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Abstract: This article provides a brief review of current research activities that concentrate on electrochemical devices 
designed with nanomaterials. Most attention is devoted on the design of glucose-sensing devices because of  the actual 
diabetics problematic. It is focused on the development of electrodes and (bio) sensors.The review is concluded with personal 
perspectives on the directions towards which future research on nanostructured sensors might be directed. 
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1. Introduction 
 

1.1.  Impact of nanotechnology 
There are four major application areas of 
nanotechnology, namely: (a) nanobiotechnology 
(nanomedicine); (b) nanomaterials; (c) nanoelectronics; 
and (d) nanosensors/nanodevices, nanotechnological 
instrumentation and nanometrology. The last area is 
directly connected to analytical science, and plays an 
essential role in the other three for purposes such as the 
monitoring of production processes and the 
characterization and use of end products. The 
relationships between  nanotechnology and analytical 
science, are connected to the design and use of  
nanodevices; the use of nanoparticles (and 
nanostructures) in analytical processes; and the extraction 
of accurate chemical information from the nanoworld. 
The mutual impact of nanotechnology on analytical 
chemistry constitutes the last step in the technical trend 
for miniaturization via the macro → micro → nano 
sequence. Two significant differences between the nano 
and macro and microworld have been observed: the 
surface/volume ratios and the chemical reactivities of 
nanostructured matter and of nanoparticles are much 
greater than those of  macro- or microscale matter [1].  
When the size of  the structure is decreased, this 
surface/volume ratio increases considerably and the 
surface phenomena predominate over the chemistry and 
physics in the bulk. An example of this effect is the 
change in the measured property when the 
surface/volume ratio of the particle decreases in resistive 
gas sensors (thin metal films) [2].   

1.2. Use of nanomaterials in analytical 
electrochemistry. 

Nanomaterials and electrochemistry have a long shared 
history, where the objective is to exploit the excellent 
properties of nanoparticles in order to improve well-
established analytical methods or to develop others for 
new analytes or matrices. The use of nanoparticles should 
lead to improved selectivity, sensitivity, stability, 
rapidity, miniaturizability or portability of the analytical 
system. They can be incorporated or used in analytical 
methods either as such or chemically bonded. In the latter 
case, nanoparticles can be chemically bonded to a surface 
[3] or functionalized with other organic or inorganic 

compounds in order to increase their solubility [4] . The 
explored nanoparticle property can be electrical, optical, 
thermal, magnetic or chemical but often two or more 
properties are explored at once. The nanoparticles most 
widely used in the analytical sciences at present include 
(a) silica nanoparticles, (b) carbon nanoparticles (mainly 
fullerenes, carbon nanotubes, graphene), (c) organic 
polymer nanoparticles (e.g., molecular imprinted 
polymers), (d) metallic nanoparticles (quantum dots, gold 
nanoparticle, europium nanoparticles, etc.) or (e) 
supramolecular aggregates (nanomicelles, nanovesicles).  
Nanoparticles also play an important role in the process 
of electrochemical and optical detection. Carbon 
nanotubes and metal nanoparticles are most widely used 
for developing electrochemical (bio)sensors, as are 
quantum dots for optical systems. Because of their 
excellent electrochemical properties, they are often added 
as mediators to composites in order to facilitate electron-
transfer reactions with electroactive species in solution [5]  

1.3. Electrochemical sensing devices 
Trends in chemical and biological sensing are rapidly 
evolving towards completely autonomous analytical 
devices that can perform sophisticated analytical 
procedures and processes independently and reliably.  
1.3.1  Sensor is a measurment system that receives and 
responds to a signal or stimulation. It detects 
electronically a variable quantity and converts the 
measurement into signals to be recorded elsewhere. 
When the sensor is composed of an inorganic or organic 
chemical element we have  chemical sensor. It should be 
chosen in such a manner as to ensure the posible 
interactions  with the species (analyte)  that need to be 
analyzed selectively. [6]  An electrochemical sensor is a 
device that responds to specific changes in potential or 
electrical current, as a result of the interactions between 
chemical species available and sensor. It needs an 
internal element which is sensible to sensor-analyte´s 
interaction and that conveys a signal to a measuring 
device and processes the captured information. This 
element is called transducer.That analyte to which is 
addressed the selective action of the sensor element is 
called target analyte [7]. The sensor´s interaction can 
lead
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to electrochemical changes of light, temperature, and 
sound, so that way there are electrochemical, optical, 
acoustic, thermometric, etc. transducers. Figure 1-1 

shows the scheme of a common electrochemical sensor 
system. 

 

 

 
Figure 1-1. Electrochemical Sensor´s Scheme [7] 

1.3.2. Biosensor is defined as a kind of sensor incorporating a biological or biologically derived material integrated within a 
physicochemical transducer or transducing microsystem. In a biosensor the biological recognition system, is called 
bioreceptor. It should be immobilized on the transducer´s surface as to convert the velocity of the biochemical reaction that 
occurs in the biological recognition process, into an electrical signal which then could be increased, processed and converted 
in a desired form.When the transducer is based on electrochemical processes, we speak of electrochemical biosensors [8]. 
Electrochemical biosensors are incorporating enzymes with nanomaterials, which combine the recognition and catalytic 
properties of enzymes with the electronic properties of various nanomaterials.  

1.4. Classification 
Sensors have been classified according to multiple criteria [9]. The most common way to group sensors considers either the 
transducing mechanism o energy transfer (chemical, electrochemical, electrical, optical, mass, thermal, piezoelectric, etc.), 
the recognition principle (enzymatic, DNA, molecular recognition, etc.) or the applications (environmental, food, medical 
diagnosis, etc.).  

2. Application fields of nanomaterials in the development of  (bio)sensors.  

The electrochemical sensors are very useful and easy to determine the concentrations of various analytes in samples such as 
fluids and dissolved solid materials. They are frequently used in clinical diagnostics, occupational safety, medical 
engineering, process measuring engineering, safety and environmental protection analysis [11]. There are several studies 
published on the electrochemical behavior of the enzyme biosensors and immunosensors using its nanomodificated surfaces 
(eg. metal-nanoparticles modified). From all existing types of nanomaterials  special attention is put on the application of 
CNT and metal nanoparticles (NPs) . Metal NPs possess excellent conductive and catalytic properties which allow to 
construct nanoarrays with different signal/noise ratio which magnitude is higher than of the conventional electrodes. Another 
advantage is the possibility to prepare series of electrodes arranged in one or more dimentions [11]. On the other hand the 
nanoeletrodes (NEs) are displaying  an improvement in detection limit and different forms of diffusion of species in the 
electrode surface. Furthermore, there is an opportunity to operate with small volume matrices that also provides the 
possibility of velocity´s measurement of  very high heterogeneous charge transfer. 

2.1. Nanoscale materials electrodes 

2.1.1 Carbon nanomaterials based biosensors: some techniques and methods for construction 

Carbon nanomaterials offer unique advantages as high surface-volume ratio, high electrical conductivity, chemical stability 
and strong mechanical strength, and are thus frequently being incorporated into sensing elements. Carbon nanomaterial-based 
sensors generally have higher sensitivities and a lower detection limit than conventional ones [12]. 
The first report of carbon nanotube-modified electrode for biosensing was based on dispersion of CNT and enzyme in Teflon 
binder [13] showed that the electrocatalytic activity of CNT toward hydrogen peroxide and NADH permitted effective low-
potential amperometric biosensing of glucose and ethanol in connection with the incorporation of glucose oxidase and 
alcohol dehydrogenase/NAD+ within the three-dimensional CNT/Teflon matrix. The authors found that accelerated electron 
transfer was coupled with minimization of surface fouling.  
Carbon nanotubes paste electrodes (CNTPE) modified with melanic polymer have been prepared for  the sensitive and 
selective quantification of Dopamine(Do). Do plays an important role in renal, hormonal and cardiovascular systems [14,15]. 
Changes in its concentration produce several diseases, like Parkinson, and schizophrenia caused by a decrease in Do levels 
[14]. Therefore, an extremely selective and sensitive quantification of Do is highly required.  
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The CNTPE detects Dopamine (Do) in the presence of high excess of ascorbic acide (AA) and dopac: usual interferents in 
nervous centers. In this case the electrogeneration of melanic polymers at CNT-based electrodes and their analytical 
applications is reported for first time. The polymer is electrogenerated from a 3.0×10−3 M l-dopa solution (in a 0.050M 
phosphate buffer pH 7.40) by applying 0.80V for 120 min. Two strategies for dopamine quantification have been developed: 
the amperometric detection at 0.200V using 1.0×10−3M ascorbic acid in the measurement solution to improve the sensitivity 
of the assay; and the adsorptive stripping detection with medium exchange using differential pulse voltammetry (DPV) as 
transduction mode. Detection limits of 2.0 nM and 20 nM were obtained with amperometry and adsorptive 
stripping, respectively. The interference of 5.0×10−4 M ascorbic acid and 5.0×10−5 M dopac was negligible in both cases, 
demonstrating the advantages of the melanic polymer as permselective layer. The detection limits were lower than previously 
reported methodologies and similar to others [16-18], demonstrating the efficiency of the proposed sensor. [19]      
One of the main disadvantages of paste electrodes is their poor mechanical properties. More rigid carbon nanotube biosensors 
were constructed by incorporating carbon nanotubes and glucose oxidase in epoxy matrix [20]. Screen-printed CNT sensors, 
based on thick-film fabrication, are mechanically stable with good resistance to mechanical abrasion and they offer 
possibility of large-scale mass production of highly reproducible low-cost electrochemical biosensors [21]. CNT matrix also 
allows easy incorporation of enzyme in screen-printed electrode, as it was demonstrated recently on example of horseradish 
peroxidase in connection to MWCNT and polysulfone binder [22] (see Fig. 2-1). 

 

 
 
Fig. 2-1 (A) The enzyme/MWCNT/polysulfone screen-printed thick-film electrochemical detector, top view. (B) Cross-section of the 
detection area of enzyme/MWCNT/polysulfone screen-printed detector. (C) Schematic drawing of showing structure of HRP/MWCNT/PS 
composite. (a) Polycarbonate substrate, (b) insulator layer, (c) HRP/MWCNT/polysulfone conducting composite, (d) silver contact for the 

working electrode and (e) carbon ink contact layer. Modified from [22]. 
 

2.1.2. Glucose Biosensors based on Carbon Nanotubes and Graphene 
 CNT-modified electrodes show great promise for application in the glucose sensing area [12].Diabetes is a group of metabolic 
diseases affecting about 150 million people worldwide, and is one of the leading causes of death and disability, such as 
blindness, nerve degeneration and kidney failure [12].  Currently, diabetics must frequently check their blood glucose levels by 
“finger-pricking” and adjust their insulin dosage to keep the glucose level as close to “normal” as possible. Tens of millions 
of glucose assays have been used for diabetic tests, and glucose biosensors thus account for about 85% of the entire sensing 

market. 
OPACC 

2.1.2.1. CNT Paste Electrode 
It has been developed CNT-based biosensing devices where the combination of Pd-GOD electrodeposition with Nafion-
solubilised CNTs enhanced the storage time and performance of the sensor. An extra Nafion coating was also used to 
eliminate common interferents, such as uric and ascorbic acids. The fabricated Pd-GOD-Nafion CNT glucose biosensors 
exhibited a linear response up to 12 mM glucose and a detection limit of 0.15 mM (S/N = 3) [23]. 

 
2.1.2.2. CNT Array/Forest 

A facile strategy has been developed to prepare carbon nanotubes loaded Pt nanoparticle (Pt-CNT) composites. The method 
involves the polymerization reaction of glucose and the reduction deposition of a platinum source in the pores of anodic 
alumina membranes (AAMs) under hydrothermal conditions. SEM and TEM images showed that the Pt nanoparticles are 
uniformly entrapped into the CNTs with a stable hierarchical structure. The nanocomposites electrode is successfully used as 
a sensitively amperometric sensor for low-potential determination of H2O2. The aprepared Pt-CNT-based glucose biosensor 
displayed a wide linear calibration range of glucose concentrations (0.16−11.5 mM) and a low detection limit of 0.055 mM. 
Furthermore, the biosensor exhibits some other excellent characteristics, such as high sensitivity and selectivity, short 
response time, and long-term stability [24]. The stability results show that the electrode remained about 94% of the original 
value over the first 20 days, and it decreased to 90% after 1 month (use more than 100 times). 
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2.1.2.3. CNT FET 

There are two advantages of field effect transistor (FET) based biosensors over traditional electrochemical biosensors. FETs 
detect the electrical signal when the resistance changes due to the absorption of molecules on the FETs surface. Also, they 
can provide microscale and even nanoscale devices, which can measure the enzymatic activity at the molecular level and are 
suitable for integration with small chips [26]. Besteman et al. firstly introduced SWCNTs into FET biosensing [25]. 
Controlled attachment of GOD to the nanotube sidewall was achieved through a linking molecule, which on one side bonded 
to the SWCNT through van der Waals coupling with a pyrene group and on the other side covalently bonded the enzyme 
through an amide bond, as depicted in Figure 2-2. The redox enzymes went through a catalytic reaction cycle, where groups 
in the enzyme temporarily change their charge state and conformational changes occur in the enzyme, which could be 

detected by the NTFET devices. A step-like response can be monitored in real time after immobilization of GOD in NTFETs. 
 

 
Figure 2-2. Schematic picture of two electrodes connecting a semiconducting SWCNT with GOD enzymes immobilized on its surface. 
Reprinted with permission from [25].  

 

2.1.2.4. CNT Fiber 
CNT fibers inherit the advantages of high surface area and good electrocatalytic properties of the 
carbon nanotubes, whilst avoiding potential toxicity caused by asbestos-like CNTs when implanted 
in vivo. Limited efforts have been made to utilize CNT fibers for electrochemical sensors [27-30] and all these studies 
have used CNT fibers made by a simple particle-coagulation spinning (PCS) process [60]. A CNT fiber microelectrode with 
proper mediators (2,4,7-trinitro-9-fluorenone) on the surface and various pre-treatments were reported by Viry et al. to 
assemble a biosensor [28,30]. A glucose sensing electrode was built by adsorption of a mediator on the surface of a CNT 
fiber microelectrode. Electrocatalytic oxidation of analytes via a dehydrogenase works efficiently at 0 V, which is a key point 
in developing such bioanalytical tools. 
The specific fiber used was composed of double-walled CNTs that are compacted into concentric layers of CNT bundles 
organized as nano-yarns [31-33], as shown in Figure 2-3. The CNT fiber resembles an electric wire, relying on nano-scale 
surface topography and porosity, which can facilitate molecular-scale interactions with agents like enzymes to efficiently 
capture and promote electron transfer reactions. 

 

 
Figure 2-3. Schematic diagram showing (a) CNT fiber based glucose biosensor, (b) CNT bundles, (c) DWNT and (d) working principle of 
biosensor. The CNT fiber (ca. 28 μm) is made of bundles (ca. ~50 nm) of DWNTs (ca. 8–10 nm) entangled to form concentrically 
compacted multiple layers of nano-yarns along the CNT fiber axis, as illustrated in (a). GOx (GOD) enzyme is immobilized at the brush-like 
end of the CNT fiber and the enzyme layer is encapsulated by the epoxy-polyurethane (EPU) semi-permeable membrane [32]. 
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2.1.2.5  Graphene Based Biosensors 

The discovery of graphene in 2004, added a new nanomaterial to the sensing area [34]. Graphene, with fast electron 
transportation, high thermal conductivity, excellent mechanical properties and biocompatibility, can avoid the problems 
associated with metal nanoparticles and CNTs.[35]. There are several reviews about the application of graphene for glucose 
biosensors [35-38]. 
Based on the high electrocatalytic activity of graphene toward H2O2 and the excellent performance 
for direct electrochemistry of GOD, graphene could be an excellent candidate for direct electrochemistry of GOD, and an 
excellent electrode material for glucose based biosensors [38]. Shan et al. [39] reported the first graphene-based glucose 
biosensor based upon graphene protected by polyvinylpyrrolidone that could thus be well dispersed in water. A linear glucose 
response covered from 2 to 14 mM, with good reproducibility (3.2% for 10 successive measurements) and high stability was 

obtained. 
Alwarappan et al. reported enzyme-doped graphene nanosheets for enhanced glucose biosensing [40]. Graphene nanosheets 
were chemically synthesized and then covalently conjugated to a GOD. The conjugated graphene/GOD was then 
immobilized onto the glassy carbon electrode surface already modified with porous polypyrrole (Ppy), as shown in Figure 2-
4. Ppy-graphene-GOD electrodes exhibited an excellent sensitivity of 3 μM, based on the signal/noise = 3. Wu et al. [41] 
developed a novel approach for glucose detection based on the electrocatalytic reduction of oxygen at the GOD-graphene/GC 
electrode.. The response displays a linear range from 0.1 to 10 mM with a sensitivity of 110 ± 3 μA·mM −1·cm −2 and a 
detection limit of 10 ± 2 μM.  
 

 
Figure 2-4. Schematic diagram of Graphene-GOD entrapped within a porous Ppy matrix, the insert (a) is the SEM image of porous structure 
of electropolymerized Ppy; and (b) SEM image of Graphene-GOD on the electrode surface. Reprinted with the permission from [40]. 

 
2.1.2.6  Graphene Based Non-Enzymatic Sensors 

Non-enzymatic sensors can avoid the expensive and fragile enzymes.The development of graphene in the sensing area offers 
new approaches for non-enzymatic glucose biosensors. 
Kong et al. developed high-density Au NPs using thionine functionalized graphene oxide as a supporting material via 
chemically reduction of HAuCl4 with sodium citrate [42]. The use of thionine functionalized GO can promote 
electrostatically adsorbing negatively charged AuCl4 − on the GO surface and thus a high load of Au NPs can be achieved. GO-
thionine-Au nanostructure composites modified glassy carbon electrodes showed remarkably electrocatalytic activity towards 
the oxidation of glucose, and can thus lead to an enzymeless glucose sensor with a wide linear range between 0.2 to 13.4 
mM, and a lower detection limit of 0.05 μM. Luo et al. reported a non-enzymatic glucose sensor by potentiostatically 
electrodepositing metallic Cu nanoparticles on graphene sheets [43]. The Cu-graphene sheets electrode shows much better 
electrocatalytic properties for glucose oxidation and detection compared to the unmodified graphene sheets electrode and the 
Cu/GC electrode. A linear range up to a 4.5 mM glucose level was achieved by this Cu-graphene electrode sensor, with a 
detection limit of 0.5 μM (signal/noise = 3) at a detection potential of 500 mV.Xiao et al. introduced a non-enzymatic glucose 
sensor through a one-step electrochemical synthesis of PtNi nanoparticle-graphene nanocomposites [44]. The 
nanocomposites exhibit several unique features including well-dispersed NPs with alloy features, high NPs loading, and 
effective reduction of graphene oxide. Under the physiological condition, a linear range up to 35 mM with a sensitivity of 
20.42 μA·cm−2·mM−1 at a substantially negative potential (i.e., −0.35 V) was obtained. One of the great efforts to operate 
under this negative potential eliminates the impact from the oxidation of common interfering species. 
For biosensing applications, CNTs and graphene demonstrate faster response times and higher sensitivity than traditional 
electrodes at extremely low working potentials. However, better control of the chemical and physical properties of carbon 
material based biosensors is still needed. For example, the separation process for different type of CNTs, the miniaturization 
of the sensor, the possibility of toxicity, in vivo stability etc. still needs to be addressed to meet future requirements.  
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CONCLUSIONS: 
Have been done a brief bibliographic review of the recent 
researches regarding development of electrochemical 
devices. Nanomaterials are showing to be interesting 
alternative materials to be integrated into various 
electrochemical devices with differnet application of 
interest.  
The most important aspect of investigation and 
developing of sensors is their sensitivity, selectivity, and 
stability. The phenomena of nanoscience gives 
advantages in the building of sensor devices where new 
effects appear and play an important role that is often 
related to quantum mechanics and quantum mechanisms. 
Consequently, important characteristics and quality 
parameters of the nanosensors can be improved over the 
case of classically modelled systems merely reduced in 
size. For example, sensitivity can increase due to better 
conduction properties, the limits of detection can be 
lower, very small quantities of samples can be analysed, 
direct detection is possible without using labels, and 
some reagents can be eliminated.Carbon nanomaterials 
offer unique advantages in several areas, like high 
surface-volume ratio, high electrical conductivity, 
chemical stability and strong mechanical strength, and are 
thus frequently being incorporated into sensing elements. 
Carbon nanomaterial-based sensors generally have higher 
sensitivities and a lower detection limit than conventional 
ones. 
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