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NanoAlb
What is NanoAlb ?

Albanian NanoScience and Nanotechnology Unit

m) Created in 2019 next to and with the support by the
Academy of Sciences of Albania.

m) |t is a virtual center that coordinates the activities in the
area of nanoscience and nanotechnology in Albanian
universities in Albania, Kosova, North Macedonia and
Montenegro.

m) 25 research groups are already part of its network

UNIVERSITETI | MJEKESISE, TIRANE




Nanotechnology importance for
Albanian and Western Balkans economy

« Applications in HEALTH, AGRICULTURE, ENVIRONMENT, SAFETY AND
SECURITY and other industries

« Itis a transversal field of research (englobing from physics, chemistry,
biochemistry, material science, electronics, medicine, agriculture etc. )

« Societal impact

==p) Opening a new model of science in Albania and
region (highly competitive research centres)

==p Attracting & retaining talent

==p Attracting investment from international high tech
industries

==p Building a new vision:
science /high-tech friendly country & region

Industrial impact.
==p Serving as hub of spinoff companies and other links
with various industries in the region.
== Opening of new working places for professionals



More info on NanoAlb at the website
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1" WORKSHOP NanoAlb-NIC
Cooperation event between the Albanian Unit of
Nanoscience and Nanotechnology (NanoAlb) and the

National Institute of Chemistry (NIC) from Slovenia
With the support of Academy of Sciences of Albania
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March 16™ 2021 - Online Meeting

Welcome to NanoAlb

NanoAlb, is the Albanian NanoScience and Nanotechnology Unit created

next to the Academy of Sciences of Albania. It is a virtual center that
coordinates the activities in the area of nanoscience and nanotechnology

in Albanian universities in Albania, Kosova, North Macedonia and
Montenegro.
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NANOBIOELECTRONICS AND BIOSENSORS

The Group
Focuses on discovering and on the technological development of cutting-
edge nanotechnology and nanomaterials towards simple and cost-
effective nanobiosensing platforms. We do this controlling their
architectures at both nano and macro scales with the objective to link
together these two worlds.

Application areas: Technology transfer:

v' Diagnostics v" Food quality
v Environmental v° Safety /security _
v

Monitoring Other industrial
applications @raphenicaiﬂf-j*}j




OUR RESEARCH

Nanomaterials

Graphene and 2D materials,
Metal nanoparticles,
quantum dots

Paper-based

Lateral flow assay,
hybrid
electrochemical/LFA,
optical redout

Printing
technologies

Inkjet printing, screen
printing, graphene transfer
electrodes,

FET-based biosensors,
electrochemical readout

Fully integrated PoC

devices
Smartphone based,
wearables,

wireless readout




OUR CHALLENGES

@ Can we make diagnostic devices completely non-invasive?

@ Can we ensure continuous / real time (bio)monitoring?

® Which partners & expertise's we need to develop
devices for real applications that generate (bio)data?

@ How to make cheap/low cost devices that can
' be disposable?

@ How to correlate (sensor)data to get insights
about the body?




How COVID19 changed the scenario

The development of new diagnostic devices is a process characterized by several
bottlenecks. Most of them related to sub-optimal interactions between the actors
involved, i.e.:

= Analysis of techs. = Prototype desing * Performance * Quality management) (* Commercialization
Business | available in the and development evaluation: = Technical dossier
H H market = Risk assessment + Scientific compilation
T h € scien t I StS = Definition of = Software validation *  Analytical = Regulatory approval
intended use (if applicable) * Clinical
= |dentification of

target performance

The clinics

Conception Laboratory Regulatory Scale-up
" and design testing review and launch

Science = State of the art = Proof-of-concept = Validation with small | (= Quality = Patenting and
analysis (literature) performed with cohort (Phase I) management publishing
= Focus on sensitivity preliminary setup = Validation with = Technical dossier = Spin-off creation or
I = improvement = Fundrising (public) larger cohort compilation technology licensing
Th ecom p anies = Innovation with = Anal. performance (Phase Il) = Regulatory approval to industry
respect to published and reproducibility ||* Ease of use = Large scale

The regulatory bodies

works. study. validation reproducibility test

What can we do to change the status quo?

Rosati, Merkogi et al. 2021 Nanodiagnostics to Face SARS-
CoV-2 and Future Pandemics: From an Idea to the Market
and Beyond

ACS Nano 2021, 15, 11, 17137-17149



PLENTY OF POSSIBILITIES FOR NANOBIOSENSORS

Glucose Protein DNA Virus Cell Salt Grain Tennis Ball
ASSURED (WHO) o > ’ - |
£ o o) %
Affordable e @
§ens!t!ve 107 1 10 102 10° 10¢ 105 10¢ 107 108
Specific ‘ Nanometers

User Friendly

Robust
Equipment free
Deliverable

Micelle Liposome Dendrimer Gold Nanoshell Quantum Dot

ttp://wichlab.com/research/

fullerene nanotube

VARIETY OF CONFIGURATIONS
Wearable sensors

Smart/packaging and control of food

Implanted devices

_ In-vivo formats
Sample Enzymes Electrochemical Signal treatment
/analyte DNA Optical / Readout etc
Antibodies Mass
Cells Etc.

Etc.
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NANOBIOELECTRONICS AND BIOSENSORS

Objectives

Diagnostics

Environmental
monitoring

NANOBIOELECTRONICS &
BIOSENSORS's research aims
to integrate nanotechnology
methods, tools and materials into
low cost, user friendly and
efficient (bio)sensors with
interest for diagnostics , safety
/security and other fields

Other
industrial
pplications

Safety /
security




OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

Simple is the best

It

LOCs / Nanochannels
Preconcentration,
filtering, automation

Nanomotors

Catch even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)




OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

LOCs / Nanochannels

Preconcentration, ,
filtering, automation == ‘

RAEA

Paper-based sensorsy Nanomotors

Simple is the best

10

Capture even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)




Au-NP-based detection of bacteria
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a) 25

Magnetic Bead/Gold Nanoparticle Double-Labeled Primers o ow W w
for Electrochemical Detection of Isothermal s —
Amplified Leishmania DNA "] </ —

10 -

“ —_ J i g o
D) J.u.u.l.u.,e

Leishmania parasites / mL of blood

‘?‘:15-

2 0 2 ! 6 8
Ln (parasites / mL of blood)

B Without spacer
B With spacer

2.8 1.0
MBs size / M

W Double-labeled amplified DNA

Escosura, Pires, Merkogi et al., Small 2016, 12, 205-213
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In Situ Plant Virus Nucleic Acid Isothermal Amplification Detection
on Gold Nanoparticle-Modified Electrodes

Mohga Khater,"* Alfredo de la Esmsura—Muﬁiz,:- Laura Altet,” and Arben Dvlcrkor;i’-"‘":'"
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AuNP-modified SPCE CTV—pZIi gene  RPA primers SSB Recombinase Polymerase Amplified dsDNA

Detection of citrus tristeza virus (CTV)

The in situ-amplified CTV target was
investigated by EIS in a Fe(CNg)*-
/Fe(CNg)3- red—ox system, being able to
quantitatively detect 1000 fg yL-" of
nucleic acid. High selectivity against
nonspecific gene sequences characteristic
of potential interfering species such

as Citrus psorosis virus (CPsV) and Citrus
caxicia viroid (CCaV) was demonstrated.
Good reproducibility (RSD of 8%) and
long-term stability (up to 3 weeks)




OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

Simple is the best

10

LOCs / Nanochannels

Preconcentration,
filtering, automation

Nanomotors

Capture even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)




Chip fabrication and electrode integration

PDMS Chips

softlithography process

Master PDMS casting .
fabrication Bonding
Mast Plasma exposure
U-8 resist aster
2 LA
| e e—
V
Si wafer S
PDMS microchannel
l UV exposure l PDMS deposition
VLA  PDMS Plasma exposure
e — VAV
* e
Mask
N gubstrate (glass)
l Development l Peeling-off l Sealing
I

D

institutCurie

COC Chips (Collaboration. J.L.Viovy)

Simple and low cost fabrication techniques

Embossed §

on COC film

Hydraulic press

COC microdevice with integrated
electrochemical detector

Microdrilling
machine



Chip fabrication and electrode integration

M1 | 6312 pm
M2 | 7137 jm
M3 [ 6487 pm Average 5489 pm
6147 pm Standard | 382pum
M4
Deviation
M5 | 6199 ym
M6 | 5749 ym

— 1004
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- M3
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SEM images of the PDMS channel

A Thermo pI astic Elastomer (PDMS)

aaaaaa

Bonding thermoplastics and PDMS
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CAD Design

Microfluidic |
channel

Electrode integration

B Positive photoresist

UV exposure

WAL

Develoment

Metal evaporation

Lift-off

Master fabrication with
negative photoresis SU8-50

PDMIS casting
2 THBL

19




. Electrode fabrication \

/ Inkjet printing N

: Nozzle outlefs (ink)

~~ Screen printing
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Inkjet-printed sensing platforms
using nanomaterial-based inks and
other materials

No need for clean room at all!

BioFET

Insulator

A ‘ , 7" Drain (D)

Insulator 0SC
—
Source (S)
Insulator

AgNP-ink jet printed
reference electrode in enymed
paper or plastic

Merkogi et al.
Advanced Functional Materials, 20, 6291-6302. 2014

Merkoci et al. Anal. Chem. 86, 10531-10534. 2014




CNT / LOC and capillary electrophoresis-based analysis

Carbon based detectors for out-channel LOC detections

Rigid Graphite-Epoxy Composite Detector / CNT modified electrodes
Detection of nitrocompounds, phenols etc.

High voltage

.....

Current

B p-aminophenol (a)
o-aminophenol (b)

L
0 50 100 150
Time/s

Measuring instrument

Microchimica Acta, 152, 261-265, 2006
Electrophoresis 27, 5068-5072 , 2006
Electroanalysis 18, 207 — 210, 2006
Electrophoresis 28, 1274-1280 , 2007




BIO REMOVAL NanoTechnologies

Phenol detection and removal

(B)
Bl cE CaCO3-PEITyr
Waste
Ag/Ag
Phenol  CaCO3-PEI C|
2H*
Buffer Quinone
Phenol
= Waste Time [s] B
; g_ el No Current
Em T sm
Phenol detection T 0 N . iy )
,»‘ f";Phenol adsorption T 3 s
. . . Anodic current [mA]
Nanostructured vaterite (CaCO,) / Poly(ethyleneimine) (PEI)

Biosensors and Bioelectronics, 2015, 67, 670—676.
Pesticide detection and removal

eD ——r
Atrazine
\ : | ‘ | degradation (@)
s Vit
(c)
V-
/ Atrazine ,,
(e)
. 'L b ° o
| g T T T
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S N pled Biosensors and Bioelectronics, 75, 2016, 365-374




BIO REMOVAL NanoTechnologies

(a) (b) Lab-on-a-chip ptform

Immunoassay chip - IMMU-CHIP screen-printed
® - electrode
i = g g — ST
: = T
i m’ﬂl‘-’" thickness: 4 pm

: depth: 100 pm width: 500 pm

Polybrominated
diphenyl ethers
(PBDEs), a class of
halogenated
compounds, similar to
polychlorinated
diphenyls (PCBs) and
commonly used as
flame retardants.

Detection chip - DET-CHIP Removal chip - GO-CHIP
depth: 50 um

75 mm

2004

Magnetic bead- pgpg  HRP-PBDE
antibody

(1 % ’f:""
(2)‘. o .‘*‘

r—

Towards Integrated
Detection and Graphene-
based Removal of
Contaminants in Lab-on-a-
chip Platform

Merkogi et al., Nano Research, 2017, Vol 10 (7), pp 2296-2310




Graphene Oxide—Poly(dimethylsiloxane)-Based Lab-on-a-Chip Platform for
Heavy-Metals Preconcentration and Electrochemical Detection
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OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

LOCs / Nanochannels

Preconcentration,
filtering, automation ==

AN

Paper-based sensors Nanomotors

Simple is the best

i

Capture even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)




Paper-based biosensors SNz T NANG

Why to move biosensors to paper format?

Paper...

...Is formed by cellulose.
* Low-cost and aboundant material.
« Easy to manufacture
* Recyclable & biosustainable.

RECYCLABLE

- e

...has a porous matrix.
« Several reactions can be carried out within it.
* The porosity can be modified.
» Capillary forces creates autonomous microfluidics
making “zero energy” device!

...Is easily tunable.
 Its microfluidics by porosity.
 Its architecture.

...Is compatible with nanomaterials
* Printing of nanomaterials
« Easy nanoplasmonics

Claudio Parolo, Arben Merkoci. Chem. Soc. Rev., 2013, 42, 450 - 457



' % 9 Vs
Paper based biosensors RICNZ,

i Nanotecnologia

Simple is the best

- Dipsticks
- Lateral Flow strips

- Microfluidic devices

Type of paper-based biosensor  Possible detection methods  Advantages Disadvantages
Dipstick e Optical e Easy design e Just one step
e Fast optimization e Only optical detection

e Mostly no quantification

LFA e Optical e Versatile e Long optimization times
e Electrochemical e Flow e Long fabrication
e Electrochemical detection e Sample volume (around 100 pL)

e Possible quantification

HPAD e Optical e Versatile e Long optimization times
e Electrochemical e Flow
¢ Chemiluminescence e Different detection methods
e MEMS e Quantification

e Small sample volume (less than 10 pL)
e Massive production

Parolo, Merkogi Chem. Soc. Rev., 2013, 42, 450
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NP-based lateral flow iImmunoassay %

Detection  Control line Housing

More antigen - More AuNPs - More color intensity Testline  Window

[ Sample inlet

Control spot Abs ——
Detection spot Abs =

\V4 ,;(( :
AuNPs-Abs — J « \ Absorbent pad
/ \
lb Detection pad Sample pad
\ Sample pad

Absorbent pad
Detection pad

Conjugate pad

Analyte Nanoparticle _Antibody

|

Conjugation pad Sa mp I €

anlania
A A

Analyte concentration

http://www.bbiinternational.com/ Chem. Soc. Rev. (2010) 39, 1153




LFIA (Cadmium determination in drinking water)

@ Cd

@ -~unes
- - Y */ Anti-BSA
@ BSA - A281G5 D 1
8 EDTA Cd-EDTA-BSA-AUNPS mAb
J—d_,}_f—;

1 I

test control
line line
conjugate pad

sample pad

Samplewithout
Cd-EDTA

absorption

pad

ap —>

samplewith Cd-EDTA

extra conjugation pad

- Cd?* complexation with EDTA
- interference masking through
ovalbumin (OVA).

Anal. Chem., 85, 3532—-3538 (2013)
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Uranium (VI) detection in groundwater using a gold
nanoparticle/paper-based lateral flow device

A competitive immunoassay format

»
\

= 1 1

® uwvI)
w DCP
% BSA

) AuNPs

\‘(/ 12F6 monoclonal antibody
anti UW{VI}-DCP complex

\\// Goat antimouse 1gG antibody
anti 12F6 antibody

) (+)

&

! T~

—
—_—

Merkoci et al., Scientific Reports volume 8, Article number

A UV)/(nM) 0 25 S50 75 100 150 200

e e dcL
o (i
S]]
B
481 %color = -4.396In[U(VI)] + 59.97
2 =0.99
S a4
3
2
40
36

100 150 200
[U(V)], nM

LOD of 6 nM in standards and
samples

LOD of 36.38 nM in tyreated
samples

- 16157 (2018)



Electrochemical |lab-on-paper for heavy metal detection
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Merkogi et al., Anal Bioanal Chem (2015) 407:8445-8449 E (V)



Bacterial Cellulose Nanopaper

- Multifunctional Biomaterial

- Hydrophilicity

- High porosity

- Broad chemical-modification
capabilities

- High surface area

Nat Nanotech 2010, 5:584

OH OH .
HO o
© OH



Nanopaper as an Optical Sensing Platform
Pathways to obtain Plasmonic / Photoluminescent
Nanopaper

A) Reducing agent for chemical

Aa
o AgNO; at @ Y < . .
< o H(,>» Bactorial Cellulose ~ 65°C, pH=12 — & ¢ "b o e o\_ reduction of noble metal ions to
> A~ Nanopaper e © € % metal nanoparticles
© on ‘f&)
( wg) e
> B) Nano-network to embed

HAuCl,, PEl in : H :
it Qk‘,f__‘cx metallic nanoparticles during

Carboxylation their synthesis

(TEMPO, NaBr
and NaClO)

C) Producing carboxylic

\ groups on the cellulose, for
¢/ subsequent coupling with
protein/amino-

@ Ssilver Nanoparticles (AgNPs) Ad NH,-UCNP ¢ 6 ¢ ¢ functionalized nanopartides
0 Gold Nanoparticles (AuNPs) ¢ ¢

’0 Streptavidin-CdSe@2ZnS Quantum Dots (SAv-QDs)

Q_ NaYF,:Yb* @Er**&Si0,-NH, Upconversion Nanoparticles (NH,-UCNP)

E. Morales-Narvaez, H. Golmohammadi, T. Naghdi, H. Yousefi, U. Kostiv, D. Horak, N. Pourreza, A. Merkoci,
ACS Nano 2015, 9:7296




Nanopaper as an Optical Sensing Platform
Plasmonic Nanopaper (appearance)

E. Morales-Narvaez, H. Golmohammadi, T. Naghdi, H. Yousefi, U. Kostiv, D. Horak, N. Pourreza, A. Merkocgi,
ACS Nano 2015, 9:7296




Nanopaper as an Optical Sensing Platform

oo agt® ‘ Tv_vo-dimensional
o ol @ microwell plates
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Bacterial cellulose
nanopaper-based composites
(dried)
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ndividual assays
E. Morales-Narvaez, H. Golmohammadi, T. Naghdi, H. Yousefi, U. Kostiv, D. Horak, N. Pourreza, A. Merkogi,
ACS Nano 2015, 9:7296
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Nanopaper spots for
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Nanopaper as an Optical Sensing Platform

AgNP-BC + lodide, (ppm)

AgNP-BC + Methimazole, (ppm)
— 0.0
— 050
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o
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E. Morales-Narvéaez, H. GoImohammadl, T. Naghdl, H. Yousefl, U. Kostiv, D. Horak, N. Pourreza, A. Merkogi,

ACS Nano 2015, 9:7296



Visual detection of volatile compounds in
a piece of AgNP-based ‘1
plasmonic nanopaper
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Wavelength(nm)

Food Spoilage Monitoring

Sealed Container
Holder
Plasmonic Nanopaper

Volatile Compound L

Modulation of population density and d e 4 a simple visual detection,
size of silver nanoparticles b_ & T which opens the way to

»
o

. . . Food Spoilage Monitoring . .
embedded in bacterial cellulose via innovative approaches

ammonia exposure: and capabilities in gas
sensing and smart

packaging

w
o
1

N
2

AgNP diameter (nm)
3

=
Merkogi et al., Nanoscale, 2016, 8, 7984 0 C:l;o, e
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Bioluminescent Nanopaper for the rapid
Screening of Toxic Substances

Lumlﬁe‘scent bacteria Aliivibrio
fischeri (A. fischert)
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Merkoci et al., NanoResearch, 2018, Vol 11 (1), pp 114-125
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Tutorial: design and fabrication of nanoparticle- & <&

based lateral-flow immunoassays ' '

Claudio Parolo®, Amadeo Sena-Torralba"®, José Francisco Bergua®’, Enric Calucho',

Celia Fuentes-Chust1 Liming Hu', Lourdes Rivas', Ruslan Alvarez-Diduk®', Emily P. Nguyen',

Stefano Cinti?, Daniel Quesada- Gonzslez®® and Arben Merkoci®"4* c d

Quantitative detection Quantitative detection
using a dedicated reader using a smartphone
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paperdrOpdx

Professional & Self-testing In Vitro Diagnostics

Technology awarded with

| 1 the Seal of Excellence of

the European Commission

Rapid diagnostic tests based on paper-microfluidics highly flexible that enable
the integration of a wide range of bioreceptors in a very short period of time.

4

Equipment-free

@ é
Ultrasensitivity Low cost
No need of any equipment,
just a device as simple as a

pregnancy test and one
drop of sample.

Molecular and genetic
biomarkers along with new
signal detection and
visualization strategies.

Paper has unlimited
capacities, is easy to be
manufactured and is totally
reciclable.

* Adaptative platform * Proprietary technology

*

with strong plasmonic resonance 10-100
times stronger than commercial NPs

W =

for Abs, Aptamers, Probes, PNAs
and different bioreceptors
entities

Fast & Easy

Just onedrop on the paper,
wait about 5 minutes and
that’s it: the diagnostic is

done.

* Image supportand
connectjit

o

-
-
PR

taking advantage of the different imaging tools and the
wireless connectivity of smartphones



OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

LOCs / Nanochannels

Preconcentration,
filtering, automation ==~

AN

Paper-based sensors, Nanomotors

Simple is the best

10

Capture even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)




Nano/micromotors (Collaboration with J.Wang, USA
Maria Guix

yd Bacterial Isolation by Lectin-Modified

Enhancing of biosensing Jvicioengires

Template-based catalytic microengines
(no need for clean room) /
AU/NI/PANI Polyaniline/Pt

, 12, 396-401. 2012

Superhydrophobic Alkanethiol-Coated
Microsubmarines for Effective Removal
of Oil

4 SA[\/I—modi%fed / \
4 microsubmarine .
2H,0,(l) = 2H,0(l) + O, Oil droplets

Magnetic Control

Trilayer PANI/Ni/Pt Microengine < O u p | I n g

= .. &0
nanomotors effect SNy ,.a—“ | T—*%
with biosensing \
NTEe

—

Nanoscale, 2013



BacterialilselatieniyAECH oo

Drinking water

Selective
capture B
of Escherichia O Og)
coli from food . |
and clinical

, Selective pick-up of E. coliin presence of S. cerevisiae
samples

Template-based self-propelled microengine
Au/Ni/PANI/Pt
Modified with Concanavalin A (ConA: lectin bioreceptor)

OJ\*XO ?
OH o] e
[o] (o]
H H H H OH H
[ (1! {1l |
gﬁ i i—ﬁ o ? S. Campuzano et al. Nano Lett. 12, 2012, 396-401. \

- ioelectronics
\___~ -
& Biosensors Group



Microengines meet PA technology

Antigen — Antibody
interaction

Morales-Narvaez, Guix*, Medina-Sanchez, Mayorga-Martinez, Merkoci, Small, 2014



Microengines meet PA technology
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Morales-Narvaez*, Guix*, Medina-Sanchez, Mayorga-Martinez, Merkogi, Small, 2014




Si0,@rGO-Pt Janus Micromotors

Enhanced removal of Persistent Organic Pollutants (POPs)
o -

Micromotor motion

with H202 without H202

400 500 400 500 600
C 2 (nm) 2 (nm)
p “ 120
y o
)
o . )
g ~ /
virh 1 2 3 4
. Q Number of cycles
3 ' Polybrominated diphenyl ethers (PBDEs)
 POPs 5-chloro-2-(2,4-dichlorophenoxy) phenol (triclosan))

Jahir Orozco, Luiza A. Mercante, Roberto Pol, Arben Merkogi, J. Mater. Chem. A, 2016,4, 3371-3378



OUR MOTIVATION

To design new simple nanobiosensors and improve existing ones

LOCs / Nanochannels

Preconcentration,
filtering, automation ==

AN

Paper-based sensorsy Nanomotors

Simple is the best
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Capture even single analyte,
bring it to sensing surface

Graphene

New (bio)sensing
opportunities (?)
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Properties with interest in Biosensing

e Superlative mechanical
strength

Yung’s modulus ca. 1100 GPa

Science 2008, 321:385-388

extremetech.com

e High planarsurface
2630 m?2 gt

Nano Lett 2008. 8:3498-3502

Nano Lett 2008, 8:2458-2462

e Impermeable to standard ”_ ="

Ap =-93 kPa

Unprecedented
thermal conductivity
5000 Wm-K?

Nano Lett 2008, 8:902-907

e High electrical
conductivity
1738 S m

Science 2012,335:1326-1330
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Properties with interest in Biosensing NANZ

GO can be processed in suspension form
o
E 2
— S
S g o " H o B
EEEEE R
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Just l‘ l f |
sonicated = b 2
After
3 weeks
i Langmuir 2008, 24:10560-10564
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* Direct wiring with biomolecules

Bacteria

Proteins 6 )

Nucleic acids

Aptamers

Small molecules

HN
9.5.5. O\
e
i ) e ,
iy o VW
Avidin- biotin - Cells
Peptide
Chem Soc Rev 2010, 39:4146-4157
|(§i\}29 — Trends Biotechnol 2011, 29:205-212



Progress in Materials Science
£ \ Volume 85, May 2017, Pages 1-24
ELSEVIER
Graphene-encapsulated materials: Synthesis,
applications and trends

Eden Marales-Narvéez ?, Livia Florio Sgobbi * F, Sergio Antonio Spinola Machado &, Arben Merkogi > © & &

- Biosensors

- Bio/imaging

- Drug Delivery
- Therapy

- Micro/nanomotors

Graphene-encapsulated
materials

: - Extraction
Coe - Adsorption
Cells_ A - - Degradation
-D;ugs - Remediation
. Oxides :
Al LR
~ Polymers
~ Nanoparticles
Trog M-: z‘:. v
- Batteries

- Super Capacitors

Graphene-based materials (GBM) are an exceptional type of
materials that offer unprecedented application capabilities
to the scientific and technologic community.
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Graphene-Based Biosensors: Going Simple \
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Graphene-Based Biosensors: Going Simple Graphene Oxide as an Optical Biosensing Platform

Eden Morales-Narvdez, Luis Baptista-Pires, Alejandro Zamora-Gdlvez, and Arben Merkogi* Eden Morales-Narvdez and Arben Merkogi*
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Excellent quencher of fluorescence

FRET

FRET entails the
transfer of energy from
a photoexcited donor to
an acceptor molecule

( P
oCe
| ( : N 2 q EXCELENCIA
SEVERO
OCHOA
Institut Catala

N;
i Nanotecnologia

400 500 600 700
Alnm

Angew Chem Int Ed 2006, 45:4562 - 4588

I

Typically
E=1/[1+R/Ry)]
d~10 nm

Using Graphene
E=1/11+ (R /Rp)"]
d ~ 30 nm

J Chem Phys 2009, 130:086101

Adv Mater 2012, 24, 3298-3308



Graphene Oxide in FRET (solid phase) NANZ

& Biosensors Group

Simple FRET evidence for the ultrahigh QD
qguenching efficiency by GO compared to other
carbon structures

.Qh}g

A3
Yoy l
\?Y{w
o
(Y0
X

N
3

atete
| graphite ‘ ERE
30000 el

QD Quenching
Efficiency range (%)

g 17405 + 6617
CNT 63107 + 71101
CNF 52410 + 74107

GO 91402 + 97101

Morales-Narvaez, Merkogi, et al.Carbon 2012, 50:2987



GO as a pathogen-revealing agent
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A Lateral Flow Strip
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GO as a pathogen-revealing agent

Lateral Flow Strip
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Water Activated Graphene Oxide Transfer Using Wax Printed
Membranes for Fast Patterning of Electrical Devices

Wax
patterning f||trat|on

%%

Transfered GO

Video of printing

Pressure 1 .
l After filtration
&‘ _ AN
‘ X}

Fast Dry (air flow) Water activation

Baptista-Pires,Mayorga-Martinez, Medina-Sanchez, Monton, Merkogi, ACS Nano 2016, 10, 853-860



Water Activated Graphene Oxide Transfer Using Wax
Printed Membranes for Fast Patterning of Electrical Devices
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Water Activated Graphene Oxide Transfer Using Wax
Printed Membranes for Fast Patterning of Electrical Devices
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Transfer onto flexible substrates
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GO as a PL donor

Graphene Quantum Dots-based Photoluminescent Sensor: A
Multifunctional Composite for Pesticide Detection

a . b
.0 -;\ UV-Vis Spe tr PLjergtsﬂém of L 400
Y

’;.\ 08 é \\\\ —— GQDs
A i \, —mSGP | 4
g 06: N Ty
2 " N T 1200 2
o i S o

........................... 2 044 i ic
o] : ~ -100
a 1 Abs. spectrum of\
<€ 024 == -mSB

<1 --.GQDs
& {oomseR NI .
i 300 350 400 450 500 550 600
> E - g6 8 s Wavelength, (nm)
\ )
/‘\‘Q* \ ) (S
. Aminated-Magnetic > c FT-IR spectra d XPS spectra
Silica Bead i

Si2psizs  Cls  Nls '
mw F

s Graphene Molecularly =
I;;c:;\;;: Quantum Dots Imprinted Polypyrrole S s 5
8 ] ¥ \ [
. % GQDs .y C-N D [msB
«% Analyte (TBT) Composite £ < 7 =
(MSGP) £ L o c=6 |
= C-O alkoxy
= S GQDs
C=C  C-O carboxy
4000 3000 2000 1000 0 200 400 600 800
Wavenumber, (cm'1) Binding Energy, (e.V)
%
ICN29 © s Zor, Morales-Narvaez, Zamora-Galvez, Bingol, Ersoz, Merkoci, ACS Appl Mater Interfaces. 2015, 7:20272

Institut Catala

de Nanociencia
i Nanotecnologia



GO as a PL donor

Graphene Quantum Dots-based Photoluminescent Sensor: A Multifunctional
Composite for Pesticide Detection
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Zor, Morales-Narvaez, Zamora-Galvez, Bingol, Ersoz, Merkogi, ACS Appl Mater Interfaces. 2015, 7:20272




GO as a PL donor

Graphene Quantum Dots-based Photoluminescent Sensor: A Multifunctional
Composite for Pesticide Detection
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Innovative monitoring tools for river and lake water quality,
and a new business model for 2020 and beyond

Environmental
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_g Decision
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Figure 1.4 The two approaches to using innovative sensors the nanoparticle based metal system for the
boats (left), and the land-based strips (right)




Laboratory set-up for in-situ and automatic heavy metal sensing measurements
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Yang, Qiuyue, Merkogi et al. "Development of a heavy metal sensing boat for automatic analysis in natural waters utilizing anodic stripping voltammetry."
ACS ES&T Water 1.12 (2021): 2470-2476.



Autonomous boat for heavy metal sensing measurements s GO
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Conclusions A
Nanobiosensors represent a great alternative for environment monitoring

These devices and related fabrication technologies offer unpresented alternative for
the democratization of monitoring systems

Nanomatarials can be easily coupled to paper-based platforms to build
cost/efficient nanobiosensors

Nanomaterials exhibit unprecedented properties as either electrical or optical
transducer for biosensing applications

Their properties and related platforms can enable:

- Connection to a variety of (bio)receptors and nanomaterials

- Simple assay procedures and avoid time consuming labours

- Compatibility with mobile phone technology and other smart environment
monltormg systems.
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