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o Statement in Analytical (Bio)Electrochemistry

Detection of redox species (bio)chemical reactions (or other applications) by electrochemical
oxidation or reduction. In theory possible for any chemical species.

Reduction
S | well established method
everal well established methods _
: Ox+ne 2 Red
Cyclic voltammetry, chronoamperometry, square wave voltammetry...
(—
Oxidation

What is needed for electroanalysis ?
* Electrochemical reaction interface: Working electrode (+ counter + reference electrode)
* Devices: potentiostats (1 to 8 ways)

Multicomponent/multiparameter interface

Biocatalyst

Electrolyte:
Y:CF,BF,, ClO, ...
Xt:K*, Na*... e e . . . .
? Optimization is time-consuming, mostly

pH and buffer empirical or experience based

Redox Mediator/
Electrocatalyst

S S S / /S S/ S/ /7 Electrochemical Potential
(V vs. ref)

High Throughput Electrochemistry Needed

electrons
Electrode Material: C, Au, Pt...
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2 The CEITOP Project )

POWERED BY

LabVIEW

Software for data acquisition Hardware: 1 + 2 Cards
and control
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Electrodes Architecture: Classical 96 well format o

12 columns x 8 raws
o Printed Circuit Board
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OMesh screen

192 Connections to the
device (PCl 120)

Electrochemical experiments are performed on 96 multiplexed electrodes
screen-printed on a PCB. Working electrodes are made of carbon and
counter/ref are Ag|AgCl electrodes.

PCB is only a connector between the device and the 96 electrodes (no electronics)

Samples are 96 drops of 35-50 ulL covering each independent electrodes
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@ Electrochemical method: Intermittent Pulsed Amperometry (IPA)

CE (Ag-AgCl)

Computer controled

switch = — — 1 i Tocurrent measurement

: (1nAto 100pA range)

Vp [, Y T mmmmm N
2V to 42V VWEI Virtual GND
(ImV resol.) x
WE (carbon based)
Ve (V) | i (A)
'T §0PEU§ open
VP— —

2 electrodes systems: Working (Carbon) and Counter/reference (Ag/AgCl)
WE is switched from a polarized state to an open state (@) periodically.
During polarization, current is measured: one | vs time plots per frame
(Chronoamperometry-like)

| vs time plots x number of frame x 96
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@ Data acquisition within a single frame: by column o

Column period: residence time on the electrode column we (V) i (A)

Vp‘T =

Polarization duration (-2/+2 V)

h|
g =
wn

t =t
oF [) m——— 32|JS+2|-|S D m— X12
: G — v G m—
>

N aquisitions of 34 ps =1 frame =1vs t plot

For each column, intensity is recorded N times with a maximum time resolution of 34 ps.

Ex: Polarization duration of 100 ms lead to 2940 data points per well (23520 per column)
But could be less if necessary!

Repeat indefinitely for the 12 columns
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o Example #1: Low frequency analysis

Results for a single electrode (should be mutipled by 96)
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Potential is applied for 500 ms with one acquisition every 0.25 ms resulting in a | vs. t
frame of 2000 data points.

* Asecond frame is acquired after 60 000 ms (1 min).
* The two frames are nearly identical (shown as function of data point number)
* As a first approximation, the | vs. t plot was fitted to the Cottrell equation.

Bastien Douméche — ICBMS UMR 5246 — Université Lyon



o Example #2: High frequency

Results for a single electrode (should be mutipled by 96)
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Potential is applied for 500 ms with one sample every 2.5 ms resulting in a | vs. t frame
of 200 data points.

Ten nearly identical frames are acquired during 60 000 ms (1 min) (left).

Inter electrode variability still occurs due to non-optimized screen-printing (right) (work
in progress).
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o Quantitative signal

Empirical equation... | = nFAC* 2 + E + I, --tobejustified by diffusion-reaction

i

Home made software for automatic data analysis of all frames: POSTER S1-P026

(part of Rainier-Numa GEORGES PhD work)

Model reaction

$e

Fe(CN,)* le Fe(CN,)*

Electrochemical Oxydation 20

+0.35Vvs AglAgCl

Metrics: S10
2 minutes — 96 electrodes B
10 frames of 1sec /electrode
400 data point per frame = 384 102 data points
Analysis duration: some sec !

Sensitivity: 7.6 pA.nM!
LoD below 200 uM (Screen-printed electrodes)

y = 0.0076 x + 0.8695
R?=0.984

| 1 1 L |

500 1000 1500
[Fe(CN),*] (M)

2000
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g Electrochemiluminescence is also possible @
Model reaction
HZOZ

+
NH, O

I';IH
NH

|

part of Nathan
Montmailler Master work

| |

T 6O MmO ®@ >

Luminol oxidation in the presence of H,0, illustrates the periodic polarization of the
electrodes (still some defects due to screen printing)
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o Rapid ECL protocol optimization

Experimental setup
[H.0,]=50 nM
[Luminol ] = 100 pM
Veronal buffer 50 mM, pH = 8.5

Maximum signal obtained for 800 mV vs
Ag|AgCl pseudo ref. (non modified SPE)

Experimental setup
[H20.]= 0.8-50 nM
[Luminol ] =100 uM
Véronal buffer 50 mM, pH = 8.5
Applied potential : 800 mV vs Ag|AgCl pseudo ref.

Higher frame number higher sensitivity but...
long analysis time
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o Pulse width is the key parameter for short time analysis

Sensistivity (AU.nM™)
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@ PD:1ms Pulse width is varied from 1 ms to 1000 ms:
- PD:10ms .

® PD: 100 ms * Number of frame is constant
@ PD:500ms * Analysis time increases drastically

: 1000 ms (expected)

* For short pulses width, higher sensitivity is
achieved

Examples: for 1 ms pulse width, potential is
applied every 12 ms on a column

Close to continuous potential application on the
96 electrodes...

... but potential could be modified on each of
them

1000 10000 100000 10°
Total duration of the measurement (ms)

1 ms pulse: 2 min for 96 electrodes and sensitivity of 60 nM H,0,
VS
1000 ms pulse : 40 minutes for the same results
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What’s next ?

Technicals:
Improve Screen-Printing
“Higher” volumes: Drop (50 pL, hemispherical) to wells (400 puL, cylinder)
Replace PCB by plastics, paper... (true disposable electrodes)

Fundamentals:
“True” equations for analysis > Physical parameters
Study more deeply the ECL reaction using IPA

Applications:
Screening of chemical libraries for drug discovery (enzyme inhibitors)
ECL and electrochemical Biosensors optimization
Others ?

Thanks you for attention and to LaRégion @

Auvergne-Rhéne-Alpes



