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IMPORTANCE OF METALLIC POLLUTANTS DETERMINATION 

Urban
Industrial

Agricultural

VThe presence of metallic pollutants in water is of major concern

VAllowed amounts in waters are regularly lowered

Necessity to develop reliable and sensitive techniques for on -site analysis
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Drawbacks

ð Heavy and expensive material

ð Analysis takes time

ð Laboratory analysis

Advantages

V Good precision

V Variety of compounds
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ELECTROCHEMICAL TECHNIQUES

V Smaller and cheaper material

VEasy to handle

VFast analysis

VAdaptable parameters

VSensitive

VSuitable for on -site analysis

Sensors applications
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ELECTROCHEMICAL TECHNIQUES

Interest of electrochemical techniques:

Versatility of techniques and parameters

Ÿ Used in our case for:

VThe synthesis / functionalization of our electrode materials

VTheir characterization

VThe electrochemical analysis
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Electrochemical
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FUNCTIONALIZED SCREEN PRINTED ELECTRODES
AS ELECTROCHEMICAL SENSORS

[1] S. Bouden et al. Talanta 2013 , 106, 414 .

Screen Printed Electrodes (SPEs)

VHand -made in the lab

VCheap

VReliable

VSuitable for on -site analysis

VSensitive technique

(LOQ around 10 -9 M [1] )

M2+ M2+ M2+

SPE
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SURFACE FUNCTIONALIZATION VIA DIAZONIUM SALTS

N2
+

X

VCovalent grafting on various substrates [1] : C, Si, Au, Pt, Fe ..

VCompatible with several organic functions
X = NO 2, COOH, CF 3...

VEasy processing

[1] J. Pinson et al. Chem. Soc. Rev. 2005 , 34, 429.
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SURFACE FUNCTIONALIZATION VIA DIAZONIUM SALTS

. X
+ e-

N2
+

X+ N2+ X

VElectroreduction of diazonium salts [1]

But also :

VChemical reduction [2]

VSpontaneous reduction [3]

Xǒ

[1] D. Bélanger et al. Chem. Soc. Rev. 2011 , 40, 3995.
[2] V. Mevellec et al.  patent 2007, US 20080193668 A1
[3] L. Laurentius et al. ACS Nano 2011 , 5, 4219.
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TOWARDS SELECTIVE AND NANOSTRUCTURED SPES
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Sensitivity Selectivity
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TOWARDS NANOSTRUCTURED SPES

SPE

M 2+

M 2+

M 2+

M 2+

M 2+

M 2+

Main interests :

VEnhancement of specific surface

VBetter electronic transfers

VBetter electrochemical resolution

Nanostructuration of SPE surface : grafting of gold nanoparticles (AuNPs)

E. Jubete et al. Journal of Sensors 2009 , ID 842575, 1 -13
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ELABORATION OF NANOSTRUCTURED SPES

Principle: all -covalent method based on diazonium salts chemistry [1]

J.P. Jasmin et al. Electrochimica Acta 2014 , 133, 467. 

Spontaneous
grafting

Electrochemical
grafting

Electro -
chemical
grafting



12

CHARACTERISTICS OF THE AUNPS SUSPENSIONS

Advantages :
ÅSmall size of the AuNPs
Å« Naked » surface

Inconvenient :
Presence of citrates at the surface

ÅDiameter 15 -20 nm [1]

ÅCitrate -capped
ÅDiameter 3 -5 nm [2]

ÅNo stabilizing agent

Advantages :
ÅWell known synthesis (1951)
ÅGood stability

Inconvenient :
Easily destabilized

Turkevich AuNPs Eah AuNPs

[1] J. Turkevich et al. Discuss. Faraday. Soc. 1951 , 11, 55.

[2] M.N. Martin et al. Langmuir , 2010 , 26, 7410.



Scanning electron microscopy (SEM), chimical contrast

20 nm 20 nm

Eah AuNPs Turkevich AuNPs

Homogeneous grafting in both cases, more Eah AuNPs grafted ?

CHARACTERIZATION OF THE NANOSTRUCTURED SPES
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SPE

Au

Turkevich: 1.7 10 9

AuNPs.cm -2

Eah: 2.7 10 11

AuNPs.cm -2 
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CHARACTERIZATION OF THE NANOSTRUCTURED SPES

Rutterford Backscattering Spectrometry (RBS)  

more Eah AuNPs graftedJ.P. Jasmin et al. Applied Surf. Sci. 2017 , 397, 159 -166 .


