, whereas

both ZIF-8-RD and ZIF-8-TRD1 exhibit an optical bandgap width of

4.73 eV. The measured optical bandgap is consistent with previous

3



Z. Xu, H. Cui, S. Zhang et al. Chinese Chemical Letters 37 (2026) 111667

reports [53–58]. This result explained the better photocatalytic ac-

tivity of ZIF-8-TRDs with higher photogenerated carrier efficiencies.

The photocurrent tests under intermittent light (Fig. S7b in Sup-

porting information) have been employed to compare the photo-

generated carrier concentration and transfer efficiency. Both ZIF-

8-TRD1 and ZIF-8-TRD2 show much higher photocurrent intensity,

which means significantly higher photogenerated carrier efficiency.

Compared to ZIF-8-TRD1, despite ZIF-8-TRD2 showing higher pho-

tocurrent intensity, it exhibits a sharp peak in its photocurrent

curve, indicating a slower carrier generation rate by light excita-

tion [59]. The carrier transport behaviour of ZIF-8-TRD2 also dif-

fers from the other three samples. As observed from the photocur-

rent curve, carriers of ZIF-8-TRD2 are gradually generated under

light irradiation but immediately quenched when light is off due

to electron-hole recombination. This feature hinders its photocat-

alytic ability.

The electrochemical impedance spectroscopy (EIS) Nyquist plots

(Fig. S7c in Supporting information) revealed the charge migration

and interface reaction ability. Generally, a smaller arc radius in the

Nyquist plot indicates lower transmission resistance [60]. As de-

picted in the figure, ZIF-8-TRD1 and ZIF-8-TRD2 exhibit a signifi-

cantly smaller arc radius compared to the other two, while CUBE

displays the largest arc radius. This suggests that ZIF-8-TRDs pos-

sess superior charge separation efficiency and longer lifetime dur-

ing photocatalysis and demonstrate excellent photocatalytic perfor-

mance. The values of elements in the equivalent circuit resulting

from fitting are given in Table S2. Conversely, ZIF-8-CUBE exhibits

low charge separation efficiency and presents inferior photocat-

alytic performance [61].

In addition, in Fig. S6b (Supporting information), photolumines-

cence (PL) has been employed for the charge recombination analy-

sis. In these spectra, a higher PL intensity indicates an increased

possibility of photogenerated carrier recombination, leading to a

reduction in degradation efficiency. ZIF-8-TRD1 exhibits the low-

est PL intensity, thereby effectively impeding the recombination

of photogenerated electrons and holes and ultimately enhancing

degradation efficiency findings consistent with the photocatalytic

results.

To summarize all aforementioned tests, it can be concluded

that ZIF-8-TRD1 exhibits the highest photocatalytic capacity while

ZIF-8-CUBE demonstrates the weakest capacity findings consistent

with our experimental results, where ZIF-8-TRD’s photocatalytic

degradation rate surpasses that of ZIF-8-CUBE by approximately

50%. Although ZIF-8-TRD2 has a lower charge transfer resistance

and a higher charge separation efficiency, its high photo-generated

carrier recombination rate limited its photocatalytic performance,

which is highly consistent with our degradation experimental re-

sults too.

The piezocatalytic activity of ZIF-8 with different facets is

compared in Fig. 3b. The ZIF-8-RD and ZIF-8-CUBE with single

facets exhibit a much lower degradation rate (<50%) compared

to the ZIF-8-TRDs. By increasing the (110)/(100) ratio, ZIF-8-TRD2

achieved a superior degradation rate and efficiency with approx-

imately 95% within 100min. The degradation efficiency is com-

pared in Fig. S9 (Supporting information).

To gain deeper insights into the piezoelectric properties of

synthesized ZIF-8 with different facets, piezoresponse force mi-

croscopy (PFM) has been employed and compared in Fig. 4. All

the ZIF-8 catalysts exhibited clear hysteresis of ∼180° phase change

upon the applied bias switching, demonstrating their piezoelectric-

ity. Compared to ZIF-8-RD and ZIF-8-CUBE, ZIF-8-TRD2 in Fig. 4d

shows a significantly larger hysteresis area and a distinct butterfly-

shaped hysteresis of the amplitude versus bias, followed by ZIF-8-

TRD1, suggesting a more stable and higher piezoelectricity. Inter-

estingly, the butterfly curve for the ZIF-8-TRD1 exhibits two dis-

tinct vertices of varying heights, indicating a significant inherent

Fig. 4. Local piezoelectric butterfly curves and piezoresponse phase hysteresis loop

spectra of (a) ZIF-8-RD, (b) ZIF-8-CUBE, (c) ZIF-8-TRD1 and (d) ZIF-8-TRD2.

Fig. 5. Diagram of ZIF-8s under compressive and tensile strains: (a) ZIF-8-CUBE,

(b) ZIF-8-RD, (c) ZIF-8-TRD1 and ZIF-8-TRD2 and (d) the absolute value of dipole

moment difference under different stress/strain.

electric field within the ZIF-8-TRD1, a characteristic absent in the

ZIF-8-TRD2. The PFM results agreed with the piezocatalytic perfor-

mance in Fig. 3b.

To quantitively analyze the piezoelectric properties of the ZIF-

8 with different facets, DFT calculations have been employed.

As illustrated in Figs. 5a-d and Fig. S11 (Supporting informa-

tion), to simulate the lattice deformation triggered by water waves

and other forces, ZIF-8 with different exposed facets under var-

ious stresses and strains have been calculated. In Fig. 5d, ZIF-8s

with mixed facets, i.e., ZIF-8-TRDs, exhibited larger dipole moment

changes upon stress/strain applied, indicating stronger piezoelec-

tric properties, while those in ZIF-8-RD and ZIF-8-CUBE with a sin-

gle facet exposed remain at a lower level. By tuning the (110)/(100)

4
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facet ratio from 0.68:1 (ZIF-8-TRD1) to 0.38:1 (ZIF-8-TRD2), the

dipole moment differences can be further increased. This indicates

strong electronic polarization and a robust internal electric field,

resulting in the best piezoelectric effect, which is also consistent

with the experimental degradation results.

Overall, the coexistence of (100) and (110) facets in ZIF-8-

TRD results in an obvious overall asymmetric improvement, as in

Figs. 1a-e, which may enhance the lattice distortion under ex-

ternal forces. In addition, according to the XPS (detailed in Ta-

ble S1), the distinct surface terminations and surface atomic ra-

tios of each facet may vary the charge distribution across the crys-

tal. DFT calculations (Fig. 5d) reveal that the anisotropic facet con-

figuration enhances the local polarization, thereby amplifying the

dipole moment differences under mechanical strain. This is also

agreed with our PFM results in Fig. 4 that the TRDs show a signifi-

cantly higher piezoelectricity. Hence, the mixed-facet configuration

(TRDs) breaks the spatial symmetry more significantly than single-

facet crystals (ZIF-8-RD or ZIF-8-CUBE), enabling the generation of

a larger internal electric field under mechanical stimuli. The en-

hanced piezoelectricity and larger internal electric field under me-

chanical stimuli of TRDs enabled better charge separation efficien-

cies, and eventually, contributed to the improvements in catalytic

capabilities, as shown in Fig. 3.

In Fig. 3c, the TC degradation under synergistic photo-

piezocatalytic conditions has been compared. Although the final

TC degradation ratio did not change much within 100min com-

pared to the piezocatalytic performance in Fig. 3b, the degradation

efficiency has been improved by 10%. Under the synergistic weak

light irradiation and applied wave energy, the migration and sepa-

ration of photogenerated carriers can be accelerated by the built-in

electric field triggered by piezoelectricity, which further boosts the

catalytic activity.

To evaluate the applications of ZIF-8-TRD2 in real natural condi-

tions, the degradation efficiency of various antibiotics and the im-

pact of different ions have been further investigated. In Fig. 3d,

ZIF-8-TRD2 also demonstrates considerable degradation efficiency

in multiple antibiotics, suggesting a great potential and broad ap-

plication of ZIF-8. The presence of SO4
2- and Cl- only slightly di-

minishes the catalytic degradation capability of ZIF-8-TRD2, con-

firming its wide applicability in natural conditions (Fig. S12 in Sup-

porting information).

To investigate the catalytic mechanism of ZIF-8-TRD2 under

different weather conditions, active species trapping experiments

have been performed to explore the dominant free radicals in

the degradation processes in Fig. S13 (Supporting information).

2mmol/L of TBA, EDTA-2Na, and l-AA were employed as capture

agents for hydroxyl radicals (•OH), holes (h+), and superoxide free

radicals (•O-
2), respectively. Under all three reaction conditions,

TBA shows minimal inhibition of the degradation performance, in-

dicating a minor contribution of •OH. Under light irradiation, (•O-
2)

played a predominant role, while (h+) is crucial in both piezoelec-

tric and photo-piezocatalytic degradation.

To further confirm the generation of (h+) and (•O-
2) under light

irradiation and piezoelectric conditions, electron paramagnetic res-

onance (EPR) tests have been performed. Dethylphosphineoxid-

edmpo (DMPO) (Figs. 6a and b) and 2,2,6,6-tetramethylpiperidinyl-

1-oxide (TEMPO) (Figs. 6c and d) were employed as scavengers for

superoxide free radicals (•O-
2) and holes (h+), respectively. The re-

sults revealed that, regardless of whether it was subjected to 10

min of light treatment or vibration treatment, the signal inten-

sity of DMPO-•O-
2 exhibited a significant enhancement, indicating

a substantial generation of (•O-
2) under both light and vibration

conditions. Conversely, the signal strength of TEMPO/h+ experi-

enced a notable decrease, suggesting the generation of (h+). The
(h+) scavenger employed here is TEMPO, which itself raises a sig-

nal, and when (h+) is produced in the reaction, it will neutralize

Fig. 6. EPR spectra of •O-
2 trapped with DMPO, and h+ trapped with TEMPO of all

the as-synthesized ZIF-8 samples under (a, c) light irradiation and (b, d) vibration

conditions.

the scavenger and lower the peak intensity. This is consistent with

the active species trapping experiments.

To quantitatively reveal the two kinds of free radicals (•O-
2, h

+)
involved in the reactions, trapping experiments have been system-

atically compared in Fig. S15 (Supporting infromation). By trapping

(•O-
2) and (h+), respectively, under the photocatalytic condition,

the decrease of TC degradation rate with CUBE is 29% and 23%,

those of TRD1 are 48% and 31%, and TRD2 is 39% and 22%. Al-

though the TC degradation differences with/without (h+) trapping

between TRD2 and CUBE are little (both of them are ∼22%), their

differences with/without l-AA for (•O-
2) are more obvious (39%

and 29%, respectively). This indicated that TRDs can generate more

(•O-
2) under the photocatalytic process to improve the catalytic ef-

ficiency.

Similar results have been observed in piezocatalysis and piezo-

photocatalysis: by trapping (•O-
2) and (h+) under piezo conditions,

respectively, the decrease of the degradation rate of CUBE is 12%

and 28%, those of TRD1 are 20% and 45%, and TRD2 is 18%, and

52%. Under synergistic conditions, the decrease with CUBE is 14%

and 26%, those of TRD1 are 22% and 44%, and TRD2 is 24%, and

47%, respectively. These results also quantitatively show that un-

der the stirring or synergistic stirring with weak visible-light irra-

diation, the employment of TRD may produce more free radicals.

Based on the active species of (•O-
2) and (h+) in light and

piezoelectric catalytic reactions, a possible catalytic mechanism for

TC degradation with ZIF-8 has been proposed (Fig. 7). When ex-

posed to light or piezoelectricity, electrons from the valence band

could be excited to the conduction band, and generate electron-

hole pares (Eq. 1). When a piezoelectric field is applied, the (h+)
could migrate to the surface and react with TC for degradation.

While under light irradiation, charges react with oxygen in solu-

tion to produce (•O-
2) (Eq. 2), which ultimately reacts with TC in a

redox reaction (Eq. 3) to achieve degradation.

ZIF − 8 + hv/piezo → e− + h+ (1)

e− + O2 → •O−
2 (2)

h+/•O−
2 + TC → products (3)
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Fig. 7. The schematic of ZIF-8-TRD catalytic mechanism under solar and wave en-

ergy.

In summary, our study employed ZIF-8 as a model MOF ma-

terial, designating four distinct morphologies (ZIF-8-RD, ZIF-8-

CUBE, ZIF-8-TRD1 and ZIF-8-TRD2) via facet engineering, to in-

vestigate their photocatalytic, piezoelectric and synergistic piezo-

photocatalytic activities. Theoretically, the variations in exposed

crystal surfaces lead to diverse structural symmetry, leading to

different piezoelectric performances, charge separation efficien-

cies and catalytic capabilities. Experimentally, the ZIF-8-TRDs

with mixed-facet exposure of both (100) and (110) planes re-

vealed higher asymmetry and piezoelectricity compared to the

ZIF-8-CUBE and ZIF-8-RD. Thus, the ZIF-8-TRDs evidenced supe-

rior piezocatalytic and synergistic piezo-photocatalytic activities

(achieving up to 94% degradation of tetracycline), which is a 50%

increase in degradation efficiency and a two-fold increase in degra-

dation rate, confirming the efficient (e-/h+) separation under wave

energy. DFT calculations support these experimental findings by

showing that the mixed-facet ZIF-8-TRDs possess a significantly in-

creased dipole moment compared to single-facet counterparts. This

increased dipole moment correlates with an enhanced piezoelec-

tric response, which in turn improves charge separation and sta-

bility under mechanical strain. The results presented here provide

evidence that the control of facet exposure can greatly influence

the electronic and catalytic properties of MOFs for the first time,

establishing facet engineering a promising approach for optimiz-

ing MOFs in multifunctional catalytic roles. This work establishes

facet engineering as an effective strategy to tailor the properties

of MOFs for applications that require high piezoelectricity and ef-

ficient charge separation.
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