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Abstract 

Rice husk (RH) is regarded as one of the most common agricultural residues 

worldwide. RH can itself be transformed to sodium silicate. Mobil Composition of Matter 

No. 41 (MCM-41) is prepared from sodium silicate. This thesis includes three steps, the first 

of which involves extraction of silica from RH, generation of RH-SiO2, MCM-41 and 

functionalized compounds from the extracted silica; The second and third steps involve 

characterization of the synthesized compounds can be successfully achieved via the use of 

various techniques and then some analytical applications. 

MCM-41 was functionalized with 3-aminopropyltriethoxysilane (APTES) to obtain 

MCM-41@APTES.In the next step, 5-bromosalicylaldehyde(BSAL) was refluxed with 

MCM-41@APTES in toluene to obtain the Schiff base-functionalized mesoporous silica 

material,MCM-41@APTES-BSAL.Additionally, MCM-41 was functionalized with N-[3-

(trimethoxysilyl)propyl]ethylenediamine(NTPE)to obtain MCM-41@NTPE,In the following 

step, 5-bromosalicylaldehyde(BSAL)was refluxed with MCM-41@NTPE in toluene to 

obtain a Schiff-base functionalized mesoporous silica material (MCM-41@NTPE-BSAL). 

The amount of carbon , hydrogen and nitrogen present in compounds were improved 

through elemental analysis.The FT-IR spectra of prepared compounds  shows several 

distincit peaks related to compounds.The XRD and TEM investigation demonstrated that 

MCM-41 and functionalized compounds with an extremely ordered hexagonal arrangement 

was generated.The N2 adsorption–desorption analysis revealed that the average pore 

diameter, total pore volume, and specific surface area.Thermogravimetric analysis 

(TGA/DSC) of RH-SiO2 and MCM-41 revealed two mass reduction steps while for 

functionalize compounds , revealed three mass reduction steps.The surface topographies for 

RH-SiO2 and MCM-41 were demonstrated via AFM analysis which shows the presence of 

blocks of different shapes in RH-SiO2, For MCM-41, it is clear from result that the 

roughness factor is low. The increase in the AFM parameter for MCM-41@APTES compare 

with MCM-41,The average roughness of MCM-41@APTES-BSAL was decreased upon 

functionalization of MCM-41@APTES with 5-Bromosalicylaldehyde(BSAL).The increase 



  

 
 

II 
 

in the AFM parameter for MCM-41@NTPE compared with MCM-41,While for MCM-

41@NTPE-BSAL the results demonstrated that the functionalization of MCM-41@NTPE 

led to a decreased in the surface roughness material upon functionalization. FESEM images 

shows that RH-SiO2 is composed of amorphous silica, while for MCM-41and functionalized 

compounds, it is clear from the images that the particles are smooth with spherical 

agglomerations. According to EDX analysis, the existence of elements in the solid ligands 

was proven. 

Mesoporous materials (organic-inorganic materials) derived from rice husk as low-

cost adsorbents and applied them in the removal of metal ions (Co (II) and Cu (II)) from 

their aqueous solutions after prepared column from solid ligands and attempt to activate the 

column. Removal experiments were performed after optimize the concentration of Co(II) 

and Cu(II) ions, pH, exposure time, and mass of prepared compounds. The amount of Co (II) 

in pharmaceuticals was determined using the prepared compounds. Investigation Langmuir 

and Freundlich models showed that the data was best fitted with the Freundlich adsorption 

isotherm model in multilayer fashion. 
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1. Introduction  

     Science and technology are developed quickly, science is very important in helping 

society and human move forward.Every time a new material is created,it helps society to 

do more and move forward.Metal, inorganic nonmetallic and polymer materials are 

widely used in national economic, modern science and technology. There are different 

kinds of materials; one significant type is called porous materials with well-defined 

mesoporous in their matrix.These materials have a small porous.They are considered very 

special.Their unique characteristics, exceptional physical / chemical properties and wide 

range of uses are always being studied and explored by scientists in the field of materials 

science. According to the classification reported from International Union of Pure and 

Applied Chemistry (IUPAC), there are three kinds of porous materials. Microporous 

materials have tiny pore, smaller than 2 nm. Mesoporous materials have pore that ranging 

from 2-50 nm. Macroporous materials have the biggest pore, larger than 50nm[1–3].The 

event of the development story for hybrid and porous materials represented in scheme 

(1.1). 

 

  

 

 

 

 

 

 

 

 

Scheme (1.1):Representative event of the development story for hybrid and porous 

materials[4]. 
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1.1 Definition and classification of porous materials  

    The word porous is refereed to describe the materials that contain pores,which are 

small holes or channels that are differ in size and shape. Natural or synthetic porous 

materials have many advantageous for the human activities. Their pore structure is 

usually created during or subsequent formation process and included separate or 

interconnected pore that can have different shapes and forms. The pore range in width 

from very tiny (0.3 nm) to slightly bigger (10 µm) are being currently investigated to 

their ability to select molecules. The geometry of pore size can be explained using three 

pore basic models as illustrated in figs.( 1.1) and (1.2) [5, 6]. 

 

 

 

 

 

a. Pores which have circular cross section, called cylindrical pores.  

b. Pores which have narrow neck and wide body, called ink bottle pores. 

c. Pore with parallel plates, called slit shaped pores.  

Figure (1.1): Pore shapes for porous materials. 

 

 

Figure (1.2): Pore size for different kinds of porous material [7]. 
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1.2 Mesoporous materials  

     The first discovery of mesoporous materials announced in 1990s[8]. During this 

period, the solid porous industry was searching for materials with higher pores compared 

to zeolites. It was in 1992 when Mobil Oil Corporation successfully produced Mobil 

Composition of Matter( MCM) by combining a silica precursor with an amphiphilic 

surfactant. The major benefit of these novel substances compared to zeolites was that 

their porous dimensions could be easily adjusted within the range of 2-10 nm. These 

MCM substances, alternatively referred to as MSNs, offer a highly adaptable 

manufacturing method, allowing for precise adjustment of their dimensions and porosity 

by adjusting various factors, such as the surfactant type, pH, and temperature.  

Typically, materials with mesoporous structure produced using micelle – templating 

method, then proceeds with one of the two ways: by using anionic routs or by using an 

electrostatically stimulated collaborative assembly pathway.In both cases surfactants, 

which have no charge, were used to help in formation of the mesoporous materials[7]. 

     There are two main categories of mesoporous materials:  

1- Groups based on mesoporous silicon materials. 

2- Groups based on non-silicon mesoporous materials.   

Silicon-based mesoporous materials are often called mesoporous silicate and can be 

divided into two types: one is made from pure silicates and the second type is made of 

modified silicates. Pure silicate materials are hexagonal in shaped porous silica which 

called SBA, MCM and HMS. On the other hand, non-silicate porous materials are made 

up of metal oxide and metal sulfide as transitions (WS2, MoS2, FeS2, CoS2, NiS2, etc.) 

and nonmetallic oxide (like mesoporous carbon phosphate and sulfate )[9, 10].  

  There is other sort of porous materials besides silicon- based that can have tiny pore 

like coordinate solid, carbon and heteropolyanion salts. Ordered porous carbon is 

fascinating substance due to its distinct characteristics such as water-repellent quality of 

its surface, chemical non reactivity, excellent durability and thermal stability. These 

characterizations make it useful for making tubes, membrane and special kinds of fibers. 
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Carbone with porous structures can be made by using silicate as template in a process 

called Nano casting. The non-silicate mesoporous substances are very important to use as 

catalysts because of their unique transition state. In general, this sort of mesoporous is 

considered unstable. The tiny pore in this type of porous materials can be compressed 

during the process of production. In addition to that the production and calcination 

processes are difficult.For that, Scientists focusing in silica mesoporous materials due to 

these difficulties.Divers approaches have been applied to enhance mesoporous silica 

materials, resulting in expansion of the framework utilized. Hybrid materials produced 

from combining organic and inorganic components proves to be an effective method to 

obtaining valuable materials due to the facilitation of collaboration and the integration of 

diver’s functionalization in the design of these materials [11, 12]. 

Mesoporous silica is employed in diverse applications such as adsorbent surfaces 

[13]molecular sieves and filters[14], in separation processes[15], participating as 

catalysts in chemical reactions [16]and the process of drug delivery due to its stability, 

permeability, high specific area, and flexibility[17]. 

1.3Mesoporous nano silica nanoparticles   

Ever since its detection in 1991, mesoporous silicon-based nanoparticles (MSNs) have 

been extensively utilized in the fields of catalysis and biomedicine owing to their 

exceptional physicochemical properties, biocompatibility, chemical stability, mechanical 

resistance and considerable adaptability in synthesis[18]. Nanocomposites derived from 

biomass have many applications in the biomedical fields, chemical industries, energy 

applications, and the removal of environmental pollutants[19–23]. MSNs are composed 

of a silica framework filled with porous cavities ranging in size from 2 to 50 nanometers. 

This unique characteristic provides MSNs with two distinct surfaces: the outer external 

surface and the internal porous surface (Figure(1.3 )) [8]. 
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Figure (1.3): Representation of MSNs channels and TEM micrograph 

 

1.4  MSNs features 

Some of the most important MSNs features are explained in scheme (1.2)[24]. 

 

Scheme (1.2): important MSNs features(Reproduced). 

 

1.5 M41S family 

    The Family of M41S includes three different types of mesoporous called MCM-50, 

MCM-48, and MCM-41. Silicon and Directing agent are commonly used in the 

synthesizing these materials. The differences between these materials are determined by 

the agent and silicon ratio. According to Vartuli and colleagues[25] , MCM-50 is 



Chapter One                                                                                     Introduction  

 
 

6 
 

generated when the ration is between 1.2:2 , MCM-48 when the ratio is 1:15 and MCM-

40 when the ratio is less than 1.Silica and directing agent paly important role in the 

production of materials from the M41S family.The template serves as a director for the 

chemical during the synthesis. Surfactants are chemicals with chain of carbon atoms that 

have hydrophilic in one end and hydrophobic end in the other end. 

Cetyltrimethylammonium bromide( CTAB) is regarded as the famous surfactant that used 

for synthesizing mesoporous materials. However, other substances, that have the same 

propertied of CTAB, are used instead [26, 27]. 

 1.6 Methods of synthesizing mesoporous materials  

Different techniques were utilized to produce mesoporous materials such as process of 

sol gel, template assisted, microwave assisted and chemical etching techniques as 

illustrated in scheme (1.3) [28]. 

 

Scheme (1.3): Methods of synthesizing mesoporous materials(Reproduced) 

1.6.1.Sol-gel process 

    The process of sol-gel is a method applied in materials science and ceramic 

engineering that includes wet chemicals. This method can be named also the chemical 

solution deposition method. This method is stated by producing a formation a mixture 

called   sol which forms inorganic structure. Next step, sol is converted into a gel, leading 

to the formation of continuous liquid framework. The starting materials used in to form 
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these collides generally includes a metalloid or metal component surrounded by various 

reactive ligands. The original substance is transformed into oxide that can easily mix with 

water or weak acid and create gel. When the fluid is taken out of the sol, it is called a gel. 

The change forms liquid to gel determined the shape and size of particles.  When the gel 

is calcinated, it changes to the oxide. Chemical reaction in the sol-gel system involved 

hydrolysis followed by the synthesis of metal alkoxides. The results in the formation of 

different type of oxides with different stoichiometry[29, 30]. 

 Recently, this method is widely used to product of mesoporous substances with 

varying shapes. When synthesizing porous materials using the sol-gel method, different 

templates can be used such as small organic molecules, copolymers and cationic 

surfactants[31].  

   

1.6.2. Template assisted technique  

This method is a popular affordable method to synthesize ordered mesoporous 

materials. In this process, template is used to make mesoporous materials. There are 

two main routes to apply this method: hard matter templates (exotemplate) Fig. (1.4), 

which use solid template, which replaced the surfactants by porous solid or by using 

soft matter (endotemplate), In endotemplate, ordered mesoporous materials are created 

using agent to activate the surface which called a surface active agent. The vacant area 

constituting the exotemplate framework is packed with an inorganic material 

undergoes alteration under suitable conditions. When the filled exotemplate is 

removed, it replicated the pore system of the template as a negative image. This means 

that a substance with large surface will obtain [32]. 
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Figure (1.4):Soft template method(endoplate)and hard template method ( exotemplate) 

[28] 

 

1.6.3. Liquid crystal template approach (LCTA) 

    This technique involves using of special template called surfactant instead of using 

solid template to create the shape of silica material, for that it can be under the type of 

soft matter template technique [33]. 

     This technique is first used in 1991 to synthesis of MCM-41(Fig.(1.5)) and there 

were two methods explained to obtain the mesoporous materials.Firstly, a substance 

called surfactant creates hexagonal structure before adding the silica materials. Secondly, 

the silica framework is precipitated by surrounding the template, which leads to 

formation  of mesoporous structure. The surfactant is removed throughout calcination and 

mesoporous structure is produced [28, 34]. 
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Figure (1.5): Proposed procedures for synthesizing MCM-41 [35] 

1.6.4.Microwave assisted technique 

       This method has been applied for synthesizing mesoporous structure. It has been 

reported that MCM-41 can be made by using microwave and a substance called 

cetyltrimethylammonium bromide (CTAB) as template. Scientist discovered that by 

using   microwave to heat the substance, they can synthesize highly ordered mesoporous 

materials due to the ability of microwave to heat up a small area very strongly. That may 

be due the possibility of microwave to make the container hotter than what the 

thermometer measures[36, 37].  

 

1.6.5.Chemical etching technique 

This method involved formation of mesoporous materials depending on the difference 

between the core and surface layer of silica core / mesoporous silica structure to create 

empty hollows which can be a carrier for high loading capacity.This method can be 

applied to produce various hollow nanoparticles having nanostructures like Fe2O3, Fe3O4 
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and Au nanoparticles represented as a core and mesoporous silica represented as a 

shell[38].  

    Typically, in the presence of chemical etching, a homogenous templating method 

called “selective etching based on structural differences” is used to create a porous 

structure and generate core / shell structure. By selecting the suitable etching agent the 

interior of an object can be etched without significantly affecting its exterior. This 

generates hollow structure like in Fig. (1.6).    

 

Figure (1.6):  Chemical etching process[28] 

 

1.7 Mechanism for mesoporous materials  

   Template is often needed to produce well defined mesoporous materials. Soft and 

hard template methods are regarded as the famous techniques to obtain mesoporous 

materials (Fig.(1.7) )[8, 39]. 

 



Chapter One                                                                                     Introduction  

 
 

11 
 

Figure(1.7 ): Mechanism for mesoporous materials synthesis [40] 

 

1.8 Functionalization 

  A lot of research has been made on the performance of mesoporous materials to 

improve their application by functionalized with various group. Modifying the outer layer 

of mesoporous is very interesting because it can make the surface basic or acidic [41, 42], 

binding to biomolecules selectively[43], production of photocatalytic activity[44], 

altering the optical properties[45], modulation of in vivo bio distribution [46] and 

modified surface hydrophobicity [47].Two main methods are used to alter the 

mesoporous materials: direct method (also called co-condensation method) and post 

synthesis method (also known as grafting method) [48].Functionalization procedure 

throughout the synthesis involves the corporation of a coating agent into the surface 

groups of a porous materials, producing liquid medium free of water [49].Various agents 

can be used to modify the surface such as disilazanes[50], trialkoxysilanes[49] and 

chlorosilanes [51].The grafting method results in reduction of amount and size of pores. 

Additionally, there are not many silanol groups available, further that only a small 
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amount of functional groups can be attached[52, 53]. Thereby, the final material has a 

more ordered pore structure compared to that in co-condensation method[47].The post 

synthesis method involves using trialkoxysilanes with reactive functional group such as 

aminopropyl and chloropropyl, can be further modified on the surface by using 

attachment of prophyrins[54], thiol[55], heterocyclic compounds [56, 57], aldehydes[54], 

folate [58]and polyethylenimine[59].The materials obtained displays distinct 

characteristics in comparison to the original form. It is important to mention tht metal 

ions can be introduced into the mesoporous sieves using both direct and post synthesis 

methods [60]. 

 

1.8.1. Grafting methods 

    Grafting is a technique used after the synthesis of an inorganic mesoporous material 

to alter its surface by attaching functional groups to it. This is typically done after 

removing the surfactant (Fig. (1.8))         

The attachments of organic molecules during functionalization to mesoporous 

silicates are facilitated by the presence of numerous surface silanol groups which act as 

convenient site. 

 

Figure (1.8): Grafting method for functionalization of mesoporous silicates [61]. 
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Surface modification with organic groups through grafting are typically conducted 

using silylation, which is achieved through one of the three methods below. 

 

Silylation takes place on silanol (=Si(OH)2) and unbound (≡ Si-OH) groups, but silanol 

groups connected by hydrogen bonds are more difficult to modify due to their formation 

of hydrophilic networks with each other[62].The inherent structure of the mesoporous 

support remains intact following the process of grafting.It is well-established that 

mesoporous silicates possess two distinct surfaces, namely the interior surface within the 

mesopores and the exterior surface. In the aforementioned grafting procedure, the 

external surface is more easily accessible and undergoes functionalization to a greater 

extent than the internal surface within the mesoporous. The functional group on the outer 

surface is also more reachable in following responses, resulting in decreased selectivity in 

operations that gain advantages from pore restriction.To reduce the involvement of the 

outer surface in the reaction and to enhance the selectivity, it is possible to deactivate 

these surfaces first, prior to functionalizing the internal silanol units.Managed double 

functionalization has been accomplished by two distinct site-specific grafting techniques  

(Fig.(1.8)) [61]. 

 

1.8.2. Co-condensation methods 

 The co-condensation method(fig.(1.9)) is different technique to change the surface 

properties of porous silicates using process called sol-gel, which involved 

functionalization between trialkoxysilanes and one or more organoalhoxysilanes that 

have Si-C bonds [61]. 
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Figure(1.9) : Functionalization of mesoporous silicates by Co-condensation method 

silicates [61]. 

  In contrast to the post-grafting technique, where the arrangement of functional groups 

frequently become inhomogeneous, co-condensation ensures a homogeneous distribution 

of organic groups throughout the entire inner pore surfaces, without any issues of pore-

blockage or shrinkage reported. Despite the fact that large organoalkoxysilane precursors 

frequently disturb the initial textural characteristics of the systems, several novel 

techniques have been devised to effectively to decorate the surface wall while keeping 

the mesoporous structure [63, 64].Another advantage of co-condensation method over the 

past synthesis method (grafting method ) is the ability to regulate the particle shape of the 

mesoporous silicate [65]which is intimately connected to the biomineralization process 

observed in nature, such as the intricate shapes of diatoms [66]. 
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1.9 Functionalization of MCM-41 with organic amine  

  The basic properties of MCM-41 can be improved by adding groups that have basic 

property to silica framework. Microporous and mesoporous materials, involved solid base 

catalysis, have been understudied compared to acid catalysis. Organic functional groups 

being immobilized on the internal surface of porous silicate regarded as conventional 

procedure to develop different catalytic system by obtaining special kinds of surface with 

molecular sieves. The specific properties of these nano composites, such as mechanical 

properties, thermal, surface hydrophobicity and hydrothermal, are determined by the 

nature and content of the organic group. The consistency of the organic group interior the 

pore channel influences the surface properties and make it reactive and available for 

further modifications. One way to achieve the basicity in silica-MCM-41 molecular sieve 

is to disperse them with alkali metal oxide[67]. 

   However, this method can damage the structure of the molecular sieve due to the 

high pH used in the impregnation process and to overcome this problem, the MCM-41 

surface modified with organic compound especially amines using the implementation 

method. This method involved removing the cationic surfactant present in the pore by 

calcination process before functionalization [68]. Aminopropyltriethoxysilan organic 

amine (APTES) impregnation method often results in an effective surface coating 

(inhomogeneous) due to the agglomeration of the introduced particles along with the 

interior site of the mesoporous and on the surface.  This is because the APTES molecules 

are likely to interact with the silanol groups on the surface of the mesoporous pore than 

with that inside the pore. In co-condensation process, on the other hand, results in more 

homogenous distribution of organic moieties throughout the mesoporous pore.MCM-41 

samples modified by APTES gave enhanced catalytic activity towards different catalyzed 

bases organic reaction such as Henry reaction, Michael and Knoevenagel condensations 

and many other reactions [63]. 
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1.10  Applications of mesoporous silica  

Table (1.1): Applications of mesoporous silica.  

Field Type Applications Ref. 

Adsorption 

Adsorption of 

Biomolecules 

Amino acid, vitamins, biochemical, DNA and 

protein separations 
[35, 69] 

Ions removal 

Co2+, As2+, Cu2+, Ni2+, Li2+, Fe3+, Fe2+, Cr3+ , 

F-, As+, SO4
2-, Mo6+, SeO4

2-, CrO4
2-, ReO4

2- 

and water purification 

[70, 71] 

Adsorption of gas CO2 and H2 gas adsorption and storage [72, 73] 

Adsorption of 

pollutant 

Microcystins, chloroacetic acid ( mono-, di 

and tri), naphthalene and toluene. 
[74, 75] 

Adsorption and 

desorption 

Dyes, DNA, 5-C-phosphate-G-3, and drugs in 

the cell of human. 
[76, 77] 

Catalysis 

Oxidation – 

Reduction 

Oxidation process such as (Glucose to 

gluconic acid, cyclohexene to adipic acid and 

olefin). 

 Reduction process such as (  nitro 

compounds, carbonyl groups, allylic) , 

amination, combustion of methan and 

hydrosilylation. 

[35, 78] 

Acid – base 

Production of biofuel , esterification, 

preparation of Xanthene, base catalyzed 

Knoevenagel condensation and Friedel- craft 

benzylation 

[79, 80] 

Named reaction 
Mannich reaction, C-C and C-S cross 

coupling and Biginelli condensation reaction. 
[81, 82] 

Optics Optical UV and chemo sensors . [83, 84] 

Sensing 

Ion sensing 

Electro-chemical and optical sensing such as 

NH2, Sb3+, Fe3+, Cr3+, Bi3+, Cu2+ , C6H5O7
3- , 

RCOO- and others 

[85, 86] 

Bio sensing 
Detection and sensing of protein , glucose and 

others 
[87, 88] 

pH sensing pH sensor for special medium [89] 

Monitoring of 

humidity 
Relative humidity [90, 91] 

Gas sensing 

Nitroenergetic compounds, NO2 , O2 , P-

cresol, 1.3.5- trinitro, 2.4.6- trinitrotoluene 

and p-nitrophenol 

[92, 93] 
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1.11 Surfactants[94] 

    Surfactanst are molecules that tend to adsorb on the surface and interfacing. They 

have two chemical components, part of the molecule is hydrophobic and the other is 

hydrophilic. This amphiphilic property for surfactant will reduce the free energy when 

adsorbed on the surface. Fundamentally, there are three forms of surfactant; some are 

dissolved in water as a single molecule while others are found at the boundary between 

water and air. Some can also be found at the boundary between water and a solid surface. 

Once the saturation of all interfacing, the complete surfactant remaining within the water 

is on the shape of cluster called micelles. When the primary micelles shaped, that are 

called Critical Micelles Concentration (CMC).The MCM influenced is by the chemical 

structure of each compound. Generally, longer in the hydrophobic tail leads to lower the 

CMC, this may be due to the tendency of hydrocarbon tail to join together, resulting in 

lower energy and more stable system. 

 

1.12 Chemistry of surfactant/silicate solutions 

     The structured mesoporous materials Fig. (1.10)  is influenced by the unique and 

reactive nature of surfactant molecules. As the amount of the surfactant increased, their 

shape and arrangement change[94]. 

Figure(1.10 ): Sequences phase of surfactant /water system[94] 
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Typically, the surfactant at lower concentration act as monomolecules , but in the 

presence of higher surfactant concentration, molecules aggregate together to form 

micelles, in a point called critical micelles concentration (CMC), reducing the entropy of 

the system [95, 96].The micelle`s core, primarily composed of liquid hydrocarbon, has 

more freedom for movement leading to increase in entropy. The capacity of surfactant to 

reduce surface or interfacial tension is believed to be directly related to the critical 

micelles concentration. Hexagonal structures start to form with progressing in the 

concentration process which leads finally to the creation of hexagonal phases[97].The 

next step involves aggregation of adjusting parallel cylinder and generate the layered 

structure .Sometimes, the cubic phase may appear before the lamellar phase[98].  

The manner in which the surfactant solution transforms depends on how concentrated 

it and the characteristics of the surfactant, includes the size of the carbon chain that repels 

water, the head group that attracts water, and the counter ion in the case of surfactants 

with an electrical charge. Furthermore, it is influenced by environmental factors such as 

ionic strength, temperature, acidity or alkalinity, the type of solvent used, and other 

substances added to the solution, such as organic compounds.It’s very important to note 

that generating of cylindrical micelles and hexagonal phases increased with increasing in 

the amount of surfactant and alkalinity and decreasing in temperature and the level of 

silicate polymerization [99, 100].  

 

 1.13 Structural characterization of the M41S mesoporous materials  

          Mesoporous materials are analyzed in different physicochemical investigations, 

such as UV-Visible, FTIR, TEM, SEM, XRD, TGA, EDX and N2 adsorption – 

desorption. The images of SEM and TEM provides information regarding both the 

morphology of mesoporous array and the dispersion pattern of the functionalization agent 

on the surface. Chang in the crystal structure can be observed through XRD analysis 

during the synthetic condition[101]. The information provided from N2 adsorption – 
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desorption helps to understand the texture of materials such as the size of its pore, the 

volume and surface area which is typically determined using BET models  [102]. 

1.14 Rice husk (RH) 

Rice husk (RH) is an agricultural leftover readily accessible: in fact, it constitutes one-

fifth of the yearly global rice harvest. The annual worldwide paddy production has been 

approximated at 510 million tons for 2018, which means over 150 million tons of RH 

production, according to the information published by Food and Agriculture Organization 

(FAO) of the United Nations in Rice Market Monitor[103, 104] ,Although RH has 

already been utilized in various areas (specifically, as organic fertilizer, as material for 

animal farming, as absorbent and construction material, or pest control agent[105], it is 

still commonly viewed as a useless by-product of rice milling and thus frequently 

incinerated in the open air or discarded on unproductive land. Moreover, it is widely 

recognized that RH can also be utilized as a sustainable fuel in co-generating facilities, 

taking into account its elevated heating value (4012 Kcal/kg)[106]. In fact, when burned, 

approximately 20-25% by weight of rice husk ash (RHA) is generated, which consists of 

over 90% silica and small amounts of other metal oxides  [107, 108]. 

   Among the different biomasses, with plentiful and sustainable energy sources, rice 

husk is not just a promising energy source, but also a valuable byproduct [109]. In recent 

years, there have been numerous factors linked to rice husk not being utilized efficiently, 

such as (1) farmers and industry personnel lacking awareness of its potential, (2) socio-

economic issues, (3) technology implementation,(4) insufficient attention to 

environmental matters, and so on. The solution for this problem related to the use of this 

solid waste must be tackled in terms of both quality and quantity. In recent year, the main 

attention focued on using rice husk to reduce the cost of industrial processing. However, 

the tough outer layer of rice husk, high contents of silica, low density and the ability to 

resist the bacterial decomposition, make it serious pollution problem that can harm the 

environment and human [110]. Because of this, many complaint and concern have been 

recorded; furthermore, rice husks burning can cause cancer and bio accumulative 
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consequences. Moreover, a large amount of greenhouse can be released throughout using 

RH for production of electricity [111]. Rice husks made up of organic compounds and 

about 20% inorganic components The main elements in rice husk includes Nitrogen 

(11.06%), (37.07% ) carbon, (9.01%) silicon, (8.80%) hydrogen and (35.03%) oxygen. In 

addition to that, rice husk contains (34.4%) cellulose in its composition, (18.85%) ash, 

(19.2%) lignin and (24.3%) hemicellulose and (3.25%) other substances. Rice husks 

consist of organic compounds and 20% of inorganic matter [112]. 

 

1.15 Application of rice husk 

Pakistan, India, Sri Lanka, Bangladesh, Australia, Indonesia, Thailand and USA were 

the first countries to use the rice husks between 1970-1985. This initiative was supported 

by the governments and other organizations. Rice husks are considered valuable material 

in comparison to the other field residue due to the high amount of silica (87-79%), high 

porosity and a large surface area. Schematic diagram of applications of derived rice husk 

Scheme(1.4) [113].  
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Scheme (1.4): Schematic diagram of applications of derived rice husk. 

 

1.16 Adsorbent 

   Serious problems due to the presence of heavy metal in aqueous system were 

observed and this problem causing many diseases such as hair loss, chronic, liver 

cirrhosis, cancer and renal failure. In addition to the toxicity and stability of heavy 

metals, it has the tendency to accumulate in environment. In the previous period, removal 

of heavy metal by using activated carbon as absorbent has been limited because of the 

high cost and low efficacy in regeneration of activated carbon after exhausted, for that, 

the approach was to use alternative low cost process such as rice husk ash, lignite, wood, 

bagasse fly ash and peat as adsorbents to treat the effluents. The rice husk has been 

focused on being cheap and includes high percentage of silica[114, 115]. 
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1.17 Properties of rice husk and rice husk ash 

        In general, rice husk has a granular composition which is insoluble in water with 

high mechanical strength and chemical stability, for that, it is regarded as a better 

absorbance in treatments process of wastes from water.  (RHA) has high content of MgO, 

H2O, Al2O3, SiO2, Fe2O3, CaO, K2O and Na2O. RHA has fluctuating chemical 

composition, which changes related to the variety of paddy, fertilizer, soil chemistry, 

proportion of irrigated area, and geographical conditions [116, 117]. 

  

1.18 Silica 

Silica (SiO2) regarded as fundamental materials for many technological applications 

due to its unique properties such as thixotropic, filler composite compounds and thermal 

insulator [118].Silica has become of great importance in many industries including 

cosmetic, cement, glass, medicine , purging margarine and pharmaceutical sector [119–

121]. In addition to that, silica serves as precursor to produce various organic and 

inorganic materials which can be used as catalyst and also utilized in optical and 

electronic coating materials[122]. Rice (Oryza sative) is a plant that contains high 

quantity of silica [123] for that, this plant is regarded as important cheap source for 

amorphous silica[124]. The importance of silica lie in its amorphous form in contras of 

crystalline form, which is in active and cannot be subjected in chemical reactions[125]. 

The starting ingredient to produce silica materials is sodium silicate that is usually 

obtained from melting quartz rock in presence of sodium carbonate at a temperature of 

1300oC. However, this process has taken up long time and cost-effective[126]. One of 

noteworthy applications of amorphous silica is synthesis of mesoporous silica compounds 

[127, 128]. Method of extraction of silica from SiO2 illustrated in Scheme(1.5) and the 

summary of some studies involved adsorption capacities of heavy metal using rice husk 

(RH) as adsorbent in Table (1.2). 
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Scheme (1.5 ): Method of extraction of silica from SiO2[129]. 

 

Table(1.2): Summary of some studies involved adsorption capacities of heavy metal 

using rice husk (RH) as adsorbent. 

Type of adsorbent Metal 
Capacity of 

adsorption (mg/g) 
Ref. 

Activated RH Arsenic (II) 1.220 [130] 

RH Cadmium (II) 4.000 [131] 

RH Cadmium (II) 8.820 [132] 

RH Cadmium (II) 16.700 [133] 

Activated RH Cadmium (II) 45.600 [134] 

RH treated with HNO3 Cadmium (II) 11.300 [132] 

RH Zinc (II) 0.750 [135] 

RH Zinc (II) 29.690 [136] 
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RH Zinc (II) 19.617 [137] 

RH Cupper (II) 0.200 [138] 

RH Cupper (II) 29.000 [139] 

RH treated with HNO3 Cupper (II) 9.360 [140] 

RH activated Cupper (II) 112.43 [141] 

RH with tartaric acid Cupper (II) 29.000 [139] 

RH Mercury (II) 66.660 [142] 

RH Nickel (II) 8.860 [143] 

RH Nickel (II) 5.520 [143] 

RH Lead (II) 11.40 [144] 

RH Lead (II) 5.690 [145] 

RH with tartaric acid Lead (II) 10.8 [139] 

 

  1.19 Pollution  

Pollution of water can be caused by different types of pollutants. Theses pollutant can 

be divided into various groups such as radioactive isotopes, natural pollutant and 

inorganic fertilizer. Natural pollutant can be decomposed by organism unlike the heavy 

metals which cannot[146, 147]. 

Heavy metals can cause serious problem for the environments especially when found 

in the surface water or groundwater. Generally, the heavy metals are well known 

pollutant that present in many kinds of waste materials such as electronics, dyes, miming 

process, chemicals pharmaceutics and many others. Because the heavy metals are 

environmentally difficult to decompose, it’s important to remove from the polluted 

stream to meet increasingly strings standards environmental quality standards.  The 

elimination of heavy metals can be accomplished through divers’ method. Conventional 

methods involved adsorption, precipitation, coalescence, membrane process, ion 

exchange, extraction, electrochemical process and others. Among these methods, 

adsorption is currently regarded as more appropriate for the treatment of wastewater due 

to its effectiveness and simplicity. Some commonly utilized adsorbents for heavy metals 

adsorption involved zeolite Rahmani [146, 148],biomaterials[149],activated carbon[150], 

and clay materials [151] are characterized by a porosity of these adsorbents. Since 
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industrial wastewater is the primary source of heavy metal contamination in water, it is 

crucial to remove these pollutants before releasing wastewater into the environment in 

order to protect public health and manage pollution. Heavy metal has recently removed 

from polluted solution using a various technique, including evaporation, chemical 

treatments, coagulation and flocculation, ion exchange, regeneration, membrane 

separation, flotation and biological purification[152–154].Adsorption technique, in 

addition to ion exchange, received a lot of interest to remove heavy metal in low 

concentration as its low-cost, simple and effective methods[155, 156].These two methods 

have been applied to a wide range of media for removing cobalt ion and other heavy 

metal, including coal dust [157]coir pith [158]Black carrot residue [159]Lemon peel 

[160] sunflower shell[161]Wood ash [162]Trichoderma reesei [163]Cashew nut shell 

[164] Spirulina platensis[165]Chitosan , sugar beet factory line, egg and humate 

potassium [166]Rice shell , wheat shell, oil palm leaf powder, sawdust, lentil shell, 

rubber tree leaf and modified polyethylenimine[167],Adsorption on the surface of porous 

adsorbents like mesoporous is an ecologically friendly method for removing organic and 

inorganic contaminants, including heavy metal from polluted water and wastewater[168, 

169]. 

   Progressing in the field of materials science has taken significant interest in the 

synthesizing of new adsorbents which are effective in water treatments. The concept of 

combining two or more substances into bigger one has demonstrated to be an exceeding 

effective approach in materials science to produce new materials with new effective 

properties. This specific focus has been driven to discovery of various adsorbents, 

including mesoporous silica adsorbents [170, 171]. Ordered mesoporous silica (OMS) is 

producing an expanding interest in the chemistry of water treatment because of 

distinctive characterization. This characteristic includes chemical inertness, cost-effective 

production costs, expansive pore size, abundant collection of surface utilitarian functional 

groups that are tailored for exceptional selectivity towards specific pollutants, high 

specific surface area and good thermal stability[70, 172]. 

https://doi.org/10.1016/j.cej.2012.06.070.).Cashew
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1.20 Cobalt  

Cobalt is a crucial trace element for living things because it’s one of the components of 

cyanocobalamin and vitamin B12 [173].Cobalt contamination of water can lead to serious 

problem due to the toxic nature and adverse effect of cobalt on human health, including 

asthma, heart failure, liver damage, mutation in living cell, thyroid damage and allergies. 

In addition to that, exposure to cobalt radiation can lead to neurotoxic logical symptoms 

such as headaches as well as an increase rick of cancer , furthermore, ionizing radiation is 

also released by cobalt isotopes[174].    

Pure cobalt is a bright, hard metal that is steely –grey in color odorless. The 

permissible range of cobalt in drinking water according to Environmental Protection 

Agency (EPA) is 0.0020 to 0.107 µg/mL. Conversely, the water used for farming has a 

cobalt content of 0.05 to 1.00 µg/mL, meaning that everyone is exposed to cobalt through 

food, drink and air [174]. 

 

1.21 Copper  
 

Copper is one of the transition element that is metallic in nature. Its atomic weight is 

29 an its atomic weight is 63.53 gm.mol-1 with (1s22s22p63s23p63d104s1 ) 
 electronic 

configuration[175].In crystalline metallic copper, like other metals, the single electron in 

the outer shell (4S) plays important role in for many of materials significant physical 

characteristics, like, chemical stability, electrical conductivity and reddish color, in 

general, the 4S electron dose not attach to any one atoms, instead, it joins the electron 

cloud that dominate the crystal lattice[176, 177].Copper is used in many field, such as, 

feed additives containing to prevent illnesses and encourage growth in animal [178] , 

electronic and engineering applications[179].Copper is crucial trace elements that serve 

as variety of physiological purposes in living organisms. As a result, the handling of 

heavy metal pollution in the environment including copper contamination, has received 

special attention in recent years[180].Excessive adsorption and consumption on this 

element can be harmful to health and can cause certain illnesses, as a result, it’s important 
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to regulate the amount of this element in the environment. The reasons of this element 

presence in water sample are due to the extensive usage of copper in industrial and 

agriculture process. Because the largest amount of copper ion allowed in tab water is 1.3 

mg L-1, it’s crucial to monitor the concentration in order to prevent the it from building up 

in liver and kidney[181]. 

 

1.22 Adsorption of metals on the surface of functionalized mesoporous  

   Heavy metals enter the water system through different industrial processes such as 

fertilization, purification and pesticides displays a critical threat to the environments 

[182]. Due to the high toxicity and high ability to accumulate heavy metal can be harmful 

for human and other life form of organism. Anyway, the trace amount of elements 

essential nutrients is required for human body, but consuming to much lead to adviser 

health effect like kidney failure, liver damage and irritation of the central nervous 

system[154, 183]. 

    Thus, the elimination of excessive heavy metals from industrial wastewater prior to 

discharge is crucial concern for the safety of both human health and the environment. 

Numerous conventional methods have been employed to remove these positively charge 

ions from water system, including flotation, ion exchange, coagulation-flocculation, 

reverse osmosis, chemical precipitation and ultra-filtration. However, these approaches 

do have their limitations including limited effectiveness, the need for specialized 

conditions, and creation harmful sludge[184].As a results, there is a pressing 

requirements for more feasible and environmentally sustainable technology. Adsorption 

is currently recognized as one of the most efficient, cost-effective and discerning 

technique used for treatment and analysis of water[185].Activated carbon has been 

widely used to clean polluted water[186] due to its extremely large surface area, chemical 

stability and long lasting nature. However, its arbitrary ore structure limits the access of 

pollutant to the adsorption sites thereby, reducing the effectiveness of removal. 

Additionally, the cost of activated charcoal continues to rise [185]which promoted 
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numerous scientists to concentrate on creating more affordable by product. These 

byproducts of agriculture materials can adsorb metallic ions without any modifications. 

Nevertheless, chemical and physical alteration has been recently documented to enhance 

the adsorption capability[187]. Some of the analysts have utilized bacteria, fungi, algae 

and yeast to adsorb the heavy metals from water[188]. 

Another strategy involved the utilization of organic materials and by product for the 

development of innovate adsorbents. Neutral red mud[189], coal ashes[190], 

zeolites[191], clay and soil components [192]and chitosan [193] possess numerous 

benefits like being a boundary available and cost effective. Furthermore, they can 

undergo chemical modifications to enhance their binding ability.However, these sorbents 

show various disadvantages due to the limitation in adsorption capacity, heterogeneous 

composition, irregular distribution of pore size and limited selectivity for materials. 

Consequently, it’s vital to make a novel sorbent that fulfills the specific criteria, such as      

1-  Produce fast kinetics by designed optimized pore size and geometry. 

2-  Improvement of adsorption capability by modifying the surface properties and 

making the adsorption site more accessible. 

3- Selectivity of specific materials can be improved in presence of other ions like Na+ 

and Ca2+. 

4-  Take in the consideration the cost of the equipment used to determine the 

effectiveness of adsorbents. 

5-   Long term stability of materials during sorption process and ability to recover its 

capacity. 

    Mesoporous silica like SBA-15, HMS, MCM-41 and MCM -48 considers very 

excellent materials for these type of uses due to the large surface area, limited pore size, 

and controlled pore dimension [194] In addition to that , desired properties of martials  

can be enhanced by applying appropriate functional group to the surface[195]. 
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1.23 Extraction 

Extraction is a technique used to separate the desire analyte from gas, liquid and solid 

samples. Liquid–liquid extraction (LLE) and solid-phase extraction (SPE) were regarded 

as the conventional method used to extract the analyte since 1990s. The LLE extraction 

required large amount of solvent and time consuming to reach the equilibrium due to the 

mass transfer of analyte while SPE required lesser amount of solvent and faster than 

LLE, in addition to that this technique need skills about condition, cleaning, eluting and 

loading [196]. 

1.24 Classification of extraction  

Generally, extraction can be divided into two categories, operation and phase type as in 

the schematic diagram (1.6) [197]. 

 

 

 

Scheme (1.6): Extraction based on phase type(Repreoduced) 

 

Extraction processes were developed to overcome the consuming of time and the use of 

high amount of solvent by applying special type of extraction with different techniques as 

illustrated in schematic diagram (1.7) [196, 198]. 

Extraction based on 
operation

Batch process 

Continous process 

Extraction based on 
phase type 

Liquid-liquid extraction- sample phase (liquid)

Extract phase ( Liquid)

Basis for separation ( Partitioning )

Solid phase extraction- sample phase( gas, liquid)

Extract phase (liquid, solid )

Basis for separation ( Partitioning or adsorption )

Solid liquid extraction- sample phase (solid)

Extract phase (liquid)

Basis for separation ( Partitioning ) 

Supercritical fluid extraction-sample phase (solid,liquid)

Extract phase ( supercritical fluid) 

Basis for separation ( Partitioning with applied heat)
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Scheme (1.7): Advance extraction techniques(Repreoduced) 

 

1.25 Solid phase extraction (SPE)  

Starting in the 1950s, the primary experimental uses of SPE were for the analysis of 

organic residue in water sample. Many of articles in scholarly journals have been 

published in recent years explaining SPE as a water analytical technique and method for 

determining organic substances [199, 200].Solid phase extraction (SPE) was considered 

an effective method to extract the analyte. This method overcomes a gap being from 

sample collection in addition to that, in most cases there is no need for further preparation 

steps such as pH adjustment and dilution[196, 199].According to the miscellaneous 

properties of solid phase extraction method, different procedures and adsorbents can be 

used [201]. 

The analyte adsorbed on the surface of adsorbent by covalent bond. This bond 

formed due to the different interaction such as dipole – dipole and Van der Waals 

intermolecular force. Adsorption process includes uptaking the analyte from the 

adsorbent and then using suitable process to remove this analyte from the 

medium[202].SPE is a flexible method that utilizes flow- through equilibrium to purify, 

separate and concentrate the analyte from a sample solution of matrix. A variety of SPE 

extraction methods includes solid phase micro extraction (SPME), in tube SPME (IT-
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SPME), cartridge, multi well SPE, disks and pipette tips SPE are developed with 

convenience of use and affordability in mind. 

Generally, the most important parameter and its characterization of these type of SPE can 

be summarize in the Table (1.3) [127].   

 

 Table (1. 3): The most important parameter and its characterization of this type of SPE 

Parameter Cartridge PT-SPE 
Pipette-tips SPE 

Disk 
Multi well 

SPE 

SPME 
solid-phase 

microextraction 

 

IT SPME 
in-tube solid-phase 

microextraction 
 

Weight of 

sorbent 

4-30 mg 4-400 µg 4-200 mg 3-200 mg - - 

Applicable 

volume 

50-500 mL 0.5-1.0 mL 0.5-1.0 L 0.65-2.0 mL - - 

Application 

Wide 

variety of 

sample 

matrices 

Biological 

samples 

Substantial 

samples 

Biological 

samples 

Environment

al and 

biomedical 

samples 

Environment

al and 

biomedical 

samples 

Benefits 

Easy to 

assemble in 

the 

laboratory, 

wide range 

of uses, low 

cost, 

Possibility 

of storage 

of analytes , 

enriched on 

solid 

sorbent 

Simplicity 

and short 

extraction 

time, high 

sensitivity 

and recovery 

factors, a 

small 

quantity of 

elution 

volume, 

conditioning 

steps are not 

required, 

amenable to 

automation 

by available 

tools. 

Operation 

with a 

smaller 

elution 

volume, 

Greater 

cross-section 

area, fast 

flow rate, 

smaller void 

time, ignored 

the filtration 

of the extract, 

slighter 

extraction 

period of 

substitutional 

samples  

Rapid 

preparation 

of a large 

number of 

samples, 

less labor 

and time 

consuming, 

les solvent 

waste, fast 

flow rate, 

amenable to 

automation. 

Green 

extraction, 

rapid 

extraction, 

miniaturized 

technique, 

low analysis 

cost, friendly 

eco. 

miniaturized 

technique, 

large sample 

size, 

compatible 

with 

analytical 

instruments. 

Limitation 

Partially 

small cross 

section, 

sluggish 

flow rate, 

un available 

Restricted 

flow rate and 

plugging , a 

large amount 

of plastic 

waste. 

Decrease in 

break flow 

through 

volume, 

small 

samples will 

Due to open 

bed 

configuratio

n, the 

technique is 

not suitable 

Low 

adsorption 

capacity, 

limited 

effectiveness.  

A large 

amount of 

volume 

needed  
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rented 

volume, 

plugging, 

channeling, 

costly with 

a large 

number of 

samples 

be lost, 

Costly.   

for volatile 

analytes.    

 

1.26 Schiff base 

The Schiff base reaction was discovered by German Chemist Hugo Schiff in 1864 

which refers to the reaction between ketone or aldehyde with compound contains amino 

group producing imine group. Schiff base ligands are easily synthesized and form 

complexes with practically any metal ion. Furthermore, there complexes with metal ion 

had greater antibacterial activity than Schiff base ligand[203].  

The bond generated by reacting with aldehyde is known as azomethine or aldaimine, 

whereas, the bond generated by reacting with ketone known as imine or ketamine. Imine 

is regarded as a precursor for many reaction such as indoles[204], betalactam[205], 

pyrimidine derivative,Scheme(1.8)[206]. 

 
 

Where: R and Ŕ` are alkyl or alkyl substituents 

 

Scheme(1.8): The Schiff base formation. 

 

     Schiff base ligand is interested family of ligand due to their many effective 

beneficial properties such as modification by adding donor groups. The numerus 

advantages of imine encourage the scientists in the field of catalysis, bioinorganic, 
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encapsulation, analytical chemistry, separation and transport science to synthesize metal 

complexes[207]. 

 

1.27 Application of Schiff base  

Schiff base has many biological and analytical applications due to presence of ion pair 

electrons in sp2 orbital belongs to nitrogen atom in azomethine group [208, 209]. 

Schiff base is regarded as important agent used as antioxidant [210].Schiff base which 

includes hydroxyl group in their structure can inhibit the negative effect of free radical 

from antioxidant [211].Typical Schiff base, their metal complexes and bioactivities were 

shown in Scheme (1.9).  

 
 

Scheme(1.9):Typical Schiff base, their metal complexes and bioactivities[212] . 
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1.28 Some of the complexes of Schiff base producing from functional silica. 

 

     After silanizing silica gel by (3-aminopropyl)rtimethoxysilane(APTS) 

using  appropriate method, the Schiff base derivatives N,N`-[1,4-

phenilendimethylidene]bis(2-chloroethanamine)(E)-2-[(2-chloroethylmino) 

methyl]phenol and (E)-4-[(Chloroethylimino)methl]phenol were added to the gel in appropriate 

amounts (Scheme(1.10).   

 

 

Scheme(1.10):Immobilization of I, II and III onto modified silica gel.[213] 
 

 

2- N-3,5-dichlorosalicylidene-(S)-R-phenylethylamine(SPEA), a multiresponse 

molecule salicylidene Schiff base, was completelyencapsulated into the channel of 

the amino- functionalized mesoporous molecular sieve SBA-15via the hydrogen 

bond assemply Scheme(1.11). 

 
 

 

 

 

 

 

 

 

 

Scheme(1.11):Assembly of SPEA within the SBA-15[214] 
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3- By immobilizing manganese complex on an inorganic support, effective and highly 

selective catalyst were synthesized, producing silica gel-O2-(ETO)-Si-L1-

Mn(HL2)[(L1)=modified salicyladiminato and H2L
2=N`-(2-hydroxy-3-

methoxybenzylidene)benzohydrazide)]. The surface of functionalized silica has 

been stabilized with Mn by N,O-coordination to the covalently Si-O bound 

modified salicylaldiminiato Schiff base ligand (Scheme (1.12))[215].  

Scheme (1.12): a) silica gel surface modification  by using organo-silan  to silica         

                              gel-O2-(EtO)Si-L1H) 

                          b) Mn(II) immobilization on functionalized silica gel sufrace  to  

                              produce compund 2 
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4- A new magnetic interphase nanoparticle, amino –functionalized silica mesoporous 

magnetic nanoparticles supporting copper/Schiff base combination were 

synthesized (Scheme (1.13))[216]. 

 

Scheme(1.13):Synthesis of  Fe2O4@SiO2@KIT-6-NH2@Schiff base complex. 
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5- NdCl3 was absorbed on the mesoporous SiO2 to synthsize the new Nd-Salen schiff 

base complex immobilized mesoporous silica (Scheme (1.14))[217] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme (1.14): The synthesis of the catalyst. 

 

6-Aminoptopyltriethoxysilane was used to functionalize the sol-gel process utilized to 

produce mesoporous silica nanoparticles, or MSNs. The formation of Schiff base grafted 

silica nanoparticles involved the condensation of amino – functionalized MSMs and 2 – 

hydroxyl-3-methoxybenzaldehyde. Copper and nickel salts were subsequently applied to 

the latter material independently to produce Cu(II) and Ni(II) complex anchored 

mesoporous composite Scheme (1.15)[218].    
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Scheme (1.15): Synthesis of the functionalized MSNs. 

 

7-The silica gel absorbent SG-H2L
2 was modified with a ditopic zwitterionic Schiff 

base. From the aqueous solution of metal salts, Sg-H2L
2, may absorb accompanying 

anions as well as metal ion concurrently (Scheme (1.16))[219].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme (1.16): Preparation of the silica gel-immobilized zwitterionic Schiff base 

adsorbent SG-H2L
2 (SG-H2L

1 inset for reference) 
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8- SAB-15-NH2, MCM-48-NH2 functionalized supports have been used to synthesize 

an in sites of new copper and manganese complex with Schiff base ligand produced from 

2-furylmethylketone, 2-furadyhde and 2-hyderoxyacetophenone (Scheme (1.17))[220].  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme (1.17):Synthesis of copper complex with Schiff base ligand derived from 2-

furylmethylketone, 2-furadyhde and 2-hyderoxyacetophenone 

 

9- Synthesis and functionalization of Lychee-like mesoporous silica nanoparticles 

using 3- aminopropyltrimethoxysilane and a new type of copper complex (Scheme 

(1.18))[221] .  

  



Chapter One                                                                                     Introduction  

 
 

40 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme (1.18): Synthesis of LMSN-NH2-CC 

10- A schiff base organically modified silica aerogel was synthsize as a new 

adsorbaent by including a salen ionophore into the silica based network. This allowed for 

the selective removal of Ni(II) from wastewater containing other metal ions (Scheme 

(1.19))[222].  

 

 

 

Scheme (1.19): HSPTMS formation reaction. 
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1.29 The aim of thesis  

1- Preparing porous material (MCM-41) which derived from rice husk,then 

functionalize of MCM-41material with some organic molecules to prepare solid 

ligands(MCM-41@APTES,MCM-41@APTES-BSAL,MCM-41@NTPE and 

MCM-41@NTPE-BSAL ) .Characterization have been made by  using suitable 

physical measurements, such as: Elemental analysis (CHNS), Fourier-transform 

infrared spectroscopy (FT-IR), X-ray diffraction (XRD), the N2 adsorption-

desorption isotherms, Thermogravemetric analysis (TGA/DSC), Field emission 

scanning electron microscopy (FESEM), Atomic force microscope(AFM), Energy 

dispersive spectroscopy (EDX) and Transmission electron microscopy (TEM). 

 

2- Extraction of Co(II) and Cu(II) ions from their aqueous solutions used prepared 

compounds and optimizes the chemical parameters such as pH, the concentration 

of the ions, time of reaction and amount of prepared compounds. 

 

3- Attempting to make a glass column and using it in removal and determined of 

Co(II) and Cu(II) ions by using (MCM-41,MCM-41@APTES,MCM-

41@APTES-BSAL,MCM-41@NTPE and MCM-41@NTPE-BSAL) as 

adsorbent and trying to reuse this column after activation. 

4- Using the new prepared compounds to determine cobalt ion in parametrically 

compounds (Vit. B12) and study some of adsorption isotherm. 
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2.Experimental part 

2.1 Instruments 

Table (2.1) shows the instruments used, manufacturing company and the place of 

measurement. 

Table (2.1): Instrument, manufacturing company and the place of measurement 

Instruments 
Manufacturing 

company 
Place of measurement 

Shaker 
Gemmy industrial Orbit 

VRN-480, England 

University of Kerbala-

College of Science-Iraq 

Digital balance 
Sartorius BS-210, 

Germany 

University of Kerbala-

College of Science-Iraq 

Muffle furnace Carbolite /1100 C 
University of Kerbala-

College of Science-Iraq 

Centrifuge Model EBA-720 
University of Kerbala-

College of Science-Iraq 

Hot plate magnetic stirrer 
LMS1003,Labtech, 

Techco, LTD 

University of Kerbala-

College of Science-Iraq 

UV-Visible 

spectrophotometer 

Shimadzu double beam 

1800 

University of Kerbala-

College of Science-Iraq 

Single beam visible 

spectrophotometer 
Sp-300, Japan 

University of Kerbala-

College of Science-Iraq 

pH-Meter Hanna, Italy 
University of Kerbala-

College of Science-Iraq 

Fourier transform infrared 

spectroscopy(FTIR) 
8400, Shimadzo, Japan 

University of Kerbala-

College of Science-Iraq 

XRD(X-Ray diffraction ) 
Shimadzu X-ray 

Diffractometer 

Beam Gostar Taban 

Lab-Iran 

BET(surface area analysis) BEL BELSORP MINI II 
Beam Gostar Taban 

Lab-Iran 

Atomic force microscopy 

(AFM) 

Scanning Probe 

Microscope-AA3000 

Beam Gostar Taban 

Lab-Iran 

Field emission scanning 

electron microscopy–

energy dispersive X–ray 

(FESEM/EDX) 

FESEM  MIRA III 

Thermo Fisher ,carizeiss 

 

Beam Gostar Taban 

Lab-Iran 

CHNS (CHNS elemental 

analyzer) 
Eager 300 for EA1112 

Beam Gostar Taban 

Lab-Iran 
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TEM(Transmission 

electron microscopy) 
Philips CM12 

Beam Gostar Taban 

Lab-Iran 

Thermogravimetric – 

differential 

thermal(TGA/DSC) 

Universal V4.5A TA        

      Instruments 

Beam Gostar Taban 

Lab-Iran 

2.2 Chemicals 

The chemicals materials (solvents, organic and inorganic materials) that were used 

in this thesis are presented in Tables (2.2) and (2.3). 

Table (2.2): Solvents used  

No. Chemicals Formula Purity % The producing 

company 

1 Absolute ethanol C2H5OH > 99 Fluka 

2 Toluene C7H8 99 Fluka 

3 Nitric acid HNO3 65 BDH 

4 Acetic acid CH3COOH 99.5 BDH 

5 Hydrochloric acid HCl 37.0 Thomas Baker 

 

Table (2.3): Organic and inorganic materials used  

NO

. 
Chemicals Formula 

Purity 

% 
Company 

1 Sodium hydroxide NaOH 99.0 Merck 

2 Cobalt(II)chloride hexahydrate CoCl2.6H2O 97 
BDH, 

England 

3 Copper(II)chloride dihydrate CuCl2.2H2O 96 
BDH,  

England 

4 Ascorbic acid solution C6H8O6 99.5 Carlo Erba 

5 Ammonium Thiocyanate NH4SCN 99 BDH 

6 
Ethylenediaminetetraaceice 

acide(EDTA) 
C10H16N2O8 99 BDH 

7 
Cetyltrimethylammonium 

bromide 
[(C16H33)N(CH3)3]Br >98 

Sigma-

Aldrich 

8 (3-Aminopropyl)triethoxysilane H2N(CH2)3Si(OC2H5)3 99 
Sigma-

Aldrich, 

 

9 

N-[3-Trimethoxysilyl)propyl] 

ethylenediamine 
C8H22N2O3Si >98 

Sigma-

Aldrich 

10 5-Bromosalicylaldehyde BrC6H3-2-(OH)CHO 99 
Sigma-

Aldrich 
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2.3 Preparations of materials: 

2.3.1 Preparation of RH-SiO2 and sodium silicate 

     First, the rice husk (RH) was washed with water to remove solid particles, mud and 

soil, then allowed to dry,as shown in Picture (2.1). A 30.0 g of dried RH was added into a 

plastic container and treated with 500 mL and 1.0 M nitric acid for 24 hrs. Picture (2.2) 

acid. RH was then rinsed with deionized water to remove the acid until to be neutral 

(pH=6-7) before drying in oven at 110 °C overnight, Picture (2.3). 

 

 

Picture (2.1): Dried RH 
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Picture (2.2): RH + Nitric acid 

 

 

Picture(2.3): Dried RH after acidity 

 

 RH was stirred in 200 mL of 1.0 M NaOH for 24 hrs. at room temperature Picture 

(2.4). The mixture was filtered to obtain a dark filtrate (sodium silicate) Picture (2.5) 

which was kept in a covered plastic container. 
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Picture (2.4): RH + NaOH 

 

 

Picture (2.5): Sodium silicate  

 

The prepared sodium silicate was titrated slowly with 3.0 M HNO3 until it reached 

pH=5. The yellowish gel obtained was kept in covered container for 2 days. The gel was 

recovered by centrifuge at 4000 rpm followed by washing with deionized water and later 

with acetone. It was dried in an oven at 110 °C for 24 hrs. then allowed to cool in a 

desiccator. Finally, the product was grounded in to fine powder and labeled as RH-SiO2 

Picture (2.6). 
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Picture (2.6): RH-SiO2 

2.3.2 Preparation of MCM-41 

A surfactant solution has been prepared by mixing 2.0 g of CTAB 

(cetyltrimethylammonium bromide) with 25 mL of deionized water (Liquid crystal 

template approach) (LCTA) [33].Sodium silicate solution was prepared using the 

procedures detailed in [223, 224]. The cleaned RH was stirred with 200 mL of 2.0 M 

NaOH for 24 hrs. at room temperature. The mixture was filtered to obtain a dark filtrate 

(sodium silicate) which was kept in a covered plastic container. Sodium silicate was 

added dropwise under vigorous stirring at room temperature to the surfactant 

solution,adjusting the solution to pH 10 using CH3COOH acid (2 M), then stirring the 

solutions at ambient temperature for six hours followed by ageing at a temperature of 

100°C for 72 hrs. The final mixture was filtered and rinsed with deionized water prior to 

drying at 50°C for 24 hrs.. The materials were subjected to calcination at (550±3) °C for 

5 hrs. to eliminate the surfactant as shown in Scheme (2.1) and Picture (2.7). 

stirred 24 hrs. Sodium silicate + H2O

Sodium silicate +              CTAB
CH3COOH , pH=10

Rice husk+Sodium hydroxide

stirred 6 hrs.
(cetyltrimethylammonium bromide)

 

Scheme (2.1): The synthesis steps of MCM-41. 
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Picture (2.7): Preparation of MCM-41 

 

MCM-41 before calcination MCM-41 after calcination at 550oC 
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2.3.3 The functionalization of MCM-41  

2.3.3.1 Synthesis of 3-aminopropyltriethoxysilane functionalized mesoporous 

silica(MCM-41@APTES) 

    Desired amount of MCM-41 was dried at 110°C in an oven for three hours to 

remove physisorbed moisture. 1.0 mL of 3-aminopropyltriethoxysilane was added to the 

dried MCM-41(1.0g) followed by addition of 30 mL toluene. Next, refluxed the mixture 

for 24 hrs. with stirring, then filtered. Toluene and then ethanol were used for washing 

the product, then dried at 70°C for 48 hrs. Finally, 1.200 g of powder was collected and 

labelled as MCM-41@APTES. Summary of this methodology was represented in 

Scheme (2.2). 

MCM-41@APTES

MCM-41SiO NH2

O

O CH3

H3C

H3C

+ Toluene 110°C/48hrs.

3-aminopropyltriethoxysilane

M
C

M
-4

1 O
O

O

Si NH2

 

Scheme (2.2): The synthesis steps of MCM-41@APTES . 

 

2.3.3.2 Synthesis of 5-bromosalicylaldehyde functionalized mesoporous silica 

(MCM- 41@APTES-BSAL) 

A mixture of 2.0 g of 5-Bromosalicylaldehyde(BSAL) and 1.0 g of MCM-

41@APTES was mixed with 30 mL of toluene to prepare MCM-41@APTES-BSAL. The 

mixture was refluxed at 110°C for 48 hrs. The product was filtered, rinsed with toluene 

and then ethanol and left to dry at 100°C for 24 hrs. The final product collected as 

powder and labelled as MCM-41@APTES-BSAL.Summary of this methodology was 

represented in Scheme (2.3).  
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MCM-41@APTES MCM-41@APTES-BSAL

+

5-Bromosalicylaldehyde

Toluene 110
o
C/48hrs.

M
C

M
-4

1

O
O

Si
O

NH

O

OH

Br H

BrHO
M

C
M

-4
1 O

O

O

Si NH2

 

Scheme (2.3): The synthesis steps of MCM-41@APTES-BSAL. 

 

2.3.3.3 Synthesis of N-[3-(Trimethoxysilyl)propyl]ethylenediamine functionalized   

mesoporous silica(MCM-41@NTPE). 

     One gram of MCM-41, after dried amount of MCM-41 at 110°C in an oven for 

three hours to remove physisorbed moisture, was added to 1.0 mL of N-[3-

(Trimethoxysilyl)propyl]ethylenediamine(NTPE) followed by addition of 30 mL toluene 

and refluxed the mixture for 48 hrs. at 110 °C .The resulting solution containing the solid 

was filtered and washed with toluene and ethanol. Finally, powder was collected and 

labeled as MCM-41@NTPE. The overall preparation steps have been shown in Scheme 

(2.4). 

 

MCM-41SiO NH

O

OH3C

H3C

CH3

M
C

M
-4

1

MCM-41@NTPE

O
O

Si
O NH

N-[3-(Trimethoxysilyl)propyl]ethylenediamine)]

+
Toluene 110

o
C/48hr.NH2

NH2

 

Scheme (2.4): The synthesis steps of MCM-41@NTPE. 

 

 2.3.3.4 Synthesis of 5-bromosalicylaldehyde functionalized mesoporous silica 

(MCM- 41@NTPE-BSAL) 

      To prepare MCM-41@NTPE-BSAL, a mixture of 2 g of 5-Bromosalicylaldehyde 

(BSAL) and 1.0 g of MCM-41@NTPE was mixed with 30 mL of toluene. The mixture 

was refluxed at 110°C for 48 hrs. The product was separated using a filter, rinsed with 
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toluene and then ethanol and left to dry at 100°C for 24 hrs, and then  crushed until 

became a very fine powder that was labelled as MCM-41@NTPE-BSAL. The overall 

preparation steps have been shown in Scheme (2.5). 

MCM-41@NTPE

MCM-41@NTPE-BSAL

+5-Bromosalicylaldehyde Toluene 110
0
C/48hr.

M
C

M
-4

1

O
O

O
Si

NH

BrHO

N
H

 

Scheme (2.5): The synthesis steps of MCM-41@NTPE-BSAL. 

 

2.3.4  Preparation of stock solution of Co (II) ion  

     The stock solution of (1mg/mL) Co (II) ions was prepared by dissolving (0.415g) of 

CoCl2.6H2O in deionized water and completed the volume to 100mL in a volumetric 

flask. Dilute cobalt ion solutions were prepared by dilutes the stock solution with the 

necessary volume of water. 

A 0.1 M of Co (II) solution was prepared by dissolving (1.224g) of CoCl2.6H2O in 

deionized water and then completed the volume to 50 mL with deionized water in a 

volumetric flask. Dilute cobalt ion solutions were prepared by dilutes this standard 

solution with the necessary volume of water. 

2.3.5 Preparation of stock solution of copper (II) ion  

           A (1mg/mL) of Cu(II) solution was prepared by dissolving (0.279g) of 

CuCl2.2H2O in deionized water and completed the volume to 100mL in a volumetric 

flask. Dilute copper ion solutions were prepared by dilutes the stock solution with the 

necessary volume of water.  

           A 0.1 M of Cu (II) solution was prepared by dissolving (0.888g) of CuCl2.2H2O 

in deionized water and then completed the volume to 50 mL with deionized water in a 

volumetric flask. Dilute copper ion solutions were prepared by dilute this standard 

solution with the necessary volume of water. 
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2.3.6 (2% W/V) solution of ascorbic acid  

         (2.00g) of (C6H8O6) was dissolved in deionized water and the volume was 

completed to (100 mL) in a volumetric flask. 

2.3.7 (50% W/V) solution of ammonium thiocyanate  

       (50.00g) of NH4SCN was dissolved in deionized water and the volume was 

completed to (100 mL) in a volumetric flask. 

2.3.8 (0.5 M) of hydrochloric acid solution  

 (4.180 mL) concentrated hydrochloric acid (37%, 1.18g/cm3) was diluted in 100 

mL volumetric flask with deionized water. Dilute Hydrochloric acid solutions were 

prepared by diluting this stock solution with the necessary amount of deionized water. 

2.3.9 Sodium hydroxide solution(0.1M) 

       NaOH solution (0.1M) was prepared of by dissolving 0.400 g NaOH in 100 mL 

deionized water. 

2.3.10 (5%) (EDTA) ethylenediaminetetraaceice acide solution 

      EDTA solution (5%) was prepared by dissolving 5.000 g of disodium salt of 

ethylenediaminetetraaceice acide in 100mLof deionized water. 

 

2.3.11 Characterization studies 

2.3.11.1 UV-Visible measurements for aqueous solutions of Co (II) and Cu (II)  

        UV-Visible spectra of Co (II) and Cu (II) aqueous solutions were examined to 

find λmax.The spectra acquired shows that λmax of Co (II) and Cu (II) are 620 and 730 nm, 

respectively. 

2.3.11.2 Elemental analysis CHNS 

The percentage of carbon, hydrogen, nitrogen and sulfur analysis was determined 

by elemental analysis. This analysis is carried out at a high temperature (about 1000°C) in 

an oxygen-rich environment and is based on the classical Pregl – Dumas method [225]. 
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2.3.11.3 Study of FT-IR (spectra furrier transforms infrared spectrophotometry)  

Furrier transforms infrared spectrophotometry FTIR was used to identifying the 

functional groups in the structure of compounds. Grind about 1 mg of compound with 

KBr in agate- grinding mill, a piston was used to compress the sample, thin layer was 

formed, the wavelength ranges (400-4000) cm-1[226]. 

 

 FT- IR spectra recorded for the compounds: - 

 1. Infrared spectrum of RH- SiO2. 

2. Infrared spectrum of MCM-41. 

 3. Infrared spectrum of MCM-41@APTES. 

 4. Infrared spectrum of The MCM-41@APTES-BSAL. 

5. Infrared spectrum of The MCM-41@NTPE.  

6. Infrared spectrum of The MCM-41@NTPE-BSAL. 

 

2.3.11.4 Study of X-ray diffraction analysis (XRD) 

The amorphous or crystalline structure of prepared compounds has been detected 

by using XRD analysis. The compact disc containing about 1mg of powder put inside the 

device for analysis. The diffraction angle was scanned in the 2θ range (5-90) for 2 hrs. at 

a rate of 6.0 o min-1[227].  

 

2.3.11.5 BET surface  area analyzer(N2 adsorption-desorption) 

      The brunauer – Emmett-Teller (BET) methods were used to calculated the surface 

area and the pore size by passing nitrogen gas on 1.0 g of compounds after empty the 

oven from pressure at equal temperature [228]. 

 

2.3.11.6 Thermal analysis(TGA/DSC)  

Thermogravimetric analysis (TGA/DSC) is a technique by which physicochemical 

properties (moisture, crystalline water, and or volatile components) of a substrate and or 

surface reaction products can be probed as a function of temperature, whilst the substrate 

is subjected to a controlled heating rate. The mass of the sample in a controlled 
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atmosphere is recorded continuously as a function of temperature or time during the 

heating process. The amount and the rate of weight loss at elevated temperatures are 

related to the chemical structure and composition of the given samples. In general, higher 

temperature is required to decompose more stable materials. The heating is from (30-900) 

°C at a heating rate of 20 °C min-1[229]. 

 

2.3.11.7  AFM analysis  

 AFM technique was employed to investigate the topography of the prepared 

compounds surface. The samples were suspended in absolute ethanol or in distilled water. 

One droplet of the suspension was placed on a small glass slide and allowed to dryness at 

room temperature before being examined by AFM[230].  

 

2.3.11.8 Study of field emission scanning electron microscopic (FESEM-EDX) and 

transmission electron microscopy (TEM) 

 

In electron microscopy, a narrow beam of high energy electron is directed at a 

specimen. Images are formed either by electrons passing through a thin sample via 

transmission electron microscopy(TEM), or by secondary emission from the surface of a 

thick sample using so called scanning electron microscopy.Both FESEM and TEM are 

commonly used to study the size, shape and chemical composition of nano- materials. 

Electron beams generated in electron microscopes have a much shorter wavelength than 

light and therefore provide high resolutions image(~ 1.0 nm).Electron microscopy also 

provides further information about the chemical composition and crystallography of the 

material under study. Scanning electron microscopic is used to study the morphology and 

distribution of samples at different magnification [231 ,232] . Also EDX(Energy-

dispersive X-ray spectroscopy) detector, which is attachment to electron microscopy 

instrument (Scanning electron microscopy), was used to determine the chemical 

composition of compounds[233]. 
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 2.4 Calibration curve of Co (II) and Cu(II) ions  

      The calibration curve of Co (II) and Cu (II) were performed by measuring the 

absorption of known metal concentration for series of solutions for Co (II) and Cu (II), 

respectively, against blank as a reference. Calibration curves were prepared for Co(II) 

and Cu(III), separately, according to colorimetric method [234]. 

 To measure the absorption of standard solutions of Co (II), the processes are as 

follows:  (5 mL) of solutions containing different concentration of ions, ranged from (50- 

1000 μg) for Co (II) were taken, to each solution (0.5mL) of (0.5M) hydrochloric acid 

solution, 2mL of Ammonium thiocyanate (50%w/v), (1mL) of ascorbic acid solution was 

added followed by addition of (1.5 mL) acetone. The absorbance was measured at 

(λmax=620nm) against a reagent blank solution,using (1cm) cell. The relationship between 

the absorbance and concentration was constructed to the calibration curve. 

To a series of 10mL volumetric flasks transfer aliquots of the standard copper (II) 

solution, add 0.4 mL of (5%) EDTA solution, the necessary drops of hydrochloric acid or 

sodium hydroxide solutions was added to obtain pH range from (7.5-8), and dilute to the 

mark with deionized water. The absorbance measured at (λmax= 730 nm) against a reagent 

blank solution. Using cell absorption (1cm) after that the relationship between the 

absorption and concentration was plotted for the calibration curve. 

 

2.5  Removal ions experiments 

The prepared solid materials were tested with many metal ions because of their 

properties as adsorbent and mesoporous materials and the choice fell on cobalt and 

copper ions, which were characterized by a high ability to be removed by the porous 

material MCM-41. 

        A (0.1gm) of ligand (MCM-41) and its derivatives were shaken with 50 mL, 

0.05M of an aqueous solution of (Co(II) and Cu(II)) metal ions, respectively.  

Measurement of the metal ion concentration was carried out by allowing the insoluble 
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complex to settle down then appropriate volume of the supernatant was withdrawn using 

a micropipette to study the removal ions by using spectrophotometer. 

 

2.6 Optimum conditions  

    The removal experiments were performed to evaluate the effect of variable 

parameters on the removal efficiency of the MCM-41and the functionalization 

compounds as a metal ions adsorbent. The removal percentage of the metal ions by 

different types of MCM-41 and the functionalization compounds were calculated from 

the following equations[235]: 

%E =  ( Co- Ce /Co) x100                         

 Co: the initial metal concentration(mg.L-1)              

 Ce: final(at equilibrium) metal ion concentration(mg.L-1) 

 

 2.6.1 Effect of shaking time 

    The effect of the reaction time on the metal ion uptakes over MCM-41 and its 

derivatives were explored. The response was performed with 0.1 g ligands and shaken for 

72 hrs. with an aqueous solution of divalent metal ions. The absorption was calculated at 

different time for 72 hrs.. 

  2.6.2 Effect of pH  
 

    The effect of pH was studied by taking four different pH (2,4,6,8) and (2,4,5,6) 

respectively for Co(II) and Cu(II) ions with 0.1 g ligands MCM-41 and its derivatives. 

The absorption was calculated at different time for 72 hrs.. 

   

2.6.3 Effect of metal ion concentration  

     The effect of metal ion concentration was studied using three different 

concentration (0.02 M, 0.05 M, 0.08 M and 0.1M) for each metal ion with 0.1 g ligands 

MCM41 and its derivatives. The absorption was calculated at different time for 72 hrs.. 
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2.6.4 Effect of  mass of the ligand  

   The effect of mass of the ligand was investigated using three different mass (100, 

150, and 200 mg) of ligands (MCM-41) and its derivatives. The absorption was 

calculated at different time for 72 hrs.. 

  

2.7 Innovator column separation experiment 

A 500 mm long glass column with 25 mm diameter was homemade manufactured 

that contain an inlet to enter the solution and outlet to exit the solution after adsorption 

process is complete. The adsorbent material is placed on a glass clip inside the column as 

shown in Picture (2.6).   

 A glass column was washed and dried, and then an amount of the prepared ligand 

was packed in the column, respectively. After each use the column was washed with 

deionized water. Before any sample injection, the column was conditioned by passage of 

50 cm3 of the appropriate eluent (ions solution). The pH of the eluent was controlled 

using NH4OH (0.1 M)/HCL (0.1 M), and the amount of metal ion (removal) in each 

fraction was collected and determined using spectrophotometer. 
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Picture (2.8): Separation column 

 

 2.8 Determination of Co(II) ion in vitamin B12 

An ampule of vit.B12 having 1000 µg/4mL of 

cyanocobalamine(43.471µg(Co(II)/4mL) was used. The ampule was thoroughly shaken 

before used, and then poured in beaker then 8 mL of HNO3(1:1) has been added and the 

mixture heated until it become dry. Next, 8 mL of HCl (1:1) were add to the beaker and 

heated again until near dried. The specimen was collected and subsequently mixed with 

deionized water, transferred to 10 mL volumetric flask and completed with deionized 

water[236].  

2.9 Adsorption equilibrium isotherms  

Using the Langmuir and Frundlich isotherm models Table(2.4) to predict the best 

adjustment to equilibrium data at different temperatures[237][238].The adsorption 

isotherm for prepared compounds with different concentration of Co(II) and Cu(II) ions 
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were used, adjusting the acidity at optimum condition, using spectrophotometric method 

to determination the Ce based on calibration curve. 

Table(2.4): Equations of removal percentage, adsorption capacity, adsorption 

isotherms and mathematical modeling. 

 Mathematical expression Parameters 

Removal 

percentage 

 

(Co-Ce/Co)x100 

 

Co :The initial concentration of the 

adsorption solution (mg.L-1) 

Ce :The equilibrium concentration of the 

adsorption solution(mg.L-1) 

 

Adsorption 

capacity[239] 
 

Qe: Adsorption capacity(mg/g) 

Ce :The equilibrium concentration of the 

adsorption solution(mg.L-1) 

Co :The initial concentration of the 

adsorption solution (mg.L-1) 

V :Total volume of the adsorption 

solution(L) 

m :Weight of the adsorbent (g) 

Isotherm models Mathematical expression Parameters 

Langmuir [240] 
 

 

a:Maximum amount adsorbend  (mg-1.g-1) 

b:Is the langmuir isotherm constant(L.g-1) 

Freundlich[241] 
 

KF: Adsorption capacity 

n: Adsorpation intensity 
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Scheme (2.7): Method of preparation.

Rice

Rice grinding

+Wash water

remaing rice husk

+HNO3

RH-NO3

+Wash with water untile pH reached 7

Rice husk free of metal oxide

+NaOH

Sodium silicate

titrated with 3M HNO3 until pH=5 than aged for 
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3.The characterization of RH-SiO2,MCM-41 and its derivatives(MCM- 

41@APTES, MCM-41@APTES-BSAL, MCM-41@NTPE and MCM- 

41@NTPE-BSAL). 

 
3.1 The characterization of RH-SiO2 and MCM-41 

  Sodium silicate from RH was used to prepared RH-SiO2 and MCM-41.The  structures 

of RH-SiO2 and MCM-41 were characterized using various techniques. 

 

3.1.1 Fourier –transform infrared spectroscopic analysis (FT-IR): 

FT-IR (Fourier transform infrared spectroscopy) was utilized to identify the different 

organic and inorganic groups present in prepared materials. The findings from this 

method are shown in figures below.  

Different types of chemicals groups in RH-SiO2 were identified by using FT-IR 

spectra. Fig.(3.1) shows a group of distinct bands at 3499 cm-1 and a weak sharp band at 

1631 cm-1, due to hydroxyl group located on the silica surface and coordinated 

water[242] . 

The FT-IR spectrum of prepared compound MCM-41,as shown in Fig.(3.1) shows 

vibrations of the hydroxyl (–O–H) group of silanol (Si–OH) and absorbed water 

molecules give a characteristic wide adsorption band in the rang (3730-2980) cm-1[243, 

244].Trapped molecules of water give a peak at 1640 cm-1 [245].It was observed that the 

asymmetric  and symmetric stretching vibration of Si–O–Si group gives a band in the 

(1345-875) and (875-736) cm-1 ,respectively.The band at (1099 , 795 and 462) cm-1 

which hands over to siloxane to the expansion shaking of Si-O-Si bond.[246].While 

peaks in the range of (516-416) cm-1 is related to the bending vibrations of Si–O–Si 

structure[247].The FT-IR spectra did not clearly demonstrate the distinction between RH-

SiO2 and MCM-41.  
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Figure (3.1): FTIR spectra for RH-SiO2 and MCM-41. 

 

3.1.2 X-ray powder diffraction (XRD)  

The X-ray diffraction (XRD) analysis was carried out for the synthesized materials, 

RH-SiO2 and MCM-41. The results of the XRD analysis at low and high angles are 

presented in Figs.(3.2) and (3.3), respectively. For low-angle XRD pattern Fig.(3.2),RH-

SiO2  doesn’t give any distinguish peaks, while the appearance of peaks at 2.17 (100), 

4.25 (200) and 5 (210) demonstrate to the hexagonal structure of mesoporous silica, as 

present in MCM-41 [248]. Further confirmation can be seen in the associated TEM image 

in section(3.1.7).The high-angle XRD pattern in Fig.(3.3) shows a wide peak between 

(15°–30° ) from 2 due to the amorphous structures of the RH-SiO2 and MCM-41 [249, 

250].    
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Figure (3.2): XRD spectra (low angle) of RH-SiO2 and MCM–41. 
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Figure (3.3): XRD spectra (high angle) of RH-SiO2 and MCM–41. 
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3.1.3 Nitrogen adsorption-desorption analysis 

The BET (Brunauer-Emmet-Teller) method is the most frequently used procedure to 

determine the surface area of a porous material[102].The method has evolved from the 

Langmuir theory[251]. 

The specific surface area and the pore size distribution can be demonstrated via N2 

adsorption–desorption analysis. From the results represented in Fig. (3.4), the specific 

surface areas, the total pore volumes and the average pore diameters for RH-SiO2 and 

MCM-41, were illustrated in Table (3.1). The data obtained for all parameters was 

increased in comparison to RH-SiO2, which can be attributed to the existence of a 

hexagonal mesoporous arrangement in MCM-41. A hysteresis loop was detected for both 

RH-SiO2 and MCM-41 within the range from 0.4 < P/Po < 1, associated with capillary 

condensation as per the IUPAC classification. The isotherm in RH-SiO2 was type 

IV(mono and multilayer adsorption with capillary condensation), and the hysteresis 

loop(associated with the pore shape) was of type H2(It looks like round bottom 

flask)[252, 253].The MCM-41 sample exhibited a type IV isotherm with an H3 hysteresis 

loop(the ring is observed with clusters of sheet-like molecules leading to the cleft pores), 

Fig.(3.5) below shows the pore size distributions of RH-SiO2 and MCM-41 which is 

characteristic of mesoporous solids[254]. 

  

Table (3.1): BET analysis for RH-SiO2 and MCM-41. 

Compounds 
BET surface area 

(m2.g-1) 

Total pore volume 

(cm3.g-1) 

Average pore diameter 

(nm) 

RH-SiO2 390.12 0.33 3.47 

MCM-41 548.92 0.94 6.85 
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Figure (3.4): N2 adsorption–desorption isotherms for RH-SiO2 and MCM-41  
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Figure (3.5): Pore size distributions for RH-SiO2 and MCM-41 

3.1.4 Thermogravimetric analysis (TGA/DSC): 

Thermogravimetric analysis (TGA) is a technique that measures the mass loss of 

materials as a function of increasing temperature. The content of organic functional 

groups present in the mesoporous silica structure was determined using TGA technique. 

In a furnace, the sample is heated at a constant rate until it reaches temperature of 900 oC. 

A constant gas flow (inert gas or synthetic air) is applied in order to remove the desorbed 
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or combusted components from the compounds. The weight loss of the compounds is 

measured using a sensitive thermo balance while is being heated process, gives 

information on the amount of the organic functional groups as well as the temperature 

stability of the examined compounds[255]. 

The thermal stabilities of RH-SiO2 and MCM-41 were investigated via the TGA/DSC 

analysis. Fig. (3.6) explained that there was loosing of 40.81%  RH-SiO2 weight due to 

the exothermic losing of 15% water molecules at 100oC. In the second step the 

exothermic decomposition due to modification in silica matrix leads to lose 25.8% of 

RH-SiO2 weight. 

The TGA result, Fig (3.7), exhibited  two-stage mass production at approximately 15-

900 oC for MCM-41. The initial step at 100 oC involved the  exothermic elimination of 

water(15%) adsorbed due to physical/chemical processes on the silica surface, whilst the 

second(300-900) oC exothermic step involved the breakdown of Si-OH groups in the 

silica structure and their transformation into Si-O-Si siloxane groups(82.67%). The TGA 

spectrum showed that the compound has a good thermal stability [256, 257].  
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Figure (3.6): TGA/DSC plot of RH-SiO2. 
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Figure (3.7): TGA/DSC plot of MCM-41. 

 3.1.5 Atomic force microscopy (AFM) 

     This type of microscope is used to measure the electron force between the tip at the 

end of a cantilever and the atoms at the surface of a specimen. The main advantages of an 

AFM over other related techniques are its high spatial resolution and ultra-low forces 

exerted at the surface. AFM makes it possible to image non-conducting materials, a 

requirement for the study of the polymer/silica interfaces[230]. Fundamental issues 

regarding interracial bonding and structure may be addressed by examining the fracture 

surface characterizations of topographic and morphological changes of the residual 

polymer and/or fiber surface as a result of a fracture process can lead to the understanding 

of adhesion and failure mode at a polymer/silica fiber interface. AFM is ideal to permits 

examination of surface topography at scales rang from micrometers to nanometers 

[230].The AFM has some benefits over other techniques. It can provide high spatial 

resolution (as high as 0.1 nm for the vertical resolution, and 1.0 nm for the lateral 

resolution)and ultra-low forces exerted at the surface (typically ranging from (10 - 6) to 

(10 -11) N) [258]. 
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The surface topographies for RH-SiO2 and MCM-41 were demonstrated via AFM 

analysis, as shown in Fig. (3.8). It was found that the two-dimensional images of the RH-

SiO2 and MCM-41 topographies was unclear, while the three-dimensional images 

showed high and low topographies indicative of the surface roughness of the silica 

surface[256].The images for RH-SiO2  show the presence of blocks of different shapes 

which due to agglomeration of nanoparticles[259].Table(3.2) shows the parameters 

obtained from AFM for the surfaces of the prepared compounds, RH-SiO2 and MCM-41. 

It is clear from this table that the roughness factor is low for the MCM-41, so its 

topography is smooth and clear in all electron microscopes, i.e., SEM, TEM, and 

AFM[260]. 

Table (3.2): AFM parameters of the RH-SiO2 and MCM-41 

 

 

 

 

 

 

Figure (3.8): AFM 2D (on the left) and 3D (on the right) micrographs of RH-SiO2 and 

MCM-41. 

Sample 
Average roughness 

(Ra) 

Root square roughness 

(Rms) 

Average height 

 (SZ) 

RH-SiO2 0.8964 nm 1.10 nm 6.94 nm 

MCM-41 0.702 nm 0.896 nm 7.90 nm 
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3.1.6 Field emission scanning electron microscopy-energy dispersive X-ray 

(FESEM and EDX) 

FESEM and TEM were used to monitored the size and morphology of compounds 

prepared[261, 262]. Both techniques are similar because they both use electron 

microscopy. Both of these techniques were used to exam subatomic particles and 

composition of samples. These instruments make images have high resolution and highly 

magnified. But there are also some differences between FESEM and TEM, which are 

listed in a Table (3.3).  

 Table(3.3): Difference between FESEM and TEM[231][263]. 

 FESEM TEM 

Electron Using scattered electrons 
Using transmitted 

electrons 

Image 

The image produce after 

the microscope collects 

and counts the scattered 

collects electrons. 

Electrons are 

straightforwardly 

pointed towards the 

sample. 

Focus 
Only on the samples 

surface. 

On the surface of the 

samples and either inside 

or outside of the surface 

Dimensional Give image 3D Give image 2D 

Magnification 

We can provide a 

maximum magnification 

level of two million. 

We have the capability 

to magnify up to a level 

of 50 million. 

 

FESEM images for RH-SiO2 and MCM-41 are shown in Fig. (3.9).The images shows 

that RH-SiO2 is composed of amorphous silica, while for MCM-41 it is clear from the 

images that the particles are smooth with spherical agglomerations[264].  
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 Figure (3.9): FESEM analysis for RH-SiO2 and MCM-41 at scales of 500 nm and 

1000 nm. 

An elemental analysis method related to scanning electron microscopy called energy 

dispersive X-ray (EDX) spectroscopy relies on the generation of distinctive X-rays that 

indicate the presence of elements in the samples. EDX microanalysis is widely used in 

several biomedical fields by scientists and physicians.The most prevalent element in 

these samples, according to the EDX chemical analysis, is silicon (Si). The uneven 

surface of this material can facilitate metal adsorption because of its shape [233].  

According to EDX analysis, the existence of silicon and oxygen in the solid ligand 

are demonstrated in Figs. (3.10), (3.11) and Tables (3.4); which indicates that MCM-41 

and RH-SiO2 had been successfully prepared.  
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Table (3.4):The average values obtained from EDX analysis for RH-SiO2 and MCM-41 

 Elements Average mass (%) 

RH-SiO2 
Si 42.62 

O 57.38 

MCM-41 
Si 36.09 

O 63.91 
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Figure (3.10): EDX analysis for RH-SiO2. 
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Figure (3.11): EDX analysis for MCM-41. 

 

3.1.7 Transmission electron microscopy (TEM) 

TEM analysis was conducted to acquire further information regarding the structural 

characteristics of the two substances (RH-SiO2 and MCM-41). It is clear from the image 

in Figs. (3.12) and (3.13) that some of the particles of RH-SiO2 are spherical whilst others 

have longitudinal slits, with irregularly agglomerated aggregates which indicates the 

particles shape is amorphous[265]. In contrast, the TEM images for MCM-41, indicate its 

hexagonal honeycomb structure [266, 267].The average diameter is between )2-50( nm, 

which corresponds to the average diameter of mesoporous materials [264]. 
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Figure (3.12): TEM images for RH-SiO2 at scales of 50 nm and 100 nm. 
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Figure (3.13): TEM images for MCM-41 at scales of 50 nm and 100 nm. 

 

3.2 The characterization of MCM-41@APTES 

There are no active sites on the surface of silica without an additional or modification, 

consequently, their utilization is restricted to specific methods, thereby necessary 

modification to their outer covering as per requirements. In order to maximize the unique 

capabilities of mesoporous materials such as sensing, ion exchange, adsorption and 
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catalysis, it is necessary to introduce reactive organic functional groups. The primary 

challenge is to incorporate organic components into silicate walls or trap them within 

channels to synthesize inorganic-organic hybrid materials. Inorganic-organic hybrid 

materials are a class of materials that combine the properties of both inorganic and 

organic materials. This makes them highly versatile and useful for a variety of application 

[268, 269]. 

The synthesis of MCM-41@APTES was maintained via immobilization of (3-

Aminopropyl)triethoxysilane onto MCM-41 through heterogeneous reaction. The 

reaction mixture was refluxed in toluene for 24 hrs., producing the products. The 

structure of MCM-41@APTES was characterized using various techniques. 

 3.2.1 Elemental analysis   

 The elemental analysis result of MCM-41@APTES was tabulated in Table 

(3.5).The elemental analysis of MCM-41@APTES reveals the existence of nitrogen was 

found to be 0.8 %. While  MCM-41 do not contain this element. The result confirmed the 

appearance of carbon in the analysis of MCM-41@APTES.These results clearly indicate 

that the (3-Aminopropyl)triethoxysilane was successfully immobilized onto MCM-

41[270]. 

Table 3.5:  The percentage of elements present in MCM-41@APTES that can be 

found    through elemental analysis. 

sample 
Elemental  analysis % 

C H N S 

MCM-41@APTES 7.45 4.32 0.80 ------ 

 

3.2.2 Fourier–transform infrared spectroscopic analysis (FT-IR) 

Fig.(3.14) shows the FT-IR analysis of the MCM-41@APTES that prepared in this 

study. The spectra show how MCM-41 change when (3-Aminopropyl)triethoxysilane is 

added. 
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The FT-IR spectra of MCM-41@APTES Fig. (3.14) showed a number of 

absorption bands for silanol groups (Si-OH), which was greatly reduced compared with 

MCM-41; this indicates successful anchoring of (3-aminopropyl)triethoxysilane. The 

wide peak at 3000-3200 cm-1 can be attributed to free NH2. The bending vibration of N-H 

(primary amine) appears at 1520 cm-1, while the peak at ~1390cm -1 can be attributed to 

the combination of the stretching of the C-N group in primary amine. Distinct bands at 

1090, 935 and 445 cm−1 can be attributed to the symmetric and ant symmetric stretching 

modes of Si– O–Si [254]. 
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Figure (3.14): FTIR spectra for MCM-41@APTES and starting material. 

 

3.2.3 X-ray powder diffraction (XRD) 

     Fig. (3.15) illustrates the XRD analysis of low angle for MCM-41@APTES.The 

peak at around 2.17(100) appeared due to the hexagonal structure of mesoporous present 

in MCM-41@APTES. This can be confirmed due to TEM images in Fig.(3.23).Filling 

the honeycomb structure of mesoporous may be led  to lower peak intensity of MCM-
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41@APTES compared to MCM-41 peak[271].The high angle XRD pattern Fig.(3.16) 

showed the absence of distinct peaks in the X-ray diffraction pattern indicates  the 

amorphous nature of the samples, with only a wide diffraction peak visible around 22 

degrees[249, 272]. 
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Figure (3.15): XRD spectra (Low angle) for MCM-41@APTES and starting material. 
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Figure (3.16): XRD spectrum (High angle) for MCM-41@APTES.  
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3.2.4 Nitrogen adsorption-desorption analysis 

The nitrogen adsorption isotherms for MCM-41@APTES is shown in Fig. (3.17) .The 

hysteresis loop was detected in MCM-41@APTES within the range from 0.4 < P/Po < 1, 

associated with capillary condensation as per in the IUPAC classification. The sample 

MCM-41@APTES exhibited type IV isotherm with H3 hysteresis loop, which is 

characteristic  for mesoporous solids[254].The BET analysis revealed that the specific 

surface area, the total pore volume and average pore diameter were illustrated in Table 

(3.6).According to the BET plots,MCM-41@APTES porosities changed but they still had 

a narrow pore width distribution, which is typical for MCM-41derivative 

materials[273].The pore volumes and surface areas of MCM-41@APTES decreased 

significantly compared to MCM-41.This suggests that the hexagonal pores at the surface 

are being blocked by large ligand molecules when immobilizing (3-

Aminopropyl)triethoxysilane onto MCM-41,The average pore size between(2 and 10 

nm)within the range of mesoporous compounds as shown in Fig.(3.18) [271].  

 

Table (3.6): BET analysis for MCM-41@APTES and starting materials. 

Compounds 
BET surface area 

(m2.g-1) 

Total pore volume 

(cm3.g-1) 

Average pore 

diameter 

(nm) 

RH-SiO2 390.12 0.33 3.47 

MCM-41 548.92 0.94 6.85 

MCM-41@APTES 155.19 0.29 7.53 
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Figure (3.17):N2 adsorption–desorption isotherms of MCM-41@APTES  
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Figure (3.18): Pore size distribution of MCM-41@APTES. 

 

3.2.5 Thermogravimetric analysis (TGA/DSC): 

The thermogravimetric analysis of the TGA/DSC ranged from 15 to 900°C. Fig. (3.19) 

refers to the TGA of the MCM-41@APTES which showed a three stage of 

decomposition. The initial step (100oC) was a mass exothermic loss(10%) of is attributed 
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to the absorbed water on the silica surface. The second mass exothermic loss(300-450oC) 

to decomposition of organic moiety(18%) for MCM-41@APTES a third exothermic 

step(500-900oC)(35%) involved breakdown of Si-OH groups in the silica structure and 

transforming them into Si-O-Si siloxane group[256, 274]. The results show that the 

synthesis procedure was successful and that a high-stability material was produced. 
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Figure (3.19): TGA/DSC plot of MCM-41@APTES. 

 

3.2.6 Atomic force microscopy (AFM) 

   The surface topographies of MCM-41@APTES have been determined through the 

AFM analyses shown in Fig.(3.20).It was found that two-dimensional images of MCM-

41@APTES topographies was unclear with blocks due to increase the rate of 

agglomeration of the materials. While the three-dimensional image showed the high and 

low topography responsible for the surface roughness of the silica surface[247].The 

parameters obtained from AFM for the surface of the prepared compounds, MCM-

41@APTES is  illustrated in Table(3.7), which indicates that the roughness factor for 

MCM-41@APTES, indicating the relatively roughness topography. The increase in the 
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AFM parameter for MCM-41@APTS compare with MCM-41is due to the increase in the 

rate of agglomeration of particle [259]. 

 

Table (3.7): AFM parameters for MCM-41@APTES. 

 

 

 

Figure (3.20): AFM 2D (on the left) and 3D (on the right) micrographs of MCM-

41@APTES. 

 3.2.7 Field emission scanning electron microscopy-energy dispersive X-ray 

(FESEM and EDX) 

Images of FESEM related to MCM-41@APTES showed in Fig.(3.21). From the 

images that the particles are smooth with spherical agglomeration [264].  

Sample 
Average 

roughness (Ra) 

Root square 

roughness (Rms) 

Average 

height (SZ) 

MCM-41 0.702 nm 0.896 nm 7.900 nm 

MCM-41@APTES 1.161 nm 1.585 nm 12.090 nm 
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Figure (3.21): FESEM analysis for MCM-41@APTES at scales of 500 nm and 1000 

nm. 

 

According to EDX analysis, existence of silicon and oxygen in addition to nitrogen 

and carbon in the solid ligand (MCM-41@APTES) were a proved as shown in 

Fig.(3.22).It can be further concluded that the MCM-41 was incorporated on the (3-

Aminopropyl)triethoxysilane. Table (3.8) shows the average values obtained from the 

EDX analysis of MCM-41@APTES. 

Table (3.8): The average values obtained from EDX analysis for MCM-41@APTES. 

Elements Average mass (%) 

Si 9.83 

O 42.09 

N 8.80 

C 39.27 
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Figure (3.22): EDX analysis for MCM-41@APTES. 

 

3.2.8 Transmission electron microscopy(TEM) 

TEM analysis was conducted to acquire further information regarding the 

structural characteristic of MCM-41@APTES.The TEM images proved the hexagonal 

honeycomb structure as shown in Fig.(3.23) [266, 271].The honeycomb structure of the 

MCM-41@APTES  not clearly preserved after functionalization of MCM-41 with 3-

aminopropyltriethoxysilane, because immobilization of large organic compounds on the 

MCM-41 causing the surface is occupied with the ligand and blocking the pores.The 

compounds exhibited ordered porous structure consistent with previous work on MCM-

41[248].The average diameter of particals between (20-50) nm was corresponding to the 

average diameter of mesoporous materials[264] .  
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Figure (3.23): TEM images for MCM-41@APTES at different scale. 

 

3.3 The characterization of MCM-41@APTES-BSAL 

Heterogeneous reaction was used to immobilize 5-Bromosalicylaldehyde onto 

MCM-41@APTES.The reaction was refluxed in toluene for 24 hrs., yielding the product. 

The structures of MCM-41@APTES-BSALwere characterized using various techniques. 
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 3.3.1 Elemental analysis  

 The elemental analysis (Table 3.9) of MCM-41@APTES-BSAL showed that the 

percentages of carbon and hydrogen were 11.28 and 8.1 respectively which were greater 

than those of MCM-41@APTES.Based on these findings, it can be concluding that the 5-

Bromosalicylaldehyde was indeed incorporated into MCM-41@APTES.  

 

Table (3.9):  The percentage of elements present in MCM-41@APTES-BSAL and 

starting materials that can be found through elemental analysis. 

Sample 
Elemental  analysis % 

C H N S 

MCM-41@APTES 7.45 4.32 0.80 ------ 

MCM-41@APTES-BSAL 11.28 8.10 3.30 
------ 

   

 3.3.2 Fourier –transform infrared spectroscopic analysis (FT-IR): 

FTIR spectrum of MCM-41@APTES-BSAL is illustrated in Fig.(3.24). The 

hydroxyl vibration band can be seen to have shifted to around 3400 cm-1. The stretching 

vibration of C-H aliphatic and aromatic groups is responsible for low intensity bands at 

~3000 and 2500 cm-1,respectively[245]. Schiff base ligand formation could be inferred 

due to the presence of the C=N.. group,which overlaps with H2O bending and the double 

bond at 1640 cm-1 [275].This provides substantial evidence that the reaction between 

MCM-41@APTES and 5-bromosalicylaldehyde produced C–O, whose vibrational band 

appears at around 1000–1300 cm-1 [271].  
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Figure (3.24): FTIR spectra for MCM-41@APTES-BSAL and starting materials. 

 

3.3.3 X-ray powder diffraction (XRD): 

    XRD analysis at low and high angle for MCM-41@APTES-BSAL are presented in 

Figs.(3.25) and(3.26), respectively. The weak peak at around 2.17(100) is appeared due 

to the hexagonal structure of mesoporous present in MCM-41@APTES-BSAL. This can 

be confirmed due to TEM images in Fig.(3.33). Filling the honeycomb structure of 

mesoporous may be led  to lower peak intensity of MCM-41@APTES-BSAL compared 

to MCM-41@APTES and MCM-41 peaks[271].The high angle XRD pattern (Fig.(3.25)) 

showed a broad peak at 22° from 2 theta due to the amorphous structure of the MCM-

41@APTES-BSAL[249]. 
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Figure (3.25): spectra (Low angle) for MCM-41@APTES-BSALand starting materials. 
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Figure (3.26): XRD spectrum (High angle) for MCM-41@APTES-BSAL. 

 

3.3.4 Nitrogen adsorption-desorption analysis: 

The specific surface area and the pore size distribution can be demonstrated via N2 

adsorption–desorption analysis. From the results represented in Fig.(3.27) and 

Table(3.10), the specific surface area, the total pore volume and average pore diameter  
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illustrated in Table (3.10). According to BET plots, the samples porosity changed, but 

they still had a narrow pore width distribution, which is typical for MCM-41 derivative 

materials[273].The hysteresis loop was detected for MCM-41@APTES-BSALwithin the 

range from 0.4 < P/Po < 1, associated with capillary condensation as per in the IUPAC 

classification. For Mesoporous solid, type IV is the dominant isotherm with H3 hysteresis 

loop. The sample exhibited type IV isotherm with H3 hysteresis loop, which is 

characteristic for mesoporous solids [254]. 

 

Table (3.10): BET analysis for MCM-41@APTES-BSAL and starting materials. 

Compounds 

BET surface 

area 

(m2.g-1) 

Total pore 

volume 

(cm3.g-1) 

Average pore 

diameter 

(nm) 

RH-SiO2 390.12 0.33 3.47 

MCM-41 548.92 0.94 6.85 

MCM-41@APTES 155.19 0.292 7.53 

MCM-41@APTES-BSAL 17.491 0.055 12.654 

 

0.0 0.2 0.4 0.6 0.8 1.0

0

5

10

15

20

25

30

35

40

Q
u

a
n

ti
ty

 a
d
s
o

e
b

e
d

(c
m

3
g

-1
S

T
P

)

Relative pressure(P/P0)

 Adsorption

 Desorption

MCM-41@APTES-BSAL 

 

Figure (3.27):N2 adsorption–desorption isotherms of MCM-41@APTES-BSAL.  
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Figure (3.28): Pore size distribution of MCM-41@APTES-BSAL. 

The pore volume and surface area of MCM-41@APTES-BSALdecreased significantly 

compared to MCM-41and MCM-41@APTES.This means that the hexagonal pores in the 

surface are being blocked by large molecules of ligand[276].Fig.(3.28) shows the average 

pore size between(2 and 10 nm)within the range of mesoporous compounds [271]. 

 

3.3.5 Thermogravimetric analysis (TGA/DSC): 

The TGA/DSC analysis was done between 15 and 900°C.Fig.(3.29) displays the 

TGA/DTA of MCM-41@APTES-BSAL,which demonstrates three distinct stage of 

decomposition. The first step(100oC) showed  an exothermic an exothermic loss of weight 

(10%) is attributed to water absorbed on the silica surface.The second mass an 

endothermic loss(150-300oC)(15%) is attributed to the decomposition of  organic moiety 

for MCM-41@APTES-BSAL.The third mass an exothermic loss(500-900)(14%) is 

attributed to the decomposition of silanol groups and also to the remaining decomposition 

of the remaining organic part[256, 274].The results show that that a high-stability material 

was produced. 
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 Figure (3.29): TGA-DSC plot of MCM-41@APTES-BSAL. 

 

3.3.6 Atomic force microscopy (AFM) 

AFM technique used to investigate the topography of the ligand surface  of MCM-

41@APTES-BSAL.Fig(3.30) has shown the atomic force microscopy (AFM) images and 

granularity normal distribution of the MCM-41@APTES-BSAL.The results showed that 

average roughness of MCM-41@APTES-BSAL decreased upon functionalization of 

MCM-41@APTES with 5-Bromosalicylaldehyde from 1.161 nm to 0.429nm. This may 

be attributed to the successful modification of the surface of the ligand from MCM-

41@APTES to MCM-41@APTES-BSAL,increase the bonding between 5-

Bromosalicylaldehyde with MCM-41@APTES ,which leads to a decrease in the  surface 

roughness and the disappearance of nanoparticale clusters[277]. Moreover,AFM findings 

root square roughness (Rms) and an average height (SZ) in Table (3.11). 

 

 

 

 

mailto:MCM-41@APTES-BSAL.Fig(3.30)
mailto:MCM-41@APTES-BSAL.Fig(3.30)


Chapter Three                                             Results and Discussion (Characterization) 
 

92 
 

92 
 

 

Table (3.11):  AFM parameters for MCM-41@APTES-BSAL and starting materials. 

 

 

 

Figure (3.30): AFM 2D (on the left) and 3D (on the right) micrographs of MCM-

41@APTES-BSAL. 

 

3.3.7 Field emission scanning electron microscopy-energy dispersive X-ray (FESEM 

and EDX). 

The surface characteristic of MCM-41@APTES-BSAL was examined by using 

FESEM analysis. The findings are shown in Fig.(3.31).This study found that the particles 

smooth with spherical agglomeration, and is in agreement with the shape and size of 

MCM–41 [278].  

Sample 
Average 

roughness (Ra) 

Root square 

roughness (Rms) 

Average height 

(SZ) 

MCM-41 0.702 nm 0.896 nm 7.9 nm 

MCM-41@APTES 1.161 nm 1.585 nm 12.09 nm 

MCM-41@APTES-BSAL 0.4294 nm 0.7608 nm 9.201 nm 
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Figure (3.31): FESEM analysis for MCM-41@APTES-BSALat scales of 500 nm and 

1000 nm. 

EDX analysis of MCM-41@APTES-BSAL showed in Fig. (3.32) explained that the 

compounds contained carbon, nitrogen, bromine, in addition to oxygen and silicon 

elements in the complex, from which it can further concludes that the 5-

bromosalicylaldehyde was incorporated on the MCM-41@APTES. Table (3.12) shows 

the average values obtained from the EDX analysis of MCM-41@APTES-BSAL. 

 

 

Table (3.12): The average values obtained from EDX analysis for MCM-41@APTES-

BSAL. 

Elements Average mass (%) 

Si 21.88 

O 50.43 

Br 3.65 

N 7.32 

C 16.72 
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Figure (3.32): EDX analysis for MCM-41@APTES-BSAL. 

 

3.3.8 Transmission electron microscopy(TEM) 

The hexagonal honeycomb structure of MCM-41@APTES-BSAL can be not clearly 

observed in the Fig.(3.33) after functionalization MCM-41@APTES with 5-

bromosaliyaldehyde,because immobilization of large organic compounds on the MCM-

41@APTES  causing the surface occupied with the ligand and blocking the pores. 

Furthermore, the samples showed ordered porous structure, which is consistent with 

previous research done on MCM-41[248].The average diameter between (20-50)nm was 

corresponding to the average diameter of mesoporous materials [264]. 
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Figure (3.33): TEM images for MCM-41@APTES-BSAL at different scales. 

 

3.4 The characterization of MCM-41@NTPE 

    MCM-41@NTPE was synthesized through a heterogeneous reaction between N-[3-

(Trimethoxysilyl)propyl]ethylenediamine and MCM-41 in toluene as a solvent for 24 hrs. 

The structures of MCM-41@NTPE were characterized using various techniques. 

3.4.1 Elemental analysis   

     The elemental analysis (Table 3.13) shows that MCM-41@NTPE contains 1.4% of 

nitrogen. In contrast, both RH-SiO2 and MCM-41 do not contain this element. These 

findings clearly demonstrate that N-[3-(Trimethoxysilyl)propyl]ethylenediamine was 

incorporated into the MCM-41 to form MCM-41@NTPE. 
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Table (3.13): The percentage of elements present in MCM-41@NTPE that can be 

found through elemental analysis. 

sample 
Elemental  analysis % 

C H N S 

MCM-41@NTPE 9.72 4.95 1.40 ------ 

 

3.4.2 Fourier–transform infrared spectroscopic analysis (FT-IR)  

FT-IR spectrum of the compound MCM-41@NTPE Fig. (3.34) showed a number 

of absorption bands silanol groups (Si-OH) was reduced compared with MCM-41.This 

indicates successful anchoring of N-[3-(Trimethoxysilyl)propyl]ethylenediamine 

[279].The weak peak at (3000-3200 cm-1) corresponds to the free NH2. The peaks around 

3300 cm-1 are attributed to the symmetric and asymmetric stretching of N-H bond of the 

primary amine, while the peak at 3340 and 1655 cm-1 are attributed to the stretching and 

bending of N-H bond in the secondary amine. The bending vibration of N-H (primary 

amine) is appeared at 1520 cm-1, while the strong peak at 1380 cm-1 signifies the 

combination of stretching C-N group in primary amine [280]. FT-IR spectrum also 

exhibits bands at 445, 935 and 1090 cm−1 , characteristic of symmetric and anti-

symmetric stretching of Si– O–Si peaks[281].  
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Figure (3.34): FTIR spectra for MCM-41@NTPE and starting material. 

 

3.4.3 X-ray powder diffraction(XRD) 

XRD analysis for MCM-41@NTPE at low-angle are presented in Fig.(3.35).The peak 

at approximately 2.17°(100) is attributed to the presence of a hexagonal mesoporous 

structure[282],which is characteristic of MCM-41@NTPE.This can be seen in TEM 

images in Fig.(3.43). The intensity of the peaks for MCM-41@NTPE however, were low 

compared to MCM-41, which might be because of the filling of the mesoporous 

honeycomb structure of MCM-41[271].The high angle XRD pattern 

Fig.(3.36)demonstrated the presence of broad diffused peak with peak intensity at 22-23˚ 

(2θ), even though the lack of distinct peaks. This result, consistent with the strong broad 

peak of amorphous silica proposes the amorphous nature of the functionalized silica 

analyzed as shown in Fig.(3.36)[283]. 
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Figure (3.35): XRD spectra (low angle) of MCM-41@NTPE and starting material. 
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Figure (3.36): XRD spectrum (high angle) of MCM-41@NTPE. 
 

 3.4.4 Nitrogen adsorption-desorption analysis: 

One of the main characterization issues for mesoporous silica is identifying the pore 

network based on physical adsorption–desorption analysis. Type IV isotherms with H3 
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hysteresis loop were identified for MCM-41@NTPE (Fig. (3.37)), in accordance with the 

IUPAC definition, which were associated with the presence of mesoporous (Fig. 

(3.38))[284].The initial segment of the adsorption isotherm (P/P0 < 0.2) was attributed to 

the monolayer and multilayer occurrences. The second segment, at higher P/P0, exhibited 

an upward deviation correlated to the continuous filling of mesoporous by capillary 

condensation [285].The BET specific surface area, the average pore volume and average 

pore diameter  for MCM-41@NTPE were illustrated in Table (3.14). 

 

Table (3.14): BET analysis for MCM-41@NTPE and starting materials. 

Compounds 
BET surface area 

(m2.g-1) 

Total pore volume 

(cm3.g-1) 

Average pore size 

(nm) 

RH-SiO2 390.12 0.33 3.47 

MCM-41 548.92 0.94 6.85 

MCM-41@NTPE 8.873 0.094 42.468 

 

The pore volumes and surface areas of MCM-41@NTPE decreased significantly 

compared to MCM-41.This suggests that the hexagonal pores at the surface are being 

blocked by large  ligand molecules when immobilizing N-[3-

(Trimethoxysilyl)propyl]ethylenediamine onto MCM-41.The average pore size 

between(3 and 10 nm)within the range of mesoporous compounds [271] is shown in 

Fig.(3.38).   
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Figure (3.37):N2 adsorption–desorption isotherms of MCM-41@NTPE  
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Figure (3.38): Pore size distribution of MCM-41@NTPE. 

 

3.4.5 Thermogravimetric analysis (TGA/DSC): 

The thermal stability of the functionalized silica was applied by using TGA/DSC 

analysis, the obtained results are illustrated in Fig. (3.39).The findings show that the 

functionalized silica exhibited three characteristic stages of weight loss. 
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At first (100oC), there was weight loss (10%) was attributed to water molecules that 

were adsorbed to the silica's surface was evaporation. The second weight loss(250-

350oC)(15%) could be due to decomposition of organic moiety for MCM-41@NTPE and 

the third step(400-900oC)(33%) involving breakdown of Si-OH groups in the silica 

structure and transforming them into Si-O-Si siloxane group.The results show that the 

synthesis procedure was successful and that a high-stability material was produced[286]. 
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Figure (3.39): TGA/DSC plot of MCM-41@NTPE. 

 

3.4.6 Atomic force microscopy(AFM): 

  The surface topographies of MCM-41@NTPE have been demonstrated via the AFM 

analysis as shown in Fig. (3.40).It was found that the two-dimensional images of the 

MCM-41@NTPE topographies were not clear, while three-dimensional images showed a 

high and a low topography responsible for the surface roughness of the silica [46]. 

Table(3.15)shows the parameters obtained from AFM for the surfaces of the prepared 

MCM-41@ NTPE.The increase in the AFM parameter for MCM-41@NTPE is compared 

with MCM-41 due to the increase in the rate of agglomeration of partial [259]. 
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Table (3.15): AFM parameters for MCM-41@NTPE and starting material. 

 

 

 

Figure (3.40): AFM 2D (on left) and 3D (on right) micrographs of MCM-41@NTPE. 

 

3.4.7 Field emission scanning electron microscopy-energy dispersive X-ray (FESEM 

and EDX) 

   FESEM images of MCM-41@NTPE are shown in Fig. (3.41). It is clear from these 

images that the particles are smooth with a spherical agglomeration. The average 

diameter ranges between (20-100) nm, which corresponds to the average diameter of 

mesoporous and macroporous materials [264].  

Sample 
Average roughness 

(Ra) 

Root square roughness 

 (Rms) 

Average height 

 (SZ) 

MCM-41 0.702 nm 0.896 nm 7.900 nm 

MCM-41@NTPE 1.161 nm 1.585 nm 12.090 nm 
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 Figure (3.41): FESEM analysis of MCM-41@NTPE at scales of 500 nm and 1000 

nm. 

According to EDX analysis, the presence of silicon and oxygen, in addition to nitrogen 

and carbon were demonstrated in the solid ligand (MCM-41@NTPE), as shown in 

Fig.(3.42). From this, it can be further concluded that the MCM-41 was incorporated on 

the N-[3-(trimethoxysilyl)propyl]ethylenediamine.The average value of the chemical 

composition obtained from EDX analysis is shown in Table(3.16) . 

 

Table(3.16) :The average values obtained from EDX analysis for MCM-41@NTPE. 

Elements Average mass (%) 

Si 15.98 

O 41.22 

N 15.81 

C 26.95 
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Figure (3.42): EDX analysis of MCM-41@NTPE. 

 

3.4.8 Transmission electron microscopy(TEM) 

TEM images of MCM-41@NTPE is shown in fig. (3.43). It can be seen that the 

hexagonal honeycomb structure of the MCM-41@NTPE. The TEM images showed the 

multifarious layers of the accumulated ordered pores in the structures of MCM-

41@NTPE[266].  
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Figure (3.43): TEM images of MCM-41@NTPE at different scales. 

 

3.5  The characterization of MCM-41@NTPE-BSAL 

     MCM-41@NTPE-BSAL was synthesized through heterogeneous reaction between 

5-Bromosalicylaldehyde and MCM-41@NTPE in toluene as a solvent for 24 hrs.. The 

structures of MCM-41@NTPE-BSALwas characterized using various techniques.  
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 3.5.1 Elemental analysis   

      The elemental analysis results of MCM-41@NTPE-BSAL were tabulated in Table 

(3.17).The carbon percentage and hydrogen in MCM-41@NTPE-BSAL were more than 

in MCM-41@NTPE,these findings show that the 5-Bromosalicylaldehyde was 

successfully incorporated onto MCM-41@NTPE. 

 

Table (3.17): The percentage of elements present in MCM-41@NTPE-BSAL that can 

be found through elemental analysis. 

Sample 
 Elemental  analysis % 

C H N S 

MCM-41@NTPE-BSAL 19.85 13.72 8.00 ------ 

 

3.5.2 Fourier –transform infrared spectroscopic analysis (FT-IR): 

   Fig.(3.44) shows the FTIR spectrum of MCM-41@NTPE-BSAL.The band related to 

the O-H vibration of Si-OH is shifted to~ 3400 cm-1.The C-H aliphatic and aromatic 

groups stretching vibration was responsible for low intensity bands peak at ~3000 and 

2500 cm-1 [245, 287].The presence of the azomethine C=N group was confirmed by the 

identification of a peak at 1640 cm-1 which interfere with double bone bands, indicating 

the successful of Schiff base ligand formation [275]. The peak at 3340 and 1655 cm-1 is 

attributed to the stretching and bending of N-H bond in the secondary amine of the same 

moiety. This provides substantial evidence that the reaction between MCM-41@NTPE 

and 5-Bromosalicylaldehyde was successful in producing the required Schiff base. The 

bands due to C–O vibrations usually appear in the vicinity of 1000–1300 cm-1 [271]. 

However, after functionalization with 5-Bromosalicylaldehyde, these bands overlapped 

with that of the siloxane group (Si–O–Si), although relatively small bands still appeared as 

exhibited from the FT-IR spectrum of MCM-41. 
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Figure (3.44): FTIR spectra for MCM-41@NTPE-BSAL and starting materials. 

 

3.5.3 X-ray powder diffraction(XRD) 

  The X-ray diffraction (XRD) analysis was carried out of synthesized material MCM-

41@NTPE-BSAL.The results of XRD analysis at low is presented in Fig.(3.45).The peak 

at approximately 2.17°(100) is attributed to the presence of a hexagonal mesoporous 

structure,which is characteristic of MCM-41@NTPE-BSAL.This can be seen in TEM 

images in Fig.(3.53).The intensity of the peaks for MCM-41@NTPE-BSAL however, 

were low compared to MCM-41@NTPE and MCM-41, which might be because of the 

filling of the mesoporous honeycomb structure of MCM-41@NTPE by organic 

molecules[271].The high angle XRD pattern (Fig.(3.46)) showed a broad peak at 22° 

from 2 theta  was observed due to the amorphous structure of the  MCM-41@NTPE-

BSAL [249]. 
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Figure (3.45): XRD spectra (low angle) MCM-41@NTPE-BSAL and starting 

materials. 
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Figure (3.46): XRD spectrum (high angle) of MCM-41@NTPE-BSAL. 
 

3.5.4  Nitrogen adsorption-desorption analysis 

The specific surface area and the pore size distribution can be demonstrated via N2 

adsorption–desorption analysis. From the results represented in Fig.(3.47), specific 
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surface area, the average pore volume and average pore diameter according to BET plot 

were illustrated in Table(3.18). The samples porosity changed, but they still had a narrow 

pore width distribution, which is typical for MCM-41 derivative materials[273]. 

However, the hysteresis loop was detected in MCM-41@NTPE-BSAL within the 

range from 0.4 < P/Po < 1, associated with capillary condensation as per in the IUPAC 

classification. The sample exhibited type IV isotherm with H3 hysteresis loop, which is 

characteristic for mesoporous solids. The pore size distribution Fig(3.48) ranging (5-10) 

nm is within the mesoporous materials [254].  
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Figure (3.47):N2 adsorption–desorption isotherms of MCM-41@NTPE-BSAL  
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Figure (3.48): Pore size distribution of MCM-41@NTPE-BSAL. 

 

The pore volume and surface area of MCM-41@NTPE-BSAL Table(3.18)decreased 

significantly compared to MCM-41that was prepared, but increased compare MCM-

41@NTPE as a result of the presence of a carbon network that increase the effective sites 

which makes the surface highly effective towards adsorbed nitrogen gas. This type of 

isotherm shows that the particles are plate-like[218]. 

 

Table (3.18): BET analysis for MCM-41@NTPE-BSAL and starting materials. 

Compounds 
BET surface area 

(m2.g-1) 

Total pore volume 

(cm3.g-1) 

Average pore size 

(nm) 

MCM-41 548.92 0.94 0.94 

MCM-41@NTPE 8.873 0.094 42.468 

MCM-41@NTPE-BSAL 37.802 0.3384 40.417 
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 3.5.5 Thermogravimetric analysis (TGA/DSC): 

The thermogravimetric analysis(TGA/DSC) was done in a temperature ranging from 

15°C to 900 °C. The results of this technique are shown in the fig.(3.49).MCM-

41@NTPE-BSAL compound undergoes decomposition in three distinct stages, as 

observed in the thermogravimetric analysis: The first stage (100oC)(10%)when 

physisorbed water is lost; The second loss(400-500oC)(10%) was related to the 

decomposition of organic moiety for MCM-41@NTPE-BSAL on the surface of silica. 

The third(500-750oC) continuous loss of weight(38%) was attributed to breakdown of Si-

OH groups in the silica structure and transforming them into Si-O-Si siloxane group. The 

results show that the synthesis procedure was successful and that a high-stability material 

was produced [287]. 
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Figure (3.49): TGA/DSC plot of MCM-41@NTPE-BSAL 

 

3.5.6 Atomic force microscopy(AFM) 

Fig.(3.50)shows the atomic force microscopy(AFM) images and granularity normal 

distribution of the MCM-41@NTPE-BSAL.The results demonstrated that the 

functionalization of MCM-41@NTPE led to a decreases in the surface roughness material 
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upon functionalization from 1.161 nm to 0.429nm. This change may be attributed to the 

successful modification of the surface of the ligand between MCM-41@NTPE and 5-

Bromosalicylaldehyde. 

Table (3.19): AFM parameters for MCM-41@NTPE-BSALand starting materials.  

 

 

Figure (3.50): AFM 2D (on left) and 3D (on right) micrographs of MCM-41@NTPE-

BSAL. 

3.5.7 Field emission scanning electron microscopy-energy dispersive X-ray (FESEM 

and EDX) 

FESEM micrographs for MCM-41@NTPE-BSAL are shown in Fig. (3.51).The 

material formed smooth with a spherical agglomeration, and this spherical morphology 

was preserved for the composite materials. The average diameter ranges between (20-

100)nm, which corresponds to the average diameter of mesoporous and macroporous 

materials [264]. 

Sample 
Average roughness 

(Ra) 

Root square roughness 

 (Rms) 

Average height 

(SZ) 

MCM-41 0.702 nm 0.896 nm 7.900 nm 

MCM-41@NTPE 1.161 nm 1.585 nm 12.090 nm 

MCM-41@NTPE-BSAL 0.429nm 0.761nm 9.201 nm 
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 Figure (3.51): FESEM analysis of MCM-41@NTPE-BSAL at scales of 500 nm and 

1000 nm. 

 

  Fig. (3.52) also shows the EDX analysis of MCM-41@NTPE-BSAL.The analysis of 

this spectrum revealed that the compounds contained carbon, nitrogen and bromine, in 

addition to oxygen  and silicon in the complex, from which it can be further concluded 

that the 5-bromosalicylaldehyde was incorporated onto the MCM-41@NTPE ,inducing 

modification to the textural and chemical properties. The average values of the chemical 

composition obtained from the EDX analysis are shown in Table(3.20) .  

 

Table(3.20) :The average values obtained from EDX analysis for MCM-41@NTPE-

BSAL. 

Elements Average mass (%) 

Si 24.43 

O 46.09 

N 8.77 

C 17.68 

Br 3.04 
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Figure (3.52): EDX analysis of MCM-41@NTPE-BSAL. 

 

 3.5.8 Transmission electron microscopy(TEM) 

  Fig.(3.53) shown TEM images of MCM-41@NTPE-BSAL, not clear honeycomb 

structures arrangement was kept after 5-Bromosalicylaldehyde was incorporated onto 

MCM-41@NTPE with heterogeneous spherical shapes distributed [288].Also, the samples 

had a ordered porous structured just like what has been found before in MCM-41 

compounds[248].  
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Figure (3.53): TEM images of MCM-41@NTPE-BSAL at different scales.
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4. Removal of metal ions from aqueous solution. 

Diverse techniques have been applied in the attempt to eliminate the impact of 

pollution from these sources, which include ion exchange, membrane filtration, 

precipitation, adsorption, coagulation, and oxidation. The process of adsorption with 

porous compounds can involve different mechanisms which include hydrophobic 

interactions, electrostatic interactions, ion-dipole interactions, coordination by surface 

metal cations, ion exchange, hydrogen bonding, and dispersion forces, amongst 

others[184]. 

 Adsorption is the process of adhesion of solid, liquid or gaseous substances to the 

surface of another substance[289].The bonds that formed in this process between the 

atoms of the adsorbent and the adsorbed materials are ionic, covalent and metallic 

bonds[290].In addition, the atoms on the surface of the adsorbent are not completely 

surrounded by many other adsorbent atoms, but rather the adsorbed materials can 

accumulate.The adsorption process is easy and cost-effective compared to other 

separation methods, as the adsorbent can be reused without a significant change in its 

performance[291, 292].The process of adsorption is present in most natural, biological 

and chemical systems and has wide applications in the pharmaceutical industries, water 

treatment and dye industries[293]. 

 

4.1 Study of uv-visible spectra of divalent ions (Cobalt and Copper)  

Figs.(4.1) and (4.2) shows the spectra of absorption of Co(II) and Cu(II) within the 

wavelength(400-1100)nm, the ions exhibits a distinct peak of absorption at(λ max.equal to 

620 and 730 nm),respectively. 
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Figure (4.1): Uv-vissible of Co (II) ions 
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Figure (4.2):Uv-vissible of Cu(II) ions. 
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4.2 Calibration curve of ions (Co (II) and Cu (II)) 

Figs. (4.3) and (4.4) shows calibration curve of divalent ions cobalt and copper, 

respectively, which show that Co (II) and Cu (II) ions obey lambert-Beer rule within the 

concentration range (20-600) µg.mL-1 for cobalt and (20-500) µg.mL-1for copper. 

 

 

Figure (4.3): Calibration curve of Co (II) ion. 

 

 

Figure (4.4): Calibration curve of Cu (II) ion.
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4.3 Removal tests 

4.3.1. Removal ions experiments 

Calibration curves for each of the ions were constructed by preparing a series of 

diluted solutions for each ion. Next, an amount of each prepared ligands, was combined 

with 50 mL of each metal ions solution, Co (II) and Cu (II), respectively.The amount of 

metal ion was determined through enabling the insoluble complex to settle and by take a 

specific amount of the supernatant using a micropipette. The impact of different variables 

on the metal ions such as exposure time, pH, metal ion concentration, and effects of mass 

of the RH-SiO2, MCM-41 and derivative compounds were investigated. The following 

equation was used to calculate the removal of cobalt and copper from aqueous 

solutions[235]: 

% Removal (E) = (C0-Ce/Co)*100 % 

Where Co and Ce are the initial concentration at zero and the adsorbed concentration after 

contact time, respectively. 

 

4.3.1.1 Removal ions by RH-SiO2 and MCM-41      

4.3.1.1.1. Effect of exposure time  

It is necessary to study effect of exposure time for a substance to reach equilibrium in 

order to plan experiments for adsorption. The influence exposure time on adsorption of 

RH-SiO2 and MCM-41 was examined, the  removal of ions by adsorbent prepared were 

detailed to be a function of diverse contact time[294].The metal ion removal of Co (II) 

(0.05 M) and Cu (II) (0.05 M) ions was determined by shaking the RH-SiO2 or MCM-41 

, separately in the aqueous metal solutions for various times, as illustrated in Figs.(4.5) 

and (4.6). It was demonstrated that there was an increase in the removal of metal ions as a 

function of exposure time, though in a nonlinear manner, due to diffusion factors. This 

increase can be characterized as a fast initial removal followed by a period of constant 

removal as a result of saturation of RH-SiO2 and blocking the pore for MCM-41by Co(II) 
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and Cu(II) ions, separately occurred after time progressing. This aligns with the 

hypotheses of other workers [295].  

 

Figure (4.5): The removal of Cu (II) and Co (II) ions by the RH-SiO2 ligand as a 

function of time. 

 

 

Figure (4.6): The removal of Cu (II) and Co (II) ions by the MCM-41 ligand as a 

function of time 

4.3.1.1.2. Effect of pH 

The pH of the aqueous solution is very important for the adsorption process. It changes 

the electric charge on the surface of the material that adsorbs, the degree of ionization of 
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the material present in the solution, and how the groups on the active sites of the 

adsorbent separate. It also changes the way the solute behaves in the solution[296]. 

Solutions of Co (II) (0.05 M) and Cu (II) (0.05 M) ions of various acidities, adjusted 

using NH4OH (0.1M)/HCl (0.1 M), separately, were mixed with RH-SiO2 and MCM-41, 

respectively.It was observed that there was an increasing removal of metals with 

increasing pH. At pH 6, the highest removal was observed for Co(II) ions with RH-SiO2, 

and MCM-41, as shown in Figs(4.7) and (4.8), while for the Cu(II) ion the highest 

removal occurred at pH 5 for both RH-SiO2 and MCM-41, as shown in Figs(4.9) and 

(4.10).The pH influenced the adsorbance and the adsorbent surface, where the hydroxide 

and hydrogen ions compete for the adsorbent surface, where a change in the acidity of the 

solution can affect the adsorption process in either a negative or positive manner [297]. It 

is usually thought that when the pH is lower, more hydrogen will concentrate on the 

surfaces of the RH-SiO2 and MCM-41, leading to strong competition between the 

adsorption proton and metal ions by the active site on the surface, causing more free 

metal ions to remain in solution [298]. After the highest value, the amount of removal 

doesn’t change due to the production of metal oxide [299, 300]. It is clear that the 

removal of the divalent metal ions increases in the order Cu (II) < Co (II). The order of 

metal removal capacities agreed with the stability constants established by Irving William 

and the acid-base concept developed by Pearson [301]. 

 

 

 

 

 

 

 

 

 



Chapter Four                                             Results and Discussion (Applications) 
 

122 
 

122 
 

 

 

Figure (4.7): The removal of Co (II) ions by RH-SiO2 at various pHs. 

 

 

Figure (4.8): The removal of Co (II) ions by MCM-41 at various pHs. 
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Figure (4.9): The removal of Cu (II) ions by RH-SiO2 at various pHs. 

 

 

Figure (4.10): The removal of Cu (II) ions by MCM-41 at various pHs. 

 

4.3.1.1.3. Effect of concentration of Co (II) and Cu (II) ions 

The concentration of ions has a big impact on adsorption. The removal of ions 

increases as the initial concentration of ions increases. The initial concentration gives an 

important driving force to overcome all mass-transfer resistance of adsorption between 

the aqueous and solid phases[294].Different concentration of cobalt and copper ions 

(0.02–0.1M) were used to investigate the removal of ions at optimized  pH for both ions. 

The results are shown in Figs.(4.11),(4.12),(4.13) and(4.14) demonstrated that the 
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removal of ions increased with an increase in the concentration of Co(II) and Cu(II) ions 

at various times [295], which could possibly be because each ion forms a 1:1 complex 

with the ligand at high concentration; in contrast, when the concentration of the ion is 

low, there is minimal amount of uptake of ions due to the formation of a 1:2 

complex(metal to ligand) [302].The higher concentration of metal ions means a larger 

number of binding sites are occupied, which results in increased removal [303].Over this 

concentration, the balance was come to likely since of the limited number of active sites 

available  to adsorb on the compounds surfaces. As expected, the large molecule may 

well be adsorbed essentially on the outside surface or in wider pores. In this way, upon 

covering the surface, a second layer was not favorable[304]. 

 

 

Figure (4.11): The removal of Co (II) ions by RH-SiO2 using various initial 

concentration 
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Figure (4.12): The removal of Co (II) ions by MCM-41 using various initial 

concentration 

 

 

Figure (4.13): The removal of Cu (II) ions by RH-SiO2 using various initial 

concentration. 
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Figure (4.14): The removal of Cu (II) ions by MCM-41 using various initial 

concentration. 

 

4.3.1.1.4. Effect of mass of RH-SiO2 and MCM-41 

The experiment has been performed by taking different amounts of adsorbent (0.1, 

0.15 and 0.2 g per 50 mL) in the test solutions at optimized pH for both ions (cobalt at 

0.05 M and copper at 0.05 M). Figs. (4.15),(4.16),(4.17)and(4.18) shows how the 

removal of Co(II) and Cu(II) ions varied as adsorbent amount were increased from 0.1 to 

0.2 g. Maximum removal of Co(II) and Cu(II) ions were observed for 0.2 g at RH-SiO2. 

Similarly, a maximum removal of Co (II) and Cu(II) ions occurred when using 0.2 g of 

MCM-41. The finding demonstrated a progressive increasing in the removal of metal ion 

as the adsorbent quantity was increased [305, 306]. However, a subsequent increase in 

adsorbent will not affect the removal of Cu (II) and Co (II) ions from the solution. This 

can be due to donor sites of the solid ligand being blocked by the ligand itself which 

leads to decrease the surface area of the ligands [307].The results also showed that 

MCM-41 shows more efficient removal of Co(II) and Cu(II) ions in solution than RH-

SiO2 with increasing adsorbent amount. 
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Figure (4.15): The removal of Co (II) ions by various mass of RH-SiO2. 

 

 

Figure (4.16): The removal of Co (II) ions by various mass of MCM-41. 
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Figure (4.17): The removal of Cu (II) ion by various mass of RH-SiO2. 

 

 

Figure (4.18): The removal of Cu (II) ion by various mass of MCM-41. 
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  Figs.(4.19) and (4.20) show the removal efficiency of metal ions (0.05M for Co (II) 

and 0.05M for Cu (II) ions),separately. The removal of ions was determined by shaking 

0.1g of ligands with 50 mL aqueous divalent metal ion for 72 hrs..The removal of metal 
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removal with increase the time of exposure due to diffusion factors. Initially the removal 

of ions increased during the first hour. Then, after 4 hours, it became very slow, probably 

because of blocking the pore. It was found that there was no change in the removal of 

ions when the stirring time was increased. Therefore, the equilibrium time of the removal 

process is over four  hours[295]. 

 

Figure (4.19): The removal of Co (II) ion by MCM-41@APTES and MCM-

41@APTES-BSAL ligand versus time. 

 

Figure (4.20): The removal of Cu (II) ions by MCM-41@APTES and MCM-

41@APTES-BSAL ligand versus time. 
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4.3.1.2.2. Effect of pH 

The  effects of the acidity level (pH) on the removal of copper and cobalt ions by 

MCM-41@APTES and MCM-41@APTES-BSAL were investigated by mixed 50 

mL(0.05)M 0f metal ions and 0.1g of MCM-41@APTES and MCM-41@APTES-

BSAL, at different PH,respectively.The temperature was kept at 25 oC.  

 Figs.(4.21),(4.22),(3.23)and(4.24) show that the amount of Co(II) and Cu(II) adsorbed 

by MCM-41@APTES and MCM-41@APTES-BSAL, respectively increased when the 

pH increased, but after the highest value there is no change in the amount of removal of 

ions. At low pH levels, the active sites on the surface of the adsorbents were overly filled 

with protons, which made it difficult for ions to bond with the active sites. When the 

solution becomes less acidic, the functional groups on the adsorbent surface lose their 

protons. This causes the surface of adsorbent become more negatively charged and helps 

the binding of cations. The removal of ions that can be adsorbed increases when the pH is 

higher[308]. Removing metal ions  decreased when the pH is more high(pH=6 for Co(II) 

and PH=5 for Cu(II) ,respectively) because their hydroxides are formed[299], causing in 

precipitates. So, when the pH is high, metal ions are taken out by making solid 

precipitates instead of adsorption[309]. 

 

Figure (4.21): The removal of Co (II) ions by MCM-41@APTES with various pHs. 
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Figure (4.22): The removal of Co (II) ions by MCM-41@APTES-BSAL with various 

pHs. 

 

 

Figure (4.23):The removal of Cu (II) ions by MCM-41@APTES with various pHs. 
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Figure (4.24): The removal of Cu (II) ions by MCM-41@APTES-BSAL with various 

pHs. 
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   Effects of the initial concentration of metal ions on the removal process were 

studded. 0.1 grams of MCM-41@APTES and MCM-41@APTES-BSAL,separetly were 
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Figs.(4.25),(4.26),(4.27)and(4.28) indicate that the ability to adsorb increases as the 

initial concentration of metal ions increases, due to the formation of 1:1 complex (metal to 

ligand) at high concentration in contrast, when the concentration of the ion is low, there is 

minimal amount of uptake of ions due to the formation of a 1:2 complex(metal to ligand) 

[299]. 
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Figure (4.25): The removal of Co (II) ions by MCM-41@APTES with various initial 

concentration. 

 

Figure(4.26):The removal of Co (II) ions by MCM-41@APTES-BSALwith various 

initial concentration 
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Figure (4.27): The removal of Cu (II) ions by MCM-41@APTES with various initial 

concentration 

 

 

Figure (4.28): The removal of Cu (II) ions by MCM-41@APTES-BSAL with various 

initial concentration 
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amount effect. Figs. (4.29), (4.30), (4.31) and (4.32) show how the removal of Co (II) and 

Cu (II) ions varied as adsorbent amount were increased .The findings indicated a gradual 

increase in removal of metal ions as the adsorbent amount was increased. More Cu (II) 

ions were adsorbed as the amount of an adsorbent amount increased due to the number of 

binding sites was increased. Similarly, a maximum removal of Co (II) ions. Using more 

adsorbent did not make a big difference in the removal of ions. The high amount of the 

adsorbent would increase the number of places where metal ions can attach. This was 

found by Babel and Kurniawan [310], and Najua et al. also reported the same[306].It was 

also found that when more adsorbent was used than the maximum amount it could 

adsorb, the efficiency of removal no change because the sites where the ions adsorption 

are too crowded, causing a difference in the concentration of ions between the solution 

and the surface of the substance that adsorbs them [311].The results also showed that 

MCM-41@APTES-BSAL is better at adsorbing ions from a solution compared to MCM-

41@APTES when more adsorbent was added due to more active side on the surface. 

 

Figure (4.29): The removal of Co (II) ions by MCM-41@APTES with various mass. 
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Figure (4.30): The removal of Co (II) ions byMCM-41@APTES-BSAL with various 

mass. 

 

 

Figure (4.31): The removal of Cu (II) ion by MCM-41@APTES with various mass. 
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Figure (4.32): The removal of Cu (II) ion by MCM-41@APTES-BSAL with various 

mass. 
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Figure (4.33): The removal of Co (II) and Cu (II) ions by MCM-41@ NTPE ligand 

versus time. 

 

Figure (4.34): The removal of Co (II) and Cu (II) ions by MCM-41@NTPE-BSAL 

ligand versus time. 
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removal of metal ions occurred at a pH= 6 for cobalt and pH=5 for copper. When the pH 

is low, the removal capacity is low because the amine parts become protonated. This 

makes it harder for metal ions to adsorbed[312].At high pH values, metal ions begin to 

form hydroxides, which were less soluble and therefore less available to the ligand. This 

is why high pH values were not studied in this experiment [312]. It is obvious that the 

amount of divalent metal ions increase in the following order: 

Cu2+ > Co2+. 

 The order of removal for divalent metals follows the stability constants established by 

Irving William and the acid-base theory explained by Pearson[301].The ligands have 

different properties depending on the atoms they contain (N and O). Due to this 

characteristic, they have the ability to bind with both soft and hard metal ions. This 

usually happens when the number of atoms that are used for donation in a ligand system 

increases[301]. 

 

Figure(4.35):The removal of Co(II) ions by MCM-41@ NTPE at various pHs. 
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Figure(4.36):The removal of Co(II) ions by MCM-41@NTPE-BSAL at various pHs. 

 

 

Figure (4.37): The removal of Cu (II) ions by MCM-41@ NTPE at various pHs. 
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Figure (4.38): The removal of Cu (II) ions by MCM-41@NTPE-BSAL at various 

pHs. 
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Figure (4.39): The removal of Co (II) ions by MCM-41@NTPE at various initial 

concentration. 

 

 

Figure (4.40): The removal of Co (II) ions by MCM-41@NTPE-BSAL at various 

initial concentration. 
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Figure (4.41): The removal of Cu (II) ions by MCM-41@NTPE at various initial 

concentration. 

 

 

Figure (4.42): The removal of Cu (II) ions by MCM-41@NTPE-BSAL at various 

initial concentration. 
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41@NTPE and MCM-41@NTPE-BSAL could removal Co (II) and Cu (II) ions, 

respectively. The removal efficiencies of both ions Co(II) and Cu(II)  increased gradually 

with increasing adsorbent amount of compounds[313].It is easy to understand that the 

ability of MCM-41@NTPE and MCM-41@NTPE-BSAL to removal depends on how 

active its surface.This means that MCM-41@NTPE and MCM-41@NTPE-BSAL needs 

to have a certain amount of surface area available for the ions to interact with. So, if you 

increase the amount of MCM-41@NTPE and MCM-41@NTPE-BSAL, it will increase 

the ability to removal ions. Clearly, the MCM-41@NTPE-BSAL was better at adsorbing 

ions from the solution compared to MCM-41@NTPE. However, a subsequent increase in 

adsorbent will not affect the removal of Cu (II) and Co (II) ions from the solution. This 

could be due to donor sites of the solid ligand being blocked by the ligand itself [307].  

 

Figure (4.43): The removal of Co (II) ions by MCM-41@NTPEwith various mass  
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Figure (4.44): The removal of Co (II) ions by MCM-41@NTPE-BSAL with various 

mass  

 

 

Figure (4.45): The removal of Cu (II) ions by MCM-41@NTPE with various mass  
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Figure (4.46): The removal of Cu (II) ions by MCM-41@NTPE-BSAL with 

 various mass . 

4.4 Column separation experiment 
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M)/HCL (0.1 M), and the amount of metal ion was determined using spectrophotometer. 

The following equation was used to calculate the removal of cobalt and copper from 

aqueous solutions[235]: 

Removal = (C0-Ce) 

Where Co and Ce are the initial concentration at zero and the adsorbed concentration 

after contact time, respectively. Table (4.1) shows the removal of different concentration 

(20,50,100,500 and1000)ppm of ions with the compounds prepared. 
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Table (4.1): Different concentration (20, 50,100,500 and1000) ppm 

Co(II)+MCM-41 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=6 pH=8 

Time  

(min) 

20ppm 50ppm 100ppm 500ppm 1000ppm 50ppm 50ppm 

Removal 

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 18.875 48.875 98.875 485.375 980.750 12.500 49.875 18.875 31.375 48.875 2.625 

20 18.875 48.875 98.875 485.375 980.750 25.125 49.875 20.125 31.375 48.875 5.125 

30 18.875 48.875 98.875 485.375 980.750 48.875 49.875 20.125 31.375 48.875 6.125 

Co(II)+ MCM-41@APTES 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=6 pH=8 

Time  

(min) 

20ppm 50ppm 100ppm 500ppm 1000ppm 50ppm 50ppm 

Removal 

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 18.950 48.950 98.950 491.25 982.500 7.625 47.625 41.375 46.000 48.950 47.625 

20 18.950 48.950 98.950 491.25 982.500 20.125 49.500 40.125 46.000 48.950 48.125 

30 18.950 48.950 98.950 491.25 982.500 21.375 49.500 40.125 46.000 48.950 48.125 

Co(II)+ MCM-41@APTES-BSAL 

0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=6 pH=8 

Time  

(min) 

20ppm 50ppm 100ppm 500ppm 1000ppm 50ppm 50ppm 

Removal 

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 19.000 25.125 72.625 495.000 990.000 12.625 48.875 1.375 25.125 25.125 1.375 

20 19.000 49.000 98.125 495.000 990.000 20.125 49.875 2.625 48.000 49.000 2.625 

30 19.000 49.000 98.375 495.000 990.000 26.375 49.875 20.125 48.000 49.000 7.625 

Co(II)+ MCM-41@NTPE 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=6 pH=8 

Time  20ppm 50ppm 100ppm 500ppm 1000ppm 50ppm 50ppm 
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(min) Removal 

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 19.875 47.625 97.625 490.000 985.000 22.625 47.625 7.625 47.625 47.625 7.625 

20 19.875 48.975 98.875 490.000 988.750 32.625 49.875 23.875 47.975 48.975 13.875 

30 19.875 48.975 98.875 494.375 988.750 48.875 49.875 23.875 47.975 48.975 20.125 

Co(II)+ MCM-41@NTPE-BSAL 

0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=6 pH=8 

Time  

(min) 

20ppm 50ppm 100ppm 500ppm 1000ppm 50ppm 50ppm 

Removal 

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 19.999 49.875 97.625 997.000 999.000 20.125 48.875 12.500 48.875 49.875 7.625 

20 19.999 49.875 99.875 997.000 999.000 50.000 49.900 26.375 48.875 49.875 20.125 

30 19.999 49.875 99.875 997.000 999.000 50.000 49.900 26.375 48.875 49.875 26.375 

Cu(II)+ MCM-41 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=5 pH=6 

Time  

(min) 

20ppm 50ppm 100ppm 50ppm 50ppm 

Removal 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 11.222 44.556 0.111 36.778 49.000 39.000 44.000 44.556 2.333 

20 19.000 44.556 92.333 36.778 49.000 39.000 44.556 44.556 13.444 

30 19.000 45.667 93.444 47.889 49.000 40.111 44.556 45.667 30.111 

Cu(II)+ MCM-41@APTES 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=5 pH=6 

Time  

(min) 

20ppm 50ppm 100ppm 50ppm 50ppm 

Removal 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 19.000 47.889 41.111 24.444 49.889 2.222 47.889 49.889 11.111 

20 19.000 49.000 97.778 40.000 49.889 11.111 49.889 49.000 24.444 
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30 19.000 49.000 97.778 48.889 49.889 22.222 49.889 49.889 24.444 

Cu(II)+ MCM-41@APTES-BSAL 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=5 pH=6 

Time  

(min) 

20ppm 50ppm 100ppm 50ppm 50ppm 

Removal 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 19.000 13.444 30.000 13.333 49.889 20.000 34.444 13.444 2.222 

20 19.000 47.889 96.667 24.444 49.889 28.889 49.889 47.889 7.777 

30 19.000 50.000 96.667 46.667 49.889 28.889 49.889 50.000 7.777 

Cu(II)+ MCM-41@NTPE 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=5 pH=6 

Time  

(min) 

20ppm 50ppm 100ppm 50ppm 50ppm 

Removal 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 19.000 13.444 30.000 13.333 49.889 20.000 34.444 13.444 2.222 

20 19.000 47.889 96.667 24.444 49.889 28.889 49.889 47.889 7.777 

30 19.000 49.000 96.667 46.667 49.889 28.889 49.889 49.000 7.777 

Cu(II)+ MCM-41@NTPE-BSAL 

 0.1g of ligand 0.05 g 0.15g PH=2 pH=4 pH=5 pH=6 

Time  

(min) 

20ppm 50ppm 100ppm 50ppm 50ppm 

Removal 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 19.000 13.444 30.000 13.333 49.889 20.000 34.444 13.444 2.222 

20 19.000 48.889 97.667 47.444 49.889 29.889 49.889 48.889 8.000 

30 19.000 49.000 97.667 47.667 49.889 29.889 49.889 49.000 8.000 

  

 

 

 

 



Chapter Four                                             Results and Discussion (Applications) 
 

150 
 

150 
 

 

4.5 Column recovery experience 

 

3.0 g of adsorbent were placed into a glass column to generate a bed height that varied 

by 3.0 cm. Ion solutions were constantly supplied to the column until it was saturated (no 

removal was observed while evaluating the yield), the amount of eluent was measured 

using a spectrophotometer. After that, attempt to activate the components first with a 15 

cm3 solution of 0.5 M hydrochloric acid, then with 0.5M nitric acid, and finally with 

deionized water. Then put 50 ml of aqueous solution of ions respectively,determination 

the removal after activation s. The results show activation of compounds leads to removal 

of ions ~ (35-42) % may be due to the difficulty in remove the ions inside the pours by 

using acids as shown in Table (4.2). 

Table (4.2): Removal% after activation 

compounds 
Removal%(Co(II)) 

after activation 

Removal%(Cu(II)) 

after activation 

MCM-41 40 42 

MCM-41@APTES 35 36 

MCM-41@APTES-BSAL 38 40 

MCM-41@NTEP 34 35 

MCM-41@NTEP-BSAL 37 38 
 

4.6 Determination of Co(II) ion in Vitamin B12 

 The amount of Co (II) in a pharmaceuticals(Vit B12) was measured using prepared 

compounds .Table (4.3)shows the outcomes of Co(II)ions analysis. 

Table (4.3): Results of determination of Co (II) ions in Vit.B12 . 

compounds 

Concentration 

present 0f 

Co(II) µg/mL 

Concentration remain 

of Co(II) µg/mL after 

used compounds 

Removal% 

MCM-41 43 4 90.697 

MCM-41@APTES 43 2 95.348 

MCM-41@APTES-BSAL 43 1 97.674 

MCM-41@NTEP 43 1 97.674 

MCM-41@NTEP-BSAL 43 0.5 98.837 
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This compounds can be applied for quality control of pharmaceutical dosage forms 

that containing Co (II) ions. 

4.7 Adsorption equilibrium isotherms  

Isotherm models are mathematical expressions that help to understand the type of 

interaction between the adsorbent and the adsorbate, It is also used to determine the 

extent of the effect of temperature on adsorption.  

4.7.1 Langmuir isotherm model 

Langmuir isotherm is applied when only one layer of molecules is adsorbed on the 

surface of the adsorbent. Single-layer adsorption is characterized by the fact at moderate 

concentration the maximum amount is adsorbed. When the concentration of the adsorbent 

increases, the layer of adsorbent is covered with a monomolecular layer of adsorbent. The 

Langmuir’s equation is[240]: 

Qe =
abCe

+ bCe
1                   

Qe: the amount of adsorption at the equilibrium adsorbed concentration (mg/g). 

Ce: the equilibrium concentration of the adsorbate(mg/L) 

b: Langmuir constant(L/mg) 

a:the maximum adsorption capacity[314] 

Then the dimensionless equilibrium term RL was developed by Hall et al. (1966), that 

known as the separation factor, to describe Langmuir constant. RL give information of 

the nature of the adsorption isotherm[315]: 

RL=
1

1+Ceb  
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To determine the type of adsorption, the separation factor RL is used, which is used to 

determine the geometry of the isotherm using the data in the Table (4.4). 

Table (4.4): The value of separation factor. 

RL 
Details regarding the 

absorption 

RL 1<  Unwanted 

RL=1 Linear 

0>RL>1 Favorable 

RL=0 Trrevrsible 
 

Results from plots of 1/Qe versus1/Ce are shown in Tables (4.5) and (4.6), a,b and RL 

can be determined from the slope, and intercept from the plot . 

Table(4.5) :Langmuir parameters for Co(II) ion adsorption. 

 a(mg/g) b(L/mg) RL R2 

MCM-41 67.9348 2.2142 0.0473 0.9186 

MCM-41@APTES 76.9231 1.9979 0.0527 0.9087 

MCM-41@APTES-BSAL 83.3333 3.3307 0.0310 0.92479 

MCM-41@NTPE 174.2160 4.5147 0.0227 0.9700 

MCM-41@NTPE-BSAL 200.0000 0.5637 0.2157 0.9874 
 
 

Table (4.6):Langmuir parameters for Cu(II) ion adsorption. 

 a(mg/g) b(L/mg) RL R2 

MCM-41 66.6667 2.9846 0.0347 0.9257 

MCM-41@APTES 73.0994 2.9602 0.0350 0.91321 

MCM-41@APTES-BSAL 152.9052 2.8233 0.0367 0.9708 

MCM-41@NTPE 121.8027 1.2208 0.0892 0.9716 

MCM-41@NTPE-BSAL 245.0980 3.4872 0.0279 0.9761 

4.7.2 Freundlich isotherm model 
 

At a restricted concentration range, it is possible to describe the experimental data 

using the experimental isotherm proposed by Freundlich[241]: 

Log Qe = Log Kf +
1

n
Log Ce
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Qe: the amount of adsorption at the equilibrium adsorbed concentration (mg/g). 

Ce: the equilibrium concentration of the adsorbate(mg/L) 

KF: adsorption capacity 

n: adsorpation intensity. 

   The results from ploted Log Qe versus LogCe  are shown in tables below that  shows 

compounds follow Freundlich isotherm,Kf and n were calculated from the intercept and 

the slope of the plote.The the magnitude of the exponent n gives an indication of the 

favorability while KF the capacity of the adsorbent/adsorbate.Favourable adsorption 

when 1/n less than one and unfavorable adsorption when 1/n < 1.Tables (4.7 ) and (4.8) 

show the result. 

Table(4.7) : Freundlich parameters for Co(II) ion adsorption. 

 1/n Kf R2 

MCM-41 0.8676 1.5283 0.9926 

MCM-41@APTES 0.6444 0.7897 0.9940 

MCM-41@APTES-BSAL 0.7038 2.2161 0.9980 

MCM-41@NTPE 0.7500 2.0293 0.9946 

MCM-41@NTPE-BSAL 0.3574 2.2725 0.9970 
 

Table(4.8) : Freundlich parameters for Cu(II) ion adsorption. 

 1/n Kf R2 

MCM-41 0.9514 2.4997 0.9928 

MCM-41@APTES 0.8346 1.1171 0.9982 

MCM-41@APTES-BSAL 0.7908 4.0978 0.9992 

MCM-41@NTPE 0.7058 2.1334 0.9988 

MCM-41@NTPE-BSAL 0.2637 2.0264 0.9995 
 

The descending order of fit of the models is as follows: Freundlich < Languir which 

means the results indicate multi-layer adsorption[316]. 
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4.8 Conclusions 

 

1. This work involved synthesizing mesopourse hybrid soild organosilicone ligand    

    complexes. 

2. Iraqi rice husks were utilized to extract silica and prepared RH-SiO2. 

3. RH has been used to prepare a dark filtrate (sodium silicate). 

4. Sodium silicate was used successively to prepare MCM-41 by mixing it with CTAB 

(cetyltrimethylammonium bromide) . 

5. [3-(aminopropyl)triethoxysilane] was immobilized onto MCM-41 via a heterogenous 

process to maintain MCM-41@APTES then with 5-Bromosalicylaldehyde to obtain 

MCM-41@APTES-BSAL. 

6. N-[3-(Trimethoxysilyl)propyl]ethylenediamine was immobilized onto MCM-41 via a 

heterogenous process to maintain MCM-41@NTPE then with 5-Bromosalicylaldehyde 

to obtain MCM-41@NTPE-BSAL. 

7. Several techniques that improve ligands synthesis were used to characterize the  

    newly created ligands:   

a. The percentage of element in the prepared ligands was revealed by CHNS   

analysis. 

b. FTIR spectra for MCM-41@APTES-BSAL and MCM-41@NTPE-BSAL   showed 

the presence of a peak for C=N group at 1651 cm-1 in addition to some distinguish 

peaks for the prepared ligands. 

c. X-ray diffraction indicated an amorphous structure with a wide, diffused peak that 

peaked at 22-23o (2-thetha), for high angle and distinct peak at low angle. 

d. The specific surface area, pore size distribution, type of isotherm and the hysteresis 

loop were demonstrated via N2 adsorption–desorption analysis. 

 

e. Through TGA/DSC the results show that the synthesis procedure was successful 

and that a high-stability material was produced. 
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f. AFM analysis showed that the average roughness was change after being 

functionalization.  

g. FESEM and TEM were used to monitor the size and morphology of prepared 

compounds. The average diameter between (20-50) nm was corresponding to the 

average diameter of mesoporous materials. 

h. The presences of elements were approved according to EDX analysis. 

8. The prepared compounds were applied successfully to remove some of divalent metal 

ions from aqueous solutions. 

9.Co(II) and Cu(II) ions were removed from aqueous solution using the RH-SiO2 ,MCM-

41 and functionalized materials. This application leads to the following conclusions:- 

a. It was demonstrated that the removal of metal ions increased in a nonlinear way as 

a function of exposure time. 

b. The maximum removal of metal ions for Co (II) and Cu (II) ions effect by the 

acidity of solution. 

c. An increase in the concentration of metal ions has been found to enhance the 

removal of heavy metals. 

d. The acquired data demonstrated that as the ligand mass increased, the maximal 

adsorption removal also increased.  

e. amount of divalent metal ions increase in the following order:Cu2+ > Co2+ by 

repared componds. 

f. MCM-41@APTES-BSAL better than MCM-41@APTES and MCM-41@NTPE-

BSAL better than MCM-41@NTPE in removals of Co (II) and Cu (II) ions from 

aqueous solution. 

10. The R2 values indicate that a multilayer adsorption of Co (II) and Cu (II) ions onto 

compounds prepared, and that the adsorption isotherm data were best matched to the 

Freundlich adsorption isotherm model. 

11. Homemade column has been successively applied used to remove Co (II) and Cu (II) 

ion at different concentration. 
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12. Removed of Co (II) ions from Vit.B12 was demonstrated via using MCM-41 and 

ligands prepared. 

 

4.9 Future studies: 

The researcher would like to recommend the following as a possible future project in 

this field of study: 

1- Examining various sources for the creation of mesopourse silica could be         

interesting. 

2- Investigations into various techniques for silica preparation are possible. 

3- It is interesting to note how different kinds of organic groups can functionalize 

on silica. 

4-  It would be interesting to investing the preconcentration of various metal ions. 

5- It is crucial to look into further uses for the produced ligands. 

6- The application of novel methods, such as 29 Si MAS spectroscopy and X-ray  

    photoelectron spectroscopy(XPS),in the characterization of these solid ligands. 

7- Effect of additional parameters like temperature on removal of ions  can be 

study  

8- Using the prepared compounds in removal of other ions from aqueous solution 

to assist with minimum pollution. 
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 الخلاصه

 يمكن عالم.واحدة من المخلفات الزراعية الاكثر شيوعا في جميع انحاء ال (RH)تعتبر قشور الارز

من تتض.ليكات الصوديوميسمن  MCM-41يتم تحضير .تحويل قشور الارز نفسها الى سليكات الصوديوم

 MCM-41و 2SiO-RHتخليق  ,الارزثلاث خطوات, اولها استخلاص السيليكا من قشور الاطروحههذه 

ركبات المصنعه الم تشخيص تتضمن الخطوتان الثانية والثالثة.ة والمركبات الوظيفية من السيليكا المستخلص

 .واستخدامها في تطبيقات تحليليه دام تقنيات مختلفةخبنجاح من خلال است

 aminopropyltriethoxysilane (APTES)-3مع MCM-4 تم توظيف السيليكا المساميه

تم  5-bromosalicylaldehyde (BSAL) في الخطوه التاليه. MCM-41@APTESللحصول على 

في التلوين للحصول على مادة متوسطة المساميه تحتوي قاعدة شيف  MCM-41@APTESتصعيده مع 

MCM-41@APTES-BSAL.  بلاضافه الى ذلك تم توظيف السيليكا متوسطة المسامMCM-41 

                  للحصول على N-[3-(trimethoxysilyl)propyl]ethylenediamineبااستخدام 

MCM-41@NTPE 5. في الخطوه التاليه تم اضافة-bromosalicylaldehyde(BSAL)    بلتصعيد مع

MCM-41@NTPE بااستخدام التلوين للحصول على مادة سيليكا مساميه ذات قاعدة شيف          

MCM-41@NTPE-BSAL . 

من خلال  المركبات المحضرهالموجوده في  النتروجين , والهيدروجين , ونتم تشخيص كمية الكارب

 ت.تعود للمركبا مميزه عدة قمملمركبات المحضره اظهرت اطياف تحت الحمراء ل.التحليل العنصري

والمركبات   MCM-41 انه تم تكوين المجهر الالكتروني النافذ و حيود الاشعه السينيهاظهر تحليل 

كشف تحليل الامتزاز والامتصاص متوسط قطر المسام وحجم  سداسي مرتب للغاية. بترتيبالوظيفيه 

 MCM-41و 2SiO-RHكشف تحليل قياس الوزن الحراري ل د.المسام الاجمالي ومساحة السطح المحد

تم توضيح التصميمات  .عن ثلاث خطوات لفقدان الوزنبينما للمركبات الموظفه  عن خطوتين لتحليل الكتله

الذي يوضح وجود كتل ذات  مجهر القوة الذريهمن خلال تحليل   MCM-41و 2SiO-RHالسطحيه ل

الزياده  .يتضح من النتيجه ان معامل الخشونه منخفض MCM-41.بلنسبه ل 2SiO-RHاشكال مختلفه في 

ثم تقليل متوسط  MCM-41مقارنة  MCM-41@APTESل  تحليل مجهر القوة الذرية في عوامل

   (BSAL)           مع  MCM-41@APTESعند توظيف  MCM-41@APTES-BSALخشونة 

5-bromosalicylaldehyde.اظهرت النتائج ان توظيف MCM-41@NTPE  ادى الى انخفاض

اظهرت النتائج ان توظيف MCM-41@NTPE-BSAL .بينما  MCM-41مقلرنة مع  خشونة السطح

MCM-41@NTPE تظهر صور .قصان خشونة السطح للمواد الموظفهادى الى نFESEM  ان         

2SiO-RH 4يتكون من سليكا غير متبلوره بينما بالنسبه ل-MCM  ضح من تي  والمركبات الموظفه
 



 

 
 

في المركب  العناصرفان وجود EDX وبحسب تحليل  .الصور ان الجزيئات ناعمه ذات تكتلات كروية

 .قد اثبت الصلب

 منخفضة من قشور الارز كمواد ممتزه ةالمساميه)المواد العضويه وغير العضويه(المشتقالمواد 

 , مود زجاجيعحضير بعد ت الكلفه وتطبيقها في امتزاز ايونات الكوبلت والنحاس الثنائيه من محاليلها المائيه

يونات اتركيز .تم اجراء تجارب الازاله بعد تضبيط الظروف الفضلى من حاولة اعادة تنشيط العمودمو

مركبات ت في الكمية ايون الكوبلوكمية الماده.  ضو وقت التعر ةالكوبلت والنحاس الثنائيه ودرجة الحموض

فريندلج ان و( تم تقديره بااستخدام المركبات المحضره.اظهرت نماذج لانكميور B12 فيتامينالصيدلانيه)

 طبقات. بيانات فرليندلج اكثر تفضيلا للامتزاز بطريقه متعددة ال

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

 
 

 

 

 

 

 

 

المعتمدة  ةتخليق مركبات السليكا المسامي

 والمشتقة من قشور الارز وتطبيقاتها التحليلة

 

 
توراهوهي جزء من متطلبات نيل درجة الدك كربلاءجامعة  -كلية العلوم  اطروحة مقدمة الى  

الكيمياء في علومال فلسفة   

 من قبل 

 رغد سعد حاتم البستان

(2005جامعة كربلاء )  –بكلوريوس علوم   

   (2201جامعة كربلاء ) –ماجستير علوم     
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	4.6 Determination of Co(II) ion in Vitamin B12
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	4.7.1 Langmuir isotherm model
	Langmuir isotherm is applied when only one layer of molecules is adsorbed on the surface of the adsorbent. Single-layer adsorption is characterized by the fact at moderate concentration the maximum amount is adsorbed. When the concentration of the ads...
	Qe: the amount of adsorption at the equilibrium adsorbed concentration (mg/g).
	Ce: the equilibrium concentration of the adsorbate(mg/L)
	b: Langmuir constant(L/mg)
	a:the maximum adsorption capacity[314]
	Then the dimensionless equilibrium term RL was developed by Hall et al. (1966), that known as the separation factor, to describe Langmuir constant. RL give information of the nature of the adsorption isotherm[315]:
	To determine the type of adsorption, the separation factor RL is used, which is used to determine the geometry of the isotherm using the data in the Table (4.4).
	Table (4.4): The value of separation factor.
	4.7.2 Freundlich isotherm model
	At a restricted concentration range, it is possible to describe the experimental data using the experimental isotherm proposed by Freundlich[241]:
	Qe: the amount of adsorption at the equilibrium adsorbed concentration (mg/g). (1)
	Ce: the equilibrium concentration of the adsorbate(mg/L) (1)
	KF: adsorption capacity
	n: adsorpation intensity.
	The results from ploted Log Qe versus LogCe  are shown in tables below that  shows compounds follow Freundlich isotherm,Kf and n were calculated from the intercept and the slope of the plote.The the magnitude of the exponent n gives an indication o...

