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Comenzamos en breve, a las 1 CDT / 2 EDT

El  cuadragésimo noveno webinar en Español auspiciado por ACS y SQM

1

Dra. Ingrid Montes
Profesora, Universidad de Puerto Rico, 

Recinto de Río Piedras

Ponente y Moderadora

https://www.acs.org/content/acs/en/acs-webinars/library/electroquimica-2.html

Dr. Carlos R. Cabrera Martínez
Director y Profesor de Química y Bioquímica, 

University of Texas at El Paso (UTEP)

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?

1

2

https://www.acs.org/content/acs/en/acs-webinars/library/electroquimica-2.html
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Díganos de dónde son ustedes y cuántas personas están en su grupo!

3

¿Está en un grupo hoy viendo el webinar en vivo?

4Hoy tenemos representantes de 29 países

Por el amor a la química venimos de todos partes…

✓ Alemania

✓ Argentina

✓ Aruba

✓ Bolivia

✓ Brasil

✓ Chile

✓ Colombia

✓ Costa Rica

✓ Ecuador

✓ El Salvador

✓ España

✓ Estados Unidos

✓ Francia

✓ Guatemala

✓ Honduras

✓ India

✓ Italia

✓ Malasia

✓ México

✓ Panamá

✓ Perú

✓ Portugal

✓ Puerto Rico

✓ Reino Unido

✓ República Dominicana

✓ Taiwán

✓ Uruguay

✓ Venezuela

3
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Queremos hacer de la ciencia de 

vanguardia más accesible a la comunidad 

química de habla española, y esta es 

nuestra contribución. Le da a los nacidos 

en España, América Latina, o los EE.UU., 

pero cuyo primer idioma es el español la 

oportunidad de leer este contenido en su 

lengua materna. Esperamos que les guste 

y sea de su utilidad.

5

http://bit.ly/CENespanol

C&EN pone a su disposición traducciones al español de sus artículos más populares.

Dr. Bibiana Campos Seijo

Editora en Jefe, C&EN 

Beneficios de la Afiliación al ACS

6

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

5
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http://bit.ly/CENespanol
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

8acsihispanoamerica@acs-i.org

7
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http://www.sqm.org.mx/
mailto:acsihispanoamerica@acs-i.org
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9https://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)

10
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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/content/acs/en/acs-webinars/library/electroquimica-2.html

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

La Electroquímica: Desde la Energía Renovable Hasta Dispositivos Biomédicos

Dra. Ingrid Montes
Profesora, Universidad de Puerto Rico, 

Recinto de Río Piedras

Dr. Carlos R. Cabrera Martinez
Director y Profesor de Química y Bioquímica, 

University of Texas at El Paso (UTEP)

13
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https://www.acs.org/content/acs/en/acs-webinars/library/electroquimica-2.html
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La Electroquímica: Desde La Energía
Renovable Hasta Dispositivos Biomédicos

Carlos R. Cabrera Martínez

Departamento de  Química y Bioquímica

Universidad de Texas en El Paso

crcabrerama@utep.edu

26 de octubre de 2022

ACS en Español

15

Bosquejo

• Energía Renovable: Células de Combustible (Fuel Cells)

• Reducción de Oxígeno (Oxygen Reduction Reaction, ORR)

• Remediación Ambiental

• Purificación de orina-P. vulgaris

• Biosensor de urea

• Dispositivos Biomédicos-Biosensors

• Biomarcadores: Telomerasa (Cancer Uterino) y

• Colorectal Cancer Secreted Protein (CCSP-2) (Cancer del Colón)

• Agradecimientos

16

15

16
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“ ”
I like to think that part of my heritage is that I contributed to  

the wedding of physics and chemistry. I didn’t do it alone, of course.  

We are moving inevitably, inexorably, to interdisciplinarity  

between material physic and material chemistry. 

(ECS Masters—John B. Goodenough; The Electrochemical Society: Pennington, 2016.)

John B. Goodenough’s lithium-based battery using LixCoO2 as the cathode. 
Credit: Johan Jarnestad/The Royal Swedish Academy of Sciences

©Johan Jarnes tad/The Royal Swedish Academy of Sciences

ELECTROLYTE

LITHIUM ION

ELECTRON 

BARRIER

COBALT OXIDE

J
ohn Bannist er  Goodenough is 
internationally recognized as one of the 
key minds behind the development of the 
fir

s
t  commercial lithium-ion battery. The 

ECS Fellow and honorary member was 
born on July 25, 1922, in Jena, Germany, 
to American parents who soon thereafter 
returned to the United States.1 He completed 
his BS in math and graduated summa cum 
laude from Yale University in 1943.2 After 
serving in World War II as a meteorologist, 
he completed his PhD in physics at the 

University of Chicago (1952).3 As a research scientist at the Lincoln 
Laboratory at the Massachusetts Institute of Technology (1952-1976), 
he developed the SAGE air defense computer’s memory cores—the 
fir

s
t  random access memory (RAM).4 In 1976, Goodenough moved 

to the University of Oxford as professor and head of the Inorganic 
Chemistry Lab.5 

In 1979-1980, Goodenough improved on the firs t  lithium-ion 
battery invented by M. Stanley Whittingham in 1976.6 Whittingham’s 
battery used an anode of metallic lithium, and a cathode of lithium ions 
between layers of titanium disulfide .  It had a potential of 2.5 volts. To 
produce a higher voltage battery, Goodenough and collaborators used 
a cathode of lithium ions between layers of cobalt oxide. The new 
battery had a potential of 4 volts. 

Goodenough became a professor at the University of Texas at 
Austin in 1986 in the departments of mechanical engineering and 
electrical and computer engineering.7 He now holds the Virginia H. 
Cockrell Centennial Chair of Engineering at the University of Texas at 
Austin. Goodenough continues to work on lithium-ion breakthrough 
technology, determined to make the batteries stronger, cheaper, and 
safer, and the world less dependent on fossil fuels.8                    P
© The Electrochemical Society. DOI: 10.1149/2.F02194IF.
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JOHN BANNISTER 
GOODENOUGH 

Photo: The University  
of Texas at Aust in
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“ ”
We have to look after the planet for our children and our 

grandchildren. So we have to move the technology forward, but not by 

using more energy, but by using less energy, and not by messing up the 

environment. As electrochemists we can do that. And we’ve got to do that.

(ECS Masters—M. Stanley Whittingham; The Electrochemical Society: Pennington, 2015.)

LITHIUM ION

ELECTRON 

CATHODE
TITANIUM DISULPHIDE

ANODE

METALLIC 

LITHIUM 

ELECTROLYTE

BARRIER

©Johan Jarnestad/The Royal Swedish Academy of Sciences

M
ichael  Stanl ey Whit t ingham 
was born in Nottingham, 
England on December 22, 1941.1 
He received his BA (1964), 
MA (1967), and PhD (1968) 
in chemistry from the University 
of Oxford.2 He was at Stanford 
University as a research associate 
(1968-1972) before joining 

the Exxon Research and Development Company in Linden, New 
Jersey.3 At Exxon, Whittingham studied titanium disulfide  and 
its superconductive properties. Using intercalation, he created the firs t  
rechargeable lithium-ion battery in 1976.4 He used metallic lithium as 
the anode and titanium disulfide  intercalated with lithium ions as 
the cathode. The battery had an electromotive force of 2.5 volts.

Together with John Goodenough, Whittingham published 
Solid State Chemistry of Energy Conversion and Storage in 1977. 
Whittingham founded the journal Solid State Ionics in 1981. He 
served as its editor for 20 years.5 

Whittingham joined Schlumberger-Doll Research in Ridgefiel d,  
Connecticut, as director of physical sciences in 1984.6 He was then 
named distinguished professor of chemistry and materials sciences 
and engineering at Binghamton University, New York, in 1988.7 He is 
also director of the Northeastern Center for Chemical Energy Storage 
(NECCES), a Department of Energy (DOE) Energy Frontier Research 
Center (EFRC) at Binghamton. There Whittingham continues his 
research on find i ng new materials for advancing energy storage.      P
© The Electrochemical Society. DOI: 10.1149/2.2.F03194IF.

M. STANLEY  
WHITTINGHAM

Photo: Robb Cohen 
Photo & Video

M. Stanl ey Whit t ingham’s lithium-based battery using LixTiS2 as the cathode.
Credit: Johan Jarnestad/The Royal Swedish Academy of Sciences
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“ ”
 If you hit the wall, you should thank God  

for placing it in front of you— 

that’s when something new is born.11

(Yoshino to his students)

Akir a Yoshino ’s ion transfer cell lithium-ion battery config

u

rat ion.
Credit: Johan Jarnestad/The Royal Swedish Academy of Sciences

© Johan Jarnestad/The Royal Swedish Academy of Sciences
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A 
kira Yoshino  was born on 
January 30, 1948, in Suita, 
Japan.1 He was nine years old 
when he discovered Faraday’s 
“The Chemical History of a 
Candle.”2 The book describes the 
energy stored in a candle and the 
chemistry behind it. Reading that 
book sparked Yoshino’s interest 
in science and shaped his entire 
life. He received his BA (1970) 
and MA (1972) in petro chemistry 

from Kyoto University.3 In graduate school, he focused on chemistry, 
submitting research papers to the international journals of chemistry 
societies. After receiving his MA, Akira joined the Asahi Chemical 
Industry Company (now Asahi Kasei Corporation) in 1972.4

By combining Goodenough’s cathode with a carbon anode, 
Yoshino created the firs t  working lithium-ion battery. Yoshino file d a 
patent on his safer, commercially viable lithium-ion battery in 1985.5 
The new lithium-ion battery was commercialized by Sony in 1991, 
and in 1992 by A&T Battery, a joint venture company of Asahi Kasei 
and Toshiba.6

In 2005, Yoshino received a doctorate in engineering from 
Osaka University.7 He became president of the Lithium-ion Battery 
Technology and Evaluation Center in 2010.8 In 2015, he became a 
visiting professor at the Research and Education Center for Advanced 
Energy Materials, Devices, and Systems, Kyushu University, a post 
he holds today9. Since 2017, he has also served as a professor in the 
Graduate School of Science and Technology, Meijo University.10 
Today, Yoshino is an honorary fellow at the Asahi Kasei Corporation.  
He continues his research, looking at ways that the lithium-ion battery 
can address global environmental problems.             P
© The Electrochemical Society. DOI: 10.1149/2.2.F04194IF.

AKIRA   
YOSHINO

Photo: Asahi Kasei
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NASA: 1963 Misión Apollo: 
Células Alcalinas de Combustible 

(Hidrógeno)

2022 Célula de 
Combustible de Hidrógeno
Toyota Mirai: Precio $45KH2O → H2 + 1/2O2

H2 + 1/2O2 → H2O

Electrólisis de Agua

Electrólisis
Reacción Ecell = 1.23V

1839 Físico Inglés
William Grove 

18

17
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Estaciones de Hidrógeno en EU

/

Hydrogen Basics

(/fuels/hydrogen_basics.html)

Benefits & Considerations

(/fuels/hydrogen_benefits.html)

Vehicles

(/vehicles/fuel_cell.html)

Laws & Incentives

(/fuels/laws/HY)

Hydrogen Fueling Station Locations
Find hydrogen fueling stations in the United States and Canada. For Canadian stations in French, see Natural Resources Canada

(https://www.rncan.gc.ca/energie/transports/personnel/20488).

More in This Section

Infrastructure Development

More on Hydrogen Fuel

(mailto:technicalresponse@icf.com) Need project assistance? 

Email the Technical Response Service

(mailto:technicalresponse@icf.com) or call 800-254-6735

(tel:800-254-6735)

The AFDC is a resource of the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy's Vehicle Technologies Office (https://energy.gov/eere/vehicles/technology-integration). 

U.S. Department of Energy - Energy Efficiency and Renewable Energy
Alternative Fuels Data Center

CALIFORNIA

Esso Harnois Groupe 
Pétrolier – Hydrogenics, 
Québec

SunHydro - Wallingford
Wallingford, CT 06492

7-Eleven - Hydrogen 
Technology and Energy Corp
North Vancouver, BC

19

Células Alcalinas de Combustible 
Alkaline Fuel Cell (AFCs)
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O
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H2O

Electrical Current

Anodo Membran
a
Alcalina

Cátodo

Reacción en el Anode:

2H2 + 4OH- → 4H2O + 4e-

Reacción en el cátodo:

O2 + 2H2O + 4e-→ 4OH-

Reducción de Oxígeno
Oxygen Reduction
Reaction (ORR)

4

Otros combustibles:
Amoniaco
Glucosa
Metanol
Butanol

20

19

20

https://afdc.energy.gov/fuels/hydrogen_locations.html#/station/41135
https://afdc.energy.gov/fuels/hydrogen_locations.html#/station/152402
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Síntesis y Electrodeposición de 
metals y óxidos en nanocarbono

como soporte para células
alcalinas de hidrógeno

21

Carbon Support

Mn+

M0

Carbon Support/
M hybrid

(200)

(220)

Ni Pt PtNi

Rotating Disk Slurry Electrodeposition 
(RoDSE) Technique

Galvanic Displacement 

21

Célula alcalina de hidrógeno- Media Célula

e
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Electrical 

Current

Anode Electrolyte Cathode

Reacci´øn en el ánode:

2H2 + 4OH- 4H2O + 4e-

Reacción en el cátodo:
O2 + 2H2O + 4e-→ 4OH-

Célula alcalina de hidrógeno

Otros combustibles:

Ammonia, Methanol
Electrodo rotado de disco (RDE)

22

21
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Qué es un electrodo rotado de disco de grafíto (Rotating Disk Electrode (RDE))

Solution
Hydrodynamic

Flow

RDE

Rotation Speed

RDE

RRDE

Rotating Ring Disk Electrode (RRDE)

Disk: Carbon, Gold, Platinum
Teflon

Ring: Platinum, Gold

23

Reducción de oxígeno (Oxygen Reduction Reaction (ORR))

(1) O2+ 2 H2O + 4e-
→ 4 OH- (4e-) 

(2)* O2+  H2O + 2e-
→ HO2

-+ OH- (2e-)
(3)  HO2

- + H2O + 2e-
→ 3OH- , (2e-)

ORR Mecanismo:
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Gráfica de Koutecky-Levich

En medio alcalino: 
(2)* O2+  H2O + 2e-

→ HO2
-+ OH- (2e-)

(i) O2 + e-
→ (O2

·-)ads

(ii) (O2
·-)ads + H2O → (HO2

·)ads + OH-

(iii) (HO2
·)ads + e-

→ HO2
-

y = m x b+

24 24
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PtNiNWs O2 polarization curves with temperature-controlled (25 ± 0.01) 

°C and correction by IR in KOH 0.1M at 5 mV/s with. 
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PtNiNWs O2 polarization curves after 10,000 cycles in the potential window 

(0.6-1.0) V vs. RHE in KOH 0.1M at 100 mV/s with (25.00 ± 0.01) °C. 

Curva de polarización para la reducción de O2 después de  10,000 cycles 

j limiting
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C
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25

Dr. Joesene Soto-Pérez

Nanohilos de Platinum-Nickel por vía de 
Desplazamiento Galvánico para ORR

Postdoctoral Fellow 
@ Cornell University

26

Soto-Pérez, J.; et al. “In Situ X-ray Absorption Spectroscopy of PtNi-
Nanowire/Vulcan XC-72R under Oxygen Reduction Reaction in Alkaline
Media”, ACS Omega, 2021, 6(27), 17203–17216.

25

26
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a.

d.
c.

b.

Imágenes de transmission de electrones

Ni Pt

10 nm

20 nm

200 nm0.5 um

c.

Nanohilos de Platinum-Nickel 
por vía de Desplazamiento
Galvánico para ORR

Imágenes de fluorescencia de rayos X
Ni Pt PtNi

Pt2+ + 2e- ⇄ Pt° E° vs. SHE = 1.180 V

Ni2+ + 2e- ⇄ Ni° E° vs. SHE = -0.257 V

Reaccíon Galvánica: Pt2+ + Ni° ⇄ Pt° + Ni2+

Eo= 1.180V –(-0.257V) = 1.437V 

27

Resultados Electroquímicos para la 
Reducción de Oxígeno
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Electrodeposición de metal en nanocarbono!?

• Área superficial alta

• Alta porosidad

• particulas nanométricas

• Soporte de carbon usado en

células de combustible

Nanocarbón/Nanopolvo de carbón
Vulcan XC-72R

Microscopía de transmisión de electrones (TEM) 
de Vulcan XC-72R (Nanocarbono) 

29

Rotating Disk Slurry Electrodeposition (RoDSE) Technique

Carbon Support Material

Metal Precursor

Metal Nanoparticle

Metal/Carbon Nanoparticle HybridRotating Disk Electrode

e-

e-

e-

Dr. Amal Suleiman
@ Amgen

Dr. Diana Santiago
@ NASA Glenn Research Center

Vélez, C.; et al., Manufacture of Pd/Carbon Vulcan XC-72R Nanoflakes Catalysts for Ethanol Oxidation Reaction in 
Alkaline Media by RoDSE Method. J. Electrochem. Soc. 2017, 164, D1015-D1021. Suleiman, A.; et al. RoDSE of Platinum 
onto Y-Zeolite/Carbon Vulcan XC-72R for Methanol Oxidation in Alkaline Media RSC Adv. 2015, 5 (10), 7637-7646. 
Santiago, D.; et al. “Platinum Electrodeposition at High Surface Area Carbon Vulcan-XC-72R Material Using a RoDSE
Technique”, J. Electrochem. Soc., 2010, 157, F189-F195. 30

29

30
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RoDSE – Desplazamiento Galvánico

Ni, Co y Cu  suportado
en Vulcan XC-72R

Electrodeposición de Ni, 
Co y Cu en Vulcan CX-
72R por RoDSE

Horno al Vacío

60 ° C

24 hr

Polvo del catalítico

Add powder 
catalyst with 

DI water

Set the 
temperature 

at 95° C

Add Pt 
precursor

Wait for 2 hr
while stirring 
the mixture

Polvo de Catalítico Final

60 ° C

24 hr

Vacum oven

Pt-Ni, Pt-Co y Pt-Cu  
Suportado en

Vulcan XC-72R

Deplazamiento Galvánico

31

Reducción de oxígeno a 1,600 rpm (revoluciones por minuto) en un 
electrodo rotado de carbón modificado con pastas de PtNi/C, PtCo/V, PtCu/ 
V y Pt/V a velocidad de rastreo de potencial de 10 mV/s en 0.1 M KOH.
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Oxygen Reduction Reaction (ORR)

32
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Reducción de Oxígeno (ORR) normalizado por
area superficial (Specific Activity) y 

por masa  (Mass Activity)
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33

Actividad por Area
Superficial de Platino

Actividad por 
Masa de Platino

Soto-Pérez, J. et al. “Combined RoDSE and SGD for Pt-M (M=Co, Ni and Cu) Catalysts Synthesis for
ORR in Alkaline Media”, ACS Applied Energy Materials 2022, under review.

Durabilidad del catalítico para
la reducción de oxígeno

34

Volametría cíclica a 25 mV/s en
0.1M KOH y polarizacion para la
ORR a 10 mV/s en 0.1 M KOH a
1,600 rpm para:
(a)PtNi/V
(b)PtCo/V
(c)Pt/V 20% comercial

10,000 y 30,000 ciclos de
potencial.
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Transmission Electron 
Microscopy (TEM)
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Transmission electron 
microscopy images of 
electrocatalysts and 
their particle size 
distribution, PtNi/V 
(a), (b), (c), 

PtCo/V (d), (e), (f), 

PtCu/V (g), (h) and (i).
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Water Reclamation (WR) from Urine

1) NASA. Life Support Systems: Sustaining Humans Beyond Earth https://www.nasa.gov/content/life-support-systems (accessed 
May 22, 2019)
2) Lindeboom, R. E. F., et al. "A five-stage treatment train for water recovery from urine and shower water for long-term human 
Space missions. Desalination", Desalination, 2020, 495, 114634.
3) Nicolau, E.; et al. Evaluation of a Urea Bioelectrochemical System for Wastewater Treatment Processes. ACS Sustain. Chem. Eng.
2014, 2, 749–754. 

Overview of Environmental Control Life 
Support System (ECLSS)1

36
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(a) Scanning electron microscopy image of P. vulgaris at ×20,000
magnification and

(b) picture of the electrochemical three-electrode setup used for the
experiments, containing the bacteria in synthetic urine

WE: Polycrystalline Pt electrode, CE: Pt wire, RE: RHE

Myreisa Morales-Cruz et al. Bioelectrochemistry 2018, 122, 206–212

Optimized parameters:

✓Urea concentration

✓Changes in pH

✓Bacteria concentration

✓Reaction time

✓Growth media

✓Detection method

Urea Bioelectrochemical System

Proteus vulgaris:

✓Urease production

✓Facultative anaerobic
Dr. Myreisa Morales-Cruz

Naval Air Systems Command (NAVAIR), Maryland

Colaborador: Gary A. Toranzos-Soria, Departamento de Biología, UPR-Río Piedras

Proof of concept
Proteus Vulgaris – Gram-negative optimum growth at 37 oC

Requirements Proteus Vulgaris

Anaerobic or facultative 
anaerobic

✓

Don't produce endospores ✓

Stable at high pH ✓

Produces urease as an 
exoenzyme

✓

Non pathogen ✗

Opportunist Pathogen

NH3 + CO2 

N2  

Bacteria 

38

37
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Ammonia oxidation for different times of exposition of 1mL of urea 

    1M in synthetic urine pH 9.02 to a solution of P.vulgaris 

        in synthetic urine at pH 9.02 using Pt vs Ag/AgCl  

Producción de amoniaco por P. vulgaris

39

Wastewater System 

Cardona-Vélez, W.J.; et al. “Removal of Urea and Ammonia from Real Human Urine using Bio-
electrochemical Reactor system for Closed Loop Environments” International Conference on
Environmental Systems (ICES) 2022, 245, 12 pages. http://hdl.handle.net/2346/89769

pH~5

pH~6.6-7.5

pH~8.9-11.2

Wilfredo Cardona-Vélez

40
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Célula Electroquímica para la Oxidación de Amoniaco
Peristaltic Pump

10 mL /min

50 mL Real Human Urine 

(RHU) 

2 mL of 

10M NaOH

pH 8.9-→11.2

Célula de

Combustible

AOR at 40 ℃

Potentiostat:

4 V, 6 V, & 8V

41

Oxidación de amoniaco usando orina humana

➢ Se uso un electrodo selective a amoniaco

➢ pH > 10

42
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T
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ed

 U
ri

ne

U
ri

ne e- →

O2 + H2O

OH-

Urea NH3 N2

Cathode
Anode

• (NH2)2CO + H2O → CO2

+ 2 NH3

• 2 NH3 + 6 OH-

→ N2 + H2O +6 e-

• 3/2 O2 + 3 H2O + 6 e- → 6 OH-

Platinum particles

Bacteria 

Dr. Myreisa Morales-Cruz

P. Vulgaris Microbial Fuel Cell

43

Wilfredo Cardona-Vélez

Aim:

• To develop a lab-on-a-chip whole cell biosensor for urea

detection

[Bacteria]: Very high. 

Urine matrix: NaCl, KCl, K2SO4, MgSO4, KHCO3, K3PO4

Urine pH: 8

Bioreaction time: 30 min

CV : -0.15 – 1.2 V vs Pt quasi-reference. 10 mv/s

Electrochemical P. vulgaris
whole cell urea sensor

Morales-Cruz, et al., "Electrochemical Proteus Vulgaris Whole Cell Urea Sensor in
Synthetic Urine”, Current Research in Biotechnology, 2019, 1, 22-27.
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ARTICLES NATURE BIOMEDICAL ENGINEERING

to transduce the bio-affinity interactions in standard ionic solu-
tions41,42, this approach enables the demonstration of sensitive, 
selective and continuous monitoring of a wide range of trace-level 

biomarkers in biofluids including all nine essential AAs as well 
as vitamins, metabolites and lipids commonly found in human 
sweat (Supplementary Table 1). Seamless integration of this unique 
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Fig. 1 | Schematics and images of the wearable biosensor ‘NutriTrek’. a, Circulating nutrients such as AAs ar e associated with various physiological 

and metabolic conditions. b, Schematic of the wearable ‘NutriTrek’ that enables metabolic monit oring through a synergistic fusion of LEG, RARs and 

artificial antibodies. c,d, Schematic (c) and layer assembly (d) of the microfluidic ‘NutriTrek’ patch for sweat induction, sampling and biosensing. T , 

temperature. e,f, Images of a flexible sensor pat ch (e) and a skin-interfaced wearable system (f). Scale bars, 5mm (e) and 2cm (f). g, Block diagram 

of electronic system of ‘NutriTrek’. The modules outlined in r ed dashes are included in the smar twatch version. CPU, central processing unit; POT, 

potentiometry; In-Amp, instrumentation amplifier; MCU, micr ocontroller; TIA, trans-impedance amplifier; IP, iontophoresis; CE, counter-electrode; RE, 

reference electrode; WE, working electrode. h, Custom mobile application f or real-time metabolic and nutritional tr acking. i, ‘NutriTrek’ smartwatch with a 

disposable sensor pat ch and an electrophoretic display. Scale bars, 1cm (top) and 5cm (bottom).

NATURE BIOMEDICAL ENGINEERING | www.nature.com/ natbiomedeng

Biosensores usables para 
medir metabolitos y 

nutrtientes

NATure BioMeDiCAL eNGiNeeriNG | 
www.nature.com/natbiomedeng

45

Wang, M., Yang, Y., Min, J. et al. A 
wearable electrochemical biosensor 
for the monitoring of metabolites and 
nutrients. Nat. Biomed. Eng (2022). 
https://doi.org/10.1038/s41551-022-
00916-z

Preparación de Dispositivos
Biomédicos para el
“Punto de Atención” (Point-of-Care)

Dra Diana C. Diaz Cartagena (FDA)
Dra. Nadja E. Solis (EPA)
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Telomerase 
and Cancer

Since 1994, telomerase activity has been associated 
with cancer tumor cells from breast, ovarian , prostate, 
colorectal, and blood, among others 

Kim, N. W.; Piatyszek, M. A.; Prowse, K. R.; Harley, C. B.; West, M. D.; 
Ho, P. L. C.; Coviello, G. M.; Wright, W. E.; Weinrich, S. L.; Shay, J. W., 
Specific Association of Human Telomerase Activity with Immortal Cells 
and Cancer. Science 1994, 266 (5193), 2011-2015. 

Dr. Lisandro Cunci
Universidad Ana G Méndez, Recinto de Gurabo

47

Apoptosis

Cancer Cell 

Division
Normal Somatic 

Cell Division

Animation courtesy of  Dr. Dámaris Suazo       
L. Hayflick and P. S. Moorhead, Exp Cell Res, 1961, 25, 585-621. 

Telomere
repeat sequences

Telomerasa: Biomarcador de Cancer

Chromosomal DNA

Chromosomal DNA

Chromosomal DNA

TTAGGG

Telomere
repeat sequences

Telomerase

Chromosomal DNA

Chromosomal DNA

Chromosomal DNA

TTAGGG
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Biosensor Basado en Impedancia Electroquímica
Detección de Telomerasa como Biomarcador de Cancer

L. Cunci et al., RSC Advances 2014, 4, 52357–52365. 
U.S. Patent 11340189, "Electrochemical Impedimetric Biosensing 
Microchip for Real Time Telomerase Activity Detection”.

Telomeres (TS) are repeats of  TTAGGG

Dr. Lisandro Cunci
Universidad Ana G. Méndez

49

37

IDA Electrodes and Cell Arrangement

Working electrode connected by standard  
Type A  female USB cable

Kapton Tape

Electrodos Interdigitales y Arreglo de la 
Miniaturización de la  Célula Electroquímica

Dr. Diana C. Díaz-Cartagena
FDA, Washingtion, D.C.

Díaz-Cartagena, D.; et al. “Label-Free Telomerase Activity Detection via 
Electrochemical Impedance Spectroscopy” ACS Omega 2019, 4(16), 16724-16732. 
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42

LOD equation 

m

LOD = 2.14  x 106 cells/mL

R
C

T
/R

C
T

in
it

ia
l

To study the linearity and sensitivity of the biosensor

nc = negative control = 
heated extract

y = 2E-06x - 1.1681 
R  = 0.97962 
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51

The Roche Diagnostics Accu-Chek Aviva design. It uses an amperometric
electrochemical reaction to read the glucose level in the blood. 
http://www.eetimes.com/document.asp?doc_id=1172970.

Patented Roche Diagnostics Electrochemical Cell Design.
Patent No.: US 8,211,379 B2; Date of Patent: July 3, 2012. The counter/ reference 
and working electrodes are assigned numbers 40 and 42 and 44, respectively. 52

51
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http://www.eetimes.com/document.asp?doc_id=1172970
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Dr. Ramonita Díaz-Ayala 
Investigadora Principal

NSF SBIR-Phase I Grant Number 746384- BIDEA LLC. 53

40 mm	

9 mm	

Gold thickness	
50 nm	

Melinex 329	

Sensing area	

TS Probe: Telomere sequence 30 bases (TTAGGG)	
hTERT: human Telomerase Reverse Transcriptase  	

TS probe	

1Hr @ 4ºC	

AAUCCC	

RNA	Template	
hTERT	

5’	 3’	

Telomerase	

Extract	

Elongation Process at 37 ºC	

BIDEA’s Biosensing strip 	

S		 S		 S		 S		S		 S		 S		 S		 S		 S		 S		S		 S		 S		

BIDEA’s  Biosensing strip	 BIDEA’s  Biosensing strip	

Top view BIDEA’s biosensing strip	

Díaz-Ayala, R.; et al. “Glucose Strip Platform Spin-Off for Telomerase Activity Detection:
development of an electrochemical biosensor”, ACS Omega, 2022, 7 (11) 9964–9972.

Schematic representation for the tethering of the TS-30 probes on the GID electrode and the elongation 
mechanism responsible for the change in the impedance during incubation at 37 °C.
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Sample Pathologic Diagnosis Reported by literature 

Telomerase activity (TA)

Reference TRAP(2) 

results

Resultados de BIDEA

((ΔRct/Rcti)/t)

S001 Endometrial hyperplasia with atypia Exhibited TA 1 TA activity Positive

m = 1.4 x 10-2

S002 No endometrial tissue seen/Abundant 
mucoid material

No expected TA TA activity Positive

m = 2.0 x 10-2

S003 Negative for malignancy.
Acute and chronic inflammation with 
bacteria colonies

No expected TA No TA 

activity

Negative

m = -5.8 x 10-3

S004 Atrophic endometrium (AE).
Leiomyomas, intramural.

AE may exhibit low TA. 1

-

Negative (or below 

LoD)

m = 6.8 x 10-4

S005 Low-grade squamous intraepithelial 
lesion, focal.
Proliferative endometrium (PE).
Myometrium unremarkable.

May exhibit TA. 1

-

Positive

m = 1.4 x 10-2

S006 Fragments of Atrophic endometrium. 
Immunohistochemical:
P-16- negative, KI-67 negative
P-53 negative

No expected TA No TA 

activity

Negative (or below 

LoD)

m = 5.1 x 10-3

S007 Congenital Adrenal Hyperplasia (CAH) unknown TA activity Positive

m = 1.7 x 10-2

Resultados de la Biopsia de Tejidos Tumorales del Endometrio hecho por un Patologo versus BBS 

1. Zhonghua Yi, Xue Za Zhi. 2004 Oct17:84(20):172, 1-5. 

2. Mender, I. and J. W. Shay (2015). "Telomerase Repeated Amplification Protocol (TRAP)." Bio-protocol 5(22): e1657. 55

Colon cancer secreted 
protein-2 (CCSP-2)

Advanced Science, Volume: 6, Issue: 11, First published: 16 April 2019, DOI: (10.1002/advs.201802115) 

56

CCSP-2
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Electrochemical Biosensor for CCSP-2 Detection

CCSS-2

CCSS-2

CCSS-2

CCSS-2

CCSS-2

∆RPBS solvent ∆RCCSP-2 Antigen<Gold Surface

Yermary Morales-Lozada, PhD
Post-Doctoral Fellow
UT at EL Paso

57

Alkaline 

Fuel Cells 

Catalysis

Biosensors

Photo-
electrochemistry

Solar Cells

Microbial Fuel 
Cells

Ureolysis System
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Gracias!
crcabrerama@utep.edu
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Las imágenes de la presentación están disponibles para el evento de hoy.
https://www.acs.org/content/acs/en/acs-webinars/library/electroquimica-2.html

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

La Electroquímica: Desde la Energía Renovable Hasta Dispositivos Biomédicos

Dra. Ingrid Montes
Profesora, Universidad de Puerto Rico, 

Recinto de Río Piedras

Dr. Carlos R. Cabrera Martinez
Director y Profesor de Química y Bioquímica, 

University of Texas at El Paso (UTEP)
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61Hoy tenemos representantes de 29 países

Por el amor a la química venimos de todos partes…

✓ Alemania

✓ Argentina

✓ Aruba

✓ Bolivia

✓ Brasil

✓ Chile

✓ Colombia

✓ Costa Rica

✓ Ecuador

✓ El Salvador

✓ España

✓ Estados Unidos

✓ Francia

✓ Guatemala

✓ Honduras

✓ India

✓ Italia

✓ Malasia

✓ México

✓ Panamá

✓ Perú

✓ Portugal

✓ Puerto Rico

✓ Reino Unido

✓ República Dominicana

✓ Taiwán

✓ Uruguay

✓ Venezuela

Queremos hacer de la ciencia de 

vanguardia más accesible a la comunidad 

química de habla española, y esta es 

nuestra contribución. Le da a los nacidos 

en España, América Latina, o los EE.UU., 

pero cuyo primer idioma es el español la 

oportunidad de leer este contenido en su 

lengua materna. Esperamos que les guste 

y sea de su utilidad.
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http://bit.ly/CENespanol

C&EN pone a su disposición traducciones al español de sus artículos más populares.

Dr. Bibiana Campos Seijo

Editora en Jefe, C&EN 
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63acsihispanoamerica@acs-i.org

64

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
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