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Abstract
Pure magnesium oxide (MgO) and transition metals doped MgO nanoparticles with transition
metals (TM = Fe and Ni) were successively synthesized using a co-precipitation method
(oxalate route). The synthesized MgO and transition metals doped MgO nanoparticles were
characterized by Thermal gravimetric analysis (TGA), Fourier transform infrared spectroscopy
(FTIR), Powder X-ray diffraction (XRD), Transmission electron microscopy (TEM), Energy
dispersive X-ray spectroscopy (EDX), UV–vis and Photoluminescence spectroscopy. TGA
analysis of magnesium oxalate showed that no apparent weight change (i.e., loss or gain)
occurs beyond 530 ◦C. XRD studies clearly showed the formation of face centered cubic
structure of periclase MgO nanoparticles and also confirm that transition metal atoms are
incorporated into the lattice of MgO nanoparticles. The decreasing in the diffraction peaks of
hydroxide group with different molar concentrations of transition metal ions suggests an
increasing the stability on the surface of MgO nanoparticles. It was found that 6-10 % Fe and
4-6 % Ni doping of MgO nanoparticles induce structural transformations and stabilized MgO
nanoparticles. The doping also affects the electronic properties of MgO nanoparticles. The
average crystallite size decreases as the concentration of dopants were increased. TEM
micrograph showed the uniformity in shape of synthesized nanoparticles. MgO nanoparticles
morphology has changed with dopant nature and dopant concentration. UV-vis studies showed
that absorbance at 300 nm decreased and band gap energies of MgO nanoparticles increased
with increasing the dopant concentration. The photoluminescence emission band exhibits a
high intensity for transition metals doped MgO nanoparticles as compared to the pure MgO
nanoparticles. The optical properties of MgO nanoparticles were utilized for the first time to
estimate the critical micelle concentration of a cationic surfactant (Praepagen HY, R = 12–14).
The signals of spectra were assigned and explained in terms of electron transitions produced by
magnesium and oxygen vacancies of different coordinations. The CMC values of HY
evaluated by absorbance, fluorescence and specific conductivity were found to be 9.8, 8.0 and
2.7 mM, respectively. Magnesium oxide nanoparticles were used for the adsorption of
Reactive Red-24 (RR-24) and Reactive Orange-7 (RO-7) dyes from water. UV-vis studies
showed that the removal percent of dyes increased as the concentration of MgO nanoparticles
was increased and decreased with increasing the dye concentration.
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تحضير ودراسة الخواص الضوئية والتطبيقات لجسيمات أكسيد المغنيسيوم النانوية النقية و المطعمة بالعناصر االنتقالية
الملخص العربي
تم تحضير أكسيد المغنيسيوم النقي والمطعم بالعناصر االنتقالية (الحديد والنيكل)

بطريقة ترسيب األوكساالت

) (oxalate routeوتمت دراسة الخواص الضوئية والتركيبية ألكسيد المغنيسيوم النقي والمطعم بالعناصر االنتقالية عن
طريق  TGA ,FTIR ,XRD ,TEM, EXD, UV-VIS, PLوقد لوحظ من خالل  TGAأنه ال يوجد فقد في الوزن
فوق درجة حرارة  o 530س ,أي أنه قد تكوَّن أكسيد المغنيسيوم ُ ,وجد من خالل دراسة األشعة تحت الحمراء ) (FTIRأن
مجموعات الهيدروكسيد تختفي عند عملية التطعيم بالحديد والنيكل ,من خالل دراسة حيود األشعة السينية )ُ (XRDوجد أن
أكسيد المغنيسيوم النقي والمطعم بالحديد والنيكل له شكل مكعب وأن عملية التطعيم قد تمت بشكل متجانس في داخل
البلورة ,و ُوجد أيضا ً من خالل  XRDأن حجم الجسيمات يقل بزيادة نسبة العناصر المطعمة ,و ُوجد أن أفضل تراكيز من
العناصر االنتقالية لزيادة ثباتية أكسيد المغنيسيوم هي  % 10-6في حالة الحديد و  % 6-4في حالة النيكل وتمت دراسة
أشكال المواد عن طريق  TEMحيث وجد أن أشكال أكسيد المغنيسيوم تتغير بتغير نوع العنصر المطعم ونسبته ,من خالل
دراسة طيف األشعة المرئية وفوق البنفسجية وجد أن شدة االمتصاص تقل بزيادة نسبة الحديد والنيكل مع حدوث إزاحة نحو
األزرق (الطول الموجي األقل) ,و لوحظ أن فجوة الطاقة تزداد بزيادة نسبة العناصر المطعمة .من خالل دراسة طيف
االنبعاث لوحظُ أن شدة طيف االنبعاث تزداد بزيادة تركيز الحديد والنيكل ,وقد ساعدت الخصائص الضوئية ألكسيد
المغنيسيوم في استخدامه كمجس لتحديد  CMCلـ  HYحيث تم تحديد قيم  CMCمن خالل  UV-VISو  PLو
 Conductivityفكانت قيم  9.8 CMCو  8و  2.7مل مولر على التوالي ,وتم استخدام أكسيد المغنيسيوم إلزالة
أصباغ  RR-24و RO-7من الماء وكانت نسبة اإلزالة تزداد بزيادة تركيز أكسيد المغنيسيوم.
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Chapter One
Introduction

1

1.1 Nanotechnology
Nanotechnology involves the study of the synthesis, characterization, and properties of
nanomaterials, which have at least one characteristic dimension that is less than 100 nm.
While the study of nanometer-scale materials has existed for some time, advances in
synthesis and characterization techniques have catalyzed the great expansion in
nanoscience over the past few decades. Even as several products incorporating
nanotechnology are commercialized, the understanding of these novel materials is small
compared to analogous bulk species. Nanomaterials are important because of their small
size. One reason for this is the greatly increased surface to area ratios compared to bulk
materials. The other is due to more fundamental size effects. As the size of a material is
decreased below 100 nm, the scale of features becomes similar to many physical
phenomena such as the mean free path of electrons and phonons, the wavelength of light,
and energy transfer distances [1]. The result is that properties can diverge from bulk
material values, and yet remain distinct from those studied by quantum science. Therefore,
the properties of nanoscale materials are not understood by strict use of classical physics or
quantum theory, particularly for materials with sizes on the order of 2-10 nm [2]. New
properties and the ability to control them through feature size results in a novel dimension
of material control that does not exist for bulk matter. For clarification, nanoparticles are
defined here as solid particles that are three-dimensional and are less than 100 nm in
diameter [3]. Nanoparticles can be noncrystalline, polycrystalline, or single crystalline, and
can be produced with a variety of methods.

1.2 Metal oxide nanoparticles
Metal oxide nanoparticles can exhibit unique physical and chemical properties due to their
limited size and a high density of corner or edge surface sites. Particle size is expected to
influence three important groups of basic properties in any material. The first one
comprises the structural characteristics, namely the lattice symmetry and cell parameters
[4]. Bulk oxides are usually robust and stable systems with well-defined crystallographic
structures. However, the growing importance of surface free energy and stress with
decreasing particle size must be considered: changes in thermodynamic stability associate
with size can induce modification of cell parameters and/or structural transformations [5-7]
and in extreme cases the nanoparticles can disappear due to interactions with its
surrounding environment and a high surface free energy [8]. In order to display mechanical
or structural stability, a nanoparticle must have a low surface free energy. As a
2

consequence of this requirement, phases that have a low stability in bulk materials can
become very stable in nanostructures. The second important effect of size is related to the
electronic properties of the oxide. In any material, the nanostructure produces the so-called
quantum size or confinement effects which essentially arise from the presence of discrete,
atom-like electronic states. From a solid-state point of view, these states can be considered
as being a superposition of bulk-like states with a concomitant increase in oscillator
strength [9]. Additional general electronic effects of quantum confinement experimentally
probed on oxides are related to the energy shift of exciton levels and optical band gap
[10,11]. An important factor to consider when dealing with the electronic properties of a
bulk oxide surface are the long-range effects of the Madelung field, which are not present
or limited in a nanostructured oxide [12-14].
Structural and electronic properties obviously drive the physical and chemical properties of
the solid, the third group of properties influenced by size in a simple classification. In their
bulk state, many oxides have wide band gaps and a low reactivity [15]. A decrease in the
average size of an oxide particle do in fact change the magnitude of the band gap [14,16],
with strong influence in the conductivity and chemical reactivity [17,18]. Surface
properties are a somewhat particular group included in this subject due to their importance
in chemistry. Solid-gas or solid-liquid chemical reactions can be mostly confined to the
surface and/or sub-surface regions of the solid. As above mentioned, the two dimensional
(2D) nature of surfaces has notable structural, typically a rearrangement or reconstruction
of bulk geometries [19-21], and electronic, e.g. presence of mid-gap states [18,22]
consequences. In the case of nanostructured oxides, surface properties are strongly
modified with respect to 2D-infinite surfaces, producing solids with unprecedented
sorption or acid/base characteristics [23]. Furthermore, the presence of undercoordinated
atoms (like corners or edges) or O vacancies in an oxide nanoparticles should produce
specific geometrical arrangements as well as occupied electronic states located above the
valence band of the corresponding bulk material [24-26], enhancing in this way the
chemical activity of the system [19,23,27,28].

1.3 Synthesis of metal oxide nanoparticles
Several synthetic approaches have been developed for synthesizing nanoparticles over the
past several decades. Regardless of the technique, the goal of particle synthesis generally
focuses on minimizing and controlling particle size, maintaining a narrow size distribution,
control of particle morphology, and control of crystallinity. The ability to control size
3

enables the variation of particle properties, while the narrow size distribution allows
greater precision and is required for studies of size dependent effects. Particle shape and
crystal structure can also influence material properties [29]. To have very small materials,
it is necessary to have a way to form materials in the architectures and the morphology that
you desire. Traditional methods of forming materials into specific shapes and devices
include cutting, chipping, pounding, extruding, and other such bulk procedures.
Nanotechnology is different. Whereas bulk procedures begin from a larger structure and
form it into smaller structures, nanotechnology procedures can also include beginning at
the atomic level and building up into larger nanoscale structures. Where formation of
smaller materials from larger is known as “top-down” technology, the formation of
materials from atomic or molecular structures is known as “bottom-up” [30]. The
development of systematic studies for the synthesis of oxide nanoparticles is a current
challenge and, essentially, the corresponding preparation methods may be grouped in two
main streams based upon the liquid-solid [31] and gas-solid [32] nature of the
transformations. Liquid-solid transformations are possibly the most broadly used in order
to control morphological characteristics with certain “chemical” versatility and usually
follow a “bottom-up” approach. A number of specific methods have been developed,
among which those broadly in use are:
1.3.1 Co-precipitation method
This involves dissolving a salt precursor (chloride, nitrate, etc.) in water (or other solvent)
to precipitate the oxo-hydroxide form with the help of a base. Very often, control of size
and chemical homogeneity in the case of mixed-metal oxides are difficult to achieve.
However, the use of surfactants, sonochemical methods, and high-gravity reactive
precipitation appear as novel and viable alternatives to optimize the resulting solid
morphological characteristics [31,33,34].
1.3.2 Sol-gel processing
This process dates back to the mid 1800s where scientists found that they were able to
synthesize ceramic or glassy material from a viscous gel. Typically, metal alkoxides or
metal chlorides are used as starting materials forming the solvated metal precursor (the
sol). This precursor undergoes hydrolysis and polycondensation reactions to form a gelated
colloid (the gel) [35]. The reactions of this oxide- or alcohol-bridged network continue
until the gel transforms into a solid mass under expulsion of the solvent from the pores.
Subsequently, the monolith is calcined at temperatures up to 800 °C. In the firing step
4

when the temperature rises above 800°C densification and decomposition of the gel occurs
under collapse of the gel network. The sol-gel process is ideally suited for the fabrication
of synthetic zeolites, where a porous “open” structure is desired for the accommodation of
a wide variety of cations.
1.3.3 Microemulsion technique
Microemulsion or direct/inverse micelles represent an approach based on the formation of
micro/nano-reaction vessels under a ternary mixture containing water, a surfactant and oil.
Metal precursors on water will proceed precipitation as oxo-hydroxides within the aqueous
droplets, typically leading to monodispersed materials with size limited by the surfactanthydroxide contact [36].
1.3.4 Solvothermal method
In this case, metal complexes are decomposed thermically 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 control particle size growth and limit agglomeration.
1.3.5 Template/Surface derivatized method
Template techniques are common to some of the previous mentioned methods and use two
types of tools; soft-templates (surfactants) and hard-templates (porous solids as carbon or
silica). Template- and surface-mediated nanoparticles precursors have been used to
synthesize self-assembly systems [31].

1.4 Magnesium oxide nanoparticles
Magnesium oxide (MgO) is widely used in the chemical industry as a scrubber for air
pollutant gases and as a catalyst support [37]. It exhibits a rock salt structure like oxides of
other alkaline earth metals. The non-polar (100) face is by far the most stable surface
[38-40], and particles of MgO usually display a cubic shape as shown in Fig. 2.1. For
example, when Mg metal is burned in air or oxygen, the MgO smoke particles that are
formed are almost perfect cubes having (100) faces [41]. Special procedures to prepare
MgO nanoparticles exhibiting (110) and (111) faces have been partially successful [42],
but in general they tend to facet to surfaces containing (100) planes [43]. The rock salt
(110) surface is also non-polar, but its surface energy is twice that of a (100) surface. In the
case of a (111) surface, the situation is more complex because it will contain either a layer
of Mg cations or a layer of O anions. Neither of these planes is charge neutral (a net dipole
5

moment exists) [37]. Thus, MgO nanoparticles exhibiting (111) faces are intrinsically
unstable and should undergo a structural transformation.

Fig. 1.1 MgO face center cubic crystal structure

Highly porous (~ 90%), high surface area (~ 1000 m2/g), thermally stable (2800 oC)
crystalline films of magnesium oxide nanostructures were prepared using a novel ballistic
deposition technique (a collimated atomic beam of Mg was deposited on a silica support
under a background pressure of O2) [44,45]. The films consisted of a tilted array of porous
nanoscale crystalline filaments. Surprisingly, the individual filaments exhibited a high
degree of crystallographic order with respect to each other. The films had chemical binding
sites analogous to those of MgO (100) surfaces. However, the fraction of chemically
active, high energy binding sites was greatly enhanced on the nanoporous film. Such
properties make these materials attractive candidates for applications as sensors and
heterogeneous catalysts. For example, they display interesting chemical properties towards
CO and n-alkanes [44,46]. In its bulk state, MgO is a highly ionic compound and a wide
band gap (~ 7.8 eV) insulator. For small nanoparticles of MgO, a reduction in the band gap
could be measured by using optical absorption techniques [47,37] and the effects of the
electrostatic Madelung potential could not be as strong as those in bulk MgO [40]. The Mg
cations in a (100) face are pentacoordinated and have a charge that is close to that found
for the cations in the bulk [48]. These atoms are expected to have a low activity and may
not be of interest in chemical applications of MgO nanoparticles. On the other hand, Mg
atoms located at corner or edge sites of MgO nanoparticles have a relatively low
coordination number and a positive charge that is substantially smaller than that in the bulk
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[48,49]. These cations are expected to be the chemically active sites of the nanoparticles
[50]. An important aspect to consider when dealing with MgO nanoparticles is the possible
presence of O vacancies. These can have a tremendous influence on the electronic and
chemical properties of the nanoparticles. The anionic vacancies in MgO are known as F
centers; depending on the charge one can have F, F+, and F2+ centers which correspond to
the removal of a neutral O atom, of an O- or of an O2- anion, respectively [51]. The F
centers can be described as an electron pair trapped in the cavity left by the missing
oxygen. They can produce electronic states localized well above the valence band of MgO
[52]. The F+ centers consist of a single electron associated with the vacancy and give rise
to a typical signal in electron paramagnetic resonance (EPR) [53]. Finally, F2+ centers are
strongly electron deficient and have a tendency to ionize bonded molecules [54].
Theoretical studies have shown that the presence of O vacancies is essential for having
MgO nanoparticles with high chemical activity [48,51,54]. In fact, the O vacancies are so
reactive that they may not be stable under the chemical environment of most catalytic
reactions.

1.5 Doping of magnesium oxide nanoparticles
The incorporation of another element into a parent phase (i.e., oxide matrix) leads to
crystal defects (e.g., vacancies, interstitials, and antisites) which, in turn, can modify the
useful characteristics [55,56]. Recently, interest arose in transition metal and rare earth
metal doped oxides mainly due to their excellent luminescence efficiency and application
in lasers, optical amplifiers, and plasma display panels [57–60]. In transition metal ions,
the d–d absorptions are parity forbidden and therefore charge carriers get excited mainly
from the host oxide. In such a situation, absorption can be improved by enhancing the
energy transfer from host to doped transition metal ions and/or reducing the influence of
defects. Also, the addition of coactive ions or charge compensators (e.g., silicon or nickel)
sometime facilitates absorption process resulting in the enhancement of the luminescence
intensity. Nickel is a well-known activator for many inorganic systems and produces white
light by suitably adjusting the yellow and blue light emissions [59,60]. Doping can induce
structural transformations and be used to stabilize MgO nanoparticles that expose (110) or
(111) faces. The doping also can lead to perturbations in the electronic properties of the
nanoparticles by favoring the formation of O vacancies or by introducing new occupied
states above the valence band of MgO [61]. The position of the new occupied states
depends on the nature of the dopant element. Cr-doped MgO systems adsorb CO stronger
7

than pure MgO. Doping with Cr introduces occupied electronic states above the valence
band of MgO which are very efficient for bonding interactions with CO [62,63]. The
nanoparticles bond CO better than the surface of the bulk oxide, probably due to the
presence of corner or edge sites [47,43]. In general, the TMxMg1-xO systems (TM= Ni, Fe,
Mn, Cr) exhibit electronic and chemical properties different from those of pure MgO
[62-67].

1.6 Literature review
Magnesium oxide is an important material for using in catalysis [68,69], toxic waste
remediation, or as additives in refractory, paint, and superconductor products [70] has been
attracting both fundamental and application studies [71]. Many different synthetic routes
provide nanoscale MgO including sol–gel [72], hydrothermal/solvothermal [73,74], laser
vaporization [75], chemical gas phase deposition [76], aqueous wet chemical [77],
surfactant methods [78], polyol-mediated thermolysis process [79], and microwaveassisted method [80]. One method to prepare nanosized MgO is the thermal
decomposition. Aramendia et al. [81] have prepared MgO via decomposition of
magnesium hydroxide. Stark and Klabunde [82] have synthesized MgO from magnesium
carbonate by thermal decomposition. Novaro et al. [83] have prepared nano crystalline
MgO by thermal decomposition of brucite (Mg(OH)2) at different temperatures. When the
calcinations temperature is increased from 267 to 500 oC, brucite decomposes to form
periclase, from needle shape morphology (hexagonal structure) to small crystallites with
the cubic structure. Ding et al. [84] have prepared magnesium hydroxide via a
hydrothermal method using different magnesium precursors, such as magnesium powder
and magnesium sulfate, from different solvents, including ethylenediamine and NaOH
solution. Magnesium hydroxide nanoparticles with rod-like, lamellar-like, and needle-like
morphologies were obtained by varying the reaction time from 2 to 20 h and the reaction
temperature from 80 to 110 °C. These 20-200 nm magnesium hydroxide nanoparticles
were further calcinated at temperatures up to 450 °C, where 20 nm magnesium oxide
particles with lamellar-like and needle-like morphologies appeared. Utamapanya et al. [85]
have synthesized magnesium hydroxide by means of a sol-gel method. Magnesium
hydroxide gel was obtained when Mg(OCH3)2 was reacted with water in a methanoltoluene solvent mixture. Then the gel was subjected to a modified hypercritical drying
procedure to get magnesium hydroxide, which had a surface area of 1000 m 2/g and a
crystallite size of 3.5 nm, as determined from X-ray diffraction patterns. It was further
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calcined at 500 °C to obtain magnesium oxide nanoparticles, which were about 8 nm in
size and had a 300-400 m2/g surface area. The study demonstrated possible methods for
synthesizing magnesium hydroxide and oxide nanoparticles. However, the procedure used
to synthesize and handle the hazardous metal-organic precursors in the sol gel process was
not very convenient. K.im et al. [86] have studied the effect of acetic acid addition to
magnesium methoxide on the stability of the precursor and the crystallization behavior of
sol-gel derived MgO nanosized powder. Additionally, Chowdery and Kumar [87] have
synthesized MgO with high degree of crystallinity and tubular morphology using
magnesium acetate as a precursor. Recently, Moon et al. [88] and Niu et al. [89] have
observed bright blue emission in MgO nanocrystallites. These finding suggest MgO
nanocrystallites to have a wider impact on solid state illumination. The density of defects
(i.e., F, F+, and F aggregates centers) and surface states may change with formation
conditions, morphology and size of crystallites. It is therefore interesting to examine defect
energy levels or iginating from F, F+, and F aggregates centers and/or surface states of
MgO, and study their modification. Also, the effect of variables like decomposition
temperature and gas environment is vital to understand their respective contribution to the
emission behavior. The cathodeluminescence (CL) is usually measured to gather
information about the energy levels associated with defects. But,10–20keVe-beam
irradiation of the sample during the CL measurement itself can create new and even
convert and/or modify the existing defects [90]. Therefore, PL measurement technique is
used to study the emission behavior of MgO; radiation being of wavelengths 350 and 370
nm (or energies 3.54 and 3.35eV, respectively). These energy values are considerably
smaller than the band gap of MgO [91,92]. While the low photon energy ensures the
excitation of selective luminescence channels (i.e., excitons, electron–hole recombination,
impurities, etc.), multiple energy excitation allows probing of spectral change related to
different defect centers. Kaviyarasu and Devarajan [93] have reported a versatile route to
synthesize MgO nanoparticles by combustion technique. Verma et al. [94] have prepared
uniform sized magnesium oxide (MgO) nanostructures with high yield via a simple wet
chemical process under calcination temperatures of 500 and 800 oC. The nanosized MgO
exhibits an optical band gap value of 5.91 eV as obtained from the UV-VIS absorption
spectrum. The MgO samples produced an intense blue emission at 421 nm upon 300 nm
excitation which is closely related to oxygen vacancy defect centers. Bagheri GH et al. [95]
have prepared magnesium oxide powders by simple method using different templates as
Hexamine, alkylate-hexamine salt and alkylate–dihexamine salt. The annealed products
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were systematically investigated by using X-ray diffraction (XRD), energy dispersive Xray spectroscopy (EDX), scanning electron microscopy (SEM) and UV-vis absorption. It
was found that the formation of nanoparticles could involved the role of performed
"nucleus" and used template to control the growth rate of nucleuses. The results were
shown that different templates affect on the size and species of particles. In this study, the
crystallite size of the MgO products were in a range from 4 to 7 nm. The optical band gap
of MgO nanoparticles was in the range 4.27-4.77 eV. The morphology of MgO was
nanospheres or nanokongelemere-like. Hadia and Mohamed [96] have synthesized
magnesium oxide nanowires by solvothermal method. Field emission scanning electron
microscopy (FE-SEM)

and transmission scanning electron microscopy (TEM)

measurements indicate that the product consists of a large quantity of nanowires with
average diameter of 20 nm and average length of several micrometers. Explorations of Xray diffraction (XRD), energy dispersive analysis of X-ray (EDAX), Fourier transformer
infrared spectroscopy (FTIR), selected area electronic diffraction (SAED) and highresolution transmission electron microscope (HRTEM) indicate that the product is highquality cubic single-crystalline nanowires. The photoluminescence measurement suggests
that the product has an intensive emission centered at 437 nm, showing that the product has
potential application in optical devices. Hongji et al. [97] have prepared MgO nanocrystals
using a simple direct current arc plasma jet chemical vapor deposition method. Magnesium
nitrate was used as source material and Mo film was used as a substrate and catalyst. The
high temperature plasma produced ensured rapid synthesis of the MgO nanocrystals. The
as-synthesized samples were found to consist of cubic MgO nanobelts and nanosheets with
large surface areas and low coordination oxide ions, and contained numerous contacts,
rough edges, vacancies, and doping defects. The nanostructures exhibited excellent
electrochemical sensing properties with high sensing sensitivity toward ascorbic acid.
Their high electrocatalytic activity was attributed to the effect of defects and the surface
electron transfer ability of the one-dimensional MgO nanobelts. Mehta et al. [98] have
used MgO nanocrystallites as an adsorbent for the removal of Corolene Blue
Anthraquinone dye from an aqueous solution. The adsorption studies were carried out in a
batch reactor at various MgO nanocrystallite dosage, initial dye concentrations, solution
pH and contact time. Experimental results indicate more than 87% dye removal efficiency
of Corolene Blue Anthraquinone dye with dosage of 0.2 g, pH 2, contact time 60 min, for
initial dye concentration of 125 ppm. Wang et al. [99] have synthesized Hierarchical
porous nanosheet-assembled MgO microrods (PS-MgO) by a simple surfactant-assisted
11

method. Because of its unique porous nanosheet-assembled structure, the specific surface
area of PS-MgO reaches 72 m2/g. Congo red adsorption experiments indicate that PS-MgO
shows an adsorption capacity that is three times higher than that of MgO microrods.
Mageshwari et al. [100] have synthesized MgO nanoparticles by template-free reflux
condensation approach. XRD and FTIR confirmed the formation of single phase MgO
exhibiting cubic crystal structure. SEM and TEM analysis revealed the formation of MgO
nanoflakes. The optical band gap of MgO nanoparticles estimated from UV DRS was in
the range of 5.40–5.45 eV. PL spectra of MgO nanoparticles showed visible emissions due
to the formation of defects in the band gap region of MgO. Synthesized MgO nanoparticles
exhibited appreciable photocatalytic activity for the degradation of methyl orange and
methylene blue dyes under UV light irradiation. Results demonstrated that the origin of
photocatalytic activity in MgO arises due to the existence of high concentration of native
defects on the surface of MgO. Venkatesha et al. [101] have synthesized MgO
nanoparticles by precipitation method and used for the sorption of Ponceau S from aqueous
solution. The effects of parameters like contact time, pH and temperature on the adsorption
capacity were studied. The adsorption isotherm studies were carried out using Langmuir,
Freundlich and Temkin models, of which Langmuir model was found more suitable.
Pseudo-second-order model fitted well with good agreement with the experimental values
of qe (equilibrium adsorption capacity). The values of thermodynamic parameters like
enthalpy (∆Ho) and entropy (∆So) were found to be 35.71 kJ/mol and 0.127 J/K/mol,
respectively. The negative values of standard free energy (∆Go) suggested that the
adsorption process is spontaneous with the energy of activation equal to 28.58 kJ/mol.
Lange and Obendorf [102] have studied the effect of plasma etching on destructive
adsorption properties of polypropylene fibres containing magnesium oxide nanoparticles.
Jin and He [103] have demonstrated antibacterial activities of MgO nanoparticles against
food borne pathogens. Mirzaei and Davoodnia [104] have reported the microwave assisted
sol-gel synthesis of MgO nanoparticles and their catalytic activity in the synthesis of
Hantzsch 1,4-dihydropyridines. Camtakan et al. [105] have studied the uranium sorption
properties of MgO. Nano-MgO is a functional material that has been widely used in
various areas and recently it has been reported that MgO has a good bactericidal
performance in aqueous environments [106,107]. The two pioneers in this area are
Klabunde et al. [108] and Aharan et al. [109] have demonstrated that nano-MgO exhibits
high activity against bacteria, spores and viruses because of its large surface area. The
positively charged particles can interact strongly with negatively charged bacteria.
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Compared with TiO2, silver, copper and other kinds of solid bactericides, nano-MgO has
the advantage of being prepared from readily available and economical precursors and
solvents, and therefore has considerable potential as a solid bactericidal material under
simple conditions. Encouraged by the preliminary results of one dimensional structures by
the producers adopted by Shah and Ahsan [110] interestingly uniform nanoparticles having
diameters in the range of 50-70 nm were prepared by a simple reaction of magnesium foil
and de-ionized water at very low temperature of about 90 oC. The reported method, besides
being simple, is non toxic, economical, fast, effective, and environmentally benign.
The current understanding of the role of transition metal impurities on the optical
absorption and photoluminescence in MgO is not yet completely established. An attempt
will been made here to study the effect of transition metal doping on the crystal structure,
optical absorption and photoluminescence (PL) behavior of MgO nanopowders suspended
in surfactant solution with the objective of its possible application in optical devices and
dye removal.
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1.7 Aim of the present work
Magnesium oxide continues attract attention owing to its interesting properties in bulk as
well as in the form of nanoparticles. It is used in electronics, catalysis and optics [111].
The application of a surfactant to solubilize MgO nanoparticles provides a means to
achieve control over the MgO nanoparticle size and size distribution in solution, which
is essential for tailoring optical, electrical, chemical, and magnetic properties of
nanoparticles for specific applications. Micelles have attracted significant attention
because of their ability to function as encapsulating systems to provide selective
microenvironments [112–115]. The surfactant 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 structure. The HY can affect local
aggregation which in turn can substantially enhance the stability, the optical and
photoluminescence properties.
The present work has focused on the following:
1. Synthesis of pure MgO and TM doped MgO nanoparticles using co-precipitation
method (oxalate route).
2. Investigation of structural properties of MgO and TM doped MgO nanoparticles by
x-ray diffraction and Fourier transform infrared spectroscopy (FTIR) and
Transmission electron microscopy (TEM).
3. Investigation of optical properties of MgO and TM doped MgO nanoparticles
suspended in micellar solution.
4. Investigation of photoluminescence (PL) spectrum of MgO and TM doped MgO
nanoparticles suspended in micellar solution.
5. Application of MgO nanoparticles as probe for surfactant micellization.
6. Application of MgO nanoparticles for dye removal.
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Chapter two
Experimental
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2.1 Materials
All reagents used in the present work were analytical grade and directly used without
further treatment. Magnesium acetate tetrahydrate, Mg(CH3COO)2.4H2O (Merck, 99.5%
purity), oxalic acid, H2C2O4.2H2O (Merck, 99.5% purity), Ferrous sulfate pentahydrate,
Fe(SO4).5H2O (Merck, 99.5% purity), Nickel sulfate hexahydrate, Ni(SO4).6H2O(Merck,
99.5% purity), Praepagen HY and its molecular structures is given in Fig. 2.1, C16H36NOCl
(Clariant, 40% ), reactive red (RR-24) and reactive orange (RO-7) dyes were obtained
from Sigma and its molecular structures are given in Fig. 2.2 and 2.3 respectively; and
deionized water were used in the synthesis and preparation of all solutions.

Fig. 2.1 Structure of HY surfactant (Alkyl dimethyl hydroxyethyl ammonium chloride)

Fig. 2.2 Formula of reactive red-24 (RR-24) dye
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Fig. 2.3 Formula of reactive orange-7 (RO-7) dye

2.2 Synthesis of MgO and TM doped MgO nanopowders
In typical synthesis of MgO nanopowders, (20 mmol) of magnesium acetate tetrahydrate
Mg(CH3COO)2.4H2O was dissolved into 25 mL of deionized water. (20 mmol) of oxalic
acid was dissolved in an equal volume of deionized water and dropwise added to
magnesium acetate solution under magnetic stirring for 60 min, white precipitate of
magnesium oxalate was isolated, washed with water several times and dried at 100 oC for
24 hours . The dried material was grounded using mortar and pestle to produce fine powder
precursor. Subsequently, the precursor, magnesium oxalate was annealed in muffle furnace
under air at 500 oC for 2 h to form MgO nanostructure.
The synthesis of TM doped magnesium oxide nanoparticles is presented in Scheme 1.
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Scheme 1 Flow chart of the synthesis of TM doped magnesium oxide nanoparticles
Where TM = Fe, Ni and x= 0.02, 0.04, 0.06, 0.08, 0.1.
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2.3 Preparation of colloidal solutions
For optical absorption and photoluminescence measurements, 1.5 mg of MgO
nanoparticles was dissolved in 5 mL of 20% HY solution (20 mL HY/100 mL H2O).
Optical absorption measurements were taken after 1, 2, 3, 4, 7, 14, 21, and 28 days and
photoluminescence measurements was taken after 7 days.
For optical absorption and photoluminescence measurements of TM doped MgO
nanoparticles, each sample were dissolved in 5 mL of 20% HY solution. Optical
absorption measurements were taken after 1hour and photoluminescence measurements
was taken after 7 days.

2.4 Dye removal
Different amounts of MgO nanoparticles were added to a constant concentrations of RR-24
and RO-7 dyes where the concentrations of dyes were 20 ppm and 40 ppm respectively
and the amounts of MgO were 1, 2, 3, 4 and 5 mg. Optical absorption measurements were
taken for all samples.
Different concentrations of RR-24 and RO-7 dyes were prepared at constant amount of
MgO (3 mg). All concentrations were given in tables 2.1 and 2.2 for RR-24 and RO-7 dyes
respectively. Optical absorption measurements were taken for all samples.
Table 2.1 Concentrations of RR-24 dye.

Sample No.

1

2

3

4

5

6

Conc. (ppm)

20

40

60

80

120

160

Table 2.2 Concentrations of RO-7 dye.

Sample No.

1

2

3

4

5

6

Conc. (ppm)

40

60

80

100

120

160

2.5 Critical micelle concentration (CMC) determination of HY surfactant
using MgO nanoparticles as a probe
Different concentrations of HY surfactant were prepared at constant MgO concentration
(7.5 mM). Optical absorption and photoluminescence measurements were taken for all
samples after 48 hours. All concentrations were given in tables 2.3.
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Table 2.3 Concentrations of HY surfactant.

Sample no.

[HY] (mM)

1

75.00

2

62.50

3

50.00

4

37.50

5

25.00

6

12.50

7

11.25

8

10.00

9

8.75

10

7.50

11

6.25

12

5.00

13

3.75

2.6 Determination the CMC of HY by conductivity measurements
The conductivity measurements of surfactant solutions were made by a Phillips
conductivity meter model PR 9500, using platinized electrodes. After measuring
conductivity of the solvent, small volumes of the stock solutions were added and the
conductivity was noted after each addition, ensuring complete mixing. The specific
conductivity was calculated by applying the solvent correction. The CMC value of
surfactant has been determined at the break point of nearly two straight line portions of the
specific conductivity vs. concentration plot.
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2.7 Characterization techniques
2.7.1 Thermal gravimetric analysis (TGA)
Thermal gravimetric analysis (TGA) was carried out at using Melter Toledo SW 7.01
analyzer of 25-600 oC under nitrogen with rate 10 oC/1 minute.
2.7.2 Fourier transform infrared (FTIR)
Fourier transform infrared (FTIR) spectroscopy is a powerful tool for identifying types of
chemical bonds in a molecule by producing an infrared absorption spectrum that is like a
molecular fingerprint.
FTIR spectra were recorded using a Fourier transform infrared spectrophotometer (Frontier
Perkin Elmer); The samples are measured on a Zinc Selenide Crystal, it is working as a
Multiple Reflection ATR system (Attenuated total Reflection).
2.7.3 X-Ray diffraction analysis (XRD)
The X-ray diffraction (XRD) patterns of the dried as-prepared and classified samples were
obtained using an X-ray diffractometer PANalytical X'pert (PANalytical) with Cu Ka
radiation (0.154 nm wavelength) under 40 kV and 200 mA. The Scherrer equation was
used to determine bulk crystallite diameter of a sample. The following is a general form of
the Scherrer equation:
d = Kλ / Bcos θ
d = crystallite diameter (nm).
K = crystallite shape constant (using 0.9 for spherical shape).
λ = x-ray wavelength (0.154 nm).
B = Full-width at half max at Bragg angle of interest.
θ = Bragg Angle (angle of interest).
2.7.4 Transmission electron microscopy (TEM)
The TEM analysis was done with JEM2010 (JEOL) transmission electron microscope with
energy dispersive X-Ray Spectrometer INCA (Oxford Instruments).
2.7.5 Ultraviolet-Visible (UV-vis) spectroscopy
Ultraviolet–visible absorption spectra were collected using a UV–VIS spectrophotometer
(Shimadzu, UV-2400) in the wavelength range from 200 to 800 nm.
For a direct band gap material the following equation was used to determine the band gap
at zero absorbance.
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(αhv)2 = hv - Eg
α = absorbance coefficient (μm ) .
(αhv)2= absorbance coefficient (μm eV).
Eg = E = Band gap energy (eV) .
Hv = photon energy = 1.24 μm-eV.
2.7.6 Photoluminescence spectroscopy (PL)
PL spectra were recorded with a spectrofluorometer (JASCO, FP- 6500); the excitation
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.
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Chapter Three
Results and Discussion
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3.1 Formation of MgO nanoparticles
3.1.1 Thermal gravimetric analysis (TGA)
Thermal gravimetric analysis is used to determine physical and chemical changes that
result in changes in mass when a material is heated. Fig. 3.1 shows the weight loss
percentage (W%) versus temperature plots of sample containing MgC2O4.2H2O.
The TGA thermogram shows two steps of weight loss of MgC2O4.2H2O in the temperature
range between 25-600 ◦C. The first stage at 175 ◦C due to weight loss of ~ 25 % of its
initial weight correspond to loss of crystallizing water followed the reaction giving below
MgC2O4.2H2O

MgC2O4 + 2H2O (↑)

(1)

The second stage, the weight loss of ~ 50 %

was centered at 480◦C correspond to

evolution of CO and CO2 from MgC2O4 as shown in reaction two
MgO + CO (↑) + CO2 (↑)

MgC2O4

(2)

The weight loss of MgO can be attributed to removal of water adsorbed on the surface of
MgO. There results have been confirmed by reported results [116].

MgO
MgC2O4.2H2O

100

Weight (mg)

80

60

40

20
0

100

200

300

400

500

o

Temperature ( C)
Fig. 3.1 TGA spectra of MgO nanoparticles and MgC2O4.2H2O.
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3.2 Fourier transform infrared (FTIR)
FT-IR spectroscopy is a useful tool to understand the functional group of any molecule.
Fig. 3.2(a) shows the infrared spectrum of pure MgO nanoparticles. The spectrum showed
two absorption, a sharp peak at 3693 cm−1 due to the presence of free hydroxyl group at
the low-coordination sites or defects and a broad absorption band around 3438 cm−1 is
correspond to the v(O–H) group stretching vibrations of hydrogen bonded probably with
H2O on the surface of oxide crystallites. The absorption band in the range of 1456–1642
cm−1 is probably due to ∂(O–H) vibration. A very broad peak at 500 cm−1 can be assigned
to Mg–O stretching vibration [97]. The FTIR spectrum of Fe 0.1MgO0.9 nanoparticles Fig.
3.2(b) showed that the peak at 3693 cm−1 has disappeared. The two peaks around 500 cm−1
as associate with metal oxide vibrations. Similar FTIR pattern for was Ni 0.1MgO0.9
observed in Fig. 3.2(c). This reveal that no hydroxyl groups at the low-coordination sites
on the surface of doped MgO which may be involved incorporated with the doping
element.

4000
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Fig. 3.2 FTIR spectra of (a) pure MgO, (b) Fe 0.1MgO0.9, (c) Ni0.1MgO0.9
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3.3 X-ray diffraction analysis (XRD)
The crystal structure and phase purity of the as-prepared nanocrystalline MgO and metal
doped MgO samples were confirmed by X-ray diffraction (XRD) analysis. The XRD
patterns gave valuable information about crystalline structure and grain size of
nanoparticles.
The XRD pattern of pure MgO and Fe-doped MgO nanoparticles is shown in Fig. 3.3. Two
XRD patterns were observed corresponding mixture of MgO and Mg(OH)2 at x = 0.0. This
means that both forms were present at undoped MgO, in which the Mg(OH)2 species were
disappeared by doping. The diffraction pattern of MgO species matched with the face
centered cubic structure of periclase MgO (JCPDS No. 87-0653). The major peaks at 2θ
values of 36.8 o, 42.9 o, 62.2 o, 74.6 o, and 78.6 o can be indexed to the lattice planes of
(111), (200), (220), (311) and (222) respectively. The crystallite size is determined using
Scherrer’s formula, d = 0.9 λ / β cos θ , where d is the crystallite size, λ is wavelength of xray radiation, β is full width at half maximum and θ is the diffraction angle. The calculated
mean crystallite size of MgO is 9.6 nm. The peaks designated by star correspond to the
peaks of Mg(OH)2 [117]. Presence of these peaks indicate that–OH groups are present on
the surface of MgO nanocrystallite which is confirmed by FTIR characterization where the
appearance of the broad absorption band around 3438 cm−1 that corresponds to the –OH
group stretching vibrations of adsorbed H2O on the surface of oxide crystallites [118]. It
was observed that small amount of Fe2+ doping was almost no effect on the MgO
crystalline structure. However, at higher Fe2+ doping concentration 6–10 %, no secondary
phase was detected indicating that Fe2+ ions homogeneously mixed and effectively doped
in the host lattice in Mg2+ sites. Also, it was observed that the mean crystallite size was
found to decreases from 9.6–6.5 nm with increase of Fe2+ doping from 0–10% molar
concentration. This indicates that Fe2+ ions doped into the host matrix were strongly
capped into the crystal lattice and cause contraction of the unit cell because the ionic radii
of Fe2+ is smaller than that of Mg2+ (Fe2+= 0.063 nm and Mg2+= 0.072 nm). Fig. 3.4 shows
the XRD patterns of Ni-doped MgO nanoparticles. One can see the decrease of the particle
size from 9.6 nm in the pure MgO to about 7.2 nm for 6 % of Ni then, it remains nearly
constant (5.2 nm). The decrease of the particle size as compared to un-doped MgO may be
due to the progressive substitution of Mg ion with Ni ion. We note that the ionic radius of
Ni2+ ion is lower than that of the ionic radius of Mg2+ ion. It is important to notice that
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MgO becomes more stable when it is doped with 4–6 % Ni or 6–10 % Fe as it can be
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Fig. 3.3 XRD pattern of FexMg1-xO nanoparticles
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Fig. 3.4 XRD pattern of NixMg1-xO nanoparticles
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3.4 Transmission electron microscopy (TEM) and Energy dispersive Xray spectroscopy (EDX)
The morphology of the product was studied by TEM analysis. TEM images were
determined when the substrate was sonicated in ethanol. A drop of the dispersion solution
was then placed on a porous carbon (C) film supported on a copper (Cu) microgrid. Fig.
3.5 illustrates TEM image and EDX spectra of pure MgO powder calcined at 500 oC for
2h. As shown in Fig. 3.5(a) pure MgO nanoparticles are formed as nano-size crystallites
that are closely seen as grouping together and forming a rod-like morphology. The EDX
result of pure MgO showed the presence of Mg and O peaks without any other
characteristic peaks confirms the purity of the sample. The signals of Cu and C elements
observed in the pattern were due to the carbon film-coated copper grid used for the TEM
observations. Figs. (3.6 – 3.10) show TEM images and EDX spectra of FexMg1-xO where x
is 2, 4, 6, 8 and 10%. The images of Figs. (3.6 – 3.9) show rod/needle-shaped particles
structure with Fe doping from 2% to 8%. In contrast, the morphology of MgO doped with
10% shows irregular spherical morphology with particle size of 6 nm which is in good
agreement with XRD value. The TEM result Fig. 3.10 at low magnification (100 nm)
reveals that the powder was porous and agglomerated with poly-crystalline nanoparticles.
EDX spectra reveals the presence of Fe ions in MgO without appearance of impurities.
The TEM micrographs of MgO containing different nickel content, that is, NixMg1-xO
where x is 2, 4, 6, 8 and 10%, and the respective EDX spectra are shown in Fig. (3.113.15). These images reveal the emergence of spherical clusters/agglomerates of nanosized
particles, nanorods, nanoneedles, nanosheets and small nanorods, respectively. The
diameter/width of the nanorod Fig. 3.15 is about 7 nm which is confirmed by XRD. The
EDX spectra reveals the presence of Ni peak in addition to the Mg and O peaks indicating
the doping of Ni ions in the crystal lattice. Success of doping may also be revealed from
structural changes illustrated by TEM micrographs.
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Fig. 3.5 Structural characterization of MgO (a) TEM image (b) EDX spectra.
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Fig. 3.6 Structural characterization of Fe0.02MgO0.98 (a) TEM image (b) EDX spectra.
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b

Fig. 3.7 Structural characterization of Fe0.04MgO0.96 (a) TEM image (b) EDX spectra.
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Fig. 3.8 Structural characterization of Fe0.06MgO0.94 (a) TEM image (b) EDX spectra.
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b

Fig. 3.9 Structural characterization of Fe0.08MgO0.92 (a) TEM image (b) EDX spectra.
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b

Fig. 3.10 Structural characterization of Fe0.1MgO0.9 (a) TEM image (b) EDX spectra.
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Fig. 3.11 Structural characterization of Ni0.02MgO0.98 (a) TEM image (b) EDX spectra.
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Fig. 3.12 Structural characterization of Ni0.04MgO0.96 (a) TEM image (b) EDX spectra.
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Fig. 3.13 Structural characterization of Ni0.06MgO0.94 (a) TEM image (b) EDX spectra.
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Fig. 3.14 Structural characterization of Ni0.08MgO0.92 (a) TEM image (b) EDX spectra.
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b

Fig. 3.15 Structural characterization of Ni0.1MgO0.9 (a) TEM image (b) EDX spectra.
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3.5 Absorption and fluorescence properties of MgO nanoparticles
Absorption bands can be understood in terms of oxygen vacancy/defect centers created
both in the bulk and on the surface of MgO during decomposition of magnesium oxalate
itself. If the oxygen vacancy retains its two electrons, the defect is called an F-centre (i.e.,
F for bulk and Fs for surface). This produces an energy level in middle of the valence band
(2p oxygen) and conduction band (3s and 3p magnesium) edges. When one of the two
electrons of F-centers is promoted to the conduction band, the defect F+ (or Fs+) is created
and its energy level moves downwards, near the valence band. Further, if both the
electrons are removed or promoted to the conduction band, a doubly charged vacancy, F2+
(or Fs2+) is formed and the associated energy level moves still closer to the valence band.
The optical spectra of MgO nanoparticles in water and HY solutions are shown in Fig.
3.16. Fig. 3.16(a) showed that no absorption peak of MgO nanoparticles in water. The
spectrum of MgO nanoparticles in HY exhibit two well-defined absorption peaks at 230
and 300 nm. HY was used as coupling agent to incorporated with MgO nanoparticles. In
the literature, bulk MgO is reported to exhibit absorptions in the UV region in between
160–200 nm [119]. In the present study the absorption peak at 230 nm may be due to F and
F+ centers in agreement with the results obtained by Chen, Williams and Sibley [120]. The
broad absorption peak at 300 nm is attributed to surface Fs centers. The assignments for
absorptions of surface and bulk F centers have been made based on the reports by Illas et
al. [121]. In nanoscale MgO a larger percentage of atoms and defects reside on the surface
than in the bulk. These defects are located on the different coordination sites on the surface
and thus, undergo excitation when exposed to UV photon energy.
Fluorescence (FL) is a direct optical tool to describe the surface defects and electronic
energy band structure. It has been shown that the cubic MgO has a wide-band gap energy
material and normally does not demonstrate the PL characteristic [122-124]. In the MgO
crystalline structure, some structural defects are present, such as magnesium vacancies (3
and 4-coordinated Mg2+) and oxygen vacancies (3 and 4-coordinated O2-) [125]. There are
three active sites or surface anions (oxygen, O2-) present; (i) 3-coordinated at the corner (ii)
4-coordinated at edges and (iii) 5-coordinated at the planar site in the MgO nanocrystals,
which belong to surface defects at the stepped and kinked surfaces [125-128]. In the
present investigation, The photoluminescence spectra of prepared MgO nanoparticles in
water and HY solutions are presented in Fig. 3.17. PL spectrum of MgO nanoparticles in
water was also recorded and showed three low intensity emission peaks at 409, 445 and
41

475 nm. Fig. 3.17 (b) showed a wide emission peak centered at 411 nm. The occurrence of
the major blue PL emission peak at about 411 nm is due to the presence of oxygen vacancy
with low coordinate oxygen anions (3-coordinated O2) in the MgO [129].
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Fig. 3.16 UV-vis spectra of MgO nanoparticles (a) in water (b) in HY
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Fig. 3.17 PL spectra of MgO nanoparticles (a) in water (b) in HY
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The optical band gap of the nanoparticles has been evaluated from the Tauc relation
[130].
(ɛ hv ) = C ( hv - Eg ) m

(1)

where C is a constant, ɛ is molar extinction coefficient, Eg is 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 900; thus, we can assume that the transitions
in the nanocrystals are allowed direct transitions [131]. For m= 0.5, Eg in Eq.1 is directly
allowed band gap. The optical band gap was estimated from the linear portion of the (ɛhv)2
versus hv plot shown in Fig. 3.18.
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Fig. 3.18 Optical band gap energies of MgO nanoparticles
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3.6 Absorption and fluorescence properties of TM doped MgO
nanoparticles
The optical absorption spectra of micellar solutions of HY for pure MgO and TMxMgO1-x
(TM = Fe, Ni and x = 0.02, 0.06, 0.1) in the wavelength range of 230–800 nm are shown in
Fig. 3.19 and 3.20. The absence of additional band may confirm that only one form of
doped MgO is present and that Fe+2 and Ni+2 are possibly substituting Mg2+ ion in MgO
but somehow influencing the absorbance significantly. For Fe and Ni-doped MgO samples
the broad peak position was considerably blue shifted as the atomic percentage of metal
doping is increased, due to the size quantization [132]. The intensity of the peak at 300 nm
decreased when the amount of metal doping is increased. This is probably that the highly
doped MgO is less soluble in HY compared with undoped MgO nanoparticles. A similar
blue shift has been observed for the band gap for various semiconductor particles
[133,134] because the optical properties depend strongly on the particle size, and particle
size distribution is expected to cause inhomogeneous broadening of the optical spectra.
The obtained band gap values were shown in Fig. 3.21 and Fig. 3.22 are increased as the
atomic percentage of metal ion (Fe or Ni) doping is increased indicating particle size
decreasing as obtained from XRD.
The luminescence spectra of TMxMg1-xO (TM = Fe, Ni, x = 0.02, 0.06, 0.1) in micellar
solution of HY are presented in Fig. 3.23 and Fig. 3.24. On increasing the dopant TM from
2 to 10 %, the intensity of emission band at 410 increased. This probably because of
decreasing of particle size and therefore increase surface area upon the dopant percentage
in comparison with the undoped MgO.
Doping with metal ions of smaller size (Fe and Ni) than Mg ion suggesting more structural
defects as compared to the undoped MgO nanoparticles due to the crystal lattice
contraction.
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Fig. 3.19 UV-vis spectra of Fe-doped MgO nanoparticles.
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Fig. 3.20 UV-vis spectra of Ni-doped MgO nanoparticles.
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Fig. 3.21 Optical band gap spectra of Fe-doped MgO.

Table 3.1 Optical band gap energies and particle size of Fe-doped MgO

% Fe

Eg (eV)

Particle size (nm)

0

3.38

9.6

2

3.45

7.9

6

3.56

6.5

10

3.58

6.5
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Fig. 3.22 Optical band gap spectra of Ni-doped MgO.

Table 3.2 Optical band gap energies and particle size of Ni-doped MgO

% Ni

Eg (eV)

Particle size (nm)

0

3.38

9.6

2

3.44

8.2

6

3.44

7.2

10

3.51

5.2

48

5000

4800
4200

4000

Intensity

3600

2400

3000

Intensity

3000

1800
0

2

4

6

2000

10

MgO
Fe 2%
Fe 6%
Fe 10%

1000

0
350

8

% Fe

400

450

500

550

600

Wavelength (nm)
Fig. 3.23 PL spectra of Fe-doped MgO, λex = 310 nm
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Fig. 3.24 PL spectra of Ni-doped MgO, λex = 310 nm
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3.7 Solubilization of MgO nanoparticles
We have monitored the solubility of MgO nanoparticles in solution by measuring the UV–
vis spectra of the nanoparticles solutions as a function of time. The broad characteristic
peak at 300 nm was select to investigate MgO/HY solution. 1.5 mg of MgO in water
without HY did not form transparent clear solution and the absorption peak at λ≈300 nm
did not appear. To prevent the agglomeration process the HY was added as stabilizer. It
binds to the polar surface of MgO as shown in Scheme 2 and leads to substantial
enhancement of the solubility of MgO in water to form a transparent clear solution. The
absorption initially increases with time as shown in Fig.3.25. The increase is rapid initially
and then slows down considerably after 7 days, then the absorption reaches maximum. The
MgO suspended in HY leads to a very stable solution that is stable over weeks as can be
seen in Fig. 3.25 where there is no perceptible change in the UV-vis absorption even after
7 days. The substantial enhancement of the solubility of MgO in HY micellar solution is
explained in terms of micellar pseudo-phase model. It has been regarded as a
microenvironment having aqueous and micellar pseudo-phases. The preparation of
suspensions containing MgO nanoparticles in micellar solutions was presented in Scheme
2 where MgO nanoparticles are distributed between the two pseudo-phases. Since the
absorbance of MgO solution in absence of HY is neglected as compared to that in presence
of HY micelles (see Fig. 3.16) it is excepted a gradual transfer of MgO nanoparticles from
aqueous pseudo-phase to the micellar pseudo-phase until the absorbance reach maximum
then all MgO nanoparticles binds HY micelles. If, so it is excepted the absorption of MgO
in micellar solution would increase with HY concentration.

Scheme 2 HY binding to the polar surface of MgO
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Fig. 3.25 (a) Time dependence of UV–Vis spectra for MgO suspended in 0.25 M HY solution. (b)
respective intensity of absorption with time plot.
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3.8 MgO as a probe to determine the CMC of HY
Since MgO has a large surface area and binds surfactants. This property, along with its
interesting photophysical characteristics, let us to evaluate MgO as a probe to determine
the CMC of HY. Importantly, we found that the enhancement in photoluminescence was
dependent on the concentration of HY. The results reported herein show the
fluorescence response of MgO is sensitive to the microenvironment provided by the
micelles. The microenvironment provided by organized micellar system offer an
attractive medium to modulate fluorescence detection of critical micellar concentration
of HY in aqueous media. Generally, The surface of MgO is enriched with low coordinated
ions, acidic Mg2+ ions, basic oxygen anion, cationic magnesium vacancy and anionic
oxygen vacancies (F, F+, F22+, etc) [135]. Due to the presence of hydroxyl group on the
surface of head portion of the surfactant, strong hydrophilic interaction with MgO was
exhibited leading to the change of the surface as well as the optical properties of the MgO.
The impact of HY on the absorbance and the fluorescence properties of MgO is the
preliminary criterion of the determination of CMC. Fig. 3.26(a) and Fig. 3.27(a) represents
the absorbance and emission spectra of MgO at different concentrations of HY. On
increasing the concentration of HY, the absorbance values increases with a marginal blue
shift from 303 to 299 nm in the absorption maxima and about 2 nm red shift in the
emission maxima. As the HY concentration increased the absorbance or emission intensity
increase was very small initially and sudden increase occurred as the concentration
approached CMC. It means that more MgO are solubilize in micellar pseudo-phase than
aqueous monomer pseudo-phase. Constant increase in absorbance or emission intensity
was observed above CMC as the concentration increased implying that MgO surface is still
unsaturated with HY micelles. Fig. 3.26(b) and Fig. 3.27(b) shows the plot of the
absorbance and fluorescence intensity as a function of the surfactant concentration. The
CMC value was determined from the intersection of two lines drawn through the
experimental points for surfactant concentrations below and above the critical surfactant
concentration and equal 9.8 and 8 mM respectively. Electrical conductivity method has
been used to study the aggregation behavior of surfactant in the presence of MgO
nanoparticles. The changes in conductivity were measured during titration of surfactant
into aqueous solution at 25 oC, and the results are presented in Fig. 3.28. The obtained
value is 2.7 mM. However, the uncertainty in the CMC values is usually due to the
limitations of the experimental methodologies. In electrical conductivity method the
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overall increase in conductivity of surfactant in the studied range is due to conducting
nature of charged nanoparticles dispersed in surfactant solution. Whereas, in absorbance
and fluorescence methods the surfactant micelles are responsible for the solubilization of
the MgO which may intern enhance the absorbance and fluorescence. From our knowledge
the CMC value of HY is not reported in literature.
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Fig. 3.26 Absorption spectra of MgO (a) in aqueous solution of varying [HY] and (b) plot of the
absorption intensity of MgO as a function of [HY]
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3.9 Dye removal
Dyes are significant pollutants causing environmental problems and health hazards to
humans and aquatic creatures as majority of the dyes are toxic and carcinogenic [136,137].
Many methods have been reported for the treatment of dye containing effluents which
include biological processes, combined chemical and biochemical processes, chemical and
adsorption [138-140]. Amongst all the methods, adsorption process is one of the most
effective and efficient method for removal of dyes, pigments and colorants [137,139,141].
Adsorption is an effective physical process for decolourisation of wastewater which is even
economically feasible [142].
Researchers worldwide are working on the use of nanoparticles as adsorbent for the
removal of dyes. Much attention and effort are put to the synthesis and characterization of
nanostructured materials due to their unique physical and chemical characteristics. Nanostructured materials compared to micron-sized materials possess a unique characteristic of
having large specific surface areas enabling large fraction of atoms available for chemical
reaction with very little internal diffusion resistance [138,139]. Nano-sized magnesium
oxide MgO serves as a promising material for the application as adsorbents due their high
surface area, adsorption capacity and simplicity in their production.
3.9.1 Effect of adsorbent (MgO) dosage
The effect of MgO dosage on the removal of reactive red-24 (RR-24) and reactive orange7 (RO-7) dyes is shown in table 3.3 and table 3.4 respectively. From the results shown in
tables, it is inferred that the dye removal percent increases with increase in MgO dosage.
The results indicate 3 mg as optimum dosage. As seen in Fig. 3.29 and Fig. 3.30, with
further increase of MgO dosage above 3 mg, the removal efficiency remains almost same.
The dye removal percent of MgO was calculated using the following expression

Where Co (ppm) is the initial concentration and C is the final concentration of dye
solutions.
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Table 3.3 Dye Removal (%) for RR-24 solution at different MgO dosage

MgO dosage (mg)

1

2

3

4

Removal (%)
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Fig. 3.29 Effect of MgO dosage on removal of RR-24 dye
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Table 3.4 Dye Removal (%) for RO-7 solution at different MgO dosage

MgO dosage (mg)
Removal (%)

1

2

3

4

37.83

85.83

96.33

97.5

5
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Fig. 3.30 Effect of MgO dosage on removal of RO-7 dye
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3.9.2 Effect of dye concentration
The effect of dye concentration on the removal percent of reactive red-24 (RR-24) and
reactive orange-7 (RO-7) dyes is shown in table 3.5 and table 3.6 respectively. From the
results shown in tables, it is inferred that the dye removal percent decreases with increase
in dye concentration. As seen in Fig.3.31 and Fig. 3.32, with further increase of dye
concentration, the removal percent decrease.

Table 3.5 Removal percent of RR-24 dye at constant MgO dosage

dye concentration
(ppm)
Removal (%)

20

40

96.125

60

95.31

80

92.04

120
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160

64.9

100

Removal (%)

90

80

70

60

50

40
20

40

60

80

100

120

140

160

Concentration (ppm)
Fig. 3.31 Effect of dye concentration on removal percent of RR-24 dye
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Table 3.6 Removal percent of RO-7 dye at constant MgO dosage

dye concentration
(ppm)
Removal (%)

40

96.33

60

80

100

120
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86.77

85.88

77.8

73.35

60.79
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40

60

80
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Fig. 3.32 Effect of dye concentration on removal percent of RO-7 dye
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Conclusions
MgO nanoparticles doped with transition metals (TMxMg1-xO where TM= Fe and Ni, x=
0.0, 0.02, 0.04, 0.06, 0.08, 0.1) were successively synthesized using a co-precipitation
method (oxalate route).


TGA analysis of magnesium oxalate showed that no apparent weight change (i.e.,
loss or gain) occurs beyond 530 ◦C. This reveals that MgO nanoparticles are stable
at high temperatures.



The crystalline structure of TMxMg1-xO was investigated by XRD, which confirms
that TMxMg1-xO have a face centered cubic structure with average mean crystallite
size decreases as the concentration of dopants was increased.



The surface morphology of the TMxMg1-xO was investigated by TEM which
confirms that MgO nanoparticles morphology has changed with dopant nature and
dopant concentration.



The elemental composition has been carried out by EDX. The spectra reveal that no
traces of other elements were found in the spectra confirms the purity of the
samples.



UV-vis studies showed that band gap energy of MgO increases from 3.38 to 3.61
with Fe and to 3.51 with Ni as the concentration of dopant increases.



The photoluminescence emission band exhibits a high intensity for transition metal
doped MgO nanoparticles as compared to the MgO nanoparticles.



CMC values of HY evaluated by absorbance, fluorescence and specific
conductivity were found to be 9.8, 8.0 and 2.7 mM, respectively.



MgO nanoparticles were used for the removal of RR-24 and RO-7 dyes from water.
UV-Vis studies showed that the removal efficiency of dyes increases as the
concentration of MgO increases and decreases with dye concentration increases and
the maximum removal of RR-24 and RO-7 dyes were 98 % and 98.66 %
respectively using 5 mg of MgO as adsorpant.
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