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Summary 

High-pressure liquid chromatography (HPLC) is considered one of the most popular 

techniques used in analytical chemistry to separate, determine, and identify pharmaceutical 

compounds. 

 The glycidyl methacrylate‐co-ethylene dimethcrylate-co- acryl amide monolithic column 

was synthesized as an LC column for pharmaceutical compound determination and 

separation. 

 A borosilicate tube (60 mm in length) with (1.5 mm) and ( 3.0 mm) inner diameter (i.d) 

and an outer diameter(o.d) respectively was used for in-situ copolymerization using a U.V 

light source. Monomers (glycidyl methacrylate and acrylamide) and crosslinker ethylene 

dimethacrylate and initiator (2, 2-dimethoxy-2-phenyl acetophenone) (DMPA) were 

dissolved in a suitable solvent consisting of (750 μL1-propanol + 900 μL Hexanol)  .  

The polymer was formed after ( 3 min), and the epoxy groups in glycidyl methacrylate 

were opened to form diol groups by pumping (0.2 M) HCl for  3 hours at a flow rate of  

(20 μL.min
-1

 ). 

The monolith was characterized using diverse techniques such as FT-IR, BET, 
1
HNMR, 

and FE-SEM, and the polymer properties, such as surface area and pore size, have been 

studied. The optimum conditions, such as irradiation time, the permeability of the 

monolith, porosity, swelling, and the distance between the radiation source and the column, 

have been studied. 

The prepared monolith was used to determine pharmaceutical compounds such as 

propranolol hydrochloride and trifluoperazine di hydrochloride using the HPLC technique 

due to their vital role in treating many human diseases. 

The determination method has LOD (0.005 µg.mL
-1

), LOQ (0.036 μg.mL
-1

) and Sandel's 

sensitivity was (0.0052 μg.cm
-2

) for propranolol hydrochloride, while for trifluoperazine 



XII 
 

dihydrochloride have LOD (0.007 μg.mL
-1

), LOQ (0.036 μg.mL
-1

), and Sandel's 

sensitivity was (0.00783 ).  

The prepared monolith column was used to separate pharmaceutical compounds by HPLC 

technology; the retention time of the first peak appeared within (1.4min) for propranolol 

hydrochloride, while for trifluoperazine dihydrochloride, it was (2.6 min). 

It was found that these compounds interacted with the components of the prepared column, 

and the separation was successful. In addition, the number of theoretical plates (N) and the 

height of a theoretical plate for the monolithic chromatographic column after being 

injected with a certain amount of solution propranolol hydrochloride and trifluoperazine 

dihydrochloride (110.995 plates), (2.19mm/plates), (111.102 plates), (2.22 mm/plate) 

respectively. 

The properties of the prepared monolithic column are low cost with high accuracy and 

precision with a life time of (45) days. 

 

.
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1. Introduction 

Chemical separation methods are among the essential analytical methods, which are used 

to obtain different materials purely, without the presence of impurities suspended in them,  

And nuclear magnetic resonance rays, as well as atomic mass spectrometry (spectrometry 

mass and NMR, IR) and obtaining the pure substance, makes it easy to perform 

quantitative analyzes on it to know its concentration
(1)

. 

Chemical separation methods are essential, both in descriptive and quantitative analysis 

and in fact, several ways can be included within chemical separation methods, such as 

extraction processes of all kinds
(2)

 . At present, there are many types of adsorbent materials 

that can be used for solid-phase extraction. Examples of these adsorbents are (1)silica-

based polymers such as octadecyl-linked silica and butyl dimethyl silica, (2) copolymers or 

cross-linked polymers based on  Characteristics of the adsorbent material, which can be 

hydrophobic, hydrophilic or ion-exchanger, (3) mixed-mode copolymers
(3)

. as extraction is 

usually used for isolation, reconcentration, modification of sample properties before 

separation and identification of compounds by chromatography-based techniques and 

others
(4)

. There has been a surge in academic and industrial interest in cross-linked 

polymeric supports. These were initially produced as particles and are now used to fill the 

columns in processes that occur under continuous flow, such as various chromatographic 

processes, due to recent developments in the configuration of the solid phase or separation 

types
(5,6). 

1.2 The Monolith 

 Monolith is a Greek word comprised of two related idioms: (one) and (stone). However, 

geologically, it is a single gigantic rock with diverse forms and sizes of holes. These 

materials were collected by Chinese empresses in the design and construction of their 

palaces
(7)

. Rock’s monolith is shown in Figure (1.1) 
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Figure (1.1): Photograph of the porous monolith erected at Talhu Rock Museum of 

Fine Arts Boston
(8)

. 

In separation science, the term monolith refers to a single piece of porous material used to 

separate two or more substances. This is done by passing the sample inside monolithic 

material, which contains large pores ( macropores ), medium ( mesopores ) and small pores 

( micropores )
(9)

. 

The International Union of Chemists (IUPAC) defines pores in the following manner. 

Small pores(micropores) smaller than(2 nm), mesopores range from(2-50 nm), while the 

macropores are larger than (50 nm), Monolithic materials are widely used to separate both 

chemical and biological molecules
(9)

. 
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In order to avoid high back pressures that prevent separation and cause structural defects in 

the monolith or the high-performance liquid chromatographic (HPLC) pump or problems 

connecting the pipes when working, having many macropores is critical. These pores allow 

enough passage of the mobile phase through to the monolith to avoid this. Because of these 

features, the polymeric monolith with large pores shows an efficient separation of large 

molecules. The medium-sized pores of mesopores increase the monolith's surface area and 

the monolith's carrying capacity. As for the small pores, micropores have a remarkable 

ability to absorb solutes in the mobile phase. The distinguishing characteristic of monoliths 

is that they possess large surface areas and large numbers of small pores, which leads to an 

increase in the active sites of the analytes present in the mobile phase, thus leading to 

better separating factors
(10)

. 

Monoliths generally contain two types: inorganic (Silica) and organic monoliths, such as 

methacrylates, vinyl esters, polystyrene, and ethylene glycol
(11)

. It has been used to adapt 

the monolithic stationary phase to a particular analysis or separation mechanism
(12)

 . The 

simplicity of preparation and functional activity of methacrylate polymers explains why 

they have drawn more attention than other polymers
(13)

 . 

The polymeric monolith has been used in many fields because these polymeric materials 

could be prepared simply using a homogeneous or heterogeneous mixture inside the mould 

(column). Homogeneous materials possess large pores or interconnected channels; 

therefore, these materials could use with high flow rates and reasonable back pressures
(5)

. 

The polymerization mixture must always include a vinyl monomer as a cross-linker (it 

must contain at least a double bond) and an inert solvent or a mixture of inert solvents 

called (the porogen) or( pore-forming agent)
(6)

. The presence of inert solvents is necessary 

to prepare macroporous polymers. Different types of solvents are used to dissolve the 

monomers. They do not dissolve the polymeric chains formed (suitable solvents), and 

others that do not dissolve the monomers during polymer creation (weak or not suitable 

solvents)
(14) 

. It has been used in recent decades as an innovative and valuable generation of 
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polymers used in various industries; these polymeric materials can be prepared simply 

using a homogenous or a heterogeneous mixture inside moulds. The materials have large 

interconnected pores or channels. Therefore, they can be used with high flow rates with 

moderate back pressures and have a wide range of applications. Polymerization mixtures 

consisting of only one phase can be used to prepare homogenous polymers. However, 

suspension polymerization reactions yield heterogenous polymer-based monoliths, which 

can have a greater variety of monomers mixed in than a single phase can produce in a 

suspension polymerization reaction. With more surface chemical structures available, it is 

possible to get more variety. 

On the other hand, the reaction conditions tuned for one system cannot be used in the same 

way in another. For each unique system, it is necessary to adjust the reaction conditions
(15)

 . 

As a network of interconnected large flow-through pores, the monolith column shows high 

axial permeability with a large internal surface area that provides less back pressure than a 

conventionally packed column. In addition, these channels allow better contact between 

the analyte and the stationary phase active sites
(16)

 . Packet columns and monolithic 

columns are depicted in Figure (1.2). 

 

 

 

 

 

 

 

 

Figure (1.2): The comparison between (a) packed and (b) monolithic column
(17) 
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Various techniques can be used to investigate the physical properties of monolithic 

materials, including scanning electron microscopy, transmission electron microscopy 

(TEM), and atomic force microscopy (AFM)
(18)

. Monolithic porous qualities, including 

pore size, hydrodynamic characteristics, and column mechanical strength, may be 

measured using these three approaches, providing extensive data on their shape
(19) 

. It is 

possible to measure the big pores between (10 nm) and (150 nm) using mercury intrusion 

porosimetry (MIP), which is used to analyze the porosity and distribution of pore sizes in 

monolithic columns
(20)

. Measurement of pores smaller than 50 nm is done using inverse 

size exclusion chromatography ISEC and Brunauer-Emmett-Teller (BET) procedures, 

respectively
(20)(21)

 . Monolithic columns can be manufactured using two methods depending 

on the monomer(s) used in the polymerization process. Hence when alkoxysilane (silica-

based monolith) is utilized, the monolith is referred to as an inorganic monolith or silica-

based monolith, and the other type is an organic polymer
(22)

 . Higher permeability, lower 

flow resistance, and much quicker separation periods are only moderate operation 

pressures of both types of packed columns. These characteristics enable them to find many 

applications in chromatographic techniques, for example, gas chromatography (GC), high-

performance liquid chromatography (HPLC), and capillary electrochromatography (CEC), 

for environmental, pharmaceutical, clinical,  industrial, food, and forensic analysis
(23)

 . 

1.3 Types of monoliths 

1.3.1 Organic-based monoliths 

Polymer-based monolithic columns have been rapidly prepared in micro-separation 

systems due to their preparation's simplicity and the controllability of their structure 

porosity and surface chemistry
(24) 

. Liquid chromatography (LC) can use organic polymeric 

materials as an alternate constant phase because of their low return pressures.  This 

depends on their chemical structures and capacity to remain stable at various pH ranges. 
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As these columns were used for chromatography using polyamide gel surfaces (gel 

chromatography), in 1990, a new technique was developed and rapidly applied to separate 

biomolecules
(25)

. The organic monolith is prepared from the polymerization of a 

homogeneous mixture, which includes monomers, a cross-linker, a porogenic solvent and a 

reaction starter Initiator
(26)

 . The polymeric mixture is filled into a tube, and both ends of 

the tube are closed with a rubber stopper. The polymerization process begins with 

photopolymerization using ultraviolet or thermal rays for a particular time from several 

minutes to 24 hours, depending on the type of polymer, the resulting polymer takes the 

form of a mould that polymerizes inside it, where the resulting polymer can be formed 

according to the desire of the analyzer, as a column or disc can be prepared polymer
(27)

. 

The specific active functional groups on the surface of the polymer depend on the type of 

monomer used. The main groups, according to the monomer system used, are (1) styrene-

based monoliths, which are highly hydrophobic, (2) methacrylates-based monoliths, which 

are moderately polar, and (3) acrylamide-based monoliths, which are highly polar  

(28)
.Using acrylamides, styrene, and methacrylates as monomers to yield a porous cross-

linked polymer
(29)

 .  

Nowadays, three distinct types of organic monoliths can be found
(30)

 .To begin with, the 

thin disks (up to three millimetres thick) are made in flat cylindrical moulds, and the most 

common polymerization in stainless-steel or glass tubing is used to prepare the cylindrical 

monolithic rod-like column as can be seen in (Figure 1.3). This column has a diameter of 

1–8 mm and a length of 30–50 mm. Protein separation is made easier with the help of these 

columns
(29,31)

 . The monolithic capillary is the third and final type, and it is commonly 

employed in capillary electrochromatography and capillary high-performance liquid 

chromatography
(32)

 ,As shown in figure(1.3). 

 

 

 



Chapter One                                                                                     Introduction 

 

7 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.3): cylindrical monolith columns
(5)

 

 

The advantages of organic monoliths over packed columns are as follows:(33,34)   

1- Modifications that are quick and simple. 

2- There is no need to keep the frits. 

3- The ability to enhance mass transfer of analytes. 

4- High porosity means less back pressure. 

5- High selectivity. 

For large molecules, such as nucleic acids 
(35)

, peptides , synthetic polymers
(36)

, and 

proteins
(37)

, organic-based monoliths are suited because of the considerable convective 

mass transfer and appropriate surface area. 

Small molecules are difficult to separate from organic polymer monoliths under standard 

chromatographic settings. This drawback is caused by the material's high porosity and low 

mesopore
(37,38)

 . Low-molecular-weight compounds are challenging to separate from 

monolith gel due to swelling caused by its porosity in the mobile phase
(37)

. In order to 

increase the separation efficiency of low molecular weight compounds to 70,000–80,000, 
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researchers have made significant progress. To attain this goal, many parameters and steps 

have been altered to examine the porosity and mass transfer in organic monoliths. 

Some of these factors are as follows
(27,39,40)

:     

1- Altering the polymerization process' starting conditions and temperature. 

2-The reaction time of polymerization can be adjusted. 

3- The chemistry and quantities of the polymerization mixture must be carefully optimized 

(functional monomers, cross linkers and porogenic solvents). 

4- Modifications made to the monolith after polymerization are included in the category  

5- Extending the monolithic skeleton to include more structural parts with elements 

These parameters considerably impact the production of organic monoliths for 

chromatographic separation of low molecular weight substances. The morphology of the 

organic monolith is shown in Figure (1.4). 

 

 

 

 

 

 

 

 

 

 

 Figure (1.4): The morphology of organic monolith
(41)

 . 

 

 

 



Chapter One                                                                                     Introduction 

 

9 
 

1.3.2 Inorganic monolith  

The inorganic monolith possesses many advantages, such as high mechanical strength, 

porosity, thermal stability, and not being affected by organic solvents 
(42)  

. compared to the 

organic monolith, which can shrink or swell in the presence of organic solvents
(43)

. Macro 

pores in the inorganic monolith can improve fluid flow through the monolith without 

increasing pressure. Some mesopores can increase the surface area and interact well with 

the materials to be studied. A silanol group (Si-OH) on the surface of the inorganic 

monolith can be employed to control the migration of functional groups
(44)

. The inorganic 

monolith is ideal for separating small molecules, as the pore sizes of the mesopores allow 

easy penetration of the molecules to the adsorption sites in addition to the rapid diffusion 

that leads to a high separation efficiency
(45)

 . The bonding of groups on the surface of the 

inorganic monolith is more accessible than that of the organic polymeric monolith because 

it contains many cross-linking bonds that require hours to reach equilibrium to activate the 

surface
(46)

 . The scientist Minakuchi and others prepared the inorganic monolith using the 

sol-gel method
(47)

 . This method can prepare the inorganic monolith with a uniform 

composition, high purity and better homogeneity. Most sol-gel methods depend on using 

low molecular weight alkoxysilanes as generators or an essential raw material, such as 

(tetraethyl orthosilicate TEOS, tetramethyl orthosilicate TMOS  or  MTMS 

methyltrimethoxysilane)
(48)

 . There are three reactions. The first is alkoxysilane's 

decomposition, aqueous silica's condensation, and the polycondensation reaction 
(49)

. these 

reactions are illustrated in Figure (1.5) 
(50)

 .  
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Figure (1.5):  (Sol-gel) Reactions of formation of inorganic polymers
(50)

 . 

 

Monolithic Silica Columns have the following drawbacks 
(51)(52)

 :  

1- The column is highly permeable in a monolithic silica column with high porosity, yet 

the through-pore size/skeleton ratio is low. 

2- Because there is less silica in a column than in a particle-packed column, the retention 

duration is less. 

3- The k values (column permeability) are smaller than the particle-packed columns by 2–5 

times and depend on the total porousness. A capillary column's k value is 90–95 percent, 

while a conventional-sized column's k value is 80–85 percent. 

4- The phase ratio does not indicate that the sample loading capacity is as low as it appears. 

The separation conditions affect the loading capacity, and the mobile phase plays an 

integral part in this.  

5- Because of the high injection volume, a 2D-HPLC column with low retention has a clear 

drawback: the need for exceptionally retentive columns to preserve the column efficiency. 
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A short-range for size exclusion mode elution, labour-intensive preparation of individual 

columns with the potential for repeatability issues, and limited availability are all caused 

by a minor internal porosity. 

6- Low pH range (2-8). 

 

 

 

 

 

 

 

 

                                      Figure (1.6): Inorganic-based monoliths
(41)

 . 

1.3.3 Hybrid Organic-Inorganic Monolith 

In this monolith type, two or more components are mixed at the molecular or nanoscale 

level, offering notable benefits such as excellent selectivity, large surface area, thermal 

stability, excellent mechanical strength, long life, flexibility and excellent 

biocompatibility
(53)

  when organic functional groups are evenly distributed throughout the 

inorganic matrix structure, excellent performance results
(54)

 . 

Different monomers can be used to polymerize inside sealed columns, so the monoliths 

have integrated structures like greater flexibility and higher external porosity compared 

with particulate-based columns
(25)

. Hybrid polymer-based monoliths are the first type of 

hybrid organic-inorganic monolith. The atom transfer radical polymerization (ATRP) has 

been used to construct a revolutionary hybrid polymer-based monolith for HPLC. Relying 

on vinyl ester resin as a monomer and NaHSO3 as an initiator to regulate the free radical 

activity and control the molecular mass during the polymerization process. Monoliths 
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based on hybrid polymer have been used in a variety of applications, including separation, 

catalysis, and sensors
(55,56)

. 

When organic solvents are used, the monoliths might swell, resulting in mechanical 

instability 
(57)

 . To create a network combination copolymer, a sol-gel technique using 

organic and inorganic polymers yields a monolith formed from a silica precursor that 

contains organic moieties 
(58,59)

 . Hybrid monoliths have numerous uses, including optics
(60)

 

, electronics
(61)

 , and biology(
62)

 . Monoliths based on siloxane–silica nanocomposites have 

been studied by Noble and colleagues it was prepared using the1,3,5,7-tetramethyltetrakis 

(ethyltriethoxysilane)–cyclotetrasiloxane and TEOS using the sol-gel procedure, with 

cetyltrimethylammonium bromide as a cationic surfactant, the produced monolith had 

well-defined porosity
(63)

 . For organic dyes and rare earth ions, as well as optical devices, a 

poly(methyl methacrylate) (PMMA)/SiO2 hybrid monolith was created utilizing the sol-gel 

process based on (TEOS) 
(64)

 . Although silica-based monolithic materials have some 

advantages, such as superior mechanical stability and organic solvent resistance, some 

disadvantages, such as a narrow pH range (2–8), have been published to examine this type 

of monolith in various sectors of research. As a result, the preparation process is tough to 

monitor
(65)

 . 

 

1.4 Chromatography 

Analytes can be separated and identified using chromatography, which is based on the fact 

that distinct components in a mixture tend to adsorb onto a surface or dissolve in a 

solvent
(66)

 . Using essential liquid-solid chromatography, the Russian botanist Tswett was 

the first to recognize chromatography as an effective separation method
(67)

 .For this type of 

separation (colour writing), the term chromatography was coined because of the colour 

patterns formed on the bed of adsorbents, but the current approach has nothing to do with 

colours. 
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In addition to the many different types of chromatography currently used, such as gas, thin-

layer, paper, and liquid chromatography, all chromatographic methods require the use of a 

stationary phase and a mobile phase. These methods depend on the type of sample tested 

using the partition, ion exchange, molecular exclusion, and adsorption phenomena
(68)

 . 

The chromatographic techniques are usually named according to the physical state of the 

mobile phase (Figure1.7), classified as gas, liquid and supercritical fluid 

chromatography
(1)

. 

 

 

 

 

 

 

 

 

 

Figure(1.7): Classification of the chromatographic techniques according 

to the physical state of the mobile phase
(1)

. 

 

The essential components can be divided for the chromatographic system as follows
(69)

: 

1-Stationary phase; this stage consists of a solid phase or layer of liquid adsorbed on the 

surface of a solid. 

2- Mobile phase; this phase is always in the liquid state or gaseous component  

3-Separated molecules; include many materials to be separated, such as ions, proteins, and 

nucleic acids. 
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1.5 High-pressure liquid chromatography (HPLC) technique 

Any chromatographic technique that uses a liquid mobile phase, such as liquid 

chromatography, can be called "liquid chromatography." Sample separation is possible 

under the right conditions
(68)

. A liquid chromatographic technique known as High-

performance liquid chromatography (HPLC) can be used to describe the method that uses a 

mechanical pump to pump a liquid mobile phase through a stationary phase column
(68)

. 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.8): The HPLC system diagram. 

Using HPLC's stationary phase column, which is typically packed with alkyl silica bonded, 

samples are injected into the injector and pumped through to the detector to determine the 

retention times of each analyte in the sample. However, retention times for each analyte 

can vary depending on the specific chemical and physical interactions between the analyte 

and the detector
(70)

 . As a result of the composition of the mobile phase and stationary 

phase, the retention time for a particular analyte that elutes from the column toward the 

detector will be affected
(71)

. 

Hydrated methanol and acetonitrile are the most prevalent organic solvents in HPLC 

reservoirs. When the mobile phase composition is varied during the analysis, gradient 
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analysis can separate the analyte of interest as a function of the analyte's affinity to the 

mobile phase
(72)

. 

 

1.6 High-pressure liquid chromatography modes 

There are several uses for high-pressure liquid chromatography (HPLC), including 

purification and chemical separations, as well as identification in biochemistry and 

analytical chemistry for clinical and pharmaceutical usage, environmental testing, forensics 

and food analysis
(72)(73)

 . Several modes can be used for chromatographic analysis, 

including normal phase, reversed, ion exchange, and size exclusion
(74)

 . 

  

1.6.1 Normal phase liquid chromatography (NPLC) 

In normal-phase liquid chromatography, the analytes are extracted from the stationary 

phase using a nonpolar or moderately polar solvent, such as hexane, while the mobile 

phase is nonpolar or moderately polar, such as acetonitrile for the elution step
(75)

. Because 

less polar molecules move quicker and are detected first in the NPLC columns, the less 

polar molecules are found first, followed by the more polar ones
(76)

. 

Adsorption or partitioning is the most plausible mechanism for separation in this mode, 

and two models have been developed to explain how adsorption works
(76)

. 

The competition model assumes that the stationary phase is coated with mobile phase 

molecules; adsorption occurs because the solute and mobile phase molecules compete on 

adsorption sites
(77)

 .  

To begin with, there is the solvent interaction model, which states that solvent molecules 

form a bilayer around stationary phase particles; this bilayer is dependent on solvent 

concentration, and as a result, retention is due to solute molecule interactions with mobile 

phase adsorbed molecules in the second laye
(76,77)

 . It takes longer for the analyte to move 
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through the polar stationary phase because the adsorption intensity increases with 

increasing polarity
(78)

. 

 

1.6.2 Reversed-phase liquid chromatography (RPLC) 

 
Nowadays, HPLC separations use reversed phase mode for more than 65 percent (and 

maybe 90 percent) of all HPLC separations because of its adaptability, simplicity, and 

ability to handle molecules with a wide range of molecular masses and polarity
(79)  

. RPLC 

typically uses polar solvents like acetonitrile, water, and methanol as mobile phases, 

whereas stationary phases like (C8) n-Octyl or (C18) n-Octadecyl hydrocarbon chains are 

used as stationary phases
(72)

 . Because the functional group in the analyte is chemically 

bound to the stationary phase group, such as silica, reversed-phase chromatography can 

also be referred to as bonded-phase chromatography in the literature
(79)

 . Due to 

hydrophobic interactions between the mobile phase and analyte molecules, RPLC's 

separation method is based on two key concepts: solvophobicity and partitioning. 

Solvophobicity states that the stationary phase acts more like a solid than a liquid 

(80)(81)
.The analyte molecules are maintained because of the solvophobic interactions with 

the mobile phase rather than the stationary phase, which reduces the surface area of the 

analyte exposed to the mobile phase
(82)

 . The partitioning principle proposed that the 

analyte molecules are entirely immersed in the stationary phase chains and are not 

adsorbed on the stationary phase's surface; hence these molecules are partitioned between 

the stationary and mobile phases
(83,84)

 . The chain length of the stationary phase has a 

crucial impact on the retention process; thus, when the bonded material chain length is 

extended, the mechanism will approach the partitioning mechanism, while it will be 

comparable to the adsorption mechanism with less chain lengths
(85,86)

. It is widely 

employed in purifying and biological separation, but reversed phase chromatography can 
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be utilized to separate hydrophobic compounds with remarkable recovery and 

resolution
(86)

. 

 

1.6.3 Ion-Exchange chromatography (IEC) 
 

Ion-exchange chromatography is an essential chromatographic method in which different 

ionic substances can be separated and identified
(87)

. There are two stationary phase 

exchangers: anion-exchangers (negative-charged) and cationic-exchangers (positive-

charged). The ionic interactions between these two types of stationary phase exchangers 

determine the separation process
(88)

 . However, the application of this chromatography was 

explicitly for separating differently charged molecules
(88,89)

 . In addition, it was utilized to 

purify proteins, peptides, enzymes, amino acids, nucleic acids, antibodies, chemical 

compounds, and simpler carbohydrates
(90–94)

. Functionalized silica and synthetic polymeric 

resins such as methacrylic acid-divinylbenzene or styrene-divinylbenzene copolymers and 

various inorganic materials are used in the stationary phase of ion-exchange 

chromatography
(94)

 . It is possible to use a stationary phase made of functionalized silica. 

However, it is limited to pH values of 8 and 2, which can lead to the silica's instability 

when used as a stationary phase
(93)

 . This drawback led to synthetic polymers that can be 

used over a much broader pH range (pH 12 or above) but are also susceptible to swelling 

(94)
. As part of the ion-exchange separation process, the mobile phase contains an organic 

solvent(85) .which is used in conjunction with an aqueous solution of salt or salt mixtures 

(which could include buffers), Because the stationary phase contains ionizable functional 

groups and has the opposite charge to that of the analyte and the mobile phase is an 

aqueous buffer system, the ion-exchange mechanism is based on the analyte ions being 

distributed in equilibrium between the stationary and mobile phases. Depending on the 

counter ions, this equilibrium can take one of two forms, cation or anion exchange 

mechanisms 
(89)

. 
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1.6.4 Hydrophilic interaction liquid chromatography 

 Hydrophilic interaction is described as "partitioning between a water-enriched mobile 

phase and a layer of the mobile phase that is partially immobilized on the stationary 

phase"
(95)

. However, increasing the polarity of the mobile phase decreases the retention of 

analyte solutes, while increasing the analyte's polarity increases it 
(96)

 . Alpert first used the 

term "hydrophilic interaction chromatography" (HILIC) to characterize how water-based 

solvents can be used to separate highly polar or highly charged solutes 
(97)

. However, prior 

to Alpert's work, it was widely accepted that these separations were based on the 

partitioning of solutes between a bulk mobile phase and a layer richer in water partially 

immobilized on stationary phase surface
(98)

 . He realized that ionic effects might be 

superimposed depending on the solute, stationary, and mobile phase. With its multiple 

applications for pharmaceutical, biological and clinical analysis of solute, HILIC has seen 

an upswing of interest since Irgum published a seminal overview of the approach in 2006, 

partly due to its suitability
(99)

 . While reversed-phase (RP) analysis can retain many solutes, 

polar and ionic solutes tend to elute too readily in HILIC. Additionally, the HILIC 

selectivity is typically somewhat different from what can be obtained with the RP-LC 

method. In HILIC separations, silica and silica-based compounds are still the most often 

utilized components. Nevertheless, some novel substrates have been offered for HILIC 

columns as appropriate materials 
(100)

 .As shown in figure(1.9) 
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Figure (1.9): Hydrophilic interaction liquid chromatography. 

 

 

 

 

 

 

 

 

 

 

Figure(1.10): HILIC combines the characteristics of the three primary LC methods 

(reversed-phase LC, normal-phase LC, and ion–exchange). 
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1.7 Theories of chromatography
(101,102)

  

The plate theory, developed by Martin and Synge, and the rate theory, proposed by van 

Deemter et al., are the two chromatographic theories that have been used to explain band 

broadening and column performance in modern chromatography. 

 

1.7.1 The plate theory
(68,103)

  

Plate theory states that chromatographic columns comprise several thin sections (plates), 

each allowing the solute to equilibrium between the stationary and mobile phases. This 

equilibration process is called plate theory. A column's more theoretical plates (N) has, the 

more efficient. As a result, it fails to consider the impacts of bandwidth widening and other 

chromatographic variables such as flow rate on the column or performance particle size 

and elution viscosity. The equation (1.1)can determine the number of theoretical plates 

(N). 

N = L/H                                (1.1) 

 

Where H is the high equivalent to a theoretical plate (HETP)  

L is the length of the column (millimetres)  

N  is the number of theoretical plates 

Suppose the mobile phase flow rate is low and the oven temperature is significant. In that 

case, the small particle size of the stationary phase, less viscous mobile phases, and small 

molecule size of the solute are all used, and the (HETP) value can be reduced while 

increasing the column's (N) value. Depending on the peak width, multiple approaches can 

be used to determine the (N) value, as illustrated in equations (1.2) and (1.3), respectively, 

for the peak half-height method and the Tangent method. 

N = 5.54 (tR / w50)
2
                   (1.2)  

 

 N = 16 (tR / wT)
2
                      (1.3)  
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Where  

tR is the retention time of the solute 

w50 is the half peak width 

wT is the total peak width.  

 

Due to its simplicity, the Tangent method is considered the more popular method for 

calculating (N) value. The tR, W0.5, and WT are shown in Figure (1.11) 

 

 

 

 

 

 

 

 

 

Figure(1.11): The peak half-height and the Tangent methods used to calculate the 

theoretical plate number (N). 

 

1.7.2 The rate theory
(68,102,104) 

 

 

To explain the column efficiency and band broadening, van Deemter et al. 1956 developed 

this theory to describe diffusional forces that lead to the band broadening to avoid the 

concept of an immediate equilibrium inherent in the plate theory (1.4). 

H = A + B/μ + C μ               (1.4) 

 

Where  

H is the efficiency of the column 

μ is the average linear velocity of the mobile phase 

A is the eddy diffusion 

B is longitudinal diffusion 
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C is the resistance to mass transfer, and the hypothetical van Deemter plot is shown in 

Figure (1.12). 

 

 

 

 

 

 

 

 

 

 

Figure (1.12): The hypothetical van Deemter plot. 

 

The van Deemter plot shows that diffusion influences the efficiency at flow rates below the 

optimum (B). In contrast, the mass transfer factor (C) becomes more significant at higher 

flow rates. Diffusive and convective transport are the two methods by which the solute will 

move through the column throughout its passage. A fourth term has been added to the van 

Deemter equation to describe column efficiency, as illustrated in equation (Huber) (1.5) 

H = A + B/μ + Cs μ + Cm μ                 (1.5) 

 

Cs and Cm contribute to zone broadening from resistance to mass transfer in the stationary 

and mobile phases. According to van Deemter's equation, the column (H) efficiency 

is   Van Deemter's Equation states that band broadening, which affects the column's 

efficiency, should be kept to a minimum. Therefore, it is necessary to determine the 

experimental conditions to limit the zone dispersion. 
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1-Eddy diffusion can be minimized using well-packed columns, small stationary phase 

particles, and a tight particle size distribution. 

2- High mobile phase flow rates, short system tubing, suitable fittings, ferrules, and nuts 

are used to reduce longitudinal diffusion.  

3-Utilizing the stationary phase with small particles to minimize mass transfer, lowering 

mobile phase flow rates, and raising the column temperature all work together to achieve 

this goal. 

1.8 Monomers 

1.8.1 (2,3epoxypropyl methacrylate) Monomer 

 The 2,3 epoxypropyl methacrylate monomer  (GMA) is an ester of methacrylic acid and 

glycidol. It is prevalent because it contains an epoxy group that allows many reactions to 

form different functional groups
(105)

. Methacrylate has moderate polarity because carbonyl 

and ester groups are present. It is commonly used in reversed-phase chromatography due to 

the mixing of polar and nonpolar groups and ease of preparation
(106)

. 

 A nonlinear optical material, leather adhesives, resins for ion exchange chromatography, 

dental mixes, surface coatings, and surface modifiers were some of the industrial 

applications of GMA
(107,108)

.  

Other types of methacrylate monomers include methyl methacrylate, ethyl methacrylate
(109)

 

, butyl methacrylate
(110,111)

,octadecyl methacrylate
(112)

, Methacrylic acid 
(113)

, and 

hydroxyethyl acrylates
(114)

  . 

 

 



Chapter One                                                                                     Introduction 

 

24 
 

 

Figure(1.13): Chemical Structures of (2,3epoxypropyl methacrylate)  Monomer. 

 

Different methods were used to make GMA copolymers, but they all rely on initiating the 

polymerization reaction with free radicals, mainly organic peroxides or azo-catalysts
(115)

. 

The oxirane function does not participate in the radical polymerization of glycidyl 

methacrylate, as has been demonstrated by researchers
(116)

. 

It is possible to perform a wide range of chemical transformations and alter the functional 

sites on the polymer surface after the copolymer has been formed, as shown in Figure. 

(1.14)
(117)

. 
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Figure (1.14): epoxy group reactions (1,2) amination, (3,4) Alkylation,  (5,6) 

sulfonation, (7) hydrolysis, (8) carboxymethylation, (9) modification with p-hydroxy 

phenylboronic acid
(117)

. 

 

1.8.2 Acrylamide (CH2=CH-CONH2) monomer 

Hydration of acrylonitrile produces acrylamide (2-propenamide) (CH2CH=CONH2) it is a 

colourless, odourless, crystalline solid with a melting point of 84.5 °C. In addition, it is 

highly mobile in soil and groundwater and biodegradable
(118,119)

 . Acrylamide is soluble in 

several common organic solvents, including water, acetone, chloroform, diethyl ether, 

ethanol, ethyl acetate, and methanol
(120)

. 
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It is used worldwide to synthesize polyacrylamide as a cement binder and in synthesising 

polymers and gels. Polyacrylamide polymers and copolymers are used in the paper and 

textile industries as flocculants in wastewater treatment, soil conditioners, ore processing, 

and cosmetics. It is also widely used in scientific research to selectively modify SH groups 

in structural and functional proteins and as a quencher of tryptophan fluorescence in 

studies designed to elucidate the structure and function of proteins. In addition, it is to 

separate proteins and other compounds by electrophoresis. Other sources of acrylamide 

include acrylamide entrapped in polyacrylamide, depolymerized polyacrylamide in the soil 

and food packaging
(121,122)

 .  

Synonyms: Acrylic acid amide; acrylic amide; ethylene carboxamide 

,propenamide;propenoic acid amide; vinyl amide, Relative molecular mass : 71.08 

(121,122) 
 

 

Figure(1.15): Structural Formula  of  Acryle amide 

1.8.3 Cross-linker ethylene glycol di methacrylate (EDMA) 

One of the most popular cross-linkers employed in the production of rigid macro porosity 

methacrylate monolithic polymers is EDMA
(123)

 . Diethylene glycol chains play a crucial 

role in the cross-linking process because they allow for more cross-linking flexibility, 

which reduces undesirable effects like material failure due to internal tension during the 

polymerization process or shock from osmotic pressure 
(117)

 . The cross-linker to monomer 

should have a consistent ratio since any variation in this ratio will impact the monolith's 

porosity characteristics and chemical composition. A monolith with a wide surface area, 

such as hundreds of square meters, may benefit from a monolith with a higher percentage 
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of cross-linker to reduce the average pore size. High-surface-area monoliths, on the other 

hand, will have reduced solvent permeability, higher backpressure, and reduced suitability 

for HPLC separation; therefore, the cross-linker to monomer ratio should remain constant 

in these materials
(14)

.  

 

Figure(1.16): Structural Formula  of Ethylene glycol di methacrylate (EDMA). 

1.9 pharmaceutical compounds 

1.9.1 Propranolol hydrochloride 

It is s crystalline powder that ranges in colour from off-white to white and is stored at 

25°C; however, variations from 15°C and 30°C 
(124)

. 

 Propranolol hydrochloride is a non-selective beta-blocker or inhibitor, inhibiting beta-1 

and beta-2 receptors, decreasing heart rate, myocardial contractility, blood pressure, and 

oxygen required for the heart muscle
(124)

 .  
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Figure(1.17): Structural Formula of Propranolol hydrochloride 

 

1.9.2 Tri fluoperazinedi hydrochloride  

The phenothiazine family includes a total of 64 members. They are made up of a variety of 

rings. These rings are composed of sulfur and nitrogen atoms, respectively. Trifluoperazine 

Hydrochloride (TRF) was one of the most important of these family compounds
(125)

. TRF 

has a molecular weight of 407.496 g/mole and has the following structure (C21H24 F 3N 

3S.2HCl) as indicated in Figure (1.19). numerous pharmaceutical preparation names, 

including Iralzin, Terfluzine, Stellasil, and Stellamide, are used to promote it 

commercially
(126)

 . When exposed to light or air, it disintegrates into white crystalline 

powder with a melting point of 196 
0
C and significant solubility in water and ethanol

(127)
. 

Dopamine receptors are the primary targets. Schizophrenia is the principal use of 

trifluoperazine. Generalized nonpsychotic anxiety disorder can be effectively treated with 

trifluoperazine HCl when used for a short period
(128)

. 

The hydrochloride salt of trifluoperazine in addition to having sulfur and nitrogen atoms in 

its rings is one of the phenothiazines derivatives. It operates primarily on dopamine 

receptors, reducing or preventing hallucinations and delusions caused by increased 

dopamine
(128)

. 
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Figure(1.18): Structural Formula  of  Trifluoperazine dihydrochloride. 
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1.10 Literature Review 

For the importance of pharmaceutical compounds in the treatment of many human 

diseases, several attempts have been made to invent methods for separating and estimating 

pharmaceutical compounds at the lowest cost, more accuracy and highest concentration to 

reach the best possible result, and this distinguishes our study from previous studies in 

addition to the low cost of preparing the chromatographic separation column compared to 

the commercially packaged column are Expensive. 

NO. Stationary phase Technique Used Samples Comment Ref. 

1 HILIC/RP 

GMA-co-SMA-co-

EDMA 

HPLC caffeine, paracetamol, 

and 

ibuprofen. 

(LOD)0.1-1.0 

μg/mL
 

(129) 

2 SCX/RP 

GMA-co-SMA-co-

EDMA 

HPLC Pharmaceutical 

compounds such as 

phenacetin and codeine. 

 

(LOD)1.5–6.0 

μg/mL 

(130) 

3 HI /SCX and RP/SCX 

GMA-co-3SPMA-co-

EDMA 

CEC Narcotic pharmaceuticas  
(131) 

4 Iso-butyl methyl ketone 

(IBMK) 

AAS Propranolol 

Hydrochloride 

 
(132) 

5 Chromolith Flash RP-

18 column 25×4.6 mm 

SIC Chloramphenicol and 

betamethasone 

(LOD)0.5–1.0 

mg/mL 

(133) 

6 monolithic silica 

column, Chromolith 

Performance RP-18e 

HPLC tadalafil (LOD)100  

ng mL
−1

 

(134) 

7 A Chromolithm Flash 

RP-18e 

SIC paracetamol, caffeine, 

and 

acetylsalicylic acid 

(LOD)0.022–

0.060 

 µg mL
−1 

(135) 
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8 GMA-CO-EDMA HPLC paracetamol and 

Chlorzoxazone 

 
(136) 

9 GMA-co-SPMA-co-

EDMA 

Pressurized CEC Narcotine, papaverine, 

thebaine (kind of narcotic 

pharmaceuticals), 

codeine, and morphine 

(LOD)1.5–6.0 

μg/mL 

(137) 

10 HI /SCX and RP/SCX 

GMA-co-3SPMA-co-

EDMA. 

CEC Basic compounds and 

neutral polar analytes, 

such as narcotic 

pharmaceuticals 

 
(131) 

11 GMA-CO-EDMA  or 

BUMA-CO-EDMA-

CO-SPMA 

nano-liquid 

chromatographic 

Racemic pharmaceuticals  
(138) 

12 GMA-CO-DVB HPLC-UV-MS 

and μ-HPLC 

salicin, salicylic acid, 

tenoxicam, ketorolac, 

piroxicam, tolmetin, 

naproxen, 

flurbiprofen, diclofenac 

and ibuprofen 

 r
2
<0.9800, 

limits of 

detection in 

the low 

nanogram 

range 

(139) 

13 potassium 

permanganate in acidic 

medium 

automated 

multicommutate

d flow system 

propranolol 

hydrochloride 

(LOD) 

0.7μmol 
−1

 

(140) 

14 Supelco Discovery_ 

C18 

HPLC Propranolol 

Hydrochloride 

and Sodium Benzoate 

 
(141) 

15 a MicroPak NH -10 

column 

HPLC Trifluoperazine 

hydrochloride 
 

(142) 

16 cellulose tris(3,5 

dimethylphenylcarbama

te) 

HPLC Propranolol 

Hydrochloride 

 

 
(143) 

17 Ion-exchange GMA-co-

EDMA, the GMA 

was modified using 

HPLC Proteins  
(144) 
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diethylamine. 

18 Ion-exchange GMA-co-

EDMA, GMA was 

grafted with poly(2-

acrylamido-2-methyl-1- 

propanesulfonic acid. 

HPLC Proteins  
(145) 

19 GMA-co-TPGDA-co-

EDMA. 

HPLC Benzene derivatives High column 

efficiencies 

for benzene 

derivatives 

with 70,000–

102,000 

 theoretical  

plates/m 

(146) 

20 RP, HI, and CX 

GMA-co-4VPBA-co- 

EDMA. 

Nano LC 

separation 

Alkaloids, and proteins linear velocity 

of 0.265 mm/s 

(147) 

21 WAX GMA-co-

EDMA, GMA was 

modifiedwith diethyl 

amine. 

HPLC Ligodeoxythymidilic and 

DNA 
 

(148) 

22 Mixed-mode GMA-co-

EDMA, GMA was 

functionalized with 

thiols and coated with 

gold nanoparticles. 

HPLC proteins  
(149) 

23 WAX GMA-co- 

EDMA, GMA was 

modified 

with polyethyleneimine. 

HPLC proteins velocity of 

1445 cm/h 

(150) 

24 WCX GMA-co-EDMA, 

GMA was modified 

with ethylene diamine 

followed by 

chloro acetic acid. 

 

HPLC proteins  
(151) 

25 GMA-co-EDMA 

modified with diethyl 

amino 

HPLC Model protein mixture 

(ovalbumin,cytochrome 

C, and lysozyme) 

 
(152) 
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Table(1.1): Summaries of previous studie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hydroxypropyl. 

 

26 GMA-co-EDMA-co-

A.Am 

SCX Cu
2+

 (LOD)0.129 

mg.L
-1

 

(91)  

27 GMA-co-EDMA-co-

A.Am 

HPLC Propranolol 

hydrochloride 

Trifluoperazine 

dihydrochloride  

 

(LOD)0.007 

μg/mL 
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1.11  Aim of the study  

1-Preparing a monolithic chromatographic column based on some polymeric compounds 

that can be prepared efficiently and economically. 

2-Studying the factors affecting the preparation of the column to find the best surface area 

and suitable pore size. 

3- Identification of the prepared monolithic column using different techniques. 

4-Optimizing the column features such as porosity, permeability, and swelling percentage.  

5-Applying the prepared monolithic column in the determination and separation of 

pharmaceutical compounds  (Propranolol hydrochloride ,Trifluoperazine dihydrochloride ). 
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2. Experimental part. 

2.1 Chemicals.  

There are several chemicals used in this search, as shown in Table (2.1):- 

Table(2.1): Chemicals used    

No. Chemical name Chemical formula Molecular  

weight 

g/mol 

Purity 

% 

The 

manufacturing 

company 

1 Glycidyl 

methacrylate 

C7H10O3 142.15 98 Sigma-Aldrich, 

Poole, UK 

2 Acrylamide CH₂CHCONH₂ 71.08 

 

98 Sigma-Aldrich, 

Poole, UK 

3 Ethylene 

dimethacrylate 

C10H14O4 198.26 98 Sigma-Aldrich, 

Poole, UK 

4 3- (trimethoxysilyl) 

propylmethacrylate. 

H2C=C(CH3)CO2(CH2)3Si(O

CH3)3 

248.35 98 Sigma-Aldrich, 

Poole, UK 

5 2, 2-dimethoxy-2-

phenyl acetophenone 

C6H5COC(OCH3)2C6H5 256.30 98 Sigma-Aldrich, 

Poole, UK 

6 1-Propanol C3H8O 60.1 97 G.C.C 

7 2-Butanol CH3CH2CH(OH)CH3 74.12 97 G.C.C 

8 Hydrochloric acid HCl 36.46 Analar G.C.C 

9 Sodium hydroxide NaOH 40.0 99 B.D.H. 

10 Acetonitrile C2H3N 41.05 99.85 Scharlau 

11 Aceton C3H6O 58.08 99.8 Sigma-Aldrich, 

Poole, UK 

12 2-Propanol C3H8O 

 

60.1 

 

99.7 Merck 

13 Hexanol C6H14O 102.17 99.85 MerckSchuchardt 

14 Formic acid HCO2H 46.02 85 Thomas Baker 

15 Ethanol C2H5OH 46.07 99.8 G.C.C 

16 Chloroform CHCl3 119.38 99 Scharlau 
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17 Trifluoperazine 

dihydrochloride 

C21H24 F 3N 3S.2HCl 407.496 99.8 Samarra 

pharmaceutical 

company-Iraq 

18 

 

Propranolol 

hydrochloride 

C 16 H 21 NO2 .HCl 295.80 99.8 Samarra 

pharmaceutical 

company-Iraq 

19 Methanol CH3OH 32.04 96 G.C.C 
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2.2 Instruments  

There are several techniques and devices  used in this research , as shown in Table (2.2):- 

Table(2.2) : Used devices 

No. Device name The manufacturing company 

1 Electronic analytical balance 

with four decimal places 

Denver Instrument Germany TP-214 

2 heater  Heidolph RM Hei-standard .Germany 

3 HPLC pump 

(Varian Prostar system) 

kD Scientific Holliiston , MAU.S.A 

4 Irradiation Cabinet(220V-

50HZ) 

Homemade 

5 U.V.- “Visible 

spectrophotometer” (double-

beam) 

 (Shimadzu)(UV-1700) .Japan 

 

 

6 Sonicator ultrasonic bath India 

7 FT-IR 380 spectra Shimadzu. Japan 

 

8 _Syringee pump_ Bioanalytical System Inc., U.S.A. 

9 stirrer V.W.R. West Chester, PA, U.S.A. 

10 “Field Emission Scanning 

Electron Microscopy” 

((FESEM) ) 

TESCAN, Model: Mira3, Czech 

Republic 

11 “ Brunauer-Emmett-Teller “    

( (BET) ) 

BEL, Model: BELSORP MINI II, 

Japan 

12 Proton nuclear magnetic 

resonance(
 1
HNMR ) 

 

Model: Innova 5 Concole with an 

Oxford 500 Magnet, Country: United 

States 

13 pH-meter W.T.W. Japan 

 

14 Oven Jlabtech, Korea 

15 Nitrogen canister Iraq 
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2.3 Preparation of (0.2) M of  “hydrochloric acid.” 

This solution was prepared by taking 1.7 mL of concentrated hydrochloric acid (that 

percentage of purity 35% (w/w) and specific gravity 1.18  g.mL
-1

) and added to a 100mL 

volumetric flask containing water and then completed the volume to the mark. 

2.4 Preparation (0.2) M of “sodium hydroxide.” 

A solution of sodium hydroxide was prepared at a concentration of (0.2M) by weighing 

(0.8 g) of sodium hydroxide in a clean, dry volumetric flask, adding (50 ml) distilled water. 

When it dissolved, the volume was completed to 100 ml to the mark. 

2.5 Preparation of standard solutions of two pharmaceutical compounds 

2.5.1 Preparation of Propranolol hydrochloride solutions  

This solution was prepared by taking (0.3 g) of Propranolol hydrochloride in a dry and 

clean beaker and adding (50) mL D.W, when dissolved done the solution was transferred 

to (100) mL volumetric flask, then completed the volume to the mark, the standard solution 

for the pharmaceutical compound Propranololhydrochloride was prepared with a 

concentration (30 µg.mL
-1

) and several concentrations were prepared from the standard 

solution (0.1-20 µg.mL
-1

).  

2.5.2 Preparation of Trifluoperazine di hydrochloride solutions 

This solution was prepared by taking (0.4 g) of Propranolol hydrochloride in a dry and 

clean beaker and adding (50) mL D.W. The solution was transferred to (100) mL 

volumetric flask, then completed the volume to the mark; the standard solution for  the 

pharmaceutical compound Trifluoperazine di hydrochloride was prepared with a 

concentration (40 µg.mL
-1

), and several concentrations were prepared from the standard 

solution (0.1-30 µg.mL
-1

)  
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2.6 Silanization Step
(153)

 
 

The inner surface of the tube (borosilicate tube) was washed with ethanol and water. The 

borosilicate tube was then activated by washing the inner surface of the tube by pumping 

in a NaOH solution (0.2 M) at a flowsrate of 5.0 ( μl min
-1

 )for (1 hour) using a syringe 

pump. After that, HCl (0.2M) solution was used to wash the tube at (5.0sμLsmin
-1

) for (1 

hour) using a syringe pump, and then washed with water and ethanol. To convert the inner 

tube surface into (Si-OH) groups, the final step was to silanize the tube using ―3-

(trimethoxysilyl) propyl methacrylate (γ-MAPS)‖ 20% insethanol at pH of 5.0 through 

pumping at( 5.0sμL/min) for (1 hour). The tube is then dried with nitrogen gas;So, it is 

ready for in-situ polymerization ,As shown in fig.(2.1) 

 

 

 

 

 

 

 

 

Figure (2.1) : photograph of a syringe pump. 
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2.7 Polymerization step 

The ―monolith‖ has been prepared inside a borosilicate tube from a mixture consisting of 

two monomers of 650μL (G.M.A.) with 0.282g(A.Am)&50μL (―Ethylene dimethacrylate‖) 

as cross-linker. (D.A.P.) with (1.0 Wt % ) of the ―monomers‖ were used as an abetter. 

―porogenic solvent‖ (750 μL1-propanol + 900 μL Hexanol) was used to melt―monomers‖ 

& cross-linker, In addition to the ―initiator‖. The ―polymerization‖ mixture was mixed well 

for (ten min) using a ―magnetic stirrer‖. Ultra wave sonicator was used to sonicate the 

mixture for (10 min). Then oxygen was removed from the mixture by purging with 

nitrogen gas for (5 min). After that, the borosilicate tube was filled with the polymerization 

mixture using a glass syringe, then closed from both sides by a rubber stopper and exposed 

to U.V. light lamp for U.V. polymerization at (365 nm) for 3 min. After ―monolith 

formation‖, the ―column‖ was splashed with ―ethanol‖ and ―water‖ to eliminate any un-

reacted component. The preparation method was based on with some modifications by 

Ueki et al
(154)

 . 

2.8 Investigation of optimum conditions of polymer 

2.8.1  Investigation of the effect of irradiation time
(155,156) 

 

 The effects of irradiation time was studied on polymer formation. The irradiation times 

range from (1-5) minutes.  

2.8.2 Investigation of the distance between the irradiation source and the 

monolith column 
 

The effect of the distance between the irradiation source and the monolith was studied to 

reach the appropriate dimension. This process was carried out by using a variable height 

stand. 
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2.8.3 Determination the degree of polymer swelling
  

Certain weights of the prepared polymer were taken. Then they were placed in (13) airtight 

glass cylinders, as different solvents were added as in Table  (3.3), ( 3.4), and (3.5) for 

each cylinder separately and completely cover the monolith or polymer with the solvent by 

adding (3mL) of these solvents to know the degree of polymer swelling over time. 

2.8.4 porosity calculation
(157)

 
 

By using Fletcher et al. method, the overall porosity for the prepared monolith was 

calculated using the equation below : 

Øt = (WM-WT) / dLR
2
 π                        (2.1)  

 Whereas  Øt: is the overall porosity,(W.M. ): Weight of the prepared monolith loaded with 

water, (W.T.): Weight of the prepared monolith desiccated,( d ): Density of water at 25 °C 

=1, L: Length of the prepared monolith column,  and R
2
: The cylindrical radius of the 

column. 

2.8.5 Test Permeability of the monolith 
(144)

  

The prepared monolith's permeability was studied using an HPLC pump where the pump 

provided with distilled water with various flow rates through the monolith. The return 

pressure value is recorded when the return pressure is stable. 

2.9 The morphological characteristics of the prepared polymer  

The morphological properties were tested using an (S.E.M.), (B.E.T.), FT-IR, and 

1
HNMR:- 
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2.9.1 “Scanning electron microscope” (S.E.M.) 
(16,158)

 
 

 

This technique was used to describe the morphological of the prepared monolith column. 

The samples were covered with a fragile layer of ―gold‖ and ―platinum‖  about( 2 nm) 

thick through a spray coating machine. Then the images were acquired using an 

acceleration voltage of (20 kV) and the current of (100 pA) in the high–discharge style. 

2.9.2 Brunauer-Emmett-Teller (B.E.T.) 
 

This device examines the prepared monolithic's surface area, pore size, and average pore 

diameter. The monolith was prepared using the method described in the previous 

paragraph(2-7), and paragraph(2.6). After that, the prepared monolith was removed and 

non-reactive materials by washed with ―ethanol‖ and ―water‖. Then the prepared monolith 

was dried in oven at (80 °C)  to find the surface area,  the pore size and average pore 

diameter of the prepared monolith. 

2.9.3 “Fourier Transform Infrared” (FT-IR) spectroscopy 
(159)

  
 

 

FT-IR spectra were observed by FT-IR 380 (Shimadzu) spectra, where two samples were 

taken, purified, and dried well. The first sample was taken directly for measurement after 

being triturated with KBr to prove the formation of the polymer. As for the second sample, 

the ring was opened as in paragraph (3.6), then it was triturated with KBr, and its I.R. 

spectrum was measured to prove the ring's success through a comparison of I.R. spectrum 

with the I.R. spectrum of the first sample. 

2.9.4 Nuclear Magnetic Resonance 
1
H-NMR spectroscopy 

(160,161)  

 
The 

1
H - N.M.R. spectra of the prepared monolith  GMA-co-EDMA-co-A.AM was studied 

to show the formation of the monolith by observing the displacements given in the test 

result. 
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2.9.5 Ring opening by hydrolysis 
(131)

  

After polymer formation, the epoxy ring of the glycidyl methacrylate monomer was 

opened by pumping 0.2 M hydrochloric acid at 20 μL/min
-1

 for 3 hours to form the diol 

groups. 

2.10 use of monoliths  GMA-co-EDMA-co-A.AM  for the pharmaceutical 

compounds determination 

The prepared monolith was used to determine propranolol hydrochloride and                     

tri trifluoperazine dihydrochloride. It was tested using several standard solutions of 

propranolol hydrochloride (0.1-20 µg.mL
-1

)and trifluoperazine dihydrochloride(0.1-30 

µg.mL
-1

) at room temperature. Then the test solution of propranolol hydrochloride and 

trifluoperazine di hydrochloride supplied from different companies were tested using the 

HPLC technique. 
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3. Results and discussion 

3.1 Preparation of the monolith column 

The preparation of the monolith column in a borosilicate tube, which was (60mm) in 

length, (1.5 mm) in inner diameter and (3 mm) in outer diameter, as shown in Figure (3.1), 

was explaind as shown in (3.3), (3.2) to prepare the internal surface of the tube and the 

polymerization step. 

 

 

 

 

 

 

 

Figure (3.1): Photograph of the borosilicate tube before preparing the internal 

surface of the tube. 

3.2 Preparing the internal surface of the tube 
(24,162)

 
 

The process of preparing the internal surface of the tube borosilicate is the essential step in 

the figuration of the monolith in a tube, as it includes the reaction of(3-trimethoxysilyl) 

propyl methacrylate with ―silanol groups‖ ((Si-OH)) on the internal wall of the borosilicate 

tube,  The benefit of this is installing the monolith on the inner wall of the tube and 

ensuring that the polymer does not come out or dislodge when using a high pumping 

speed,  Besides, it helps prevent the shrinkage effect during the polymerization process,  

Moreover, avoid interactions between silanol groups and pharmaceutical compounds if the 

analysis sample contains pharmaceutical compounds. The process of preparing the inner 

surface of the tube includes several steps. In each of these steps, the solutions necessary for  
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the preparation process are pumped into the borosilicate tube using a syringe at a flow rate 

of (5µL min
-1

) for 1 hour 
(23)

.  The first step was to wash the inner wall of the tube using 

ethanol to remove any organic matter, then rinse with distilled water to remove any ethanol 

residue.  After that, a sodium hydroxide solution was used at a concentration of( 0.2M)  to 

decompose the siloxane groups and increase the silanol groups' density. Then, it was 

washed with D.W to take out every residual basic solution. 

Furthermore, an (HCl ) solution at a concentration of (0.2M) was utilized to take out every 

residual alkali mineral ion. After that, ―the borosilicate tube‖ was rinsed with distilled 

water to take out every remaining (hydrochloric acid HCl), and then it was washed with 

―ethanol‖ to take out the distilled water. Allowed , (3- trimethoxysilyl) propyl methacrylate 

was inoculated into the borosilicate tube and pliable to interact for (one hour), after that the 

tube was harsh with (N2) gas.  Nevertheless, the trimethoxysilane groups are attached to 

the ―silanol groups ―on the surface of the tube, and the linked methacrylate groups will 

participate in ―the polymerization reaction‖, binding the monolith to the internal walls of 

―the glass tube‖.  The procedures for preparing the tube's inner surface are shown in Fig. 

(3.2)
(163)
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Figure (3.2) : Steps for preparing the internal surface of the borosilicate tube
(163)

. 

 

3.3 The polymerization process 

The polymerization mixture was based on the published study modification with a few 

changes 
(91)

 including monomers species according to the properties of a prepared monolith 

and the structure of ―porogenic solvent‖. 

Two monomers, glycidyl methacrylate and acryl amide, are used in the polymerization 

process of the polymer combination. There are two functional groups in GMA, the 

methacrylate doublesbond that participates in photopolymerization and the epoxide groups  
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that can be used in various chemical reactions, as well as in post-polymerization 

modification reactions to produce different functional groups that can provide multiple 

separation mechanisms. The cross-linker, porousssolvents, and a reaction initiator are vital 

in the polymerization reaction and the polymer's final morphology. The cross-linking agent 

―(ethylene glycol dimethacrylate )(EDMA)‖ is a common cross-linking agent used to 

prepare solid large-pore monolithicspolymers.The cross-linker-to-monomer ratio must 

remain constant because any variation will affect the porosity properties and the cross-

linked chemical composition. For example, increasing the bond percentage reduces the 

average pore size by forming high cross-linking microspheres, which may be advantageous 

for obtaining a monolith with a large surface area. Due to its large surface area and 

restricted solvent permeation, the bond-to-monomer ratio must be maintained consistently. 

A binary solvent consisted of 1-propanol and Hexanolswas used in the polymerization 

mixture. The primary role of this solvent is to dissolve the monomers, the linker and the 

initiator. At the same time, it does not contribute to dissolving the polymer. The 

polymerization process was carried out by photopolymerization using ultraviolet rays to 

start the process of free radical polymerization to form the monolith inside the borosilicate 

tube. because  It has many (advantages) such as controlling spore size, short preparation 

time, avoiding high temperatures that lead to polymer cracking, controlling the position 

and length of the porous monolith, and high mechanical strength. In order to initiate the 

polymerization process, 2,2-dimethoxy-2sphenyl acetophenoneswas cleaved, and free 

radicals formed, which attacked double bonds in monomers to form a glycidyl 

methacrylate/ethylene methacrylate/acrylamide monolithic column. This monolithic 

column was then filled with the polymerization solution described above,As shown in 

figure(3.3). 
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Figure (3.3): (A) borosilicate tube after the step of preparing the inner surface of the 

tube, (B) borosilicate tube after polymerization and monolith formation. 

 

Since the porosity of the prepared monolith in this study is large  (0.0823) and pore size 

(5.26  nm), this is due to the large-sized pharmaceutical compounds estimated through this 

prepared monolith to pass easily without any obstruction affecting the monolith. In 

comparison, the porosity of the prepared monolith in the published research is and it is 

smaller than (0.0360) and pore size (5.1859 nm ) because this monolith was used to 

separate ions of small size that can pass through small pores  easily and without high return 

pressure that leads to polymer breakdown. 

The steps of the free radical polymerization process can be explained as follows 
(104,164)
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1- Cleavage step of the initiator (2,2-dimethoxy-2-phenyl acetophenone)  

This step consists of dismantling the initiator using ultraviolet light to form two parts of  

( benzoyl) that start the polymerization reaction and an( acetal )part that acts as an inhibitor 

to inhibit the polymerization process as shown in Figure (3.4).   

 

 

 

 

 

 

Figure (3.4): the initiator cleavage step. 

2- The initiation step 

This step involves the free radicals attacking the benzoyl ―double bond‖ of the monomer to 

compose new free radicals on the monomer that can be attacked by the double bond of the‖ 

cross linker ―or another ―monomer‖ as shown in Figure (3.5). 

 

 

 

 

 

Figure(3.5) :The initiation step 

 

3- The growth step 

This step includes free radical interactions between monomers and cross-linker for the 

growth of the polymer chain, as shown in Figure (3.6). 
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Figure (3.6): the propagation step. 

4- Ending step  

In this step, the polymerization process is finished due to the interaction of each free 

radical with the other, as shown in Figure (3.7). 

 

 

 

 

 

Figure (3.7) :The finalization step 
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Figure (3.8) : final formula of the polymer after the polymerization process is 

completed. 

3.4 The morphological characteristics of the monolithic column 

3.4.1 Scanning electron microscope (SEM) of the prepared monolith 

column GMA-co-EDMA-co-A.AM 
(8,165)  

The scanning electron microscope is used to study the composition of the sample's outer 

surface, giving a three-dimensional image.  As a torrent of electrons with a very short 

wavelength is used, it can obtain a very high amplification power.  The electron 

microscope consists of a tightly closed vertical tube that maintains a constant vacuum of 

air, so the electron stream can only be magnified in a vacuum complete, because the 

electrons lose their speed and diverge if they collide with the dispersed molecules of 

oxygen and nitrogen, in addition to the discharge, a high, stable and balanced electric 
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current is needed.  The condenser lens works perfectly, called the electromagnetic 

condenser lens, to focus the electrons. The electron beam passes over the sample to be 

examined, and there is a set of detectors to collect the signals emitted from the sample. The 

electrons are received on a fluorescent screen that can be viewed directly or using 

magnifying lenses, as shown in Figure (3.9)  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.9): Structure of the scanning electron microscope
(164,165) 

The morphological properties of the monolith (GMA-co-EDMA-co-AAm) have been 

investigated using an (SEM) technique.  SEM Cluster groups and macropores are visible in 

the monolith's shape, as seen in Figure (3.10) reveals a number of critical informational for 

the finished Figure (3.10). A network of massive channels is one way to conceptualize 

monolithic media. As a second benefit, these pores allow the mobile phase to move past 
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them efficiently, which helps to reduce backspressure. Furthermore, ―the surface area‖ of 

the monolith may be raised due to the micropores and mesopores; these spores can share in 

increasing the surface loading ability of the monolith. Further, they increase the 

interactions using a high flow rate and minimum return pressure.  

 

 

 

 

 

 

 

 

 

 

 

Figure (3.10) : SEM image of the prepared monolith column GMA-co-EDMA-co-

A.AM 
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3.4.2 “Brunauer-Emmett-Telle” (BET) analysis for GMA-co-EDMA-co-

A.AM  monolith 
(166,167)

 
 

 
Brunauer, Emmett and Teller found a method for calculating a specific surface area of a 

sample, including the pore size distribution of gas adsorption. The amount of gas adsorbed 

depends on (the exposed surface, temperature,  Gas pressure, and interaction strength 

between gas and solid matter) In the BET surface area analysis, nitrogen is usually used 

because of its high purity and intense interaction with most solids .because the interaction 

between the gas phase and the solid is usually weak, the gas volume is measured  (usually 

nitrogen) adsorbed on the surface of the particles at the boiling point of nitrogen(-196 °C) 

At this temperature, the nitrogen gas is less than the critical temperature. It, therefore, will 

adsorb on the surface of the particles. Then known quantities of nitrogen gas are gradually 

released into the sample cell .
 
When the relative pressures less than atmospheric pressure 

are achieved by creating conditions of partial vacuum and formation of adsorption layers; 

the sample is removed from the nitrogen atmosphere and heated to release the adsorbed 

nitrogen from the material and determine its quantity. The collected results are presented in 

the form of temperature  BET, which determines the amount of adsorbed gas as a function 

of relative pressure, as shown in Figure (3.11)  

 

 

 

 

 

 

Figure (3.11) :The principle of operation of the BET device
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Brauer-Emmett-Teller (BET) analyses established ―the surface area‖ and the ―pore size‖  

of the GMA‐co-EDMA -co- A.AM monolithic column. The results of Brunauer-Emmett-

Teller (BET) analyses were (5.26nm), (14.461m
2
/g) of pore size and surface area, 

respectively; in this case, pore size and surface area are interrelated as pore size is needed 

for flow rate and surface area is required to provide a morphological environment to create 

reactions on the surface. The results are satisfactory, as high flow rates are obtained with 

moderate back pressures, and the reactions are carried out on the surface without 

hindrances. 

3.4.3 FT-IR spectroscopy for GMA-co-EDMA-co-A.AM  monolith 

 
The FT-IR spectrum clearly indicates polymer fashioning via monitoring the essential 

peaks in the monomers and the formed polymer. Yet, in the (GMA) monomer, the essential 

peaks (1716.41cm 
-1

 )for (C=O), (1636.97cm
-1

)for (C=C), (907.70cm
-1

) for (epoxy ring) 

(159). Furthermore the( FT-IR) spectra for( A.Am) exhibit i essential peaks for (C=C) at 

(1609.83cm
-1

), (C=O) at (1667.02cm 
-1

),  and (NH2) at (3339.67cm
-1

) . The FT-IR spectra 

of (GMA-co-EDMA-co-A.Am ) showed clear peaks for (C=Oi), (NH2i), and epoxying. At 

the same time, the (C=C) peaks in theimonomers and cross-linkerispectra disappeared, this 

being aistrong evidence of polymeriformation. The FT-IR for the preparedimonolith is 

shown in Fig. (3.12) 
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Figure (3.12) : FT-IR spectrum of prepared monolithic polymer 

3.4.4 Ring-openingof[GMA-co-EDMA-co -A.AM]monolithic column 

Hydrolysis of the epoxy ring using hydrochloric acid to open the monolith's epoxy ring 

using a dual syringe (flow rate of 20μL) and pumping hydrochloric acid (0.2 M) for 

(3hours)
(91)

, this procedure is completed. The epoxy group was changed to diol groups for 

the ring opening reactions, and diol synthesis to be demonstrated employing FT-IR spectra 

is shown in Fig. (3.13). 
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Figure(3.13) : FT-IR spectra of the monolith after a ring-opening reaction. 

From figure (3.13), it can be seen that the epoxy group at (907 cm
-1

 )disappeared and the 

peak of theeOH group at ( 3751 cm
-1

), which is an evidence of the epoxy ring opening, 

whereas thisepeak was notsfound in the FT-IRsspectra of theemonolith beforeethe epoxy 

groupeopening.  

Figure (3.14) shows the polymer's final formula after opening the prepared monolith's 

epoxy ring. 
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Figure (3.14) : The final formula of the polymer after opening the epoxy ring of the 

prepared monolith. 

3.4.5 Nuclear Magnetic Resonance 
1
H-NMR spectroscopy for GMA-co-

EDMA-co-A.AM  monolith 

The prepared polymer (GMA‐co-EDMA -co-A.AM) is studied using nuclear magnetic 

resonance spectrometry (
1
H NMR); concerning the monomers, it contains CH2, Alkene 

CH2, and CH3 the
1
H NMR spectrum for the prepared polymer Figure (3.15) showed a 

signal at (3.4 µg.mL
-1

)that it belongs to the CH2 group, it also gives a signal at   (2.5 

µg.mL
-1

)which belongs to th  CH3 group noting that there is no indication of CH2 alkene, 

which appears within (6-7 µg.mL
-1

) in all monomers before polymer formation, and this is 

good evidence of the formation of the polymer. 
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Figure (3.15) : 
1
HNMR spectroscopy for (GMA‐co-EDMA -co-A.AM). 

3.5 Investigation of optimum conditions of the polymer prepared 

 

3.5.1 The effect of irradiation time 

After determining the monomer ratio and the distance between the irradiation source and 

the prepared column, the most appropriate irradiation time for polymer formation was 

studied.  Different irradiation times ranged from (1-5 minutes ), and the results are shown 

according to Table (3-1). 
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Table(3.1): Shows The effect of irradiation time effect on monolith formation.                   

 

 

 

 

 

 

 

 

 

can be observed from Table (3.1) that the irradiation time is the essential factor that 

metamorphoses the mixture of monomers to the rigid polymer, so when using a high 

irradiation time of (4) minutes or more, the polymer chains grow and consequently, the 

polymer branches increase rapidly and form a monolith with a porous structure small as 

shown in Figure (3.16)((C)).  On the other hand, when the irradiation time decreases to less 

than (2) minutes, this may lead to the formation of a little polymerized material in the 

borosilicate tube, and the polymer will not form properly and affect the performance of the 

prepared monolith, as shown in Fig. (3.16)((A)) whilst when using the irradiation time (3) 

minutes will give return pressure and good surface area as shown in Figure(3.16)((B))(168) 

 

 

 

 

 

Figure (3.16):Effect of increasing the irradiation time on the growth of polymer    

chains. 

(Irradiation time) 

(minutes) 

(Result) 

1 The monolith did not form 

2 The monolith  initiate  form 

3 The monolith  formed with suitable return 

pressure 

4 The monolith formed but blocked 

5 The monolith formed but  blocked 
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3.5.2 Investigation of the distance between the irradiation source and the 

monolith column 

The effect of the distance between the irradiation source and the prepared separation 

column was studied to find the best distance that  the polymer can form inside the 

separation column.  The distance from the irradiation source ranged between (3-16cm), and 

the results are shown according to Table (3.2). 

Table (3.2):Effect of the distance between the irradiation source and the monolith 

column. 

Distance /cm The result of the polymer formed 

3 The polymer is formed, but it cannot be washed 

6 The polymer is formed, but it cannot be washed 

10 The polymer is inside the separation column and can 

be washed easily with good back pressure 

13 The polymer is inside the separation column but with 

low back pressure 

16 the polymer is inside the separation column, but 

incompletely 

It can be noted from Table (3.2) that the polymerization process cannot be controlled when 

the distance between (3-6 cm), which causes small pores and unable to wash the prepared 

column and use it for the estimation and separation of pharmaceutical compounds. When 

the distance between  (6-10cm) was used, the rate of  The pore size is very small as it can 

be controlled, while the polymerization process and polymer formation can be controlled 

well when using a distance of( 10 cm), as the polymer is homogeneous and can be washed 

easily with good return pressure, while when using a distance of     ( 13-16cm) the polymer 

is inside the separation column, but in an incomplete form. As shown in Figure (3.17) 
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Figure(3.17): Photograph of Irradiation cabinet set. 

3.5.3 The percentage of polymer swelling 

Cross-linked polymers swell because the solvent molecules diffuse into the crystal lattice 

of high molecular weight polymers and cause a change in size. This leads to polymer 

breakdown during exposure to mechanical stress or high pressure.  The type of permeable 

solvent can also have a significant effect and cause the prepared polymer to dissolve.  The 

percentage of swelling was calculated by applying the following equation: 

         
     

  
             (3-1)  

As  mo : weight of the polymer before swelling, mt : weight of the polymer after swelling.  

Alcohol solvents, different polar solvents and a mixture of solvents were used to test the 

degree of swelling of the polymer, and when applying the equation, the results appeared as 

in tables (3.3), (3.4), and (3.5) 
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Table (3.3) : shows the percentages of polymer swelling prepared using different 

alcohol solvents. 

 

We note from Table (3.3) that the polymer swells to a high degree when using       

(Hexanol), and this may be attributed to the polymer saturation with the solvent and its 

insolubility, as well as the lack of cleavage of the polymeric chain,  which causes a small 

pore, and reduces the mechanical properties when using high pressures rates and the 

inability to load pharmaceutical compounds, while the lowest degree of swelling when 

using (methanol), where an excellent porous structure is obtained as shown in the Figure 

(3.18). 

 

 

 

 

Time/hour Swelling% 

Methanol 

Swelling% 

Ethanol 

Swelling% 

2-propanol 

Swelling% 

2-butanol 

Swelling% 

Hexanol 

1 0.5 2.04 3.04 0.07 7.9 

2 0.5 2.04 3.04 0.07 7.9 

24 0.66 2.04 3.33 0.14 8 

95 0.73 2.24 3.47 0.22 8.1 

119 0.73 2.44 3.62 0.29 8.1 

338 0.73 2.44 3.62 0.44 8.1 
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  Figure (3.18): The percentage of polymer swelling using different alcohol solvents. 

 

When using different polar solvents, it can be seen from Table (3.4) that when using 

acetonitrile and formic acid, the polymer begins to swell up to (119) hours and(24) hours, 

respectively. Then the polymer disintegrates as a result of the penetration of the solvent 

into the crystal lattice, which suffers either from chemical decomposition or as a result of 

swelling pressure,  resulting in the polymer breaking, while the polymer suffers only 

swelling. In contrast, the polymer suffers from a slight, almost imperceptible swelling as it 

maintains its crystal lattice and pore size when using water, acetone and chloroform, as 

shown in Figure (3.19). 
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Table (3.4) : shows the percentages of swelling of the polymer prepared using 

different solvents of polarity. 

Time/hour Swelling% 

water 

Swelling% 

acetonitrile 

Swelling% 

aceton 

Swelling% 

formic acid 

Swelling% 

chloroform 

1 1.5 0.3 4.1 1.7 16.4 

2 1.5 0.4 4.1 2.7 16.4 

24 1.5 0.48 4.2 2.8 16.4 

95 1.6 0.56 4.31 Not found 16.54 

119 1.68 0.65 4.37 Not found 16.60 

338 1.68 - 4.37 Not found 16.65 

 

 

 

 

 

 

 

 

 

 

  

 Figure (3.19) : The percentage of swelling of the polymer using different polar 

solvents.  

 

 However, when using a mixture of water with acetonitrile, the polymer is exposed to 

swelling at first. The reason may be attributed to the interaction between the molecules of 
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the mixture and the polymer. Eventually, the polymer disintegrates as a result of the 

chemical decomposition of the polymer. However, the polymer suffers from swelling when 

using the ethanol-water mixture and a mixture of 1-propanol and water. Very slight does 

not affect the pore size. In contrast, the polymer retains its general structure; this indicates 

no interaction between polymer molecules and no chemical decomposition, as shown in 

Table (3.5). 

Table (3.5): shows the percentage of swelling of the polymer prepared using a mixture 

of two different solvents. 

Time\hour   
  
         

Swelling% 
Ethanol 

+ 
water 

Swelling% 
1-propanol 

+ 
water 

Swelling% 
Acetonitrile 

+ 
water 

1 1.6 11.5 16.8 

2 1.7 11.5 16.9 

24 1.78 11.7 17.04 

95 1.85 12 17.2 

119 1.9 12 17.37 

338 1.9 12 Not found  
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Figure (3.20): The percentage of swelling of the polymer using a mixture of two 

different solvents. 

Through the swelling experiments that were conducted on the polymer, we can see that its 

importance lies in giving indications about the mechanism of choosing the mobile phase 

and, on the other hand, knowing which solvent is best used as a preservation solution for 

the column, as it was found that water is the best solution used to keep the column, as the 

age of the column was when it was saved with  distilled water up to (45) days. 

3.5.4 Permeability and the porosity of the prepared monolith 

The permeability of the prepared monolith was studied by evaluating the return pressure 

generated by the electronic pump using distilled water with different flow rates through the 

monolith, as shown in Figure (3.21)
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Figure (3.21): The electronic pump 980 - PU for measuring pressure and flow rate. 

Figure (3.21) clarifies that the back pressure generated in the pump rises with the rise in 

the flow rate until it reaches a flow rate of 300 µL.m
-1

and the pressure is stable at this point 

by (355.5828) PSI, when the flow rate increases more than 300 µL.mL
-1

, the pump gives 

an error signal. The system shuts down, or the monolith column slips from the connections 

due to the pressure reaching a critical point, so the flow rate through the column was 

determined from(10 –0.3) µL.mL
-1

 ., the result is shown in Figure (3.22).   
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                    Figure (3.22): The relation between pressure and flow rate
 

the porosity of the monolith was calculated according to the equation                                   

(Øt = (WM-WT) / dLR
2
 π ) as a result, the porosity was ( 0.0823 ( 

 

3.6 Calibration curve  

A calibration curve was made for each of the pharmaceutical compounds Trifluoperazine 

di hydrochloride and Propranolol hydrochloride at a range of concentrations between (0.1-

30 µg.mL
-1

), as it was measured at a wavelength of (370nm), had a detection limit      

(0.007 µg.mL
-1

), Quantitative detection (  0.054 µg.mL
-1

), and Sandel sensitivity equal to 

(0.00783 μg/cm
2
)  for a calibration curve Trifluoperazine di hydrochloride, while the 

calibration curve Propranolol hydrochloride at a range of concentrations between         

(0.1-20 µg.mL
-1

), as it was measured at a wavelength of (290 nm). had a detection limit      

( 0.005 µg.mL
-1 

 ), a quantitative detection limit (0.036 µg.mL
-1

), and Sandel's sensitivity is 

equal to ( 0.0052 μg/cm
2
) as in Figure (3.23), (3.24). 
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Figure (3.23): calibration curve for Trifluoperazine dihydrochloride. 

 

Table (3.6):Calibration curve Parameters for Trifluoperazine dihydrochloride. 

Parameters Values 

Range (0.1-30 µg.mL
-1

)  

slope 127.56 

λmax 370nm 

R
2

 0.9922 

LOD.  0.007 µg.mL
-1

  

LOQ.  0.054 µg.mL
-1

 

Sandlle  Index μg/cm
2

  0.00783 μg/cm
2
 

ɛ.(L/mol.cm)  5198×10
4 

 

 

y = 127.56x + 120.14 
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Figure (3.24): calibration curve for Propranolol hydrochloride. 

 

Table (3.7):Calibration curve Parameters for Propranolol hydrochloride 

Parameters Values 

Range (0.1-20µ g.mL
-1

)  

slope 191.46 

λmax 290nm 

R
2

 0.9945 

LOD  0.005 μg.mL
-1

 

LOQ  0.036 µg.mL
-1

 

Sandlle Index μg/cm
2

  0.0052 μg/cm
2
 

ɛ.(L/mol.cm)  5663 ×10
4 

 

y = 191.46x + 165.7 
R² = 0.9945 
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3.7 Separation of The pharmaceutical compounds by HPLC technology 

By HPLC technology, the monolithic chromatographic column prepared in this study that 

was connected to the HPLC device and has been injected with a certain amount of 

Propranolol hydrochloride with wavelength 290 nm . A peak appeared after a period of 

time (1.4min) and it was found that this compound interacted with the components of the 

prepared column and the separation was successful. As shown in the figure (3.25). 

 

 Figure (3.25): HPLC chromatogram for Propranolol hydrochloride (0.3 µg.mL
-1

),  at 

flow rate 1 mL.min
-1

, (80:20)% water/ACN, λ=290 nm   

By HPLC technology, the monolithic chromatographic column prepared in this study that 

was connected to the HPLC device and has been injected with a certain amount of 

trifluoperazine dihydrochloride with wavelength 370 nm . A peak appeared after a period 

of time ( 2.6  min) and it was found that this compound interacted with the components of 

the prepared column and the separation was successful. As shown in the figure (3.26). 
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Figure (3.26): HPLC chromatogram for trifluoperazine dihydrochloride (0.3 µg/mL), 

at flow rate 1 mL.min
-1

, (80:20)% water/ACN, λ=370 nm. 
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Certain amount of  both pharmaceutical compounds were taken and mixed and injected 

into the prepared column connected to the HPLC device. A wide peak appeared,as in the 

figure(3.27). 

 

Figure (3.27): HPLC chromatogram for mixture of the pharmaceutical compounds 

(Propranolol hydrochloride, trifluoperazine dihydrochloride) (0.3 µg.mL
-1

), flow rate 

1 mL.min
-1

, (80:20)% water/ACN, λ=290 nm 

This broad peak of the mixture of the two compounds was treated by the first derivative 

and peaks of both compounds appeared, but unsatisfactorily as in the figure(3.28).   

 

 

 

 

 



Chapter Three                                                              Results & discussion 

 

74 
 

 

 

 

 

 

 

 

 

 

Figure (3.28):First derivative for a mixture of the pharmaceutical compounds 

(Propranolol hydrochloride, trifluoperazine dihydrochloride) (0.3 µg.mL
-1

), at flow 

rate 1 mL.min
-1

, (80:20)% water/ACN, λ=290 nm 

But when using the second derivative, sharp and clear peaks appeared for both 

pharmaceutical compounds, and this indicates that the prepared column was separated by 

both compounds at different periods of time, although both compounds have the same 

interaction because they have the same active groups as in the figure(3.29).   

 

 

 

 

 

1 
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Figure (3.29) : second derivative for  a pharmaceutical (Propranolol hydrochloride, 

trifluoperazine dihydrochloride) (0.3 µg.mL
-1

), at flow rate 1 mL.min
-1

, (80:20)% 

water/ACN, λ=290 nm 

3.8 The efficiency of the monolithic column 
(103)

 
 

According to the plate theory, when the average number of theoretical plates (N)  value is 

raised, the monolithic column's efficiency is raised within reason rise the instant 

equilibrium of the solute between the mobile phase and the stationary phase. The 

efficiency of the monolithic column was examined by computation      (N) and (Rs) 

valuable, whereas The average number of theoretical plates (N) and the resolution value 

(Rs) for propranolol hydrochloride and trifluoperazine dihydrochloride employment HILC 

/HPLC monolithic column inside HPLC instrument (n=three). 

 

Equations(3.1),(3.2) can calculate the number of theoretical plates (N) values. 

1 

2 
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N = L/H                                (3.1)  

N = 16(tR /wt)
2
                      (3.2) 

H: the height of a theoretical plate,w1/2: is the width of the chromatographic peak at half its 

height, tR : retention time. 

By applying the above equation, it was found that the number of theoretical plates (N) 

values for the monolithic chromatographic column after being injected with a certain 

amount of solution propranolol hydrochloride is (10.995 plates) and the height of a 

theoretical plate is(2.19mm/plates) while the number of theoretical plates (N) values for 

the monolithic chromatographic column after being injected with a certain amount of 

solution trifluoperazine dihydrochloride is equal to (11.102 plates) and the height of a 

theoretical plate is (2.22 mm/plate). 
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3.9 Applications 

The performance of the monolith column was evaluated by calculating the RSD% values 

for the process of propranolol hydrochloride and trifluoperazinedihydrochloride using the 

prepared monolithic, which was connected to the HPLC system (Shimadzu 2010A). The 

conditions were the mobile phase is (70:30)acetonitrile to water with a flow rate of 1 mL. 

min
-1

, the wavelength is (290 nm) for propranolol hydrochloride, and the wavelength is 

(370nm) for tri fluo perazine dihydrochloride. The determination process of 

pharmaceutical compounds was carried out three times.  

 

Table) 3.8(: shows the calculation of RSD values  for the estimation process for each 

propranolol hydrochloride and trifluoperazine dihydrochloride. 

Pharmaceutcal 

compounds  

Theoretical 

value 

mg 

Experimental 

value1 

mg 

Experimental 

value2 

mg 

Experimental 

value3 

mg 

RSD

% 

n=3 

E rel. 

% 
t-test f-test 

Propanolol 

(accord) 
10 9.62 9.67 

9.73 1.02 -0.038 

0.117 0.142 
Triflupromazine 

(Hicma) 
10 9.39 9.23 

9.4 1.41 -0.061 
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3.10 Conclusions 

 The (GMA-co- EDMA-co-A.Am) monolithic column was successfully prepared inside a 

borosilicate tube using the UV polymerization method to produce HPLC monolithic 

columns (Chromatographic Column).  

 The epoxy group in (GMA) were converted to form ( diol groups ) using HCl (0.2M); 

these groups can assist in determining various compounds such as pharmaceutical, 

biological and ionic compounds.  

 It is found that the (GMA-co- EDMA-co-A.Am) monolithic column is formed after        

( 3 min) irradiation time. The distance between the monolith column is investigated.  

 The percentage of polymer swelling is tested using different solvents (polar, alcohol and 

mixture solvents), the result shows that water concedes a good solution for column 

solvent storage. 

 The prepared monolithic column was demonstrated using SEM, BET, FTIR and 
1
HNMR 

analysis. The results show that the polymer has three peaks denoting the presence of 

(C=O), epoxy group, and an NH2 group. Whilst (C=C) peak in (the monomers) and 

(cross-linker) vanished, this is suitable proof for the figuration of the polymer by 

incorporation of both monomers and cross-linker using (C=C) bonds. 

 The 
1
HNMR analysis shows that the (C=CH2) bonds around in the monomers and cross-

linker have disappeared in the polymer 
1
HNMR spectrum.  

 The results of  Brunauer-Emmett-Teller (BET) analyses are of large pore size and 

surface area, respectively. The results are satisfactory, as high flow rates are obtained 

with moderate back pressures, and the reactions are carried out on the surface without 

hindrances.  

 The prepared monolithic column (GMA-co-EDMA-co-A.Am) was successfully used as 

a chromatographic column (HPLC Column) after opening the epoxy ring to determine 
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and separation pharmaceutical compounds (propranolol hydrochloride, trifluoperazine 

dihydrochloride)using(HPLC)technique.   
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3.11 Future Work  

With the results conducted in this research, address some proposals for future work which 

would support this research, which is as follows: 

 Development of monolithic columns using different monomers that have different 

properties for estimating and separating various samples. 

 Study different porous (porogenic) solvents that can enhance the prepared monolith's 

morphological properties in this study. 

 Investigate the length of the GMA-co- EDMA -co- A.Am monolithic columns and the 

effect on the separation performance. 

 Developing more ways to modify the epoxy ring to expand the separation range of 

differentparticles.
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Statistical Calculations: 

Appendix (A) 

 Below are the special relationships for calculating the values   of standard deviation, 

percentage  standard deviation (% R.S.D), percentage error (% Erel) and percentage 

recovery (% Rec). 

1- 
n

y
y

i
_ 
 

Whereas: 

: Absorption rate 

n:Number of readings 

2-
1

2)^(







n

YYi


 

σ   = S.D : standard deviation 

3- 100
Y

RSD%


 

R.S.D% : Percentage measurement deviation 

4- 100% 


d
Erel

 
 

% Erel = percentage error 

d : The absolute error is equal to the difference between the measured analytical value and 

the true value (μ)of the concentrations. 

5- Recovery% = E% + 100 

 Or 

 Recovery% = xi/u ×100 

Xi  :  Analytical result measured (concentration) 

u : The real result (the concentrations). 
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Appendix (B) 

The special relationships for calculating the correlation coefficient( r ), the slope(b), the 

point of intersection(a), the straight line equation, the different curves, the standard 

deviation of the slope, the point of intersection, and the special relationships for calculating 

the detection of limit(LOD) and the quantitative detection limit(LOQ) 
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r : The correlation coefficient 

: Absorption rate or respond 

: Concentration rate 
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b : The slope 

3- 
__

xbya   

a : intersection 

4- Y= a + bx 

X: The concentration of the substance 

 

 

S y/x : Standard deviation of change of (y) values of  residual 

 :Absorption rate or respond  

X i: The value of the response or absorption 
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Sb  : Standard deviation of slope (b) 

 

7- 

Sa  : Standard deviation of the point of intersection(a) 

 

Relationships for calculating the detection limit and the quantitative detection limit : 

 

1-
y

C
DOL




3
..

 

L.O.D=L.D: The detection  of limit 

σ : Standard deviation 

C : The lowest concentration that the device can sense, represented by the concentration of 

the plank used under study. 

 :Absorbance or response rate for a series of (n) measurements not less than ten. 

2-L.O.D= 3.3Sa/Slope 

Sa  : Standard deviation of the point of intersection(a) 

b : Slope 

3- L.O.D= a+3Syx 

S y/x : Standard deviation of change of (y) values  

a : intersection point. 
4- L.O.D= 3.3Syx/Slope 

5- L.O.D= Xblank+3Sblank  
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or 

L.O.D= Xblank+2Sblank 

Xblank :The rate of response or absorbance of Planck's solution at the wavelength of the 

maximum fixed absorption for model estimation (substance or element). 

Sblank : Standard deviation of the change in values   (absorption or response) of Planck's 

solution. 

6- L.O.D= Signal to noise ratio = 3/1  

Or 

 L.O.D= Signal to noise ratio = 2/1                     

7- L.O.Q= 10Sa/Slope 

L.O.Q : The quantitative detection limit. 

8- L.O.Q= a+10Syx 

9- L.O.Q=10Syx/Slope 

10- L.O.Q= Xblank+10Sblank 

11- 
X

C
QOL




10
..
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Appendix (C) 

Spectroscopic relations : 

1- Ԑ = A / C.L 

Ԑ : molar absorption coefficient ( L . mol
-1

. cm
-1 

) 

A : Absorption 

C : Concentration. 

L : molar absorption coefficient (1cm). 

can be found(Ԑ) from the following relationship: 

 Ԑ= M.W × b × 1000 

M.W : molecular weight of the substance. 

b: Slope 

a : specific absorbance (ml . g
-1

.cm
-1 

) 

3- 
a

S
001.0


 

S : Sandal sensitivity (μg . cm
-2

 )   

can be found(S) from the following relationship: 

S=M.W/ Ԑ 
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XIX 
 

Pharmaceutical 

compounds  

Theoretical 

value 

mg 

Experimental 

value1 

mg 

Experimental 

value2 

mg 

Experimental 

value3 

mg 

RSD% 

N =3 

E rel. 

% 

 

 

Recovery t-test f-test 

Propanolol 

(accord) 
10 9.62 9.67 9.73 1.39 

-

0.038 

99.962 

 

 

0.117613257 

 

0.284284418 

Triflupromazine 

(Hicma) 
10 9.39 9.23 9.4 1.41 

-

0.061 

99.939 
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Pharmaceutical 

compounds  

Theoretical 

value 

Experimental 

value1 

Experimental 

value2 

Experimental 

value3 
F-Test Two-Sample for Variances 

Propanolol 

(accord) 
10 9.62 9.67 9.73 

   
Triflupromazine 

(Hicma) 
10 9.39 9.23 9.4 

 

Propanolol 

(accord) 
Triflupromazine (Hicma) 

     

Mean 9.755 9.505 

     

Variance 0.0287 0.114966667 

     

Observations 4 4 

  

 

  

df 3 3 

  

  

  

F 0.249637576 

 

  

0.284284418 

  

P(F<=f) one-tail 0.284284418 

 

  

  

  

F Critical one-tail 0.107797789 
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Pharmaceutical 

compounds  

Theoretical 

value 

Experimental 

value1 

Experimental 

value2 

Experimental 

value3 
t-Test: Two-Sample Assuming Equal Variances 

Propanolol 

(accord) 
10 9.62 9.67 9.73 

   
Triflupromazine 

(Hicma) 
10 9.39 9.23 9.4   

Propanolol 

(accord) 

Triflupromazine 

(Hicma) 

     

Mean 9.755 9.505 

     

Variance 0.0287 0.114966667 

     

Observations 4 4 

     

Pooled Variance 0.071833333 

 

 

 

   

Hypothesized 

Mean Difference 0 

 

     

df 6 

 

     

t Stat 1.319143363 

 

 

 0.117613257 

  

P(T<=t) one-tail 0.117613257 

 

 

  

  

t Critical one-tail 1.943180281 

 

  

0.235226515 

  

P(T<=t) two-tail 0.235226515 

 

     

t Critical two-tail 2.446911851   
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v1 v2 Ave. Stdev RSD Corr. Slope 
Intersection 

(a) 

Standard 

deviation 

Standard 

deviation of 

the slope 

Standard 

deviation for( a) 
LOD LOQ  

0.1 17 8.55 11.9501 1.40 0.997228 191.4637 165.7 1437.511 -4.04623 371906.8 0.005 0.036 

0.3 161 80.65 113.6321 1.41 
      

    

0.5 303 151.75 213.8998 1.41 
      

    

1 480 240.5 338.7041 1.41 
      

    

3 700 351.5 492.8534 1.40 
      

    

5 1250 627.5 880.3479 1.40 
      

    

10 2100 1055 1477.853 1.40 
      

    

20 3954 1987 2781.758 1.40 
      

    

           
    

             
4.9875 1120.625 equal to av. 
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v1 v2 Ave. Stdev RSD Corr. Slope 
Intersection 

(a) 

Standard 

deviation 

Standard 

deviation 

of the 

slope 

Standard 

deviation 

for (a) 

LOD LOQ 

0.1 55 27.55 38.82016 1.41 0.996083 127.5623 120.1356 1539.342 -3.42051 1072014 0.007 0.054 

0.3 100 50.15 70.49855 1.41 
      

    

0.5 200 100.25 141.0678 1.41 
      

    

1 350 175.5 246.7803 1.41 
      

    

5 620 312.5 434.8707 1.39 
      

    

10 1500 755 1053.589 1.40 
      

    

20 2870 1445 2015.254 1.39 
      

    

30 3800 1915 2665.793 1.39 
      

    

8.3625 1186.875 equal to average 

 

 

 

 

 



 

 
 

 الخلاصت

( High-Pressure Liquid Chromatography) (HPLC) الازاءػانً  ًٌؼرثط انفصم انكطٔيٕذٕغطافً انسائه

 احس اكثط انرمٍُاخ شٍٕػا انًسررسيح فً انكًٍٍاء انرحهٍهٍح نفصم ٔذمسٌط انًطكثاخ انصٍسلاٍَح. 

ً ػًٕز فصم كطٔياذٕغطافً ْٕ                                    يَٕٕنٍثٍ.كطٔياذٕغطافً فصم ػًٕز فً ْصِ انسضاسح ذحعٍط ذى

(Glycidylmetharylate-Co-Ethylenedimethacrylate-Co- Acrylamide)    نرمسٌط ٔفصم انًطكثاخ

 ح.انصٍسلاٍَ

  ( ػهى انرٕان1.5mm( ٔ )3.5mmًتمطط زاذهً ٔذاضجً )( 60mmٔغٕنّ ) اسررساو اَثٕب تٕضٔسٍهٍكاخ ذى  

 طاخًَٕاشاتح انًذى  (.365nm) حانًشرطكح تاسررساو يصسض ظٕء الاشؼح فٕق انثُفسجٍ جنهثهًط

(Glycidylmetharylate) (Acrylamide( ٔضاتػ )Ethylenedimethacrylate( ٔتازئ )(2,2-dimethoxy-

2-phenylacet phenone)   فً يصٌثاخ( ًْٔ ّ1يُاسث-propanol ( ٔ )hexanol.) 

( نرشكٍم glycidyle methacrylateفً ) ٌثٕكسً ى فرح يجًٕػح الاتؼسْا ذزلائك  3تؼس  ذكٌٕ طًانثٕنٍ ٔجس اٌ

20μL.minساػاخ تًؼسل ذسفك ) 3نًسج  HCL( 0.2Mل تعد )ٌٕيجًٕػاخ ز
-1

 ). 

( ٔ)SEM(ٔ )BETػّ يثم )تاسررساو ذمٍُاخ يرُٕ  انًَٕٕنٍث شرٍص ٔاثثاخ ذكٌٕى ذذ
1
HNMR( ٔ )FT-IR )

ذصائص انثٕنًط انًركٌٕ يثم انًساحح انسطحٍح ٔحجى انفجٕاخ انًٕجٕزج زاذم انًَٕٕانث.ىرى ٔلس ذًد زضاسح .

الاَرفاخ ٔانًسافّ تٍٍ يصسض ،انًسايٍح ، َفاشٌح انًَٕٕنٍثشؼٍغ، يثم ٔلد انرزضاسح انظطٔف انًثهى نركٌٍٕ انثٕنًط 

 .ٔانؼًٕز عالاشؼا

( ٔ Propranolol Hydrochlorideيثم )يثم  انصٍسلاٍَح خٕنٍث انًحعط نرمسٌط ٔفصم انًطكثاى اسررساو انًَٕذ 

(TriFluoperazinedi Hydrochloride  ) تأسررساو   ( ذمٍُحHPLC  ) ٌس فً ػلاج انؼس نٓا تسثة انسٔض انحٍٕي

 .يٍ الايطاض انرً ذصٍة الاَساٌ

LOD  ( )0.005 µg.mLحس كشف ) تغطٌمح انرمسٌط اذسًد 
-1

0.036 µg.mL)( LOQحس كشف كًً ) ,(  
-1

)   ٔ

0.0052μg/cmح ساَسل )ٍحساس
2

( تًٍُا Propranolol Hydrochloride( نًطكة )

0.007 µg.mL)  (   LOQ( كاَد شاخ حس كشف  )   TrifluoperazinediHydro chloride)نًطكة
-1

حس ,(   

0.036 µg.mL) ( LOQ كشف كًً )
-1

μg/cm 0.00783( ٔحساسٍح ساَسل ) 
2

. ) 



   

 
 

ػُس ( ٔظٓطخ لًح  HPLCٍح تاسررساو ذمٍُح  ) لاَانًطكثاخ انصٍس او ػًٕز انًَٕٕنٍث انًحعط فً فصمى اسررسذ

                                                     نًطكة تًٍُا , ((Propranolol Hydrochloride( نًطكة    min 1.4)ظيٍ احرجاظ لسضِ 

 (Trifluoperazine dihydorchloride  ) ظيٍ احرجاظ لسضِ تؼس ظٓطخ لًح (2.6min ).  ْٔصِ انًطكثاخ اٌ  سج

 انُظطٌح نهؼًٕز اع انصفٍحح( ٔاضذفN)ػسز انصفائح انُظطٌح  جس أٌ. ثط يغ يكَٕاخ انؼًٕز ٔكاٌ انفصم َاجحاً آذر

  Propranolol Hydrochloride ( ٔ )TriFluoperazinedi Hydrochloride)    انكطٔياذٕغطافً انًَٕٕنٍثً

 ( )110.995plates ( ٔ ) 2.19mm/plates  ٔ )  111.102plates)   )ٔ (2.22mm/plates  . ًػهى انرٕان ) 

اٌ ػًط ٔ, ٍٍٍػانٍ ٔظثػزلح شا انكهفح ٔ يُرفط ط ٌرًرغ ترصائص يًٓح ًْ اَّنؼًٕز انًَٕٕنٍث انًحعٔجس اٌ ا

 .( ٌٕيٍاً 45 )  انًَٕٕنٍث انكطيٕذٕغطافً  انؼًٕز
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