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ABSTRACT 
 

For the third generation of biosensor that electrode is 
coupled directly with enzymes, the response time for 
detection is rapid but stability of the measurements and the 
coupled enzymes are issues that need to be resolved. 

 
In our research group, we are developing biosensors that 

are based on electrodes modified with sol-gel nanoparticles 
that bind with different enzymes for our detection targets.  
In this report, we studied the performance of Au, Ag, and 
glassy carbon electrode that were modified with nano Au 
particles.  The electrodes were then coated with hemoglobin 
by self-assembly technique.  These electrodes were then 
used to detect nitrite and peroxide for their performance 
comparisons. 

 
All three electrodes (Au, Ag, and glassy carbon) were 

fast and responsive for the detection of nitrite, with 
response time within seconds and concentration detection 
limits ranged from mM to µM.  The Au electrode was the 
most suitable material among the three electrodes for sensor 
development after multiple cycles of measurements with 
the cyclic voltammetric technique. The Ag electrode was 
the least stable, and the glassy carbon electrode behaved 
similarly with that of the Au electrode.  Results of the 
measurements with peroxide by the three electrodes were 
compatible with that of the performance of the nitrite 
measurements.  The lower limit of the peroxide detection 
by the Au electrode was below ppb. 

 
Key words: biosensor, nanoparticle, peroxide, nitrite, self-
assembly. 
 

1 INTRODUCTION 
 

For the third generation of biosensor that electrode is 
coupled directly with enzymes, the response time for 
detection is rapid but stability of the measurements and the 
coupled enzymes are issues that need to be resolved. 

 
In our research group, we are developing biosensors that 

are based on electrodes modified with sol-gel nanoparticles 
that bind with different enzymes for our detection targets.  
In this report, we studied the performance of Au, Ag, and 
glassy carbon electrode that were modified with nano Au 
particles.  The electrodes were then coated with hemoglobin 
(Hb) by self-assembly technique.  These electrodes were 
then used to detect nitrite and peroxide for their 
performance comparisons. 

 
2 MATERIALS AND METHODS 

 
2.1 Electrode Preparation 

All three electrodes (Au, Ag, and glassy carbon) were 
prepared in a similar fashion.  A clean electrode was 
immersed in cysteamine solution for 2 hours in the dark, 
then it was dipped into colloidal gold nanoparticles for 24 
hours, finally the electrode was dipped into Hb solution for 
20 hours before it was used for testing.   

 
2.2  Nanoparticles Solution Preparations 

Nanoparticles Au was prepared by reacting HAuCl4 
with citric acid. 

 
All chemical reagents used in this study were analytical 

grade or the highest grade available, water was double 
deionized distilled water.  All the experiments were carried 
out under deoxygenated condition in 0.1 M phosphate 
buffer solution.   

2.3 Detections 
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UV-VIS spectrophotometry was carried out by an 
Agilent diodearray spectrophotometer; cyclic voltammetry 
was conducted by using a Gamry 600 Potentiostat. 
Voltammetric potential was measured against a saturated 
chloride electrode (SCE). 

 
3 RESULTS AND DISCUSSIONS 

 
3.1  Stability of Electrodes 
In order to have reliable measurements, an electrode sensor 
has to have reproducible measurements.  Figure 1a shows 
the cyclic voltammogram of a modified Au electrode with 
100 measurement cycles.  It can be seen that a characteristic 
reductive peak at near 0.85 V that could be used to identify 
nitrite oxidation to nitrate was shifting to higher potential 
gradually with increase of measurement cycles, but the 
current peak at near 0.85 V was still well recognizable.  
Figure 1b shows the cyclic response of a bare Ag electrode 
without modification.  The Ag electrode appeared to be 
oxidized on the surface too quickly and created too much 
distortion on the characteristic peak(s) and would not be an 
ideal sensor platform for the cyclic voltammetric technique. 
A glassy carbon electrode was also used to test for 
measurement stability and was found to have similar 
responses as the Au electrode and in some cases was 
slightly better than the Au electrode. 
 

 
 a 

 
 b 
Figure 1:  a) A modified Au electrode in nitrite solution 
with 100 redox cycles, b) A bare Ag electrode in buffer 
solution for 2 redox cyles. 
 
3.2 Nitrite/Nitrate Detection 

Figure 2 shows the cyclic voltammetric responses of 
nitrite oxidation to nitrate from a modified Au and glassy 

carbon electrode with Hb, the characteristic peak for the 
identification of nitrite/nitrate was at about 0.85 V 
(reduction) [1].  If the redox reaction of nitrite/nitrate is 
reversible, one would be able to locate the corresponding 
oxidative peak at about 0.16 V away from the reductive at -
0.69 V, if one electron transfer is assumed.  There was no 
oxidative peak observed from the reaction and thus the 
reaction should be irreversible.  The redox responses from 
both the electrodes were instantaneous, however, the 
baseline (current) of the glassy carbon electrode shifted 
drastically as concentrations of the nitrite increased.  From 
this prospective, the Au electrode would be a more 
favorable material for the construction of a sensor.  The 
detection lower limit of the electrodes for nitrite was in the 
order of µM. 

 

 
 a. 

 
 b. 
Figure 2:  Cyclic voltammetic responses of two modified 
electrodes with nitrite: a) Au and b) glassy carbon. 
 
3.3 Hydrogen Peroxide Detection 

Most researchers used the oxidative peak at -0.45 V for 
the identification of H2O2.  However, in our 
experimentations, as concentrations of H2O2 reached to 
certain higher level, the responding current measurements 
became disproportional to the concentrations.  This could 
be that the peroxide has saturated the binding sites of the 
heme of the Hb at high concentrations and thus the 
electrode became irresponsive.  An alternative 
identification peak for H2O2 detection is at near 0.92 V.  As 
it is shown in Figure 3, both the Au and glassy electrode 
showed a distinctive peak at 0.92 V, but the Au electrode 
appeared to be a better sensor material with the same 
argument as that was discussed above for the nitrite 
detection.  The Au electrode had the lower detection limit 
for H2O2 at less than ppb. 
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 a 

 
 b 
Figure 3:  Peroxide cyclic voltammetic responses of the 
modified electrodes: a) Au and B) glassy carbon. 

 
4 CONCLUSIONS 

 
All three electrodes (Au, Ag, and glassy carbon) were 

fast and responsive for the detection of nitrite, with 
response time within seconds and concentration detection 
limits ranged from mM to µM.  The Au electrode was the 
most suitable material among the three electrodes for sensor 
development after multiple cycles of measurements with 
the cyclic voltammetric technique. The Ag electrode was 
the least stable, and the glassy carbon electrode behaved 
similarly with that of the Au electrode.  Results of the 
measurements with peroxide by the three electrodes were 
compatible with that of the performance of the nitrite 
measurements.  The lower limit of the peroxide detection 
by the Au electrode was below ppb. 

For the development of specialty sensor, specificity, 
reproducibility, and resolution are three important factors to 
be considered.  The modified electrodes that were discussed 
in this report have the potential to satisfy those criteria for 
widespread applications [2]. 
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