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Summary: 

      The current study is divided into two sections. Part one: To 

determine the presence of clonazepam (CLZ) and chloramphenicol 

(CHL) in pharmaceutical formulations, the first step entails developing 

and validating a straightforward, quick, and sensitive spectrophotometric 

approach. The procedure is based on the azo coupling process, which 

transforms a diazotized medication into a stable pinkish-red azo molecule 

that exhibits maximum absorption at wavelengths of max 453 nm and 

532 nm for CHL and CLZ, respectively, in an alkali solution. The factors 

that affect the stability and growth of the reaction product were carefully 

examined and optimized. Beer's law is obeyed by the suggested approach 

in the concentration ranges of (0.5-17) and (1.2-26) g mL-1 with 

correlation coefficients of R2(0.9982) and (0.9989) for CHL and CLZ , 

with molar absorption coefficients of 3.57*104 and 2.56*104 L.mol-1.cm-1 

for CHL and CLZ , Sandell's sensitivities were discovered to be 0.013 

and 0.0184 g.cm2 for CHL and CLZ , limits of quantitation (LOQ) were 

found to be 0.355 and 0.908 g mL-1 and limits of detection (LOD) to be 

0.117 and 0.299 g mL-1, respectively.  

Part Two: Synthesis of a new (Sodium alginate g- poly (Acrylic acid –co 

Acryl amid)/Zinc oxide-carbon nanotube, (SA-g-P(Ac-co-AM)/ZnO-

CNT) hydrogel composite. N,N'-Methylenebisacrylamide (MBAA) is 

used as a cross-linking agent in the synthesis in accordance with the free 

radical polymerization of acrylic acid for sequestration of two drugs  

clonazepam (CLZ) and chloramphenicol (CHL) . Through the use of 

thermogravimetric analysis (TGA), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), X-ray diffraction (XRD), 

Surface Area Analyzer (BET) and EDX analysis. hydrogel composite was 

characterized. Due to their great adsorption capability, the synthetic 
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hydrogel composite was used to remove the (CLZ) and (CHL) drugs from 

the genuine sample. The factors that determine adsorption efficiency, 

such as initial drugs concentration, pH solution, adsorbent dose, and 

contact time, were thoroughly investigated and adjusted. When 

comparing isotherm Freundlich and Langmuir models, the results of the 

adsorption isotherms revealed that there is a very strong agreement in the 

Freundlich model. The hydrogel composite effective adsorption 

capability for the elimination of both drugs and organic contaminants was 

in the range of 78–83%. In addition, the understanding of the 

regeneration, recovery, and reuse of hydrogel-based adsorbent materials 

provides a detailed explanation of the synthesis and adsorption 

mechanisms. Therefore, a long-term solution for drug removal may be 

offered by the economical, simple, adaptable, and biodegradable 

hydrogel. Also comparative adsorption between different surfaces to 

removal two drugs a comparison of CNT/ZnO, hydrogel, and hydrogel 

composite surfaces was conducted. The order of increasing hydrogel 

composite > hydrogel > CNT/ZnO . 
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Chapter one                                                                           Introduction                     

1 
 

1.1 General Introduction  

The most pervasive significant issue that has led to an ecosystem 

defect and is also a risk to human life is pollution. As a result, it is 

challenging to find clean water where there is a lot of wastewater. It has 

been discovered that all industrialized nations have an elevated rate of 

water contamination that negatively impacts human health [1]. Heavy 

metals, oils, and dyes are the substances that pose the greatest risk. 

Particularly, organic dyes are produced in numerous local industries, 

including textile, paper, plastic, leather, food, and cosmetics [2]. Even at 

incredibly low concentrations, textile dyes provide vibrant color. These 

colors are stable to light, biological, and chemical treatments, non-

degradable, and bioaccumulative in living things. Additionally [3, 4]. 

exhibit high levels of biotoxicity and have the potential to cause cancer 

and mutagenesis [5]. Water dye pollution tends to block light from 

penetrating, which has a significant negative impact on photosynthesis. 

Due to their intricate structure and manufacture, many dyes are 

challenging to remove from contaminated water solutions. Using 

conventional methods to remove these dyes is ineffective  .Ion exchange, 

coagulation/flocculation, adsorption, chemical oxidation, ozone 

treatment, membrane filtering, sono-chemical and electrochemical 

procedures, photocatalysis, etc. are a few techniques that can be utilized 

to remove these colors with great efficiency[6-9].  Adsorption is regarded 

as an innovative technology among them because of its great 

effectiveness, simple construction, and cost-efficiency. Researchers have 

given nanotechnology a lot of attention during the last few decades. This 

interest may be seen in the enormous rise in the production of 

nanomaterials worldwide[10].  Nanotechnology is defined as the study of 

understanding, manipulating, and using materials with dimensions 
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between one and one hundred nanometers. A large-scale initiative called 

nanotechnology aims to minimize materials, tools, and equipment. This 

method greatly attempted to improve the properties of nanoparticles and 

create new nanomaterials with distinctive qualities in addition to reducing 

the size of the nanomaterials generated  [11]. It is noteworthy that 

chemistry controls the stages of the formation and dissolution of linkages 

between atoms in chemical reactions, which plays a significan;;;;;t role in 

the development of nanotechnology. They have developed mastery over 

chemical processes and the ability to create materials as nanoparticles of 

various sizes and forms, including metal oxide nanoparticles, 

nanosuspension, and nanocomposite [12]. 

         pharmaceuticals used in agriculture, animal care, and human health 

promotion applications. Drugs known as antibiotics are frequently used to 

treat or prevent microbial illnesses [13]  Through pharmaceutical and 

wastewater treatment facilities, they are discharged into the water. 

Pharmaceuticals are characterized as bio-accumulative contaminants that 

can affect terrestrial or aquatic ecosystems [14] . Antibiotics cannot be 

completely eliminated by oxidation processes since they are slow and 

difficult. Because of its great effectiveness, simplicity, and economics, 

adsorption as a physical approach is the most suitable and effective 

treatment option for eliminating organic pollutants [15, 16]   
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1.2. Pharmaceutical removal in water treatment methods 

           Several of the methods used to remove pharmaceutical pollutants 

are illustrated below. 

 

1.2.1 The Conventional Removal Methods  

            Microorganisms as a therapy are ineffective because of the 

complicated composition and low concentration of organic chemicals in 

water, with fewer than 10% of contaminants being eliminated. While 

chlorine dioxide is a safer alternative to chlorine, it reacts only with 

phenoxides and tertiary amine, making chlorine the most common source 

of toxic chlorinated compounds in drinking water. Ozone is more 

powerful than oxygen at oxidizing drugs [17]. 

 

1.2.2 Technologies Based on Advanced Oxidation Process(AOPs)   

        These reactions rely on the production of free radicals, where the 

extremely reactive hydroxyl radical (•OH) can destroy the majority of 

organic compounds. Numerous photo-catalytic AOPs can completely 

destroy a variety of pharmaceuticals [18]. 

 

1.2.2.1 Ozonation   

Ozone is a potent oxidant that breaks down in water to produce hydroxyl 

radicals, which then cause some functional groups of organic molecules 

to indirectly oxidize. In addition, therapy is improved when hydrogen 

peroxide is added [19]. 

 

1.2.2.2 Fenton Oxidation  

           As more hydroxyl radicals are produced (homogeneous photo-

catalysis), the reaction between ferrous ions and hydrogen peroxide, in 
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which ferrous iron serves as the catalyst, is enhanced. This process has 

the potential to mineralize a significant portion of contaminants, reducing 

their toxicity and increasing the effluent's susceptibility to biological 

post-treatments [20]. 

 

 1.2.2.3 UV Radiation  

           Due to the presence of aromatic rings, heteroatoms, and other 

functional groups, the majority of medicines absorb light and are 

photodegradable. Water disinfection and the treatment of 

pharmaceutically contaminated wastewater are both accomplished with 

UV light [21].  

 

1.2.2.4 Photo electrocatalysis  

        Numerous studies have revealed that TiO2 is the most prevalent 

photo catalytic catalyst that effectively eliminates pharmaceutical 

residues [22, 23]. 

 

1.3 Adsorption 

        Adsorption is a phenomenon on surfaces when molecules, ions, or 

even whole atoms of one substance stick to the surface of another. An 

"adsorbent" is a substance on which deposition or adsorption takes place, 

as opposed to a "adsorbate," which is the substance that is deposited or 

adsorbed. Adsorption is known as monolayer adsorption when the 

adsorbate only forms a single layer on the surface of the adsorbent. 

Adsorption is known as multimolecular adsorption when many layers are 

deposited. Desorption is the process by which an absorbed substance is 

liberated from the surface of an adsorbent [24-26]. 

      According to the way substances attach to the absorbent surface, 

there are two different types of absorption processes. (Fig. 1.1) [27]: 
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A. Physical Adsorption (Physisorption): Van der Waal's force, a mild 

physical force, causes the absorbate substance to stick to the surface 

of the absorbent in this form of absorption. 

B.  Chemical adsorption, also known as chemisorption, happens when 

the solid absorbent has an electron-unsaturated surface that forms a 

covalent bond with the absorbate material. 

 

Figure 1.1 Physical adsorption versus chemical adsorption. 

Since the start of the industrial revolution, the amount of pollution 

in the world has risen yearly as a result of the construction of numerous 

factories in numerous nations around the world in a variety of industries, 

including medicine, agriculture, textiles, and the military  [28]. 

Scientists all over the world, particularly in industrialized and 

developed nations, have tended to pay attention to this topic and to 

establish worldwide committees for environmental preservation as a 

result of the major growth in pollution concerns in recent decades. They 

concentrate on creating procedures to lessen or handle pollution caused 

by or after manufacturing. Large amounts of hospital waste and 

pharmaceutical factories include high concentrations of pharmacetical 
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compounds and raw materials for medication manufacture in medicine. 

(Fig. 1.2) [29-32]. 

 

Figure 1.2 medicines' movement through an ecosystem's life cycle, from sources to 

receptors. 

The committees have the power to create programs and plans that 

govern how different wastes are disposed of in the air, land, and sea. 

They can also pass laws that require chemical factories to subject their 

products to numerous tests to determine how quickly they degrade in 

nature, how concentrated they are in food chains, how much influence 

they have on genes, and how frequently they cause cancerous 

diseases[33]. 

          Adsorption, which is regarded as the most successful technique 

utilized in the separation and purification processes, is one of the most 

effective approaches that complies with the international committee's 

recommendations. The adsorption technique was widely utilized for 
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eliminating pharmaceutical compounds and industrial dyes in varied 

waste water, according to a recent literature review of waste treatment 

and green chemistry techniques Figure (1.3). [34].  

 

Figure 1.3 Contribution of adsorption process in the treatment of polluted water. 

 Furthermore, the researchers created a highly efficient absorbent for 

waste water treatment and are constantly developing new materials with 

high adsorption efficiency. Among these materials: 

1.3.1 Factor Influencing Adsorption Process 

1.3.1.1 Concentration of Adsorbent:  

Adsorbent dose is an important element that must be carefully 

regulated during wastewater treatment. Initially, the quick rise in 

adsorption with increased adsorbent dosage was attributed to the 

availability of more adsorption sites  [35] The amount of adsorption 

capacity would decrease as the adsorbent dose is increased further; the 

decrease in adsorption was caused by the concentration gradient between 

adsorbent and adsorptive. [36] . 
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1.3.1.2 Concentration of Adsorbate:  

The initial concentration acts as a powerful motivator to overcome 

all mass transfer resistances of all molecules between the aqueous and 

solid phases  [37]. The percentage of dye removal dropped as the starting 

dye concentration increased, while the actual amount of dye adsorbed per 

unit mass of adsorbent increased. This rise is attributed to a decrease in 

barrier to solute uptake from dye solution. Because the initial 

concentration is a significant driving force in overcoming dye mass 

transfer resistance between the aqueous and solid phases,[38,39] 

.However, in some cases, adsorption may be limited to a single layer of 

adsorbed molecules. Adsorption cannot be increased further because the 

surface of the adsorbent's crystal lattice is covered [40].  

 

1.3.1.3 Surface Area and pore size of Adsorbent:  

The specific surface area and pore volume are the most important 

adsorption factors for substances [41] . As a result, when the surface area 

grows, it relates to high active sites, which create an increase in 

adsorption capacity [42]. The pore structure of the adsorbents impacts 

dye adsorption in two ways : (1) Adsorption of adsorbates of a particular 

size and shape is limited by size exclusion (sieve effect), and (2) The 

adsorption capacity may rise as the particular pore volume increases [43]. 

 

1.3.1.4. Temperature:  

It is generally known that temperature affects the adsorption 

process significantly [44]. The effective layer thickness for adsorption 

reduces as grows. That refers to the adsorption procedure in general. This 

can be explained by the exothermic spontaneity of the adsorption process 

and by the weakening of interactions between dye molecules and the 

active sites of adsorbents at high temperatures [39] . 



Chapter one                                                                           Introduction                     

9 
 

1.3.1.5 Effect of pH:  

          The ability of adsorption may grow, decrease, or remain unchanged 

as a result of changing pH because within a range of pH values, the 

structure of dyes will vary, and the adsorption process will be affected by 

this shift as well [45]. The degree of ionization and speciation of various 

contaminants, as well as the surface charge of the adsorbents, are all 

influenced by the pH of the solution. Changes in pH have an impact on 

the adsorptive process by causing the functional groups of the active sites 

on the adsorbent's surface to dissociate [46] . 

 

1.3.1.6. Ionic Strength: 

          One of the variables that affects the electrostatic and non-

electrostatic interactions between the adsorbate and the adsorbent surface 

is the ionic strength of the solution [38] . 

The solubility of ionic salts affects the adsorption process since it 

can either increase or decrease adsorption depending on how well the 

ionic salts can dissolve in comparison to the adsorbent substances [47]. 

Ionic salts' solubility has an impact on the adsorption process since 

it can either increase or decrease adsorption depending on how well they 

dissolve in comparison to adsorbent substances [48]. 

 

1.4 Nanomaterials 

          Ionic salts' solubility has an impact on the adsorption process since 

it can either increase or decrease adsorption depending on how well they 

dissolve in comparison to adsorbent substances [48]. Nanotechnology is 

described as science, engineering, and technology associated to how to 

understand, control, and use materials whose dimensions are between 1-

100 nanometers. Nanotechnology is a huge project aimed at reducing 

substances, instruments and tools. This technique not only reduced of the 
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size of nanomaterials produced, but also greatly sought to enhance the 

properties of nanomaterials and the invention of new nanomaterials with 

unique properties [49]. It is noteworthy that chemistry plays a main role 

in the development of nanotechnology by controlling the stages of 

formation and breakdown of links between atoms in chemical reactions. 

They have gained control over chemical processes, the capability to 

synthesize materials as nanoparticles of different shapes and sizes, such 

as nanosuspention, nanocomposite, metal oxide nanoparticles, etc. [50]. 

Many nanomaterials have been used for water and wastewater treatment 

as adsorbents, in membrane filters, photo catalysis, microbial control and 

sensing [51]. 

The word "nanomaterial" refers to a wide range of substances with 

particles that have 1 or 2 dimensions and a nanometer size range of 1–100 

nanometers. where the nanoscale is roughly a thousand times smaller than 

the micrometer [52]. Atoms and microstructures are connected via 

nanomaterials. Nanomaterials are far closer to atomic-scale dimensions. 

For comparison, the distance between regular carbon atoms in a 

molecule, or their length bond, is between 0.15 and 0.12 nm.  The shape, 

size, and chemical makeup of nanoparticles, for example, which might 

change depending on how they are created, have an impact on the 

attributes of nanomaterials. Because nanomaterials have excellent 

properties and can be used in novel applications, there is a difference. 

[51]. The characteristics of the identical materials' nanostructures, 

including their chemical, electrical, spectral, magnetic, and many other 

properties, varied greatly from their microstructures.  . Gold 

nanoparticles, for example, can change color from yellow to red or blue 

as they shrink to the nanoscale, while semiconductors like titanium 

dioxide can connect as they get smaller to the nanoscale. [53]. 

https://www.sciencedirect.com/topics/engineering/membrane-filtration
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/photocatalysis
https://www.sciencedirect.com/topics/engineering/microbial
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1.4.1. Properties of Nanomaterials 

            Due to the existence of two significant variables, specifically the 

expansion of the specific surface area and the quantum effects, 

nanomaterials differ from other materials in their properties. Additionally, 

we observe that many nanomaterials have increased surface-to-volume 

ratios that give rise to novel quantum mechanical effects. For instance, 

the "quantum size effect" causes solids' electrical properties to alter as 

they are shrunk to nanometers. When the material is at the nanoscale, an 

effect that cannot be produced when it is in the macro dimension or 

microstructure occurs. By demonstrating how some physical 

characteristics can change when a tiny system is involved. The unique 

characteristics of nanomaterials have increased researchers' interest in the 

field [54-56]. 

1.4.1.1. Electrical Properties 

   These characteristics vary between metallic and semiconducting 

materials in the nanoscale range. It depends on the nanoparticles' 

diameter. Because of the structure's few defects, nanomaterials have good 

electrical conductivity. 

1.4.1.2. Thermal Conductivity 

   The high heat conductivity of nanomaterials is caused by the shaking 

of the covalent bonds. Ten times higher than the mineral, it has a high 

heat conductivity. Due to the structure's few distortions, nanomaterials 

have strong heat conductivity. 

1.4.1.3. Mechanical Properties 

    Nanomaterials are incredibly resilient and can withstand great pressure. 

In contrast to nanoparticles, which have few structural deformities, many 

materials degrade as a result of structural flaws. 

 



Chapter one                                                                           Introduction                     

12 
 

1.4.2 Classification of Nanomaterials 

Depending on whether they are manufactured or natural, nanomaterials 

can be categorized. For instance, while fuel fire smoke is regarded as an 

industrial source of production, volcanic ash is a naturally occurring 

product. [57]. According to the diameters of their X, Y, and Z particles, 

which are subjected to this nanoscale as shown in Figure (1-4), 

nanomaterials can be divided into the following four primary categories: 

1.4.2.1 Zero-Dimensional Nanostructures 

         Are the nanostructures with Lx, Y, and Z all-external dimensions 

less than 100 nm. This category contains spherical nanoparticles and 

quantum dots. [58]. 

1.4.2.2 One-dimensional Nanostructures  

          A scale of less than 100 nm corresponds to two exterior dimensions 

in nanomaterials. The micrometer (Lz>100nm) is the last dimension. 

Nanowires, nanotubes, and nanofibers fall under this group. [59] . 

1.4.2.3 Two-dimensional Nanostructures 

         Are nanomaterials such as nanosheets and monolayers, whose 

second dimension is larger than 100 nm and whose first dimension is the 

nanometer [60] 
    .  

1.4.2.4 Three-dimensional Nanostructures 

         The structures in this latter category, such as nanocomposite, which 

consists of multiple phases provided one of the solid phases is subjected 

to nanoscale transformation, exhibit nanoscale properties as a result of 

their internal nanoscale dimensions but lack an outer nanoscale 

dimension. [61] . 
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Figure (1-4): A system for classifying nanoparticles based on their dimensions. 

1.5 Synthesis Methods of Nanomaterials 

1.5.1 The Top-down Approach 

         This idea demonstrates how large-scale materials can be converted 

into nanoparticles. These structures are gradually disintegrating as a result 

of unique modifications that cause particles to become nanoscale. To 

create nanomaterials, a variety of methods are used, including grinding 

and mechanical milling. [62] either dry etching or wet etching techniques  

[63] . 

1.5.2. The Bottom-up Approach 

         The foundation of this approach is the exact opposite of the 

preparatory strategies mentioned above. Through the homogenous or 

heterogeneous nucleation of molecules or atoms of liquid or gaseous 

material, nanomaterials are created. Since chemical processes make up 

the majority of the techniques used in this field, the work is based on the 

precise control of chemical reactions that result in the collection of partial 

or atomic components for nanoparticles. Sol-gel, sedimentation, chemical 

vapor deposition, ultrasound synthesis, solvothermal process, electro 

deposition, reverse micelle, and microwave synthesis are just a few of the 

numerous techniques used in this methodology [64].  
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1.5.3 The Bottom-bottom Approach 

         Using high-precision equipment, such as scanning tunneling 

microscopy, an atomic force microscope, or photolithography, these 

techniques require moving the atom by another atom or nanoparticle by 

another nanoparticle to its stated place  [65].  

 

1-6 Hydrothermal Process for Synthesis of Nanomaterials 

         These techniques entail moving the atom one atom at a time or a 

nanoparticle one nanoparticle at a nanoparticle to where it is thought to be 

using high-precision tools like scanning tunneling microscopy, an atomic 

force microscope, or photolithography. It is possible to define 

hydrothermal synthesis as a process for creating single crystals that relies 

on a metal's solubility in hot, aqueous solution under high pressure 

[66].Where the process of growth of the crystals in a steel pressure vessel 

called an autoclave ,in which a nutrient is provided along with water. The 

process is also excellent for growing massive, high-quality crystals while 

maintaining compositional control  [67] as shown in Figure (1-5). 

 

Figure (1-5): Hydrothermal synthesis frequently performed in an autoclave 
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1.7 Multiwall carbon Nanotubes (MWCNT) 

  It is a nanostructure with a cylindrical shape made of a fused and coil-

like carbon skeleton composed of six-member rings. The constructed tube 

comprises more tubes inside of it that were also created in the same way  

Figure (1.6) 

 

             Figure 1.6 Carbon nanotubes with many walls and their geometric structure. 

The most effective adsorbent materials are multi-walled carbon nanotubes 

because of their small size, huge surface area, and hollow layered 

structure [68]. Recently, the researchers have paid great attention to 

MWCNT as it has high efficiency for removing heavy metals, pesticides, 

oil, industrial dyes, and pharmaceutical substances from waste water[69-

72]. Table (1.1) illustrates some of the new synthesized MWCNT-based 

material as an efficient adsorbent for pharmaceutical products. 

Table 1.1 The most common recently synthesized MWCNT-based 

adsorbent for pharmaceuticals removal. 

Nanoadsorbent pharmaceutical removed Adsorption 

capacity 

Ref. 

polyaniline/MWCNT 

composite 

Meloxicam 221.2 mg g−1 [73] 
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MWCNT Tetracycline 135 mg g−1 [74] 

MWCNT-Composite Ethynilestradiol 2.5–4.5 mg m−2 [75] 

Fe3C@NCNTs sulfamethoxazole ---- [76] 

Co@CoO/NC Tetracycline 385.60 mg. g−1 [77] 

MWCNs-C/CoFe2O4 

composites 

sulfamethoxazole 354 mg. g−1 [78] 

17β-estradiol 30 mg. g−1 

MWCNTs-N/CoFe2O4 

composites 

sulfamethoxazole 17826 mg. g−1 

17β-estradiol 31.8 mg. g−1 

MIL-100(Fe)-CNTs 

Composite 

Oxytetracycline 429 mg·g−1 [79] 

MWCNT/NH2-MIL-53(Fe) 

Composite 

Tetracycline.HCl 368.49 mg g−1 [80] 

Chlortetracycline.HCl 254.04 mg g−1 

MnFe2O4/ MWCNTs 

Composite 

Tetracycline 494.91 mg g−1 [81] 

CNTs/L-cys@GO/SA 

hydrogels 

Ciprofloxacin 200 mg g−1 [82] 

 

1-8 Zinc oxide–based hydrogels  

        Zinc oxide (ZnO) can be found in nature as a zincite mineral; 

however the majority of it is prepared synthetically. Its crystal structure 

can be found in a hexagonal wurtzite form or cubic zinc blende .The form 

that is most stable and commonly found at ambient temperature is the 

wurtzite structure. ZnO is commonly used for treating skin-related 

problems such as nappy rash, dandruff and incorporation in ointments 

used in wound dressing  [83, 84].where adsorbent hydrogel  incorporated 

with ZnO nanoparticles was used for removing pollutant   from water. 

The group reported that incorporating ZnO nanoparticles  improved the 

recovery of the adsorbent from the aqueous solution after  the removal of 
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pollutant . Also , hydrogel was modified with ZnO for  antimicrobial 

activity, Therefore, looking at these properties, the ZnO  would be ideal 

for preparing hydrogels for adsorbing pollutant [85, 86]. 

 

1.9 Hydrogel 

         Hydrogels are a three-dimensional network that belong to the family 

of water-insoluble cross-link polymers with hydrophilic properties, which 

make these polymers swell seven to ten orders of magnitude larger than 

their original size as a result of absorbing a large amount of water Figure 

(1.7) [87-90]. These polymers are affected by pH, Temperature, ionic 

strength, and existence of some compounds [91]. The cross-link structure 

of these polymers is held together as water-swollen gels by: (1) polymer 

crystallites; (2) hydrophobic interactions; (3) bio-recognition interactions 

or affinity; (4) hydrogen bonds; (5) ionic forces; and (6) primary covalent 

cross-links [92]. 

 

Figure 1.7. Polyacrylamide-derived hydrogel with its swelling process in water. 
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Hydrogels have several applications in numerous fields of ecosystem. In 

medicine, it is used as a salve to promote healing of the injured or burned 

skin, as well as in aesthetic medicine [93]. Moreover, due to the high 

tendency of these polymers to absorb large amounts of water, they have 

been used in the preconcentration technique for a decade [94]. 

Recently, it has attracted great attention in the purification and water 

treatment fields as they have a high tendency to extract heavy metals, 

pesticides, oil, industrial dyes, and pharmaceutical substances from waste 

water [95] Table (1.2). 

Table 1.2 The most common recently synthesized Hydrogel-based 

adsorbent for pollutants removal. 

Hydrogel Pollutant removed Adsorption 

capacity 

mg g−1 

Ref. 

Agar-graphene oxide hydrogel Chloroquine 

diphosphate 

63  [96] 

Safranin-O 100  

Tripeptide hydrogel Rhodamine B ------- [97] 

Reactive blue 4 

Direct red 80 

NFe3O4@Zn(GA)/Starch-Hydrogel Fluvastatin statin 782.05  [98] 

3D graphene oxide hydrogels Naproxen  360 [99] 

Ibuprofen 466  

Diclofenac 489 

N-PSPB/starch hydrogel  Chromium (VI) 420.13 [100] 

Naproxen 309.82 

 HIPS/SA hydrogel Cu(II) 25.81 [101] 
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graphite oxide hydrogel Ofloxacin 134 [102] 

sodium alginate/polyethyleneimine 

hydrogel 

Methyl blue 400 [103] 

Peptide hydrogel Diclofenac sodium ----- [104] 

Peptide hydrogel Pb2+ and Cd2+ ----- [105] 

 

1-10 Adsorption Isotherms: 

       Adsorption isotherms the amount that is adsorbed on the surface in 

terms of pressure (if gas) or concentration (if liquid) at a constant 

temperature [106]. The most important of these isotherms in the 

application are: 

1-10-1 Langmuir Isotherm:  

         Assumes that the molecules are adsorbed on a fixed number of 

adsorption sites on the surface of the adsorbate material. These sites are 

equally energy-efficient, and each site can be occupied by only one 

molecule. These particles are not interfering with each other or with other 

molecules in the solutions. Thus, one layer of adsorbed particles will 

form on the surface of the adsorbate material. Langmuir isotherm can be 

expressed mathematically as follows[107]:                                      

1

m a e
e

a e

q K C
q

K C
=

+
                                                        (1-1)                                                                                                                       

Where Ce the residual concentration, qe ,qm is the adsorption capacity at 

equilibrium and the maximum adsorption capacity respectively, Ka 

Langmuir constant. The linear form of the equation of Langmuir isotherm 

is according to the following equation [108]:   
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1-10-2 Freundlich Isotherm:  

         The Freundlich equation is one of the most important used 

isotherms in the case of adsorption of solution. This model assumes that 

the surface of the adsorbate material is heterogeneous because of the 

different energy levels for adsorption sites, and adsorption does not reach 

saturation. The mathematical relationship of the Freundlich isotherm can 

be expressed as follows[109]: 

1

n
e f eq K C=

                                                                        (1-3)                                                                                                             

Kf is a Freundlich constant and their values depend on the nature of the 

absorbent material, the surface, and the temperature. The linear form of 

Freundlich isotherm can be expressed as follows: 

1
log log loge f eq k C

n
= +

                                                       (1-4) 

1.11 Spectrophotometry 

            Spectrophotometry is a one branch of electromagnetic 

spectroscopy which deals with the measurement of the interaction of light 

with materials. It considers a global and inexpensive technique in which 

the incident light passed through the sample solution undergoes 

absorption or transmission by the chemicals inside the solution. 

spectrophotometry is most commonly applied to ultraviolet, visible, 

and infrared radiation[113-115]. 

The device used to produce and measure the light intensity transmitted 

through the sample solution is called a spectrophotometer which 

https://en.wikipedia.org/wiki/Visible_spectrum
https://en.wikipedia.org/wiki/Infrared
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comprise from two instruments – a photometer and spectrometer. The 

spectrometer provides the initial incident light from deuterium or 

tungsten lamp with a given wavelength. However, the photometer 

measures the transmitted light intensity passed through the sample 

solution[116]. 

Spectrophotometers Figure (1.8) also consist of a source of light in the 

UV-Visible range, wavelength selector, sample cell holder, detector, and 

computer with data processing software program[117]. 

 

Figure 1.8 The main apparatus of a typical single beam spectrophotometer 

 

In spectrophotometry, a beam of light produced from tungsten or 

deuterium lamp with a certain wavelength within the range of (180 to 800 

nm) passes through the cuvette that contained a sample solution. The 

sample then absorb a part of incident light and transmit the other. 

According to Beer’s law (equation 1.4) The analyte concentration is 

directly proportional to the absorbed light[118].  

𝐴 = 𝜀𝑏𝑐                                                                   (1 − 5) 

Where A = absorbance of light at a specific wavelength 
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Ɛ = molar Absorptivity (if solution concentration in mole/L), or 𝑎 = 

Absorptivity (if the solution concentration in mg/L) 

C = sample concentration  

b = The optical path length of sample solution  

if the solution concentration in 1 w/v % or (1mg/100mL) in 1 cm optical 

path length, the molar absorptivity then called specific absorbance 

(𝐴1
1 𝑑𝐿 𝑔−1𝑐𝑚−1) where dL: Decaliter = 10 Liters. Therefore, Beer’s law 

will give as shown in equation (1-5): 

𝐴1𝐶𝑀
 1% = 𝑎𝑏𝐶100𝑔/0.1𝐿                                     (1 − 6) 

The relation between molar absorptivity (ε), absorptivity (𝑎), and specific 

absorbance (𝐴1
1) are shown in (equation 1-6). 

𝑎 =
𝐴1𝑐𝑚

1%

10
=

𝜀

𝑀𝑊
  … …  𝜀 = 𝑎. 𝑀𝑊 = (

𝐴1𝑐𝑚
1%

10
) . 𝑀𝑊              (1 − 7) 

Where 𝛭 represent molecular weight of the analyte. 

Specific absorbance is very important constant in the analysis of 

pharmaceutical product especially when the molar mass of the analyte is 

unknown or those with higher molecular weight like proteins. Moreover, 

specific absorbance is also used in the analysis of multicomponent existed 

in the same mixture[119]. 

1.12.1 Spectrophotometric quantification Methods 

            The Direct spectrophotometric quantification of several 

pharmaceutical products suffers from either excipient interferences 

existed with the drug of interest (active material) or from interferences 

caused by the presence of secondary drug with the drug of interest (as in 

combination drugs). These problems can be overcome by using one of the 
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analytical correction methods[120] . These methods were also used in the 

quantification of substance in the multicomponent sample of these 

methods: 

1.12.2  Simultaneous equations method (vierdott’s method) 

        This method was the most commonly used in the analysis of two 

drugs existed in a single dosage form (combination drugs). The method 

was applied when the two drugs (x and y) absorb at the λmax of each other 

Figure (1.9) .This method was applied for quantification of levosulpiride 

and rabeprazole sodium in pharmaceutical formulation[121]. 

 

                           Figure 1.9 Absorption spectra of x and y drugs 

1.12.3 Q-Absorbance method 

         Vierdott’s method was modified to produce a new procedure known 

as absorbance ratio or Q-Absorbance method. It based on a principle that 

for a material that follow beer’s law at all wavelengths, the absorbance 

ratio is a constant value at any two wavelengths independent on path 

length or concentration. For example, the absorbance ratio is the same 
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when two different dilutions of the same chemical are used as shown 

(equation (1-4 and 1-5)) and Figure (1.10)[122].  

𝑄 =
𝐴1

𝐴2
=

0.9

0.58
= 1.55 … … . (1 − 8) 

𝑄 =
𝐴1

\

𝐴2
\

=
0.59

0.38
= 1.55 … … . (1 − 9) 

 

 

 

Figure 1.10 Absorption spectra of x material before and after dilution. 

     In the spectrophotometric quantification of two drugs in admixture 

using Q-absorbance method, the absorbance is taken at two wavelengths, 

the first one represents the λmax of one drug and the other at iso-sbestic 

point, the wavelength at which the absorptivity of the two drugs are equal 

Figure (1.11)[123]. The method was used for quantification of 

Hydrochlorothiazide and Carvedilol in combined dosage form with high 

accuracy and recovery value[124]. 

 



Chapter one                                                                           Introduction                     

25 
 

 

 

 

 

 

         Figure 1.11 Absorption spectra of x and y drugs with iso-sbestic point . 

1.12.4 Geometric correction method 

          Several mathematical correction procedures can be used to 

eliminate or reduce the background undesirable absorption that is present 

in the quantification of substances in biological sample. When the 

unfavorable absorption at three wavelengths is linear, the three-point 

geometric correction method is the simplest and most widely used. Figure 

(1.12)[125].  

 

 

 

 

 

 

Figure 1.12 shows the drug solution's absorption spectrum in the presence of linear 

unpleasant absorption, in the absence of undesirable absorption, and in the individual 

spectra of the undesirable linear absorption.  
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Numerous compounds in multicomponent systems, including amlodipine 

besylate and azilsartan medoxomil in biological samples, were quantified 

using the geometric method. [126]. 

1.13 Derivative spectrophotometry 

         It is a potent analytical method used to extract quantitative and 

qualitative information from unresolved spectral regions. Additionally, 

the method used to cancel out baseline tilts and shifts. The approach is 

based on transforming the fundamental spectrum into one of its first, 

second, or higher derivatives, as shown in Figure (1.6). The resulting 

spectrum data is thus presented in a possibly more beneficial manner, 

offering a practical resolution to a number of analytical issues such 

matrix background correction, sample turbidity reduction, increasing 

spectral features, and resolving spectra associated with multi-component 

systems. Modern microcomputerized UV-Vis spectrophotometry is now 

considering derivative techniques as valuable instruments.[127-129]. 

Nabumetone and paracetamol concentrations were determined using the 

first derivative method. [130], along with letrozole, the determination of 

which was made using the first and second derivative techniques. [131]. 

1.14 Dual wavelength method 

         When there is an interfering component present, dual wavelength 

analysis is an effective way to analyze the component.  In order to 

analyze the other medication, the approach involves choosing two 

wavelengths for each analyte (drug) such that the difference in 

absorbance for one drug is zero. Therefore, regardless of the interfering 

component, the drug concentration is directly proportional to the 

difference in absorbance between two points on the mixture spectra. 

Prednisolone acetate and Gatifloxacin sesquihydrate were measured using 
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a dual wavelength technique in a combination dose form  as show in 

figure (1.13) [132]. 

 

 

 

Figure 1.13 The most common mathematical derivatives of absorption spectra used in 

spectrophotometry. 

1.15 H-point standard addition method (HPSAM) 
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         H-point takes into account a hybrid approach that is created by 

combining the dual wavelength method and the traditional addition 

method. It relies on transforming the irreparable error brought on by the 

presence of a direct interferent into a persistent systematic fault that may 

be identified and fixed.[133]. 

For the direct correction of constant and proportional errors brought on 

by the sample matrix, H-point is regarded as a highly powerful and 

effective technique. It is the method of choice for resolving badly 

overlapped spectra. HPSAM only needed two wavelengths, and the 

analytical signal arising from the interferent component had to remain 

constant while that of the analyte had to differ as little as feasible.[134, 

135]. The procedure was used to identify the amounts of caffeine and 

phenazone in pharmaceutical formulations. Figure (1.14) .Additionally, 

the H-point method was used in pharmaceutical formulations to 

determine the amounts of Hydrochlorothiazide, Irbesartan, and 

Telmisartan. [136]. 

 

Figure 1.14 H-point standard addition lines determination of Caffeine and Phenazone 

in pharmaceutical formulations 
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1.16 Derivatization methods 

         Derivatization methods have recently gained a widespread because 

they have solved many problems with regard to analytical quantification 

in several analytical technique such as Spectrophotometric, HPLC, GC, 

LC, and electrophoresis. Thus, analytical chemists during last decade 

period have adapted well-known reaction from the organic and 

organometallic fields to carry out derivatization reactions in order to 

improve some necessary parameters of the analyte such as spectral 

properties, thermal stability, sensitivity, volatility, selectivity, and peak 

shape. Therefore, derivatization methods are very important for 

quantifying compounds that do not in general reveal the desired 

characteristics required for the analytical technique and those that are 

more prone to decomposition throughout the analysis[137].  

Analysis of colorless material in the UV range of spectrum using 

spectrophotometric method suffer from poor sensitivity and selectivity 

and more prone to matrix interferences. For these reasons, the 

derivatization technique is highly used in spectrophotometric method, in 

which the colorless analyte reacts with a suitable chromogenic reagent to 

produce a stable and colored product that can be quantified 

spectrophotometrically with high accuracy and selectivity. Generally, 

Derivatization method consider indirect method where the analytical 

signal is directly proportional to the concentration of colored product 

[138]. 
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1.17 Color-forming reactions used in Pharmaceutical Analysis 

        The reaction to be used in the spectrophotometric method should be 

carried out rapidly under simple conditions to produce a single, stable, 

and highly colored product in high yield. There are several chemical 

reactions used in analytical chemistry to quantify numerous 

pharmaceutical products [139], including: 

1.17.1 Azo dyes formation [140-146] 

        This reaction is considered one of the most important types of color-

generating reactions used in pharmaceutical analysis and is characterized 

by its relatively high speed, stable, and produce highly colored product. 

Azo dyes were prepared by azo coupling reaction, in which a diazonium 

salts undergoes an electrophilic substitution reaction with electron-rich 

compound like arenes (especially, aromatic amine and phenols) Figure 

(1.15). However, Diazonium salts were synthesized by reacting aromatic 

amine compounds with nitrous acid, which spontaneously formed inside 

the reaction solution after reacting mineral acids (HCl or H2SO4) with 

sodium nitrite. Diazonium salts synthesis are performed under cooled 

conditions (0-5 oC) because the low temperature increases the stability of 

most diazonium salts, which are unstable at room temperature. 

 

 

Figure 1.15 Diazonium salt formation and coupling with arenes compounds 
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1.17.2 Charge-transfer complex 

       Also termed as electron donor-acceptor (EDA) complexes is a kind 

of supramolecular assembly made up of two or more ions or molecules 

held together by electrostatic forces. Charge-transfer complex formed 

when the electron transferred from electron-donor substance (Lewis base) 

to electron-acceptor reagent (Lewis acid). The electron transition energy 

occurs in the visible region of spectrum and, therefore these complexes 

have intense color which in turn giving higher absorptivity value. Most of 

pharmaceutical products are electron-donor substances and the 

quantification methods depend on the finding of a suitable electron-

acceptor reagent. The formation of charge-transfer complexes is 

characterized by rapidity and is dependent on solvent polarity[147]. 

A typical examples that gives rise of this method are the quantification of 

Amitriptyline, ganciclovir, trazodone, metamizole, cinnarizine, lisinopril, 

rifampicin, terfenadine, ciprofloxacin, sodium flucloxacillin, norfloxacin, 

analgin, cinnarine, amineptine and Trazodone using 7,7,8,8-

tetracyanoquinodimethane (TCNQ) as electron-acceptor reagent as well 

as quantification of tetracyclines, ganciclovir, levofloxacin, 

prochlorperazine, thioridiazine, promethazine, chlorpromazine, 

pyrimethamine-sulfadoxine combination drug, moclobemide, Fifteen 

cephalosporins using Chloranilic acid as electron-acceptor reagent in 

acetonitrile [148].  

1.17.3 Schiff base formation 

      Schiff bases are the compounds that contain an azo methene group (-

C=N-) and are produced from a condensation reaction between an 

aldehyde reagent and primary amino group-containing compounds in an 

ethanol solvent with the addition of one drops of glacial acetic acid as a 
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catalyst [149]. The reaction was utilized for the quantification of several 

pharmaceutical products like tinidazole, olanzapine, and metronidazole 

using p-dimethylaminobenzaldehyde as a chromogenic analytical reagent 

[150]. 

1.17.4 Metal complexation reaction 

        It is a reaction that occur between metal ion (Lewis acid) with a 

certain reagent (Lewis base) to produce a coordination complex. The 

reagent known as ligand or chelating agent. The most preferred chelating 

agent in analytical chemistry must meet a set of basic requirements[151, 

152]: 

A. Contain at least two or more donor atoms sited in such a way as to 

lead to the formation of a five- or six-membered chelating ring with a 

metal ion through covalent or coordinate bond formation. 

B. React with only one metal ion (high selectivity). 

C. water-soluble and rapidly produce a stable, intensely colored complex 

with a higher absorptivity value. 

Metal complexation is considered the most simple, convenient, and 

popular quantification method because it is utilized for the determination 

of both metal ions and drugs in pharmaceutical formulations. For 

example, quantification of zinc and metoprolol tartrate in pharmaceutical 

preparations [153, 154].  

1.17.5 Ion pair formation 

        Ion pair is a type of supramolecular assembly that formed when two 

or more ions with opposite charge attractive to each other by electrostatic 

force. This phenomenon was used for analysis of various pharmaceutical 
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active material using ion pair extraction at which the ion of interest in the 

solution is neutralized by adding counterion (electron-donor reagent like 

dyes), the product then extracted in polar solvent and analyzed[155-159]. 

Diclofenac, Itopride, sumatriptan, midodrine, fluoroquinolones and 

mesalamine were quantified in pharmaceutical preparations via formation 

of ion-pair complex with bromothymol blue in an acidic media. The 

yellow ion-pair complex formed were quantitatively extracted into 

chloroform  

Moreover, chlorpromazine hydrochloride was also analyzed in 

pharmaceutical tablets via formation of ion-pair complex with methyl 

orange dye. The yellow ion-pair complex formed were quantitatively 

extracted into ethyl acetate [160]. 

1.17.6 Oxidation-reduction reactions 

        In a redox reaction, an electron or electrons are transferred from one 

species to another, causing the responding species to transition from an 

oxidized to an oxidized state. Due to electron loss, the oxidation process 

results in an increase in the oxidation number. However, because of the 

electron gain during the reduction process, the number of oxidations is 

reduced. Figure (1.16) [161]. The reduced species is known as an 

oxidizing agent, whereas the oxidized species is known as a reducing 

agent. Ranitidine hydrochloride was quantified by the redox method 

utilizing N-bromosuccinimide (NBS) or Ce (IV) as oxidizing agents in 

pharmaceutical formulations. [162]. Metronidazole was also measured in 

pharmaceutical formulations that used sodium hydroxide solution and 

potassium permanganate as an oxidizing agent. [163]. Utilizing Ce (IV) 

as an oxidizing agent in an acidic medium, the pharmaceutical 
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formulations of timolol maleate, captopril, diltiazem hydrochloride, and 

atenolol were all identified. [164]. 

 

 

Figure 1.16 .Schematic diagram of electron transfer in the redox process. 

Spectrophotometric methods are typically regarded as the most well-

liked, straightforward, quick, adaptable, affordable, and highly effective 

way for measuring an analyte in a real sample. Due to their capabilities in 

the analysis of large samples in a variety of applicable fields, such as 

foodstuffs, spectrophotometric methods have found increased use in the 

most routine analysis, scientific research, and chemical process 

monitoring. This was revealed by a recent review of the chemical 

literature industrial products medical products pharmaceuticals , 

contaminants trace analysis criminal investigations , environmental and 

agricultural products [165-167]. 

 1.18 Chloramphenicol 

        Chemically known as D-threo-(1R,2R)-1-p-Nitrophenyl-2-

dichloroacetamido-1,3-propanediol (Figure 1.17), chloramphenicol is a 

semi-synthetic antibiotic that is a member of the nitrobenzene derivative 

drug class. It has a broad spectrum of activity against both gram-negative 
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and gram-positive bacteria [168]. The condition most frequently treated 

with it is bacterial conjunctivitis, an infection of the eye's mucous 

membrane [169]. It is utilized as the medicine of choice to treat a variety 

of infectious disorders in food-producing animals (such as honeybees) 

because of its good pharmacokinetic properties, high penetration into the 

tissues, and low manufacturing cost [170]. 

        In the pharmaceutical dose form of the medicine, chloramphenicol 

contains a number of contaminants and related chemicals that might 

coexist with the active ingredient. These contaminants have the ability to 

alter a drug's activity and exacerbate its negative effects [222]. Numerous 

negative effects have been connected to chloramphenicol and related 

substances. Leukemia, gastrointestinal issues, deadly aplastic anemia, 

bone marrow depression, and allergic reactions are only a few of the 

human side effects that have been reported . For this reason, it is strongly 

advised to regulate the use of chloramphenicol in animals used for food 

[225]. Chloramphenicol has been measured using a number of verified 

methods, which are listed and summarized in Table (1.3).

 

 

 

Table 1.3 Some of analytical approachs used for quantification of Chloramphenicol in 

real samples. 

Figure 1.17 Chemical structure of Chloramphenicol 
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Method Linearity range 

ng mL-1or g-1 

LOD (LOQ) ng 

mL-1or g-1 

Sample Ref. 

Colorimetric 0.5–5.0  ---- Pharmaceutical 

formulation 

[171] 

Colorimetric 0.400-12000 ---- Pharmaceutical 

formulation 

[172] 

LC-MS ---- 0.04 (0.15)  Fish and mice [173] 

GC-MS ---- (0.05) urine, shrimps and 

meat 

[174] 

HPLC 5–50  (0.25) Aquatic Products [175] 

HPLC ------ 800  Spiked plasma [176] 

HPLC 0.1-100  0.10  Tilapia fish [177] 

 

L
C

-M
S

 

0.1-20.0  (0.05-0.09)  Animals-derived food [178] 

0.50 -10.0  0.08 (0.3)  Shrimp [179] 

0.1-5.0  0.015 (0.5)  Milk sample [180] 

0.01-0.1  --- Meat [181] 

0.1–2.0  0.1  Milk samples [182] 

0.10–2.00  0.06 (0.10)  Shrimp [183] 

0.6-28  0.15(0.3)  Royal jelly [184] 

0.5-5.0  (0.15)  Honey [185] 

--- 0.01(0.04)  Animals-derived food [186] 

0.01–0.6  0.01  Honey [187] 

0.025–0.15 0.5  Animals-derived food [188] 

0.2-20  0.002 (0.007)  

 

Drinking Water [189] 

LC-MS 0.2 - 5 ng g-1 ---- Animals-derived food [190] 

LC-MS 0-5 ng g-1 0.29 (32) ng g-1 Poultry Meal [191] 

 

1.19 Clonazepam 

         Chemically speaking, clonazepam (1,3-Dihydro-7-nitro-5-(2-

chlorophenyl)-2H-1,4.benzodiazepin-2-one) is used to treat anxiety, 

panic, and seizure disorders. owing to its extraordinary effects on the 
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brain and central nervous system It is used as a muscle relaxant, 

particularly to manage infantile spasms caused by epilepsy[247-251]. 

There are numerous quantification methods for clonazepam, as shown by 

the current literature review of analytical publications, which is described 

in Table (1.4). 

 

 

 

 

Method Linearity range ng 

mL-1 

LOD (LOQ)  

ng mL-1 

Sample Ref. 

HPLC 16000-24000 29 (50)  Pharmaceutical 

formulation 

[192] 

Spectrophotometric 320 - 4100 240  Pharmaceutical 

formulation 

[193] 

LC-MS 2-1000  0.5 (2)  Human Serum [194] 

HPLC 600-1500 (5-10)  Human Plasma [195] 

LC 3–500  1.44  Human Plasma [196] 

HPLC 2400-5600 0.03 (0.09)  Pharmaceutical 

formulation 

[197] 

Spectrophotometric 5000-40000 3240 (10800) Pharmaceutical 

formulation 

[198] 

LC-MS 10-160  0.8 (10)  Human Serum [199] 

Table 1.4 Some of analytical approaches used for quantification of Clonazepam in 

real samples. 

  Figure 1.18  Chemical structure of Clonazepam 
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LC-MS ---- 5 (10)  Surface Water [200] 

HPLC 20000-300000 ---- Human Serum [201] 

HPLC 0.5–50  0.5 Human Plasma [202] 

LC-MS 0.25-128  0.25  Rate Plasma [203] 

Spectrophotometric 2000-35000 570  Pharmaceutical 

formulation 

[204] 

HPLC 0.1–600 

 

0.062 (0.21)  Biological fluids and 

wastewaters 

[205] 

Potentiometric 1.0×10-7 - 1.0×10-1 

M 

7.3×10-7 M Biological fluid [206] 

Gas-Liquid 

chromatography 

5-900 nM 3 nM Biological fluid [207] 

Spectrophotometric 316–3160  130  pharmaceutical and 

urine 

[208] 

Spectrofluorometric 1000-5000 0.055 (0.169)  Pharmaceutical 

formulation 

[209] 

HPLC 1000-14000 60 (180)  Pharmaceutical 

formulation 

[210] 

 



                   

 
 

1.20 Aim of the study 

 

        The aim of this work is to investigate of the following: 

1- Establishing a rapid, accurate, and precise spectrophotometric 

methods for the determination of Chloramphenicol ,and 

Clonazepam in aqueous solution . 

2- - To synthesize new adsorbent surface by the free-radical-induced 

graft co-polymerization of acrylic acid in the presence of alginate 

bio-polymer and ZnO NPs for the uptake of two pollutants  

3- To characterize the adsorbent surface by using different techniques 

X-ray diffraction(XRD), Field Emission Scanning Electron 

Microscopes (FE-SEM), Energy Dispersive X-Ray (EDX) 

Thermo-gravimetric analysis (TGA) ,Fourier–transform-infrared-

spectroscopy(FTIR), and Transmission Electron Microscopy 

(TEM).  

4- Investigate the effectiveness of the hydrogel composite to adsorb 

selected two pollutants through batch treatment processes. And 

investigate the effects of contact time, adsorbent dosage, pH,  

temperature, during batch treatment methods. 

5- Determine the applicability of Freundlich, and  Langmuir approach 

to estimate design parameters characterizing the performance of 

the adsorption batch tests, and determine the adsorption constants 

of two pollutants onto hydrogel  surfaces. 

6-  Estimate the thermodynamic parameters for two pollutants on the 

hydrogel surfaces. 

7- -Study the effect of adsorbent Regeneration , and In vitro drug 

release on the adsorption  capacity. 
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Experimental Part  

2.1. Chemical materials 

The Table 2.1 displays the molecular weight, purity, and supplier of the 

chemical substance used in this study. The MSDS provided the warning 

instructions for these hazardous compounds. 

Table 2.1. Chemical material used in this study. 
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2.2 Instruments 

Several methods were employed in the current study, the majority of 

which are listed in table (2.2). 

Table (2.2): Instruments used in this research 

No. Instrument Model 
Company 

supplied 

Location of current 

measurement 

1 
UV-Visible spectrophotometer, 

Double beam 
PC 1650 Shimadzu, Japan 

University of Babylon / College of 

science for women-Chemistry 

Department 

2 
UV-Visible spectrophotometer, 

Single beam 
UV mini-1240 Shimadzu, Japan 

University of Babylon / College of 

science for women-Chemistry 

Department 

3 
Field-Emission Scanning electron 

microscope (FE-SEM) 
MIRA3 

TESCAN ,Czechia 

Republic 

University of Tehran 

4 
Transmission electron microscope 

(TEM) 
912AB Leo, Germany 

University of Tehran 

5 X-Ray diffraction (XRD) D2 Phaser 
Bruker AXS Gmbh, 

Germany 

University of Tehran 

6 Thermogravimetric analysis (TGA) DTG-60 Shimadzu, Japan 

University of Babylon / College of 

science for women-Chemistry 

Department 

7 Energy Dispersion X-ray (EDX) MIRA3 
TESCAN ,Czechia 

Republic 

University of Tehran 

8 Shaker water bath CL002 
K&K Scientific, 

Korea 

University of Babylon / College of 

science for women-Chemistry 

Department 
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9 Centrifuge CL008 
JANETZI - T5, 

Belgium 

University of Babylon / College of 

science for women-Chemistry 

Department 

10 Ultrasound bath 405 power sonic Hwashin, Korea 

University of Babylon / College of 

science for women-Chemistry 

Department 

11 Oven LDO-060e Labtech, Korea 

University of Babylon / College of 

science for women-Chemistry 

Department 

12 pH meter HI 83141 Hanna, Romania 

University of Babylon / College of 

science for women-Chemistry 

Department 

13 Autoclave and Stainless steel device Binder Germany 

University of Babylon / College of 

science for women-Chemistry 

Department 
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2.3 Preparation of standard solutions 

2.3.1 Vitamin B6 reagent 0.01 M 

        In a 100 mL volumetric flask, 170 mg of the reagent was dissolved 

with a small amount of distilled water, and the solution was then diluted 

to the proper concentration with the same solvent. 

 

2.3.2 Reduced form of Clonazepam or Chloramphenicol 100 µg mL-1 

         In a 100 mL beaker, 100 mg of the medication was dissolved with a 

tiny amount of methanol and distilled water to create a stock solution of 

chloramphenicol or clonazepam. Then, 0.3 g of zinc metal powder and 

0.5 mL of concentrated HCl were added. The reaction mixture was heated 

to 50 °C for 5 minutes while being vigorously shaken to quicken the 

reduction process. The mixture was filtered after 15 minutes of standing 

time. To make sure the drug's nitro group was converted to an amino 

group, the addition and heating stages were done again. In a 100 ml 

volumetric flask filled with distilled water, the final filtered solution was 

diluted to the proper concentration. Further dilution was used to create the 

working standard solution. 

 

2.3.3 Sodium hydroxide 1.0 M 

        4.0000 g of NaOH was dissolved in a tiny amount of distilled water 

in a 100 ml calibrated flask to create a stock solution, which was then 

diluted to the desired concentration with the same solvent. 

2.3.4 Hydrochloric acid 1.0 M 

        Pipetting 8.36 ml of 37% HCl into a 100 mL calibrated flask and 

diluting it to the proper concentration with distilled water produced a 

working solution of 1.0 M HCl. 
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2.3.5 Ammonium hydroxide (NH4OH) 1.0 M 

        The solution was prepared by transferring 29 ml of ammonia (NH3 

con. 17.3 M) to 50 ml volumetric flask and diluted to the mark by 

distilled water. 

2.3.6 Sodium nitrite solution 0.5 M 

        The solution was prepared by dissolving 4.2500 g sodium nitrite in 

100 ml distilled water. 

2.3.7 Sulfamic acid solution 0.2 M  

        The solution was prepared by dissolving 1.9420 g sulfamic acid in 

100 ml distilled water. 

2.4. Procedures for pharmaceutical formulations  

2.4.1. Procedure for Chloramphenicol Eye ointment  

         Ten grams of Chloramphenicol 1% w/w eye ointment 

(HAYAPHENICOL 1%, 4g) equivalent to 100 mg Chloramphenicol 

were dissolved in 50 mL petroleum ether in 100 ml volumetric flask and 

diluted to the mark with distilled water. The mixture underwent quintuple 

extraction with distilled water. The solution was filtered, treated with 2 

ml ethanol and diluted to mark with distilled water. Ten milliliters of the 

resulting solution were transferred into a 100 ml beaker and submitted to 

the reduction process, whose steps were described in Section (2.3.2). 

2.4.2. Procedure for Chloramphenicol eye drops 

         The contents of three eye drops (0.5 w/v, 10 mL) were mixed to 

produce a solution labeled to contain 150 mg of chloramphenicol. Ten 

milliliters of the resulting solution, equivalent to 50 mg of 
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chloramphenicol, were transferred into a 100-mL beaker and submitted to 

the reduction process, whose steps were described in Section (2.3.2).  

2.4.3. Procedure for Chloramphenicol capsules 

         The contents of 10 capsules were mixed and accurately weighed. 

An accurate amount of the powder equivalent to 100 mg of 

chloramphenicol was weighed, dissolved in a small amount of ethanol in 

a 100 mL volumetric flask, and diluted to the mark with distilled water. 

The solution was submitted to the reduction process, whose steps were 

described in Section (2.3.2). 

2.4.4. Procedure for Clonazepam tablets 

         Using a stoneware mortar and pestle, fifty Rivotril® 2 mg tablets 

were precisely weighed and ground into a fine powder. Weighed 

precisely, the amount corresponding to 10 mg of clonazepam was 

dissolved in 3 mL of ethanol. The reduction method, whose steps were 

laid out in Section (2.3.2), was applied to the solution. 

2.4.5. Procedure for Clonazepam eye drops 

         Five eye drops (2.5 mg/mL, 10 mL each) were combined to create a 

solution with the label "125 mg of Clonazepam." A 100 ml beaker was 

used to transfer 20 milliliters of the resulting solution, which contained 50 

mg of Clonazepam, and subject it to the reduction procedure, the steps of 

which were outlined in Section (2.3.2). 
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2.5 Synthesis of Nanocomposite   : 

2.5.1 Synthesis of Carbon decorated / ZnO Nanocomposite:                       

         Nanocomposite (Carbon decorated/ ZnO) was synthesized using the 

hydrothermal process Scheme (2-1). Ten grams of zinc acetate together 

with 5 g of oxalic acid and 1.0 g of CNT was mixed with 100 mL 

distilled water in Erlenmeyer flask and shacked for 30 min. The obtained 

mixture was transferred into the stainless steel or Teflon-lined autoclave 

and heated at 160 °C for 24 h under autogenous pressure. The obtained 

mixture was filtered, washed with distilled water several times, sonicated 

for 10 minutes, and dried at 80oC for 24 hr. to produce a dark-brown fine 

powder.  

 

              Scheme () : preparation  of CNT / ZnO Nanocomposite 
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2.5.2 Synthesis of Sodium alginate poly (acrylic acid-co-

acrylamide)/ZnO-CNT hydrogel nanocomposite  

          N,  N-Methylenebisacrylamide was used as a cross-linking agent 

during the free radical polymerization process to create the hydrogel 

nanocomposite. 20 mL of distilled water was used to shatter a (0.2 g) of 

ZnO/CNT for five hours, followed by two hours of sonication. 40 mL of 

5% sodium alginate was progressively added to the mixture while 

swirling it for three hours at 25 oC.. Addition of 0.5 g of acrylamide and 

3 mL of acrylic acid transformed the reaction mixture into a consistent, 

pasty-like gelatinous solution after stirring. N,N-Methylenebisacrylamide 

and potassium persulfate were added as a free-radical initiator for 

polymerization and a cross-linking agent for acrylamide, respectively, in 

the following step.. The poly(acrylic acid)-based nanocomposite hydrogel 

(SA-g-P(Ac-co-AM)/ZnO-CNT) was then created by heating the reaction 

mixture at 75 oC in a thermostatically controlled water bath. The dried 

hydrogel was then ground into a fine powder and Photo (2-2) Real image 

of hydrogel nanocomposite was included. Scheme (2-3) Synthesis of 

Sodium alginate poly (acrylic acid-co-acrylamide)/ZnO-CNT hydrogel 

nanocomposite was also added. 
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   Photo  (2-2): Real image of hydrogel nanocomposite preparation in real image. 
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Scheme (2-3): Preparation of (SA-g-P(Ac-co-AM)/ZnO-CNT) hydrogel nanocomposite. 

 

2-6 Characterization of the Prepared hydrogel Nanocomposites:  

 

        Transmission electron microscopy (TEM), Field emission scanning 

electron microscopy (FE-SEM), X-ray diffraction spectroscopy (XRD), 

Surface area analyzer (BET), Thermogravimetric analysis (TGA), Fourier 

Transform Infrared (FT-IR) Analysis, pH and absorbance values by 

spectrophotometer, separated advice (centrifuge), shaker, and other 

devices for measurements were used in this study to examine the samples. 

2-6-1 Fourier Transform Infrared (FT-IR) Analysis: 

The chemically bound components of matter vibrate at frequencies 

in the infrared spectrum. When the frequencies are in resonance, the 

oscillations caused by specific vibrational modes give the matter a way to 

couple with an impinging beam of infrared electromagnetic radiation and 

exchange energy with it. As a result, infrared frequency will excite 

molecular vibration, increasing molecular vibration energy. As the photon 
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energy is transferred to excite molecular vibrations, the electromagnetic 

radiation with a particular frequency will be absorbed by the molecule in 

the interim. Shimadzu's 8400S FTIR equipment was used to record FTIR 

spectra in the 4000-400 cm-1 frequency band. In an agate mortar, dried 

nanocomposite (1 mg) and KBr powder (10 mg) were combined. The 

combination was formed into a pellet and compressed for 2-4 minutes 

under a weight of 10 tons, and the spectrum was instantly recorded as 

shown in figure (2-4) [268]. 

 

 

Figure (2-4): Fourier Transform Infrared (FT-IR) Analysis 

  

2-6-2 Ultraviolet-Visible Spectroscopy (UV–Vis): 

          An important method used to assess medication solution transfer 

and absorption. Where 0.1 mg.mL-1 of the composite are dissolved in the 

medication solution, and then the quartz cells are filled for measurements 

as shown in Figure (2-5) [211]. 
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                Figure (2-5) : A photo of ultraviolet-visible spectroscopy 

 

2-6-3 Field Emission Scanning Electron Microscopy (FE-SEM) : 

           In order to characterize sample morphology, such as grain size, 

particle size, particle dispersion, crystal flaws, and surface structure, FE-

SEM is a potent tool. Due to the fact that it also uses electrons as the 

probe, FE-SEM provides a number of advantages such a large depth of 

field, higher resolution, and more control over the degree of 

amplification, as shown in Figure (2-6) [212]. 

 

Figure (2-6): A photo of Scanning Electron Microscopy 
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2.6.4 Transmission Electron Microscopy (TEM) : 

A beam of electrons is passed through an incredibly thin material 

using the TEM microscopy technique, where the electrons are converted 

to light and produce an image. Figure (2-7) illustrates how TEM can 

provide information on phase composition, structure, and lattice defects. 

[213]. 

 

                 Figure (2-7): A photo of Transmission electron microscopy 

 

2.6.5 X-ray Diffraction Spectroscopy (XRD) : 

A potent nondestructive method for characterizing crystalline 

materials is X-ray diffraction. Measures the size, shape, and internal 

stress of small crystalline regions and provides information on the 

average distance between layers or rows of atoms, the orientation of a 

single crystal or grain, and the crystal structure of an unknown material. 

Utilizing nickel as a filter, a single wavelength of light (1.5104 nm) from 

a CuK source was used to examine the crystalline characteristics of 

materials created using an X-ray deflection technique. As shown in 

Figures (2–8), the measurement's range (5–80 degrees) is derived from 

deviation angles (2). [214]. 
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              Figure (2-8): A photo of X-ray diffraction spectroscopy 

2-6-6 Thermogravimetric analysis (TGA) : 

The thermodynamic analysis is performed to determine the thermal 

stability of prepared nanomaterials and to determine the purity of these 

particles. The sample was heated from 10 °C to 600 °C and at a heating 

speed of 10 °C/min. as show in Figure (2-9). 

 

               Figure (2-9): A photo Thermo gravimetric analysis 
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2-6-7  Brunauer–Emmett–Teller (BET): 

The Brunauer-Emmett-Teller (BET) hypothesis, which forms the 

cornerstone of a crucial analysis method for calculating the specific 

surface area of materials, tries to explain the physical adsorption of gas 

molecules on a solid surface. In order to measure a given surface area, 

BET theory typically uses probing gases—gases that do not chemically 

react with the surfaces of the materials—as adsorbates. As shown in 

Figure (2-10) nitrogen is the most widely used gaseous adsorbate when 

using BET techniques for surface probing.  [215](Hameed Mahmood, 

Riadi et al. 2022)(Hameed Mahmood, Riadi et al. 2022)[215] 

 

Figure (2-10):A photo Brunauer–Emmett–Teller (BET) 
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2.7 Removal of Pharmacetical polutant by using hydrogel 

nanocomposite: 

2.7.1 Determination of optimum wavelengths (λmax) and Calibration 

curves of two drugs: 

2.7.1.1 Chloramphenicol  

        Chloramphenicol (CHL) is a widely used antibiotic with the 

chemical formula C11H12Cl2N2O5 and the molecular weight (323.132 

g/mol). It comes in the form of a white, colorless powder and is used for a 

variety of purposes. By dissolving (1.0 g) of the medication in (1000 mL) 

D.W., a stock solution (1000 mg L-1) was created.  The UV-Visible 

absorption spectra of the chloramphenicol medication solution were 

acquired between wavelengths of 200-800 nm in order to identify the 

maximum wavelength of the drug. The solution's highest absorption in 

the UV-Vis spectrum, which was discovered at the wavelength max 

CHZ= 278 nm in Figure (2-11), was used to determine its maximum 

wavelength. 
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Figure( 2-11): UV-Visible absorption spectra of Chloramphenicol drug . 

 

In a series of dilutions ranging from 2 to 100 mg/L, the calibration 

curve for various chloramphenicol concentrations was created. 

Absorbance was calculated at the maximum drug concentration and 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/absorption-spectra
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displayed versus drug concentration data in (Figure 2-12).

 

              Figure (2-12): Calibration curve for Chloramphenicol drug . 

Table (2-3): Statistics data of calibration for different concentrations of 

Chloramphenicol drug 
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2.7.1.2 Clonazepam 

           The antibiotic Clonazepam (CLZ), which has the chemical formula 

C15H10ClN3O3 and the molecular weight 315.715 g/mol, is highly well-

known and is used for a variety of things.Amoxicillin was dissolved in 

1000 mL of D.W. to create a stock solution (1000 mg L-1). The UV-

Visible absorption spectra of the clonazepam (CLZ) medication solution 

were obtained between wavelengths of 200-800 nm in order to determine 

the drug's maximum wavelength. In Figure (2-13), the solution's peak 

absorption in the UV-Vis spectrum was observed at a wavelength of 243 

nm, which was used to calculate the solution's maximum wavelength. 

 

Figure( 2-13): UV-Visible absorption spectra of Clonazepam (CLZ)  . 

 

    The calibration curve of various Clonazepam (CLZ) medication 

concentrations was created by a series of dilutions (2–100 mg/L). In 

(Figure 2-14), the absorbance was calculated at the maximum drug 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/absorption-spectra
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concentration and plotted versus drug concentration values.

 

Figure (2-14): Calibration curve for Clonazepam (CLZ) drug. 

Table (2-4): Statistics data of calibration for different concentrations of 

Clonazepam (CLZ) drug. 
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2.8 Effect of different parameters on the adsorption process: 

2.8.1 Effect of contact time: 

          100 mL of dye solution (100 mg.L-1) is made and placed in a 

conical flask together with 0.1 g of hydroel nanocomposite as an 

adsorbent concentration, pH (6.1), 25°C, and 220 rpm. The temperature 

of the water bath was regulated, as well as the shaking speed and 

separation. A single beam UV-Visible spectrophotometer will be used to 

spectrophotometric ally measure the drug concentration at the wavelength 

that corresponds to the maximum absorbance, or max. The centrifugation 

procedure separates the samples taken at various intervals. The solution's 

absorbance is then measured, and the medication concentration is to be 

checked every 5 to 120 minutes, or whenever equilibrium has been 

attained. Equation (2-1) was used to compute the adsorption capacity. 

[216] 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒) ∗ 𝑉𝐿

𝑚𝑔𝑚
                                                                         (2 − 1)     

Where:  qe  = Amount of dye adsorbed per unit mass of adsorbent (mg/g).    

Co= Initial dye concentration (mg.L-1). , Ce= Equilibrium drug 

concentration (mg.L-1). 

m = Dose of adsorbent (g).   , VL= is the volume of solution (L). 

The percentage removal (E%) of the drug was calculated based on the 

reduction in absorbance at λmax value of the drug  as follows: [217] 

𝐸 % =
𝐶0−𝐶𝑒

𝐶0
∗ 100                                                     (2 − 2) 

Where: C0 and Ce are initial and equilibrium dye concentrations, 

respectively. 
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2.8.2 Effect of Initial Concentration of drugs : 

        In this investigation, two medicines at various concentrations of 100 

mL (ranging from 25 to 200 mg) were employed.At 25°C and 220 rpm, 

L-1 was introduced to an Erlenmeyer conical flask containing (0.1g/100 

mL) of hydrogel nanocomposite. The remaining concentration of the two 

medicines in the aqueous phase is measured spectrophotometrically for 

the selected wavelength after the supernatant was separated from the 

series and shaken for one hour. 

 

2.8.3 Effect of dose of adsorbent:  

     For the hydrogel nanocomposite, different doses (ranging from 

0.005 to 0.13) were used in the study. The samples' concentrations were 

(100) mg.L-1. The solutions were maintained in a water bath shaker at 

(220 rpm) for approximately one hour at a constant temperature (25 0C) 

and pH 6.1; the concentration of the remaining two medicines in the 

aqueous phase was then determined spectrophotometrically for the 

selected wavelength. 

2.8.4 Effect of solution pH: 

         By adjusting the initial pH solutions (2-11) in conical flasks (100 

mL) with container concentrations (100 mg.L-1) in 100 mL, the impact of 

solution pH on pollutant removal is investigated.A pH meter was used to 

monitor the pH and to modify it using (0.1N) HCl and/or (0.1N) sodium 

hydroxide (NaOH). The hydrogel nanocomposite adsorbent surface 

concentration was then established on the conical flask at 0.1 g/100 mL. 

      The flasks were placed inside a shaker water bath that was kept at 25 

oC and fixed at 220 rpm during the investigation. The final drug 

concentration was determined using a single beam UV-Vis 
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spectrophotometer, and the calibration plot of the drug was created after 1 

hour.  

2.8.5 Effect of Temperature: 

         The adsorption studies are carried out in a thermostated water bath 

with a shaker at various temperatures (15-35°C). With (0.1g) dose of 

adsorbent hydrogel nanocomposite mixed with (100mL) aqueous solution 

of drugs concentration (25-200) mg/L, the effect of temperature was 

examined. The sample was shaken at a period for one hour, and the 

remaining two drug concentrations in the aqueous phase were then 

measured using spectrophotometry at the selected wavelength. 

2.9 Adsorbent regeneration experiments: 

        Evaluation of the adsorbent's reusability, which is assessed in 

the desorption trials, is required to optimize the adsorption 

process. Three distinct solutions (pH 4.0, 7.0, and 10.0) containing 

distilled water were made, and varying concentrations of the 

saturated adsorbent (0.1 g) were added to the solutions.[218]. The 

regenerated adsorbent particles were separated after a 1-hour 

contact period and dried at 45°C for 3-hours. The effectiveness of 

the regenerated adsorbent is compared to that of fresh adsorbent in 

the treatment of 100 mg L-1 two drug solutions at an adsorbent 

dose of 0.1 g.L-1, pH 6.1, and contact period of 1 hour in order to 

evaluate the reusability.  [219]. 

2.10   A Comparative adsorption between different surfaces to 

removal Two drugs:  

          The study uses a sample of 100 mL of two drugs at a concentration 

of 100 mg.L-1, which is added to an Erlenmeyer conical flask along with 

0.1g of prepared hydrogel and carbon nanotubes, and shaken in a water 

bath for one hour. The supernatant is then separated by centrifugation, 
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and the remaining concentration is determined by using a UV-Visible 

spectrophotometer to measure the two drugs' maximum nm. 

2.11 Removal of Pollutants (pharmaceutical) by Using hydrogel 

nanocomposite  

        Tow pharmaceutical pollutants used in this study. They were added 

to a conical flask (Erlenmeyer) along with 0.1g of the prepared hydrogel 

nanocomposite, then the mixture was placed in a shaker water bath for 1 

hour. 
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3.1 Quantification of Clonazepam and Chloramphenicol in 

pharmaceutical formulations 

3.1.1 Absorption spectra 

          A reddish-pink complex is created when vitamin B6 and 

chloramphenicol interact through an azo coupling process. The solutions 

containing the medication chloramphenicol and the azo complex 

produced were compared to their blank solutions using a spectral scan in 

the 190–800 nm range to explore the creation of the azo complex.. At a 

wavelength of 453 nm, figure (3-1a) shows the red-pink complex's 

maximum absorption intensity. figure (3-1b) shows the red-pink 

complex's maximum absorption intensity for CLZ . 

Figure 3-1a-.  spectrum of CHL against suitable blank and. The λ max of reddish-pink 

complex product = 453nm. 

 

Figure 3-1b-.  spectrum of CLZ against suitable blank and. The λ max of reddish-pink 

complex product = 532nm. 
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The results show that chloramphenicol and clonazepam, which are most 

sensitive to the technique at 453 nm and 532 nm of the complex, 

respectively.  

3.1.2 Optimization of experimental conditions [26-30].  

         The suggested method's experimental parameters that influence the 

stability and absorbance of the colored product were meticulously 

calculated and refined. While the other values remained fixed, each 

parameter was examined separately. 

3.1.2.1 Effect of reagent volume (Vitamin B6) 

       Different amounts of Vitamin B6 (0.01 M; 0.25–2.5 mL) were used. 

Figure 3-2 illustrates how the absorbance rose in relation to the reagent 

volume until it reached a steady state point (1.25 mL), after which there 

was no further rise in absorbance. Therefore, 1.25 mL of Vitamin B6 was 

selected for the absorbance of the colored product for both CLZ and 

CHL. 

 

 

 

 

 

 

 

 

 

Figure 3-2- Effect of  VB6  volume on the absorbance of the colored product 
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3.1.2.2 Effect of NaOH volume 

        Various concentrations of 1.0 mol.L-1 sodium hydroxide, ranging 

from 0.25 to 2.0 mL, were employed. 1.25 mL was chosen as the ideal 

NaOH volume since this volume produced the highest absorbance, as 

shown in Figure 3-3 

 

 

 

 

 

 

 

Figure 3-3- Effect of NaOH volume on the absorbance of the colored product 

3.1.2.3 Effect of HCl volume 

According to reports, aromatic amine reacts with either sodium nitrate or 

just nitrous acid in the presence of a strong metallic acid to produce 

diazonium salt. The second method for making diazonium salt is strongly 

advised due to the toxicity and gaseous nature of nitrous acid. Various 

volumes of 1.0 mol.L-1 HCl ranging from 0.25 to 2.0 mL were employed. 

Various volumes of 1.0 mol.L-1 HCl ranging from 0.25 to 2.0 mL were 

employed. As shown in Figure 3-4, the tangible HCl volume was chosen 

since the highest absorbance was reached at 1.0 mL. 
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Figure 3-4- Effect of HCl volume on the absorbance of the colored product 

3.1.2.4 Effect of sodium nitrite volume 

         The range (0.25-2.0 mL) was covered by several volumes of 0.5 M 

NaNO2. Figure 3-5 illustrates the relationship between the absorbance of 

the formed azo complex and the NaNO2 volume. The absorbance 

increased with respect to the NaNO2 volume until it reached a point at 

0.75 mL for CLZ and 1.0 mL for CHL, after which the absorbance 

gradually decreased, so these points were chosen as the optimum volume 

of NaNO2 volume. 
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Figure 3-5.-Effect of NaNO2 volume on the absorbance of the colored product 
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3.1.2.5 Effect of sulfamic acid volume 

       It has been suggested that adding a specific quantity of sulfamic acid 

will remove the excess nitrite produced by the azo coupling reaction. This 

is why several concentrations of 0.2 M sulfamic acid in the range of 

(0.25-2 mL) were utilized. Figure 3-6 shows that for CLZ and CHL, 

respectively, 0.75 mL and 1 mL of sulfamic acid were found to be the 

ideal volumes. 

 

 

 

 

 

 

 

Figure 3-6- Effect of sulfamic acid volume on the absorbance of the colored product 

 

3.1.2.6 Effect of the time required for diazonium salt formation 

The range of (2.0-16.0 min) was evaluated as the adequate time interval 

necessary to finish the synthesis of diazonium salt. Figure 3-7 shows that 

for CLZ and CHL, respectively, 8 and 12 minutes were found to be the 
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ideal times to finish the synthesis of diazonium salt . 

 

Figure 3-7. Effect of diazonium time on the absorbance of the colored product 

3.1.2.7 Effect of the stability time  

        Different time intervals between (1.0-30.0 min.) were employed to 

assess how much time was needed to fully generate the azo product. 

Figure 3-8 shows that for CLZ and CHL, respectively, 3 and 4 minutes 

were found to be the optimum times needed to complete the azo coupling 

reaction. 
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Figure 3-8- Effect of stability time on the absorbance of the colored product 

3.1.2.8 Diluting solvents Effect 

         Different diluting solvents, including acetonitrile, 1,4-dioxan 

acetone, methanol, butanol, ethyl acetate, dimethylfloride, 

dimethylsulfoxide, ethanol, and distelwater, have been examined in order 

to determine which solvent give the maximum absorbance of the 

produced azo product. It was discovered that diluting the produced azo 

product with ethanol produced the highest absorbance (Figure 3-9). 

 

 

 

 

 

 

      Figure 3-9- Effect of diluting solvent on the absorbance of the colored product 
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3.1.3 Validation of method for determination of clonazepam 

        In accordance with the recommendations of the International 

Conference on Harmonization (ICH), the created approach has been 

validated. 

3.1.3.1 Calibration curve (Recommended procedure) 

        In order to create solutions with CLZ concentrations ranging from 

(0.5-17.0 g mL-1), appropriate aliquots of the working standard solution 

(50 g mL-1) were accurately transferred using a micropipette to a set of 10 

mL volumetric flasks. Next, 1.0 mL of 1.0 M HCl was added. The 

sodium nitrite solution was gradually added to the flask contents while 

gently mixing, and the mixture was allowed to cool in an ice bath (0-5 

°C). The cooled mixture was then left to stand for an additional 8 

minutes. Once cooled, a solution made by combining 1.25 mL of 0.01 M 

reagent with 1.25 mL of 1.0 M NaOH was added gradually to the 

resulting combination. Then 0.75 mL of sulfamic acid, concentration 2, 

was added. Next, ethanol was used to dilute the flask's contents to the 

proper level. After 3 minutes, the absorbance of the resulting pinkish azo 

product was measured at 532 nm in comparison to a blank solution made 

in a similar manner. Figure 3-10 The absorbance of the colored product at 

532 nm as a function of clonazepam concentration was plotted to create a 

calibration curve. The calibration graph's associated regression equations 

were constructed. 
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Figure 3-10-Calibration curve of clonazepam. 

3.1.3.2 Linearity and range 

        The following is how the linear regression equation represented the 

calibration curve: 

𝑦 = 𝑎𝑥 + 𝑏 

In which y is the analytical response, an is the slope, x is the 

concentration, and b is the intercept. 

The analysis of the data using the suggested method produced the 

following linear regression equation: 

A = 0.0768 C + 0.0252 

Where A represent Absorbance,C represent CLZ concentration in µgmL-1  

 

The linear concentration of the calibration graph ranged from 0.5-17 µg 

mL-1 of CLZ. The resulted data were summarized in Table 3-1. 
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Table 3-1 Analytical parameters of the suggested approach. 

 

Parameter  suggested method 

λmax (nm)  

Concentration range (µg mL-1) 

Slope 

SD of Slope 

Determination coefficient (r2)  

Correlation coefficient (r)  

Intercept  

SD of intercept 

Sandell's sensitivity (µg cm-2) 

Molar absorptivity (L mol-1cm-1) 

LOD* (µg mL-1) 

532 

0.5-17 

0.0768 

0.0017 

0.9966 

0.9982 

0.0252 

0.0166 

0.013 

3.57*104 

0.117 

LOQ** (µg mL-1) 0.355 

**LOQ: Limit of quantitation. *LOD: Limit of detection 

 

3.1.3.3 Limit of detection (LOD) and Limit of quantitation (LOQ) 

        The lowest analyte concentration at which a signal can be 

consistently identified or separated from background or blank signal at a 

sufficient level of confidence is known as the limit of detection. The 

lowest value of an analyte concentration that can be detected with a 95% 

confidence level with respectable accuracy and precision is known as the 

limit of quantification (LOQ). The suggested approach's LOD and LOQ 

were calculated by dividing the standard deviation (S.D.) of ten blank 

solutions. The derived S.D value was inserted in the ICH Q2 (R1) 

guidelines' equations, where 

𝐿𝑂𝐷 =
3.3 𝑆

𝑏
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  𝐿𝑂𝑄 =
10 𝑆

𝑏
 

where S stands for standard deviation and b for the slope of the regression 

line on the calibration graph. The modest LOD and LOQ values, as 

shown in Table 3-1, show that the suggested technique is highly sensitive. 

3.1.3.4 Sensitivity and Molar absorptivity  

       Sandell's sensitivity (g/cm2/0.001 Abs unit), which is the lowest 

analyte concentration in g mL-1 that produces absorbance equal to 0.001, 

was calculated to estimate the sensitivity of the suggested 

spectrophotometric approach.  Using the following equation, Sandell's 

sensitivity and Molar absorptivity were derived.: 

 

𝑀𝑜𝑙𝑎𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦 (𝜀) =  𝑆𝑙𝑜𝑝𝑒 ×  𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 × 103 

𝜀 = 0.0768 × 465.89 × 1000 

𝜀 =  3.57 × 104 𝐿 𝑚𝑜𝑙−1𝑐𝑚−1 

𝑆𝑎𝑛𝑑𝑒𝑙𝑙’𝑠 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 
𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡

𝑀𝑜𝑙𝑎𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦
 

𝑆𝑎𝑛𝑑𝑒𝑙𝑙’𝑠 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
465.89

35700
= 0.013 𝜇𝑔 𝑐𝑚−2  

3.1.3.5 Accuracy 

        Three parameters were used to show the precision and accuracy of 

any analytical method: relative error (E%), percent recovery (Rec%), and 

relative standard deviation (RSD%). Relative error (E%) represents the 

uncertainty of the analytical method, which in turn indicates how large 

the analytical error could be. mathematically, It is a ratio of the absolute 

error to the true or theoretical Absolute error = measured value −

theoretical value 
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𝐸% =
𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
× 100 

The percentage of the original drug that was present in the sample that 

has been recovered is expressed as a percentage (Rec%). The following 

equation was used to calculate the percentage of recovery (Rec%): 

𝑅𝑒% = 100 ∓ 𝐸% 

The relative standard deviation (RSD%) illustrates how closely the data 

are scattered around the mean and how far away they are from it. The 

following equation was used to compute RSD%: 

𝑅𝑆𝐷% =
𝑆𝐷

𝑀𝑒𝑎𝑛
× 100 

The accuracy of the proposed method was evaluated by measuring the 

absorbance of the colored product at three concentration levels (5, 10, and 

15 g mL-1) in the calibration graph and carrying out five replications of 

each concentration. The findings were evaluated to determine percent 

recovery (Re%) and RSD%, which data show that the suggested approach 

is very accurate, as shown in Table 3-2. 

Table 3-2 Accuracy data of the suggested approach 

Sample Concentrations µg mL-1 Recovery%*± 

SD 

RSD% E% 

1 5 96.04 ± 0.0029 0.74 -3.95 

2 10 103.28 ± 0.0033 0.41 3.28 

3 15 101.99 ± 0.0138 1.15 1.99 

* Mean of five determinations 
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3.1.3.6 Precision 

         Inter-day precision (Reproducibility) and intra-day precision 

(Repeatability) have been used to describe the precision of the suggested 

approach. Three CLZ concentrations (8, 12, and 16 g mL-1) were chosen 

to evaluate the accuracy of the proposed method. To ensure repeatability, 

each concentration was examined at the same time every day, and to 

ensure reproducibility, it was examined on various days. As shown in 

Table 3-3, the low relative standard deviation value (RSD% less than 2) 

indicates the high precision of the suggested strategy.  

 

Table 3-3 Intra- and inter-day precisions of the suggested approach. 

Concentration µg mL-1 Intra-day precision Inter-day precision 

Recovery

%* 

 R.S.D.% Recovery%* R.S.D.% 

8 

12 

16 

100.78 

99.65 

99.20 

1.14 

1.01 

0.52 

100.61 

100.15 

99.10 

1.29 

1.44 

1.04 

* Mean of five determinations 

 

3.1.3.7 Continues method (job) and Molar ratio method  

      using the molar ratio method and continues method (job), the 

Stoichiometry and reaction mechanism were known. Both ways have 

proven that the ratio between CAP and Vitamin B6 reagent about 1:1 

(Drug1: 1 Reagent) as show in Figures (3-11 and 3-12) . 
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                                      mol R/mol D 

Figure (3-11)-Molar ratio method using in the Spectrophotometric determination for 

CLZ 
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Figure (3-12)  Job's method using in the Spectrophotometric determination for CLZ 
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Figure (3-13)- FTIR chart of CLZ-VB6 azo colord compound 
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Scheme 3-1-1 : Mechanism proposed for the reaction between CLZ and VB6. 

 

t – test and F- test 

The method was compare with the reference method by using t test and 

F test and the result was shown the method has high precision where the 

values of the t test and F test are less than the tableted values 
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Table 3. comparison between Standard method and  Proposed method. 

 

 

3.1.4 Validation of method for determination of chloramphenicol 

        The suggested approach has been validated in accordance with  

 (ICH) recommendations. 

 

3.1.4.1 Calibration curve (recommended procedure) 

       To create solutions with final CHL concentrations spanning the range 

(1.2-26 g mL-1), a suitable portion of the working standard solution (50 g 

mL-1) was carefully transferred to a succession of 10 mL calibrated 

flasks. 1 mL of 1 M HCl is added after that, It was thoroughly combined 

before the contents of the flask were allowed to cool in an ice bath (0 to 5 

°C). After that, 1.0 mL of the chilled sodium nitrite solution was 

progressively added while being gently mixed. The cooled liquid was 

then left to stand for a further 12 minutes. Once cooled, a solution made 

by combining 1.25 mL of 0.01 M reagent with 1.25 mL of 1.0 M NaOH 

was added gradually to the resulting combination. After that, 1.0 mL of 

sulfamic acid at 0.2 M was added. The flask contents were then diluted 

with ethanol to the proper concentration. At a wavelength of 453 nm, the 

colored product's absorbance was measured. To obtain blank solution, the 
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y = 0.0542x - 0.025
R² = 0.9978
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same method was carried out without CHL, Figure 3-11 shows the 

calibration curve that was created by charting the increasing absorbance 

of colored products with respect to CHL concentration. The calibration 

curve regression equation was simultaneously derived. 

 

 

 

 

 

 

 

 

 

              Figure 3-11. Calibration curve of Chloramphenicol . 

 

 

 

3.1.4.2 Linearity and range 

        The following is how the linear regression equation represented the 

calibration curve: 

𝑦 = 𝑎𝑥 + 𝑏 

In which y is the analytical response, an is the slope, x is the 

concentration, and b is the intercept, The data from the suggested 

method's analysis were given the following linear regression equation: 

A = 0.0542 C + 0.025Where A stands for absorbance and C for the 

amount of CHL in g per milliliter. From 1.2 to 26 g mL-1 of CHL, the 
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calibration graph's linear concentration was measured. Table 3-4 provides 

an overview of the collected data. 

Table 3-4 Analytical parameters of the suggested approach. 

Parameter suggested 

method 

λmax (nm)  

Concentration range (µg mL-1) 

Slope 

SD of Slope 

Determination coefficient (r2)  

Correlation coefficient (r)  

Intercept  

SD of intercept 

Sandell's sensitivity (µg cm-2) 

Molar absorptivity (L mol-1cm-1) 

LOD* (µg mL-1) 

453 

1.2-26 

0.0542 

0.0008 

0.9978 

0.9989 

0.0250 

0.0127 

0.0184 

2.56*104 

0.299 

LOQ** (µg mL-1) 0.908 

**LOQ: Limit of quantitation. *LOD: Limit of detection 

 

3.1.4.3 Limit of detection (LOD) and Limit of quantitation (LOQ) 

The suggested approach's LOD and LOQ were calculated by dividing the 

standard deviation (S.D.) of ten blank solutions. The derived S.D value 

was inserted in the ICH Q2 (R1) guidelines' equations, where 

𝐿𝑂𝐷 =
3.3 𝑆

𝑏
, 𝐿𝑂𝑄 =

10 𝑆

𝑏
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where S stands for standard deviation and b for the slope of the regression 

line on the calibration graph. The modest LOD and LOQ values, as 

shown in Table 3-4, show that the suggested technique is highly sensitive. 

3.1.4.4 Sensitivity and Molar absorptivity  

        Sandell's sensitivity (g/cm2/0.001 Abs unit) was used to calculate 

the spectrophotometric method's sensitivity. Using the following 

equation, Sandell's sensitivity and Molar absorptivity were determined: 

𝑀𝑜𝑙𝑎𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦 (𝜀) =  𝑆𝑙𝑜𝑝𝑒 ×  𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 × 103 

𝜀 = 0.0542 × 473.31 × 1000 

𝜀 =  2.56 × 104 𝐿 𝑚𝑜𝑙−1𝑐𝑚−1 

𝑆𝑎𝑛𝑑𝑒𝑙𝑙’𝑠 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 
𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡

𝑀𝑜𝑙𝑎𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦
 

𝑆𝑎𝑛𝑑𝑒𝑙𝑙’𝑠 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =  
473.31

25600
= 0.0184 𝜇𝑔 𝑐𝑚−2 

3.1.4.5 Accuracy 

       The accuracy of the proposed method was evaluated by measuring 

the absorbance of the colored product at three concentration levels (5, 10, 

and 20 g mL-1) on the calibration graph, with five replications of each 

concentration. As shown in Table 3-5, the examined findings were used 

to calculate percent recovery (Re%), whose values show that the 

proposed strategy is very accurate. 

 

Table 3-5 Accuracy data of the suggested approach 

Sample Concentrations µg mL-1 Recovery%*± SD RSD% E% 

1 5 98.89 ± 0.0031 1.30 -1.11 

2 10 98.74 ± 0.0054 1.05 -1.26 

3 20 97.95 ± 0.0126 1.22 -2.05 

* Mean of five determinations 
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3.1.4.6 Precision 

        The suggested approach's precision has been expressed as intra-day 

precision (Repeatability) and inter-day precision (Reproducibility). To 

evaluate the accuracy of the proposed method, three CHL concentrations 

(4, 12, and 22 g mL-1) were used. For repeatability and reproducibility 

purposes, each concentration was examined at regular intervals 

throughout the day. The low relative standard deviation number (RSD% 

less than 2), as shown in Table 3-6, indicates the great precision of the 

suggested approach.  

Table 3-6 Intra- and inter-day precisions of the suggested approach. 

Concentration  µg mL-1 Intra-day precision Inter-day precision 

Recover

y%* 

 R.S.D.% Recovery%* R.S.D.% 

4 

12 

22 

98.89 

97.66 

99.17 

1.21 

0.78 

0.20 

99.07 

97.04 

99.26 

1.64 

1.58 

0.68 

* Mean of five determinations 

 

3.1.4.7 Analytical applications 

             The assay solutions (eye drop, ointment, and capsule) were 

prepared, and the amount of CHL in each type of assay was calculated 

based on the absorbance of the amount taken from the reducing solution. 

Additionally, calculated were Relative Error E% and Recovery 

percentage (Rec%). The outcomes are shown in Table (3-6-1) below. 
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 Table (3-6-1) .Application of the method for determination of CHL in 

pharmaceutical preparations. 

Type of assay  Drug taken 

from solution 

ppm 

Drug found in solution 

ppm 
  

 

E% 

 

 

 

Rec

% 

Eye ointment  10 9.910  3.1 101.5 

8 7.886 

6 5.989 

4 3.786 

Eye drop  10 10.077  -3.6 97.1 

8 8.089 

6 6.138 

4 4.107 

Capsule  10 9.895  2.8 102.4 

8 7.819 

6 6.113 

4 4.097 

 

The proposed method was successfully in determination CHL in pharmaceutical 

preparations with good values of recovery presents (97.1%-102.4%). 

Preparation solutions of pharmaceuticals containing CLZ drugs at a 

concentration of (100) g.ml-1, the ensuing steps were carried out in the 

preparation of the calibration curve, and the results are shown in Table 

(3-6-2). These results show that the suggested method may be very useful 

for pharmaceutical preparations. [220, 221]. 

Table (3.6.2). Application of the method for estimation of CLZ in 

pharmaceutical preparations. 

Pharmaceutical 

formulations 

Drug taken in 

PPM from 

50mg 

Drug 

found in 

mg 

Drug found 

in PPM 

Average E% Rec% 

 

Tablet(50 mg) 

 

8 50.208 8.033 50.208 0.417 100.417 

8 50.067 8.011 

8 50.350 8.056 

   

 

Via oral drop 

(50mg) 

8 50.208 8.033 50.080 0.039 100.039 

8 49.966 7.965 

8 50.067 8.011 
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3-2 Characterization of The Preparation Hydrogel Nanocomposites 

3-2-1 X-Ray Diffraction (XRD)  

         To investigate the crystal phases and purity components of 

nanomaterials, X-ray diffraction measurements were made. It provides 

comprehensive details on the lattice parameter, lattice defects, lattice 

strain, crystallite size (in the case of nanoparticles), and the kind of 

molecular bond present in the crystalline phase. Therefore, the Sheerer 

equation can be used to estimate the average particle size  [222].  

cos

k
D



 
=

                                                                                     (3-1) 

D stands for average particle size, K for form factor (0.9), W for 

wavelength (0.15418 nm for Cu-K), FWHM for the diffraction peak at 2 

(which is wide because of the crystallite dimensions), and A for angle at 

maximum diffraction curve intensity. 

 The X-ray diffraction patterns of the ZnO NPs, the hydrogel, and 

the hydrogel nanocomposite are displayed in Figures 3-12, respectively. 

The existence of ZnO NPs is confirmed by the crystalline peaks that 

occur at 32o, 34o, and 36o. The broadness demonstrates that sodium 

alginate (SA) was grafted with poly(acrylic acid) chains.[223]. After 

adding CNT-ZnO NPs to hydrogel, the crystalline peaks were shown to 

vanish. The diffusion of ZnO NPs into the micro- and macro-pores of the 

hydrogel nanocomposite may be the cause of the change from crystalline 

to amorphous.  The integration of CNT-ZnO NPs in the hydrogel matrix 

is confirmed by the hydrogel nanocomposite's XRD patterns, which show 

very little peaking in the case of ZnO [224]. 
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Figure ( 3-12):X-ray diffraction patterns for (a) ZnO NPs, (b) hydrogel,(d) 

hydrogel nanocomposite  

 

 

3-2-2 FTIR characterization for adsorbent/adsorbate 

         The surface functional groups responsible for two medicines' (CLZ 

and CHL) adsorption were examined using the FTIR method. After 

adsorption, samples of hydrogel nanocomposite adsorbent surfaces and 

adsorbents loaded with drugs were heated to 65 °C for four hours. On an 

infrared spectrophotometer, FTIR, 8000, Shimadzu-Japan, the infrared 

spectra of three pollutants, including the drugs CLZ and CHL, on 

adsorbents were recorded before and after the adsorption process. Figures 

(3-13) and (3-14) present the findings. 

        Figures (3-13 and 3-14) show a large peak in the spectra of alginate 

that is due to the COOH groups and is seen at 3000 to 3500 cm-1; 
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minimal change in peak intensity was seen when alginate was modified 

with ZnO NPs. A novel distinctive adsorption band 1718 cm-1, assigned 

to the C=O stretching of poly(acrylic amide), in the spectrum of hydrogel 

nanocomposite, supports the grafting of (acrylamide AM) on (Sodium 

alginate SA)  [225]. 

 

Figure (3-13) FT-IR spectra of hydrogel nanocomposite surface before, and after 

adsorption of CLZ drug. 
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Figure (3-14) FT-IR spectra of hydrogel nanocomposite surface before, and after 

adsorption of CHL. 

 

3.2.3 FE-SEM characterization for adsorbent/adsorbate: 

Domain Emission The principal method for describing the surface 

appearance and essential physical characteristics of the adsorbent is 

scanning electron microscopy (FE-SEM). Figure 3-15 (a) shows ZnO 

NPs organized in a pattern resembling a flower. ZnO NPs have a good 

opportunity to become entangled in these pores [226]. Figure 3-15(b) of 

the CNT/ZnO micrographs depicts changes in the phase's morphology 

caused by the appearance of new, irregular bulky particles on the surface. 

This causes the surface texture's protuberance and coarseness to increase. 

By increasing the absorbents' surface area, water can more easily diffuse 

into the absorbent[227]. The hydrogel nanocomposite smooth porous 

surface and new irregular bulky particle presence on the hydrogel 

nanocomposite surface were both visible in the hydrogel's micrographs as 

rough porous surfaces (Figure 3-15(c and d)). Figure 3-15 (e and f) hows 
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a FE-SEM of an adsorbent material before and after the adsorption of two 

medicines onto the surface of a hydrogel nanocomposite [227, 228].  

 

 

 

 

 

Figure (3-15) FE-SEM image of (a) ZnO NPs, (b)CNT/ZnO, (c) hydrogel, (d) hydrogel 

nanocomposite (e, f) for hydrogel nanocomposite before and after adsorption of two 

pharmaceutical CLZ & CHL 

a) ZnO NPs b) CNT/ZnO  

e) hydrogel   f) hydrogel nanocomposite    

d) after adsorption CLZ drug     d) after adsorption CHZ drug     
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3.2.4 Transmittance Electron Microscopy (TEM) and Energy 

Dispersive X-Ray (EDX): 

           It was evident from Figure (3-16) that the cloud was more 

available and new geometry was created after decorated the CNT-ZnO on 

the hydrogel surface; this may be attributed to the role of amount of 

CNT-ZnO on the hydrogel surface. The morphology of the surface of 

ZnO; CNT, CNT/ZnO, and hydrogel nanocomposites were also 

investigated. The geometrical makeup of hydrogel nanocomposite 

materials as they are created is made clearer by TEM data. As can be 

observed in (Figure 3-16 (a-c)), the architecture-like nanostructure is 

made up of several single-crystal nameplates [229]. Figure 3-16 (d) 

illustrates how a single-crystal nameplate structure takes the form of a 

single cylinder stacked on top of another when CNT-ZnO is loaded.The 

results of the TEM experiments and the XRD and FESEM analyses were 

in good agreement. [230, 231]. The presence of CNT-ZnO on the 

hydrogel is indicated by the elements C, O, and Zn in the produced 

hydrogel nano-composite. the modified hydrogel nanocomposite's values 

of the greatest and lowest elements by 75.7 weight percent and 8.4 weight 

percent, respectively[232]. 
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Figure (3-16):  TEM images of (a)ZnO NPs, b) CNT, (c) CNT/ZnO, (d) hydrogel 

nanocomposite and (e) EDX of hydrogel nanocomposite. 

 

3.2.5 Thermogravimetric analysis (TGA): 

        The mass change of a sample can be examined under predetermined 

conditions, which is the fundamental idea behind thermogravimetric 

analysis (TGA). TGA is therefore mostly used to comprehend certain 

thermal events as absorption, adsorption, desorption, oxidation, reduction, 

a) ZnO NPs b) CNT  

c) CNT/ZnO  d) Hydrogel nanocomposite  

e) Hydrogel nanocomposite  
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sublimation, decomposition, and vaporization. TGA can also be used to 

assess volatile or gaseous compounds that are lost during chemical 

processes involving samples including nanomaterials, polymers, polymer 

nanocomposites, fibers, paints, coatings, and films. Using TGA, it is also 

able to forecast the thermal stability of samples and analyze the kinetics 

of chemical reactions under various conditions [233]  

          The hydrogel nanocomposite's thermal gravimetric study was 

looked at. One can see that the degradation process differs from that 

achieved at a heating rate of 5 °C/min up to 600 °C under a dry nitrogen 

flow in (Figure 3-17). It is well recognized that any weight loss below 

200 degrees’ Celsius results from the loss of unbound water, while weight 

loss between 200 and 800 degrees Celsius is mostly caused by the 

breakdown of organic matter [234]. 

 

Figure (3-17 ): Thermal gravimetric analysis curve of the hydrogel nanocomposite  

 

3.2.6 Surface Area Analyzer: 

          The nitrogen isothermal adsorption technique is used to determine 

the surface area and pore structure of hydrogel and hydrogel 

nanocomposite. Figures 3-18 and 3-19 show the pore size distributions 
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and nitrogen adsorption-desorption isotherms of hydrogel and hydrogel 

nanocomposite, respectively. A type IV hysteresis loop is visible in the 

nanocomposite's isotherm profile and is rather tiny. After adding carbon 

to the CNT-ZnO grafted onto hydrogel, the surface area, average pore 

diameter, and total pore volume increased (Tables 3-7 and 3-8). This 

work shows that the material's pore structure is significantly influenced 

by the interfacial interactions between CNT and ZnO [235, 236]. 

 

 

Figure (3-18): Nitrogen adsorption-desorption isotherms and the corresponding pore 

size distribution curve of hydrogel. 
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Figure (3-19): Nitrogen adsorption-desorption isotherms and the corresponding 

pore size distribution curve of hydrogel nanocomposite. 

 

Table (3-7): Surface physical characteristics of hydrogel  
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Table (3-8)  :Surface physical characteristics of hydrogel nanocomposite  

 

 

3.3 Effect of different parameters on the adsorption process: 

3.3.1 Effects of equilibrium time on the adsorption process: 

          One of the crucial considerations when evaluating the practical 

applicability of the adsorption process is the equilibrium time. [237] . The 

experimental outcomes of the adsorption of two medicines at initial 

concentrations of 100 mg. L-1 with contact time on the adsorbent surfaces 

of the hydrogel nanocomposite. Figures (3-20 and 3-21) depict the 

equilibrium result and indicate that the adsorption grew significantly in 

the first 20 minutes before increasing gradually till the equilibrium. 

Adsorption capacity rises as contact duration increases because as 

adsorption time grows, the active sites of absorbent surfaces saturate, 

suggesting that an apparent equilibrium has been established [238] . 

 

 



Chapter Three                                                     Results and discussions 

99 
 

 

 

Figure (3-20) Effect of contact time on adsorption capacity for removal of CLZ drug by 

hydrogel nanocomposite at pH 6.6, Temp. 25 oC and mass adsorbent 0.1 g. 

 

 

Figure (3-21): Effect of contact time on adsorption capacity for removal of CHZ drug by 

hydrogel nanocomposite at pH 6.6, Temp. 25 oC and mass adsorbent 0.1 g. 
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3.3.2 Adsorbent Dose: 

         To notice the smallest amount that demonstrates the highest 

adsorption stoichiometric, the weight of the adsorbents has to be taken 

into consideration. From 0.05 to 0.13 g/100 mL of hydrogel 

nanocomposite were used as adsorbents. Table 3-9 to Table 3-10 and 

Figures 3-22 and 3-23 present the results. 

 

Table (3-9): Effect of adsorbent dose on the removal percentage of CLZ drug on to 

hydrogel nanocomposite  

 

 

 

 
 

Table (3-10): Effect of adsorbent dose on the removal percentage of CHZ drug on to 

hydrogel nanocomposite  
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Figure (3-22): Effect of the weight amount of adsorbent hydrogel nanocomposite on the 

percent removal and amount of adsorbed CLZ drug, initial concentration = 100 mg.L-1, Temp. 

= 25°C, contact time 1hr., pH=6.1. 

 

 

 

Figure (3-23): Effect of the weight amount of adsorbent hydrogel nanocomposite  on the 

percent removal and amount of adsorbed CHZ drug, initial concentration = 100 mg.L-1, 

Temp. = 25°C, contact time 1hr., pH=6.1. 

 

0.04 0.06 0.08 0.10 0.12 0.14

60

65

70

75

80

85

90

95

100

 Removal Parcentage %

 Adsorption capacity 

weight (g)

E
%

70

80

90

100

110

120

130

140

 Q
e(

m
g

/g
)

0.04 0.06 0.08 0.10 0.12 0.14

50

60

70

80

90

100

 Removal Percentage %

Adsorption capacity

wtight (g)

E
%

70

80

90

100

110

120
 Q

e
 (

m
g

/g
)



Chapter Three                                                     Results and discussions 

102 
 

3.3.3 Effect of Initial Pharmacetical Concentration 

 Surfaces hydrogel nanocomposite was used in this work to 

eliminate the initial concentrations of the (CLZ, CHL) medicines. The 

amount of adsorption required to remove two medicines relies on their 

initial concentration and the number of sites available on the adsorbent 

surface. Table (3-11) to (3-12) illustrates the influence of starting drug 

concentration on the removal of drug by hydrogel nanocomposite, and 

Figures (3-24 to 3-25) displays the removal efficiency versus initial drug 

concentration. The reduction in adsorption caused by a shortage of 

accessible active sites causes the drug clearance percentage to decline as 

drug concentration rises. As drug uptake resistance reduces as drug 

concentration rises, the adsorption capacity ((Qe) mg/g) is proportional to 

initial drug concentration. Due to an increase in driving force, the 

adsorption rate likewise rises as the drug's starting concentration does 

[239-242] . 

 

Table (3-11): Effect of Initial CLZ drug  on the removal percentage drug by 

hydrogel  nanocomposite. 

Co(mg.L-1) Ce(mg.L-1) E% Qe  mg/g   

25 11.81818 52.72727 13.18182 

50 16.36364 67.27273 33.63636 

75 17.27273 76.9697 57.72727 

100 19.09091 80.90909 80.90909 

150 22.72727 84.84848 127.2727 

200 28.18182 85.90909 171.8182 
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Table (3-12): Effect of Initial CHL  on the removal percentage drug 

by hydrogel  nanocomposite. 

Co(mg.L-1) Ce(mg.L-1) E% Qe  mg/g   

25 11.81818 52.72727 13.18182 

50 16.36364 67.27273 33.63636 

75 17.27273 76.9697 57.72727 

100 19.09091 80.90909 80.90909 

150 22.72727 84.84848 127.2727 

200 28.18182 85.90909 171.8182 

 

 

 

Figure (3-24): Effect of initial concentration on the percent removal and amount of 

adsorbed CHL drug onto hydrogel nanocomposite  (Exp. Condition: Temp. = 25°C, 

contact time 1 h, and pH of solution 6 .1). 

20 40 60 80 100 120 140 160 180 200 220

75

80

85

90

95

100

 Removal parcentage 

 Adsorption Capacity

Conc. (mg/L)

E
%

20

40

60

80

100

120

140

160

 Q
e(

m
g

/g
)



Chapter Three                                                     Results and discussions 

104 
 

 

Figure (3-25): Effect of initial concentration on the percent removal and amount of 

adsorbed CLZ drug onto hydrogel nanocomposite  (Exp. Condition: Temp. = 25°C, 

contact time 1 h, and pH of solution 6 .1). 

 

3.3.4 pH solution : 

       Because of its impact on the surface characteristics of the adsorbent 

and the ionization/dissociation of the adsorbate molecule, the pH of an 

initial two drug solution has a significant impact on the adsorptive 

absorption of adsorbate molecules.[243], The degree of ionization and 
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influenced by the pH of the solution. The impact of acidity on the 

adsorption medium is thus one of the most crucial aspects in adsorption 
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impact of pH on the adsorption of two medicines onto hydrogel 
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results, which are presented in Tables 3-13 and 3-14. 
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Table (3-13): Effect of solution pH on adsorption CLZ drug onto hydrogel nanocomposite  

Co(mg/L) pH Ce(mg/L) E% Qe (mg/g) 

100 2 46.54545 53.45455 53.45455 

100 4 39.27273 60.72727 60.72727 

100 6 12 88 88 

100 9 10 90 90 

100 11 6 94 94 

 

 

Table (3-14): Effect of solution pH on adsorption CHZ drug onto hydrogel 

nanocomposite  

Co(mg/L) pH Ce(mg/L) E% Qe (mg/g) 

100 2 73.73034 26.26966 26.26966 

100 4 58.89888 41.10112 41.10112 

100 6 21.37079 78.62921 78.62921 

100 9 16.31461 83.68539 83.68539 

100 11 10.13483 89.86517 89.86517 
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Figure (3-26): Effect of solution pH on the adsorption of CLZ drug on hydrogel 
nanocomposite . (Exp. Condition: Temp. = 25°C, contact time 1 hr). 

 

 

Figure (3-27): Effect of solution pH on the adsorption of CHZ drug on hydrogel 

nanocomposite . (Exp. Condition: Temp. = 25°C, contact time 1 hr). 
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3.3.5 Effect of Temperature: 

          Identify the exothermic or endothermic nature of the active 

adsorption process.  For several drug-adsorbent systems, the adsorption 

isotherms were identified. The elimination of two medications has been 

investigated at different temperatures (15-35 Co) with a range of 

beginning drug concentrations (10-200 mg L-1). The results are shown in 

Tables (3-15 and 3-16) and displayed in Figures (3-28 and 3-29). 

 

Table (3-15): Adsorption sotherm for adsorption of CLZ dye on the hydrogel 

nanocomposite at different temperatures. (pH 6.1, mass adsorbent 0.1 gm/ 100 

ml, contact time 1h). 

 

C0 

mg.

L-1 

15 Co 25 Co 35 Co 

Qe 

mg.g-1 

E 

% 

Qe 

mg.g-1 

E 

% 

Qe 

mg.g-1 

E 

% 

25 24.45455 97.81818 24.45455 97.81818 24.63636 98.54545 

50 47.54545 95.09091 48.54545 97.09091 49.09091 98.18182 

75 69.90909 93.21212 69.90909 93.21212 70.81818 94.42424 

100 84.90909 84.90909 88 88 90.36364 90.36364 

150 119.4545 79.63636 126.7273 84.48485 134.9091 89.93939 

200 153.0909 76.54545 153.0909 76.54545 173.0909 86.54545 

 

 

Q  : Adsorption capacity 

E% : Removal percentage 

Co : Initial concentration 
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Table (3-16): Adsorption isotherm for adsorption of CHZ dye on the hydrogel 

nanocomposite  at different temperatures. (pH 6.1, mass adsorbent 0.1 gm/ 100 

ml, contact time 1h). 

 

C0 

mg.

L-1 

15 Co 25 Co 35 Co 

Qe 

mg.g-1 

E 

% 

Qe 

mg.g-1 

E 

% 

Qe 

mg.g-1 

E 

% 

25 
23.62921 94.51685 24.86517 99.46067 23.06742 92.26966 

50 
42.44944 84.89888 44.92135 89.8427 41.10112 82.20225 

75 
60.03371 80.04494 62.39326 83.19101 59.13483 78.84644 

100 
78.62921 78.62921 79.86517 79.86517 79.86517 79.86517 

150 
113.4607 75.64045 116.1573 77.4382 109.9775 73.31835 

200 
147.5056 73.75281 152.3933 76.19663 145.2584 72.62921 

 

 

Figure (3-28) : Effect of temperature on the adsorption of CLZ  on the surface of 

hydrogel nanocomposite (pH 6.1, mass adsorbent 0.1 gm/ 100 ml) 
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Figure (3-29) Effect of temperature on the adsorption of CHL  on the surface of 

hydrogel nanocomposite. (pH 6.1, mass adsorbent 0.1 gm/ 100 ml) 
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Where 0.1g stands for the weight of the hydrogel nanocomposite 

adsorbent that has been used, respectively, and 0.1L stands for the 

volume of the two drug solutions used in the adsorption process. Ce 

stands for the equilibrium concentration of the adsorbent expressed in 

(mg.L-1).  

The change in the free energy  could be determined from the equation (3-

3) [247] : 

∆G=-RT ln Ke                                                                                     (3−3) 

Where ∆𝐺: Gibbs free energy (J.K-1.mol.-1),  R is the gas constant (8.314 

J.K -1.mole-1), T is the absolute temperature in Kelvin. 

     The enthalpy of  adsorption may be obtained from the following 

equation (3-4) [247, 248]: 

 

ln 𝑋𝑚 = −
∆𝐻

𝑅𝑇
+ 𝐶𝑜𝑛𝑠.                                                                    (3−4) 

 

When Ce is a specific value of the equilibrium concentration (Ce) and 

Xm is the maximum amount of adsorption. Tables (3-17) and Table (3-

18) provide Xm values for two medicines at various temperatures. As 

seen in Figures (3-30 and 3-31), plotting lnXm vs (1/T) should result in a 

line that is straight and has a slope of -H/R. The slope and intercept can 

be used to get the values of H and S, respectively. 
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Table (3-17) Maximum adsorption quantity Xm values of CLZ drug onto hydrogel 

nanocomposite surfaces at different temperatures. 

T(K) 1000/T(K-1) 
Ce = 26.5 

Xm ln Xm 

288 3.472222 110 4.70048 

298 3.355705 135 4.905275 

308 3.246753 170 5.135798 

 

Table (3-18) Maximum adsorption quantity Xm values of CHZ drug  onto hydrogel 

nanocomposite  surfaces at different temperatures. 

T(K) 1000/T(K-1) 
Ce = 40.12 

Xm ln Xm 

288 3.472222 120 4.787492 

298 3.355705 135 4.905275 

308 3.246753 140 4.941642 

 

 

Figure (3-30) Plot ln Xm against the absolute temperature. of the adsorption (CLZ ) 

onto hydrogel nanocomposite . 

3.25 3.30 3.35 3.40 3.45 3.50

4.7

4.8

4.9

5.0

5.1

5.2

 Y=1.928X+11.390

             R2=0.9978

L
n

(x
m

)

1000 K/T



Chapter Three                                                     Results and discussions 

112 
 

  

Figure (3-31) Plot ln Xm against the absolute temperature. of the adsorption (CHL) 

onto hydrogel nanocomposite 

        Tables 3.19 and 3.20 illustrate the quantitative thermodynamic 

effects of the medicines CLZ and CHZ on the hydrogel nanocomposite 

adsorbent surfaces. This table demonstrates that the ∆H values for the 

medicines CLZ and CHZ are positive, indicating an endothermic reaction 

during the adsorption process. All adsorption processes are taken into 

consideration to be spontaneous when ∆G is negative. While CLZ and 

CHZ medicines, which correspond to the random molecular interactions 

of the entire system, have positive values for ∆S [249, 250]. 
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Table (3-19) : Thermodynamic parameter ∆S ∆G and, ∆H for CLZ drug adsorbed 

onto nanocomposite 

Thermodynamic Factors  

ΔH(kJ/mol.) ΔG(kJ/mol.) ΔS(J/K.mol.) Equilibrium Constant(Ke) 

16.029 -4.311 94.11 5.47 

 

 

Table (3-20): Thermodynamic parameter ∆S ∆G and, ∆H for CHZ drug adsorbed onto 

hydrogel nanocomposite 

Thermodynamic Factors  
ΔH(kJ/mol.) ΔG(kJ/mol.) ΔS(J/K.mol.) Equilibrium Constant(Ke) 

8.8211 -3.311 70.144 3.36 

 

3.4 Adsorption Isotherms 

3.4.1 Freundlich Isotherm:  

           Equation 3.5 provides a definition for the Freundlich isotherm. 

[251]  . 

qe = KfCe
1/n

                                                                                                    (3.5) 

       qe: Amount adsorbed per unit weight of the adsorbent at equilibrium 

(mg/g), (mol/g), Ce: Equilibrium concentration of the adsorbate in 

solution following adsorption (mg/L), (mol/L), Kf: Empirical Freundlich 

constant or capacity factor (L/g), or the amount of the drug adsorbed for 

one unit equilibrium concentration, 1/n: According to the Freundlich 

exponent, adsorption is linear if the value of n is equal to unity; if it is 

less than unity, the adsorption process is chemical; and if it is greater than 

unity, the adsorption process is physical  [252].    

 

3.4.2 Langmuir Isotherm:  
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 The Langmuir isotherm is mostly employed for the adsorption of 

contaminants from liquid solutions. The Langmuir alternative equation 

3.6 was used to determine the nature of the adsorption process [107] 

qe =
qmKLCe

1 + KLCe
                                                                                              (3 − 6) 

qe: amount adsorbed per unit weight of adsorbent at equilibrium (mg/g), 

Ce: equilibrium concentration of adsorbent in solution after adsorption 

(mg/L), qm: Empiricial Langmuir constant which represents maximum 

adsorption capacity (mg/g) or the total number of surface sites per mass 

of adsorbent and it may vary among different compounds because of 

differences in adsorbate sizes, KL: empiricial Langmuir constant (L/mg) 

or the equilibrium constant of the adsorption reaction [253].  

The values of KF and 1/n are derived from the intercept and slope of the 

linear regressions (Tables 3-21) and (Table 3-22), which are plotted as qe 

versus Ce in Figures 3-32 and  3-33.

 

Figure (3-32): Nonlinear fit of different adsorption isotherm models for adsorption of 

CHL drug on hydrogel nanocomposite, initial concentration = 100 mg/L, Temp. = 25°C, 

contact time 1 h, and mass of adsorbent 0.1 g/L). 
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Figure (3-33): Nonlinear fit of different adsorption isotherm models for adsorption of 

CLZ drug on hydrogel nanocomposite, initial concentration = 100 mg/L, Temp. = 25°C, 

contact time 1 h, and mass of adsorbent 0.1 g/L). 

Table (3-21): several factor isotherm for the adsorption study of CHL   on to 

hydrogel nanocomposite  

 

Hydrogel nanocomposite 
F

reu
n

d
lich

 

Kf 17.402 5.231± 

1/n 0.566  ±0.084 

R2 0.93899 

L
a
n

g
m

u
ir 

qm (mg/g) 235.737 74.76± 

KL (L/mg) 0.02 0.011± 

R2 0.8891 
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Table (3-22): several factor isotherms for the adsorption study of CLZ drug on 

to hydrogel nanocomposite  

 

Hydrogel nanocomposite 

F
reu

n
d

lich
 

Kf 37.419 3.348± 

1/n 0.37  ±0.084 

R2 0.98814 

L
a
n

g
m

u
ir 

qm (mg/g) 149.66 16.876± 

KL (L/mg) 0.199 0.0811± 

R2 0.9011 

 

 

3.5 Removal of Real Aqueous Pollutants by Using hydrogel 

nanocomposite  

A given example In this study, 100 mL of pharmaceutical pollutants at a 

refry concentration were added to an Erlenmeyer conical flask along with 

0.1 g of freshly prepared hydrogel nanocomposite. The mixture was then 

placed in a sonicated water bath for two hours, after which the 

supernatant was separated by centrifugation, and the remaining 

concentration was determined using a UV-Visible spectrophotometer at 
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the max nm [254] the outcome is depicted in figure (3-34) 

 

Figure (3-34): Spectra of removal pollutants  by using hydrogel nanocomposite, (Exp. 

Condition: Temp. = 25°C, contact time 2 h, and mass absorbent 0.1 g ). 

 

3.6 A Comparative adsorption between different surfaces to removal 

two pharm. :  

As adsorbents was, a comparison of CNT/ZnO, hydrogel, and hydrogel 

nanocomposite surfaces was conducted.The order of increasing hydrogel 

nanocomposite > hydrogel > CNT/ZnO produced the best percentage of 

elimination (E%) results for the two medicines (CLZ and CHL).The 

positive percentage of removal (E%) values for medications (CLZ and 

CHL) were 90.9%, 81.812%, and 1.818. seen in Figures (3–35).   
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Figure (3-35): Comparative adsorption between different surfaces to removal two 

pharmaceutical . 

 

3.7 Regeneration and Desorption of hydrogel nanocomposite. 

      One important economic factor for the treatment approach is the 

regeneration of the hydrogel nanocomposite after sorption. It aids in 

clarifying the process of removing the two pharmaceuticals CLZ and 

CHL from drug-loaded adsorbents, the mechanism of regeneration, and 

the recycling of used adsorbents, all of which may help to lower 

operating costs and safeguard the environment from secondary pollution. 

Utilizing various desorption agents at concentrations (0.01 N), including 

H2SO4, NaOH, H3PO4, HCl, HNO3, and water, two medicines, CLZ and 

CHZ, were studied [255-258] . Utilizing water, the hydrogel 

nanocomposite was 100% regenerable. Under ideal circumstances, the 

effectiveness and reusability of hydrogel nanocomposite in the (CLZ and 

CHL medicines) adsorption process were tested up to 4 steps (Figures 3-

36 and 3-37). Efficiency is still high (>80%) after three cycles of utilizing 
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hydrogel nanocomposite, indicating that it is likely a renewable adsorbed 

material. [257, 258]. 

  

Figure 3-36: multi-cycle use of hydrogel nanocomposite  for CLZ  adsorption using 

water as desorption medium. 

 

Figure 3-37: multi-cycle use of hydrogel nanocomposite  for CHL drug adsorption using 

water as desorption medium. 
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Conclusion 

  

Studies have been conducted to gain understandings and generic 

knowledge of the equilibrium aspects of adsorption of adsorbents (SA-g-

P(Ac-co-AM)/ZnO-CNT) hydrogel nanocomposite, ((SA-g-P(Ac-co-

AM) ,,ZnO /CNT surfaces. Removal of two pollutant (CLZ and CLH ) 

from aqueous solutions by adsorption with (SA-g-P(Ac-co-AM)/ZnO-

CNT) hydrogel nanocomposite surfaces have been experimentally 

determined. The best results have been found in temperature 25 oC, and 

adsorbent dosage 0.1gm of (SA-g-P(Ac-co-AM)/ZnO-CNT) hydrogel 

nanocomposite for both studying adsorption capacity and removal 

percentage” and the following observations are made: 

1. The adsorption  efficiency  and removal parentage E% of two 

pollutant removal increase with increasing contact time, surface 

area, and temperature. But adsorption capacity has decreased with 

the increase of adsorbent dosage. 

2. The optimum contact time for equilibrium to be achieved is found 

to be 2 hr.  

3. The negative value of ∆G confirms the spontaneous nature 

adsorption process. The positive value of ∆S showed the increased 

randomness at the solid-solution interface during adsorption and 

the positive value of ∆H indicated the adsorption process was 

endothermic. 

4. Adsorbent showed fits better to Freundlich isotherm which 

suggests that adsorption is heterogeneous. 
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5. (SA-g-P(Ac-co-AM)/ZnO-CNT) hydrogel nanocomposite had high 

antibacterial activity,  That is, it had a higher effect on the Gram-

positive bacteria than on the Gram-negative bacteria.  

6. In two to seven days, according to the results, there is complete 

healing of the mice and the return of the skin to its natural color.  
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 الخلاصة 

قسمین           إلى  الحالیة  الدراسة  وتنقسم  تطوير  الأول  القسم  يتضمن  طیفیة    تحديد.  طريقة 

( كلونازيبام  العقارات  من  اثنین  لتقدير  وحساسة  وسريعة  والكلورامفینیكول  CLZبسیطة   )

(CHLتع الصیدلانیة.  مستحضراتهما  في  از(  اقتران  تفاعل  على  الطريقة  بتمد  الدواء و  ین 

مولد   كاشف  مع  )فیتامین  لالمؤزوت  لون  B6لون  ذات  ازو  لتكوين صبغة  قلوي  محلول  في   )

لـ     nm 532و    maxλ  mn453وردي محمر والذي اعطى أقصى امتصاص عند الطول الموجي  

CHL  وCLZ  ر وتطوير منتج التفاعل على التوالي تم فحص المتغیرات التي تؤثر على استقرا

( میكروغرام  1.2-26( و )0.5-17  )ر بیربت التراكیز التي تطاوع قانون لامكان.  ینهاس وتحبدقة  

و    0.013دل هي  (. وجد بان حساسیة سان0.9989و )   R   ((09982  مع معامل الارتباط   1-لم

المولاري      2سممیكروغرام    0.0184 لتر    410×    256و    410×    357مع معامل الامتصاص 

میكروغرام    0.299و    0.117( هي  LODكذلك اظهرت النتائج بأن حدود الكشف )  1-سم  1-مول

كم  1-مل حدود  مل  0.908و    0.355  (LOQ)  مع  المقترحة    1-میكروغرام  الطريقة  تطبیق  ثم 

 بنجاح التقدير الأدوية المدروسة في بعض المستحضرات الصیدلانیة

(            CNT/ZnO)محمل    )هیدروجل(جديد  هلام مائي وتشخیص    حضیريهدف الجزء الثاني إلى ت 

SA- g-P(Ac-co-AM) / ZnO-CNT    ب  التحضیريخضع الحرة  لمیكانیكیة  الجذور  لمرة 

( كعامل ارتباط تم  MBA) (N.N-Methylenebisacrylamideلحمض الأكريلیك باستخدام )

على   القائم  الهیدروجیل  تشخیص  الوزني    CNT/ZnOإجراء  الحراري  التحلیل  باستخدام 

(TGA( الإلكتروني  المجهر  ومسح   ،  )SEMالإلكترون والمجهر   ،  )( النافذ  ،  TEMي   )

السینیة ) لإزالة الأدوية    النانويتم استخدام هیدروجیل    EDS( وتحلیل  XRDوانحراف الأشعة 

المتغیرات   وتحسین  دراسة  تمت  عالیة.  امتزاز  بقدرة  تتمتع  لأنها  حقیقیة  عینة  مثل    العملیةمن 

التي تؤثر على (  وزمن الاتزان  تركیز الدواء الأولي ، ودرجة الحموضة ، وجرعة الممتزات ،  

في عملیة الامتزاز مع كفاءة الامتزاز أظهرت نتائج ايزوثیرمات الامتزاز ان هناك توافق كبیر  

)  فريندلش یرم  ثايزو الارتباط  معامل  ايزR=  0.999مع  مع  بالمقارنة  ان    لنكمايریرم  وث(  وجد 

امتزاز جیدة في حدود    النانويالهیدروجیل   قدرة  الدوائین  %    83-78ذو  تم شرح    كما  . لإزالة 

داد وإعادة استخدام المواد  میكانیكیات التخلیق والامتزاز بالتفصیل مع بیان اعادة التنشیط والاستر

لذلكةالماز التعديل وذو كفاءة    ,.  التكلفة وسهل  الهیدروجیل كماده فعاله من حیث    عالیة قد يوفر 

  .لإزالة الأدوية



 

 
 

 بسم الله الرحمن الرحيم

خلق )1(اقرأ باسم ربك الذي خلق 

اقرا وربك   (2)الانسان من علق 

علم   )4( الذي علم بالقلم )3( الاكرم

  (5(الانسان مالم يعلم 

 صدق اللع العظيم  

 سورة العلق 

    5-1الآيات
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على   الكلورامفينيكول والكلونازيباممتزاز  تقدير وا

حسط  

Zno/CNT/ تراكب هايدروجلالم النانو   
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