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Introduction

Nitrites are constantly monitored for clinical diagnosis in physiological 
fluids and for environmental toxicity control in soil, water and air.

Electrochemical enzyme based biosensors are of particular interest 
due to their:
- operational simplicity, 
- low cost fabrication,
- portability,
- real-time monitoring ability. 

The ideal approach (3rd generation biosensors) allows direct electron 
transfer (DET) between the oxidoreductase and the electrode, 
thereby:
- increasing selectivity,
- simplifying the manufacturing process,
- requiring fewer reagents.

Propose of this work: Study of the electron transfer ability of WO3

nanoprobes for the development of electrochemical nitrite biosensors 
and future implementation in a portable and low-cost sensing 
platform.
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Experimental section

1. Hydrothermal synthesis of WO3 nanoparticles
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3. SEM and TEM characterization

0.39 nm

0.31 nm

0.62 nm

0.39 nm

100 nm 5 nm

W1

W2

W3

[H
C

l]
 =

 2
.7

 M
[H

C
l]

 =
 1

.5
 M

[H
C

l]
 =

 0
.3

 M

Monoclinic WO3

Orthorhombic

WO3·0.33H2O

Monoclinic WO3

+

Orthorhombic

WO3·0.33H2O

2. XRD and Raman characterization
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Nernst equation: Ip = 2.69 × 105 n3/2 A C D1/2 1/2

4. Electrochemical characterization

Ferrocyanide: Fe(CN)6
4-/ Fe(CN)6

3-
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5. Proof-of-concept: Nitrite biosensor

Conclusions

• The interfacial electron transfer properties of the three WO3

nanostructures were compared.
• The electroactive areas of the WO3/ITO electrodes were calculated 

using ferrocyanide electron transfer probe and showed a significant 
increase due to the surface area of the nanostructured films.

• The higher conductivity of the WO3·0.33H2O nanostructures 
contributed for faster and reversible redox reactions with cyt c.

• ccNiR modified electrodes showed good electroactivity towards the 
reduction of nitrite. The lowest response was attained with the W2 
electrodes as a result of the high capacitive current and impedance 
of this electrode.

• ccNiR/WO3/ITO is a promising alternative for ccNiR based 
electrochemical biosensor as the sensitivities are similar to those 
obtained for single-walled carbon nanotubes.

• WO3/ITO electrodes represent novel, biocompatible and efficient 
platforms for the development of protein electron transfer reactions.
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• Drop casted immobilized 
enzyme (ccNiR)

• Sensitivity between 1421 
and 2143 mA/M cm2

Composite transducer
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Glass substrate
Portable and low-cost sensor

Kochi method
k0 = 2.18 (nFD0/RT)0.5 exp(-2nFEp/RT)

k0 = 6.19  10-4 cm/s k0 = 1.34  10-3 cm/s

k0 = 2.62  10-3 cm/s k0 = 1.49  10-3 cm/s

Michaelis-Menten equation
Icat = ImaxC / (C + KM)
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