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Abstract

Silica was successfully extracted from selected local soil samples from different areas
of Karbala city using Sol-Gel method. The extraction method was simple and
environmentally friendly. Organosilica (1-nitroso-2-naphthal silica) was then
synthesized by reacting the extracted silica from the sand sample with an organic
chelating reagent (1-nitroso-2-naphthal). The silica and organosilica compounds were
then characterized using different techniques such as EDX, SEM, BET, AFM, XRD,
FTIR, and TEM. EDX measurement revealed that the sandy soil contains a high
percentage of silica. SEM technique was used to study the morphology of silica and
organosilica. XRD technique showed that the silica and organosilica had broad peaks
indicating their non-crystalline nature, while the presence of some sharp peaks in the
organosilica indicated the presence of the organic reagent. FTIR analysis revealed the
functional groups in silica, organosilica, siloxane, and silanol in silica. The surface area
and pore volume of silica and organosilica using BET confirmed that both are
characterized by mesoporous structures. Furthermore, transmission electron
microscopy (TEM) and atomic force microscopy (AFM) images provided insights into
the internal structure and surface roughness of silica and organosilica. Silica and
organosilica were successfully used as the solid phase for the dispersed solid-phase
extraction method and were successfully applied to extract iron complexes from
aqueous solutions. The physicochemical conditions of the extraction were studied. Iron
complexes were separated using silica and organosilica under the optimum conditions
(neutral medium, reagent concentration 0.04 mol/L, temperature 35 and 40°C
respectively, and stirring time 15 min). The iron complex extraction rate at 99.5% of
silica was higher than used 87% with organosilica due to the surface properties of
silica and organosilica. The method was also successfully applied to pharmaceutical
samples containing iron ions, and the value of this confirms that it is an accurate,
selective, sensitive, easy and fast method.



List of contains

Subject Pages
Abstract I
List of Contents II
List of Tables VI
List of Figures VIII
List of Schemes XI
List of Abbreviations XII
No. Subject Pages
CHAPTER ONE INTRODUCTION 1-18

1. Introduction 1
1.1 Solid-phase extraction (SPE) |
1.2 Historical of Solid-Phase Extraction (SPE) |
1.3 Advantages of Solid Phase Extraction (SPE) 2
1.4 Mechanism of Solid Phase Extraction Method 2
1.5 Types of Solid Phase Extraction 3
1.6 Types of Sorbents Compounds 4
1.7 Definition of Silica 7
1.7.1 Silica Compounds Structure 7
1.7.2 Silica Properties 8
1.7.3 Extraction of Silica Methods 8
1.7.4 Sol — gel Method 9
1.7.5 Application of Silica 10
1.8 Source of Silicon Compound 11
1.8.1 Silicon Forms in Soil 11
1.8.2 Soil 12




List of contains

1.8.3 Types of Soil 13
1.9 Modified Silica Compounds 14
1.9.1 Inorganic silica 14
1.9.2 Organosilica 16
1.10 Aim of The Study 18
CHAPTER TWO EXPERIMENTAL PART 19-37

2 Chemicals and Equipment 19
2.1 Apparatus 19
2.2 Chemical materials and Reagents 21
2.3. Preparation of reagent 22
2.3.1 0.1% of 1-Nitroso-2-naphthol solution 22
2.3.2 Salicylaldehyde oxime (0.05 mol/L) 22
2.4 Preparation of standard solution 22
2.4.1 Iron (IIT) ion standard solution preparation (100mg/L) 22
2.4.2 Preparation of hydrochloric acid (3mol /L) 22
243 Preparation of sodium hydroxide solution (0.1mol /L) 23
2.5 Sampling of Soil Samples 23
2.6 Extraction of Silica from Soil Samples 25
2.7 Pre Elementary Testing 27
2.8 Iron (IIT) with Salicylaldehyde oxime Extract by Solid | 28

Phase (Silica) Method.
2.9 Preparation of Modified Silica ( Organosilica) 30
2.9.1 Preparation of 1-Nitroso -2- Napthal Solution 30
2.9.2 Preparation of Organosilica (1-Nitroso-2-Napthal | 30
Silica)




List of contains

2.10 Organosilica as Sorbent Surface with Iron (III)| 33
Salicylaldehyde oxime Complex.
2.11 Calibration Curve of Fe (III) - Salicyaldehyde oxime | 35
Complex
2.12 Pharmaceutical Samples Contains Iron (III) Ions 36
2.13 Elution of Iron (III) Complex from a Solid Phase 37
(Silica and Organosilica)
CHAPTER THREE RESULT AND DISCUSSION 38-77
3.1 Introduction of Silica 38
3.1.1 Characterization of Silica 39
3.1.1.1 Fourier Transform Infrared Spectroscopy (FTIR) 39
3.1.1.2 Specific Surface Area(BET) Analysis of Silica 40
3.1.1.3 X-Ray Diffraction Analysis 44
3.1.14 Scanning Electron Microscopy (SEM). 45
3.1.1.5 Energy Dispersive X-ray Spectroscopy 46
3.1.1.6 Atomic Force Microscopy (AFM) 49
3.1.2 Silica using as Sorbent to Extract Iron (IIT) Complex 51
3.1.2.1 Absorption Spectra 51
3.1.2.2 Optimization of experimental condition 52
3.1.2.2.1 | Influence of Ph 52
3.1.2.2.2 | Influence of Reagent Concentration 54
3.1.2.2.3 | Amount of Sorbent Influence 55
3.1.2.2.4 | Equilibrium Temperature Effect 56
3.1.2.2.5 | Time Effect 58
3.13 Elution of Iron (III) Complex from Silica 59




List of contains

3.14 Application of Extraction Iron (III) Ions in 59
Pharametrical Samples.
3.2 Introduction of Organosilica 60
3.2.1 Characterization of Organosilica 61
3.2.1.1 Fourier Transform Infrared Spectroscopy (FTIR) 61
3.2.1.2 Specific Surface Area (BET) Analysis 62
3.2.1.3 X-Ray Diffraction analysis 63
32.14 Scanning Electron Microscopy (SEM) 64
3.2.1.5 Transmission Electron Microscopy (TEM) 65
3.2.1.6 Atomic Force Microscopy (AFM) 66
3.2.2 Optimization of Experimental Condition. 67
3.2.2.1 pH Effect 67
3222 Reagent of Concentration Effect 69
3223 Amount of Sorbent Influence 70
32.2.4 Temperature Effect 71
3.2.2.5 Time Effect 73
323 Elution of Iron (III) Complex from Organosilica 74
324 Application of Extracted Iron (IIT) by Organosilica 75
33 Conclusion 76
3.4 Future Works 77
References 78
Appendix 94
Abstract in Arabic 102




List of Tables

No. | Title Page
1.1 | Review of extraction silica methods 8
1.2 | chemical composition in the earth crust 13
2.1 Instruments uses in study 19
2.2 | Chemicals materials and reagents used 21
2.3 | Type samples and location 23
2.4 | Pre elementary testing metals with silica 27
2.5 |Calibration curve of the concentration Iron (IIl) -| 35
Salicylaldehyde oxime complex

3.1 Surface area analysis (BET) of ZAy, ZA,, ZAs 43

3.2 | EDX analysis result of elements percent’s in samples 47

3.3 | The AFM analysis 50

3.4 The effect of pH on Fe(lll) — salicylaldehyde oxime| 53
complex before and after adsorption.

3.5 | The effect of concentration reagent on Fe(lll) —| 54
salicylaldehyde oxime complex before and after
adsorption at 520 nm.

3.6 | The effect of amount surface sorbent (Silica) on Fe(lll) —| 56
salicylaldehyde oxime complex after adsorption at 520
nm

3.7 | The effect of temperature on Fe(lll) — salicylaldehyde| 57
oxime complex before and after adsorption

3.8 | The Time effect on Fe(lll) — salicylaldehyde oxime| 58
complex before and after adsorption

3.9 | Desorption of iron (111) from Silica 59

3.10 | Extraction Iron (IlI) ions in parametrical samples by| 60
silica

3.11 | The BET parameters of Silica and Organosilica 62

3.12 | The surface roughness parameters from the AFM images | 67

VI




List of Tables

3.13 | The effect of pH on Fe(lll) — salicylaldenyde oxime| 68
complex before and after adsorption.

3.14 | The effect of concentration reagent on Fe(ll)- 69
salicylaldehyde oxime complex before and after
adsorption.

3.15 | The effect of amount surface sorbent (Silica) on Fe(lll) —| 70
salicylaldehyde oxime complex after adsorption at 520
nm

3.16 | The effect of temperature on Fe(lll) — salicylaldehyde| 72
oxime complex before and after adsorption.

3.17 | The Time effect on Fe(lll) — salicylaldehyde oxime| 73
complex before and after adsorption

3.18 | Desorption of iron (111) from organosilica 74

3.19 |Extraction Iron (IIlI) ions in parametrical samples byl 75

organosilica

VIl




List of Figures

No. [Title Page

1.1 | Solid phase extraction process 3

1.2 | The silica structure: (a) tetrahedral structure, (b) 3D network 7
and structure

1.3 | Different steps of sol gel process 10

1.4 | Different types of soil. (a) Sandy soil, (b) Silt soil, (c) Clay 14
soil and (d) Loamy soil.

1.5 | Linkage silica with alumina 15

1.6 | 3D shapes of Titania support with silica 16

1.7 | Silica linked with 1-nitroso-2-napthal 17

2.1 | The soil sampling location and map of the study area in Karbala| 24

2.2 | Calibration curve of Iron (111)- Salicyaldehyde oxime complex. | 36

3.1 | FTIR spectrum of SiO, samples ZA,, ZA,and ZA; 40

3.2 | IUPAC classification physical adsorption isotherm 41

3.3 | Nitrogen adsorption and desorption isotherms of amorphous 43
silica of three samples (A-ZA;, B-ZA, and C-ZA;)

3.4 | XRD patterns of SiO, samples ZA;, ZA,and ZA; 45

3.5 | SEM images of samples with different extracted silica: ZA; (A, 46
D), ZA, (B,E), ZA3(C, F)

3.6 | EDX chart of extracted silica from different samples: ZA ; (A), 48
ZA, (B) and ZA; (C)

3.7 | 2D and 3D images of A (ZA,), B(ZA,), C(ZAs). 50

3.8 | Spectra of absorption for (a) Fe(lll)ion solution, (b) 52

salicylaldenyde oxime reagent and (c) Fe (Ill) -
Salicylaldehyde oxime solution. (d) overlapping for every

spectrum a,b,c .

VIl




List of Figures

3.9

Effect of pH solution on Fe(lll) — salicylaldehyde oxime
complex adsorption on to Silica at 520 nm. Condition 2mL of
1000mg/L Fe(lll) and 2mL of 0.01 mol/L Slicylaldehyde
oxime(a) Absorbance and (b) Extraction percent.

53

3.10

Effect of concentration reagent (salicyalaldehyde oxime) on
Fe(lll) — salicylaldehyde oxime complex adsorbent by silica

at 520 nm. at: 2mL of 1000mg/L Fe(l11), pH (7) (a) Absorbance
and (b) Extraction percentage

55

3.11

Effect of different amount of sorbent (Silica) on Fe(lll) —
salicylaldehyde oxime complex , at pH (7), 2mL of 1000mg.L"
Fe(l1l), 2mL of 0.04 mol/L Salicylaldehyde oxime

56

3.12

The effect of temperature on Fe(lll) — salicylaldehyde oxime
complex before and after adsorption at pH (7), 2mL of 1000
mg/L Fe(ll), 2mL of 0.04 mol/L Slicylaldehyde oxime , 0.1 g
of silica. (a),(b)and(c)Absorbance, log D and log Kex versus
Temp. (d) the extraction constant Fe(lll) — salicylaldehyde
oxime complex with silica

S7

3.13

The effect of time on Fe(l1l) — salicylaldehyde oxime complex
before and after adsorption at pH (7), 2mL of 1000 mg/L
Fe(lll), 2mL of 0.04 mol/L Slicylaldehyde oxime , 0.1 g of
silica, Temp. 35 °C . (a) Absorbance and (b) Extraction percent

58

3.14

FTIR spectrum of silica and organosilica

62

3.15

Nitrogen adsorption-desorption isotherms of silica and
Organosilica

63

3.16

XRD pattern of silica and organosilica

64

3.17

SEM images of silica and organosilica: (A, C) silica and (B, D)
organosilica.

65

3.18

TEM images of silica and organosilica:(A,C,E) of silica and
(B, D,F) of organosilica

66

3.19

3D AFM images of the silica and organosilica: (A) of silica and

(B) of organosilica

67

3.20

Effect of pH solution on Fe(lll) — salicylaldehyde oxime
complex adsorption on to Organosilica at 520 nm. Condition
2mL of 50 mg. L™ Fe(l11) and 2mL of 0.01 mol/L Slicylaldehyde

69

IX




List of Figures

oxime.

3.21

Effect of concentration reagent (salicyalaldehyde oxime) on
Fe(lll) — salicylaldehyde oxime complex adsorbent by
Organosilica at 520 nm. at: 2mL of 50 mg/L Fe(lll), pH (7) (a)
Absorbance and (b) Extraction percentage

70

3.22

Effect of different amounts of sorbent (organosilica) on Fe (l11)
— salicylaldehyde oxime complex. (a) Absorbance, (b)
Extraction percentage.

71

3.23

The effect of temperature on Fe(lll) — salicylaldehyde oxime
complex before and after adsorption at pH (7), 2mL of 50
mg. L™ Fe(111), 2mL of 0.04 mol/L Slicylaldehyde oxime, 0.1
g of silica. (a),(b) and (c)Absorbance, Extraction percentage
and log Kex versus Temp. (d) the extraction constant Fe(ll1I)
— salicylaldehyde oxime complex with organosilica

72

3.24

The time effect on Fe(lll) — salicylaldehyde oxime complex
before and after adsorption at pH (7), 2mL of 1000mg/L Fe(lll),
2mL of 0.04 mol/L Slicylaldehyde oxime , 0.1 g of organosilica,

Temp. 40 °C (a) Absorbance and (b) Extraction percentage

74




List of Schemes

No. Title Page
1.1 The suggested reaction equation for the hydrolysis and | 10
condensation processin the sol gel process
1.2 Different forms of silicon in soil 12
2.1 Preparation steps of silica 25
2.2 preparation of silica by sol — gel method 26
2.3 Proposed reaction equation of Fe(lll) — Salicylaldehyde | 29
oxime complex extraction by silica.
2.4 Preparation steps of 1-nitroso -2- napthal silica 30
2.5 preparation of 1-nitroso -2- napthal silica 31
2.6 Mechanism synthesis steps of silica and organosilica 32
2.7 Proposed mechanisim reaction of Fe(lll)- | 34

Salicylaldehyde oxime complex with sorbent surface

organosilica method.

Xl




List of Abbreviations

Abbreviations

Term

SPE

Solid-phase extraction

LLE liquid—liquid extraction

LSE liquid—solid extraction

MSPE Magnetic solid phase extraction

DSPE Dispersive solid-phase extraction

B.D.H British Drug House

D Distribution ratio

FTIR Fourier Transform Infrared

UV-Vis Ultraviolet-visible

XRD X-Ray Diffraction

EDX Energy dispersive X-ray spectroscopy

SEM - EDX Scanning electron microscope - Energy dispersive
X-ray spectroscopy

AFM Atomic Force Microscopy

TEM Transmission Electron Microscopy

BET Bruner Emmett Teller

Wit. % Weight percentage

Conc. Concentration

Abs Absorbance

Ads Adsorption

E% Extraction percentage

Kex Stability Constant

SD Standard deviation

AG Free energy

AH Enthalpy

AS Entropy

RSD Relative standard deviation

Temp. Temperature

Xl




Chapter One

Introduction



Chapter One Introduction

1.1. Solid-Phase Extraction (SPE)

Is technique pattern to utilize in analytical chemistry to purify, isolate and detect
analytes from complicated mixtures. It includes passing a liquid pattern through a
stable adsorbent material (sorbent) to selectively compounds of interest preserve
[1].

Solid-phase extraction (SPE) in chemistry is an effective method to prepare
samples analysis and sample collection can be using SPE as one of the methods. It
Is used without further preparation steps, such as pH adjustment or dilution [2].
SPE is based on similar principles to liquid—liquid extraction (LLE). The
distribution between two phases of analytes or solutes is similar in both
procedures. SPE involves dispersion of the analyte between two liquid phases
(sample medium and adsorbent) does not require mixing of two liquid phases, as in
LLE [3]. The liquid sample is passed through adsorbent material to which have a
greater affinity of analytes than the liquid phase. Subsequently, the analytes are
extracted by extraction method simplifies the analysis removing by sample
matrix[4].1ts ease in terms of time and solvents economy. SPE is becoming
preconcentration of analyte and removal matrix more prevalent than LLE. In
addition, LLE is inefficient to extract polar compounds, labor-intensive and time-
consuming [5], [6].

1.2. Historical of Solid-Phase Extraction (SPE)

liquid—solid extractions (LSE) method was depended liquid sample extraction was
placed in contact with solid phase were commonly equilibrium between the two
phases was allowed to occur of the liquid and solid phases which followed by
physical separation (by filtering or decanting)[6] . In 1951 was reported of first
application of sorbent SPE by Braus significant efforts to improve specificity or
selectivity towards target analytes have been made with regard to development and

characterization of new formats and advanced sorbent materials of SPE to enhance
1



Chapter One Introduction

physicochemical and higher sportive capacity or mechanical stability. Poole
classified SPE sorbents into three classes [7], [8]:

(1) Normal phase (such as Florisil, alumina, silica, diol NH,, and CN bonded
phases)

(2) lon exchange (such as ammonium (strong anion exchanger) bonded phases and
sulfonic (strong cation exchanger).

(3) Reversed phase (such as C8 and C18 bonded phases), Moreover, on the basis of
the identity of materials, sorbents can be classified into three types: carbon based,
polymer based and inorganic based.

1.3. Advantages of Solid Phase Extraction (SPE)

Solid-phase extraction (SPE) is a technique that can be tailored to selectively
extract specific analytes while removing interfering compounds.By concentrating
analytes from large volumes, SPE enhances detection limits. Removes impurities,
reducing matrix effects in subsequent analysis . Typically requires less solvent than
traditional liquid—liquid extraction (LLE) [9].

1.4. Mechanism of Solid Phase Extraction Method

The selection of extraction sorbent of SPE depends on the mechanism
understanding of interaction between the sorbent and analyte of interest. Which
depends on of the polar, hydrophobic and inorganic properties of both the sorbent
and solute. SPE are based on van der Waals forces (“non-polar interactions™),
dipole-dipole forces (“polar” interactions), hydrogen bonding and cation-anion
interactions (“ionic” interactions) of the most common mechanisms [10] such as
magnetic solid phase extraction. The sorbents are added and dispersed in the
sample, the analytes are adsorbed onto their surface and the material is separated
easily with a magnetic field. The analytes while using magnetic separation the
liquid phase is collected for further analysis. The main benefits of this method are
the direct addition of the sorbent in the sample high dispersion, rapid and simple

2



Chapter One Introduction

separation of sorbent materials[11].
1.5. Types of Solid Phase Extraction

1. Normal and Reversed Solid Phase Extraction

Normal-phase SPE involves a polar phase stationary such as silica or alumina that
retention from interaction between polar groups on the sorbent surface and polar
functional groups of the analyte , while Reversed phase involves a nonpolar phase
stationary (C18, C8) with a moderately polar or polar and mostly used for
aqueous samples[12].

2. Magenatic Solid Phase Extraction (MSPE)

MSPE is consists of a magnetic material dispersed into a sample solution and
easily and swiftly recovered by application of a magnetic field. Magnetic
nanoparticles are incubated with a liquid sample (unprocessed sample, extract or
diluted liquid sample) on the material analytes and equilibrium adsorption

experiments[13]as shown in Figure 1-1.

Sorbent added Adsorption "
> —
Water sample . Magnetc sorbent Sorbent m’ﬁx Magnetic
Analyte i analyte adsorbed separation
\
‘o000 .-
l - EthOﬂ {\" *
~— S — \ ¥
Analysis ’
S
Magnet

Figure 1.1. Solid phase extraction process [14].

3. lon Exchange Solid Phase Extraction

It is contain Charge polar solutes (acid or base) can be extracted from polar ,
3
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including less polar solvents and water. The mechanism isolation is depended on
the high-energy electrostatic interaction between the charged functional groups of
sorbent and analytes , the sorbent selection depends on the analyte charge [15]. The
cation exchange extracts basic analytes (primary, secondary, tertiary, and
guaternary amines). The anion exchange was used to isolate the acidic analytes
(carboxylic acid, sulphonic acid, and phosphates) , according to the ionic group
bonded to the surface[16].

4. Dispersive Solid-Phase Extraction

It is a variant of solid-phase extraction to extract efficiency of specific compounds
from complex mixtures. A substance powder was added to a liquid sample and
stirred, the amount of analyte deposited on the surface of the sorbent particles
dispersed in the maximum value of solution reaches[17]. The liquid sorption is
then separated from the sorbent. that DSPE has several advantages are used of
solvents significantly reduced, and not require constant supervision[18].

1.6. Types of sorbents compounds

Solid Phase Extraction (SPE) is extensively method was used for the purification
and separation of analytes from liquid solution. The preference of sorbent
performs an important position with inside the performance of the extraction
process[19]. Various sorts of sorbents are utilized in SPE every imparting precise
houses and programs. Below are a number of the principle sorts of sorbents
utilized in SPE[20].

1) Polymer Sorbents

Polymeric sorbents are primarily based totally Polymer sorbents may be designed
to goal hydrophobic or hydrophilic compounds of the analysis bendy than silica
substances[21]. As they may be tailor-made to have interaction with a broader

variety of compounds, which include each polar and non-polar substances. These

4



Chapter One Introduction

sorbents are regularly utilized and require selective interactions with particular
analytes[22].

2) Activated Carbon Sorbents

Activated carbon is  one of mainly type, which are hydrophobic or have an
excessive affinity for carbon-primarily based totally substances. carbon activated
Is noticeably powerful at adsorbing an extensive variety of natural contaminants. It
is normally utilized in environmental , water pattern analysis and extensively for
the extraction of natural compounds, due to its porous structure and huge floor
place[23].

3) Acrylic Acid-primarily based totally Sorbents

Acrylic acid-primarily based totally sorbents are extracting polar or primary
compounds powerful. These sorbents are regularly changed to improve their
selectivity for positive sorts of molecules, which include particular natural useful
groups or ions. Acrylic-primarily based totally substances are normally used whilst
excessive specificity and potential for polar analytes are required [24]

4) Hydrogel Sorbents

Hydrogel as an adsorbent for contaminant removal in water. The most promising
hydrogels for water purification are polymeric networks with high water absorption
and contaminant immobilization capabilities[25].The interest for environmental
remediation with hydrogels is also increasing, since hydrogels have excellent ability
to trap and store different contaminants found in water into their structure. These
polymeric hydrogels may present different characteristics regarding the gel volume,
swelling, hydrophilic and hydrophobic surface properties [26] .
5) Alumina Sorbents
Alumina is another commonly sorbent used in SPE, mainly for the extraction of fairly
polar to non-polar compounds. It has an excessive adsorption potential for huge

natural molecules and is regularly utilized in commercial and environmental ,which
5
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IS green extraction of rapid and necessary[27] .

6) Membrane Sorbents

Membrane-primarily based totally sorbents constitute a more modern fashion in
SPE. These sorbents integrate the blessings of selective separation and filtration
with the power of sorption substances. Membrane sorbents are usually utilized in
superior programs requiring specific manipulate over the separation process[28].

7) Silica Sorbents

Silica surface has been performed to obtain solid sorbents with greater selectivity
and has good can undergo heat treatment and mechanical strength, it can be used
as a very successful adsorbing[29]. In addition, silica with high stability, or be
bound chemically to support easily loaded on chelating agents. In particular, silica
presents high sorption capacity for metal ions, such as Cu, Ni, Co, Zn or
Fe[30].Where silica surface groups and some the organic compound
(functionalized sorbent) are chelating molecules on silica surface provides
immobility, mechanical stability and water insolubility chemical modification of
silica surface by organic chelating group acts which provides greater selectivity for
the analyte[31] .The most convenient way to develop a chemically modified
surface is by simple immobilization (or fixing) of the group on the surface by
adsorption or electrostatic interaction or hydrogen bond formation of other type of
interaction[32].

1.7. Definition of Silica

Silicon is a non-metallic element Second only to oxygen in the abundance on earth
crust. Silicon is undergo reaction with oxygen to form silica, silica is the most
abundant elements in the earth's crust and the approximately 59 weight % of the

Earth's crust and can be found in nature as quartz, sand, or flint[33].

1.7.1. Silica Compounds Structure
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Each silicon atom (Si) is covalently bonded to four oxygen atoms (O) to form
tetrahedral structure. Silica is classified in two forms, also known as crystalline
forms and amorphous forms (non crystalline ) , these tetrahedral are regularly
arranged and share corners to form a 3D network and structure arranged

randomly[34].The silica structure is represented in Figure 1.2.

o) |
| O/Sl\o
S1 | / |
/ | N\ e~ g 7 Si e
9) O L 7 ‘l\o// —~0o
e
(a) (b)

Figure 1.2.Silica structure: (a) Tetrahedral structure, (b) 3D network and
structure [35]

1.7.2. Silica properties
Silica have many properties such as controllable pore size, modifiable surface,
strong mechanical properties, and a comparatively inert chemical composition,
which it is safe and non-toxic nature [36]Additionally, the silica is insoluble in
water.The silicon atoms surface tend to be a complete tetrahedral configuration
and in an aqueous medium of free valence electron become saturated with
hydroxyl groups (surface OH groups: isolated, and H-bonded), siloxane groups
(Si-O-Si or bridges with oxygen atoms on the surface), the surface of SiO, based
materials is usually achieved by adsorption, due to surface active sites[37].
1-7-3. Extraction of silica methods
Silica is extracted in different methods as shown in the Table 1-1 to obtain: silica
particles with uniform size and high purity.

7
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Table 1-1. Review of extraction silica methods

Names of Extraction Condition used Product Refrencess
methods
Sol-Gel ApH Mesoporous silica [38]
Stober Concentration of gold | Silica Nanoparticles [39]
or silver metal
Precipitation ApH Silica gel [40]
Aggregation (ApH and different Silica colloids [41]
additions of PVP)
Plasma Three different for Si particles [42]
electrolyte
Emulsion A fixed oil-water Nano-silica particles [43]
ratio
Combustion A Temperatures Mesoporous silica [44]
nanoparticles
Alkali extraction A Ph Silica [45]
Ballmilling A Temperature Silica Nanoparticles [46]
Thermal Decomposition A Temperature Silica [47]
Wet chemical Amolar ratio Silica Nanoparticles [48]
Mmicroemulsion A Temperature Silica Nanoparticles [49]
Spray pyrolysis Ultrasonic and Silica Nanoparticles [50]
A pH
Vapor phase hydrolysis (ATemperature , Silica Nanoparticles [51]
ANitrogen gas)
Hydrothermal ApH Silica Spheres [28]
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1.7.4. Sol — gel method

The sol-gel method is used to extract silica.Sol-gel is flexible and common away
for the prepare of inorganic, organic networks such as glasses, films ,ceramics or
powders[52]. For long time, sol-gel techniques have been used for manufacturing
glasses and ceramics. The formation of sol-gel of mineral phases involves
starting from soluble molecular precursors, following an polymerization inorganic
reaction[53]. The reaction is at room temperature, a wide range of pH/ionic
strength conditions and in water or organic solvents. In 1950, make the sol-gel
silicate powders quite popular , and transition from a liquid (solution or colloidal
solution) into a solid ( gel) [54]. Furthermore , sol-gel process is widely used to
produce pure silica particles due to its ability to control the particle size, size
distribution and morphology. The method for sol-gel process includes four main
steps [55]as shown in Figure 1-3.
e The first step is to form the solution by mixing the suitable solvent with the
catalyst starting material.
e The precipitating agent will be added dropwise with vigorously stirring for a few
hours.
e The aging process will be done at room temperature.
e The sol-gel will be left and after that will be dried to remove the excess water.

This step is to eliminate the trace amount of the solvents in the gel.

That found three different forms of gel with virous temperature [56]
a) When using water as a solvent, the substances are known as an aqua sol or aqua
gels, and when using alcohol, they are known as aquosol or alcogel.
b) The product that results from evaporating gels is known as xerogel.
c) Aerogels are the dried gels produced by supercritical drying of gels. High

porosity and high pore volume are retained by the aerogel.
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. hﬂ"i& Xerogel
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e == = Supercritical drying
Subcritical drying

2 — Aerogel
Precursor Gel Wet gel
solution formation F’b@
%6

"J"'f}_:f

Cryogel
Figure 1.3. Different steps of sol gel process
The equation of sol gel process as shown in scheme 1-1 these reaction equationin
reaction equations below[57]:
firstly , hydrolysis of the precursor produces a sol of soluble
hydroxylated monomer (equation 1).Secondly, the polymerization and phase
separation to form a hydrated oxide hydrogel(equation 2). Finely,controlled removal
of water from the wet gel by extraction or drying produces the dry, porous
xerogel(equation 3).
=Si-OR + H,0 — =Si-OH + ROH (equation 1)
=Si-OH + RO-Si= —» =Si-0-Si=+ ROH (equation 2)
=Si—-OH + HO-Si= — =Si-0-Si=+ H,O (equation 3)
Scheme 1-1. The suggested reaction equation for the hydrolysis and
condensation processin the sol gel process
1.7.5 Application of silica
Silica has been a key precursor in many different applications, including water
treatment systems (adsorbents), catalyst supports, catalyst, drug delivery,

agriculture, cosmetics, sensors materials, thin films and coatings for electronic
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optical materials[58]. It is also used in modern industries, such cosmetics,
biomaterial, and energy device industries. Some applications of silica are the main
ingredients of ceramic industries, raw materials for solar cells [59] and cement
mixture. Silica in nanocomposite bioactive materials was applied in medicine like
bone tissue repair[60], pigents pharmaceuticals , photo catalyst support, filler
material for polymer material modification,adsorbent of industrial waste and
adsorbent of plant nutrients[61].

1.8. Sources of silicon compounds

Silicon in soil and plants; The most of silicate minerals are locked up in
recalcitrant and only a much smaller fraction is available for plants which are
recycled to the soil solution with the decay of dead plant material and may again be
absorbed by plants[62]. Soil is commonly present in carbonaceous rocks such as
limestone and carbonites, while rocks such as basalt and orthoquartzite contain
high concentrations of Si (23%-47%). Si in plant the most included grain crops
(wheat, rice and sugarcane). Rice husk is a agricultural practices and is the main
concern silica (SiO,) [63].

1.8.1. Silicon forms in soil

Silicon is the second most abundant element in the earth's crust with approximately
28% by weight. The Si availability in soils varies strongly with soil type and
composition of a solid phase (primary and secondary minerals and amorphous
form) and a liquid phase (monosilicic acid, polysilicic acid and complexed
forms)[64]. Silicon occurs in many forms in the soil. The solid forms of soil Si
include crystalline forms of primary (e.g. Feldspars, quar, micas) and secondary
silicate minerals (e.g., the different clay minerals), as well as poorly crystalline
minerals or microcrystalline (e.g., imogolite , allophane, opal-CT). Amorphous
silica (ASi) includes both Si of mineralogical origins that is included in pyogenic

oxides (e.g., iron oxides) and biogenic Si (e.g., photoliths) [65]as shown in scheme
11
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Silicon in soil
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materials
Scheme 1.2. Different forms of silicon in soil
1.8.2. Soil

Soil is define as a layer surface solid material that consists of the highest amount of

inorganic mineral matter in form of rocks and earthly material i.e., 45%. and

mostly in organic material of the dead remains of animals and plants is 5% by

volume, liquids almost 25%, and gases are air is almost the same amount at

25%][66]. That provides the structural support to plants. It is varying greatly in their

chemical and physical properties. Processes such as leaching, weathering and

microbial activity combine to make a whole range of different soil types. That have

most of elements make up approximately 99.6 % continental of the earth crust [67]

as shown in Table 1-2.
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Table 1.2. chemical composition in the earth crust[68].

Elements Percent%
Oxygen (O,) 46.1 %
Silicon (Si) 282 %
Aluminum (Al) 08.2 %
Iron (Fe) 05.6 %
Calisum (Ca) 04.1 %
Magnesium (Mg) 02.3%
Sodium (Na) 02.3 %
Potassium (K) 02.0 %
Others 0.50%

1-8-3. Types of Sail

Soil is divided into four categories, i.e., clay, sand, silt, and loam. Although
different soils have a wide range of colors, textures, and other distinguishing
features, there are only four types of soil particles that geologists consider
distinct[69]. The quality of soil depends upon the amounts of sand, loam, silt, and
clay that it contains, because varying the amounts of these particles results in very
different soil characteristics[70]. Clay soil is fine-grained natural rock or soil
materail that combines one or more clay minerals with of organic matter and metal
oxides . Sandy soil has a light texture and loose structure, which causes rapid
water drainage . Silt Soil is having a greater tendency to form a crust that is often
very hard , it can become compact, which decreases its ability to infiltrate water in
wet periods[71]. Loam soil is composed of most of the sand, silt, and a smaller
amount of clay about a 20-40% concentration of sand, silt, and clay respectively

[72]as shown in Figure 1-4.
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Figure 1.4. Different types of soil(a) Sandy soil, (b) Silt soil, (c) Clay soil
and (d) Loamy soil[73].

1.9. Modified Silica Compounds

Modified silica is prepared to improve its properties for specific applications. Key
reasons include enhancing dispersibility in various media, introducing new
functionalities, improving compatibility with other materials, and increasing
surface area. These modifications allow for tailored performance in areas like
catalysis, adsorption, and composite materials[74]. Modified silica compounds are
materials depend on silica (SiO,), whose surface, structure, or chemistry has been
altered modified to improve specific properties. These modifications can enhance
how silica interacts with other materials, such as organic reagent , resins, or even
liquids. Silica particles are coated or chemically bonded with other molecules to
improve compatibility with organic materials like rubber or plastics[75]. The
Structural Modification have changes in the particle size, porosity, or morphology
shape. Silica was incorporating functional groups (e.g., amines, thiols, epoxies)
onto silica surfaces to enhance dispersion, increase surface area, or tailor
mechanical properties [76]. Where , silica modified are often combined to create

inorganic materials with diverse properties and applications. This combination can
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result in materials with enhanced strength, thermal stability, and catalytic activity,
depending on the specific ratios and preparation methods such as silica-alumina

materials.

1-9-1 Inorganic silica
1. Alumina (Al,O3)

Silica modified with alumina is proved to be an active and selective catalyst. The
high catalytic activity of these samples was due to the high content of surface acid
sites, mainly of the Lewis type, and their optimal strength, as well as the
mesoporous structure, which ensures rapid internal diffusion of the reactants [77].
Zeolites are microporous crystalline aluminosilicates are generally composed of
silicon, aluminum and oxygen. They are effective esterification catalysts due to
their high Brensted acidity and ability to change physical and chemical properties
[78] as shown in Figure 1-5.

H™ H™

I |
o NN NN N

/ '\ ,f ,«’ ™~
00 O{}/ \‘(](J/ \(} U'f \D ) 0

Figure 1-5. Linkage silica with alumina
2. Titania (TiO,)

It is the simplest and friendly industrial for post-synthesis methodologies such as
grafting and precipitation. However, the titania—silica mixed oxides involve the
formation of the active TiO, species from titanium alkoxides deposited inside the
pores of (ordered) silica’s [79] as shown in Figure 1-6. It is structurally different
Ti- and Si-containing provides better catalytic performance in these reactions than

Ti-substituted molecular sieves (TiS and TiIMCM-41) and silica-supported titania
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(Shell-type catalyst) [80].

110, 13-S1 Mixed Oxide

Figure 1-6. 3D shapes of Titania support with silica[81].

1.9.2 . Organosilica

The introduction of organic groups into the silica molecule allows researchers to
achieve customized properties of the molecules (hydrolytic stability, thermal
stability)[82] .

In organic modification, organosilanes such as trimethyl(chloro)silane (TMCS),
methyl(triethoxy)silane (MTES). And phenyl(triethoxy)silane (PTES] have been
used to replace the -OH group with -CH; on the silica gel surface to ensure
effective indicator fixation and to enhance the flexibility, hydrophobicity,

hydrolysis resistance, and thermal stability of the film [83]

Silica functionalized with various reagents have been recently reported as efficient
collectors for a wide range of metal ions, for example: Gallic acid , sulfasalazine ,
2,3-dihyroxy benzaldehyde , 4-amino-2-mercaptopyrimidine ,Salicylaldehyde, 2,6-
diamino4-phenil-1,3,5-triazine, 8-hydroxyquinoline, 4-acetyl-3-hydroxyaniline,

and Benzyl-L-Cysteine . Most of these reagents are immobilized using silane

ERV)
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coupling agents as linkage to silica surfaces. Selectivity is difficult to achieve,
although structuring ligands with affinities toward certain metals is possible. One
of the reagents that a good selectivity is 1-nitroso-2-naphthol structure, silica has

linkage with organic ligands [84] as shown in figure 1-7 .

CHy ON
0
i j
C
-l N o
l H H
\uxa

Figure 1-7. Silica linked with 1-nitroso-2-naphthol.
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1.10. Aim of the study

The study aim to evaluate of viral local soil samples contents especially silica and
the essential elements, and extraction of silica martial by sol-gel method from
sandy soil sample and using the extracted silica to prepare new organosilica
compounds. The extracted silica and organosilica compounds are used as a
sorbents in solid phase extraction method to extract the elements from aqueous

solutions.
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2. Equipment and Chemical

2.1 Apparatus

The instruments used in this study can be seen in Table (2.1).

Table (2.1) Instruments uses in study

No | Instrument name Mark Place
1 Senstive balance ABS 220 -4 College of Science,
electronic balance University of Kerbala
KERN / [Germany]
2 FTIR 8400, Shimadzu College of Science,
Spectrophotometer | [Japan] University of Kerbala
3 UV-Visible Double Beam UV visible College of Science,
Spectrophotometer | spectrophotometer - 1800, | University of Karbala
Shimadzu, [Japan]
4 Visible Single Beam - Visible College of Science,
Spectrophotometer | spectrophotometer Model University of Kerbala
721, Faithful [China]
5 XRD Shimadzu X-ray Beam Goster Taban Lab/
Diffractometer Iran
6 SEM - EDX Axia Chemi SEM , Thermo | AlKhora
Scientific Company Company/Baghdad
[Holinda]
7 Oven Model im 110 plus College of Science,
University of Kerbala
8 Hot plate LMS 1003, Labtech , College of Science,

Magnetic stirrer

Techco , LTD

University of Kerbala
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9 Muffle Furnace ELF11/14B College of Science,
Carbolite, Ltd (United University of Kerbala
Kingdom)
10 AFM CSPM - AA3000 Beam Goster Taban Lab/
Iran
11 TEM Philips CM12 Beam Goster Taban Lab/
Iran
12 BET BEL BESORB MINI II Beam Goster Taban Lab/
Iran
13 Shaker Germany Orbit VRN -480 | College of Science,
(England) University of Kerbala
14 pH — Meter pH—meter, model H1271, | College of Science,
at HANNA/ Romania University of Kerbala
15 Centrifuge Model EBA -20, Germany | College of Science,

University of Kerbala
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2.2. Chemical Materials and Reagents

The chemical materials and reagents can be used as shown in Table (2.2).

Table (2.2) Chemicals materials and reagents used

No | Name of Compound Chemical Supplier | Purity % | Molecular
Formula Weight
(g.mol™)
1 Hydrochloric acid HCl THOMS 36.0 % 36.460
2 Sodium hydroxide NaOH (Merck) | 96.0 % 40.00
3 Acetone C;HqO (Merck) 98.0 % 58.08
4 Ammonia NH; (B.D.H) 99.0 % 17.031
5 1-Nitroso-2-naphthol C,0H/NO, (B.D.H) 98.0 % 173.16
6 | Salicylaldehyde oxime C;H,;NO, (B.D.H) 98.0 % 137.135
7 Iron (IIT) chloride FeCl; (B.D.H) 99.0 % 162.195
8 Absulute Ethanol C,HsOH THOMS | 99.0 % 46.08
9 Methanol CH;0H THOMS 99.0 % 32.04
10 Nickel (IT) nitrite Ni(NO3),.6H,O0 | (B.D.H) | 96.0 % 290.693
-6- hydrate
11 Copper (II) nitrite Cu(NOs),.3H,O0 | (B.D.H) 96.0 % 241.602
-3- hydrate
12 Lead (II) nitrite Pb(NO3), (B.D.H) | 99.0% 331.209
13 | Chromium (III) nitrite | Cr(NOs);.9H,O0 | (B.D.H) | 99.0 % 400.148
-9- hydrate
14 Cobalt (II) nitrite Co(NO;),.6H,O | (B.D.H) | 99.0 % 290.933

-6- hydrate
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15 | Cadmium (II) nitrite | Cd(NO;),.4H,0 | (B.D.H) 99.0 % 308.41
-4- hydrate
16 Potassium iodide KI MERCK | 99.0 % 166.0028
17 Dimethylglyoxime C4HsO,N, MERCK | 99.0 % 116.120
(DMG)
18 | Bismuth (III) nitrite Bi(NO3); (B.D.H) 99.0% 485.07
19 Pyrogallol CcHcO5 MERCK 97.0% 126.11

2.3. Preparation of reagent
2.3.1. 0.1% of 1-Nitroso-2-naphthol solution

The reagent (1-Nitroso-2-naphthol) solution with concentration 0.1% were
dissolved 0.1 g of reagent in 100 g of distilled water.

2.3.2. Salicylaldehyde oxime (0.05 mol/L)

Prepared stock solution of Salicylaldehyde oxime reagent took amount 0.6713 g of
reagent dissolved in 100 mL of distilled water and can prepare 0.01 to 0.04 mol/L
by diluting stock solution with distilled water.

2.4. Preparation of standard solution

2.4.1. lIron (I11) ion standard solution preparation (100mg/L)

The preparing of the standard iron (111) solution involved the dissolved of 0.3477g
from iron (111) chloride in 100 mL os distilled water . The produced of solution has
been utilized through dilution process by distilled water.

2.4.2. Preparation of hydrochloric acid (3mol /L)

The dilution of concentrated hydrochloric acid ( 36 % and sp.gr. 1.18 %) by
dissolved 25.7 mL of the acid in 100 mL of distilled water . Hydrochloric acid can

be used as a standard solution to prepare concentrations of 2 and 0.1 mol /L using
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dilution with distilled water.

2.4.3. Preparation of sodium hydroxide solution (0.1mol /L)

Prepare sodium hydroxide with concentration 0.1mol /L by diluting 0.4116 g in
100 mL of distilled water

2.5. Sampling of Soil Samples

Soil samples were collected from three locations in Karbala city as shown in Table
2.3. Two samples were taken from Al-Hussainiya village northeast of Karbala city
, While one sample was taken from the desert area near Al-Razzaza Lake to the
west of Karbala city. The soil samples were collected in December 2023. After
collecting, samples were washed severail times with distilled water to remove
impurities. After washing samples were filtered using filter paper and well dried in
oven . The samples were then stored in coverd plastic container for later analysis
using (EDX) analysis to determine their main components and the elements present
in the soil samples before purifying them using HCI (3 mol/L). Figure 2.1 shows
the sample, name and map of the study area, respectively.

Table 2.3. Type samples and location

Samples Type of soil Location of samples
ZA, Sandy Desert area near AL-
Razzaza Lake
ZA, Clay Near the Al Husseiniya
River
ZA; Loamy Orchards in the Al

Husseiniya district,
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Figure 2.1 The soil sampling location and map of the study area in Karbala city
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2.6. Extraction of silica from soil samples
Silica was extracted from local soil sample by using sol-gel method[85] as shown
in scheme 2-1,2-2 .They were washed seven times with distilled water to remove
adhering materials. They were then dried in an oven at 100°C for 24 h and sieved
using a 100-mesh sieve. 6 g of samples were dissolved in 12 mL of 3M HCI, and
the solution were transferred into a reflux system with continuous stirring at 90°C
over night to separate other elements from the samples. Afterward, it was filtered,
washed with distilled water to remove any remaining HCI and other salts, and then
dried in an oven at 100°C for 24 h. The sodium silicate was prepared from sodium
hydroxide to purify silica in titration 1.7 weight ratio from pure silicate residue
with sodium hydroxide in a and heated in a muffle furnace at 600°C for 2 h using
the alkali fusion method to get rid of organic impurities. After heating, the obtained
dry sodium silicate (Na,SiO3) as shown in Figure 2.3 was diluted with distilled
water and stirred on a hot plate at 250 rpm at 106°C. followed by titration of the
solution with 2M HCI until the pH reached around 1-2 as tested with litmus paper
and formation of a clean white gel of (Si(OH),). The silica gel was filtered using
filter paper and washed multiple times with distilled water to remove NaCl from
the solution. It was dried in an oven at 80°C for 24 h. The product of silica was
ground to obtain 3.4 g and stored in covered plastic container and labeled ZA , is
sandy soil, ZA , is clay soil and ZA 3 is loamy soil[86].

Soil sample  {m— szll\;lj);:;ig;:u % Tg%tovgintgfﬁ?g: )—0 Sodium silicate

lDissoIve with D.W

and stirrer at 106°C

) Dry at - Filtrate
SiO, powder Silica gel
80°C for 24h And wash

Titration with
HCl 2M

Scheme 2.1. The extraction silica from local samples
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-t
Soil sample Added HCI 3M to soil sample Reflux mixture for 24 h
Dried in an oven
-~ e
at 100°C for 24

Sodium silicate Added 1:7 wt .% of NaOH powder

And heated at 600 °C for 2h Filtrated and washed

Dissolved by Titrated with HCI2 M Filtrated and washed
D.W with stirrer

dried in an oven

‘—
at 80°C for 24 h

Silica powder
Silica gel

Scheme 2.2 . preparation of silica by sol — gel method
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2.7. Pre elementery testing

Pre elementery study of set of metals with different reagents were testing with
silica to determine surface ability of silica for the removal metal complex from
aqueous solutions and apperanse result in Table 2.4.

Table 2.4 . pre elementery testing metals with silica

Metals + Reagents Result Apperance
Cu*™+ KI+ SiO, +ve Red brown ppt
Cu”'+ KI+ SiO,+ pH(acid) +ve Yellowish brown ppt
Cu”'+ KI+ SiO,+ pH(bace) +ve Red brown ppt
Pb* "+ KI+ SiO, +ve Yellow ppt
Pb* "+ KI+ SiO,+ pH(acid) -ve Clear
Pb*"+ KI+ SiO,+ pH(bace) -ve Clear
Bi*™+ Pyrogallol+ SiO, +ve Green yellow ppt
Bi**+ Pyrogallol+ SiO,+ pH(acid) +ve Darck brown ppt
Bi*"+ Pyrogallol+ SiO,+ pH(bace) +ve Darck brown ppt
Ni*"+ Dmg + SiO, +ve Dark pink ppt
Ni*"+ Dmg + SiO, + pH(acid) +ve White ppt
Ni*™+ Dmg + SiO, + pH(bace) +ve Dark pink ppt
Co”"+ Dmg + SiO, +ve Yellow brown ppt
Co”™+ Dmg + SiO, + pH(acid) +ve White ppt
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Co” "+ Dmg + SiO, + pH(bace) +ve Yellow brownish ppt
Cr’ "+ Dmg + SiO, +ve White ppt
Cr’ '+ Dmg + SiO, + pH(acid) +ve Grownish ppt
Cr '+ Dmg + SiO,+ pH(bace) -ve Clear ppt
Fe’ "+ Salicylaldehyde oxime + SiO, | +ve Red brown ppt
Fe’*+ Salicylaldehyde oxime + +ve Red ppt
SiO,+ pH(acid)
Fe’'+ Salicylaldehyde oxime + +ve Red ppt
SiO,+ pH(bace)

2.8. Iron (1) with salicylaldehyde oxime extract by solid phase

(silica) method.

The complex is better able to bind to silica surfaces, the adsorption is more
selective for iron and increases the adsorption efficiency to the silica surface.
Using to procedures of solid phase extraction method, (2mg/2ml) of Fe (llI)
solution (1000 mg/L) were added to 2mL of (0.01 mol/L) salicylaldehyde oxime to
yield dark violet colored solution. The pH was adjusted of complex solution to 7
using 0.1 mol .L™* HCI or NaOH solution .It was resulting as red ppt complex with
maximum absorption wavelength 520 nm. After that , silica was added to the
solution . Silica extracted from ZA; was used to sorbent materail to extract iron
(111) complex with 0.1 g of solid phase (silica) and it was shaken for five minutes
the covalent binding between iron (111) complex and silica as shown in Scheme 2.3

. The mixture was filtered through conical flask to separate the silica particles, then
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residual of metal complex was measured absorbance at maximum wavelength of
520 nm.

(0]
on /
Fet + N ¥
o T L RN
Salicylaldehyde oxime © N \D
+
Si0, (ZA )
N/
0 — si
(0]

Scheme 2.3.Proposed reaction equation of Fe(l111) — Salicylaldehyde oxime

complex extraction by silica.
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2.9. Preparation of modified silica ( organosilica)

Modified silica was prepared from extracted silica from sandy soil sample and
organic reagent solution ( 1-nitroso -2- napthal solution) as shown in Figure 2.3
2.9.1.Preparation of 1-nitroso -2- napthal solution

The 1-nitroso -2- napthal reagent solution was synthesized from a 0.1% of 1-
nitroso-2-naphthol solution. A 0.1 g of the reagent was dissolved in 10 mL of
acetone and 8 mL of concentrated ammonia. The mixture was diluted to 100 mL
with distilled water.

2.9.2. Preparation of organosilica ( 1-nitroso -2- napthal silica)

The organosilica was prepared from 4 g of extracted silica from ZA;and
dissolved in 100 mL with distilled water as shown in scheme 2.4,2.5 and 2.6 . Then
it was added to the organic reagent solution (0.1% 1-nitroso-2-naphthol solution).
It was mixed on a magnetic stirrer for 24 h. The product was filtered, washed with
distilled water, and dried in an oven at 100°C for 24 h . After dried, organosilica
weight is 3.8 g and kept in cover plastic container for later use charecterazation and

applications.

0.1gof the dissolved | 10 mL of acetoneand 8 | diluted re:fg:ilril;i::iiglt;j I,gnm
1-nitroso-2-napthal ‘ mL of conc. ammonia |
100 mL of DW 100 m'D.W

l Stirrer for 24 h

Filtered and
at100°C for 24h | Washed by DW

dried in oven
Modified silica

Scheme 2.4. Preparation steps of 1-nitroso -2- napthal silica
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added 8mL
of conc.ammoniaj s
v i_u.- 4
0.1 gm of 1-nitroso-2-napthal Diluted with
100 of D.w

M

organic reagent

added silica solution Silica powder dissolved
onto organic reagent in 100 mL of D.W

|

filtered and

Stirrer the mixture

Organosilica
for 24 h

Scheme 2.5. preparation of 1-nitroso -2- napthal silica.
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Si0, (Soil) + 2NaOH — ym Na,SiO; + H,O

Na,Si0; +2HCl+ H,0 — 3 Si(OH), + NaCl + H,O

Si(OH), — 3 SiO, + H,0

Step 2 : Prepare of 1-nitroso-2-napthal solution

(ﬁ_ (CH3),
NO N
WPH 0 L OH
I
L o en—e (LT
C— (CHj), C— (CH3),—NH,"

I Il

N N

| H | -
LT won—= (XY

Add silica extracted from ZA to 1-nitroso-2-napthol solution

C— (CHj3),—NH," |C_ (CH3),

Il I
N N 0
H ~si&
8102 + O
— + NH,OH

propsed stracture of
1-nitroso-2-napthal silica

Scheme 2.6 Mechanism synthesis steps of silica and organosilica
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2.10. Organosilica as sorbent surface with Iron (111) Salicylaldehyde

oxime complex

It was prepared Fe (111) solution with (50 mg/1000 mL) , where it was added 2mL
of Fe (111) solution to (2mL) of 0.01 mol/L of salicylaldehyde oxime reagent to
yield dark violet colored solution . The pH was adjusted to 7 using 0.1 mol .L™* HCI
and NaOH solution .It was resulting as red ppt complex with maximum absorption
wavelength 520 nm.0.1 g of organosilica was transferred to 4 mL of the Fe (l1)-
Salicylaldehyde oxime complex solution. The mixture is then shaken at an agitation
speed of 200 rpm for 10 min to ensure effective interaction between the sorbent
(organosilica) and iron (I11) complex as summarized in Scheme 2.7.Finelly, the
mixture was filtered to elemente surface sorbent (organosilica), and it is measured the

absorbance of residue (Iron (I11) complex) with amiximum wavelength of 520 nm.
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Scheme 2.7. Proposed mechanisim reaction of Fe(l11) — Salicylaldehyde oxime

complex with sorbent surface organosilica method.
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2.11. Calibration curve of Fe (I11) - Salicyaldehyde oxime complex
The calibration curve of Fe (lll) - Salicyaldehyde oxime complex was
constructed under optimum conditions at pH 7 and temperature 40°C . The
absorbance was measured at 520 nm against Fe (I1l) - Salicyaldehyde oxime
complex prepared in similar conditions. Fe (I11) complex was indicated increasing
the absorbance with increased concentration of Fe (111) complex in different ranges
of concentration from 6 to 70 mg.L™ at the linerty line as shown in Figure 2.5, the
calibration curve plotted between concentration of Fe () complex and.
Absorbance [87].

Table 2.5 Calibration curve of the concentration iron (I11) - Salicyaldehyde

oxime complex

Concentration of Mean of

Iron (III) (mg.L'l) Absorbance +SD
05 0.008 +=0.00100
10 0.016 £0.00124
20 0.029 £+ 0.00047
30 0.045 £0.00124
40 0.058 £0.00081
50 0.073 £0.00124
60 0.085 £0.00081
70 0.101+ 0.00169
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Figure 2.2 . Calibration curve of Iron (111)- Salicyaldehyde oxime complex.

2.12. Pharmaceutical samples containes Iron (I11) ions.

A set of pharmaceutical samples including (Hemafer, Ferblex, Ferimax, Akourose
ampules and Sorbifer Duroles tablet ) containing iron ions were used most
important application for extraction iron ions by using a solid phase (silica or
organosilica). The samples were prepared at concentration (25 mg/L) with
optimum condition at (pH 7 , concentration of reagent 0.04 mol/L and temperature
35 °C), and it was added reagent to the test tube. the absorbance of yielding was
measured at a maximum wavelength of 520 nm before adding the solid phase. 0.1
g of silica or organosilica was used to extract iron ions from the pharmaceutical
samples and shaken using shaker for 10-15 minutes. The mixture was filtered, and

the absorbance of the residue was measured at a maximum wavelength of 520 nm.
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2.13. Elution of Iron (I11) complex from (Silica and Organosilica)
by liquid solid extraction (LSE)

After adsorption Iron (I11) complex solution by solid phase silica or organosilica .
It is difficult to elute the iron complex from silica or organosilica because the iron
Is bound to the reagent, so it is not completely eluted, but is eluted partially. It was
used set of solvent (methanol, ethanol and distilled water) to deadsorbent Iron (I11)
complex from solid phase. 0.05 g of solid phase were added to 2mL of solvent and
transferred this mixture solution in cover plastic tube to seprate by centrifuge at 10
min . After sepration the absorbance of iron (I11) complex solution was measured

using visible spectrophotometer at 520 nm.
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3. 1. Introduction of Silica extracted

Soil samples were collected from different areas from Karbala city, silica was
extracted using sol-gel method [88] The extraction method involved washing,
drying, and treating soil samples with hydrochloric acid (3 mol/L). Pure silica was
titrated to sodium hydroxide (1:7) and burned at 600°C to produce sodium silicate. It
was then dissolved and titrated with hydrochloric acid (2 mol/L) until the pH reached
1-2 to produce silica gel. The silica was then dried in an oven to produce silica
powder. The silica content was high in Sample ZA, (sandy soil), and this res\ult is
close to the results obtained researches Basra [89] . Silica from sandy soil was used
as an adsorbent to extract iron (I11) complex from aqueous solutions using the solid-
phase extraction method under optimum condition including pH (2-11),
concentration of salicylaldehyde oxime: (0.01-0.05) mol/L, amount of sorbent 0.025-
0.125) g, different temperature (25- 50 °C) and shacking time (5 -30) min. After that ,
the silica was then applied to pharmaceutical samples contains iron (I1l) ions to be
extracted at same method and conditions.
This part includes characterization of silica and experimental optimization of Iron
(111) salicylaldehyde oxime complex. Several techniques used in this part to
charecterize silica including:
- Scanning electron microscopy (SEM) determine the surface morphology, size and
crystalline nature of silica sample produces
-EDX determine the percent’s of elements in the three samples before and after
extraction.
- X-ray diffraction is technique that it is used to determine the structure of the
samples and understand the crystalline or amorphous nature of materials.
- Fourier Transform Infrared Spectroscopy (FTIR) to determine functional groups of

the samples
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- Surface area analysis measures the total surface area of particles in a samples,
providing insights into properties such as reactivity and dissolution rate.
- Atomic force microscopy (AFM) is studying the structure and properties of solid

surfaces with subnanometer spatial resolution.

Silica can also be used for adsorption of specific heavy metals from wastewater [90],
and used efficient adsorbing material for separation of metals from solid-phase
extraction (SPE) . Silica was stable and insoluble porous matrix having suitable
active groups typically organic groups that interact with metal ions. Silica is an ideal
support for organic groups because it is a stable under acidic conditions and non-
swelling inorganic material and has high mass exchange characteristics and very high
thermal resistance. It was used to adsorbent Fe (I11)- salicylaldehyde oxime complex

from aqueous solutions [51].

3.1.1. Characterization of Silica extracted

3.1.1.1. Fourier Transform Infrared Spectroscopy (FTIR)

Infrared spectroscopy (IR spectroscopy) is used to determine functional groups of the
samples as shown in (Figure 3.1). The bands at spectral regions between 3500-
3300 cm™ are characteristic for hydroxyl groups (O-H; stretching vibration) [91] . The
adsorption wave number at 1620 cm™ to the O-H bending vibration and peak found
at wavenumber 1100 to asymetery Si-O-Si, while the wave number at 961 cm™
assigned to Si-O groups of the stretching vibration [92]Moreover,the peak presence at
wave 798 cm ' indicates the vibrational strain of the Si-OH bond (silanol) in the
amorphous SiO, structure. Finelly, the peak at wave number 475 cm™' refer to the O-
Si-O (siloxy) bending vibrations [93] .
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Figure 3.1. FTIR spectrum of SiO, samples ZA;, ZA,and ZA;
3.1.1.2. Specific surface area (BET) analysis of silica

The physical adsorption isotherm is the dependence of the amount of adsorbed
substance on the equilibrium pressure or equilibrium concentration at a constant
temperature. This method is used for calculate some morphological parameters:
surface area, pore size and pore volume. The empirical classification of physical

adsorption isotherms according to the IUPAC classification [94] are shown in Figure
3.2.
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Amount adsorbed

Relative pressure
Figure 3.2. IUPAC classification physical adsorption isotherm [95].
Type | characterizes adsorption on microporous materials. Isotherms of types Il and
Il are typical for microporous materials with strong and weak adsorbate-adsorbent
interaction, respectively. Types IV and V having a hysteresis loop, reflect the process
of capillary condensation in mesoporous. The convex and concave nature of the initial
section indicates respectively, strong and weak adsorbate-adsorbent interaction. The
isotherm of a stepped type (type V1) reflects layer-by-layer filling of the surface with
adsorbate molecules. This type of isotherm is extremely rare in practice and is

observed during nitrogen adsorption on some types of activated carbon [96].
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Figure 3.3. Nitrogen adsorption and desorption isotherms of amorphous silica of
three samples (A-ZA, B-ZA, and C-ZAj;).

Table 3.1. Surface area analysis (BET) of ZA;, ZA,, ZAs

Samples | Specific surface area| Average pore volume | Mean pore diameter
Sper (m?/g) Vp (em’/g) Dp (nm)
ZA, 252.710 0.781500 11.207
ZA, 12.767 0.047463 13.611
ZA; 19.778 0.070416 13.023

The BET specific surface areas, calculated using the parameters obtained from the
isotherms are summarized in Table 3.1 for each amorphous silica studied by sol-gel
method from different type of samples. The pore dimeter was ranged from ( 11 nm to
13 nm), indicating to silica produced is mainly mesoporous According to the

International Union of Pore and Applied Chemistry, a mesoporous material is a
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material whose pores measure less than 50 nm in diameter (pores 2 nm —50 nm)[97]
are shown in (Figure 3.3). The surface area are various from 12.7 to 252.7 m%g
depending on the place of origin. The surface area is determined to be 252.7 m®g and
the corresponding pore volume is 0.781500 cm®/g of sand sample (ZA,) which have
high specific area that increase extraction percent when binding wih complex[98]
.Compare with ZA, and ZA; that have low specific area and pore volume. while
ZA, have largest pore dimeter at 13.6 from ZA,; and ZA;. Furthermore, the
adsorption isotherms obtained for different amorphous silica samples. The
characteristic shape and the maximum volume of nitrogen adsorbed obtained from
the adsorption and desorption isotherms varied, depending on the type of nano- or
micro-silica studied. In general, silica micro particles produced at temperature 77 K
that the adsorption desorption isotherms indicated type IV and hysteresis loop Hs,

this indicates the process of capillary condensation in mesoporous [99].

3.1.1.3. X-Ray Diffraction analysis

X-ray diffraction is a technique that it is used to determine the structure of the sample

and understand the crystalline or amorphous nature of materials. The X-ray diffraction

pattern of SiO, samples are shown in (Figure 3.4). The samples (ZA;, ZA; and ZAj3)

have exhibited high intensity peaks at around 20°indicated the amorphous nature[100].

clay soil (ZA;) has shown low intensity . Different sharp peaks appeared in ZA, sample
at 32°, 48° ,58°,78° belong to (Al,O3), MgO, CaO and Fe,Oj; respectively. Loamy soil

H (o]
3 .
(zA3) displayed small sharp peak at 48" of Fe,03.[101]
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Figure 3.4. XRD patterns of SiO, samples ZA, ZA, and ZA;.

3.1.1.4. Scanning Electron Microscopy (SEM).

This type of microscope gives information about the composition and topography of
the sample from interaction of electrons with the atoms of the sample. This interaction
gives signals that contain information about the surface. Scanning electron
microscopy (SEM) has been used to observe the surface morphology, size and
crystalline nature of silica sample produces by sol gel process. The morphology of
silica particles was shown in Figure 3.5. (A,D), ( B,E) and (C,F) images belong to
ZA,ZA, and ZA; respectively. SEM images revealed that silica particles are highly
agglomerated and spherical shaped and appear porous in nature. Where all images of

different samples are similar.
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Figure 3.5. SEM images of samples with different extracted silica: ZA ; (A, D),

ZA,(B,E), ZA;(C,F).

3.1.1.5. Energy dispersive X-ray spectroscopy.

EDX is an analytical method for the elemental analysis of a solid substance based on

analysis of the emission energy of its X-ray spectrum.

In this study, the EDX technique was used to determine the percent’s of elements in the

three samples before and after extraction. As shown in Table 3.2 the weight values of

the elements before and Figure 3.6 after extraction. As to silica percent, the results

showed that sandy soil (ZA;) contains the highest percentage of silica from clay and

loamy samples ( ZA,, ZA3)[102].
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Table 3.2. EDX analysis result of elements percent’s in samples

ZA, ZA, ZA;
Element | Before After Before After Before After
Wt.( %) | Extraction| Extraction| Extraction| Extraction| Extraction| Extraction
Si 344 31.8 13.0 124 15.2 12.5
O 539 50.8 49.4 48.3 50.2 50.1
C 8.50 7.00 27.4 11.1 12.1 10.6
Mg 1.00 0.00 3.50 0.50 3.20 0.00
Al 1.80 1.70 3.70 2.30 4.90 0.20
Ca 1.00 0.00 12.8 0.00 8.00 0.00
Fe 0.90 0.80 5.00 1.30 4.30 0.20
40004 o A
3500—-
3000—-
2500—-
2000—-
1500—-0
1000—-
500—-
o] Uh_ A , : : KeV
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Figure 3.6. EDX chart of silica after extracted from different samples :ZA; (A),
ZA, (B) and ZA; (C).
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3.1.1.6. Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) is a method for studying the structure and
properties of solid surfaces with subnanometer spatial resolution. The principle of
operation is based on recording the force interaction between the surface of the
sample. In order to a change in the magnitude of the cantilever bending by recording

the bending value an image of the surface relief can be obtained [103].

fast
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C

fast

Figure 3.7: 2D and 3D images of A (ZA,), B(ZA,), C(ZA»).

Table (3.3): the AFM analysis

Samples | Average roughness | RMS roughness| Peak — to — valley
Ra (nm) Rq (nm) Roughness Rt (nm)
ZA, 1.213 1.693 14.16
ZA, 0.297 0.453 6.569
ZA; 5.639 9.584 120.2

The results of atomic force microscopy of the studied samples are shown in (Figure
3.7) (A,B,C images). In sample ZA,, the image showed the presence of blocks of
various shapes and sizes with peak-to-valley roughness values of 14.16 mm and a
root-mean-square roughness value of 1.693 mm[104]. The arrangement of the blocks
Is mostly agglomerated. In sample B, the image showed a significant decrease in the
peak-to-valley roughness and a significant decrease in the root-mean-square
roughness of 0.453 nm [105]. The arrangement of the blocks, compared to other
samples (ZA;, ZAz), is more uniform, as is the height of the blocks themselves. On

the other hand, in sample ZAs, the image showed a significant increase in the peak-
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to-valley roughness value of 120.2 nm and a significant increase in the root-mean-
square roughness of 9.584 nm, compared with samples ZA; and ZA,. The blocks are

of different heights, diffusely located, not agglomerated (single) [106].
3.1.2. Silica using as sourbent to extract Iron (I11) complex

3.1.2.1. Absorption spectra.

UV-Visible spectrum of the Iron (l1l), and salicylaldehyde oxime, and Fe (lll) —
Salicylaldehyde oxime were measured. It was shifted towards the visible area when
compared to Iron and reagent alone. The wavelength Iron (I11) lon was 292nm, and
the wavelength of the reagent at 304 nm. When the highest wavelength of the Fe
(111) — Salicylaldehyde oxime at 520 nm was absorbed. Figure 3.8.a,b,c and d shows
the spectrum absorption of the Iron (111) ions and salicylaldehyde oxime, and Fe (l11)

— Salicylaldehyde oxime complex.

(@) ) )

154

Fe(lll) 292nm Salicylaldehyde oxime = 304 nm

/ 24

1.04

Abs
Abs

0.5

0.0

T T T T T T T T T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength(nm)
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Figure 3.8. spectra of absorbtion for (a) Fe(l11)ion solution ,(b) salicylaldehyde
oxime reagent and (c) Fe (I11) — Salicylaldehyde oxime solution . (d) overlapping
for every spectrum a,b,c

3.1.2.2. Optimization of experimental condition

The experimental condition of a highest efficiency for extract iron reagent complex
by solid phase (silica) included: pH, concentration of reagent (salicylaldehyde
oxime), amount of sorbent (silica), temperature equilibrium and shaking time.
3.1.2.2.1. Influence of pH

The pH is most important variables to impact effectiveness of extraction solid phase
silica. the pH effect factor was studied in the complex formation using 0.1 mol/L
from NaOH and HCI, and examined pH between 2 to 11 on extraction Fe(lll) —
salicylaldehyde oxime complex by silica. The result were shown in (Figure 3.9) and
tabulated in Table 3.4 that obtained increasing adsorption of extracted complex with
increase hydrogen ion function. where best extraction percent at neutral medium pH
7, The extraction rate decreases in acidic medium due to the competition between

iron and hydrogen ions ,while in basic medium was decreased for extraction percent
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of salicylaldehyde oxime complex due to the formation of complexes between iron

and hydroxide ions [107].

Table 3. 4. The effect of pH on Fe(l11) — salicylaldehyde oxime complex before

and after adsorption.

Ph | Mean of three Abs £SD | Mean of three Abs =SD D. E %
before adsorption after adsorption
2 0.121 £0.00100 0.036 += 0.00058 03.416 77.35
3 0.140 = 0.00058 0.054 £ 0.00152 02.635 72.49
4 0.176 +£0.00264 0.074 +0.00360 02.405 70.63
5 0.221 £0.00351 0.051 £0.00321 04.427 81.57
6 0.238 £0.00493 0.023 + 0.00264 10.959 91.64
7 0.317 £0.00378 0.012 +£0.00300 29.770 96.75
8 0.299 + 0.00360 0.015 +0.00100 21.880 95.62
9 0.174 £ 0.00152 0.044 £ 0.00351 05.750 85.19
10 0.142 +£0.00264 0.026 +£0.00152 05.710 85.09
11 0.080 = 0.00100 0.016 £0.00152 05.380 84.59
035 m Absorbance before Adsorption m Absorbance after Adsorption
0,3
° 0,25
£ 02
2
3 0,15
o]
<
0,1
0,05
0
2 3 4 5 6 7 8 10 11
pH

Figure 3.9. Effect of pH solution on Fe(l11) — salicylaldehyde oxime complex
adsorption on to Silica at 520 nm . Condition 2mL of 1000mg/L Fe(l11) and
2mL of 0.01 mol/L Slicylaldehyde oxime.
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3.1.2.2.2. Influence of Reagent Concentration:

The impact of the concentration reagent on value absorbance of salicylaldehyde

oxime reagent solution using a range of concentration from 0.01 mol/L to 0.05 mol/L

under pH 7. It was increased the absorbance of Fe(lll) —salicylaldehyde oxime

complex with increasing concentration of reagent, and the best extraction the on

Fe(lll) — salicylaldehyde complex at 0.04 mol/L,while at a concentration of 0.05 the

reaction rate increases, and there is a maximum limit to this increase as it leads to

side reactions, and these reactions reduce the extraction efficiency.as shown in Table

3.5 and Figure 3.10. The effect concentration of salicylaldehyde oxime reagent to Fe

(111) before and after adsorption.

Table 3.5. The effect of concentration reagent on Fe(ll1) — salicylaldehyde oxime

complex before and after adsorption at 520 nm.

Conc. of reagent Mean £SD Mean £SD D E%
(mol/L) before Adsorption | after Adsorption
0.01 0.317 £0.00378 0.012 +£0.00300 | 29.775 | 96.75
0.02 0.812+0.00416 0.036 +£0.00152 | 23.428 | 95.90
0.03 0.832 +0.00264 0.063 +0.00152 | 13.480 | 93.09
0.04 0.882 + 0.00585 0.012 +0.00300 | 83.080 | 98.81
0.05 0.684 + 0.00351 0.031 +£0.00208 |23.061 | 95.84
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Figure 3.10. Effect of concentration reagent (salicyalaldehyde oxime) on Fe(l11)
— salicylaldehyde oxime complex adsorbent by silica at 520 nm . at: 2mL of
1000mg/L Fe(111), pH (7) .

3.1.2.2.3. Amount of Sorbent Influence

The effect of Amount Sorbent was used to adsorption Fe(l11) — salicylaldehyde oxime
complex under optimum condition at pH 7 and concentration salicylaldehyde oxime
reagent 0.04 mol/L, with complex absorbance at 0.882. However, it was used
different amounts sorbent of solid phase (silica) at (0.025 -0.125) g as shown in Table
3.6 and Figure 3.11 to extraction Fe(lll) — salicylaldehyde oxime complex, with
favorite amount sorbent to extraction iron (I11) ligand complex at 0.1 g . It is
observed that increasing the amount of silica from 0.100 g to 0.125 g did not lead to
any further increase in adsorption efficiency (E%) or adsorption capacity (D). This
suggests that the system reached a state of saturation, where all the available active
sites on the silica surface were occupied. As a result, adding more sorbent beyond
this point did not enhance adsorption performance, indicating an equilibrium

condition in the adsorption process.
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Table 3.6 . The effect of amount surface sorbent (Silica) on
Fe(l11) — salicylaldehyde oxime complex after adsorption at 520 nm

Amount of sorbent Mean +£SD D E%
silica(g) after adsorption
0.025 0.030+0.00100 30.791 96.85
0.050 0.024 +£0.00173 38.966 97.49
0.075 0.016 = 0.00300 60.318 98.36
0.100 0.012 £ 0.00300 83.080 98.81
0.125 0.012 +£0.00300 83.080 98.81
99 -
% 98,5
8 98 4
[y
S
5 97,5
o
5 97
96,5

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14
Wt. of silica (gm)

Figure 3.11 Effect of different amount of sorbent (Silica) on Fe(lll) —
salicylaldehyde oxime complex , at pH (7), 2mL of 1000mg/L Fe(ll1), 2mL of
0.04 mol/L Slicylaldehyde oxime .

3.1.2.2.4. Equilibrium Temperature effect

The influence of temperature changes on solid phase (silica) of Fe(lll) —
salicylaldehyde oxime complex x extraction, the temperature was raised in the water
bath from (25 to 50) °C all results are investigated are shown in Table 3.7. The
temperature is the most favorable at 35 °C to Fe(lll) — salicylaldehyde oxime
complex. Figure 3.12. (a) and (b) show the effect of the temperature equilibrium on
extraction Fe(ll1) — salicylaldehyde oxime complex. Thermodynamic function (AHex)

have been collected and determined (41.453 kJ/mol), entropy indicates positive values
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Fe(lll) — salicylaldehyde oxime complex stability. The thermodynamic function result
of extraction process Fe(ll1) — salicylaldehyde oxime complex by using solid phase is
an endothermic process due to value positive of AHex and great formation
electrostatic bonding of extracted ionic complex with silica [108].

Table 3.7. The effect of temperature on Fe(l11) — salicylaldehyde oxime complex

Temp. Mean +SD Mean +SD 1/Tx10° | LogD AG AS
(K) before ads after ads (K™ (kJ/mol) | (kJ/mol.
K)
208 | 0.97640.02577 | 0.081 + 0.00650 3.35 1Log7 | 62030 ]20.676
303 | 0.91840.01861 | 0.042+0.00529 3.30 1345 | °78010 25.882
308 0.882 4 0.00585 | 0.012 + 0.00300 3.25 1919 | "11323 36.904
313 | 0.8240.01276 | 0.012 = 0.00300 3.19 1889 | "11327 36.320
318 | 0.6840.01212 | 0.012 = 0.00300 3.14 1808 | 11006 34.740
323 | 0.6380.00404 | 0.012 = 0.00300 3.10 1778 | 10990 34.180
before and after adsorption
2
18 Slope =-2.165
1,6
1,4
012
8 1
0,8
0,6
0,4
0,2
0
3,05 3,1 3,15 3,2 3,25 3,3 3,35 3,4

1\T *103 (K1)

Figure 3.12. The effect of temperature on Fe (I11) — salicylaldehyde oxime

complex before and after adsorption at pH (7), 2mL of 1000 mg. L™ Fe(l11),

2mL of 0.04 mol/L Slicylaldehyde oxime , 0.1 g of silica.
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3.1.2.2.5. Time effect

The solid phase (silica) was extraction the complex solution by shacker for five to
thirty minutes in order to seprate Fe(lll) — salicylaldehyde oxime complex . It was
best time to separat iron(ll1) ligand complex from solid phase (silica) at 15 min that
indicate silica surface have high selectivity to extract complex with reduce time [109]
as shown in Table 3.8 and Figure 3.13 .(a) and (b) Time effect on Absorbance
Fe(lll) — salicylaldehyde oxime complex and Extraction percent at pH 7, 2mL of
Fe(lll) , 2mL of 0.04 mol/L Salicylaldehyde oxime , 0.1 g of silica and temperature
35 °C.
Table 3.8. The Time effect on Fe(l1l) — salicylaldehyde oxime complex before

and after adsorption

Time Mean £SD D E%
(min) after adsorption
5 0.012 +£0.003 83.080 98.81
10 0.008 = 0.002 133.432 99.25
15 0.004 +0.002 338.718 99.70
20 0.004 + 0.002 338.718 99.70
25 0.004 + 0.002 338.718 99.70
30 0.004 + 0.002 338.718 99.70
99,8
S 996
e
L 99,4
_5 99,2
S 99
5 98,8
98,6
0 5 10 15 20 25 30 35
Time (min)

Figure 3.13. The effect of time on Fe(l11) — salicylaldehyde oxime complex before
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and after adsorption at pH (7), 2mL of 1000mg/L Fe(l11), 2mL of 0.04 mol/L
Slicylaldehyde oxime , 0.1 g of silica, Temp. 35 °C .

3.1.3. Elution of iron (IIT) complex from Silica
Iron (111) was desorbed from silica, with interaction between the adsorbed iron by
different solvents such as distilled water, methanol, and ethanol, as shown in Table
3.9 Silica often contains silanol groups (Si—OH) that can bind to iron (Fe*") or its
complexes through chemisorption bonds. These bonds are relatively strong.
Methanol, ethanol and distilled water are polar solvents, but they do not break these
coordination bonds very efficiently. These solvents may remove a small portion of
the physically absorbed iron, but not the strongly chemically bound complex.
Therefore, the removal efficiency (desorption) will typically be low. It was found that
ethanol have high desorption for iron (111) complex from silica.

Table 3.9. Desorption of iron (I11) from Silica

Solvents Mean Conc. Desorption %
Cads
0, =
Yo D Cdes x100
Distilled water 3.14 5
Ethanol 9.78 15.5
Methanol 6.57 10.4

3.1.4. Application of extraction Iron (II1) ions from pharametrical

samples.

Mesoporous silica has been used as a surface adsorbent for a range of pharmaceutical
samples containing iron(l11) ions [110] such as (Hemafer, Ferblex, Ferimax, Akourose,
and Sorbifer Duroles). Silica is one of the most widely used silica solutions for
iron(111) 1on extraction. Pharmaceutical samples were used at a concentration of 25 mg
L™ under experimental conditions (at 35°C, pH 7, 0.1 g solid phase, and 15 min
adsorption time). Iron(lll) ion adsorption from the pharmaceutical samples was

determined, as shown in Table 3.10, which indicates the best extraction percent

59



Chapter Three Results and Discussion

Iron(l11) ion of pharmaceutical samples for adsorbing iron compounds due to the
surface properties and chemical properties of silica. the polarity of the silica surface
Improves the extraction percent where silica particles interaction between iron (111)
ions to allow better separation in pharmaceuticals.

Table 3.10. Extraction iron (I11) ions in pharametrical samples by silica

Name Of | Dos of drug Mean £SD Mean £SD D |[E%
Drug before ads after ads
Hemafer 100mg/5mL | 0.072 £ 0.00264 | 0.008 £ 0.00251 | 9.0 |90.0
Ferblex 40mg/15mL 0.088 £ 0.00757 | 0.024 + 0.00264 | 3.7 |78.7
Ferimax 100mg/2mL 0.071 £ 0.00300 | 0.022 £0.00458 | 3.2 |76.2
Akouros 100mg/5mL 0.078 £0.00251 | 0.012 + 0.00153 | 6.5 |86.7
Sorbifer 100mg/60mg | 0.148 £ 0.00251 | 0.027 + 0.00472 | 5.5 |84.6
Duroles

3.2. Introduction of Organosilica

Organosilica was prepared from silica was extracted from sandy soil and reacted with
chelating reagent to produce organosilica. It is most making to excellent candidate
for adsorption-based applications, especially in the removal of heavy metals from
aqueous solutions [111] and another applications in several fields such as food,
cosmetics, pharmaceutical materials, electronic materials. The organosilica materials
have gained significant attention as solid sorbents for the removal of ionic metals
from aqueous solutions . These selective binding properties of organic functional
groups, making them highly effective for metal adsorption[112].Organosilica interact
with metal ions through various mechanisms, including electrostatic attraction,
surface complexion, chelation, and ion exchange, solid phase extraction, allowing for

the efficient removal of contaminants such as Fe3* from aqueous environments [113]
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3.2.1. Characterization of Organosilica

3.2.1.1. Fourier Transform Infrared Spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy (FTIR) analysis was used to determine the
functional groups of organosilica, as shown in Figure 3.14. The broad band between
3454 cm™and 3444 cm™ is attributed to the O—H stretching vibration of Si-OH
groups, as well as absorbed water on the surface of silica[114]. Meanwhile, the
bending vibration of this group appears at 1645 cm™ and 1639 cm™. Furthermore, the
asymmetric stretching vibration of Si—O-Si absorbed about 1100cm™, while
symmetric stretching vibration observed about 802 cm™, while the peaks at 441 cm™,
536 cm™, and 472 cm™ belong to the bending vibrations of Si—-O-Si groups [115].
Peaks of 1176 to C-O stretching present in functional organic groups of ligand. In
addition, the organosilica spectrum exhibits additional peaks at 1176 cm™ and 1408
cm™, which can be attributed to C-O stretching and bending, confirming the
modification of functional groups [97].Moreover, the peaks at 613 cm™ and 802 cm™
indicate Si—C stretching and bending, further verifying the successful integration of

the organic ligand into the silica matrix [116].
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Figure 3.14. FTIR spectrum of silica and organosilica.
3.2.1.2. Specific Surface Area (BET) analysis

The specific surface areas, pores volume, and pores size distribution results

calculated from adsorption isotherms were advertised in Table 3.11. Both silica and

organosilica showed high specific surface area. Moreovere, the pore volume data of

silica and organosilica are good evidence of mesoporous materials [117]

Table 3.11. The BET parameters of Silica and organosilica

Samples Specific surface area Average pure volume Mean pore diameter
Sger (M?/g) Vp (cm/g) Dp (hm)
Extracted silica 252.71 7.815 11.207
Organo silica 87.154 5.534 14.173
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The adsorption-desorption isotherms of nitrogen for both silica and organosilica are
shown in Figure 3.15, exhibit a type IV isotherm and functionlized organosilica gave
a hysteresis loop observed in range 0.3 and 1, which is associated with capillary
condensation , acharacteristic of mesoporous materails. All the silica and organosilica

were categorized as mesoporous structures, which have an average pore size range

between 2 and 50 nm [118].
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Figure 3.15. Nitrogen adsorption-desorption isotherms of silica and
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3.2.1.3.X-Ray Diffraction analysis

The X-ray diffraction (XRD) patterns reflecting of silica and organosilica are showed
in Figure 3.16. Both silica and organosilica exhibited broad peaks around 20°

attributed to amorphous silica
intensity of this peak. Furthermore, the appearance of two sharp peaks at 25-30°

[119]. Organosilica loading leads to decreased

indicate the presence of the organic group into the silica matrix [120].
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Figure 3.16. XRD pattern of silica and organosilica
3.2.1.4. Scanning Electron Microscopy (SEM).
Scanning electron microscopy (SEM) has been used to determine the compare
morphology between silica and organosilica as shown in Figure 3.17. SEM images
revealed that silica particles are highly agglomerated , spherical shaped and porous .
while organosilica were highly agglomerated particles due to the strong interactions
between silica particles and organic functional groups. The white particles in image

(B,D) belonged to organic compounds which reacted with silica[121].
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Pl

Figures 3.17. SEM images of silica and organosilica: (A, C) silica and (B, D)
organosilica.

3.2.1.5. Transmission Electron Microscopy (TEM)

Transmission Electron Microscopy (TEM) images were used to observe the
morphology and internal structure at the nanoscale of silica and organosilica
materials. Through the images shown in Figure 3.18. The TEM images confirm that
silica and organosilica nanoparticles exhibit a flattened spherical shape. The silica
particles appear dark in color, while the organic groups appear lighter and are
heterogeneously distributed between the layers of silica particles[122] .These results

are in agreement with SEM results.
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B

Figures 3.18. TEM images of silica and organosilica:(A, C,E) of silica and (B, D,F)

of organosilica
3.2.1.6. Atomic Force Microscopy (AFM)
Atomic Force Microscopy (AFM), the surface roughness (Root—mean—square
roughness—Rq and roughness average—Ra) was observed for silica and organosilica,

in Table 3.12. It showed moderate roughness, with Ra = 39.35 nm and a relatively
large Rt, indicating a large surface [123].
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Table 3.12. The surface roughness parameters from the AFM images.

Samples Average roughness| RMS roughness| Peak —to — valley
Ra, (nm) Rq, (nm) Roughness Rt, (nm)
Extracted silica 35.73 64.78 789.6
Organosilica 39.35 62.98 545.3

The 3D surface exhibited and distributed the membrane, as shown in Figures 3.19.
The silica and organosilica displayed a sub-micrometer-scale roughened surface in
different physical sizes between (10 to 10um), with a roughness due to the

agglomerated structures of individual nanoparticles [124].

Il A i (B

0

Figures 3.19. 3D AFM images of the silica and organosilica: (A) of silica and (B)

of organosilica.
3.2.2. Optimization of experimental condition.
The experimental condition of adsorbent iron from agqueous solution by organosilica

including pH, concentration of reagent (salicylaldehyde oxime), amount of sorbent
(organosilica), temperature equilibrium and shaking time.

3.2.2.1. pH effect.

It was the most experimental condition to adsorption between Fe (IIlI) —
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Salicylaldehyde oxime complex with reduce concentration to ability the organosilica
to extract complex with low concentration, the pH effect factor was ranged between
(2-1. It was used 0.1 mol/L from HCI and NaOH with using pH glass electrodes to
justify pH factor. The results were shown in Figure 3.20, where adsorption with
increasing pH factor. The best adsorption of iron at pH 7 that neutral medium was
due to the nature of the adsorbent surface and the expected nature of the linkage
between adsorbent (organosilica) and adsorbate (Fe (l11) — Salicylaldehyde oxime
complex). Interaction is iron on the surface of organosilica, while it was decreased
for extraction percent of the basic medium with iron (I11) due to the formation of
complexes between iron and hydroxide ions [125].
Table 3.13 The affect of pH on Fe(l11) — salicylaldehyde oxime complex before

and after adsorption.

pH Mean £SD Mean £SD D E%
before adsorption before adsorption

2 0.066 + 0.00288 0.038 + 0.00288 1.765 | 63.83
3 0.085+0.00115 0.054 = 0.00264 1.589 | 61.37
4 0.092 + 0.00208 0.068 +0.00208 1.370 | 57.80
5 0.095£0.00115 0.047 +£0.00152 2.020 | 66.90
6 0..114 £ 0.00208 0.039 + 0.00200 2.920 | 74.50
7 0.123 £0.00057 0.018 £0.00152 6.830 | 87.20
8 0.091 +£0.00152 0.038 +0.00152 2.470 | 71.20
9 0.079 +£0.00100 0.021 +0.00115 3.760 | 79.00
10 0.060 = 0.00047 0.035 +0.00152 1.710 | 63.10
11 0.050 + 0.00208 0.013 +0.00057 3.850 | 79.40
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Figure 3.20. Effect of pH solution on Fe(l11) — salicylaldehyde oxime complex
adsorption on to Organosilica at 520 nm. Condition 2mL of 50 mg/L Fe(ll1) and
2mL of 0.01 mol/L Slicylaldehyde oxime.

3.2.2.2. Reagent of Concentration effect:
Optimal adsorption at pH 7. The concentration of salicylaldehyde oxime reagent
effect was using a series of ranges concentration from 0.01 mol/L to 0.05 mol/L.The
interaction of organosilica and salicylaldehyde oxime will increase the overall
adsorption capacity for iron (I11) by forming stable complex , when increased the
absorbance of the iron complex with increasing concentration of reagent [126] , the
efficient extraction percent at concentration 0.04mol/L due to have high percent as
shown in Table 3.14 and Figure 3.21 the effect concentration.

Table 3.14. The effect of concentration reagent on Fe(l11) — salicylaldehyde

oxime complex before and after adsorption

Conc.Reagent Mean + SD Mean £SD D E %
(mol/L) before adsorption After adsorption
0.01 0.064 + 0.00100 0.023 £0.00115 2.78 73.5
0.02 0.080 + 0.00100 0.035 +0.00305 2.29 69.6
0.03 0.102 + 0.00057 0.026 = 0.00152 3.92 79.7
0.04 0.123 +0.00057 0.018 +£0.00100 6.83 87.2
0.05 0.143 £ 0.00100 0.065 +0.00152 2.2 68.8
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Figure 3.21. Effect of concentration reagent (salicyalaldehyde oxime) on Fe(l11) —
salicylaldehyde oxime complex adsorbent by Organosilica at 520 nm. at: 2mL of
50 mg. L™ Fe(111), pH (7).

3.2.2.3. Amount of Sorbent Influence

The amount of organosilica affect played a critical role in the adsorption efficiency of
iron (111) under optimum conditions natural pH 7 and concentration salicylaldehyde
oxime reagent 0.04 mol/L. However, it used different amounts of sorbent of a solid
phase (organosilica) at ranged between (0.025 -0.150) g as shown in Figure 3.22. to
adsorption iron (I11) complex, the most adsorption efficiency to amount of sorbent
(organosilica) to adsorbent iron (I11) complex at 0.1 g due to depend of the
organosilica properties such as specific surface area and the nature of functional
groups.

Table 3.15. The affect of amount surface sorbent (organosilica) on Fe(l11) —
salicylaldehyde oxime complex after adsorption at 520 nm

Amount of sorbent Mean +SD E %
(g) After adsorption
0.025 40.71 £ 0.00200 67.5
0.050 26.43 £0.00100 76.9
0.075 23.57 £0.00115 78.9
0.100 12.86 +£0.00100 87.2
0.125 12.86 = 0.00057 87.2
0.150 1240 £ 0.00100 87.2
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Figure 3.22. Effect of different amounts of sorbent (organosilica) on Fe (I11)
— salicylaldehyde oxime complex.

3.2.2.4. Temperature affect

The affect of temperature played an important role to the adsorption of Fe(lll) —
salicylaldehyde oxime complex by organosilica was data investigated are shown in
Table 3.16 and Figure 3.23. The temperature ranged from (25 to 50) °C, while the
increase adsorption efficiency with increase with temperature. It was because at
higher temperatures at 40 °C, the adsorbent surface becomes more active, and the
adsorbent Fe(lll) — salicylaldehyde oxime complex has more energy to interact with
the adsorption sites, with the thermodynamic function (AHex) were collected these
variables at (39.61 KJ/mol), where The adsorption process of iron by using
organosilica is an endothermic process and entropy is a positive value that
indicating the formation of electrostatic bonding of extracted ionic with organosilica
[127].
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complex before and after adsorption

Table 3.16. The affect of temperature on Fe(ll1) — salicylaldehyde oxime

Temp Mean = SD Mean = SD UT % 107 Log D AG AS
(K) before adsorption | after adsorption (K-l) (kJ/mol) (kJ/mol. K)
298 0.193 £ 0.00305 0.085 + 0.00099 3.35 0.360 -2053 7.087
303 0.162 £ 0.00115 0.051 + 0.00057 3.30 0.510 -2962 9.970
308 0.137 £0.00208 0.032 +£0.00115 3.25 0.646 -3807 12.552
313 0.120 £ 0.00152 0.018 = 0.00057 3.19 0.853 -5110 16.514
318 0.116 £0.00152 0.024 + 0.00152 3.14 0.705 -4293 13.685
323 0.106 = 0.00200 0.027 £ 0.00115 3.10 0.611 -3781 11.888

1,2 1
14 Slope=-3.0873
0,8 -
a)
206
|
0,4 1
0,2
0 : : : : : r .
3,05 31 3,15 3,2 3,25 3,3 3,35 3,4

1\T *103 (K1)

Figure 3.23. The affect of temperature on Fe(l1l) — salicylaldehyde oxime complex
before and after adsorption at pH (7), 2mL of 50 mg/L Fe(l11), 2mL of 0.04 mol/L

Slicylaldehyde oxime , 0.1 g of organosilica.
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3.2.2.5. Time affect
The time affect on the adsorption of Fe(lll) — salicylaldehyde oxime complex by
organosilica .it was studied kinetic process of shacking time from 5 min to 30 min
as shown in Figure 3.24 and Table 3.17 under optimum at pH 7, concentration
salicylaldenyde oxime reagent 0.04 mol/L and amount sorbent 0.1 g and
temperature 40 °C. The best time to adsorbed Fe(lll) — salicylaldehyde oxime
complex by the organosilica at 15 min.

Table 3.17 The Time affect on Fe(ll1) — salicylaldehyde oxime complex before

and after adsorption

Time (min) Mean £SD D E%
After adsorption

5 0.022 £0.00100 5.45 84.5

10 0.018 £ 0.00115 6.67 86.7

15 0.014 £0.00115 8.6 89.6

20 0.014 +0.00100 8.6 89.6

25 0.014+ 0.00115 8.6 89.6

30 0.014 +0.00100 8.6 89.6
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Figure 3.24. The time affect on Fe(l11) — salicylaldehyde oxime complex before
and after adsorption at pH (7), 2mL of 1000mg.L™ Fe(111), 2mL of 0.04 mol/L

Slicylaldehyde oxime , 0.1 g of organosilica, Temp. 40 °C .
3.2.3. Elution of iron (IIT) complex from organosilica
Iron (111) was desorbed from a organosilica depending on the interaction between the
adsorbed iron ions and different solvents such as distilled water, methanol, and
ethanol, as shown in Table 3.18. The solvents have varying abilities to break these

interactions, and the determination of iron (1) in the solution was carried out using a

spectrometric method. It was found that methanol was the best solvent for desorbing

iron (111) from organosilica.

Table 3.18. Desorption of iron (111) from organosilica

Solvents Mean Conc. Desorption %
_ Cads
% D= Cdes %100
Distilled water 31.4 35.7
Ethanol 65.7 74.8
Methanol 75.0 85.4
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3.2.4. Application of Extracted Iron (I11) by organosilica

Organosilica were used of series pharmaceutical samples containing iron (111) ions
soluble in aqueous solution, such as (Hemafer, Ferblex, Ferimax, Akourose and
Sorbifer Duroles). The pharmaceutical samples were used to adsorb iron (I11) ions by
organosilica and the concentration of the pharmaceutical samples at 25 mg L™ under
the experimental conditions (at 40 °C, pH 7, solid phase amount of 0.1 g and shicking
time of 15 min. The adsorption before and after the drugs are shown in Table 3.19. It
showed that the organosilica materials have a large surface area, porosity and
selective adsorption of iron (1) ions due to the textural characteristics of the
organosilica is more selective have functional groups included: naphthalene, nitroso
group and hydroxyl groups[128].

Table 3.19. Extraction of iron (I111) ions from pharametrical samples by

organosilica
Name Of | Dose of drug Mean £SD Mean £SD D E %
Drug before ads after ads

Hemafer | 100mg/5mL 0.076 £ 0.00100 |0.013+ 0.00100 580 |85.3
Ferblex 40mg/15mL 0.084 +0.00057 |0.117 £0.00115 |0.72 |41.9
Ferimax | 100mg/2mL 0.076 £0.00100 |0.035+0.00100 |2.20 |68.8

Akourose | 100mg/5mL 0.080+ 0.00100 |0.045+0.00153 |1.80 |64.3
Sorbifer | 100mg/60mg 0.158+0.00208 0.046+ 0.00152 | 3.40 77.3
Duroles
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3.3 .Conclusion

Mesoporous silica was successfully synthesized from soil of Karbala city in Irag by
using the sol-gel method. The characterization results from various analytical
techniques confirm the formation and quality of the mesoporous structure: EDS
analysis confirmed the high purity of the silica, with weight percentage of silicon and
oxygen at 31.8 and 50.8 . The XRD analysis is indicative of an amorphous silica
structure .SEM images demonstrated morphology a mesoporous structure and particle
distribution. The FTIR spectra showed characteristic absorption of Si—O-Si
stretching and vibrations. BET texture analyzed a high specific surface area at 252.71
and the pore dimeter at 11.20 that indicate the mesoporous range. Mesoporous silica
are highly effective to extract iron (II1) complex from Aqueous solution by solid
phase extraction method .

The organosilica has been successfully produced from silica extracted from local
sandy soil sample and interacted with organic reagent (1-nitroso-2-naphthol).
Organosilica was characterization in different techniques to evaluate the organic
ligand interaction with silica particles and it was unique pore structure of bundent
surface functional sites composite in silica, while the organosilica was considered at
candidates preferred for adsorbent metal ion from aqueous solutions due to of their
larger specific surface area and high adsorption capacity for target iron(lll) ion

complex and effectiveness in adsorptive iron (I11) ion from pharamictical samples .
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3.4. Future works

Through the results were obtained, it can be made future studies on the research plan
as follows:

1. Extracted silica would be preparing organosilica by reacting with chelating
organic compounds with different functional groups and used them as an adsorbent
medium.

2. Using of silica extracted and the organosilica , can be used solid phase extraction
methods.

3. Extracting iron complexes is done by the same adsorbent as organosilica by
magnetic solid phase extraction

4. Using other heavy metal elements, such as (Cu®*,Pb*, Ni**) to exract by same
method

5. Studying the interfernces of iron (I111) complex.

6. Studying and separation organic compounds in soil, such as herbicides and some
toxic organic solvents by extracting silica

7. Using of the prepared and extracted materials that separating by solid phase using

other techniques, such as Fluorescence and Flame atomic adsorption (FAAS).
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Appendix Supplementary Data

Table S1. EDS of ZA;, ZA, and ZA; before and after extraction

Before extraction After extraction

Elezrr:nts Atomic % Atémigr% Weight % Wéigrf:)tr% Atomic % Atlc_:)rrnrigr% Weight % ngirgrh(;[r%
C 11.0 0.3 7.0 0.2 13.4 0.6 8.5 0.4
(6] 63.3 0.4 53.9 0.3 59.8 0.6 50.8 0.6
Mg 0.8 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Al 12 0.0 1.8 0.0 12 0.0 17 0.0
Si 23.0 0.1 34.4 0.1 21.3 0.1 31.8 0.1
Ca 0.5 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Fe 0.3 0.0 0.9 0.1 0.3 0.0 0.8 0.1
Na 0.0 0.0 0.0 0.0 2.2 0.1 27 01
Cl 0.0 0.0 0.0 0.0 1.7 0.0 3.3 0.1

Eleznrznts Atomic % Atg?:igr% Weight % Wg?::)tr% Atomic % Atg:rligr% Weight % ngpotr%
C 17.9 0.4 111 0.2 36.9 0.5 27.4 0.4
o 58.3 0.7 48.3 0.5 49.9 05 49.4 0.5
Na 0.6 0.0 0.7 0.1 2.3 0.0 3.3 0.1
Mg 2.8 0.0 35 0.1 0.4 0.0 0.5 0.0
Al 2.7 0.0 3.7 0.1 1.4 0.0 2.3 0.0
Si 8.9 0.0 13.0 0.1 7.7 0.0 12.4 0.1
0.4 0.0 0.7 0.0 0.0 0.0 0.0 0.0
K 0.4 0.0 0.8 0.0 0.0 0.0 0.0 0.0
Ca 6.2 0.0 12.8 0.1 0.0 0.0 0.0 0.0
Ti 0.1 0.0 0.3 0.0 0.1 0.0 0.2 0.0
Fe 1.7 0.0 5.0 0.1 0.4 0.0 13 0.0
F 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
Cl 0.0 0.0 0.0 0.0 0.9 0.0 19 0.0

Elements |Atomic %| Atomic % | Weight % | Weight % | Atomic % | Atomic % | Weight % | Weight %

ZA, Error Error Error Error

C 18.8 0.3 12.1 0.2 16.4 0.4 10.6 0.2
o 58.7 0.5 58.2 0.5 50.2 0.4 50.1 0.4
Na 0.6 0.0 0.8 0.0 22 0.0 2.8 0.0
Mg 25 0.0 3.2 0.0 0.0 0.0 0.0 0.0
Al 34 0.0 4.9 0.1 0.1 0.0 0.2 0.0
Si 10.1 0.0 15.2 0.1 114 0.1 12.5 0.1
Cl 0.0 0.0 0.0 0.0 15 0.0 2.9 0.0
Ca 37 0.0 8.0 0.1 0.0 0.0 0.0 0.0
Ti 0.2 0.0 04 0.0 0.1 0.0 0.2 0.0
Fe 1.4 0.0 4.3 0.1 0.1 0.0 0.2 0.0
Cu 0.0 0.0 0.0 0.0 0.1 0.0 0.3 0.0
Cl 0.0 0.0 0.0 0.0 15 0.0 29 0.0
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Figure S1. SEM of Silicain samples ZA;,ZA,,ZA; and Organosilica
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Figure S2. XRD Silicain samples (A- ZA,, B- ZA,,C-ZA; and D- Organosilica).
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Figure S3. FTIR of Silicain samples (a- ZA;, b- ZA,, ¢ -ZA; and d-
Organosilica).

Table S2. BET of Silica in samples ( ZA;, ZA, and ZA3) , and Organosilica

Samples V,.cem’(STP) g A BET C Total pore | Mean pore
name [m* g'l] volume(p/py) | diameter
[em® '] [nm]
Silicain 58.062 252.71 | 8.0667 0.7081 11.207
sample ZA,
Silicain 2.9333 12.767 | 6.7649 0.043444 13.611
sample ZA,
Silicain 4.5442 19.778 | 3.2485 0.064395 13.023
sample ZA;
Organosilica 20.024 87.154 | 117.64 0.3088 14.173
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Figure S4. TEM amages of silica Organosilica
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Figure S5. The surface roughness parameters and AFM images of Silica and
Organosilica
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law used in the study.

Name Symbol The law
Distribution ratio D Abs. of metal before Ads.
Abs. of metal after Ads.
Enthalpy AH — Slope x 2.303R
Entropy extraction Asex (AHex — AGex)
T
Extraction contestant Kex D
(Con.rich phase x Con.aq)
Extraction Percentage E%
x 100
(1 + D)
Free energy extraction Agex — RT X In Kex
Standard Deviation SD . _.2
2(xi —X)
n—1
i V. Cads
Desorbtion percent D% <100
Cdes
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