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A B S T R A C T

Two novel metal-complexes of 5-sodium sulfonate-2-hydroxybenzylidene)nicotinohydrazone (H2LCs)
with Zn2+ and ZrO2+ ions were synthesized and characterized (ZnLCs and ZrOLCs), respectively. Con-
densation of nicotinohydrazide with salicylaldehyde-5-sodium sulfonate salt afforded H2LCs. Inhibition
effectiveness of H2LCs and its complexes with Zn(II) and Zr(II) for M-steel in a 1.0 M HCl solution was
examined by electrochemical (EOCP vs. time, impedance spectroscopy (EIS) and potentiodynamic polari-
zation (PDP)) methods. In comparison with H2LCs, ZnLCs and ZrOLCs display enhanced protection
capacities. Particularly, the ZrOLCs compound displays higher protection power, and the efficacy is up
to 97.4% at 5 £ 10!4 mol L ! 1 at 303 K. PDP studies exhibited that the as-prepared additives act as
inhibitors of the mixed-kind, and adsorbed on M-steel surface via chemisorption following the Lang-
muir isotherm model. The surface morphology inspections (FE-SEM/EDX, and FT-IR) display that the
M-steel interface was inhibited by titled compounds. To get a preferable comprehension of the adsorp-
tion of compound species on the steel interface, a detailed modeling investigation was accomplished
using Monte Carlo (MC) simulation and DFT calculations. QSAR model also investigated via multiple
linear regression method. The current report delivers very significant outcomes in designing and fabri-
cating sustainable inhibitors with high protection capacity.

© 2021 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Mild steel (M-steel) has various applications in production and life
due to its distinctive mechanical characteristics [1]. These comprise
the manufacture of different containers, building components, furna-
ces, tanks, and agricultural equipment, as well as different heat trans-
fer apparatus, heat exchange apparatus, and cooling equipment, etc.
[2]. However, Corrosion of M-steel alloys causes enormous economic
loss, particularly in oil!gas and petrochemical industries where
acidic mediums are usually employed in several processes, e.g., clean-
ing, descaling, oil-well acidizing, and pickling implementations [3].
Hydrochloric acid is the most usually used pickling solution [4]. There
is, however, the main hazard to use acidic mediums lacking further
dealing with corrosion inhibitors because M-steel is roughly attacked
by an acid corrosive medium. Consequently, the application of

inhibitors is a vital routine to safeguard the metals and alloys from
corrosion in acid solutions [5,6].

The common of efficient inhibitors are usually carbon-based mol-
ecules that have single or more heteroatoms, sulfur, phosphorous,
nitrogen, and oxygen, which performance as effective sites owing to
their great electron density and high inclination to contribute elec-
trons that ease the adsorption route on at steel/solution interface,
thus shielding the metal from the corrosive attack and increasing the
lifetime. The efficacy of organic compounds in the protection systems
depends on how robust the additive is adsorbed on the steel interface
and its adsorption is immediately connected to structural electronic
properties, some physio-chemical advantages, the nature of the
aggressive medium, and the metal surface charge [7,8]. It is well
documented that nitrogen and sulfur-containing additives have
exhibited superior protection than those containing individuals of
these molecules. Newly, many reports on developing environmen-
tally friendly, novel efficient, and harmless corrosion additives have
become widespread. To the authors' preferable information,* Corresponding author.
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Geometric-morphometric analysis is growingly used to 
quantify/analyze biological forms and discriminate among 
subtle variation in shape. The hermit crab “Clibanarius 
signatus” showed subtle heterochely; therefore, geometric-
morphometric analysis helps to determine visually these shape 
changes. Individuals of “C. signatus” were collected from 
a mangrove site on the Egyptian Red Sea coast. The present 
study aimed to: "1" detect the different types of asymmetries 
in C. signatus by geometrics morphometrics, "2" inspect the 
responsibility of occupied shell type on the chelae asymmetry, 
"3" investigate the asymmetry-types' differences between 
sexes, "4" use the fluctuating asymmetry as an indicator for 
developmental stability, "5" and to investigate morphological, 
developmental, and functional modularity in the chela 
compartments. Directional and fluctuating asymmetries were 
detected; both showed high size levels in the males than in  
the females. The males revealed a high-level of shape 
directional symmetry and low-level of shape fluctuating 
asymmetry compared with the females. All investigated 
individuals showed larger right chela. The fluctuating 
asymmetry may be attributed to developmental instability as 
a result of occupying dextral shells. The integration and 
modularity of the chela compartments revealed two 
developmental modules, which morphologically and 
functionally integrated as one module. The individual variation 
and the fluctuating asymmetry showed similar patterns 
indicating that the same developmental processes are 
contributed to the chela shape variation. The present results 
are indicative signs that environmental stress is present 
and sufficient to produce asymmetry in chelae size/shape. 
However, this asymmetry was subtle, suggesting that it does 
not produce notable variation in the chelae functions. 

 
INTRODUCTION 
Asymmetrical morphology in chelae 
(heterochely) of anomuran hermit crabs is 
well known with a larger right chela in 
Paguroidae and Parapaguridae or larger left 

chela in the majority of Diogenidae, which 
also includes hermits with somewhat 
symmetrical chelae[1]. The morphological 
features of chela parts in hermit crabs are 
related to prospective different functions 
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a b s t r a c t

Novel quaternary ammonium Surfactant, namely, N,N-dimethyl-N-(3-((2-nitrophenyl)sulfonamido)pro
pyl)dodecan-1-aminium iodide (QAS-12) has been prepared and characterized. The inhibition perfor-
mance of the individual QAS-12 surfactant and blended with nickel phosphate nanoparticles (NiPNPs)
in 15% HCl on the Q235-mild steel was investigated by means of EOCP-t profiles potentiodynamic, LPR cor-
rosion rate and EIS measurements. The findings display that the corrosion rate of Q235-mild steel is con-
siderably decreased with rise in the surfactant dose where the protection power of QAS-12 extents a
maximum value of 93.1% at 0.5 mM. Synergistic protection effect was detected between the cationic
QAS-12 and the NiPNPs additives, with the maximum protection capacity as high as ~98.6%. The adsorp-
tion behavior obeyed the Langmuir isotherm model with competitive of physical and chemical adsorp-
tion between the surfactant and metal. The individual surfactant and mixed with NiPNPs performed as
mixed type inhibitors. Surface morphology analysis using XPS, SEM/EDX, and UV–vis absorption studies
verified the high efficiency of the cationic surfactant on the inhibition of Q235-mild steel in 15% HCl solu-
tion, and the synergistic effect on corrosion protection among the QAS-12 and the NiPNPs was confirmed.
Correlation of Computational Modeling with empirical findings of the current work is discussed based on
the DFT calculations and MC simulation. The proposed mechanism for the synergism resulting from both
addition of the cationic surfactant and NiPNPs was also discussed according to the obtained outcomes.

! 2021 Elsevier B.V. All rights reserved.

1. Introduction

Steel alloys are a significant class of materials, which have been
extensively applied in multiple critical industries, including petro-
leum, machinery, construction, transportation and storage. Acidic
mediums are widely used in various fields processes for example
pickling, cleaning, descaling and acidizing to eliminate rust and
scales on steel alloy surfaces [1,2]. Acid solutions such as HCl or
H2SO4 are generally employed as pickling agents, which, neverthe-
less, as well cause intensive corrosion to steel alloys, and lead to
not only remarkable financial loss but also critical integrity matters
[3]. Accordingly, the solutions of pickling processes are regularly
encouraged with appropriate corrosion inhibitors with the inten-

tion of protect the steel alloys from corrosion during pickling pro-
cedures [4,5]. Previously, substantial consideration has been paid
for protection of steel alloys corrosion in different corrosive solu-
tions [6–8].

Corrosion inhibitors could be separated into 3-kinds based on
their chemical structures: organic, inorganic and mixed-type inhi-
bitors [9,10]. Inorganic material inhibitors like nitrite, phosphate,
borate, and chromate, could produce an impermeable film on the
steel surface to restrain the corrosive medium; however, they are
generally extremely toxic and cause abundant damage to the envi-
ronment [11]. Instead, organic inhibitors which comprise hetero-
atoms (nitrogen, oxygen, sulphur or phosphorus), aromatic rings,
or electron lone pairs are frequently fewer toxic and have been
the most extensively utilized corrosion inhibitors [12–14]. Organic
inhibitors could adsorb onto metal interfaces via chemisorption
and/or physisorption. The physisorption frequently depend on
the electrostatic attraction among the charged electrode surface
and the charged inhibitors, while the chemisorption depend on

https://doi.org/10.1016/j.molliq.2021.116125
0167-7322/! 2021 Elsevier B.V. All rights reserved.
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Abstract—This article introduces a new mobile-based application of modern information and 
communication technology in agriculture based on Internet of Things (IoT), embedded systems and an 
unmanned aerial vehicle (UAV). The proposed agricultural monitoring system was designed and 
implemented using Arduino microcontroller boards, Wi-Fi modules, water pumps and electronic 
environmental sensors, namely temperature, humidity and soil moisture. The role of UAV in this study 
is to collect these environmental data from different regions of the farm. Then, the quantity of water 
irrigation is automatically computed for each region in the cloud. Moreover, the developed system can 
monitor the farm conditions including the water requirements remotely on Android mobile application 
to guide the farmers. The results of this study demonstrated that our proposed IoT-based embedded 
system can be effective to avoid unnecessary and wasted water irrigation within the framework of smart 
agriculture. 

Keywords—Internet of things, precision agriculture, embedded systems, cloud computing, smart 
irrigation, Agricultural drone 

 

1. Introduction 

Water is one of essential natural resources for agriculture. Most growing population in the word is relying 
on agriculture and consumes about 56.0 % of the fresh water globally [1]. However, water availability 
for irrigation is currently limited because of climate change and other environmental factors such as 
decreasing groundwater resources, while increasing industrial and domestics demands [2]. Additionally, 
a large amount of irrigation water is always wasted and cannot be managed efficiently because of 
traditional irrigation methods to achieve expected crop productivity. Therefore, design and development 
of smart water irrigation systems become an attractive topic for many researchers because of its potential 
outcome to achieve sustainable agriculture [3, 4].  

Smart agriculture or precision agriculture provides an application of modern and accurate information 
and communications technology to automate and optimize difficult agricultural tasks and/or processes 
[5, 6]. Internet of Things (IoT) presents the core networking technology of smart agriculture and many 
recent wireless applications ranging from environment monitoring to healthcare and medical applications 
[7-11]. In smart agriculture, IoT is used to collect data from sensors which measure different parameters 
such as soil moisture and humidity and monitor them remotely via developed mobile applications to take 
decisions or to actuate devices, e.g., water pumps [6]. Consequently, the workload of the farmers will be 
reduced with efficient use of available resources and low-cost appliances. Artificial intelligence (AI) 
techniques can be also applied to analyze agricultural and environmental data to support the specialists 
and famers; for example, machine learning including neural networks [12], fuzzy logic controllers [13], 
and recently deep learning models [14]. However, continuous screening and monitoring of the crops, 
automated water irrigation, and plant disease detection are still main challenges of smart agriculture, as 
depicted in Fig. 1 [6, 15]. In this study, we will focus only on proposing two solutions for the challenges 
of continuous monitoring of the field and automatic irrigation using IoT and unmanned aerial vehicles 
(UAVs).   
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a b s t r a c t 
Novel composite catalysts of nanostructured PtCo and PtNi alloys onto a coated glassy carbon electrode 
(GCE) with a nanostructured alloy of NiCo as a substrate material were fabricated by an electrodeposi- 
tion method from their salt solutions at ambient temperature. The PtCo/NiCo/GCE and the PtNi/NiCo/GCE 
catalysts display an improved electrocatalytic behavior for the electrochemical oxidation reaction of 
methanol (MOR). The morphology, chemical composition, and phase structure for the electrodeposited 
catalysts were checked utilizing a scanning electron microscope (SEM), energy-dispersive X-ray spec- 
troscopy (EDAX), and X-ray diffraction (XRD) technique, respectively. PtCo/NiCo/GCE catalyst shows coral 
particles of reef-shaped morphology, whilst the PtNi/NiCo/GCE catalyst star-shaped particles. The electro- 
catalytic performance of the electrodeposited catalysts was verified using chronoamperometry and cyclic 
voltammetry (CV). The effects of the type of electrodeposition method, pH of the solution, temperature, 
and precursors concentration on the characteristics of the PtCo and PtNi alloys electrodeposits and ac- 
cordingly on the electrocatalytic peculiarities of the catalysts were well assessed. Furthermore, the impact 
of methanol concentration and temperature on MOR was discussed. The stability and the corrosion re- 
sistance tests of the PtNi/Ni-Co/GCE and PtCo/Ni-Co/GCE systems were evaluated via the electrochemical 
impedance spectroscopy (EIS), Tafel polarization, and potentiostatic methods. 

© 2021 Elsevier Ltd. All rights reserved. 

1. Introduction 
Energy has become a basic need of modern society in all- 

imaginable dimensions. Carbon, natural gas, and petroleum are 
the master sources of energy. The combustion of fossil fuels re- 
leases harmful emissions like NO X , SO X , CO 2 , and particulate mat- 
ter, which is a major concern for environmental pollution. over and 
above that these fossil fuels being non-renewable, their possible 
extinction causes a major threat to the standard of living. Renew- 
able energy sources like solar, wind, etc., may be a possible solu- 
tion, but these sources might not be suited to cover the current 
energy demand. Fuel cells are now appreciated as a favorable so- 
lution to future energy dilemmas. This is because they are smart 
devices that transform the chemical energy of a fuel into electrical 
energy via an electrochemical oxidation reaction without combus- 
tion [1–3] . 

∗ Corresponding author at: Chemistry Department, Faculty of Science, Sohag Uni- 
versity, Sohag 82524 Egypt. 

E-mail addresses: hany_shubra@science.sohag.edu.sa (H.M. Abd El-Lateef), 
dr_mahmoudelrouby@science.sohag.edu.eg (M. Elrouby). 

Fuel cells can be classified into many types according to the 
used fuel and membrane, such as the solid oxide (SOFC), phos- 
phoric acid (PAFC), polymer electrolyte membrane (PEMFC), molten 
carbonate (MCFC), alkaline (AFC), and direct methanol (DMFC). The 
DMFC is a suitable power source for portable mobile electronic de- 
vices and electric vehicles [ 4  ] . The vital merit of this sort of cell is 
the liquid methanol utilized as a fuel has been easy storage and 
transportation than hydrogen gas fuel, which faces a flammability 
and storage problem [ 5  ] . Furthermore, the methanol fuel doesn’t 
need prior reforming process requirements, compared to the hy- 
drogen gas fuel [ 6  ] . Moreover, methanol fuel has a higher energy 
density (4820 Wh L − 1 ) than the fuel of hydrogen gas (180 Wh L − 1 ) 
[ 7  ] . The utilized material as electrocatalyst for the DMFC should 
comprise of two basic portions; a) the alloys or metal which acti- 
vates the main reaction and b) the supportive material, which fa- 
cilitates the metal particles distribution on its surface providing a 
high surface area for accomplishment the reaction. Although, a few 
difficulties still frustrate its trading in markets. One of the signif- 
icant difficulties is that the utilized Pt as catalyst exhibits some 
electron transfer relaxation towards the electro-oxidation reaction 
of methanol, which is due to the self-poisoning for the surface of 
Pt catalyst. This poisoning is attributed to the strong adsorption of 

https://doi.org/10.1016/j.electacta.2021.139370 
0013-4686/© 2021 Elsevier Ltd. All rights reserved. 
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Abstract
Analytical and numerical solutions are two basic tools in the study of photothermal interaction problems in semiconductor
medium. In this paper, we compare the analytical solutions with the numerical solutions for thermal interaction in semiconductor
mediums containing spherical cavities. The governing equations are given in the domain of Laplace transforms and the eigen-
values approaches are used to obtained the analytical solution. The numerical solutions are obtained by applying the implicit
finite difference method (IFDM). A comparison between the numerical solutions and analytical solution are presented. It is found
that the implicit finite difference method (IFDM) is applicable, simple and efficient for such problems.

Keywords Finite differencemethod . Semiconductor material . Laplace transforms . Spherical cavity . Eigenvalues scheme

Nomenclature
N = n − n o , n o the carrier concentration at equilibrium,
γ n = (3λ + 2μ )d n ,
dn

the electronic deformation coefficient,

δ ¼ ∂n o
∂T the coupling parameter of thermal

activation
K the thermal conductivity
γ t = (3λ + 2μ )α t ,
αt

the linear thermal expansion coefficients

ce the specific heat at constant strain,
τ the lifetime of photo-generated carrier,
σij the components of stresses,
De the carrier diffusion coefficient,
λ, μ the Lame's constants,
T = T∗ − To , T

∗ the variations of temperature
To the reference temperature
t the time
tf the final value of time

xf the final value of length
sb the speed of recombination on the

surface
u i the displacement components
ρ the density of material
T1 the constant temperature
Ω the exponent of the decayed heat flux

1 Introduction

In the surrounding nature, many materials are very important
in industry especially, these materials have many applications
in renewable energy. The semiconductor materials exist in
abundance in the surrounding nature which have great eco-
nomic importance in solar cells industry. When the semicon-
ductor media are exposed to a focus of laser beams or a beam
of sunlight, the surface electrons at free surface are thermally
exited and they will be vibrated due to the thermal effect of
laser beams. In this case, the electrons and holes will transport
from one position to another and the free carriers photo-
excited appearing with a weak electrical current.

On the other hand, the recombination processes during the
photo-excited processes will be taken into account between
the electrons (carrier density (plasma)) and holes. Much effort
has been made for generalized theories of thermoelasticity in
solving thermoelastic models instead of the classical

* Ibrahim A. Abbas
ibrabbas7@yahoo.com; ibrabbas7@science.sohag.edu.eg

Faris S. Alzahrani
falzahrani1@kau.edu.sa

1 Department of Mathematics, Faculty of Science, King Abdulaziz
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1. Introduction 

 
The models of linear elastic materials with voids are a 

significant generalization of the classical models of elastic 
materials. These models are used to study various types of 
geological and biological materials for which the classical 
models are not sufficient. Porous mediums make their 
apparition in wides forms of environment, natural and 
synthetic and in several implementations of technology. An 
elastic medium with voids is basically porous media whose 
skeletons (matrices) are an elastic solid and the interstices is 
void (small pore) containing nothing of energetic and 
physical significances. The models of linear elastic 
mediums with voids treat materials with a small or empty 
pore distribution, where the void volume is included among 
the kinematic variables. These theories are reduced to the 
classical theories in the limit cases of the voids volume 
tending to zeros. The field of thermoelasticity was first 
stimulated by the work of Biot (1941, 1956). Green and 
Naghdi (1991), Green and Naghdi (1993) established new 
generalized thermo-elastic theory by including the thermal 
displacement gradient between the independent constitutive 
variable. (Othman and Abbas 2012) have discussed the 
generalized thermoelastic problem with energy dissipation 
in a non-homogeneous isotropic hollow cylinder. Kumar et 
al. (2016) investigated the thermomechanical interactions 
subjected to hall current under GNIII model with two- 
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temperatures and rotations in thermoelastic transversely 
isotropic medium. Othman and Marin (2017) applied 
normal modes approach to investigate the effect of GN 
model in thermoelastic porous media due to laser pulse. 
Abbas (2006) discussed the natural frequency of a poro-
elastic cylinder. Marin and Öchsner (2017) investigated the 
effects of a dipolar structures with Green and Naghdi 
thermoelasticity theory. Karageorghis et al. (2014) 
discussed the movable pseudo-boundaries MFS for voids 
detection in two-dimension thermoelastic material. Sur and 
Kanoria (2019) studied the effect of memory on 
thermoelastic waves propagation in solid with voids. Many 
researchers (Milani Shirvan et al. 2017, Milani Shirvan et al. 
2017; Ellahi et al. 2019; Marin et al. 2019, Sheikholeslami 
et al. 2019, Zeeshan et al. 2019) have presented the 
solutions of many problems for porous mediums with 
several boundary conditions. The authors (Abbas and 
Youssef 2009, Mohamed et al. 2009, Othman and Abbas 
2011, Abbas and Youssef 2013, Abbas 2014, Sur and 
Kanoria 2014, Zenkour and Abbas 2014, Sharma et al. 2015,   
Abbas and Alzahrani 2016, Abbas and Kumar 2016, Lata et 
al. 2016, Ezzat and El-Bary 2017, Ezzat and El-Bary 2017, 
Eftekhari 2018, Kahya and Turan 2018, Lata 2018, Itu et al. 
2019; Lata and Kaur 2019, Mondal et al. 2019, Othman and 
Mondal 2019, Sarkar and Mondal 2019, Vlase et al. 2019, 
Kaur and Lata 2020, Mondal and Othman 2020, Sur, 
Mondal et al. 2020) studied the solutions of many problems 
under generalized thermo-elastic theories. In the domains of 
Laplace, the eigenvalue method gave the analytical 
solutions without any supposed restriction on the factual 
physical quantities as in (Alzahrani and Abbas 2016, 
Alzahrani and Abbas 2018). Abbas (2014) presented the 
solution of nonlinear transient thermal stresses in a thick-
walled FGM cylinder under temperature-dependent 
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Abstract.   The generalized thermoelastic analysis problem of a two-dimension porous medium with and without energy 
dissipation are obtained in the context of Green–Naghdi's (GNIII) model. The exact solutions are presented to obtain the 
studying fields due to the pulse heat flux that decay exponentially in the surface of porous media. By using Laplace and Fourier 
transform with the eigenvalues scheme, the physical quantities are analytically presented. The surface is shocked by thermal 
(pulse heat flux problems) and applying the traction free on its outer surfaces (mechanical boundary) through transport 
(diffusion) process of temperature to observe the analytical complete expression of the main physical fields. The change in 
volume fraction field, the variations of the displacement components, temperature and the components of stress are graphically 
presented. Suitable discussion and conclusions are presented. 
 
Keywords:   Porous medium; fourier and laplace transform; eigenvalue approach; Green–Naghdi (GNIII) theory 
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A B S T R A C T

A new photoelectrochemical sensor for codeine (COD) drug based on cerium oxide nanocubes (NCs) and gold
nanoparticles (NPs) composite modified screen-printed electrode (SPE) is developed for the first time. Codeine
belongs to the opiates drug family naturally found in the poppy plant, has intensive effects on the central nervous
system. Although CeO2 NCs showed a photoelectrochemical signal, the combination with Au NPs significantly
improves the sensitivity four times and selectivity toward COD. Further, the synergetic combination of CeO2

NCs/AuNPs allows the generation of photocurrent extended to the visible light region because it sensitizes charge
carrier generation. The CeO2 NCs/Au NPs -SPE offers a promising, robust, and chemically stable non-enzymatic
photoelectrochemical sensor for COD determination within a linear detection range up to 200 μM and a lower
detection limit (LOD) (3S/N) of 0.02 μM. The proposed PECS showed high stability and good reproducibility
which extend the applicability to generate a new monitoring system for in-set drug analysis.

1. Introduction

Codeine (COD) is chemically known as 3-methyl morphine or 7,8-
dihydro-4,5-epoxy-3-methoxy-17-methylmorphinan-6-ol monohy-
drate. It is an alkaloid opiate naturally found in the poppy plant [1].
It is a narcotic prodrug metabolized by the liver enzyme CYP2D6 to
active morphine via o-demethylation. It is often used for the treatment
of mild and moderate pain in adults and children [2]. COD is one of
the most opiate drugs used in the world and listed by the World Health
Organization (WHO) in 2017 as an essential medicine needed for the
basic health system although it potentially affects the central nervous
system [3]. It might cause drug addiction and mental damage if
abused. The intensive medication of COD leading to depression, seda-
tion, and miosis, nausea, vomiting, skeletal muscle flaccidity, brady-
cardia, hypotension in addition to apnea, or even death [4]. As a
result, the development of a low-cost, sensitive, and selective analyti-
cal tool for COD monitoring is urgently needed to consider the grow-
ing health and public security. High-performance liquid
chromatography (HPLC) [5], gas chromatography (GC) [6], capillary
electrophoresis (CE) [7], spectrofluorimetry [8], and electrochemistry
[9,10] were explored for COD determination. Among these methods,
electrochemistry offers an easy-to-use strategy with high accuracy
and selectivity in complex samples without the time-consuming or
necessity of skilled personnel [11]. Recently, the integration of

electrochemistry and light illumination is a promising concept to
enhance the analytical features of biosensors [12].

Photoelectrochemical sensing is an attractive tool used recently for
rapid and accurate monitoring of chemical and biochemical molecules
[13,14]. The construction of photoelectrochemical platforms is based
on a fruitful integration of traditional electroanalytical techniques
with photo-excited semiconductor materials followed by measurement
of the electron transfer reactions at the electrode/electrolyte interface.
Under light illumination, the photoactive semiconductor materials
generate charge carriers (holes/electrons pairs) which subsequently
migrate to valance and conduction band edges under the influence
of the electric field, respectively. Otherwise, the photo-generated
charge carriers recombine again immediately in the bulk. The photo-
generated charge carrier holes/electrons could be utilized for the oxi-
dation/reduction reactions of the analyte. While the remaining oppo-
site photo-generated charge transfer to back contact and triggers
photocurrent [12]. Thus, photoelectrochemical sensing is a unique
technique widely used in the last decade for biology, medicine, and
environmental fields due to potentially higher sensitivity and selectiv-
ity compared to conventional electrochemical and chemiluminescent
methods. Additionally, it also offers simple instrumentation, low cost,
and easy to miniaturize compared to spectroscopy techniques. How-
ever, the engineering of photoactive materials to meet the growing
sensing demand is still the most crucial step for the development of
photoelectrochemical platforms.

https://doi.org/10.1016/j.jelechem.2021.115517
Received 8 March 2021; Received in revised form 20 June 2021; Accepted 6 July 2021
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A B S T R A C T   

Simulated acid rains (AR), (pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5) were applied to green leaves of 13 deciduous trees (DT) 
and 10 species of dicotyledonous plants (DP). All were incubated at 23 ◦C within a growth chamber for 72 h. 
After the contact time, the leachates were analyzfor pH and next mineral elements: Ca, Mg, Fe, Zn. Total leaf 
concentrations of Ca and Mg have exhibited different relationships with Mg(DT) = 6.85Ca(DT)

0.566, R2 = 0.64 and 
Mg(DP) = 0.079Ca(DP) + 318.8, R2 = 0.41. Leakage process revealed that intra-species variation for DT follows: 
Mg (107.3%) > Ca (106.0%) > Zn (90.3%) > Fe (59.8%), implying that the leaking effect was much more 
pronounced for alkaline elements (Ca, Mg). Dicotyledonous plants (DP), displayed a similar pattern but less 
varied: Mg (78.7%) > Ca (75.6%) > Zn (66.5%) > Fe (55.8%). The elaborated mineral photosynthetic index 
(MPI), [Mg/(Zn + Fe)] revealed that 77% of deciduous species represented very low to intermediate photo-
synthetic recovery, meaning that highly acid rain impacted trees will be surviving less or none. High DT survivors 
should be maple, linden and hornbeam. Dicotyledonous plants (DP) covered 70% of high to very high survival 
feature, where cucumber, cabbage and daisy prevailed. 

We stipulate that regreening of zones endangered by acid rains or planning green urban spaces should consider 
tree species with much more higher Ca concentrations in leaves. Both Ca2+ and Mg2+ intracellular hydrolysis 
appears as an efficient buffer inactivating acidity.   

1. Introduction 

Acid rain (AR) has been regarded as one of the three severest envi-
ronment disasters facing mankind today around the world (Larssen 
et al., 2006; Xu et al., 2015). The major sources of AR are sulfur dioxide 
(SO2) and nitrogen oxides (NOx) emitted into the atmosphere. When 
these oxides react with water in the atmosphere, sulfuric and nitric acids 
can form and fall as rains (Jalali and Naderi, 2012). These oxides mainly 
come from anthropogenic activities, such as coal combustion, power 
plants, and car traffic (Liu et al., 2016). The precipitations with pH 
values lower than 5.6 have been defined as AR, which has contributed to 
several key environmental issues, including acidification of soils and 
waters, leaf injury and forest decline, loss of biodiversity, and damage of 
buildings and metal materials (Ramlall et al., 2015; Ju et al., 2017). 

As the main part of the terrestrial ecosystems, plants can be 
considered as the biggest victim of AR pollution (Ramlall et al., 2015). 
AR directly suppresses leaf function by eroding surface waxes and 
cuticle and leaching base cations from mesophyll cells (Dong et al., 
2017; Du et al., 2017; Wu and Liang, 2017). The more acute injury of AR 
to plant foliage includes reduction in photosynthetic rate, variation in 
stomatal conductance, and decrease in chlorophyll content (Dong et al., 
2017; Du et al., 2017). In addition, AR accelerates the leaching of nu-
trients (Ca, Mg, K, and Na) from leaves which leads to the abnormal or 
restricted growth (Ju et al., 2017; Wu and Liang, 2017). It leads to 
further decreases in vertical growth, stem incremental growth, and in 
total plant biomass (Zhang et al., 2016; Wu and Liang, 2017; Liu et al., 
2018). 

Reports of Dai et al. (2013); Qiu et al. (2015) showed that AR is able 
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Abstract: Big Data are highly effective for systematically extracting and analyzing massive data. It
can be useful to manage data proficiently over the conventional data handling approaches. Recently,
several schemes have been developed for handling big datasets with several features. At the same
time, feature selection (FS) methodologies intend to eliminate repetitive, noisy, and unwanted features
that degrade the classifier results. Since conventional methods have failed to attain scalability under
massive data, the design of new Big Data classification models is essential. In this aspect, this study
focuses on the design of metaheuristic optimization based on big data classification in a MapReduce
(MOBDC-MR) environment. The MOBDC-MR technique aims to choose optimal features and
effectively classify big data. In addition, the MOBDC-MR technique involves the design of a binary
pigeon optimization algorithm (BPOA)-based FS technique to reduce the complexity and increase
the accuracy. Beetle antenna search (BAS) with long short-term memory (LSTM) model is employed
for big data classification. The presented MOBDC-MR technique has been realized on Hadoop with
the MapReduce programming model. The effective performance of the MOBDC-MR technique was
validated using a benchmark dataset and the results were investigated under several measures. The
MOBDC-MR technique demonstrated promising performance over the other existing techniques
under different dimensions.

Keywords: big data; metaheuristics; feature selection; Hadoop; MapReduce; data classification

1. Introduction

The term Big Data (BD) represents a huge amount of information [1], which can be
unstructured and structured. With regards to data processing, the great significance is the
organization that employs this information [2]. Nowadays, it can be extensively employed
for outperforming peers and can be determined as variety, volume, and velocity. Variety
refers to the data being structured or unstructured, volume refers to the amount of data
produced, and velocity refers to the speed at which the data are being generated at. The
significant advantages of BD are cost and time savings, large data processing, forecasting
and analysis, and efficacy because of an innovative tool support [3]. The adoption of data
mining (DM) tools to solve BD problems might require the remodeling of the algorithm and
its inclusion in parallel environments. Amongst the distinct alternatives is the MapReduce
(MR) model [4] and its distributed file systems, first presented by Google, which provides
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A B S T R A C T   

In the manuscript fractional tumour growth and decay model is studied extensively using various dynamic 
analysis methods such as Lyapunov exponents, bifurcation and fixed point analysis, solution and so on. The 
model dynamics is observed by changing order between 0.8 and 1. Chaos has been observed in this fractional 
tumour growth and decay model. The model is also stabilized about its equilibrium points by chaos control 
technique using adaptive sliding mode control scheme. Numerical simulations are carried out to validate the 
theoretical results. These observations may prove fruitful and provide insight to deal with the disease.   

Introduction 

When we study the tumour system, a lot of complexities are found 
which are because of the diversity of the stages of tumour system, 
various time scales of each stage, tumour environment and tumour 
immune interactions [14] [15] [16]. Because of this complexity various 
types of attractors such as double wing, multi wing, limit cycle and 
strange attractor emerges[19]. These types of behavior lead to the 
complex dynamics of the tumour systems [17] [18] and can be 
addressed using the properties of chaos, like high dependence on initial 
conditions is the reason for different patterns of tumour growth found 
among various individuals. This is a very big challenge for the oncologist 
to deal with. In this scenario chaos theory could prove to be a very 
powerful tool to deal with this challenge. Treatment may include some 
techniques of chaos control, chaos synchronization [21,10–13] and anti- 
control of chaos. 

In the study of understanding and analyzing chaos, focus has been 
shifted to control chaos and utilize it for various purposes. Chaos control 
involves stabilizing the chaotic system about some equilibrium points. 
Various chaos controlling technique have been developed such as 
optimal control technique [26], passive control [24] [25], impulsive 
control [27] etc. These control techniques have been used in various 
variety of application like medicine, biology [34] [37], physics[36], 

engineering [28] [29] [35]. With emerging of fractional calculus in the 
area of research in recent years, it has opened new fields in both theories 
and applications. These days modeling of fractional differential equa-
tions have attained a great significance in the numerous real world 
problems of many fields such as biology, physics, engineering and many 
others [30] [31]. As the fractional order chaotic systems have the 
advantage of having an extra parameter, this gives an additional 
dimension in study of various chaotic models [32] [33] making it 
applicable across various disciplines. Nowadays many diseases are 
rapidly growing across the world and heavily affecting our health care 
system. Cancer is one among them which is taking a toll on the masses 
all over the world. But the general understanding of the prevention 
methods, causes and cure are still in its nascent stage. Mathematical 
modelling has shown the potential to provide better understanding for 
such complex biological systems [4] [5] [6] [7]. These mathematical 
models provide us the explanation of many phenomena observed and 
also provide insight into many unobservable phenomena [8] [9]. 
Various modeling methods to describe the dynamics of tumour growth 
have been studied and proposed. One of the commonly used and popular 
model is the exponential growth model, which takes into account that 
condition that the growth of tumour increases exponentially without 
any capacity constraints until the death of the patient. But it does not 
work for the large tumours considering the vascularity and the 
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Abstract: The present investigation was carried out using 51 diverse bitter gourd accessions as
material for studying genetic diversity and relatedness using morphological and SSR markers. A
wide variation was observed for morphological traits like the number of days to the first female
flower anthesis (37.33–60.67), the number of days to the first fruit harvest (47.67–72.00), the number
of fruits/plant (12.00–46.67), fruit length (5.00–22.23 cm), fruit diameter (1.05–6.38 cm), average fruit
weight (20.71–77.67 g) and yield per plant (513.3–1976 g). Cluster analysis for 10 quantitative traits
grouped the 51 accessions into 6 clusters. Out of 61 SSR primers screened, 30 were polymorphic and
highly informative as a means to differentiate these accessions. Based on genotyping, a high level
of genetic diversity was observed, with a total of 99 alleles. The polymorphic information content
(PIC) values ranged from 0.038 for marker BG_SSR-8 to 0.721 for S-24, with an average of 0.429.
The numbers of alleles ranged from 2 to 5, with an average of 3.3 alleles per locus. Gene diversity
ranged from 0.04 for BG_SSR-8 to 0.76 for S-24, showing a wide variation among 51 accessions. The
UPGMA cluster analysis grouped these accessions into 3 major clusters. Cluster I comprised 4 small,
fruited accessions that are commercially cultivated in central and eastern India. Cluster II comprised
35 medium- to long-sized fruited accessions, which made up an abundant and diverse group. Cluster
III comprised 11 long and extra-long fruited accessions. The polymorphic SSR markers of the study
will be highly useful in genetic fingerprinting and mapping, and for association analysis in Momordica

regarding several economic traits.

Keywords: bitter gourd; population structure; genetic diversity; morphological traits; SSR marker

1. Introduction

Bitter gourd (Momordica charantia L. 2n = 2x = 22), known as bitter melon or bal-
sam pear, is an economically and horticulturally important multipurpose vegetable of
the Cucurbitaceae family. Compared with other cucurbits, it is highly valuable for its
nutritional content, providing carbohydrates, proteins, vitamins, minerals, and ascorbic
acid [1], and for numerous medicinal uses [2]. The juice has been used for centuries in
Ayurveda as an ancient traditional medicine for treating diabetes [3] and also possesses
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Abstract 
In this article, modified versions of variational iteration algorithms are presented for the numerical simulation of the diffusion of oil 

pollutions. Three numerical examples are given to demonstrate the applicability and validity of the proposed algorithms. The obtained results 
are compared with the existing solutions, which reveal that the proposed methods are very effective and can be used for other nonlinear 
initial value problems arising in science and engineering. 
© 2020 Shanghai Jiaotong University. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Keywords: Modified variational iteration algorithm-II; Diffusion equation; Allen-Cahn equation; Parabolic equation; MVIA-I. 
1. Introduction 

Partial differential equations (PDEs) are studied in vari- 
ous fields such as astrophysics, fluid mechanics, solid-state 
physics, ocean engineering, plasma physics, optical fibre, 
wave motion, ocean ecology, and metrology and have been 
studied by many scientists for many years. 

Oil pollution is the release of a fluid oil hydrocarbon into 
the ocean environment because of human activities such as 
releases of unrefined petroleum from tankers, drilling rigs, 
offshore platforms as well as piping and may cause serious 
damage to the marine ecological environment. Therefore, a 
precise guess of behaviours of these oils is extremely note- 
worthy to keep the seaside natural environmental system. The 
zone of oil spreading can be anticipated numerically by the 
solution of proper equations governing the flow field and the 
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diffusion phenomenon. The most reasonable choice is prob- 
ably the diffusion equations where the information about the 
quantity of oil, which reached the ocean outlet can be taken as 
initial and boundary conditions for modelling of oil diffusion 
and alteration in the waters. 

To describe oil pollution, consider the general nonlinear 
diffusion equation of the form: 
∂v 
∂t = D ∂ 2 v 

∂ x 2 + αv + βv n , (1) 
Where v is concentration, D is diffusion coefficient, 

α and β are real constants. Eq. (1) becomes Allen-Cahn equa- 
tion when n = 3 , α = 1 and β = − 1 , which has various ap- 
plications in quantum mechanics, biology and plasma physics 
[1] . 

There are various analytical and numerical methods for 
the solution of nonlinear equations i.e. the finite difference 
method [2 , 3] , Modified Kudryashov method [4] , Sumudu 
transform method [5] , (1/ G ′ )-expansion method [6] , expan- 
sion methods [7  , 8] , finite element method [9] , Hirota’s bilin- 
ear method [10 , 11] , Decomposition methods [12–15] , varia- 
tional iteration algorithm-I [16–20] , function transformation 
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Abstract
In this article we examine the dynamical properties of the fractional version of the
snap system by means of chaotic attractor, existence, and uniqueness of the solution,
symmetry, dissipativity, stagnation point analysis, Lyapunov dynamics, K.Y. dimension,
bifurcation diagram, etc. Also, parallel systems to this system are synchronized in
presence of uncertainties and external disturbances using triple compound
combination anti-synchronization by two ways. Synchronization time is compared
with some other works. Also the utilization of achieved synchronization is illustrated
in secure transmission. By constructing the snap system’s signal flow graph and its
real electronic circuit, some of its additional invariants are investigated.

Keywords: Dynamical properties; Electronic circuit; Parallel systems; Triple
compound combination anti-synchronization

1 Introduction
Chaos is the common attribute of nonlinear dynamical systems. It has some interesting
features such as irregular, complex, and unpredictable behavior. It was in 1960 while study-
ing atmospheric turbulence that Lorenz [25, 26] realized that the 3-D differential equation
system possessed a very irregular chaos like solution. After the Lorenz system, the Lu sys-
tem and Chen system were proposed which too had complex dynamical behavior. In or-
der to utilize chaos, many methods have been developed by researchers, such as chaos
control, suppression, and synchronization, which led to the revolution in chaos theory.
Because of these developments, chaotic systems found many applications across many
disciplines such as secure communication, robotics, weather systems, encryption, neu-
rons, circuits, oscillators, ecology, biology, and finance systems. Chaos synchronization,
in which two or more chaotic systems are made to follow the same path on application of
suitable controllers, was introduced in 1990. Synchronization of chaos involves synchro-
nizing systems which are highly sensitive to initial conditions (I.C.) and parametric values.
Many synchronization techniques [17, 19–22, 27, 30, 31, 35, 54] have been developed since
then using various control methods. Table 1 gives an idea of how new synchronization

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Abstract: Although Egypt has limited rainfall events, flashfloods are responsible for huge losses of lives and infrastructure. 
In this study, the geomorphometric parameters of the hydrographic basins in the area west of Sohag city, Upper Egypt was 
carried out. Stream orders, lengths and numbers, bifurcation ratio, drainage frequency and density, circularity and 
elongation ratios for 16 drainage basins in the study area are quantified to develop a system for flood hazard assessment and 
mitigation using ESRI’s ArcGIS 10.1. The similarities in the calculated bifurcation ratios of the studied basins indicate that 
the genetic conditions of the stream orders are the same for each basin. Drainage densities show that these basins were 
developed under almost the same climatological and hydrogeological conditions. Most of the basins (62%) showed 
moderate hazard possibility, 25% exhibit low hazard possibilities and wadis El-Kawamil Bahri and El-Shaykh El-Aqra 
exposed high hazard possibilities. Due to the establishment of new urban areas, industrial zones, land reclamation and 
different types of projects in the study area, it is recommended to build small dams on appropriate locations for areas with 
high-moderate hazard probability to protect it and restore the excess water derived from any runoff and could be used for 
cultivation. 
 
 

Keywords: Geomorphometric parameters –  Flashfloods –  Hazard Potential – Bifurcation ratios –  Sohag, Egypt.
 

 

1 Introduction 
Characterizing and recognition the locations where 
hazardous processes are going to occur and their natural or 
human-induced return period (i.e., time between events) is 
of particular importance. [1] As a result, outlining the 
natural and human-induced hazards is environmental 
planning to avoid those locations where the hazards are 
most likely to occur and to zone the land appropriately. 
Also, carefully considering the important links between 
geologic processes, the environment, and society is 
required. The low desert zone in the study area (latitudes 
26° 22' 00" and 26° 29' 30" N and longitudes 31° 31' 00" 
and 31° 41' 30" E) ((Figure 1) that surround Sohag 
governorate, acquire major development projects. These 
projects include; Sohag new city, the air port, the new 
exension of Sohag University, the West Gerga industrial 
zone, land reclamation of serveral hunderd of feddan and 
the deser roads connecting Sohag to Assiut and Aswan. 
Therefore, analyzing and assessment of the natural hazards 
and recommending the means of protection in the area are 
of great importance. Unfortunately, these changes in the 
landuse and the establishment of forementioned projects 
have been carried out without proper consideration of the  

 

 

geo-natural hazards in the area. [2] Thereto, the potential 
geo-environmental hazards that can occur in the area 
include flash floods; sand dune movement and drifting; 
swelling and shrinkage of clay deposits; karastification due 
to carbonate rocks dissolution; land subsidence and 
discharge of wastewater in open pits near urbanization. In 
this study, flash flood hazard assessment in the area and 
their impacts will be investigated.  

Several factors has been found to affect flooding and 
vulnerability to public, these including changes in landuse, 
urbanization and squatter settlements and sub-standard 
constructions, and increased household density. [3] Flood 
hazards are controlled by different factors that include 
topography, geomorphology, drainage, engineering 
structures, and climate. Saleh stated the following factors 
that influence flood potentiality: rainfall and its 
characteristics, water loss (evaporation and infiltration), 
drainage basins, drainage networks, drainage orders, 
drainage characteristics, and environmental and human 
processes. [4] The average topographic elevation of the low 
desert zone in the study area ranging from 78-105 m above 
sea level. The old cultivated land about 68 m above sea 
level, surrounded from east and west by the limestone 
plateau with average elevation of 250 m. As a result a 
general slope from west to east. The plateau is intersected 
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 Biologically active organic compounds continue to attract great interest due to the wide variety 
of interesting applications observed for these compounds. This review results from the 
literature survey containing the organic compounds that are used as insect growth regulators 
with a focus on their mode of action and some synthetic routes. 
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1. Introduction  
             

There is no doubt that there are many organic compounds with good biological and pharmacological 
activities.1-15 Insect growth regulators (IGRs), also called third-generation insecticides, are pesticides 
that disrupt the normal activity of the endocrine or hormone system of the insects, affecting the 
development, reproduction, or metamorphosis of the target insect.16 Several features of insect growth 
regulators (IGRs) make them attractive as alternatives to broad-spectrum insecticides.17 Some of these 
features are more selective, less harmful to the environment, more compatible with pest management 
systems that include biological control,18 and less likely to be lost because of resistance. Insects have 
demonstrated a propensity to develop resistance to insecticides.19 Virtually all chemicals used to control 
insects fall into one of three categories: neurotoxins, growth regulators and behavior modifiers .Most 
chemicals used to control insects are neurotoxins which interfere with normal nerve function. 
Organophosphorus insecticides were derived from nerve gases that were first exploited for military 
purposes. Other insecticides were discovered by testing chemicals to find their insecticidal activities.20 
Among those that kill quickly is a neurotoxin acted on neurotransmissions was sought and developed 
as an insecticide. In the early discovery and development of insecticides, efforts were focused on 
chemistry rather than biology.21 Insect growth regulators (IGRs) are compounds that interfere with 
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A B S T R A C T   

The current environmental situation has urged researchers to look for alternative green fuels with lower emis-
sions from biomass feedstock. This work aims a greener approach for the heterogeneous catalytic conversion of 
methanol to dimethyl ether, DME, as an alternative fuel. Thus, a series of phosphorous−containing activated 
carbon (ACP) derived from orange peel (OP) at different H3PO4: OP (w/w) rations, as well as a series of tungsten 
(W)-loaded on ACP, WO3/ACP supported catalysts were formed and thermally treated at different temperatures. 
The formed materials were characterized by XRD, ATR−FTIR, N2 adsorption/desorption, HRTEM, electron 
diffraction, EDX, elemental mapping and surface acidity. Effects of H3PO4 ratio and treatment temperature on the 
bulk and surface properties of the produced catalyst/support materials were investigated. Catalytic activities of 
the ACP support and W-loaded catalysts towards methanol dehydration in the range of 150–400 ◦C were 
measured at WHSV of 2.01 h−1 in an inert atmosphere. Improved catalytic performance was observed for ACP 
support, which further improved for the W-loaded catalysts. This involved increase of methanol conversion (from 
67% to 84%), DME formation rate (from 14.6 to 18.3 mmol.h−1), time-on-stream (from < 40 to >120 h) and Ea 
(from 48.98 to 42.23 kJ mol−1) on moving from ACP support to the most active supported catalyst, respectively. 
The improvement was attributed to the enhanced textural and thermal stability of the supported catalyst, which 
places it among the high efficiency catalysts for DME formation.   

1. Introduction 

Large number of recent researches has been devoted to converting of 
bio-based inedible residual agriculture materials into green catalysts/ 
supports [1,2] green adsorbents [3,4] and bio/green fuels [4,5]. 
Dimethyl ether (DME) is one of the most promising renewable and 
environmentally friendly fuels [4,5]. Thus, DME is very suitable for 
diesel engines due to its high cetane number and can act as a source for 
H2 production through catalytic steam reforming process that produces 
H2 and CO2 [6,7]. Moreover, DME ensures similar properties to propane 
and butane, the principal components of Liquefied Petroleum Gas (LPG) 
[8], therfore it can act as an alternative fuel for domestic application [9]. 
Noticably, DME is able to pass the toughest emission regulations, due to 
its structure simplicity, very low emission of particulate matter and 
lower emission of toxic gases (such as NOx, and SOx) compared with 
traditional diesel fuels [8,10]. Additionally, DME is a multi-purpose 
synthetic chemical material, which employed as a propellant gas and 
can substituted chlorofluorocarbons (CFCs) among a variety of 

applications and can prevent damage of the ozone layer [11]. 
The use of biomass as feedstock to produce alternative fuels and 

chemicals is a central policy of today’s society [12]. The synthesis of 
DME from biomass-derived feedstock may be achieved via catalytic 
dehydration of methanol, which is the main process for DME produc-
tion; or from syngas (H2 + CO/CO2) via catalytic hydrogenation of 
carbon oxides. For catalytic methanol dehydration, solid acid catalysts 
such as alumina, γ–Al2O3 [8,13,14], and zeolites [15–17] have been 
widely employed as catalysts. However, γ-Al2O3 suffers from the 
possible preferential adsorption of water produced during the methanol 
dehydration reaction on the catalysts surface. Whereas, Zeolites pos-
sesses too strong acid sites that led to undesirable by-products and 
lowers the reaction formation yield. Therefore, It has been established 
that catalytic dehydration of methanol requires weak to moderate acid 
sites [10]. Thus, a variety of solid materials with controlled acidity have 
been developed for methanol dehydration such as nano sized SAPO11 
[18], ferrierite nano crystals [19] and Pd2Ga nanoparticle catalyst [20]. 

In an effort for more greener chemistry, activated carbon derived by 
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A B S T R A C T   

Despite extensive research on the toxic effects of microplastics (MPs), there is no obtainable data on the use of 
phytobioremediation against MPs toxicity in fish. This study aimed to investigate the protective role of lycopene, 
citric acid, and chlorella against the toxic effects of MPs in African catfish (Clarias gariepinus) using hematology, 
biochemical, antioxidants, erythron profiles (poikilocytosis and nuclear abnormalities) and the accumulation of 
MPs in tissues as biomarkers. Five groups of fish received: normal diet (control); MPs (500 mg/kg diet) (Group 
2); MPs (500 mg/kg diet) + lycopene (500 mg/kg diet) (Group 3); MPs (500 mg/kg diet) + citric acid (30 g/kg 
diet) (Group 4); and MPs (500 mg/kg diet) + chlorella (50 g/kg diet) (Group 5) for 15 days. Group 2 had 
significantly higher amounts of MPs in the stomach, gills, and feces, electrolyte imbalances (HCO3, Fe, Na+, K+, 
Ca+2, Cl−, and anion gap, hematobiochemical alterations, and decreases in the activities of superoxide dismutase, 
catalase, total antioxidant capacity, and glutathione S-transferases compared to the control group. Additionally, 
Group 2 had significant increase in the percentage of poikilocytosis, and nuclear abnormalities in RBC's 
compared to the control group. The co-treatment of MPs-exposed fish with lycopene, citric acid, and chlorella- 
supplemented diets ameliorated the hematological, biochemical, and erythron profile alterations, but only 
slightly enhanced the antioxidant activity. Overall, lycopene, citric acid, and chlorella can be recommended as a 
feed supplement to improve hematobiochemical alterations and oxidative damage induced by MPs toxicity in the 
African catfish (C. gariepinus).   

1. Introduction 

Microplastic (MPs) is defined as plastic debris consisting of ubiqui-
tous tiny fragments, fibers, films, or particles that are smaller than 5 mm 
in diameter (Wright et al., 2013). The annual global demand for plastics 
has increased alongside population in recent years, with annual plastic 
production increased dramatically to 300 million tons (EuropePlastic, 
2015). Egypt consumed approximately 2.1 million tons of polymers in 
2017 and is the largest polymer consumer in Africa (Babayemi et al., 
2019). This overconsumption of plastic combined with the absence of 
waste disposal management and uncontrolled plastic waste dumping in 
Egypt are causing severe impacts on aquatic ecosystems (Hamed et al., 
2019a). Increased plastic production has resulted in widespread MPs 
pollution, which can have an enduring impact on the global environ-
ment, especially in aquaculture systems (Zhou et al., 2021). Most water 
sources contain MPs that directly or indirectly enter the aquaculture 

systems before entering the body of the aquatic animals and finally 
entering food chin (Zhou et al., 2021). Aquaculture is currently the most 
important source of fish in Egypt and accounts for nearly 65% of Egypt's 
entire fish production, with more than 99% produced from privately 
owned farms (Kaleem and Sabi, 2020). 

Several studies have reported that MPs can elicit ecotoxicological 
effects in fish, such as anemia, biochemical disturbance, and oxidative 
stress (Barboza et al., 2018; Choi et al., 2018; Hamed et al., 2019a, 2020; 
Lu et al., 2016; Qiao et al., 2019; Wang et al., 2019). Recently, active 
components from herbal plants have been explored as possible antiox-
idants in fish. Lycopene is a red-colored carotenoid present in many 
fruits and vegetables. Due to its high number of conjugated dienes, 
lycopene is one of the most potent antioxidants, with a singlet‑oxygen- 
quenching ability that is twice that of β-carotene and 10 times that of 
α-tocopherol (Sahin et al., 2014). In many study, lycopene improved 
hepatorenal and hematological functions, and also reduced oxidative 
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Abstract
Pristine thermally evaporated nickel-(II)-tetraphenyl-21H,23H-porphyrin (NiTPP) thin 
films are amorphous, but after 4 and 8  h of UV illumination, the films become crystal-
line with preferred orientations of (112), (103) and (004) and crystallite sizes of (13, 18, 
16) and (42, 31, 38) nm after 4 and 8 h, respectively. After UV illumination for 4 and 8 h, 
the NiTPP thin films are characterized by blueshifted absorption coefficients, increasing 
the optical and fundamental gap values and decreasing the dispersion parameter values. 
The dielectric properties display energy storage regions corresponding to the peak values 
of optical conductivity, which provides an elegant confirmation of the tailoring and tun-
ing of band gaps, energy storage properties and optical conductivity by UV illumination 
time. Therefore, NiTPP films may be good candidates for environmental and energy stor-
age applications.

Keywords Phase and optical properties · Energy conversion and storage · Photovoltaic 
system · Optical conductivity · Nanomaterials · Thin films
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In this study, the metal complex (5,10,15,20-tetrakis-(4-sulfonatophenyl)-

porphyrin manganese (III) chloride; denoted as MnTSPP) represents a

promising efficient and reusable heterogeneous solid catalyst for facile and

highly efficient one-pot synthesis of 1,4 dihydropyridine derivatives via three-

component condensation reaction of aromatic aldehyde, ethyl acetoacetate,

and ammonium acetate under green and mild reaction conditions. The simple

operation, short reaction time (15 min), and the high efficiency (99%) are

the special advantage of this protocol. Furthermore, the green aspects of this

synthetic protocol were more studied by examination of the reusability of

MnTSPP for four consecutive cycles without a significant loss of catalytic

activity. Remarkably, the new synthesis presented advantages in terms of

safety, commercially available catalyst, simplicity, stability, mild conditions,

short reaction time, and excellent yields, using a mixture of H2O and C2H5OH

environmental-friendly solvent, operationally facile, wide tolerance of starting

materials, and excellent recoverable of the catalyst.

KEYWORD S

1,4-dihydropyridines, benign protocol, manganese (III)-porphyrin complex, mild condensations;
recoverable catalyst, three-component reaction

1 | INTRODUCTION

Metal-porphyrins have attracted more attention for broad
applications in catalysis.[1] Among these reactions, metal-
porphyrins have a significant catalytic activity towards
the oxidative processes in organic synthesis. So the devel-
opment of catalysts is claiming huge attention due to
their wide applications of the produced organic com-
pounds with high selectivity and productivity.

It is well known that the porous metal-porphyrin net-
works have demonstrated to be an excellent technology in

the field of homogeneous and heterogeneous catalysis.[2]

The strategy of immobilization of porous metal-porphyrin
(Figure 1) has already been developed by organic amor-
phous polymers, amorphous inorganic matrices, or crystal-
line inorganic materials such as silica,[3] zeolites,[4] clay
from the smectite group (montmorillonite),[5,6] layered
double hydroxides,[7,8] tubular and fibrous matrices,[9] and
silica matrix obtained by the sol–gel process. [10–16]

The search for broadly applicable metal catalysts
operating in the aqueous phase is a subject of high inter-
est.[17–19] Environmental applications of metal catalysis
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A B S T R A C T   

We explore the two quantum-wells correlations in two microcavities linked by a waveguide and 
leaking its photons to the external environment. Each microcavity contains quantum well (QW) 
and filled by a linear optical medium. We examine the effects of the physical parameters on the 
generation and robustness of the Bures-norm entanglement and the trace-norm measurement- 
induced non-locality correlation. The generations and the robustness of the Bures and trace- 
distance correlations depend crucially on the cavity-QW and fiber cavity couplings as well as 
on the optical linear medium density. The optical susceptibility, the spontaneous emission and the 
microcavity dissipation rates, in addition to the couplings of cavity-QW and the fiber-cavity 
control the regularity, amplitudes, and frequencies of the Bures and trace-distance correlations.   

1. Introduction 

One of the most intriguing subjects in quantum information and quantum computing is the physical understanding of quantum 
correlations (QCs), such as quantum entanglement (QE) [1], the geometrical quantifiers of non-locality and the discord [2], which 
have been extensively explored recently. In particular, the quantum correlations cannot correspond to a classical property exhibiting a 
variety of proprieties in bi- and multi-partite quantum system. Nowadays, quantum entanglement is considered as crucial to appli-
cations of quantum information, such as: computing [3], key distribution [4], teleportation [5], cryptography [6] and quantum 
memory [7,8]. 

Entanglement is not the only kind of QC that can exist in some mixed states. The system can be disentangled and still have quantum 
correlation [9,10]. Therefore, other QC quantifiers introduced as: quantum discord [9,11], measurement-induced disturbance [12], 
the geometrical quantifiers, geometric quantum discord and measurement-induced nonlocality (MIN) [13]. These quantifiers are used 
to investigate the QC in different physical models [14–16]. 

The Hilbert–Schmidt norm quantifiers have been proved to be inefficient QC measures [17]. Consequently, new measures were 
introduced based on quantum skew information [18,19] and others norms such as: Schatten one-norm (trace distance/trace norm)[20, 
21] and Bures norm [22]. These norms pave the way for several geometric approaches to the quantification of quantum correlations. 
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Abstract  The abuse of contraceptive pills as growth promoters in the poultry industry has serious health concerns. 
Consumption of hormonal residues in animal products results in reproductive disorders and an increased risk of 
cancers in humans. This study aimed to investigate the effect of treatment with progesterone hormone on the plasma 
proteins and RAPD-DNA markers of broiler chickens. One hundred, one-day-old broiler chicks were equally 
divided into 5 groups (n = 20). Four groups were treated daily with progesterone hormone either subcutaneously or 
orally (1.0 mg, 1.5mg/kg). The 5th group was control non-treated chicken. Sodium dodecyl sulfate polyacrylamide 
gel-electrophoresis (SDS-PAGE), and RAPD assays in conjunction with productive parameters such as growth rate 
were assessed. SDS-PAGE and RAPD-DNA patterns were significantly affected by progesterone hormone treatment. 
Either or oral or subcutaneous progesterone hormone treatments increased the body weight of chicks compared to 
control. Treatment with progesterone hormone induces effects on both DNA and plasma proteins in broiler chickens. 
Changes at the genomic DNA level may be due to specific modifications in RAPD patterns or arise as a 
consequence of hot spot DNA changes and/or mutations. 

Keywords: Xeno-progesterone, plasma protein profile, RAPD-DNA markers, growth rate, broiler chicken 
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1. Introduction 
Naturally occurring hormones, such as progesterone, 

oestrogen, and testosterone, are necessary for various 
physiological processes in animals and humans. These 
chemicals are excreted in urine and feces as metabolites or 
conjugated forms, leading to contamination of water, milk, 
and animal product, which are consumed directly or indirectly 
by humans, plants, and animals [1]. The carcinogenic  
and endocrine-disrupting potentials are the main health 
concerns associated with the use of hormonal compounds 
as growth promotants or therapeutic agents. Certainly, poultry, 
cow and horse manure contains the greatest amount of 
steroidal estrogens that may contaminate the environment 
[2]. Several reports confirm that diethylstilboestrol 
endangers the health of animals and humans when 
repeatedly used in large doses. Further, cooking or frozen 
storage did not affect the nature or quantity of their 
metabolites [3]. 

The six hormonal types most widely used in meat 
production include three natural hormones, oestradiol 17, 

testosterone, and progesterone, and three synthetic 
substances, trenbolone, zeranol, and melengestrol acetate 
[4]. Although some studies indicated that estradiol-17 beta 
has the genotoxic potential [2]. Scientists of Joint 
FAO/WHO Expert Committee on Food Additives pointed 
out that no data are demonstrating that concentrations 
below the no-hormonal-effect level cause adverse effects 
in animals or humans [5]. Under their normal biochemical 
action, low concentrations of steroid hormones (nM) bind 
to and activate their intracellular receptors, which interact 
with hormone response elements in DNA, leading to  
the transcription of genes that induce cell proliferation  
and growth [6]. Therefore, a hormonal substance could 
promote carcinogenicity in hormone-sensitive tissues 
through such a proliferative mechanism [7,8]. Though 
receiving less attention, the other health concern is  
the endocrine-disrupting effects of hormonal growth 
promotants, notably their significant potential to perturb 
normal development in sensitive subpopulations like 
prepubertal children and developing fetuses [9]. 

Only limited new information was presented in the 
European Commission studies and other cited literature 
regarding the metabolism, endocrine-disrupting potential, 
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Characterization of defect levels in β-Ga2O3 single
crystals doped with tantalum

Haoyue Liu,ab Naiji Zhang,ab Junhua Yin,a Changtai Xia, *b Zhe Chuan Feng,a

Kaiyan He,*a Lingyu Wan a and H. F. Mohamed *bc

We present a detailed study on the crystal structure of 0.10 mol% Ta-doped β-Ga2O3 crystals before and

after annealing treatment in air by high-resolution X-ray diffraction and Raman spectroscopy, as well as the

detection of point defects through the variation of photoluminescence excitation (PLE) and

photoluminescence (PL) with temperature. Based on the experimental data, the band diagram of the 0.10

mol% Ta-doped β-Ga2O3 crystal is constructed. The crystal quality of the 0.10 mol% Ta-doped β-Ga2O3

crystal was improved after annealing treatment. The PL spectra exhibited two ultraviolet emission bands

(UV ∼3.59 eV, UV′ ∼3.22 eV) and a blue emission band (BB ∼2.73 eV) , which are ascribed to the

recombination of self-trapped excitons at the trigonal OI and OII sites and gallium vacancies in the (2−)
charge state (tetrahedral site), respectively. The work function of the 0.10 mol% Ta-doped β-Ga2O3 crystal

increased from 5.28 eV to 5.38 eV as a result of annealing treatment.

1. Introduction
Recently, beta gallium oxide has attracted great attention in
research and development (R&D) due to its large bandgap
(∼4.9 eV), high breakdown electric field (∼8 MV cm−1), low
cost and high quality to form large β-Ga2O3 single-crystal
substrates, which makes it a promising candidate for
optoelectronic devices.1–6 β-Ga2O3 has a monoclinic structure
with the space group C2/m and its unit cell consists of two
nonequivalent Ga sites, which are tetrahedral and octahedral
sites, and three nonequivalent O sites that are either trifold
(OI, OII) or fourfold (OIII) coordinated.7

Previous studies revealed the photoluminescence of
β-Ga2O3 with intrinsic ultraviolet (UV) and extrinsic blue-
band (BB) emissions ascribed to the recombination of self-
trapped excitons and donor–acceptor pairs, respectively.8,9 It
was found that holes above the valence band tend to be
localized by forming small polarons (GaO4 tetrahedra) on a
single O atom in the lattice, while free conduction electrons
are trapped at single or coupled oxygen vacancies known as
donors.

Tuning the carrier concentration and bandgap of
semiconductors are essential to improve the performance of
optoelectronics devices. Moreover, it has been observed that in
some semiconductors, the energy gap decreases and the work
function increases owing to the annealing treatment.10–12

It is known that the Ta ion has up to 5 valence electrons
and its ionic radius (0.064 nm) is close to the ionic radius of
Ga (0.062 nm). Thus, when Ga3+ ions are replaced by Ta5+

ions, it results in extra free electrons on the Ga2O3 lattice.
This in turn leads to an increase in the electrical conductivity
and infrared reflectivity of the β-Ga2O3 crystal.11 Substitution
of the Ga3+ ion with the Ta5+ ion can be expected not to cause
the formation of structural defects due to its close ion radius.
Additionally, a Ta-doped material is a promising material for
obtaining high-performance photovoltaic solar cell (PSC)
technologies.13 So far, there are only a few reports of Ta-
doped β-Ga2O3 crystals or films. Due to the above, Ta can be
considered a very suitable doping element for Ga2O3 crystals.

The current research is focused on the study of point
defects of 0.10 mol% Ta-doped β-Ga2O3 crystals through the
variation of photoluminescence excitation (PLE) and
photoluminescence (PL) with temperature, as well as the
effect of the annealing treatment on the optical properties
and electronic structure.

2. Experimental
2.1 Crystal growth experiments

0.10 mol% Ta-doped β-Ga2O3 crystals were prepared using the
optical floating zone method. The starting materials are
β-Ga2O3 (6 N) and Ta2O5 (4 N) powders. The mixed powder was

CrystEngComm, 2021, 23, 2835–2841 | 2835This journal is © The Royal Society of Chemistry 2021

a Laboratory of Optoelectronic Materials & Detection Technology, Guangxi Key
Laboratory for the Relativistic Astrophysics, School of Physical Science &
Technology, Guangxi University, Nanning 530004, China.
E-mail: gredhky@gxu.edu.cn
b Key Laboratory of Materials for High Power Laser, Shanghai Institute of Optics
and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China.
E-mail: xia_ct@siom.ac.cn
c Physics Department, Faculty of Science, Sohag University, 82524 Sohag, Egypt.
E-mail: h.fathy@science.sohag.edu.eg

Pu
bl

is
he

d 
on

 0
3 

M
ar

ch
 2

02
1.

 D
ow

nl
oa

de
d 

on
 3

/1
9/

20
22

 6
:2

3:
38

 A
M

. 

View Article Online
View Journal  | View Issue

24



Cold RF oxygen plasma treatment of graphene oxide

films

F. M. El-Hossary1, Ahmed Ghitas2, A. M. Abd El-Rahman1,3 , A. A. Ebnalwaled4 ,
M. Abdelhamid Shahat2,* , and Mohammed H. Fawey1

1Physics Department, Faculty of Science, Sohag University, Sohag 82524, Egypt
2PV Unit, Solar and Space Research Department, National Research Institute of Astronomy and Geophysics (NRIAG),
Helwan 11421, Cairo, Egypt

3King AbdulAziz University, Jeddah, Saudi Arabia
4Electronics & Nano Devices Lab, Physics Department, Faculty of Science, South Valley University, Qena 83523, Egypt

Received: 20 February 2021

Accepted: 3 May 2021

Published online:

17 May 2021

! The Author(s), under

exclusive licence to Springer

Science+Business Media, LLC,

part of Springer Nature 2021

ABSTRACT

Oxygen radio-frequency (RF) plasma technique is one of the most novel direc-
tions used to improve the physical and chemical properties of graphene oxide
(GO). Herein, plasma treatment is used to enhance the chemical functionaliza-
tion and reduced levels of the GO material for electronic and solar cell appli-
cations. GO films were chemically synthesized with high quality and
uniformity. Then, they exposed to surface modification using RF oxygen plasma
at a processing power of 100 W at different processing times. The microstructure
and surface chemistry of the GO films were characterized by X-ray photoelec-
tron spectroscopy (XPS) and Raman spectroscopy. Moreover, the effect of oxy-
gen plasma on the thermal stability, surface roughness, contact angle, work of
adhesion, wettability, spreading coefficient, and electrical properties have been
studied. The results revealed a decrease in the amount of oxygen-containing
groups (such as epoxides, carbonyls, and carboxyl groups) from 48.8% in pris-
tine GO to 36.15% after 5 min of oxygen plasma treatment. Besides, the car-
bonyls groups (C = O) disappeared while new chemical bonds were created
compared to the pristine GO film such as hybridized carbon atoms (SP3) and
carboxyl’s (O–C = O). Accordingly, the electrical conductivity increases from
0.11 S/m of pristine GO to an optimum value of 0.46 S/m after 5 min of plasma
treatment, as a result of the incorporation of high amount of carboxyl, hydroxyl
and carbonyl groups. The current results indicate that the properties of GO can
be tuned by varying the degree of oxidation, which may pave the way for new
developments in GO-based applications.
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Leaves Extracts, after Incorporating Silver Nanoparticles, on Murine 
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Abstract 
Croton tiglium seeds and Moringa oleifera leaves extracts are rich in phytoconstituents with the antioxidant 
efficiency which can be enhanced by incorporating silver nanoparticles (Ag-NPs). The present study was 
designed to compare the effect of C. tiglium seeds and M. oleifera leaves nano-extracts on brain tissues of murine 
models. During the current study, acetylcholine esterase (ACHE), β-amyloid (Aβ) content and inflammatory 
markers were measured in brain tissues. Moreover, native protein, lipoprotein and isoenzymes patterns were 
electrophoretically detected. Also, the interferon-gamma (INF-γ) receptor protein was studied by molecular 
dynamic simulation to evaluate the significant alterations on brain tissues. It was found that ACHE, Aβ contents 
and inflammatory markers increased in C. tiglium nano-extract treated group at a dose of 6.5 ml/kg. Furthermore, 
it caused qualitative electrophoretic abnormalities represented by lowering similarity index (SI) values. Also, the 
resides range 119~127 represent the most reactive and flexible site in INF-γ receptor protein. On the other hand, 
it was shown that no significant differences were induced by silver M. oleifera nano-extract. 
Keywords: Croton tiglium Seeds; Moringa oleifera Leaves; Nanotechnology; Electrophoresis; Molecular Dynamic Modelling.

1. Introduction 
Croton tiglium plays an effective role in 

ethnomedicine for treatment of several cancer 
diseases [1]. It belongs to the family Euphorbiaceae 
that includes about 280 genera and 8000 species [2]. 
Moreover, C. tiglium seeds extracts are rich in 
various active phytochemicals such as ascorbic acid, 
tocopherol and other pigments. All these phyto-
constituents are responsible for the antioxidant 
efficiency of the plant extract [3]. 

It is well known that C. tiglium seeds are 
characterized by the presence of phorbol esters, 

crotonic acid, fatty acids and active 
phytoconstituents,which are responsible for severe 
purgative effect of the C. tiglium seeds extract [4]. In 
addition to, croton oil which is rich in 12-O-
tetradecanoylphorbol-13-acetate and exhibits the 
most effective role in inhibiting growth and 
stimulating apoptosis in solid tumors [5]. On the 
other hand, a study by El-Kamali et al. [6], reported 
that aqueous C. tiglium seeds extracts have no 
significant alterations in the biochemical 
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Abstract
One of the important ways to the efficiently use of low-grade thermal energy is the adsorption refrigeration technology. However, it has
some drawbacks such as low specific cooling power and coefficient of performance, especially under using the conventional adsorption
pairs. Therefore, new adsorption pairs are tested in solar adsorption ice-maker and compared with other conventional pairs data from
open literature to find the tendency of improving the solar adsorption ice-maker performance. The experimental test rig has been built in
Upper Egypt in Qena City. Four different new adsorption pairs of granular activated carbon/R-410A, granular activated carbon/R-
511A,Maxsorb III/R-410A, andMaxsorb III/R-511A are used. It is demonstrated thatMaxsorb III/R-511A pair based solar adsorption
ice-maker produced the highest values for specific cooling power, coefficient of performance, and ice production per 1 kg of adsorbent
of approximately 226.7 W/kgads, 0.197, and 1.96 kg/kgads, respectively. While granular activated carbon/R-410A based solar adsorp-
tion ice-maker produced the lowest values of ice production per 1 kg of adsorbent and coefficient of performance of 1.38 kg/kgads and
0.104, respectively. Moreover, it can be concluded that the tested pairs are feasible to be used in solar adsorption ice-maker systems,
especially in such hot climate of Upper Egypt for food and vaccine preservation and storage.

Keywords Adsorption refrigeration . Solar ice-maker . COP . Ice production . Freshwater

Introduction

Growing energy resources consumption in many cities around
the world is one of the main results of urbanization and social

development. Air condition and refrigeration systems con-
sume a considerable part of the total electricity generation
around the world (Akbari et al. 2020). However, such systems
are essential to be used in harsh environmental conditions of

Highlights
- New adsorption pairs were applied to solar adsorption ice-maker.
- Using Maxsorb III/R-511A pair in solar adsorption ice-maker is promising.
- The coefficient of performance of the proposed ice-maker reached up to 0.197.
- Ice production of the proposed ice-maker increased to reach up to 1.96
kg/kgads.
- Food and vaccine storage can be attained by the proposed solar adsorption
ice-maker.

Responsible Editor: Philippe Garrigues

* Ahmed N. Shmroukh
eng_ahmednagah@yahoo.com

1 Department of Physics, College of Science, Jouf University,
Sakaka 2014, Saudi Arabia

2 Department of Physics, Faculty of Science, South Valley University,
Qena 83523, Egypt

3 Department of Basic Sciences, Common First Year Deanship, Jouf
University, P.O. Box: 2014, Sakaka, Saudi Arabia

4 Metallurgy & Material Science Tests (MMST) Lab, Department of
Physics, Faculty of Science, South Valley University, Qena, Egypt

5 Department of Mechanical Engineering, Faculty of Engineering,
South Valley University, P.O. Box 83521, Qena 83521, Egypt

6 Department of Physics, Faculty of Science, Sohag University,
Sohag 82524, Egypt

https://doi.org/10.1007/s11356-021-13535-z

/ Published online: 30 March 2021

Environmental Science and Pollution Research (2021) 28:41479–41491

27



z Materials Science inc. Nanomaterials & Polymers

Condensation of Active Methylene and Substituted
Aldehydes over Mesoporous Nickel Oxides Nanostructures:
A Combined Experimental and DFT Study
Mohamed Khairy,* Mounir Mohamed, and Mohamed Ismael[a]

Mesoporous NiO nanoarchitectures (NAs) with controlled
hexagonal platelet- and flower-like morphology were synthe-
sized using facile hydrothermal methods in different reaction
conditions. The NiO NAs were characterized by scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), N2 adsorption /desorption isotherms, and wide-angle X-
ray diffraction. It was found that controlled morphology, large
surface areas, and high crystallinity of NiO NAs offered high

catalytic reactivity toward Knoevenagel condensation reactions.
Large reaction yields in an aqueous media and easy separation
of the NiO NAs without losing the catalytic activity were
observed. Further, the formation mechanism of �C à C�
bonds over NiO NAs surface was explored by density functional
theory (DFT). These findings open a new avenue for efficient
�C à C� bonds formation using reusable NiO NAs catalyst
without using any expensive solvents.

Introduction
The formation of�C à C�bond has attracted much attention
in organic chemistry not only for the synthesis of new
compounds that has double bonds but also allows the
introduction of several functional groups.[1] Knoevenagel con-
densation is one of the classical and interesting organic
reactions in the formation of �C à C� bonds through the
reaction of activated methylene compounds and substituted
aldehydes.[2] The formed alkene products are highly promising
intermediates for synthesis of several organic molecules such
as heterocyclic compounds, natural products, anti-hypertensive
drugs, coumarin derivatives, perfumes, and cosmetics.[3] The
Knoevenagel condensation reaction is commonly performed in
organic solvents in presence of bases such as primary or
secondary amines and/or their salts. Although homogenous
base catalyst i. e. KOH, NaOH, and alkali carbonates are
effectively used, heterogeneous catalyst allows easy separation
and management, facile recovery of products, and easily
recycled. Numerous heterogeneous catalysts such as NaAlO2,[4]

Na2S/Al2O3,[5] Cu(II)-Fe3O4 nanoparticles decorated melamine-
functionalized chitosan,[1] metal�organic framework
(MOF)�NH2,

[6] MOF�Pd,[7] PMOV1,[8] Zn@ZIF-67,[9] ZIF-8,[10] Cd(II)
and Ni(II)-based coordination polymers,[11] PdAlO(OH),[12]

titanosilicates,[13] MCM-41 silica,[14] and NiO NPs[15] were utilized
in Knoevenagel condensation reactions. However, time-con-
suming synthesis processes (i. e. microwave irradiation or ultra-
sonication), harsh reaction environmental conditions, toxic and
expensive solvents or chemicals, and low catalyst reusing

impede their use in large-scale manufacturing. Therefore,
exploring a green, efficient and reusable heterogeneous
catalyst for formation of�C à C� through condensation of
active methylene and substituted aldehydes is highly desirable.

Mesoporous NiO nanostructures with different morpholo-
gies including hexagonal nanoplatelets (NPLs) and nanoflowers
(NFs) are synthesized via simple and reproducible hydrothermal
approaches and explored for Knoevenagel condensation reac-
tions as shown in Tables 1 and 2. The NiO nanoarchitectures
(NAs) with large-surface-area were produced and revealed high
reaction yields of 98% in aqueous media. Although NiO-NFs
showed a lower yield than NiO NPLs, it offered easy separation
of solid via the magnetic characteristic of NiO NFs. The key to
this achievement is that the NiO nanoarchitectures exhibit
exceptional catalytic features for Knoevenagel in an aqueous
environment without using any toxic or expensive solvents
with considerable reaction yields.

[a] Dr. M. Khairy, Prof. M. Mohamed, Prof. M. Ismael
Chemistry Department, Faculty of Science, Sohag University, Egypt,
82524 Sohag
E-mail: mohamed.khairy@science.sohag.edu.eg
Supporting information for this article is available on the WWW under
https://doi.org/10.1002/slct.202100675

Table 1. The condensation reaction of aromatic aldehydes and barbituric
acid is catalyzed by NiO NAs.

Entry Ar Reaction
time
(min)

Yield (%)
NiO NPLs

Yield (%)
NiO NFs

MP:
(°C)[17,18]

2a C6H5� 15 92 75 263–265
2b 4-Cl�C6H4- 10 96 80 300–302
2c 4-MeO�C6H4� 8 98 82 296–298
2d 4-Me�C6H4� 10 95 78 290–292
2e 4-NO2�C6H4� 12 90 70 272–274

ChemistrySelect
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doi.org/10.1002/slct.202100675
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1 Introduction 
 
Basement outcrops in Sinai Peninsula, southern Israel 

and southern Jordan, comprise the northernmost part of 
the Arabian-Nubian Shield (ANS). The ANS was evolved 
through four main stages. The oceanic, island arcs and 
plutonic rocks were formed during the subduction stage 
(~950–850 Ma; Bentor, 1985; Stern and Hedge, 1985; 
Stern and Manton, 1987; Kroner et al., 1990; Genna et al., 
2002; Johnson and Woldehaimanot, 2003). The 
continental collision (~850–650 Ma; Avigad and 
Gvirtzman, 2009; Be’eri-Shlevin et al., 2009) resulting 
from continuing convergence between East and West 
Gondwana formed the East African orogen (Stern, 1994a). 
The post-collision stage (~650–580 Ma) marks 
stabilization of the shield and is characterized by 

widespread calc-alkaline magmatism, mainly of 
intermediate to felsic composition and the occurrence of a 
vast peneplain (Avigad et al., 2005; Avigad and 
Gvirtzman, 2009). The last stage (~600–530 Ma; Fleck et 
al., 1980; Gass, 1981; Roobol et al., 1983; Bentor, 1985; 
Brown, 2015) representing late to post-orogenic within-
plate magmatism is characterized by the severe igneous 
activity represented by alkaline to peralkaline granites. 

A suite of syn- to post-tectonic tonalites, granodiorites 
and granites was emplaced throughout the Arabian-Nubian 
Shield between 690 Ma and 520 Ma (Bentor, 1985; Stern 
and Hedge, 1985; Genna et al., 2002; Johnson and 
Woldehaimanot, 2003). Although the precise timing of 
individual arc-arc collisions which constructed the 
Arabian- Nubian Shield between 715 Ma and 610 Ma is 
poorly known (Pallister et al., 1988), some of the 690–610 
Ma granites, and many of the 610–520 Ma granites, are 
probably collision-related. They seem to have been 

 
 

Constraints of Mantle and Crustal Sources Interaction  
during Orogenesis of Pre- and Post-collision Granitoids  
from the Northern Arabian-Nubian Shield: A Case Study 
from Wadi El-Akhder Granitoids, Southern Sinai, Egypt   
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Abstract: The Egyptian older and younger granitic rocks emplaced during pre- and post-collision stages of Neoproterozoic 
Pan-African orogeny, respectively, are widely distributed in the southern Sinai Peninsula, constituting 70% of the basement 
outcrops. The Wadi El-Akhder, southwestern Sinai, is a mountainous terrain exposing two granitoid suites, namely the 
Wadi El-Akhder Older Granites (AOG) and the Homra Younger Granites (HYG).  The AOG (granodiorites with 
subordinate tonalite compositions) have geochemical characteristics of medium-K calc-alkaline, metaluminous to mildly 
peraluminous granitoids formed in an island-arc environment, which are conformable with well-known Egyptian older 
granitoids rocks, whereas the HYG display calc-alkaline to slightly alkaline nature, peraluminous syeno-, monzogranites 
and alkali feldspar granites matching well those of the Egyptian younger granites. With respect to the AOG granitoids, the 
HYG granites contain lower Al2O3, FeO*, MgO, MnO, CaO, TiO2, Sr, Ba, and V, but higher Na2O, K2O, Nb, Zr, Th, and 
Rb. The AOG are generally characterized by enrichment in LILE and LREE and depletion in HFSE relative to N-MORB 
values (e.g.,  negative Nb and Ta anomalies). The geochemical features of the AOG follow assimilation-fractional 
crystallization (AFC) trends indicative of extensive crustal contamination of magma derived from a mantle source. The 
chemical characteristics of the AOG are remarkably similar to those of subduction-related granitoids from the Arabian-
Nubian Shield (ANS). The compositional variations from monzogranites through syenogranites to alkali feldspar granite 
within HYG could not be explained by fractional crystallization solely. Correlating the whole-rock composition of the HYG 
to melts generated by experimental dehydration melting of meta-sedimentary and magmatic rocks reveals that they appear 
to be derived by extended melting of psammitic and pelitic metasediments, which is similar to the most of younger granitic 
suites in the ANS. 
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A B S T R A C T   

Sn1−xFexO2 (x = 0.00, 0.1, 0.12, 0.16 and 0.18) nanoparticles have been synthesized by ball milling. Analyses of 
the Raman spectra exhibit a strong correlation between the internal structure of the nanoparticles and their 
electrical and magnetic properties. The blue shift in the peak position of the symmetric A1g (630 cm−1) mode as 
well as appearance of new two Eu modes (255 and 324 cm−1) with Fe doping indicate to a formation of bridge 
oxygen vacancies in the nanoparticles which has been explained by Kröger–Vink notation. Oxygen vacancies 
make as trapping centers of the free electrons leading to an increase in the electrical resistivity. Fe doping induces 
another new peak at 540 cm−1 assigned to vibrations related to the Fe2+ ions accompanied by oxygen vacancies. 
The strength of this Raman peak increases with increasing the concentration of Fe in a good correlation with the 
behavior of the magnetization of the nanoparticles.   

1. Introduction 

Tin dioxide is a well-known wide band gap n-type semiconductor. It 
has a tetragonal rutile structure with four oxygen atoms and two tin 
atoms [1]. Sn atom is at the center of six oxygen atoms located at corners 
of regular octahedrons and each oxygen atom is surrounded by three Sn 
atoms at the corners of equilateral triangle. The O–Sn and O–O distances 
are 3.76 and 4.66 Å, respectively [2]. SnO2 has various outstanding 
properties such as high optical transparency, electrical conductivity, and 
thermal and chemical stabilities [3–5] which make it a promising 
candidate for many multifunctional applications in gas sensors, solar 
cells, gas discharge, lithium ion batteries, light emitting diodes, trans-
parent conducting electrodes, flat panel displays, spintronic devices, 
architectural glasses, aircraft glasses, etc. It has been reported that 
doping with transition metals can tune the internal structure and 
morphology as well as the electrical, structural, magnetic and optical 
properties of SnO2 to find the way to various applications that require 
room temperature ferromagnetism (RTFM), high optical transparency, 
electrical conductivity, and chemical sensitivity [6–8]. 

The previously published results show that both the transition metal 
(TM) type and concentration have significant effects on the magnetic 
and electrical properties of SnO2 resulting from the variation in the 
structure and defect density that associate the doping process [2,6–8]. 

For example, Sharma et al. [9] showed that substitution of Sn ions by Fe 
ions in SnO2 lattice distorts the host lattice leading to a change in the 
magnetic and electrical properties due to the mixed valency nature of Sn 
and Fe cations. It was reported by Saleh et al. [10] that the band gap of 
the Fe doped SnO2 nanoparticles decreases with increasing the Fe con-
tent. Similar behavior was reported by Ahmed et al. [11] for the optical 
band gap and attributed to formation of donor energy levels in SnO2. 
High Curie temperature (~500 K) was reported by Fitzgerald et al. [12] 
in Co, Ni, Fe, Cr and Mn doped SnO2 thin films at relatively lower doping 
level (<1%). They observed ferromagnetic ordering which might be 
intrinsic and caused by lattice and electronic defects created in the thin 
films. Also, SnO2 doped with Fe and Co at higher level (3 and 5%) 
exhibited a single-phase tetragonal structure and room temperature 
ferromagnetic (FM) ordering with size-dependent phase transition 
temperature and saturation magnetization values as was reported by 
Kaur et al. [13]. Indeed, many research groups observed FM ordering in 
the pure and TM-doped SnO2 and correlate between the magnetic 
properties and the surface defects of the SnO2 nanostructures. However, 
Sharma et al. [2] reported that pure SnO2 nanoparticles (average size =
20–25 nm) are nonmagnetic even with the existence of oxygen vacancies 
while a ferromagnetic ordering can be obtained only if the Fe concen-
tration exceeds a ratio of 1% in the SnO2 nanoparticles (NPs). Accord-
ingly, they confirmed that intrinsic ferromagnetism (d0-magnetization) 
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