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ABSTRACT 
Heavy metals have a major contribution to biosphere pollution due to toxicity. The detection and monitoring of the environmental 
agents in soil, water and air is very important for the general health of humans and animals [1]. It has been recently shown that 
electrochemical techniques such as differential pulse voltammetry (DPV) and square wave anodic stripping voltammetry (SWASV) 
using modified electrodes are very attractive methods for detecting heavy metals [2]. 
The aim of this paper is to demonstrate the potential of hydrothermal process combined with electrochemical techniques to 
obtain modified electrodes based on functionalized carbon nanotubes (CNTs) and polyaniline (PANI) for metals detection.  
Methods: Commercial multi-walled carbon nanotubes (MWCNT) were functionalized by a mixture of HNO3/H2SO4 and further used 
for hydrothermal synthesis of CNT-PANI composites with different mass ratios. The resulted powders were analyzed by spectral 
(Fourier-Transform Infrared Spectroscopy) and thermal (Differential Scanning Calorimetry) methods, and then dispersed in a 
surfactant/electrolyte solution for preliminary electrochemical experiments (Cyclic Voltammetry, CV and Differential Pulse 
Voltammetry, DPV) to obtain modified electrodes. The electrochemical measurements of the stable suspensions based on CNT, 
respectively CNT-PANI were performed with a PGSTAT 12 Autolab potentiostat (Methrom) at room temperature. The influence of 
the CNT: PANI mass ratio and the synthesis time on the formation of composites with the desired structural and electrochemical 
properties were studied. It was found that CNT-PANI composite powder having mass ratio 1:4 and synthesis time 3h has the best 
structural and thermal characteristics and formed a weakly conductive film on the surface of the glassy carbon electrode (GCE). 
Results: The FT-IR spectra of chemically oxidized CNTs show two absorption maxima, barely visible, at 1597-1550 cm− 1 and 1686-
1650 cm− 1, attributed to the stretching mode of the C = C bond. In the PANI spectrum, the typical vibration bands from 1593 cm− 1 
and 1508 cm-1 belong to the C = C bonds of the quinoid rings, while the maxima from 1499 cm– 1, 1302 cm− 1 and 1242 cm− 1 are 
assigned to C = C bonds in benzene rings, C-N bond in quinoid rings and C-N bond in benzene rings, respectively. Compared to PANI, 
in the CNT-PANI spectra, two changes can be observed: i) the displacement of the absorption maximum, towards higher wave 
numbers for the C-N bonds of the quinoid rings (1306-1308 cm– 1) and ii) the maximum intensity ratio corresponding to the C = C 
bonds in the quinoid ring and the C = C bonds of the benzenoid rings increases with the decrease of the ratio between PANI and 
CNT. The shift to red is due to the π- π electronic interactions at the PANI-CNT interface [3]. Preliminary electrochemical tests 
revealed the electroactive forms of polyaniline, demonstrating that GCE has been modified with CNT-PANI coatings.  
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Crt. 
No 

Sample 
name 

CNT : PANI  
mass ratio  

Synthesis 
time, h 

pH Sample type 

1 NT-1 - - 5.5 Chemically oxidized MWCNT 

2 NT-2 - - 5.5 Chemically oxidized MWCNT 

3 NTP-1 1 : 2 3 7 Hydrothermally synthesized CNT-PANI at 40°C 

4 NTP-2 1 : 4 3 7 Hydrothermally synthesized CNT-PANI at 40°C 

5 NTP-3 1 : 2 1 7 Hydrothermally synthesized CNT-PANI at 40°C 

6 NTP-4 1 : 4 1 7 Hydrothermally synthesized CNT-PANI at 40°C 

Table 1. Powdered materials based on functionalized CNT, respectively functionalized CNT and PANI 

Thermal analysis (DSC) on CNT-PANI powders 

b 

c 

d 

a 

Structural analysis by spectral methods (FT-IR) on CNT-PANI powders 

Figure 1. FT-IR spectra of: a) NT-1 and NT-2 powders (functionalized CNTs); b) commercial PANI; c) CNT-PANI composite materials, compared to 
commercial PANI and functionalized CNT (NT-1) 
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Figure 2. DSC curves of : a) NT-1; b) NTP-1 and NTP-3; 
c) NTP-2 and NTP-4; d) commercial PANI. 

Crt. 
no 

Sample 
name 

CNT : PANI 
mass ratio 

Peak 1 Peak 2 Peak 3 Peak 4 

T1, °C 
ΔH1, 
J/g 

T2, °C 
ΔH2, 
J/g 

T3, °C 
ΔH3, 
J/g 

T4, °C ΔH4, J/g 

1 NT-1 - - -     - - 435.5 66.45 

2 NTP-1 1 : 2 82.1 197 168.9 45.75 368.6 174.8 443 20.63 

3 NTP-2 1 : 4 56.2 164.3 165.6 34.78 - - 454.6 65.04 

4 NTP-3 1 : 2 93.2 248.6 169 11.23 352.5 249.7 489.9 500.8 

5 NTP-4 1 : 4 84 181.2 166 42.4 312 53.59 479.1 424.2 

6 PANI - 92.2 63.13 177 8.88 316.6 186 - - 

Preliminary electrochemical tests on CNT-PANI coatings 

Table 2. Peak temperatures and enthalpies of functionalized CNT, CNT-PANI composites and PANI 

Figure 3. Cyclic voltammograms (CV) of GCE 
modified with the studied coatings (denoted as 
NT1, NTP1, NTP2, NTP3 and NTP4) -3V÷3V  

Figure 4. Differential pulse voltammetry (DPV) curves of glassy carbon electrode modified 
with the studied coatings in the: a) anodic range and b) cathodic range 

  

Figure 5. a) the oxidation states of 
PANI [3]; b) example of CNT-PANI 
structure [4] 

Figure 6. Cyclic voltammetry curves of glassy carbon electrode (GC) modified with the 
studied coatings, in the potential range -3V ÷ 3V, 20 cycles  

Figure 7. Cyclic voltammograms of the potassium 
ferrocyanide solution at bare GCE (cyan curve) and 
modified with the studied coatings 

CONCLUSIONS  
In this study, composite materials based on functionalized carbon nanotubes and 
polyaniline were synthesized, in order to obtain glassy carbon electrode modified 
with CNT – polymer coatings. The influence of the CNT: PANI mass ratio and the 
synthesis time on the formation of composites with the desired structural and 
electrochemical properties were studied. It was found that the NTP-2 powder, with 
CNT: PANI mass ratio 1: 4, and 3h synthesis time, represents the best choice, having 
the best structural and thermal characteristics and forming a weakly conductive film 
on the surface of the glassy carbon electrode. Preliminary electrochemical tests 
revealed the electroactive forms of polyaniline, through the presence of 
characteristic oxidation peaks but also reduction peaks, corresponding to reversible 
redox reactions, demonstrating that glassy carbon electrode has been modified by 
electrochemical methods (CV and DPV) with coatings of CNT-PANI.  
The results obtained by CV for GCE modified with NTP2 coating correlates well with 
the conclusions on NTP-2 composite powder, confirming the presence of the organic 
phase on GC modified electrode. 
Further studies will be conducted to test the potential application of glassy carbon 
electrode modified with CNT-PANI coatings as electrochemical sensor for heavy 
metals detection. 

These results are published in L.-M. CURSARU, A.-M. MOCIOIU, I. A. TUDOR, R. M. 
PITICESCU, Hydrothermal synthesis of carbon nanotubes-polyaniline (CNT-PANI) 
composites and preliminary electrochemical  characterization of CNT-PANI coatings, 
MATERIALE PLASTICE, 57 (3), 2020, 238-248.  
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