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a b s t r a c t
In this study, the synthesis of an easily synthesized, non-toxic and inexpensive material and its 
use in dye removal have been demonstrated. The synthesis of novel material, tin(IV) chelate com-
pound, was carried out using simple and inexpensive Schiff base ligands. This novel material was 
used for the first time as an adsorbent to remove murexide dye from a model aqueous solution. 
1H-NMR, 13C-NMR, Fourier-transform infrared spectroscopy, MS, and elemental analysis techniques 
were performed for the characterization of the new tin-based adsorbent and the open structure 
of the compound was proposed. Murexide dye removal from a model aqueous solution was per-
formed by examining five important factors of adsorption. Batch adsorption is the easiest way to 
remove dyes at a low cost. The optimum parameter values to maximize the adsorption efficiency 
were obtained at pH 3, 100 mg/L dye concentration, 20 min of contact time, 40 mg adsorbent dose, 
and 25°C. The highest adsorption recovery value and the adsorption capacity found at optimum 
parameters were 99.00%, and 248.8 mg/g, respectively. Three adsorption isotherms were calculated 
at 25°C. The highest R2 value was found at 0.99 for the Langmuir isotherm model, the adsorp-
tion kinetic obeyed the pseudo-second-order kinetics, and the thermodynamic data suggested a 
spontaneous and exothermic process.
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1. Introduction

Water is one of the main crucial components of life 
and is vital for all living things on earth. It is impossible 
to think of a life without water. Unfortunately, due to the 
uncontrolled development of the industry and industrial 
wastes released to the environment, water resources are 
being rapidly polluted. Conscious or unconscious dis-
charge of dyes into the aqueous environment causes the 
aquatic environment to have an undesirable and unnatural 
color, thus reducing the penetration of sunlight. Also, some 

dyes are inherently toxic [1–3]. Dye materials with signif-
icant coloring capacity are widely used in many industry 
areas like textile, food, plastic, paper and pulp, etc. [1,2,4]. 
Most of these dye compounds are toxic to animals, plants, 
and human beings. To find a solution to this issue, remov-
ing dyes from the aqueous solution has been studied and 
as a result, various techniques such as adsorption, chemical 
precipitation, ion exchange, membrane systems, and sev-
eral advanced techniques like electrocoagulation, photoca-
talysis, and advanced oxidation processes [5,6] have been 
used to remove dyes from aqueous solutions. Among these 
methods, adsorption is widely preferred in the purification 
of water because it is efficient, simple, and fast and its cost is 
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low as well [7,8]. During the adsorption process, the choice 
of adsorbent greatly affects the adsorption selectivity and 
capacity [7–9]. A wide range of compounds was used as 
an adsorbent to remove dyes from the aqueous solution 
[10,11]. Some materials like zeolites, activated carbon, 
ion exchange resins, polymers, and natural wastes [12,13] 
which were frequently used as adsorbents in previous 
studies, have limited applications due to their poor selec-
tivity and low adsorption capacity [14]. Unlike these, Schiff 
base metal compounds have better adsorptive properties 
for removing dyes from aqueous solutions. Therefore, new 
Schiff base adsorbents containing oxygen and nitrogen 
atoms have been investigated for the removal of dyes from 
aqueous solutions because they can easily form a complex 
with central metal ions [15]. The new nanohybrid mate-
rial containing Cd(II) semicarbazone Schiff base complex 
was synthesized by Farhadi et al. [16]. This nanohybrid 
was tested as an adsorbent to remove cationic dyes such 
as Methylene blue (MB) and Rhodamine B (RhB), as well 
as anionic dye Methyl orange (MO) and it was mentioned 
that the novel material had an excellent adsorption ability 
towards these dyes. The removal of MO from aqueous solu-
tion performed by nano-composite containing cobalt (Si/
Al-PAEA = SA@Co) was proved in the study of Arshadi [17].

Murexide (MX) is a dye used as an indicator in EDTA 
titrations and dyes wool and many textile products. 
Murexide is also used as a colorimetric reagent for the mea-
surement of strontium, lead, nickel, copper, zinc, and cad-
mium [18]. The chemical formula of murexide is C8H8N6O6 
and this dye is also known as ammonium purpurate. It is 
toxic and can be dangerous to the eyes, skin, and respira-
tory tract on exposure. When murexide dye is used in indus-
try, a significant part of it mixes with wastewater which  
poses a danger to aquatic organisms as well as for humans 
and animals [19].

This study aims to understand the murexide dye 
adsorption from a model aqueous solution by using Schiff 
base tin adsorbent. In recent years, there has been a con-
siderable amount of increase in the synthesis and use of 
new materials in the removal of dyes and heavy metals. 
However, the synthesis methods of these new materials are 
generally costly, require relatively complex and sophisti-
cated technology, and may include toxic starting materials, 
which can limit their use. In this work, 2-((E)-(p-tolylimino)
methyl)phenol (TIMPH) ligand was reacted with butyltin 
trichloride to form a Schiff base tin compound. This tin 
compound was characterized by a combination of spec-
troscopic techniques such as 1H-NMR, 13C-NMR, Fourier-
transform infrared spectroscopy (FTIR), MS, and elemental 
analysis. A series of batch experiments were conducted 
to evaluate the effect of murexide dye adsorption onto the 
Schiff base tin adsorbent from a model aqueous solution 
under the different experimental parameters. Moreover, 
the isotherms, kinetics, and thermodynamic results of the 
adsorption process were determined and evaluated.

2. Experimental

2.1. Materials

Salicylaldehyde (98%, Sigma-Aldrich), p-toluidine (99%, 
Merck), ethyl alcohol absolute (Merck), butyltin trichloride 

(95%, Sigma-Aldrich), murexide (ACS reagent, Merck), and 
n-hexane (95%, Merck) were used as received. HCl and 
NaOH were of analytical grade. All glassware was kept in 
an acidic washing solution for at least one night before being 
used and then rinsed with deionized water. The deionized 
water was supplied from the Elga brand with 18.2 µs of 
conductivity.

2.2. Instruments
1H and 13C-NMR spectra of TIMPH ligand and tin 

compound were measured on a Bruker 400 MHz NMR 
spectrometer (100 MHz for 13C and 400 MHz for 1H). FTIR 
spectra were recorded from 400–4,000 cm–1 on an Alpha-P 
Bruker spectrophotometer. LECO CHNS-932 elemen-
tal analyzer was employed to determine carbon, hydro-
gen, and nitrogen amounts in both TIMPH ligand and 
tin compound. High-resolution mass spectra (HRMS) 
were recorded on a Waters SYNAPT G1 MS spectrom-
eter using electrospray ionization (ESI±, in the range of 
50–1,100 Da). The absorbance of dye after adsorption 
process was measured using a UV-Vis spectrophotometer 
(T80 + UV/VIS Spectrometer PG Instruments Ltd). The pH 
of dye solutions was measured by Hanna Instruments pH 
211 Microprocessor. In the method of adsorption, several 
brands of magnetic stirrers were used.

2.3. Synthesis of 2-((E)-(p-tolylimino)methyl)phenol

Salicylaldehyde (4.00 g, 0.032 mol) was added to the 
stirring solution of p-toluidine (3.45 g, 0.032 mol) in 25 mL 
of ethyl alcohol and the reaction was allowed to react at 
80°C for 3 h. The resulting mixture was cooled to approx-
imately 20°C and an orange solid precipitate was obtained. 
Then, the precipitate was filtered, washed two times with 
20 mL ethanol and dried under reduced pressure by a 
vacuum evaporator as in Kayan [20]. Elemental analysis 
of C14H13NO (211.26 g/mol) Calculated: H 6.20, C 79.59, 
N 6.63%; Found: H 6.28, C 79.35, N 6.42. HRMS (±ESI) (m/z): 
[C14H13NO] = 212.0 (100%) Da. 1H NMR (400 MHz, CDCl3), 
δ (ppm): 2.42 (s, 3H, CH3); 6.90–7.45 (m, 8H, Ar); 8.68 (s, 1H, 
CH); 13.30 (s, 1H, OH) ppm. FTIR (cm–1): 3,050; 3,020; 2,860; 
1,618 (C=C, Ar); 1,598 (C=C, Ar); 1,576 (C=N) ; 1,510; 1,496; 
1,460; 1,416; 1,368; 1,280 (C–O, phenolic), 1,180; 1,160; 1,120; 
1,032; 912; 850; 836; 790; 754; 632.

2.4. Synthesis of [SnBuCl3(TIMPH)2] compound

The obtained TIMPH ligand (0.64 g, 3.0 × 10–3 mol) was 
added to the solution of BuSnCl3

 (0.45 g, 1.50 × 10–3 mol) com-
pound in 30 mL of ethyl alcohol. This mixture was stirred 
at ambient temperature for 3 h and it gave yellow product. 
Then, a vacuum evaporator was used to remove the sol-
vents from mixture at 35°C. The resulting compound was 
then washed two times with 20 mL n-hexane and dried 
under vacuum. Elemental analysis, (C32H35Cl3N2O2Sn, 
Mw = 704.70 g/mol) Calculated: H 5.01, C 54.54, N 3.98%. 
Found: H 4.57, C 54.77, N 4.33%. 1H-NMR (400 MHz, CDCl3), 
δ (ppm): 0.92 (s, 3H, α-CH3, Bu); 1.27 (m, 2H, γ-CH2, Bu); 
1.44 (m, 2H, β-CH2, Bu); 1.86 (t, 2H, α-CH2, Bu); 2.41 (s, 6H, 
CH3-Ar); 6.91–7.51 (m, 16H, C6H4); 8.52 (s, 2H, CH=N); 9.92 
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(s, H, OH), 11.0 (s, H, OH). 13C-NMR, (100 MHz, CDCl3), δ 
(ppm): 13.5 (CH3); 20.9 (γ-CH2); 21.2 (CH3); 25.6 (β-CH2); 
27.1 (α-CH2); 117.9, 118.8, 120.5, 130.0, 130.4, 133.9, 136.2, 
138.6 (=C, Ar); 160.7 (C–OH, Ar), 165.3 (CH=N). FTIR (cm–1): 
3,044 (C–H, Ar, sp2, asym), 2,947 (C–H, sp3, asym str), 2,868 
(C–H, sp3, sym str), 1,637 (C=C, Ar), 1,601 (C=C, Ar), 1,543 
(CH=N), 1,484 (C–H, sp3, bending), 1,379; 1,284 (C–O, phe-
nolic), 1,244; 1,188; 1,147; 1,016; 897; 817; 790; 754; 686; 623. 
MALDI-TOF MS (m/z): [C32H35Cl3N2O2Sn+Na]+ = 729.01 
(100%), 731.02 (90%) and 727.02 (97.8%) Da.

2.5. Adsorption experiments on [SnBuCl3(TIMPH)2] compound

The murexide dye adsorption was investigated on dif-
ferent amounts (10–60 mg) of Schiff base tin compound 
in batch adsorption mode. The experiments were per-
formed in 250 mL Erlenmeyer flasks containing 100 mL of 
murexide dye solution with different initial concentrations 
(100–600 mg/L). These solutions were agitated with the 
magnetic stirrer at 300 rpm, at a different initial tempera-
ture (25°C–65°C), and in contact times (10–80 min.). The 
solution’s pH (2–10) was adjusted by a pH meter with a 
negligible volume of 0.1 M HCl and NaOH before adsorp-
tion. At the end of the equilibrium period, the suspension 
was centrifuged for 3 min at 4,000 rpm. The concentra-
tion of murexide dye in the filtrate taken by decantation 
was measured by a T80 + UV/VIS spectrophotometer at 
the maximum wavelength of 525 nm. In Eqs. (1) and (2), 
the percentage of removal and the amount of equilibrium 
adsorption capacity were given.
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where C0 and Ce are the initial dye concentration (mg/L) and 
the equilibrium dye concentration (mg/L), respectively.

2.6. Adsorption isotherms, kinetics, and thermodynamics

2.6.1. Isotherms

The parameters obtained from various isotherm models 
provide valuable details on the essence of the adsorption 
process interaction, the surface properties of the adsorbent, 
and their adsorbent affinity [21]. The isotherms that depend 
on equilibrium conditions at a constant temperature were 
plotted on graphs. For the newly synthesized adsorbent, the 
most popular adsorption isotherms (Langmuir, Freundlich, 
and Temkin isotherms) were investigated for murexide 
dye. The three-isotherm equations are shown in Table 1.

By linear form, the Langmuir isotherm model was 
determined. In Table 1, the maximum monolayer adsorp-
tion capacity of the adsorbent is Qmax (mg/g), and KL is the 
Langmuir adsorption constant (L/mg). The Qmax and KL were 
calculated from the intercept and slope of the linear plot 
[19–22]. The adsorption properties of heterogeneous sur-
faces were also represented using the Freundlich isotherm. 

The Freundlich isothermal constants of adsorption capa-
bility and adsorption strengths are KF (L/mg) and nf,  
respectively. From the linear plot equation, these values 
were determined. Due to the adsorbent/adsorbate interac-
tions, the Temkin isotherm accepts a linear decrease in the 
adsorption temperature of all molecules in the layer. In the 
Temkin isotherm model, the Temkin isotherm equilibrium 
binding constant (L/g) is KT and the heat-related constant 
(J/mol) is B. The values of KT and B are computed from 
the plot of qe against lnCe [23,24].

2.6.2. Adsorption kinetics

This study used the pseudo-first-order kinetic model 
and the pseudo-second-order kinetic model among the sev-
eral kinetic models to describe the adsorption rate and the 
adsorption mechanism of murexide dye on the Schiff base 
tin compound. These kinetic equations and coefficients 
used are demonstrated in Table 2.
where qe (mg/g) is the equilibrium adsorption capacity, qt is 
the adsorption capacity at time t (mg/g), t is time (min), k1 
(min–1) and k2 (g/mg min) are the pseudo-first-order rate 
and pseudo-second-order rate constants, respectively. From 
the slope and intercept of the log graph (qe – qt) against 
time t, the pseudo-first-order rate constant (k1) and equilib-
rium adsorption power (qe) were determined. The pseudo- 
second-order rate constant k2 and the equilibrium adsorption 
capability (qe) values were determined from the intercept 
and the graph slope of t/qt against time t [25].

2.6.3. Adsorption thermodynamics

One of the other essential considerations for identifying 
and recognizing the meaning of adsorption is thermody-
namic analysis. Van’t Hoff equation describes the change 
in the equilibrium constant with the effect of temperature. 
The thermodynamic parameters of the equations includ-
ing the change in Gibbs free energy (ΔG°), the change in 
enthalpy (ΔH°), and the change in entropy (ΔS°) values were 

Table 1
Isotherm equations

Isotherms Equations Plot

Langmuir
C
q K Q

C
Q

e

e L

e�
�

�
��

�

�
�� �

�

�
��

�

�
��

1

max max

Ce/qe against Ce

Freundlich ln ln lnq K
n

Ce f
f

e= + ( )1
ln qe against lnCe

Temkin q B K B Ce T e� �ln ln qe against lnCe

Table 2
Kinetic equations

Pseudo-first-order equation Pseudo-second-order equation

log log
.

q q q
k

te t e−( ) = −






×1

2 303
t
q k q q

t
t e e

=
( )

+






×

1 1

2

2



259S.K. Bozbaş et al. / Desalination and Water Treatment 261 (2022) 256–265

calculated from the equations of 3–4 [26]. These values were 
used to assess the thermodynamic feasibility of the effect 
of temperature on the process of adsorption.
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where Kc (qe/Ce) is the thermodynamic equilibrium constant, 
R is the universal gas constant (8.314 J/mol K), and T is 
the absolute temperature of the solution.

3. Results and discussion

3.1. Schiff base tin adsorbent

The stoichiometric reaction between p-toluidine and 
salicylaldehyde in a 1:1 mole ratio in ethanol at 80°C pro-
duced a TIMPH ligand as in the literature [20]. The reac-
tion of BuSnCl3 with TIMPH in the 1:2 mol ratio in ethanol 
gave the tin compound at room temperature. The formu-
lation of tin compound was based on mass measurements, 
elemental analysis, the interpretation of 1H, 13C-NMR, and 
FTIR spectra. TIMPH ligands were coordinated to the tin 
atom at two sites via both O and N atoms. In the 1H-NMR 
spectrum of tin compound, two OH protons were shifted 
from 13.0 ppm for free ligands to 9.92 (s, H, OH), and 11.0 
(s, H, OH) ppm. This shift showed that OH protons were 
protected in the tin compound and OH groups were inter-
acted with the tin atom to a different degree. FTIR measure-
ment showed that a strong peak was observed at 1,576 cm–1 
in the spectrum of TIMPH ligand for the C=N group. After 
the coordination of TIMPH to tin atom, the C=N peak was 
shifted to the lower value (1,543 cm–1) in the spectrum.  
It is an expected phenomenon that the bonding of the CH=N 
group to the metal atom lowers the double bond character 
of the CH=N group [27]. In the 13C-NMR spectrum of tin 
compound, the C–OH (160.7 ppm) and CH=N (165.3 ppm) 
carbons having different values than the peaks of the 

TIMPH ligand indicated that there was a binding as shown  
in Fig. 1.

The spectroscopically proposed structure was also con-
firmed by mass measurement. The peak at 729.01 (100%), 
731.02 (90%), and 727.02 (97.8%) Da on mass spectrum 
confirmed the proposed structure ([C32H35Cl3N2O2Sn+Na]+).

3.2. Effect of pH in the removal of murexide dye

The pH of aqueous solutions is an important parameter 
that controls the adsorption process. The surface charges 
of the adsorbent are controlled by the initial pH [19,28,29]. 
The effect of the initial pH on the percentage removal of 
murexide in the pH range from 2 to 8 at room temperature 
(100 mg/L murexide) by using 40 mg of the adsorbent at a 
contact time of 20 min was shown in Fig. 2. It was observed 
that the maximum percentage removal of murexide on 
Schiff base tin adsorbent was obtained at pH 3.0 and its 
value was determined to be 99.82%. Maximum adsorption 
occurred in an acidic environment. In the literature research, 
it has been observed that activated carbon adsorbs high 
amounts of murexide at low (acidic) pH 2 [30]. Therefore, 
all subsequent studies were performed at low pH 3. In an 
acidic environment, adsorbents are protonated and have a 
positive charge to attract anionic dye ions to their surface, 
which increases dye removal. However, in the case of neu-
tral pH, the percentage of dye removal is reduced. This is 
because at high pH, the adsorbent is covered with negative 
charges on the surface causing a repulsive force on the 
dye. The reason for the maximum removal of murexide 
dye used in this study at acidic pH was due to the pres-
ence of polar covalent, coordinated covalent bonds between 
the tin atom of Schiff base compound and the dye ions in 
addition to attractive forces [31,32].

3.3. Effect of initial dye concentration on adsorption

The initial dye concentration may have different effects 
on adsorption. Therefore, in this study, the effect of ini-
tial dye concentration on adsorption was investigated. 
Adsorption of murexide onto [SnBuCl3(TIMPH)2] was 

N

N

O
H

N

O
H

2 + C4H9SnCl3

O H

C4H9SnCl3

Fig. 1. Structure of [SnBuCl3(TIMPH)2] compound.
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carried out at different initial dye concentrations ranging 
from 100 to 600 mg/L, and other conditions such as time 
(20 min), pH (3), temperature (25°C), and amount of adsor-
bent (40 mg) were kept constant. Fig. 3 shows the effect of 
initial murexide dye concentration on dye removal percent-
age. The maximum adsorption removal percentage was 
98.52% for a 100 mg/L concentration of dye solution. The 
high percentage of dye removal at a low concentration of 
dye could be attributed to the presence of active sites in 
the adsorbent. And the rise in the initial concentration of 
dye could be caused by a reduction in the driving force 
of the concentration gradient [33–35].

3.4. Effect of adsorbent amount

By preparing an adsorbent–adsorbate solution, the 
effect of the amount of adsorbent on the adsorption pro-
cess can be achieved by applying a different amount of 
adsorbent to the solution at a constant initial dye concen-
tration and shaking it until equilibrium time [36,37]. The 
effect of different adsorbent amounts on murexide adsorp-
tion was investigated. Fig. 4 represents the results. It was 
found that as the adsorbent dose increased, the adsorp-
tion value increased. The maximum adsorption value for 
the 60 mg dose was 99.5%. This is because as the amount 
of adsorbent increases, the active surface areas of the 
adsorbent and adsorption areas increase [38,39]. 40 mg of 

[SnBuCl3(TIMPH)2] was selected as the optimum amount 
of adsorbent.

3.5. Effect of temperature

The experimental findings indicate that the temperature 
is a critical factor that greatly affects the adsorption process. 
To establish whether the continuous adsorption process 
was endothermic or exothermic in the dye adsorption pro-
cess, dye adsorption experiments were performed at tem-
peratures of 25°C–65°C for 100 mL of 100 mg/L murexide, 
pH 3, 40 mg adsorbent dosage, and 20 min contact time. 
Fig. 5 indicates that the maximum percentage removal of 
murexide at 35°C was 99.5%. At higher temperatures, the 
adsorption capacity can increase or decrease depending on 
the nature of the reaction and other controlling variables. 
Adsorption can increase at higher temperatures if the reac-
tion process is endothermic. The increased surface coverage 
at higher temperatures, as well as the expansion and forma-
tion of reactive and active sites, may explain this. When a 
reaction is exothermic, the amount of adsorption decreases 
as the temperature rises [40,41].

3.6. Effect of time

The effect of contact time on the percentage removal 
of murexide dye with an initial concentration of 100 mg/L 

 
Fig. 2. Effect of pH on the adsorption of murexide onto [SnBu-
Cl3(TIMPH)2] (Temperature: 25°C; initial dye concentration: 
100 mg/L; adsorbent dose: 40 mg; time: 20 min).

 
Fig. 3. Effect of initial dye concentration on adsorption (Adsor-
bent dose: 40 mg; temperature: 25°C; pH: 3; time: 20 min).

 
Fig. 5. Effect of temperature (Dye concentration: 100 mg/L; 
pH: 3; time: 20 min).

 
Fig. 4. Effect of adsorbent amount (Dye concentration: 100 mg/L; 
temperature: 25°C; pH: 3; time: 20 min).
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was tested at pH 3 at 25°C. It has been observed that the 
removal of dye increased on [SnBuCl3(TIMPH)2] adsorbent 
with increasing contact time and achieved the highest value 
(Fig. 6). It is almost constant with an increase in contact 
time after 20 min depending on the findings [42].

3.7. Adsorption isotherms

Adsorption isotherms are very important because they 
can explain the interactions between the dye molecules 
and adsorbent. In this study, the suitability of experimental 
data to Langmuir, Freundlich and Temkin isotherm models 
was investigated to determine the adsorption mechanism 
between dye molecules and adsorbent. Three isotherms 
are plotted in Fig. 7 and the values calculated from the iso-
therm equations are presented in Table 3.

The equilibrium data better matched the isotherms 
of Langmuir adsorption than the isotherms of Temkin.  
R2 (correlation coefficient) value of linear equation was 0.99, 
which clearly suggested that Langmuir isotherm was good 
to explain adsorption of murexide on [SnBuCl3(TIMPH)2]. 
In a monolayer and by chemisorption, there has been an 
adsorption of murexide dye on [SnBuCl3(TIMPH)2] adsor-
bent [43]. The calculated maximum adsorption capacity of 
murexide dye on [SnBuCl3(TIMPH)2] adsorbent was about 
200 mg/g and this value was not far from our experimental 
maximum adsorption capacity value which was 248.8 mg/g.

The Freundlich adsorption isotherms R2 value was 0.97, 
and the adsorption favorability and high adsorption pref-
erence of murexide dye onto [SnBuCl3(TIMPH)2] adsor-
bent was shown to be 1/n (0.29) [23,28].

3.8. Adsorption kinetics

The murexide dye adsorption control rate mechanism 
on [SnBuCl3(TIMPH)2] compound was investigated by fit-
ting pseudo-first-order and pseudo-second-order mod-
els. To gain knowledge about the character of adsorption, 
kinetic studies were carried out. The linear plots of the 
pseudo-first-order and pseudo-second-order models are 
shown in Fig. 8, and the results of the kinetic parameters are 
shown in Table 4, according to the results of experiments 
performed at 100 mg/L murexide dye concentrations. From 

Table 4 it can be seen that the k2 > k1, hence, the pseudo- 
second-order better represents the adsorption kinetics [44].

The correlation coefficient value R2 of the pseudo- 
second-order kinetic equation was 0.99, suggesting that 
the adsorption reaction may be chemisorption supported 
by an interaction between the dye and the adsorbent sur-
face [45,46]. The anionic murexide dye can be substituted 
by chloride ligand in adsorbents. In other words, the 
ammonium ion (NH4

+) in murexide dye is replaced with 
the butyldichlorotin(IV) ion (C4H9SnCl2

+) in adsorbent 
as seen in Fig. 9. Murexide dye also contains nitrogen 
and oxygen atoms, each of which has lone pair electrons 
and can serve as a Lewis base against to acidic center. 
Therefore, both atoms can coordinate to tin atom. In addi-
tion to these, it is possible that there are H-bonds, n–π* 
and electrostatic interactions between murexide dye and 
adsorbent, as seen in Fig. 9 [47].

 

Fig. 7. Langmuir, Freundlich, and Temkin isotherms on [SnBu-
Cl3(TIMPH)2] for murexide dye (Temperature: 25°C; pH: 3; 
adsorbent dose: 40 mg).

 
Fig. 6. Effect of time (Dye concentration: 100 mg/L; temperature: 
25°C; pH: 3; adsorbent dose: 40 mg).
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The overall work can be summarized as shown in Fig. 10 
to make it simple/attractive and easier to understand.

3.9. Thermodynamic parameters of adsorption

To determine the thermodynamic feasibility and spon-
taneous existence of the process, the thermodynamic con-
stants of the adsorption systems such as change in Gibb’s 
free energy (ΔG°), the change in entropy (ΔS°), and the 
change in enthalpy (ΔH°), were measured.

Table 5 gives the results of the thermodynamic param-
eters. In addition, negative values of ΔH° indicated the 
exothermic presence of the adsorption process and pos-
itive ΔS° values indicated an increase in the concentration 
of the adsorbate in the solid phase and an increase in ran-
domness [48,49]. Negative free energy values ΔG° confirmed 
the spontaneous existence and feasibility of the adsorption 
process [50,51].

As a result of this study, it was observed that the newly 
synthesized Schiff base compound has a high adsorption 
capacity for murexide dye in a very short time at room 
temperature. Table 6 shows the comparison of adsorption 
capacities of several adsorbents including Schiff base tin 
adsorbent.

As can be seen from Table 6, the [SnBuCl3(TIMPH)2] 
compound appears to be a more effective adsorbent for 
murexide dye.

Fig. 9. Bonding between murexide dye and adsorbent.

Table 3
Adsorption isotherm results for murexide onto [SnBuCl3(TIMPH)2]

Langmuir constant Freundlich constant Temkin constant

R2 Qmax (mg/g) KL (L/mg) R2 KF (mg/g) 1/n R2 KT (L/g) B

Murexide 0.99 200 37.04 0.95 4.76 0.29 0.77 216.4 133.4

 
Fig. 8. Pseudo-first-order and pseudo-second-order models 
kinetic equation for adsorption of metal ions.

Table 4
Kinetic parameters for murexide adsorption on [SnBuCl3(TIMPH)2]

Dye concentration (mg/L) Pseudo-first-order kinetic Pseudo-second-order kinetic

R2 k1 (1/min) qe (mg/g) R2 k2 (g/mg min) qe (mg/g)

Murexide (100) 0.478 0.0041 16.87 0.998 0.0164 90.09
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3.10. Desorption studies

The dye removal was carried out by using the opti-
mum values at which the maximum adsorption capacity 
was obtained. The dye-loaded adsorbent obtained after 
adsorption was investigated for desorption and reuse. For 

the desorption process, the murexide-loaded adsorbent 
was mixed in 50 mL of 0.1 M NaOH and HCl solutions 
for 10 min [47]. The mixtures were then filtered, and then 
the filtrate was read in a UV-Vis spectrophotometer. The 
obtained results showed that there was no sufficient desorp-
tion because of the strong interaction between the adsor-
bent and the murexide dye as seen in Fig. 9.

4. Conclusion

In this study, a novel Schiff base tin(IV) compound 
[SnBuCl3(TIMPH)2] was synthesized, characterized, and 
used as an effective adsorbent for the removal of murexide 
dye from aqueous solutions for the first time. Optimization 
was performed by studying the effects of contact time, ini-
tial pH, amount of adsorbent, initial dye concentration, and 
temperature on [SnBuCl3(TIMPH)2]. The maximum removal 
percentage (99.00%) and adsorption capacity (248.8 mg/g) 
were obtained from the results of optimization at pH 3, 
100 mg/L murexide dye concentration, 20 min of contact 
time, 40 mg adsorbent dose, and 25°C. Adsorption equilib-
rium isotherms were determined and the equilibrium data 
fitted very well with Langmuir isotherms. The kinetic study 
of murexide onto [SnBuCl3(TIMPH)2] compound was per-
formed based on pseudo-first-order and pseudo-second-or-
der. The data indicated that the adsorption kinetics follows 
the pseudo-second-order rate. The determination of the 
thermodynamic parameters (ΔG°, ΔH°, ΔS°) indicated the 
spontaneous and exothermic nature of the adsorption pro-
cess. Studies on dye removal processes are increasing day 
by day. However, most of these studies are time consum-
ing and costly. This study shows that [SnBuCl3(TIMPH)2] 
can be used as a low-cost and simply synthesized adsorbent 
for dye removal. It also showed that [SnBuCl3(TIMPH)2] 
compound, which has high adsorption capacity and has a 
high removal rate with fast and easy adsorption process, 
can be an alternative industrial compound to be applied 
for the removal of dyes.

 

Fig. 10. Summary of overall study.

Table 5
Thermodynamic parameters at different temperatures

T (°C) ΔG° (J/mol) ΔH° (kJ/mol) ΔS° (kJ/mol K) R2

25 –56.48

–0.045 0.189 0.980
35 –58.37
45 –60.27
55 –62.16
65 –64.06

Table 6
Comparison of adsorption capacities of various adsorbents for 
murexide dye

Adsorbent Murexide 
(mg/g)

Reference

Tin oxide nanoparticles loaded on  
 activated carbon (SnO2-NP-AC)

67.00 [13]

Formalin treated Pisum sativum  
 peels

11.04 [23]

Rice husk 15.06 [25]
Activated carbon 12.88 [36]
Calcined egg-shell powder 12.64 [37]
HNO3 treated pomegranate bark 1.700 [38]
Lignocellulosic sorbent
Cellulosic sorbent

15.60
11.80

[39]

(TIMPH)2SnCl3Bu 248.8 This study
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