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ELECTROCHEMICAL INVESTIGATION ON    

1,2,3,4-TETRAHYDROACRIDINE-9-CARBOXAMIDE 

IN DIFFERENT ORGANIC SOLVENTS 
 

Madalina Marina HRUBARU1,2, Francis Aurelien NGOUNOUE KAMGA3, 

Nathanael MURAT4, Constantin DRAGHICI1, Magdalena-Rodica 

BUJDUVEANU4, Eleonora-Mihaela UNGUREANU2*, Elena DIACU2 

The electrochemical investigations of 1,2,3,4-tetrahydroacridine-9-

carboxamide (MM1) were carried out in two organic solvents, acetonitrile (ACN) and 

dimethylformamide (DMF), using three methods: cyclic voltammetry, differential 

pulse voltammetry, and rotating disk electrode voltammetry, following standard 

procedures. The values of the principal peak potentials were recorded in millimolar 

solutions of MM1 in ACN and DMF solvents in presence of 0.1 M 

tetrabutylammonium perchlorate. The behavior of MM1 in ACN is similar to that in 

DMF in the cathodic domains. In the anodic domains, two oxidation peaks are 

observed only in ACN, and no oxidation peak in DMF. Main differences appear in the 

anodic domains, where two anodic irreversible processes appear only in ACN. The 

diffusion coefficients for MM1, calculated using Randles-Sevcik equation, are 

4.61۰10-5 cm2/s for ACN, and 0.82۰10-5 cm2/s.in DMF. These electrochemical studies 

provide the basis for understanding the electrochemical properties of other 

tetrahydroacridines. 

Keywords: 1,2,3,4-tetrahydroacridine-9-carboxamide, cyclic voltammetry, 

differential pulse voltammetry, rotating disk electrode voltammetry, 
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1. Introduction 

Nowadays π-conjugated organic molecules have become substances with a 

great impact on several cutting-edge fields such as organic electronics, ion detection 

and solar cell development [1-4]. For example, acridines are π-conjugated 

heteroaromatic compounds [5] well known especially for their numerous 

applications in different branches of medicinal chemistry [6], dye industry [7] and 
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metal chemosensing [8]. Having a strong electron donating capacity [9] and 

interesting optoelectronic properties [10], acridines are also attractive for the field 

of organic light-emitting diodes [11]. Despite the fact that increasing attention has 

been given to the photophysical features of acridines, their analogues- 

tetrahydroacridines – which are partially hydrogenated have not received the same 

attention, although they have been used as electron-donating compounds for OLED 

applications [12].  The use of some tetrahydroacridines in pharmaceutical 

chemistry is due to their capacity to inhibit topoisomerase enzymes, to block DNA 

transcription [13], [14], human cancer [15], and tuberculosis [16].  

 Considering the huge potential of tetrahydroacridines in the field of 

pharmaceutical chemistry as well as the lack of knowledge regarding their 

optoelectronic properties, the search for new candidates is of continuous interest. 

The synthesis of bis-tetrahydroacridines derived from benzidine and p,p'-

diphenylmethane has recently received a special attention in our laboratory [17]. 

This is a continuation of our work and part of our previous interest in new organic 

materials [18] electrochemical investigation. In order to understand 

tetrahydroacridines’ electrochemical behavior several compounds of this class were 

investigated experimentally. In this paper are presented the results of 

electrochemical studies for 1,2,3,4-tetrahydroacridine-9-carboxamide (MM1) with 

the chemical structure given in Fig.1.  

 
Fig. 1. Chemical structure of 1,2,3,4-tetrahydroacridine-9-carboxamide (MM1)  

MM1 tetrahydroacridine derivative was synthesized according to a previously 

described method [19], and its physical chemical characteristics were established 

to confirm the structure. We have reported recently its optical behavior, and the 

results of DFT calculations [20]. The present paper enlarges the properties of 

interest for this compound with the results obtained by electrochemistry studies. 

2. Experimental       

Synthesis of  investigated  compound was performed according to a 

previously described methods [19]. Acetonitrile (ACN) (Sigma Aldrich, 99.999%), 

dimethylformamide (DMF), and tetrabutylammonium perchlorate (TBAP) from 

Fluka were used as received. All electrochemical measurements were performed 

using an Autolab 302N potentiostat connected to a three-electrode cell. The 

working electrode used for the electrochemical characterization was a glassy carbon 

(GC) disk with a diameter of 3 mm (Metrohm). A platinum wire was used as the 

counter electrode.  Ag/10 mM AgNO3, 0.1 M TBAP in acetonitrile (CH3CN) 

solution was used as reference electrode. All potentials were reported at the end of 
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the experiments to the potential of the ferrocene/ferrocenium (Fc/Fc+) redox couple 

in 0.1 M TBAP, CH3CN. The electrochemical investigations carried out for the 

electrochemical characterization of the compound consisted of three 

electrochemical methods, namely cyclic voltammetry (CV), differential pulse 

voltammetry (DPV) and rotating disk electrode voltammetry (RDE), applying 

similar methods [18]. Before each determination, the surface of the GC working 

electrode was polished with diamond paste, then wiped with fine paper. 
 

3. Results 

The electrochemical investigations of MM1 tetrahydroacridine derivative 

were accomplished in its millimolar solutions in ACN and DMF, using the same 

electrolyte TBAP in the same concentration (0.1 M). The curves were recorded in 

the potential ranges between −3.5 V and +3 V. The potential axis was referred to 

the ferrocene/ferrocenium (Fc/Fc+) redox couple potential after the experiments in 

order to allow the future comparison of many tetrahydroacridines. Each scan was 

started from the equilibrium potential to an anodic or cathodic limit, according to 

the processes to be investigated. Potential starting points and scan direction are 

shown by arrows on the curves presented in this paper. 

3.1 DPV, CV, and RDE experiments 

The DPV, CV, and RDE curves for MM1 obtained in the two solvents are 

shown in parallel in Fig. 2-8 for experiments performed in acetonitrile (a) and DMF 

(b). Anodic (a) and cathodic (c) peaks were denoted on the curves taking into 

account the peaks on the DPV curves, where the processes were better evidenced. 

The 3 electrochemical methods used gave different results, which were correlated, 

according to each procedure characteristics. That is why the CV and RDE curves 

were sometimes presented under the DPV curves. For instance, in Figure 8 the CV 

curves (b) and RDE curves (c) at different concentrations of MM1 in the two 

solvents are shown under and the corresponding DPV curves, having the same 

potential scales. The values of the principal peak potentials from MM1 CV and 

DPV curves recorded in MM1 solutions (1mM) in ACN and DMF solvents in 

presence of TBAP (0.1 M) are given in Table 1: 
Table 1  

Values for the main peak potentials (vs. Fc/ Fc+) from CV and DPV curves of MM1 in ACN 

and DMF solvents in presence of 0.1 M TBAP ([MM1] = 1 mM). 
Solvent ACN DMF 
Peak\ Parameter ECV(V) EDPV(V) ECV(V) EDPV(V) 
a1 1.501 1.468 - - 
a2 2.165 2.037 - - 
c1 -2.279 -2.241 -2.460 -2.392 
c2 -2.518 -2.422 -2.622 -2.593 
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Fig. 2.  Anodic and cathodic DPV curves for MM1 solutions in ACN (a) 

and DMF (b) at different concentrations. 
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Fig. 3. Anodic and cathodic CV curves for MM1 solutions in ACN (a)  

and DMF (b) at different concentrations. 
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Fig. 4. Anodic and cathodic CV curves for MM1 solutions in ACN (a) 

 and DMF (b) over different potential domains.  
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Fig. 5. Anodic and cathodic CV curves for MM1 solutions in ACN (a) and DMF (b) at different potential scan rates  

and the dependencies of cathodic peak currents  on the square root of the scan rate in ACN (c) and DMF (d);  

(a) inset:  Linear dependence of c2 peak potential on the logarithm of the scan rate from Fig. 5a.  
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Fig. 6. Anodic and cathodic RDE curves for MM1 solutions in ACN (a) and DMF (b). 
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Fig. 7. Anodic and cathodic RDE curves at different rotations rates in MM1 solutions in 0.1 M TBAP 

 in ACN (a) and DMF (b).   

 

3.2 Comparison between DPV, CV and RDE voltammetric curves for 

MM1 in ACN and in DMF 

Examination of the DPV curves in both solvents (Fig. 2) indicates that MM1 

presents in ACN in the cathodic region two closed peaks situated at -2.241 V (c1) 

and -2.422 V (c2), while in DMF they appear more distant (Table 1). That is why 

in ACN the intensity of c1 appears about 2 times higher than c2. The potential shift 

between c1 and c2 is 0.18 V in ACN and 0.2 V in DMF. In the anodic region two 

peaks are visible only in ACN, and not in DMF. The cathodic currents for peaks c1 

and c2 and the anodic current for peak a1 increase with the concentration of MM1, 

while the anodic current for a2 decreases with the concentration. The last feature is 

connected with the background interference. The anodic processes for MM1 are 

located at potentials at which the oxidation processes of the supporting electrolyte 

also occur, so the currents are sums of the processes occurring at each potential. 

Fig. 3 shows the CV curves for MM1 in both solvents for different 

concentrations. The potentials obtained in the CV curves are in agreement with 

those obtained by DPV. Also, it can be seen that the oxidation process of the 

supporting electrolyte in the CV is important and it masks the oxidation processes 

of MM1 at concentrations lower than 2 mM for peak a1. In DMF, the cathodic 

processes c1 and c2 for MM1 are clearly differentiated compared to the solvent, in 

which evolution occurs at the peak potential denoted by c3 in Fig. 3. Instead, the 

anodic processes of the solvent completely mask the anodic oxidation peaks. 

Fig. 4 shows anodic and cathodic CV curves on different potential domains 

and highlights quasi-reversible c1 and c2 cathodic processes and irreversible anodic 

processes in both solvents. Cathodic processes are much better highlighted in DMF 

and anodic processes are seen as peaks only in ACN. 
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The anodic and cathodic CV curves for MM1 solutions in ACN (a) and 

DMF (b) from Fig. 5 shows the increase of the peak currents with the scan rate. The 

dependencies of cathodic peak currents on the square root of the scan rate in ACN 

(c) and DMF (d) are linear (Fig, 5 c and d). The equation slopes are given in Table 

2. 

The RDE anodic and cathodic curves for MM1 in solutions in ACN (a) and 

DMF (b) shown in Fig.6 indicated very clear increase of the cathodic peak currents 

and small increase of the anodic peak current in ACN when the concentration of 

MM1 increases. In DMF there is a small increase of the cathodic peak currents and 

no increase of the anodic current when the concentration of MM1 increases. 

 

Cathodic RDE curves at different rotations rates shown in Fig.7 indicate 

higher regular increase of limiting currents for processes in ACN (Fig, 7a) than in 

DMF (Fig, 7b).  Anodic RDE curves at different rotations rates from Fig.7a have 

the form of peak instead of a wave, with a small increase of the currents in ACN, 

suggesting the covering of the electrode with insulating products at anodic 

potentials. Their formation is confirmed by the recording of successive CV curves, 

in which the currents drop in successive cycles (Fig. 9 and Fig. 10) and the peak 

potential is shifted toward positive potentials when cycling (Fig. 9). There is no 

increase in DMF with the rotation rate for anodic currents (Fig. 7b).   

 

Fig. 8 underlines the differences between the curves recorded by CV (a), 

DPV (b), and RDE (c) methods in ACN (red colored curves) and DMF (blue 

colored curves) for MM1 (continuous lines) and backgrounds (dashed lines). The 

last ones resulted from electrochemical processes of TBAP in ACN (dashed red 

colored curves) and DMF (dashed blue colored curves) used as supporting 

electrolytes.  
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Fig. 8. DPV(a), CV (b), and RDE (c) anodic and cathodic curves for [MM1] = 1 mM (a, b) and 

[MM1] = 2 mM (c) in ACN (blue lines) and DMF (red lines).  

 

The peak currents for oxidation and reduction of MM1 increase linearly 

with the concentration of MM1 and with the square root of the scan rate in CV 

experiments. The equations of the linear dependences of the main CV peak currents 

on the scan rate in ACN and DMF solvents in [MM1] = 1 mM in presence of 0.1 

M TBAP are given in Table 2.  
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Fig. 9. Successive CV cycles (5) in the domain of a1 peak 

(0.03 V/s) in [MM1] = 0.62 mM in ACN 

 

Fig. 10. Successive CV (0.5 V/s) cycles (5) in [MM1] = 0.62 

mM in the domain of a2 peak in ACN; inset: anodic and 

cathodic currents vs. number of cycles.  

 

3.3. Mechanism schemes for electrochemical processes  

The proposed mechanisms for the electrochemical processes occurring 

during the potential scans are in accordance with the observations made through the 
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study by DPV, CV and RDE. They are similar with other mechanistic schemes 

developed for other compounds with acridine-related structure [21]. The 

electrochemical oxidation mechanism of MM1 is shown in Scheme 1. Scheme 2 

shows the resonance structures for the intermediate cation radical formed during 

the oxidation of MM1. The electrochemical reduction mechanism of MM1 is shown 

in Scheme 3. 

 
Scheme 1. Electrooxidation mechanism of MM1. 

 

 
Scheme 2. Resonance structures for the intermediate radical cation formed during the oxidation 

of MM1.  

The oxidation process involves globally two electrons and two protons 

(Scheme 1), with the formation of a intermediate dimer dication radical (D2+). A 

monomer radical cation (MM1+.
) is formed in the first step after the irreversible 

electron transfer. It has five resonance structures (a-e in Scheme 2). Due to the 
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unpaired electron which is delocalized in MM1+.
 radical cation, the attack site of 

the MM1 radical cation for dimerization may be at positions 8 or 6, while positions 

5a and 9 are less likely due to the steric hindrance (see second line in Scheme 1).  

Consequently, it can be assumed that two radical cation monomers of MM1 would 

dimerize (by forming a C-N bond in D2+) which deprotonates to D(-H) +.
, and then 

proceed to the second consecutive electron transfer, leading to D(-H) ++. 
radical 

dication, as shown in the third line of Scheme 1. The process can continue with the 

formation of a polymer, like indicated in the third line of Scheme 1. Therefore, high 

molecular mass products could be accumulated on the electrode surface by electron 

transfers and chemical (radical couplings, deprotonations) successive steps.  

Scheme 3 shows the two-stage electrochemical reduction mechanism of 

MM1. A two-stage electrochemical reduction was proposed taking into account the 

curves obtained during the reduction processes of MM1. It involves the formation 

of MM1(H)
. 

in the first step, and of 1,2,3,4,4a,10-hexahydroacridine-9-

carboxamide (MM1H2) in the second step as a final product of C=N double bond 

electrochemical reduction. 
 

 
Scheme 3. The two-stage electrochemical reduction mechanism of MM1. 

 

3.4. Diffusion coefficients for MM1 in ACN and DMF 

The fact that the absolute value of peak currents for MM1 increased linearly 

with the square root of the scan rate (Fig. 5) indicates these processes are diffusion 
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controlled. This was confirmed by the linear dependence of Ep vs logv, with slope 

values of 21 mV/ decade (Fig. 5a inset). Some adsorption of the electroactive 

material also took place, as indicated by the small intercept in the above-mentioned 

equations, ip vs. v1/2, in addition to diffusion of electroactive material. According 

to Fig. 10, the oxidation currents (at Ea = 2 V) and their corresponding currents in 

reduction (Ec = -0.66 V) in absolute value decreased from the first to the second 

and continuously to the fifth cycle (Fig. 10 inset). This phenomenon may have been 

attributed to consumption of the adsorbed MM1 product or presence of an 

electropolymerization product on the electrode surface. 

The dependence of the cathodic and anodic currents on the square root of 

the scan rate from Fig. 5 (a and b) allowed the estimation of the diffusion 

coefficients of MM1 in the two solvents (Table 3), with the help of Randles-Sevcik 

equation (1) for the CV voltametric peaks. In equation (1) ip is the peak current in 

ampere, n represents the number of electrons transferred during the electrochemical 

step, A is the electrode surface area in cm2, D is the diffusion coefficient in cm2۰s-

1, C is MM1 concentration in mol۰cm-3 and v is scan rate in V/s. The value of the 

electrochemically active surface area of the working electrode was the geometrical 

area of the disk, A = 0.07065 cm2.  

ip = 2.68 ۰ 105۰n3/2۰A۰C۰D1/2۰ v1/2     (1)   

From the slopes of the linear dependences ip vs. v1/2 given by 

2.68۰105۰n3/2۰A۰C۰D1/2 for different peaks, D values were calculated in both 

solvents (DACN and DDMF) at the potential of each peak Ep.  

The diffusion coefficients were calculated in ACN and DMF (Table 3) using 

the dependencies of the reduction currents for peak c1 or c2, as well as the 

dependencies of the oxidation current for peak a1. In the case of reduction, the two 

peaks c1 and c2 are attributed exclusively to MM1 because the solvent processes 

are reduced in intensity both in ACN and in DMF. In case of MM1 oxidation, the 

curves show peak currents only in ACN. Of the two peaks a1 and a2 (noticed in 

ACN), only the peak a1 can be taken into account for the calculation of the diffusion 

coefficient; a2 peak cannot be used for this calculation because at this potential the 

oxidation processes of the solvent are important in terms of intensity and 

interference.  

In equation (1) for the peaks c1, c2 and a1 were considered both cases: n=1 

and n=2, for reasons related to the mechanism proposed for the reduction. The 

corresponding values for D are shown in Table 3. In ACN, the diffusion coefficient 

can be calculated both from the variations of the peak currents for c1 and c2 and 

from the variation of the peak current for the anodic process a1. The calculations 

performed and shown in Table 3 show close values for the diffusion coefficient of 

MM1 in ACN (DACN) only for the cathodic process c2 with n = 1, and the anodic 

process a1 with n = 2 (bold values on 6th column of Table 3).  
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Table 2  

Equations of the fitted lines of the main DPV peak currents ip (A) vs. the square root of the 

scan rate (v in V/s) in ACN and DMF solvents in [MM1] = 1 mM in presence of 0.1 M TBAP. 

Solvent Peak\ Parameter ip vs. v1/2 Pearson’s R 

DMF 

 

a1 ipa1(0.9 V) = -2.348 ∙ 10-6+4.617 ∙ 10-5∙v1/2 0.9925 

a2 -  

c1 ipc1(-2.392 V) = -1.744 ∙ 10-6-4.407 ∙ 10-5∙v1/2 -0.9978 

c2 ipc2(-2.553 V) = -1. 259 ∙ 10-7-5.441 ∙ 10-5∙v1/2 -0.9982 

ACN a1 ipa1(1.680 V) = -2.736 ∙ 10-5+2.333 ∙ 10-4∙v1/2 0.9993 

a2 ipa2(2.037 V) = -6.111 ∙ 10-5+6.002 ∙ 10-4∙v1/2 0.9948 

c1 ipc1(-2.241 V) = 2.465 ∙ 10-7-4.264 ∙ 10-5∙v1/2 -0.9985 

c2 ipc2(-2.422 V) = -7.520 ∙ 10-7-7.768 ∙ 10-5∙v1/2 -0.9899 

 

Table 3 
Diffusion coefficients calculation using the slopes (in A / (V/s)1/2) of the fitted lines of the main 

CV peak currents in ACN ([MM1] = 0.62 mM) and DMF ([MM1] = 1 mM) 

Crt. 

Nr. 

Reference 

peak 

n E (V) Slope 105۰DACN 

(cm2/s) 

Crt. 

Nr. 

E (V) Slope 105۰DDMF 

(cm2/s) 

1 c1 1 -2.30 4.264E-5 1.31 7 -2.40 4.410E-5 0.53 

2 c1 2 -2.30 4.264E-5 0.16 8 -2.40 4.410E-5 0.07 

3 c2 1 -2.47 7.768E-5 4.33 9 -2.55 5.440E-5 0.82 

4 c2 2 -2.47 7.768E-5 0.54 10 -2.55 5.440E-5 0.10 

5 a1 1 1.680 2.333E-4 39.10 11 - - - 

6 a1 2 1.680 2.333E-4 4.89 12 - - - 

 

A mean value was kept for DACN = 4.61۰10-5 cm2/s. In this way, it was 

considered that the reduction of MM1 takes place in a diffusion-controlled process 

in two distinct single-electron steps, and the oxidation takes place in a1 in a two-

electron process. Taking into account that the cathodic electrochemical processes 

of MM1 proceed similarly in ACN and DMF, which are very likely, because the 

CV, DPV, and RDE curves obtained are similar in these two organic solvents, the 

value of the diffusion coefficient in DMF for MM1 which corresponds to c2 peak 

with n =1 was considered (bold value). It resulted DACN = 0.82۰10-5 cm2/s. 

The diffusion coefficient for MM1 in ACN is 5 times higher than in DMF, 

a fact which favorizes the electrochemical processes in ACN for this compound. 

Considering that the literature data from experiments performed with organic 

compounds in different electrolytes [22], these values for the diffusion coefficients 

in aprotic solvents are quite similar with other diffusion coefficients, and they vary 

similarly with the solvent being higher in ACN than in DMF. For instance, 1,4-

anthraquinone with a molar mass of 208.22 (close to that of MM1 which is 226.11) 

has DACN = 2.17۰10-5 cm2/s, and DDMF = 1.01۰10-5 cm2/s [22]. The results of 

electrochemical studies on MM1 enlarge the known properties of this compound 

and provide the basis for understanding the electrochemical properties of other 

important derivatives. 
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4.  Conclusion 

 

The electrochemical investigation of 1.2.3.4-tetrahydroacridine-9-

carboxamide (MM1) was carried out in two organic solvents. acetonitrile (ACN) 

and dimethylformamide (DMF) in presence of 0.1 M tetrabutylammonium 

perchlorate put in evidence the reduction and oxidation peaks due to the 

electrochemical processes occurring during the potential scans. The values of 

potential and current for the main peaks were obtained using cyclic voltammetry 

and differential pulse voltammetry, as well as their variations with concentration 

and scan rate. Rotating disk electrode voltammetry underlined the characteristics of 

confirmed processes. The differences observed between the curves recorded by the 

same electrochemical method in the two solvents were examined and mechanisms 

of electrochemical reduction and oxidation were proposed to explain the processes 

seen on the experimental curves. The behavior of MM1 in ACN is similar to that in 

DMF in the cathodic domains. In the anodic domains two oxidation peaks are 

noticed in ACN, and no oxidation peak in DMF. The differences noted for the 

processes which occur in the anodic regions are due to the narrower potential limit 

of DMF compared to ACN. Therefore. the study of MM1 oxidation processes is 

only possible in ACN. because the potential window of this solvent is wider. The 

diffusion coefficients for MM1 are calculated using Randles-Sevcik equation. are 

favorable for ACN compared to DMF. being 4,61.82۰10-5 cm2/s and 0.82۰10-5 

cm2/s, respectively. The results of electrochemical studies on MM1 enlarge the 

known properties of this compound and provide the basis for understanding the 

electrochemical properties of other tetrahydroacridines. Mixture of solvents could 

be the solution to see clearly peaks attributed to electroactive compound in the 

anodic domain, to avoid overlap with the solvent processes. The works are in 

progress. 
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