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Abstract

The present work deals with the synthesis of nanostructured MgO from different organic precursors, by a facile
precipitation method as catalysts for the decontamination of Malathion (stimulant of chemical warfare agents) (VX)
and orange G as organic pollutants. The as-prepared nanoparticles were obtained by thermal decomposition of the
oxalate, tartarate, citrate, succinate, malate, malonate and glycinate precursors at =650°C and were characterized by
thermal analysis, FTIR, X-ray diffraction, high resolution transmission electron microscope (HRTEM) and absorption
spectra. The morphology and crystal sizes were found to be highly affected by the starting organic precursors.
The results revealed that the prepared inexpensive magnesium oxides have high potential as catalysts for photo
degradation of both Malathion and orange G from water samples. Inhibitory activity against Breast Carcinoma MCF-7
cell line was detected using some selected nanosized MgO and compared to that of Vinblastine as a standard drug.
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Introduction

Researches on the synthesis and application of nanomaterials
had experienced tremendous growth in recent years, owing to their
unique properties making them suitable for applications in almost
every field of science [1-11]. Photocatalytic degradation of dyes and
toxic organic materials from aqueous solution is considered one of the
most effective methods for water treatment especially using nanosized
metal oxides as catalysts [12-18]. Nanocrystalline MgO is an interesting
functional material due to its low heat capacity, chemical inertness,
optical transparency and high thermal stability. Due to its high surface
area, it is used as an efficient adsorbent for numerous toxic chemicals
and acid gases. Recently, MgO nanoparticles have shown promise for
application in tumor treatment and also have considerable potential as
an antibacterial agent [19-24]. In the present work and in continuity
to our previous work [25], we study the effect of starting organic
precursors on the crystal size and morphology of nanosized MgO. The
prepared nanooxides were tested successfully as adsorbents for the
decontamination of Malathion as stimulant of chemical warfare agents
(CWA) (VX) and orange G as organic pollutant. Inhibitory activity
against Breast Carcinoma MCF-7 cell line was also tested using some
selected nanosized MgO.

Experimental Section
Synthesis of magnesium oxide nanoparticles

AR grade chemicals obtained from Merck and Aldrich were used
for the preparation of the nano particles of magnesium oxide (M1-M7).
The individual oxides were prepared via the precipitation method by
titration of 50 ml of 0.1 M magnesium acetate drop by drop to 50 ml
of 0.2 M of different organic acids viz. oxalic acid (M1), tartaric acid
(M2), citric acid (M3), succinic acid (M4), malic acid (M5), malonic
acid (M6) and glycine (M7), respectively. The mixtures were stirred
for 1 hr. and the precipitates formed were filtered, washed thoroughly
using bidistilled water, air dried, thoroughly grounded in agate mortar
and finally dried at 120°C for two hours in the form of fine powder.
The powder so obtained was annealed at 650°C for six hours in muffle
furnace to obtain the corresponding nanosized magnesium oxides.

Physical measurements

FT-IR spectra of both of the precipitated and ignited samples were
recorded on a Nicolet iSio FT-IR spectrophotometer in the 4000-400 cm™
region using KBr disk technique (Chemistry department, Faculty of science,
Benha University, Egypt). Electronic absorption spectra of the prepared
nanooxides were recorded on a Jasco (V-530) UV-Vis spectrophotometer
(Chemistry department, Faculty of Science, Benha University, Egypt).
Thermogravimetric analysis (TG-DT) for the organic precursors was
recorded on Shimadzu TA-60 WS thermal analysis (Micro analytical
unit, Menofia University, Shebin El-Kom, Egypt). Elemental analysis
for C and H of the nanooxides were carried out using Elementer Vario
EL III Carlo Erba 1108 instrument (The Regional Center for Mycology
and Biotechnology, Al-Azhar University, Cairo, Egypt). X-ray powder
diffraction (XRD) was recorded on a 18 kW diffractometer (Bruker;
model D8 Advance) with monochromated Cu K radiation (A) 1.54178
A (Central metallurgical research institute, Helwan, Egypt). The HR-TEM
images of some selected nanooxides were taken on a transmission electron
microscope (JEOL; model 1200 EX) at an accelerator voltage of 220 kV
(Egyptian Petroleum Research Institute, Cairo, Egypt).

Photocatalytic degradation of Orange G dye

For a typical photocatalytic experiment, 100 mg of the nanosized
photocatalyst was added to 25 ml of 20 ppm aqueous dye solution which
was kept in dark for 6 hrs to allow the system to reach an adsorption
desorption equilibrium then 2 ml of 0.5 M hydrogen peroxide solution
was added. The degradation process was investigated in a Pyrex beaker
under the UV illumination using a 250 W xenon arc lamp (Thoshiba,
SHLS-002) (A=365 nm). After recovering the catalyst by centrifugation,
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the absorption spectra of the clear solution was measured at 485 nm
(A, for Orange G dye) at different time intervals using a UV-Vis
spectrophotometer.

Photocatalytic degradation of Malathion

The photocatalytic degradation of 0.06 ml/l of Malathion solution
was performed using the smallest crystal sized magnesium oxide (M7)
sample (prepared from glycine). For a typical experiment, 100 mg
of the nanooxide sample was added to 25 ml of 0.06 ml/l Malathion
solution which was kept in dark for 6 hrs. The degradation process
was investigated as previously mentioned for Orange G dye and the
concentration of the remaining pollutant was followed up by measuring
absorption spectra at 238, 265 nm (A___for Malathion) at different time
intervals.

Antitumor activity

Antitumor activity against Breast Carcinoma MCF-7 cell line
was measured for some selected samples at The Regional Center for
Mycology and Biotechnology, Al-Azhar University, Cairo, Egypt
and compared to that of Vinblastine as a standard drug. The number
of viable cells and the percentage of viability were calculated as

(1,@)“00; where ODt is the mean optical density of the wells
ODc

treated with the tested samples and ODc is the mean optical density
of the untreated cells. The relation between surviving cells and drug
concentration is plotted to get the survival curve of each tumor cell line
after treatment with the nanooxides. The 50% inhibitory concentration
(IC,,), the concentration required to cause toxic effect in 50% of intact
cells, was estimated from graphic plots of the dose response curve for
each concentration.

Results and Discussion

Characterization

Thermogravimetric analysis: The thermogravimetric-differential
thermal analysis was performed on the organic precursors to follow
their thermal decomposition to the final oxide forms. Inspection of
the thermograms (Figure 1) showed that the organic precursors were
thermally degraded through three main steps. The first within the
temperature range 66.75-184.78°C due to the dehydration of humidity
and crystallinity water (this step is sometimes a composite of two
steps). The beginning of the thermal degradation of the unhydrous
compounds took place within the second step within the temperature
range 114.72-344.33°C by the evolution of gases such as N, and
CO,. Complete decomposition of the organic precursors occurred
in the third step within the range 232.99-565.99°C which led to the
formation of the nanosized MgO as final product. Example of thermal
decomposition process of tartaric acid precursor is represented as:
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Fourier transforms infrared spectra (FTIR): The FTIR spectra
of the magnesium-organic precursors were studied and compared
to those of the corresponding nanooxides. The most important band
frequencies (cm™) are listed in Table 1. The spectra of the organic
precursors show weak absorption bands within the wavenumber ranges
3373-3430 cm™ and 1033-1171 cm™' due to the stretching and bending
vibrations of the trace water molecule, respectively. These two bands
appeared within the ranges 2955-3430 cm™ and 1032-1176 cm™ as very
weak bands in the spectra of the ignited samples. The strong bands
within the range 1570-1677cmare due to the stretching vibration of
C=0 group (V__,). These bands, more or less, disappeared in case of
calcinated samples. It is worthy to mention that there is a shift in the IR
active mode, which is due to nano size grain. For a nano size grain, the
atomic arrangement on the boundaries differ greatly from that of the
bulk crystals, both in coordination number and bond lengths, showing
some extent of disorder [26]. Crystal symmetry is thus, degraded in
nano size grains. The degradation in crystal symmetry results in the
shifting of the IR active mode [27].

X-ray diffraction analysis (XRD): The X-ray diffraction patterns
of the nano sized magnesium oxides are shown in Figure 2. The XRD
sharp lines reveal that the oxide nanoparticles are crystalline. The
relative crystalline sizes are determined from the XRD lines broadening
using the Scherrer equation [28]. From calculation, the average
crystalline size was found to be 44.8, 33.94, 44.60, 46.32, 47.16, 60.80
and 53.64 nm for magnesium oxides (M1-M?7), respectively (Table 2).
The phase purity of all the samples was established by comparison of
the X-ray diffraction patterns with JCPDS international data value.

High resolution transmission electron microscopy (HRTEM):
The micro structural analysis of the synthesized samples calcined at
650°C for 6 hours was investigated using HRTEM. The HRTEM images
of some selected samples are shown in Figure 3. It can be seen from
the graphs that magnesium nanoparticles have narrow size distribution
and are rectangular rode shapes with weak agglomeration. The average
particle sizes ranged from 33.93-60.80 nm.

Optical analysis: A fundamental property of nanosized metal
oxides is the band gap energy. The band gap energy is the energy
separation between the filled valence band and the empty conduction
band. Optical excitation of electrons across the band gap is strongly
allowed, producing an abrupt increase in the absorption at the
wavelength corresponding to the band gap energy. The UV-Visible
spectra allow direct determination of band gap using the relation

Compound IR frequency (cm™)
Vou Bon Ve-o Veo Mg-O

Mg-oxalate 3389, 1128.96 1637 829.92 501
NP (M1) 2955 1166.68 — - 541
Mg-tartarate 3408, 1090.45 1617 832.88 486
NP (M2) 2979 1135.71 - - 542
Mg-citrate 3425.52 115.64 1624 885 544
NP (M3) 3430, 1085 - - 553
Mg-succinate 3430.71 1176.47 1691 893.54 522
NP (M4) 3110, 1152.45 - - 544
Mg-malate 3404.33, | 1084.14 1570 870.23 579
NP (M5) 3052, 1171.25 - - 570
Mg-malonate 3428 1032.77 1677 913.15 586
NP (M6) 3362, 1136.70 - - 583
Mg-glycinate 3373,, 1033.78 1617 924.83 512
NP (M7) 3381 1095.12 - - 522

Table 1: IR frequencies (cm™) of some important groups in the organic precursors
and the corresponding nanooxides.
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Figure 1: TGA-DTA curves for precursors M1- M7.
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Figure 2: XRD of the samples M1- M7 prepared from organic precursors.
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Sample Precursor crystal size (nm) Phase produced by XRD Card No. Crystal system
M1 Oxalate 44.80 Periclase-MgO 01-074-1225 Cubic
M2 Tartarate 33.94 Periclase-MgO 01-087-0651 Cubic
M3 Citrate 44.60 Periclase-MgO 01-087-0651 Cubic
M4 Succinate 46.32 Periclase-MgO 01-087-0651 Cubic
M5 Malate 47.16 Periclase-MgO 01-087-0651 Cubic
M6 Malonate 60.80 Periclase-MgO 01-087-0651 Cubic
M7 Glycinate 53.64 Periclase-MgO 01-087-0651 Cubic
Table 2: Effect of organic acids and glycine precursors on the crystal size and morphology of the prepared nanooxides.
Oxide IC,, (ng/ml)
Vinblastine 4.6
M2 213
M3 398
M7 391
Table 3: Lethal concentration (IC50) of the nanosized oxides M2, Z3 and MZ7.
——— 200 kV | XS0000 —— | 200 KV X80000
1- Orange G
Ml M3 2- 10 min.
= 3- 20 min.
g 4- 30 min.
= 5- 60 min.
= 6- 120 min.
@ 7- 150 min.
: 8- 180 min.
B 9- 210 min.
1 | 1
y g 600 700
i s Wavelength (nm)
A
M5 M7 100 .
Figure 3: HRTEM of some selected samples. S 4
20 *
— *
between the absorption coefficient (a) and the incident photon energy % 60 |- - *
(hv) represented by Tauc equation [29]: £ .
&£ 40 | . B
(ahv)=A(hv-Eg)" = *
20 [+
Where, A is a constant, E_is the band gap of the material and
exponent n depends on the type of transition, n is either 2 for an 0 . . . . '
indirect transition or % for a direct transition. Here the transition is 0 50 1‘?iome (mirﬁo 200 250
direct so, n is taken to be %. The value of optical band gap is calculated B
by plotting the relation between (ahv) ?vs. hv and extrapolating the
H . i i [
straight line portion to the hv axis. The extrapolation of linear portion Figure 4: ,EﬁeCt of time on the_al?sor_ptlon spectra (A) and % removal (B) of OG
T, . . under the influence of UV irradiation in presence of H,0, and M3 as catalyst.
to the hv axis gives values of energy gap for magnesium oxide nano

particles. The obtained E_values (within the range 2.91-3.12 eV)
show the semiconductor nature of the samples and are in an excellent
agreement with the reported data [30].

Application

Photocatalytic degradation of organic G dye: The
photodegradation efficiency of selected zirconium oxide nanoparticle
(sample M3; prepared from citric acid as organic precursor) was
tested using Orange G (OG) as model. The experiments were done
at different conditions, namely; (UV+H,0,+M3), (UV+H,0,), (UV
only), (UV+M3) where best results were obtained in the case of
(UV+H,0,+M3). At periodic intervals of time, aliquots of the sample
were withdrawn and the absorption spectra were recorded. Clearly, the
absorbance decreases and the photodegradation efficiency increases
(reaching a plateau) as a function of time (Figure 4). The results showed
that the maximum percent of degradation of OG dye was 93% after 210
min indicating the very high efficiency of the nanoparticle used.

Decomposition of chemical warfare agents on metal oxides: Metal
oxides demonstrate superior ability to adsorb and decompose CWA
compared to pure metal surfaces. This is often attributed to reactive
sites on the metal oxide surface through which organophosphonate
species (nerve agents) can adsorb and subsequently undergo a
hydrolysis reaction. The use of MgO nanoparticle, M7, (prepared
from glycine as precursor) as catalyst for the decontamination of VX
stimulant Malathion was carefully investigated. The effect of different
factors affecting the removal efficiency, such as: time, pH, temperature
and initial dose of Malathion was studied. The results obtained (Figures
5 and 6) showed that such nanooxides have high ability for the removal
of this pollutant from water samples.

Antitumor activity

Inhibitory activity against Breast Carcinoma MCF-7 cell line
was detected using some selected nanosized metal oxides viz; M2
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Figure 5: Effect of contact time on the absorption spectra of Malathion (A) and its % removal (B).
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Figure 6: Effect of different factors on the % removal of Malathion; (A); adsorbent dose, (B); initial concentration, (C); pH and (D); temperature.

and M3 and M7 and compared to that of Vinblastine as a standard
drug. The relation between surviving cells and drug concentration is
plotted to get the survival curve of each tumor cell line after treatment
with the nanooxides. The 50% inhibitory concentration (IC,), the
concentration required to cause toxic effect in 50% of intact cells,
was estimated from graphic plots of the dose response curve for each
concentration. The results are represented graphically in Figure 7 and
the lethal concentrations (IC, ) values are listed in Table 3.

Inspection of the cytotoxic data, it is found that magnesium
oxide M2 (prepared from tartaric acid) is, in general, more effective
than those of M3 (prepared from citric acid) and M7 (prepared from

glycine). Shier [31] suggested that compounds having IC_ values 10-
25 pg/ml are considered to have weak cytotoxic activities, while those
having intermediate values (ranging from 5-10 pg/ml) are classified
as moderately active. On the other hand, compounds with IC, values
less than 5 pg/ml are considered to be very active. Consequently, the
nanosized metal oxides under study are considered to have weak
activity with IC, values higher than 213 ug/ml.

Conclusion

MgO nanoparticles (M1-M7) were prepared by precipitation of Mg
as oxalate, tartarate, citrate, succinate, malate, malonate and glycinate
then ignition at 650°C. The magnesium-organic precursors and the
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Figure 7: Inhibitory activity of nanooxideM2 (A), (IC50=213 pg/ml), M3 (B), (IC50=398 ug/ml) and M7 (C), (IC50=391 pg/ml) against Breast carcinoma cells MCF-7.

corresponding nanooxides were characterized by thermal analysis and
different spectroscopic techniques. The morphology and crystal sizes
were found to be highly affected by the starting organic precursors. The
optical energy gaps (E)) calculated from electronic absorption spectra
ranged from 2.91 to 3.12 eV suggesting the semiconductor nature of
the nanooxides. The results revealed that the prepared inexpensive
magnesium oxides have high potential as catalysts for photo
degradation of both Malathion and orange G from water samples.
Inhibitory activity against Breast Carcinoma MCEF-7 cell line was
detected using some selected nanosized MgO and compared to that of
Vinblastine as a standard drug.
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