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ABSTRACT

In this study, 2,4-dinitrophenylhydrazine was subjected to a condensation reaction with
acetophenone, acetaldehyde, and benzophenone, yielding hydrazone compounds. The
ligands were isolated with satisfactory yields of 75%, 57%, and 85%, respectively. A
sorbent material based on these hydrazone compounds was prepared by immobilizing the
ligands onto cellulose extracted from coconut fiber. The percentage of cellulose obtained
from 20 g of coconut fruit fiber powder reached 24.5% (4.9 g). The capability of the
sorbent material for the extraction of Cu*" was investigated using the batch method, and
the extractants were analyzed by atomic absorption spectroscopy (AAS). The
immobilized cellulose was employed as a stationary phase in solid phase extraction to
isolate Cu?" ions from aqueous solutions. Optimal conditions for effective extraction,
including pH (5), contact time (10 min), and metal concentrations (Cu?*, 0.05-100 ppm)
and ligand (0.05x10° M), were determined. The results demonstrated that the sorbent-
exhibited preferential selectivity for Cu?* over other transition metals studied. The
distribution coefficient (D) was found to be 0.999 mg/L. Adsorption kinetics followed a
pseudo-second order model, confirming the efficiency of the process. The method was
further tested for the extraction of Cu?*" ions from real samples, achieving reasonable

recovery rates (>60%).
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Chapter 1
INTRODUCTION

1.1 Hydrazone Compounds:

Hydrazone compounds, characterized by the presence of an azomethine (-NHN=C)
moiety, are highly active compounds that have attracted significant research interest due
to their straightforward synthetic routes [1]. These compounds are formed by the reaction
of hydrazines with ketones or aldehydes, where the oxygen of the carbonyl group is
replaced by the -NNH- functional group [2]. The general interaction between hydrazine

and carbonyl compounds is illustrated in Scheme 1.

i - ¥

H
Rl/C\Rz + HzN—NH2 )RI/CQN/NHZ + H20

Scheme 1: General equation for the formation of hydrazone compounds. Where Rand R? are
aliphatic or aromatic organic groups [2].

These compounds have demonstrated significant antibacterial activity against pathogens,
such as Staphylococcus aureus, Escherichia coli, and Bacillus subtilis, as well as
cytotoxic effects on cancer cell lines like HeLa and MCF-7 [3]. Additionally, hydrazone
compounds have been employed in the formation of metal complexes with diverse
geometries and magnetic properties, further expanding their potential applications across
various fields. The structural characterization of these compounds and their derivatives
plays a crucial role in understanding their biological activities and therapeutic potentials
[4]. Among the most widely utilized and commonly applied compounds in this field is
2,4-dinitrophenylhydrazine (DNPH) [5].

1.1.1 Hydrazone Applications:

Hydrazones represent a crucial category of analytical reagents used in the spectroscopic
quantification of various metal ions in samples from food, environmental,
pharmaceutical, and biological sources. Additionally, these compounds are employed in

the analysis of organic substances such as glucose, carbonyl compounds, and estrogen in



matrices including blood, cell cultures, and pharmaceutical formulations [6]. They also
serve as corrosion inhibitors for a range of metal ions, including Ni**, Cu**, Cr*", Si*,
Mn?", S*, Cr%, Ti*", Co*', and Fe*", in both acidic and alkaline environments [6,7].
Furthermore, hydrazones are utilized in dyeing processes for materials like cotton and
nylon, as well as in chemosensors, polymer initiation, sensitization, pH sensing for

microbial detection, and wastewater treatment [6,8].

Hydrazones are capable of forming a variety of chromophoric complexes with metal ions
such as Cu?*, Mo, Ni**, Pd*", Fe**, V**, U¢*, AI**, Th*", Hg**, Ru**, Pb**, Ti**, Cd**, Cr¢",
Av?**, Co*, and Zr*" [9,10]. Some chemical applications of hydrazones for metal ion

selectivity are illustrated in Table 1.1.

Table 1.1: Some hydrazones compounds and their applications for metal ions selectivity.

No. | Ligand Metal ion Ref.

1 Isonitrosoacetophenone-2-aminobenzoyl Cu?*Ni?*, Co?*, Cr¥*, Hg?*, Zn?*, | [11]
hydrazone. Cd?*, Mn?*

2 N-(benzoyl)-N-(salicylidine)-hydrazine. Cu?* [12]

3 S-benzyl-b-N-(2- acetylpyrid-2-yl) methylene | Cu?* [13]
dinitro carbazate

4 2, 6-diacetylpyridine bis ((DL-hydroxy Cu?* Ni%* Fe?* [14]
(phenyl) acetic) hydrazone).

5 7-Chloro-4-(o-hydroxybenzylidinehydrazone) | Cu?*, Ni%*, Co?*, Fe3* [15]
quinoline

6 6-Hydroxychromone-3-carbaldehyde benzoyl | Ln®* [16]
hydrazone

7 2-Hydroxyaxetophenone 4- hydroxybenzoic Cu?* [17]
acid hydrazone.

Ref.: Reference

1.2 Heavy Metals:

The management of heavy metals poses a significant challenge due to their persistence
and resistance to degradation in the environment [ 18]. Among these, Pb**, Cd**, Cu?', and
Hg?" are particularly hazardous, known for their toxic effects on both the environment
and living organisms [18]. Prolonged exposure to these metals is associated with
increased cancer rates and adverse effects on neurological, pulmonary, renal,

integumentary, hepatic, and other organ systems. The molecular mechanisms underlying
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their toxicity and carcinogenicity include DNA damage, oxidative stress induction,
disruption of cellular respiration, interference with signal transduction pathways, and
alterations in gene expression [19]. Various studies have explored effective methods for
the removal and remediation of heavy metals [20-23]. Adsorption of these metal ions
from aqueous solutions using adsorbents such as modified jute fiber and gelatin
composites [24], kappa-carrageenan/cellulose hydrogels [25], acrylamide-grafted
kolanut pod husk cellulose [26], alfa grass fibers [27], dendritic fibrous materials [28],

and coconut fiber (CF) has shown promising results [29].

1.2.1 Copper:

The extensive use of copper in industrial processes can lead to elevated copper
concentrations in the environment, potentially affecting drinking water quality. Copper
ions exhibit biological activity, and their chelating properties, combined with their
positive redox potential, facilitate their involvement in biological transport reactions.
Cu?* complexes are used as antiviral, antitumor, and antiinflammatory agents [30].
However, high concentrations of Cu®" pose significant risks to environmental integrity
and human health, causing severe damage to organs such as the liver, erythrocytes, heart,
and brain [31]. Common techniques for copper determination include flame and
electrothermal atomic absorption spectrometry (AAS), inductively coupled plasma mass
spectrometry (ICP-MS), UV-visible spectrophotometry, anodic stripping voltammetry,
and potentiometry using ion-selective electrodes [32]. However, direct quantification of
trace copper in real samples is often hindered by interference from contaminants or
insufficient sensitivity of the analytical methods [32]. Innovative techniques for copper
extraction from environmental samples are crucial for identifying contamination levels
and ensuring environmental safety. One such method is Solid-Phase Extraction (SPE)
[33].

1.3 Solid Phase Extraction:

Solid-phase extraction (SPE) has gained significant recognition in analytical chemistry
as an effective pre-concentration method for isolating trace metals [34]. SPE is preferred
for extracting heavy metal ions from aqueous solutions due to its operational simplicity,
lack of contaminants, high enrichment capability, efficient phase separation, time
efficiency, and cost-effectiveness [35]. The efficacy of SPE depends on the adsorbent's
characteristics, particularly its selectivity, detectability, sample throughput, and

3



reusability [36]. Fibrous materials have demonstrated notable adsorption capacities in
various applications. Studies have shown that the adsorption effectiveness of botanical
fibers increases after chemical modification [37]. Agricultural residues, composed
primarily of cellulose, hemicellulose, and lignin [38], offer sorption capacities
comparable to other natural sorbents, with the added advantages of low cost, high
availability, and straightforward processing [29]. Recent studies have highlighted the
significant adsorption capabilities of modified agricultural wastes, such as peanut shells

and sawdust, for heavy metal ions like Cu?*, Zn**, Ni**, Pb*, and Cr** [29].

Hydrazone-immobilized coconut fiber has emerged as an innovative adsorbent for metal
ion extraction [37], with applications in the extraction of Au®*, Cu?*, and Ln®* ions [39],

as well as the removal of heavy metals such as Pb?*, Cu?*, and Zn?* from wastewater [40].

1.3.1 Batch Method of Extraction:

The batch method is a common SPE technique in which a solid phase is used as an
extractant to isolate a specific analyte from a solution. The solid material can then be
analyzed directly or subjected to an elution process for analyte recovery [41]. Typically,
a selective component is anchored onto a solid support such as silica, alumina, titanium

dioxide, or a polymer, which serves as the solid phase in the batch method [42].

1.4 Coconut Palm:
The coconut palm, belonging to the Palmaceae family, is a tall, perennial evergreen tree.
Its natural habitat is primarily associated with regions near the Pacific Ocean [43]. The
fruit of the coconut palm consists of multiple layers (Figure 1.1), and its scientific
classification is as follows:

Scientific Classification of Coconut Palm [44]:

e Kingdom: Vegetarian.

e Phylum: Angiosperms.

e Classification: Monocots.
e Order: Arecales.

e Family: Palmae.

e Tribe: Cocoeae.

e Gender: "Coconut".

e Scientific classification: C. nucifera.



«— Fronds

Fruit Core

Figure 1.1: Main components of coconut palm [45]. (1) Fronds, (2) Fruit,
(3) Coir (Fiber), (4) Stem, (5) Fruit core.

Coconut fiber (CF) has been extensively studied for its potential as an adsorbent in the
removal of various metal ions from water [29]. The husk of the coconut, a byproduct that
constitutes the mesocarp, represents approximately 33—35% of the whole husk [29]. The
composition of coir fiber includes cellulose (38.01%), hemicellulose (2.30%), lignin
(45.43%), and ash (1.21%). The significant cellulose content in coir fiber makes it a

potential source for cellulose extraction [46].

Cellulose is a linear syndiotactic homopolymer with the molecular formula (CsH10Os)n,
consisting of Danhydroglucopyranose units (glucose units). These units are inter
connected via f-(1—4)-glycosidic bonds to form a dimer known as cellobiose, which
serves as the fundamental building block of cellulose. Cellulose exhibits distinct
physicochemical characteristics, including robust sorption capacity, making it a viable
adsorbent in both its natural and modified forms [47]. Lignin is a highly complex,
aromatic polyphenolic polymer with a cross-linked structure that binds the sugar
molecules to the wood by chemical bonds. Lignin gives the plant rigidity, allowing it to
grow taller. It also creates a physical barrier to the penetration and development of
pathogens, and contributes to the natural protection of plants against some parasitic
attacks. It constitutes about 15-40% of the plant’s biomass [48] .While hemicellulose is
a polysaccharide that constitutes about 20-40% of the biomass. It is a branched polymer
consisting of a hexagonal monomer (C6: Hexosanes) such as (mannan and galactan) and
a pentagonal monomer (C5: Pentosans) such as (xylan and araban). When chemically
analyzed, we find it similar to mesamosa, but its hexagonal building unit is less stable
compared to hemicellulose. Mesamosa has a generally non-morphic structure and

relatively weak thermodynamic stability, as it tolerates fluidity and dissolves well in
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alkalis [49]. Figure 1.2 presents the chemical structures of cellulose, hemicellulose, and
cellulose fibers [50]. Table 1.2 illustrates some examples of cellulose immobilized with

ligands and their applications for the extraction of metal ions.

Lignin

CHLOH |
| .

gHzon PR

> o o
o] «on°s) J"—gH
-

Cellulose

Figure 1.2: The chemical structure of cellulose, hemicellulose and Cellulose fibers [50].

Table 1.2: Examples of immobilized ligands on cellulose and their applications for metal ion

extraction [51].

No. Ligand Source of Cellulose Metal ions
1 | Acrylamide (Amino) Banana stalks, Hg?*
Ethylenediamine Cotton.
2 | Acrylonitrile Bead Cr¥*
3 | Glycidyl methacrylate (Imidazole) | Grafting Cu?', Ni?,
Pb2+
4 | Acrylonitrile Sunflower stalks Cu?

1.5 Problem Statement:

Heavy metal contamination in water sources is a significant environmental and public
health challenge worldwide. Industrial activities such as mining, metal processing, and
chemical manufacturing release toxic metals, including copper, into water bodies, posing
serious risks to ecosystems and human health. Traditional methods for removing these
metals such as chemical precipitation, ion exchange, and membrane filtration are often
costly, energy-intensive, and may generate secondary pollutants. This research addresses
the need for an eco-friendly, cost-effective, and renewable solution by developing an
adsorbent derived from coconut coir fiber. The study aims to provide a low-cost and
efficient method for capturing and removing heavy metals from aqueous solutions.



1.6 Research Importance:
The research importance to achieve sustainability by developing an adsorbent material
from a renewable source and using it to effectively remove heavy metals ions from

aqueous solutions.

1.7 Research Aims:
1. Extraction of cellulose from coir fiber in an easy and cost-effective manner.
2. Synthesis of a hydrazone ligand as a complexation reagent.
3. Fabricate an adsorbent material based on the immobilization of synthesize ligand
on cellulose.
4. Study of the extraction ability of the new adsorbent toward selected heavy metals.



2.1 Chemicals and

Chemicals used in the study are listed in Table 2.1. All chemicals were used without

further purification.

Chapter 2

EXPERIMENTAL

Reagents:

Table 2.1: Chemicals and reagents used in the study.

Chemical

Supplier

2,4-Dinitrophenylhydrazine,CsHsN4O..

Riedel-de Haén.

Copper sulphate, Cu (SO4).5H20.

Riedel-de Haén.

Lead nitrate, Pb (NOs)..

Laboratory Reagent.

Ferric nitrate, Fe (NO3)3.6H20.

Laboratory Reagent.

Nickel nitrate, Ni (NO3)2.6H,0.

Laboratory Reagent.

Acetaldehyde, CH;CHO.

Riedel-de Haén.

Acetophenone, CgHgO. BDH Chemical.
Benzophenone, C13H100. BDH Chemical.
Methanol, MeOH. BDH Chemical.
Ethanol, EtOH. Carlo Erba.
Dichloromethane, DCM. Acros.
Dimethyl sulphoxide, DMSO. Carlo Erba.

Ethyl acetate, EtOAc.

T-Baker Lab Chemicals.

Acetone, CH3;COCHs.

Carlo Erba.

Nitric acid, HNOs.

BDH Chemical.

Sulfuric acid, H2SO4.

T-Baker Lab Chemicals.

Hydrochloric acid, HCI.

BDH Chemical.

Acetic acid, CH3;COOH.

Timstar Laboratory.

Sodium hydroxide, NaOH.

Merck.

Sodium hypochlorate, NaCIO.

Judy.




2.2 Apparatus:
Apparatus used in the study are listed in Table 2.2.

Table 2.2: Apparatus used in the study.

Apparatus Supplier
Heater and motor. Stuart.
Mill. Hommer.
Filtration pump (RE3022C). Stuart
Drying oven. Bicasa.
Oven. Muffle Furnace.
pH meter. Thermo.
Reciprocating shaker. Stuart.
UV/VIS Spectrophotometer. | Analytikjena.
AAS Spectrophotometer. Shimadzu.
FT-IR Spectrometer. Perkin Elmer.
DSC Analyzer. Netzsch.

2.3 Preparation of Standard Solutions:
e A 7.5% solution of sodium hydroxide (NaOH) was prepared by dissolving 18.75¢
of NaOH in a 250 mL Erlenmeyer flask using distilled water.
o Different concentrations of DNPHB (0.05-1x107° M) were prepared by dissolving
the appropriate amount (0.0002 g, 0.002 g, and 0.004 g) of the compound, in a
50 mL Erlenmeyer flask using DCM.

2.4 Preparation of Metal lons Stock Solutions:
A 1000 ppm stock solution of transition metal ions (Cu?*, Pb*", Ni**, and Fe**) was
prepared by dissolving the appropriate amount of metal salts (Table 2.1) in a 2% HNOs

solution.

2.5 Preparation of Raw Material:

The raw material was prepared following the general procedure described by Ashraf et
al. [52]. Coconut fibers were collected, cut into small pieces, washed several times with
tap water followed by distilled water, and dried in an oven at 80°C.



The fibers were ground using a mill (size 710 microns), washed again with distilled water,
filtered, dried in the oven at 80°C, and stored in a desiccator. Figure 2.1 shows the coconut

fibers before and after grinding.

(@)
Figure 2.1: Coconut fibers (a) before and (b) after grinding.

2.5.1 Extraction of Cellulose from the Fibers [53]:

2.5.1.1 Removal of Wax:

This experiment was conducted using reflux distillation. A 20 g sample was placed in a
250 mL round-bottom flask, and an appropriate amount of a 1:1 mixture of acetone and
ethanol was added. The flask was placed on a hot plate with magnetic stirring, and the
mixture was heated at 60°C for 2 hours. The sample was then filtered, dried in an oven
at 50°C for 15 minutes, and weighed. Figure 2.2 shows the filtration process after wax

removal.

Figure 2.2: (a) Filtration process after wax removal. (b) Sample after drying.
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2.5.1.2 Removal of Hemicellulose and Lignin:

Reflux distillation was employed for this experiment. A portion of the sample obtained
after wax removal was transferred to a 250 mL round-bottom flask. After attaching a
condenser, 250 mL of a 7.5% NaOH solution was added. The flask was placed on a hot
plate with magnetic stirring, and the mixture was heated at 60°C for 2 hours. The mixture
was filtered, and the extraction process was repeated three times until a colorless
(transparent) filtrate was obtained. The sample was washed with deionized water, dried

in an oven at 80°C, weighed, and stored in a desiccator.

2.5.1.3 Bleaching:

The cellulose sample obtained from the previous step was placed in a 250 mL round-
bottom flask and mixed with 250 mL of a 3.6% sodium hypochlorite solution. The flask
was placed on a hot plate with magnetic stirring, and the mixture was heated at 90°C for
2 hours (Figure 2.3). The sample's color changed from brown to white. After filtering and
washing with distilled water, the sample was dried at 80°C. The percentage of cellulose
extracted was calculated using the following formula:

Callulose (g)
Fiber (g)

Percentage of Cellulose =

(b)

Figure 2.3: (a) Bleaching process using 3.6% sodium hypochlorate. (b) Cellulose sample after bleaching

2.6 Synthesis of Hydrazone Compounds:

All compounds were synthesized following the general procedure reported by Salhin
et.al. [54], which involves the condensation of dinitrophenyl hydrazine (DNPH) with the
appropriate aldehyde or ketone.

11



2.6.1 Synthesis of 2,4-Dinitrophenyl Hydrazone Acetophenone (DNPHACP, L1).

A 0.59 g (0.003 M) of DNPH was dissolved in 4 mL of concentrated sulfuric acid in a 50
mL beaker, followed by the addition of 10 mL of ethanol. A 0.84 g (0.007 M) of
acetophenone dissolved in 10 mL of ethanol was added to the beaker with stirring. An
orange precipitate formed immediately. The product was filtered and air-dried, yielding
75%.

2.6.2 Synthesis of 2,4-Dinitrophenyl Hydrazone Acetaldehyde (DNPHACT, L>).

A 0.59 g (0.003 M) of DNPH was dissolved in 4 mL of concentrated sulfuric acid in a 50
mL beaker, followed by the addition of 10 mL of ethanol. A 0.31 g (0.007 M) of
acetaldehyde dissolved in 10 mL of ethanol was added to the beaker with stirring. A
reddish-orange precipitate formed immediately. The product was filtered and air-dried,
yielding 57%.

2.6.3 Synthesis of 2,4-Dinitrophenyl Hydrazone Benzophenone (DNPHB, Ls).

A 0.59 g (0.003 M) of DNPH was dissolved in 4 mL of concentrated sulfuric acid in a 50
mL beaker, followed by the addition of 10 mL of ethanol. A 1.275 g (0.007 M) of
benzophenone dissolved in 10 mL of ethanol was added to the beaker with stirring. An
orange precipitate formed immediately. The product was filtered and air-dried, yielding
85%.

2.7 Preparation of Adsorbent Material [52]:

The optimal solvent for immobilization was investigated, focusing on one that effectively
dissolves moderately polar hydrazone compounds and is sufficiently volatile to aid in
drying the loaded material. Three ligands (Lz, L2, and Ls) were dissolved separately in
various organic solvents (MeOH, EtOH, DMSO, EtOAc, DCM, and acetone). The

immobilization process on ground cellulose fiber was carried out as follows:

1. Ina50 mL conical flask, 0.14 g (4.0 x 10* M) of L1, 0.19 g (8.0 x 10 M) of Lo,
and 0.002 g (0.5 x 10° M) of Lz were weighed and each dissolved in 50 mL of
DCM, then stirred for 30 minutes.

2. Next, 1.0 g of cellulose fiber was added to the ligand solution. This procedure
was repeated with DMSO, MeOH, EtOH, EtOAc, and acetone.

3. Each mixture was sealed with paraffin film and allowed to stabilize for 24 hours.

12



4. After stabilization, the cellulose fibers were filtered, washed with distilled water,
and dried in an oven at 60°C for 48 hours to remove residual solvent.

5. The amount of immobilized ligand on the cellulose fiber was calculated by
UV/VIS analysis. The immobilized cellulose (Figure 2.4) was characterized by

IR and DSC analysis (discussed in the next chapter).

Ligand Solvent

]

L

L3

Figure 2.4: The prepared adsorbent material. Cellulose fiber before (x) and after immobilization with
hydrazone ligands (L1, L2, L3) in different organic solvents. : 1 = MeOH, 2 = EtOH, 3 =DMSO0, 4 =
EtOAc, 5 = DCM, 6 = acetone.

2.8 Extraction of Cu?* (Batch Method) [55]:

A 10 mg sample of the adsorbent material (cellulose immobilized with L3) was placed in
a 20 mL glass vial. Then, 10 mL of a Cu?" solution (1 ppm, pH 5) was added to the vial.
The mixture was shaken mechanically (50 R/min) at room temperature for 10 minutes
(Figure 2.5). After reaching equilibrium, the mixture was filtered, and the amount of
unextracted Cu?* ions in the filtrate was determined by AAS (Section 2.10). The amount
of extracted Cu?*" was calculated by subtracting the remaining amount of Cu*" from the

initial amount.
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Figure 2.5: Extraction process (Batch Method).

2.9 Preconcentration and Recovery of Cu?* from Real Sample [55, 56]:

Water samples were collected from different locations on the Sirte University campus
and the city center. The samples were filtered and stored in plastic bottles. Vegetable
samples (tomatoes and potatoes) were collected from the city market. Washed several
times with distilled water to remove dust, cut into small pieces, and dried in an oven at
80°C for 10 hours until a constant weight was achieved. The dried vegetables were ground
and dried again at 105°C for 24 hours. A 0.50 g sample of the ash was mixed with 20 mL
of HNOs (14 M) and heated until nearly dry. After cooling, the sample was diluted with

distilled water to 50 mL and labeled as shown in Table 2.3.

Table 2.3: Real samples used in the study.

No. | Label Sample
Type Source
1 S1 Water Chemistry lab, Faculty of Medicine.
2 S Water Drinking water (SHAIMA).
3 Ss Water Water fountain in the downtown park.
4 Sa Tomatoes | The city vegetable market.
5 Ss Potatoes | The city vegetable market.

2.10 AAS Calibration Curve:
Table 2.4 presents the AAS instrumental operating conditions and data acquisition

parameters, while Figure 2.6 shows the calibration curve for Cu?* obtained from AAS.
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Table 2.4: AAS instrumental operating conditions and data acquisition parameters.

Parameter Operating Condition
Absorption wavelength (nm) 324.8

Lamp current (mA) 6

Burner height (mm) 7

Flow rate (L min™) 1.8

Gas used Acetylene flame, Air- C;H>
Number of replicate 3
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Figure 2.6: Calibration curve for Cu?* using AAS.
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Chapter 3

Results and Discussion

3.1 Extraction of Cellulose from Coconut Fiber:

The extraction of cellulose from coconut fiber was carried out using coconut fruit shells.
During the extraction process, a noticeable color change was observed: the sample
transitioned from brown (before treatment) to light brown (after removing hemicellulose
and lignin) and finally to white (Figures 2.1, 2.2, and 2.3, respectively). The waxy
substance was first removed by treating the fibers with a 1:1 mixture of acetone and
ethanol. The fibers were then treated with a 7.5% sodium hydroxide solution to remove
hemicellulose and lignin, followed by bleaching with a 3.6% sodium hypochlorite
solution to obtain pure cellulose. The percentage of cellulose extracted from 20 g of
coconut fruit was 24.5% (4.9 g). Table 3.1 summarizes the compositional analysis of the

coconut fiber.

Table 3.1: Compositional analysis of cocount fiber.

Experiment Weight (g)
Sample Waxy Lignin and Pure Other
Substance Hemicellulose Cellulose Materials
1 20 5.0 9.4 4.0 1.6
2 20 6.0 7.7 5.0 1.3
3 20 5.0 7.9 5.6 1.5
Average (xSD) 5.3 (+0.58) 8.3 (x0.93) 4.9(x0.81) 1.5(x0.61)
(%) (26.5%) (41.5%) (24.5%) (7.5%)

3.1.1 Characterization of Cellulose:

3.1.1.1 FT-IR Analysis

The FT-IR spectroscopic analysis of cellulose was conducted using a Perkin Elmer
Frontier FT-IR Spectrometer with a Universal ATR Accessory (Single Bounce
Diamond/ZnSe Crystal) at a scan accuracy of 4 cm™!, covering a wavenumber range of
4000—400 cm™. Figure 3.1 shows a strong absorption band at 3334 cm™, indicating the
presence of OH groups in cellulose, which contribute to its strength and hardness [57].
The signal at 2896 cm™ corresponds to the vibration of C-H bonds in the hydrocarbon
molecules of cellulose. Bands below 1500 cm™ represent the vibrations of C-O and C-C

bonds in the cellulose structure.
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Figure 3.1: FT-IR spectrum of cellulose.

3.1.1.2 Differential Scanning Calorimetry (DSC).

Various analytical methods of analysis were used to determine the characterization
properties of polymers. These methods include XRD, DSC, IR, and NMR [58]. The DSC
method is considered the most widely used technique for characterizing polymers. The
thermal behavior of cellulose (9 mg) was analyzed under a nitrogen atmosphere with a
heating rate of 10°C/min from -35°C to 500°C. The thermogram (Figure 3.2) reveals
several significant thermal peaks, including a broad endothermic peak at 87.7°C due to
the loss of adsorbed water. The glass transition (Tg) and melting transition (Tm) were
observed at 260-270°C (Table 3.2).
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Figure 3.2: DSC curve of cellulose.

Table 3.2: Summary of Thermal Peaks of Cellulose.
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Peaks Type = Temperature (°C) Interpretation

Endothermic 85.4 Water loss

Exothermic 225.0 Crystal reorganization/Secondary crystallization
Exothermic 260-270 Melting transition

Exothermic 297.2 Structural transformation/Cross-linking
Exothermic 492.3 Thermal decomposition/Final degradation

3.2 Synthesis and Characterization of the Ligands
3.2.1 Synthesis of 2,4-Dinitrophenyl Hydrazone Acetophenone (DNPHACP ), La.

L1 was synthesized by condensing acetophenone with 2,4- dinitrophenylhydrazine [54].
The product, an orange powder (Figure 3.3), was characterized by FT-IR and DSC. The

schematic diagram of the synthesis is illustrated in Scheme 2.

|

—

Figure 3.3: Orange powder of compound L;.

0]
N -HZO ’ C
H

DNPH Acetophenon Ll

Scheme 2: Synthetic route for the synthesis of L;.

3.2.1.1 FT-IR Analysis L.

The N-H vibration band was observed at 3304 cm™ (Figure 3.4). C-H stretching
vibrations were predominantly found in the range of 3118.7 cm™. Notably, the
disappearance of the C=0 band, characteristic of acetophenone, and its replacement by a
strong band at 1614 cm™ (corresponding to C=N stretching) confirmed the successful
formation of Li. The presence of NO. groups was verified through asymmetric and

symmetric stretching vibrations at 1513 cm™ and 1365 cm™, respectively. Additionally,
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C-N vibration bands were identified in the region of 1218-1327 cm™', while aromatic ring
vibrations were observed in the range of 1594—-1582 cm™ [57].
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Figure 3.4: FT-IR spectrum of L.

3.2.1.2 Differential Scanning Calorimetry (DSC), L.
Figure 3.5 shows the DSC analysis of L1, conducted with a sample mass of 9 mg under a
nitrogen atmosphere. The temperature program ranged from -35°C to 500°C at a heating
rate of 10°C/min. The thermogram reveals several significant thermal peaks, providing
crucial insights into the material's thermal properties. Key phase transitions include:
e A peak at 102.8°C, representing the loss of residual solvents and potentially
indicating a glass transition (Tg) of side groups.
e Peaks at 226.2°C and 275°C, corresponding to the melting point and the onset of
thermal decomposition, respectively.
The compound demonstrates thermal stability up to 355°C. A summary of the thermal
peaks is provided in Table 3.3.

ISC NuVIimg)
i exo

Temprure Rate 10/min Temp rang-35 up 10 ¢

o 100 200 300 400 SO0
Temperature /~C

Figure 3.5: DSC curve of L.

Table 3.3: Summary of Thermal Peaks of L.
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Peaks Type = Temperature (°C) Interpretation

Exothermic 12.6 Initial phase transition
Exothermic 102.1 Primary water loss
Exothermic 133.2 Secondary water loss
Endothermic 226.2 Melting transition
Endothermic 273.5 Post-melt transition
Endothermic 355.0 High-temp transformation

3.2.2 Synthesis of 2,4-Dinitrophenyl Hydrazone Acetaldehyde (DNPHACT), Lo.

The synthetic route for L. involved the condensation of an equivalent ratio of
acetaldehyde and 2,4-dinitrophenylhydrazine [54]. The resulting compound L, was
obtained as a reddish-orange powder, as shown in Figure 3.6. The schematic diagram of

the synthesis is illustrated in Scheme 3.

Figure 3.6: Reddish orange powder of compound L..

0
O NO2 /("3\ E{OH/H,S0, 2™ NO,
/NH2 + H3C H #» New /H
N “H,0 e

DNPH Acetaldehyde L,

Scheme 3: Synthetic route for the synthesis of L..

3.2.2.1 FT-IR Analysis Lo.

The N-H vibration band was observed at 3290 cm™ (Figure 3.7). C-H stretching
vibrations were predominantly found in the range of 3057-3118.7 cm™'. Notably, the
disappearance of the C=0 band, characteristic of acetaldehyde, and its replacement by a
strong band at 1612 cm™ (corresponding to C=N stretching) confirmed the successful
formation of Lo. The presence of NO. groups was verified through asymmetric and

symmetric stretching vibrations at 1509 cm™ and 1307 cm™, respectively. Additionally,
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C-N vibration bands were identified at 1264 cm™', while aromatic ring vibrations were

observed in the range of 1590-1650 cm™ [57].
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Figure 3.7: FT-IR spectrum of L,,

3.2.2.2 Differential Scanning Calorimetry (DSC), L2.

Figure 3.8 shows the DSC analysis of L», conducted with a sample mass of 11 mg u

775.54cm-1

738.51cm-1

831.07cm-1

93.82cm-1

nder

a nitrogen atmosphere. The temperature program ranged from -35°C to 500°C at a heating

rate of 10°C/min. The thermogram exhibits multiple thermal peaks, providing valuable

insights into the material's thermal properties and phase transitions:

e A peak at 54.8°C, representing the loss of residual solvents and potentially

indicating the crystallization process.
e A peak at 311.5°C, corresponding to the melting point.

e A peak at 430.3°C, marking the onset of thermal decomposition.

A summary of the thermal peaks is provided in Table 3.4.
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Figure 3.8: DSC curve of L..

21




Table 3.4: Summary of Thermal Peaks of L.

Peaks Type = Temperature (°C) Interpretation
Exothermic 54.8 Water loss
Exothermic 132.0 Phase transformation
Exothermic 258.1 Minor structural change
Endothermic 311.5 Melting transition
Endothermic 453.2 High-temp transformation
Endothermic 494.8 Final decomposition

3.2.3 Synthesis of 2,4-Dinitrophenyl Hydrazone Benzophenone (DNPHB), La.

The synthetic route for Ls involved the condensation of an equivalent ratio of
benzophenone and 2,4-dinitrophenylhydrazine [54]. The resulting compound, Lz, was
obtained as an orange powder, as shown in Figure 3.9. The schematic diagram of the

synthesis is illustrated in Scheme 4.

Figure 3.9: Orange powder compound Ls.
(0] (0] i
2N NO,
T (e Ty L
NH, + N
- /0N
N -H,0 N
H H
DNPH Benzophenone L, O

Scheme 4: Synthetic route for the synthesis of La.

3.2.3.1 FT-IR Analysis Ls.

The N-H vibration band was observed at 3288.7 cm™ (Figure 3.10). C-H stretching
vibrations were predominantly found in the range of 3057.2-3104.4 cm™'. Notably, the
disappearance of the C=0 band, characteristic of benzophenone, and its replacement by
a strong band at 1613 cm™ (corresponding to C=N stretching) confirmed the successful

formation of Lz. The presence of NO: groups was verified through asymmetric and
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symmetric stretching vibrations at 1508 cm™ and 1322 cm™, respectively. Additionally,
C-N vibration bands were identified at 1257 cm™, while aromatic ring vibrations were
observed in the range of 1590-1651 cm™ [57]. A summary of the characteristic absorption
bands for the synthesized ligands (L1, L2, and Lg3) is provided in Table 3.5, along with

their proposed assignments.
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Figure 3.10: FT-IR spectrum of L.

Table 3.5: Selected FTIR stretching (cm™) for the synthesized compounds (Li, L, and Ls).

Compound | N-H C-H C=0 | C=N | NH2 C-C C-N NO;
L: 3304 3118.7 - 1614 | - 1594-1582 | 1218-1327 | 1513- 1365
L2 3290 3057-3118.7 - 1612 | - 1590-1650 1264 1509- 1307
Ls 3288.7 | 3057.2-3104..4 - 1613 | - 1590-1651 1257 1508- 1322

3.2.3.2 Differential Scanning Calorimetry (DSC), Las.

The DSC analysis was conducted on Lz with a sample mass of (11 mg), using a heating
rate of 10°C/min from -35°C up to 500°C was performed under a nitrogen atmosphere.
The thermogram revealed several distinct thermal peaks, providing crucial insights into
the compound's thermal properties and phase transitions (Figure 3.11). Primary
dehydration process the most striking feature of the thermogram is an intense exothermic
peak at 54.3°C with a remarkably high heat flow of 11.293 pV/mg. This peak, explicitly
labeled as "Water Loss,” represents a rapid and significant dehydration process. The
sharpness and substantial magnitude of this peak suggest a highly ordered hydrate
structure releasing its water molecules in a well-defined temperature range. This behavior
indicates that water molecules might bound in specific crystallographic sites within the

structure compound. Sequential Thermal process the DSC thermogram of Lz shows a
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multiple thermal transitions at various temperatures initial transition (13.7°C) an
exothermic peak with a heat flow of 1.4033 pV/mg, possibly indicating an initial phase
reorganization or crystal structure modification at low temperature. Intermediate
Transition (167.1°C) a subtle exothermic event showing a heat flow of 1.14 pV/mg,
which might represent a solid-solid phase transition or structural reorganization of the

anhydrous material.

Melting region (274.0°C): A significant exothermic peak with a heat flow of 2.67 pVv/mg,
labeled as "Melting," was observed. The exothermic nature of this melting event is
unusual and suggests concurrent crystallization or decomposition processes. High-
temperature peak (326.5°C): An endothermic transition with a heat flow of 0.54817
puV/mg was detected, likely indicating thermal decomposition or structural breakdown.
The thermal processes of compound L3z are systematically summarized in Figure 3.11 and
Table 3.6.
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Figure 3.11: DSC curve of L.

Table 3.6: Summary of Thermal Peaks of Ls.

Peaks Type = Temperature (°C) Interpretation
Exothermic 13.7 Initial phase transition
Exothermic 54.3 Major water loss
Exothermic 167.1 Phase transformation
Exothermic 274.0 Melting/Crystallization
Endothermic 326.5 Possible decomposition
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3.3 Characterization of the Adsorbent Material:

3.3.1 FT-IR Analysis (C-L1)
Figure 3.12 displays the IR spectra of L, cellulose fiber before ligand immobilization,
and the adsorbent material (C-L:1). The spectra of C-L: and cellulose fiber showed
comparable patterns. Key observations include:
e The C-O-C bond was identified by a broad and strong band between 1021-1053 cm™.
e The band at 662 cm™! corresponds to C-O vibrations.
e Broad bands around 3337 cm™! are attributed to OH stretching modes.
Notably, the C=N and NO: peaks, present in the spectrum of the free ligand (L1), were
absent in the spectra of cellulose and the adsorbent (C-L1). This absence suggests that IR
spectroscopy could not provide definitive evidence of Li's presence in the cellulose
matrix, likely due to the low concentration of the ligand in the cellulose network, as also

reported by other researchers [55].
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Figure 3.12: FT-IR spectrum of (a) L1, (b) cellulose fiber and (c) C-L..

3.3.2 Differential Scanning Calorimetry (DSC).

The DSC analysis (Figure 3.13) was also conducted on the adsorbent material (C-L1) with
a sample mass of (6 mg), using a temperature program from -35°C to 500°C at a heating
rate of 10°C/min was performed under a nitrogen atmosphere. The thermogram reveals
several distinct thermal peaks that provide important information about the material’s
thermal properties and phase transitions. Initial and water loss peaks the thermogram
shows an early exothermic event at -0.5°C, indicating an initial phase transition at low

temperature. A prominent exothermic peak at 73.0°C, labeled as “Water Loss”, follows
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this. The sharp and well-defined nature of this dehydration peak suggests a coordinated
release of water molecules from specific crystallographic sites within the material's

structure.

Melting and Phase Transitions: Interestingly, the material shows two closely spaced
transitions in the intermediate temperature range: A transition at 140.5°C, a subsequent
event at 166.7°C. Both these peaks are marked as "Melt" on the thermogram, suggesting
a complex melting behavior possibly involving different crystalline phases or
polymorphs. The final significant thermal peak High-Temperature Behavior occurs at
434.4°C with an endothermic heat flow of -1.3768 pV/mg, likely indicating thermal
decomposition or structural breakdown of the material. Table 3.7 illustrated summary the

thermal peaks of the adsorbent material (C-L1).
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Figure 3.13: DSC curve of C-L;.

Table 3.7: Summary of Thermal Peaks of C-L.

Peaks Type = Temperature (°C) Heat Flow (uV/mg) Interpretation
Exothermic -0.5 1.0045 Initial phase transition
Exothermic 73.0 2.5832 Water loss
Exothermic 140.5 0.88791 First melting transition
Exothermic 166.7 1.0286 Second melting transition
Endothermic 434.4 -1.3768 Decomposition
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3.3.3 FT-IR Analysis (C-L2).
Figure 3.14 displays the IR spectra of L2, cellulose fiber before ligand immobilization,
and the adsorbent material (C-L2). The spectra of C-L» and cellulose fiber showed

comparable patterns. Key observations include:

e The C-O-C bond was identified by broad and strong band between 1029-1053 cm™.

e The band at 662 cm™ corresponds to C-O vibrations.

e Broad bands around 3336 cm™! are attributed to OH stretching modes.
Notably, the C=N and NO: peaks, present in the spectrum of the free ligand (L2), were
absent in the spectra of cellulose and the adsorbent (C-L>). This absence suggests that IR
spectroscopy could not provide definitive evidence of Lz's immobilization on the
cellulose matrix, likely due to the low concentration of the ligand in the cellulose network,

as also reported by other researchers [55] and discussed earlier in Section 3.3.1.
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Figure 3.14: FT-IR spectra of (a) L, (b) cellulose fiber and (c) C-L..

3.3.4 Differential Scanning Calorimetry (DSC).

The DSC analysis of C-L» was conducted with a sample mass of 15 mg under a nitrogen
atmosphere, using a heating rate of 10°C/min from -35°C to 500°C. The thermogram
revealed several distinct thermal peaks, providing important insights into the material's

thermal properties and phase transitions (Figure 3.15). Key Observations:

1. Melting Transition (Tm):

e A prominent endothermic peak at 85.4°C (min: 52.0°C) likely corresponds to
the melting transition of the crystalline domains. This peak suggests the presence
of an ordered crystalline phase transitioning to a disordered state.

e The sharpness and intensity of the peak indicate a relatively high degree of

crystallinity in the sample.
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2. Exothermic Transitions:
¢ A small exothermic peak at 151.4°C, indicating a possible phase reorganization
or secondary crystallization.
e A more pronounced exothermic transition at 372.5°C, likely representing
structural transformation or cross-linking.

e A final exothermic peak at 497.3°C, marking the onset of thermal
decomposition or final degradation.

A summary of the thermal peaks is provided in Table 3.8, illustrating the thermal behavior

of the adsorbent material (C-L>).
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Figure 3.15: DSC curve of C-L..
Table 3.8: Summary of Thermal Peaks of C-L..

Peaks Type @ Temperature (°C) Interpretation

Endothermic 85.4 Melting transition (Trm)

Exothermic 1514 Crystal reorganization/Secondary crystallization

Exothermic 3725 Structural transformation/Cross-linking

Exothermic 497.3 Thermal decomposition/Final degradation

3.3.5 UV/VIS Analysis (C-L3).

The adsorption immobilization of the ligand on cellulose fibers was measured at different
concentrations (0.5 to 22 x 10 M) using a UV/Vis spectrophotometer (Amax = 376 nm).
The results demonstrated that the amount of ligand adsorbed on the cellulose increased
proportionally with the ligand concentration, as shown by the linear relationship in Figure
3.16. The linear correlation between ligand concentration and absorbance confirms the

effectiveness of the adsorption process.
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Figure 3.16: Liner curve of ligand concentration (0.05-1) x10-° M.

3.3.6 FT-IR Analysis (C-L3).
Figure 3.17 displays the IR spectra of Ls, cellulose fiber before ligand immobilization,
and the adsorbent material (C-Lz3). The spectra of C-Lz and cellulose fiber showed similar
patterns. Key observations include:

e The C-O-C bond was identified by a broad, strong band between 1029-1052 cm™.

e The band at 662 cm™ corresponds to C-O vibrations.

e Broad bands around 3336 cm™ are attributed to OH stretching modes.
Notably, the C=N and NO: peaks, present in the spectrum of the free ligand (L3), were
absent in the spectra of cellulose and the adsorbent (C-Lz3). This absence suggests that IR
spectroscopy could not provide definitive evidence of Ls's presence in the cellulose
matrix, likely due to the low concentration of the ligand in the cellulose network, as also
reported by other researchers [55]. The IR spectra of cellulose fiber and immobilized

cellulose (C-Ls) showed no significant differences (Figure 3.17 b and c).
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Figure 3.17: FT-IR spectra of (a) Ls, (b) cellulose fiber and (c) C-Ls.
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3.3.7 Differential Scanning Calorimetry (DSC)

Figure 3.18 shows the DSC analysis of C-Lz (11 mg), conducted under a nitrogen
atmosphere using a temperature program from -35°C to 500°C at a heating rate of
10°C/min. The thermogram reveals several distinct thermal peaks, providing important

insights into the material's thermal properties and phase transitions. Key Observations:

1. Primary Dehydration Process:
e A prominent exothermic peak at 100.6°C (heat flow: 2.9603 puV/mg), labeled
as "Water Loss," indicates the release of bound water molecules.
e The sharpness and intensity of the peak suggest a coordinated release from
specific crystallographic sites within the material's structure [59].
2. Thermal Transitions:
e An initial exothermic peak at 19.9°C (heat flow: 1.1986 pV/mg) likely
represents phase reorganization or structural modification.
e An endothermic peak at 223.5°C (heat flow: - 0.87556 pV/mg) suggests a
phase transition.
e A transition at 257.1°C (heat flow: 0.20839 pV/mg) may indicate further
structural reorganization.
3. Melting and Decomposition:
e A melting transition at 326.1°C (heat flow: - 0.83133 uV/mg) was observed.
e A final endothermic peak at 455.0°C (heat flow: - 0.85675 puVv/mg) likely
marks the onset of thermal decomposition.

A systematic summary of the thermal properties is provided in Table 3.9.
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Figure 3.18: DSC curve of C-Ls.
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Table 3.9: Summary of Thermal Peaks of C-Ls.

Peaks Type = Temperature (°C) Heat Flow (uV/mg) Interpretation
Exothermic 19.9 1.1986 Initial reorganization
Exothermic 100.6 2.9603 Water loss
Endothermic 223.5 -0.87556 Phase transition
Exothermic 257.1 0.20839 Crystallization
Endothermic 326.1 -0.83133 Melting
Endothermic 455.0 -0.85675 Decomposition

3.4 Solid-Phase Extraction of Cu?*and Pb?*Using adsorbent materials, (Batch
Method):

The adsorbent materials (C-L1, C-Lo, and C-Ls) were used for the extraction of Cu?* and
Pb?* from aqueous medium. Results showed that C-Ls adsorbent material had a better
extraction ability towards Cu?*. Figure 3.19 shows the effect of adsorbent material (C-L,
C-Lzand C-Ls) on the extraction of Cu?* and Pb?* from aqueous solution. The percentage
of extraction was calculated using the formula given below [58]:

Co—Ce
X

0

%E =

e Co = Initial metal ion concentration in solution (mg/L).

e C. = Equilibrium metal ion concentration in solution (mg/L).
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Figure 3.19: Effect of adsorbent material (C-L1, C-L,, C-L3) on the extraction of Cu?* and Pb?*. pH 5 and

contact time 60 min using batch method.

The number of milligram of Cu?* adsorbed (Q, mg g) per gram of sorbent [61, 62] was
calculated to characterize the exchange process between the two phases (solid/liquid).

The value was calculated using the following equation:
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_ (Co-Ce)V

Q= e, @3).

m
Where (V) is the volume of the solution (L) and (m) is the mass of the sorbent material
in grams. The C-Ls adsorbent material demonstrated superior selectivity for Cu** over

Pb** compared to the other adsorbents studied (Figure 3.20). As a result, further

investigations were conducted to explore the extraction capabilities of C-Ls for Cu?*.
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Figure 3.20: The total capacity (Q) of the adsorbent material (C-L1, C-L,and C-Ls3) on the extraction of

Cu?* and Pb?*. pH 5 and contact time 60 min using batch method.

Figure 3.21 shows a comparison of the FT-IR spectra of C-L3 before and after extraction
with Cu?". However, as mentioned earlier (Section 3.3.5), FT-IR analysis did not provide
clear evidence of complexation between the adsorbent and Cu?". The DSC spectra of C-
Ls after Cu?* extraction (Figure 3.22) revealed a significant reduction in the intensity of
peaks associated with the organic compound compared to the spectrum of C-L3 before
extraction. This reduction suggests that a substantial portion of the compound reacted
with copper. The absence of certain peaks further supports this observation, likely due to

interactions between copper and the ligand on the adsorbent.
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Figure 3.21: FT-IR spectrum of C-L; (a) before and (b) after extraction of Cu?* from aqueous solution
(pH 5).
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Figure 3.22: DSC curve of C-Ls after extraction of Cu?* from aqueous solution (pH 5).

3.4.1 Effect of pH:

Among chemical variables, pH is the most critical factor in solid-phase extraction (SPE).
An optimal pH level minimizes matrix interference and enhances the effectiveness of the
extraction process. To study the effect of pH on the extraction behavior of the sorbent
material (C-Ls) toward Cu?*, a 1 ppm Cu?' solution was shaken with C-L3 for 60 minutes

over a pH range of 3.0 to 9.0.

A quantitative extraction (99.9%) was achieved at pH 5, with an adsorption capacity of
0.999 mg/g (Figures 3.23 and 3.24). Consequently, pH 5 was selected for further

investigations.
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Figure 3.24: The effect of pH on the capacity of the adsorbent material on the extraction of Cu?*

3.4.2 Effect of Contact Time:

Equilibrium time is a critical parameter in the batch extraction method. To determine the
optimal contact time, a 1 ppm Cu?" solution (pH 5) was shaken with 10 mg of C-Ls for
periods ranging from 1 to 90 minutes at room temperature. The adsorption capacity (Q)
reached 0.999 mg/g after 5 minutes, with approximately 90% extraction efficiency
achieved in this time (Figure 3.25). The high initial extraction rate is attributed to the
availability of active ligand sites on the cellulose fiber. After 5 minutes, the extraction
efficiency plateaued at 99.9%, with no significant changes observed upon further
increases in contact time. Therefore, a contact time of 10 minutes was selected for further

investigations.
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Figure 3.25: Effect of contact time on the extraction of Cu?* (1 ppm) with C-Ls (10 mg), pH 5.

3.4.3 Effect of Shaking Speed:

The experiment was conducted by shaking a 1 ppm Cu?* solution (pH 5) with 10 mg of
adsorbent (C-La) at shaking speeds ranging from 50 to 200 R/min for 10 minutes. Figure
3.26 illustrates the effect of shaking speed on the extraction efficiency. No significant
impact of shaking speed on the extraction process was observed, as the adsorption

capacity remained constant at 0.999 mg/g.
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Figure 3.26: Effect of shaking speed on the extraction of Cu?* with C-L3 (10 mg), pH 5 and

contact time of 10 min.

3.4.4 Effect of Ligand Concentration:

Initially, the extraction capability of free cellulose fiber (before ligand immobilization)
toward Cu?" was investigated. The cellulose fiber exhibited an adsorption capacity of 0.5
mg/g (Figure 3.27). However, this capacity doubled upon immobilization of Lz on the
cellulose fiber. To optimize the process, different ligand concentrations (0.5-22x 10° M)

were immobilized on the cellulose fiber, and the extraction efficiency was evaluated
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under the reported conditions (pH 5, 10 minutes). Results (Figure 3.27) demonstrated that
all tested ligand concentrations achieved >95% extraction efficiency, with the 0.5x10°

M concentration showing the highest performance. The adsorption capacity reached

0.999 mg/g, making this concentration the optimal choice for further studies.
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Figure 3.27: Effect of immobilized ligand (Ls) concentration on the Cu?* (1 ppm) extraction using C-Ls

(10 mg), pH 5 and contact time 10 min.

3.4.5 Effect of Adsorbent Material Mass:
The effect of adsorbent mass on Cu?* extraction was investigated using varying amounts

of C-L3 (5-500 mg). Results (Figure 3.28) showed that the amount of adsorbent had no

significant impact on the extraction efficiency. The total adsorption capacity reached up

to 1.8 mg/g, with 10 mg of adsorbent achieving 99.9% extraction efficiency. Therefore,

10 mg was selected as the optimal adsorbent mass for further studies.
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Figure 3.28: Effect of adsorbent material mass on the extraction, pH 5 and contact time 10 min.
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3.4.6 Effect of Cu?* Concentration:

The extraction capacity of the adsorbent material (C-Ls) was evaluated by studying its
performance across a range of Cu?" concentrations (0.05-100 ppm). The experiment
involved shaking 10 mg of C-Lz with the Cu?" solutions for 10 minutes under optimal
conditions. Figure 3.29 illustrates the effect of copper concentration on extraction
efficiency. The adsorbent demonstrated excellent performance, achieving good extraction
even at a low concentration of 0.05 ppm (50 ppb). The adsorption capacity (Q) increased
with higher initial Cu?* concentrations, as summarized in Table 3.10. This indicates that
C-Ls is highly effective for extracting trace amounts of Cu** from aqueous solutions,
outperforming other sorbents [63]. A linear range with a slope of approximately 1.05 was
observed (Figure 3.30). The distribution coefficient (D) was calculated using the

following equation:
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Figure 3.29: Effect of Cu?* concentration on the extraction using C-Ls (10 mg), pH 5 and
contact time 10 min.
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Figure 3.30: The dependence of the adsorbent capacity on Cu?* concentration.
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Table 3.10: Effect of Cu?* concentration on the extraction using C-Ls

(10 mg), pH 5 and contact time 10 min conducted using batch method, n=3.

[Cu?*], ppm | %E (+SD) D | Capacity Q (mgg?)
0.05 65 (0.42) 0.66 0.033
0.09 75 (0.42) 0.76 0.068
0.1 80 (0.58) 0.80 0.080
0.3 99.9 (0.07) | 0.996 0.299
0.5 99.9 (0.07) | 0.998 0.499
1.0 99.9 (0.07) | 0.999 0.999
10.0 99.8 (0.15) | 0.999 9.988
50.0 99.8 (0.15) | 0.999 49.95
100 97.1(0.1) | 0.97 97.00

The distribution coefficient (D) for the total copper ion concentration (Cu?') in the
adsorbent material (solid phase) was calculated from the plot of log D versus copper
concentration (Figure 3.31). A unique ratio, with a slope of 1, was determined for the sum
of the concentrations of all copper species adsorbed from the aqueous solution at pH 5.

Iog D -0.5 -
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Figure 3.31: The dependence of the distribution on the metal ion concentration in used system

3.4.7 Effect of the Presence of Foreign lons (Interferences):

To evaluate the selectivity of C-Ls for Cu?" extraction, the interactions with three foreign
metal ions (Fe**, Ni**, and Pb?") were systematically analyzed. A 1 ppm Cu?* solution was
mixed with 0.5-2 ppm of each foreign metal ion and agitated with 10 mg of C-Ls for 10
minutes. The concentration of extracted Cu?" was then quantified. Table 3.11 shows that
no significant interferences were observed for Ni** and Pb**. However, the presence of

Fe** reduced the extraction efficiency of Cu?* to 98% at a concentration of 2 ppm Fe**.
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Table 3.11: Effect of metal ion interferences (Ni?*, Pb®*and Fe®*) on the extraction of Cu?*
(1ppm) using C-L3 (10 mg), pH 5 and contact time 10 min conducted using batch method. n =3.

Sample Metal ion Cu?*

Type | Conc. ppm (added) %E Q (mg/g)

1 Ni*2 0.5 99.9 (+0.07) | 0.999

0.8 99.9 (+0.07) | 0.999

1 99.9 (+0.07) | 0.999

99.9 (+0.07) | 0.999

2 Pb*? 0.5 99.9 (+0.07) | 0.999

0.8 99.9 (+0.07) | 0.999

1 99.9 (+0.07) | 0.999

99.9 (+0.07) | 0.999

3 Fets 0.5 99.9 (£0.07) 0.999

0.8 99.5 (+0.44) | 0.796

1 99.5(x0.44) | 0.995

2 98.1(x0.01) | 1.961

3.4.8 Reusability of the Sorbent:

The reusability of the C-Ls sorbent was evaluated by conducting extraction-desorption
experiments across three distinct extraction cycles in the acidic medium HCI (0.01-1 M).
The extraction of Cu?* consistently exceeded 99.9% across these three cycles (Figure
3.32). A clear drop was observed in the third cycle. This loss of reactivity of the sorbent
could be due to the strong competition between protons and Cu?* ions to occupy the ligand
active sites, which might cause irreversible metal ion adsorption [52]. Table 3.12,
summarized the optimum conditions for quantitative extraction of Cu?* using the studied

sorbent material.
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Figure 3.32: Reusability of the adsorbent (C-Ls) on the extraction of Cu?*. n=3.
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Table 3.12: Summary of the optimum parameters for the extraction of Cu?* by C-L3 sorbent.

Parameters Condition
pH 5
Time 10 min
Shaken mechanically 50 R/min
Sorbent mass 10 mg
Cu?*conc. 0.05-100 ppm
Ligand conc. 0.5x10°M
Capacity 0.999 mg/g

3.4.9 Preconcentration and Recovery of Cu?* from Real Sample:

The efficiency of the adsorbent material (C-Ls) for Cu?* extraction was evaluated using
real samples under optimal conditions. Three water samples and two vegetable samples
(tomatoes and potatoes) were tested. The two vegetables (tomatoes and potatoes) were
purchased from the local market in Sirte City. The samples were first analyzed directly
for their Cu?** content using AAS. Results showed that Cu** was absent in all water
samples, while the vegetables contained small amounts of Cu?** (0.36 ppm in tomatoes
and 0.87 ppm in potatoes). To assess the adsorbent's performance, 1 ppm Cu?** was spiked
into the water samples, and the extraction procedure was followed. A high recovery rate
of 99.9% was achieved for water samples. However, the extraction efficiency for
vegetables was lower compared to water samples. This reduction is likely due to the
complex composition of vegetables, which includes proteins, fibers, and carbohydrates.
These components can interact with Cu** to form complexes, reducing the availability of
free Cu?* for adsorption by C-Ls. This phenomenon is consistent with studies on metal
adsorption and complexation in biological matrices [64]. Table 3.13 summarizes the

recovery data obtained using the adopted procedure.

Table 3.13: Extraction Cu?* from real sample pH 5, using batch method, n=3.

Sample E % | (#SD) | Q (mg/qg)
Chemistry lab, Faculty of Medicine. S1 99.9 0.07 0.999
Drinking water (SHIMA,). S.2 99.8 | 0.18 0.998
Water fountain in the downtown park. S.3 99.9 | 0.07 0.999
Tomatoes (Vegetable market). S.4 69.4 0.5 0.25
Potatoes (Vegetable market). S5 66.6 04 0.58
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3.4.10 Isotherm Adsorption:

The adsorption curve (Figure 3.33) follows the L-type classification according to Giles,
indicating that Lz contains multiple polar functional groups (NO2, C=N). These groups
increase the effective surface area of the adsorbent, enhancing the number of active sites
on the cellulose surface. This allows for the adsorption of a larger amount of the target
material. The increased curvature intensity in the initial part of the curve reflects this
behavior. Additionally, the polar groups in Lz can form hydrogen bonds and van der
Waals interactions with the adsorbed molecules, shifting the nature of the adsorption

process from purely physical to partially chemical [65].
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Figure 3.33: Adsorption isotherm curve.

3.4.10.1 Langmuir Equation:

The Langmuir equation was applied to the adsorption of copper from the aqueous medium
onto the surface of C-Ls at room temperature. From the slope and intercept plotted Ce vs
Ce/ge, the Langmuir constant was extracted as shown in the Figure 3.34, according to the
following equation (5) [66]. Based on the results and the correlation coefficient values,

it was concluded that the adsorption behavior does not conform to the Langmuir equation.
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Figure 3.34: Adsorption isotherm Langmuir

3.4.10.2 Freundlich Equation:

The Freundlich equation was applied to the adsorption of copper from the aqueous
medium onto the surface of C-Lsz at room temperature. From the slope and intercept
plotted In Ce vs. In ge, the Freundlich constant was extracted as shown in the Figure 3.35
according to the following equation (6) [66]. Based on the results and the correlation
coefficient values, it was concluded that the adsorption behavior does not conform to the
Freundlich equation.
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Figure 3.35: Adsorption isotherm Freundlich.
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3.4.10.3 Temkin Equation:

The temkin equation was applied to the adsorption of copper from the aqueous medium
onto the surface of C-Ls at room temperature. From the slope and intercept plotted In Ce
Vs e as shown in the (Figure 3.36). The temkin constants were extracted according to the

following equation (7) [66].

Qe: bT In (KT Ce)

Based on the results and the correlation coefficient values, it was concluded that the
adsorption behavior conforms to the Temkin equation. The constants for the Temkin,

Langmuir, and Freundlich models were extracted and are summarized in Table 3.14.
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Figure 3.36: Adsorption isotherm Temkin.

Table 3.14: Langmuir, freundlich and temkin constants were extracted.

Langmuir | Frenudlich | Temkin
Intercept | 0.13953 1.1179 42.01956
Slope -0.03569 0.1673 3.69
Qmax -28.03 - -
K -0.256 3.04 -
n - 5.98 -
Kr - - 1.77x10%8
bt - - 3.6
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3.5 Adsorption Kinetic:
An equation was used to derive the adsorption rate constant of the C-Ls. Pseudo-second
order equation (8) [67] was calculated (Table 3.15).

Where, t: time (min), g:: adsorption amount at time, ge: adsorption amount at equilibrium,
K2; pseudo-second order adsorption rate constant.
Table 3.15: Pseudo-second order adsorption rate constant.

Slope Intercept Kz (M min?)
0.986 0.998 0.975

The adsorption kinetics of Cu?* on the surface of C-Ls, and was carried out by shaking
Cu?* solution 50 R/min (1 ppm, pH 5) with 10 mg C-Ls. Results of the pseudo-second

order adsorption kinetics was reported from a plot time vs t/q: (Figure 3.37).
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Figure 3.37: Pseudo-second order adsorption Kinetics.

44



3.6 Comparison with Previous Studied:

The present method was compared with previously reported approaches for Cu?*
extraction from aqueous solutions. Table 3.16 summarizes some of the earlier studies on
solid phase extraction (SPE) of Cu?". The sorption characteristics of the studied adsorbent
material (C-L3) are comparable to those of other SPE systems for Cu?" extraction [52].
The current work demonstrates high selectivity and good adsorption capacity for Cu?",

making it a promising alternative for extraction applications.

Table 3.16: Summary of some of the early reports on the solid phase extraction (SPE) of Cu?*.

lonophore (Support) Q Time Reference
(mg/g) (min)
Silica immobilized hydrazone compound. 0.054 90 [55]
Coconut fiber (coir) immobilized 2 25 [52]

hydrazone compound.
Tannin-immobilized cellulose fiber 0.729 30 [68]

extracted from coconut husk.
C-Ls. 0.999 10 Present work
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Chapter 4

Conclusions and Recommendation for Future Work

4.1 Conclusions:

Hydrazone compounds are widely recognized for their biological and chemical
properties, as well as their applications in various fields. One notable application is the
extraction of metal ions using hydrazone compounds immobilized on selected sorbents.
In this study, three novel hydrazone compounds 2,4-dinitrophenyl hydrazone
acetophenone (DNPHACP), 2,4-dinitrophenyl hydrazone acetaldehyde (DNPHACT),
and 2,4-dinitrophenyl hydrazone benzophenone (DNPHB) were successfully synthesized
from three different starting materials. These compounds were characterized using FT-IR
and DSC analysis. An adsorbent material was fabricated by immobilizing the synthesized
hydrazone ligands on cellulose extracted from coconut fiber. The prepared material (C-
L3) exhibited higher thermal stability (>300 °C) compared to the free ligand (<300 °C).
C-L3 demonstrated selective extraction of Cu®" in a neutral medium, achieving 99.9%
extraction efficiency using the batch method. The optimal conditions for solid-phase
extraction (SPE) of Cu?* from an acidic medium (pH 5) were determined to be 10 mg of
C-Ls at a ligand concentration of 0.5 x 10~ M. The distribution coefficient (D) was found
to be 0.999 mg/L. Adsorption kinetics followed a pseudo-second order model, confirming
the efficiency of the process. This method is highly recommended for the selective

removal of Cu** ions from water samples.

4.2 Recommendations for Future Work:
Although the results presented in this dissertation are complete, further work can be done
to fulfill a complete information about the system. This include:

e Study of the interference of other heavy metal.
e Study of some other factors such as the temperature, etc.
e Study the other hydrazone ligands and their complexes with copper.

e Applying the method for the removal of copper from its samples.
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Absiract: & h}'dmzme nump-uunds derived from the condensation of E,J-dMILru-phenyl h}'dmﬂne wiih mlnprumne,
acetaldetyyde, and benzophenone, were synthesized ard thedr selectivity wowards ransilon metal lons were investigaced. The
ligamds were isolated in saiisfaciory vield of 75 %, 57 % and 85 % respectively. Sorbent matesial based an these bydrazane
compounds was prepared by immoehilizing the ligands imio a cellulose exiracied from cocomat fibee. The capabilicy of the
sorbent material for the extraction of copper was gudied by the batch method. The immebilized cellulise was wsed as A
slationary phase in the solkd phase extraction e extract Cu® joes from aguecus sabatson, The optimuem cosdition for an effective
exiraction such as pH, contact time, Cu™ and ligands concenirations were investigated. Resulis obdained showed that the studied
sorbent exhibited preferential selectivity wwards Co®* over other wransition metals stedied. The method was tested for the
extraction af Cu® kns fraom real samples. Reasonable recovery (= 60 %) was foand.

Keywords: Hydrazone compounds; Cellulose fibee, Soild phase exiraction; Metal ions

Introduction: research inelude selid-phase extraction (SPE) [17). The SPE

Hydrazome derlvatives have been used in the synihesis of  methodology hes garesed substantial acclaim within the
metal complexes thai exhibit & varlety of geomedrical  domain of analyical chemistry as o8 proficiens pre-
canfigurations and magnetic properties, expanding ibeir concetration techidgue for the isolation of trace metals [15].
applicability across maltiple scientific fields. The careful The preferesde for utilizing SPE o extract beavy metal jons
structusal elucidsibon  of these compounds  and  thelr from aquecus matrices is predominamly atributed wois
derivatives i crucial for fully understanding their bialagical operativnal - ease, absence of contamdnants, elevated
activides amd iherapeutic poteniial 1. A prominent entichment potential, effective phase separation, temposal
compound  often employed i this area s 24 efficiency, and ecompmée viability [15]. The effectiveness of
diniraphenylbydrazine [DNPH) [2]. Hydrazoses have the  this methodology depends an the properties of the adsorbent,
ahility v form & wide range of chromophoric complexes with  particularly regarding  selectivity,  detectability, - saeple
transition metals [3, 4). The regulation of heavy metaks poses throughpat, and rewsability [20]. The baich methodolegy &
a significant challenge due io iheir persisience and resilience employed & a solid-phase extraction (SPE) techiigue,
in environmental marrices 5], The cations. Ph*, Cd*, Cu®, wherein a solid phase is used as an extraciand o Bclale a
and HE‘“ are calegorized as hazardous heavy mesals, known specific analyie from a given solutdon. Thereafler, the solbd
far their barmiul effects on both ecosystens and living material may either be subjected o immediate analyiical
organisms.  Mumerous research efforis have explosed  procedures or underga an edution process for the recovery of
effective methods for the removal and remediation of hemey  the analyie [21]. Genesally, a specific seleciive component is
metals |5-9). Adsarption of these metallic ioes from aquecus 3fached 10 & solid support, such as silica, alumina, tianiue
solutinas using various adsorhents, such as modified planl dioxhde, or a p-ul}'mer, which functioes as the salid |':I1as.e in
fiber and gelatin compasite [10], kappa- the baich methodology [22]. Fibreas materials have exhibited
carrageenan/cellubose  hydrogel (1], acrylamide-grafied significant adsorption capabiliibes across a diverse array of
kola-nut pod husk cellulose [12], Alfa grass fibers [13]),  applications. Research has explored the adsorption efficacy
dendriric fibrous materisls [14), has shown promising resulis of botanical fibers on varioss joms, indicating enhanced
in heavy metal extraction [15). The extersive application of performance  following  chemical  modification  [23].
copper in indusirial manufacturing processes may bead o Agriculural residues consise of lignocellulosic componenis,
increased copper concenirations in the enviroament.  primarily cellulose, hembelluloce, snd lignin [24]. The
Monetheless, beightened levels of Co™ present considerahle seeption capacity of lignocellulesic wasie is comparable 1
rishs. o both ecologieal stahility and human bealth. Elevated that of odher eatural sorhents while abe providieg
concentrations can cause substantial harm to vital oogans, advaniageous characteristics such & minimal 0 no cost, high
including the liver, eryibrocytes, heasi, and braln [16]. The accessibility, and a sirakgheforwand aperational methodelogy.
process of extracting copper from environmentl samples  Colr fiber has been extensively soodied for jis poreniial as an
uillizes varbous advanced techniques, each offering unigue adsorbend in the removal of various metal ions fram waser,
henefits. These methodologies are essential for assessing The husk af the coconal is a byproduct that cosstities the
contamdnation  Jevels and safeguerding  environmental  mesocarp of the coconul and represents approximately 33-
integrity. Prominent exiraction techniques ensployed in this 35% of the while husk. The cellulise, hemmbeellulise, lignin,
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