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Abstract: This study focuses on the electrochemical investigation of modifiers and their components that 
can provide the easiest and most sensitive results for electrochemical sensors. For this purpose, a 
nanocomposite of tannic acid and carbon nanotubes with extraordinary properties was obtained. The 
nanocomposite and its components were immobilized on glassy carbon electrode surfaces by the drop-drying 
technique. The morphological and electrochemical properties of the nanocomposite and its components were 
examined by scanning electron microscopy and cyclic voltammetry techniques. The surfaces modified with 
the nanocomposite and its components exhibited different electrochemical behaviors. Tests performed in 
ferricyanide, ferrocene, ruthenium hexamine (III) chloride, and ferricyanide/ferrocyanide probes showed that 

the nanocomposite-modified surface exhibited the best voltammetric behavior. Scan rate and pH studies 
showed that the nanocomposite-modified surface catalyzed electron transfer more and increased the active 
surface area. 
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1. INTRODUCTION 
Tannins are also known as tannic acid. Tannins are 

compounds with polyphenolic structures and are 
obtained from plants such as tea, rapeseed, broad 
bean, and sorghum. Tannic acid (TA) is present in 
numerous vegetables, fruits, and beverages, 
including wine, beer, coffee, black tea, and white tea. 
Simultaneously, due to the presence of numerous 

hydroxyl and functional groups in their structures, 

they are capable of forming cross-links with proteins 
and other macromolecules. TA, a water-soluble 
polyphenol compound, has been actively used to 
treat many diseases for years (1,2). TA analysis is 
gaining importance due to its wide range of studies, 
such as environment, medicine, and food. TA is used 

as a food additive and sweetener (3) as well as an 
additive in medicine and veterinary fields due to its 
antimicrobial, anticarcinogenic, and antimutagenic 
potential. At the same time, TA protects cells against 
oxidation properties (4,5). Determining the amount 
of tannic acid contained in fruit, tea, and beer is very 
important in evaluating the quality of the products 

(6). TA, which has a very wide area of use in 
medicine, is used in the treatment of tonsils, 
pharyngitis, hemorrhoids, and some diseases due to 

its astringent effects on vessels and mucosa. This 
compound also has antioxidant, antitumor, 

antimutagenic, and antiviral properties and other 
types of physiological activities (7-9). An important 
feature of TA is its strong interaction with metal ions, 
polymers, and proteins (10). The TA molecule 
contains a large number of active phenolic groups 
and is easily converted to polytannic acid (PTA), 

which can bind to various molecules through covalent 

or non-covalent bonds. Therefore, PTA has attracted 
great interest in surface modification due to its good 
adhesion, excellent biocompatibility, 
biodegradability, antimicrobial and antioxidant 
effects (11,12). In addition, thanks to its active 
phenolic groups, it easily forms composites by 

integrating with various molecules (13). Therefore, it 
can be effectively used as a modifier for 
electrochemical sensors. 
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Scheme: The molecular formula of tannic acid. 

 
Nowadays, it has been determined that 

nanocomposites are superior to pure polymers in 
terms of thermal, optical, mechanical, electronic, and 
catalytic properties. Studies have shown that the 

incorporation of nanoparticles in nanocomposites has 
several beneficial and enhancing effects (14). This is 
due to the fact that nanoparticles or nanostructured 
materials increase the adhesion/bonding between 

the matrix and nanostructured materials thanks to 
their large surface areas (15). In addition, the easy 
and homogeneous incorporation of nanostructures 
into the matrix also takes their positive effects to the 
next level. Considering these properties of 
nanostructures, carbon nanotubes (CNTs) are known 
to be the hardest and most durable man-made 

nanomaterials known so far (16). In addition to all 
the advantages they offer, they have also attracted 
interest in areas related to electrical devices and 
communication thanks to their high electrical 
conductivity properties (17,18). Moreover, due to 
their very small dimensions, these structures can 

also be used if they are homogeneously embedded in 
matrices. To increase the chemical affinity of carbon 
nanotubes (CNTs) to polymer matrices, chemical 
modification of graphitic sidewalls and ends is 
required. The properties and applications of CNTs 
have been very active areas of research in the last 
decade (19-23). CNTs exhibit high flexibility, low 

bulk density, and a large aspect ratio (typically 
greater than 1000). MWCNTs can transport electrons 
along long lengths without significant interruption, 
making them more conductive than copper (24). The 
main advantage of CNTs, which makes them ideal 
reinforcements for several applications, is that their 
mechanical and electrical properties can be utilized 

in combination (25,26). 
 

TA is an oligomeric polymer of carbon-carbon bonded 
flavonoid units resistant to hydrolysis and can work 
in harmony with nanostructures during 
enzymatic/chemical reactions. This allows the 

integration of TA with carbon-based nanostructures 
or nanoparticles as a sensor interface to trigger the 
correct enzymatic reactions and significantly increase 
the detection capability of the modified electron. 
Thus, it provides the potential to provide innovative, 
fast, simple, durable, and accurate high-sensitivity 
measurements in the development of 

electrochemical sensor systems. The combination of 
carbon nanotubes with the advantageous features of 
tannic acid is anticipated to yield novel composite 
forms, offering cost-effective and efficient modifiers 

and facilitating the development of revolutionary 
electrochemical sensors (13). 
 

This study aims to prepare a nanocomposite by 
taking advantage of the superior properties of tannic 
acidic active phenolic groups and multi-walled carbon 
nanotubes. For this purpose, the nanocomposite 

suspension prepared by sonication in chloroform was 
modified on glassy carbon electrode surfaces via the 
drop-drying technique. Tannic acid and multi-walled 
carbon nanotubes, which are the components 
constituting the nanocomposite, were also prepared 
in the same manner, and modified electrodes were 

obtained. Then, the electrochemical and 
morphological characteristics of the obtained 
surfaces were investigated and compared with both 
each other and the bare GCE. 
 
2. EXPERIMENTAL SECTION 

 

2.1. Materials 
Potassium ferricyanide (≥99%), tannic acid (99%), 
ferrocene (98%), acetonitrile (%97), 
tetrabutylammonium tetrafluoroborate (99%), 
potassium ferrocyanide (99.9%), and chloroform 
(≥99.5%) were ensured by Merck, VWR, and Sigma-
Aldrich. Carbon nanotubes (110–170 nm) were 

purchased from Sigma. Ultrapure water was used in 
aqueous solutions, acetonitrile was used in non-
aqueous solutions, and all solutions were kept at 
+4°C. 99% pure N2(g) was used to remove dissolved 
oxygen in the cell before electrochemical 
experiments. 

 
A Gamry Interface 1000B 

Potentiostat/Galvanostat/Zra analyzer was used for 
electrochemical experiments. In this analyzer, which 
has a three-electrode system, a nanocomposite-
modified glassy carbon electrode (BASi Model MF–
2012) served as the working electrode. The 

reference electrodes employed were the BASi model 
MF-2052 of Ag/AgCl/KCl (3M), the BASi model MF-
2062 of Ag(AgNO3(0.1M)), and the counter electrode 
was a Pt wire (0.5mm). 
 
2.2. Functionalization of MWCNTs 
Before modification, commercial MWCNTs were 

sonicated in a concentrated HClO4(98.5-102.0%) + 
HNO3(96-98%) (3:7, v:v) solution for 5 h to 
functionalize their surfaces (27). The functionalized 
MWCNTs were then filtered, repeatedly washed with 

ultrapure water to neutralize, and dried at room 
temperature. 

 
2.3. Preparation of Modifier Suspensions 
MWCNTs suspension: prepared by sonicating 1 mg of 
MWCNTs within 5 mL chloroform for 1 h. 
 
TA suspension: prepared by sonicating 1 mg of TA 
within 5 mL chloroform for 1 h. TA/MWCNTs 

suspension: prepared by sonicating 1 mg of MWCNTs 
within 5 mL chloroform for 5 min, then adding 10 mg 
TA to the solution and sonicating the solution for 
another 1 h. 
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2.4. Modification 
After the preparation of MWCNTs, TA, and 
TA/MWCNTs suspensions, 5.0 μL of each suspension 

was immobilized on the cleaned glassy carbon 
electrode surfaces by the drop-drying technique. 
Three modified electrodes defined as MWCNTs/GCE, 
TA/GCE and TA/MWCNTs/GCE were obtained. 

 
2.5. Characterization 
For the morphological characterization, SEM images 
were taken of the MWCNTs/GCE, TA/GCE, and 
TA/MWCNTs/GCE surfaces at 1µm. 
 

For the electrochemical characterization of bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces with cyclic voltammetry (CV) technique in 
ferrocene, ferricyanide (HCF(III)), ruthenium 
hexaamine(III) chloride and ferri-ferrocyanide 
(HCF(III)-HCF(II)) redox probes, respectively; 

 

✓ In 1.0 mM ferrocene solution, within the -
0.2/+0.4 V range, at 100 mV/s scan rate, against 
Ag/AgNO3 reference electrode, 

✓ In 1.0 mM HCF(III) solution, within the +0.6/0.0 
V range, at 100 mV/s scan rate, Ag/AgCl refer-
ence electrode, In 1.0 mM ruthenium hexa-
mine(III) chloride solution, within the -0.5/0.2 V 

range, at 100 mV/s scan rate, against Ag/AgCl 
reference electrode, 

✓ In 1.0 mM HCF(III)-(II) solution, within the -
0.3/0.8 V range, at 100 mV/s scan rate, against 
Ag/AgCl reference electrode, voltammograms 
were recorded. 

 
To provide insight into the TA, MWCNTs, and 

TA/MWCNTs structures to the GCE surface and to 
obtain information on whether there is an active 
group or groups that can be protonated on the 
surfaces after modification, voltammograms of each 
of the bare GCE, TA/GCE, MWCNTs/GCE and 

TA/MWCNTs/GCE surfaces were recorded separately 
on 1.0 mM HCF(III) probes prepared with BR buffer 
solutions at pH 2.0; 3.0; 5.0; 7.0; 9.0; and 11.0 
(within the +0.6/0.0 V range, at 100 mV/s scan rate 
against an Ag/AgCl/KCl(sat) reference electrode). 
 
To determine the electron transfer pattern of TA, 

MWCNTs and TA/MWCNTs structures on the GCE 
surface, voltammograms of each of the bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces were recorded against the Ag/AgNO3 

reference electrode within the -0.2/0.4 V range in 1.0 
mM ferrocene probe prepared in CH3CN containing 

100 mM TBA-TFB at scan rates of 25, 50, 100, 200, 
300, 400, 500, 600, 700 mV/s. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Scanning Electron Microscope Examination 
of MWCNTs/GCE, TA/GCE, and TA/MWCNTs 

GCE Surfaces 
Elucidating the morphology of modified surfaces 
provides important ideas. For this reason, 1µm 
surface images of the prepared MWCNTs/GCE, 
TA/GCE, and TA/MWCNTs/GCE modified electrodes 

were recorded with the SEM technique and presented 
in Figure 1. When the SEM image of the 
MWCNTs/GCE surface given in Figure 1A is 

examined, it is observed that MWCNTs are 
homogeneously distributed on the GCE surface, and 
there is no agglomeration. In Figure 1B, it is 
observed that TA also exhibits a homogeneous 

distribution without agglomeration. When Figure 1C 
is examined, it is determined that the 
TA/MWCNTs/GCE surface exhibits a complex 
structure by homogeneously dispersing the structure 
of MWCNTs functionalized with the multi-armed 
polyphenol structure of TA and flavonoid oligomer 

polymers. The homogeneous dispersion of MWCNTs, 
one of the components forming the nanocomposite 
(TA/MWCNTs), into the TA structure, showed that the 
adhesion/bonding between the matrix and 
nanostructured materials increased thanks to the 
large surface areas of the nanostructured materials 

(15). 

 
3.2. Electrochemical behaviors of Bare GCE, 
TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
in Redox Probes 
Electrochemical tests performed by cyclic 
voltammetry (CV) in the presence of redox probes 
are an effective method to reveal whether electron 

transfer occurs between the surface and the 
electrolyte. Therefore, the electrochemical behaviors 
of bare GCE, TA/GCE, MWCNTs/GCE, and 
TA/MWCNTs/GCE were individually examined using 
the CV technique in the presence of HCF(III), 
ferrocene, HCF(III) – HCF(II), and ruthenium 

hexamine(III) chloride probes. The electrochemical 
behaviors of the modified GCE surfaces were 

compared with the electrochemical behavior of the 
bare GCE surface. Figure 2A presents the 
voltammograms of bare GCE, MWCNTs/GCE, 
TA/GCE, and TA/MWCNTs/GCE in the HCF(III) probe 
within the 0.0/0.6 V range at 100 mV/s scan rate. 

The voltammograms reveal that the peak current for 
MWCNTs/GCE is higher than that for TA/GCE, which 
can be attributed to the large surface area of 
MWCNTs and their functional groups that enhance 
catalytic activity and conductivity on the electrode 
surface (28). TA/MWCNTs/GCE showed the best 
voltammetric response compared to TA/GCE and 

MWCNTs/GCE modified surfaces. This is due to the 
synergistic effect created by combining the functional 
groups within the structure of MWCNTs and groups 
in TA with a multi-armed polyphenolic structure 

(29,30). Therefore, we can say that this effect 
improves the sensing ability of the surface and 

increases the electrode surface area and 
conductivity, improving the electron transfer rate. 
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A) 

 

B) 

 
C) 

 
Figure 1: SEM micrograph A) MWCNTs/GCE, B) TA/GCE and C) TA/MWCNTs/GCE. 

 
Figure 2B. represents the voltammograms of the 
ferrocene probe within the -0.2/0.4V range at 100 
mV/s scan rate for the bare/GCE, TA/GCE, 
MWCNTs/GCE, TA/MWCNTs/GCE surfaces. The 
anodic peak currents of the bare GCE, TA/GCE, and 
MWCNTs/GCE surfaces are found to each other, while 

the TA/MWCNTs surface exhibits the highest peak 
current by showing the best electrocatalytic activity. 
This can be attributed to the formation of cross-links 
with electrochemical molecules with a large number 
of hydroxyl groups and functional groups in the 
structure of TA. In addition, due to the presence of a 
large number of active phenolic groups, it is also 

associated with the successful modification of the 
surface by transforming into a multiple TA structure 

that can adhere to various electrode surfaces 
through covalent or non-covalent bonds. Moreover, 
it has been observed that the composite structures 
used as modifier species do not make the electrode 

surface electro-inactive. Therefore, the voltammetric 
responses observed with the ferrocene probe 
indicated that electron transfer occurred on both the 
bare GCE and the modified GCE surfaces without any 
obstruction impeding the process (31,32). 
 
Figure 2C shows the surface voltammograms for bare 

GCE, TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
within the -0.3 to 0.8 V range at 100 mV/s scan rate 
using the HCF(III)-HCF(II) probe. Both reduction and 
oxidation peaks are visible on the bare GCE and 

modified GCE surfaces. This is due to the oxidation 
of Fe2+ ions to Fe3+ ions and the subsequent 
reduction of Fe3+ ions back to Fe2+ ions. Moreover, 
the voltammetric responses for the HCF(III)-HCF(II) 
probe show that while bare GCE and MWCNTs/GCE 
surfaces have similar peak currents and potential 

shifts, the TA/MWCNTs/GCE surface provides the 
most favorable voltammetric response. This 
improved performance is likely due to the excellent 
surface compatibility provided by the carbon-carbon 
bonded flavonoid units of TA, which are resistant to 
hydrolysis, in combination with functionalized carbon 
nanotubes on the surfaces (33). Thus, the electron 

transfer of TA/MWCNTs/GCE in the HCF(III)-HCF(II) 
probe was more catalyzed. 

 
Figure 2D represents the voltammograms for bare 
GCE, TA/GCE, MWCNTs/GCE, and TA/MWCNTs/GCE 
surfaces within the -0.5 to 0.2 V range at 100 mV/s 

scan rate using the ruthenium hexaamine(III) 
chloride probe. All surfaces exhibit sensitivity to 
ruthenium for both reduction and oxidation 
reactions. While the bare GCE, MWCNTs/GCE, and 
TA/GCE surfaces show similar voltammetric 
responses to the ruthenium hexamine(III) chloride, 
the TA/MWCNTs/GCE surface demonstrates a more 

pronounced peak current. This enhanced sensitivity 
of the TA/MWCNTs/GCE surface to the ruthenium 
hexaamine(III) chloride probe may be attributed to 
TA’s role as a compatible polymer material, forming 
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strong π-π interactions through the stacking of 
hydroxyl groups esterified with phenolic structures 
when combined with carbon-based nanostructures 

(34,35). It can be concluded that TA/MWCNTs/GCE 
significantly increases the detection capability and 
sensitivity thanks to this interaction. 
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Figure 2: Surface voltammograms of bare/GCE, TA/GCE, MWCNTs/GCE, TA/MWCNT/GCE against at 100 
mV/s scan rate A) Ag/AgCl/KCl(sat) reference electrode in 0.0/0.6 V potential range in 1.0 mM HCF(III); 

B) Ag/AgNO3 reference electrode in the potential range of -0.2/0.4 V in 1.0 mM Ferrocene,  
C) Ag/AgCl/KCl(sat) reference electrode in the potential range of -0.3/0.8 V in 1.0 mM HCF(III)-HCF(II) 
solution D) against Ag/AgCl/KCl(sat) reference electrode in the potential range of -0.5/0.2 V in 1.0 mM 

ruthenium hexaamine(III) chloride solution. 
 
5.3. pH Effect on Bare GCE, MWCNTs/GCE, 
TA/GCE and TA/MWCNTs/GCE Surfaces 

The voltammetric responses of bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE surfaces in the 
+0.6 ̶ 0.0 V potential range in the pH range from 2.0 
to 11.0 in 1.0 Mm HCF(III) redox probe were 
investigated by CV technique and are presented in 

Figure 3. Peak currents were observed at pH 2.0 and 

3.0 on bare GCE surface (Figure 3A). However, there 
were decreases in peak currents with increasing pH 
and peak currents were not observed at high pHs. 
Therefore, it was concluded that the bare GCE 
surface was sensitive to pH in acidic media. As 
presented in Figure 3B, the MWCNTs/GCE surface is 

sensitive to pH, but no peak current is observed on 
the surface at basic pH values such as pH 7.0, 9.0, 
11.0, while a good peak current is obtained at acidic 
pH values, especially at pH 2.0. The reason for this 
decrease in peak currents with increasing pH can be 
associated with the negatively charged OH- ions, 
which increase as a result of the basicity of the 

medium, repel the negatively charged HCF(III) ions, 

thus reducing electron transfer and thus decreasing 
the voltammetric peak currents of the 

MWCNTs/GGCE surface. In Figure 3C, it is observed 
that the TA/GCE surface gives similar peak currents 
with small shifts in peak potentials at pH 3.0, 5.0, 
7.0 and 9.0, and the best voltammetric peak current 
occurs at pH 2.0. However, it is seen that it does not 

form a peak current by being blocked at basic pH 
values such as pH 11.0. It can be said that this 

situation is due to the repulsion of negatively charged 
molecules in TA and the OH- ions that increase in the 
media at high pHs. It can also be explained by the 
fact that structures such as gallic acid and 
polyphenolic acid in the TA structure negatively affect 
the electron transfer on the surface and prevent the 

formation of a voltammetric response (36,37). As 
presented in Figure 3D, the TA/MWCNTs/GCE surface 
exhibits similar sensitivity at pH 3.0, 5.0, and 7.0. A 
well-defined peak current was obtained with a shift 
in the peak potential at pH 2.0. However, it was also 
determined that the surface was blocked at pH 11.0 
and did not produce a peak current response. This 
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can be associated with the OH- groups attached to 
the carbohydrate (usually D-glucose) and phenolic 
groups in the center of the TA structure and the OH- 

ions abundant in the media at pH 11.0 repelling each 
other and negatively affecting the electrocatalytic 

activity of the modified surface. Experimental 
findings showed that the reactions of modified GCE 
surfaces in the HCF(III) redox probe were more 

reversible at low pH values.
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Figure 3: CV voltammograms of A) bare GCE, B) MWCNTs/GCE, C) TA/GCE, D) TA/MWCNTs/GCE surface 
in 1.0 mM HCF(III) probe against Ag/AgCl/KCl(sat) reference electrode in the potential range +0.6-0.0 V at 

100 mV/s scan rate in the potential range +0.6-0.0 V at pH 2; 3; 5;7;9;11. 
 
5.4. Scan Rate Effect on Bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE Surfaces 
To investigate the properties such as reversibility and 
electron transfer pattern of bare GCE, TA/GCE, 
MWCNTs/GCE and TA/MWCNTs/GCE surfaces, 

voltammograms were recorded at 25, 50, 100, 200, 
300, 400, 500, 600 and 700 mV/s scan rates against 
Ag/AgNO3 reference electrode within the -0.2/0.4 V 
range using CV technique in 1.0 mM ferrocene probe 

and are presented in Figure 4A-D. While almost no 
change was observed in the peak potentials of all 
surfaces with the increasing scan rates, a linear 

increase in the peak currents was observed. The 
same situation occurred in the reverse scan. To 
better understand the reaction mechanism on the 
electrode surface, peak currents were plotted against 
both the scan rate and the square root of the scan 
rate. A linear relationship was observed between the 

peak currents and the square root of the scan rate 
(Figure 4E-H). For adsorption-controlled reactions on 
electrode surfaces, the graphs should be linear, and 
the slopes should be greater than 0.5. However, it is 
known that the reaction is diffusion-controlled if the 

slope value is less than 0.5 (38). The peak currents 
versus the square root of the scan rate were plotted, 
R2 values were calculated, and it was found that R2 
= 0.9997 for the bare GCE surface, R2 = 0.9977 for 

the MWCNTs surface, R2 = 0.9989 for the TA/GCE 
surface, and R2 = 0.9997 for the TA/MWCNTs/GCE 
surface. Since the obtained R2 values were very close 

to 1.0 and the slope values were greater than 0.5, it 
was determined that the electrochemical reaction 
taking place on the bare GCE, MWCNTs/GCE, TA/GCE 
and TA/MWCNTs/GCE surfaces was an adsorption-
controlled reaction. 

 
 
 
 
 
 



İncebay H and Saylakçı R. JOTCSA. 2024; 11(4): 1595-1604 RESEARCH ARTICLE 

1601 

A) 

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

-60

-40

-20

0

20

40

60

80

100 mV/s

25 mV/s

 I
 (

μ
A

)

E (V) vs. Ag/AgCl  

E) 

5 10 15 20 25 30

10

20

30

40

50

60

70

 I
p

a
 (

μ
A

)

(Scan rate)1/2, mV/s

y = 2.3976x - 1.5207 / R² = 0.9997

 

B) 

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
-80

-60

-40

-20

0

20

40

60

80

I 
(μ

A
)

E (V) vs. Ag/AgCl

100 mV/s

25 mV/s

 

F) 

5 10 15 20 25 30

10

20

30

40

50

60

70

80

 I
p

a
 (

μ
A

)
(Scan rate)1/2, mV/s

y = 2.8895x - 1.653 / R² = 0.9977

 
C) 

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

-60

-40

-20

0

20

40

60

80

I 
(µ

A
)

E (V) vs. Ag/AgCl

700 mV/s

25 mV/s

 

G) 

5 10 15 20 25 30

10

20

30

40

50

60

70

 I
p

a
 (

μ
A

)

(Scan rate)1/2, mV/s

y = 2.4264x - 0.575 / R² = 0.9989

 
D) 

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
-100

-50

0

50

100

I 
(µ

A
)

E (V) vs. Ag/AgCl

700 mV/s

25 mV/s

 

H) 

5 10 15 20 25 30

20

40

60

80

100

 I
p

a
 (

μ
A

)

(Scan rate)1/2, mV/s

y = 3.6324x - 2.3740 / R² = 0.9997

 
Figure 4: CV voltammograms of A) bare/GCE, B) MWCNTs/GCE, C) TA//GCE, D) TA/MWCNTs/GCE surface 

in 1.0 mM ferrocene solution against Ag/AgNO3 reference electrode at scan rates of 25; 50; 100; 200; 300; 
400; 500; 600; 700 mV/s. Peak currents plot against the square root of scan rate for E) bare/GCE, F) 

MWCNTs/GCE, G) TA//GCE, H) TA/MWCNTs/GCE. 
 
  



İncebay H and Saylakçı R. JOTCSA. 2024; 11(4): 1595-1604 RESEARCH ARTICLE 

1602 

4. CONCLUSION 
 
This study focused on gaining features that are fast, 

easy, cheap, and environmentally friendly by using 
fewer chemicals for the preparation of 
nanocomposites, which are becoming increasingly 
popular. Superior properties were gained by 

incorporating carbon nanotubes into its structure 
using a natural polymer such as tannic acid. 
Homogeneous distribution of the components of the 
nanocomposite within each other was confirmed 
morphologically. As a result of detailed 
electrochemical examinations of the nanocomposite 

and its components, when the voltammograms of 
HCF(III), ruthenium hexamine (III) chloride, and 
HCF(III) – HCF(II) probes were compared, it was 
determined that the TA/MWCNTs/GCE surface 
exhibited the best voltammetric behavior. In pH 
studies, it was determined that the surfaces were 

sensitive to pH, and in scan rate studies, the 

electrochemical reaction taking place on the 
TA/MWCNTs/GCE surface was an adsorption-
controlled reaction. The active surface areas were 
calculated as 0.124 cm2 for GCE and 0.3405 cm2 for 
TA/MWCNTs/GCE. This indicated that 
nanocomposite-modified electrode TA/MWCNTs/GCE 
has a large and active surface area and can be 

successfully used to detect analytes in 
electrochemical sensor technology (13). 
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