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Abstract 

This thesis consists of three practical parts. The first part is interested 

in the construction of 3D hierarchical nanostructures via a simple and 

versatile strategy of self-assembly of two components (Dopamine (DA) and 

Polyoxometalate (POM)) as an organic-inorganic hybrid. The morphology 

and size of the prepared 3D hierarchical nanostructures could be easily 

controlled by varying in the ratio of the two components, the pH of the 

initial Tris-HCl solution, aging, its duration, and their concentrations. SEM 

technique was used to diagnose the aforementioned nanostructure, and the 

shape was flower-like hierarchical nanostructures, also, through the (XRD) 

analysis, it was confirmed that the dimensions are within the nanoscale. The 

(FTIR) measuring demonstrated the association between dopamine and 

phosphotungstic acid (PTA). 

The second part deals with the as-prepared hierarchical 

nanostructures used to load two drugs [Furosemide(Furo) and 

Capecitabine(Capi)], and the amount of drugs that loaded on the prepared 

nanostructure of PTA-DA was determined using UV/Vis spectroscopy. 

Different loaded times such as (4, 6, 8, 10, and 12h) of the furosemide were 

done on the nanostructure of PTA-DA surface. The loading percentages of 

these drugs were found to be (8%, 21%, 25%, 31%, 58%) for furosemide, 

and  (3%, 10%, 31%, 39%, 64%)  for Capecitabine, respectively. 

Part three is concerned with the releasing process of the two drugs 

from hierarchical nanostructures in the presence of two buffer solutions, 

organized with different pH (7.4 of PBS, 2.8 for glycine-HCl). The release 

process was successful verified by using UV/Vis spectroscopy. The as-

prepared flower-like Nanostructure of PTA-D loaded with furosemide 

showed promising pH-dependent release behavior, suggesting that a 

nanostructure of PTA-D is a good candidate for the oral delivery of 

furosemide. The release behavior of the as-prepared flower-like 

nanostructure of PTA-D loaded with furosemide at pH 7.4 showed a higher 

release profile than at pH 2.8. While the Nanostructure of PTA-DA loaded 

with Capecitabine shows a convergent shoot in both media.The 

nanostructures illustrated an intriguing pH-dependent release behavior, 

indicating that they could be useful in biomedical research.The releasing 

reaction for both drugs from prepared flower-like nanostructure surface 

obeys the pseudo-first-order kinetics in both buffer solutions. 
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1.1 General Introduction   

The development of controlled release dosage forms has resulted in 

medical significance advancements in the field of drug delivery over the last 

few decades. There are two types of release patterns: those that release drug 

at a slow zero or first-order ratio and those that include an initial rapid dose 

followed by slow zero or first-order sustained component release [1]. The 

purpose of controlled release systems is to keep drug concentrations in the 

blood or target tissues as consistent as possible for as long as possible [2]. 

This can be accomplished by employing nanotechnology as a tool for 

creating new nanostructures with diverse and improved properties. 

Nanostructures are getting more attention in recent years because of their 

unique properties and a wide range of potential applications, Electronic, 

magnetic, opto-electronic, and catalytic materials, as well as biomedical 

materials [3,4]. By manipulating the properties of materials such as 

polymers and fabricating nanostructures, nanotechnology can provide 

superior drug delivery systems for better disease control and treatment. 

Nanostructures used as drug delivery systems have several advantages that 

make them superior to traditional delivery systems. The advantages of 

nanostructures in drug delivery have been outlined. These benefits are the 

result of extensive research into the production of nanostructures for drug 

delivery, such as liposomes, nanocapsules, nanoemulsions, solid lipid 

nanoparticles, dendrimers, and polymeric nanoparticles. The materials used 

in the fabrication of nanostructures determine the type of nanostructures 

obtained, and these nanostructures, in turn, determine the various properties 

obtained and the release characteristics of incorporated drugs [5]. Self-

assembly is gaining traction as a viable bottom-up method for creating new 

usable nanomaterials by linking various components as advanced 

nanotechnology [6, 7].  

Indeed, the Ionic self-assembly (ISA), or electrostatic interactions 

between cations and anions, is ubiquitous and plays a key role in the 

formation of unique nanostructures. [8,9]. Hybrid nanomaterials have been 

widely researched and used in drug and gene delivery due to their well-

controlled shapes, well-defined sizes, and promising properties, electro-

optical materials, nano-reactors, and catalysis science. [10,11]. Because of 

their numerous electronic, magnetic, photochemical, biomedical, and 

catalytic properties, they have attracted attention as suitable inorganic 

building blocks and are frequently used in the design of hybrid materials 

[12,13], controlled drug release systems have several advantages over 
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compared to commercial or traditional systems such as a developed 

efficiency drug, reduced toxicity, improved patient suitability, the primary 

goal of drug release management is to give the best treatment efficacy [14]. 
 

1.2 Drug Delivery Systems       

A drug delivery system (DDS) is defined as a formulation or device 

that allows a therapeutic substance to be introduced into the body and 

improves its effectiveness and safety by controlling the rate, time, and 

location of drug release in the body [15]. This process involves the 

management of the therapeutic product, the release of the active components 

by the product, and the consequent transport of the active ingredients 

through the biological membranes to the site of action [15]. The drug 

delivery tools of modern times are just 60 years old [16]. All of the drugs 

were turned into pill or capsule forms before 1950, which instantly released 

the loaded drug upon connection with water without any the ability to 

control the kinetics of drug release [17]. During this period, many drug 

delivery systems have been developed, according to the below [18-20]: 

i. The first-generation (1950–1980), was very successful in evolving many 

oral and transdermal controlled release formulations for clinical 

applications.  

 

ii. The second-generation (1980–2010), has not been as successful in 

producing clinical yields. This is due in large part to the problems nature 

to overcome. The first-generation drug delivery technologies deal with 

physicochemical problems, while the second-generation struggled with 

biological barriers. Controllable physicochemical properties can be used 

to create controlled drug delivery systems, but it is not possible to 

overcome the biological barriers. 
 

iii. The third-generation drug delivery systems (after 2010), need to 

overcome both physicochemical and biological delivery systems. 

Indeed, Drugs with low water solubility cause physicochemical issues, 

large peptide and protein drugs molecular weight, and difficulty in 

regulating the kinetics of drug release. The biological barriers to be 

solved include the distribution by the body of drug delivery systems 

rather than the formulation properties, limiting delivery to a specific 

body target. Besides, in vivo, the response of the body to formulations 
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restricts their roles. The prosperous future of drug delivery systems 

depends on whether new delivery systems can resolve the limits 

imposed by human physiology, and new ways of thinking can accelerate 

the development process. The history of drug delivery technology from 

1950 to the present is listed in Table (1.1). 

(Table 1.1). History of technology for drug delivery  from (1950) to today's 

technology and the technology that will be required in the future [21]. 

The First Generation 

(1950) 

The Second 

Generation (1980) 

The third generation 

(2010-2040) 

Controlled Release 

Fundamentals 

Smart Delivery Systems Modulated Delivery 

Systems 

Oral delivery 

-a-day, once-a-day 
Zero-order release 

-order vs zero-order 

Poorly soluble drug delivery 

-toxic excipients 

Transdermal delivery 

-a-day, once-a-

week 

Peptide and protein 

delivery 

Long-term storage 

facility polymers that are 

biodegradable 

 

Peptide and protein delivery 

 

kinetics 

-invasive delivery 

Drug release mechanisms 

 

 

 

-exchange 

Smart polymers and 

hydrogels 

-sensitive 

-regulated release 

(working only in vitro) 

Smart polymers and 

hydrogels 

 

sensitivity 

 

(working in vivo) 

 Nanoparticles 

-targeted delivery 

 

Targeted drug delivery 

-toxic to non-target 

cells 

-brain 

Barrier 
Controlling the 

physicochemical properties 

of delivery systems 

successfully 

To overcome biological 

barriers, nobility is 

required. 

Both physicochemical and 

biological barriers must be 

overcome. 

 

Generally, there are two types of drug delivery systems:  

i. Delayed released: It uses one to more repeated doses for immediate 

release [22]. 

ii. Sustained released: It includes any regimen that accomplishes a 

gradual release of a drug over long periods [23]. 
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iii. Site-directed or receptor systems: It delivers the active component 

administered directly to the target region in the vital system [24, 25]. 

1.3 Devices for delivering drugs 

Placing the drug in a delivery device and inserting the system into 

body tissue is one of the most obvious ways to provide sustained-release 

medication. Table 1 shows the classification of drug delivery devices (1.  2 ). 

The idea of drug delivery devices is ancient, New technologies on the other 

hand, are being implemented. Implantation may necessitate the use of 

surgical techniques and specialized injection devices. These implants must 

be made of biocompatible materials [26, 27]. 

(Table 1.2). Drug delivery device classification [28].                         

Devices for delivering drugs 

 Surgically implanted devices for lengthy sustained drug release 

Drug reservoirs. 

 Devices for controlled/intermittent drug delivery that are surgically 

implanted. 

 Pumps and channels. 

 Implants for controlled release of drugs (non-biodegradable). 

 Implantable biosensor-drug delivery system. 

 Microfluidics device for drug delivery. 

 Controlled-release microchip. 

 Implants that could benefit from local drug release. 

 Stents for coronary, carotid, and peripheral arteries. 

 Ocular transplants. 

 Dental transplants. 

 Orthopedic implants. 
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1.4 Modified drug delivery systems 

  The anticancer drugs now used in chemotherapy exhibit cytotoxicity 

that is nonspecific, affecting normal cells. Due to the unpredictable cytotoxic 

properties, treatment has been shown to cause several side effects in cancer 

patients [29]. For this reason, various experiments have been carried out to 

establish specific drug delivery systems capable of restricting the drug’s 

toxicity to specifically target its effects directly on the tumor as much as 

possible. The use of these drug delivery systems is continuously being tested 

and improved to enhance the effectiveness, selectivity, and overall impact of 

the anti-neoplastic drugs [30,31]. Current drug delivery systems that explain 

a great promise include drugs that are entrapped in polymeric drug carriers 

such as liposomes, hydrogels, nanoparticles [32], surfactant, colloidal 

cellular, and viral drug delivery systems [33]. 

1.5 Drug loading techniques   

Ideally, a successful nano particulate system should have a high drug-

loading capacity reducing the number of matrix materials that must be 

administered. There are two methods for loading drugs:  

     1. Incorporating at the time of nanoparticle production (incorporation 

method). 

     2.  Absorbing the drug after the formation of nanoparticles by incubating 

the carrier with a concentrated drug solution (adsorption/absorption 

technique). 

Drug loading and entrapment efficiency depend on the solid-state drug 

solubility in the matrix material or polymer (solid dissolution or dispersion) 

[34][35]. High drug-loading nanomedicines can be classified into four 

categories based on their fabrication strategies [36]:  

i. Nanomedicines based on inert carriers, such as inorganic porous 

carriers and absorption/desorption-type metal-organic framework 

(MOF)-based nanomedicines.  

ii. Nanomedicines containing drugs in the carrier, such as linear and 

branched PDCs. 

iii. Carrier-free nanomedicines, counting drug nanocrystals (DNCs). 

iv. Specialized and complex strategies for nanomedicines, such as 

aqueous noncovalent assembly and multiple drug assembly. 
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1.6 Controlled drug delivery system (CDDS) 

Controlled release dosage forms cover a wide range of prolonged 

action formulations that provide continuous release of their active 

ingredients at a predetermined rate and for a predetermined time. The 

majority of these formulations are designed for oral administration; however 

recently such devices have also been introduced for parenteral 

administration, ocular insertion, and transdermal application. The most 

important objective for the development of this system is to furnish an 

extended duration of action and thus assure greater patient compliance [37].  

A controlled drug delivery system has various advantages over 

conventional drug delivery as discussed below [38,39]: 

i. Decreased occurrence and intensity of adverse effects and toxicity.  

ii. Better drug utilization and reduced dosing frequency.  

iii. Controlled rate and site of release.  

iv. More uniform drug concentration in the systemic circulation.  

v. Improved patient compliance.  

vi. More reliable and prolonged therapeutic effect.  

vii. A greater selectivity of pharmacological action. 

So, the drug is only active in the targeted area in which the drug 

should be released. In comparison to conventional DDSs, targeted DDSs 

have some characteristics that physicians find appealing. They have poor 

solubility and stability, in addition to having a shorter half-life than drugs in 

traditional routes, and absorption. Moreover, when compared to targeted 

DDSs, drugs in conventional DDSs have low specificity and therapeutic 

index [40,41]. Controlled drug to achieve more effective treatment by the 

constant concentration of the drug in the blood plasma and eliminating the 

possibility of both ineffective dose (Under dose) and Overdose [42,43] and 

Figure (1.1) It shows the concentration of the drug in the blood plasma By 

using conventional and controlled drug release systems. 
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Figure (1.1). Drug level in blood with (a) Traditional drug dosing, (b) Controlled 

delivery dosing[44,45]. 

1.7 Applications in drug delivery 

Because of their limitless potential to improve human health, drug 

delivery, and tissue engineering research has seen tremendous progress in 

recent years. Meanwhile, advances in nanotechnology enable systematic 

characterization, manipulation, and organization of matter at the nanometer 

scale. Controlled release reservoirs for drug delivery and artificial matrices 

for tissue engineering have both been used with biomaterials with the nano-

scale organization. The composition, shape, size, and morphology of drug-

delivery systems can all be controlled [46,47]. To increase solubility, 

immunocompatibility, and cellular uptake, their surface properties can be 

tweaked. Current drug delivery systems have flaws such as low 

bioavailability, ineffective targeting, and the potential for cytotoxicity. 
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Nanoparticles, nanocapsules, nanotubes, nanogels, and dendrimers are all 

promising and versatile nano-scale drug delivery systems [48].  

Designing biomaterials with controlled organizations at the nanometer 

scale can dramatically improve the biological functions of encapsulated 

drugs and cells. The most recent advancement in the use of nanostructured 

materials for drug delivery and tissue engineering applications [49]. 

1.7.1 Nanotechnology  

Nanotechnology is the science and technology concerned with the 

precise adaptation of a material's composition at the molecular level, i.e., the 

material's subduction to a very small scale that has one or more dimensions 

in nanoscale, which causes a change in the size of the substances (atoms and 

molecules), leading them to have different distinctive properties compared 

with the bulk substances (materials with a micrometric scale or greater), 

resulting in new uses and applications for these materials [50,51]. The term 

nano refers to the (Greek) word, which means "dwarf" and generally refers 

to the materials whose dimensions range from (1-100) nm [52]. 

1.7.2 Classical approaches for the synthesis of nanoparticles 

Nanoparticles can be made in a variety of ways : 

1. Top-down approach: In this approach, the bulk materials with micro 

size can be transferred to the nanostructure using mostly a physical 

method. Because, the top-down approaches will reveal imperfections 

in the product's surface structure, which is a major limitation [53]. 

2. Bottom-up approach:  Nanoparticles are made up of smaller atoms or 

in less nanoscale, which is first formulated and then assembled to build 

a block of a particle in nanosize [53, 54].  
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(Figure 1.2) explains the various methods for making metal 

nanoparticles. Nanoparticles are made by reducing the size of a suitable 

starting material (precursor). Various physical and chemical treatments can 

be used to achieve this size reduction. 

 

 

 

 

          

 

 

 

 

                  

 

 

 

                Figure (1.2). Some methods for the synthesis of nanoparticles[55]. 

 

1.7.3 Nanopharmacology  

Nanopharmacology can be known as the application of nanotechnology in 

the development and/or discovery of methods to deliver drugs and medical 

materials and reduce their sizes to the nanoscale level, which leads to 

improving the pharmaceutical properties of these materials, especially in 

treating diseases [56]. The benefits of nanotechnology in the pharmaceutical field are 

shown in Figure (1.3). 
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 Ball milling 
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 Electro chemical deposition 

  
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 Co-precipitation method 

 Hydrothermal method and 

solvothermal method 

 Green synthesis and Green 

technique 
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Figure (1.3). Schematic diagram of benefits of nanotechnology in the pharmaceutical 

field.  

1.7.4 Nanocarriers   

           Nanotechnology has recently are getting more attention because of its 

ability to diagnose and treat efficiently to variety of tumors. Nanocarriers 

have been used to avoid the drawbacks of traditional antitumor drug delivery 

systems, such as non specificity, intense side effects, blast release, and 

damage to cells that are normal [57]. Antitumor drugs' bioavailability and 

therapeutic efficacy are improved by nanocarriers, which provide 

preferential cumulatio at the target site. Although several nanocarriers have 
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been developed, Just a handful have received clinical approval for delivering 

antitumor drugs to their target sites [58].  

            Among the most important nanocarriers that have been tested in drug 

release systems are: Liposomes, solid lipid nanoparticles, dendrimers, 

carbon, silicon, polymers, and magnetic nanoparticles are all examples of 

nanoparticles [58], the figure (1.4) demonstrates the diameters of these 

materials [59]. 

 

 

 

 

 

 

 

 

                        Figure (1.4). Nano systems to drug delivery systems[60]. 

1.7.5 Drug delivery strategies 

For targeted therapy, the route taken to conjugate the drug to the 

nanocarrier, as well as the technique used to target it, are critical. A 

medication can either be adsorbed or covalently bound to the surface of the 

nanocarrier, or it can be encapsulated inside it. Covalent linkage has an 

advantage over other methods of attachment in that it allows the number of 

drug molecules bound to the nanocarrier to be regulated , i.e., precise control 

of the amount of therapeutic compound delivered[61,62]. Active or passive 

mechanisms may be used to target individual cells with nanocarriers. 

The first strategy is based on attracting drug, in which nanocarriers 

conjugate to the affected site using recognition ligands on the surface of 
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conjugate antibodies, low molecular ligands like folic acids, peptides, and so 

on. Physical stimuli (such as temperature, pH, and magnetism) can also be 

manipulated to achieve the active strategy [63]. 

The advantages of nanocarriers  can be summarized with the following[64]:  

i. Nanoparticulate material uptake is simple and can be mediated by 

a variety of cellular or paracellular processes. 

ii. Targeted drug delivery can be accomplished by attaching 

targeting ligands to particle surfaces or by using magnetic 

guidance. 

iii. Increase the solubility of poorly water-soluble drugs. 

iv. Increases the amount of soluble drug at the absorption site to 

increase the rate of absorption. 

v. Reduce immunogenicity to extend the half-life of drugs in the 

systemic circulation. 

vi. Release drugs at a steady rate, reducing the number of times they 

must be administered. 

vii. Target drug delivery to reduce systemic side effects. 

viii. Deliver two or more drugs at the same time for combination 

therapy. 

ix. Synergistic effects. 

1.8 Nanoparticle Based Approaches for Solubility Enhance -

ment 

Nanoparticles of poorly water-soluble molecules can be made in a 

variety of ways [65]. For poorly soluble drugs, there are two main methods 

for producing drug nanoparticles: 

i. The first method is the disintegration method, which involves the 

reducing size of particles (top-down processes). Attrition is used in 

top-down processes, while molecular deposition is used in bottom-up 

processes. High-pressure homogenization is an example of a top-down 

process [66, 67]. Or high-energy wet-milling in a primarily water-

based fluid phase [68, 69], resulting in drug particles in the nanometer 

range. 
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ii. The second method is particle nucleation from the molecular state 

(bottom-up processes) [70, 71]. The Hydrosol method is an example of 

a bottom-up process [72,73] or sprays freezing into liquid, or 

supercritical fluid technology, which includes rapid expansion from a 

liquefied gas solution, gas antisolvent recrystallization, or controlled 

crystallization during freeze-drying, or drug molecule self-assembly or 

precipitation. Nanoparticles with a size range of (10–50) nm have 

shown many advantages as a delivery vehicle when compared to 

traditional drug delivery methods [74].    

                   

1.9 Some medicines used in delivery systems and their 

importance 

            Biotechnology advancements are resulting in better medications that 

can more effectively and precisely target diseases. Drugs are being 

reformulated by researchers so that they can be used safely in specific 

conditions. The use of broad-spectrum antibiotics raises the cautionary 

question that the more selective a drug is, the lower its risk of triggering 

drug resistance [75]. 

 

1.9.1 Capecitabine   

           Capecitabine(Cape) is an anti-cancer chemotherapy drug marked 

under the brand name (Xeloda) (also known as "antineoplastic" or 

"cytotoxic"). Capecitabine is classified as antimetabolite by the world health 

organization [76]. Its having a formula (C15H22FN3O6) and IUPAC name (N-

[1-(5-deoxy-f~-D-ribofuranosyl)-5-fluoro-1,2-dihydro-2-oxo-4-pyridinyl]-n-

pentyl carbamate) is a crystalline substance with a molecular weight of 

359.35 (Figure 1.5)[77]. It's also having a highly soluble in water and lasts at 

least 9 months in tablet form [78]. 
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            Figure (1.5). Chemical structures of the prodrug capecitabine. 

 

1.9.2 Mechanism of Action to capecitabine  

      Capecitabine is an oral fluoropyrimidine that is activated by elevated 

intratumoral thymidine phosphorylase concentrations (TP) in tumor tissue. It 

was specifically created for reducing fluorouracil exposure in normal tissues 

while increasing fluorouracil concentrations in tumor cells [79]. 

Capecitabine is converted to fluorouracil through a three-step enzymatic 

cascade (Figure 1.6).  

 

 

 

 

 

 

 

 

Figure (1.6).  Mechanism of Action to capecitabine through a three-step enzymatic 

cascade[81]. 
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         Capecitabine is first absorbed as an intact molecule through the 

gastrointestinal mucosa. In the liver, it is metabolized to 5′-

deoxyfluorocytidine (5′-dFCR) by carboxylesterase, which can then be 

converted to 5′-deoxyfluorouridine (5′-dFUR) in the presence of hepatic or 

tumor cytidine, which is present in higher concentrations in tumor tissue 

than in healthy tissue, resulting in fluorouracil release into the tumor [77,80]. 

It has two potential pharmaceutical benefits: increased tumor activation and 

decreased drug accumulation in healthy tissues, and lowering systemic 

toxicity [82]. 

  

1.9.3 Furosemide 

Furosemide(Furo), sold under the brand name (Lasix), is a diuretic 

that is derived from anthranilic acid. The active ingredient in LASIX tablets 

for oral administration is furosemide, and the inactive ingredients are lactose 

monohydrate NF, magnesium stearate NF, starch NF, talc USP, and 

colloidal silicon dioxide NF [83]. LASIX is available in dosage strengths of 

20, 40, and 80 mg as white tablets for oral administration. Furosemide is a 

crystalline powder that is white to off-white and has no odor. It is practically 

water-insoluble, sparingly soluble in alcohol, freely soluble in dilute alkali 

solutions, and insoluble in dilute acids[83,84]. Furosemide (4-chloro-N-

furfuryl-5-sulfamoylanthranilic acid) is having a molecular 

formula(C12H11CI N2O5S), Molecular weight (330.75 g/mol), and structure, 

as shown in figure 1.7  [85,86].  

 

 

                               

 

                               

 
                 

                                 Figure (1.7). Chemical structures of the Furosemide. 

Edema is excess fluid in the body, which is caused by heart failure, 

liver disease, and kidney disease, it is treated by Furosemide that used as a 

diuretic. Shortness of breath and swelling in your arms, legs, and abdomen 

may be reduced as a result of this. This medication is also employed to treat 

hypertension. Strokes, heart attacks, and kidney problems can all be 

prevented by lowering blood pressure [87]. 
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1.9.4 Mechanism action of furosemide 
In the thick ascending limb of the loop of Henle in the renal tubule, 

the sodium-potassium-2 chloride (Na+-K+-2 Cl-) co-transporter (symporter) 

is inhibited . 'Jackson' is a (1996) [88]. 

Furosemide is given orally or intravenously. It has a quick onset of action 

(less than an hour), and its effects can last up to eight hours. Up to 80% of a 

given dose of furosemide is excreted in the urine unchanged. It's employed 

to treat edematous conditions like congestive heart failure and liver cirrhosis, 

as well as hypertension, as a monotherapy or in combination with other 

antihypertensive drugs [89]. 

 

Furosemide's side effects are caused by: 

The elevated excretion of electrolytes is often linked to the negative 

effects of furosemide. Hypokalemia is serious toxicity that can, for example, 

enhance digitalis' cardiac effects. Long-term employ of furosemide can 

cause ototoxicity, hyperglycemia, and elevated LDL cholesterol and 

triglyceride levels in the blood [90, 91]. 

 

1.10 Polyoxometalate (POM) 

     Polyoxometalate is a common type of discrete inorganic clusters 

with biomedical properties such as antiviral, anti-tumor, anti-bacterial, 

and anti-HIV activities [92]. It is a large group of anionic polynuclear 

metal-oxo nanoclusters, which are recognized as addenda atoms with 

general formula [MxOy]n. Generally, this formula consists of two or more 

high oxidation states (either a d
0
 or d

1
 electronic configuration) transition 

metals (M) such as preferably tungsten (W) or molybdenum (Mo), and 

less frequently niobium (Nb), tantalum (Ta) and vanadium (V), or 

mixture from these mention metals, bonding together through oxo-

ligands (O) in coordination  (y)  ranged from 4 to 7[93-95]. The 

coordination number of addenda ions in monomeric MO4 fragments can 

be elevated from four to be six in polyanions when acidified, and the 

terminal O2 ligands can form pπ–dπ interactions with the metals as 

double bonds [94]. In 1826, Poly-oxometalates discovered the first POM 

species by Berzelius [96].  
 

     Poly-oxometalates are classified into three families based on their 

structure and composition. The first class includes the heteropolyanionic 

compounds, which are made up of a metal-oxide matrix with one or more 

p-, d- or f-block hetero atoms. They are made up of heteroanions like 

PO4
3-

, SO4
2-

, and SiO4
2-

etc. that are incorporated with vanadium-, 
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tungsten-, or molybdenum-based metal oxide framework. This category 

is widely used as a mono-, di-, and trilacunary clusters that attitude to the 

intrinsic stability of the resulting stable building block libraries, which is 

a construction of a larger aggregate by the incorporation of heteroecious 

[97].  

1.10.1 Covalent interactions in POM-based materials 

POM clusters are composed of metal ions (M = W, Mo, V,Nb, etc.) 

and oxo ligands. Organic moieties can be grafted via addenda 

organometallic compounds on lacunary POM clusters[98] For example, the 

reaction of Keggin- and Dawson-based lacunary clusters with organotin, 

organosilicon and organogermanium compounds leads to the formation of 

stable covalent bonds between the POMs and organic moieties.15,16 

Anderson clusters and Dawson clusters of formula [P2W15V3O62]
-9

 can be 

modified with trisalkoxo ligands by substituting the oxo ligands with alkoxo 

moieties[99] .Taking H2N-Anderson-R clusters as an example: by tethering 

a highly delocalized aromatic pyrene moiety covalently to the Mn-Anderson 

cluster through a Tris [Tris = tris(hydroxymethyl) aminomethane] linker. 

cluster nanostructuer successfully prepared a covalently modified Anderson-

based framework by grafting pyrene moieties onto the Anderson cluster. The 

resulting material: 

 (1) shows physical properties that are fundamentally different from    

                 those of the parent POM cluster.  

(2) has a nanoporous framework with nanoscale solvent-accessible      

               one-dimensional butterfly-shaped channels, which selectively         

              absorb chlorobenzene. 

(3) is stable up to 240 °C, despite being constructed with very weak    

               hydrogenbonding interactions. 

1.11 Self-assembly Method 

  The self-assembly of amphiphilic compounds distributed in water 

will generate core-shell nanoparticles structures . Due to the presence of a 

hydrophobic core and a hydrophilic shell, amphiphilic NPs can be employed 

as a carrier for both hydrophobic and hydrophilic drugs at the same time. 

Using a hydrophilic shell has the benefit of reducing macrophage 
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phagocytosis. As a consequence, amphiphilic NPs have are getting more 

attention [100]. 

       Generally, Self-assembly is gaining traction as a viable bottom-up 

method for creating new functional nanomaterials by integrating different 

components as advanced nanotechnology [101]. Ionic self-assembly (ISA), 

or the self-assembly of cations and anions by electrostatic interactions, is 

ubiquitous and plays a vital role in the creation of special nanostructures . 

Due to their well-controlled shapes, well-defined sizes, and promising 

properties, hybrid nanomaterials have been widely explored and used in 

electro-optical materials, drug or gene delivery, nanoreactors, and catalysis 

science [102]. Bio-inspired materials at the micro- and nanoscale have been 

proposed as a breakthrough in the design of advanced functional materials, 

and have sparked a lot of interest among various self-assembled hybrid 

nanomaterials in recent years. Self-assembly can be divided into two types 

[103]: 

1.11.1 Static self-assembly (S):  

Figure (1.8) demonstrates this type, which is in a state of global or 

local equilibrium and does not dissipate energy For example, molecular 

crystals [104] and most folded, globular proteins are produced by static self-

assembly. The formation of the ordered structure in static self-assembly may 

require energy (for example, stirring), but once formed, it is stable. The 

majority of self-assembly research has been focused on this static type. 

 

                     

 

 

 

 

 

Figure (1.8). Examples of static self-assembly. (A) ribosome's crystal structure. (B) 

Peptideamphiphile nanobers . (C) Capillary interactions assemble an array of millimeter-

 

 

A 

  

   

B 

D 

C 

E F 

a 



 Chapter One                                                               Introduction  

                                            

19 
  

sized polymeric plates at a water/perßuorodecalin interface. (D) Nematic liquid crystal thin 

lm on isotropic substrate. (E) Planar substrates are folded into micrometer-sized metallic 

polyhedra. (F) Capillary forces assemble a three-dimensional aggregate of micrometer 

plates. . Image credits: (A) from [104]; (B) from [105]; (C) from [106]; (D) from [107]; (E) 

from [108]; (F) from [109]. 

1.11.2 In dynamic self-assembly (D):  

 This type of self-assembly sample displayed in Figure 1.9, and only 

when the system is dissipating energy do the interactions that lead to the 

formation of structures or patterns between components. Simple examples 

include patterns formed by reaction and diffusion competition in oscillating 

chemical reactions [110]; biological cells are much more complex.  

 

             

 

 

                       

             

 

 

Figure (1.9). Examples of dynamic self-assembly. (A) Microtubules (24 nm in 

diameter) are colored red . (B) In a 3.5-inch Petri dish, reaction-diffusion waves in a 

Belousov-Zabatinski reaction. (C) A simple assemblage of three rotating, 

magnetized disks interacting with one another via vortex-vortex interactions. (D) A 

school of (Þsh). (E) Charged metallic beads 1 mm in diameter rolling in circular 

paths on dielectric support from concentric rings. (F) Above a micropatterned 

metallic support, convection cells formed. The cells' centers are separated by 2 

millimeters. Image credits: (A) from [111]; (B) from [105]; (C) from [112].  

      Through a simple ISA strategy, a Weakley-type POM (a europium ion 

sandwiched between two Lindquist-type POMs) EuW10 was used as a 

polyoxoanion to assemble with the cationic DA into a well-ordered 

nanoflowers structure. The assembled morphologies, fluorescence quenching 
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mechanisms, and catalytic performance were estimated in detail, and the 

sizes and morphologies of the 3D nanostructures were based on the 

concentration and ratio of the anionic and cationic components. The method 

in scheme 1described here could provide a new route to fabricating 

multifunctional 3D hierarchical nanostructures [113]. POM clusters are 

generally proton acceptors for hydrogen bonds; a [P2W15V3O62]
-9 

, POM 

cluster, grafted with a proton donor moiety of an –NH2 group, shows 

intercluster interactions via N–H_ _ _O hydrogen bonds. this strategy 

exploited and applied to the construction of self-assembled nanostructures. 

 

 

 

 

 

 

 

 

 

 

                     Scheme 1. The schematic illustration of the assembly process[114]. 

1.12 Dopamine (DA) 

Dopamine (DA) is a neurotransmitter that is present in a mammal's 

central nervous system [108] and has been widely employed in fields such as 

surface modification, biomedicine, and Li-ion battery technology [115]. The 

chemical structure of the neurotransmitter dopamine is explained in figure (1.10). 
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       Figure (1.10). The chemical structure of the neurotransmitter dopamine. 

In the last decade, there has been a lot of interest in it as a bioinspired 

surface coating building block. It's a 3,4-dihydroxy-l-phenylalanine 

structural clone (DOPA) , has been attributed to mussel adhesive versatility, 

which can polymerize and deposit on a variety of organic and inorganic 

substrates [116]. Dopamine-based materials are emerging as novel 

biomaterials with piqued interest in the fields of biosensing, bioimaging, and 

cancer therapy. due to their unusual physicochemical properties, such as 

flexible adhesion property, high chemical reactivity, excellent 

biocompatibility and biodegradability, and good photothermal conversion 

capacity.  

The dopamine system and its projections sites, which include the 

striatum and the prefrontal cortex (PFC), play crucial roles in modulating 

motivated behavior, emotion, and high-order cognitive functions related to 

reward processing. The functions of reward include approach and 

consummatory behavior as well as the ability to predict the outcomes of 

potentially rewarding situations, serving goal-directed behavior and 

providing an evolutionary advantage for creatures facing unpredictable 

environments. The integrity of the dopamine system is important for 

efficient processing of reward information. Dysfunction of this system is 

involved in a variety of disorders, including schizophrenia, Parkinson’s 

disease, pathological gambling, and drug addiction. Although there are clear 

individual genetic differences regarding susceptibility to and manifestation 

of these neuropsychopathologies, the influence of genetic predispositions 

and variations on activation of the human reward system remains poorly 

understood.  

Two important proteins contribute to terminating the action of intra-

synaptic: 

 Dopamine in the brain: Catechol-O-methyltransferase (COMT), 

which catabolizes released dopamine. 
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 dopamine transporter (DAT), which plays a crucial role in 

determining the duration and amplitude of dopamine action by rapidly 

recapturing extracellular dopamine into presynaptic terminals after 

release. 

 

1.13 Hierarchical nanostructures  

The 3D hierarchical nanostructures have gotten a lot of attention 

recently [117] due to their unique properties and a broad variety of possible 

potential applications ranging from electronic, magnetic, optoelectronic, and 

catalytic to biomedical fields. The shortest synthetic route for 3D 

hierarchical nanostructures [118] is possible self-assembly or the 

autonomous organization of components into ordered aggregations. 

However, developing easy and reliable methods for the preparation of 

hierarchically self-assembled architectures with controlled chemical 

components, sizes, and morphologies, on the other hand, remains a major 

challenge [119]. The formation of hierarchical nanostructure may have 

proceeded with the following [120,121]: 

 Nucleation. 

 Agglomeration of nuclei under the influence of high surface energy 

and electrostatic interactions. 

 Nanocrystal formation from aggregated nuclei reduces surface 

energy even more. 

 Due to the lower energy barrier, anisotropic crystal growth along a 

preferred crystal axis seeded from nanocrystals is possible. 

 Ostwald ripening, in which unstable smaller particles dissolve and 

larger particles grow by adsorbing monomers from the dissolved 

particles, driven by surface energy minimization. 

 

1.14 Literature review for hybrid Polyoxometalate (POM)-

Dopamine 

   Messersmith and co-workers[122] in 2007, used dopamine self-

polymerization to form thin, surface-adherent polydopamine films onto a 

wide range of inorganic and organic materials, including noble metals, 

oxides, polymers, semiconductors, and ceramics. As a 3,4 dihydroxy-l-

phenylalanine structural clone (DOPA), it has been linked to mussel 
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adhesive versatility and has been shown to polymerize and deposited on a 

variety of organic and inorganic substrates. 

Xin and co-workers [123] in 2016, In this work, through the aqueous 

phase self-assembly of an Eu-containing polyoxometalate (POM), 

Na9[EuW10O36]·32H2O (EuW10) and different amino acids, we obtained 

spontaneously formed vesicles that showed luminescence enhancement for 

EuW10 and arginine (Arg), lysine (Lys), or histidine (His) complexes. The 

concept of combining POMs with amino acids extends the research category 

of POM-based functional materials and devices. 

  Xin and co-workers[124] in 2017, New inorganic-organic hybrid 

nanoflowers with a Weakley-type structure were created. Surprisingly, the 

calcinated nanoflower had a high decomposition efficiency against organic 

pollutants like methyl orange (MO) and rhodamine B dyes (RhB). 

Furthermore, the catalyst for MO can be reused at least six times with only a 

slight loss in catalytic efficiency, indicating that it has potential applications 

in wastewater treatment. 

              Peng and co-workers [125] in 2018, preparation method of PDA, a 

rapid increase of research reports concerning new fabrication strategies, 

functionalization, and applications of dopamine-based materials has been 

witnessed, using oxidative self-polymerization and other assembly methods 

based on dopamine. 

Al-Yasari and co-workers[126] in 2019, have reported the self-

assembly of DA and polyoxometalate; PWA resulting in hierarchical 

nanostructures form for the oral drug delivery of Doxorubicin. 

               Khoshnavazi and co-workers [127] in 2020, synthesized Sponge-

like inorganic-organic nanohybrid consisting of sandwich-type 

polyoxometalate of [P2W18Ce3 (H2O)2O71]12 (P2W18Ce3) and dopamine (DA) 

was fabricated by a simple procedure. The DA/P2W18Ce3 sponge-like 

nanohybrid is turned into a nanoflower by calcination at 300 
o
C. 

 Peng and co-workers [128] in 2021, A template for in situ loading of 

nanoparticles was synthesized by Keggin-type phosphotungstic acid and 

triazine melamine spontaneously self-assemble into hybrid nanostructures in 

aqueous media, which can act as an excellent template for the synthesis of 

nanostructured silver. 
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1.15 Aim of this work   

This study is aimed to:  

1. Preparation POM-Dopamine nanostructure. 

 

2. Study the characterizations of the as-prepared nanostructure by X-ray           

diffraction (XRD), Scan Electronic Microscope (SEM), Infrared 

spectroscopy (FT-IR). 

 

3. Investigation the possibility of loading different drugs into the as-

prepared nanostructure such as furosemide and capecitabine for drug 

delivery purposes. 

 

4. Study the effect of component ratio Different concentrations of Tris-

HCl, and changes in stirring time on the morphology of the 

nanostructure. 

 

5. Investigation the possibility of releasing different drug loading on the 

as-prepared nanostructure in different period times within acidic and 

basic medium by using (UV-Vis) spectroscopy. 
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2.1 Chemicals 

In this work, the chemicals used as tabulated in Table (2.1), used without further 

purification. 

           Table (2.1). Used chemicals  

No. Chemicals 
Company 

supplied 
Origin 

Purities or 

percentage 

1.  Capecitabine 
Biotang 

lncsupplier 
America 99% 

2.  Dopamine hydrochloride (DA) 
Thermo Fisher 

(TMO) 
America 99% 

3.  Furosemide TCl Tokyo Japan 99% 

4.  Glycine 
THOMAS 

BAKER 
India 99% 

5.  Hydrochloric acid (HCl) 
J.K. Baker, 

Netherlands 
India (36.5-38.0)% 

6.  Phosphate buffered saline (PBS) 
HiMedia 

M1452-100G 
India 99% 

7.  Phosphotungstic acid (PTA) 
HiMedia 

GRM398-

100G 

India 99% 

8.  
tris(hydroxymethyl)aminomethane 

(Tris) 

HiMedia 

TC072-500G 
India 99% 
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2.2 Instruments 

Table (2.2). shows the instruments that used in this study with thier 

companies. 

                                        Table (2.2). Employed instruments. 

 

No. 

 

Instruments 

 

      Companies 

 

         Places 

1.           Centrifuge 
Hettich- Universal II- 

Germany 

University of Kerbala, 

College of Science 

2.  Digital pH meter 
OAICTON-2100, 

Singapore 

University of Kerbala, 

College of Science 

3.  

Double –beam UV-      

Visible-

spectrophotometer 

AA-1800, Shimadzu, 

Japan 

University of Kerbala, 

College of Science 

4.  
Fourier-transform infrared 

spectroscopy (FTIR) 

FT-IR-8400S, 
Shimadzu ,Japan 

University of Kerbala, 

College of Science 

5.  Hotplate Magnetic Stirrer 
Heido-MrHei-

Standard, Germany 

University of Kerbala, 

College of Science 

6.  Oven Memmert, Germany 
University of Kerbala, 

College of Science 

7.  
Scan electron Microscopy 

(SEM) 

FESEM FEI Nova 

Nano SEM 450 device 
University of Tehran 

8.  Sensitive balance 
BL 210 S, Sartorius- 

Germany 

University of Kerbala, 

College of Science 

9.  Ultrasonic 
DAIHAN Scientific, 

Korea 

University of Kerbala, 

College of Science 

10.  
X-Ray Diffraction 

instrument 
Rigaku Ultima IV University of Tehran 

 



Chapter two                                                        Experimental  part 

27 
 

2.3 Methodologies: 

2.3.1 Preparation of Chemical Solutions 

2.3.1.1 (Tris-HCl) buffer solution 

       According to literature method for Junbai Li [124], (Tris-HCl) buffer 

solution was prepared by dissolving tris(hydroxymethyl) aminomethane 

(Tris) concentrated (10 mM) With a volume of 1 liter of deionized water 

then the pH adjusted to be equal (9.5-10.5) using HCl due to pH elevation 

and then store at 37 
o
C. 

2.3.1.2 Dopamine solution  

This solution was prepared by dissolving exact (5 mg) from dopamine in 

(5mL) Tris-HCl solution. 

2.3.1.3 Phosphotungstic acid (PTA) solution 

Exact 5mg of PTA was dissolved in (5mL) of Tris-HCl solution. 

2.3.2 Synthesis of the hierarchical nanostructures (Host or 

carrier) 

           In a standard procedure, separately, 1 mg of DA and 1 mg of PTA 

were dissolved in a 10 mM Tris-HCl solution (pH 10.5, 0.5 mL). The PTA 

solution was added to the DA solution as soon as possible, and after 30 

seconds, the produced solution was visible yellowing. Following a 2-hour 

aging period, the as-synthesised product was collected using three cycles of 

centrifugation (5000 rpm, 5 min) and water washing [129,130]. Figure (2.1) 

shows the synthesis process of the hierarchical nanostructures. 
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Figure ) 2.1). The schematic diagram for the synthesis process of the hierarchical 

nanostructures. 

2.3.3 Drug loading into the flower-like hierarchical 

nanostructures 

              The model drugs in this study were furosemide and capecitabine. In 

a 10mM Tris-HCl solution, DA (1 mg/mL) and PTA (1 mg/mL) were 

combined to make a powder of flowerlike microspheres (10 mg) (pH 9.5), 

and then immersed in an aqueous solution of drug (1 mg/mL) for 

Capecitabine and (0.02 mg/mL) for Furosemide[131,132].The mixture was 

shaken for different times (4,6,8,10, 12) hours at 37 
o
C. Following this, the 

sample was washed three times with ultrapure water before being 

centrifuged for five minutes at 5000 rpm to remove any unbound drug. The 

amount of drug adsorbed on the flowe-rlike microspheres was calculated by 

determining the supernatant's absorbance at 270 nm for Furosemide and 

  
Synthesis of Nano-PTA-DA 

 Aging 2h Centrifuge 

  
 

 

     Separate the precipitate 

     And stored overnight 

                 PTA+DA 

            Tris-HCl pH: 10.5 
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340nm for Capecitabine and study the percentage of drug loading on hybrid 

nanoparticles by using this equation [132]: 

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
(𝑊𝑡−𝑊𝑓)

𝑊𝑛𝑝
 𝑥 100                 …… (2.1) 

Where: Wt is the total weight of drug fed, Wf is the weight of non-

encapsulated free drug, and Wnp is the weight of the nanoparticle. 

 

 2.4 Characterizations 

2.4.1 Diagnosis using the FT-IR spectrum 

            The infrared spectrum was studied for each of the nanoparticles 

hybrid under study, as well as the drug-loaded on the nanocomposite. A 

tablet of each of these compounds was made with potassium bromide (KBr) 

after grinding it well. The infrared spectrum was measured in a range of 

wavelengths (400-4000) cm
-1

. 

2.4.2 X-Ray Diffraction (XRD) 

           X-ray diffraction analysis is an essential method to detect the 

complex types in crystalline or amorphous states [133]. The prepared 

nanostructures were diagnosed before and after drug loading using this 

analysis, which shows the different angles before and after the intercalation. 

Based on XRD data, the mean crystallite size (L) is calculated employing 

Scherrer's equation [134, 135]. 

L =
k λ 

β cos θ
                                               …(2.2) 

Here: k is the Scherrer's constant based on the dimensionless shape in ranged  

0.94-0.85, λ is the wavelength of Cu kα (used 0.15406 nm ) as irradiation 

source, 2θ a Bragg diffraction angle and β is (FWHM) the full half-

maximum intensity width in degrees, which must convert to radians by 

multiplying it by (π/180). 

Depending on Bragg's equation (2.3), a calculation made the interplanar 

spacing (d) was calculated before and after the preparation of the as prepared 

flower-like hierarchical nanostructures of the main components 
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Dopamine(DA) and phosphotungstic acid (PTA), it was also calculated for 

the drugs before and after the loading process[136]. 

𝑛𝜆 = 2𝑑 𝑠𝑖𝑛 𝜃                                … (2.3) 

Where n is an integer = 1, and 𝝀 is the wavelength of the X-rays = 1.540 Å, 

𝜽 is the diffraction angle. 

2.4.3 Scanning Electron Microscopy (SEM) 

        The shape and surface characteristics of flowerlike hierarchical 

nanostructures before and after drug loading were analyzed by scanning 

electron microscopy. The Nova NanoSEM scanning electron microscope 

delivers best in class imaging and analytical performance in a single, easy-

to-use instrument, High resolution imaging – low voltage [1kV] resolution is 

1.8 nm in low vacuum mode and 1.4 nm in high vacuum mode.  

2.5 Study drug release 

2.5.1 Designation Calibration Curve for Furosemide  

         The calibration curve of Furosemide was done by preparing six 

sequential concentrations within the range (0.00078-0.05)mg/mL. This drug 

solution was read its absorbance for these concentrations at the wavelength 

(λ max) 270 nm. A calibration curve of Furosemide was drawn between 

absorption verse concentration with treatment by Least Squar method as 

shown in figure (2.2).  

 

 

 

 

 

                               

                                   Figure (2.2). Calibration curve for Furosemide. 
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2.5.2 Designation Calibration Curve for Capecitabine 

                The calibration curve of Capecitabine was performed by preparing 

seven sequential concentrations within the range (0.000078-0.14) mg/mL,  

and then read the absorbance of this drug solution at the maximum 

wavelength(λ max) equal to 340nm. This calibration curve was drawn 

between absorption verse concentration with treating by Least Squar method 

as explained in figure (2.3). 

 

 

 

 

 

 

 

 

                            Figure (2.3). Calibration Curve for Capecitabine  

2.5.3 In vitro Drugs loaded on hierarchical nanostructures  

released  

             The release of furosemide and capecitabine was studied for 12 

hours, 24 hours, and 33 hours in a pH 2.8 glycine-HCl buffer solution and 

pH 7.4 PBS solution, respectively. Exact (10 mg) flower-like microspheres 

loaded with drugs were immersed in the appropriate (5 mL) buffer solutions 

while agitated on a shaker plate (500 rpm). At predetermined intervals, 

aliquots (1 mL) of the supernatant were withdrawn and mixed with the same 

volume of fresh buffer solution. The amount of drugs released was 

calculated using the UV/Vis absorbance of furosemide at 270 nm and 

capecitabine at 340 nm, respectively. 
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2.5.4 Study the percentage of drug release from hierarchical 

nanostructures 

           The percentage of drug release was followed up separately utilizing a 

UV-Vis spectrophotometry with changes in an hour, and by dividing the 

concentration at each time Ct extracted from the calibration curves by the 

total drug concentration and according to the following equation, the 

percentage of release is calculated[137,138]. 

         𝑅𝑒𝑙𝑒𝑎𝑠𝑒 ⸓ ꞊ 
𝑊𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑(𝑚𝑔)

𝑊𝑛𝑝∗% 𝑑𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔
 ×  100         … (2.4) 

The emancipation path was studied to determine the order it would follow. If 

the aforementioned path is based on the pseudo first-order model, then it is 

subject to the following equation [139]. 

       𝐿𝑜𝑔 (1 −
𝐶𝑡

𝐶𝑇
) =  

𝑘1

2.303
 𝑥 𝑡                                     … (2.5) 

While in the case of his behavior of the second pseudo order, it is subject to 

the following equation [139]. 

      
𝑡

𝐶𝑡
=  

1

𝐶𝑇
𝑥 𝑡 +  

1

𝑘2𝑥 𝐶𝑇2                                       …(2.6) 

Here: 

t: time of release, Ct: releasing at time t, CT: Total liberation in time ∞ , k1: 

Rate constant for 1
st
 order, and k2: Rate constant for the 2

nd
 order 
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3.1 Characterizations of nanostructures before and after drug 

loading 

 In this work, the studied samples were determined by characterization 

such as employing XRD, SEM, FTIR, and Uv-Visible techniques. 

 

3.1.1 X-Ray Diffraction (XRD) 

XRD technique is the most widely used for characterizing materials. 

The X-ray diffraction pattrens of the hybrid nanostructure was measured 

before loading and after loading the drugs on it. 

(Figure 3.1.a) shows the X-ray diffraction pattrens of the PTA and 

indicates the diffraction of the levels (hkl) are (222, 323, 701, 723), which 

appear at the angles ( 25.37°, 34.59°, 53.25°, 59.87°) respectively[140,141]. 

The mean crystal size (L) was calculated using Scherrer's equation and it 

was sized (87.944 nm). The inter-planar spacing (d) was calculated using 

Bragg's equation before incorporated PTA with dopamine (DA) as-prepared 

flowerlike hierarchical nanostructures, as shown in  (table 3.1).  

 (Figure 3.1.b) explains the X-ray diffraction pattrens of the DA   The 

mean crystal size (L) was calculated depending on the peaks of angles 

(25.45°, 34.18°, 52.36°, 25.93°), and found to be (68.56 nm). Well, using 

Bragg's equation to the same angles, the interplanar spacing (d) of DA was 

done in (table 3.1). 

The X-ray diffraction of the PTA-DA flowerlike hierarchical 

nanostructures as drug carriers are shown in ( Figure 3.1.c), and the mean 

crystal size was determined by basing on the peaks of the angles (9.80°, 
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13.82°, 16.70°, 25.13°), and gave the sized equal to (12.95 nm). Moreover, 

the interplanar spacing (d) at the same angles was listed in (table 3.1). 

 (Table3.1). The interplanar spacing (d) of PTA, DA, and flowerlike microspheres. 

PTA DA PTA-DA 

2𝜽 
d-spacing 

[Å] 
2𝜽 

d-spacing 

[Å] 
2𝜽 

d-spacing 

[Å] 

25.37 3.50 25.45 3.49 9.80 9.05 

34.59 2.59 34.18 2.62 13.82 6.41 

53.25 1.71 52.36 1.74 16.70 5.31 

59.87 1.54 45.46 1.99 25.13 3.54 

 

 The XRD pattern of PTA demonstrated several Keggin-type POM are 

known for their sharp Bragg reflections [142, 143]. In comparison, besides 

the characteristic peaks of  PTA, there are two new peaks at 2𝜽=13.82° and 

16.70° are visible for the flower-like nanostructures, which indicates the The 

complexation of DA and PTA through strong interactions results in the 

formation of a crystalline state, though the precise crystal structure needs to 

be investigated further flowerlike microspheres [140]. 

On the other side, the mean crystal size after incorporation of PTA 

with DA  as nanostructure is very reduced in nanosize (12.95 nm), and with 

elevated the interplanar spacing value at 25
o
,  that may be to increase the 

repulsive force between the inter levels during decreasing the size to lower 

nanosize. This behavior is confirmed also in the production of  PTA- DA 

nanostructure.   
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(Figure 3.1). XRD patterns of (a) PTA, (b) DA, (c) flower-like hierarchical 

nanostructures as prepared 

a 

b 

c 
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 Based on Figure( 3.2.a), the mean crystal size of the pure Furosemide 

(L) was calculated through using the (XRD) patterns data with angles (6.00°, 

18.11°, 22.89°, 24.78°) [144,145], which equal to (62.56 nm). The 

interplanar spacing (d) was predicted before loading of Furosemide in the 

table (3.2). Also, the mean crystal size for PTA-DA nanostructure after the 

Furosemide drug loading process in (Figure 3.2. b) is elevated from 12.95 

nm to 66.17 nm. This case refers to Furosemide drug loading on PTA-DA 

nanostructure, and the angle after loading Furosemide drug is reduced from 

13.82
o
 to 12.05

o
  as shown in (table 3.2).  

(Table 3.2).The difference in the interplanar spacing (d) before the process of 

loading and after using for Furosemide. 

Furosemide PTA-DA after loading Furosemide 

2𝜽 d-spacing [Å] 2𝜽 d-spacing [Å] 

6.00 14.71 6.01 14.69 

18.11 4.89 12.05 7.33 

22.89 3.88 18.12 4.89 

24.78 3.58 24.89 3.57 
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(Figure3.2). The X-ray diffraction (XRD) patterns of (a) the Furosemide pure (b) 

PTA-DA after loading Furosemide. 

 

a 

b 
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From the X-ray diffraction analysis in (Figure 3.3.a) found, the mean 

crystal size of the pure Capecitabine was calculated employing the peaks 

with the angles (5.03°, 4.86°, 20.04°, 20.34°) [146] and equal to (59.67 nm), 

and the interplanar spacing value before the process of drug loading using 

the Bragg's equation that was predicted in table variation (3.3). While after 

the loading process in (Figure 3.3 b), the mean crystal size for PTA-DA 

nanostructure is elevated from 12.95 nm to a size equal to (16.06 nm), that 

due to the Capecitabine drug is loaded on nanostructure with decreasing in 

interplanar spacing value from  4.36 Åfor drug to  3.54 Å at 25
o 

for PAT-

DA. The stability of d-spacing values of pTA-DA after loading is observed 

in comparison with the values   before loading in Table (3.1). This indicates 

that the drug did not change the crystal structure of the nanoparticles, this 

may be due to the fact that the drug remained adsorbed on the surface of the 

nanostructure and did not enter the nanostructure. 

(Table 3.3).The difference in the interplanar spacing (d) before the process of 

loading and after using for Capecitabine. 

Capecitabine 
PTA-DA after loading 

Capecitabine 

2𝜽 d-spacing [Å] 2𝜽 d-spacing [Å] 

5.03 18.15 9.76 9.04 

4.86 17.52 13.78 6.41 

20.04 4.42 16.62 5.32 

           20.34 4.36 25.09 3.54 
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(Figure3.3). The X-ray diffraction (XRD) patterns of (a) the Capecitabine pure (b) 

PTA-DA after loading Capecitabine. 

 

a 

b 



 Chapter Three                                         Results and Discussion                                                                                    

                                

40 
 

3.1.2 Scanning Electron Microscopy (SEM) 

The surface shape of the individual materials (Dopamine and PTA) 

was studied before the preparation of the nanostructures, and notice the 

changes in surface shape after the preparation process. Figure (3.4.a,b)  

explains the morphology of the dopamine where the shape was in the form 

of irregular smooth sheets of thickness with a size (3,30)µm, while, the 

morphology of the PTA shows the semi-spherical agglomerated 

nanoparticles with high roughness in Figure (3.4.c,d). 

  

  

 

(Figure 3.4). SEM images of the individual materials (a,b) Dopamine (DA). (C,d) 

PTA 

  

  

a b 

c d 
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The outer surface of the nanostructure was studied before and after the 

drug loading process using a scanning electron microscopy, the SEM images 

in (Figure 3. 5.a) showed that the detailed morphology of the flower-like 

nanostructures which reveals that they are made up of a large number of 

nanopetals with smooth surfaces. The thickness of these nanopetals is around 

21 nm, with a width of (300–500) nm, were linked by a central core to form 

three-dimensional flower-like hierarchical structures [147].The microspheres 

were well-defined, with many pores and hierarchical structures, and ranged 

in size from (2 to 6.5) micrometers, as shown in (Figure 3.5 b, c). Where 

proportion was used (1:1) weight ratio by the addition of a phosphotungstic 

acid( PTA) solution to Dopamine(DA) solution at 37 °C and the color is 

yellowing. This was consistent with the result obtained by Hong Li 

[140,148,149].   

 

 

 

 

 

 

 

 

  

 

 

3.1.2.1 Study the influencing of some parameters on the size 

and morphology of the Nanostructures with 3D hierarchical 

structures 

Ⅰ. Different ratios: Drug carriers' sizes and morphologies have a big impact 

on their drug loading efficiencies and release kinetics. Various DA:PTA 

weight ratios, specifically (1:2, 1:3, 1:1, 2:1, 3:1)by using amino methane 

   

(Figure 3.5). SEM images of (a) a magnified region of the surface structure,( b) an 

individual flower-like hierarchical nanostructure in detail , c) the overall product 

morphology. 

 

a b c 
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(Tris) solution were investigated. From the results in (Figure 3.6.a,b) found, 

the large and compact superstructures of  DA : PTA ratio were obtained at 

1:2 ratio this proportion is thought to be ideal for DA and PTA interactions. 

Since each DA molecule has one positive charge and each PTA molecule 

has three negative charges, and thus the number of positive charges greatly 

outnumber the total amount of negative charges In these circumstances, 

other interactions between the two components, such as hydrogen bonds and 

van der Waals forces, could have occurred in addition to electrostatic 

interactions. Besides the size of the particle changed from the to (28.07- 

33.27) nm. As for the color, it remained yellow[150-152]. At a 1:3 ratio of  

DA to  PTA, an clear distance was seen in each microsphere (Figure 3.6.c,d)  

indicating that the hierarchical nanostructures grew along an axle with high 

roughness under these conditions, where the size became (20.23-27.83)nm, 

and the yellow color was also observed. (1: 1) the ratio was seen in this 

(figure  3.5). 

  

  

 

 

  

  

a b 

c d 

(Figure 3.6). SEM images of 3D hierarchical nanostructures made in a Tris-HCl 

solution (10 mM, pH 9.5) with different PTA/DA ratios , (a,b) 1:2 and c,d) 1:3, and 

DA is constant. 
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When the amount of DA is increased, the ratio of (2:1, 3:1) is 

compared with PTA, the color was turned greenish-yellow. In (Figure 

3.7.a,b,c,d), the morphology of the flower-like microspheres did not change 

significantly, except that the product size distribution has been widened. 

Further research revealed that the morphological growth of these 3D 

hierarchical superstructures is concentration-dependent. By varying the 

concentrations of the two components, a variety of intriguing nanostructures 

could be created [153,154]. The range of sizes is found to be (23.21- 29.58) 

nm and (18.15-21.79) nm for DA: PTA ratio of (2:1 and 3:1), respectively. 

This reduced in size attitude to elevate the DA ratio that has less size (68.56 

nm) than PTA (87.94 nm).  

 

  

  

 

 

 

 
 

  

a b 

c d 

(Figure 3.7). SEM images of 3D hierarchical nanostructures made in a Tris-HCl 

solution (10 mM, pH 9.5) with different DA/PTA ratios, (a,b) 2:1 and (c,d) 3:1,and 

PTA is constant. 
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Ⅱ. Different concentration of Tris-HCl:  

The Tris-HCl concentration has been raised in the range of 10 mM, 20 mM, 

and 30 mM, with fixing the concentration of dopamine and PTA. In (Figure 

3.8)the morphology of the flowerlike microspheres did not change 

significantly, when 20 mM concentration was used, except that the size 

became (21.33-21.79) nm (Figure 3.8.a,b).  

When 30 mM of Tris-HCl solution was used, the morphology of the 

flowerlike microspheres changed to irregular shape, as well as the scale, 

which changed to sizes (47.81, 126.7, 112.4,  and 121.5) nm in (Figure 

3.8.c,d).     

  

  

llssf                                                                                                                         f                                         

nnn                               

    

 

 

  

  

a b 

c d 

(Figure 3.8). SEM images of 3D hierarchical nanostructures prepared in Tris-HCl 

solution a,b)20 mM Tris-HCl , c,d)30 mM Tris-HCl. while remained the dopamine 

and PTA concentration constant.             
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Ⅲ The changed in stirring time to (1:1) ratio from DA to PTA :  

This influence investigated,that the morphology and structure 

evolved over time as microspheres aged at different rates, and as evidenced by 

SEM measurements. As can be seen in (Figure 3.9.a,b), at 30 minutes of stirring, 

diameters of about (26.19,22.97 and 36.30) nm were formed loosely aggregated 

together, as seen in (Figure 3.8.a,b). The microspheres' surfaces were rough, and 

short petals grew out of the primary aggregations as the self-assembly process 

progressed, eventually becoming ellipsoidal hierarchical nanostructures of size 

around(1-2)µm [155], The as prepared product grew into highly ordered, spherical, 

hierarchical nanostructures of size around (25, and 29)nm after 60 minutes of 

aging. The flower-like microspheres were made up of hundreds of nanopetals with 

relatively smooth surfaces as shown in (Figure 3.9.c,d). With longer aging times, 

the product's size and morphology remained the same [156,157]. Even after 

subjecting the as-obtained product to ultrasonication for 30 minutes, the 

architecture of the microspheres could not be destroyed or split into discrete 

individual nanopetals, implying high microspheres stability and good binding 

interactions between DA and PTA molecules, and the color for everything was 

yellow [158,159]. 

  

  

 

 

  

  

a b 

c d 

(Figure 3.9) SEM images of 3D hierarchical nanostructures for a,b) 30 minute c,d) 

1 hour 
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Ⅳ. Synthesis by using the ultrasonication :  

The ultrasonic waves were used instead of the magnetic stirrer at different 

times. At 15 minutes, the created diameters of around (35.92, 54.63, and 44.90) 

nm were thrown together in a haphazard manner, and the microspheres' surfaces 

were very rough .The microspheres' short petals grew in size as they expanded out 

of the primary aggregations, eventually forming ellipsoidal hierarchical 

nanostructures, as seen in (Figure 3.10.a,b). In (Figure 3.10.c,d) showed, the size 

of the microspheres short petals increased with diameters of around(49.23, 54.3, 

and 64.76) at 30 minutes. The microspheres’ surfaces shrank after 60 minutes,  

and the microspheres narrow petals with diameters of around (31.61, 48.73, and 

64.75) nm (Figure 3.10.e) revealed that [160]. Figure )3.10.f( depicts simple 

spherical shapes scattered and isolated from one another with a size of (3-5)µm, 

with the color greenish-yellow for all described. 

  

  

  

 

  

  

  

a b 

c d 

e f 

(Figure 3.10).  SEM images of 3D hierarchical nanostructures when using ultrasonic 

at :(a,b) 15 min, (c,d) 30 min , (e,f) 60 min. 
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3.1.2.2 SEM of 3D hierarchical nanostructures after loading 

the drugs (Furosemide and Capecitabine) 

The outer surface of the hierarchical nanostructures was studied after 

the loading process of Furosemide and Capecitabine by using the SEM  

analysis. (Figure 3.11.a, b, c,d) explains the appearance of overlapping 

leaflets of irregular sizes and in the form of spherical shapes spaced, which 

supports the results obtained with X-ray diffraction spectrum as well as FT-

IR [161].  

From the observation of the scanning electron microscope(SEM) 

images of theNanostructures with 3D hierarchical structures before the 

loading process Previously shown in (Figure 3.4), the presence of spherical 

shapes flowers-like with low porosity, while the SEM images of the hybrid 

nanostructure after the loading process showed the presence of structures 

with high porosity between the sheets they can store a greater amount of data 

due to their size as a result of the attraction between the drug and the 

hierarchical nanostructures, was the size of the microspheres short petals 

with diameters of around (60-100) nm [162]. 

  

  

 

(Figure 3.11). SEM images of 3D hierarchical nanostructures after loading the 

drugs (a,b) Furosemide (c,d) Capecitabine 

a b 

c d 
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3.1.3 Fourier-transform infrared spectroscopy (FTIR) 

 FTIR technique was used to determine the functional group of solid 

materials such as Dopamine, PTA, POM- Dopamine, Furosemide drug, 

Capecitabine drug, and the drug loading process on the POM-Dopamine 

synthesis that diagnosed. 

3.1.3.1 The Fourier transform infrared (FTIR) spectra of the 

flower-like microspheres, DA, and PTA. 

(Figure 3.12.a) appears four main Keggin characteristic bands for PTA 

around 1082, 985, 891, and 800 cm
−1

that are, respectively attributed to (P-

O),(W-Ot), (W-Oc-W), and (W-Oe-W) stretching vibrations,  wherein Ot, 

Oc, and Oe refer to the terminal, corner and edge oxygen‘s, respectively 

[24]. A strong and broadband appearing at 3281cm
−1

corresponds to O–H 

stretching vibrations of the hydroxyl groups of PTA [163]. 

The Fourier transform infrared spectra of dopamine is depicted in 

(Figure 3.12.b), For dopamine, a wideband at low energy enclosing three 

important peaks has been observed, so the peaks at 3344 cm
-1

, 3151 cm
-1

, 

and 2960 cm
-1

 are assigned to stretching vibrations of the OH, CH aromatic 

NH groups of dopamine respectively.  Other small peaks can be found in the 

range (2723–2642) cm
−1

, which correspond to various CH vibrations in aryl 

or aliphatic CH bonds . At higher energies, significant bands can be seen at 

1500 cm
−1

 and 1282 cm
−1

, which correspond to CH's bending vibration and 

aryl oxygen's stretching vibration, respectively. The peak at 1348 cm
−1

 is 

attributed to the OH-groups of the dopamine(AD) molecule [164, 165]. 

 After the incorporated DA with PTA, the ν(W-Oc-W) and ν(W-Oe-

W) peaks shifted to 899 cm
−1

 and 823 cm
−1

, respectively, suggesting strong 

hydrogen bonding or electrostatic interaction between the 

components[166,167]. Other absorption bands in the IR spectrum of the 

flower-like nanostructures were almost consistent with those of pure DA in 

(Figure3.12.c). 
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(Figure3.12). FTIR spectra of (a) PTA, (b) DA, and (C) The as-prepared flower-like 

hierarchical nanostructures. 

a 

b 

c 
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3.1.3.2 The Fourier-transform infrared (FTIR) spectra of the 

two drugs (Furosemide, Capecitabine) pure and after loading 

on as-prepared flower-like hierarchical nanostructures 

 The FTIR spectrum of furosemide pure drug obtained in the solid 

phase, KBr pellets, shows well-defined bands with relatively high intensity 

in the (1800-400) cm
₋1

 wavenumber range. In (Figure 3.13) the spectrum of  

pure furosemide appears the characteristic peaks at 3396.76 cm
-1

 for (O-H) 

stretch, 3350.46 cm
-1

 for (N-H) stretch, 3117.07 cm
-1

 for (C-H) stretch, 

1564.32 cm
-1

 for (C=O) stretch, 1670.41 cm
-1

 for (N-H) bending, and 

1242.20 cm
-1

 for (S=O) asymmetric stretch[168]. The (C-O-C) bond goes 

back to the furan ring [169-171].   

 

 

 

 

 

 

 

 

 

                      

 

 

                                   (Figure3.13). A spectrum of pure furosemide. 
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Figure (3.14) gave the as-prepared flower-like hierarchical 

nanostructures. Many new peaks suggested that the furosemide loading 

process on the hybrid nanostructure was effective. The presence of a peak 

with a frequency of 1672.34 cm
₋1

 is related to (N-H bending) and 1564.32 

cm
₋1 

belongs to (C=O) stretch and 1143 cm
₋1 

is related to(C-O-C) bond in the 

furan ring [172].  

 

 

 

 

 

 

 

 

 

 

 

(Figure3.14). Spectrum of the as-prepared flowerlike hierarchical nanostructures 

after furosemide loading.  
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Different characteristic peaks were observed in Capecitabine in 

(Figure3.15) at 3520.21, 3161.43, 2960.83, 2870.17, 1716.70, 1647.26, 

1612.54, and 1504.53cm
-1

, which were assumed to be O-H stretch, CH-

Stretch (alkane), CH stretch (aromatic), CH Stretch (alkene), C-O stretching 

from amide I, N-H bending and C-N stretching from amide II,-CH bending, 

-CH symmetrical deformation, and skeletal vibration of C-O stretching, 

respectively[173].         

 

               (Figure 3.15) the spectrum of pure Capecitabine 

The as-prepared flower-like hierarchical nanostructures can be seen in 

Figure (3.16), which indicates to shift occur that due to its association with 

the metallic ion, after which the electrons are shifted towards a red offset, 

the peaks in flower-like hierarchical nanostructures are shifted from 3014.84 

cm
-1 

to 3520.21cm
-1 

as (O-H stretch) and from 2912.61 cm
-1 

to 2985.91 cm
-1 

that belonging to CH-Stretch (alkane). While the 1716.70 cm
-1 

packages of 

the drug have disappeared belonging to C-O stretching from amide I  and an 

indication of the occurrence of interdependence[174]. 
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(Figure 3.16).  The spectrum of the as-prepared flowerlike hierarchical 

nanostructures after Capecitabine loading. 

 

3.1.4 Study the load ratios 

The loading ratio of furosemide on the as-prepared flower-like 

hierarchical nanostructures in deionized water, at a temperature of 37°C, and 

during the different times (4, 6, 8, 10,12) hour. A powder of (10 mg) flower-

like microspheres was immersed in an aqueous solution of (0.02 mg/mL) 

was done. The drug adsorbed amount on the flower-like microspheres was 

calculated by measuring the amount of supernatant that is absorbed on 

Synthesis of nano-PTA-D at 270 nm. (Figure 3.17) shows the relationship 

between the percentage of loading and time, as it is found that the lowest 

loading percentage is at four hours, and the highest loading rate occurred at 

12 hours. The percentage of drug loading was calculated for each time using 

the equation (2.1). 

Where the ratio of drug  loading at (4, 6, 8, 10,12)hour was equal to 

(8% , 21% , 25% , 31% , 58%) respectively. 
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(Figure3.17).The relationship between time and the percentage of loading 

Furosemide on flowerlike microspheres 

The loading ratio of Capecitabine was studied at the same mentioned 

conditions of furosemide drug. The exact (10 mg) of flowerlike 

microspheres powder was immersed in an aqueous solution of (1 mg/mL) 

drug. nm. (Figure 3.18) shows the relationship between the percentage of 

loading and time, as it is found that the lowest loading percentage is at four 

hours and the highest load rate occurred at 12 hours. The percentage of drug 

loading was calculated for each time using the equation (3.1). Where the 

ratio at (4, 6, 8, 10, 12) hour was equal to (3%,10%, 31%, 39%, 64%) 

respectively. 

 

 

 

 

 

 

(Figure3.18). The relationship between time and the percentage of loading 

Capecitabine on flowerlike microspheres.  
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3.1.5 Study the percentage of Furosemide release 

The percentage of Furosemide releasing from the flower-like 

microspheres, at the highest loading ratio (58%) was chosen, they have been 

carried out in pH (2.8) [glycine-HCl] buffer solution and pH (7.4) as 

Phosphate buffer saline (PBS) solution with a period of (1-33) hours. The 

amount of Furosemide released was determined based on the UV/Vis 

absorbance at 270 nm. With the passage of time, the absorbance increased. 

The amine groups of Furosemide are partially deprotonated at pH 7.4, but 

fully protonated at pH 2.8, according to (Figure 3.19) [174]. As a result, 

lower pH will favor protonated Furosemide adsorption. As a result, weaker 

electrostatic interactions between Furosemide and the flower-like 

microspheres could account for the higher release rate and cumulative 

release percentage at pH 7.4 compared to pH 2.8. The pH-responsive drug 

release behavior of the flower-like microspheres was demonstrated by the 

above results. Because the 3D hierarchical nanostructures could store drugs 

in acidic environments and then release them under basic conditions, they 

could be used to store and release drugs. 

 

 

 

 

 

 

 

 

(Figure3.19). Profiles of drug release of Furosemide-loaded flower-like microspheres 

in pH (2.8) glycine-HCl buffer solution (►), and pH (7.4) phosphate buffered saline 

(PBS) solution (♦).  

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 5 10 15 20 25 30 35

C
u

m
u

la
ti

ve
 R

e
le

as
e

 (
%

) 

Time (h) 

♦ pH 7.4 

► pH 2.8 



 Chapter Three                                         Results and Discussion                                                                                    

                                

56 
 

3.1.6 Study the percentage of Capecitabine release 

The study of the percentage of Capecitabine release from the flower-

like microspheres was chosen at the highest loading ratio 64%. The release  

procedure was carried out in pH (2.8)  as glycine-HCl buffer solution 

and pH (7.4) as Phosphate buffer saline (PBS) solution with the same 

previous time. The amount of Capecitabine released was measured based on 

the UV/Vis absorbance at 340 nm. In (Figure 3.20), the absorbance was 

increasing with increasing time, and note that the drug reached a 100% 

liberation rate in both acidic and neutral media with a slight advance in the 

neutral medium from the acid medium , and this could be attributed to the 

drug remaining adsorbed on the surface and did not enter the 

polyoxometalate. 

           

            

            

            

            

            

            

            

            

            

            

           

(Figure3.20). Profiles of drug release of Capecitabine-loaded flower-like 

microspheres in pH (2.8) glycine-HCl buffer solution (►), and pH (7.4) phosphate-

buffered saline (PBS) solution (■).  

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 5 10 15 20 25 30 35

C
u

m
u

la
ti

ve
 R

e
le

as
e

 (
%

) 

Time (h) 

pH 2.8

pH 7.4



 Chapter Three                                         Results and Discussion                                                                                    

                                

57 
 

3.1.7 Study of the release kinetics  

The ion exchange kinetics of two drugs release in two buffer solutions 

glycine-HCl buffer solution in pH (2.8) and phosphate buffer saline in pH 

(7.4) have been studied by applying pseudo first-order and pseudo second-

order equations.  By applying the pseudo first-order equation as it was drawn 

[-log (1-Ct/CT)] against time (t), and the value of the coefficient of 

determination (R
2
) was extracted[138]. Figures (3.21.a, 3.22.a, 3.23.a, 3.24.a 

) are shown that the mathematical model of the first pseudo-order is the most 

applicable to explain both drugs behavior for both buffer solutions under 

study. It reached the values of R
2 
for Furosemide to

  
(0.9141, 0.9311) and for 

Capecitabine to
 
(0.8698, 0.8883) at buffer solutions glycine-HCl pH= 2.8 

and PBS pH= 7.4, respectively.  

The figure (3.21.b , 3.22.b , 3.23.b , 3.24.b) have shown the deviation of the 

values from the straight line, which indicates the non-compliance of the 

release process with the pseudo-second-order model this was shown by 

applying the pseudo-second-order equation, as it was drawn t/Ct against time 

(t). It reached the values of R
2
 for Furosemide and Capecitabine as shown in 

table (3.4). Likewise, the reaction velocity constant for the first pseudo-order 

(k1) and the second pseudo-second-order (k2) were calculated [138], as 

shown in table (3.4).  
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(Figure 3.21). (a)pseudo-first-order model of furosemide release, (b) pseudo-second-

order model of furosemide release, in PBS solution pH 7.4. 
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(Figure 3.22). (a) pseudo-first-order model of furosemide release, (b) pseudo-second-

order model of furosemide release, in glycine-HCl buffer solution pH 2.8. 
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(Figure 3.23). (a)pseudo-first-order model of Capecitabine release, (b) pseudo-

second-order model of Capecitabine release, in glycine-HCl buffer solution pH 2.8 .  
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(Figure 3.24). (a)pseudo-first-order model of Capecitabine release, (b) pseudo-

second-order model of Capecitabine release, in PBS solution pH 7.4.  
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 (Table 3.4). The coefficient of determination and the constant velocity (k1,k2) of the 

releasing kinetics reaction for two drugs (Furosemide, Capecitabine). 
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) 
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constant(k) 

Pseudo-first 

order 
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h
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k2 
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mol
-1 
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PBS (pH 7.4) 0.9141 0.7614 0.2867  0.3212 

Glycine-HCl (pH 

2.8) 
0.9311 0.3398 0.2104  0.6238 

2 

C
a
p

ecita
b

in
e 

PBS (pH 7.4) 0.8883 0.1882 0.3537 2.8593 

Glycine-HCl (pH 

2.8) 
    0.8698 0.4651 0.2199 2.8593 
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3.2 Conclusions 

1. The 3D hierarchical nanostructures are successfully prepared and 

proved using XRD data,  and the Sherrer equation. Co-assembly of a 

cationic bioactive component Dopamine (DA) and a Keggin type 

polyoxometalate(POM) phosphotungstic acid(PTA) is used to create 

the nanostructure , which is predominantly driven by hydrogen bonds 

and electrostatic interaction. 

2. The 3D nano-structures shapes of different sizes can be obtained 

simply by controlling the ratio of the two building blocks by varying 

their concentrations of precursor materials, and the best ratio was 

(1:1), or the concentration of Tris-HCl solution or Changing the 

stirring time ( using a magnetic stirrer or ultrasonic waves or 

microwave energy) and confirmed by SEM analysis, as a flowerlike 

hierarchical nanostructure and microstructure. 

3. Two-stages 3D nanostructures were discovered by controlling the 

temporal evolution of the process of building nanostructures. 

4. The as prepared flower-like hierarchical nanostructures demonstrated 

an excellent pH responsive release of Furosemide and Capecitabine in 

acidic medium and neutral media. 

5. The kinetic study for releasing both drugs is found to be pseudo-first-

order kinetics in acidic medium and neutral media. Moreover, the 

maximum releasing of both drugs was demonstrated in neutral media.  
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3.3 Recommendations 

Several recommendations can be outlined in the future: 

1. Further characterization for 3D hierarchical nanostructures using 

various techniques such as Energy-dispersive X-ray (EDX), 

transmission electron microscope (TEM), X-ray photoelectron 

spectra (XPS), Zeta potentials, and Confocal laser scanning 

microscopy (CLSM).  

2. Preparation 3D hierarchical nanostructures using a various 

methodology like the Microwave technique. 

3. Use another metal instead of tungsten, such as molybdenum or 

mixture from both to prepare another POM. 

4. Using other medicines, such as (Paclitaxel, Temozolomide). 
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 خلاصةال

ثلاثية الأبعاد عبر  يهتم الجزء الأول بتشكيل الهياكل النانويةن ثلاثة اجزاء عملية. ا العمل مهذ  تكون

الفوسفوتنكستن و  لمركبين )حامض بسيطة ومتعددة الاستخدامات للتجميع الذاتي إستراتيجية

, والتي يمكن التحكم في شكلها و حجمها عن طريق غير عضوي ₋ هجين عضوي( بهياة الدوبامين

لمكونين المتفاعلين , حامظية الوسط , وتغير تركيز المحلول  المنظم الترس امينوميثان , تغير نسبة ا

وايضا طريقة التنوية ومدتها. تم استخدام المجهر الالكتروني الماسح لتشخيص البنية النانوية 

 من خلال وأيضًا. وكان الشكل عبارة عن هياكل نانوية هرمية شبيهة بالزهور كورة اعلاه،لمذا

تم التأكيد على أن الأبعاد ضمن المقياس النانوي ، وعن طريق ستخدام تحليل حيود الاشعة السينية تم ا

تشخيص طيف الاشعة تحت الحمراء تم التاكد من حدوث الارتباط بين الدوبامين و حامض الفوسفو 

 تنكستن. 

كابسيتابين( ، الفوروسيميد وال) دوائينالجزء الثاني يتعامل مع الهياكل النانوية الهرمية المعدة لتحميل 

استخدام التحليل الطيفي للأشعة من خلال  وقد تم تحديد كمية الأدوية المحملة في البنية النانوية

ه خلال فترات وتم حساب كمية ث تم تحميل كلا الدوائين على سطححي ,المرئية / فوق البنفسجية

ساعة وكانت نسب تحميل  ₍12,  10,  8,  6,  4,  2 ₎الدواء المحملة خلال فترات زمنية مختلفة هي 

٪ ، 3على التوالي . بينما الكابسيتابين تساوي  ٪58٪ ، 31٪ ، 25٪ ، 21٪ ، 8الفيروسمايد تساوي 

 على التوالي. ٪64٪ ، ٪39 ، ٪31 ، 10

الجزء الثالث عملية إطلاق العقارين من الهياكل النانوية الهرمية إلى محلولين منظمين  درس

 2.8لمحلول الفوسفات بفر سيلان و  7.4عند درجة حموضة  م درجة حموضة مختلفةباستخدا

للأشعة التحليل الطيفي  الإطلاق باستخدام عملية وتم التحقق من نجاحمنظم الكلاسين،لمحلول ال

لزهورالمحملة بالفيروسمايد  بنية النانوية المعدة الشبيه بااظهرت ال ، كما/ فوق البنفسجيةالمرئية

هي مرشح جيد  ، مما يشير إلى أن البنية النانويةواعد يعتمد على الأس الهيدروجينيإطلاق سلوك 

المحملة  أظهر سلوك الإطلاق للبنية النانوية الشبيهة بالزهور. للإيصال الفموي للفوروسيميد

. في حين 2.8صورة إطلاق أعلى من الرقم الهيدروجيني  7.4بالفوروسيميد عند درجة الحموضة 

المحملة بالكابسيتابين اظهرت صورة تحرر متقاربة في كلا الوسطين. وعليه  لبنية النانويةأن ا

، مما يجعلها فضول يعتمد على الأس الهيدروجينيأظهرت الهياكل النانوية سلوك إطلاق مثير لل

ة تم دراسة حركية تفاعل تحرركلا الدوائين من البني واعدة للتطبيقات في العلوم الطبية الحيوية.

خضع الى الرتبة الاولى ت االنانوية الهرمية الشبيهة بالزهور في كلا المحلولين المنظمين   ووجد انه

 بة .ذالكا
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