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Abstract 

Metal ions such as Fe3+ and dye contamination such as methylene blue (MB) have 
caused environmental and health problems, particularly through industrial 
wastewater discharge. Some conventional treatment methods of removing these 
toxins are inefficient and unsustainable. Thus, this study focuses on the synthesis 
and characterization of cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7-
disiloxane, a Lewis acid, and its application in the adsorption of Fe3+ and MB from 
aqueous solution. The compound was synthesized via a condensation reaction 
between diphenylsilanediol (4.3 g, 19.97 mmol) and p-tolylboronic acid (2.72 g, 
20.03 mmol) at reflux for 12 h. The crude product was recrystallized from 
petroleum ether yielding 2.89 g of blocky, colorless crystals (90% yield, melting 
point 260 °C). The compound was characterized using powder X-ray diffraction 
(PXRD) and fourier transform infrared (FT-IR) spectroscopy. Thereafter, the 
synthesized compound was used for the adsorption of Fe3+ and MB. The adsorption 
isotherms for both Fe3+ and MB follow the Freundlich with R2 values of 0.8967 and 
0.8769, respectively. These adsorption study results show the potential of the 
synthesized novel compound, as an adsorbent for the removal of Fe3+ and MB in 
aqueous solution, offering a promising future for application in wastewater 
treatment and environmental remediation. 

Keywords: diphenylsilanediol, p-tolylphenylboronic acid, cyclodiborasiloxane, 

iron(III), methylene blue 

1. Introduction 

Numerous heavy metals (mostly cations) and dyes 

released into the environment by industrial production 

operations are causing a steady decline in water quality. 

These substances have been shown to be extremely 

hazardous and may persist in the aqueous environment 

[1]. Large-scale battery use, metal rinse procedures, 

fluidized bed bioreactors, pesticides, and the expansion of 

mining, rayon, tanning, textile, petrochemical, and paper 

manufacturing industries worldwide have all contributed 

to the steady increase in the concentration of heavy metals 

in wastewater. Wastewater tainted with heavy metals 

leaks into the environment, posing a threat to both the 

ecosystem and human health [2]. 

The problem of heavy metal contamination is spreading 

throughout the world. Although heavy metals are naturally 

occurring substances, excessive concentrations can be 

dangerous. Metals can enter the environment naturally or 

as a result of anthropogenic activities including mining, 

industrial manufacturing, and rubbish disposal [3]. Heavy 

metals can be dispersed and spread to neighbouring areas 

during windstorms or flooding, mining in particular poses 

a significant risk. Heavy metal contamination threatens 

both ecological and human health. These metals enter the 
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body through the food chain, where they can form 

hazardous compounds  that damage cells [4]. 

About 9 billion tonnes of synthetic dyes are generated 

a year, and these have adverse effects on the ecosystem 

[5]. Dyes are coloured compounds that are widely used to 

colour things in the textile, printing, rubber, cosmetics, 

plastics, research laboratories, and leather sectors [6–8]. 

This leads to the generation of a large amount of coloured 

wastewater. They are frequently categorized as either 

non-ionic, cationic, or anionic dyes. The usage of dyes for 

fibre colouring is highest in the textile sector. These 

chemical dyes attach themselves to textiles or surface 

shells to impart colour. The textile and manufacturing 

sectors are expected to use over 10,000 commercially 

available dyes worldwide, with the textile sector 

consuming over 1000 tonnes annually. During the dyeing 

process, 10-15% of these dyes are released into 

wastewater as effluents [9]. By blocking light through 

chromogenic functional groups, decreasing 

photosynthesis in aquatic plants and algae, and hindering 

the vital processes of other aquatic organisms, this 

damages aquatic species [8–9]. 

Specifically, the synthetic, heterocyclic aromatic, 

cationic chemical molecule known as methylene blue 

(MB), C16H18ClN3S, has a molar mass of 319.85 g/mol. MB 

is widely used as a colourant in cotton, textiles, food, 

cosmetics, temporary hair colourants, wool, silk, paper, 

and pharmaceuticals [10]. This common cationic dye is 

dangerous, mutagenic, carcinogenic, and environmentally 

persistent. Serious health consequences from extended 

exposure to MB include anaemia, cancer, nausea, 

vomiting, ocular irritation, methemoglobinemia, and 

mental health problems [11]. For this reason, wastewater 

containing heavy metals or dyes needs to be cleaned 

before being released into the environment to guarantee 

its safe discharge. Numerous remediation procedures, 

including biological and physicochemical methods, have 

been developed [12]. Adsorption has been regarded as one 

of the most efficient means for the removal of heavy 

metals and dyes from wastewater due to its several 

advantages, which include its low cost, adaptability, and 

high efficacy [1]. Due to its ease of use, broad applicability, 

high removal rate, and low cost of reuse, adsorption is the 

most promising method that has been thoroughly 

investigated for removing heavy metal ions from 

wastewater [2].  

Traditional adsorbents such as clays, zeolites, and 

activated carbons have been widely used for the removal 

of dyes and heavy metals [13]. These have, however, had 

a number of disadvantages, such as the incapacity to use 

their microporosity for the synthesis of large molecules 

and the high susceptibility of zeolites to deactivation 

through steric blocking of heavy secondary products or 

irreversible adsorption [14]. Commercial activated carbon 

is now thought to be the best carbonaceous adsorbent; 

yet, its utility has been severely constrained by its high 

production costs [4]. In addition, activated carbon has an 

unpredictable pore size, poor adsorption performance, 

high ash content, low sphericity, and low mechanical 

strength. The primary obstacle to the widespread use of 

activated carbon in industry is its high cost of 

manufacturing, which is caused by the price of the raw 

materials, chemicals, and energy employed [15]. Many 

adsorbents have also been made from biomass, however, 

in order to improve adsorption adequacy, these typically 

need to undergo pretreatment procedures [16]. 

According to Gilbert Lewis, an atom, ion, or molecule 

that has an empty, unoccupied, or unfilled atomic or 

molecular orbital that can take in or admit an electron pair 

is referred to as a Lewis acid. This suggests that Lewis acids 

are compounds with partial or unfulfilled octets. An 

electron pair from the Lewis base’s highest occupied 

molecular orbital (HOMO) is donated to the Lewis acid’s 

lowest unoccupied molecular orbital (LUMO) by the Lewis 

base, also known as an electron pair donor. In short, a 

Lewis acid is an acid that takes in pairs of electrons.  

Among the various Lewis acids investigated over the 

last two decades, those containing boron and other group 

13 elements have been found attractive for their unique 

bonding properties, interactions with transition metals, 

low cost, and being benign to the environment [17]. Recent 

breakthroughs in materials science have resulted in the 

creation of nanostructured adsorbents, such as carbon 

nanotubes and graphene, with improved adsorption 

properties [18].The use of silicon (Si) and boron (B) in Lewis 

acid frameworks provides distinct advantages for metal ion 

adsorption and catalysis. Si atoms improve thermal and 

chemical stability, whereas B serves as an active metal 

binding site [19]. The combination of Si and B in bidentate 

Lewis acids, such as o-(silyl)(boryl)benzenes, results in very 

stable structures with variable Lewis acidity [20]. Lewis 

acidic centers in materials such as Metal-Organic 

Frameworks (MOFs) and boron-containing compounds 

have demonstrated considerable potential for 

heterogeneous catalysis and water purification [21]. B 

derivatives are Lewis acids par excellence because the 

central boron atom lacks electrons and has an empty p-

orbital [22]. Boron-based Lewis acid complexes have 

emerged as a viable bifunctional catalyst for a variety of 

processes, including environmental ones. These complexes 

may act as both electron acceptors and donors, making 

them useful for selective adsorption of metal pollutants 

[23]. norganic cyclic systems like borasiloxanes (B-O-Si) 
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have a wide range of applications due to their attractive 

properties, including unique magnetic and optical 

behavior, electronic structures, and potential quasi-

aromatic character [24].  

Borasiloxanes, which are composed of alternating 

silicon and boron atoms, have been intensively researched 

for their chemical stability and reactivity. These molecules 

are both Lewis acidic and flexible, making them useful for 

catalysis and other applications [25]. The second most 

prevalent element in the crust of the Earth is silicon. It is 

frequently found in nature, especially in quartz, silicates, 

and other minerals. A bigger atomic size, the capacity to 

construct intricate extended structures, and a variety of 

oxidation states are some of the unique features of silicon 

chemistry, despite certain parallels with carbon chemistry. 

Because of these distinctions, silicon chemistry has a 

distinct character and is an intriguing field of study with 

applications in catalysis, materials science, and other fields 

[26]. On the other hand, Boron is a group 13 metalloid 

element that has chemical characteristics similar to carbon 

and silicon, albeit with less electrons. Boron, which was 

first separated in 1808, is relatively rare in the Earth’s crust 

but can be found in minerals such as borax and kernite. The 

use of silicon (Si) and boron (B) in lewis acid frameworks 

provide distinct advantages for metal ion adsorption and 

catalysis. Silicon atoms can improve thermal and chemical 

stability, and B serves as an active metal binding site [19]. 

The combination of silicon and boron in bidentate Lewis 

acids, such as o-(silyl)(boryl)benzenes, results in very 

stable structures with variable Lewis acidity [20]. 

Lewis acidic centers in materials like Metal-Organic 

Frameworks (MOFs) and boron containing compounds have 

demonstrated significant potential for heterogeneous 

catalysis and water purification [27]. Transannular 

interactions between boron and silicon/germanium atoms 

can be used to modify the Lewis acidity of cage-shaped 

borates [19]. Diphenylsilanediol, phenylboronic acid, and 

molecular sieves for water removal have all been used in the 

literature to synthesize cyclo-1,3,3,5,7,7-hexaphenyl-1,5-

dibora-3,7-disiloxane (Ph6B2Si2O4), with a stated compound 

yield of 87% [28–30]. However, the water was eliminated in 

the current investigation using molecular sieves. 

Cyclo-Silicon-boron-based Lewis acid complexes have 

emerged as a viable bifunctional catalyst for a variety of 

processes, including environmental ones [29,31]. These 

complexes may act as both electron acceptors and donors, 

making them useful for selective adsorption of metal 

pollutants [32]. Inorganic cyclic systems, such as 

borasiloxanes (B-O-Si), are highly attractive in appearance 

and serve as important systems with a wide range of 

applications due to their fascinating magnetic and optical 

properties, electronic structures, potential quasi-aromatic 

character, and the ability to form extended π-π intra and 

intermolecular interactions [23,27,28]. Metal ions, such as 

Fe3+, and dye contamination have caused environmental 

and health problems, particularly through industrial 

wastewater discharge [31,32]. With their customizable 

catalytic characteristics, silicon-boron-based Lewis acids 

offer a promising option. The purpose of this study is to 

synthesize and characterize cyclo-1,5-di(p-tolyl)-3,3,7,7-

tetraphenyl-1,5-dibora-3,7-disiloxane, as well as evaluate 

its efficacy in the adsorption of Fe³⁺ ions and MB from 

aqueous solution.  

2. Materials and Methods 
2.1. Materials 

All chemicals and reagents (diphenylsilanediol, 

tolylboronic acid, toluene, petroleum ether, 

Fe(NO3)3.9H2O, methylene blue (MB), used in this work 

were commercially sourced and of analytical grade. They 

were used without further purification except otherwise 

stated. Molecular sieves (1.6 mm rods, 0.4 nm pores) were 

preheated in the oven before use. 

2.2. Methods 

2.2.1. Synthesis of cyclo-1,5-di(p-tolyl)-3,3,7,7-
tetraphenyl-1,5-dibora-3,7-disiloxane Lewis Acid (3) 

In a round bottom flask containing preheated 

molecular sieves, 150 mL of toluene and magnetic stirrer 

bar, 4.32 g (19.97 mmol) of diphenylsilanediol and 2.72 g 

(20.03 mmol) of p-tolylphenylboronic acid was added and 

stirred at reflux for 12 h as shown in Fig 1. Thereafter, the 

mixture and its content was allowed to cool to room 

temperature. Following this, the mixture was filtered and 

the filtrate collected. The filtrate was concentrated under 

reduced pressure with the use of a rotary evaporator to 

give colourless crude product. The crude product was 

recrystallized from petroleum ether, giving clean 

colourless crystals of cyclo-1,5-di(p-tolyl)-3,3,7,7-

tetraphenyl-1,5-dibora-3,7-disiloxane after 24 h at 90% 

yield. The resulting crystals were characterized by melting 

point (260 °C), fourier transform infrared (FT-IR) 

spectroscopy and powder X-ray diffraction (PXRD). 

 
Figure 1. Synthesis of cyclo-1,5-di(p-tolyl)-3,3-7,7-tetraphenyl-
1,5-dibora-3,7-disiloxane. 
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2.2.2. Adsorption studies for iron 

A stock solution of Fe3+ was prepared from Fe 

(NO3)3.9H2O with molar mass of 404.06g/mol. 

% of Fe in Fe (NO3)3.9H20 =
55.85

404.6
 x 100 = 13.82% 

The mass of Fe (NO3)3.9H2O salt required for the 

preparation of the stock solution containing      1000mg/L 

of Fe3+ ions is 1000/0.1382 = 7236 mg/L = 7.236g of 

Fe(NO3)3.9H2O.  

7.236 g of Fe (NO3)3.9H2O was weighed into a 1000 mL 

volumetric flask and dissolved in distilled water up to the 1 

L mark of the volumetric flask. Diluted solutions of 10 

mg/L, 20 mg/L, 30 mg/L, 40 mg/L, 50 mg/L, 60 mg/L, 70 

mg/L, 80 mg/L, 90 mg/L, 100 mg/l, 110 mg/L and 120 mg/L 

were prepared from this solution using the formula: 

C1V1 = C2V2      (1) 

Where C1 = concentration of stock solution, V1 = volume of 

stock solution needed, C2 = desired concentration after 

dilution, V2 = final volume after dilution 

The solutions were poured into 100 mL containers, 

each containing 0.1 g of the synthesized crystals and 

labeled accordingly with the pH of each adjusted to 6 using 

a pH meter to ensure optimal adsorption. These containers 

were then placed on an orbital shaker and agitated for 3 h 

at 220 rotation per minute (rpm). After 3 h, the mixtures 

were filtered and the filtrate sent for atomic absorption 

spectroscopy (AAS) analysis to determine the final 

concentrations of the solutions. 

2.2.3. Adsorption studies for MB 

1 g of dry MB powder was weighed and dissolved in a 

1000 mL volumetric flask. The solution was stirred to 

ensure the MB was properly dissolved and the more 

distilled water was added up to the 1 L mark. This served 

as the stock solution which was further diluted into lower 

concentrations. 

The diluted solutions of 10 mg/L, 20 mg/L, 30 mg/L, 40 

mg/L, 50 mg/L, 60 mg/L, 70 mg/L, 80 mg/L, 90 mg/L and 

100 mg/L were gotten from this solution using the formula: 

C1V1 = C2V2      (2) 

The mixtures were put into 100 mL containers, each 

containing 0.1 g of the synthesized crystals and labeled 

accordingly with the pH of each adjusted to 6 using a pH 

meter to ensure optimal adsorption. These containers 

were then placed on an orbital shaker and agitated for 3 h 

at 220rpm. After 3 h, the mixture was filtered and the 

filtrate sent for Ultraviolet-Visible spectroscopy to 

determine the final concentrations of the solutions. 

The adsorption isothermal process is carried out to 

describe the adsorption process between adsorbents and 

adsorbates. This isotherm modeling is carried out based on 

two models, namely: the Langmuir isotherm and the 

Freundlich isotherm. Langmuir's isotherm describes the 

process of monolayer adsorption, where each active site 

can only absorb one waste molecule. The equation of 

Langmuir's isotherm (Equation 3) [35]. 
1

𝑄𝑚
 = 1

𝐾.𝑄𝑚
 x 1

𝐶𝑒
 x 1

𝑄𝑚
    (3) 

Where Ce is the concentration of adsorbates in 

equilibrium, Qe is the amount of adsorbate absorbed in 

equilibrium, K is the Langmuir constant, and Qm is the 

adsorption capacity [10].  

The Freundlich isotherm model describes the 

multilayer adsorption process, where each active site of 

the adsorbent has different adsorption capabilities so that 

it can form a multilayer in its interaction between 

adsorbent and adsorbate. Here is Freundlich's isotherm 

equation (Equation 3-4) [35]. 

Qe = K. Cen     (4) 

Log Qe = 
1

𝑛
 x log Ce + Log K    (5) 

Where Qe is the number of adsorbates that are absorbed, 

Ce is the equilibrium concentration, K and n are constants 

[7]. 

3. Results and Discussion 

Colourless block-like-shaped crystalline solids of cyclo-

1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7-

disiloxane (Ph6B2Si2O4Me2) were obtained with an actual 

yield of 3.21 g (Fig 2). 

 

Figure 2. Colourless crystals of cyclo-1,5-di(p-tolyl)-3,3,7,7-

tetraphenyl-1,5-dibora-3,7-disiloxane (Ph6B2Si2O4Me2). 

The FT-IR spectrum of diphenylsilanediol in Fig 3 

revealed high absorption peaks at 3232 cm⁻¹ (O-H), 1208.9 

cm⁻¹ (Si-C), 3071.268 cm⁻¹ (C-H), and 1225 cm-1 (Si-O), 

indicating its chemical structure. These findings are 

comparable with similar peaks observed by Jiang et al., 

(2015) in their investigation of diphenylsilanediol and 

Tagliazucca et al., (2011) in their analysis of 

silsesquioxanes, demonstrating the compound’s stable 

structure.  
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Figure 3. FT-IR spectrum of diphenylsilanediol. 

The FT-IR spectrum of p-tolylboronic acid in Fig 4 

showed absorption peaks at 1195 cm⁻¹ (B-O), 3120 cm⁻¹ (C-

H), and 1451 cm⁻¹ (C=C) [34,35] found similar B-O 

stretching vibrations at 1299 cm⁻¹ in their investigation of 

boronic acids [38] also validated the presence of p-tolyl 

groups in the boronic acid structure [36,37] observed 

comparable absorption patterns in their FT-IR 

investigation of borasiloxane compounds. Both FT-IR 

spectra of the starting materials showed broad and strong 

absorption bands in the region 3200-3600 cm-1 indicating 

the presence of O-H groups.  

 

Figure 4. FT-IR spectrum of p-tolylboronic acid. 

However, the FT-IR spectrum of the newly formed 

cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7-

disiloxane (Fig 5) confirmed the presence of significant 

absorption peaks at 2987 cm⁻¹ (C-H), 1402 cm⁻¹ (B-O), 1312 

cm⁻¹ (Si-C), and 1131 cm⁻¹ (Si-O). It was observed that the 

broad O-H peaks characteristic of the starting materials is 

absent, indicating that the formation of a new compound. 

These findings are congruent with those of [39], who found 

similar bands in their analyses of cyclic borasiloxane 

compounds. [18,39] also synthesized silicon and 

germanium-based borates and found similar IR absorption 

patterns. 

 

Figure 5. FT-IR spectrum of cyclo-1,5-di(p-tolyl)-3,3,7,7-

tetraphenyl-1,5-dibora-3,7-disiloxane. 

In addition, the crystallinity of the synthesized cyclo-

1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7 disiloxa-

ne was confirmed with a powder X-ray diffraction study as 

shown in Fig 6. The peaks at 2θ values of 36.5°, 39°, 43.5°, 

45° and 50.5° have intensities of 100, 150, 1150, 130, and 

800 counts respectively. The peak at 43.5° has the highest 

intensity, suggesting a strong reflection. The presence of 

multiple peaks indicates a crystalline material [42,43]. 

 
Figure 6. X-ray diffraction of cyclo-1,5-di(p-tolyl)-3,3,7,7-
tetraphenyl-1,5-dibora-3,7-disiloxane. 

Adsorption experiments (Table 1) revealed a high Fe3+ 

removal efficiency of 95.4% to 99.9%, with adsorption 

capacity progressively rising from 4.98 mg/g to 59.9 mg/g, 

and a removal efficiency of 60.3% to 96.8% for MB as 

shown in Table 2.  
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Table 1. Adsorption efficiency for Fe3+. 

Co 
(mg/L) 

Ce 
(mg/L) 

Co-Ce 
(mg/L) 

Qe 
(mg/g) 

%Fe3+ 

10 0.0485 9.95 4.98 99.5 

20 0.0024 19.99 9.99 99.9 

30 0.0307 29.97 14.98 99.9 
40 0.1563 39.84 19.92 99.6 

50 0.0035 49.99 24.99 99.9 

60 0.1923 59.81 29.90 99.7 
70 3.2133 66.79 33.39 95.4 

80 0.0013 79.99 39.99 99.9 

90 3.8737 86.13 43.06 95.7 
100 0.0030 99.99 49.99 99.9 
110 0.0006 109.99 54.99 99.9 
120 0.0004 119.99 59.99 99.9 

 

This is consistent with previous adsorption 

experiments, which have shown that the presence of Lewis 

acid sites on the adsorbent improves metal ion and dye 

binding. The high adsorption capacity is due the electron-

deficient boron atoms as well as the silicon atoms with 

vacant d-orbitals to accept pairs of electrons, thereby 

acting as enhanced active sites for the complexation and 

adsorption of Fe³⁺ and MB.  From the isotherm modeling, 

the adsorption of both Fe³⁺ and MB follow the Freundlich 

isotherm as their R2 value is closer to unity when compared 

to that of Langmuir model. The adsorption process follows 

the principles of Lewis acid-base interactions, where Fe³⁺ 

and MB, acting as Lewis acids, engage with the electron-

deficient silicon and boron centers, which act as Lewis 

bases. 

Table 2. Adsorption efficiency for MB. 

Co 

(mg/L) 
Abs 

Ce 

(mg/L) 
Co-Ce 

Qe 

(mg/g) 
%MB 

10 1.047 3.97 6.03 3.02 60.3 

20 0.169 0.64 19.36 9.68 96.8 

30 1.952 7.38 22.62 11.31 75.4 

40 2.333 8.86 31.14 15.57 77.9 

50 2.401 9.12 40.88 20.44 81.8 

60 2.798 10.62 49.38 24.9 82.3 

70 2.526 9.56 60.44 30.22 86.3 

80 2.674 10.14 69.86 34.93 87.3 

90 2.787 10.59 79.41 39.71 88.3 

100 2.857 10.84 89.16 44.58 89.2 
 

3.2 Adsorption Isotherms 

The adsorption isotherm model is crucial in 

understanding the relationship between the amount of 

adsorbate adsorbed by the adsorbent surface and the 

adsorbate concentration at equilibrium. This relationship 

helps to describe the interaction between molecules or 

ions and the active sites on the adsorbent surface. To 

determine the best-fit isotherm model, we used data from 

optimized adsorption conditions. The Langmuir model 

assumes a homogeneous surface, while the Freundlich 

model assumes a heterogeneous surface. 

 

Figure 7. Langmuir adsorption isotherm for Fe³⁺ in aqueous 

solution using cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-

dibora-3,7-disiloxane 

 

Figure 8. Freundlich adsorption isotherm for Fe³⁺ in aqueous 

solution using cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-
dibora-3,7-disiloxane. 

For F3+ adsorption, the isotherm curves for Langmuir 

and Freundlich models are presented in Fig 7 and Fig 8, 

respectively. Based on the R-squared values, the 

Freundlich model (R² = 0.8967) provided a better fit than 

the Langmuir model (R² = 0.018). This model accounts for 

the exponential distribution of active sites and their 

energies, describing a multilayer adsorption system. This 

implies that the cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-

1,5-dibora-3,7-disiloxane adsorbent involves multilayer 

adsorption on a heterogeneous surface. The Freundlich 

model assumes that the heat of adsorption is not evenly 

distributed on a heterogeneous surface, thus giving room 

for multilayer adsorption. This multilayer adsorption leads 

to higher adsorption capacities. Additional implication of 

the better fit of the Freundlich model as against the 

Langmuir model is that the adsorption mechanism is more 

complex than a mere simple monolayer adsorption, 
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involving multiple layers, and interactions between the 

adsorbate and adsorbent [44,45]. Similarly, for MB 

adsorption, the Freundlich model (R2 = 0.8769) 

outperforms the Langmuir model (R2 = 0.3321), as shown 

in Fig 10 and Fig 9, respectively.  

 
Figure 9. Langmuir adsorption isotherm for MB in aqueous 
solution cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7-
disiloxane. 

 
Figure 10. Freundlich adsorption isotherm for MB in aqueous 
solution cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora-3,7-
disiloxane. 

These results suggest that the adsorption of F3+ and MB 

onto the synthesized adsorbent occurs through multilayer 

adsorption on a heterogeneous surface rather than 

monolayer on a homogeneous surface.  

4. Conclusion 

Cyclo-1,5-di(p-tolyl)-3,3,7,7-tetraphenyl-1,5-dibora 

3,7-disiloxane was successfully synthesized via a [2+2] 

cyclocondensation reaction of diphenylsilanediol and p-

tolylphenylboronic acid using dry toluene as solvent at 

reflux and activated molecular sieves as water sorbent. The 

crude was crystallized from petroleum ether and 

characterized using melting point, FT-IR spectroscopy and 

PXRD with a notable yield of 90.14%.  The characterization 

results show the formation of the desired product with 

respect to literature [25,30,39,40,43,46,47]. The 

adsorbent effectively adsorbed Fe3+ and MB from aqueous 

solution. The adsorption isotherms for both Fe³⁺ and MB 

were better described by the Freundlich model, as the R² 

values were closer to unity than those for the Langmuir 

model. Thus, it can be concluded that cyclo-1,5-di(p-tolyl)-

3,3,7,7-tetraphenyl-1,5-dibora-3,7-disiloxane is an 

effective adsorbent for the removal of Fe³⁺ and MB from 

wastewater. 
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