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Abstract

Pure metal oxides nanoparticles such as magneside and zinc oxide (MgOand
Zn0O) were successively synthesized using #greeiptation method (oxalate route).
Silica and mesosilica coating of metal oxidesnicrosphers of general formula
MO@SIiQ, MO@mSIQ or MO@SIQ@mSIQ were preparediusing simple sl gel
method (Stéber method)n this method the metal oxide nanparticles were firstly
dispersed into the solution prior to silica encapsulation lygaslbmethod. Amine or
thiol functionalizedof pure metal oxide,mesosilica or silicamesosilica coatednetal
oxide are also prepared byafting methodusing the approjate silane couplingagens.
Mesosilica or silicamesosilica free of metal oxide were obtained by treatment of silica
coated metal oxides with dilutiodCl. It is found thatthese metabxide nanoparticles
were fully dispersed into silica microsphers and their outer meso sgicalls were
functionalized by amine or thiol functional ligamgougs. It is found that the coating
with silica or mesosilica shells does niiteed the partie size of theencapsulatechetal
oxide nanoparticleslt is found that these nanoparticles are well disperseténor both
silica shells The silica and meso silica coating ofiagnesiumoxide and its amine
functionalizedwere used for thadsorptionand removabf BTB and heavy toxic metals
from water, UV-VIS studies indicate that some of these materials showed high potential
for the removabf toxic dyesand heavy metal ionJ he synthesized Mg@ndzZnO and
their silica mesosilica coating samplesvere characterized byhtrmal gravimetric
analysis (TGA),Powder Xray diffraction (XRD), Transmission electron microscopy
(TEM), Energydispersive Xray spectroscopy (EDX), UWIS and Photoluminescence
spectroscopy.FTIR and TGA and*C NMR analysis have proved that the
organofunctional groups were introduced into the meso silica outer stRRID results
confirmed that there was no significant change in particle size after silica coating
process. TEM analysis showed thiaé metal oxde particles are viedispersed into
silica microsphereand into the meso outer shell.hr€e shells arounchetal oxide core

are well observedsilica , meso silica and functionalized silica.
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CHAPTER ONE
Introduction



1.1 Metal oxide nanoparticle

Metal oxides play a very important role in many areas of chemiptrysics and
materials sciencéMetal oxide nanoparticles can exhibit unique physical and chemical
properties due to their limitesize and a high density of corner or edge surface sites.
Particle size is expected to influence three important groups of basic propedi®s
materiaére: 1) The structural characteristics, namely tlagtice symmetry and cell
parameters [1]. Bulk ox@&b are usually robust and stallstems with welblefined
crystabgraphic structures. However, the growimgportance of surface free energy and
stress with decreasing particle size musttesidered2) Changes in thermodynamic
stability associate witkize can inducenodification of cell parameters and/or structural
transformationg2,3,4] and inextreme cases the nanoparticle can disappear dGg to.
Interactions with its surroundingnvironment and a high surface free en€fjy In
order to displaymechanical orstructural stability, a nanoparticle must have a low
surface free energy. As @nsequence of this requirement, phases that have a low

stability in bulk materials cabecome very stabi@ nanostructures.
1.2 Methods of preparations of metal oxide nanoparticle

The first requirement of any novel study of nanoparticle oxides isythihesis of the
material. The development systematic studies for the synthesiogide nanoparticles
is a current challenge and, essentially, the corresponutaggaration methods may be
grouped in two main streams based upon the ligaldl [6] and gassolid [7] nature of

the transformations.

1.2.1 Liqui d-solid transformations methods

Liquid-solid transformations are possibly the most broadly used in ordeorwol

mor phol ogi cal characteristics wifolowacer t ai n
Abotupdn appr oac h specidic methadd leave beem developadhong

which those broadly in use are:

1.2.1.1 Co-precipitation methods

This involves dissolving a salt precursor (chloride, nitrate, etc.) in water (or other
solvent) to precipitate the oxwoydroxide form with the hel of a base. Very often,
control of size and chemical homogeneity in the case of rmxetdl oxides are difficult



to achieve. However, the use of surfactants, sonochemical methods, argtavigy
reactive precipitation appear as novel and viable aligasato optimize the resulting

solid morphological characteristif®,8,9].

1.2.1.2 Solgel processing

The method prepares metal oxides via hydrolysis of precursors, usually alkoxides in
alcoholic solution, resulting in the corresponding woroxide. Condensation of
molecules by giving off water leads to the formation of a network of the metal
hydroxide. Hydroxyspecies undergo polymerization by condensation and form a dense

porous gel.Appropriate drying and calcinations lead to ultrafine poroudes{iL0].

1.2.1.3 Microemulsion technique

Micro emulsion or direct/inversaicelles represent an approach based on the formation
of micro/nanereaction vessels under a ternary mixture containing water, a surfactant
and oil. Metal precursors or iwater will proceed precipitation as oxwydroxides
within the aqueous droplets, typically leading to mono dispersed materials with size
limited by the surfactarftydroxidecontacf11].

1.2.1.4 Solvothermal methods

In this case, metal complexes are decompadletmally either by boiling in an inert
atmosphere or using an autoclave with the help of pressure. A suitable surfactant agent
is usually added to the reaction media to conpatticle size growth and limit

agglomeration.

1.2.1.5 Template/Surface dervatized methods

Template techniques are common to some of the previous mentioned methods and use
two types of tools; softemplates (surfactants) and hdednplates (porous solids as
carbon or silica). Templatand surfacenediated nanopatrticles precursbave been

used to synthesize selssembly systenjs].

1.2.1.6 Thermal decomposition
Thermal decomposition, or thermolysis, i<l@emical decompositionaused by heat.

The decomposition temperature of a substance iethperaturat which the substance


https://en.wikipedia.org/wiki/Chemical_decomposition
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chemically decomposes. The reaction is usuaillyothermi@as heat is required to break
chemical bondsin the compound undergoing decomposition. If decomposition is
sufficiently exothermic a positive feedback loofs created producinthermal runaway

and possibly an explosiofi2]. The Thermal Decomposition ChangeDC) is the
temperature at which a substance begins to undergo a detectable chemical or physical
change of state underspecified set of other environmental conditions (e.g. atmospheric
pressure, chemical environment, mechanical strain, and rate of temperature change)
[13]. The synthesis of nanoparticles (NPs) by thermal decomposition of suitable metal
precursors in liqu phase has received attention as a reliable syntfwetie to prepare

metal NPs of controlled size and shape-1¥4. This method potentially offers control

of morphological parameters that are not easily achieved by other mgtBatid]. The

NPs are sythesizedoy solutiornphase reduction of the metal precursothe presence

of capping ligands anckducingagents.

1.2.2 Gassolid transformation methods

Gassolid transformation methods with broad use in the context of ultrafine oxide
powder synthesiare restricted to chemical vapor deposition (CVD) and pulsed laser
deposition (PLD).

1.2.21 Chemical Vapor Deposition (CVD)

There are a number of CVD processes used for the formation of nanoparticles among
which we can highlight the classical (thermadictivated/ pydrolytic), metalorganic,
plasmaassisted,and photo CVD methodologig20]. The advantages of this
methodology consist of producing uniform, and reproduce nanoparticles and films

although requires a careful initial setting pure up of the experimental parameters.

1.2.22 Pulsed Laser Deposition (PLD)

Multiple-pulsed laser deposition heats a target $am@000 K) and leads to
instantaneous evaporation, ionization, and decomposition, with subsequent ofixing
desired atoms. The gaseous entities formed absorb radiation energy from subsequent
pulses and acquire kinetic energy perpendicularly to the témgbe deposited in a

substrate generally heated to allow crystalline grd@ih.
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1.3 Metal oxide nanoparticles (NPs)

1.3.1 Zinc oxide nanoparticles

ZnO is a ntype and wide band gap semiconductor with band gap of 3.37 eV and an
exciton (eh pair) birding energy of 60 meV. These properties make ZnO unique in
many applications as a piezoelectric materidly/ light-emitting diodes, lasers,
photovoltaic solar cells, U¥hotodetectors, gesensors, and varistof22-25]. For

many applications of Zn®@equire high surface area, the synthesis of mesoporous ZnO
is also very importanf26,27]. To the best of our knowledge, only one example of
mesoporous ZnO prepared by EISA method was demonstrated by Schith and
coworkerg28,29]. They have used a speciabanometallic singlsource precursor for

the controllable condensation of ZnO precursor. The mesoporous ZnO has also been
prepared through nanocasting methf#D]. Generally, ZnO nanoparticles were
embedded into mesoporous silica to obtain high surfaea ZnO without particle
aggregation through solid state grinding metf@t|, templating chelating ligand [32]

and functionalization of silica walls [33However, all these methods do not ensure

high loading of zinc oxide into mesoporous silica.
1.3.11 Zinc oxide nanoparticlesapplications

1- Among the various metal oxides studied for their antibacterial activity, zinc
oxide nanoparticles have been found to be highly toxic. Moreover, their stability
under harsh processing conditions and relatively low iiyxaombined with the
potent antimicrobial properties favours their application as antimicrobials [34].

2- Zinc oxide, with its unique physical and chemical properties, such as high
chemical stability, high electrochemical coupling coefficient, broad rarige
radiation absorption and high photostability, is a multifunctional material
[35,36].

3- ZnO has a wide range of applications in optoelectronic devices [37] such as
light-emitting diodes, photodetectors, ard pomojunctions.

4- ZnO has properties whiclhccelerate wound healing, and so it is used in
dermatological substances against inflammation and itching. In higher

concentrations it has a peeling effect.



5- ZnO is used in suppositories. In addition it is used in dentistry, chiefly as a
component of dentgdastes, and also for temporary fillings.
6- ZnO is used in various types of nutritional products and diet supplements, where

it serves to provide essential dietary zinc [38].
1.32 Magnesium oxide nanoparticles

Magnesium oxide continues to receive attantloie to its interesting properties in bulk

as well as in nano scale and wide ranging applications in microelectronics,
heterogeneous catalysis, plasma display panels,3d.2]. Its optical properties with
oxygen vacancies retaining one or two eledspnknown as F and F centres,
respectively in bulk and on the surface [4%]. An Fcenter, Farbe center or color
center (from the original German Farbzentrum; Farbe means color, and zentrum center)
is a type ofcrystallographic defedh which ananionicvacancy in arystalis filled by

one or moreelectrons Electrons in such a vacancy tend to absorb light in the visible
spectrum such that a material that is usuminsparenbecomes colored. This is used

to identify many compounds, especialiync oxide(yellow). Color centers can occur
natually in compounds (particularly metallic oxides) because when heated to high
temperature the ions become excited and are displaced from their normal
crystallographic positions, leaving behind some electrons in the vacated spaces. F
centers are often paragreetic and can then be studied blectron paramagnetic
resonancéechniques. The greater the number -afelters, the more intense is theocol

of the compound. A way of producingdenters is to heat a crystal in the presence of an
atmosphere of the metal that constitutes the material Na@l,heated in a metallibla

atmospher¢46|.

Accordingly, strong photabsorption peaks observed at 4.96 and 5.03 eV have been
assigned to the gap states generated by bulk F &ncerires, respectively; the
absorption by surface Fnd F centres however occurs at relatively lower energies
[47,48. The nature of various F centres in MgO depends on the synthesis process,
treatment conditions, etc. For example, neutron or ion irradiation genefatestfes,
thermachemical reductionelads to neutral F centres, and elecircadiation gives rise

to both the F an" centres [4%5]. If the concentration of For F') centres becomes
high, aggregates/dimmers, i.e., AR, and FF' type centres (termed &5, " and

F,?*, centres,respectively)may possibly be formed as well. Their presence causes

c
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reduction in the energy of absorption drastically ,e.g.difers exhibit absorptions at
3.5and 1.5 eV whereas £ centres show absorption a8 eV [57,50,5659]. The
optical propeiies of MgO have also been investigated by emission resulting due to
excitation with UM vis radiation. These reveal huge Stokes shift and energy levels
corresponding to F and” Feentres lie below the conduction band by 2%63 and
3.43 3.46 eV, respectively [43,44

1.32.1 Magnesium oxide nanoparticlespplications

1- MgO nanoparticles are found to possess many properties that are desirable for a
potent disinfectantl]. Because of their high surface area and enhanced
surface ractivity, the nanocrystals adsorb and carry a high load of active
halogens. Their extremely small size allows many particles to cover the bacteria
cells to a high extent and bring halogen in an active form in high concentration
in proximity to the cell §0]. Standard bacteriological tests have shown excellent
activity against E.coli and Bacillus megaterium and a good activity against
spores of Bacillus subtilis[L].

2- Fire retardant used for chemical fiber and plastics trades.

3- High-temperature dehydratinggent used for the production of silicon steel
sheet, higkgrade ceramic material, electronic industry material, adhesive and
additive in the chemical raw material.

4- High-frequency magneticod antenna, magnetic device filler, insulating
material filler andvarious carriers used in radio industry.

5- Refractory fiber and refractory material, magnesheome brick, filler for
refractory coating, refractory and insulating instrument, electricity, cable, optical
material, material for steamelting furnace andther high temperature
furnaces, heating material and ceramic base plate.

6- Electric insulating material for making crucible, smelter, insulated conduit
(tubular component), electrode bar, electrode sheet.

7

Fuel additive, cleaner, antistaigent anaorrosion inhibitof{62].

1.4 Stober method

The Stober process isphysical chemistryprocess for the generation monodisperse
particlesof silica. The process was discovered in 1968 by Werner Stober et al. building

T
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on earlier work by G. Kolbe in published in 1956. The topic has since been widely
researchedTetraethybrthosilicateis added to an excess of water containing a low
molar massalcoholsuch asthanoland cordiningammonia The resulting solution is

then stirred. The resulting silica particles have diameters between 50 and 2000
nanometers depending on type of silicate ester used, type of alg#tland volume
ratios. A particle size up to 1000 micrometres has been reported in a mediiigsion
technique. The reactions taking place asarolysis of the silyl etherto a silanol
followed by condensation reactionsThe particles have been analysed lmht
scattering The process is believed to églace via aaMer model(monomer addition)

in which nucleation is a fast process, followed by a particle growth processutvit
further nucleation. In an alternative model called controlled aggregation, the particles
grow by aggregation of smaller particles. This model is supportethibsogravity
expeiments and bySAXS analysis. Kinetics have been investigated with variation in
pH [63].

1.5 Coating of Metal Oxides Nanoparticles

15.1 Coating with organic polymer

Since the metabrganic coreshell nanoparticles have surfaces with amount of
functional groups, they are easily modified for bamjugation purposg$4-66]. As an
example, the distinctive optical properties including localized surface plasmon
resonance ahe nanoscale noble metals lika and Ag lead to a considerable attention

on them. For metal or metalloid oxideganic coreshell nanoparticles , the fortian is

easy by a chemical reaction. But it is difficult to attain the particles with smaller size in
a dispersing media, because they highly tend to grow and easily in agglomeration.
Coating the particles with a simple shell of polymer materials is agllert method to

solve that problem because the shell can be removed g&8ily

Metal oxides, especially transition metal oxides coating on the organic materials can
help them have excellent applications in a broad range of fields such as material
additives[68-70], controlled releas§rl], catalysig[72], optics[73-75], and so a. It

is a liquidlike assembly owing to that there is no interaction between the chains. There
are some common polymers always used as the organic shell materials faosédxa
polystyrene (PS)76], poly(methylmethacrylate) (PMMA)77-79], poly(vinyl chloride)
(PVC)[80Q], and poly(3aminophenylboronic acidg1l].
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Although most studies have focused on the development of small organic molecules and
surfactants coating up to now, owing to the advantages of polymers coating will
increase repulsive forces to balance the magnetic and the vesaalsrattractive forces

acting on the NPs. In addition, polymers coating on NPs offer a high potential in the
application of several fields. Moreover, polymer functionalized NPs have been
extensively investigated due to interest in their unique physical or chemical properties.
To make use of these materials for fundamental or applied research, access to well
defi ned NPs samples whose properties can
IS necessary. In a number of cases it has now been shown that, through careful choice of
the passivating and activating polymers and/or reaction conditions, can produce NPs
with tailored and desired properties. Polymer coating materials can bdiethgsio
synthetic and naturallhe saturation magnetization value of NPs will decrease after
polymers functionalization. Currently, there are two major developing directions to
form polymers functionalized NR82.

15.2 Coating with inorganic polymer

Silica-polymer coreshell nanopatrticles improve colloidal stability. They are important with
a wide range of applications in electrical devices, material additives, controlled release,
catalysis, sensors, and optical devi¢@3]. Silica based materials are the most ancient
and widely used inorganic materials knotenman. Likewise, silica (Si§) is a very
common metal oxide material in daily life. Thleemical inertness and rigid structure of
this material has promoted its extensive usage a very long period of time and has
led to the development of various applicationkjch include corrosiomprotection and
chromatographic applications [@6]. Theporosity of the silica based materials also
allows wide applications such asmobilization and catalysis [889] . In the last
decades sogel : chemistry has playedmajor role in preparation olisa based hybrid
materials by bridging organic andhorganic in coupling [90]. The attractive
characteristics of these materials wighectrochemical science is now in progress
[90,91]. Preparation of s@el matricesdoped with some chemically and bigically
active molecules is a promise route deemical solidstate sensors [982]. Solgel
matrices appear as a very importaechnique for immobilization, entrapment,
encapsulation for large variety of materiaigh as organic, inorganic, and bimolesu
[93,94].



1.6 Advantages silicaand meso silicacoating material

1-
2

Its reaction can be controlled easily by chemical methods.

It allows to introduce a permanent organic groups to form inorganiganic

hybrid materials 95].

The process takes placdat temperaturedg.

High porous material prepared.

The matrix is chmnically inert and low poisoninf7].

Mesoporous silicates synthesized by using a surfactant template method are
really stable, and they have narrow pore sizes. They can be used mendiffe
fields, such separation techniques, adsorption, catalysis, drug delivery, sensors,
or photonics foinstance98].

Silica becomes a promising candidate for the coating due to excellent charge and
heat insulation propertig99].

These surface coatinglow manipulation of the interaction potential and make

it possible to disperse colloids in a wide range of solvents from very polar to
apolar.

Silica is chemically inert and optically transparent (so that chemical reactions
can be monitored spectroscegily) and does not affect redox reactions at the

core surface, except by physical blocking of the surffa@e, 101].

10- Silica coated nanoparticles are easy to centrifuge during preparation,

functionalization, and other treatment processes in sollsmause of higher
density of silicd102].

11- Silica is relatively chemically inert meaning that it will not modify or interfere

with surface adsorbenf$03].

12- Silica is an inert and netoxic material with high potential for functionalization

with differentligands assigned to a wide range of biomedical applicatid.
These properties make silica a convenient material for Metal oxide shielding and

functionalization.

13- Silica coating material can also act as protection of the reactive metal is an inert

material and oxide material.



1.7 Applications of functionalized of mesoporous coating metal oxide

nanoparticles

1.7.1 Adsorption of toxic heavy metal ions

Heavy metals can be defined as any metals or metalloids have density more than 4
glcnt, or 5times or more greater than wafé05,106], heavy metals could enter the
body system through food, air, water and-l@ocunulate over a period of time [1D5

They are introduced and spread into the environment through a number of industrial
processefl07]. Some of heavy metals cause toxicity even if the concentrations are very
low and this is the main reason behind the price in the interest all over thie[ 18],
whereas others are biologically essential and become toxic at relatively high
concentratios, they combine with body's biomolecules, to form stable biotoxic
compounds, thus distortion their structures and hindering them from the bioreactions of
their functions [10P Heavy metals combine with proteins and formed toxic complexes
and they can irdivate important enzyme systems [106

Heavy metal pollution in water has attracted much attention due to its harmful influence
on human life 110111]. Therefore, the removal of heavy metal ions in wastewater is
becoming increasingly important. Untiow, various kinds of physical and chemical
methods such as ion exchange [112], adsorption [113,114], chemical precipitation
[115], reverse osmosis [1JLendmembrane process [1J1 &tc. have been employed for
separation of heavy metal ions from wastater. Among the available methods,
adsorption technology is the most promising and frequently used technique due to its
simplicity, high efficiency, and low cost. Since the discovery of M41S silica in 1992,
mesoporous materials, due to their high surfacasarevelldefined pore size, and
tunable pore sizes, have been widely used in the field of adsorption of heavyometal
[118,119. In addition, magnetic particles can be easily removed from the reaction
system by an externahagnetic field. If the mesopous structure and magnetic
propertiescan be combined together, prepared remoplexes with high specific
surface areand the ability of magnetic recovery will be a major leap forward for
practical application. So far, a number of articles have repottesl synthesis of
magneticmeporous silica microspheres [12@2). For the adsorption of heavy metal
ions like Hg**, P, C#*, Cdf*, and so on, unmodified mesoporous silica materials

have #ttle adsorption capacity [11819. At present, there are sewé kinds of



modified methods. One ishiol functionalized, which exhibited a high complexation
affinity for Hg?* [121,123,124, however, for C&', Ni**, Zr**, and C4" .

The selectivity of the immobilized surface towards metal ions depends on various
factors such as size of the modifi@ctivity of the loaded group and characteristic of the
hardsoft acidbase. Due to the presence of many reactive sites on silica gel large
number of organic molecule could be immobilized on its surface to improvar isos
behavior. The synthetic pathway of modified silica gel was similar to the reaction of
organosilane with silanol groups on silica gel, while the types of chelating molecules

which selectively chelate to metal ionsdifferent way[125].

1.7.2 Adsorption of dyes

Dyes are widely used as one of the key ingredients in many industries like textile, paint
and varnishes, ink, plastics, pulp and paper, cosmetics, tannery etc., and also to the
industries that produces dyes. These industries dischérgedye in the environment

with their wastewater. The main environmental concern with dyes is their absorption
and reflection of sunlight entering the water and thus causimyctien in
photosynthesis and dissolved oxydewel in river In addition, some dyes degrade into
compounds that have toxic, mutagenic and carcinogenic effect on living organism. Azo
dyes can be particularly toxic upon degradation and this class of dyes is widely used in
many industries Among variouszo dyes, methyl orange (MO) serves as a model
compound for common watesoluble azo dyes, which are widely used in chemical,
textile and paper industries and it is harmful to the environm@&miong various
treatment methods available for dye removagd, ddsorption has been proved to be the
most suitable and promising technologies or has become the most popular technique
because of its effectiveness, operational simplicity, low cost and low energy
requirement. Recently, microporous inorganic adsorberds).,( zeolites) and
mesoporous silica (e.g., MGMIL and SBA15) with unique surface and pore properties

as well as high surface areas have been extensively investigated as alternatives to
carbon adsorbents for the liquid adsorption of dissolved pollutamtater [126]. these
classes of mesastructured materials possess some skorhings and need to be
extended to wider classes of mestnuctured silica materials. In response to this, meso
structured silica nanoparticles (MSN) have become increasinglgrien because of

their high surface area (>100¢ gi'), thermal and mechanical stability, highly uniform

pore distribution, tunable pore size, and unique hosting properéiés [1



1.8 Literature review

1.8.1 Literature review of mesoporous silicacoated metal oxide

Normally, to protect magnetic core and retain magnetic properties , the core is coated
with some normagnetic relatively inert shell such as silica. The silica shell is very easy
to be functionalized and good for binding of variougabgic species including
transition metal complexg428129. Esmaeilpour et atoated magnetite nanoparticles
with a layer of silica and loaded a copper salen complex inside the shell, which
exhibited catalysis of substituted dnd 5 tetrazoles in Igh yield[130. In addition the
same researcherdd]] utilized silica coated iron oxide Yeung et al. produced
mesoporous silica coated magnetic nanoparticlesa How-through synthesis. The
researchers showed that with the addition of prapyine andgropyl di ethylene amine
these nanoparticles may be used as a catalyghaevenagetondensation reactions
[132]. Abdolalian et alreported the development of a magnétn oxide nanoparticle

with a mesoporous silica shell to which a molybdenum @&alyst had been bound.
This magnetic mesoporous catalytic system catalysespheidation of olefins in the
presence of hydrogen peroxi33]. Aleksandr Marinin produced supgsiramagnetic

iron oxide nanoparticles (SPIONs) were synthesizedway chenical methodsi co-
precipitation and thermal decomposition of organic ippecursor. The next step was
coating SPIONs with silica shell. For this purpose invensgoemulsion method was
chosen. TEOS was used as a silica precursor. Meansszeedistribtion, magnetic
properties, structure of silica shell were studi#84]. Mingwei Zhang et alprepared
well-defined iron oxide/mesoporous silica aosbell nanostructure Iron oxide
nanocubes with a narrow size distribution were synthesitedugh a novel
ethanol/acetic acid system using FegN@H,O as an iron source and
polyvinylpyrrolidone as a capping agent under mild solvothermal conditions (200 °C).
These monalisperse nanoparticles were used directly as the core for the deposition of
amesoporous $ila shell via a solgel process, resulting in uniform coshell
FeOs@SiO, composites with tailored silica shell thickness and controllable core
morphology. In addition, composition as well as magnetization of the reduced
cord shell composites could easibe controlled by a reduction process. Furthermore,
the iron oxide core in RE®;@SIG; could be completely etched to produce hollow SiO
nano spheres[135]. Rafique Ullahet al. have synthesized silica coated 4ioxde

composites of different ratios (iramxide / SiQ = 3:7, 1:1 and 7:3). Iron oxyhydroxide,

MO



as the precursor of iron oxide, has been prepared by electrochemical méthobn

oxide and tetraethylorthosilicate (TEOS), as precursor of silica, have been used at
different ratios to synthesizdlisa coated iroroxide composite of different ratio. The
results reveal that well dispersed silica coated-owide composites of different ratios

were formed. The prepared silica coated Hosrde composite material can be used for
treatment of wastewatt to remove heavy metHl36]. Teeraporn Suteewong et hhve
synthesized iron oxide nanoparticles and transferred to an aqueous phase using the
cationic surfaant, hexa decyl trimethyl ammoniupnomide (CTAB).nanopatrticles are
fabricated via sdlgel synthesis. Aliquots are taken from the solution during synthesis to
capture the particle formation process [13F]B. Lihitkar et al. have synthesized
mesoporous silica (MS) and zinc loaded MS composites have been and characterized
using high resolutiotrransmission electron microscopy;rXy diffraction, UM visible
spectroscopy, photoluminescence spectroscopgdsiorptioindesorption isotherms,-X

ray photoelectron spectroscopy and Fourier transform infrared spectroscopy. Thermal
treatment of the zincohded MS composite lead to the formation of ZNS
composite. The well ordered uniform pore structure of MS (pore 8iZenm) is found

to remain stable even after 30% Zn loading albeit decrease in the pore size 1.2 nm
indicates the formation of ZnO insidthe pores [138]. Edwin Escalera Mejia
synthesized and characterization of functionalized ordered mesoporous silica were
performed. Mesoporous silica with a large surface area on which organic functional
groups are grafted. The synthesis of mesoporoica sitvolves three steps. The first

step is the formation of the mesoporous structure using surfactants and silica precursors.
The second step is the hydrothermal treatment at moderate temperatures. The final step
is removal of surfactants from the mesapg silica in which various techniques can be
applied [139].

1.8.2 Literature review about functionalization of mesoporous silica coated metal
oxide nanoparticles

Qing Yuan et alhave synthesizethultifunctional microsphere with a large pore size
mesoporous silica shell (ca. 10.3 nm) and a magnetic cof@)feas been successfully
synthesized via a facile twatep sdl gel method. In the synthesis process, CTAB was
first dissolved in water to form spherical micelles, then added to the mixtuvkidh
FeO,@Si0, was dispersed in ethanol, next dropping TEOS to form
Fe0,@SiO@CTAB/SIO, composites. This approach helps to form mesoporous silica

M



shell with a large pore size, which is propitious to the modification of much more amino
groups in order teenhance the adsorption capacity of heavy metal ions. The-metal
loaded multifunctional microspheres can be easily removed from aqueous solution by
magnetic separation and regenerated easily by acid trealittht Srisuda Sa@ng

and Virote Boonamnuayviya have synthesized amifenctionalized mesoporous
adsorbents141. Amine (NHy) groups from different amine precursors were chosen
for introducing onto pore surface besatthey can be used as a linketween the silica
surface and any organic speciéa a nucleophilic substitution reactioh4?. Othman
Hakami et al.used thiolfunctionalised silicacoated magnetite narparticles (TF
SCMNPs) prepared by emndensation and characterised using a variety of phyico
chemical techniques. The compositetigles were then used in an adsorption process
for Hg(ll) removal, and théangmuir andreundlich isotherm models used to process

the adsorption isotherm ddtk43.
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1.9 Aim of present work

Since most known silica coated metal oxigesoparticleare those of iron oxidend

only few studies aboulica or mesosilica coated MgO @nO have been reported.

Our main aim is to prepare silicaeso silicaor both silicameso silicacoated metal
oxides(MgO and ZnO)and their amine and ithl functionalized ligand systemsThe
coating with silica shell was aim to protect the high surface activity of metal oxides
nanoparticles and to be establish an inert silica or mesosilica shells, which can be
immobilized with functionalized ligand©ur results are very encouraging and visible
and were outline belowThese silica coated mesoporous metal oxides and their
functionalized ligand systems were used for removal heavy toxic metals as well as
removal of dyedons from drinking and waste watéFherefore removal of dyes and
toxic heavy metal ions from water is very important issues becaass qualiy is
greatly affected by thedgvo pollutants on both niainal and international levelSol

Gel chemistry offers a possible solution for these lgiob by providing very promising

synthetic routes to prepare such mesoporous functionalized materials.

Our outline of present work

Synthesis:
1- Synthesis of metal oxideanoparticles(magnesium oxideand zinc oxide) using
decompaition oxalate routéScheme 1.1).

MSO; + H,C:0s —___, MC,Os4calcinations 508 Metal oxide

Scheme( 1.1) Metal oxide nanopatrticles preparation equation M=(ZnMg)

2- Silica or mesailica coating of metal oxide (MO@SIO,, MO@mSIQ,
MO@SiO.@mSIQ) by solgel modified Stéber methd#1=zn , Mg).

3- Functionalization of meso silica coated metal oxide nanoparticles using 3

(trimethoxysilyl}propylamine and (3-mercaptopropyl)timethoxysilane
(MO@SIG@mSIQ-NH,;, MO-NH,, MO@SiO@mSIiQ-SH, MO@mSIGQ-SH)
(M=Zn, Mg).

4- Formation of free metal oxide silica sphe(® free@mSiO,, MO free@SiG,, MO
free @SI0@mMSIQ-NH,, MO free@SiQ@mSIQ) (M=Zn, Mg).

Structure characterization :



1- Several methods were used for structural characterizafionaterials using FTIR
°C NMR , TGA.

2- Particle size and opticgroperties and structure morphology were examined by
XRD, TEM, PL and U\-VIS spectra.

Applications :

1- Adsorption of BTB dye .

2- Extraction and removal of heavy metal igr8u? andCo") .



CHAPTER TWO
Experimental



2.1 Chemicals andreagents

All the chemicals used were analytical grade and directly used as received without
further purification.Zinc sulfateheptahydrate,magnesiunsulfatepentdnydrate,oxalic

acid, absolute ethanchnd3-(trimethoxysilyl)}-propylaminewere purchased from Merck
Company and used as receivedTetraethylorthosilicate(TEOS) cetyl trimethyl
ammonium bromide (CTAB) toluene and bromothymol blue dye (BTB) were
purchased from AldrichCompany and used without further purification(3-
Mercaptopropyl)timethoxy silanethese reagent were purchased from Alfa Aesar
Company and used without further purificatidkmmonium hydroxidefrom Frutarom
Company Copper chloride and cobalt chloride were purchased fronfrom Oxford
Company All the glasswares used in this experimental work were washed with acid and
dried at 106C.

2.2 Synthesis ofmaterials

2.2.1 Preparation of metal oxide nanoparticles

Metal oxides nanoparticlesere prepared as prieusly reported 144, when (20 mmol) of

metal sulfateof zinc sulfate hepta hydratedmagnesium sulfate penta hydratas dissolved

into 25 mL of deionized water. (20 mmol) of oxalic acid was dissolved in an equal volume of
deionized water and drofise to metal sulfate solution under magnetic stirring for 60.min

The mixture was then stirred for furti@minute, the mixture was settled down and

decantation @imes Theprecipitate of metal oxalate was isolated, washed waiter several

times and dried at 168G for 24 hours The dried material was grounded using moatiaa

pestle to produce fine powder precursor. Subsequently, the precursor, metal oxalate was
annealed in muffle furnace under air at %DOfor 2 h to produce ZnO and MgO

nanomaterials.

2.2.2 Synthesis of silica coated metal oxides nanoparticles MO@ Si@icrosphere

The coated silica metal oxide microsphere labeledr&@ SiOG, or MgO@SiO, were
prepared in similar reporte8tobermethod 29 through a simplesoli gel process.
Briefly, 0.10 g agorepared metal oxide nanoparticl&eaO or MgO were dispersed in a
mixture of ethanol (40 mL), deionized water (10 mL), and 1.2 mL concentrated

ammonia solution (28 wt %) by ultrasonication for 1 h. TetraethylorthatlifTEOS)
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(0.4 mL) was added dropwige stirred mixtureafter 6 hthe product was isolated and
dried in vacuum at 8Cfor 12 h ovephophorugV) oxideat 60°Cfor 8 h.

2.2.3 Synthesis ofmeso silica coated metal oxides microspherddO@mesoSiQ
microsphere

Meso silica coatednetal oxides microsphertabeled asZznO@mSiQ, MgO@mSIiQ.
When metal oxide (0.1g) was added to stirred ethanolic solwtantaining0.3 gram
CTAB, followed by adding 1.2 M concentrated ammonia solution \{@%). The
mixture was sonicated for haliour at 40°C before 0.43ml of TEOS was added
dropwise to stirred mixturghe product was isolated after six hobss centerfegation
washed by ethanol and drigdvacuum at 86C for 12 hoverphophorugV) oxide The
product wasalcinated at 501 for 3h.

2.2.4 Synthesis of silicaneso silica coated metal oxides nano particles
MO@SiO,@meso SiQ nanoparticles

The silicameso silicacoated metabxides microspherdabeled aZnO@SiG@mese
SiO, or MgO@SiIG@meseSiO, microspheres were prepared in a similar method
described aboverhen0.1g of ZnO@SiGQ or MgO@SIiQ, wasadded to arethanolic
solutioncontaining0.3 gram CTAB followed by adding 1.2 M concentrated ammonia
solution (28wt%). The mixture was sonicated for half hour before add@ml
TEOSto the mixture. Tie product was isolated, and dried in vacuum &C8fr 12 h
overphophorugV) oxide. The product wasalcinated at 506C for 3h.

2.2.5 Synthesisof amine-functionalization of MO-NH, , MO@mSIiO,-NH»,
MO@SiO,@mSiO,-NH»

Amine-functionalized of pure metal oxide, meso silica or siliweso silica coated metal
oxideswere prepared as previously describ&dq by disperse 0.10 g of pure MO
(ZnO, MgO) or silica coated MO (ZnO@mSIQ , MgO@mSIiQ) materials or
(ZnO@SIG@mMSIGQ , MgO@SIQ@mSIQ) in 30 ml dry toluene, followed by adding
0.37g ,0.002 mol of -aminepropyltrimethoxy silane coupling agefhe mixture was
refluxed for 24 h at 11€C. The materialas filtered off washewith ethanol and dried

in vacuum at 8%C.



2.2.6Synthesis of thiolfunctionalization MO@mSIO,-SH and MO@SIG@mSIO,-
SH

Thiol-functionalized of meso silica or silicaneso silica coated metal oxides were
prepared as previouslgescribed 145 by disperse 0.10 g of silica coated MO
(ZnO@mSIQ , MgO@mSIQ) materialsor (ZnO@SIG@MSIQ,MgO@SIQG@MSIQ)

in 30ml dry toluene followed by addind@.37g, 0.0019nol of 3-thiolpropyltrimethoxy
silane coupling agenfhe mixture wagefluxed for 24 h at 11C. The material was

filtered off washedwith ethanol and dried in vacuum at’80

2.2.7 Free metal oxide silica and meso silica microspheres

Free metal oxide silicameso silica microspheragere obtained by treating.5 gram
silica coatedmetal oxidesmaterials(ZnO@SiQ, ZnO@mSIQ, ZnO@SIQ@MSIQ
MgO@SiG@mSIQ , MgO@SIG@mSIiQ-NH,, MgO@mSIiQ,) microsphere with 20
ml 6M concentratedhydrochloric acid (HClwith continuous stirringThe free metal
oxide were separateghd dried in vacuum at 80 for 8 hours.Washed with distilled

water and dried in vacuum at%@D

2.2.8 Preparation of colloidal solution

For optical absorption anghotoluminescence measurements, 0.0015 gashple was
dissolved in 3 mL of concentration 20% HY soluti@0 mL HY/100 mL HO).
Optical absorption measurements was taken after oneTtaysurfactant selected in
this study Praepagen HY classified as a typical cationic surfactant whose
hydrophilic characteristics are improved by the presence of a hydroxyl group in its
structureas seen iffscheme2.1he HY can affect local aggregation which in turn

can substantially enhance the stablity, the optical and photoluminescence properties.

Cr
+
/\/\/\/\/\/\N/\/OH

Schemeg.1) Structure of Praepagen HY



2.3 Adsorption study dyes and metalions

2.3.1 Adsorption of dyes

Batch method was used by shaken 0.10g of the sampl (MgO free@Bi@so Si®
NH,) with 3 ml of BTB solution (6 10° M). The removal of BTB was examined by
UV-Vis spectra .

2.3.2 Adsorption kinetics for different heavy metal ions
Batch methodvas used by shaken 0.10g of solid sample (MgO@, &@0neso Si@
NH.) with 30 ml metal ion in phosphatriffer solution(Cu*?, Cc™) of concentration

for 24 hour. The uptake metal ions was determined by atomic absorption in triplicate .

2.4 Methodology

The following technique were used for structure characterization of free axadals
(pure) silica coated metadxides and aminer thiol functionalized silicammeso silica

materials .

2.4.1 Fourier Transform Infra Red (FTIR)

Fourier Transform Infrared (FTIR) spectroscopy is a powerful tool for identifying types of
chemical bonds in a molecule by producing anairgd absorption spgum that is like a
molecularfingerprint. Infrared (IR) spectroscopy is one of the most common spectroscopic
techniques used by organic and inorganic chemists. Simply, it is the absorption measurement
of different IRfrequencies by aasnple positioned in the path of an IR beam. The main goal

of IR spectroscopic analysis is to determine the chemical functional groups in the sample.
Different functional groups absorb characteristic frequenaid® radiation. Using various
sampling accesories, IR spectrometers can accept a wide range of sample types such as
gases, liquids, and solids. Thus, IR spectroscopy is an importanpagndar tool for
structural elucidation and compound identificatiaAq|.

FTIR spectra were recorded usingauffier transform infrared spectrophotometer (Frontier
Perkin Elmer); The samples are measured ana selenidecrystal, it is working as a

multiple reflection ATR system (Attenuatéitbtal Reflection).



2.4.2 Ultraviolet -Visible (UV-vis) spectroscopy

Ultraviolet-visible spectroscopy or ultraviotetsible spectrophotometry (UVis or UVNiS)

refers to absorption spectroscopy in the ultrawuisible spectral region. This means it uses

light in the visible and adjacentdarUV and neatinfrared (NIR) ranges. The absorption in

the visible range directly affects the perceived color of the chemicals involved. In this region
of the electromagnetic spectrum, molecules undergo electronic transitions. This technique is
complementary to fluorescence speataysy, in that fluorescence deals with transitions from

the excited state to the ground state, while absorption measures transitions from the ground
state to the excited stat&)V-vis spectroscopy is routinely used in the quantitative
determination of solidns of transition metal ions highly conjugated organic compounds,

and biological macromolecule$47.

Ultraviolefi visible absorption spectra were recorded on a-Wi$V spectrophotometer
Shimadzu, U¥2400 in the wavelength range from 200 to 800 nm.
For a direct band gap material the following equation was used to determine the bandgap at

zero absorbance.
(Uhv)? = hv-E,

U= absorbance coefficient (&em )



(Chvy’= absorbance coefficient (em eV).
E ;= E = Band gap energy (eV)

hv= photonenergy2 . 2 4eVe m

2.4.3 Photoluminescence spectroscopy (PL)

Photoluminescence (PL) is the spontaneous emission of light from a material under optical
excitation. The excitation energy and intensity are chosen to probe different regions and
excitation concentrations in the sample. PL investigations can be used to characterize a
variety of material parameters. PL spectroscopy provides electrical (as opposed to
mechanical) characterization, and it is a selective and extremely sensitive probe of discrete
electronic states. Features of the emission spectrum can be used to identify surface, interface,
and impurity levels and to gauge alloy disorder and interface roughness. The intensity of the
PL signal provides information on the quality of surfaces andfaues. Under pulsed
excitation[14§.

PL spectra were recorded on a spectrofluorometer JASCO,6500 , the extinction
wavelength was selected to be 310 nm. The scan rate was set at 600 nm/min with the

entrance and exit slit width of 5 nm.



2.4.4 Thermal gravimetric Analysis (TGA)

Thermogravimetric analysis or thermal gravimetric analysis (TGA) is a method of
thermal analysisn which changes in physical and chenhigeoperties of materials are
measured as a function of increasing temperature (with constant heating rate), or as a
function of time (with constant temperature and/or constant mass loss). TGA can
provide information about physical phenomena, suckeasndorder phase transitions
including vaporization sublimation absorption adsorption anddesorption Likewise,

TGA can provide information about chemical phenomena includhmgmisorptions
desolvation (especially dehydratiol, decomposition and solidgas reactions (e.g.,
oxidationor reductior). TGA is commonly used to determine selected characteristics of
materials that exhibit either mass loss or gain due to decomposition, oxidation, or loss
of volatiles (such asmoisture). Common applications of TGA are (1) materials
characterization through analysis of characteristic decomposition patterns, (2) studies of
degradation mechanisms and reaction kinetics, (3) determination of organic content in a
sample, and (4) detaination of inorganic (e.g. ash) content in a sample, which may be
useful for corroborating predicted material structures or simply used as a chemical
analysis. It is an especially useful technique for the studpobfmeric materials,
including thermoplastics thermosets elastomers composites plastic films fibers
coatingsandpaints[149.
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Thermal gravimetric Analys (TGA) was carried out using Melter Toledo SW 7.01 analyzer
of 25-600°C under nitrogen with rate £&/1 minute.

2.4.5 X-Ray Diffraction (XRD)

The discovery of Xays in 1895 enabled scientists to probe crystalline structure at the atomic
level. X-ray diffraction has been in use in two main areas, for the fingerprint characterization
of crystalline materials and the determination of tamucture. Each crystalline solid has its
unique characteristic Xay powder pattermvhich may be used as airi§erprint” for its
identification. Once the material has been identifieda)X crystallography may be used to
determine its structure, i.e. how the atoms pack together in the crystalline state and what the
inter atomic distance and angle are etcray dffraction is one of the most important
characterizatioriools used in solid state chemistry and materials sci&ieecan determine

the size and the shape of the unit cell for any compound most easily usaygdkfraction

[150.

The X-ray diffraction (XRD) patterns of the dried geepared and classified samples were
obtained using an Xay diffractometer PANalytical X 0 pert (PAHlytical) with Cu Ka
radiation (0.154 nm wavelength) under 40 kV and 20Q iii#e Scherrer Equation was used

HC



to determine bilt crystallite diameter of a sample. The following is a general form of the
Scherrer Equatiohd = Ka& ) Bcos b

d = crystallite diameter (nm).

K = crystallite shape constant (using 0.9 for spherical shape)

& =ray wavelength (0.154 nm)

B = Full-width at half max at Bragg angle of interest

P = Bragg Angl e (angle of interest)
N=——F/—= N
~

2.4.6 Transmission electron microscopy (TEM)

TEM is a powerful and unique technique for structure characterization. The most important
application of TEM is theatomicresolution reakpace imaging of nanoparticles. TEM is
unique in identifying and quantifying the chemical and electronic structure of individual
nanocrystals. Electron enerpss spectroscopy analysis of the sdlidte effects and
mapping the vance states are even more attractive. In situ TEM is demonstrated for
characterizing and measuring the thermodynamic, electric, and mechanical properties of
individual nanostructures, from which the structpreperty relationship can be registered

with aspecific nanopatrticle/structuf&51].

The TEM analysis was done with JEM2010 (JEOL) transmission electron microscope with
energy dispersive -Ray Spectrometer INCA (Oxford Instruments).



2.4.7 Cross polarizatioiMagic-angle spinning, Nuclear magnetic resonanc¢*C
CP/MAS NMR)

Solid-state NMR spectroscopy serves as an analysis tool in organic and inorganic chemistry.
SSNMR is also aaluable tool to study local dynamics, kinetics, and thermodynamics of a
variety of systems. Objects of SSNMR studies in materials science are inorganic/organic
aggregates in crystalline and amorphous states, composite materials, heterogeneous systems
including liquid or gas components, suspensions, and molecular aggregates with dimensions
on the nanoscale, where different nuclei can be used as NMR probes. In many cases, NMR is
the uniquely applicable method for measurement of porosity, particularly fougpeystems

containing partially filled pores or for duphase systenj52].

HY
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CHAPTER THREE

Results and Discussion

Synthesis and Characterization of silica and
functionalized silica coatedinc oxide
nanomaterials (ZnO).



3.1Introduction

Zinc oxide (ZnO) is an inorganic multifunctional material with very useful properties, it is
used in various applications in catalysis, in cosmetics as UV absorber, in biomedical
applications, in chemical sensors, electroluminescentpdwadochemical propertiesl$3

164). Zinc oxide nano materials can be prepared by several methods: hydrothermal methods
[165), electrochemical deposition4§6], sol gel method [16]; chemical vapor deposition
[168], thermal decomposition [B§ and combuson method [¥0,171]. Recently, ZnO
nanoparticlewere prepared by ultrasound Pl7and ceprecipitation [144 Silica coated
structured ZnO nanomaterials have recently been used to improve their stability and their
dispersability in suspensions [7and therefore they can be used for wide range of
applications [18-176]. Silica-based coatings are of particular interest because it has good
environmental stabtly with different materials [17], ease of surface modificati¢h78] and

reduce potential for mhocatalysis and formation of free radicflg¥9]. Silica coating of

metal oxide nanoparticles has been widely studied such,@s, HeO, and others [80, 181,

145. However, the introduction of silica coating on ZnO nanomaterial is substantially rather
difficult, due toits high surface energgnd its large surface area and therefore zinc oxide
nanoparticles could be easily aggregated. There were some reporteds anticidnich
dispersant agents were used as coupling agents for the fabricationcafcsiited ZnO
nanoparticles [18183]. Two main strategies were recently applied for the fabrication of
silica coating of zinc oxide nanoparticles using modified Stobénade The first strategy is

to incorporated silane precursors during the growth process of zinc oxide as coating agent
[184-190], the second strategy is to use-gel process for coating of previously preguir

zinc oxide nanoparticles 90]. In our reseech article, we used the second strategy, where
ZnO nanoparticles were firstly ultrasonicated in an ethanolic solution containing base in
order to decrease aggregation and activate zinc oxide nanopaffitiesied by solgel
coating processCTAB was usd as coupling agent to incorporate with zinc oxide
nanoparticles and also formation of meso silica microspheres. Twelve different silica or
meso silica and their functionalized silica coated zinc oxide microspheres are prepared.
Several methods and techoes were used for structural characterization of these new
materials. These methods includera§ diffraction (XRD) , transition electron microscopy
with energy dispersive JRay SpectrometefTEM-EDX) , CP/MAS**C nuclear magnetic
resonance (NMR) spectira Fourier transform spectroscopy (FTIR), Ultra vieleible
spectra(UV/VIS) and thermal analysis (TGA).



3.2 Synthesis
3.2.1 Synthesis of ZnO nanoparticles

Zinc oxide nanoparticles (ZnO NPs) were preparated by thgremmpitation method
[144 by the reaction of zinc sulfate pentahydrate with oxalic acid, then the metal oxides
were obtained by calcinations at 5@W(Schemes.2.1).

ZnSQ,.5H,0. + GO4HLY ZO0y€al ci nati ons \4 ZnO
Scheme (3.2.)1.Zinc oxide nanoparticles preparation equation

3.2.2 Synthesis of ZnO@SiO, microspheres

The coated silicainc oxide microspheres labeled as ZnO@Sit@re prepared using
modified Stober method [29 through a simple sbbel process.Briefly, by
ultrasonicated of ZnO nanoparticles in presence of ammonium hydroxide and
tetraethylorthosilicatd TEOS) The ultrasonication of nanoparticles prior the coating
process in ethanol was used to obtain well homogeneous dispefra@mmoparticles and
prevent ayglomerization of particles 0], no dispersant agenése usedin this sol gel
method, TEOS acts as a silica coating precursor angDNHct agcatalyst. In the basic
medium,the surface of the ZnO NPs was activdteeD]. WhenTEOS was added thie
solvated ZnOnanopartile, the silane precursdiegan to undergo hydrolysis and
condensation process to for@nOi Sit OH linkages oto the nanoparticle surface
[145,190]. A polymerization reaction occurred with the excess silane material and a
threedimersional siloxane bonds (SDi Si) are formed.The use of CTAB as cationic
surfactant has two functions, it acts as coupling agent to incorporate with zinc oxide
nanoparticles to obtain well homogeneous dispersiontarmtevent aggregations of

zinc oxide nanparticles(Schemes.2.2).

TEOS/ NHsOH- e
L] " —b'
o ethanol

ZnO NPs ZnO @ SiO2 microsphere silica

Scheme (3.2.22Zn0@SiO,



3.2.3 Synthesis of ZnO @meso Sighanoparticles

In this sol gel method, TEOS acts as a silica coating precursor an@NHct as the
catalyst. In the basic medium, the surface of the ZnO NPs was probably adtl@&iled
When TEOS was addethe silane precursor undergo hydrolysis and polycondensation
process to establish ZiiQii O- linkages onto the nanopatrticle surf4éd5,190. This
leads to formation of silica or meso silica coating zinc oxide (ZnO@&SiO
ZnO@mSIQ) microsphers of diameter 260 nm and 300 nm, respectivélyat was
confirmed by TEM discussed laté&cheme 3.2.3).

oo

-t CTAB

- »
. s —i-
-
TEOS+NHy OH +ethanol

calcination
—
500°C
Zn0 Nps Zn0 @mSi0: with CTAB ~ ZnO @mSi02 CTAB removed

Scheme (3.2.3ZnO@mSIiO,

3.2.4 Synthesis of mesopoous silica coated metal oxides ano particles
ZnO@SiO,@meso SiQ nanoparticles

Synthesis of ZnO@SK®mMSIG microspheres of twshelk of silica microspheres of
diameter over 300 nm were obtained by treatiigO@ SiQmicrosphereswith
concentrated ammonia solution (28 wt%) and CTAB and TEOS as confirmed from
TEM results. The nanoparticles of ZnO were only embedded into the silica shell
without appearance of zinc oxide nanoparticles in the meso silica shell as confirmed by
TEM disaussed lateScheme3.2.4).

TEOS+ CTAB

Calcination
_—
I L
_\H-l OH / ethanol 500:C
In0 @Si0z In0 @Si02@meso-Si0: with CTAB In0 @Si02@mSi0: CTAB removed

Scheme 8.2.4) ZnO@SiO,@mSiO,

3.2.5 Amine functionalization of silica coated zinc oxide nanoparticles

Functionalizatiorof ZnO or ZnO@SiIG@M-SiO, or ZnO@mSIiO, hanomaterials were
prepared by treating ZnO nanoparicles their silica coated material with-3

(O JN0)



aminopropyltrimethoxysilane (APTMS) in dry toluene at 2€(145 (Schems 3.2.5,
3.2.6and3.2.7).

Ha2N NH:
functionalization
—'.—
APTMS(INH2)
H:N
In0@Si0z@m-Si0; In0@Si0z@m-Si0: -NHz

Scheme 8.2.5) ZnO@SiO,@mSiO,-NH,

H:N NH:z
functionalization
——T
APTMS(NH:)
H:N NH:
In0@m-Si0: In0@m-Si0z - NHz

Scheme 8.2.6) ZnO@mSiO,-NH

NH:

Functionlization NH:
—_— NH:

APTMS NH:
NH:

NH:

ZnO Nps ZnO -NH:

Scheme 8.2.7) ZnO@mSiO,-NH,



3.2.6 Thiol functionalization of silica coated zinc oxide nanoparticles

Functionalization of ZnO@SIQ@mSIO, or ZnO@mSIO, nanomaterials were
prepared by treating ZnO nanoparicles or their silica coated material with 3
thiolpropyltrimethoxysilane (TPTMS) in dry tolae at 110°C [145. (Scheme3.2.8
and 3.2.9).

HS

functionalization
—_—T

TPTMS(SH)

SH
&)

HS SH

InO@SiO2[@m-S8i0z InO@Si02@m-Si0:-SH

Scheme 8.2.8) ZnO@SiO,@m-SiO,-SH

- funl:tlunallzatmn
TPT\[S[SH}

In0@m-Si0z InO@m-8i0:-SH

Scheme 8.2.9) ZnO@m-SiO,-SH

3.2.7 Free ZnO spheres coated silica

Free spheres of coated silica and free spheres of functionalized silica coated materials
are obtained easily by treating silica coated zinc oxide or functionalized silica coated
zinc oxide with hydrochloric acid to remove the zinc oxi@heme 4.2.106cheme

3.2.11,Scheme8.2.12).The experimental data are summarized in Ta8dle



e HCl .
_—

Zn0@Si01 In0 free@SiO:

Scheme 8.2.10) ZnO free@SiO,

5 O

ZnO [@m-5i0; In0O free@m—SiDz

Scheme 8.2.11) ZnO free@mSiO,

HC1
———
%

Zn0@Si02@m-Si0: In0 free@SiO2@m-Si0:

Scheme 8.2.12) ZnO free@SiO,@mSiO,



Table 3.1 Experimental data.

Material Synthesis Description Notes

ZnOpure ZnSQ, + H,C,04 —» Zn G0, Agglomeration hexagonal

calcinations ZnO pure

Zn0@SiQ ZnO +TEOS+NHOH 4sonication| Microspheres are formed,260 n|
1 h, annealed at 50C for 4h.

Zn0@mSIiQ ZnO+TEOS+NHOH+CTAB+ Microspheres, wormlike mes
sonicationlh, annealed at 50C | silica, 300 nm diameter, Zn(
for 4 h. NPs are dispersed in

mesopores

Zn0@SiQ@mSIG ZNnO@SIQ+TEOS+NHOH+CTAB | Microspheres of two layers,

gonicationfor 1300 nm diameter, ZnO NF
dispersed into silica shell

ZnO@mSIiQ-SH ZnO@mSIQ + thiol silane , reflux Thiol-functionalized and mes

in dry toluene at 110C Y

silica two layers of 13 anfl nm

thickness.

ZnO@SiIQ@mSIG-NH,

Zn0@SiIQ@mSIQ + amino silane
sreflux in dry toluene at 11T°C Y

Zn0@SiIQ@mSIQ-SH

Zn0@SiIQ@mSiO,. thiol silane ,
reflux in drytoluene at 110CY

Meso silica and functiong
silicalayersof 13 and 5 nm

thickness,

ZnO free @SiQ

Zn0O@SiIQ@+ 6 MHCI Y

Low density MgO free silica
(silica and meso layers)

Zn0O free@mSiO2

MgO@mSiO+ 6 MHCI Y

Low density ZnO free mes
silica layer, no ZnO is present.

Zn0O free @SIG@MSIOQ

ZnO@SiQ@m-SiO,-NH+ 6MHCI
5

Low density ZnO free silica an
meso layers, no Zn content

observed

ZnO-NH;

ZnoO
reflux indrytoluene at 116C Y

nanoparticle




ZnO@mMSIiQ-NH,» ZnO@mSIQ + amine silane , reflu; Amine-functionalized and mes

i n toluene at 11siica two layers are forme(

around ZnO.

3.3 Infrared spectra

Fig. 3.3.1(ad) presents, the FIR spectra of ZnO, silica coated zinc oxide
microspheres (ZnO@SKPZnNO@SIQ@mSIQ) and aminefunctionalized silica and
meso silica coated zinc oxide spheres (ZNO@&MSIQ-NH,), respectively. The
peaks at 1550600 cnt and 31003600 cni can be attributed to the hydroxyl groups
(O-H) and amingN-H) bending and stretching vibrations, respectivdlhe Si Oi Si
asymmetric stretching vibration band of 98290 cm' was found only in the
ZnO@SIiQ NPs spectrum compared to the ZnO NP85,190,19% The St+ZnO bond
formation was confirmed by the reduction in peak intensity at5@Dcn" of Sii Oi Si.

This manifests the existence of a silica layer and successfully grafted over the ZnO NPs.
The absoption bands at 2980 and 1660d u e t o-H)tohaéiphatichy@rocarbons
and -H) Fid3.3.1(d), respectively as well as the disappearaoicthe shoulder at

960 cm'due to free silanol hydroxide groups {3H) provide evidence for the
introduction of the organofunctional ligand groups onto the coated silica layers. The
removal of CTAB was confirmed from the FTIR spectra were the peaks eg<ige to
CTAB at 2984 and 1475¢chd u e tH) vibsatiofis are removed.

oy
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Fig.(3.3.1) FTIR spectra of (a)ZnO pure , (b) ZnO@mSiO,,(c) ZnNO@SiIO.@m-SiO,, (d)
ZnO@SiO,@m-SiO,-NH,

3.4 Thermal gravimetric analysis (TGA)spectra

Thermogravimetric analysis (TGA) and defferential thermogravimetric analysis (DTA)

for ZnO@SIQ@mMSIQ and its amine functionalized ZnO@S@mSiG-NH,
nanoparticleswere examinedunder nitrogen atmosphere atiB800 °C at rate 10
°C/minute. The thermogram dhe ZnO@SiG@mMSIQ nanomaterialFig3. 4. 1 s hows
t wo peaks, the mdddoetplosed %9 %dfits initiabweight. Thisp 7 5
attributed to loss of physisorbed water and alcohol from the system [i®&s The

second peak s  a fC due o 1039003.6 %, which is probably due to dehydroxylation

and loss of water or alcohédom silica[193. The total loss of weight was 13.3 %.
Fig.3.4.2 shows the thermogram of the ZnO@&NSiQ-NH, nanomaterial, three

peaks were observed, the fistr e a k 0 ¢ €Quduesto lass of 7.2% af s initial

weight. This attributed to loss of physisorbed water and alcohol from the system pores
[193. The second peak and third peaks at ®5@nd at 450, are due to lost of the

amine functional groupgom the system loss 17.6 % and dehydroxylation and loss of
water or alcohofrom silica[193]. The total loss of weight was 23.8 %. The difference

between the total loss of the two materials (10.5%) is probably due to tne amine
organofunctional group.
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3.5 X-Ray Diffraction (XRD)

The XRD patterns for pure ZnO powder prepared by thpreoipitation method144],
silica, meso silica coated zinc oxide and their amine or thiol functionalized materials

are shown in Figur&.5.1( ai). All the diffraction peaks are well indexed to the

nn



hexagonal ZnO wurtzite structure (JCPDS nad.136k1) [195,196. Diffraction peaks
corresponding to the impurity were not found in the XRD patterns, confirming high
purity of the synthesized products. The mean crystallite aiznO particles was
determind by Sherr el 6s E.qa%Qwhem® Ddsdhe drystallite size
(nm) , & I s the waay@h)dbn gitsh tohfe ifnuwlildewmitd tXh
and d is the de dbfained particle size wad @rh fr) pure an0.
There vas a small shift to lower angle with and change in the line width revealing that
silica coating was successfully conducted REgsl( b-h) . This leads in slight change

of the particle size of the coated zinc oxide. The zinc oxide free silica¥adk (a& i)
showed no XRD peaks, this may confirmed complete removal of zinc oxide
nanoparticles form silica coated zinc oxide micorspheres, when treated with

hydrochloric acid.
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Figs.(3.5.1) XRD patterns of.( a) ZnO free@SiG@mSIiO,,( b) ZnO pure, (¢)ZNO@SIO,, (d)
Zn0@mSIO,, (€)Zn0@SiIO@mMSIO,, ()ZNO@Si0,@mMSIO,-NH, ,(g) ZNnO@mSIiO,-SH, (h)
ZnO@mSIiO,-NH, ,(i) ZnO free@mSiQ..

TheParticles size of materiatse summarized in TableZ.
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Table 32 Particles size of materials

Material Particles siz€nm)
Zn0O pure 13

ZnO@SiQ 16.2
ZnO@SIQ@mMSIO; 18.4

Zn0O@SIQ@mSIO-NH, | 181

Zn0@mSiO, 195
Zn0@mSiO,-SH 16.6
ZnO0O@mSiO,-NH, 18

3.6 Ultraviolet-Visible (UV-vis) spectroscopy

The UVNis spectra for the solution contaidnO coated silica ZnO@SO and
ZnO@SiQ@mSIG NPs in HY surfactant Fig3.6.1(ac). HY surfactant was used to
obtain a homogenous solution of-ooated and coated silica zinc oxide particles. Two
peaks at 359, 290 nm are shown in FR)8.1 (ac), that characteristic for the presence

of ZnO nanoparticles1[73,190. It is foundthat there is a decreasing of the absorption
band intensities as the number of shells of coated silica is build up on zinc oxide
(ZnO@SIQ to ZnO@SIQ@mMSIQ). There was a shift of the absorption band at 307
nm for the free uncoated ZnO to shorter wavelerag 290 nm for ZnO@SiKand at

283 nm for ZnO@Sig@mSIQ. The blue shift of the absorption band 307 nm to shorter
wavelength is probably due to decreasing of the particle size. The was no peaks are
observed for the ZnO free coated sHm@sosilica indiating the absence of shell core of
zinc oxide Fig3.6.2b when treated with HCI acid in comparison with that of
ZnO@SIiQFig. 3.6.2b.
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Fig. (3.6.2) UV-visabsorption spectra of (a) ZnO@SIO,, (b)ZnO free@SiG,

3.7 Energy gap spectra

The optical band gap of the nanoparticles has been evaluated from the Tauc relation

[197].
(bhv) = C(l-Ey)"™ (1)



where C is a constanb,is molar extinction coefficient, Js optical band gap of the
material and m depends on the type of transition. The value of molar extinction
coefficient for the synthesized nanoparticles is more than 908; we can assume that

the transitions in the nanocrystals are allowed direct transftl®8%. For m= 0.5, Fin

Eq.1 is directly allowed band gap. The optical band gap was estimated from the linear
portion of the hv )? versus h.There is nachangen the energy gagbe in the rangef

2.9 to 3.4. The energygap spectra for thZnO coated silica ZnO@SO and
ZnO@SiQ@mSIQ NPs Figs. 3.7.1¢a). The energy gap of materialre summarized

in Table3.3.

(ahv)2

3.4

1 I I
2 3 4 5

Eg(hv)

Fig.(3.7.1) Energy gapspectra of (a)ZnO pure , (b) ZnO@SIQ, (c) ZnO@SiIG@M-SiO,

Table 33 Energy gap of materials

Material Eg

ZnO pure 3.4eV
ZnO@SiQ 3.0eV
Zn0@SiIQ@mMmSIO, 29eV




3.8 Photoluminescence spectroscopy (PL) spectra

Theluminescence of ZnO nanoparticles is one of particular interest frompaes of

both physical and applied aspectgigure 3.8.1 shows the room temperature
photoluminescence spectrum of the ZnO nanoparticles excited at 362 nm. Green
emission wa®bserved from the hydrothermally synthesized ZnO nanopatrticles. It can

be attributed to the transition between singly charged oxygen vacancy and photo excited

hole or Zn interstitial related defects9,20(. The inset in the Figurd.8.1 shows the

photou mi nescent excitation spectram)wHicht he Zn
indicates that the excitation is at 362 nm. The excitation peakesponds to the band

transition which also confirms the blue shift in the band gap of ZnO nanopauwitiies.

coaing ZnO the photoluminescence spectrum of the ZnO@&i€ited at 362 nm.
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Fig. (3.8.1) PL spectra of (a)ZnO pure , (b) ZnO@Si®

3.9 BC CP/MAS NMR results

The CP/MAS®C NMR spectra for aminunctionalized coated siliemeso silica zinc
oxide and thiofunctionalized coated silieaeso silica zinc oxide are depicted in Fig.
3.9.1(a&b)respectively.The spectrum of amirinctionalized composite shows three
methylene cdyons at 11, 23 and 43 ppm correspond to thétsi , C-CH, andCH,-

N. the signal at 165 ppm is probably due to absorbeg[ C&]. The spectrum of thiel

np



functionalized composite shows three methylene carbons at 11 and 28 ppm correspond

to the SiCH, and the two carbons-CH, andCH-S, respectively. The signal at 129

ppm is probably due to presence of some impurities. These assignments are based on

spectral data reported for similar systgi81,192.

(a)
(VI eI )
In0@Si02@mSi02-CH2CH2CH2-NH2 3)
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@)
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Fig.(3.9.1) CP/MAS™C NMR spectra of (a) ZnO@SiO,@mSiO,-(CH,)3-NH, , (b)
ZnO@Si0,@mSiO-(CH,)s-SH.

3.10 Transmission electron microscopy (TEM)EDX

TEM images along with EDX of pure ZnO, coated silica zinc oxide (ZnO@SiO

coated meso silica zinc oxide (ZnO@mg9iOand coated silicamesosilica
(ZnO@SIQ@mSIQ) are given in Figs3.9.1 (ag). TEM image of pure zinc oxide

shows different bar sizes of hegxagonal shape ef®Am length and 180 nm width
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Fig. 3.10.1 a. The TEMEDX of ZnO nanomaterial shows only zinc and oxygeakge

with no silicon is present Fig.10.1 b . Figs.3.10.2(c & d) illustrate low and high
resolution TEM images of meso silica coated zinc oxide (ZnO@mSizrospheres

of 300 nm diameter. The meso silica microsphere was evident from the grey wormlike
structure with zinc oxide appear as dark nanoparticles (dark color) which were
capsulated into silica mesopores as shown in Fi.1d. The small particles ainc

oxides are probably formed through the ultra sonication process of colloidal solution in
presence of CTAB, so these small particles are fitted into the mesopores of the meso
silica [174. For silica coated zinc oxide ZnO@Si@® can be seen from TEMnage

Fig. 3.10.3e, that roughly microspheres of size 260 nm of silica, in which ZnO
nanoparticles are dispersed. EDX confirm the presence of peaks due to components of
silicon and oxygen and zinc.In the case of ZnO@@&®SIQ microsphere, it can be

seen fom TEM image Fig3.10.3f that zinc oxide nanoparticles of different sizes are
dispersed only into the silica microspheres and none are present in the meso silica shell.
This is in consistence with experimental work, where zinc oxide nanpaticles wtye firs
accommodated into the silica microsphere, and later coated with a meso silica shell. The
TEM-EDX of ZnOfree@mSi@ and ZnOfree@Sig@mSiQ microspheres showed

only the presence of silicon and oxygen and absence of zinc content which is evident for
compldge removal of ZnO core upon treatment with HCI. This also was confirmed by
UV/vis spectra discussed below. The TEM and FEBIX images Figs3.10.4(g &h)

and Figs3.10.5(i&j) of ZnO@mSI@-SH and ZnO@mSIi®NH, NPs, respectively
showed ZnO core bare coveredth distinguishable meso silica layer,13 nm in
thicknesscovered by thin layer of functionalized thiol silane precursor layer, 5 nm in
thickness resulting from the consensation of tkit#ine over the meso silica layer
[190191,194 as marked in Fig3.10.4g. This was also evident from TEEDX
Figs3.10.4(i&j) in which the silicon content has increased from 1.3% for ZnO@mSiO

to 9.13% after coating with thidilane and the zinc content has decreased from 96% to
68% after.



Fig.(3.10.1)Structural characterization of ZnO nanoparticles : (a) TEM image and (b) EDAX

spectra

m-silica @

Fig. (3.10.2)Structural characterization TEM image of ZnO@mSIO, :(c) low resolution TEM (d)

high resolution

Fig. (3.10.3)Structural characterization TEM image of: (e) ZnO @SiO, and (f) ZnO @SiO, @M-SiO,
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Fig.(3.10.4)Structural characterization of ZnO@mSiO,-(CH,)s-SH nanopatrticles : (g) TEM image
and (h) EDAX spectra

= .. I
g :3’593 §)
ST

m-silica

Fig.(3.10.5)Structural characterization of ZnO@mSiO,-(CH,)s-NH.nanopatrticles : (i) TEM image
and (j) EDAX spectra

3.11 Conclusion

Silica, meso silica or both silica coated ZnO microspheres were synthesized by
modified Stobemethod.ZnO particles are dispersediansilica microspheres or into
mesopores of the meso silica stediconfirmed fom TEM analysisFunctionalization

of the meso silica shell with amine or thiol silane coupling agent, where two shells,
meso and functional silica layers of 13 nm and 5 nm thickness are formed, respectively.
XRD resultsof pure ZnO NPs and the silica coated zinc oxidmterials showed

hexagonal ZnO wurtzite structure with mean average crystallite size of 13 nm are found.
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Zinc oxide free silica materials have low density silica spheres showed no XRD peaks
due b complete etching of core Zn@articles from silica microsgnes TGA and FTIR
spectra revealed that the amine and thiol organofunctional groups are covalently
attached to the meso silica layer. TGA revealed that 10.5 % of the weight of the
functionalized oated silica zin oxide is due to organofunctional groupEhese
materials have been testing for removal of toxic of heavy metals and dyes as proposed

coming further research.
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CHAPTER FOUR

Results and Discussion

Synthesis and Characterization of silica and
functionalized silica coateanagnesium oxide
nanomaterials ( MgO).



4.1 Introduction

Metal oxides with high surface area and porosity have attracted considerable interest for
scientific research due to their potential application such as functional components for
nanoelectronics, optoeleonics and sensing devices [20In particular, magnesium
oxide (MgO) as a versatile oxide materials with assorted properties finds extensive
applications in catalysis, ceramics, toxic waste remediation, or as an additive in
refractory, paintand superconductor products [202,R08Iso, owing to its very large

band gap, excellent thermodynamical stability, low dielectric constant and refractive
index, it has been used as a transition layer for growing various thimfdterials
[204,20%. Over the past years, the specific surface area, dispersion stability and
morphological characteristic of the magnesia particles have been identified as important
parameters that influence higlerformance for such applicatiof06,207]. Therefore,

many approaches to control these properties of magnesia particles have been
extensively investigated. The most conventional method for synthesizing magnesia
particles is the decomposition of various magnesium saltsneltdrom liquid phase
processes such asoligel [208], precipitation [209], surfaceinitiated in-situ
polymerization[210] and hydrothermal synthes[811]. Silicabased coatings are of
particular interest because it has good environmental syamilih different materials

[177] and their low refractive index, wateompatibility, lower toxicity and ease of
surface functionalizatiofil 78]. Another reason for coating nanoparticles is to reduce
the potential for photocatalysis and formation of free radidal8]. Silica coating of
nanoparticles has been widely studied on some materials suckCasHE, and others
[180,181,145. There were some reported articles in which dispersant agents were used
as coupling agents for the fabrication of silica cod#glD nanoparticles [18183].

More recently silica coatedhagnesiumoxide nanomaterials were recently reported
using two main strategies for the fabrication of silica coatingnagnesiumoxide
nanoparticles, the first strategy is to incorporated silane precursors during the @frowth
MgO oxide as coating agefit84-190], the second strategy is to use-gel process for
coating of previously preparadagnesiunoxide nanoparticles P0]. In our research ,

we used the second strategy, whiglO nanoparticles prepared by themecipitation
method ofmagnesium sulfatéVe have used ultrasonication of the ethanolic solution of
MgO patrticles in presence of bagamjor to the scigel coating process in which

multilayer with silica, mesosilicana functionalized silica coateshagnesiumoxide
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nanoparticles are synthesized, eleven material silica , meso silica , and functionalized
silica coatedmagnesiumoxide and their MgQree silica materials are also prepared.

Free silica coated materials aktained by etching the MgO nanoparticles using HCI.
Several methods and techniques were used for structural characterization of these new
materials. These methods include:ra¢ diffraction (XRD) , transition electron
microscopy with energy dispersive -Ray Spectromete(TEM-EDX) , Fourier
transform spectroscopy  (FTIR), Ultra  violasible  spectra(UV/VIS),

Photoluminescence spectroscopy (Bhjyl thermal analysis (TGA).

4.2 Synthesis
4.2.1 Synthesis of MgO rmnopatrticles

In typical synthesis of Mganopowders144], magnesium oxide nanoparticles were
preparation by the eprecipitation method by the reaction of magnesium sulfate penta
hydrateMgSQ,.5H,0 with oxalic acid. The metal oxides were obtainedchicination

of magnesium oxalate at 560 in similar to(Scheme3.2.1).

4.2.2 Synthesis of MgO@SiQ microspheres

The coated silicanagnesiunoxide microspheres labeled as MgO@Si@re prepared
using modified Stober method 129 through a simple sobel processBriefly, by
ultrasonicated of MgO nanoparticles in presence of ammonium hydroxide and
tetraethylorthosilicatd TEOS) The ultrasonication of nanoparticles prior the coating
process in ethanol was used to obtain well homogeneous dispersion nanoparticles and
prevert agglomerization of particleslP(], no dispersant agents are used. In thisgadl
method, TEOS acts as a silica coating precursor angNHct as the catalysh basic
medium, the surface of the MgO NPs was activai®d]. When TEOS was added to
the solvated nanoparticle mixture, the silane material began to undergo hydrolysis and
condensation process to establistyOr Sii OH linkages on the nanopatrticle surface
[145190] in asimilar to(Scheme 3.2.2. A polymerization reaction occurred with the
excess silane material and a thvéenensional siloxane bonds (&) Si) are formed.

The experimental data are summarized in table 4.1.
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4.2.3 Synthesis of MgO @meso Signanoparticles

A meso silica shell hasntroduced to encapsulated Mg@anoparticleby using
tetraethylorthosilicatd TEOS) cetyltrimethyl ammonium bromidéCTAB) as cationic
surfactant in ethanol with presenceaaimoniumhydroxidesimilar to(Scheme 3.3).
CTAB was then removal by calcinations 30°C. The nanoparticles of MgO were
probably dispersed into thmeso silica region. Thisvas confirmed by TEMesults

discussefater.

4.2.4 Synthesis of MgO@SiQ@meso SiQ nanoparticles

MgO@SiG@meseSiO, two layersmicrospheres was prepared in a similar method
described 129, by introducing a meso silica shell onto tgO@ SiG, microspheres
using tetraethylorthosilicat TEOS) cetyltrimethyl ammonium bromid¢CTAB) as
cationic surfactant in presenceanimoniumhydroxidesimilar to(Scheme 2.4).

CTAB was then removal by calcinationss&(°C.

4.2.5 Amine functionalization of silica coated magnesium oxide nanoparticles

Amine functionalizatiorof MgO@SiQ@m-SiO, or MgO nanomaterials were prepared
by treating MgO nanomaterialsor its silica coated material with -3
aminopropyltrimethoxysilan¢APTMS) in dry tolueneat 110°C [145, as shown in
similar (Schems 3.2.5 3.2.6and 3.2.7.

4.2.6 Thiol functionalization of silica coated magnesium oxide nanoparticles

Thiol functionalizationof MgO@SiIQ@m-SiO, or MgO@mSiO, nanomaterials were
prepared by treating MgO nanomateriats its silica coated material with-3
thiolpropyltrimethoxysilane (TPTMS) in dry tolueneldy, as shown in similar
(Schemes 3.2.8 and3.29).

4.2.7 Free MgO spheres coated silica

Free spheres of coated silica and their functionalized silica coated materials are obtained
easily by treating silica coated magnesium oxide or functionalized ssbeded
magnesium oxide with hydrochloric acid to remove the magnesium,@sdghown in

similar (Schemes3.2.10,3.2.11 and 3.2.)2



Table 4.1 Experimental data.

Material Synthesis Description Notes
MgOpure MgSOy + H.C,O4, ———» | Agglomeration nano rode.
MgC,0O, calcinations ——»
MgO pure
MgO@SIiQ MgO +TEOS+NHOH +onication MgO nanoparicles
1 h, annealed at 50C for 4h. dispersed into silica .
MgO@mSiQ MgO +TEOS+NHOH+CTAB + | Microspheres,wormlike mes
sonicationlh, annealed at 50C | silica, MgO NPs dispersed in
for 4 h. mesopores
MgoO@SiG@mSiQ MgO@SiQ+TEOS+NHOH+CTA | Microsphere§0nm  diameter,
B sonicationfor |MgO@SIQ dispersed intc
silica.
MgO@mSiQ-SH MgO@mSiO,. thiol silane , reflux Meso silica and functione
in drytoluene at 116C Y silicalayers
MgO@SiG@mSiQ-NH,; | MgO@SiG@m-SiO,+amino silane
_ reflux in dry toluene at 118C Y
MgO@SiQG@mSIQ-SH | MgO@SIG@mSiO;. thiol silane ,| Meso silica and functiong
reflux in drytoluene at 110C Y silicalayers

MgO free @SIQ MgO@SiQ@+ 6 MHCI Y Low density MgO free silica
(silica and meso layers)

MgO free@mSiO2 MgoO@mSiO+ 6 MHCI Y Low density meso layer

MgO free@SiO@mMSIGQ- | MgO@SiIG@m-SiO,-NH,+ 6MHCI

NH> \4

MgO-NH; MgO nanoparticles + amine silat

Y reflux i nd?fCyt ¢
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4.3 Infrared spectra

The FTFIR spectra of pure MgO, silica coated magnesium oxide , mesosilica coated
magnesium oxidesilicameso silica coated magnesiumride and magnesium oxide free
coatedsilica meso silicamicrospheres are shown in Fig&3.1 (ae). Three regions of
absorption aB300 3650 cnt,1400 1700 cnt and 5001100 crfar e obser v-ed du
H), U (-) ands $ii Oi Si) vibrations, respectivelyThe two peaks at 366&m * (sharp) and

3500 cm *(broad) Figs.4.3.1 (a&b)are associated with free (-id) and hydrogen bonding

3 (- of MgO crystallizing water moleculesespectively.The absorption peak at 1435
cmlisprobabl y as s dpvibmtioe[212].Wihteh di (s@ppeaH)atd of
1435cm * upon coating with silica is provide evidence for the incorporated of silica onto
MgO particles an formation of 8Di Mg linkages The Si Oi Si asymmetricandsymmetric
stretching vibration barsdareobservedat 960 1190 cni and480 cm', respectivelyfor the

silica coated materialsyhich provide strong evidender the presence of silica coated shells
[213,214]. The decrease of broad band at 509" for pure MgO to a shoulder &80 cm'

for MgO coated silica and small peakdétl cni" d u e  p r o b SiilDi Sy vibraton. U (
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Fig. (4.3.1) FTIR spectra of (a) MgO pure , (b) MgO@SIiO,, (c) MgO@mMSIG;, (d) MgO@SIO@m-
SiO,, (e) MgO free @SIQ@M-SIO,



FT-IR spectra of amine functionalized silic@esosilica coated magnesium oxide and its

amine functionalizedmagnesium oxide free and are given Higs. 4.3.2 (ac),

respectively Fig.4.3.2athe absorption band at 961¢ns due to the SD-H which has

disappeared after functionalization with silane coupling agent and formation of siloxane
(Si-O-Si) network.Fig.4.3.2bthe absorption bands &500cni* broad,2930cm' and

1560 cnt are due to the (-M) , 3 (- of aliphatichy dr ocar befhduetand & ( N
the amine grouprespectivel\(f215]. This provides evidence for the introductioof the

amine functional ligand groups onto the coated meso silica layer. Thededeasing

of the broad absorption at 3500 ¢ris due to the absence of crystalliasdter MgO,

where two peaks at 342¢m™* and 3040 cifar e pr ob abiHyasycmetic t o 3 ( N
stretching and symmetric 3 (-) stretching bansl respectively.The  SiOi Si

asymmetric stretching vibration band at 1100’crand ymmetric stretching/ibration

band at462 cm' are observed only for the silica coated materiglg.4.3.2c these

assignments of FTIR peaks are based on spectral data reported for similar sységms [2

(c) asyN-H syN-H Si-O-Si
200 - by

100

Transmittance (%T)

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm '1)

Fig.(4.3.2) FTIR spectra of (a) MgO@SiG@m-SiO, , (b) MgO@SiO,@m-SiO,-NH,, (b) MgO free
@Si0,@m-SiO,-NH,

FT-IR spectra of MgO@Sig@mSIiO, before and after removal CTAB are given in

Figs. 4.3.3 (a&b), the removal of CTAB was evident from the disappearance of
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absorption bands at 2932 ¢ms (-1 and 1485cil U (-#d) vibrations[217]. After
removal CTAB , a strong absorption band, around 350bicm observed) due to
band.

Fig.(4.3.3) FTIR spectra of (a)MgO@SiO,@mSiO, , with CTAB , (b) MgO@SiO,@mSiO, CTAB
removed

FT-IR spectrafor silica mesosilica coated magnesium oxi@ad its magnesium oxide
free coated silicare given inFigs.4.34 (a&b), respectively The two spectrare very
similar. The only difference in is for thebsorption bands at 500 ¢nin which it has
low intensity with no shoulder in case of MgO free coated sHigpd.3.3h This is

probably due to the absence of {@gSi bands.

Fig.(4.34) FTIR spectra of (a)MgO@SiO.@mSiG,, (b) MgO free@SiG@mSiO,
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