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Our group occupies a space of about 120 m2, which is consisted of two independent laboratories: The main laboratory (70 m?),
and the “Screen-printing Unit” (52 m?) both located at the main building of the Department of Chemistry.
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Laboratory Screen-printing Unit
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The laboratory
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Frequency Response analyzer Potentiostat — Galvanostat — LCR DLS - Mal Quartz Crystal Microbalance (QCM)
Impedance Spectroscopy (Cyclic) Voltammetry - Potentiometry - Vialvern
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Stereoscope — 680x

Centrifuge — 10k rpm Ultrasonic probe 200 W
Exfoliation of layered materials
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3D-Electric Discharge Unit
Topospecific generation of nanoparticles
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The laboratory
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Nebulizer
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Screen-printing Unit
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' Lini-Cyclone
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Screen-printing: Principle of operation
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image photoemulsion

ink

screen
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The ink is driven under pressure through a screen (mask), passes through the holes (image) made
over a photosensitive layer, and so it printed-out over a substrate located underneath the screen.
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Preparation of screens
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Research interest
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OMVERITOF Our group is integrated within the area of Chemical Sensors and Biosensors and its main research interests include the development of enzyme
biosensors, impedimetric biosensors, the design, development and fabrication of disposable electrochemical cells for application in clinical, food
and environmental chemistry, the generation of metal nanoparticles with “green” methods, bipolar electrochemistry as well as the development
of portable analytical devices for point-of-care applications.
v' Point-of-care medical diagnostic devices
v Responsive polymer film-based biosensors
v" Immobilization of enzymes and antibodies

v" Voltammetric biosensors

v" Impedimetric chemical sensors, immunosensors and gas-phase sensors
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v' "Green" generation of metal or graphite nanomaterials by spark discharge

v Production and electrocatalysis with 2D nanosheets (ILMs)
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v' Screen-Printed electrochemical cells

v’ Bipolar electrochemistry E INSTITUTE OF
MATERIALS SCIENCE
AND COMPUTING




NANENIETHMIO

Analysis & Diagnostics: The way forward

\

OMVERSIT OF The “ASSURED” criteria set by the World Health Organization is a top priority in medical, food and environmental diagnostic sector.
Target: The development of inexpensive devices allowing reliable measurements to be conducted by non-trained users outside a laboratory facility

Affordable
* Affordable to end users
* Affordable to health systems

Sensitive
* Avoid false negatives

Specific
* Avoid false positives

User Friendly
* Simple to perform, non-invasive specimens
* Minimal training required

Rapid and Robust
* Results allow treatment at same visit
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Equipment Free
* Least use of expensive equipment
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Deliverable to end users
* Available and accessible to those who need them.
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Drop-volume measurements
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All-screen-printed electrodes integrating permanent bonded magnets
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Electrochimica Acta 360 (2020) 136981

3 Department of Chemistry, University of loannina (Uel), loannina 45110, Greece
b Department of Material Science and Engineering, Uol, loannina 45110, Greece
€ Instirure of Materials Science and Compuring, University Research Center of loannina (URCI), 45110, loannina, Greece
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All-screen-printed electrodes integrating permanent bonded magnets
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magnetic SPE/Fe:04/PB

front (graphite) rear (plain) front (graphite) rear (mag net) rear (magnet)

non magnetic SPE magnetic SPE engraved magnetic SPE

front (graphite)

x
9
0
=)
o
3
14
0
)
z
m
o
(0]
d
B
X
=
T

18
2
)
x
O
(]
x
9]
(1]
4
w
(0]
0
m
]
Zz
<
(]
14
(9]
0
Zz
w
n
-
<
o
3
1]
I
O
0O
x
-
O
W
—
Ll

INSTITUTE OF
MATERIALS SCIENCE
AND COMPUTING




MNANENIZETHMIO

@l Research Outputs & Prototypes: Portable potentiostat
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Available online at www.sciencedirect.com ——
.BIIHGI@DIHIOT' m

Sensors and Actuators B 107 (2005) 372-378

]
www.elsevier.com/locate/snb

Construction and analytical applications of a palm-sized
microcontroller-based amperometric analyzer

Elias M. Avdikos®, Mamas I. Prodromidis®*, Constantinos E. Efstathiou®
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Research Outputs & Prototypes: Portable charge (capacitance or impedance) meter
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el The model of a biochemical capacitor
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Q Surface (A) X permittivity (8) X permittivity of free space (Eo)
C = =
V Distance (L)
Working electrode electrolyte Auxiliary electrode
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Electrode/electrolyte interface
“electric double layer”
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el The model of a biochemical capacitor
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Dielectric layer — Immobilization platform

Recognition layer - Antibody

Analyte - Antigen
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Bl Research Outputs & Prototypes: Paper-based biosensor for goat milk adulteration
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UNIVERSITY OF

IOANNINA DOI: 10.1021/acs.analchem.6b01625 l
mdyt cal. Anal. Chem. 2016, 88, 68976904
cl'lemlstry pabiso
Lab-on-a-Membrane Foldable Devices for Duplex Drop-Volume %j

Electrochemical Biosensing Using Quantum Dot Tags

Christos Kokkinos,™" Michailia Angelopoulou,” Anastasios Economou,™’ Mamas Prodromidis,
Ageliki Florou,” Willem Haasnoot,” Panagiota Petrou,” and Sotirios Kakabakos®
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the collection of the liquid waste. (C) Photograph of the complete device (membrane mounted on the PVC
holder) plugged into the cable connecting to the potentiostat.
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Bl Research Outputs & Prototypes: Paper-based biosensor for goat milk adulteration

\

UNIVERSITY OF assa y
[GEUTUUENENN o m m  game e s . —: d— — S a— — —— - -
nmunosensor fabrication : |
| assay zone : | ‘ | : &
L 1 *
2 | ) | M
0) I »CE | l | blgG
[0} I 6’ | I =
g l B) " WE modified with Bi-citrate o , o
29 | —[RE | é | BSA
W _ |
H .ol b &0- J LA
0 j immobilization  blocking : |sample with | biotinylated
o 3 : of protein with BSA | | antibody | antibodies
e e I e}
2 9 | =
o Z I acetate buffer HCI HCI, STV
) " F Pb-QDs
= )k | pp Gd & Y | °
0 l ASV [ Pb*? Ccd*2 |
2 < : — F fe— — (® 1| stV
o : Bi film | cd-aps
g E | formed |
5 e I
9 measurement
0
]
a Schematic illustration of the duplex protein immunosensing, including the biofunctionalization

of the assay zones, the steps of competitive immunossays and the ASV detection.
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@l Research Outputs & Prototypes: Bipolar electrochemistry
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Sensons and Acteators B 268 (2018) 519-534

UNIVERSITY OF g S Contents list: ilable at ScienceDirect
JOANNINA 'ﬁ’,}%w‘; == Etot
& ‘i’-e‘i&ﬂ Sensors and Actuators B: Chemical ' +
\l journal homepage: www.elsevier.com/locate/snb
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Sensors and Actestors B 268 (2018) $39-534
Contents lists available at ScienceDirect

Sensors and Actuators B: Chemical

ELSEVIER journal homepage: www.elsevier.com/locate/snb

Research Outputs & Prototypes: Bipolar electrochemistry

Minimum Driving Voltage (Epy,,,i,) = K (E5 = E¢)

0.05916 0.05916 1

Ec = [E%cuq/cuto)) = 2 log [Cu2+]] ~ e

1
E = [Eo(oz, H,0) ~ log [H+]4] + 1My

Bipolar electrochemical detection of reducing compounds based on
visual observation of a metal electrodeposited track at the onset
driving voltage

Antonios P. Hadjixenis*, Jan Hrbac”, Mamas 1. Prodromidis*-*
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@l Research Outputs & Prototype: Determination of total antioxidant capacity
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Talanta 219 (2020) 121313

Contents lists available at ScienceDirect

Talanta
Talanta
LL\L\[L[{ journal homepage: www.elsevier.com/locate/talanta = {
Short communication n 15 min
A compact bipolar electrochemistry device utilizing a liquid free catholyte &% H202 H20,

remaining
and eye visual indication of the reporting event for the determination of amount

antioxidant capacity in real-world samples

Antonios P. Hadjixenis *, Jan Hrbac ", Mamas 1. Prodromidis * EDV b

* Department of Chemistry, University of loannina, loannina, 451 10, Greece e ||“'
® Department of Chemistry, Masaryk University, Brmo, 625 00, Czech Republic
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@l Research Outputs & Prototypes: 3D-spark discharge nanoparticle generator
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Electrochimica Acta 304 (2019) 292-300

Contents lists available at ScienceDirect 4
Electrochimica Acta
journal homepage: www.elsevier.com/locate/electacta
Extended coverage of screen-printed graphite electrodes by spark )

discharge produced gold nanoparticles with a 3D positioning device. | %=&
Assessment of sparking voltage-time characteristics to develop
sensors with advanced electrocatalytic properties

Maria G. Trachioti , Eleni L. Tzianni , Daniel Riman , Jana Jurmanova ¢,
Mamas I. Prodromidis *°, Jan Hrbac "¢

4 Department of Chemistry, University of loannina, loannina, 451 10, Greece

b Department of Analytical Chemistry, Palacky University, Faculty of Science, 17. listopadu 12, CZ-771 46, Olomouc, Czech Republic
¢ Department of Physical Electronics, Masaryk University, Kotlarska 2, 611 37, Brno, Czech Republic

4 Institute of Chemistry, Faculty of Science, Masaryk University, Kamenice 5, 625 00, Brno, Czech Republic

x
o
5
>
i1]
3
x
(o]
n
z
L
0
QO
3
™~
o
E
I

18
2
)
x
O
(]
x
9]
(1]
4
w
(0]
0
m
]
Zz
<
(]
14
(9]
0
Zz
w
n
-
<
o
3
1]
I
O
0O
x
-
O
W
—
Ll

INSTITUTE OF
MATERIALS SCIENCE
AND COMPUTING




MNANENIZETHMIO

@l Research Outputs & Prototypes: 3D-spark discharge nanoparticle generator
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* High voltage between two conductors (and to a neutral gas between them)
e Electric breakdown (flow of current through the electric insulator)

* Formation of a conductive plasma (electrons, ionized species) column

e Development of high temperatures (> 20000 K) at the sparking point.

e Erosion of both materials (conductors) — melted and evaporated particles
e Formation of a vaporized cloud

* Cooling process & formation of nanoparticles

_— Electrode
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@l 3D-spark discharge nanoparticle generator: The basics of the electrical system
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6 Gap C High voltage
[1)]
—de=  generator
§ 1 \\ \Electrodes — R \A
a2 v
9 0
C >
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(a]
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£ 2 =
20
w O
n 3
3 i E=Lcy?
0 = —
2 E 2 The capacitance (C) is also related to the energy (E) of the spark.
f
O
E f = L The frequency (f) of the spark is controlled by the charging current
CVy (1) of the capacitor; C, capacitance; Vd, discharge voltage
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Bl Wide scope of applicability, tunable size of NPs, controllable composition
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v In the case of alloyed electrodes, the relative concentration of the elements in the nanoparticulate sample was
consistent with the electrode composition.
v" When using electrodes of different metals the individual nanoparticles showed a range of mixing ratios.

v Applicable to all metals and semi contactors.
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gl  In-situ, pin-to-substrate 3D-spark discharge nanoparticle generator
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Bl Toposelective modification of the electrode surface
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Sparked (single or mixed) metal or graphite nanomaterial-modified SPEs can be prepared on-demand, even on-site, within a
few minutes or even seconds, through a totally green and solution-free methodology that requires only the respective
metal/alloy/carbon wire and a power supply. Sensors based of various nanomaterials, such as Bi [1,2], Cu, Ni and alloyed Cu/Ni
[3], Sn [4], Au or Au/Si [5,6], Fe [7], Mo [8] and C [9] nanomaterials have been developed.

References

[1] D. Riman, D. Jirovsky, J. Hrbac, M.I. Prodromidis, Electrochem. Commun. 50 (2015) 20.

[2] D. Riman, A. Avgeropoulos, J. Hrbac, M.l. Prodromidis, Electrochim. Acta 165 (2015) 410.

[3] D. Riman, K. Spyrou, A.E. Karantzalis, J. Hrbac, M.I. Prodromidis, Talanta 165 (2017) 466.

[4] M. Trachioti, J. Hrbac, M.l. Prodromidis, Sens. Actuators B 260 (2018)1076.

[5] M. Trachioti, A. Karantzalis, J. Hrbac, M.l. Prodromidis, Sens. Actuators B 281(2019) 273.

[6] M. Trachioti, E. Tzianni, D. Riman, J. Jurmanova, M. Prodromidis, J. Hrbac, Electrochim. Acta 304 (2019) 292.
[7] F. Tseliou, P. Pappas, K. Spyrou, J. Hrbac, M.I. Prodromidis, Biosens. Bioelectron. 132 (2019)136.

[8] P-A. Kolozof, A.B. Florou, K. Spyrou, J. Hrbac, M.I. Prodromidis, Sens. Actuators B 304 (2020) 127268.

[9] M.G. Trachioti, D. Hemzal, J. Hrbac, M.l. Prodromidis, Sens. Actuators B 310 (2020) 127871.

oL
-]
0
x
O}
(0]
0
n
z 0
'
0 >
0 g
a)
o3
o O
0
L 2
9
-y
w O
0 3
d =
>
0oL
> E
W T
I
Q
0
14
[
O
L
i
L

INSTITUTE OF
MATERIALS SCIENCE
AND COMPUTING




MNANENIZETHMIO

INANNINGN Work% made in our Iab

\

Sensors & Actuators: B. Chemical 281 (2019) 273-280

UNIVERSITY OF
IOANNINA

Contents lists available at ScienceDirect

& Sensors and Actuators B: Chemical
(0]
([_I'c) journal homepage: www.elsevier.com/locate/snb
n
14
2§
Wz Low-cost screen-printed sensors on-demand: Instantly prepared sparked gold )
0 > nanoparticles from eutectic Au/Si alloy for the determination of arsenic at  %&&
0 m
a3 the sub-ppb level
z .
< g Maria G. Trachioti’, Alexandros E. Karantzalis”, Jan Hrbac®, Mamas I. Prodromidis™
‘frt) (1] * Department of Chemistry, University of loannina (Uol), loannina, 45110, Greece
(0] E " Department of Materials Science and Engineering, Uol, loannina, 451 10, Greece
‘2 n “ Department of Chemistry, Masaryk University, 625 00, Brno, Czech Republic
¥
33 () 1.6 0 ;
S} E 0.8 f
Q T 141 <06
0 a 1.2 -
8 < 0.2
[ = 1.04 0.0
Q b = 0 5 10 15 20
H 0.8 [As(Ill)] / ppb
L 4 pA
0.6
° 0.4

04 00 04 08 12 16 2.0 e
-0. . ) : . INSTITUTE OF
E (vs. Ag/AgCl) / V E (vs. Ag/AgCl) / V E MATERIALS SCIENCE
AND COMPUTING




MNANENIZETHMIO

Bl Faradic Impedance : AuNPs “rich” and “poor” electrode surface/electrolyte interfaces
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Bl Research Outputs & Prototypes: Determination of urea in undiluted, untreated urine
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Bl Research Outputs & Prototypes: Near-patient detection of H. Pylori infection
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