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Outline
WHERE AND WHO WE ARE
WATER IS STRANGE
WHY WE SHOULD BE REALLY
CONCERNED WITH CONTAMINANTS OF
EMERGING CONCERN
DEVELOPING NANOMATERIALS WITH
REALLY LOW BUDGET AND NO LAB
SOME SIMULATIONAL RESULTS
TAKE HOME MESSAGES
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UFPel
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 Bordin Lab what we do? wp.ufpel.edu.br/bordin

Computational modeling of
collective phenomena in

Soft and Biological Matter



W
A

T
ER

 A
T

 N
A

N
O

S
C

A
LE

 Bordin Lab how we do?
Packages:

Home made codes
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UFPel

BIO/MEDICAL PHYSICS

FLUIDS
COLLOIDS

NANOMATERIALS

SOCIOPHYSICS

who do the work?
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water simple, yet not trivial

simple molecule made with two of
the most commom elements in the
Universe

> 70 known anomalies
https://water.lsbu.ac.uk/water/martin_chaplin.html
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water density is strange
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water diffusion is strange
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water is really strange
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 water in nanoconfinement is strange 
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 water in nanoconfinement is strange 

QIN ET AL. NANO LETT. 2011, 11, 5, 2173–2177
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  CS “water” is strange

MARCIA BARBOSA
GRUPO DE FLUIDOS

COMPLEXOS (UFRGS)
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  CS “water” in nanoconfinement is strange? 
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  CS “water” in nanoconfinement is strange!! 
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  CS “water” in nanoconfinement is strange!! 
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TIP4P water in nanoconfinement is stranger

MATEUS H. KÖHLER
LABORATÓRIO

COMPUTACIONAL DE
NANOMATERIAIS (UFSM)
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game change Rupture of the Vale and
Samarco mining dams
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game change hydric stress
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game change water distribution in the world
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application removal of cations from water



Motivation Contaminantes of Emerging
Concern
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CECs Contaminantes of Emerging
Concern
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CECs Contaminantes of Emerging
Concern
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CECs CECs at our door

VINICIUS CAMPOS
& TONY SILVEIRA

BIOTEC/UFPEL



graphene oxide
sponges

MAYARA B. LEÃO
GQMATE (UNIPAMPA)

creating the nanomaterial

CAROLINA F. M. JAURIS 
GRUPO DE QUÍMICA DE

MATERIAIS (UFSM)
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graphene
sponges

eco, cheap, fast!
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graphene oxide
sponges

creating the nanomaterial
W

A
T

ER
 A

T
 N

A
N

O
S

C
A

LE



W
A

T
ER

 A
T

 N
A

N
O

S
C

A
LE

Dye Methylene Blue
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Dye Methylene Blue
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Dye Methylene Blue

SOLANGE FAGAN
LASIMON -

UNIVERSIDADE
FRANCISCANA (UFN) -

SANTA MARIA



W
A

T
ER

 A
T

 N
A

N
O

S
C

A
LE

Pesticides Glyphosate

MAURICIO PIOTROWSKI
(UFPEL)

WANDERSON ARAÚJO
PHD (UFPEL)



W
A

T
ER

 A
T

 N
A

N
O

S
C

A
LE

Pesticides Glyphosate



graphene
sponges decorating with silver

PAULO DA ROSA
 (UNIPAMPA)



Drugs Furosemide sensing



Drugs Furosemide sensing

EDUARDO C. NEIVA
(FURB)



Virus Sars-Cov2

RODRIGO VOUCHER GROUP
CCQFA (UFPEL)

P. C. C. da Rosa et al.
Submited (2025)



Functional Groups
Pb²+

r

Coordination number
7.81 ± 0.02

r

Cu²+

Coordination number
5.71 ± 0.02

Graphene GO10 GO20

Oxygen

Hydrogen

Carbon

Chlorine

Copper

Lead

Epoxy
Hydroxyl

Heavy Metals Copper and Lead

PATRICK CORTES
PHD (UFPEL)

MATEUS H. KÖHLER
LABORATÓRIO

COMPUTACIONAL DE
NANOMATERIAIS (UFSM)
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Drugs Potassium Diclofenac (back to theory)

Gustavo Appignanesi Group
INQUISUR - UNS/Argentina
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Oil design of nanorods (back to theory)

ALEXSANDRA DOS SANTOS
PHD (UFPEL)
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and also... design of hairy balls (back to theory &
experiment)

ENRIQUE LOMBA
INSTITUTO DE QUÍMICA-FÍSICA

BLAS CABRERA E
UNIVERSIDADE DE SANTIAGO

DE COMPOSTELA/ESPANHA

new: gold nanospheres

decorated with ionic

liquids



1.The Physics of Nanoconfined Water is Key to Understanding and Controlling Processes in
Nanotechnology and Environmental Safety

Understanding water behavior at the nanoscale reveals unique phenomena absent in bulk systems, serving as a
foundation for designing efficient solutions across fields from biotechnology to environmental engineering.

2.From Fundamental Knowledge to Practical Impact: Basic Science Drives Innovation
Theoretical studies and molecular simulations help unravel adsorption mechanisms and interactions, guiding the
rational design of advanced nanomaterials to tackle real-world challenges like emerging contaminant removal.

3.Smart Nanomaterials are the Future of Environmental Remediation
By combining tunable nanomaterial properties with molecular-level insights, we can develop more selective,
efficient, and sustainable technologies for water treatment.

4. Interdisciplinarity is Essential: Where Physics Meets Engineering and Sustainability
Addressing complex issues such as water scarcity and pollution by emerging contaminants requires integrated
approaches—bringing together physics, chemistry, materials science, and environmental concerns to transform
knowledge into practical solutions.
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Concluding Take-Home Messages
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Concluding Take-Home Messages

WITHOUT PUBLIC FUNDING THIS RESEARCH WOULD BE IMPOSSIBLE

“La utopía está en el horizonte. Camino diez pasos y ella se aleja diez pasos, camino veinte
pasos y ella se corre veinte pasos más allá. ¿Entonces para qué sirve la utopía? Para eso,
sirve para caminar”
Fernando Birri/Eduardo Galeano

“The academy is not paradise. But learning is a place where paradise can be created”
Bell Hooks

“Minha esperança é necessária mas não é suficiente. Ela, só, não ganha a luta, mas sem
ela a luta fraqueja e titubeia.”
Paulo Freire

https://quotefancy.com/quote/980751/Bell-Hooks-The-academy-is-not-paradise-But-learning-is-a-place-where-paradise-can-be
https://quotefancy.com/bell-hooks-quotes
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Concluding Obrigado! Thanks! Gracias!

@bordinlab

wp.ufpel.edu.br/bordin
jrbordin@ufpel.edu.br


