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Plezoelectricity

Pierre and Jacques Curie, 1880

When applying mechanical stress to
certain crystals, electric charges and
voltage were generated

The piezoelectric effect is
mostly linear and reversible

Piezoelectrics can convert mechanical energy into
electrical energy, and vice versa
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Plezocatalysis
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Plezocatalysis
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Plezocatalysis

» Efficient mechanical activation: Rapid and uniform
mechanical stress.

> No direct electric field needed: No external electrical
bias.

> Better mass transfer: Improves reactant access to
catalyst surface. Nano Energy, 2020, 78, 105351.

» Scalable and controllable: Ultrasound parameters
can be finely tuned.
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Piezocatalysis for water remediation
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Tuning oxygen vacancies (OVs) in Bi,Ti;0,,

molten salt process
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Tuning OVs In BI,T1,0,,

Intensity (a.u.)

305.6 305.8 306.0 306.2 306.4

Magnetic field (mT)

$ g 8 & § | ®© @ =
= ?C’%@EA@EA@% S BT
=
©
P B
2 R .
J I U S B
—A_Ll i A l A - AB|T-OV3
10 20 0 40 50 60 70
20 (degree)
Electron Paramagnetic Resonance
g factor ~2 —BIT
- BIT-OV1
i ——BIT-0v2 OVs in oxides can trap
i —— BIT-OV3
electrons and form
paramagnetic centers
(which are detectable by
EPR)

OVs: BIT<BIT-OV1<BIT-OV2<BIT-OV3

nm
250

125

Piezoresponsive Force Microscopy (PFM)

250+

A
N
o
o

Amplitude (pA)

150

-

o

o
T

(o)
()
T

- 100
¥ 4 20,85 J 150
ol 3 ~‘.;c# J .
e o “U: 'I. ()
* % ‘1"»‘. ﬂ- o ] . 2
..o . ® ".o - # S
Yool . e *
e 3 4_50
g e, o
= : P-h
g0
-12 9 6 -3 0 3 6 9 12

Voltage (V)



Piezocatalytic performance
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Piezocatalysis in biomedicine

Amyloidosis

Cancer therapy

.

Piezocatalysis ‘:_
effect

ROS may potentially
dissociate amyloid protein
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ACS Appl. Mater. Interfaces 2023, 15, 12, 15220
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Spirulina
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Microrobot fabrication
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Microrobot manipulation

Good magnetic response and easy
manipulation
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Biocompatibility
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Protein degradation

Ap aggregate size / um?

AB42 +
BTO

Amyloid fibrils

. Amyloid

8

monomers

Spirulina PzBOT
template

AR42 +
BTOw/US

AB42
control

J‘i‘i

PRE
‘5 ﬁy'

8. §

= S -
> ~_
AB42 Ap42 +
control w/US PzBots

Ap42 +
PzBots w/US

l_
S
ey
'_
100 um 100mm
4 —_—
o
Q
=
=
ey
=)
2
@
(0]
jo)]
o
(0]
=
& o~
. . . %1000-
. 3
° ~
H . & n
5 : N
f (2] ° R
v % o Cos
X 8 I %, o o
7 E X3 2 500 5 o
8 A [ .
° 0.&':::'.-. y;" 5% @ g | -
00 908%0 E ogeo : 3 s
B 22831 585 iy = . o
oo S 0o s . - s ias v s
o % SgB865E, oats o0 @000 .
. : o i |
O A S 5& o o
x ° P\\‘& \N\\.\ ° 7,%0 -9‘6( d N
N L x ) o
P\\b‘ PO N Lo o P
P o "

AB42 +
¢BTO

AB42 +cBTO
w/US

AB42 + BTO w/US

AB42 + PzBots w/US

200 nm

200 nm

14



Piezoelectrostatic catalysis

electrostatic
catalysis
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Reaction route

UPA

Toluene; 90°C; 24h

Electrochemically active

F@

N,

=

N

Ferrocene; Acetonitrile

»

US; 6h; 75% power

16



Synthesis and functionalization
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Results after sonication (BTO NPSs)
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Results after sonication (BTO NPSs)
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Results after sonication (SIO, NPs)
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Results after sonication (BTO and Au NPSs)
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Conclusions

» Piezocatalysis can generate reactive oxygen species (ROS) that efficiently degrade persistent

organic pollutants, offering a sustainable solution for wastewater treatment.

» Localized ROS generation via piezocatalysis can enable the dissociation of amyloid proteins,

opening new avenues for non-invasive therapies in neurodegenerative diseases.

» The piezoelectrostatic effect can trigger the azide—alkyne Huisgen cycloaddition reaction without

metal catalysts, highlighting its potential for synthetic chemistry.

» These approaches illustrate the broad applicability of piezo-driven catalysis across environmental,

biomedical, and synthetic applications.

22



Acknowledgments

Shen Ning Dr. Kishan Thodkar Dr. Carlos Franco

Andrea Veciana Dr. Qiao Tang Dr. Xiangzhong Chen
Lukas Hertle Dr. Semih Sevim Prof. Josep Puigmarti-Luis
Fabian Landers Dr. Hao Ye Prof. Bradley Nelson

Joaquin Llacer-Wintle Dr. Jian Wu Prof. Salvador Pané

Dr. Donghoon Kim

.. .c ." '...'.
cete%0e0%
. .......:...7
. .:........
YY) ‘ _ a9 on
A ‘.:.:...e rC MULTI-SCALE ROBOTICS LAB - B .
c e X ..‘ ' T®  DE ESPANA DE UNIVERSIDADES
_..'.... o '] ] ;_.
Vi e0%qSg0
A ziric
*%e o.o. o

| = GOBIERNO MINISTERIO



	Slide 1
	Slide 2: Piezoelectricity
	Slide 3: Piezocatalysis
	Slide 4: Piezocatalysis
	Slide 5: Piezocatalysis
	Slide 6: Outline
	Slide 7: Piezocatalysis for water remediation
	Slide 8: Tuning oxygen vacancies (OVs) in Bi4Ti3O12 
	Slide 9: Tuning OVs in Bi4Ti3O12 
	Slide 10: Piezocatalytic performance
	Slide 11: Piezocatalysis in biomedicine
	Slide 12: Microrobot fabrication
	Slide 13: Microrobot manipulation
	Slide 14: Biocompatibility
	Slide 15: Protein degradation
	Slide 16: Piezoelectrostatic catalysis
	Slide 17: Reaction route
	Slide 18: Synthesis and functionalization
	Slide 19: Results after sonication (BTO NPs)
	Slide 20: Results after sonication (BTO NPs)
	Slide 21: Results after sonication (SiO2 NPs)
	Slide 22: Results after sonication (BTO and Au NPs)
	Slide 23: Conclusions
	Slide 24: Acknowledgments

