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In our current research, Soot–Poly(O-Toluidine) nanocomposite (St–
POT) were prepared from soot and o-toluidine via in situ oxidative 
polymerization under ultrasound field. Then, the surface properties of the 
nanocomposite, such as roughness and surface area, were improved using 
acid treatment with nitric acid. AFM and BET techniques supported this 
matter, as the surface area and roughness of the Soot–Poly(O-Toluidine) 
nanocomposite treated with nitric acid (St–POT@Ac) increased. Other 
techniques were also used to characterize the prepared nanocomposite, 
such as FT-IR, XRD, and FE-SEM. We have conducted a number of 
experiments and studies to reach the optimal conditions for removing 
crystal violet dye (CV), where the removal rate reached 99.1% at a time 
of 40 minutes and adsorbent weight of 0.1g at 25°C. Thermodynamic 
study indicated that the adsorption process is physisorption, exothermic, 
and spontaneous. The adsorption isotherm was fitted to the Freundlich 
equation, while the kinetic isotherm was fitted to the pseudo-second order 
equation.      

INTRODUCTION
In recent years, interest in nanotechnology and 

the development of nanomaterials has surged due 
to its optical, mechanical, electrical, and chemical 
properties. Nanomaterials are involved in a 
number of fields, including biology, electronics, 
high-density magnetic recording media, chemistry, 
and sensors [1]. Nanocomposites are a class of 
nanomaterials that is composed of materials such 
as ceramic, metal, or polymers that have one 
or more nanoscale phases embedded in them. 
These can be produced by molecularly combining 
organic or inorganic components to provide new 
properties. It differs from ordinary composites due 
to its high surface-to-volume ratio [2]. The main 

advantage of this technology is that it can dispose 
of wastewater in a suitable period of time, in 
addition to its low cost, high stability, mechanical 
strength and high resistance which has led to great 
interest in its use for wastewater treatment [3].

Pyrogenic carbon materials such as activated 
carbon, charcoal and soot are strong adsorbents, 
making them suitable for adsorption. These 
nanoparticles are combined with polymers to 
achieve the synergistic effect and improve the 
conductivity of the polymeric nanocomposite 
[4]. One of the conducting polymers with the 
most potential for usage as effective adsorbents 
is poly aromatic amines, which have drawn a lot 
of interest recently due to their environmental 
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stability, ease of synthesis, and low cost [5].
The presence of dyes in wastewater leads to 

significant damage to the surface water ecosystem 
and pollution of groundwater resources. The use 
of dyes has increased globally, and has moved 
from small industries to major industries, where 
they have been used in countless wide fields [6]. 
The leakage of these dyes into wastewater has 
become a serious matter in recent decades, as 
they have an impact on the aquatic environment 
with all its organisms, and on humans in particular, 
as they are considered among the factors that 
cause cancerous diseases, especially amino dye 
[7]. This risk arises from the possibility that these 
dyes will break down into dangerous amines and 
benzidine, which are well-known carcinogens that 
are easily released throughout the dyeing and 
manufacturing processes [8]. This necessitates 
rigorous scientific attention and the development 
of safer alternatives to mitigate the concerning. 
In this research, a nanocomposite of poly(o-
toluidine) (see Fig. 1) and soot was prepared and 
used as an adsorption surface to remove CV dye 
from its aqueous solutions.

MATERIALS AND METHODS
Materials

All chemicals employed in this study were of 
high purity (AR grade), which includes Ammonium 
sulfate (98%), O-toluidine (99%), and nitric acid 
(69%) were purchased from Sigma-Aldrich. While 
sodium hydroxide (97%) and hydrochloric acid 

(38%) were purchased from BDH. The soot was 
collected from a paraffin candles.

Preparation of St–POT nanocomposite
By using oxidative polymerization, the St-POT 

nanocomposite was prepared, with a 1:5 mixing 
ratio between the soot and o-toluidine monomer. 
In an ultrasonic water bath, 1.0 g of soot was 
added to a solution containing 0.05 moles each of 
o-toluidine monomer and HCl (1M). The prepared 
mixture was then put in an ice bath, and addition 
of ammonium persulfate solution (0.05 mol of 
APS dissolved in 100 ml of 1.0 M HCl) was made 
dropwise. After 5 hours of magnetic stirring in 
an ice bath, the mixed solution was left to sit 
at room temperature for 24 hours to allow the 
polymerization process to complete. Ultimately, 
a centrifuge was used to separate the mixture, 
and the precipitate was repeatedly washed with 
deionized water and dried at 60 °C [10][11].

Treatment St–POT with nitric acid
5g of the St–POT added to a beaker containing 

100 ml of nitric acid 10% and stirred using a 
magnetic stirrer at 40°C for two hours, then 
filtered, washed with deionized water, and dried 
at 60 °C [12]. Give him the symbol St–POT@Ac.

Adsorption Experiment
The effect of different parameters on the 

adsorption of the CV dye was studied by batch 
adsorption experiments. By changing one 

Fig. 1. Chemical Structures of poly(o-toluidine) [9].

Fig. 2. Chemical Structures of crystal violet 
dye [15].
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of the study’s parameters while keeping the 
others constant, the effect of the adsorbent 
weight, contact time, temperature, pH, and dye 
concentration on the adsorption performance was 
studied. To prepare a 1000 ppm stock solution of 
CV dye, 1.0 gm of dye was dissolved in 1000 ml of 
deionized water. The chemical structure of CV dye 
are shown in Fig. 2. Prepare a series of solutions 
of the dye with concentrations ranging from (5 - 
25) ppm by diluting the stock solution. 10 ml of 
each concentration were placed in a conical flask. 
Each flask contains a fixed weight of adsorbent 
(0.01 g). The flasks were stirred in a shaking 
water bath at 125 rpm and 25°C until equilibrium 
time. After that, the solutions concentration of 
the two dye were measured by using a UV-Vis 
spectrophotometer (PerkinElmer Lambda 35, 
Singapore) set at 584 nm. The removal percentage 
(%R) and the quantity of CV dye absorbed on the 
surface were calculated using equations 1 and 2 

respectively [13,14].

qe = (Co−Ce) V
m                                                        (1)

 
%R =  (Co−Ce)

Co
× 100                                               (2)

Where qe is the amount of CV dye adsorbed at 
equilibrium time (g/mg), Co and Ce are the initial 
and equilibrium concentrations of the CV dye. 
While, V and m are the volume of the solution and 
weight of the adsorbent.

RESULTS AND DISCUSSION
Characterization

The prepared materials were analyzed by FT-IR 
technology and the results are shown in Fig. 3. The 
soot spectrum in Fig. 3 (a) shows peaks at 1523 
cm-1 that belong to the aromatic C=C stretching 
vibration, while the peak at 1749 cm-1 belongs to 
the C=O of the carboxyl group. The broad peak 

   

(a) (b) (c) 

Fig. 3. FT–IR spectrum of (a) Soot, (b) POT, and (c) St–POT@Ac nanocomposite

Fig. 4. FE-SEM images of (a) POT, (b) St-POT, and (c) St–POT@Ac. 
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in the range 3292-3522 cm-1 is related to O-H 
stretching [16].

Fig. 3 (b, c) show the spectrum of POT and 
St–POT@Ac, respectively. We note that there is 
similarity in the peaks, but there are shifts and 
differences in peak intensity. The two peaks that 
appear at 1491 cm-1 and 1578 cm-1 in the POT 
spectrum belong to the C=C of the benzenoid ring 
and the quinoid ring, respectively. These two peaks 

are shifted in the St–POT@Ac, where they appear 
at 1496 cm-1 and 1587 cm-1, this occurs as a result 
of π-π stacking, which is due to the interference of 
π electrons of the aromatic rings in the POT and 
the soot. There is also a shift at the peak from 3221 
cm-1 to 3192 cm-1 that indicates the N-H stretching 
vibration as a result of hydrogen bonding between 
H and the functional groups on the soot surface 
[17]. 

     
  

(a) (b) (c) 

 

Fig. 5. The AFM images of (a) POT, (b) St–POT, and (c) St–POT@Ac

Table 1. Roughness parameters of the prepared material particles

Fig. 6. XRD patterns of St–POT nanocomposites
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Fig. 4 shows scanning electron microscopic 
(FE-SEM) images of the prepared materials. From 
Fig. 4(b) it clearly indicates that the soot particles 
spread on the polymer surface uniformly and have 
a rough surface. Fig. 4(c) indicates the presence 
of cracks in the surface as a result of treatment 
with nitric acid, and this leads to an increase in the 
surface area.

Fig. 5 shows AFM 3D images to study surface 
topography and roughness. It is clear that the 
surface of St–POT@Ac is rough and contains 
homogeneously distributed porosity, and the 
highest height it reaches is 673 nm. The roughness 
parameters listed in Table 1. indicate that the 
surface of St–POT@Ac is rougher than of St–POT, 
and this leads to an increase in the surface area, 
as was confirmed by BET analysis. The presence of 
the negative value of RSK in the nanocomposites 
indicates the presence of a greater number of 
valleys compared to the peaks, and the spiky 
nature of the surface (Rku>3) [18]. 

The crystal structure of the St–POT@Ac 
nanocomposite was determined by X-ray diffraction 
(XRD) technique. The XRD results showed that the 

diffraction pattern of the nanocomposite did not 
contain distinct sharp peaks, as shown in Fig. 6. 
Four broad peaks were observed at 2θ = 8.83°, 
14.11°, 19.41°, and 24.59°. The absence of sharp 
peaks and the presence of broad peaks indicate 
that the St–POT@Ac nanocomposite exists in an 
amorphous structure. Using the Scherer equation 
(Equation 3), the crystal size was calculated and 
found to be 11.23nm [19].

D =  K λ
β cos θ                                                                     (3)

Where: D: average crystalline size. K: is the shape 
factor whose value is 0.9. λ: is the wavelength of 
the incident X-ray (0.15406 nm). β; is FWHM (full 
width at half maximum). θ: is diffraction angle.

BET analysis was performed to study the surface 
area. Fig. 7 shows the adsorption and desorption 
of nitrogen on the prepared surfaces, and when 
matching it according to the IUPAC classification, 
it is clear that the isotherm is of type IV, which 
indicates multilayer adsorption and capillary 
condensation of a porous nanocomposite. While 

    

(b) (a) 

Fig. 7. BET isotherms of Nitrogen adsorption- desorption with BJH pore size distribution curve of (a) St–POT and (b) 
St–POT@Ac nanocomposites

Table 2. Surface area, pore volume, and average diameter of prepared nanocomposites
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type H3 hysteresis loops, which indicate narrow 
sheet-like pores, have been described [20]. The 
analysis showed that the surface area of   the St–
POT@Ac is more than St–POT. The surface area, 
pore size, and average diameter of the prepared 
material were also known and are listed in Table 2.

   
Study the effect of the Contact Time and Adsorption 
Kinetics

This study is conducted at 25°C using a fixed 

adsorbent (St–POT@Ac) weight of 0.01g and 
the dye concentration of 25 ppm. Different 
time periods ranging (10-90) minutes are taken 
to determine the optimal equilibrium time for 
removing CV dye from the aqueous solution 
and study the adsorption kinetics. The volume 
of dye solution were kept constant at 10 ml 
for all experiments. The removal of CV dye by 
a composite surface is shown in Fig. 8, which 
reaches equilibrium in 40 minutes. The removal 

    

² 

–

² 

Table 3. Kinetic data of adsorption CV dye onto St–POT@Ac nanocomposite.

Fig. 9. The kinetics graphs models: (a) pseudo-first-order model and (b) pseudo-second-order model

Fig. 8. Effect of equilibrium time
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of dye increases significantly in the first minutes 
due to the amount of vacant active sites on the 
surface. Thereafter, the adsorption rate decreases 
as the number of dye molecules occupying these 
sites increases. Finally, equilibration is achieved 
when all available sites are occupied [21].

After that, the adsorption kinetics of CV dye 
on the St–POT@Ac surface were studied using 
pseudo-first-order and pseudo-second-order 
Lagergren models. The Langergren equation is an 
important equation because it describes the rate 
of adsorption. The models are expressed by the 
following equations:

The pseudo-first-order model:

ln(qe − qt) = ln qe − K1 t                                        (4)

The pseudo-second-order model:

t
qt

= 1
K2qe2

+ 1
qe

t                                                          (5)

Where qe and qt are the amount of dye 
adsorbed at equilibrium and at a certain time (t), 
respectively (mg/g), K1 is the pseudo-first-order 
rate constant (min-1), K2 is the pseudo-second-
order rate constant (mg.g-1.min-1). The linear form 
of these models is shown in Fig. 9 (a, b). Based 
on the calculations of the correlation coefficients 
and kinetic constants for the two models provided 
in Table 3., the correlation coefficient for the 
pseudo-second-order model is somewhat greater 
than the correlation coefficient for the pseudo-
first-order model. This leads us to conclude that 

25°C
35°C
45°C

Fig. 11. Effect of the temperature on the adsorption process

Fig. 10. Effect of adsorbent weight



1009J Nanostruct 14(4): 1002-1013, Autumn 2024

M. Naji , H. Jabr / Removal of Crystal Violet Dye with Soot-Poly(o-toluidine) Nanocomposite 

the adsorption process of the CV dye on the St–
POT@Ac surface follows the pseudo-second order 
[22,23].

Study the effect of adsorbent weight
The effect of the adsorbent’s weight on the 

adsorption process was studied at 25°C. Different 
weights were taken from the adsorbent (0.005, 
0.01, 0.03, 0.05, and 0.1) gm and dye volume and 
concentration (10 ml, 25 ppm) and equilibrium 
time is 40 minutes. The results showed that as 
the weight of the adsorbent increased, the rate 
of adsorption of the dye increased. Fig. 10 shows 
the effect of adsorbent weight on the adsorption. 
This can be attributed to both the increase in 

the adsorbent surface area and the number of 
active sites on the surface. As a result, the surface 
efficacy increases and the adsorption percentage 
increase as well [24].

Study the effect of the temperature on the 
adsorption process

Three different temperatures (25, 35, and 45) 
°C as well as a constant adsorbent weight of 0.01 
g and a constant dye solution concentration and 
volume of (25 ppm, 10 ml) were used to Study the 
effect of temperature on adsorption. The study 
proved that the process is exothermic, as Fig. 11 
illustrates, adsorption efficiency decreases with 
temperature. This may be explained that when 

Fig. 13. Adsorption isotherm for CV dye with adsorbent.

Fig. 12. the effect of pH on the adsorption of CV dye
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temperature increases, the kinetic energy of the 
particles also increases, increasing the likelihood 
that the adsorbed particles will escape the 
adsorbent’s surface [25].

Study the effect of pH
To study the effect of pH on CV dye adsorption, 

a constant volume and concentration (10 ml, 25 
ppm) of the solution of the dye was taken, and its 
pH was set at (3, 7, and 10). (0.1N) of NaOH and 
HCl were used to control the pH. The temperature 
25°C, the equilibrium time of 40 minutes, and 
the weight of the adsorbent (0.01 gram) were all 
predetermined. From Fig. 12, we notice that the 
percentage of removal of the CV dye increases 
when the medium is basic, while it decreases 
when the medium is acidic. The reason is that 
the basic medium causes deprotonation, which 
increases the negative charge on the surface and 
leads to an increase in the electrostatic attraction 
with the positively charged dye [26].

Study of Adsorption Isotherms
In the adsorption process, isotherm study is 

necessary to clarify the relationship between the 
amount of substance adsorbed on the surface 
(qe) and the concentration of the substance in 
the liquid phase (Ce) while maintaining a constant 

temperature (T) as Fig. 12. This study provides 
invaluable information into the adsorption 
process, allowing analysis and prediction of the 
adsorption behavior of different systems. Isotherm 
analysis was performed by applying the Langmuir 
and Freundlich equations to the experimental 
data as follows [28]:
 

 Ce 
qe

=  1
  Qmax   KL  

+ Ce
Qmax

log qe = log Kf + 1
 n log Ce

log qe = log Kf + 1
 n log Ce                                                               (7)

Where Ce is equilibrium concentration of 
dye in solution (mg/L), qe is the amount of dye 
adsorbed (mg/g) at equilibrium state, Qmax is the 
maximum adsorption capacity (mg/g), KL is the 
Langmuir constant which is related to the energy 
of adsorption (L mg-1), Kf and n are Freundlich 
constant and intensity of adsorption, respectively. 
(Ce/qe) versus Ce and log qe versus log Ce are 
plotted. The first drawing, which represents 
the Langmuir equation, showed a straight line 
with a slope (1/Qmax) and an intercept (1/QmaxKL), 
while the second drawing, which represented 

   

² ² 

Fig. 14. (a, b) Langmuir and Freundlich models, respectively.

Table 4. Includes data for isotherm models used in the study of AR dye adsorption.



1011J Nanostruct 14(4): 1002-1013, Autumn 2024

M. Naji , H. Jabr / Removal of Crystal Violet Dye with Soot-Poly(o-toluidine) Nanocomposite 

the Freundlich equation, showed a slope (1/n) 
and an intercept (logKf). Adsorption isotherm 
parameters were extracted from Fig. 13 (a, b) and 
listed in Table 4. When comparing the correlation 
coefficient (R2) for both the Langmuir isotherm 
and the Freundlich isotherm, it was found that the 
R2 value for the Freundlich equation was higher 
than the R2 value for the Langmuir equation. This 
indicates that the Freundlich equation is more 
suitable to describe the adsorption process of CV 
dye from their aqueous solution on the surface of 
St–POT@Ac and this indicates that the adsorption 
process is multilayer [29].

Thermodynamic study
The thermodynamic functions of the 

adsorption of CV dye on the surface of St–POT@
Ac were studied in a temperature range of (25, 
35, 45) °C. This study included calculating the 
Gibbs free energy change (∆G°), entropy change 
(∆S°), and enthalpy change (∆H°). These functions 
are considered essential for understanding the 
adsorption process, as they provide information 
about the bond strengths between the adsorbent 

and the adsorbent, whether physical or chemical, 
the nature of the organization of the dye molecules 
on the surface of St–POT@Ac, and knowing the 
direction of the reaction, whether spontaneous 
or non-spontaneous. ∆G°, ∆S° and ∆H° were 
calculated using the following equations [30]:

∆G° = −RT ln Ke                                                       (8)

∆G° =  ∆H° − T∆S°                                                     (9)

Where R is the universal gas constant (8.314 
J.mol-1.K-1), T is the absolute temperature (in 
Kelvin), and Ke is the equilibrium constant, which 
can be calculated from the following equation:

Ke = qe m
Ce V                                                                    (10)

From equations (5) and (6), gives the integrated 
form of the Van’t Hoff equation:

ln K = ∆S°
R − ∆H°

RT
                                               (11)

² 

∆G° KJ.mol ∆H° KJ.mol ∆S° J.K

Fig. 15. Van’t Hoff plots for the adsorption of CV dye onto St–POT@Ac surface

Table 5. Includes values of the equilibrium constant (ke) and thermodynamic parameters of adsorption the CV dye onto St–POT@Ac
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ln(Ke) was plotted against 1/T, as shown in 
Fig. 14. From this plots, (-∆H°/R) and (∆S°/R) 
were calculated, which represent the slope and 
intercept, respectively. Table 5 shows the values   of 
the thermodynamic functions for the adsorption 
process of CV dye on the surface of St–POT@Ac. 
The following can be concluded from these values: 
A negative value of the free energy (∆G°) indicates 
that the adsorption process is spontaneous, and 
a negative value of the enthalpy (∆H°) indicates 
that the adsorption process is exothermic, as the 
adsorption process decreases with increasing 
temperature, due to separation and destruction of 
the weak bonds between the active sites on the 
surface of St–POT@Ac and the dye molecules. This 
indicates that the adsorption is physical [31].

CONCLUSION
Through FT-IR, XRD, AFM, and FE-SEM 

techniques, the success of preparing the 
nanocomposite was determined, and its surface 
properties were successfully improved using 
nitric acid. This result appeared on the removal of 
crystal violet dye from its aqueous solutions, and 
the optimum conditions were reached, where the 
removal reached 99%. We conclude from this that 
the nanocomposite treated with nitric acid is a 
good adsorbent surface.
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