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Abstract: 
Multi-walled carbon nanotubes (MWCNTs) dispersed in different polyelectrolytes were used to 
develop electrochemical (bio)sensors by drop-coating of glassy carbon electrodes (GCEs). MWCNTs 
dispersed in polyhistidine were used for the quantification of uric acid or dopamine in the presence of 
large excess of ascorbic acid, and as platform to build glucose biosensors by self-assembling of 
glucose oxidase (GOx). The strong interaction of calf thymus-double stranded DNA (dsDNA) with the 
walls of bamboo-MWCNTs allowed us to obtain stable dispersions and modified GCEsfor sensitive 
dopamine sensing. The usefulness of GOx to disperse MWCNTs was also demonstrated. The enzyme 
not only disperses MWCNTs in a very efficient way, but also gives to them excellent biorecognition 
properties and allows to use it as platform for further immobilization of dsDNA. MWCNTs dispersed in 
polyethylenimine allowed the development of stable and robust electrochemical sensors for dopamine 
in complex mixtures and dsDNA through the surface-complex formation. In summary, the analytical 
performance of the (bio)sensors obtained by modification with CNT dispersions are the result of the 
combination of the efficiency in the dispersion of MWCNTs and the properties that the dispersing 
agent provide to them. 

Key words: carbon nanotubes dispersion, glassy carbon electrodes, electrochemical (bio)sensors, 
biopolymers, bioanalytes 

 
Introduction 
Carbon nanotubes (CNTs) have been largely 
used for electrochemical (bio)sensing due to 
their outstanding mechanical, electronic and 
structural properties [1-3]. However, despite 
these unique properties, CNTs tend to 
aggregate in aqueous solutions due to strong π-
π interactions between their aromatic rings, 
making difficult their dispersion [4]. Therefore, 
several alternatives have been proposed to 
overcome this situation, the non-covalent 
approach being the most widely used since it 
does not disturb the electronic structure of the 
CNTs [5]. 

Here, we discuss the advantages of 
electrochemical (bio)sensors obtained by 
modification of glassy carbon electrodes (GCE) 
with multiwalled carbon nanotubes (MWCNT) 
dispersed in polyhistidine (Polyhis), glucose 
oxidase (GOx), calf-thymus double stranded 
DNA (dsDNA) and polyethylenimine (PEI).  

 

Experimental 
1. Preparation of the dispersions: 
MWCNT-polyhistidine (MWCNT-Polyhis): The 
dispersion was obtained by mixing 1.00 
mg/mLMWCNT with 0.25 mg/mL Polyhis 
prepared with 75:25 v/v ethanol/0.200 M 
acetate buffer solution pH 5.00 followed by 
sonication for 30 min. 

MWCNT-glucose oxidase (MWCNT-GOx): The 
optimum dispersion was obtained by sonicating 
for 15 min 1.00 mg/mL CNT in 1.0 mg/mL GOx 
solution prepared in 50:50 ethanol/water. 

Bamboo-like MWCNT-calf thymus double 
stranded DNA: (bMWCNT-dsDNA): The 
dispersion was prepared by mixing 1.00 mg of 
bMWCNTs with 1.00 mL of 100 ppm dsDNA 
solution (in 50:50 v/v ethanol/water) followed by 
sonication for 45 min. 

MWCNT-polyethylenimine (MWCNT-PEI): The 
optimum dispersion was obtained by sonicating 
for 15 min 1.00 mg/mL CNT in 1.00 mg/mL PEI 
solution prepared in 50:50 v/v ethanol/water. 
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enzymatically generated hydrogen peroxide at 
GCE/(MWCNT-Polyhis/GOx)5/Nafion, as well 
as the corresponding calibration plot. The 
amperometric profile shows a well-defined 
response, with a linear relationship between 
oxidation current and glucose concentration in 
the range from 2.50 x 10-4 M to 5.00 x 10-3 M 
with an average sensitivity of (1.94 ± 0.03) 
mA/M, r = 0.9991 (values obtained from seven 
different biosensors and four different 
dispersions), and a detection limit of 2.2 μM. 

 
Fig. 2. (A) Amperometric response at GCE modified 
with five bilayers of (MWCNT-Polyhis/GOx) and one 
layer of Nafion for successive additions of 5.0 x 10−4 
M glucose. Working potential: 0.700 V. (B) 
Calibration plot obtained from (A).  
 

The R.S.D. for 10 successive amperometric 
calibrations for glucose performed at 0.700 V 
using the same surface was 3.6%, while the 
sensitivity decreased just 10% after 15 days at 
4oC. The electrode was used to quantify 
glucose in baby formula milk samples (“Crecer 
1” milk for babies from 0 to 6 months, Argentine 
dairy “La Serenísima” company) previously 
diluted 1:40 with 0.050 M phosphate buffer pH 
7.40. The glucose concentration was (3.6 ± 0.2) 
x 10-2 M, demonstrating an excellent agreement 
with the value reported by “La Seresísima” 
company (3.9 x 10−2 M).  

2. Dispersion of MWCNTs with GOx 
This is the first time that one enzyme is used as 
dispersing agent of CNTs. In this case, one 
interesting aspect is that GOx not only 
disperses the nanotubes in a very efficient way, 
but also gives to them, excellent biorecognition 
properties. The enzyme demonstrated to keep 
its biocatalytic activity even after dissolution in 
50:50 v/v ethanol/watersolution and sonication 
for 15 min using either ferrocene methanol or 
oxygen as redox mediators. The intimate 
contact of MWCNT and GOx makes possible 
the efficient electron transfer to the glassy 
carbon electrode as well as an excellent 

biocatalytic activity, allowing the highly sensitive 
detection of glucose. 

The sensitivity to glucose at 0.700 V obtained 
for seventeen electrodes prepared with 6 
different dispersions was (3.2 ± 0.2) x 102µA/M, 
(r = 0.997), with an R.S.D. of 6.0 %. The 
sensitivity remained highly constant after 30 
days at room temperature (25oC) with an 
average value of (3.21 ± 0.07) x 102 µA/M, r = 
0.9992.  

 
Fig. 3. Voltammetric response obtained in 0.020 M 
acetate buffer solution pH 5.00 at GCE/MWCNT-
GOx (A), GCE/MWCNT-GOx/PDDA (B) and bare 
GCE (inset)after adsorption for 20.0 min (A and 
inset) and 5.0 min (B) in 50.0 ppm dsDNA solution; 
scan rate: 0.050 V/s. 

 

GCE/MWCNT-GOx was also used as platform 
for further immobilization of biomolecules in 
order to develop biosensors. Calf-thymus 
dsDNA was immobilized at GCE/MWCNT-GOx 
following two strategies, direct adsorption and 
self-assembling with previous adsorption of the 
polycation polydiallyldimethylammonium 
(PDDA). Figure 3 displays the voltammetric 
response obtained in a 0.020 M acetate buffer 
solution pH 5.00 after accumulation at open 
circuit potential from a 50 ppm dsDNA solution 
at GCE/MWCNT-GOx (A), GCE/MWCNT-
Gox/PDDA (B) and bare GCE (inset). The 
presence of CNTs largely improves the 
adsorption and electrooxidation of dsDNA while 
the additional presence of the polycation layer 
on the top of the electrode facilitates the 
adsorption of dsDNA, decreasing the oxidation 
overvoltage and increasing drastically the 
associated current. The sensitivity obtained by 
self-assembling of dsDNA at GCE/MWCNT-
GOx/PDDA was (0.15 ± 0.02)µA/ppm, which 
wasalmost ten times higher than the one 
obtained at GCE/MWCNT-GOx even after 20 
min dsDNA adsorption, demonstrating the 
advantages of the electrostatic interaction.  

3. Dispersion of bMWCNTs with dsDNA 
Double-stranded calf thymus DNA was used for 
the efficient dispersion of bMWCNTs. Bamboo-
like CNTs present transverse walls regularly 
distributed along the tube which are similar to 
the edge-plane defects located at the end of 
hollow CNTs. These defects are the 
responsible for a facilitated charge transfer at 
electrodes based on bMWCNTs[6]. The TEM 
image showed in Fig. 4 clearly indicates that 
dsDNA wraps the nanostructure (Figure 4).  
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