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Signal enhancement of electrochemical
biosensors via direct electrochemical oxidation of
silver nanoparticle labels coated with zwitterionic
polymers†

R. Geagea,ab P.-H. Aubert,a P. Banet*a and N. Sanson*bc

A new electrochemical label has been developed, which is made up

of silver nanoparticles (AgNPs) coated with a mixture of zwitterionic

and biotinylated zwitterionic polymers. These polymers improve

colloidal stability in physiological medium and ensure biorecognition

while direct electrochemical oxidation of silver nanoparticles strongly

enhances the detection signal. The resulting hybrid nanomaterials are

used as labels in the electrochemical sensing of avidin using sandwich

assays elaborated using the biotin–avidin biorecognition system.

In recent years, major progress has been made in the development
of biosensors.1–4 New research in this field faces new challenges
such as the ability to enhance the sensitivity for the detection of
traces of disease markers and infectious agents and the possibility
of directly working in biological media.

Nanomaterials are at the core of solutions commonly employed
to improve sensitivity.5,6 They have been used as well as in optical7

and electrochemical8–10 biosensors either due to their large specific
surface area (to increase the transducer area or to immobilize more
labels) or due to their physical properties. For instance, in optical
biosensors, slight and long life fluorescence of quantum dots,
surface plasmon resonance (SPR), surface enhanced Raman
spectroscopy (SERS) and metal enhanced fluorescence (MEF) of
metallic nanoparticles have been particularly exploited. For
electrochemical devices, metallic nanoparticles, carbon nano-
tubes and graphene have been used to catalyze electrochemical
reactions and to improve electron transfer. Nanoparticles have

also been used as labels capable of generating intense signals
in comparison with electroactive molecules or organometallic
complexes like ferrocene. Indeed, due to their high number of
atoms, a huge number of electrons can be exchanged through
oxidation or reduction. In the initial studies reporting the latter use,
the analysis procedure was tedious, as a chemical dissolution step
was realized before performing titration by anodic stripping.11–15

These supplementary steps are time consuming, can be the origin
of mistakes and constitute a limit to the development of such labels
in electrochemical biosensors that otherwise present many advan-
tages like speed, selectivity, low cost and ease of production and
use. Hence, recent research in this field focuses on direct oxidation
of labels especially silver nanoparticle tags.16–18 Oxidation of silver
deposits is also often encountered in biosensor devices to reveal a
biorecognition event and increase the electrochemical signal.19–23

As mentioned previously, the colloidal stability of labels in a bio-
logical environment is an additional crucial requirement for many
applications especially in the field of clinical diagnostics. Zwitter-
ionic polymers due to their remarkable anti-fouling properties
(resistance to cell, bacteria and protein adsorption) are becoming
choice materials in biomedical fields where high stability is
required.24–27 In the present work, we report on a novel label for
electrochemical biosensors based on hybrid nanoparticles with a
silver core and a zwitterionic polymer shell that will be able to satisfy
all requirements (Fig. 1). Indeed, the electrochemical oxidation of
silver will contribute to signal enhancement while the zwitterionic
polymer chains grafted onto the silver surface will provide excellent
stability. Besides these advantages, this elaborated label is very
versatile due to the presence of a carboxylic acid as its terminal
function, allowing further biofunctionalization with a lot of bio-
receptors. This therefore opens up the electrochemical biosensor
devices to be directed towards various targets. The sensor structure
developed to test these hybrid labels is shown in Scheme 1. The
biotinylated labels were used in sandwich assays for the detec-
tion of avidin as a model protein.

Zwitterionic polymers were synthesized by reversible addition–
fragmentation chain transfer (RAFT) polymerization of N,N0-dimethyl-
(methacrylamido propyl)ammonium propanesulfonate (SPP)

a Laboratoire de Physicochimie des Polyme` res et Interfaces (EA2528),
Institut des Matériaux, Universitéde Cergy-Pontoise, 5 mail Gay Lussac, 95031,
Neuville-sur-Oise, France. E-mail: philippe.banet@u-cergy.fr

b ESPCI ParisTech, PSL Research University, Sciences et Inge´nierie de la Matière
Molle, CNRS UMR 7615, 10 rue Vauquelin, F-75231 Paris cedex 05, France.
E-mail: nicolas.sanson@espci.fr

cSorbonne-Universite´s, UPMC Univ Paris 06, SIMM, 10 rue Vauquelin,
F-75231 Paris cedex 05, France

† Electronic supplementary information (ESI) available: Experimental details for
the synthesis, biofunctionalization and characterization of zwitterionic polymers
and hybrid nanoparticles. Biosensor elaboration and voltammograms. See DOI:
10.1039/c4cc07474b

Received 22nd September 2014,
Accepted 10th November 2014

DOI: 10.1039/c4cc07474b

www.rsc.org/chemcomm

ChemComm

COMMUNICATION

Pu
bl

is
he

d 
on

 1
0 

N
ov

em
be

r 
20

14
. D

ow
nl

oa
de

d 
by

 E
co

le
 S

up
 d

e 
Ph

ys
iq

ue
 e

t d
e 

C
hi

m
ie

 I
nd

us
tr

ie
 o

n 
08

/1
2/

20
14

 0
9:

25
:1

1.
 View Article Online

View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/c4cc07474b&domain=pdf&date_stamp=2014-11-15
http://dx.doi.org/10.1039/c4cc07474b
http://pubs.rsc.org/en/journals/journal/CC
http://pubs.rsc.org/en/journals/journal/CC?issueid=CC051002


http://dx.doi.org/10.1039/c4cc07474b



