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A B S T R A C T

By utilizing the reaction of lauryl chloride, potassium thiocynate, and 2,4-dinitroaniline, the novel non-ionic
surfactant 1-(2, 4-dinitrophenyl)-3-dodecanoylthiourea (DDT) was produced in high yield. Various spectro-
scopic techniques (1HNMR, 13CNMR, and UV-V) have been used to elucidate the chemical structure of DDT.
Additionally, its electrochemical behaviour (electrochemical fate) was elucidated using a cyclic, square wave,
and differential pulse voltammetry through a wide pH range. The limit of detection (LOD) and limit of quan-
tification (LOQ) values of the compound were also determined using Square wave voltammetry (SWV). A
fascinating fact observed is that the electroactive moieties in the compound are getting oxidized and reduced at a
potential very close to 0.0 V, and the potential of the human body is 0.07 V, so the compound investigated can
serve as an efficient candidate for the drug deliveries and metabolism processes.

1. Introduction

Surfactant compounds exhibiting an amphiphilic character contain
hydrophilic (heads) and hydrophobic (tails) groups. They have a hy-
drophilic polar head with a long chain of hydrophobic hydrocarbons. In
the previous, surfactant applications were limited to cleaning purposes,
but recently, it has been a backbone of modern industrial uses. Surfac-
tants, surface-active agents are among the most versatile products of the
chemical industry employed in a variety of areas and recognized to play
a vital role in many processes of interest in primary and applied science,
such as paints, cosmetics, cleaners, pharmaceuticals, food, medicine,
and biochemical research. Over the years the application of surfactants

has increased significantly. Serval groups have investigated the appli-
cation of surfactants in the field of electrochemistry (Nassar et al., 1997;
Rusling and Nassar, 1993; Rajeshwar et al., 1994; Naveed et al., 2023;
Rasheed et al., 2022). However, surfactants were first used in the elec-
trochemistry by Hu et al., to increase the sensitivity of detecting
different biomolecules. (Hu et al., 2007) The finding demonstrated a
substantial enhancement in the electrochemical responses of these
compounds when trace amounts of surfactants were introduced. They
suggested a synergistic adsorption hypothesis to elucidate the mecha-
nisms behind the surfactant-induced enhancements, for example, sur-
factants could potentially form specific interactions with the substrate,
reinforcing their adsorption onto the electrode surface. (Hu et al., 2007;
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Yi et al., 2001; Zhang et al., 2002; Hu et al., 2002) However, this
interaction assisted the transformations of electrons among the elec-
trodes and solution, resulting in modifications to the properties of the
electrode/solution interface. Ultimately, these alterations influenced the
electrochemical processes of the electroactive species. (Rusling and
Nassar, 1993; Connors et al., 1985; Yang et al., 1999) (See Schemes 1A
and Scheme 1B).
In this study, a new kind of nonionic surfactant based on thiourea has

been developed and characterized.
According to the literature, nonionic surfactant serves efficiently in

antibacterial activities. Many nonionic surfactants are thought to work
at the membrane level but the specific role of nonionic surfactant based
on thiourea remains unclear. (Ullah et al., 2014; Kubesch et al., 1987)
However, the presence of single sulfur and two nitrogen atoms in the
thiourea and their derivatives endows them with the potential to serve

as corrosion inhibitors. (Kumar, n.d.; Wang et al., 2023; Qureshi et al.,
2023) The presence of available electron pairs in the inhibitors facili-
tates the transfer of electrons to the metal surface from the inhibitor,
resulting in the construction of a coordinated covalent bond. (Chauhan
and Gunasekaran, 2007) The electrochemical examination of nitro-
based compounds is an area of enormous interest. One factor contrib-
uting to this interest is that abundantly many nitro compounds are
produced for the application of medications; as a result, they are
significantly introduced into living things and frequently metabolized
through redox-type reactions. In the literature, several authors have
reviewed the electrochemistry of nitro compounds (Serrano et al., 2019;
Squella et al., 2005) and made a reasonable conclusion that usually,
phenomena of reduction are involved in consistent mechanism with a
sequence of one-electron additions chemical steps; the variations are in
the chemical follow-up reactions rather than the electrochemical stages.

Scheme 1A. Synthetic scheme of 4-dinitrophenyl)-3-dodecanoylthiourea) (DDT).

Scheme 1B. Proposed mechanism for 4-dinitrophenyl)-3-dodecanoylthiourea) (DDT).
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Over the last two decades, organic electrochemists extensively
researched the electrochemical reduction mechanisms of heterocyclic
nitro and aromatic compounds. These investigations showed that the
processes are highly complicated and are greatly influenced by the
characteristics of the reaction medium.
Although extensive literature is available on the electrochemistry of

nitro compounds, the electrochemical fate of thio urea-based surfactants
containing nitro groups is unexplored. (Ullah et al., 2014; Wu et al.,
2020; Bhattacharya and Bajaj, 2009) The incorporation of thio group
and nitro groups in the compound examined has made it an incredibly
motivating probe for electrochemical investigation. It is expected that
detailed electrochemical probing of this compound will open up new
routes in the mechanistic pathways of nitro compounds which are not
being delved in to research arena.

2. Experiments

2.1. Materials and method

Lauryl chloride (Sigma Aldrich,98 %), Potassium thiocyanate
(KSCN) (Sigma Aldrich,99 %), and different derivatives (primary and

secondary) of aliphatic and aromatic amines can be used; for example,
2,4-dinitroaniline and 2-chloroaniline (Sigma Aldrich 98 %) and Bromo
ethane (Sigma Aldrich 98 %) were used for synthesis. Fresh dry acetone
(free from any water or moisture) was used as a solvent, and analytical-
grade acetone was dried before the experiment in the laboratory. During
the experiment, products were confirmed using thin-layer chromatog-
raphy (TLC). For structure elucidation, 1HNMRspectras were recorded
using Bruker AC Spectrometers at 300.13 MHz. For UV–Visible analysis,
the UV-1601Shimadzu spectrophotometer has been used. In contrast,
electronic absorption was recorded on a UV-1800 Shimadzu spectrom-
eter. By using WTW Lab pH 720 m, pH was analyzed. The Digi-Ivy
DY2113 Potentiostat, USA was used for Voltammetric analysis. Ana-
lyte working solution exhibiting 50 % water and ethanol and supporting
electrolytes. Differential pulse voltammetry (DPV) was performed with a
scan rate of 5 mV s-1. For square wave voltammetry (SWV), the working
condition was adjusted at 20 Hz, and 5 mV potential increases to
regulate a scan rate of 100 mV s-1. All desired voltammetric experiments
were performed at room temperature under a nitrogen atmosphere.
In addition, the glassy carbon electrode (GCE) was significantly

applied as a working electrode, Pt-based wire assisted as a counter
electrode, and Ag/AgCl was used as a reference electrode. According to

Fig. 1. CVs of 1 mM DDT in oxidation (A) and reduction (B) region at pH 10 and different scan rates.

Fig. 2. CVs of 1 mM DDT at pH 10 showing first and second scan (A) and multiple scans (B) at 100 mV s− 1.
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the literature, several studies exhibited the active area GCE with a
charge of 0.063 cm2. However, before the experiments, the working
electrode surface was required to be polished with alumina powder and
washed with distilled water.

2.2. Synthesis

2.2.1. Synthesis of 4-dinitrophenyl)-3-dodecanoylthiourea) (DDT)
To synthesize DDT, 0.6 g (0.0063 mol) of potassium thiocyanate was

dissolved in 50 mL of dry acetone, adding 1.5 mL (1.30 g) of lauryl
chloride and stirring the mixture for 60 min. Next, 2, 4-dinitroanaline
was added, and the solution was kept on stirring for another 12 h.
However, the achieved product was significantly washed using distilled
water to remove the impurities; the yield was 78 %, with yellow color
and soluble in hot water and ethanol. The purity and structure of the
compound were determined by NMR spectroscopy and spectral details
in the below.

1H NMR (300 MHz, CDCl3, δ-ppm): 12.56 (1H, s, 2NH), 11.07 (1H,
s, 1NH), 8.75 (2H,d, 2CH, 3J [1H, 1H] = 15 Hz), 7.78 (1H,s, CH), 2.46
(2H, t, 8CH2, 3J [1H, 1H] = 15 Hz), 1.38–1.29 (18H, m, 9CH2), 0.90 (3H,
t, CH3, 3J[1H–1H] = 12 Hz).

13C NMR (75.5 MHz CDCl3, δ-ppm): 180.0 (C6), 174.5 (C7), 134.1
(C5), 133.3 (C4), 128.9 (C1), 126.7 (C3), 123.9 (C2,2), 37.8 (C8,),
22.6–31.8 (C9-17), 14.9(C18).

3. Result and discussions

3.1. Cyclic voltammetry of DDT

Using the potential range between (0 → 1.0 V) and the scan rate of
100 mV s-1, a Cyclic voltammogram of 1 mM DDT was initially recor-
ded. A supporting electrolyte with a pH of 10.0 was used to enhance the
visibility of the signals. The signals obtained at this pH medium were
found to be more pronounced and distinct. At a scan rate of 100 mV s-1,
an irreversible anodic peak at + 0.416 V matching to the compound’s
oxidation was seen. With an improved scan rate, the anodic peak moves
to greater positive potentials (Fig. 1.A).
In order to examine the reduction of the compound, a cyclic vol-

tammogram was recorded in the potential range of 0→ -1.35 V at a scan
rate of 100 mV s− 1 using a supporting electrolyte of pH 10.0, as shown in
Fig. 2.B. In the first scan, two reduction peaks (peak 1c and 2c) at
− 0.743 V and − 0.934 V were observed and significantly represented the
reduction of the compound in the foreword scan, and two oxidation
peaks (peak 1a and 2a) at − 0.393 V and − 0.203 V respectively were
witnessed in the backward scan due to the oxidation of the reduced
products of the compound. Now in the second scan, along with peaks 1c
and 2c, two new cathodic peaks were labelled as 3c and 4c, corre-
sponding to the reduction of the oxidized product of signal 1a and 2a,
respectively, which were absent in the first scan. The performance of our

Fig. 3. Plots of anodic (A and B) and cathodic (C and D) peak currents of DDT vs square root of scan rate at pH 10.
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synthesized non-ionic surfactant is significantly influenced by the sta-
bility of cyclability, which encompasses the ability to maintain a high
reversible capacity even at high scan rates. As noted, an irreversible
anodic peak at a potential of + 0.416 V, which corresponds to the
oxidation of the compound, was seen when the scan rate was set at 100
mV s-1. The peak voltage has significant importance since it serves as a
crucial metric, signifying the potential at which the oxidation process
takes place. The relationship between the peak current density and the
scan rate is direct, indicating the rate of oxidation. The peak efficiency,
defined as the ratio of the peak current density to the scan rate, provides
valuable information on the efficiency of the oxidation process.
The electronic effects in DDT can be discussed in the context of the

spin-polarization mechanism. Spin polarization refers to the

phenomenon where the spin of an electron influences its energy levels,
leading to different chemical behaviors. This mechanism could poten-
tially explain the observed electrochemical behavior of DDT, including
its electrochromic properties, hydrogen oxidation, and water splitting.
Moreover, the compound possessing different functional moieties is
indicative that the compound can be utilized in multi-disciplinary
application areas like water splitting and hydrogen production etc.
However, recording multiple CV scans (Fig. 2.B) without washing

the electrode surface revealed that the two significant cathodic signals
that are peak 1c and 2c, were moved to more positive potential values
accompanied by a decrease in peak intensity which shows the adsorp-
tion of analyte on the electrode surface. As mentioned that in the latter
scans peak current of the indicated cathodic signals decreases at the
same time the peak intensity of the anodic signals 1a and 2a along with
their respective cathodic signals increases, which shows that peaks 1a
and 2a are observed due to the reduced product of 1c or 2c. Cyclic
voltammograms of the compound were recorded in the reduction region
at different scan rates, as shown in Fig. 1. B The perceptive identification
of the irreversibility of the cathodic signals in the initial scan is note-
worthy. It is probable that the chemical is undergoing a further reaction,
wherein it acquires three protons and releases water molecules, result-
ing in the formation of the reduced product of the compound.

Table 1
Diffusion Coefficients of DDT.

Peaks Anodic
peak (Do)

Peak 2a
(Do)

Peak 1c
(DR)

Peak 2c
(DR)

Peak 3c
(DR)

Diffusion
coefficient
(cm2s− 1)

2.04 × 10-7 7.87 ×

10-7
7.17 ×

10-6
1.25 ×

10-4
2.29 ×

10-7

Fig. 4. SW voltammogram showing the oxidation of DDT at pH 7 (A) and along with forward and backward current components (B) at 100 mV s− 1.

Fig. 5. SW voltammogram displaying oxidation of DDT at pH 4–12 (A) and plot of Epa vs pH (B) at 100 mV s− 1.
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Nevertheless, it is imperative to acknowledge that the aforementioned
statement is a preliminary hypothesis.
By visualizing the anodic and cathodic currents vs. the square root of

the scan rate, we could use the Randles Sevcik equation to get the
diffusion coefficients for oxidation (Do) and reduction (DR) of the com-
pound. (Melese et al., 2023) Fig. 3 A, B, C, D for anodic signal, peak 2a,
peak1c, and peak2c, respectively. The values of the diffusion coefficients
calculated are listed in the Table 1.

3.2. Square wave voltammetry (SWV) of DDT

(a) Electro-oxidation of compound

In order to examine the behaviour of the oxidation signal of the
compound in different pH media, SWVs of the compound were obtained
in a wide pH range. It was discovered that the peak potentials of the
wide oxidation signal are very sensitive to the medium of the pH. As seen
in cyclic voltammograms of the compound in the potential range of 0→
1.0 V, there is a single broad peak observed, which corresponds to the
electro-oxidation of the compound. In SWVs also, a single broad pH-
dependent irreversible peak is noticed at + 0.302 V, SWV showing
electro-oxidation of the compound in a medium of pH 7 is shown in
Fig. 4.A. SWVs, obtained in the pH range 4–12, discovering the shifting
of the anodic peaks to lower positive potential values with an increase in
pH of the medium up to pH 10, and under highly alkaline conditions of
at pH 11 and 12 there is no change in peak potentials. The acetone ac-
quires a prominent role in this process. It is crucial to acknowledge that
acetone demonstrates a discernible behavior when engaging with other
solvents inside the matrix. This kind of behaviour from actone can be
attributed to its polarity and moleculer structure, which allow its to
interact with various solvents Consequently, these interactions have an

impact on the electro-oxidation process of the compond. In addition, The
pH of the electrolyte is also a crucial factor in the electro-oxidation
process. Changes in pH can impact the electrochemical potential and
hence affect the viability of a redox reaction, ultimately influencing the
oxidation state of the substance. The compound’s electrocatalytic ac-
tivity and stability may be subsequently influenced by this.
From the intersection point of the two trends in Epa vs. pH plot Fig. 5.

B, the pka of the compound was evaluated as 9.4. So it was inferred that
the compound is present in the protonated form up to pH 9.4, and after
that it gets deprotonated. The dependence of peak potentials on pH
shows that electro-oxidation of the compound involves the transfer of
electrons and protons. The slope value of Epa vs. pH plot indicated that
oxidation phenomena significantly required equal protons and
electrons.
The SWVs of the anodic signal recorded in the pH range 4–12 are

shown in Fig. 5.A. To inspect the nature of oxidation, peak forward and
backward current components of SWV were plotted along with total
current, recorded in a 1 mM solution of compound buffered at pH 7 as
shown in Fig. 4.B, which testifies the irreversible nature of the oxidation
signal.

(b) Proposed oxidation mechanism of DDT

The electro-oxidation mechanism of DDT has been proposed based
on the results of all three electrochemical methods (See Scheme 2A).
Below pH 9.4, both the nitrogen atoms oxidize by the loss of one electron
and as well as one proton to form the mentioned product; above pH 9.4,
the compound is present in deprotonated form, hence the electro-
oxidation process is undergone by the loss of electrons only and there
is no involvement of protons. The electron pair on both the nitrogen
atoms is extensively involved in delocalization with R1 and R2 along

Scheme 2A. Electro-oxidation mechanism of DDT.
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Fig. 6. SW voltammograms showing reduction of DDT scan 1 & scan 2 at pH 7.

Fig. 7. SW and DP voltammograms of DDT in reduction region at different pH media.

Fig. 8. SW voltammograms scan I (A) and scan II (B) of 1 mM DDT at pH 7 showing total current (It), forward current (If) and backward current (Ib) at 100 mV s− 1.
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Fig. 9. Plot of Epc vs. pH peak 1c (A) and peak 2c (B) of DDT.

Fig. 10. SW voltammograms of DDT in reduction region at different pH media.

Fig. 11. Plot of Epa vs. pH for peak 3c (A) and peak 4c (B) of DDT.
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with thio group; the lone pair on the nitrogen atom linked with R2 is
somewhat more intensely delocalized due to the presence of nitro groups
on the benzene ring hence both the nitrogen atoms are not present in the
same environment which is making the nitrogen atoms not to oxidize
precisely at the same potential but in a very close potential range
resulting in the formation of a broad peak.

(c) Electro-Reduction of compound

In the case of electro-reduction of the compound, during the first
scan, as shown in Fig. 6.A two irreversible peaks, which were labelled as
1c and 2c, appeared at –0.898 V and − 1.115 V respectively in SW vol-
tammogram at 100 mV s− 1 in a medium of pH = 7. During the second

scan under the same conditions, two new peaks came into sight labelled
as 3c and 4c at − 0.109 V and − 0.393 V, respectively, as shown in Fig. 6.
B which was due to the reduced product of the compound in the first
scan. The same signature was also witnessed in the second cyclic vol-
tammetric scan. So the SW voltammetric results are complementing the
CV results.
To propose redox mechanism for the electro reduction of the com-

pound, SWVs were recorded in the pH range of 3–12 both for the first
and second scans. Fig. 7 shows the first scans of SWVs for the electro
reduction of the compound in the pH range 3–12. A single broad peak
was observed at pH 3, this broad peak starts splitting in to two distinct
peaks as the pH of the medium increases to more alkalinity accompanied
with an increase in current intensity as well as shifting of peak potentials
to more positive values. This signal is indicative of the presence of
protons throughout the reduction process and the relative simplicity of
the reduction in more fundamental media. Differential pulse voltam-
mograms were taken in a 7 and 10 pHmedium to investigate the number
of electrons involved in the reduction of the chemical (Fig. 7.B). The
peak width of 91 mV for both the reduction peaks in the first scan evi-
denced one electron transfer in each case. Plotting the forward and
backward current components of SWV alongside the total current
allowed us to investigate the reversibility of cathodic peaks. The vol-
tammograms presented in Fig. 8. A and B evidenced the irreversible
nature of both cathodic peaks in the first scan and the reversible nature
of peaks 3c and 4c in the second scan, respectively. Peak potentials of
both reduction peaks considering the first scan were plotted against pH
and are shown in Fig. 9.A and B.
To investigate the effect of pH on the cathodic peaks appearing in the

second scan, SWVs of the second scan were recorded in the pH range
3–10. The behaviour of cathodic peaks 1c and 2c, which were also
present in the first scan, is more or less the same as discussed in the case
of scan 1, but the new cathodic peaks arising in the second scan, named
as 3c and 4c shifts to more negative potential values as the pH of me-
dium increases accompanied with an increase in peak intensity as shown

Fig. 12. DP voltammograms of 1 mM DDT in different pH media.

Scheme 2B. Electro reduction mechanism of DDT.
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in Fig. 10. A and B. Another interesting fact is that these electroactive
moieties are getting reduced at a potential very close to 0.0 V, and the
human body potential is 0.07 V, so the compound under investigation
can serve as an efficient probe for drug delivery. However, the redox
potential is a measure of the tendency of a chemical compound to un-
dergo oxidation (loss of electrons) or reduction (gain of electrons).
Peak potentials of the two new reduction peaks evidenced in the

second scan are plotted against pH and are portrayed in Fig. 11. A and B.
To investigate the medium effect on the reduction signals, differen-

tial pulse voltammograms were also recorded in different pH media
Fig. 12 and the same pH-independent nature of peaks 1c and 2c was
observed, as portrayed in Fig. 7.

(d) Proposed reduction mechanism of DDT

Fig. 13. SW voltammograms of DDT at different concentrations.

Fig. 14. Plots of cathodic peak currents of DDT vs concentration.

Fig. 15. UV–visible spectra of DDT at different concentrations.
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In general, the reduction of nitro-groups involves in the methemo-
globinemia and gastro-intestinal microflora inducement, leads to amines
in complexes that exhibiting the electron-withdrawing groups. It pro-
vide a clear indication for the one-electron transfer mechanism in the
reduction process. On the other hand, the EC2 mechanism which
involved in the electrochemical reactions of organic molecules is crucial,
particularly in proton-coupled electron transfer reactions. The literature
suggests that this mechanism includes the nitro group undergoing a six-
electron transition as a result of the addition of two protons and three
electrons.
However, in the reduction mechanism of DDT, both the nitro groups

got reduced by the gain of one electron each as there is no experimental
evidence of the involvement of protons in the reduction of the com-
pound considering the first scan (See Scheme 2B). Due to the irreversible
nature of both the cathodic signals in the first scan, we can suggest that
the compound is undergoing a follow-up reaction by gaining three
protons each and losing water molecules to form the reduced product of
the compound. Now because we are getting two reversible pH-
dependent redox couples in the second scan, it is proposed that the
reduced product of the compound is oxidizing in a reversible fashion by
losing one electron and one proton each to form the nitroso product.
Overall, the nitro group has been converted to nitroso group. In the
kinetics of reversible deprotonation, the proton is transferred from the
compound to the base, and the concentration factor can influence it.
Additionally, the kinetics of the reversible deprotonation of 1-(2, 4-dini-
trophenyl)-3-dodecanoylthiourea types compounds, particular focus on
the redox-dependent H-bonding and the impact of one electron versus
two-electron redox couples. Generally, organic solvents, such as
dimethyl sulfoxide, acetonitrile and dichloromethane, can be used as
electrolytic media. In addition, these solvents are less likely to quench
the radical reaction and facilitate the generation of radicals during the
electrolyte process.
To determine the heterogeneous electron transfer rate constant,

SWVs of the compound using solutions of different concentrations of the
compound buffered in a medium of pH 10were recorded considering the
first scan and are shown in Fig. 13.
By plotting the peak currents of cathodic peaks vs. concentration as

portrayed in Fig. 14 and hence using the slope values in the Reinmuth
equation, heterogeneous electron transfer rate constants were deter-
mined for both peaks. The values of heterogeneous rate constant for
peaks 1c and 2c are 2.31 × 10-5 cm s− 1 and 1.56 × 10-5 cm s− 1,

respectively.
LOD and LOQ values were also evaluated for the compound having

values of 0.100 mM and 0.3364 mM respectively.

3.3. UV–visible spectroscopy of DDT

It is well known that the thiourea-based compounds exhibit low
solubility in eques solution mainly due to thiourea moiety but show
good solubility in polar and non-polar organic solvents such as toluene.
Over the last two decades, several thiourea-based surfactants have been
investigated with their Critical Micelle Concentration (CMC) in organic
solvents. For thiourea-based surfactants, such as 1-(decanoyl)-3-(4-fer-
rocenylphenyl) thiourea (DP) showed a strong peak of 259 nm and 280
nm in ethanol. (Ullah et al., 2014).
UV–Visible spectra of DDTwere recorded at different concentrations,

as portrayed in Fig. 15, using ethanol as a solvent, which captured two
signals one at the lower wavelength (258 nm) is labelled as B and the
one appearing at a relatively longer wavelength (334 nm) is marked as
A. The compound was characterized by the wavelength of maximum
absorbance and molar absorptivity coefficient values. The values are
λmax = 334 nm, ε = 2.51 × 104 M− 1cm− 1. As illustrated in Fig. 16, the
Critical Micelle Concentration (CMC) can be calculated by plotting the
absorbance against concentration. However, in this method, utilized the
intersection of the tangents to the x-axis to determine the CMC. By
sketch a perpendicular line from this intersection point, leading to
identify the CMC precisely. According to the literature, this method has
been broadly used in the field of surfactant research and provided reli-
able results. (Fuchs-Godec, 2006; Bayol et al., 2008).
In our approach, we utilized the intersection of the tangents to the x-

axis to determine the CMC. By drawing a perpendicular line from this
intersection point, we could identify the CMC value accurately. This
method has been widely used and accepted in surfactant research and
has provided reliable results in previous studies. According to the
investigation of Imdad Ullah et al., non-ionic thiourea-based surfactants
obtained at room temperature, the critical micelle concentration can be
determined by plotting absorbance versus concentration. The plots
presented two linear parts with different slopes, and the critical micelle
concentration was evaluated from their intersection. The significant
variation in the hydrophobic fragment led to an alteration in the CMC.
However, decreased carbons’ chain length led to increases in CMC
values of thiourea-based non-ionic surfactants. (Ullah et al., 2014).
This process can also be explained by implementing the Lambert-

Beer Law through the relationship between absorbance (A) and con-
centration (c) for the DDT at the wavelength of 334 nm. The Lambert-
Beer Law is expressed in equation 1. A = ε * c * l, whereas A is the
absorbance, ε is the molar absorptivity coefficient, c is the concentra-
tion, and l is the path length. To calculate the CMC (Critical Micelle
Concentration), the plot of absorbance against concentration in Fig. 16,

Fig. 16. Plot of absorbance vs concentration of DDT at 334 nm and at 258 nm.
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typically at the wavelength of maximum absorbance (λmax), which is
334 nm. CMC) is a concentration at which surfactant molecules start to
aggregate to form micelles. This process can significantly affect the
absorbance, as it changes the local environment of the compound.
Typically, below the CMC, the absorbance might follow the Lambert-
Beer Law, but beyond the CMC, the presence of micelles can cause de-
viations in the absorbance-concentration relationship. The CMC is an
essential parameter when studying the behavior of surfactants or
amphiphilic compounds in solution, as it marks the point where self-
assembly into micelles occurs.

4. Conclusion

A novel non-ionic surfactant 1-(2, 4-dinitrophenyl)-3-dodecanoylth-
iourea (DDT) was synthesized with high yield by the reaction of the
appropriate amount of lauryl chloride, potassium thiocynate and 2,4-
dinitroaniline. The spectroscopic techniques 1HNMR, 13CNMR, and
UV-V were used for the structure elucidation, respectively. The under-
consideration compound was found to oxidize and reduce at the sur-
face of the glassy carbon electrode. In addition, cyclic, square wave and
differential pulse voltammetry have been use to investigate the elec-
trochemical fate of the compound in a wide pH range. Based on results
obtained from three electrochemical techniques, redox mechanisms of
the compound were proposed. Electron abstraction and capture
occurred in a pH-dependent manner. Parameters like pKa, LOD, LOQ,
ksh, and D were successfully determined from voltammetric data. The
redox behaviour of DDT followed an irreversible pH-dependent oxida-
tion process controlled through partial diffusion and partial adsorption.
A fascinating fact observed is that the electroactive moieties in the
compound are getting oxidized and reduced at a potential very close to
0.0 V. The potential of the human body is 0.07 V, so the compound
investigated can serve as an efficient candidate for drug delivery.
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