
Comenzamos en breve, a las 12pm CST / 2pm EDT

El webinar número 55 patrocinado en español por ACS y SQM

1

Dra. Ingrid Montes
Profesora, Universidad de Puerto 
Rico, Recinto de Río Piedras

Ponente y Moderadora

https://www.acs.org/acs-webinars/library/microrobots.html

Dra. Katherine Villa Gómez
Lider de Grupo, Instituto Catalán de 
Investigación Química (ICIQ)

Microrobots que Limpian Agua Contaminada

https://www.acs.org/acs-webinars/library/microrobots.html


Escriba y someta sus preguntas durante la presentación
2

“¿Por qué he sido “silenciado”?

No se preocupe. Todo el mundo ha 

sido silenciado, excepto el ponente y 

la moderadora. Gracias, y disfruten de 

la presentación.

¿Tiene preguntas para el ponente?



Díganos de dónde son ustedes y cuántas personas están en su grupo!
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¿Está en un grupo hoy viendo el webinar en vivo?



4Hoy tenemos representantes de 27 países

Por el amor a la química venimos de todos partes…
✓ Alemania

✓ Argentina

✓ Austria

✓ Brasil

✓ Canadá

✓ Chile

✓ Colombia

✓ Costa Rica

✓ Country

✓ Ecuador

✓ España

✓ Estados Unidos

✓ Francia

✓ Grecia

✓ India

✓ Iraq

✓ Italia

✓ México

✓ Pakistán

✓ Palestina

✓ Panamá

✓ Paraguay

✓ Perú

✓ Puerto Rico

✓ Reino Unido 

✓ Suiza

✓ Venezuela



Beneficios de la Afiliación al ACS
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Chemical & Engineering News (C&EN) 
The preeminent weekly news source 

ACS Webinars Archive of Recordings® 
ACS Member only access to over 250 edited chemistry 
themed webinars. www.acswebinars.org 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more

http://bit.ly/ACSnewmember 

http://bit.ly/ACSnewmember
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Desde sus comienzos de la 

Sociedad Química de 

México, se buscaba un 

emblema sencillo, no 

demostrar partidarismo 

alguno y significar al gremio, 

debería representar un 

símbolo no sólo para los 

químicos, sino también para 

ingenieros, farmacéuticos, 

metalurgistas, en fin que 

englobe e identifique por 

igual a los científicos en 

todas sus áreas de las 

ciencia química.

www.sqm.org.mx

Sociedad Química de México

http://www.sqm.org.mx/


7acsihispanoamerica@acs-i.org

mailto:acsihispanoamerica@acs-i.org


8https://www.acs.org/content/acs/en/chemical-safety/resources/spanish-language-safety-resources.html 

Recursos del ACS en Español: Educación 

sobre Seguridad en el Laboratorio

• Seguridad en los laboratorios Académicos de Química 

para estudiantes Universitarios de Primer y Segundo año.

• Videos sobre RAMP para estudiantes de escuela 

secundaria (pero también pueden utilizarse para estudiantes 

universitarios) con subtítulos en español:

➢ Mentalidad de Seguridad

➢ Hoja de datos de seguridad (SDS)

➢ ¿Cómo vestirse apropiadamente en un laboratorio? Y 

equipo de protección personal (EPP)

➢ Preparándonos para emergencias

➢ RAMP (Para Estudiantes)

➢ RAMP (Para Educadores)

https://www.acs.org/content/acs/en/chemical-safety/resources/spanish-language-safety-resources.html
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Las imágenes de la presentación están disponibles para el evento de hoy.

https://www.acs.org/acs-webinars/library/microrobots.html

El Webinar de hoy está auspiciado por la Sociedad Química de México y American Chemical Society 

Microrobots que Limpian Agua Contaminada

Dra. Ingrid Montes
Profesora, Universidad de Puerto Rico, 

Recinto de Río Piedras

Dra. Katherine Villa Gómez
Lider de Grupo, Instituto Catalán de 

Investigación Química (ICIQ)
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What is a microrobot?

Nature Artificial micromotor

Ni/Fe

TiO2

“Machine designed to convert one form of energy into mechanical energy to produce motion”



First examples of catalytic micro/nanorobots

Angew. Chem. Int. Ed 2002, 114, 674. Chem. Commun., 2005, 441-443.J. Am. Chem. Soc. 2004, 126, 41, 13424–13431

2002 2004 2005
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“There's Plenty of Room at the  
Bottom”

13

Richard Feynman, Caltech on December 29, 1959.



S

The design of tiny machines is inspired by science fiction

14
Fantastic voyage 1966



10 m

1 m

1 cm

Re ~ 104

1 µm

Re ~ 102

Re ~ 10-4

Re ~ 108

Limitations of motion at the micro/nanoscale

Re =
Viscous forces

Inertial forces

Purcell, E. M. Life at Low Reynolds Number. Am. J. Phys. 1977, 45, 3-11. 15



Source: Youtube, Low-Reynolds-Number Flows. Barry Belmont
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Motion at the micro/nanoscale

Chemical
Sen et al. (2004)

Magnetic
Nelson et al. (2007)

Optical

Sen et al. (2009)

Acoustic
Mallouk et al. (2012)

Electric
Fan et al. (2014)

Symmetry of the system needs to be broken

Janus particle SEM

Pt
𝐻2𝑂2 → 𝐻2𝑂 + 𝑂2
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A constant force must be applied



Direction

Intensity

Wavelenght

Polarization

K. Villa, et al. Chem. Soc. Rev., 2019, 48, 4966-4978.
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Light-driven microrobots



ľiO2–Au Janus Micíomotoís

R. Dong et al. ACS Nano 2016, 10, 1, 839–844 F. Mou et al, iScience 19, 2019, 415-424.

ľ iO2  Micíomotoís

J. ľang et al. Nat Commun 2017, 8, 1438.

ľiO 2-based Micíomotoís
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Hamoud et al. ľop  Cuíí Chem (Z) 380, 37 (2022).

Semiconductors as ideal materials

K. Villa, et al. Chem. Soc. Rev. , 2019,48, 4966-
4978. 20



K. Villa, Chem. Commun., 2023,59, 8375-8383

Photocatalytic-based micro/nanorobots

C3N4

Acc. Chem. Res. 2018, 51, 9, 1940–1947.
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Reduced reliance on external energy

Enhanced mass transport

D. Zhou. Research. 2020, 821595.

Flexibility in reaction conditions
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Sánchez, et al. Nano Lett. 2016, 16, 4, 2860–2866



✓Wet chemical methods✓Noble-metal-free

Noble metals

Challenges

Robust equipment

J. Parmar, et al . J. Am. Chem. Soc., 2018, 140, 9317–9331.

✓Visible-light response

UV light activation

Motivation

Lack of selectivity
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Chem. Rev. 2017, 117, 11302–11336

✓ Selective photocatalytic performance



Visible-Light-Driven Single-Component Microrobots

✓ No toxic

✓ Resistant to chemical 
corrosion

BiVO4

✓ Low cost

✓ Metal-free structure

✓ Biocompatible

C3N4 Ag3PO4

✓ Low cost

✓ High photoactivity
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Heavy metals

Chemicals

Microorganisms

Interactions with different water contaminats
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• 1000

• 100

• 10

• 1
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¿Un microrobot es cuantas veces más pequeño que un cabello humano? 



C3N4-based Tubular microrobots

K. Villa, et al. ACS Nano 2018,12, 12, 12482-12491

K. Villa, et al. ACS Nano 2018,12, 12, 12482-12491.

Angew. Chem. Int. Ed. 2016,55,1830–1834

28
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Bubble formation rates under light irradiation
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Motion in the presence of different heavy metals

K. Villa, et al. ACS Nano 2018,12, 12, 12482-12491. 31

5 wt% H2O2
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K. Villa, et al. ACS Nano 2018,12, 12, 12482-12491. 32
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Speed vs. Cu concentration



Cu2+ ions

Removal of heavy metals

K. Villa, et al. ACS Nano 2018,12, 12, 12482-12491. 33



Fe O NPs2 3

SiO2 
MnO2

SiO2-MnO2 microjets Fe2O3/SiO2-MnO2 microjets

Fe2O3 NPs

Incubation
(room temperature)

Dual active catalysts in one microrobot

K. Villa, et al. ACS Appl. Mater. Interfaces 2018, 10, 20478–20486.
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Control over their motion direction

36



Multiple pollutant removal
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Heavy metals

Chemicals

Microorganisms

Interactions with different water contaminats
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⦁OH

𝟐𝐎
⦁−

Wastewater

ROS are non-selective due to their high oxidative character

39



Template

Monomer +
crosslinker

Template  
removal

Polymerization
Micromotor

Molecular Imprinted BiVO4 Microrobots

4 0Yuan, et al., K. VIlla, Small 2023, 19, 2207303.



4 1Yuan, et al., K. VIlla, Small 2023, 19, 2207303.



4 2Yuan, et al., K. VIlla, Small 2023, 19, 2207303.



Enhanced pollutant adsorption and removal

4 3Yuan, et al., K. VIlla, Small 2023, 19, 2207303.



P-nitrophenol + Methylene blue

4 4Yuan, et al., K. VIlla, Small 2023, 19, 2207303.

Selective pollutant degradation



Heavy metals

Chemicals

Microorganisms

Interactions with different water contaminats

45



Microrobots that capture and kill microbes
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Light ON

K. Villa, et al. ACS Nano 2019,13, 8135-8145.

Crystalline phases are important for motion
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Understanding their motion behaviors
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Cargo transportation by BiVO4 microswimmers

K. Villa, et al. ACS Nano 2019,13, 8135-8145. 49



Interaction of microswimmers and microorganisms

BiVO4 Yeast cells

50



Capture of yeast cells in the presence of E. Coli

51



Deactivation of pathogens by BiVO4-based micromotors

52



Hybrid photocatalytic/magnetic BiVO4 microrobots

53K. Villa et al. Chem. Eur. J. 2020, 26, 3039-3043.



Multiple engines in one microswimmer

54K. Villa et al. Chem. Eur. J. 2020, 26, 3039-3043.



Motion under triple stimuli
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Microrobots for Preventing Microbial Contamination

56



Prevention of Microbial 
Contamination in Beer

Beer Alcohol content (%) pH Colo

r

No microswimmers 2.9 4.9 8.4

Micro swimmers 3.1 4.9 8.3
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✓ Photocatalytic microrobots are very versatile devices for environmental remediation and
food safety.

✓ Surface and material engineering are key approaches for enhancing the performance 
of photocatalytic microrobots.

✓ Visible-light responsive microrobots prepared by upscalable methods can play a 
key role on the improvement of current wastewater systems.

52

Conclusions

TAMs E. Coli S. Aureus Ag/

or

Killing bacteria

or or

Dead E. Coli Dead S. Aureus



GA 101076680
“PhotoSwim”
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THANK YOU FOR YOUR ATTENTION

@katheVillag
Please contact me at:

kvilla@iciq.es

Postdoc and PhD students 64

mailto:kvilla@iciq.es


65Hoy tenemos representantes de 27 países

Por el amor a la química venimos de todos partes…
✓ Alemania

✓ Argentina

✓ Austria

✓ Brasil

✓ Canadá
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✓ Country
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Desde sus comienzos de la 

Sociedad Química de 

México, se buscaba un 

emblema sencillo, no 

demostrar partidarismo 

alguno y significar al gremio, 

debería representar un 

símbolo no sólo para los 

químicos, sino también para 

ingenieros, farmacéuticos, 

metalurgistas, en fin que 

englobe e identifique por 

igual a los científicos en 

todas sus áreas de las 

ciencia química.

www.sqm.org.mx

Sociedad Química de México

http://www.sqm.org.mx/


El webinar número 56 patrocinado en español por ACS y SQM
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	Slide 1
	Slide 2: ¿Tiene preguntas para el ponente?
	Slide 3: ¿Está en un grupo hoy viendo el webinar en vivo?
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: What is a microrobot?
	Slide 12: First examples of catalytic micro/nanorobots
	Slide 13
	Slide 14: The design of tiny machines is inspired by science fiction
	Slide 15: Limitations of motion at the micro/nanoscale
	Slide 16
	Slide 17: Motion at the micro/nanoscale
	Slide 18: Light-driven microrobots
	Slide 19
	Slide 20: Semiconductors as ideal materials
	Slide 21: Photocatalytic-based micro/nanorobots
	Slide 22
	Slide 23: Enhanced mass transport
	Slide 24: Challenges
	Slide 25: Visible-Light-Driven Single-Component Microrobots
	Slide 26: Interactions with different water contaminats
	Slide 27
	Slide 28: C3N4-based Tubular microrobots
	Slide 29
	Slide 30: Bubble formation rates under light irradiation
	Slide 31: Motion in the presence of different heavy metals
	Slide 32: Speed vs. Cu concentration
	Slide 33: Removal of heavy metals
	Slide 34: Dual active catalysts in one microrobot
	Slide 35
	Slide 36: Control over their motion direction
	Slide 37: Multiple pollutant removal
	Slide 38: Interactions with different water contaminats
	Slide 39: ⦁OH
	Slide 40: Molecular Imprinted BiVO4 Microrobots
	Slide 41
	Slide 42
	Slide 43: Enhanced pollutant adsorption and removal
	Slide 44
	Slide 45: Interactions with different water contaminats
	Slide 46: Microrobots that capture and kill microbes
	Slide 47: Light ON
	Slide 48: Understanding their motion behaviors
	Slide 49: Cargo transportation by BiVO4 microswimmers
	Slide 50: Interaction of microswimmers and microorganisms
	Slide 51: Capture of yeast cells in the presence of E. Coli
	Slide 52: Deactivation of pathogens by BiVO4-based micromotors
	Slide 53: Hybrid photocatalytic/magnetic BiVO4 microrobots
	Slide 54: Multiple engines in one microswimmer
	Slide 55: Motion under triple stimuli
	Slide 56: Microrobots for Preventing Microbial Contamination
	Slide 57: Prevention of Microbial Contamination in Beer
	Slide 62: Conclusions
	Slide 63: Acknowledgements
	Slide 64: THANK YOU FOR YOUR ATTENTION
	Slide 65
	Slide 66
	Slide 67
	Slide 68

