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Abstract - A multiwalled carbon nanotube-modified 

carbon paste electrode (MWCNT-PE) was used for 

determination of triethylenediamine (TEDA). Cyclic 

voltammetry (CV) was used to investigate the redox 

potenthial of TEDA at the surface of modified 

electrode. Density functional theory (DFT) method at 

B3LYP/6-311++G** level of theory and a conductor-

like Polarizable Continuum Model (CPCM) was used 

to calculate the Eo' values. The results of theoretical 

calculated were found to be in good agreement with the 

experimental value of formal redox potential. 

 

1. Introduction 

Carbon-paste electrodes (CPEs), are one of the 

common electrodes that successfully applied in 

electrochemical sensors for determination of various 

species [1, 2]. These electrodes can be modified with 

different materials such as gold nanoparticles, Schiff 

bases, graphene and carbon nanotubes [3, 4]. 

Triethylenediamine, TEDA (Scheme 1), exhibits 

certain unusual properties and good complexing ability 

due to its bicyclic structure and two end tertiary 

nitrogen atoms. It is more effective than other amines 

at providing enhanced protection against cyanogen 

chloride, so it widely used in the mask of war [5]. In 

the present work, we used the multiwalled carbon 

nanotubes modified paste electrode for calculation of 

redox potential of TEDA. DFT methods were used for 

the calculation of molecular geometry and vibrational 

frequencies of the studied compounds. The comparison 

of the theoretical calculations of redox potentials with 

experimental data is also investigated in this research. 

 

 

2. Materials and methods 

Pure fine graphite powder, carbon nanotubes, paraffin 

oil (DC 350, ρ=0.88 g/cm3), and TEDA purchased 

from Merck and used without any further purification. 

The multi walled carbon nanotube modified paste 

electrodes (MWCN-PE) were prepared by dispersing 

carbon nanotube and graphite powder in water with the 

aid of ultrasonic agitation and dried in oven. A portion 

of the paste was put into plastic syringe tubes to form 

the CPE or MWCN-PE. Theoretical calculations were 

carried out at density functional theory (DFT) level 

using the 6–311++G** basis set for all atoms with 

Gaussian 03 program package [6]. The molecular 

sketches of all compounds were drawn using Gauss 
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View 03 [7]. Among the implicit solvent models, 

conductor polarized continuum model (CPCM) is one 

of the most popular approaches [8]. 

 

3. Results and discussion 

Cyclic voltameteric behavior of TEDA (CV) on the 

surface of bare CPE and MWCN-PE in PBS of pH 

10.25 was shown in Figure 1. As can be seen, the 

anodic peak potential for the oxidation of TEDA at 

bare CPE (curve a) is about 792.0 mV, while at 

MWCN-PE (curve b) is about 756.0 mV. The lower 

overpotential (36.0 mV) and the increase in current 

response (2.42 times) reveal that the MWCNT has 

electro catalytic effect on the oxidation of TEDA at the 

surface of modified electrode. 

The standard electrode potentials can be obtained 

theoretically by employing both direct and indirect 

methods. 

a) Direct method 

In this method the theoretical calculations were carried 

out according to the following equation in aqueous 

solution (1): 

T+
(aq) + H+

(aq) + 2e → T-H(aq)      (T-H = TEDA)    (1) 

Using the ΔG° of above reaction and eqn. 2, the 

standard electrode potential (Eo) of TEDA is 

calculated. 

ΔG° = -nFEo           (2) 

Where n is the number of electrons, F is faraday 

constant (96485.309 coloumb/mol) and Eo is the 

standard potential electrode.  

b) Indirect method 

In this manner the theoretical calculations were carried 

out by selecting OF2 (g)  as a reference compound 

according to the following reaction (3) in aqueous 

solution: 

 T-H(aq) + ½ OF2 (g)  →   T+
(aq) + F-

(aq) + ½ H2O      (3) 

 

 

N

N
 

 
Scheme 1. 
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Fig.1. Cyclic voltammograms of unmodified CPE and MWCNT-

PE in the absence (a and b) and presence (c and d) of 100.0 ppm 

TEDA at pH 10.25, respectively. 

 

In this redox reaction, OF2 (g) is the reference molecule 

and its experimental Eᵒ values is 2.168 V versus SHE 

(pH=0) [9]. The standard electrode potential (Eo) of 

TEDA is calculated by using the ΔG°reaction of above 

reaction and eqn. 4.  

Eo
TEDA = Eo

(OF2) - (ΔG°reaction /nF)    (4) 

The molecular structures of all constituents were first 

optimized, and then the frontier molecule orbital 

density distributions of the molecules are given in 

Figure 2. The energy values of (LUMO) and (HOMO) 

and the energy gaps of all components are listed in 

Table 1. The ELUMO and EHOMO represent the ability to 

obtain or donate an electron, respectively. 

Table 2 summarized the calculated Gibbs free energies 

and enthalpy of the compounds in their reduced and 

oxidized form in gas and solution phases by using 

frequency calculations. 

The ∆Gᵒ
rxn (standard Gibbs free energy of redox 

reaction in equation 1 and 2) is computed by the 

following expression: 

∆Gᵒ
rxn = ∑Gᵒ

product - ∑Gᵒ
reactant     (5) 

The theoretical ΔGᵒ(kj/mol) and Eᵒ(mV) values of 

reactions (equation number 1 and 3) are listed in table 

3.  

 
Fig. 2. Optimized structures, HOMO and LUMO orbitals of  

Compounds. 

Table 1. Orbital energies for HOMO, LUMO and HOMO-LUMO 

gap energy (∆E) of Compounds in gaseous phase. 
 

Compound EHOMO(ev) ELUMO(ev) ∆E(ev) 

T-H -5.239 -0.285 4.954 

T+ -11.809 -7.909 3.900 

 

Table 2. Calculated thermodynamic parameters (kJ/mol) of 

compounds in the gaseous (G), and aqueous (A) phases. 

  

 Phase T-H T+ OF2 F- H2O 

-G° 
G 906504 904166 721397 262295 200732 

A 906520 904375 721398 262652 200754 

-H° 
G 906406 904070 721323 262252 200676 

A 906421 904279 721324 262609 200697 

 
Table 3. Theoretical ΔGᵒ(kJ/mol) and Eᵒ(mV) values of reactions in 

aqueous phase at 298.15 K. 

 

 

Calculation of the redox potential of TEDA in direct 

method requires the experimental standard Gibbs free 

energy of solvation of H+ in water. In this research we 

have used -1092.0 kJ/mol for calculation of ∆Gᵒrxn. On 

the basis of equation 2 and using data in Table 2, the 

absolute redox potential of T+/T-H has been calculated 

in the order of 5.496 V. By selection of the absolute 

value of redox potential of SHE in the order of 4.44 V 

[10], The calculated redox potential for TEDA in direct 

and indirect methods (at 6-311++G** level) were 

1056.4 and 1045.6 mV, respectively.  

 

4. Conclusions 

Electrode potential of the studied molecule in aqueous 

solution can be theoretically calculated using DFT 

method, as well as by DPV. The results of direct and 

indirect theoretical calculations are in good agreement 

with experimental results of differential pulse 

voltammetry for T+/T-H in the order of 1065.0 mV.  
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