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Abstract
Aptasensors for detection of thrombin were produced by covalently linking aptamer (ssDNA) to cSWCNT. Those 

biosensors were fully characterized by cyclic voltammetry to evaluate the electrode surface charge/ligand density. 
We performed the CV studies of electrostatically bound [Ru(NH3)6]

3+ redox markers on aptamer surfaces and calcu-
lated aptamer surface charge density from the CV data. Potentiometric detection of thrombin allows then the correla-
tion with the CV results. The electrode surfaces containing higher amount of aptamers exhibited better performance 
in potentiometric measurements. These investigations will introduce the pathway to build reusable and regenarable 
aptasensors including a simple, accurate and precise estimation of aptemer surface charge density to characterize 
the surface and hence to ensure the quality of apatsensors.  

Keywords: Aptamers; cSWCNT; Cyclic voltammetry; Potentiometry; 
Electrical double layer; Redox capacitance; Surface coverage; Charge 
density

Introduction
The immediate detection of  biological macro molecules, either 

pathogens or proteins, is one of the future challenges in  medicine and 
diagnostics [1]. In this context, aptamers have shown their enormous 
potential in analytical bioassays as alternative to traditional antibodies 
[2]. This new recognition element (ssDNA or RNA) selected by in vitro 
processes against a target analyte, have been employed in unlimited 
kind of devices because of their excellent specificity to large variety of 
compounds, sensitivity, stability, high purity and reproducibility. Vari-
ous strategies and technologies of aptamer based protein detections 
have been developed, such as colorimetric, fluorescence, chemilumines-
cence, Surface Plasmon Resonance (SPR) and electrochemical detec-
tion [3]. Among them, electrochemistry methods have attracted partic-
ular attention in the development of aptasensors because of their high 
sensitivity, inherent simplicity, miniaturization, low production cost 
and power requirements compared to others methods [4]. On the basis 
of instrumentation, several kinds of electrochemical aptasensors have 
been fabricated, including amperometric [3b], potentiometric and im-
pedance transducers [3c]. In recent years, taking advantage of their high 
stability and labelling convenience, nanomaterials (carbon nanotubes, 
graphene, gold nanoparticles) were employed as signal amplification 
elements in various DNA or protein electrochemical assays [5]. This 
amplification of signal has made possible aptasensor to detect ultra low 
concentration of analytes [6]. For example, potentiometric aptasensors 
were reported for fast detection of very low amounts of pathogens or 
proteins [7]. Those aptasensors can successfully detect single bacteria in 
5 mL in few seconds. The potentiometric aptasensors is produced by co-
valently linking the aptamer (previously modified by an amine moiety) 
to the carboxylic groups of the SWCNT ends and defects. For instance, 
the thrombin aptasensor are able to detect the target protein in few 
seconds with high sensitivity comparable to the thrombin physiological 
concentrations [7b]. The structure-dependent conductive properties of 
Carbon Nanotubes (CNT) promote electron-transfer reactions at low 
potentials. This characteristic, along with their high surface to volume 
ratio, provides the ground for unique biochemical sensing systems.  
In order to fully optimize the performance parameters of aptasensors, 
the characterization of the surface (e.g. the density of aptamers and 

the particular conformation of the aptamers) is of major importance. 
Techniques such as Atomic Force Microscopy (AFM), Transmission 
Electron Microscopy (TEM), scanning electron microscopy (SEM), 
Scanning Tunneling Microscopy (STM), or fluorescence spectroscopy 
still show limitations to afford quantitative characterization of these 
aptasensors surface. Noteworthy, more convenient approaches involv-
ing electrochemical or spectroscopic techniques have been presented. 
For instance, quantification of hybridized and dehybridized 70-100 
fmol/mm2 of thiol-tethered DNA on Au substrate were reported by 
Peterlinz et al. using two-color surface plasmon resonance spectros-
copy [8]. In the same way, SPR, FTIR (Fourier transform infrared) 
and XPS (X-Ray photoelectron spectroscopy) have been reported [8]. 
Dmitri et al. [8c] have described the complementary use of XPS and 
FTIR spectroscopy to observe that buffers with divalent salts dramati-
cally increase the efficiency of immobilization of DNA. Nevertheless, 
almost all of these methods or techniques are demanding but not cost 
effective. As an alternative, Yu et al. [9] quantified ssDNA and ds-
DNA on modified gold electrode using a simple procedure based on 
the Cyclic Voltammetric (CV) response of ruthenium complex re-
dox markers, which are electrostatically bound to the phosphodiester 
groups of DNA [9]. In 2005, Lao et al. [10] noted that CV gave less 
than 25% of the value obtained by ChronoCoulometry (CC) in their 
studies [10]. Furthermore, both CV and CC were used in determina-
tion of DNA surface density on gold electrodes [11]. Such approach 
was allowed to develop advanced procedure for the preparation of 
DNA modified gold chips with a relatively high surface coverage (2.2 ± 
0.3x1013 molecules cm-2). However, in spite of the tremendous poten-
tial held by SWCNT based aptasensors, very little attention has been 
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given to characterization of surface charge density thus ensuring the 
quality of SWCNT based aptasensors. Furthermore, information, re-
garding different functionalized surfaces, is a potential need to ensure 
the modified surfaces. Consequently, except electrochemical tech-
niques (e.g. CV) others aforementioned techniques do not ascertain 
clearly about the modification in various stages of functionalization.         
In the present study, characterization of thrombin aptasensors surfaces 
has been demonstrated   based on CV response of [Ru(NH3)6]

3+ redox 
species interaction on different electrode surfaces. From the intensity 
of redox peaks the surface coverage on different modified electrodes 
were calculated and the amount of apatemers present on aptamer elec-
trode surfaces were quantified. The detection of thrombin was achieved 
by potentiometry and allows correlation with CV results. These inves-
tigations promise reliable functionalization of surface through suitable 
characterization of electrode towards platforms for simple, accurate, 
precise and convenient detection of biomolecules. 

Experimental 
Chemicals and Reagents  

All chemicals used were of analytical reagent grade. SWCNT 
were purchased from HeJi (Chaina) in bulk form with >90% purity, 
150 mm average length and 1.4 –1.5 nm diameter. 15-mer (5´-GGT 
TGG TGT GGT TGG-3´) 5´-(CH2)6-NH2 anti-thrombin aptam-
ers (TBA) were purchased from Eurogentec (London, UK). 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC), 
N-hydroxysuccinimide (NHS), 2-(N-morpholino)ethanesulfonic 
acid (MES), cetyl trimethylammonium bromide (CTAB), DMF (di-
methyl formamide), [Ru(NH3)6]Cl3 (98 %), NaCl, KCl, NaH2PO4, 
Na2HPO4 and Tris-(hydroxymethyl) aminomethane were purchased 
from Sigma-Aldrich (Spain). All the chemicals (except SWCNTs) 
were used without purifications and the solutions were prepared 
with Milli-Q water (>18.2 MΩ.cm) from a Millipore Inc. ultra-pure 
water system (Madrid, Spain).  SWCNTs oxidation and purifica-
tion were carried out following previously reported procedure [12]. 
For covalent functionalization of cSWCNT surfaces (Figure 1) on 
glassy carbon (gc) electrode (0.06 cm2) we follow a very well known 
synthetic route [7b] which includes three major steps: i) carboxylated 

SWCNT electrode, abbreviated as cSWCNT/gc, ii) activated cSWCNT/
gc surface, labelled as SWCNT-COOR/gc and iii) covalently immobi-
lized SWCNT based aptasensor, abbreviated as SWCNT-CO-NH-Ap-
tamer/gc, illustrated in the following Figure 1.

cSWCNT/gc electrode: gc substrate was cleaned, polished and 
sonicated before cSWCNT deposition. Carboxylated and pre- treated 
SWCNTs in DMF suspension (1 mg/mL) was deposited (about 30 µm 
thick layer) by spraying (35 times) while being dried [13]. 

SWCNT-COOR/gc electrode: cSWCNT/gc electrode was dipped 
into freshly prepared 50 mM NHS and 200 mM EDC mixture (prepared 
in 50 mM MES buffer pH 5.0) for 30 min. and rinsed with PBS buffer.

SWCNT-CO-NH-Aptamer/gc electrode: This step used a well-
known carbodiimide-mediated wet-chemistry approach to form amide 
bonds between the amine spacer and the carboxylic moieties on the 
side walls of the nanotubes [14]. It was done by immersing SWCNT-
COOR/gc electrode into 1 μM aptamer solution overnight. 

Instrumental Setup and Measurements 
Measurement of CV using 3 electrodes (working electrode (WE), 

Ag/AgCl reference electrode and glassy carbon rod counter electrode) 
in  a single cell electrochemistry system containing 5 mL 10 mM tris-
buffer (pH 7.4) as electrolyte medium. N2 purging time=15 min with 
constant stirring before measurement. N2 blanket was maintained over 
the solution surface during scanning. Unless not specified, CVs were 
performed in the following conditions: potential window 500 mV and 
- 1000 mV at 100 mV s-1 scan rate. All the CVs were taken at ambient 
conditions. 

Potentiometric detection of thrombin were carried out with a 
voltammeter  using regenerated aptamer working electrode and Ag/
AgCl double junction reference electrode in PBS buffer (1 mM, pH 
7.4). The solution was stirred while measuring at 1000 rpm. 

Electrode regeneration: removal of Ru3+ from the electrode surface 
was done by dipping it at room temperature into 2 M NaCl solution for 
1 hour after CV analysis as well as removal of thrombin using also NaCl 
2 M for 10 min after potentiometric measurements. 
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Figure 1: Different steps of construction of c-SWCNT based aptasensors and corresponding CVs of different modified surfaces at the scan rate 100 mVs-1 between 
the potential window 500 and -1000 mV  vs  Ag/AgCl at room temperature.
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Results and Discussion
From the CV experiments we have demonstrated the redox 

behaviour of [Ru(NH3)6]
3+ redox markers on different electrode surfaces 

and calculated double layer capacitance (CD), redox capacitance 
(CR), electrode surface area (A) and Ru3+ surface coverage (ГRu). The 
deduced ГRu was used to estimate the aptamer surface charge density 
(ГA) in presence and absence of non-specifically adsorbed aptamers on 
SWCNT-CO-NH-Aptamer/gc electrode surface. 

CD = dq/dE = i dt/dE = i/(dE/dt) (calculated from the slope of the 
curve of i vs scan rate) [15]. 

The redox capacitance has been calculated from the cathodic peak 
current in the Faradaic region at the scan rate 100 mVs-1 using the 
equation [16]: 

 CR  = ipc/(dE /dt)  = i/ν 

where ipc is the current corresponding to the cathodic peak in the 
voltammogram and ν is the voltage scan rate in mV s-1. The capacitance 
thus obtained is then compared to the reference value for cSWCNT 
(C* = 10 μF/cm2) [17] so that the surface area is calculated from these 
equations:

AD = CD/C* and ii) AR = CR/C*. 

Ruthenium surface coverage, ΓRu and aptamer surface charge 
density, ΓA were calculated as prescribed in previous literature [11]. 

Electrochemistry of different electrode surfaces: 

The CVs of different steps of functionalization in presence and in 
absence of redox markers were performed in different experimental 
conditions. We thus compared the electrochemical behavior of 
modified electrode surfaces.

Cyclic voltammograms (CVs) of catholytes (10 mM tris-buffer, pH 
7.4): The CVs (Figure 2) of catholytes were taken in absence of redox 
species at room temperature in 5 ml of 10 mM trs-buffer (pH 7.4) to 
observe the electrochemical behaviors of different electrode surfaces. 
In absence of redox species (Figure 2), a significantly large amount 
of background current or capacitative current were found on all the 
modified electrode surfaces compared to bare gc surface. This probably 
indicates the high surface area and charge density of the electrode 

surfaces due to the incorporation of SWCNTs as a transduction layer 
[18b]. Figure 2 shows one pair of redox peaks at Epa = -17.5 mV and 
Epc = -378 mV corresponding to the cSWCNT/gc surface. These redox 
peaks (Figure 2: pink line) demonstrates the presence of –COOH 
groups as previously reported by Hongxia et al. [19] After activation 
and subsequent aptamer immobilization it was noted that these redox 
peaks indeed disappeared.    

Redox behavior of [Ru(NH3)6]
3+ on different electrode surfaces 

(Figure3) were studied at different concentrations of redox species up 
to saturation of the surfaces. These experiments were conducted to 
observe the redox behaviours of [Ru(NH3)6]

3+ and find out at which 
range of concentrations the different electrode surfaces are being 
saturated by [Ru(NH3)6]

3+ ions. 

In presence of [Ru(NH3)6]
3+  the CVs show one anodic peak (Epa = 

-213, -208 and -220 mV for cSWCNT, SWCNT-COOR and aptamer 
surfaces respectively) and three cathodic peaks. 1st cathodic peak, Epc1 
on cSWCNT, SWCNT-COOR and for aptamer surfaces was found at 
-413, -412 and -418 mV, 2nd and 3rd cathodic peaks were found at Epc2 
=-606, -608 and -609 mV and Epc3 = -774, -789 and -806 mV respectively. 
Noteworthy, among them 2nd and 3rd cathodic peaks show completely 
irreversible behavior. Higher peak separation potential (~200 mV) 
implies slow electron transfer process. The peak current ratio (ipc1/ipa) 
for cSWCNT/gc and SWCNT-COOR/gc electrode surface complies 
with the reversible redox process whereas the aptamer-cSWCNT/gc 
surface exhibits quasi-reversible charge transfer process. The 2nd and 
3rd cathodic peaks disappeared during the 2nd scan accounting for no 
further oxidation or reduction of that particular species. That would 
imply the presence of impurity in Ru-complex which forms trimer 
(coloured) in solution [18a]. Since the trimer has both +3 and +4 
oxidation states of ruthenium we can proposed the following redox 
mechanism for the corresponding peaks observed in the CV as reported 
in literature [9, 11, 18a]. 
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Figure 2: CVs of 10 mM tris-buffer (pH 7.4) on different working electrodes at 
the scan rate 100 mVs-1 between the potential window 500 and -1000 mV  vs  
Ag/AgCl at room temperature.
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Figure 3: Redox behavior of [Ru(NH3)6]3+on different working electrode 
surfaces at the scan rate 100 mV s-1 between the potential window 500 and 
-1000 mV vs Ag/AgCl at room temperature.
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     1st cathodic peak:   Ru3+ + e- → Ru2+ 
     2nd & 3rd cathodic peak: Ru4+ + e- → Ru3+ + e- → Ru2+               
    Anodic peak:  Ru2+ - e- → Ru3+ 

The nature of the surface saturation curves were studied on 
different electrode surfaces taking CVs for a series of [Ru3+] (1 μM to 
120 μM). It was noted that saturation attains at about 3 μM to 5 μM on 
cSWCNT/gc, ~3 μM on SWCNT-COOR/gc and ~ 50 μM on Aptamer-
NH-CO-SWCNT/gc surfaces. The saturation point for aptamer 
electrode surfaces were not clearly defined as other two electrode 
surfaces. The presence of different functional moieties along with 
phosphate groups in aptamer molecules might be responsible for this 
difference. The concentration profiles follow the Langmuir adsorption 
isotherms which agree with others reports for aptamer surface and 
oxygen rich electrode surface [9,11]. However, as the binding constant 
of [Ru(NH3)6]

3+ to DNA is larger than that of  Ru(NH3)6]
2+ to DNA, the 

cathodic peak current was higher than that of anodic peak [11].   

The surface behavior of different electrodes were also observed at 
various scan rates (10 to 400 mV s-1) between the potential window 
0 to -700 mV   as shown in Figure 4a for Aptamer-NH-CO-SWCNT 
surfaces. From the CV studies on all the three different electrode 
surfaces it was found that with the increase of scan rate the peak current 
increases linearly which complies with the adsorption control electron 
transfer process through the electrode-solution interfaces which is in 
good agreement with previous reports for aptamer surfaces [9,11]. 
Since the SWCNT surfaces are porous, and carboxylated and esterified, 
SWCNT surfaces are also oxygen rich surface, adsorption of Ru3+ on 
the surface will dominate the electron transfer process over diffusion 
process. For example, the Randless-Sevcic plot (Figure 4b: intensity vs 
square root of the scan rate) for the corresponding CVs of Figure 4a 
indicates that the electrode process is not purely diffusion controlled 
because it does not follow linearity at the lower scan rates (< 100 mV 
s-1). Therefore, the rate of electron transfer depends not only on the 
concentration and diffusional properties of the electroactive species 
but also on scan rate for this electrochemical process [20]. Figure 4a 
also demonstrates that the Epc shifted towards right (more negative 
potential) and the Epa shifted towards left (more positive potential) 

and hence peak separation (∆Ep) also increases with the increase of 
scan rate. This redox behavior also supports the slow charge transfer 
kinetics. 

Estimation of Surface Charge Density 

The exact surface area of a porous electrode plays an important role 
for correct estimation of surface charge density. However, surface area 
is one of the parameters which characterize a porous electrode, and the 
double layer capacitance is known to provide a reliable estimation of 
the surface area effective for participation in electrochemical reactions 
[21]. In order to compare our results we have calculated the electrode 
surface area using both types of electrochemical capacitance such as 
double-layer capacitance (CD) and redox capacitance (CR). On the 
basis of some theoretical considerations like (i) ideal polarizability over 
limited potential ranges in the non-faradaic regions [21], ii) for an ideal 
double .

Steps involve for the calculation Surface Charge Density

Layer capacitor  the shape of CV looks like a rectangle (Figure 5a) 
within this limited potential window [22] and (iii) the state of charge 
of a surface is strongly dependent on the solution pH [15], cyclic 
voltammetric curves were recorded (Figure5a) in a narrow potential 
range (within the non-faradaic region: -550 mV to - 650 mV) in absence 
of redox species in 10 mM tris buffer (pH 7.4) at different scan rates (5, 
10, 15, 20, 25 and 30 mV s-1). The current in the middle (~ 601.196 mV) 
of the potential window is then plotted as a function of the scan rate. 
Under the assumption that double layer charging is the only process, 
the slope of the straight line obtained from the plot (Figure 5 b) gives 
the differential capacitance (total value) of the interface. 

From the calculated data (Table 1) it is observed that CR for 
esterified and aptamer modified surfaces are higher than the CD values 
in the non-faradaic region. The explanation of this discrepancy may 
be sought in terms of adsorption pseoudocapacitance [21] (which 
may arise from the diffusion within the porous electrode surface 
and when adsorbed species participates in the rate-determining 
steps of overall charge transfer process), which was neglected in the 
present experiment. By studying CVs on different electrode surfaces 
it is found that the CD value and corresponding surface area (Table 
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1) are decreased in the order: SWCNT/gc>cSWCNT/gc>Aptamer-
NH-CO-SWCNT/gc>SWCNT-COOR/gc. These results indicate that 
modification of SWCNT surface influence on CD and surface area of 
electrodes due to the variation of surface charge density. In case of 
redox capacitance for SWCNT/gc surface were not reported (Table 
1) due to very low response to redox species. Among all the modified 
SWCNT surfaces, maximum Ru3+ surface coverage was found on 
aptamer functionalized surface (2.65 ± 0.10 mols/cm2) considering 
AD but considering CR it was maximum on cSWCNT/gc electrode due 
to lower redox surface area (Table 1). These results provide strong 
evidence for the electrochemistry of CNT modified electrode surface 
which are dominated by the behavior of functional groups present at 
the ends of the carbon nanotubes. 

After CV analysis the adsorbed Ru3+ ions were removed (Figure 
6) by dipping the electrodes in 2 M NaCl solution for 1 hour and the 
regeneration of surfaces were confirmed by comparing the CVs in tris-
buffer after and before regeneration of the electrode surfaces. Then 
the same aptasensors (aptamer-NH-CO-SWCNT/gc) were used for 
potentiometric detection of thrombin in order to confirm the presence 
of aptamers on the electrode surfaces.

Potentiometric detection of Thrombin

Figure 7 illustrates the potentimetric response of thrombin in 5 mL 
of 1 mM PBS buffer (pH 7.4) at different concentrations of thrombin 
analytes for regenerated aptasensors. Following addition of analyte, the 
signal increases rapidly and reaches the plateaus indicate the presence of 
aptamer on the electrode surface. After potentiometric measurements 
the electrodes were regenerated in 2 M NaCl solution for 10 min. 
From potentiometric measurements for five aptasensors (Figure 8a) 
it was found that all the electrodes were giving significant response. 

The highest potentiometric signals were found for working electrode 
(WE)-3 and -5. There is also a good agreement in corresponding CV 
results illustrated in Figure 8b. The electrodes that give higher peak 
current in CV analysis also show higher sensitivity to thrombin analyte 
in potentiometric measurements. However, these two electrodes 
contain higher number of aptamers (WE-3: 96.60x1012 molecules and 
WE-5 : 97.83 x 1012  molecules on their surfaces due to higher redox 
surface area, AR (WE-3: 30 cm2 and WE-5: 32.5 cm2) compare to others 
electrodes (Table 2). It is very interesting to note that the calculated 
results using double layer capacitance also corresponds to this order. 

Reproducibility

Figure 8 depicts the reproducibility of aptasensor regarding the 

5

1

-3

-7

-0.54        -0.57         -0.6         -0.63        -0.66
E, V vs Ag/ AgcI Scan rate (V s-1)

0               0.01           0.02             0.03

5 mV s-1

10 mV s -1

15 mV s -1

20 mV s-1

25 mV s-1

30 mV s-1

y = -191.4x + 0.18
      R2 = 0.998

i. 
uA

i. 
uA

0

-2

-4

-6

(a)

(b)
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double layer capacitance from the slope of plot of i (μA) vs scan rates (Vs-1). 
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Figure 6: Confirmation of removal of Ru3+ from electrode surface: (a) red line 
indicates the CV after removal of Ru3+ in 2 M NaCl solution and (b) black line 
indicates the CV in presence of Ru3+. 

Capacitance,  C (μF) Electrode surface area, A (cm2) Ru3+surface coverage, ГRu  (mole cm-2) x e 11

CD CR AD AR ГRu,D ГRu,R

A 41.0 ± 3510 - 41.0 ± 35 - - -
B 309 ± 28 256 ± 7 30.9 ± 2.8 25.6 ± 0.7 2.52 ± 0.04 3.04 ± 0.01
C 211 ± 21 221 ± 20 21.1 ± 2.1 22.1 ± 2.0 2.54 ± 0.03 2.43 ± 0.02
D 268 ± 30 278 ± 36 26.8 ± 2.9 27.8 ± 3.6 2.65 ± 0.10 2.56 ± 0.08

Table 1: Calculated data (CD, CR, AD, AR and ГRu) for different electrodes (A=SWCNT/gc, B=cSWCNT/gc, C=SWCNT-COOR/gc, D=Aptamer-NH-CO-SWCNT/gc).
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data obtained from CV and potentiomentry for three consecutive 
measurements on the same aptsensor. It is noted that (Figure 9 a and 
b) the aptasensor (SWCNT-CO-NH-Aptamer/gc electrode) is fairly 
reproducible. 

Because the non-specifically adsorbed aptamers may interfere 
the reproducibility of aptasensor due to unstable electrode surface. 
However, when two consecutive CV experiments were conducted 
at higher scan rate using the same apatasensor, the saturation peak 
current was decreased significantly in the 2nd experiments. It 
accounts for the removal of non-covalently attached aptamers 
at higher scanning potential during the 1st CV measurements. 
Limit of detection (LOD) and sensitivity of the aptasensors were 
also calculated by using potentiometric calibration curves. The 
sensitivity and LOD for five aptasensors were found as 3.853 ± 1.491 

mV/log aThr   and 6.88 ± 3.55 e-8M respectively. 

Aptamer surface charge density

The calculated aptamer surface charge densities (Table 2) for five 
electrodes were found as 3.19 ± 0.12 e12 molecules cm-2 with respect to 
(w.r.t.) CD whereas 3.08 ± 0.09 e12 molecules cm-2 was found w.r.t. CR, 
which are quite comparable to each other. 

Conclusions
By analysis all the CV and potentiometric data as demonstrated 

herein, we can conclude that   cyclic voltammetric technique can 
be used as easy and less expensive technique to successfully build 
potentiommetric aptasensors via characterizing the surface by 
determining the aptamer surface charge density. Since the CV saturation 
curves (Figure 9b) demonstrate that the ruthenium concentration 
for saturation is comparable, the calculated aptamer surface charge 
density is very reliable and significant if we consider the reference value 
of capacitance for cSWCNT, C* = 10 μF/cm2 is the same for all the 
electrode surfaces either after covalent immobilization or non-covalent 
immobilization of aptamers. But practically it is not same for all the 
surfaces. So if we want to determine the exact amount of aptamers 
on the electrode surfaces we need the reference value for covalently 
functionalized aptamer-SWCNT. However, it is also essential to 
remove the non-specifically or non-covalently adsorbed aptamer from 
the electrode surface in case of co-valent functionalization, since it is 
directly related with the reproducibility of the aptasensors. Nevertheless, 
the method is useful for an internal comparison and to judge the 
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(pH=7.4) solution at ambient temperature.
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WE
Capacitance, C (μF) Electrode surface area, A (cm2) Ru3+surface coverage, ГRu (mole cm-2) x e 11 Aptamer surface, charge density,  ГA (molecules cm-2) x e -12

CD CR AD AR ГRu,D ГRu,R ГA,D ГA,R

1 255 260 25.5 26.0 2.66 2.61 3.20 3.14
2 229 231 22.9 23.1 2.54 2.52 3.06 3.04
3 285 300 28.5 30.0 2.81 2.67 3.38 3.22
4 264 272 26.4 27.2 2.58 2.50 3.10 3.01
5 307 325 30.7 32.5 2.65 2.50 3.19 3.01

Ā± 268 278 26.8 27.8 2.65 2.56 3.19 3.08
RSD ± ± ± ± ± ± ± ±

30 36 2.9 3.6 0.10 0.08 0.12 0.09

Table 2: Calculated data obtained from CV studies on five Aptamer-NH-CO-SWCNT/gc electrode surfaces.
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quality of electrode surfaces for appropriate experimental conditions 
Furthermore, we can infer that there is a good correlation between 
CV and potentiometric results. Because the electrode containing more 
covalently functionalized aptamers are showing better sensitivity 
during the detection of thrombin. Searching of noble technique to 
eliminate the non-specifically bound aptamers on the electrode surface 
maintaining the stability of the surfaces will be further investigated. 
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