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Abstract

Wastewater has recently become a source of concern due to specific

toxicities and environmental pollution.

Antibiotics pose a health risk to humans. TMP is one of the
antibiotics that found in wastewater, the main issue here is

attempting to remove it by adsorption.

We will use the synthesized material of the activated silica gel with
3-aminopropyltrimethoxysilane after preparation to form the new
modified sorbent SiNP. The new chelating sorbent prepared, but we
work to react it with copper sulfate for bridged to copper ions, this
modified material will use as a new sorbent for removal of TMP
from wastewater. The modified surface shows good thermal stability
determined by (TGA). The FTIR and UV results confirmed that 1.5-
dimethyl-1H-pyrazole-3-carbaldehyde units have immobilized at the
surface of the modified silica gel. SEM images of the modified
Silica surface showed tough and porous nature, indicating that the
materials present good characteristics to use as an adsorbent. The
synthesized modified SiNP investigated as an adsorbent for removal

of TMP. The adsorption experiments were carried for a wide range
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of different solution pH, adsorbent dosage of different weights,
temperature, initial concentration of solutions and contact time. The
results show that the percentage removal of TMP increase with those
mentioned parameters. Over removal efficiency of TMP was
achieved after 100 min., at solution pH around 8 and 25 °C
temperature, 0.03 g weight of dose and initial concentration of 10

mg/L TMP solution.

The values that obtained by pseudo second order model, are Q. calc.
42.86. 22.23, 47.85 mgg™, were consistent with the experimental
values, Q. exp. 19.32, 20.38, 20.46 mgg™" at 308 ,315 ,320 K,
respectively, a plot was having good correlation coefficient close to
1, indicate that the adsorption can be represented by the pseudo

second order model.

From Freundlich isotherm model parameters, value of n =1.3817 to
1.1902 at different temperature were studies indicating that the
adsorption of TMP on (Si-NP) is favorable. The adsorption data
suited with Langmuir and Freundlich, but Freundlich adsorption
model found to have the highest regression value and the best suit.
The Freundlich model suggests physical adsorption and a
heterogeneous distribution of active sites on the surface of the

adsorbent.

The positive AG® values 2.933 to 2.901 kJ/mol) indicate that the
adsorption is favorable and nonspontaneous at studied temperatures.

The positive value of AH® 3.785 kJ/mol) reflects an endothermic
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adsorption and indicates that the adsorption is favored, at all studied
temperature. A positive value of AS° 2.771J\mol. K suggests that the
adsorption process involves a dissociative mechanism. The
adsorption leads to increase in degree of freedom during the adsorption

process of TMP at different temperatures.

A positive value of AS® reflects that some change occurs in the
internal structures of the adsorbent during the adsorption process.
(Si-NP) is a good effective adsorbent for the removal of TMP from

the wastewater.
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Chapter One

Introduction

1.1. Overview

Water pollution has become a global issue that affects all nations
without exception. People becoming increasingly sick as a result, of
drinking contaminated water, and nearly 14000 people die every day

a result of water-related diseases [1].

Concerns about insufficient water resources have grown in recent
decades, as have concerns about toxicity compounds in
pharmaceutical and hospital wastewater. Medications and antibiotics
pose a threat to human and animal health [2]. During the processing

and use of medications, these chemicals released into the setting.

Heavy metals [3], personal care products and pharmaceuticals [4],
dyes [5], agricultural by product [6], and endocrine disrupting
compounds [7] are among the contaminants found in both drinking

water and wastewater.

Surface water, ground water [8], streams, soil, sediment, and
Sewage treatment plant effluents [9], have all found to contain

antibiotics.

The antibacterial drug trimethoprim ( TMP) together with the
sulfonamide (sulfamethoxazole) commonly used in the treatment of
bacterial infections. The antibacterial action inhibits folic acid

synthesis, which decreases the risk of bacteria developing resistance.
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The most commonly found pharmaceuticals in wastewater are
sulfamethoxazole (SMX) and Trimethoprim (TMP) [10]. In
wastewater effluent, these compounds found at levels of 2-1830ng/L
and 308-791ng/L, respectively after secondary treatment [11].
Wastewater treatment plant influents , hospital effluent and livestock
effluent are the major sources of TMP in wastewater. Because of
the high use of livestock effluent, it had a very high SMX/TMP ratio
[12].

Antibiotics must be removed from water sources due to negative
effects such as bacteria producing a resistant gene [2]. There are a
variety of water remediation technologies available: membrane
filtration [14], electrodialysis [15], oxidation, [16], ozonation [17],
ion exchange [18], electrochemical [19], reverse osmosis [20],
evaporation, distillation, sedimentation, crystallization, flotation,
centrifugation, coagulation and adsorption [21]. Municipal
wastewater treatment plants (WWTPs) are unable to remove
organic micro pollutants that escape treatment in WWTPs [22].
TMP is not easily removed by traditional wastewater treatment
systems. The quest for a low—cost, readily available adsorbent has

more economic techniques, and is a promising and widely used tool.

Solid-Phase Extraction (SPE) is a technique for the isolating of
pollutants from water that has shown to be effective in water
treatment. This technology has a number of significant advantages

including: (i) Analyte recovery is high, and there is no emulsion (ii)
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automation ease (iii) safety, versatility and simplicity,(iv) high
selectivity and sensitivity, (v) low cost and fast, (vi) Because of its
ability to combine with a variety of modern detection techniques.
This hybrid extraction or clean up approach has reduced sample
handling time. (vii) the capacity to extract analgesics at the same
time. SPE's flexibility allows it to use for a variety of tasks,

including purification, desalting, and trace enrichment [23].

One of the most effective adsorbents is chemically modified
chelating material. Modifications made to the polar adsorption
content. Because of its thermal stability and mechanical strength,
silica gel has used as an inorganic stable matrix in inorganic-organic
materials. The surface of the silica particle is heterogeneous, with a
number of different types of silanol groups present, and the presence
of active donor atoms in the incorporated organic moieties may
modify surface properties, the surface usually modified by bonding a
wide variety of functional groups to the surface. Chemical
modification of the skeleton of silica gel made covalent coupling of
an organic moiety to obtain good adsorbents [24]. The mechanism is
depending on the charged function group in the compound attracting
the charged group bonded to the silica surface through electrostatic
attraction. Modified Silica with pyrazole-3-carbaldehyde bond with
copper ions can be synthesized and characterized as a new sorbent
with a porous but rigid content with a high surface area. The

chemical and thermal stability of this substance is excellent [25-26].
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The aim of this study is to remove TMP from wastewater, using
this prepared of SiINP -Cu in the solid-phase extraction method. The
adsorption behaviors of the adsorbent with TMP will studied. The
effect of pH, temperature, and amount of adsorbent, concentration
and the contact time on the adsorption of TMP kinetics and pH
effects. Equilibrium isotherm studies will have done by varying the
following three parameters: initial concentration of TMP solution,
volume of the TMP solution, and adsorbent dose on the uptake of

TMP from the solution.
1.2 Objectives of this work

1.2.1 General Objectives

1. To prepare a modified silica with pyrazole-3-carbaldehyde bond with

copper ions as sorbent for TMP.
2. To characterize modified silica (SiINP) bond with copper ions.
3. To specify the optimal conditions for the adsorption.

4. To recover TMP and reuse the adsorbent.

1.2.2 Specific objectives

1. To determine if (SiNP) bond with copper ions can used to clean

up TMP polluted wastewater.

2. To determine the extent that modified silica gel compound can

tolerate and adsorb TMP
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3. To study the effect of pH, temperature, amount of adsorbent,

concentration and contact time on the adsorption of TMP
1.2.3 Research question and identified problems

The main questions addressed in this thesis are:

1. Can (SINP) bond with copper ions used to clean up TMP polluted

wastewater.

2. To which extent that (SINP) bond with copper ions can tolerate

and adsorb TMP?

3. What are the optimum condition of pH, temperature, amount of
adsorbent, concentration, and contact time for (SiNP) bond with

copper ions to adsorb TMP efficiently?

4. What is the adsorption behavior of the adsorbent with TMP?



Chapter Two
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Chapter Two

Background and Literature Review

2.1 Trimethoprim (TMP)

2.1.1 Properties of TMP

Trimethoprim (TMP), (C14H1sN4O3):5-(3.4.5-Trimethoxybenzyl)

pyrimidine-2.4- diamine. The structural formula is showed below [10]:

NH- I
i ”
HQNJ\N/ o

Figure 1: The structural formula for Trimethoprim

TMP is a weak base that has a pKa of 7.4. The color of white with
crystalline powder that has odorless and bitter compound. TMP has
slightly solubility in chloroform including ethanol and acetone while it is

almost insoluble in water with high solubility in glacial acetic acid solution.

TMP can bond with metal ions to form TMP metal complexes, when
the nitrogen of the pyrimidinyl ring reacts with the transition metal
ions, and it used as a corrosion inhibitor. The complexes are

octahedral in shape and have electrolyte properties.
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The Properties of TMP summarized in Table 1:

Table 1: properties of TMP

Origin of the name

Derived from trimethyloxy-pyrimidine

Molecular weight 290.32g/ moL
pKa 7.4

Solubility DMSO: soluble
Formal charge 0

State at 20°C Solid

Melting point 199-203C
Density (g cm™) 1,1648

Synonyms

Proloprim , Trimpex , Trimetoprim

Discovery date

First used in 1962

Stability

Very stable and incompatible with very
strong oxidizing agents.

2.2.1 Mechanism of TMP:

TMP inhibits bacterial nucleic acid and protein synthesis, and it is a

dihydrofolate inhibitor since it inhibits the action of dihydrofolate

reductase, which converts dihydrofolate to tetrahydrofolate in

bacteria. Tetrahydrofolate needed for the synthesis of purines, which

are required for the development of DNA and proteins [27].

TMX inhibits the bacterial enzyme dihydrofolate reductase, resulting in the

active form of folic acid, tetrahydrofolic acid THF, which is required for

the synthesis of thymidine, purines, and bacterial DNA. When

sulfamethoxazole and TMP used together, they bind to bacterial

dihydrofolate reductase, preventing the formation of THF, and thus block
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two steps in bacterial biosynthesis, making them bactericidal. The
effectiveness of antibiotics can improve by reducing the production of

resistance in combination products.

2.3 Environmental impact of TMP:

TMP is one of the most antibiotics that is used around the world and
usually found in the environment and affecting both surface water, ground
water and soil. Antibiotics are widely used because of their efficiency and
low cost, but when they excreted from individuals into wastewater or water
bodies, they have negative consequences, such as the development of
bacteria with antibiotic resistance genes [28]. In aquatic environments, 1

mg/L TMP would be a generally safe exposure limit.

The toxicity of two antimicrobial medicines (oxytetracycline and TMP) in
the aquatic environment studied and found to be low. However, studies
have found that combining TMP with sulfamethoxazole doubles the risk of

miscarriage in early pregnancy.

The investigations found that roughly 1mg/L acts as a safe exposure limit
in aquatic environments when determining the concentration of TMP for
resistance. The highest concentration seen in untreated municipal
wastewater is (0.17 mg/L-8.8 mg/L). As a result, it critical to halt the

spread of antibiotic resistance.

As a result, antibiotics must remove from water sources. TMP removal
from wastewater has studied in a number of municipal wastewater

treatment plants. TMP not adequately removed by conventional
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wastewater treatment processes. Any technique that enhances the quality of
water to make it suitable for a certain end-use known as water treatment.

Physical, chemical, and biological processes are all examples of processes.

Wastewater treatment and recycling technologies coupled for safe drinking
water using low-cost and appropriate technology. The technologies used

for three purposes [29]:

1. Primary treated water by several techniques like filtration and
centrifugal separation and flotation are examples of fundamental water
treatment technologies.

2. Secondary treatment water, which involves aerobic process and
Anaerobic Process.

3. Tertiary treatment water like distillation and evaporation, solvent

extraction and other techniques including reverse osmosis.

The functionalized silica used in this work presents high affinity for the
effective adsorption for TMP. There are others material used for adsorption

of TMP reported in table 2.

Table 2: Pervious studies for removal of TMP from wastewater

Other methods for analysis TMP Method Recoveries | Ref.
Removal (the green alga ] ]
Nannochloris sp) HPLC-UV [11]
Combining electro-Fenton and HPLC 89% [79]
activated sludge °
MSPE(Fe304@SiO2/PVA-TEQOS : 0
nanofiber) UV-Vis 98.2% [77]
Photocatalytic (S-TiO2 and 0
Ru/WO3/ZrO2/reusable fixed plates) LCIMS 88.6% [80]
sewage sludge and fish waste derived 90% |,
adsorbents / pyrolized at 950C MS ., HPLC 10% 10]
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Other methods for analysis TMP Method Recoveries | Ref.

The biodegradation mechanism UPLC/MS/MS 0
/ITMS/ESI 0% | [78]
Fenton, Fe(ll)-activated persulfate 43.8%,
processes HPLC 92,5% [13]
Alumln_um pillared K10 and KSF for UV-Vis ) [76]
adsorption
+2 -

Pyrazol-3-carbaldehyde —Cu™ /SPE SPE/UV-Vis 94% VT/Q:'?(

2.4 Adsorption

2.4.1 Definition of Adsorption

Heinrich Kayser, a German scientist, created the term "adsorption”
in 1881. (1853-1940). Adsorption is the attraction of adsorbate
molecules to an adsorbent surface caused by molecular forces such
as permanent dipole, induced dipole, and quadrupole electrostatic
effects, in which the repulsive and attractive forces between the

sorbate and the adsorbent become balanced.

Physisorption and chemisorption are two types of adsorption. The
adsorption process of a fluid phase on the surface of a liquid or a
solid, results in the increasing in the concentration of a particular
component, which is increase as the size of the interfacial area
increase. As a result, all adsorbents have large specific surface areas

and highly porous or very tiny particles.

Adsorbent refers to the solid material that supplies the adsorption
surface, whereas adsorbate refers to the species that will adsorbed.

Desorption is the opposite of absorption. Adsorption is one of the
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most essential technologies because of its high removal efficiency,
simplicity, cheap cost, environmental friendliness, and ease of
maintenance. It uses a variety of adsorbents including activated
carbon, biochar, metal oxide, graphene oxide, and mesoporous
materials. Adsorption capacity and surface reactivity both enhanced

by a large surface area.

Three steps make up the entire adsorption process. Film diffusion
(external diffusion) ii). Diffusion of pores or intra particle diffusion
(internal diffusion) iii). Adsorbent surface reaction to fix the
adsorbate in the adsorbent's surface pores (adsorption on active

sites) [30].

2.4.2 Types of Adsorption

Adsorption can have categorized into two forms based on the nature of the

forces that exist between the adsorbate molecules and the adsorbent:

1. Physical adsorption (Physisorption): the adsorbate and

adsorbent have a very weak attraction, which can be

electrostatic, hydrogen bonds, VVander Waals, or dipole-dipole.
Physical adsorption of a gas or vapor is normally liberation
about 10 to 40 kjmol™ of heat as the heats of liquefaction of
gases or the condensation of vapors and the deviations from
ideal gas behavior. If no electron exchange occurs, the
adsorption energies are low, ranging from 5to 40kj /mol, and

adsorption is conceivable, the process is reversible, and
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multilayer adsorption is conceivable. It known as Vander
Waal's adsorption. Because a spontaneous process occurs, this

sort of adsorption is an exothermic process.

Chemical adsorption (chemisorption): Chemical adsorption
occurs when the force of attraction between the adsorbate and
the adsorbent is nearly equal to the strength of chemical bonds,
and the interactions mostly based on ionic or covalent bonds.
Langmuir adsorption is another name for it. The force of
attraction is very strong in chemisorption; adsorption involves
electron transfer and is of high energy, ranging from 40 to 800
KJ/mol, adsorption is difficult; thus, adsorption cannot have

reversed easily, and only a monolayer detected. [31].

Table 3: Comparison between Physisorption and Chemisorption

# Physisorption Chemisorption
Always exothermic with low | The heat of adsorption
heat of adsorption that is 20- | between 40-400 kJ mol™ with

1 |40 kJ mol™.The energy usually | the same energy in chemical
smaller than condensation reaction.
energy.

5 It has VVan der Waals forces of | Chemical bond of attraction
attraction.

3 | Itoccurs at low temperature | Usually high temperature

4 | Reversible process Irreversible process

5 It describes the ease of Does not related to
liquefaction of the gas liguefaction of the gas

6 A relatively low degree of It is highly specific
specificity.

5 Occurs as a multilayers It forms monomolecular

layers
8 | No need for activation energy | needs activation energy
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2.4.3 Application of adsorption

The adsorption method is widely used in industry, laboratories, and a

variety of other scientific processes. For the adsorption of wastewater, a

number of alternative adsorbents have synthesized. The following are some

of the most significant adsorption applications:

1.

Enabled charcoals made from agricultural waste used in water
and gas purification, metal extraction, gas mask air filters, and
other applications.

The ability of activated carbons to eliminate colored
compounds, as well as the bleaching of vegetable oils to
produce a lighter color oil that is more attractive and easier to
use.

Water Adsorption (Dehydration) and Gas Purification:
Adsorbents such as zeolite, Silica gel, and Alumina are used to
prevent condensable water from entering a gas processing plant
prior to purification.

Fabric dyeing: dyes derived from natural plant or animal
sources, and a considerable amount of dye was wasted; the
adsorption method offers an appealing alternative to colorless
wastewater decolorization.

Heterogeneous Catalysis: Heterogeneous catalysis is critical for
all aspects of environmental chemistry since it allows different
organisms to activate. With heterogeneous catalysis, lower

ammonia energy costs could have achieved. Platinum used as a
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co-catalyst in the hydrogen evolution reaction and can be
substituted with less expensive metals such as Ni and Co.

6. lon-Exchange Resins: ion —exchange resins with groups like —
COOH, -SOzH or —NH, have the ability to selectively
adsorption of ions from solution. These resins commonly used
In water softening and water purification.

7. Chromatography: Paper chromatography, gas chromatography,
and vapor phase chromatography, as well as high-performance
liquid chromatography, are all examples of chromatographic
processes. For several separation methods, technology has
advanced rapidly.

8. Adsorption used in the pharmaceutical industry to extend

neurological tolerance to particular medications.

2.4.4 Adsorption as an effective method for removing TMP from

wastewater

Several methods for removal of antibiotics from wastewater like
oxidation and degradation. The limitation of some methods is
usually has to do with high cost and toxicity. The advanced
oxidation method is usually strong for the removal of TMP in
traditional wastewater plants. Adsorption is one of the methods that
Is able to remove these pollutants with acceptable results. The
advantages of using adsorption are simplicity, low cost, and ease of
automation. One of the technique like solid phase extraction (SPE)

Is commonly used for separating analytes from a liquid matrix and
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then purified extracts before using a chromatographic. The SPE
showed several advantages like high analytes concentration with
highly purified extracts and this for solutions with different

polarities [32-34] .

Silica(SiO,) can be used as a very successful adsorbing agent, it has
been widely used for application in the water remediation due to
good mechanical strength, undergo heat treatment cost-
effectiveness, environmental friendliness, high acid resistance and
easy modification. Silica can be used as an SPE sorbent without
modification to increase its applicability modified by functional
groups such as C;g NH;, ionic or mixed-mode. The bond silica with
polar functional groups can used to adsorb polar compounds from
nonpolar matrices. The polar adsorption material is modified silica
gel with free hydroxyl group on the surface. It may use to adsorb
polar compounds from nonpolar matrices. lon exchange SPE can be
used for anionic compounds isolation on amino group that are
bonded to silica surface and cationic compounds can be isolated
with sulfonic acid groups that are bonded to the surface. The
mechanism is depend on the electrostatic attraction between the

sorbent and the sorbate [35-37].

2.4.5 Types of adsorbents

Natural adsorbents and synthetic adsorbents are two different forms

of adsorbents. All examples of natural and synthetic adsorbents.
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These materials are, cheap, abundant, and have ability for
enhancement of adsorption capabilities. Each adsorbent has a
different porosity, pore structure, and adsorbing surface

composition.

2.4.6 Adsorption isotherms models

Adsorption isotherm is the amount of solute adsorbed per unit
weight of adsorbent when the equilibrium concentration reached at
constant temperature. The most common adsorption isotherms used
to characterize experimental adsorption data are Langmuir and
Freundlich isotherms. Both model can perfectly fit most of the
adsorption experimental dada trend [38]. The Langmuir isotherm is
an analytical model that describes the equilibrium distribution and
based on the theoretical concept that only a finite number of definite

localized sites exist on an adsorbent.

The Langmuir-type isotherm based on the following assumptions:
monolayer adsorption, no subsequent interactions or steric
hindrances, physical forces drive binding, and all sites have the same
affinity for the sorbate. For practical purposes, it is still the most
commonly used Equation (2-1) can used to calculate the Langmuir
isotherm for pure component adsorption:

Ce

1 1
e = Lce+
de 9m Im K|,

(2-1)

C. is the adsorbate equilibrium concentration in (mg/L). q . is the

amount of TMP adsorbed per gram of the adsorbent in (mg/qg).
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g m IS maximum capacity in (mg/g). K.= Langmuir isotherm constant
in (L/mg), related to adsorption capacity (mg g™*), which can be
associated with the variance of the suitable area and porosity of the
adsorbent, implying that a larger surface area and pore volume

would result in a higher adsorption capacity.

A plotting C./q . versus C.. The parameters will calculate from the

slope and intercept.

Separation factor (R_) is a dimensionless constant. It shown in
equation (2-2):

1

RL=———
T+ KLC)

(2-2)

C, is the highest initial concentration of adsorbate in (mg/L), K. is

Langmuir constant in (L/mg).

R_ i1s a dimensionless constant separation factor, indicate the
isotherm is unfavorable if (R_ > 1), linear (R_ = 1), favorable (0 <

RL < 1), or irreversible (R_. =0) [39].

The Freundlich adsorption isotherm is a model assumes the reactive
sites above the adsorbate are distributed exponentially with the
adsorption process's heat. The Freundlich isotherm model describe
the removal of pollutants from the solution to a solid surface. The
Freundlich isotherm assumes that the adsorption process on
heterogonous surfaces have adsorption energies. Freundlich

adsorption isotherm study the amounts adsorbed per unit mass of
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adsorbent, Q., and the concentration of the pollutant at equilibrium,
Ce. For Freundlich isotherm can be presented by linear form of

logarithmic equation is (2-3):

1
InQ, = Eln Ce + InKp (2-3)

Kr represents Freundlich constant which express the adsorption
capacity. n is the adsorption intensity. 1/n represents the adsorption
intensity which is related to the relative distribution of the energy
and usually the heterogeneity of the adsorption. A plot of log (Ce)
vs. log (Q ¢). From the intercept and the slope, we can calculate the

parameters, K £ n [40].

2.4.7 Adsorption kinetics

The study of adsorption Kinetics is important because it reveals
important information about the procedures that have been used. The
mechanism of the adsorption processes explained using several
kinetics models. The simple form of pseudo-first order equation is

represented by Lagergren's equation (2-4):
Ky
log(ge — q¢) = logqe — (m) t (2-4)

Q . represents the amount of polluted adsorbed at equilibrium
(mg/qg), q ; is the amount of pollutant removed at any time (mg/g)

and K; is the first order rate constant.

On the other hand, the pseudo-second order equation can be

presented in (2-5):
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t_1t+ 1
9 qe Kyq¢

(2-5)

K5 Is the pseudo-second order rate constant (g/mg. min).

From the plots. The correlation coefficient (R?) value shows that

which model can represent the data [41].

2.4.8 Adsorption Thermodynamics

To determine whether an adsorption process is spontaneous or not,
thermodynamic considerations are required. The Gibb’s free energy
change, AG °, represents the spontaneity of a chemical reaction.
Both enthalpy (AH®) and entropy (AS °) coefficients are necessary to
determine the Gibb’s free energy of the process. Negative AG ° occur
spontaneously at a given temperature. The equation to find free

energy using Eqg. (2-6):
AG° =—RTInKp (2-6)

Where, AG ° is the Gibb’s free energy change (kJ. mol™), R is the
ideal gas constant and T is temperature (K °) and Kp is the single
point or linear sorption distribution coefficient (L g™).

The Gibbs free energy is the enthalpy (AH®) minus the entropy (AS°)
multiplied by the temperature. The thermochemical parameters AH®
and AS °, can be determined using Van’t Hoff’s plot, according to
Equation (2-7) [42]

K. = AH AS
nKg = RT+R (2-7)
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2.5 Chelating material, Immobilized Ligand Systems

2.5.1 Definition of chelating material

Chelating resins are one of many solid adsorbents that are becoming more
common due to their high adsorption capacities and selectivity. Composite
chelating products silica gel have a strong mix of chelating agent and
inorganic matrix particles. Silica gel can be used as a good adsorbing agent,
the surface of silica particles is heterogeneous with different silanol groups.
The surface of the silica material modified by using non-Polar, polar, ionic,

or mixed-mode functional group to the surface.

Silica gel is an amorphous and porous type of silicon dioxide (SiO,) that is
present as sand in the environmental, alkali silicate solution used to make a
wet silica gel. The hydroxyl (OH) group in the surface of silica gel can
functionalized to make a chelating group, such as polyamine. Polyamine
can be covalently bond on the surface of a silica gel. Chelation groups can

be bond with silica gel to extract metal ions from wastewater [43-44].

2.5.2 Chelating material advantages

High specific surface area (750 to 800 m?/g).

2-Act as drying agent

Absorbing moisture.

Material silica gel removes moisture by adsorption onto the surface
Absorption into the bulk of the gel

High mechanical and thermal stability.

N o o~ w D oE

Easily modified with functionalized silanol.
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8. Resistant to removal from the surface by organic solvents.
9. Modified silica can have operated without loss of the expensive organic

molecules.

2.5.3 Preparation of a solid support matrix immobilized ligand

system

The reaction of activated silica gel with 3-  aminopropyltrimethoxysilane
in toluene for amino groups bind to the silica surface (3-
aminopropylsilica (Si-NH;)). Then these NH,-groups reacted with 1,5-
dimethyl-1H-pyrazole-3-carbaldehyde under mild conditions (reflux,
atmospheric pressure and 8 h) to form the modified chelating sorbent SiNP.

Anhydrous ethanol used as solvent.

2.6. Methodology of preparing a solid support matrix surface

modified with 1,5-dimethyl-1-H-pyrazole-3-carbaldehyde

The synthetic procedure summarized in the following figure 1 [45].

HoN OH
MnO,

¥4 N\, =
MeO | \OMe N ]
Qg: Ve OH OMe - OH Ovte
OH o\| NN

Toluene o—Si NH> Dﬂ ethanol O/SI\/\/TI_
Si0, SiNH; SINP

Figure 2: summarize OF synthetic procedure

The synthesis done by Professor Smaail Radi from university of

Mohammed premier university in Oujda, Morocco.
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Higher amount of the inorganic components such as copper ions will
form available chelation sorbent of SiNP. Copper ions were chelated
on the SiNP as a new chelating matrix, because of two amine groups
are present on the TMP and it could chelation occur between the
amines and the copper ions of the adsorbents. This new chelating
material with copper ions will use as an adsorbent for removal TMP

from wastewater.
2.7 Computational details

2.7.1 DFT part

All density functional theory (DFT) calculations were performed using
Gaussian 09 package [46]. The geometry of TMP was optimized using the
B3LYP exchange correlation functional level without constrains [47-49].
The 6-31+g(d,p) basis set has been utilized for this work [50]. For the
solvation effect, the self-consistent reaction field (SCRF) method was
employed using the polarizable continuum model (PCM) solvation method
Frequency calculations were also employed at the same level to depict the
stationary points and confirm that the ground states have no imaginary
frequency[51-53]. By using the highest occupied and the lowest
unoccupied molecular orbitals energies (Exomo and E,ymo) of the optimized
structure, some of the energy gap (AE = E.ymo — Enomo), e€lectronic

chemical potential (== (E,uwo + Enomo)), global hardness (n = = (Epuuo —

Enomo)), hyper-hardness (Y = E.ymo — 2Enomo + Enomo-1), SOftness (S =
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1/n), electrophilicity (o =u?/2n ) and maximum charge transfer (AN =

—u/n) are calculated for TMP molecule[54-55].

The local reactivity descriptors (LRD) for nucleophilic attacks (7, =
qx(N + 1) — q,(N)) and for electrophilic attacks (f,; = g,(N) — g, (N — 1)) of
TMP were calculated by means of the Fukui functions (FF) [56-57] .The
(N, q(N +1) and ¢, (N — 1) are charges values of atom (k) for neutral,
cation and anion species, respectively. These indices numerically signify
the most reactive centers that are responsible for the interactions with SiNP
surface. Additionally, the local softness (¢¢=sf* and local
electrophilicity (wf = wf,%) were also calculated [58]. The letter o = (+)
and/or (-) describes the nucleophilic and electrophilic attacks, respectively.
More precisely and to get a clearer identification for the electrophilic and
the nucleophilic attack at specific atomic sites [59-60], the dual descriptors
(DDs) (Fukui descriptor or the second order Fukui functions (f;Z = f." —
fi), the dual softness (40, = o — o) and the dual philicity 4w, = v} — wy)
were also calculated. These DDs give simple way to chemical reactivity in
a local sense and allow us to attain instantaneously the preferably sites for
nucleophilic attacks and the preferably sites for electrophilic attacks

(¢, Aoy, and Aw, < 0) [59-61].
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Chapter Three

Experimental Part
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Chapter Three

Experimental Part

3.1 Chemicals and Materials

The pharmaceuticals and organic chemicals were of high purity, (purity >
99.5 % and they were purchased from Aldrich, Saint-Louis, MO, USA),
and all of them used without purifications. The silica gel and the silylating
agent 3- aminopropyltrimethoxysilane were purchased from Janssen

Chimica, Geel, Belgium and used without purification.

3.2 SINP Synthesis:

For Synthesis of 1.5-Dimethyl-1H-pyrazole-3-carbaldehyde, 1.2 g, (9.52 m
mol ) of 1.5-Dimethyl-1H-pyrazol-3-yl) methanol was dissolved in 100 ml
of 1,4-dioxane. Then added 21.88g of activated manganese dioxide to the
solution with stirring under reflux for 5 h. TLC (alumina, CH,Cl, as eluent)
used for monitoring the reaction. The filtrate MnO, was washed with
heated 1.4-dioxane and the solvent was removed using a rotary evaporator

to produce a product as a liquid (0.7 g, yield 59.23%).

Both silylating agent and silanol groups were reacted using the silica
surface and refluxed. The silica gel was washed with dried toluene (150
mL) with continuous stirring under nitrogen atmosphere for about 2 h. The
aminopropyltrimethoxysilane (10 mL) was then added dropwise to the
reaction followed by refluxing for24 h. After that filtration and washing

with toluene and ethanol mixture. The silylating reagent was removed
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using 1:1 mixture of ethanol and dichloromethane. The product will be 3-

Aminopropylsilica (SiNH).

A mixture (SiNH,, 5 g) and 1.5-dimethyl-1Hpyrazole-3-carbaldehyde (3 g)
with ethanol (60 mL) were stirred and refluxed for 8 h . After filtration and
extraction with acetonitrile followed by methanol the final solid product is
called SINP. The synthesis done by Professor Smaail Radi from

university of Mohammed premier university in Oujda, Morocco.

3.3 Preparation of Trimethoprim solutions

Exactly 0.25 g of TMP was taken in a 250 mL volumetric flask and
diluted up to the mark (we obtained 1000 mg/L TMP solution). By
dilution prepared 5, 10, 15, 20, 30 mg/L TMP solutions.

3.4 Calibration Curve

The concentration of several TMP solutions analyzed by UV-Vis at

264 nm.

Calibration curve between absorbance and concentration obtained in
the range 5-30 mg/L TMP solution, as shown in Figure 2: calibration
curve between absorbance vs concentration for TMP concentrations

in the range 0-30 mg/L
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calibration curve
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Figure 3: calibration curve between absorbance vs concentration for TMP concentrations
in the range 0-30 mg/L

3.5 Adsorption Experiments

For pH adjustment, Hydrochloric acid (0.1M) and sodium hydroxide
(0.1M) used. The efficiency of the absorption estimated by batch
experimental studies. The adsorption behavior of the surface with
TMP solutions studied. The effect of contact time, temperature, pH,
dose of adsorbent, and the concentration of TMP solutions on the

adsorption process studied. Adsorbent removed by filtration.

The adsorption capacity of the TMP for the TMP calculated using
the following equation 3-1 [62]:

qt = MV (3-1)

m

C, is the initial TMP concentration (ppm) and C; (ppm) is the
residual TMP concentration at time t. C. is the final TMP

concentration in the sample solution after filtration.
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The removal capacity (ge, mg/ g) quantified by equation 3-2:
(Co - Ce)
o= [ @)

Where ge. amount of adsorbed TMP at equilibrium, V (L) is the

volume solution of TMP, m (mg): mass of the used modified (SiNP).

The correlation coefficient (R?) used to determine the best fitting
iIsotherm, q , is the constant, ge is the equilibrium capacity ge™ is
the average of ge. The correlation coefficient (R?) equation shown
below in equation

(3-3):

> _ S(@m —de I? ]
r > Cdom — o )2+ 3(dyy—dg )2 (3-3)

3.5.1 Experiment (1): Optimize the contact time

A 50 mL of TMP solution (10 mg/L) taken and put in 100 mL
beaker with 0.03 g of adsorbent. At different time intervals, part of
the supernatant taken using the pipette and residual concentration of

TMP measured by UV-Vis at normal pH.

For each experimental, three samples taken and the average
reported.

3.5.2 Experiment (2): pH value effect

The effect of pH on adsorption process measured in range 2-12. The
pH adjusted using 0.1M NaOH and 0.1M HCI. A 50 mL of (10
mg/L) TMP added to 0.03 g adsorbent. The sample then put in



31
shaking water bath for 100 min at 25°C. At the end, adsorbent
removed by filtration then filtrate measured by UV-V for the

residual concentration of TMP.

3.5.3 Experiment (3): Temperature effect

The effect of temperature on adsorption process studied in the range
25-45°C. A 50 mL of (10 mg/L) TMP solutions added to 0.03 g
adsorbent samples at pH 8. Each sample put in shaking water bath at

required temperature for 100 min.

Finally, adsorbent removed by filtration then filtrate analyzed by

UV-Vis.

3.5.4 Experiment (4) Trimethoprim initial concentration effect

TMP initial concentration effect on adsorption process investigated. A
50 mL of several concentration of trimethoprim solution (5-30
mg/L) added to 0.03 g of adsorbent, under optimized temperature
(25°C) and pH 8 for 100 min. The absorbance of filtrate measured
by UV-Vis.

3.5.5 Experiment (5) - Adsorbent dose effect

Adsorbent dose effect on the adsorption of TMP investigated.

In order to detect optimum dose. A 50 mL of 10 mg/L trimethoprim
solutions added to 100 mL beakers containing 0.01, 0.03, 0.07, 0.1

and 0.15 g of adsorbent at pH 8. The samples were put in shaking
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water bath at 25°C for 100 min. Absorbance of the filtrate was

measured by UV-Vis.

3.6 Kinetics and Thermodynamics of Adsorption

Pseudo-first order and pseudo-second order Kkinetic models
investigated from studying contact time effect on TMP adsorption at
Si-NP. The Parameters for adsorption of TMP at Si-NP were
determined. The value of both experimental and calculated qe

compared.

The adsorption behavior of adsorbent with TMP studied. We are
trying to reach optimum adsorption conditions by studying the effect of:
pH, contact time, adsorbent dose, temperature and initial
concentration of TMP. Concentration of TMP measured before and
after adsorption by using UV-Vis. Langmuir, Freundlich adsorption
isotherm equations were studied. The values of corresponding
parameters were determined. Thermodynamic parameter like (AS®),
(AH®), and (AG°) were evaluated employing Van’t Hoff’s equation.
At different temperatures ranging (308-320K), the values of K¢ and

percentage removal for trimethoprim were calculated.
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Chapter Four

Result and Discussion
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Chapter Four

Result and Discussion

4.1 Characterization:

4.1.1 FT-IR Characterization

A Perkin—Elmer FT-IR spectrophotometer (Spectrum BX-11) was used to
record FT-IR spectra on KBr disks. with a range of 4000-400 cm™.

To study the synthesis of new materials that has been synthesized for TMP
removal (SINP-Cu) it is necessary to study the functional groups. Si-O-Si
stretching vibrations peak appear at 1,100 cm™. The presence of vibration
peaks at 3446 and 1620 cm™ confirmed presence of adsorption water. The
presence of SINP may be determined by analyzing the appeared bond about
1,4900 cm™, which reflects the bonds of C=N and C=N vibrations. This
validates the molecule's functioning via the silica surface. FT-IR Spectra of

SiG, SiNH, and SiNP shown in figure 4.1.
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Figure 4: FT-IR Spectra of SiG, SINH2 and SiNP

4.1.2 Scanning Electron Micrographs

Scanning electron micrographs (SEM) of SINP and SiNP-Cu were obtained
using a scanning electron microscope (Jeol JSM 60) and an accelerating

voltage of 20 kV.

The SEM is shown in Figure 4.2 were obtained at 800 X magnification.
From the SEM we can see the rough surface for the new synthesized
functionalized structures were present on the surface equally. This
demonstrated the inalienability of the silica gel species after curing to
demonstrate the presence of functional group distribution on the entire
surface. In addition, we can see in portion (a) that the copper ions were

spread equally. SEM images of SiNP (A), SiNP-Cu (B) shown in figure 4.



Figure 5 : . SEM images of SiNP (A), SINP-Cu (B)

4.1.3 TGA Analysis and Thermal Stability

For mass loss and stability studies, A dry sample was heated in a nitrogen

gas at a rate of 10 °C/min (flow rate: 50 mL/min).

This study will help us to have an idea about the surface stability and at the
same time to be sure there is mobility on the surface and how much.
According to the profiles in a and c, the degradation process occurred
between 120 and 800 °C, demonstrating that both SINP and SiNP-Cu
produced materials had high thermal stability. TGA analysis of free silica (a), of

SiNP (b), SINP-Cu (c) shown in figure 5.
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Figure 6: TGA analysis of free silica (a), of SINP (b), SINP-Cu (c)

4.2 Investigation of adsorption parameters

4.2.1 Contact time effect on TMP adsorption

Contact time effect on TMP adsorption on SiNP bond with copper ions, for
different temperatures to determine the maximum time of adsorption, as
shown in Figure 6. During the first 25 min, rapid adsorption of TMP
detected, which resonated to copper ions in the matrix, then decreasing

removal rate with time.

These results were taken at equilibrium when TMP concentration was
reached. From the results, the equilibrium time was set to 100 min for the

rest of the SiINP bath experiments to make sure that equilibrium is reach.

During the time, increase the adsorption of trimethoprim with time

was detected on three temperatures were studied, which resonated to



38

coppers chelate in the matrix. At the first, all the reacting sites are
vacant, so, the rate of adsorption capacity is high and the adsorbents
have available high surface area for adsorption of TMP, and the
absence of different internal diffusion resistance for the solution.
The slow removal rate at the end may encourage of formation of a
monolayer of TMP outside the surface of SiNP, and intra particle
diffusion onto the inner surface. The adsorption becomes constant
because of adsorptive sites were filled. The adsorption process for
TMP at various temperatures gradually reached equilibrium by 100
min. From the figure 6 we can see the same equilibrium times for
the temperatures studied, and not significant increase in the

percentage adsorption with increase temperature.
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Effect of contact time of TMP adsorption on SiNP is show in the

Figure 6 below:

25 4

—m=— 303 K)
—e 315K
—4a— 320 K

The amount of drug adsorbed(mgg)

T 1
(o) 100 200

t (min)

Figure 7: Effect of contact time of TMP adsorption on SiNP

4.2.2 pH effect on TMP adsorption

pH is important factor, which is the rate of adsorption process
affected. The pH effect on removing TMP by modified SiNP at
equilibrium nearly between 2 and 12 is represented in Figure7. The
adsorption process of TMP were affected with an increase of pH.
The TMP adsorption using the synthesized SINP increases nearly
between a pH between 2 and 12 leads to a maximum value around 8
and does not change considerably for higher pH values. Upon
increasing the pH of the solution from 2 to 8 the removal capacity
was increased from 35% to 88%. This is due to the electrostatic forces
of attraction between adsorbent and adsorbate. The TMP is considered a
weak base with a pka of 7.4. At low pH conditions ( pH < PKa) TMP (T:)

IS in the protonated form :

TH & T: + H'
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The adsorbent surface that has positive charge (from copper ions), can act
as a Lewis acid, (accepting electrons from the amine groups of TMP ) does
not prefer the protonated form of the drug. TMP at acidic pH values
carying positive charge , that may explain the poor adsorption of TMP on
the surface of SINP. The percentage of adsorption is increased with an
increase in pH , because of deprotonated form of the drug at higher pH
values(pH > pka) , the net positive charge decreased while increasing pH
value that leads in the decrease of repulsion between the adsorbent surface
and TMP and this will improve the adsorption capacity.The adsorption
mechanism based on chelation between the amine group of the TMP with
the metal . Chelation may be responsible for the higher pH of the
suspension during the isotherm measurements, so the adsorption studies
were carried out at high pH for SiNP bond with copper sorbents. From the

figure the optimal pH value for the adsorption was 8.

pH effect on adsorption of TMP on SiNP
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Figure 8: pH effect on adsorption of TMP on SiNP
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4.2.3 Temperature effect on TMP adsorption

Temperature plays a critical role in any kind of adsorption
processes. To measure adsorption isotherms and thermodynamic
parameters, usually same procedures were used at various
temperatures of 308, 315 and 320 K. The change in the adsorbed

amount of TMP with equilibrium concentrations was shown in figure 8.

The variables Cs was the solid phase concentration (m mol g*) and C. was
representing the final concentration (m mol L™) in the supernatant at
equilibrium for each initial concentration. From the figure 4.6, both the
adsorption amount and rate of TMP using synthesized SiNP enhanced
following an increase in temperature from 308 to 320 K, explaining that
temperature had a positive effect on adsorption. Beside the removal
efficiencies and capacities of the target antibiotics at different temperatures
(308, 315,320 K) increased significantly at the first few minute and this
caused by large amount of vacant active sites. And also the surface area on
the SINP beside the total pore volume of the adsorbent during increasing

the temperature. These results lead to an endothermic nature.
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Figure 9: Temperature effect on adsorption process

4.2.4 TMP concentrations effects

TMP concentration was calculated from the absorption of the
sample solution at 264 nm based on Beer-Lambert law. Effect of
initial concentration of TMP on adsorption process was investigated
for concentration from 10 to 50 ppm with fixing previous conditions
like contact time, volume of solution, temperature and pH

Regarding to maximum removal of TMP at 10 ppm. Concentration

of analytes 10 ppm, chosen as the optimal concentration.
4.2.5 Adsorbent dose effect

Effect of adsorbents dose on adsorption processes was studied with
fixing all Previous conditions like contact time, volume of solution,
temperature, pH, initial concentration of TMP. Adsorbent dose
effect is important factor because of the amount of adsorbent

determines the capacity of an adsorbent. The removal and adsorption
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percentage of the synthesized SiNP wusually increased with
increasing adsorbent dosages from 0.1 to 0.3g due to the increase in
the number of reaction sites available to TMP. This leads to an
increased percentage of TMP removal from the solution. The

adsorption dose effect shows in figure 9.

Cs mmolg!
O R N W Hh U1 O N 0O O

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
adsorbent dosage

Figure 10: Effect of adsorbent dose on the adsorption process

4.3 Adsorption isotherm of trimethoprim

The most common available isotherm equations to evaluate
experimental sorption process parameters are the Langmuir or

Freundlich models.

4.3.1 Langmuir Adsorption Isotherm

Langmuir isotherm model used to describe the chemisorptions and
the affinity for adsorption of a mono- layer molecular. In Langmuir
iIsotherm model, there are no interaction between the adsorbed

molecules.

The famous linear Langmuir equation can have expressed in

equation below.
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Ceo 1 Ce

Cs Cmag Cm

(4-4)

Where: C,, is the amount of TMP necessary for the formation of the
monolayer (adsorption capacity). Cs is the solid phase concentration
(m mol/g). C. is adsorbate concentration at equilibrium (m

mol/L).q, is represent the Langmuir constant (L/mg) related to the

intensity and energy of the adsorption. The specific sorption (Ce/Cs)
plotted against the equilibrium concentration (C.), for each specific
temperature studied. From the plot, the values of the constants C,,

and q, were found.

From Langmuir plot, the values of Cr,, q,, and R? were determined
as shown in figure 10 . Langmuir plot for TMP adsorption on

modified (SiNP).

2.5

Y.
1.5

In Ce/Cs

0.5

0 0.02 0.04 0.06 0.08 0.1 0.12
Ce( mmolL?

Figure 2: Langmuir plot for TMP adsorption on modified (SiNP)
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The values of these parameters shown in table 4. All C, values were

negative for modified SiNP.

Table 4: Langmuir isotherm and correlation coefficient parameters of
adsorption of trimethoprim on modified (Si NP)

Langmuir isotherm parameters | At T=308K | AT T=315K AT 1_(_320
slope -18.769 -8.833 -3.7274
intercept 2.7941 1.7023 1.1417
R’ 0.7044 0.9151 0.7604
Cm ( mmol/g) -0.05328 -0.11321 -0.26828
ok (gL -6.71737 -5.18886 -3.2647
R. 4.28 2.16 2.32

4.3.2 Freundlich Adsorption Isotherm

The Freundlich isotherm model indicate exponential distribution of
the active site and energies surface heterogeneity of the adsorption
intensity. Such model take place when the adsorbate concentration
Increase with increasing adsorbate concentration on the adsorbent
surface. The famous expression for the Freundlich isotherm model

given as in equation:

InCs = InKf +nfinCe (4-3)
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Where K; is represents the adsorption capacity and nf is a
characteristic constant representing sorption intensity, Cs, C. and K¢
represent sorbent amount (m mol/g), residual concentration of sorbet
in solution at equilibrium (m mol/L) and sorption capacity of sorbent
(m mol /g) respectively. Freundlich plot for TMP adsorption on (Si-

NP) showed in figure 11 bellow:

InCe

-5 -4 -3 -2 -1 05 0
1 In cs
) 315
-1.5 0
(@)
) <
-2.5 In cs
-3 320
-3.5
-4
45 InCs

308

Figure 12: Freundlich plot for TMP adsorption on (Si-NP)

The values of Freundlich constants n ¢, Kr and regression constant

(R?) shown in Table 5.
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Table 5: Freundlich isotherm parameters and correlation coefficient
for adsorption of trimethoprim on (Si-NP)

Freundlich Adsorption Isotherm
Temp.(K) 308 315 320
Slope 1.3817 1.3817 1.1902
Intercept 0.9778 0.9778 0.6502
R 0.9989 0.9989 0.9805
N ¢ 1.3817 1.3817 1.1902
Ke 2.658 2.65 1.9159

As shown in table 5, Kg values decreased by during increasing
temperature and this suggest that when we have a lower temperature
(308K) this will cause a higher affinity of the synthesized SiNP for
the TMP. From the values of R?, Freundlich model yielded a much
better fit than the Langmuir model. This explained that the boundary
layer thickness probably increased, and may be the adsorption has
several layers on the top of sorbents surface. The value of n is close
to unity, which means a good adsorption. The calculated n value for
the adsorption of TMP was betweenl1.19 - 1.38 showing a good

efficiency for TMP adsorption by SiNP adsorbent.

These results indicate that SiINP had strong adsorption capacity for

TMP in the solution.
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Table 6: correlation coefficient and parameters of Langmuir,
Freundlich for adsorption of TMP on (Si-NP) at 308, 315. 320 K.
Temp.(K) | Cn (mmol/g) | o (L/mg) R?
Langmuir
isotherm 308 -0.05328 -6.71737 0.7044
parameters 315 -0.11321 -5.18886 0.9151
320 -0.26828 -3.2647 0.7604
Temp.(K) Ny Ke R?
Freundlich 308 1.3817 2.658 0.9989
iIsotherm
parameters 315 1.3817 2.65 0.9989
320 1.1902 1.9159 0.9805

The adsorption data suited with Langmuir and Freundlich, but
Freundlich adsorption model found to be with highest R* and from
here the best suit. The Freundlich model fit more with the
experimental data of adsorption indicates physical adsorption in
addition to heterogeneon mode distribution of adsorbate active sites

at the adsorbent surface.

4.4. Adsorption thermodynamics

Thermodynamic parameters using to study adsorption of TMP by

(Si-NP) were calculated using equations:

Cs
Kc = o (4-4)
AG° = —RTInKc (4-5)
ASo AHo
InKc = ( = ) - & (4-6)

Where Kc: the equilibrium constant, A G°: the Gibbs free energy in

J/mol, AS°: the entropy change in J/mol. K.
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R: the universal gas constant in Jmol. K. T is the absolute

temperature in K and AH® is the enthalpy change in kJ/mol.

From the plot of In K¢ vs. 1/T in figure.4.10, the intercept and slope
found and the values belong to entropy change (AS°) and enthalpy
change (AH®) were calculated. The values of Gibbs free energy (A

G°) calculated at different temperatures.

YT
-1.08
0.0031 0.00312 0.00314 0.00316 0.00318 0.0032 0.00322 0.00324 0.00326

-1.09
-1.1

-1.11

InK

-1.12
-1.13
-1.14

-1.15

Figure 13: Adsorption thermodynamics of TMP onto SiNP

The results exhibit that A S° was 2.771 J/ mol K, AH® was 3.785 kJ /mol.

AG? at different temperatures calculated from the following equation:

AG® = AH° — TAS® (4-7)
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The thermodynamic parameters on TMP adsorption shown in table 7:

Table 7: The thermodynamic parameters on TMP adsorption

A S \mol K)| AR AG° (J\mol)
(J\mol) 308K 315K 320K
27718 3785.45 | 2933.818 2975.905 2901.637

The positive value of AG® at several various temperatures showing the

nature of adsorption is not spontaneous.

From Table 7, the value of AH® is positive and also, the vant Hoff plots of
the interaction of the TMP with the surface of the adsorbents usually
require enough energy and this is the nature of endothermic which cause an
increase in adsorption during increasing temperature. Several parameters
that lead to low adsorption enthalpy such as physical interactions which
caused from electrostatic and nonpolar physical interactions, water
bridging, hydrogen type bonding is another parameter, and finally ion-
exchange reactions between the TMP molecules and the adsorbent

surfaces.

The value and sign of the entropy (A S°) gives information if the adsorption
process is an associative or in the other hand dissociative process. From the
Table, the standard entropy change for TMP sorption process is positive
which explain the degrees of freedom for the adsorbed species are usually

increasing with dissociative process.
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4.5 Adsorption kinetics of TMP

The kinetics study of TMP onto SiNP has analyzed at concentration
of 25 ppm with respect to different adsorption temperature from 308
to 320 K. The adsorption kinetics investigated with Lagergren’s

pseudo first-order and second order model.

The pseudo-first order kinetic model of Lagergren’s expressed
below:

L () (1)L L -

x= G0+ 5 (4-8)
Where q;: the amount of solute adsorbed at various time t, in (mg/g),

g:: the maximum adsorption capacity (mg/g) and kj: first order rate

constant (min™).

Kinetic parameter Kk; and g, calculated from the slope and intercept
of the pseudo first —order straight line in figure 13. These
parameters and correlation coefficients (R;?) were determined in
Table 8. R,* were between 0.5422 and 0.9044 at 308, 315, and 320
K, respectively. Pseudo first order model is suitable to TMP
adsorption on SiNP if plot was having good correlation coefficient
close to one. From the table, the adsorption process is not pseudo
first order process. Calculated and experimental q; value were
represented in table 8 shows that the calculated ge values are not
compatible with the experimental ge value. This indicate that the

pseudo first —order kinetics not good fit for this process.
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Figure 3: A pseudo-first order kinetic model

The pseudo -second-order kinetic model known equation related to

equilibrium adsorption as in equation (4-9).
t 1 t
R — + — 4-9
ac k2022  ap (4-9)

K, is the rate constant at equilibrium (g mg™min™). g is the maximum
adsorption capacity (mgg™). From the linear plots of (t/q ) versus t. K, and

Qg at various temperatures calculated.

From the plots and fitting equations, the calculated data showed that the
adsorption process of TMP onto SiNP followed the pseudo-second — order
kinetic model. The calculated adsorption capacity was almost near the
experimental values, so the adsorption may be in the active parts of the

sorbents surface.

The experimental dada fitted better by the second-order kinetic model as

seen from Table 8. Calculated and experimental g, values are compatible.
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Figure 15: the second order kinetic model

The maximum adsorption capacities measured from TMP adsorption
onto SINP lower at high temperature. This explain that the

adsorption of TMP is a physical process adsorption.
Table 8: The kinetic parameter for TMP adsorption on SiNP

Temp.(K) 308 315 320

Ky 17.8797 | 7.660 2.8597

Psegfdoe:”ﬂ qe 23,5849 | 17.51313 | 18.2149
Qe (calculated) | 9.32 11.23 13.62

R? 0.9044 | 05422 | 06311
Temp.(K) 308 315 320

K,(gmg™min™) | 0.00078 | 0.0012 0.00415

ge (mgg™) |27.1002| 205338 | 19.1570
ge(calculated) | 42.86 22.23 47.85
R? 0.9919 | 0.9919 0.999

Pseudo second
order

Other model applied in order to quantify the changes in adsorption
with time. Intra particle diffusion model of Weber and Morris [63]

shown in equation (4-10):

gt = kt1\2 4+ ¢ (4-10)
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Q « the amount of drug adsorbed (mol/g) at time t, C is the intercept, that

give an idea about the boundary layer thickness .k; is the intra particle

diffusion rate constant (mg s™g™). From the plot of q t versus t 2., k; value

obtained. Intra particle diffusion model given in Equation (4-10) shown in

figure 15.

interparticle diffusion modle

qt(mg.g-l)
= = N N w
o x o & o

(%]

o

0 5 10 15 20 25

t Y2 (min?/?)

gt at 308 gt at 315 gt at 320

Figure 4 : Intra particle diffusion model

Table 9: Intraparticle diffusion model parameters

30

Intra particle diffusion model
Temp. (K) 308 315 320
Slope Ki 0.58 0.322 0.126
Intercept C 11.7 11.55 15.77
R 0.9871 0.9555 0.9893

From figure 15 of the plots of q; versus t *? is almost straight which

indicates an intra particle diffusion effect [64] .From the value of the

intercept (C) which indicates the thickness of layer of adsorption. Larger C
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values mean larger boundary effect. In the other hand when C= 0 ,this

means the adsorption process is controlled by intra particle diffusion.

Other fact that the linear portions of the intra particle diffusion curves did
not pass through the origin, which means the adsorption process is

controlled by the rate of adsorption.

4.6 Theoretical results

4.6.1 DFT study

As mentioned above, the main aim of this research study is the removal of
the TMP from wastewater using SINP. So that our discussion focuses on
the results obtained in aqueous solution. The optimized geometrical
structures, the molecular electrostatic potential maps (ESP) and the
distribution of HOMO orbital and LUMO orbital of the TMP compound
are shown in Figure 16 (b and c). We found that the distribution of the
electron cloud in these two orbitals was mainly concentrated on the most of
the entire moiety of the molecule. In particular, we found that the HOMO
orbital was more distributed on the N atom and the delocalized =-electrons
of the pyrimidine and the aromatic benzene ring. This finding suggests that
the N atoms and the delocalized m-electrons are responsible to donate the
electrons to interact with the SiNP surface. On the other hand, we also
found that the LUMO was found more distributed on the C atoms,
suggesting that the C atoms are the centers that responsible to accept
electron from the SiNP. These findings were also confirmed by monitoring

the ESP map (see Figure 16 (d)). The small value of the energy gap
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indicates the high reactivity and the ease of the adsorption process of the
TMP on the SiNP surface (Table 10). As in known, in the process of
adsorption of TMP by SiNP, the electron charge is transferred from the
TMP toward the SiNP surface, and this result is in agreement with positive
values charge transfer maximum parameter (AN) [65] . The positive value
of AN proves that the TMP has donor electron effect and is a donor
electron (Table 10). Furthermore, the chemical electronic potential of the
TMP is negative and it means that the TMP is stable and it is not
decompose spontaneously into the elements and compounds are made up of
them. The energy gap of TMP is quite high. The dipole moment of TMP
(4.97 Debye) is higher than that of water (1.82 Debye) and it means that

TMP able to expel water from the SiNP surface (Table 10).
(a)

‘

_5445E-2  5.445E-2

Figure 17: (a) optimized structure, (b) HOMO, (¢) LUMO and (d) moleular
electrostatic potential map (ESP) obtained using B3LYP/6-31+G(d,p) level
oftheory in gas phase.
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Table 10: Quantum global reactivity descriptors of the TMP molecule

Gas phase agueous solution
E o (hartree) -989.054 -989.071
Volume (bohr’/mol) 2174.001 2561.223
Dipole moment p*
(Debye) 4.05 4.97
Enumo (eV) -5.883 -6.154
ELUMO (eV) -0.637 -0.897
Enomo-1 (eV) -6.346 -6.522
EHOMO-Z (eV) -6.590 -6.803
Energy gap 4E (eV) 5.245 5.258
Hardness (n) (eV) 2.623 2.629
hyper-hardness () 4,782 4.890
Softness S (eV™) 0.381 0.380
Chemical potential (7) -3.960 3525
(eV)
Electrophilicity (o) (eV) 2.026 2.364
Maximum charge transfer
(AN) 1.243 1.341

Full set of the NBO charges, LRDs and DDs obtained at B3LYP/6-
31+G(d,p) level of theory in aqueous solution are listed in Table S1 of the
electronic supplementary information (ESI). Figure 16 (a-c) shows the
graphical representation of the LRDs (£, oif and woj, repectively) of TMP
compound. Our computed results suggest that the highest nucleophilic
attack (f,r)are found on C17, N4 and C16, whereas, the highest
electrophilic attack (f;) are found on C10, N5, N7 and N6, see (Figure S1
(a)). As known, the most nucleophilic sites in investigated compounds have
the highest value of o, and wj, while the highest value of 5;' and w; reveals
the most electrophilic site in TMP compound [66], see panels (b) and (c) of

figure 16. For numerical results, see Table S1 of the ESI. Consequently,
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similar conclusions can also be marked by following the results of the local

softness and the local electrophilicity.
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Figure 5: Graphical representation of the LRDs

(a) ,5, (b) o, (c) woir, and (d) the local dual descriptors, (2, Aokand Aay)
based on Fukui Functions of the TMP compound obtained using B3LYP/6-
31+G(d,p) level of theory in aqueous solution (the atom-numbering is in
correspond with Figure 1a). (d) shows the graphical representations of the
dual reactivity descriptors of TMP compound obtained using B3LYP/6-
31+G(d,p) level of theory in agqueous solution. Full set of numerical results
of the DDs can be followed in Table S1 of ESI. A close inspection of the
figure and Table S1 reveals that the most active sites, withf%, 40, and Aw,, <
0, that are responsible to donate electron to SiNP surface are C10, N7, N5

and N6, whereas the most active sites, with f%, Ao, and Aw, > 0, that are
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responsible to accept electron from SiNP surface are C17, C16 and N4.
These results agree with the results obtained by HOMO, LUMO and ESP

maps.

4.6.2 Monte Carlo (MC) and Molecular Dynamic (MD)

simulation

The interaction between the modified silica surface and the TMP molecule
was investigated using a large number of randomized Monte Carlo steps
(configurations). The MD computations continue to employ the lowest
energy geometry as provided by the MC. The simulation is performed
under Periodic Boundary Conditions using the cell with dimensions
presented in figure 18 (a). In the simulations the modified silica surface
box is filled with 1 TMP and 650 water molecules. Prior to the MD stage
the geometry was optimized using the Forcite module built into the Biovia
software (tolerance for energy convergence of 1*10-5 kcal/mol;, atom-
based summation method for both electrostatic and van der Waals
interactions with a cutoff distance of 15.5, a spline width of 1, and a 0.5
buffer. Atom-based summation method for both electrostatic and van der
Waals interactions with a cutoff distance of 15.5, a s MD was done at 25°C
with a 1 ns simulation duration using the Constant volume/constant
temperature (NVT) canonical ensemble (using a 1fs time step)) [67-72].
The Berendsen thermostat maintains the T control. Calculations for MC

and MD are performed using the Universal force field [73].
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Figure 6(a) The size of the simulation box containing the modified silica surface and the
vacuum layer, (b) MC pose of the lowest adsorption configurations for onto Modified
silica surface and (c) Lowest energy configurations of the interaction of TMP molecule
onto modified silica surface obtained by MD.

The lowest energy configurations for the silica surface and the TMP
molecule are shown in Figure 18 (c). The measurable verdict of the
interaction between TMP molecule and the modified silica surface is

calculated using the following equation:

Eaas = Etotar — [Etmp + EModified silica |
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Where: E IS the total energy of the system as a result of Modified Silica
surface and the TMP molecule interaction; Ecyunor ppanions and
EMoaified silica 15 SyStem energy in the absence and presence of TMP
molecule. MC calculations yield the lowest energy pose after a
considerable number of randomized configurations. The Monte Carlo
simulations (Figure 18 (b)) show that the TMP molecule adsorbs
extensively on the modified silica surface, which is consistent with the
experimental findings. The adsorption's negative value indicates the
adsorption process' spontaneity on this adsorbent [74]. Figure S1 (a-d) , in
the ESI depicts the energies during the attendance of the lowest energy
position,. The distribution of the adsorption energies for the TMP molecule
on the modified silica surface gained via MC, the graph of temperature
control from MD during the interaction of the TMP molecule onto
modified silica surface and the interaction energy of the TMP molecule

onto modified silica surface during MD, respectively.

The distribution of the adsorption energies as shown in the Figure 18 (b)
are in range -5 to -95 kcal/mol depending on the contact configurations
among TMP and modified silica surface. MD is primarily concerned with
monitoring the overall dynamics of the process [75]. The small temperature
drift on the graph in Figure S3 (c) shows that the equilibrium configuration
has been reached. Figure 18 (c) shows the lowest equilibrium energy
structure for the TMP molecule interaction with modified silica surface
obtained from MD. The interaction (adsorption) energy during the MD is

assessed at each time elapse and is presented in the Figure 18 (c) and
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descriptive statistics in Table 11. Relative high adsorption energies are
consistent with experimental findings. The negative values of the
adsorption energies indicate the spontaneity of the adsorption process.

Table 11: Statistics of the interaction energy of the TMP molecule onto
modified silica surface during MD (energy values are in kcal/mol).

Molecule Mean Minimum Median Maximum
TMP -15.48 -3.78 -16.51 -29.58

Recently, several research studies for pharmaceutical and personal care
products (PPCPs) have been occurring around the world because of their
severe distribution, continuous release, and huge effects on wildlife in the
environment have been studied for their removal from wastewater. This
study includes the use of 1,5-Dimethyl-1H-pyrazole-3-carbaldehyde that
has been fixed on the silica surface after several treatment and modification
using 3-aminopyltrimethoxysilane and refluxed with copper nitrate to end
up with SiNP-Cu which was used as adsorbent for the removal of TMP.
The adsorbent showed a high percentage removal towards TMP, which
reached more than 94%. The new synthesized material was characterized
by FT-IR spectra, nitrogen adsorption-desorption isotherm, BET surface
area, B.J.H. pore sizes, thermal gravimetric analysis (TGA), and scanning
electron microscopy (SEM). The new chelating surface exhibits good
chemical and thermal stability. The sample was easily regenerated by
soaking the sample in 6 N HCI for a few minutes (5-10 mL of 6 N HCI per
g of support). The sorbent was regenerated five times. It showed no
significant decrease in extraction percentage. The absorption process

showed very high pH dependent and it followed Freundlich and pseudo
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second order adsorption models. The adsorption process was not

spontaneous.

The global reactivity indics prove that TMP is stable and it can be removed
from wastewater using SiNP surface. The results of the local reactivity
indices concluded that the active centers for the adsorption process are the
nitrogen atoms and the m-electrons of the pyrimidine and benzene rings.
Furthermore, the positive value of the maximum charge transfer number
(4N) proves that TMP has a great tendency to donate electrons to SiNP

surface during the process of adsorption.

The relative high adsorption energies obtained by MD simulation study are
consistent with experimental findings. The negative values of the

adsorption energies indicate the spontaneity of the adsorption process.
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Conclusions

1.  The results of characteristics of SiINP and their performance in
TMP removal from aqueous solution show highly dependent
on initial concentration, adsorbent dosage, the solution pH and

temperature.

2. It was found that adsorption of TMP using (Si-NP) obeyed
both Langmuir and Freundlich isotherm models, but mostly

fitted with Freundlich model.

3.  The adsorption capacity of (Si-NP) followed pseudo second
order model, Q. calc. (42.86, 22.23, 47.85 ) was in consistent
with the experimental value (Q . exp.27.1 , 20.53 , 19.15) at

three temperature studied.

4.  Thermodynamic parameters of the adsorption of TMP on (Si-

NP) revealed the following:

e The positive AG® values 2.901 to 2.975 kJ/mol) indicated
that the adsorption is nonspontaneous at measured

temperatures.

e The positive value of AH®° (3.78 kJ/mol) reflected an

endothermic adsorption.

e A positive value of A S° (2.77 J/mol K) suggested

dissociative mechanism processes.
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Si-NP matrix removed TMP from wastewater. TMP is
mainly base on the chelation between the amine groups of
the TMP with the metals, in order to prevent the hazardous
effects of TMP in the case of disposal in the aquatic
environment. SINP is a good sorbent, which can be used

for the removal of TMP from wastewater treatment plants.

Anew sorbent that facilitates chelation, and increases the

adsorption capacity.
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Recommendations

Since kinetic pseudo - second order further investigation is

required to study the removal mechanism of TMP.

The possibility of using this matrix as stationary phase for

HPLC.

Studying the effect of presence of metal ions in the aqueous

medium on TMP adsorption.
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Data of experiment 1: Effect of contact time

Contact Oe Oe Oe
time (min) | 308K | 315K 320K
0 5 6 7
10 7 9 11
20 13 13.6 13.8
50 14 15 16
90 19 19.5 19.9
100 21 21.7 22.1
150 22 23 23.5
Temperature = 25 C°
Concentration of TMP =10 mg/L
Solution volume= 50 mL
Adsorbent dose= 0.03 g
Data of experiment 2: Effect of pH
pH | Adsorption
%
2 35
4 53
6 67
8 87
10 89
12 92

Co=10 ppm
Temperature= 25 C°
Time= 100 min.
Adsorbent dose=0.03g

Solution volume=50mL
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Data of experiment 3: Effect of temperature

Temp. K. Ln K, UT | AH®° | AS® | AG®

(k) (k* *10%) K j/mol j/mol k K j/mol k

308 |0.318] -1.1457 | 3.785 |3.566 | 2.7718 | 2.934

315 [0.321] -1.13631 | 3.175 |3.566 | 2.7718 | 2.976

320 ]0.336 | -1.09064 | 3.125 |3.566 | 2.7718 | 2.902

pH= 8

Time = 100 min.
Adsorbent dose= 0.03g,
Solution volume= 50 mL

Data of experiment 5: Effect of amount of adsorbent

Weight of dose(g) Cs
0.01 3.7
0.03 4.1
0.08 4.4
0.1 5.6
0.2 6.8
0.3 8.2

Temperature=25 °C

Time= 100 min.

PH=8

Concentration of TMP =10 mg/L

Solution volume= 50 mL
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Adsorption isotherm of TMP

Ce Csat Csat | Csat320 | Ce/Csat Ce/Csat | CelCsat
308 315 308 315 320
0 0.003 0.008 0.01 0 - -
0.02 | 0.009 0.012 0.02 2.2222 1.6666 1
0.03 | 0.01 0.021 0.03 3 1.4285 1
0.04 | 0.022 0.032 0.04 1.81818 1.25 1
0.05| 0.03 0.041 0.05 1.6666 1.2195 1
0.06 | 0.041 0.052 0.061 1.4634 1.1538 0.9836
0.07 | 0.058 0.068 0.072 1.2068 1.0294 0.9722
0.08 | 0.062 0.082 0.095 1.2903 0.9756 0.8421
0.09 | 0.073 0.098 0.12 1.2328 0.91836 0.75
0.1 0.09 0.11 0.14 1.1111 0.9090 0.7142
Ln C, Ln Cs at 308 Ln Csat 315 Ln Cs at 320
-5.80914 -4.82831 -4.60517
-3.91202 -4,71053 -4.42285 -3.91202
-3.50656 -4.60517 -3.86323 -3.50656
-3.21888 -3.81671 -3.44202 -3.21888
-2.99573 -3.50656 -3.19418 -2.99573
-2.81341 -3.19418 -2.95651 -2.79688
-2.65926 -2.84731 -2.68825 -2.63109
-2.52573 -2.78062 -2.50104 -2.35388
-2.40795 -2.6173 -2.32279 -2.12026
-2.30259 -2.40795 -2.20727 -1.96611
Adsorption kinetics of TMP
t™” | Time | Quat | Quar | Quat | 1/time 1/Qra 1/Qta 1/Q¢a
(min) | sosc | 315 | 320c 308C 315C 320C
5 25 14 1138|165 | 0.04 |0.071429 | 0.07246 | 0.0606
10 100 | 18 |14.2| 17 0.01 0.05555 | 0.07042 | 0.0588
15 225 | 21 |15.8|17.5|0.00444 | 0.047619 | 0.0632 | 0.05714
20 400 | 23 [18.3| 18.3 | 0.0025 | 0.043478 | 0.05464 | 0.05464
25 625 | 26 |19.8| 19 | 0.0016 | 0.03846 | 0.0505 | 0.0526

Q.=2.783
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