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A 
 

 انخلاطخ

 glycidy1)رى رذؼٛش اعًذح فظم كشيٕرٕغشافٛخ رزكٌٕ يٍ ثلاس يًَٕشاد ْٔٙ

methacrylate (GMA) , Acrylic acid (A. acid) and acryl amid  ثشكم عًٕد

 66)ثطٕل  انجٕسٔسهكٛذ يبدِ  يٍفظم إَٚٙ يٕجت لٕ٘ داخم عًٕد صجبجٙ  

يهى ( ثبسزخذاو يظذسنلاشعخ انفٕق  3يهى ٔلطش خبسجٙ 5,5يهى ٔثمطش داخهٙ  

 أ٘ ثهًشح ػٕئٛخ.ثُفسجٛخ 

 GMA( )glycidyleرى رذؼٛش خهٛؾ انجهًشح ثبسزخذاو انًًَٕشاد غهٛسٛذٚم يٛثبكشٚلاد )

metharcrylateٔأكشٚم أيٛذ )A.Am) ( )acryl amideٔ ) ,Acrylic acid  يزشبثك ٔساثؾ

(EDMA( )ethylene dimethacrylate ٔثبدئ )2,2-dimethoxy-2-phenyl 

acetophenone)) (DMPA ).  

ْٕٔ يزٚت  haxanol ٔ  ethanol-1ٔرى اراثخ انخهٛؾ ثبسزخذاو يزٚت ثشٔجُٛٙ ٚذزٕ٘ عهٗ 

زكٌٕ ٔكبٌ انضيٍ انًسزغشق نجٛذ نهًًَٕشاد ٔانًبدِ انشاثطّ ٔانجبدئ ٔغٛش جٛذ نزاثخ انجٕنًٛش 

 دلٛمخ داخم كبثُٛخ انزشعٛع. 4انجٕنًٛش 

انشٍَٛ ,((FTIRرمُٛبد ْٔٙ ؽٛف الاشعخ انذًشاء  ثبسزخذاو عذد رشخٛض انجٕنًٛش انًزكٌٕرى 

انُٕٔ٘ انًغُبؽٛسٙ نجشٔرٌٕ انٓٛذسٔجٍٛ 
1
HNMR)),  ٔرذهٛم(BET)  َٙٔٔانًجٓش الانكزش,

 . (FESEM)انًبسخ 

ركٌٕ انجٕنًٛش ٔاٚؼب نذساسخ ثعغ خظبئض انجٕنًٛش يثم دجى انًسبو ٔانًسبدخ  لاثجبد

انسطذٛخ كزنك رى دساسخ ثعغ خظبئض انجٕنًٛش يثم ٔلذ انزشعٛع ,انًسبفخ ثٍٛ يظذس 

 نهعًٕد ,الاَزفبخٛخ . انكهٛخانزشعٛع ٔعًٕد انجٕنًٛش ,َفبرٚخ عًٕد انجٕنًٛش ,انًسبيٛخ ,انسعخ 

ٙ فٙ يٛثبكشٚلاد انجهٛسٛذٚم نزشكٛم يجًٕعبد كجشٚزٛذ كعًٕد رجبدل رى فزخ دهمخ الاٚجٕكس

داخم عًٕد انفظم نغشع رذٕٚم دهمخ الاٚجٕكسٙ انٗ كبرٌٕٛ عٍ ؽشٚك ػخ يذهٕل كجشٚزبد 

 يجبدل إَٚٙ يٕجت لٕ٘.

 II imidazole-azoligand((E))رى رذؼٛش كبشف جذٚذ يزخظض نعُظش انُٛكم )

2((4methoxyphenol)diazenyl)-4,5-diphenyl-1-Himidazole 

-HPLCيشثٕؽّ ثشكم يجبشش يع  HPLC-FIA  ٔ(microfluidicرى رظًٛى أَظًخ جذٚذِ )

Pump ( نزذذٚذ يمٛبط انطٛف انؼٕئٙ نهُذبطI( ٔانُٛكم )II ٔثبسزخذاو كبشف يزخظض )

 َبَٕيزش عهٗ انزٕانٙ. λmax = 453  ٔ558انجذٚذ( عُذ  MPDADPIٔ )كبشف   ٌٔشجكٕانُٛ

ثٕاسطخ  Cu (I  ٔ(Ni (II) ذلاعزًبد عهٗ انظشٔف انًثهٗ نزذذٚرطجٛك انطشٚمخ انًجبششح ثبرى 

( ٔ 57-6.65خطٛخ ) ػًٍ يذٖ انكبشفٍٛ. رى إَشبء انشسٕو انجٛبَٛخ نهًعبٚشح نكم َظبو جذٚذ 

يم. ىغهي( 6.665-9.9)
-5

. كبٌ دذ لٛى انكشف R2 (0.9980  ،0.9951. كبَذ لٛى انخطٛخ )

مي .يهغى  6.665ٔ  6.639
-5

مي.يهغى  5ٔ 6.599. كبٌ دذ لٛى انمٛبط انكًٙ 
-5

. 



B 
 

نزذذٚذ ْزِ الإَٔٚبد يٍ خلال رمُٛزٍٛ ، الأٔنٗ ْٙ يمٛبط  انطشٚمخ انغٛش يجبششِ اسزخذيذ

الايزظبص انزس٘ نزذذٚذ انُذبط ٔانُٛكم ، ثًُٛب انثبَٛخ ْٙ ؽشٚمخ انمٛبط انطٛفٙ ثبسزخذاو 

ػًٍ نزذذٚذ انُذبط. رى رطجٛك لبٌَٕ لايجشد ثٛش يُذُٗ انًعبٚشح الاَزمبئٙ  ٌٔشجكٕانُٛكبشف 

مي ىغهيLOD 0.269  ٔ  LOQ 0.807( ، 35-5خطٛخ ) يذٖ
-5

 عهٗ انزٕانٙ..

فٙ انعُٛبد انمٛبسٛخ Cu (I)  ٔ Ni (II)انًمزشدخ ثُجبح نزذذٚذ  HPLC-FIAرى رطجٛك ؽشٚمخ 

يذُٚخ انذهّ .ٔرى دسبة عًش انعًٕد –فٙ يذبفظّ ثبثم  ، ٔعُٛبد انًٛبِ ثٛئخ يٍ يذطّ انًعًٛٛشح

 ٕٚيًب. 56ٔكبٌ 

 

 



 
 

I 
 

Summary 

(Ter – monomers ) glycidy1 methacrylate (GMA) , Acrylic acid 

(A. acid) and acryl amid were used to make monolithic column 

which was manufactured as strong cation exchange column. A 

borosilicate tube (60 mm in length) with 1.5 mm, and 3.0 mm (i.d 

and o.d respectively) was used for in-situ copolymerization using 

U.V light source. 

The polymerization mixture was prepared by mixing (Ter – 

monomers) (GMA,A.acid,A.amid) with crosslinker (ethylene 

dimethacrylate) (EDMA) and initiator (2,2-dimethoxy-2-phenyl 

acetophenone) (DMPA) was dissolved in porogenic solvent 

consisting of ethanol and 1-hexanol. The time taken to form the 

polymer inside the borosilicate column in the irradiation cabin 

was 4 minutes. 

Various techniques were used such as FTIR, 
1
HNMR, BET, and 

SEM, to prove the formation of the polymer and also study the 

properties of the polymer such as pore size and surface area.  

The epoxy ring was opened in glycidyl methacrylate to form 

sulfite groups as a cation exchange column by pumping a sulfate 

solution into the separation column for the purpose of converting 

the epoxy ring into a strong positive ion exchanger. 

Synthesis of imidazole-azolifand(E)2((4methoxyphenol) 

diazenyl)-4,5-diphenyl -1-Himidazole. 

New HPLC-FIA and microfluidic systems using as online  

designed for the spectrophotometric determination of Copper(I) 

and Nickel (II) by using neocuprion and (new reagent MPDADPI 

)Orange reagents at λmax= 453 and 518 nm respectively.  



 
 

II 
 

Online method applied by depending on the optimum conditions 

were conducted for the determination of Cu (II) and Ni (II)by the 

two reagents. The calibration graphs were constructed for each 

new system with linear ranges (0.05-17) and (0.005-2.9) mg.mL
-1

. 

The linearity (R
2
) values were 0.9980, 0.9995. The limit of 

detection values were 0.039 and 0.001 mg.mL
-1

. The limit of 

quantification values were 0.129 and 1 mg.mL
-1

. 

Off-line method applied to determine  these ions  by two 

techniques were used, The first one is atomic absorption 

spectrophotometer to determine copper,and nickel, while the 

second one is spectrophotometric method using selective 

neocuproine reagent to determine copper. Beers' Lambert law was 

applied to constrict the calibration curve with linear ranges (1-35 ) 

(0.5-32) , LOD 0.269 ,LOQ 0.807 , LOD 0.3 and LOQ 0.9 mg.L
-1

 

respectively.  

Investigateing of monolithic column by  irradiation time, the 

distance between the irradiation source and the monolith column, 

permeability of the monolith, chelating capacity for monolithic 

column, porosity and swelling measurement. 

The proposed HPLC-FIA method was successfully applied for the 

determination of Cu(II) & Ni(II)in standard samples, and water 

samples. 

The age of the column was calculated and it was 50 days.  
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1. Introduction 

(1.1)  Chromatography 

               Tswett is commonly regarded as the inventor of chromatography.
(1)

       

Chromatography's a crucial biophysical method for separating, identifying, and 

purifying mixture components for qualitative and quantitative analysis 
)2)

.    

 

The mobile phase is an essential component of all chromatographic systems, as 

it is responsible for the transfer of the  movement of the analytes throughout the 

column and  the use of a stationary phase, either coated onto the column or 

the beads of resin 
(3)

. Analytes are separated as a function of their exposure 

duration within the column of separation through weak interactions between the 

stationary phase and analytes depending on their chemical structure.
)4(.

 

 

           As opposed to other forms of isolation, ''chromatography'' allows for a 

wider variety of materials, tools, and procedures to be utilized 
)5(

.          

        ''size exclusion, Ion exchange, partition, surface adsorption'' are the 4 

isolation strategies that take molecule properties and interaction type into 

account. "Column, paper chromatography, thin layer'' all use variations on the 

stationary bed principle 
(2)

. Column chromatography is often used to purify 

proteins
)6(

. 

The chromatographic method relies on these 3 factors for its foundation.  

1- Every stationary phase consists of a solid component, or a layer of liquid 

which is adsorbed on the solid support's surface. 

2- The mobile phase is always made up of a liquid or gaseous constituent, and 

never any solids. 

3- Molecular partitioning 
(4-7)

. 

 

As illustrated in scheme Classification of chromatography methods according 

to various applied techniques. Fig (1.1) 
(5,8).
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Fig.1.1 A classification system for chromatography that takes into account the numerous 

             methods that can be used within the area. 

 (1.2) Physique-based classification 
(8)

:- 

 
In the 1st approach, the mobile phase and stationary phase are considered in 

their physical states. They may be broken down into four distinct classes: 

I. gas-solid  

II. Gas-liquid 

III. liquid-liquid 

IV. liquid-solid 

 

 

 

(1.3) Distinctions made according to the degree of interaction 

between the mobile and stationary phases 
(8,9)

:- 

 
I. Gas-Liquid chromatography{GLC} 

II. Liquid-Liquid chromatography {LLC} 

III. Liquid-solid chromatography {LSC} 

IV. Gas-Solid chromatography {GSC} 
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(1.4) Chromatography types according to their underlying 

physical or chemical framework 
(9)

:- 
1. Chromatography of Columns 

2. Chromatography of Ion-exchange 

3. Chromatography of Gel-permeation (molecular sieve) 

4. Chromatography of Affinity 

5. Chromatography of Paper 

6. Chromatography of Thin-layer 

7. Chromatography of Gas 

8. Chromatography of Dye-ligand 

9. Chromatography of Hydrophobic interaction 

10. Chromatography of Pseudo affinity 

11. Chromatography High-pressure liquid 

 

1.4.1 - Column chromatography 
(10,11)

 

Biomolecules can be cleaned up using this method. The sample being 

detached is implemented to the column (the stationary phase) initially, 

followed by the wash buffer (aka. The mobile phase) (as shown in figure 

(1.2).Their movement is guaranteed by the internal material of 

the column resting upon the fiberglass base. Over time and  space, the 

samples are stored in a well at the device's base. 
.
 

 
 

Figure (1.2).Column chromatography. 

(1.4.2)- Ion- exchange chromatography
 (5,6)

 

Electrostatic interactions between charged protein groups and solid support 

material are used in IEC. Altering the buffer solution's [acidity, ionic strength or 

ion salt concentration] is used to remove proteins from the column. Negatively-



 

4 
 

charged proteins're adsorbed by anion-exchange matrices, which are  positively 

charged ion-exchange matrices. Cation-exchange matrices, on the other hand, 

are made up of negatively charged groups and adsorb positively charged 

proteins. (Fig.1.3) 

 

Figure (1.3) Ion- exchange chromatography. 

 

Inorganic ion chromatography 'stationary phase' is an ionic functional group 

covalently bonded to a polymer resin that is cross-linked, most often 

divinylbenzene  polystyrene that's cross-linked.
12,15,14).

 

These static charges have counterions which are free to move and be dislodged 

via ions with stronger attractive forces.  

There are four distinct types of ion-exchange resins: 

i. strong acid cation exchangers 

ii.  weak acid cation exchangers 

iii. strong base anion exchangers 

iv. weak base anion exchangers.  

The scheme enumerates a number of widely used ion-exchange resins
 (12,13)

. 

 

 

Anion-exchange resin 

Cations bind to stationary phase 
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Figure (1.4) This lists many widely used ion-exchange resins. 

The functional group of sulfonic acid of strong acid cation exchangers stays in 

the anionic state, allowing it to continue exchanging ions even in very acidic 

environments. Yet, at pH values below four, the weak acid cation exchanger's 

fumctional groups are totally protonated, rendering them unable to operate as an 

exchanger. 

Despite being designed to function in highly basic environments, the exchangers 

of strong base anions maintain their positive charge. The pH must be somewhat 

basic for weak base anion exchangers to keep their protonation state. A poor 

base anion exchanger's positive charge and, by extension, its exchange 

capability, are depleted in more basic environments
(8)

. Table (1.1) shows types 

of function group ion- exchange. 
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Table (1.1)  Types of function group  ion- exchange. 

 

A monovalent cation, denoted by M+, undergoes an ion exchange process at a 

strong acid exchange site, which is denoted by: 

                            

For this particular ion-exchange process, the equilibrium constant, which is 

sometimes referred to as ''the selectivity coefficient'', is: 

 

under which the square brackets {} denote a surface concentration. 

 

 

 

The value of D depends on how much H
+
 is present in the mobile phase, and 

hence on its pH. 
(16,17).

  

Porous polymer beads which are micron-sized or the resin coated on porous 

silica particles are used to integrate ion-exchange resins within HPLC columns. 

The degree of cross-linking and the strength of the exchange site in the resin 

both have a role in its selectivity. The latter plays a pivotal role since it 

determines the resin's permeability and, by extension, the ease with which 

exchange sites may be accessed. As D decreases, the following is a rough order 

of selectivity for a typical strong acid cation exchange resin: 
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It' has been shown that higher-charged ions have a stronger attraction than their 

lower-charged counterparts. Among a set of charged ions, the ones with the 

smallest hydrated radius or the highest polarizability form the strongest bonds. 

The typical order of cation and anion exchangers in a strong base is:  

 

Furthermore, ions possesing a bigger charge and a smaller hydrated radius bond 

more firmly in comparison to ions with a lesser charge and a larger radius that 

is hydrated. Retention period of a solute in 'IEC' is based on its acidity and ionic 

composition within the mobile phase, which is typically an aqueous buffer. 

Changes in the mobile phase's ionic strength or acidity can be made over a 

period of time, allowing for gradient elutions. 
(18,19).

 

The field of biochemistry
(21)

 and the field of water analysis
(20)

have both 

benefited greatly from the use of ion-exchange chromatography . Proteins
(22)

, 

amino acids
(21)

, sugars, drugs, nucleotides, consumer goods, and clinical samples 

are just some of the many substances that have been analyzed using ion-

exchange chromatography. 
(23,24).

 

 

(1.4.3)-Gel- permeation (molecular sieve) chromatography 

This technique relies on molecular size differences between macromolecules to 

guide the selection of separating conditions, with dextran-containing 

components playing a central role. This method is commonly used to lessen the 

saltiness of protein solutions and calculate their molecular weights. The inert, 

pore-sized molecules that make up the stationary phase of a gel-permeation 

column are very useful. At a steady pace, the column is constantly flushed with 

the solution, which contains molecules of varying sizes 
(6,25)

. 
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 Gel particle pores are too small to let through molecules that are too large and 

are instead trapped in the narrow space between them. Molecules of a greater 

size are able to flow swiftly throughout the column's interior because they can fit 

through the gaps between the porous particles. Diffusion into holes occurs for 

molecules that are smaller than the pores, and a proportionately longer exits path 

which is shown for smaller molecules when they leave the column
(26–28)

 as 

shown Fig (1.5). 

 

Figure (1.5) Technique gel- permeation chromatography 

(1.4.4)-Affinity chromatography
 (29,30) 

. 

 Hormones , enzymes , antibodies , target proteins and nucleic acids may all be 

separated using this chromatography method. The column's filling material is 

bound by a ligand that forms a compound with a target protein (polyacrylamide, 

dextran, cellulose, etc.). The ligand-binding protein is kept in the column due to 

its attachment to the support that is solid, whereas free proteins pass through. 

The acidity of the column is adjusted or a salt solution is added, which causes 

the bound protein to dissociate and flow out of the column. (Fig.1.6). 
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Fig. (1.6) Affinity chromatography. 

 

(1.4.5)-Paper chromatography 
(31-33) 

 

A blanket of highly saturated cellulose is used as a support material in paper 

chromatography. Throughout this technique, water drops settled in the pores of 

thick filter paper, serving as the stationary 'liquid phase'.  The mobile phase is 

the fluid used during the development stage. In chromatography parlance, paper 

chromatography is known as a "liquid-liquid" technique Fig .(1.7). 

 

 Figure (1.7) paper chromatography 
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(1.4.6)-Thin-layer chromatography 
(34)

 

As a kind of "solid-liquid adsorption" chromatography, thin-layer 

chromatography is a useful tool. The adsorbent coating on the glass plates 

represents the stationary phase under this technique. All solid materials are 

employed as adsorbents. These three materials (alumina&silica gel&cellulose) 

can all be used in column chromatography 
(35)

. The mobile phase is seen to rise 

through the stationary phase in this process. Because of the action of the 

capillary, the solvent moves upward along the wet thin plate. A pipette is used to 

dump a mixture on the bottom portions of the plate, and the method then propels 

the liquid upward at varying flow rates. That's how you get your analytes all 

neatly separated. This velocity of ascent is influenced by the polarity of both the 

substance and solvent.Fig.(1.8) (36)
. 

 

 

Figure (1.8) Thin-layer chromatography 

 (1.4.7)- Gas chromatograph
 (37-39)

    

Rather of using a gaseous or vaporous stationary phase, this technique makes 

use of a stationary phase ,which is liquid, that is adsorbed by an inert solid's 

surface in a column that is then inserted into the device. Chromatography using 

a gas as a mobile phase is known as ''gas chromatography''. The Helium or 
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Nitrogen gases make up the carrier phase. An inert gas (the mobile phase) is 

pushed throughout a column at elevated pressure. The analyzable sample is 

evaporated before being introduced to the mobile phase. Both the 

mobile& stationary phases on the solid support include components of the 

sample. Incredibly minute molecules may be separated using gas 

chromatography, which is a straightforward, flexible, highly sensitive, and 

easily implemented technology. Used for separating trace quantities of analyses 

Fig (1.9) . 

 

 Figure (1.9)Gas chromatography 

(1.4.8)- Dye- ligand chromatography (40,41) . 

The capability of various enzymes to link purine nucleotides for Cibacron Blue 

F3GA dye was a major factor in the development of this method. Adsorbed 

proteins are isolated from the column due to their similarity to the planar ring 

structure of NAD, which contains negatively charged groups. Fig.(1.10).  
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 Figure (1.10)Dye- ligand chromatography 

(1.4.9) - Hydrophobic interaction chromatography (HIC) 

Affinity chromatography adsorbents designed for ligand linking are employed in 

this process. The hydrophobic interaction chromatography (a.k.a HIC) method 

relies on the reactions between side chains that are linked to a chromatography 

matrix. Fig(1.11)
(42,43)

. 

 

Figure (1.11) Hydrophobic interaction chromatography (HIC) 
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(1.4.10) -Pseudo affinity chromatography
 (44,45)

 

In particular, the affinity of chemicals like anthraquinone dyes and azodyes for , 

kinases,dehydrogenases, transferases and  reductases makes them useful as 

ligands. IMAC (which stands for: Immobilized metal affinity 

chromatography)  is the most common sort of this chromatography Fig(1.12). 

  

Figure (1.12) Pseudo affinity chromatography. 

(1.4.11) - High-pressure liquid chromatography (HPLC) (46)  
 

Chromatography using a liquid membrane to separate molecules. Method of 

achromatography in which a liquid mobile phase is used. High-performance 

liquid chromatography (HPLC) uses a liquid mobile phase to transport a liquid 

sample or a sample that is solid which has been dissolved in an appropriate 

solvent through a chromatographic column.Liquid–liquid partitioning, ion 

exchange,liquid–solid adsorption and  size exclusion are examples of 

solute/stationary-phase interactions that play a role in the separation process. 

The instrumentation of a standard HPLC system is seen in Fig.(1.13). 
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Figure (1.13)  High-pressure liquid chromatography (HPLC) 

(1.5) Chromatographic Resolution
(47)

 

Chromatography's primary objective is to part sample constituents into distinct 

groups or peaks on their way down the column. Several characteristics, 

including retention duration, maximum width, maximum height and characterize 

a chromatographic peak. To further clarify, we might say that the following 

characteristics describe the resolution:  

 

 

 

 

   
   

     
--------(1-1) 

where: 

RS = resolution 

   = difference between retention times of peaks 1 and 2 

w2 = width of peak 2 at baseline 

w1 = width of peak 1 at baseline  .(fig.14 a ,b). 
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Figure (1.14) (a.one width ,b two width ) for Chromatographic Resolution 
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 (1.6)  Flow Analysis 

Flow analysis is the umbrella term for all analytical techniques that rely on the 

introduction of a sample into a flowing medium known as the carrier stream by 

aspiration or injection 
(48)

. 

 Two fundamental ideas can be used to classify flow analysis. The first is based 

on how samples are introduced, which can be continuous or discrete, and the 

second is based on the flowing medium, which can be segmented or 

unsegmented, as seen in
(49,50)  

Fig. (1.15) 

 

Figure (1.15) IUPAC classification of flow analysis methods 

 

The reason for the appearance of the peak in the flow injection technique is due 

to the occurrence of two processes, one of which includes the formation of the 

dispersion phenomenon, which is a physical process, and the second includes a 

chemical process resulting from the interaction between the model and the 

detector after each of them is injected through the injection valve into an 

uninterrupted moving vector stream, and this causes a gradient in the 

concentration and gives the absorbance or the potential difference or any other 

Flow Analysis 
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Sampling 

Segmented 

Unsegmented 

Discreted Sampling 

Aspiration of 
Sample 

Segmented Flow - 
Continous Flow 
Analysis (CFA) 

Unsegmented Flow 

Injection of Sample 

Monosegmented 
Flow - Mono 

Segmented Flow 
Analysis (MSFA) 

Unsegmented Flow 

Liquid 
Chromatography 

(LC) 

Flow Injection 
Analysis (FIA) 
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physical factor that changes as a result of passing the model through it, and thus 

the resulting signal is recorded in a peak form for each injection process .The 

processes that occur within any flow injection system can be described
 (51,52)

   

Fig. (1.16). 

 

Figure (1.16) Description of the injection technique 

 (1.7)  Flow-injection and HPLC
(53,54)

 

Similarities between the flow injection technique and high-performance liquid 

chromatography, and among the similarities that were found is the ability to 

inject as the sample is entered by injection in both techniques, the possibility of 

using small volumes, the flow in the form of parts i.e. the nature of the mixture 

is laminar, and a comparison can be presented Simplified to show similarities 

between flow injection technology and high performance liquid chromatography  

Fig.(1.17). 

 

          

 

Figure (1.17) Similarities between a- FIA and b- HPLC 

a 

b 
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Despite the similarities between FIA and HPLC
 (55,56) 

, there are significant 

differences between the two techniques, as HPLC technology requires higher 

pressure than in flow injection, while FIA can work by about 1.5 atmospheres 

by using a simple peristaltic pump, also the liquid passes in HPLC technology, 

through a column tightly packed with materials, while in FIA, the liquid passes 

through the sample area from a narrow tube, in addition to the fact that HPLC is 

complex and designed to estimate several components in one sample, while FIA 

is characterized by its simplicity and estimation of one component in the sample, 

so that both (HPLC, FIA) are two different techniques due to the different 

principles of each
(57) .

 

 (1.8) HPLC-FIA COUPLING 
(58)

 

It takes 2 injection valves, a chromatographic column , 2 pumps,  a reactor 

and an ongoing detector to make up a HPLC-FTA linked system, as well as 

reservoirs for the carriers, eluents and reagents. There are two ways to 

implement this relationship, both of which depend on the setting of the injection 

valve in the FIA subsystem (see Fig. 1.18): When the valve is located before the 

carrier's confluence with the chromatographic effluent (A) and when the valve’s 

located at the point of confluence (B). In order to stop air bubbles from poping 

up, restrictor coils’re frequently used. In analytical methods, these 2 modes're 

only utilised by a select few. 
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Figure (1.18) General arrangement of HPLC-FIA combination: (A) with FIA injection prior to 

the confluence with the chromatographic eluate; (B) with injection of the chromatographic 

eluate. C = carrier; R = reagent; S = sample; D = detector; W = waste. 

 

The use of 2 valves in an on-line HPLC-FIA linked system is not the only 

option, as it was previously mentioned 
(59)

. After the chromatographic process is 

complete, the effluent is pumped via a sampling valve's loop and periodically 

injected into the reagent flow. (Fig. 16B). In this case, automatic simultaneous 

operation of the two valves is required. Reducing sugar mixes were detected 

using a photometric detector, and amino acid mixtures were detected using an 

amperometric detector, both using this set up
(60)

. 

(1.9) Microfluidics 

 Microfluidics refers to technologies and methods for regulating and modifying 

fluid flows on a millimeter scale. Such fluid-related phenomena have long been 

studied as part of the fluid mechanical component of colloid science 
(61)

 and 

plant biology 
(62)

, and they depend on many fundamental features of viscous 

flow dynamics
(63)

. Ruzicka and Hansen described an unique microsystem 
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technique for the first time in 1984. The microconduits, microscopic 

potentiometric or optical detectors and  gas diffusion or ion exchange units were 

all part of the integrated microsystem
(59)

. Another experiment involved using a 

tiny syringe instead of a peristaltic pump. Lab-on-Valve is a monolithic 

construction with a channel system, flow cell, and detector positioned over a 

multi-position valve. The channels diameters of the Lab-on-Valve system are 

measured in centimeters and fractions of millimetersFig.(1.19). (
64

,
65

) 

 

Figure (1.19) Lab-on-Valve system 

Microfluidics was a word applied in the early 1990s to characterize 

microsystems. The sizes of channels in microfluidics were reduced to tens of 

micrometers, paving the door for the production of a complete Lab-on-a-chip or 

micro total analysis system (μTAS). As shown in Fig. (20 a,b) a microfluidic 

system comprises of a thin piece of glass or polymeric plate with microchannels 

and diameters of a few centimeters 
(66-68)
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Figure (20 a, b): The micro channels of microfluidic systems 

 

 (1.10) Monolith 

Innovations in column tech are a major force in the progress of separation 

research 
(69)

. During HPLC's existence, silica particle materials packed columns 

were the gold standard. In 1973, the first commercially available columns 

containing 10m silica C18 particles were introduced. Since then, scientists have 

systematically decreased particle size to speed up and improve separation 

processes
 (69,70)

. Because of the spherical packing, the external porosity of 

packed columns is fixed. As a result, column designs that allow for independent 

control of characteristic size (such as particle diameter) and porosity have the 

potential to produce intrinsically better chromatographic performance. As a 

result, polymer-monolith stationary phases have emerged as an appealing 

alternative for packed columns, with particular application in biomolecule 

analysis
(71,72).

 

(1.10.1) Monolithic columns 

In comparison to typical particle-packed columns, monolithic columns are 

comparatively easy to build, have great permeability,quick delivery of mass and 

high efficiency 
(73)

. Organic monolithic columns that are based on polymer, 

a b 
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those based on silica are the two basic forms of monolithic columns. 

Inorganic/organic monoliths are mixtures of these two categories. However, 

they are frequently referred to as hybrids, and the term hybrid is used in a 

variety of contexts, such as for columns made from a mixture of 

tetramethoxysilane and methyltrimethoxysilane
(69)

. 

Heat- or photo-initiated free radical polymerization of appropriate monomers 

and cross-linkers in the presence of porogens is a typical method for creating 

organic-polymer-based monoliths inside the column 
(74).

 Using a range of 

functional monomers and cross linkers, organic monolithic columns can give 

exceptional pH stability and tremendous flexibility in tuning monolithic 

chemical characteristics 
(75).

Changing the porogenic solvents, the polymerization 

temperature and duration might also be done to vary their porosity and surface 

qualities. To make matters worse, organic monoliths have a shorter lifespan and 

an undesirable high variability in low retention due to swelling caused by 

organic solvents and a lack of mechanical stability.
 (68).

 

Silica-based monoliths have a larger surface area, mechanical stability, solvent 

resistance, and separation efficiency than organic monoliths, but surface 

functionalization of silica-based monolithic columns is labor-intensive and time-

consuming. Fig.21. Depicts the structures of packed columns and monolithic 

columns
(76)

. 
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Figure (1.21)The difference in mobile phase movement in (a) packed column and 

(b) monolithic column 

 

(1.10.2) Classification of monolithic columns 

Monolithic chromatography columns have been made from organic polymers 

such as:( Polystyrenes, polymethacrylate and polyacrylamides-based)  and 

inorganic polymers such as:( titania, zirconia,  silica ). Monolithic columns are 

classified as either inorganic-based (typically silica-based) or organic polymer-

based monolithic columns
(77)

. released a research of the chemical composition 

and current uses of these various monoliths as replacements for conventional 

packed columns in capillary electrochromatography (CEC) and  micro-high 

performance liquid chromatography (μ-HPLC)
( 78  (

. 

Instead of the three main types of monolithic columns
(81)

, carbon monoliths
(72)

 

might be used as an appropriate chromatographic phase, adsorbent
(80)

, catalyst 

support
(79)

 and porous electrode in constant flow conditions. 
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 (1.10.2.1) Phases of Organic Monoliths 

In 1967,at the time where organic monolith phases were in their infancy, (Kubin 

et al.)
(82)

 developed a nonstop matrix of polymer enabling size-exclusion mode 

chromatographic separations employing a redox free-radical starting method. 

A  solution,which is aqueous, of twenty two percent 2-

hydroxyethylmethacrylate and zero point two percent ethylene dimethylacrylate 

was polymerized in a twenty five millimeter inner diameter glass tube at room 

temperature for twenty four hrs. 

Svec and Frechet employed macro-porous polymer monoliths, which are 

physically more stiff, as an effective stationary phase for HPLC in 1997, & until 

now, they've been put to extensive utilisation in every conceivable 

chromatographic procedure. These monolithic polymer materials were made 

utilizing a simple moulding technique involving the polymerisation of a mixture 

containing monomers, initiators and porogenic solvents 
(83)

. 

 (1.10.2.2) Silica monolithic phases 

In the seventies, Pretorious et al. 
(78) 

employed a continual porous foam,which 

is based on silica, as a ''chromatographic support'' for gas chromatography, 

describing one of the early attempts to create monolithic silica phases (GC). By 

hydrolyzing and gelating an alkoxysilane solution which contains poly(sodium 

styrenesulfonate), Nakanishi and Soga 
(84)

 in 1991 described a method for 

fabricating porous silica monoliths for use in high-performance liquid 

chromatography (HPLC). 

Sol-gel processes can also be used to make inorganic silica-based monoliths 
(85)

. 

This method of preparation, that happens in a mould, does, however, result in a 

reduction (shrinkage) of the entire silica structure. The diameters of the products 

are approximately four point six and seven milimeteres, respectively, when a 

mould with a diameter of six and nine millimeters is utilized. The silica 

monoliths ,which are produced as a result, should be coated with 
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polytetrafluoroethylene (PTFE) tubing or a PEEK resin to make a column for 

HPLC. Because the column length is limited to 15 cm, long, single and straight 

monoliths can’t be easily created using the sol-gel process. 

Silica-based monolithic columns have also been created by loading fused silica 

capillaries with octadecylated 6 m particles and then thermally treating them. 

with dimethyloctadecylchlorosilane, the monolithic packing was reoctadecylated 

(C18 groups reattached to the monolith) in situ 
(86)

. 

 (1.10.2.3) Hybrid Organic – Inorganic Monolith 

Organic-inorganic hybrids're substances that mix 2 or more integrating 

components at the molecular or nanoscale scale 
(89)

. They are exceptional in a 

wide range of domains, like: adaptability, durability, biocompatibility, and 

mechanical qualities. This high level of efficiency is made possible by the 

uniform distribution of organic functional groups inside the inorganic matrix 

construction. Because they're versatile and simple to work with, hybrid materials 

have numerous potential applications in the chemical sciences 
(40)

. Hybrid 

organic-inorganic monolith has gained significant interest as a possibly perfect 

material with a large surface area, great selectivity, superior mechanical 

strength&thermal stability. Hybrid organic-inorganic monoliths may be broken 

down into two distinct categories, one based on silica (hybrid silica monolith; 

HSM) and the other on polymers (hybrid polymer monolith; HPM) (HPM). The 

sol-gel technique is often used to make HSM, which is a monolith formed of a 

silica precursor incorporating organic moieties 
(89)

. A colloidal solution serving 

as a precursor for an integrated network polymer is the starting point for most 

material fabrication using the sol-gel method 
(90)

. Since the sol-gel technique 

only requires moderate conditions for the reaction and is highly flexible, it has a 

great deal of untapped promise as a method for creating hybrid inorganic-

organic matrices 
(90,91)

. Metal alkoxides and metal salts are common precursors 

that go through a variety of hydrolysis & polycondensation processes. Although 

silica-based monolithic materials may offer improved organic solvent tolerance 
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and mechanical stability, they are limited in their applications due to challenges 

like poor process control during production and a limited acidity operating range 

(pH: 2–8)as show on Fig (22).  

 

 

Figure (1.22)Different hybrid Organic – Inorganic Monolith 

 
 

(1-11) Development of Monolithic Materials in Chromatography 

Catalysis 
(92)

, filtration 
(93)

, electrochemistry 
(94)

, and separation sciences 
(95)

 are 

just a few of the applications for porous monolithic materials in science. 

Since the 1970s, chromatographic monolithic materials have been created in a 

variety of shapes, including  spheres, layers, rolls, irregular chunks, sponge 

pieces, tubes and cylinders
(96)

. These unique monolithic structures were created 

using a variety of materials, including cellulose is an example of an organic 

polymer, whereas synthetic polymers such as porous styrene-, methacrylate,  

acrylamide-based polymers and inorganic materials are examples of synthetic 

polymers (silica). A lot of focus has been granted to fluidic and surface 

properties, as well as the uses, of this range of monolithic materials. In LC 

(meaning liquid chromatography), various substances are separated using micro-

particle packed columns (one – ten m), that have a wide surface area in order to 

react with the mobile phase solutes. In spite of the historical dominance of 

packed columns as chromatographic separation medium, a new spectrum of 



 

27 
 

monolithic materials has recently been produced, enabling alternate 

chromatographic performance and selectivity
(96,97)

. 

 (1.11.1) Monolithic stationary phases for chromatography
(98,99)

 

Chromatographic band expansion is caused by the following: 

A- The existence of multiple flow paths, each with its own unique length and 

speed. 

B- Phase equilibration occurs slowly, particularly in pores on the nanometer 

scale. 

C- Solute diffusion with in fluid phase (mobile phase). 

 

Columns with its particles packed  with smaller particles (one-three μm) lead to 

quicker equilibration and thinner bands, as well as greater efficiency. This is 

because the contributions of components A and B to total band widening that are 

reduced (N). The primary drawback of this technique is a significant loss in 

pressure, which is inversley proportional to the square of the particle diameter. 

Total porosity of around eighty percent in monolithic columns is associated with 

much lower backpressures than compacted particle-based columns of around 

sixty five percent porosity. Therefore, it is assumed that the higher porosity of 

monolithic columns makes them suitable for strong flow rates. Using UHPLC 

(which stands for ultra high performance liquid chromatography) and sometimes 

very high temperatures are required when working with microparticle packed 

columns that create such high backpressures.
(72)

. 

(1.11.2) Monolithic columns have the following characteristics 
(100)

.  

1. A seamless, one-piece construction that is mechanically stable and doesn't 

rely on frits to keep its shape. 

 

2. It is very permeable due to its high porosity. 

 

3. The fast flow  that could be achieved due to the presence of big through-

pores and a thin skeleton may lead to quicker separation abilities. 
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Due to their great performance, miniaturization, and other desirable properties, 

monolithic materials have been implemented as HPLC phases and microfluidic 

chip columns (101). They were employed as high performance miniaturized 

columns for HPLC and  phases within microfluidic chips, for instance, and a 

new thin monolithic disk technology based on a polymer monolith as a new 

stationary phase in the shape of a flat "membrane" which is suitable for protein 

separation was developed. This novel idea of using short monolithic rigid disks 

was put utilised in both theory 
(102)

 and practice
(103)

. 
 

(1.12) Chromatographic separation using glycidyl methacrylate 

copolymers as a mixed-mode monolith column. 

condensing the carboxy group of methacrylic acid alongside the hydroxy group 

of glycidol produces glycidyl methacrylate, also known as (2,3-Epoxypropyl 

methacrylate), an enoate ester. Epoxide ester of enoate. From methacrylic acid 

and glycid, it is derived 
(104,105)

as showing in Fig (23). 

 

Figure (1.23) Glycidyl methacrylate(GMA) 
 

The polymerization process of glycidyl methacrylate to form different polymer; 

therefore, PGMA is a one-of-a-kind structure that can be purified and stored in 

its homopolymer structure with a lot of control over the production 

procedure
(106)

. To further expand the spectrum of structures and applications of 

the final materials, co-polymerization with any other acrylate or methacrylate 
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monomer is feasible. 1–16 to obtain functionalised polymers, the epoxy side 

chains of PGMA can be treated to a nucleophilic ring-opening process under a 

variety of circumstances  Fig (24). Because of the large range of chemistry 

accessible, the nature of the functional group and the manner of the ring-opening 

reaction can be arbitrarily chosen. PGMA's flexibility distinguishes it as a 

versatile and effective reactive scaffold in polymer chemistry
(107)

. 
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Figure (1.24) Scheme Polyglycidyl methacrylate post-polymerization modification 

processes. 
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(1.13) Different methods for various samples determination by 

Chromatography technique. 

It is possible to analyze a wide variety of samples using chromatography. 

Chromatography and other techniques are given in tables (1.2) & (1.3), 

accordingly. 

Table (1.2)  Some of Chromatography techniques for the determination of different samples. 

Seq

. 

Method analytes λmax (nm) Linear range Detection limit Applicat

ion 

Ref. 

1 Online 

Column 

Switchi

ng 

Liquid 

Chroma

tograph

y 

clenbuterol 
(CLEN) and 

doxazosin (DOX) 

250 75.0 

ng/mL–

200.0 

µg/mL for 

CLEN and 

37.5 

ng/mL–

100.0 

µg/mL for 

DOX 

8.47 and 25.66 

ng/mL 

for CLEN and 

DOX 

Pharmac

eutical 

products 

108 

2 RP-

HPLC 

and 

HPTLC 

Ciprofloxacin 
Hydrochloride, 

Of loxacin, 
Tinidazole and 

Ornidazole 

272.2, 292, 

316.8, and 

317.4 nm 

respectivel

y. 

y = 12.835x 

– 18.032, y 

= 33.788x – 

47.343, y = 

14.233x + 

32.164, and 

y = 15.602x 

+ 35.822, 

respectively 

0.22 µg.mL-1, 

0.40 µg.mL-1, 

0.19 µg.mL-1, 

0.37 µg.mL-1, 

respectively 

Pharmac

eutical 

products 

109
 

3 RP-

HPLC 

and 

HPTLC  

Carve dilol 245 11-211 µg 
mL-1 and 

2.0-37.4 

µg/spot 

 29 µg mL-1and 

0.05 µg/spot 

respectively . 

Pharmac

eutical 

products 

110
 

4 (HPLC

) 

Amlodipine 
(AML) 

465  2-30μg 

/mL 

0.01μg/mL Pharmac

eutical 

products 

111
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5 RP-

HPLC 

Naproxen 254  0.5 to 80 

ppm 

10 ng/mL Pharmac

eutical 

products 

112
 

6 capillar

y gas 

chroma

tograp

hy 

Epichlorohydrin 

(ECH) 
------- 0.6 to 3.4 

µg/mL 

0.15 µg/mL Pharmac

eutical 

products 

113
 

7 RP-

HPLC 

Sertaconazole 

nitrate(SER) 
260 10 to 500 

μg/ml 

0.1 μg/ml Pharmac

eutical 

products 

114
 

8 Gas 

Chrom

atogra

phy 

polycyclic 

aromatic 

hydrocarbons 

(PAHs) 

----------- 0.64 x 10-7 

to 3.16 x 10-

7
 

(1 x 10-6) Pharmac

eutical 

products 

115
 

9  RP-
HPLC 

Polythiazide  265  12.5–500 
ng/m of 

prazosin and 
6.25–250 
ng/ml of 

polythiazide 

0.0125 μg/ml of 
prazosin and 

0.01875 μg/ml of 
polythiazide 

Pharmac

eutical 

products 

116
 

 

 

 

 

 

 

 

 

 

 

 

 



 

33 
 

 

Table (1.3): The other methods for determination the plant, biological and environmental samples by 

Chromatography technique. 

Seq. Method Analytes Part of 

Plant 

Type of 

Elution/Mobile 

Phase 

Conditio

ns 

Detector Ref. 

1 HPLC 

monolithic 

columns 

quercetin, 

naringenin, 

naringin, 

myricetin, rutin, 

kaempferol 

tomato

es 

isocratic elution/ 

A: 50 mM 

phosphate buffer 

(pH = 2.2)/ACN 

(75:25, v/v) 

B: 2 mM formic 

acid/ACN 

(75:25, v/v) 

1.0 

mL/min/

25 

◦C/one 

column 

A: UV 

B: MS 

117
 

2 TLC, HPLC, 

UPLC-ESI-

QTOF-MS and 

LC-SPE-NMR 

fingerprinting aerial 

parts 

from 

Ipomo

ea 

aquatic

a 

gradient elution/ 

MeOH/H2O 

containing 0.05% 

TFA 

1.0 

mL/min/

25 

◦C/two 

columns 

UV 118
 

3 Ultrafast UPLC-

ESI-MS and 

HPLC with 

monolithic 

column 

vanillin, vanillic 

acid, 

p-

hydroxybenzoic 

acid, 

p-

hydroxybenzald

ehyde 

pods 

from 

Vanilla 

planifo

lia 

isocratic 

elution/ACN/0.05

% TFA in H2O 

(12:88, v/v) 

4.0 

mL/min/

35 

◦C/one 

column 

PDA 
119

 

4 LC columns. glycyrrhizic and 

glycyrrhetinic 

acids 

roots 

from 

Glycyr

rhiza 

glabra 

gradient 

elution/H2O/AC

N 

both acidified 

with 0.05% TFA 

2.5 

mL/min/r

oom 

temp./on

e column 

PDA 
120

 

5 (LC–MS) proanthocyanidi

ns 

pea 

from 

Pisum 

sativu

m, 

lentil 

from 

Lens 

culinar

is,faba 

bean 

from 

Vicia 

faba 

gradient elution/ 

H2O/ACN both 

with 1% acetic 

acid 

(v/v) 

3.0 

mL/min/

30 

◦C/two 

columns 

DAD 
121

 

6 (HPLC-CE ) niaziridin and 

niazirin 

leaves, 

pods, 

and 

bark 

from 

Moring

a 

oleifer

a 

isocratic elution 

MeOH/sodium 

dihydrogen 

phosphate–acetic 

acid bu 

er 

(0.1 M, pH = 3.8) 

(20:80, v/v) 

0.7 

mL/min/

25 C/one 

column 

PDA 
122

 

7 HPLC  

 

 

geraniin, ellagic 

acid, gallic acid 

rind 

from 

Nephel

isocratic 

elution/ACN/H2

O 

0.5 

mL/min/r

oom 

UV–Vis 
123
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ium 

lappac

eum 

(30:70, v/v) temp./on

e column 

8 (HPLC-UV) rutin, 

isorhamnetine-

3-O-rutinoside, 

isorhamnetine-

3-O-glukoside, 

quercetin, 

isorhamnetin 

berries 

from 

Hippop

haë 

rhamn

oides 

gradient 

elution/H2O/AC

N 

(both acidified 

with 1% acetic 

acid) 

3.0 

mL/min/

40 

Cº/one 

column 

ppm 

UV 
124

 

9 (HPLC-CL)  

α -solanine and  

-chaconine 

potato 

tubers 

isocratic 

elution/20 mM 

phosphate 

bu 

er (pH = 

7.8)/ACN (65:35, 

v/v) 

0.6 

mL/mino

ne 

column 

CL 
125

 

10 centrifugal 

partition 

chromatography 

(CPC) 

lysergol and 

chanoclavine 

seeds 

from 

Ipomea 

murica

ta 

isocratic elution 

ACN/0.01 M 

sodium 

dihydrogen 

phosphate bu 

er (with 0.2% 

TFA) 

(pH = 2.5) (15:85, 

v/v) 

1.0 

mL/min/

25 

Cº/one 

column 

PDA 
126

 

11 HPLC 

stationary 

phases of 

monolithic 

vitamins K3, 

D3, E, and A 
capsule

s and 

pediatr

ic 

drops 

                 
          
                 
                
    
             
    

      
    
           
            

DAD 127
 

12 LC-ESI-MS/MS aspirin and 

dipyridamole 

human 

plasma 

isocratic 

elution/MeOH/0.

1% formic acid in 

H2O (90:10, v/v) 

1.0 

mL/mino

ne 

column 

MS/MS 
128

 

13 LC-MS/MS codeine human 

plasma 

isocratic elution 

ACN/10 mM 

acetic acid (pH = 

3.5) 

(50:50, v/v) 

1.0 

mL/min/

25 

Cº/one 

column 

MS/MS 
129

 

14 SPE-HPLC Chloramphenic

ol 

 

 

 

 

 

 

 

human 

blood 

isocratic elution/ 

100 mM 

phosphate bu 

er (pH = 

2.5)/ACN 

(75:25, v/v) 

 

1.5 

mL/min/

28 

Cº/one 

column 

UV–Vis 
130

 

15  (HPLC -UV)  cefadroxil, 

cefaclor, 

cephalexin, 

cefotaxime, 

cefazolin, 

cefuroxime, 

cefoperazone 

and ceftiofur 

milk gradient 

elution0.1 %

formic acid/ 

MeOH/ACN 

(75:25 v/v) 

1.5 

mL/min/-

/one 

column 

PDA 
131

 

16 LC-MS/MS dapsone and N- human isocratic 0.8 MS/MS 
132

 



 

35 
 

acetyl dapsone plasma elution/ACN/2 

mM ammonium 

acetate in H2O 

(90:10, v/v) 

mL/mino

ne 

column 

17 (Ultra-HPLC) retinol and  

-tocopherol 

serum 

and 

human 

breast 

milk 

100% MeOH 1.5 

mL/min/

50 

Cº/one 

column 

FL 133
 

18 

 

 

 

(UV- 
monolithic 

column) off-line 

Ni
+2

 and Cu 
+2

 Water 

waste 
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(1.14) Aims of Study  

1. Investigation and preparation of  chromatographic monolith columns . 

2. Investigate different monomers and cross linker to form suitable monolith. 

3. Off-line and online methods for incorporation ions with the monolith 

column. 

4. Chromatography was connect to flow-injection and microfluidic injection 

techniques.U.V polymerization will be used to form desire polymer. 

5. Implementing the plan on Al-Ma'amira heavy water treatment plant in Hilla. 
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2. Chemicals and Apparatus 

(2.1) Apparatus 

         The table (2.1) illustrated the devices and their information, which are 

used in the present study. 

Table (2.1): Devices and tools used in this study 

Seq. Device and tools Manufacturer 

1 Electronic analytical balance with four 

decimal places  

Denver Instrument, Germany 

2 UV-Visible spectrophotometer, double-

beam 

Shimadzu (UV-1700), Japan 

3 UV-Visible spectrophotometer, single-

beam 

PD-303UV APEL, Japan 

4 Dual syringe pump U.S.A (Kd Scientific) 

5 intelligent HPLC pump PU-980, Italy (JASCO) 

6 Irradiation device locally manufactured 

8 Hot plate Ardeas 51, Germany 

9 3 way valve medical German 

10 Thermometer Chine 

12 valve with six different way Binary  Homemade 

13 pH-meter German 

14 Water bath and shaker M00/M01Memmert, Germany 

15  Glass column (borosilicate tube )(60 mm) Germany 

16 polyetheretherketone (PEEK) tube UK 

17 Microfluidic chip  with Monolith column Homemade 

18 Microfluidic chip   Homemade 

19 Glass syringe SGE 009760 

20 stainless steel tubing HPLC throughout 

of ID=0.5 mm  

Germany 

21 Micropipettes (10-50)µl &(100-1000)µl Chine 

22 

 

23 

 

24 

25 

 

26 

Sonicator ultra sonic bath  

 

Valve HPLC (operate at pressures up to  

17400 psi) multi-position valve, 6 ports 

Atomic Absorption Spectroscopy  

Brunauer-Emmett-Teller (BET ) 

 

    Proton nuclear magnetic resonance           

India 

 

Germany  

 

SHIMADZU AA-6300 

     BEL, Model: BELSORP, Japan  

 

Model: Innova 5 Concole with an 
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27 

 

 

(
 1

HNMR )  

 

 

Field Emission Scanning Electron 

Microscopy (FESEM ) 

 

Oxford 500 Magnet, Country: 

United state 

 

TESCAN, Model: Mira3, Czech 

Republic 

28 Syringe pump Bioanalytical System Inc., USA 
29 FT-IR 380 spectra  Bruker 

 

(2.2) Chemicals 

         Table (2.2) shows the substances employed in the current study.  

Table (2.2): Chemicals used in this study. 

Se

q. 

Name Formula Molecu

lar 

weight 

(g/mol) 

Purity

% 

Supplier 

1 3- (trimethoxysilyl) 

propylmethacrylate 

C10H20O5Si 248.35 98.00 Sigma-

Aldrich 

2 Glycidyl methacrylate C7H10O3 142.15 97.00 Sigma-

Aldrich 

3 Ethylene dimethacrylate C₁₀H₁₄O₄ 198.22 98.00 Sigma-

Aldrich 

4 2, 2-Dimethoxy-2-

phenylacetophenone,(DAP) 
C6H5COC(OCH3)2C6H5 256.30 99.00 Sigma-

Aldrich 

5 (2- diethylamino) ethyl 

methacrylate 

C16H16O3 256.30 97.00 Sigma-

Aldrich 

6 Acrylic acid C3H4O2 72.06 99.00 Sigma-

Aldrich 

7 Acrylamide CH2=CHCONH2 71.08 ≥98.00 GCC 

8 Sodium sulfite Na2SO3 126.04 ≥98.00 BDH 

9 Sodium bisulfite solution NaHSO3 104.06 40 BDH 

10 Acetone C3H6O 58.08 99.80 Sigma-

Aldrich 

11 Sodium hydroxide NaOH 40.0 99.00 BDH 

12 Hydrochloric acid HCl 36.46 39.00 Fluka 
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13 1-Propanol C3H8O 60.1 99.50 Merck 

14 2-Propanol C3H8O 60.1 99.70 Merck 

15 Sodium sulphate Na2SO4 142.04 99.00 BDH 

16 2-Butanol C4H10O 74.12 99.50 Riedel-de 

Haen 

17 Methanol CH4O 32.04 99.50 BDH 

18 Hexanol C6H14O 102.17 99.85 BDH 

19 Formic acid HCO2H 46.02 85.00 Thomas 

Baker 

20 Benzene C6H6 78.11 99.00 Sigma-

Aldrich 

21 Chloroform CHCl3 119.38 99.00 Scharlau 

22 Dichloromethane CH2Cl2 84.93 ≥99.80 Sigma-

Aldrich 

23 Sulphuric acid H2SO4 98.07 98.00 GCC 

24 Diethyl ether (CH3CH2)2O 74.12 ≥99.70 Sigma-

Aldrich 

25 N,N-

Dimethylformamide(DMF) 
HCON(CH3)2 73.09 ≥99.80 GCC 

26 Dimethyl 

sulfoxide(DMSO) 

(CH3)2SO 78.13 ≥99.90 GCC 

27 2,6,8-

Trihydroxypurine(Uric 

acid) 

C5H4N4O3 168.11 ≥99.90 Sigma-

Aldrich 

28 Nickel(II) nitrate Ni(NO3)2 182.70

3 

≥97.00 Sigma-

Aldrich 

29 Copper(II) nitrate 

trihydrate 

Cu(NO3)2 · 3H2O 241.60 99-104 Sigma-

Aldrich 

30 Nitric acid HNO3 63.01 70.00 Himedia 

 

 (2.3) Fabrication of the monolithic column materials 

The monolith was fabricated inside a 60 mm borosilicate tube with a (1.5 mm) 

inner diameter and a (3.0 mm) exterior diameter. The borosilicate tube was 
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connected to the polyetheretherketone (PEEK) tubing with a stainless reduction 

steel union 1/8" to 1/16" adapter, and the PEEK tubing was connected to the 

glass syringe with a microtight adapter. For the polymerization process, all 

solutions were pumped into the borosilicate tube using a syringe pump. A image 

of the experimental setup for fabricating the polymer-based monolith is shown 

in Figure (2-1). 

 

Figure 2.1 Photograph for fabrication of the polymer based monolith. 

 (2.3.1) Fabrication of the microchip for monolithic materials 

The  glass microchip has been produced, however it has two 1.5 mm diameter 

holes on the top layer that were drilled using typical glass drilling procedures for 

the intake and outflow of the mobile phase. The microchip was bonded to the 

PEEK tubes with epoxy glue, and the syringe pump for silanization was then 

linked to it as shown in Figure (2.2). 
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Figure 2.2 Microchip device design for LC separation. 

(2.3.2) Silanization step to preparing the inner surface of the tube  

To ensure that the polymer formed inside the glass tube does not come out or 

displace at different pumping rates, as well as to stabilize the bonding of the 

polymer formed inside the glass tube. This process is accomplished by washing 

the tube with acetone, then water, and then activating the inner surface of the 

borosilicate tube with a 0.2 M sodium hydroxide solution for 1 hour. After that, 

it was rinsed with water, then treated with a 0.2 M hydrochloric acid solution for 

1 hour. After that, it was flushed with water, then ethanol, and lastly silanized 

with a 20 percent solution of 3-(trimethoxysilyl) propylmethacrylate in ethanol. 

After being dried with nitrogen gas, the borosilicate tube was ready for 

polymerization.  

(2.3.3) Polymerization step 

 Based on the method of preparing the polymer made by (Ueki) with some 

modifications that fit the study.The monolith (GMA-co-ACA co-AAM) as (0.4 

mL of GMA,0.2 mL of ACA a 0.3 mL AAM, 0.05 mL (EDMA) as a cross-

linking agent and 2,2-Dimethoxy-2-phenylacetophenone  (corresponding to 1 

wt%  of the amount of total monomers) was added to the monomer solution as 

an initiator. All these compounds were dissolved into porogenic solvent (1mL of 
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ehanol , 0.6 mL of hexanol ). After purging with nitrogen for 5 min to remove 

the oxygen ,the monolith was synthesized by a free-radical polymerization. The 

distance between the lamp and the borosilicate tube was 10 cm. The monomer 

solution was immediately pumped inside  the borosilicate and the two ends of  

the tube was closed using  robber stopper . The polymerization process was left 

to proceed for 3min  at  UV light using UV lamp at 365 nm for anticipated 

irradiation time. The monolithic  synthesized and  washed with ethanol after 

with water to remove the porogenic solvent and remaining monomers present in 

the column. is shown in Fig (2-3). 

 

Figure 2.3. Photograph for Polymerization step. 

(2.3.4) Preparation of monolithic column 

           The mixed mode monolithic columns were made using the procedures 

outlined in table 2.3. The monomers were studied in a variety of kinds and 

ratios, while the (v/v) ratio of monomers to cross-linker  and initiators  remained 

constant respectively (50 µl, 1% ) . 

Table 2.3 The monomers that are used to prepare the monolith column 
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(2.3.5) Investigation of the irradiation distance 

              The influence of distance between the irradiation source  at 5 to 25 cm , 

and the prepared separation column was investigated in order to determine the 

ideal distance for polymer formation inside the separation column. 

 (2.3.6)The effect of irradiation time 

          The irradiation time was investigated for each  to prepare monolithic 

column that has high surface area and reasonable pore size, at using a variety of 

irradiation periods ranging from (1-6) min. 

  (2.3.7) Effect of porogenic solvents 

            The porogenic solvent can play an important role in the monolith 

formation, therefore, the composition of the porogenic solvent is by using 

(ethanol) besides other solvent that listed in. 

(2.3.8)Limitation of Swelling Percentage 

          The swelling percentage of the monolith was measured using a variety of 

polar and non-polar solvents, including water, methanol, ethanol, benzene, and 

solvent (2) µLsolvent (1)  µLMonomer (AAM) mLMonomer (ACA) mLMonomer (GMA) mLMonomers ratio (v/v)NO.

hexanol 6501-Propanol 10000.0900.8190---101

hexanol 6501-Propanol 10000.8100.0910---902

2-butanol 6501-Propanol 10000.4500.4550----503

2-butanol 6501-Propanol 100000.450.4550----504

2-butanol 6501-Propanol 100000.810.0910---905

2-butanol 6501-Propanol 100000.090.8190---106

2-butanol 6501-Propanol 10000.450.45050----507

hexanol 6501-Propanol 10000.090.81090---108

hexanol 6501-Propanol 10000.810.09010---909

hexanol 650ethanol 10000.30.30.350--50--5010

hexanol 650ethanol 10000.090.210.660-20--1011

hexanol 650ethanol 10000.210.090.660-10--2012

hexanol 650ethanol 10000.30.20.440--20-3013

progen solvent
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acetonitrile, among others. Specific weights of the polymer were taken and 

submerged in the aforementioned solvents, and the weight of the monolith was 

then measured. The monolith of  Swelling ratio was calculated according to 

equation:- 

                                                 

 (2.3.9)Calculation chelating capacity for monolith column. 

          A capacity of the monolithic column was calculated by the following 

expression
(133)

 : 

                                                   

where Q is the chelating monolith column of adsorption capacity (mmol.g-1), V 

is the eluate of volume (L), C is the concentration of (M
2+

) in the eluate 

(mmol.L
-1

), and W is the dry weight of the monolith inside the column (g). 

 (2.3.10) Ring opening reaction of (GMA-co-ACA-co-AAM) 

monolithic column. 

            The epoxy ring in glycidyl methacrylate monomer was opened using 

reaction, sulfonation of the epoxy ring to form cationic/hydrophobic interactions 

using sodium sulfate. 

The epoxy group was sulfonated by pumping a sulfonation solution using 

syringe pump that contained  dimethyl sulfoxide ( 0.54 mol L-1.) as cationic 

surfactant and 2.52 g (1 mol L
-1

) of sodium sulphite anhydrous was dissolved in 

10 mL of distilled water (NaHSO3/water/DMSO) =1/7/3 (weight ratio)for 2 

hours at 5 μL min-1 in column block heater at 70 ºC. Then the monolith was 

washed with 10 mM  HCL at 5 μL min-1 for 1 hour, finally washed with water 

for 2 hours. 

2.4 Characterization of monolithic material 
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(2.4.1) (BET) Analysis & Scanning electron microscope (SEM). 

             The Brunauer-Emmett-Teller (BET) model analyser BJH (Barrett-

Joyner-Halenda) model was used to evaluate the monolith of surface area and 

average pore size. To extract the monolith easily from the disposable plastic 

syringe, the monolith was created within (1 mL) a disposable plastic syringe 

following the procedure described in 2.3 without the silanization step. The 

unreacted components were then washed away using ethanol and water. The 

monolith was dried at 60 degrees Celsius in a column block heater. The surface 

area and average pore size of the monolith were determined using the BET 

isotherms of nitrogen adsorption and desorption at 77 K. A scanning electron 

microscope (Zeiss EVO 60) was used to characterize the morphology of the 

monolithic columns that have been prepared. 

 (2.4.2)Porosity measurement 

             The total porosity of the monolith was determined using the Fletcher et 

al. method, which involved weighing the monolith when it was dry (i.e., all 

pores contained only air) and then filling it with deionized water using a syringe 

pump for 3 hours to ensure that the monolith was completely filled with 

deionized water. Using the equation below, the porosity was calculated. 

ØT = (WM-WT) / dLR
2π              

Where: ØT= Total porosity , WM= Weights of the monolith when filled with 

water,  WT= Weights of the monolith when dried , d=Density of water, 

L=Length of the monolithic column ,R= the column's cylindrical radius. 

(2.4.3)Permeability of the monolith 
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            The backpressure generated by the HPLC system pump was used to test 

the monolith permeability. The pressure value was recorded once the pressure 

was stabilized. 

(2.5)Synthesis of imidazole-azo ligand ((E)-2-((4 

methoxyphenol)diazenyl)-4,5-diphenyl-1-Himidazole. 

             Dissolve 1.23 g (0.01 mol) of the compound (p-methoxy aniline) in a 

mixture of distilled water and hydrochloric acid (37%) (30 ml distilled water + 3 

ml hydrochloric acid), cool to a temperature (0-5°C) and add  to cold solution of 

sodium nitrite (NaNO2) that prepared by dissolving (0.8 g) in (15 mL) distilled 

water and the mixture was left for 15 minutes to complete the denitrification 

process. After completing the denitrification process, a solution of diazonium 

salt was added gradually and very slowly with shaking.  

The reagent solution was prepared by dissolving 2.2 g (0.01 mol) of the 

compound (5.4 diphenylimidazole) in 50 ml of ethanol.  mixed with a solution 

consisting of dissolving 1 g of sodium hydroxide in 10 ml of distilled water, to 

give a red-orange color indication of the occurrence of the duplication process, 

and after completing the addition process, 100 ml of ice water was added, and 

then the acidity function was adjusted, and the mixture was left with stirring for 

half an hour, after which it was filtered and dried, and the precipitate was 

recrystallized with ethanol. 

(2.5.1) (FT-IR) spectroscopy ,(C.H.N) and 1HNMR  analysis for  

synthesis of Schiff base ligand. 

            To identify the presence of particular chemical groups in the ligand, 

FTIR was used in the transmittance mode. The 3500-1000 cm
-1

 spectral region 

was used to record the spectra. The proper metal to ligand ratio of the 

compounds was found using the elemental analysis (CHN) of the Schiff base 

and the complexes. The 
1
HNMR spectra of the ligand was recorded in DMSO-
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D6. The 
1
HNMR spectrum of the ligand shows the following signals: phenyl 

multiples at (7.1 -8) δ range . 

(2.5.2) Effect of  new reagent concentration and pH buffer 

concentration. 

            The concentration of reagent was studied at the range (1x10
-6

-1x10
-3

) M. 

While the optimum pH range for the complex formation was examined using 

buffer solution consisting  of 0.2M NH4OH and 0.2M HCl at range (3.5-8). 

 

 

 

 

 (2.6) Stock solutions. 

 (2.6.1)  0.2 mol.L
-1

of HCL. 

          This solution was prepared by adding 1.7 mL of concentrated 

hydrochloric acid to a volumetric flask filled with 100 mL of water (35% (w/w) 

purity hydrochloric acid and 1.18 g/mL specific gravity). The volume was then 

filled to the desired level.  After standraztion for  HCl it was titrated with 

sodium carbonate and using Methyl red as a guide, where (10) ml of the 

previously prepared 0.1 M sodium carbonate solution was taken and placed in a 

volumetric flask, to which two drops of the guide were added while the burette 

was filled with 0.1 M hydrochloric acid solution. The blunt was repeated three 

times, each time according to the volume of acid coming down from the burette 

needed to change the color of the solution from yellow to pink. Vaverage was 
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extracted and the following law was applied to calculate the exact molarity of 

the acid:(M X V) Na2CO3 = (M? X Vaverage) HCl 

The smear results showed that the true molarity of the acid is 0.094 molar. 

 (2.6.2)  0.2 mol.L
-1

of  NaOH. 

              This solution was prepared by combining (0.8 g) of sodium hydroxide 

with (50 mL) of distilled water in a dry, clean beaker. Once the mixture had 

completely dissolved, it was transferred to (100 mL) of a volumetric flask, 

where the volume was then completed to the desired level. It was titrated using 

pre-titrated hydrochloric acid and phenonphthalein indicator, where (10) ml of 

0.094 hydrochloric acid was taken and placed in a volumetric flask, to which 

two drops of the guide were added while the burette was filled with 0.1 M 

NaOH solution. The slurry was repeated three times, each time according to the 

size of the base coming down from the burette needed to change the color of the 

solution from colorless to pink. (V)average was extracted and the following law 

was applied to calculate the exact molarity of the base: 

)M X V) HCl = (M? X V average) NaOH  

The deformation results showed that the true molarity of the base is 0.132 molar 

(2.6.3) 200 mg. L
-1

 of Nickel (II) Solution 
. 

             After adding 50 mL of distilled water to 0.1556 g of nickel (II) nitrate in 

a dry, clean beaker to dissolve it, the solution was transferred to a (250 mL) 

volumetric flask, and the volume was then filled to the mark with distilled water. 

Subsequently, several solutions were made with varying concentrations of the 

original solution. 

(2.6.4) 200 mg.L
-1

 Copper (II) Solution 
.
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             After adding 50 mL of distilled water to 0.1900 g of copper (II) nitrate, 

the solution was dissolved. It was then transferred to a 250 mL volumetric flask 

and the volume was topped off with distilled water. Subsequently, a series of 

solutions were made with varying concentrations from the original solution. 

(2.6.5) 100 mg.L
-1

 Neocuproine reagent . 

               Neocuproine, 0.01 g, was added to a dry, clean beaker along with 5 mL 

of ethanol, and when it had completely dissolved, the solution was transferred to 

a 100 mL volumetric flask where distilled water was used to bring the volume 

up to the desired level. 

 (2.7) Design and fabrication of microchip device for connected 

FIA-HPLC. 

             A glass microchip with the dimensions of 50 mm in length and 15 mm 

in breadth was created from B-270 crown glass (SKAN). It had two layers, each 

of which was 3 mm thick. Traditional glass drilling methods were used to make 

the two holes (each 1.5 mm in diameter) in the top layer, which serve as the 

mobile phase's inlet and outflow. The second layer was constructed up of the 

channel that was machined using a CNC machine; it had the following 

dimensions: 30 mm long, 1 mm wide, and 500 m deep. The two layers were then 

thermally fused for three hours at 585 °C to form the chip design. As soon as the 

chip was ready for use, the monolith was built inside it using the identical 

techniques shown in 2.3.1 , 2.3.2 and 2.3.3 .The chip was then linked to an FIA-

HPLC system to study sample separation. 

(2.8) Applications of (GMA-co-ACA-co-AAM) monolithic column. 

 

 (2.8.1) Waste water Samples Supplied from Al-Maimira station 
         These samples were injected after treatments by with HCl (0.2 M) for the 

determination of Cu (II), Ni (II) in water samples. After opening the glycidyl 
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methacrylate epoxy ring as described in (2.3.10) the monolithic column 

performance was investigated to separate diverse range of these ions and the 

samples were prepared by preparing a stock solution of each compound, then 

prepared the desire concentration from the stock solution. 

(2.7) Lengths and Volumes of The Loops  

 (2.7.1) Stainless reduction steel  and  teflon loops 

 The volumes of stainless reduction steel and teflon loops were calculated 

depending upon their lengths according to the equation (2-4): 

              

Where, V, the volume of loop per μL, r, the radius, and L, represents the height 

of cylinder (length of loop). Note that the diameter of loop is 1.00 mm & 

Stainless reduction steel diameter is 0.5mm. 

                                  Table (2.4): The loops' lengths 

Seq. loop's volume teflon loops (μL) loop's volume Stainless steel (μL) 

1 86.35 20 

2 117.75 25 

3 157.00 30 

4 196.25 35 

5 235.50 ---- 

6 274.75 ---- 
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  3. Results and Discussion 

(3.1) Investigation and preparation of ion-exchange monolithic 

column. 

        The monolithic column was constructed within a borosilicate tube with a 

length of 60 mm and an inner diameter of 1.5 mm, while the outer diameter is 3 

mm, as indicated in Figure (3.1), with the inner surface of the tube was prepared 

to utilize paragraphs (3.3), (3.2), and the polymerization process.  

Chemical resistance, low thermal expansion coefficient, and usage at relatively 

high temperatures are all characteristics of borosilicate glass. It comes in various 

shapes and sizes, including rod, tube, and plate, as well as machined and hot-

formed parts
 (134,135)

. Therefore, it was chosen to prepare the monolith column. 

 

Figure 3.1 Diagram of a borosilicate tube before the siltation step. 

(3.2) Preparing the inner surface of the tube (Silanization step) 

Preparing the inner surface of the tube is the most crucial stage in forming the 

monolith within the borosilicate tube. 3-Trimethoxysilyl (propyl methacrylate) 

reacts with silanol groups (Si-OH) on the borosilicate tube's inner wall. 
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The process is to install the monolith on the inner wall of the tube and ensure 

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

speed. As well as it helps prevent the shrinkage effect during the polymerization 

process. And avoid interactions that occur with silanol groups . The process of 

preparing the inner surface of the tube includes several steps. In each of these 

steps, the solutions necessary for the conditioning process are pumped into the 

borosilicate tube using a syringe and a flow rate of 5ml min
-1

 for one hour. The 

first step was to wash the inner wall of the tube using acetone to remove any 

organic matter, then rinse with distilled water to remove any acetone residue. 

Then a sodium hydroxide 0.2M solution was used to decompose the siloxane 

groups and increase the density of the silanol groups, then washed with distilled 

water to remove any remaining basic solution
 (136)

. 

Furthermore, a hydrochloric acid solution of 0.2M was used to remove residual 

alkali metal ions; the borosilicate tube was then rinsed with distilled water to 

remove any residual hydrochloric acid, after which it was washed with ethanol 

to remove the distilled water. Finally, trimethoxysilyl (propyl methacrylate-3) 

was injected into a borosilicate tube and allowed to react for 1 hr, after which 

the tube was dried with nitrogen gas. Now the trimethoxysilane groups are 

attached to the silanol groups on the surface of the tube, while attached 

methacrylate groups will contribute to the polymerization reaction, linking the 

monolith to the inner walls of the glass tube
(137)

. The steps for preparing the 

inner surface of the tube are shown in the schema and figures (3-2) and ( 3-3). 

 

 



Chapter Three                                                                                         Results & Discussion 

 

15 
 

 

Fig. (3.2): Schematic diagram of the steps of the silanization process 

  

Figure (3-3) Silanization steps of borosilicate tube. 
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 (3.3) The polymerization process 

The polymerization process of the organic monolith is prepared from a mixture 

consisting of (Ter – monomers ), glycidyl methacrylate(GMA), Acrylic acid (A. 

AC) and acryl amid (A.Am) were used to make monolithic columns via free 

radical polymerization. 

(GMA)  was chosen because it contains two functional groups, the double bond 

of methacrylate that participates in the photopolymerization reaction. Epoxide 

groups can be used in many chemical reactions, as in post-polymerization 

modification reactions, the production of different functional groups can provide 

multiple separation mechanisms 
(138)

. The cross-linker, porous solvent, and 

initiator materials have vital in the polymerization reaction and final 

polymerization. 

DMPA (2,2-dimethoxy-2-phenyl acetophenone) was used as an initiator instead 

of the more common initiator 2,2-  azobisisobutyronitrile (AIBN ); this was due 

to some defects when using (AIBN) and one of these defects is the formation of 

voids due to the rapid reaction and generation of N2 gas during the 

polymerization process 
(139)

. Ethylene glycol dimethacrylate (EDMA) is a 

common cross-linking agent to prepare large solid porous monolithic polymers 

(140)
. The percentage of the cross-linker to the monomer must be constant 

because any change will affect the porous properties and the cross-linked 

chemical composition; for example, if the percentage of the cross-linker 

increases, the average pore size decreases due to the formation of high and fast-

linking cross-linker microspheres, which are helpful in obtaining a monolith that 

has a large surface area. However, a monolith with a high surface area will have 

limited solvent permeability and increased back pressure, so the bond-to-

monomer ratio should be constant 
(141)

. 
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A binary solvent consisting of (methanol and 1-hexanol) was used in the 

polymerization mixture. The primary role of this solvent is to dissolve the 

monomers, as well as the cross-linker and initiator, while it does not contribute 

to the dissolution of the polymer. The polymerization process was carried out by 

photopolymerization using ultraviolet rays to start the polymerization process of 

free radicals to form the monolith inside the borosilicate tube, as shown in 

Figure (3-4), because it has many advantages, such as controlling the pore size, 

short preparation time and avoiding high temperatures that lead to polymer 

cracking, controlling the position and length of the porous, and high mechanical 

strength 
(142)

. 

 

Figure 3.4 (A)The borosilicate tube after the silanization step, (B) the borosilicate tube 

after in-situ polymerization. 

 

Initiation Step (Active species)-1 

At this stage, the initiator cleavage divided into two free radicals. These free 

radicals attach to the monomers, forming active centres. 
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*I-I is the initiator and I
.
 initiator radical. 

R represents an atom or group of atoms such as –Cl, -CN, -C6H5, -OCH3 or -

CH3; according to the type of substituent group R and the required polymer 

specifications, the kind of catalyst or initiator is selected. 

2- Propagation Step (High molecular weight polymer) 

At this stage, other monomers contribute to forming more free radical species.  

 

3-Termination Step (Disappearance of the active centres) 

Termination of the active centres (radicals) nullifies their activity by: 

a-Combination or coupling 

 

b- In the polymer chain, a hydrogen atom is cleaved from a carbon atom 

adjacent to the centre of the root (Disproportionation). 
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The free radical in the chain may move to the solvent, building block, or 

initiator, and the chain of  growth ends.
 (143)

. 

 

 

(3.4) Study the effect of the ratio for Ter – monomers. 

The effect of the ratio for the monomers (GMA-co- ACA– co- AAM) at room 

temperature was studied, and the results are shown in Table (3-1).  

From Table (3-1), it can be noticed that using the monomers (GMA-co- ACA -

co- AAM) because GMA is an essential component, it contains the double bond 

that participates in the photopolymerization reaction and the epoxide ring, which 

gives the hydrophilic character of the compound. This ring can be entered in 

many chemical reactions to form groups used in the processes. When using the 

ratio of post-polymerization reaction (GMA) and (AAM) monomers 

(90:10,10:09,50:50) mL (v/v)%, the polymer forms quickly and in a high surface 

area, but with very high back pressure, and this is due to the small pores size, 

which causes the inability to load the ions inside the monolith, the ratio (GMA) 

and (ACA) monomers (50:50,19:90,90:10) mL (v/v)%, the polymer could not 

form effectively because it had large pores size and low back pressure, which 

might be owing to the low surface area of the sample, which results in limited 

contact between the sample and the solid phase. 
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While using the ratio (AAM) & (ACA) monomers (50:50,10:90,90:10) mL 

(v/v)% without (GMA) the polymer could not be formed because A well-mixed 

monomer was not formed. 

Different ratios of monomers were used to obtain the exact percentage for the 

synthesis of monolithic column (50:50:50, 60:20:10, 60:10:20, 49:29:39); the 

ideal ratio was found 40:20:30 that the monolith is formed after 4 minutes in 

good shape with suitable back pressure and a suitable surface area. 

Table (3-1). The use of different ratio monomers (GMA-co- ACA -co- AAM) 

 

 

solvent (2) µLsolvent (1)  µL
Monolith formation 

time (min)
Monomer (AAM) mLMonomer (ACA) mLMonomer (GMA) mLMonomers ratio (v/v)NO.

hexanol 6501-Propanol 100020.0900.8190---101

hexanol 6501-Propanol 100020.8100.0910---902

2-butanol 6501-Propanol 1000120.4500.4550----503

2-butanol 6501-Propanol 10001500.450.4550----504

2-butanol 6501-Propanol 10001000.810.0910---905

2-butanol 6501-Propanol 1000800.090.8190---106

2-butanol 6501-Propanol 1000not formed0.450.45050----507

hexanol 6501-Propanol 1000not formed0.090.81090---108

hexanol 6501-Propanol 1000not formed0.810.09010---909

hexanol 650ethanol 1000130.30.30.350--50--5010

hexanol 650ethanol 100060.090.210.660-20--1011

hexanol 650ethanol 100070.210.090.660-10--2012

hexanol 650ethanol 100040.30.20.440--20-3013

progen solvent
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 (3.5) Study the effect of the distance between the irradiation source 

and the separation column. 

The impact of distance between the irradiation source and the prepared column 

was investigated to determine the ideal distance for polymer formation inside 

the separation column. The results were shown in Table (3-2) when the distance 

from the irradiation source was between 5 and 25 cm. 

Table (3-2): The effect of the distance between the irradiation source and the separation column. 

 

Table (3-2) shows that the polymerization process cannot be controlled when the 

distance is between 5 and 10 cm, resulting in small pores size and the inability to 

wash the prepared column and use the process to re-concentrate the ions, while 

the polymerization process and polymer formation can be well controlled when 

using a distance of 15 cm, as the polymer is homogeneous and can be washed 

easily and with good back pressure, whereas when using a distance of 20-25 cm, 

the polymer is partially inside the separating column. 

Result of the monolith columnThe distance (cm)NO.

The monolith is inside the separation column, but it 

cannot be washed because it is blocked
51

The monolith inside the separation column can be 

washed, but it is very difficult and with a very high back 

pressure

102

The monolith inside the separator column can be 

washed easily and with good back pressure
153

The monolith formed inside the separator column can be 

washed easily and with low back pressure
204

The monolith is inside the column but incomplete255
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 (3.6) The effect of irradiation time 

The optimal irradiation period for polymer synthesis was investigated after 

optimizing the monomer ratio and distance between the irradiation source and 

the constructed column. The results were obtained using a variety of irradiation 

periods ranging from (1-6) min, as indicated in Table  (3-3). 

Table (3-3): Effect of irradiation time on monolith formation 

 

Table (3-3) shows that the irradiation time is one of the most crucial factors in 

converting a monomer mixture to a solid polymer; therefore, when using a long 

irradiation time of (5 min) or more, the polymer chains grow; as a result, the 

polymer branches grow rapidly, forming small pores as shown in Figure (3-4) 

(c), this is due to a dense cross-linked polymer network  that is formed. When the 

irradiation time is less than (4 min), less polymerized material may form inside 

the borosilicate tube. The polymer will not form properly, affecting the 

performance of the prepared monolith as shown in Figure (3-4) (a); due to the 

growth, only a limited number of polymer chains grow from the surface, 

Result of the monolith columnIrradiation time (min)

The polymer is not formed1

The polymer is primitive (Emulsion)2

The polymer is formed by low back pressure (White but soft)3

The polymer is formed by good back pressure (Block white)4

The polymer is formed by high back pressure (white rigid mass)5

The polymer is formed by a very high back pressure (A very rigid 

white mass)
6
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whereas when the irradiation time is (4 min), back pressure and good surface 

area will be achieved as shown in Figure (3-5) (b)
 (144)

. 

  

Figure 3.5: Growing polymer chains with increasing irradiation time from (a) to (c). 

(3.7) Effect of porogenic solvents  

The effect of the solvent type on the polymerization process was investigated to 

identify the optimal solvent that can be utilized in conjunction with (Ethanol) to 

produce a polymer with the desired surface area and pore size. Table (3-4) 

shows the findings of this experiment. 

Table (3-4): The effect of porogenic solvents on polymer formation. 

 

solvent (2) µLsolvent (1)  µL

The polymer forms well and is 

easy to wash
1-hexanol ethanol 

Polymer forms, but with very large 

gaps.1-Propanol ethanol 
Polymer forms, but with very large 

gaps.2-butanol ethanol 

Polymer forms but with very small gapsMethanolethanol 

Polymer forms but it is  blocked1-hexanol 1-Propanol 

The polymer is formed, but with very 

small gaps and difficult to wash1-hexanol Methanol

No polymer formed2-butanol 1-Propanol 

porogenic solvents
Result
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The kind of porogenic solvent substantially affects the porous characteristics of 

the polymer; it may be determined that the porous solvents' features significantly 

impact the polymer's porosity to get a high surface area and appropriate pore 

size. The influence of porogenic solvents on the formation of monoliths was 

investigated. 

Compared to l-haxnol and MeOH, the monolith created by l-haxnol and ethanol 

is superior. MeOH, a polar porogen, produces materials with small surface 

areas, and 1-hexnol makes materials with low surface areas. However, washing 

off the prepared monolith is challenging due to the creation of a very small 

porous structure, which affects the prepared monolith's performance. Since all 

these studies were conducted at room temperature, low boiling point reagents 

can be utilized. The choice of solvent, therefore, relies on the type of polymer.  

(3.8) Limitation of Swelling Percentage 

Because solvent molecules disperse inside the crystal lattice of high molecular 

weight polymers, causing a change in size, cross-linked polymers expand, 

causing the polymer to collapse when subjected to mechanical stress or high 

pressure. It has a strong impact and drives the produced polymer to dissolve 
(145)

. 

The percentage of swelling was calculated using the following equation: 

                    
    

    
                  

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 

 

Where (W wet) is the weight of the wet polymer, while (W dry) is the weight of 

the dry polymer, respectively
 (145)

. 
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Figure (3.6)Variations of polymer swelling degree using different alcohol solvents 

Figure(3.6) shows that when 2-butanol is used, the polymer swells significantly. 

It might be due to polymer saturated with the solvent and insoluble, as well as a 

lack of polymeric chain separation, resulting in micropores that decrease 

mechanical characteristics when using high-pressure rates and the inability to 

load ions while using high-pressure rates. Ethanol has the slightest swelling, 

allowing the produced polymer to have a porous structure. 
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Figure (3.7)Variations of polymer swelling degree using different polar solvents. 

Figure (3.7 ) shows a high degree of polymer swelling when using DMF due to 

solvent saturation of the polymer, which can result in chemical decomposition, 

which can lead to cracking of the prepared monolith. In contrast, Figure (3.7) 

shows the lowest degree of swelling when using H2O, which does not cause 

clogging of the polymer, obtains an excellent porous structure, and allows 

download ions. 
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Figure (3.8) Swelling using a mixture of two different solvents. 

As shown in figure (3.8), a high degree of swelling of the polymer occurs when 

a mixture of two solvents (Methanol + DMF) is used, which causes clogging of 

the polymer. In contrast, a mixture of (Hexanol + Aceton) does not cause 

clogging of the polymer. It allows the exchange of ions inside it and is used as a 

preservation solution. 

 



Chapter Three                                                                                         Results & Discussion 

 

55 
 

(3.9) SEM analysis of  Glycidyl methacrylate -co -Acrylic acid- co- 

acryl amid monolith column. 

The scanning electron microscope (SEM) is a device that magnifies pictures to 

show microscopic-scale details about a specimen's size, shape, composition, 

crystallography, and other physical and chemical properties. Knoll and Theile 

(146)
. They were the first to illustrate the SEM concept, with von Ardenne 

developing the first real SEM 
(147)

. When an electron beam interacts with a 

specimen, two-electron products are produced:(A)backscattered electrons 

(BSEs), which are beam electrons that survive scattering and deflection by the 

electric fields of the atoms in the sample and retain a significant portion of their 

incident energy and (B) secondary electrons (SEs) are electrons that exit the 

specimen surface after being expelled from atoms in the sample by beam 

electrons. Despite the tremendous energy of the beam electrons, these secondary 

electrons have a poor kinetic energy transfer and hence depart the specimen 

surface with very low kinetic energies, as shown in Figure (3.9) 
(148)

. 

 

Figure (3.9) Schematic drawing of (a) the typical Scanning Electron Microscope (SEM) 

column and (b) sample-beam interactions within an SEM. 
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The morphology of the (GMA-co-ACA-co-AAM) monolithic column was 

characterized using (SEM) scanning electron microscopy. The monolith can be 

viewed as a network of interconnected channels with high flow through pores. 

The benefits of these pores exceed the monolith's surface area and increase the 

monolith's loading capacity, as in Figures (3-10). These pores allow the mobile 

phase to pass quickly through the monolith column, increasing Permeability and 

reducing back pressure. In addition, the monolith contains many medium and 

fine pores, and the composition of these pores is essential for expanding the 

monolith's surface area and the monolith's loading capacity. Furthermore, a high 

flow rate and modest back pressure allow quick extraction 
(149)

. 

 

 

Figure (3.10) Scanning electron micrographs of monoliths( (A) 1 µm ,(B) 5 µm,(C) 10 

µm,(D) 20 µm  and (E) 500 nm) at magnification. 

A B 

C D 

E 
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(3.10) Brunauer-Emmett-Teller (BET) analysis for the (GMA-co-

ACA- co-AAM) monolith column. 

Brumauer, Emmett, and Teller discovered a method for determining a sample's 

specific surface area, including the pore size distribution of gas adsorption. The 

amount of gas adsorbed is determined by the exposed surface, temperature, gas 

pressure, and strength of the gas-solid interaction. Because of its excellent purity 

and strong reactivity with most materials, nitrogen is commonly utilized in BET 

surface area analysis. At the boiling point of nitrogen (-196C
°
), nitrogen is 

typically adsorbed on the surface of the particles. Because the nitrogen gas is 

below the critical temperature at this temperature, it will adsorb. The nitrogen 

gas is then progressively released into the sample cell from the particle surface 

(150)
. The sample is removed from the nitrogen atmosphere and heated to release 

nitrogen adsorbed from the material. It quantifies its quantity when relative 

pressures less than atmospheric pressure  that are attained by establishing partial 

vacuum conditions and creating adsorption layers. As illustrated in Figure (3-11) 

(151)
, the collected data is displayed as BET temperature, which defines the 

amount of gas adsorbed as a function of relative pressure.  

 

Figure (3.11) Schematic diagram of volumetric method apparatus. 
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The nitrogen gas adsorption/desorption isotherm was studied for the prepared 

monolithic column using (BET) analysis to investigate the average pore size and 

significant surface area for the prepared monolith. It can be seen that the average 

surface area and average pore size were (29.725 m
3
/g and 13.5013 nm) 

desorption, respectively. These results could be a suitable preparation condition 

for an instant porogenic solvent that can contribute to tuning surface area and 

pore size. According to the IUPAC classification of adsorption isotherms, six 

types can be distinguished; the pores are classified as micropores (size < 2 nm), 

mesopores (2 nm < size <50 nm), and macropores (size > 50 nm), depending on 

their size
 (152)

. 

 

Figure (3.12 )Six types of adsorption isotherm classified by IUPAC 
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(3.11) Study the effects of irradiation time on (GMA-Co-ACA-Co-

AAM)  monolith column formation. 

Figure (3.13) demonstrates that an irradiation time of (4min) is requested to 

form a desired (GMA-co-ACA-co-AAM) monolith column surface area and 

pores size. An irradiation time between 0.5 and 8.8 min was applied. It can be 

noticed that a (5 min) irradiation time leads to a high surface because of a large 

number of monomers branch; irradiation times below 0. 5 min were not used 

since they were too low to achieve the polymerization of the monolith. 

Therefore, a photo polymerization time of 4 minutes was used for the monolith 

synthesis. 

 

Fig.(3.13): Effect of increasing irradiation time on the monolith column. 
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(3.12) Permeability and the porosity of the monolith 

The Permeability of the column was investigated by measuring the backpressure 

generated when pumping different flow rates using an HPLC pump, as in Figure 

(3.14). It was found that the pressure was increased from 55.103psi to 150.923 

psi at a typical flow rate of 50µl/min (with different flow rates of 0.02-1.5 

ml/min). The net pressure was calculated to be approximately 150.923 psi for 

the monolithic column at a flow rate of 1.5 mL/minas shown in Table (3-5) and 

Figure (3.15). After three measurements and the average is taken, it was found 

that the total porosity of the monolith is 0.8127. 

Table (3-5) The Permeability of the (GMA-co-ACA co-AAM)  monolith column. 

   

 

 

 

 

 

 

 

 

 

  

Pressure(Psi) 
n=3 

Flow rate(ml/min) 
n=3 

No. 

55.103 0.02 1 

57.289 0.03 2 

60.124 0.05 3 

62.445 0.08 4 

64.599 0.1 5 

76.179 0.3 6 

87.245 0.5 7 

93.779 0.6 8 

105.489 0.8 9 

117.734 1 10 

134.281 1.3 11 

150.923 1.5 12 
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Figure(3.14)The HPLC pump measures the relationship of back pressure with flow rate. 

 

Figure(3.15).The Permeability of the (GMA-co-ACA co-AAM)  monolith column. 
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(3.13) Investigation of polymer composition using FT-I.R. 

Notably, significant differences between the prepared polymer and the 

monomers can be observed; some peaks have disappeared for the synthesized 

material. 

(3.13.1) FT-I.R ATR Glycidyl methacrylate. 

Figure (3-16) illustrates the glycidyl methacrylate. There are three essential 

bands. It belongs to the carbonyl group (C= O) at 1716.40 cm
-1

, and absorption 

band at 1637.98 cm
-1

 back to  (C = C) and the band at 907.70 cm
-1

 for to         

(C-O-C) (epoxy group). These three packages can be used for the 

polymerization reaction. 

 

Figure(3.16) (FT-I.R) of the monomer for Glycidyl methacrylate. 
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 (3.13.2) FT-I.R ATR Acrylamide Monomer. 

The monomer acrylamide was identified using Fourier transform infrared (FT-

I.R) spectroscopy, as shown in Figure (3-17); the results confirm the existence 

of the carbonyl, and amide peaks at (1666.02 and 3163.73 -3338.67)cm
-1

, 

respectively. 

 

Figure(3.17) (FT-I.R) of the monomer for Acrylamide. 
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(3.13.3) FT-I.R Acrylic acid Monomer 

Acrylic acid prominent peaks appeared at 1635.96  and 1716.21 cm
-1

, which are 

C=C and C=O vibrations, respectively, as seen in Figure (3-18). 

 

Figure(3.18) (FT-I.R) of the monomer for Acrylic acid. 

 (3.13.4) FT-I.R ethylene dimethacrylate 

Infrared (FT-I.R) spectroscopy was used to identify the monomer ethylene 

dimethacrylate, as shown in Figure (3-19), which exhibits several absorption 

bands; the main peak are absorption bands at 1717.69 cm
-1

 for (C = O) and also 

emerged at 1636.85 cm
-1

. For (C = C). These bands show that EDMA is 

involved in the polymerization reaction. 
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Figure(3.19) (FT-I.R) of the monomer for EDMA. 

(3.13.5) (FT-IR) for the polymer before ring opening  (GMA-co-

ACA-co-AAM). 

The carbonyl group absorption band in the prepared polymer was unchanged at 

C=O (1720.90 cm
-1

). A slight shift in the epoxy group (C-O-C) towards 

906.14cm
-1

, while the disappearance of the 1636.85 cm
-1

absorption bands 

belongs to (C=C), this is strong evidence of the polymer formation through the 

incorporation of both monomers and the cross-linker using the (C=C)as shown 

in Figure (3-20). 
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Figure(3.20) (FT-I.R) of the polymer (GMA-co-ACA-co-AAM). 

 

(3.14) Process opening the epoxy ring of glycidyl methacrylate to 

form strong ion exchange monolithic columns. 

Using a sulfonation process, the epoxy groups in GMA-co-ACA co-AAM 

monolithic columns can be opened by pumping a sulfonation solution, as 

described in section (2.5.2), using a syringe pump. Because sulfite groups have a 

stronger affinity for water than hydrophobic polymer chains suspended in water, 

direct sulfonation of epoxy groups with Na2SO3 solution was impossible. 
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Furthermore, the phase separation prevents the sulfite groups from accessing the 

epoxy groups in the polymers, which are required for the reaction. At 70 Cº, the 

sulfonate groups were implanted by reacting the GMA samples with Sodium 

sulfite in water–Dimethyl sulfoxide solution (Na2SO3 /water/DMSO ) 1/7/3 

(weight ratio))
 (155)

. Figure (3.21) (3.22)  

  

 

 

 

Figure (3-21)  Principal scheme of sulfonation reaction of poly-GMA chains 

DMSO 70C
0
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Figure (3.22) Opening the epoxy groups of the GMA in GMA-co-AC co-AAM 

monolithic columns by sulfonation reaction. 
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Figure (3.23) (A)Prepare work by connecting the syringe pump to the monolith column 

and using the sand bath heating mechanism at 70 Cº, (B) Dip the monolith column in hot 

sand,(C) Pumping the prepared solution to the sulfonation process. 

 

 

(3.14.1) (FT-IR) spectroscopy for identification after ring opening  

(GMA-co-ACA-co-AAM) polymer.  

The FT-IR spectra of the (GMA-co-AC co-AAM) monolith column shown in 

(Figure 3.24) were measured to evaluate the surface derivatization of the 

monolithic materials, the formation of a cationic exchange of the  (GMA-co-AC 

co-AAM) monolith column. The results show  that by changing the epoxy ring 

A B 

C 
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to (-OH) and (R-SO3Na) groups from Figure (3.24), the peak at 906.14 cm
-1.

 for 

epoxy groups of the GMA in the monolith that showed in Figure (3.18) 

disappeared, and there are two new peaks present, at 1016.06 cm
-1

 and 951.62 

cm
-1

 for R-SO3 and S-O groups, respectively; in addition, a medium N-H 

stretching secondary amine 3342.49 -3199.65 cm
-1

 was observed, the peaks at 

1721.60 cm
-1

 for C=O, and 1160.89 cm
-1

 for C-O ester groups are still 

unchanged due to non-participation of these groups in the sulfonation 

reaction
(153,154).

 

 

Figure (3.24) FTIR spectrum of the GMA-co-ACA co-AAM monolith after opening 

epoxy ring. 
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(3.15) 
1
H- NMR spectrum. 

1
H-NMR was used to examine the monolith formation (GMA-co-ACA-co-

AAM), which revealed several signals at (3.1-3.4) belonging to CH2 groups, as 

well as a signal at 2.5 belonging to CH, while the bands belonging to CH2 

alkene, which at 6.4 were difference due to of polymer formation, vanished. 

Because this peak can only be detected in monomers (as shown in Figure) (3-

25). 

 

Figure(3.25) (
1
H- NMR) of the polymer (GMA-co-ACA-co-AAM). 
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 (3.16) Application for Off-line method for incorporation Copper 

ion with and without monolith column. 

 

The monolith was washed with 2.5 mL of distilled water. Then 2.5 mL of a Cu
+2 

solution( Cu(NO3)2 [2.5 mg.L
-1

 and 3.5 mg.L
-1

] was pumped through the 

monolith column at room temperature for 2 h, respectively. Then, 2.5 ml was 

pumped into the monolith column with distilled water to be washed. The two-in-

one method was used to eluent the Cu ions reactivated the column by a pump of 

hydrochloric acid at a concentration of 0.2 M. The concentration of Cu
+2 

ion in 

the solution was determined (eluent) using colour absorption spectroscopy after 

it was reduced to (Cu
+
) by Uric acid at 200 mg. L

-1

 and then prepared a series of 

standard concentrations using a specialized reagent (neocuprion hydrochloride) 

for the copper ion (Cu
+
); this value was well compatible with that obtained by 

atomic absorption as the concentration result was (2.34 mg.L
-1

) and (3.47 mg.L
-

1

) respectively. After the Cu
+2

 ion concentration (eluent) was determined using 

atomic absorption spectroscopy for comparison. Figure (3.26) and Table (3-8) 

show that. 
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Figure (3.26) Off-line method for incorporation of Cu
+2 

ion with the GMA-co-ACA co-AAM 
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 (3.17) The calibration curve for Cu
+
. 

Under the optimum parameters, a series of copper concentrations were prepared 

to study the calibration curve in the range of (1—35) mg.L
-1

 from the calibration 

curve; it was found that the unknown concentration of the standard sample (8.5 

mg.L
-1

) injected through the monolith is equal (8.48 mg.L
-1

) according to Figure     

(3-27). The result is shown in Tables (3.6) and (3.7). 

Table (3.6): Calibration graph values at optimum conditions, including 200 ppm of Uric 

acid, neocuprion hydrochloride as reagent 100 ppm, and the temperature was 23±3 °C. 

Conc. 

of Cu+ 

mg.L
-1

 

Mean 

Abc 

(n=3) 

 ̅  

S.D R.S.D% Recovery(%) Mean of  SD 

and RSD(%)  

1 0.0120 0.001 4.681 100.00  

 

 

1.77*10
-3

       

and 

1.086% 

 

 

3 0.0291 0.000 0.000 100.42 

5 0.0445 0.000 0.000 98.75 

10 0.0851 0.000 0.000 100.13 

15 0.1167 0.006 4.949 95.83 

20 0.1680 0.000 0.000 101.88 

25 0.2150 0.000 0.000 105.00 

30 0.2450 0.009 0.000 100.00 

35 0.3103 0.000 0.149 108.93 
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Figure (3.27) calibration curve for Cu+ 

 

 

Table (3-7) parameter of the calibration curve 

Value Parameter 

99.825±5.9511 Accuracy 

y=0.0085x+0.0006 Regression Equation 

0.0085 Slope 

0.0006 Y-intercept 

1—35 mg.L
-1

 Linearity Range 

0.9980 Correlation Coefficient 

0.003 SE Intercept 

0.010 SD Intercept 

0.269 mg.L
-1

 LOD 

0.807 mg.L
-1

 LOQ 

0.001 Average SD 

0.566 % Average RSD% 
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Table (3.8) shows the concentration of the standard solution before and after 

using the separation column, indicating the high separation effectiveness of the 

column. For the wastewater samples, it is evident that the column could separate 

(0.1213) mg.L
-1

 from (0.3404) mg. L
-1

 copper ions were present in the water 

entering the station, and (0.0652) mg.L
-1

 of (0.0771) mg.L
-1

 copper ions were 

separated from the water leaving the station. This is because there was a 

presence of copper ions in the water entering the station. This is due to the fact 

of many other ions and copper ions. It also contains wastewater that was 

separated using the column. 

 

Table (3-8) Application for Off-line method for incorporation Copper ion with  & without 

monolith column. 

 

 

 

 

Type of sample & 

position 

Spectrophotometric 

determination n=3 

In mg.L
-1 

  Atomic absorption 

determination n=3 

In mg.L
-1 

  

Before 

using 

column 

After 

using 

column 

RSD % Before 

using 

column 

After 

using 

column 

RSD% 

 (Standard solution) 2.52 2.902 0.13 2.52 2.34 0.1 

 (Standard solution) 3.53 3.489 0.11 3.47 1.8676 0.03 

Wastewater( inflow) 9.3494 9.1213 2.89 0.1301 0.0420 0.22 

Wastewater (outflow) 0.0771 0.0652 0.44 0.0856 0.0260 0.67 
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 (3.18) Synthesis of imidazole-azo ligand ((E)-2-((4 

methoxyphenol)diazenyl)-4,5-diphenyl-1-Himidazole. 

The reagent is an orange powder which is sparingly soluble in water. It is 

soluble in ethanol, methanol, acetone and chloroform and easily soluble in DMF 

and dimethyl sulfoxide (DMSO). It is red-orange in alkaline solution when 

reacted with nickel (II), as shown in Figure (3.28). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.28) The scheme represents the reaction steps for synthesizing the ligand. 
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 (3.19) Absorption spectrum of the complex 

The absorption spectra of ((E)-2-((4 methoxy phenol) diazenyl)-4,5-diphenyl-

1Himidazoleand its nickel complex under the optimum conditions is shown in 

Figure (3.29). It can be seen that the maximum absorption peak of the reagent is 

415nm, while the absorption peak of the complex is 518nm. Therefore, due to 

the complex formation, the redshift (103 nm) accrued in the UV-Vis spectra. 

 

 

 

(3.20) (FT-IR) spectroscopy and (C.H.N) analysis for ((E)-2-((4-

methoxyphenol)diazenyl)-4,5-diphenyl-1-Himidazole reagent.  

The FT-IR spectra of the((E)-2-((4-methoxy phenol) diazenyl)-4,5-diphenyl-1-

Himidazole reagent is shown in Figure (3.30). The (C=C) group of the aromatic 

ring appears in the spectrum at 1672 cm
-1

. The 1500 cm
-1

 and 1579 cm
-1

 

frequencies are due to azo chromophore aromatic compounds because resonance 

increases the double bond beta 
(156)

. 1298 cm-1 is due to C-N stretching (azo 

bond C-N)
 (157)

. 

The N＝N band appeared at 1463-1483 cm-1 
(158)

. The C-N absorption occurs at 

a higher frequency and widens the ring and the attached nitrogen atom
(159)

. The 

C-N stretching for tertiary amine appeared at 1174 cm
-1

 and 1144 cm
-1

. The 

(C.H.N) analysis of the synthesized compound showed good agreement with 

found values calculated in Figure (3.31). 

Figure (3.29). Absorption spectra of L: Reagent (MPDADPI)C:[Ni-(MPDADPI)] 
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Figure (3.30) FT-IR spectrum of ((E)-2-((4-methoxyphenol)diazenyl)-4,5-diphenyl-1Himidazole reagent. 

 
 

Figure (3.31) (C.H.N) analysis of ((E)-2-((4-methoxyphenol)diazenyl)-4,5-diphenyl-1Himidazole reagent. 
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 (3.21) 
1
HNMR spectrum study 

The 
1
HNMR spectra of the ligand were recorded in DMSO-D6. The 

1
HNMR 

spectrum of the ligand shows the following signals: phenyl multiples at (7.1 -8) 

δ range, -OCH3of methoxy group at 3.2δ, -NH at 4.9δ, =C-CH3 at 2.2 δ rang
(160) 

.
as shown in Figure (3.32). 

 

 
Figure (3.32)

1
HNMR spectrum of the reagent. 

 

(3.22). Effect of reagent concentration. 

Ni(1I) solution concentration remained constant for optimization conditions; the 

reagent concentration was studied at the range (1x10
-6

-1x10
-3

) M. The reagent 

concentration of 5x10-5M was chosen as the optimum value. 

 

(3.23).Effect of pH buffer concentration. 

The optimum pH range for the complex formation was examined using a buffer 

solution consisting of 0.2M NH4OH and 0.2M HCl; the result is shown in Figure 

(3.33). At a pH lower than 3.5, the complex was not formed due to the 

protonation or the electron pair of nitrogen atoms that prevent the nickel cations 
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from coordinating with the reagent. On the other hand, when the pH is increased 

over 3.5, the nickel ions will compete with the hydrogen ions to occupy the 

electrons pair and form a coordination complex, showing significant absorbance 

values in the range (3.5-8). After that, the absorbance values were decreased due 

to the precipitation of nickel as Ni(OH)2. Therefore, the optimum pH was 8.  

 
 

Figure (3.33). Effect of pH range 

 

(3.24) Continuous Variation to the Stoichiometry of (M-L) Complexes. 

 

Job's method of continuous variation  was used to determine the stoichiometry 

of molecular complexes (M-L). It offers the potential advantage of determining 

the stoichiometry of complication in a single experiment without determining 

the absolute concentration of the bound ligand. 

The continuous-variation method uses the concept that a limiting reactant lowers 

product yield and that there exists a mole ratio of reactants, r, which produces 

the highest product yield 
(161)

. A series of solutions were prepared to contain 

variable concentrations of the two components, M and L, provided that the total 

concentrations were constant using (0.05 M of nickel (II) metal and 0.1 M of the 
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prepared ligand) the molar fraction is obtained from the top and is equal to 0.5 it 

mean (1:2) molar ratio for the complex (M-L). Figure (3.34) and Table (3-8) 

show. The formation constants (Kf) of the studied imine complexes formed in 

solutions were obtained from the spectrophotometric measurements using the 

continuous variation method according to the following relation
(162)

.  

   (
    

(  
 

  )  
)                                   

Where Am is the absorbance at the maximum formation of the complex (0.5), A 

(0.3) is the arbitrarily chosen absorbance value on either side of the absorbance 

mountain col (pass), and C (10 mg.mL
-1

) is the initial concentration of the metal; 

therefore the formation constant(Kf) was (0.0375). 

 

 

 
Figure (3.34) Continuous Variation to the Stoichiometry of (M-L) Complexes 

 

 

 

 

 

 



Chapter Three                                                                                         Results & Discussion 

 

55 
 

 
Table (3-9). Continuous Variation to the Stoichiometry of (M-L) Complexes 

 

 
 

(3.25) Off-line method for incorporating Ni
+2

 ion with the GMA-

co-ACA co-AAM monolith column using (MPDADPI) reagent. 

 

The investigation of nickel ions was carried out for the prepared monolith. 

Firstly, it was washed with 2.5 mL distilled water, and after that, 2.5 mL Ni (II) 

as(Ni(NO3)2. Four solutions (2.5, 3.5, 2 and 2.5) mg.L
-1

for standard solution and 

wastewater ( in & out flow) treatment station in Al-Maamera were pumped 

separately through the monolith column for these solutions (2 hrs), respectively. 

At room temperature, 2.5 mL was pumped into the monolithic column with 

distilled water to be rewashed, and then the column was activated with 

hydrochloric acid (0.2 M). The Ni
2+

 ions concentration in the eluent was 

determined spectrophotometrically, using a specialized reagent (MPDADPI) for 

the nickel ion (Ni
+2

). The results were compatible with that obtained by atomic 

absorption as the concentration result  was (1.899, 1.340,  &   9.942 0.0260) mg.L
-

1,
 respectively. After the Ni

2+
 ion concentration was determined (eluent) by using 

atomic absorption spectroscopy for comparison, as shown in Figure (3.35) and 

Table (3.10) 

mole fraction 

(M/(M+L)
ABSTotal volume(ml)volume( D.W)(ml)volume( M+L)(ml)Volume of ligand (ml) with 0.1M

Volume of metal (ml) 

with 0.05 M 
Srq.No.

0.00.0010101

0.10.131192

0.20.541283

0.30.859374

0.50.7743465

0.60.652556

0.70.478647

0.80.361738

0.90.242829

1.00.1129110

10 15 25
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Figure (3.35) Off-line method for incorporation of Ni
+2

 ion with the GMA-co-ACA co-

AAM 
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Table (3-10) Application for Off-line method for incorporation nickel ion with and 

without monolith column. 

 

(3.26) The calibration curve for Ni
+2

. 

 

         After optimizing the optimum conditions, a series of Ni (II) concentrations 

were prepared to construct the calibration curve. The linear range of calibration 

curve was (0.5-32 mg. L
-1

) (R
2
=0.9987), as shown in Figure (3.36). 

 

 

 

 

 

 

 

Type of sample& 

position 

Spectrophotometric 

determination n=3 

In mg.L
-1

 

 Atomic absorption 

determination n=3 

In mg.L
-1

 

 

Before using 

column 

After using 

column 

RSD

% 

Before using 

column 

After using 

column 

RSD

% 

(Standard solution)1 

 

2.50 1.975 0.17 2.400 1.200 0.05 

(Standard solution)2 

 

3.50 2.933 0.21 2.98 1.340 0.05 

Wastewater( inflow) 2.0 0.987 2.79 0.1521 0.0420 0.22 

Wastewater (outflow) 2.50 0.789 0.74 0.0956 0.0260 0.67 
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Table (3.11): Calibration curve values at optimum conditions, including 5x10
-5

M 

(MPDADPI) as reagent pH was 8, and the temperature was 23±3 °C. 

Conc. 

of 

Ni(II) 

mg.L-1 

Mean 

Abc 

(n=3) 

 ̅ 

S.D R.S.D% Found 

Con. ppm 

 

Recovery(%) 

0.5 0.013 0.001 0.907 0.486 97 

1 0.019 0.001 0.093 0.714 71 

1.5 0.025 0.001 2.341 1.143 76 

2 0.041 0.001 2.439 2.286 114 

4 0.075 0.001 0.773 4.714 118 

8 0.143 0.040 0.196 7.929 99 

12 0.182 0.001 0.549 12.357 103 

16 0.232 0.001 0.497 16.000 100 

20 0.299 0.001 0.193 20.714 104 

24 0.342 0.002 0.446 23.786 99 

28 0.411 0.001 0.281 28.643 102 

32 0.452 0.001 0.128 31.643 99 
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Figure (3.36) calibration curve for nickel ion 

 

 

 

Table (3-12) parameter of the calibration curve 

 

Parameter Value 
slope 9.914 

Intercept 9.990 
Linearity Range 0.5-32 mg/L 

Correlation Coefficient 9.0028 
LOD 0.3 mg.L

-1 
LOQ 0.9 mg.L-1 

Average SD 9.388 
Average RSD% 9.389 

 

 

 

  

 

y = 0.0141x + 0.0096 
R² = 0.9987 

0

0.05

0.1

0.15
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 (3.27) Distribution coefficients and  capacity for monolith 

column 
 

 Distribution coefficients of Cu
+2

 ion with the GMA-co-ACA co-AAM monolith 

column were calculated as explained by the following (Eq.) (3-2)
 (163)

. 

 

(   
     

  
 

 

 
 )                     

Where K d represents the distribution coefficient; Ci (5 ppm ) and Cf  (3.5) are 

initial and final concentrations of metal ions, respectively. V (2.5 ml)  is the 

volume of the solution (mL), and m is the mass of the monolith used  (0.577g), 

where K d  was found to be (1.8). 

 

The capacity of the monolithic column was calculated by the following 

Expression
(164)

 : 

(  
   

 
)                                       

Where Q is the chelating monolith column's adsorption capacity (mmol.g
-1

), V is 

the eluate's volume (L), C is the concentration of (M
2+

) in the eluate (mmol.L
-1

), 

and W is the dry weight of the monolith inside the column (g). The total 

capability was found to be (6.49 mg.L
-1

). 
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 (3.28) Online method Cu
+2

 ion determination using the GMA-co-

ACA co-AAM monolith column. 

 

 (3.28.1) Design (1) of HPLC-FIA system to determine copper 

ions. 

The HPLC-FIA system has been designed for the determination of copper ions. 

The basis of this project is to connect and prepare the main parts through which 

to access the new system, which are: 

1- The step of connecting the electronic pump (The Jasco PU-980 Intelligent 

HPLC Pump has built-in program that allows high and low pressure operation, 

gradient of one or two pumps. HPLC pump covers glow rate, gradient elution, 

solvent selection, and time-based programs. This pump also covers a wide flow 

rate range as well as precision,therefor the choosing of  Jasco PU 980 Intelligent 

HPLC Pump Module is in excellent condition as shown in figure (3.37). 

   

Figure (3.37) Jasco PU 980 Intelligent HPLC Pump Module 
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2- The stage of manufacturing the flow-injection valve or the so-called (injection 

unit): The valve consists of 3-way plastic secondary valves that can pass 

solutions in three directions by controlling them manually and can load two 

materials at the same time, and the third material as a carrier stream through 

using two connections, one for the detector and the other for the sample. 

The valve was manufactured locally in the laboratory, characterized by its small 

size, as the loading connections were up to 5 cm in length. It was made of local 

materials, cheap and environmentally friendly in the case of damage and easy to 

control manually. Therefore, when any defect occurs in one of its parts, it can be 

easily disassembled and repaired without difficulty, comparable to the global 

valves used, which can load only one material, high price, very complex 

installation and the problem of dismantling them. This stage is represented by 

the entry of the sample (the copper ions) into the injection unit after the closure 

of the two ports of the carrier current and the monolith column, as the direction 

of filling the sample link is from the second valve (a) to the secondary valve (c) 

and then to the sample link and then to the secondary valve (b) then the 

excessive direction exit from the second valve (c) as shown in Figure (3-38). 
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Figure (3.38) Home-made injection unit 

 

3-The stage of connecting the prepared monolith column, the sample is 

separated by distributing the sample between two phases: mobile and stationary. 

A figure (3.39) illustrates it. 
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Figure (3.39) Connect the prepared monolith column at zero dead volume 

 

4-The stage of designing and connecting the (reagent injection valve) with the 

monolith column, as the two-component valve was manufactured consisting of 

three plastic structures that are easy to control manually by changing their 

direction to inject the detector that interacts with the sample ,as shown in Figure 

(3.40) 

 

 

Figure (3.40)  photo Connecting locally manufactured injection units 

 

5-The stage of modulating the spectrophotometry device and using it as a 

detector by replacing the normal quartz cell with a flow cell where chemical 
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sensors depend on chemical reactions to obtain the response, which is one of the 

crucial parts of the system through which any physical variable can be sensed as 

a result of the chemical reaction if it has been modified as showing in Figure (3-

41). 

 

 Figure (3.41)  photo replacing the quartz cell with a flow cell in spectrophotometry device 

 

 (3.28.2) Injection Stage for the Reaction Components 

The design of a completed unit for copper ion determination takes place in four 

stages, including pumping the carrier current into the system and injecting the 

sample into the load connection (copper ion loop). Thirdly ―injection of the 

reagent to the detector injection valve through its load connection‖ (neocuprion 

loop), and fourthly pushing the reactants exposed to the parts of the system by 

the push carrier and the designed system are shown in Figure (3-42) and Figure 

(3.43). 
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 Figure (3.42): The designed(1) system online method 

 

Figure (3.43): Photos of the designed(1) system online method 

The first stage 

  It starts by operating the electronic pump (HPLC Pump), which works to pump 

the carrier represented by distilled water to the unit, passing through the 

injection valve sample (1), passing through the monolith column, and then to the 

reagent injection valve (2), ending with the injection cell, when the system’s 

pipes and coils are filled with the carrier. The reading beeps after the carrier for 

reference (blank), as in Figure (3-44). 
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Figure (3-44) the process of flow of the carrier in all parts of the system 

The second stage 

         This stage is represented by interring the sample (copper ion) into the 

injection unit after closing the two ports of the carrier and the monolith column, 

as the direction of filling the sample link is from the secondary valve (a) to the 

secondary valve (b) and then to the model linked and then to the secondary 

valve (c) after that In the direction of the overflow exit from the secondary valve 

(d) as in Figure (3-45) . 
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Figure (3-45) The Process of loading samples into the injection unit. 

 

The third step 

         This stage is represented by injecting the reagent (neocuprion) into its 

valve (2) after closing the ports of the detector direction and the monolith 
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column, as the direction of filling the model connection is from the secondary 

valve (a) to the secondary valve (b) and then to the detector connection after that 

towards the exit of the surplus from Secondary valve (c) as in Figure (3-46) 

 

Figure (3-46) The Process of loading reagent into the injection unit 

 

The fourth stage 

          After the completion of the process of loading the sample and the reagent 

to their respective loading connections in both valves (1,2), the direction of the 
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secondary valves (c) is changed in a way that leads to pushing [the sample by 

loading towards the monolith column as the separation of (cooper ion) occurs. 

The remaining product reacts with the reagent as in Figure (3-47). 

 

Figure (3-47) The Process of pushing sample by the carrier solution and separating it by the 

monolith column. 

The last step 

         The process of passing hydrochloric acid at a concentration of (0.2 M) 

removes the trapped copper ions inside the monolith column and interacts with 
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the reagent injected into its valve (2). Then the direction of the two secondary 

valves (c) is changed in a way that leads to the payment of the trapped copper 

ions by loading, as it separates and removes element ions. They interact with the 

reagent, as shown in Figure (3-48). 

 

Figure (3-48) The Process of pushing a solution to remove the retained copper ions from 

the monolith column in the presence of the carrier. 
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(3.29)UV-Visible Spectrum 

In this study, the test solution was prepared by adding 0.01 g of Neocuproine to 

(5 mL) from ethanol; when the dissolved done, the solution was transferred to 

(100 mL) volumetric flask and then completed the volume to the mark with 

distilled water to react with 100 μg.mL-1 of copper (II)  to give a yellow-

coloured complex using uric acid as an oxidizing agent by the process of 

reducing copper from the oxidation state (II) to the oxidation state (I) (figure 

3.49). The results showed that the complex could absorb at λmax= 453 nm 

according to Figure (3.50) and this is agreed with the literature 
(168)

 . 

 

Figure (3.49): Formation of copper - Neocuproine complex, A, colourless solution of 

copper ion, B, yellow-coloured solution of the complex 

A B 
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Figure(3.50): The UV-Visible spectrum of copper – Neocuproine complex 

 (3.30) Optimum Conditions 

 (3.30.1) Effect of Neocuproine Concentration 

               The effect of Neocuproine concentration on the peak height was 

studied in the range (5*10
-3

-5*10
-9

) M after removing by HCL. The preferred 

response was at the concentration (5*10
-5 

M) of Neocuproine, according to the 

results in Table (3.13) and Figure (3.51). 
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Table (3.13): The relationship between Neocuproine concentration and peak height 

(mV). The conditions were 5 μg.mL
-1

 of Copper ion, D.W Carrier, the flow rate was 1.5 

mL.min
-1

, the net pressure was 150.923 psi for the monolithic column, 78.50 μL was the 

volume of both Copper ion and Neocuproine solutions, and the temperature was 23±3 

°C. 

Conc. of Neocuproine *5 

M 

Peak Height (mV) Mean 

 ̅  

S.D R.S.D% 

10
-9

 20 20 20 20 0 0.000 

10
-7

 27 29 27 27.66 1.154 4.175 

10
-5

 74 75 75 74.667 0.577 0.773 

10
-4

 35 34 34 34.33 0.577 1.682 

10
-3

 31 31 30 30.66 1.527 4.982 

 

 

Figure (3.51): Effect of Neocuproine concentration on the peak height  
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 (3.30.2.1) Effect of Reagent Solution Volume 

               The effect of Neocuproine solution volume on the form and response 

sensitivity was studied over the range (39.25 - 235.00) μL after removal by 

HCL. It was noticed that the highest peak is obtained at 78.50 μL of 

Neocuproine solution, as shown in Table (3.14) and Figure (3.52). 

Table (3.14): The relationship between the volume of Neocuproine (μL) and peak height 

(mV). The conditions were 5 μg.mL
-1

 of Copper ion, 5*10
-5

 M of Neocuproine, D.W 

Carrier, the flow rate was 1.5 mL.min
-1

, the net pressure was 150.923 psi for the 

monolithic column, 78.50 μL was the volume of Copper ion, and the temperature was 

23±3 °C. 

The volume 

of 

Neocuproine 

(μL) 

Peak height (mV) Mean 

 ̅  

S.D R.S.D% 

39.25  44 43 42 43.33 0.577 1.33 

78.50 76 77 75 75.67 0.577 0.76 

117.00 67 64 67 66.00 1.732 2.62 

157.00 55 55 53 54.33 1.155 2.13 

235.00 41 41 41 41.00 0.000 0.00 

 

 

Figure (3.52): Effect of Neocuproine solution volume on the peak height 
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 (3.30.2.2) Effect of Sample Solution Volume 

               The effect of sample solution volume was also studied using the 

optimum parameters. Variable sample volumes (30.25 - 235.00) μL were 

injected through the home-made injection valve, from the results in Table (3.15 ) 

and Figure (3.53). 

Table (3.15): The relationship between sample solution volume (μL) and peak height (mV). The 

conditions were 5 μg.mL
-1

 of Copper ion, 5*10
-5 

M of Neocuproine, D.W Carrier, the flow rate 

was 1.5 mL.min-1, the net pressure was 150.923 psi for the monolithic column, 78.50 μL was the 

volume of Neocuproine reagent, and the temperature was 23±3 °C. 

The volume 

of sample 

(μL) 

Peak height (mV) Mean 

 ̅  

S.D R.S.D% 

39.25  41 42 40 41.00 1.000 2.439 

78.50 75 75 75 75.00 0.000 0.000 

117.00 40 44 40 41.33 2.309 5.587 

157.00 38 38 38 38.00 0.000 0.000 

235.00 29 28 29 28.67 0.577 2.014 

 

 

Figure (3.53): Effect of sample solution volume on the peak height 
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  (3.31) Construction of Calibration Curve. 

            Under the optimum parameters in previous sections, a series of copper 

ion (I) concentrations were prepared to study the calibration curve. The 

calibration graph showed linearity over the range (0.05-17)mg.mL
-1

 (R
2
=0. 

0.9981), according to Figure (3.54) and Table (3.16) and (3.16).The limit of 

detection ((S/N=3) was 0.039 mg.mL
-1

 and the limit of quantification (S/N=10) 

was 0.117mg.mL
-1

.  

Table (3.16): Calibration graph values at optimum conditions, including 5*10
-5

 M of 

Neocuproine, D.W Carrier, the flow rate was 1.5 mL.min-1, the net pressure was 

150.923 psi for the monolithic column, 78.50 μL was the volume of both Copper ion and 

Neocuproine solutions, and the temperature was 23±3 °C. 

Recovery 

%  

Found 

Con. 

mg.mL
-1

 

RSD% S.D Mean 

 ̅  

Peak Height in 

(mV) 

Conc. Of 

Cu(I) 

mg.mL
-1

 

100.00 0.05 1.116 0.289 3.17 3 3 3.5 0.05 

95.76 0.48 4.681 0.289 6.17 6.5 6 6 0.5 

108.48 1.08 3.587 0.577 10.33 10 11 10 1.0 

101.82 3.05 2.474 0.577 23.33 24 23 23 3.0 

103.52 5.18 3.178 1.155 36.33 35 37 37 5.0 

93.42 6.54 1.274 0.577 45.33 45 45 46 7.0 

101.28 9.12 0.907 0.577 63.67 64 64 63 9.0 

98.09 12.75 0.666 0.577 86.67 86 87 87 13.0 

98.14 14.72 0.000 0.000 100.00 100 100 100 15.0 

101.75 17.30 0.981 1.155 117.67 119 117 117 17.0 
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Figure (3.54). Calibration curve for copper (I) 

 

 

Table (3-17) parameter of the calibration curve 

6.5811 Slope 

2.8372 Y-intercept 

 0.05-17 mg.mL
-1

 Linearity Range 

0.9981 Correlation Coefficient 

0.039 LOD 

0.117 LOQ 

0.577 Average SD 

2.886 Average RSD% 

 

 

 

 

y = 6.5811x + 2.8372 
R² = 0.998 
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  (3.32) Applications 

The proposed online -HPLC-FIA design(1) was successfully applied for the 

determination of Cu(I) in standard samples and water samples (table 3.1) .The 

water sample was taken from the (Al-Muamira station ), and the exact location 

was the wastewater ( inflow) and (outflow) of the station. The relative error and 

recovery percentage were calculated using equations (3.5) and (3.6), 

respectively. 

      
                           

           
                   (3-5) 

 

                                                         (3-6) 

Table (3.18): Determination of Cu (I) in standard samples and environmental samples by using 

Online- HPLC-FIA design(1) with two different levels 

Sample Before using 

mono  

concentration 

mg.mL
-1

 

Found 

concentration 

mg.mL
-1

 

S.D R.S.D% Er% Recovery% 

standard 

samples 
1.00 1.18 0.03 2.17 2.0 98.0 

5.00 5.24 0.06 2.04 0.8 99.2 
Wastewater( 

inflow) 
1.00 1.00 0.00 0.00 0.0 100 

5.00 5.10 0.03 0.84 2.0 98.0 

(outflow) 1.00 1.05 0.00 0.00 5.0 95.0 

5.00 5.07 0.00 0.00 1.4 98.6 
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(3.33) Design (2) of HPLC-FIA system online method for incorporation 

Ni(II) ion with the GMA-co-ACA co-AAM monolith column. 

Figure (3.55) shows an overall view of the new HPLC-FIA system. The system 

consists of left to right  an electrical pump for the production of high pressure, 

flow injection one-valve(universal valve) for allowing a discrete amount of 

sample only, a monolith column to separate ions, flow injection one-valve 

(home-made) for allowing a discrete amount of reagent to be introduced into 

carrier stream, the spectrophotometer is used as a detection device after simple 

modification by replacing the normal cell with the flow cell. The detector senses 

the gradient of sample concentration at 518 nm, and the recorder measures the 

response. The steps of connecting the system are shown in Figure (3.56) 

 

Figure (3.55) Scheme  of steps design of HPLC-FIA system 

 

2-The stage 
of connect 
valve FIA 

 

 

1-The step of 
connecting 

the electronic 
pump 

 
 

 
 

3-The stage 
of 

connecting 
the 

prepared 
monolith 
column  

 

 
 
 

4-The stage 
of designing 

and 
connecting 

the (reagent 
injection 

valve)  
 

 
 
 
 
 

5-The stage of 
modulating 

the 
spectrophoto
metry device 
and using it 

as a detector  
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Figure (3.56): The designed(2) system online method 

 

  

(3.33.1) Injection Stage for the Reaction Components 

Firstly, pumping distilled water (HPLC Pump) in all the systems passing 

through the one-valve(universal valve), passing through the monolith column, 

one-valve (home-made), and the detector. As in shown in Figure (3-57). 
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Figure (3.57) the process of flow of the carrier in all parts of the system 

 

Secondly, Figures (a,b,c) (3.58) and Figure (3.59) show manual injection of the 

sample (nickel ion) into the injection unit and as a first step it is called (loading 

sample) at load position (No.4 position to No.1 position ) by special needle 

(injection syringe) and the waste comes out of position No. 6. In contrast, site 

No. 2 and 3 continue to pump towards the monolith column and up to the 

detector. 

 

Figure (3.58) Manual injection process in injection unit universal valve. 
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Figure (3.59) Loading (Ni
+2

 ions) into the injection unit. 

 Thirdly, manually injecting the  new reagent (MPDADPI) into (home-made 

valve 2) after (1min ), closing the ports of the detector direction and the 

monolith column, as in figure (3-60) 

 

Figure (3.60) Loading (MPDADPI) as reagent  into the injection unit 



Chapter Three                                                                                         Results & Discussion 

 

555 
 

In the final stage, pushing elutes the nickel ions for  the monolith column by 

loading towards separating (nickel ions) occurs. The remaining product reacts 

with the reagent and then passes (0.2 M) of HCL to remove the trapped nickel 

ions inside the monolith column and react with the reagent injected into its 

valve. Then the direction of the two secondary valves is changed in a way that 

leads to the payment of the trapped nickel ions by loading, as it occurs 

separation and removal of element ions. They interact with the reagent, as 

shown in Figure (3-61)  and  (3-62). 

 

Figure (3.61) The process of pushing the sample by the carrier solution and separating it 

by the monolith column 
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Figure (3.62) The Process of pushing a solution to remove the retained Nickel ions from 

the monolith column in the presence of the carrier. 

 (3.34) Construction of Calibration Curve 

           A series of Ni (II) concentrations were prepared to construct the 

calibration curve. The linear range of calibration graph was                            

(0.005-2.90) mg.L
-1

 (R
2
=0.9995), as shown in Figure (3.63) and Table (3.18). 

The limit of detection (S/N=3) was 1ng.mL
-1

 and limit of quantification 

(S/N=10) was 1 μg.mL
-1

. 
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Figure (3.63): Calibration Curve for Ni (II). 

Table (3.19): Calibration graph values at optimum conditions, including 5*10
-5

 M 

of(MPDADPI), D.W Carrier, the flow rate was 1.5 mL.min-1, the net pressure was 

150.923 psi for the monolithic column, pH was 8, and the temperature was 23±3 °C. 

Conc. of 

Ni(II) 

mg.L-1 

Mean 

Abc 

(n=3) 

 ̅ 

S.D R.S.D% Found Con. 

mg.L
-1 

 

Recovery(%) 

0.005 0.001 0 0 0.0047 94.00 

0.050 0.002 0.000 3.149 0.0499 99.80 

0.5 0.079 0.001 0.734 0.51 102.00 

1.0 0.167 0.002 0.913 0.99 99.00 

1.50 0.248 0.001 0.465 1.52 101.33 

1.70 0.289 0.001 0.180 1.68 98.82 

1.90 0.331 0.001 0.175 1.98 104.21 

2.0 0.341 0.000 0.000 2.12 106.00 

2.30 0.398 0.001 0.145 2.41 104.78 

2.70 0.463 0.001 0.125 2.77 102.59 

2.90 0.498 0.001 0.116 2.88 99.31 
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(3.35) Innovative Design and fabrication of monolithic columns 

inside microchip device for Separation Ni(II) ion. 

A glass microchip had two layers, each 3 mm thick. The chip's length and width 

were 50 mm and 15 mm, respectively. For the inlet and outflow of the mobile 

phase, two holes (each 1.5 mm in diameter) were drilled into the top layer of 

glass using conventional drilling methods. The second layer was the CNC-

milled channel, which had the following dimensions: 30 mm long, 1 mm wide, 

and 50 m deep. The two layers were thermally fused, and design of the chip is 

shown in figure (3.64) 

 

Figure (3.64): A glass microchip photograph used to separate Ni
+2

 ions. 

(3.36) Preparing the inner surface of the chip (Silanization step), 

polymerization process & opening the epoxy ring GMA. 

When the chip was ready for use, the monolith was constructed inside the chip 

using the identical techniques shown in (3.2),(3.3),(3.14) and (3.30); the results 

appeared that the net pressure was calculated to be approximately 64.599 psi for 

monolith inside the microchip at a flow rate of (0.1) mL/min, the effect of 

sample solution volume and reagent solution was (25.0 μL) and 7*10
-5

 M 

concentration of (MPDADPI). The chip was then connected to an HPLC system 
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to study sample separation, as shown in Figure (3.65- 3.67) detailed diagram 

showing the basic steps of microchip configuration and its readiness for use with 

the HPLC-FIA system.  

 

Figure (3.65): photo silanization processes  
  

 

Figure (3.66): (a) A photograph of the microchips device; on the left, the microchip 

after the silanization step, (b) On the right, the irradiation time cabin 
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Figure (3.67): scheme stages of designing the microfluidic chip. 

 (3.37) HPLC Detector. 

HPLC Detectors is used  instead of a spectrophotometer, and it is used as a 

detector because it has the advantages of variable wavelength UV -Vis, high 

sensitivity, and a selection of flow cells; the Model 1050 detector is ideal for 

liquid chromatography applications. 

A direct mechanical drive on the unit's front panel sets the desired wavelength. 

The standard deuterium lamp covers UV wavelengths; an optional tungsten 

lamp is available for visible wavelengths. The lamps are prealigned, readily 
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accessible, and can be easily changed 
(169)

. So it has been modified as shown in 

Figure (3.68). 

 

 

Figure (3.68): UV/Vis Detector. 

(3.38) Data Acquisition System 

In order to optimize the characteristics of the design system in terms of 

performance, handling capacity and cost, the relevant sub-systems can be 

combined by a data acquisition system (D.Q.S), which consists of individual 

sensors with the necessary signal conditioning, data conversion, data processing, 

multiplexing, data handling and associated transmission, storage and display 

systems. Analog Data Acquisition System is generally acquired and converted 

into digital form for processing, transmission, display and storage. Data may be 

transmitted over long distances (from one point to another) or short distances 

(from the test centre to a nearby PC). 
(170)

 . as shown Figure (3.69) . 
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Figure (3.69): data Acquisition System. 

 

(3.39) Distribution coefficients, total capacity for monolith 

microchip device. 

Calculation of equations within (3.2) and (3.3) was applied, and the results were 

that the total capability of the microchip was found to be (10.831 ppm) 

distribution coefficients of Ni
+2

 ion (4.333). 
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 (3.40) Work Stages for microchip design. 

(3.40.1) Sample injection Stage. 

        After the pumping of D.W by (HPLC Pump) for all systems, the injection 

process of Ni (II)  is (1.5 mg.L
-1

) in one-valve (universal valve) manually in two 

steps; the first step is called (loading sample) at load position (No.4 position to 

No.1 position ) by needle HPLC (injection syringe). The waste comes out of 

position No. 6  and the second step pushes the sample toward the microchip, as 

shown in the figures (3.70 a),(3.70 b) and (3.70c). 

 

Figure (3.70) : (a) Manual one-valve (universal valve) and (b,c) loading and injection 

process of the sample, respectively. 

 (3.38.2)  Reagent injection Stage. 

After the injection and loading process of the sample, the reagent was injected 

fixed size injection syringe (25µl) in a sub-valve (3-way) tied and installed after 

the monolith microchip waiting only (30 seconds). as shown in Figures (3.71). 
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Figure (3.71) (A, B, C): Stages of injection and pushing reagent toward the detector 

(3.40.3) Removing by injection Stage for HCL. 

0.1 mol.L
-1

 of HCL was fixed as the optimal chemical conditions to remove the 

eluent of nickel ions (II) in monolith microchip by injection in one-valve 

(universal valve) manually and to push by (HPLC Pump); these ions from the 

monolith microchip meet with the second reagent injection and head towards the 

detector to draw the signal. Note that the concentration of Ni (II) was 1.5 mg.L
-1

. 

as shown in Figures and Photo (3.72) A and B. 
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Figure (3.72) A, B: Schematic shape and photo connection of monolith microfluidic chip 

to the other parts of the system. 

A 

B DQS 
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(3.41) Calibration Curve 

           Ni (II) concentrations were prepared over the range (0.001-3.5.) μg.mL
-1

 

to construct the calibration curve. The coefficient of determination (R
2
) was 

0.9977, according to the results in Table (3.19) and Figure (3.73). The limit of 

detection (S/N=3) was 0.87 ng.mL
-1,

 and the limit of quantification (S/N=10) 

was 0.087 μg. mL
-1

. 

Table (3.20): Calibration curve values at optimum conditions, including 7*10
-5

 M 

of(MPDADPI) 0.1 mol.L-1 of HCL, D.W Carrier, the flow rate was 0.1 mL.min
-1

, the net 

pressure was 64.599 psi for monolith microchip, the effect of sample solution volume, 

reagent solution was (25.0 μL), pH was 8, and the temperature was 23±3 °C. 

Conc. 

of 

Ni(II) 

μg. mL
-1 

Mean 

Abc 

(n=3) 

 ̅ 

S.D R.S.D% Found 

Con. μg. 

mL
-1 

 

Recovery(%) 

0.001 0.009 0.001 0.639 0.0011 90.91 

0.005 0.015 0.001 4.133 0.0049 102.04 

0.5 0.070 0.001 1.657 0.51 98.04 

1 0.142 0.00 0.00 1.39 71.94 

1.5 0.218 0.003 1.376 1.52 98.68 

2 0.304 0.005 1.621 2.01 99.50 

2.5 0.360 0.003 0.735 2.50 100.00 

3 0.423 0.006 1.316 2.98 100.67 

3.5 0.493 0.021 4.220 3.49 100.29 
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Figure (3.73): Calibration curve for Ni (II) 

 

 (3.42 ) Summary of Innovative Systems 

            The monolithic column and microchip  are used to determine elements (Ni 

+2
 and Cu

+2
) under study properties measured using the new innovative systems 

are summarised in Table (3.20). 
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Table (3.21): Work summary of innovative Systems 

 

Seq. Measured Property
Off-line method for 

incorporation Cu
+2 

Off-line method for 

incorporation Ni
+2

On-line method for 

incorporation Cu
+2

On-line method 

for incorporation 

Ni
+2

On-line method for 

incorporation Ni+2 using 

microchip

1 λmax (nm) 453 518 453 518 518

2 Conc. of reagent
100 mg.mL

-1
 of 

Neocuproine
5x10

-5
M  of MPDADPI 

 mg.mL-1 of 100

Neocuproine

 5x10-5M  of

MPDADPI
7x10-5M  of MPDADPI

4 Volume of reagent (μL) --------- ----------- 78.5 78.5 25

5
Length of monolithic column 

(mm)
60 mm 60mm 60mm 60mm microchip device (30mm)

6 Flow rate mL.min
-1 1.5 1.5 1.8 1.8 0.1

7 Linear range 1—35 mg/L 0.5-32 mg/L 0.05-17 mg.mL-1 0.0005-0.5 0.001—3.5 μg.mL-1

8 Correlation coefficient (r) 0.998 0.9987 0.9981 0.9995 0.9977

9 Slop (b) 0.0085 0.014 6.5811 5.75 0.1407

10 Intercept (a) 0.0006 0.0096 2.8372 0.0321 0.0059

11 L.O.D 0.269 mg/L 0.3 mg/l 0.039mg.mL-1 0.003 0.00087 μg.mL-1

12 L.O.Q 0.807 mg/L 0.6mg/l 0.117mg.mL-1 0.091 0.00261 μg.mL-1

253 Volume of sample (μL) ----------- ------- 78.5 39.25
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Table (3.22): Comparing the work with some prepared monolithic columns 

 

Reaction

  Length of 

monolithic 

column 

 Flow rate  Analyte Technique RF

Poly(glycidyl methacrylate-co-ethylene methacrylate) A 

polymerization mixture consisting of 25.5% GMA, 17.5%

EDMA, 40% 1-dodecanol, 17% cyclohexanol, and 1% AIBN 

(with

respect to monomers) (all percentages w/w) was purged 

with

nitrogen for 10 min. 

  100m 0.25 µL/min  

A mixture of 

ovalbumin,chymotrypsinog

en,cytochrome c, 

ribonuclease A and 

lysozyme

 anion-exchange 

mode  capillary 

system
171

Then capillary column rinsed with acetone for 0.5 h and 

dried with steam nitrogen gas for 0.5 h. The polymer 

precursor solution prepared from0.002 g AIBN 

(polymerization initiator), 0.09 mL glycidyl methacrylate 

(monomer), 0.03 mL ethylene dimethacrylate (cross-

linker), 0.105 mL 1,4-butanediol, 0.06 mL decanol, and 

0.015 mL water (porogen).

 2-3 mm ( 4 µL/min) 
iodate,bromate,  nitrite, 

bromide, and  nitrate.

ion 

chromatography 

capillary system
172

prepared by  co-condensation of (3-chloropropyl)-

trimethoxysilane (CPTMS) and tetramethoxysilane (TMOS) 

, and then N-methylimidazole was bonded to the CP-silica 

column via the chloropropyl group.

 33.5 cm (0.01 mL/min) 
benzene, naphthalene, 

anthracene, chrysene

Capillary 

electrochromatogra

phy (CEC)
173

An IonPac AS9-HC separation column with an AG9-HC 

pre-column and an ASRS-ultra II 4 mm suppressor used 

ina chemical mode of operation
100mm 1 mL/min

fluoride, nitrite, nitrate and 

phosphate 
ion chromatography 174

prepared by  Poly(ethylene glycol) (0.88 g) and urea (0.9 g) 

were dissolved in 10 mL of 0.01 mol/L acetic acid. 

Tetramethoxysilane was added to this solution (35/65, v/v)
 70 cm 41 nL/min  proteomic analyses

Silica-Based 

Monolithic Columns
175

 prepared by dissolving (NPOE) 2-Nitrphenyl octyl ether 

(2.0 mL), (PVC) Poly (vinyl chloride) (0.4 g), 

(TDAB)Tetradodecylammonium bromide (0.1554 g) and 

(TFPB)Sodium tetrakis

[3,5-bis(trifluoromethyl)phenyl] borate (0.0886 g) in 10 mL 

of tetrahydrofuran (THF) in a beaker.

1480 cm 4.17 µL/s

SO4 2- , Cl- , NO2 - , Brand 

NO3 - ions. F- , HPO4 2- 

and CH3COO

A sequential 

injection 

chromatography 

(SIC) constructed 

from a short 

monolithic column

176

prepared by poly(glycidyl methacrylate-co-ethylene 

dimethacrylate)The 40: 60 v/v mixture of monomers (GMA 

and EDMA, 75: 25 vol%) and porogenic diluents 

(cyclohexanol and dodecanol, 90: 10 vol%), in which AIBN 

(1% w/v with respect to monomers) was dissolved, was 

purged with nitrogen for 15 min

  7.9 mm  1.0 mL/min proteins

weak cation 

exchange 

chromatography
177

   prepared by poly(glycidyl methacrylate-co-

ethylenedimethacrylate)                       900 mL of GMA and 

300 mL of EDMA were dissolved in a ternary porogen of 

1050 mL of 1,4-butanediol, 600 mL of 1-propanol and 150 

mL of water. Twelve milligrams of AIBN was added to the 

mixture as a polymerization photo-initiator (1 wt% relative 

to the

monomers). Prior to irradiation, dissolved oxygen in 

solution was degassed by sonication for 15 min.

      100 mm          
        2 

mL/min
 bromate,nitrite and nitrate 

anion-

exchangechromatog

raphy
178

poly(GMAPEGDA) by reaction of the epoxy groups with 

DEA.PEGDA was chosen as the only crosslinker

because of its effectiveness in reducing non-specific 

adsorption of proteins on the monolith. Then the polymer 

precursor was prepared by mixing monomer, crosslinker, 

porogens, 

10 cm 0.15 µ L/min  proteins 

anion-exchange 

capillary liquid 

chromatography 
179

phosphate

monolith was prepared by  the reaction mixture 

consisting of ethylene glycol methacrylate phosphate (80 

µL, ∼100 mg), bisacrylamide (60 mg), dimethylsulfoxide 

(270 µL), dodecanol (200 µL), N,N′-dimethylformamide (50 

µL), and AIBN (2 mg) was sonicated for 20 min to obtain a 

homogeneous solution and then purged with nitrogen for 

10 min

 7 cm 21 µL/min  proteins
strong cation 

exchange
180

prepared from a mixture consisting of (Ter – monomers ), 

glycidyl methacrylate(GMA), Acrylic acid (A. AC) and acryl 

amid were used to make monolithic columns via free 

radical polymerization (AAM). DMPA (2,2-dimethoxy-2-

phenylacetophenone) as an initiator instead of the more 

common initiator 2,2-  azoisobutyronitrile (AIBN ) this was 

due to some defects when using (AIBN) and one of these 

defects is the formation of voids due to the rapid reaction 

and generation of N2 gas during the polymerization 

microchip 

device 

(30mm) 

&60mm

(0.1 

&1.5)mL/min
Ni (II) and Cu(II)

strong cation 

exchange

The 

work
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4. Conclusions and Future forecast 

(4.1) Conclusions 

1. A new glycidyl methacrylate‐co- Acrylic acid -co-acryl amide monolithic 

column was successfully prepared and characterized. 

2.  The polymer was optimized as a strong cation exchange column by 

converting the epoxy group to sulfonate groups reaction. 

3. Moreover, the chelating capacity was calculated to find out the  number of 

ions that can be exchanged between the column and sample solution. 

4. The new innovative (design) were characterized with simplicity, rapidity, 

high efficiency and sensitivity. 

5. The sensitivity of response and limit of detection were improved by using 

the microfluidic chip with interfered conduits. 

6. The column was successfully applied to determine the Cu (II) and Ni (II) 

concentration accuretly by compering the result that obtained using 

spectrophotometric method with the result that gained using atomic 

absorption method. 

7. The results show that the ion –exchange chromatography method is more 

sensitive and faster when compared with the methods traditional. 

8. The proposed methods were applied for the determination of Ni(II)and Cu 

(I) in various samples. 
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 (4.2) Future forecast  

1. The prepared monolithic columns or microchip can be used in sample 

analysis such as blood, urine and pharmaceutical . 

 

2. Simple reconfiguration of the manifold can be implemented for the 

determination of With other elements (II) when pH changes  with ((E)-2-

((4 methoxyphenol)diazenyl)-4,5-diphenyl-1Himidazoleand (Orange) by 

using the HPLC-FIA system. 

3. 3-Other detection devices can be used to improve the sensitivity of 

measurement and other characteristics, such as, chemiluminescence, 

fluorescence, etc. with HPLC-FIA technique. 

 

4. 4-The prepared study can be used in community service as an application 

through the university’s relationship with the ministry, for example, 

health or water resources, in order to purify the water from heavy, harmful 

elements with concentrations higher than the permissible limit. 
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1. Introduction 

(1.1)  Chromatography 

               The discovery of chromatography is generally credited to Tswett
 (1)

.       

Chromatography is an important biophysical technique that enables the 

separation, identification, and purification of the components of a mixture for 

qualitative and quantitative analysis 
)2)

.    

 

All chromatographic systems have a mobile phase that transports the 

analytes through the column and a stationary phase coated onto the column or 

on the resin beads in the column
(3)

. The stationary phase loosely interacts with 

each analyte based on its chemical structure, resulting in the separation of each 

analyte as a function of time spent in the separation column
)4(.

 

 

           Chromatography differs from other methods of separation in that a wide 

variety of materials, equipment, and techniques can be used
)5(

.          

        Four separation techniques based on molecular characteristics and 

interaction type use mechanisms of ion exchange, surface adsorption, partition, 

and size exclusion. Other chromatography techniques are based on the stationary 

bed, including column, thin layer, and paper chromatography 
(2)

.Column 

chromatography is one of the most common methods of protein purification
)6(

. 

Based on this approach three components form the basis of the chromatography 

technique.  

1-Stationary phase: This phase is always composed of a ―solid‖ phase or ―a 

layer of a liquid adsorbed on the surface a solid support‖. 

2-Mobile phase: This phase is always composed of ―liquid‖ or a ―gaseous 

component.‖  

3-Separated molecules 
(4-7)

. 
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As illustrated in scheme Classification of chromatography methods according 

to various applied techniques. Fig (1) 
(5,8).

 

 

Figure (1.1) A scheme for subdividing the field of chromatography, according to various   

                                                applied techniques. 

 

 (1.2) Classification based on the physical state 
(8)

:- 

 
The first method based on the physical state of the mobile phase and the 

stationary phase. They fall into four categories , Such as 

1. Gas-liquid 

2. gas-solid 

3. liquid-solid 

4. liquid-liquid 

 

 

(1.3) Classification based on contact between mobile phase and 

stationary phase
(8,9)

:- 

 
1. Liquid-solid chromatography (LSC) 

2. Liquid-Liquid chromatography (LLC) 
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3. Gas-Solid chromatography (GSC) 

4. Gas-Liquid chromatography(GLC) 

 

(1.4) Classification of chromatography based on Chemical or 

physical mechanism
(9)

:- 
1. Column chromatography  

2. Ion-exchange chromatography  

3. Gel-permeation (molecular sieve) chromatography  

4. Affinity chromatography  

5. Paper chromatography  

6. Thin-layer chromatography  

7. Gas chromatography  

8. Dye-ligand chromatography  

9. Hydrophobic interaction chromatography 

10. Pseudo affinity chromatography  

11. High-pressure liquid chromatography (HPLC) 

 

(1.4.1)-Column chromatography 
(10,11)

 

This technique is used for the purification of biomolecules. On a column 

(stationary phase) firstly the sample to be separated, then wash buffer 

(mobile phase) are applied (Fig.2). Their flow through inside column 

material placed on a fiberglass support is ensured. The samples are 

accumulated at the bottom of the device in a tme-, and volume-dependent 

manner 
.
 

 
 

Figure (1.2).Column chromatography. 
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(1.4.2)- Ion- exchange chromatography
 (5,6)

 

Electrostatic interactions between charged protein groups and solid support 

material are used in IEC. Proteins are separated from the column by adjusting 

the pH, ion salt concentration, or ionic strength of the buffer solution. Anion-

exchange matrices are positively charged ion-exchange matrices that adsorb 

negatively charged proteins. Cation-exchange matrices, on the other hand, are 

made up of negatively charged groups and adsorb positively charged proteins. 

(Fig.3). 

 

Figure (1.3) Ion- exchange chromatography. 

 

In ion-exchange chromatography the stationary phase is a cross-linked polymer 

resin, usually divinylbenzene cross-linked polystyrene, with covalently attached 

ionic functional groups
(12,15,14).

 

The counterions to these fixed charges are mobile and can be displaced by ions 

that compete more favorably for the exchange sites.  

Ion-exchange resins are divided into four categories: strong acid cation 

exchangers; weak acid cation exchangers; strong base anion exchangers; 

and weak base anion exchangers. As in scheme provides a list of several 

common ion-exchange resins
 (12,13)

. 

 

 

Anion-exchange resin 

Cations bind to stationary phase 



Chapter One                                                                                                Introduction 

 

5 

 

 

 

Figure (1.4) scheme provides a list of several common ion-exchange resins 

Strong acid cation exchangers include a sulfonic acid functional group that 

retains its anionic form, and thus its capacity for ion-exchange, in strongly acidic 

solutions. The functional groups for a weak acid cation exchanger, however, are 

fully protonated at pH levels less than 4, thereby losing their exchange capacity.  

The strong base anion exchangers are fashioned using a quaternary amine, 

therefore retaining a positive charge even in strongly basic solutions. Weak base 

anion exchangers, however, remain protonated only at pH levels that are 

moderately basic. Under more basic conditions, a weak base anion exchanger 

loses its positive charge and therefore, its exchange capacity
(8)

. Table (1.1) show 

types of function group ion- exchange. 
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Table (1.1)  Types of function group  ion- exchange. 

 

The ion-exchange reaction of a monovalent cation, M+, at a strong acid 

exchange site is 

                            

The equilibrium constant for this ion-exchange reaction, which is also called the 

selectivity coefficient, is 

 

 

where the brackets { } indicate a surface concentration. 

 

 

 

D is a function of the concentration of H
+
 and, therefore, the pH of the mobile 

phase(16,17).  

Ion-exchange resins are incorporated into HPLC columns either as micron sized 

porous polymer beads or by coating the resin on porous silica particles. 

Selectivity is somewhat dependent on whether the resin includes a strong or 

weak exchange site and on the extent of cross-linking. The latter is particularly 

important because it controls the resin’s permeability and, therefore, the  
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accessibility of the exchange sites. An approximate order of selectivity for a 

typical strong acid cation exchange resin, in order of decreasing D, is 

 

That highly charged ions bind more strongly than ions of lower charge. Within a 

group of ions of similar charge, those ions with a smaller hydrated radius or 

those that are more polarizable bind more strongly. For a strong base anion 

exchanger the general order is  

 

Again, ions of higher charge and smaller hydrated radius bind more strongly 

than ions with a lower charge and a larger hydrated radius. The mobile phase in 

IEC is usually an aqueous buffer, the pH and ionic composition of which 

determines a solute’s retention time. Gradient elutions are possible in which the 

ionic strength or pH of the mobile phase is changed with time
 (18,19).

 

Ion-exchange chromatography has found important applications in water 

analysis
 (20)

 and in biochemistry 
(21).

 Ion-exchange chromatography also has been 

used for the analysis of proteins
(22)

 , amino acids
(21)

, sugars, nucleotides, 

pharmaceuticals, consumer products, and clinical samples
(23,24).

 

 

(1.4.3)-Gel- permeation (molecular sieve) chromatography 

The basic principle of this method is to use dextran containing materials to 

separate macromolecules based on their differences in molecular sizes. This 

procedure is basically used to determine molecular weights of proteins, and to 

decrease salt concentration of protein solutions . In a gel- permeation column 

stationary phase consists of inert molecules with small pores. The solution 

containing molecules of different dimensions are passed continuously with a 

constant flow rate through the column
(6,25)

. 
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Molecules larger than pores cannot permeate into gel particles, and they are 

retained between particles within a restricted area. Larger molecules pass 

through spaces between porous particles, and move rapidly through inside the 

column. Molecules smaller than the pores are diffused into pores, and as 

molecules get smaller, they leave the column with proportionally longer 
(26–28)

 as 

shown Fig 5. 

 

Figure (1.5) Technique gel- permeation chromatography 

(1.4.4)-Affinity chromatography
 (29,30) 

. 

This chromatography technique is used for the purification of enzymes, 

hormones, antibodies, nucleicacids, and specific proteins . A ligand which can 

make a complex with specific protein (dextran, polyacrylamide, cellulose etc) 

binds the filling material of the column. The specific protein which makes a 

complex with the ligand is attached to the solid support, and retained in the 

column,while free proteins leave the column. Then the bound protein leaves the 

column by means of changing its ionic strength through alteration of pH or 

addition of a salt solution (Fig.6). 
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Figure (1.6) Affinity chromatography. 

 

(1.4.5)-Paper chromatography 
(31-33) 

 

In paper chromatography support material consists of a layer of cellulose highly 

saturated with water. In this method a thick filter paper comprised the support, 

and water drops settled in its pores made up the stationary ―liquid phase.‖ 

Mobile phase consists of an appropriate fluid placed in a developing tank. Paper 

chromatography is a ―liquid-liquid‖ chromatography Fig .7. 

 

 Figure (1.7) paper chromatography 
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(1.4.6)-Thin-layer chromatography 
(34)

 

Thin-layer chromatography is a ―solid-liquid adsorption‖ chromatography. In 

this method stationary phase is a solid adsorbent substance coated on glass 

plates. As adsorbent material all solid substances used. In column 

chromatography (alumina, silica gel, cellulose) can be utilized
(35)

. In this 

method, the mobile phase travels upward through the stationary phase The 

solvent travels up the thin plate soaked with the solvent by means of capillary 

action. During this procedure, it also drives the mixture priorly dropped on the 

lower parts of the plate with a pipette upwards with different flow rates. Thus 

the separation of analytes is achieved. This upward travelling rate depends on 

the polarity of the material, solid phase, and of the solvent
 (36)

. Fig.8 

 

 

Figure (1.8) Thin-layer chromatography 

 (1.4.7)- Gas chromatograph
 (37-39)

    

In this method stationary phase is a column which is placed in the device, and 

contains a liquid stationary phase which is adsorbed onto the surface of an inert 

solid. Gas chromatography is a ―gas-liquid‖ chromatography. Its carrier phase 

consists of gases as He or N2. Mobile phase which is an inert gas is passed 
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through a column under high pressure. The sample to be analyzed is vaporized, 

and enters into a gaseous mobile phase . The components contained in the 

sample are dispersed between mobile phase, and stationary phase on the solid 

support. Gas chromatography is a simple, multifaceted, highly sensitive, and 

rapidly applied technique for the extremely excellent separation of very minute 

molecules. It is used in the separation of very little amounts of analyses. Fig 9 . 

 

 Figure (1.9)Gas chromatography 

(1.4.8)- Dye- ligand chromatography (40,41) . 

Development of this technique was based on the demonstration of the ability of 

many enzymes to bind purine nucleotides for Cibacron Blue F3GA dye . The 

planar ring structure with negatively charged groups is analogous to the 

structure of NAD., the adsorbed proteins are separated from the column. Fig.10  
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 Figure (1.10)Dye- ligand chromatography 

(1.4.9) - Hydrophobic interaction chromatography (HIC) 

In this method the adsorbents prepared as column material for the ligand binding 

in affinity chromatography are used. HIC technique is based on hydrophobic 

interactions between side chains bound to chromatography matrix 
(42,43)

. Fig(11)  

 

Figure (1.11) Hydrophobic interaction chromatography (HIC) 
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(1.4.10) -Pseudo affinity chromatography
 (44,45)

 

Some compounds as anthraquinone dyes, and azodyes can be used as ligands 

because of their affinity especially for dehydrogenases, kinases, transferases, 

and reductases The mostly known type of this kind of chromatography is 

immobilized metal affinity chromatography (IMAC) Fig12. 

  

Figure (1.12) Pseudo affinity chromatography. 

(1.4.11) - High-pressure liquid chromatography (HPLC) (46)  
 

High-performance liquid chromatography "HPLC".Achromatographic technique 

in which the mobile phase is a liquid. In HPLC, a liquid sample, or a solid 

sample dissolved in a suitable solvent, is carried through a chromatographic 

column by a liquid mobile phase. Separation is determined by solute/stationary-

phase interactions, including liquid–solid adsorption, liquid–liquid partitioning, 

ion exchange and size exclusion.  A schematic diagram of a typical HPLC 

instrument is shown in Fig .13. 
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Figure (1.13)  High-pressure liquid chromatography (HPLC) 

(1.5) Chromatographic Resolution
(47)

 

The main goal of chromatography is to segregate components of a sample into 

separate bands or peaks as they migrate through the column. A chromatographic 

peak is defined by several parameters including retention time peak width, and 

peak height . And resolution is defined as follows:  

 

 

 

 

   
   

     
 

where: 

RS = resolution 

   = difference between retention times of peaks 1 and 2 

w2 = width of peak 2 at baseline 

w1 = width of peak 1 at baseline  .(fig.14 a ,b). 
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Figure (1.14) (a.one width ,b two width ) for Chromatographic Resolution 
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 (1.6)  Flow Analysis 

Flow analysis is the umbrella term for all analytical techniques that rely on the 

introduction of a sample into a flowing medium known as the carrier stream by 

aspiration or injection 
(48)

. 

 Two fundamental ideas can be used to classify flow analysis. The first is based 

on how samples are introduced, which can be continuous or discrete, and the 

second is based on the flowing medium, which can be segmented or 

unsegmented, as seen in
(49,50)  

Fig. 15. 

 

Figure (1.15) IUPAC classification of flow analysis methods 

 

The reason for the appearance of the peak in the flow injection technique is due 

to the occurrence of two processes, one of which includes the formation of the 

dispersion phenomenon, which is a physical process, and the second includes a 

chemical process resulting from the interaction between the model and the 

detector after each of them is injected through the injection valve into an 

uninterrupted moving vector stream, and this causes a gradient In the 

Flow Analysis 

Continous 
Sampling 

Segmented 

Unsegmented 

Discreted Sampling 

Aspiration of 
Sample 

Segmented Flow - 
Continous Flow 
Analysis (CFA) 

Unsegmented Flow 

Injection of Sample 

Monosegmented 
Flow - Mono 

Segmented Flow 
Analysis (MSFA) 

Unsegmented Flow 

Liquid 
Chromatography 

(LC) 

Flow Injection 
Analysis (FIA) 
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concentration and give the absorbance or the potential difference or any other 

physical factor that changes as a result of passing the model through it, and thus 

the resulting signal is recorded in a peak form for each injection process .The 

processes that occur within any flow injection system can be described
 (51,52)

   

Fig. 16. 

 

Figure (1.16) Description of the injection technique 

 (1.7)  Flow-injection and HPLC
(53,54)

 

Similarities between the flow injection technique and high-performance liquid 

chromatography, and among the similarities that were found is the ability to 

inject as the sample is entered by injection in both techniques, the possibility of 

using small volumes, the flow in the form of parts i.e. the nature of the mixture 

is laminar, and a comparison can be presented Simplified to show similarities 

between flow injection technology and high performance liquid chromatography  

Fig.17. 
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Figure (1.17) Similarities between a- FIA and b- HPLC 

 

Despite the similarities between FIA and HPLC
 (55,56) 

, there are significant 

differences between the two techniques, as HPLC technology requires higher 

pressure than in flow injection, while FIA can work by about 1.5 atmospheres 

by using a simple peristaltic pump, also the liquid passes In HPLC technology, 

through a column tightly packed with materials, while in FIA, the liquid passes 

through the sample area from a narrow tube, in addition to the fact that HPLC is 

complex and designed to estimate several components in one sample, while FIA 

is characterized by its simplicity and estimation of one component in the sample, 

so that both (HPLC, FIA) are two different techniques due to the different 

principles of each
(57) .

 

 (1.8) HPLC-FIA COUPLING 
(58)

 

An HPLC-FTA coupled system consists of two injection valves, two pumps, a 

chromatographic column, a reactor, and a continuous detector, as well as 

reservoirs for the eluent(s), carrier(s), and reagent(s) (s). Depending on the 

position of the FIA subsystem's injection valve (as shown Fig. 18), there are two 

ways to implement this association: When the valve is located before the 

a 

b 
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carrier's confluence with the chromatographic effluent (A), and when the valve 

is located at the confluence point itself (B). To prevent the formation of air 

bubbles, restrictor coils are frequently used. There are only a few analytical 

methodologies that use these two modes. 

 

Figure (1.18) General arrangement of HPLC-FIA combination: (A) with FIA injection prior to 

the confluence with the chromatographic eluate; (B) with injection of the chromatographic 

eluate. C = carrier; R = reagent; S = sample; D = detector; W = waste. 

 

As previously indicated, there are additional options for using two valves in an 

on-line HPLC-FIA coupled system
(59)

. The chromatographic effluent fills a 

sampling valve's loop, which injects samples of it into the reagent stream at 

regular intervals (Fig. 16B). In this case, automatic simultaneous operation of 

the two valves is required. This setup has been used to resolve mixtures of 

reducing sugars with photometric detectionllg and amino acids with 

amperometric detectioniz
(60)

. 
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(1.9) Microfluidics 

 Microfluidics refers to technologies and methods for regulating and modifying 

fluid flows on a millimeter scale. Such fluid-related phenomena have long been 

studied as part of the fluid mechanical component of colloid science 
(61)

 and 

plant biology 
(62)

, and they depend on many fundamental features of viscous 

flow dynamics
(63)

. Ruzicka and Hansen described an unique microsystem 

technique for the first time in 1984. The microsystem consisted of integrated 

microconduits with microscopic potentiometric or optical detectors, as well as 

integrated gas diffusion or ion exchange units 
(59)

. Another experiment involved 

using a tiny syringe instead of a peristaltic pump. Lab-on-Valve is a monolithic 

construction with a channel system, flow cell, and detector positioned over a 

multi-position valve. The channels diameters of the Lab-on-Valve system are 

measured in centimeters and fractions of millimeters(
64

,
65

) Fig.19. 

 

Figure (1.19) Lab-on-Valve system 

Microfluidics was a word applied in the early 1990s to characterize 

microsystems. The sizes of channels in microfluidics were reduced to tens of 

micrometers, paving the door for the production of a complete Lab-on-a-chip or 

micro total analysis system (μTAS). As shown in Fig. (20 a,b) a microfluidic 
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system comprises of a thin piece of glass or polymeric plate with microchannels 

and diameters of a few centimeters 
(66-68)

 

 

Figure (20 a, b): The micro channels of microfluidic systems 

 

 (1.10) Monolith 

Separation science advances are largely driven by new developments in column 

technology
(69)

. Throughout the history of HPLC, columns packed with silica 

particulate materials have been the preferred packing material. In 1973, the first 

commercially available columns containing 10m silica C18 particles were 

introduced. Since then, the particle diameter has been systematically reduced in 

order to achieve faster separations while also increasing separation efficiency
 

(69,70)
. Because of the spherical packing, the external porosity of packed columns 

is fixed. As a result, column designs that allow for independent control of 

characteristic size (such as particle diameter) and porosity have the potential to 

produce intrinsically better chromatographic performance. As a result, polymer-

monolith stationary phases have emerged as an appealing alternative for packed 

columns, with particular application in biomolecule analysis
(71,72).

 

a b 
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(1.10.1) Monolithic columns 

In comparison to typical particle-packed columns, monolithic columns are 

comparatively easy to build, have good permeability, fast mass transfer, and 

high efficiency 
(73)

. Organic-polymer-based monolithic columns and silica-based 

monolithic columns are the two basic forms of monolithic columns. 

Inorganic/organic monoliths are mixtures of these two categories. However, 

they are frequently referred to as hybrids, and the term hybrid is used in a 

variety of contexts, such as for columns made from a mixture of 

tetramethoxysilane and methyltrimethoxysilane
(69)

. 

Heat- or photo-initiated free radical polymerization of appropriate monomers 

and cross-linkers in the presence of porogens is a typical method for creating 

organic-polymer-based monoliths inside the column 
(74).

 Using a range of 

functional monomers and cross linkers, organic monolithic columns can give 

exceptional pH stability and tremendous flexibility in tuning monolithic 

chemical characteristics 
(75).

Changing the porogenic solvents, as well as the 

polymerization temperature and duration might also be done to vary their 

porosity and surface qualities. However, organic solvent swelling and a lack of 

mechanical stability in organic monoliths result in a reduction in lifetime and 

undesired low retention repeatability.
 (68).

 

Silica-based monoliths have a larger surface area, mechanical stability, solvent 

resistance, and separation efficiency than organic monoliths, but surface 

functionalization of silica-based monolithic columns is labor-intensive and time-

consuming. Fig.21. Depicts the structures of packed columns and monolithic 

columns
(76)

. 
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Figure (1.21)The difference in mobile phase movement in (a) packed column and 

(b) monolithic column 

 

(1.10.2) Classification of monolithic columns 

Monolithic chromatography columns have been made from organic polymers 

(polymethacrylate, polystyrenes, or polyacrylamides-based) and inorganic 

polymers (silica, zirconia, titania). Monolithic columns are classified as either 

inorganic-based (typically silica-based) or organic polymer-based monolithic 

columns
(77)

.published a study of the chemistry and most recent applications of 

these diverse forms of monoliths as alternatives to typical packed columns in 

capillary electrochromatography (CEC) and micro-high performance liquid 

chromatography (μ-HPLC)
) 78  (

. 

Carbon monoliths
(72)

have the potential to be suitable phases for chromatography, 

as well as catalyst supports
 (79)

, adsorbents 
(80)

, and porous electrodes under 

continuous flow circumstances, as an alternative to the three primary classes of 

monolithic columns 
(81)

. 
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 (1.10.2.1) Organic monolithic phases 

Kubin et al.
(82)

 established a continuous polymer matrix for chromatographic 

separations in size-exclusion mode using a redox free-radical starting system in 

1967, when organic monolithic phases were still in their early stages of 

development. Polymerisation of 100 mL of 22 % aqueous solution of 2-

hydroxyethylmethacrylate with 0.2 % ethylene dimethylacrylate in a 25 mm i.d. 

glass tube for 24 hours at room temperature was used for the procedure. 

Svec and Frechet employed macro-porous polymer monoliths, which are 

physically more stiff, as an effective stationary phase for HPLC in 1997, and 

they have been widely used for all types of chromatographic separations since 

then. These monolithic polymer materials were made utilizing a simple 

moulding technique involving the polymerisation of a mixture containing 

monomers, initiators, and porogenic solvents 
(83)

. 

 (1.10.2.2) Silica monolithic phases 

In the late 1970s, Pretorious et al. 
(78)

  reported the first continuous porous silica-

based foam as a chromatographic support for gas chromatography (GC), which 

was one of the first attempts to construct monolithic silica phases. Nakanishi and 

Soga 
(84)

 described a method for producing porous silica monoliths by hydrolysis 

and gelation of alkoxysilane solution containing poly(sodium styrenesulfonate) 

in 1991, and it was employed for HPLC applications. 

Sol-gel processes can also be used to make inorganic silica-based monoliths 
(85)

. 

This method of preparation, which takes place in a mould, does, however, result 

in a reduction (shrinkage) of the entire silica structure. The diameters of the 

products are approximately 4.6 and 7 mm, respectively, when a mould with a 

diameter of 6 and 9 mm is utilized. The resulting silica monoliths should be 

coated with polytetrafluoroethylene (PTFE) tubing or a PEEK resin to make a 
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column for HPLC. Because the column length is limited to 15 cm, single long 

and straight monoliths cannot be easily created using the sol-gel process. 

Silica-based monolithic columns have also been created by loading fused silica 

capillaries with octadecylated 6 m particles and then thermally treating them. 

with dimethyloctadecylchlorosilane, the monolithic packing was reoctadecylated 

(C18 groups reattached to the monolith) in situ 
(86)

. 

 (1.10.2.3) Hybrid Organic – Inorganic Monolith 

Hybrid organic–inorganic materials are referred to as materials consisting of two 

or more integrating components combined at the molecular or nanometer 

level
(89)

. They have several advantages, such as flexibility, long life, excellent 

biocompatibility, and mechanical properties  organic functional groups can be 

distributed evenly in the structure of the inorganic matrix, which facilitates 

excellent performance hybrid materials can be used in many chemical areas 

because they are easy to process and are amenable to design on the molecular 

scale
(40)

. Owing to the individual advantages of monolith and organic–inorganic 

hybrids hybrid organic–inorganic monolith has attracted considerable concerns 

as a potential ideal material with high surface area high selectivity, excellent 

mechanical strength, and thermal stability. According to the chemical 

composition, hybrid organic– inorganic monolith can be divided into two main 

types: hybrid silica-based monolith (HSM) and hybrid polymer-based monolith 

(HPM). HSM is a monolith made of a silica precursor containing organic 

moieties, and it is commonly prepared by sol–gel process 
(89)

. The sol–gel  

technique is used primarily to fabricate materials starting from a colloidal 

solution that acts as a precursor for an integrated network polymer 
(90)

.  The mild 

reaction conditions and high adaptability of the sol–gel process are quite 

promising in the design of hybrid inorganic–organic matrices 
(90,91)

.Typical 

precursors include metal alkoxides and metal salts, which undergo a range of 
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hydrolysis and polycondensation reactions. In general, silicabased monolithic 

materials can have better organic solvent resistance and mechanical stability but 

they also have certain application restrictions, such as difficult to control the 

entire preparation process and a narrow pH working range (pH: 2–8)  as show on 

Fig (22).  

 

 

Figure (1.22)Different hybrid Organic – Inorganic Monolith 

 
 

(1-11) Development of Monolithic Materials in Chromatography 

Catalysis 
(92)

, filtration 
(93)

, electrochemistry 
(94)

, and separation sciences 
(95)

 are 

just a few of the applications for porous monolithic materials in science. 

Since the 1970s, chromatographic monolithic materials have been created in a 

variety of shapes, including discs, stacked layers, rolled sheets, sponges, 

irregular pieces, tubes, and cylinders 
()
. These unique monolithic structures were 

created using a variety of materials, including natural polymers (cellulose), 

synthetic polymers (porous styrene-, methacrylate-, and acrylamide-based 

polymers), and inorganic materials (silica).The applications and unique fluidic 

and surface features of this spectrum of monolithic materials have received a lot 

of attention. In liquid chromatography (LC), various substances are separated 
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using micro-particle packed columns (1 to 10 m), which have a wide surface 

area to interact with the solutes in the mobile phase. Despite the historical 

dominance of packed columns as chromatographic separation medium, a new 

spectrum of monolithic materials has recently been produced, enabling alternate 

chromatographic performance and selectivity
(96,97)

. 

 (1.11.1) Monolithic stationary phases for chromatography
(98,99)

 

Band broadening occurs in chromatography due to the following factors :  

A- the presence of several flow channels of varying length and velocity. 

B- Slow phase equilibration, especially in nm-sized pores. 

C- Diffusion of a solute in the mobile phase. 

 

Smaller particles (1-3 μm) in particle packed columns lower the contribution of 

components A and B to overall band broadening, resulting in faster equilibration 

and narrower bands, as well as increased efficiency (N). The main disadvantage 

of this method is a high pressure loss that is inversely proportional to the particle 

diameter squared. In compared to packed particle-based columns with a porosity 

of about 65 %, monolithic columns with a total porosity of about 80 %have 

substantially lower backpressures. Monolithic columns are thus thought to be 

compatible with high flow rates due to their increased porosity. The use of 

microparticle packed columns that generate such extreme backpressures 

necessitates specialized equipment (so-called ultra high performance liquid 

chromatography, or UHPLC) and, in some cases, extremely high 

temperatures
(72)

. 
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Monolithic columns have the following characteristics 
(100)

. (111112) 

1. A continuous one-piece structure that does not require frits to maintain its    

structural integrity and provides great mechanical stability.             

 .It has a high porosity, which means it has a high permeability12 

3. The existence of large through-pores and a tiny skeleton allow for high flow 

rates, which can result in faster separation capabilities. 

 

Monolithic materials have been used as high performance miniaturised columns 

for high performance liquid chromatography (HPLC) and phases within 

microfluidic chips because they possess the above characteristics
 (101)

. They can 

thus be applied to high N and high speed separations, often beyond the limit of 

particle packed columns, and have been used as high performance miniaturised 

columns for high performance liquid chromatography (HPLC) and phases 

within microfluidic chips for example, created a new thin monolithic disk 

technology based on a polymer monolith as a new stationary phase in the shape 

of a flat "membrane" appropriate for protein separation. The innovative concept 

of short monolithic stiff disks has been used both conceptually 
(102)

 and 

practically
(103)

. 
 

(1.12) Chromatographic separation using glycidyl methacrylate 

copolymers as a mixed-mode monolith column. 

Glycidyl methacrylate or (2,3-Epoxypropyl methacrylate) is an enoate ester 

obtained by formal condensation of the carboxy group of methacrylic acid with 

the hydroxy group of glycidol. It is an enoate ester and an epoxide. It derives 

from a methacrylic acid and a glycid
 (104,105)

 as showing in Fig (23). 
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Figure (1.23) Glycidyl methacrylate(GMA) 
 

The polymerization process of glycidyl methacrylate to form different polymer; 

therefor, PGMA is a one-of-a-kind structure that can be purified and stored in its 

homopolymer structure with a lot of control over the production procedure
(106)

. 

To further expand the spectrum of structures and applications of the final 

materials, co-polymerization with any other acrylate or methacrylate monomer 

is feasible. 1–16 To obtain functionalised polymers, the epoxy side chains of 

PGMA can be treated to a nucleophilic ring-opening process under a variety of 

circumstances  Fig (24). Because of the large range of chemistry accessible, the 

nature of the functional group and the manner of the ring-opening reaction can 

be arbitrarily chosen. PGMA's flexibility distinguishes it as a versatile and 

effective reactive scaffold in polymer chemistry
(107)

. 
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Figure (1.24) Scheme Polyglycidyl methacrylate post-polymerization modification 

processes. 
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(1.13) Different methods for various samples determination by 

Chromatography technique. 

Many of the Chromatography analytical methods are used for the determination 

different samples. The tables (1.2) and (1.3) tabulate the Chromatography 

techniques and other methods respectively . 

Table (1.2)  Some of Chromatography techniques for the determination of different samples. 

Seq

. 

Method analytes λmax (nm) Linear range Detection limit Applicat

ion 

Ref. 

1 Online 

Column 

Switchi

ng 

Liquid 

Chroma

tograph

y 

clenbuterol 
(CLEN) and 

doxazosin (DOX) 

250 75.0 

ng/mL–

200.0 

µg/mL for 

CLEN and 

37.5 

ng/mL–

100.0 

µg/mL for 

DOX 

8.47 and 25.66 

ng/mL 

for CLEN and 

DOX 

Pharmac

eutical 

products 

108 

2 RP-

HPLC 

and 

HPTLC 

Ciprofloxacin 
Hydrochloride, 

Of loxacin, 
Tinidazole and 

Ornidazole 

272.2, 292, 

316.8, and 

317.4 nm 

respectivel

y. 

y = 12.835x 

– 18.032, y 

= 33.788x – 

47.343, y = 

14.233x + 

32.164, and 

y = 15.602x 

+ 35.822, 

respectively 

0.22 µg.mL-1, 

0.40 µg.mL-1, 

0.19 µg.mL-1, 

0.37 µg.mL-1, 

respectively 

Pharmac

eutical 

products 

109
 

3 RP-

HPLC 

and 

HPTLC  

Carve dilol 245 01-011 µg 
mL-1 and 

2.0-37.4 

µg/spot 

 29 µg mL-1and 

0.05 µg/spot 

respectively . 

Pharmac

eutical 

products 

110
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4 (HPLC

) 

Amlodipine 
(AML) 

465  2-30μg 

/mL 

0.01μg/mL Pharmac

eutical 

products 

111
 

5 RP-

HPLC 

Naproxen 254  0.5 to 80 

ppm 

10 ng/mL Pharmac

eutical 

products 

112
 

6 capillar

y gas 

chroma

tograp

hy 

Epichlorohydrin 

(ECH) 
------- 0.6 to 3.4 

µg/mL 

0.15 µg/mL Pharmac

eutical 

products 

113
 

7 RP-

HPLC 

Sertaconazole 

nitrate(SER) 
260 10 to 500 

μg/ml 

0.1 μg/ml Pharmac

eutical 

products 

114
 

8 Gas 

Chrom

atogra

phy 

polycyclic 

aromatic 

hydrocarbons 

(PAHs) 

----------- 0.64 x 10-7 

to 3.16 x 10-

7
 

(1 x 10-6) Pharmac

eutical 

products 

115
 

9  RP-
HPLC 

Polythiazide  265  12.5–500 
ng/m of 

prazosin and 
6.25–250 
ng/ml of 

polythiazide 

0.0125 μg/ml of 
prazosin and 

0.01875 μg/ml of 
polythiazide 

Pharmac

eutical 

products 

116
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Table (1.3): The other methods for determination the plant, biological and environmental samples by 

Chromatography technique. 

Seq. Method Analytes Part of 

Plant 

Type of 

Elution/Mobile 

Phase 

Conditio

ns 

Detector Ref. 

1 HPLC 

monolithic 

columns 

quercetin, 

naringenin, 

naringin, 

myricetin, rutin, 

kaempferol 

tomato

es 

isocratic elution/ 

A: 50 mM 

phosphate buffer 

(pH = 2.2)/ACN 

(75:25, v/v) 

B: 2 mM formic 

acid/ACN 

(75:25, v/v) 

1.0 

mL/min/

25 

◦C/one 

column 

A: UV 

B: MS 

117
 

2 TLC, HPLC, 

UPLC-ESI-

QTOF-MS and 

LC-SPE-NMR 

fingerprinting aerial 

parts 

from 

Ipomo

ea 

aquatic

a 

gradient elution/ 

MeOH/H2O 

containing 0.05% 

TFA 

1.0 

mL/min/

25 

◦C/two 

columns 

UV 118
 

3 Ultrafast UPLC-

ESI-MS and 

HPLC with 

monolithic 

column 

vanillin, vanillic 

acid, 

p-

hydroxybenzoic 

acid, 

p-

hydroxybenzald

ehyde 

pods 

from 

Vanilla 

planifo

lia 

isocratic 

elution/ACN/0.05

% TFA in H2O 

(12:88, v/v) 

4.0 

mL/min/

35 

◦C/one 

column 

PDA 
119

 

4 LC columns. glycyrrhizic and 

glycyrrhetinic 

acids 

roots 

from 

Glycyr

rhiza 

glabra 

gradient 

elution/H2O/AC

N 

both acidified 

with 0.05% TFA 

2.5 

mL/min/r

oom 

temp./on

e column 

PDA 
120

 

5 (LC–MS) proanthocyanidi

ns 

pea 

from 

Pisum 

sativu

m, 

lentil 

from 

Lens 

culinar

is,faba 

bean 

from 

Vicia 

faba 

gradient elution/ 

H2O/ACN both 

with 1% acetic 

acid 

(v/v) 

3.0 

mL/min/

30 

◦C/two 

columns 

DAD 
121

 

6 (HPLC-CE ) niaziridin and 

niazirin 

leaves, 

pods, 

and 

bark 

from 

Moring

a 

oleifer

a 

isocratic elution 

MeOH/sodium 

dihydrogen 

phosphate–acetic 

acid bu 

er 

(0.1 M, pH = 3.8) 

(20:80, v/v) 

0.7 

mL/min/

25 C/one 

column 

PDA 
122

 

7 HPLC  

 

geraniin, ellagic 

acid, gallic acid 

rind 

from 

isocratic 

elution/ACN/H2

0.5 

mL/min/r

UV–Vis 
123
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Nephel

ium 

lappac

eum 

O 

(30:70, v/v) 

oom 

temp./on

e column 

8 (HPLC-UV) rutin, 

isorhamnetine-

3-O-rutinoside, 

isorhamnetine-

3-O-glukoside, 

quercetin, 

isorhamnetin 

berries 

from 

Hippop

haë 

rhamn

oides 

gradient 

elution/H2O/AC

N 

(both acidified 

with 1% acetic 

acid) 

3.0 

mL/min/

40 

Cº/one 

column 

ppm 

UV 
124

 

9 (HPLC-CL)  

α -solanine and  

-chaconine 

potato 

tubers 

isocratic 

elution/20 mM 

phosphate 

bu 

er (pH = 

7.8)/ACN (65:35, 

v/v) 

0.6 

mL/mino

ne 

column 

CL 
125

 

10 centrifugal 

partition 

chromatography 

(CPC) 

lysergol and 

chanoclavine 

seeds 

from 

Ipomea 

murica

ta 

isocratic elution 

ACN/0.01 M 

sodium 

dihydrogen 

phosphate bu 

er (with 0.2% 

TFA) 

(pH = 2.5) (15:85, 

v/v) 

1.0 

mL/min/

25 

Cº/one 

column 

PDA 
126

 

11 HPLC 

stationary 

phases of 

monolithic 

vitamins K3, 

D3, E, and A 
capsule

s and 

pediatr

ic 

drops 

                 
          
                 
                
    
             
    

      
    
           
            

DAD 127
 

12 LC-ESI-MS/MS aspirin and 

dipyridamole 

human 

plasma 

isocratic 

elution/MeOH/0.

1% formic acid in 

H2O (90:10, v/v) 

1.0 

mL/mino

ne 

column 

MS/MS 
128

 

13 LC-MS/MS codeine human 

plasma 

isocratic elution 

ACN/10 mM 

acetic acid (pH = 

3.5) 

(50:50, v/v) 

1.0 

mL/min/

25 

Cº/one 

column 

MS/MS 
129

 

14 SPE-HPLC Chloramphenic

ol 

 

 

 

 

 

 

 

human 

blood 

isocratic elution/ 

100 mM 

phosphate bu 

er (pH = 

2.5)/ACN 

(75:25, v/v) 

 

1.5 

mL/min/

28 

Cº/one 

column 

UV–Vis 
130

 

15  (HPLC -UV)  cefadroxil, 

cefaclor, 

cephalexin, 

cefotaxime, 

cefazolin, 

milk gradient 

elution0.1 %

formic acid/ 

MeOH/ACN 

(75:25 v/v) 

1.5 

mL/min/-

/one 

column 

PDA 
131
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cefuroxime, 

cefoperazone 

and ceftiofur 

16 LC-MS/MS dapsone and N-

acetyl dapsone 

human 

plasma 

isocratic 

elution/ACN/2 

mM ammonium 

acetate in H2O 

(90:10, v/v) 

0.8 

mL/mino

ne 

column 

MS/MS 
132

 

17 (Ultra-HPLC) retinol and  

-tocopherol 

serum 

and 

human 

breast 

milk 

100% MeOH 1.5 

mL/min/

50 

Cº/one 

column 

FL 
133

 

18 

 

 

 

(UV- 
monolithic 

column) off-line 

Ni
+2

 and Cu 
+2

 Water 

waste 

isocratic t Elution  

(pH = 8 for Ni
+2 

& pH = 4 for Cu 
+2

 

(30:70, v/v) 

(GMA-co-ACA 

co-AAM) 

30µl/min  

25 

Cº/one 

column 

UV and 

Atomic 

flam 

research 

study 

19 (FIA- HPLC 

monolithic 

column) On-line 

Ni
+2

 and Cu 
+2

 Water 

waste 

isocratic Elution  

(pH = 8 for N
i+2

 

& pH = 4 for Cu 
+2

 

(30:70, v/v) 

(GMA-co-ACA 

co-AAM) 

50µl/min  

25 

Cº/one 

column 

UV and 

Atomic 

flam 

research 

study 

20 (FIA- HPLC 

microchip) On-

line 

Ni
+2

 and Cu 
+2

 Water 

waste 

isocratic Elution  

(pH = 8 for Ni
+2

 

& pH = 4 for Cu 
+2

 

(30:70, v/v) 

(GMA-co-ACA 

co-AAM) 

50µl/min  

25 

Cº/one 

column 

UV  research 

study 
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(1.14) Aim of Study  

1. Investigation & Preparation of  chromatographic monolith columns . 

2. Investigate different monomers and cross linker to form suitable monolith. 

3. Off-line  & online method for incorporation ions with the monolith column. 

4. Connecting chromatography to flow-injection and micro fluidic injection 

techniques. 

5. U.V polymerization will be used to form desire polymer. 

6. Implementing the plan on Al-Ma'amira heavy water treatment plant in Hilla. 
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(4.3) Published Works 

1. " Preparation and Application of (GMA-co-ACA co-AAM) as 

Cation-Exchange Monolithic Column for determination Nickel (II) 

ion " was Published in Journal of Pharmaceutical Negative Results ¦ 

Volume 13 ¦ Issue 2 ¦ 2022.  

 



Published Works & Participations                                                                                              

 

030 
 

2. "Synthesis of ((E)-2-((4 methoxyphenol)diazenyl)-4,5-diphenyl-

1Himidazole (MPDADPI) for Ni (II) determination that separated off-line 

using monolithic column " was accepted in Journal HIV Nursing (Volume 

22; issue 3; 2022). 

  



Published Works & Participations                                                                                              

 

031 
 

3. According to the international (Sci- Finder) program and through the 

foregoing and by reviewing previous studies in the course of the research 

that the polymer is prepared for the first time, and this in turn enhances 

the accuracy and modernity of the prepared polymer, as shown in the 

figures: 

 

The structural formula of the structural unit of the polymer under study 
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Adding the polymer composition to complete the series of the program used 

 

Novelty of the compound under study 

 

 

4. Also, according to the international (Sci- Finder) program and through the 

foregoing and by reviewing previous studies in the course of the research 
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that the (ligand MPDADPI) is prepared for the first time,as shown in the 

figures. 

 

 

The structural formula of the structural unit of the ligand under study 
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Adding the ligand composition to complete the series of the program used 
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Novelty of the compound under study 
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chemistry department, college of science, Babylon University, 
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28 April 2021.Ninth scientific symposium for post graduate 

studies, chemistry department, college of science, Babylon 

University, 17 November 2014. 

3. Participation in the electronic and tagged training workshop 

Terms and standards of scientific research and classification of 

journals 04/03/ Organized by the Scientific Supervision and 

Evaluation Authority on 2022. 

 

4. International Conference and Exhibition on Pharmaceutics & 

Novel Drug Delivery Systems ,22 - 24 Nov 2021 ,Dubai, UAE.  
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5. A certificate of participation and a Medal of Creativity by the 

International Exhibition and Conference on Inventions, 

Innovations and Creativity held at the Nobel Institute in Erbil 

Governorate, Kurdistan Region of Iraq from March 29-31, 2022, 

which was held under the auspices of the French International 

Center for Scientists and Inventors and the participation of 

investment bodies for applied patents with effective economic 

feasibility. 
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