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GaN nanowires were successfully prepared on Si(111) substrate through ammoniating 

Ga2O3/BN films deposited by radio frequency magnetron sputtering system. The synthesized 

nanowires were confirmed as hexagonal wurtzite GaN by X-ray diffraction, selected-area 

electron diffraction and Fourier transform infrared spectra. Scanning electron microscopy and 

transmission electron microscopy revealed that the grown GaN nanowires have a smooth and 

clean surface with diameters ranging from 40 to 160 nm and lengths typically up to several 

tens of micrometers. The representative photoluminescence spectrum at room temperature 

exhibited a strong UV light emission band centered at 363 nm and a relative weak purple light 

emission peak at 422 nm. The growth mechanism is discussed briefly. 

 

 

Keywords: Sputtering; GaN; Photolumines.  

 

1. Introduction  

GaN has been considered to be the most promising optoelectronic material for such 

applications as light emitting diodes (LEDs), laser diodes (LDs) as well as high power 

electronic devices, due to its large direct energy band gap of 3.39 eV at room temperature and 

strongly emissive properties[1,2]. In the past decade, one-dimensional GaN nanomaterials 

have attracted extensive attention owing to their great uses in the novel nanoelectronic devices 

and the quantum de- vices[3]. Up to the present, several techniques have been developed to 

prepare one-dimensional GaN nanomaterials such as carbon nanotube-confined reaction[4], 

tem- plate-based growth method[5], catalytic growth[6] and direct reaction of metal Ga with NH 

http://etn.siats.co.uk/
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[7]. Furthermore, Huang et al. have reported successful fabrication of logic gates and 

demonstrated the computation capabili- ties from assembled p-Si and n-GaN crossed nanowire 

junctions[8]. However, the synthesis of high-quality GaN nanowires with a large-scale on Si 

substrate is very important for the  

application of GaN nanowires, and needs to be optimized. 

In this paper, we report a successful synthesis of highly crystalline GaN nanowires through 

ammoniating Ga2O3/BN films on Si(111) substrate deposited by radio frequency (RF) 

magnetron sputtering system. We chose hexagonal BN on Si (denoted BN/Si) as a substrate 

for hexagonal GaN films growth because of the reasonably low lattice mismatch (8%)[9] and 

higher thermal con- ductivity than that of sapphire; the latter is insulating and is poorly lattice 

matched (16%). Moreover, if GaN can be prepared on BN/Si, it will offer a very attractive 

way to incorporate future GaN optoelectronic devices into silicon-based very large-scale 

integrated circuits. 

 

2. Experiment 

The GaN nanowires were prepared by a two-step method. The first step was to deposit 

Ga2O3/BN films on Si(111) substrate in turn using a JCK-500A RF magnetron sputtering 

system (13.56 MHz). The targets for depositing BN films and Ga2O3 films were hot-pressed 

BN with a purity of 99.9% and sintered Ga2O3 with a purity of 99.99%. The base pressure be- 

fore sputtering was about 6.4×10 4 Pa. The working gas was pure argon and the working 

pressure was 2 Pa. During deposition, the substrate’ temperature was fixed at 300 K by a 

water-cooled pipe, and the RF power was adjusted to 150 W. The distance between the target 

and substrate was 8 cm, and the deposition time was about 20 min for BN films and 90 min 

for Ga2O3 films. 

Subsequently, the samples were ammoniated under flowing ammonia atmosphere in an 

open tube furnace. When the furnace reached the equilibrium temperature of 950℃, the quartz 

boat with the samples was pushed into the constant temperature region of the furnace. Flowing 

N2 was first introduced into the tube for 5 min to flush out the residual air. Then NH3 was 

flowed into the tube for 15 min at a flow rate of 800 mL/min while the N2 was switched off. 

At the end of the ammoniating process, the NH3 was flushed out by N2 before the boat was 

taken out of the furnace. 

 

A scanning electron microscope (SEM, Hitachi S-570), transmission electron microscope 

(TEM, Hi- tachi H-800) and high-resolution transmission electron microscope (HRTEM, 

Philips TECNAI-20) were used to observe the morphology of the synthesized samples. X-ray 

diffraction (XRD, Rigaku D/max-rB Cu Kα) and Fourier transform infrared spectroscopy 

(FTIR, TENSOR27) were used to examine the crystalline structure and elemental state of the 

samples. The pho- toluminescence (PL) spectra of the samples were measured in an FLS920 

fluorescence spectrophotome- ter at room temperature. 

3. Results and discussion 

Figure 1 shows the typical SEM images of the synthe- sized samples at different 

magnifications. At low mag- nification, it can be clearly observed from Fig. 1(a) that a great 

deal of micrometre-sized spheres with diameters ranging from 2 to 27 µm is sparsely 

distributed over a large area on the Si substrate. In fact, the whole surface of the substrate is 

found to be covered with spheres by the full-scale observation of SEM. And the further ob- 
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servation reveals that each sphere consists of a large cluster of high-density nanowires as 

shown in the high magnification image (Fig. 1(b)). The SEM image of Fig. 1(c) demonstrates 

that the nanowires possess a very smooth surface and a relatively straight morphology with a 

diameter of about 40―160 nm and a length of about several tens of micrometers, which is 

possibly favorable for the future applications of nanodevice. 

Figure 2 shows the typical XRD pattern of the samples. All the reflection peaks can be 

indexed to a hexagonal wurtzite GaN phase with lattice constants of a = 0.3186 nm and c = 

0.5178 nm, which are well consistent with the reported values for one-dimensional GaN 

nanomaterials[10]. The low-intensity (0002) peak, in comparison with that of ref. [10], may 

be attributed to a small quan- tity of nanowires grown along the [0001] direction. No 

diffraction peaks from Ga2O3, BN or other crystalline impurities were found in any of our 

samples, indicating that the sample was of high purity. And the sharp dif- fraction peaks also 

revealed that the GaN nanowires thus prepared had a high crystalline quality. 

Figure 3(a) shows the TEM image of a single GaN nanowire with a diameter of about 60 

nm, providing more structural information. It is straight and has a fairly clean surface without 

any particles. Figure 3(b) shows an HRTEM lattice image of another GaN nanowire. The 

distinct lattice fringes indicate that the nanowire is single crystal. No defect was observed in 

the lattice image, revealing that the nanowire has a high-quality crystal lattice. The spacing 

between two conjoint planes is about 0.243 nm, which corresponds to the {10 11} planes of 

hexagonal GaN, indicating that the growth plane of the nanowire is one of the{10 11}    planes.  

The single crystalline nature of the nanowire can also be identified from the corresponding 

selected area electron diffraction (SAED) pattern taken by the fast Fourier transform (FFT) 

techniques (Fig. 3(c), which can be indexed to the reflection of the hex-agonal wurtzite GaN 

along the [1213] axis. 

 

Figure 4 shows the FTIR transmission spectrum of the synthesized GaN nanowires. Four 

prominent IR ab- sorption bands were observed at 563 (band 1), 609 (band 2), 670 (band 3) 

and 1105 cm 1 (band 4), respec- tively. According to refs. [9,10], band 1 corresponds to Ga-

N stretching vibration (E1(TO) mode) in the hex- agonal type GaN crystals, indicating that 

hexagonal GaN   was   obtained under current conditions, which 

 

accords with the results of XRD and SAED. Bands 2― 4 are relevant to the Si substrate. Band 

2 is associated with a local vibration of substitutional carbon in the Si crystal lattice[11,12]. 

Band 3 is related to the absorption by Si-C bonds in amorphous phase[11], illustrating the 

diffusion of carbon impurity into the Si substrate during the film growth. And band 4 is due to 

the Si-O-Si asymmetric stretching vibration in the SiO2 resulting from oxygenation of Si 

substrate surface[13]. 

Under 300 nm photoexcitation, a strong and broad UV light emission band centered at 363 

nm and a rela- tively weak purple light emission peak at 422 nm are observed as shown in 

Figure 5. Because the as-prepared GaN nanowires are too large for quantum confinement 

effects, and even the thinnest GaN nanowire’s diameter is much larger than the Bohr exciton 

radius (11 nm)[14] of GaN, the bandgap emission at 363 nm has no blue shift compared with 

the bulk GaN[15]. Another purple light emission peak might be ascribed to the existence of 

defects or surface states[16]. However, further work is needed to understand the PL mechanism 

of the GaN nanowires. 
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Although the detailed growth mechanism of the GaN nanowires is still not fully understood, 

we might briefly describe the process based on the above observation and the analysis. It is 

well known that Ga2O3 begins to decompose into Ga2O and Ga above 800℃ and NH3 

decomposes stepwise into NH2, NH and N at 850℃[7] in the ammoniating period. GaN 

molecules are subse- quently formed through the reaction of Ga2O with NH3 or the reaction 

of Ga atoms with N atoms. First, the GaN molecules diffuse and agglomerate into the GaN 

micrograins. Then the very small GaN micrograins grow up with the progress of the 

ammoniating and ac- cordingly lay the foundations for the growth of nanos- tructured GaN. 

Thus the temperature, ammonia and Ga2O3 are all crucial in the growth progress of nanos- 

tructured GaN. However, as the intermedium between Si substrate and Ga2O3 films, BN films 

are also very important for the fabrication of GaN nanostructure. To test this conclusion, we 

also ammoniated a sample with only a deposited Ga2O3 layer on Si(111) substrate un- der the 

same condition and duration of time, and found no such nanowires formed. A study of the 

detailed role of the BN films during the growth of GaN nanowires is still in progress. 

 

4. Conclusion 

In summary, single-crystal GaN nanowires were successfully prepared by ammoniating 

Ga2O3/BN films at 950℃. SEM and TEM observations demonstrate that the as-synthesized 

GaN nanowires have a smooth sur- face with diameters ranging from 40 to 160 nm and lengths 

up to several tens of micrometers, which may be applied in the future nanodevices. XRD, 

FTIR and SAED analyses revealed that the nanowires are hex- agonal wurtzite GaN. The PL 

spectrum at room tem- perature exhibited a strong emission at 363 nm and a relatively weak 

emission at 422 nm. 

 

 

 

 

Fig. 3. (a) TEM image of a single GaN nanowire; (b) HRTEM lattice image of GaN 

nanowire; (c) SAED pattern taken by FFT techniques.  
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Fig. 4. FTIR transmission spectrum of the synthesized GaN nanowires. 

 

Fig. 5. PL spectrum of the synthesized GaN nanowires. 
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Multiferroic BiFeO3 (BFO) nanotube arrays ( 100 nm in diameter and 50 m in length) were 

synthesized by the sol-gel method utilizing the anodic aluminum oxide (AAO) membrane 

technique. The micro- structure and chemical components of the BFO nanotubes were 

investigated using scanning electron microscopy (SEM), transmission electron microscopy 

(TEM) and X-ray photoelectron spectrometer (XPS). The BFO nanotubes exhibited 

polycrystalline microstructures. The novel Y-junction BFO nano- tubes were simultaneously 

fabricated. 

 

 

 

Keywords: BFO; Nanotubes; Characterization.  

 

 

1.  Introduction 

 

Multiferroic materials having ferroelectric and ferro- magnetic properties are promising in the 

development of novel-concept memories[1–6]. Among the multiferroic materials studied so far, 

BFO has received great attention due to its high Curie temperature (850℃) and the Néel 

http://etn.siats.co.uk/
https://www.scopus.com/authid/detail.uri?authorId=56337182400&amp;eid=2-s2.0-85077580046
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temperature (370℃). However, the application of its bulk form has been limited by leakage 

problems, likely due to low resistivity, defects, and non- stoichiometry issues[7]. Recently, 

some groups proposed to address this problem by changing the size and shape of BFO, and BFO 

nanomaterials with different sizes and shapes have been synthesized. Wang et al.[1] synthesized 

the BFO film of about 200 nm in thickness by the hetero- epitaxially constrained growth, which 

had a great en- hancement in polarization compared with its bulk form. Park et al.[8] synthesized 

pure-phase, substrate-free and single-crystalline BFO nanoparticles with the magnetization 

value which gradually increased with decreasing the size in a certain range. The relationship 

between the size of BFO nanotubes and their physical properties has also aroused much 

interest[9,10] due to their special applications compared with the films and nanoparticels, such 

as vertical magnetic recording with ultrahigh re- cording density and nanodevices[9]. Moreover, 

the BFO nanotubes that contain Bi elements offer interesting optical properties for 

photocatalytic applications[11], and thus it is very important to fabricate and study BFO 

nanotubes. The synthesis of multiferroic nanostructures with a controllable size and shape is 

critical not only in nanodevice applications but also in fundamental re- search. There are many 

ways to fabricate nanotubes, for exa- mple, VLS[12], liquid phase method[13], and AAO mem- 

brane method[14]. Among them, the AAO membrane method does not require complicated 

operation equip- ments and thus is cost-effective. Normally, the AAO membrane with pore 

diameters of 10－200 nm remains stable at high temperature and in organic solvents, and the 

pores are uniform in size and well aligned perpen- dicular to the membrane surface. These 

advantages make AAO templates ideal for the synthesis of oxide nanotubes. The diameter and 

shape of nanotubes are conveniently controlled by changing the size and structure of membrane 

channel[15–17]. Zhang et al.[9] synthesized the BFO nanotubes, which showed significant 

piezoelectric characteristics and weak ferromagnetism[10]. In this work, AAO membranes and 

Y-junction channel AAO membranes were fabricated using the two-step anodization process, 

and the BFO nanotube arrays and Y-junction BFO nanotubes were synthesized by the sol-gel 

method utilizing the as-prepared AAO membrane. 

 

2. Experimental 

2.1. Synthesis of BFO nanotube arrays and Y-jun- ction BFO nanotubes 

AAO membranes[15] and Y-junction channel AAO membranes[17,18] were synthesized 

according to the literature. An Al foil of 99.9% purity was dc anodized in 0.3 mol/L H2C2O4 

aqueous solution under constant voltage of 50 V for 4 h at 0℃. After chemically remov- ing 

the oxide layer in the mixed solution (1.8 wt% chromic acid and 6 wt% phosphoric acid at the 

volume ratio of 1:1) at 60℃ for 2 h, the second anodization was performed under the same 

conditions for 4 h. Then, the residual Al substrate was removed through the re- placement 

reaction by putting the sample into the satu- rated CuSO4 solution. The pores of the anodic 

alumina were subsequently widened by immersing the anodized templates into 6 wt% 

phosphoric acid at 30℃ for 30 min. The same process was adopted for the fabrication of Y-

junction channel AAO membranes except for the second anodization process which was divided 

into two stages: the first anodization stage required 50 V and 2 h; the second anodization stage 

required 35(50/  2 ) V and 2h. Y-junction channels of AAO membranes were suc- cessfully 
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synthesized. During the material synthesis, Bi(NO3)3·5H2O and Fe(NO3)3·9H2O with molar 

ratio of 1:1 were added to ethylene glycol. The resulting mixture was stirred at room 

temperature for 30 min. The concentration of the final solution was adjusted to 0.3 mol/L with 

pH value of 2－3 by adding 2-methoxyethanol and nitric acid. After standing for 1－2 days, 

stable and yellow-brown sol was obtained. Then the two types of AAO mem- branes were 

immersed in the precursor solution for 20 min. In order to obtain the perovskite phase and to 

get rid of NO , the precursor-containing templates were subsequently annealed in air at 700℃ 

for 30 min in the quartz tube. The samples were characterized after cool- ing down to room 

temperature. 

2.2 Characterization method of samples 

The morphologies of AAO membranes and BFO nano- tube arrays were investigated using 

scanning electron microscopy (SEM, JSM-5600 LV, accelerating voltage 20 kV). The structure 

and morphology of BFO nano- tubes were characterized using transmission electron 

microscopy (TEM, JEM-2010, accelerating voltage 200 kV). The components of the samples 

were investigated using X-ray photoelectron spectroscopy (XPS, KRATOS AXIS ULTR) with 

a monochromatic Al Kα source. The wide spectrum and high-resolution spectrum were re- 

spectively run under pass energy of 80 eV and 40 eV. All spectra were corrected according to 

the C 1s peak at 

284.8 eV. 

 

3. Results and discussion 

3.1. SEM characterization of BFO nanotube arrays 

Figure 1(a) shows the top-view SEM image of the empty AAO membrane. The diameter of the 

pores of the as-anodized template is about 100 nm and the distribution of the pores is uniform. 

Figure 1(b) shows the cross-section SEM image of the empty AAO membrane. The channel of 

the AAO membrane is very straight and the arrangement of the channel is very uniform, too. 

According to the actual length of the channel, the thickness of the AAO membrane is about 50 

m. Figure 1(c) shows the SEM surface image of BFO nanotube arrays growing in a template 

after partial removal of the AAO membrane using 4 mol/L NaOH. The diameter of the 

orderliness BFO nanotube arrays is about 100 nm. The length of BFO nanotube is tens of 

micrometers. EDX data (inset of Figure 1(c)) demonstrates that the BFO nanotubes consist of 

Bi, Fe and O, and the molar amounts of Bi and Fe are the same. The Al signal is attributed to 

the residual membrane. 
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Figure 1 (a) Top-view SEM image of the AAO membrane; (b) cross-section SEM image of 

the AAO membrane; (c) top-view SEM image of BFO nanotube arrays. The inset is the 

corresponding EDX data of BFO nanotubes. 

 

3.2. TEM characterization of BFO nanotubes 

For further observation of nanotubes, the samples were characterized using TEM. Before TEM 

observation, AAO membranes were completely dissolved for 24 h in aqueous 4 mol/L NaOH, 

which was cleaned in the de- ionized water for several times. The crystallinity and morphology 

of a single BFO nanotube of 100 nm in diameter were analyzed by TEM and are shown in 

Figure 2(a), in good agreement with the pore diameters of the AAO membranes. The inset 

shows the selected area electron diffraction pattern (SAED) taken from the nanotube, which 

reveals the polycrystalline structure nature of the BFO nanotubes. Figure 2(b) shows the 400 K 

TEM image of the BFO nanotube. The wall thicknesses of the nanotubes is about 15 nm and 

the wall is com- posed of many particles in sizes from several nanometers to tens of nanometers. 

Figure 2(c) shows the high-resolution electron microscopy (HRTEM) image of the BFO 

nanotube, where the well-recognized lattice spacing of about 0.281 nm corresponds to {012} 

atomic planes. The HRTEM images further confirm that the nanotubes have the polycrystalline 

perovskite structure. 

 

 

Figure 2 TEM images of BFO nanotubes. (a) 10k, the inset is the corresponding SAED 

image; (b) 400k; (c) HRTEM image. 
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3.3. XPS characterization of BFO nanotubes 

Figure 3(a) shows the XPS spectrum of BFO nanotubes, which indicates the existence of Bi, Fe 

and O in the BFO nanotubes. Figure 3(b) shows the high-resolution spectrum of Fe 2p in the 

BFO nanotubes. In this figure, the strong peak of 710.51 eV and the peak of 724.0 eV attributed 

to Fe3+ can be observed. This indicates that in the BFO nanotubes the Fe element exists in the 

oxidation state of Fe3+ without Fe2+, further demonstrating that the synthesized BFO nanotubes 

are in the pure phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 XPS spectrum of BFO nanotubes. (a) Survey scan spectrum; (b) high-resolution scan 

of Fe 2p. 

 

 

3.4. TEM characterization of Y-junction BFO nanotubes 

Figure 4(a) shows the cross-section SEM image of the empty Y-junction channel AAO 

membrane. It is notice- able that the Y-junction channel AAO membrane has two layers, which 

is attributed to the voltage change in the manufacture process. The pore diameter is propor- 

tional to the anodization voltage. Hence the diameter reduces from about 100 nm to about 70 

nm with de- creasing the anodization voltage from 50 to 35 V. In order to maintain the total 

anodization area of the tem- plate, almost all pores branched into two in smaller diameter 

pores[18]. Figure 4(b) shows the Y-junction BFO nanotubes. These nanotubes perfectly copy 

the structure of the membrane. 
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Figure 4 (a) Cross-section SEM image of the Y-junction channel AAO membrane; (b) TEM 

image of Y-junction nanotubes. 

 

4. Conclusions 

In conclusion, as-prepared multiferroic BFO Nanotube arrays were synthesized by the sol-gel 

method utilizing the AAO membrane technique. The structural characterization indicates that 

the BFO nanotubes have the polycrystalline microstructure. More interestingly, novel Y-

junction BFO nanotubes were successfully synthesized based on the fabrication of Y-junction 

channel AAO membranes. 
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 Convective heat transfer can be enhanced by changing flow geometry and/or by enhancing 

thermal conductivity of the fluid. In this work, CFD modelling of horizontal straight and curved 

channel with square cross section were presented to investigate the effect of hybrid nanofluids on 

turbulent forced convective heat transfer. This study proposes simultaneous passive heat transfer 

enhancement by combining the geometry effect using 0.1% graphene nanoplatelets-silver hybrid 

nanofluids (GNP–Ag) inflow in straight and curved channel. The results showed that the average 

Nusselt number is generally higher for curved channel with hybrid nanofluid when compared 

with straight square channel. Moreover, for 0.1% of GNP–Ag hybrid nanofluid improvement is 

22.61% and 34.78% for straight channel and 27.43% and 39.52 for curved channel at the 

Reynolds number of 5,000 and 17,500, respectively. 

 

 
 Keywords: Heat transfer; turbulent flow; hybrid nanofluid; curved channel; straight channel. 

 

 

 

1. Introduction 

 
 According to the importance of energy in the world, so far, many attempts have been made 

to increase energy efficiency [1, 2]. One way is the use of fluids with higher heat transfer 

coefficient, by the addition of metal, non-metal and metal oxide particles with higher thermal 

conductivity into conventional fluids. Development of fluids thermal properties leads to more 

energy efficient, smaller size, lighter weight and lower operational costs for thermal systems like 

heat exchangers. The particles added to the base fluid should be in nanometer size, because the 

http://etn.siats.co.uk/
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larger particles and cause problems such as erosion, sedimentation, clogging and higher fluid 

resistance. Masuda et al.[3] and Choi et al. [4] were the first raised the idea of using nanofluids. 

Bergman [5] investigated the effects of increasing thermal conductivity and reducing the specific 

heat of the nanofluid relative to the base fluid and quantified heat transfer enhancement. They 

show that use of nanofluid instead of pure liquids can either enhance or degrade thermal 

performance.  

In the recent years, significant investigations on the use of carbon-based nanomaterials such as, 

single-wall carbon nanotube, multi-wall carbon nanotube, graphene oxide and graphene 

nanoplatelets (GNP) to make nanofluids were reported in the literature [6-8]. New research 

indicates that graphene nanofluids could provide higher thermal conductivity enhancement in 

comparison to other tested nanofluids. Graphene particles have better thermal conductivity and 

also higher mechanical strength, and electrical conductivity. Favourable thermo-physical 

properties of graphene has made it an excellent candidate for use in nanofluids [9]. In addition, 

synthesizing graphene nano- articles is relatively easy and cost effective. Small variation of 

properties of graphene has been reported due to different methods used to manufacture one layer 

or multi-layer graphene such as, exfoliation of graphene oxide layer, deposition with chemical 

vapor and mechanical cleavage, etc. [9-11].  

Channels with non-circular geometry are usually excluded from many applications. For one 

reason, this kind of ducts has very low rate of heat transfer. On the other hand, the pressure drop 

in non-circular cross sections is much less than that compared to circular cross sections. It should 

be stressed that the friction factors in rectangular and circular tubes equal to 56.92/Re and 64/Re, 

respectively. Therefore, heat transfer enhancement of the channels with non-circular ducts can 

result in its wide applications in different industries. Furthermore, they have other advantages 

such as high compaction in comparison with other kind of channels, high mechanical resistivity, 

easy forming using thin metal, and low-pressure drop, triangular and square ducts which make 

them beneficial to be utilized in compact heat exchangers, combustion engines, boilers, nuclear 

reactor and energy recovery equipment, furnaces, rockets, medical and electronics industries. Due 

to the importance of low-pressure drop in these applications, heat transfer enhancement can open 

up great opportunists [17].  

Considering the literature review about nanofluids, the aim of this study is to investigate and 

compare the heat transfer enhancement of graphene nanoplatelets–silver hybrid nanofluids 

(GNP–Ag) through the straight and curved channel with square cross-section in the turbulent flow 

regimes under constant heat flux boundary condition for the wall.  

 

2. Numerical Model   

The computational domains were created in Free CAD as shown in Fig.1; the length of 

the copper channel is 500mm and the height and width are 2mm. The commercial pre-processor 

software GAMBIT 2.3.16 was used for meshing, labelling boundary conditions and determines 

the computational domain. Three different meshes, 1 × 105, 2 × 105, and 4 ×105, were tested and 

compared in terms of the local pressure, velocities, and temperature to ensure a mesh independent 

solution. It is found that mesh number of around 2 × 105 gives about 1% deviation compared to 

mesh size of 4 × 105; whereas the results from mesh number of 1 × 105 deviate by up to 8% 

compared to those from the finest one. Therefore, a mesh of around 2 × 105 (20 × 20 × 500) 

elements was considered sufficient for the numerical investigation purposes; a fine structured 

mesh near the wall to resolve the boundary layer and an increasingly coarser mesh in the middle 

of the channel to reduce the computational cost.  



Exp. Theo. NANOTECHNOLOGY 4 (2020) 85 – 93                                                                    

 

87 

 
(a) Straight Channel 

 
 
 

 
(b) Curved Channel 

 
Fig. 1 Shapes of straight and curved channel 

 

 

2.1 Governing equations 

The realizable k- turbulence model with wall heat treatment is used for turbulent flow 

simulation. The Realizable turbulence model by Shih et al.[12] is the most sophisticated model 

newly of the three k- differences and characteristics two main variations from the standard k–

 model. It utilizes a new equation for the turbulent viscosity equation and derived the dissipation 

rate transport equation from the mean-square vorticity fluctuation equation. Turbulent kinetic 

energy, k, and turbulent dissipation rate, , are combined to the governing equations using the 

relation of the turbulent viscosity t=ρCµ where Cµ= and  the following values have 

been assigned as an empirical constant:  C2=  = = and  =    

( )
L

k
CIuk

2
3

4
3

2
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2

3
 ==                                                                                                                  (1) 

Furthermore, the character L. in Eq. 6 refer to the turbulent characteristic length scale, 

which is set to be 0.07(d/2) in the current study. As well as the factor of 0.07 been adopted based 

on the maximum value of the mixing length in fully developed turbulent pipe flow. For an initial 

guess of turbulent quantities (k and ε), the turbulent intensity (I) was specified. Where the 

turbulent intensity for each case can be calculated based on the Eq. 2. [13]. 
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8/1Re16.0 −=I                                                                                    (2) 

ith regards to the nanofluid, infinitesimal (less than 100 nm) solid particles assumed to be able 

using single phase approach, so single phase approach adopted for nanofluid modelling. For all 

these assumptions, the dimensional conservation equations for steady state mean conditions are 

as follows: continuity, momentum and energy equations.[14]. 
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3. Thermo-physical properties of hybrid nanofluids 

The thermo-physical properties of graphene nanoplatelets–silver hybrid nanofluids 

(GNP–Ag ) in this study such as thermal conductivity (knf) and viscosity ( nf) have been obtained 

from the experimental study of [15] as shown in Fig. 2 and Fig. 3. Meanwhile, the density (
nf ) 

and specific heat capacity (Cnf), of nanofluid have been obtained by the relation [16].  
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Because the single-phase fluid Nusselt number correlations underestimate the heat transfer of 

nanofluids, the researchers have developed new Nusselt number correlations for nanofluids. Some 

of the available Nusselt number correlations are outline here:  

Forced convection heat transfer coefficient under turbulent flow could be estimated by Dittus-

Boelter [17] Eq. 8. 

4.08.0 PrRe023.0== D
k

h
Nu

f

f

                                                

(8) 

Maiga et al. [18] presented equation for evaluation of Nusselt number for nanofluids as a function 

of Re and Pr: 

 
35.071.0 PrRe085.0=Nu                                                                                                    (9) 
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The available friction factor expression for water and nanofluids are represented by Eq. (10) 

Blasius [19] presented equation for evaluation of friction factor for water flow;  

 

f=0.316Re-0.25                                                                                                                                    (10) 

 

 

 

 

Fig. 2 Thermal conductivity of the GNP-Ag nanofluid. 

 

Fig. 3 Viscosity of the GNP-Ag nanofluid. 
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4. Results and discussion 

 

One of the key factors that determine the heat transfer performance is the cross-sectional 

tube geometry. This study examines straight and curved channel with square cross section. In 

order to validate the numerical procedure, a set of data was obtained with water as the working 

fluid. Comparison of the numerically measured Nusselt number for water with correlations of 

Dittus and Boelter [17] are presented in Fig. 4. This figure shows that the numerical results are in 

good agreement with the empirical correlations for turbulent flows. The maximum deviation 

between the present data and the existing correlations for Nusselt number is about ±5.3%, which 

validates the numerical procedure. Nanofluids with 0.1% weight concentrations of functionalized 

GNP–Ag are then tested in straight and curved channel. The results reveal that the Nusselt number 

enhances with increase of Reynolds number at 0.1% nanoparticles concentration as shown in Fig. 

5. This is because the nanofluid contains suspended nanoparticles, which have higher 

conductivity compared to the base fluid. The Nusselt number enhancement for GNP–Ag 

nanofluid is also attributed to thermophysical properties of the nanoparticles as well as particle 

Brownian motion. Moreover, for 0.1% of GNP–Ag hybrid nanofluid improvement is 22.61% and 

34.78% for straight channel and 27.43% and 39.52 for curved channel at the Reynolds number of 

5,000 and 17,500, respectively.  

 

                          Fig. 4  Nusselt number for water in straight and curved channel.  
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Fig, 5  Nusselt number for nanofluid in straight and curved channel. 

Fig. 6 shows the numerical friction factor for the base fluid in straight and curved channel 

comparing to the experimental result of a circular tube by [15] and thermotical data of Blaisus 

equation (10) [19]. A maximum deviation of 5% is obtained between theoretical data and 

numerical data. Moreover, Fig.7 shows the numerical friction factor of GNP–Ag nanofluids in 

straight and curved channel. Nevertheless, Blaisus equation (10) [19]. is used for estimating the 

friction factor of GNP–Ag nanofluids at 0.1% weight concentration and the result is illustrated in 

Fig. 7. The improvement of friction factor for 0.1% weight concentration of GNP–Ag nanofluid 

is 9.2 % for curved channel at the Reynolds number of 17,500. The enhancement of friction factor 

due to the suspended of GNP–Ag nanoparticles in the base fluid is not significant in comparison 

to the heat transfer enhancement.  

 

Fig. 6 Friction factor for water in straight and curved channel. 
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Fig. 7 Friction factor for nanofluid in straight and curved channel comments and response. 

 

 

5. Conclusions 

A computational study was conducted to investigate the turbulent flow heat transfer performance 

of straight and curved channel with square cross section with water and GNP–Ag hybrid 

nanofluids. It is found that adding 0.1% nanoparticle volumetric concentration improves heat 

transfer performance for straight and curved channel. However, higher amounts of nanoparticles 

are not recommended. In- curved channel gives better performance than straight channel for 

nanofluids. The Nusselt number is enhanced in comparison to the base fluid. For 0.1% of GNP–

Ag hybrid nanofluid improvement is 22.61% and 34.78% for straight channel and 27.43% and 

39.52 for curved channel at the Reynolds number of 5,000 and 17,500, respectively. The increase 

of friction factor is negligible when compare to the advantages of heat transfer enhancement. The 

developed Nusselt number and friction factor correlations are proposed. Future study will 

evaluate various modeling approaches for nanofluid heat transfer, e.g., two-phase mixture, Euler-

Euler, and Euler-Lagrange models, in coils with respect to the effect of secondary flow to the 

nanoparticle concentration.  
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The purpose of this study was to enhance the therapeutic effect of magnesium orotate )MO( via 

loading it to gum arabic nanocarrier. The magnesium orotate-loaded gum arabic nanoparticles 

)MOGANPs( were prepared by high pressure homogenizer. The freeze-dried powder of 

nanoparticles was characterized using X-ray Diffractometry )XRD( and Transmission Electron 

Microscopy )TEM(. The obtained nanoparticles were spherical in shape with diameters ranged 

from 30 to 50 nm. The cytotoxicity of MOGANPs was determined against human hepatocellular 

carcinoma HepG2 cell line using 3-)4,5-dimethylthiazol-2-yl  ( 2,5-diphenyl tetrazolium bromide 

)MTT( assay which showed an enhanced efficacy of MO nano-carried with gum arabic when 

compared to pure compound alone. Moreover, the results revealed that MOGANPs induced 

apoptosis in the treated HepG2 cells and thus it is promising formulation, in addition, further 

anticancer studies are needed. 

 

Keywords: Magnesium orotate; Gum; Liver cancer; Cytotoxicity.  

1. Introduction 

       Recently, there has been renewed interest of research and applications of nanoparticles due 

to their capacity of reducing  toxicity of chemotherapeutic agents [1-4].The main advantages of 

nanoparticles is the improvement of efficacy of drugs towards human cells and diagnostic of 

diseases such as the use of gadolinium nanoparticles for theranostic applications [5-12]. Due to 

the rapidly developing domain of nanomedicine , many bioactives loaded nanocarries systems are 

http://etn.siats.co.uk/
mailto:aslina@upm.edu.my


Exp. Theo. NANOTECHNOLOGY 4 (2020) 95 – 100                                                                    

 

96 

under investigation to reduce toxicity for cancer therapy [13-15]. Magnesium orotate is a complex 

of magnesium and orotic acid. A recent study has reported the antitumor and anti-inflammatory 

effects of orotic acid. Researchers attempted to evaluate the impact of magnesium orotate on 

cancer therapy [16]. Gum arabic (GA) also known as acacia gum, enhanced the in vivo stability  

of nanoparticles [17].The MOGANPs nanoparticles were characterized using )XRD(,  )TEM(, 

and cell cycle arrest was determined using cytometry analysis.  

2. Methods of analysis 

2.1. Characterization of MOGANPs nanoparticles   

X-ray diffractogram patterns were recorded using CuKα radiation, λ 1.5406 A° at 2θ =20°-60° 

and scan speed of 2° per minute. Transmission electron microscopy was carried out to visualise 

the morphology, size distribution, and determine the homogeneity of nanoparticles. 

       2.2. MTT Assay  

 Two hundred microliters at a concentration of 1×105 cells/mL of   cancer cell line suspension 

was added to each well of a 96-well plate and incubation for 24 h. After that, the cells were treated 

with MO and MOGANPs at various concentration of 1.56-100µg/mL then incubation for 72h at 

37 °C in 5% CO2. Then, 20 µl of of 5mg/mL of MTT solution was added to each well. The plate 

was then incubated for 4 h at 37 °C in 5% CO2 until formazan product was developed. The 

absorbance readings were recorded at 570 nm using ELISA reader. 

   2.3. Cell cycle analysis 

The HepG2 cells were seeded at 1×106 cells/well for 24 h in a 6-well plate. The cells then were 

treated 12.5 and 25 µg/ml. After that, 250 µL of trypsin buffer solution was added to the tubes 

including harvested cells and incubation for 10 min at room temperature. 200 µL of trypsin 

inhibitor and RNase buffer was further added to each tube and incubation for10 min. 200 µL of 

PI stain solution was added then followed by incubation in the dark for 10 min. The PI 

fluorescence was measured under 620-640 nm excitation using flow cytometry analysis.  

    2.4. Statistical Analysis  

The analysis of variance was carried out using the ANOVA technique  )p < 0.05).  

3. Experimental analysis 

The preparation of MOGANPs nanoparticles was performed using freeze-drying method 

in 1: 1 molar ratio by dissolving 0.94g of MO in 50 mL of deionized water under mild agitation 

for 20 min. MO solution was added dropwise to GA solution with vigorous under stirring for 72 

h. The dispersion was subjected to a high pressure homogeniser )Avestin Canada( at a pressure 

of 1000 bar for seven cycles followed by freeze-dried for 72 h. 

 

 4. Results and discussion 

 4.1.  X-ray Diffraction 

The patterns of MO, GA, Physical mixture, and MOGANPs nanoparticles are depicted in figure 

1. A sharp diffraction peaks were revealed at several diffraction angles 25.94°, 27.96°, and 37.82°, 

illustrating the crystalline nature of MO. The MO peaks were totally vanished due to the 

complexation that happened between MO and GA  )figure 1d(. 
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Fig.1 X-ray diffractogram: ) A( MO, )B  ( GA, )C( physical mixture,)D  ( MOGANPs 

  4.2. Transmission Electron Microscopy  )TEM( 

Nanoparticle prepared presents approximately spherical elliptical shape as individual particles 

with narrow size distribution ranging from 21 to 45nm.  

 

Fig 2. Transmission electron microscopy of MOGANPs nanoparticles 

   4.3. Cytotoxicity assay 

The anticancer activity of MOGANPs was slightly higher than the free MO  due to the galactose 

group of GA polymer [18]  ) p value < 0.05). 
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Fig.3 Cytotoxicity activity of MO, MOGANPs exposed to HepG2 cell lines 

Table 1 IC 50  ) µg/mL ( values of MO and MOGANPs nanoparticles on HepG2 

Cell lines MO 

 

MOGANPs  

 

HepG2 

 

24.20 ±0.1 

 

12.08±0.2 

 

4.4. Induction of cell cycle analysis by MO and MONPs nanoparticles 

MOGANPs nanoparticles at 12.5 µg/mL increased both G0/G1 (7%) and S arrest (19%) in addition 

to reduce the total number of cells in G2/M phase which had 28 % decrease when compared to 

control. Moreover, MOGANPs nanoparticles induced apoptosis which had 13.9-fold increase at 

12.5 µg/mL, and 28-fold increase at 25.0 µg/mL, when compared to control. For 24-hour 

treatment, MOGANPs nanoparticles at 25.0 µg/mL induce G0/G1 arrest which had 13% increase, 

and 53% and 26% decrease at S and G2/M phases, respectively when compared to control (Figure 

4). Also, pure MO dissolved in DMSO induced apoptosis which had 1410 % increase at 12.5 

µg/mL, and 1926 % increase at 25.0 µg/mL when compared to control. 

For 24-hour treatment, MO  induced G0/G1 arrest which had 8 % decrease at 12.5 µg/mL, and 

3% decrease at 25.0 µg/mL when compared to control. MO showed no significant effect (p ≥ 

0.05) on the cell cycle at S-phase in HepG2 cancer cells after treatment with both 12.5 and 25.0 

µg/mL when compared to control. Besides, MO reduced cell numbers at G2/M which had 30 % 

decrease at 12.5 µg/mL, and 67 % decrease at 25.0 µg/mL, when compared to control (Figure 
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4). 

 

Fig 4 Effect of MOGANPs nanoparticles and MO )IC50 values( on cell cycle distribution of 

HepG2 liver cancer cells determined by flow cytometry 

 

5. Conclusion 

  The results confirmed the incorporation of MO into GA cavity. This study has found that 

MOGANPs nanoparticles can be considered as a potential candidate compound for the evaluation 

of prevention and cancer treatment. Thus, MO, either pure or MONPs, had effect on cell cycle of 

HepG2 cancer cell. However, the main cause of their antiproliferaive activity on HepG2 cancer 

cell was apoptosis as it got the largest change when compared to other phases. 
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ZnO microcrystals are synthesized through a facile solution method and characterized by field-

emission scanning electron microscopy, transmission electron microscopy, selected area 

electron diffraction and X-ray diffraction. The ethanol sensing properties of these microcrystals 

are investigated by spin-coating them on a silicon substrate with Pt electrodes to fabricate a 

micro-structure sensor. The sensitivity is up to 8 when the sensor is exposed to 50 ppm ethanol, 

and the response time and recovery time are 10 s and 20 s, respectively. A contact-controlled 

model is established to explain the sensing properties of the microcrystals, which provides 

another approach to realize high-performance gas sensors. 

 

Keywords: ZnO, ethanol, micro-structure sensors, semiconducting metal oxides 

 
 

1. Introduction Gas sensors play an important role in environmental protecting, chemical 

process controlling and air quality monitoring as well as personal safety[1–5]. Many semi- 

conducting metal oxides have been employed for this application due to their small size, low 

cost and high compatibility with microelectronic processing[6]. The gas-sensing mechanism 

of these semiconducting metal oxides mainly involves a change in electrical resistance caused 

by the adsorption of gas on the sensor surface. Therefore the sensing properties are easily 

influenced by the micro-structural features, such as the grain size, crystal structure, geometry 

and connectivity between particles[6].ZnO is a semiconducting metal oxide which has re- 

ceived a great deal of attention from researchers and industry alike[7–10]. Since the discovery 

in 1962 that the electrical conductivity of ZnO could be dramatically changed by the presence 

of reactive gases in the air, there have been tremendous reports on the applications of ZnO as 

gas sensors[11–18]. Extensive studies have been put on improving the sensing performances 

based on the ZnO gas sensors, aiming at improving the sensitivity, response/recovery, 

selectivity, stability and feasibility for practical use[19,20]. 

In this paper, we present a simple and effective route for the synthesis of ZnO microcrystals 

http://etn.siats.co.uk/
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with excellent ethanol sensing properties. The micro-structure sensor fabricated from these 

ZnO microcrystals shows high sensitivity, quick response and recovery to ethanol. The results 

demonstrate that ZnO microcrystals are very promising materials in fabricating ethanol 

sensors. Ad- ditionally, a contact-controlled model is established based on the nanocrystals, 

which provides another ap- proach to realize high-performance gas sensors. 

 

2. Experimental 

2.1 Preparation and characterization of materials 

ZnO microcrystals were synthesized through a facile so lution method under mild conditions. 

All the chemicals (analytical grade reagents) were purchased from Beijing Chemicals Co. Ltd. 

and used as received without further purification. The deionized water with a resistivity of 18.0 

MΩ/cm was used in all experiments. In a typical synthesis process, 100 mL of an aqueous 

solution of zinc acetate dihydrate (Zn(CH3COO)2·2H2O) and 100 mL  

of a hexamethylenetetramine ((CH2)6N4, HMT) aqueous solution of equal concentration (0.1 

mol·L 1) were mixed together and kept under mild magnetic stirring for 5 min. Then the 

solution was transferred into a 500 mL flask and heated at 90℃ for 2 h with refluxing. Subse- 

quently, the resulting white products were centrifuged, washed with deionized water and 

ethanol, and dried at 60℃ in air for further characterization.Field emission scanning electron 

microscopy (FESEM) images were performed on a JEOL JEM-6700F micro- scope operating 

at 5 kV. Transmission electron micro- scope (TEM) images and selected area electron diffraction 

(SAED) patterns were obtained on a JEOL JEM- 2000EX microscope with an accelerating 

voltage of 200 kV. X-ray diffraction (XRD) analysis was conducted on a Rigaku D/max-2500 

X-ray diffractometer with Cu Kα radiation (λ=1.5418 Å). 

2.2 Sensor fabrication 

Micro-structure sensor was fabricated on a silicon-based substrate with Pt electrodes and a Pt 

heater. The fabrication of the sensor was achieved according to the follow- ing steps: (i) growth 

SiO2 (thickness of 3000 Å) on the Si-substrate as insulating layer, (ii) sputtering titanium 

(thickness of 450 Å) as an adhesive layer, (iii) sputtering platinum (thickness of 1800 Å) as 

metal electrodes, (iv) mask patterns transfer to the Si wafer by photolithography, (v) etching 

the two-layer metals (Ti and Pt), (vi) removing the photoresist, (vii) finally spin-coating ZnO 

microcrystals (thickness of 100 m) on the substrates. The dimension of the sensor area was 

about 2.0 mm × 0.5 mm, and the sensing film area was about 0.6 mm ×0.5 mm. The width 

of the signal electrodes and heater was 50 m, and the distance between the adjacent Pt strips 

was 25 m. The cross-section, top-view and optical micrograph of the micro-structure gas 

sensor are shown in Figure 1(a), (b) and (c), respectively. 

 

2.3 Gas sensing measurement 

The as-fabricated sensor was put into several chambers with certain concentration of detecting 

gas to study the sensing properties. 
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Figure 1 Cross-section (a), top-view (b) and optical micrograph (c) of the micro-structure 

gas sensor. 

The heater, controlled by a heating voltage (VH, DC), ensured the operating temperature of the 

sensor. To measure the electrical signal of the sens- ing film, a voltage of 6 V was applied to 

the signal electrode (VS, DC). The electrical properties of the sensors were measured by a CGS-

1 intelligent test system (Beijing Elite Tech. Co., Ltd., China). 

The sensitivity of the gas sensors in this paper is de- fined as R =Ra/Rg, where Ra is the 

baseline resistance of the sensing film in pure air (without access to a target gas) and Rg 

represents the resistance in a target gas environment. The time taken by the sensor to achieve 

90% of the total resistance change was defined as the response time in the case of adsorption 

or the recovery time in the case of desorption. 

 

3. Results and discussion 

The morphology of the ZnO microcrystals is characterized by FESEM and TEM as shown in 

Figure 2. Figure 2(a) shows a typical image of the products, indicating the structured ZnO 

composed of two hexagonal prisms with the length and diameter of 3.5－5.4 m and 1.3－

1.8 m, respectively. It can be obviously seen that smaller columns, with lengths of 200－

400 nm and diameters of 200－800 nm, grow on the center and edge of end faces of the 

dumbbells. Further morphology characterization of the ZnO sample is performed on a 

transmission electron microscope as shown in Figure 2(b), which agrees with the FESEM 

results. The inset SAED pattern indicates that the dumbbells possess a single-crystal 

hexagonal structure and grow along the [0001] direction. 
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Figure 2 FESEM image (a), TEM image (b) and SAED pattern (inset) of the ZnO 

microcrystals. 

 

The structure of the as-prepared ZnO was characterized by XRD as shown in Figure 3. All the 

diffraction peaks can be indexed as hexagonal ZnO with lattice constants of a = 3.249 Å and c 

= 5.206 Å, which are consistent with the values in the standard card (JCPDS 36-1451). No 

diffraction peaks from any other impurities are detected. 

 

 

Figure 3 XRD pattern of the ZnO microcrystals. 

Gas sensing experiments are performed at different operating temperatures to find the optimum 

operating condition. Figure 4 shows the relationship between the operating temperature and 

the sensitivity to 50 ppm ethanol. The sensitivity increases and reaches its maxi- mum at 260℃, 

and then decreased rapidly with the in- creasing temperature. This behavior is mainly because 

of the influence of operating temperature on the activation of absorbed oxygen species on the 

surface of ZnO film[6]. At a relatively low temperature the activation of absorbed oxygen 

species is low and the sensor response is consequently very small. If the temperature increases 
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too much, the progressive desorption of the previously adsorbed oxygen species occurs and 

the sensor signal decreases. Accordingly, 260℃ is believed to be the optimum operating 

temperature for the detection of ethanol, which is applied in all the investigations hereinafter. 

Figure 4 The sensor sensitivity to 50 ppm ethanol at different operating temperatures. 

 

The response and recovery characteristics of the sensor to 50 ppm ethanol at 260℃ are 

shown in Figure 5. The sensor exhibits quick response and recovery to ethanol, and the 

electrical signal increases abruptly in 10 s when the sensor is exposed to ethanol. About 10 s 

later, the sensor is placed in air ambient again, and the electrical signal decreases to the original 

value in 20 s. Thus the response and recovery time are 10 s and 20 s, respectively. Figure 6 

shows the sensitivity of the sensor versus ethanol concentration at 260℃, and the insert is the 

calibration curve in the range of 1－300 ppm. The sensitivity rapidly increases by increasing 

the ethanol con- centration below 300 ppm. Above 300 ppm, the sensitivity slowly increases 

by increasing the ethanol concentration, which indicates that the sensor becomes more or less 

saturated. Finally, the sensor reaches saturation at about 3000 ppm. In fact, the sensitivity of 

the semiconducting oxide gas sensor can usually be empirically rep- resented as Sg=APg
β, 

where Pg is the target gas partial pressure, which is in direct proportion to its concentration, 

and the sensitivity is characterized by the prefactor A and exponent β. β may have some rational 

fraction value (usually 1 or 1/2), depending on the charge of the surface species and the 

stoichiometry of the elementary reactions on the surface[21–25]. As shown in Figure 6, when 

the ethanol concentration is in the range of 1－300 ppm, β is found to be 1, which confirms 

that the ZnO microcrystals can be used as a promising material for gas sensors. 
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Figure 5 Response and recovery characteristics of the ZnO microcrystal sensor to 50 ppm 

ethanol at 260℃. 

Figure 6 The sensitivity of the ZnO microcrystal sensor vs. ethanol concentration. The insert 

is the calibration curve in the range of 1－300 ppm. 

 

 

When the sensor is exposed to a reducing gas such as ethanol, the reducing gas may react with 

the adsorbed oxygen molecule and increase the conductance of the sensing film, thereby the 

sensor response can be easily found by comparing the resistance of the sensing layer in air and 

the target gas. The present sensor has the advantages of high sensitivity, quick response and 

recovery. In order to illustrate its high-performance sensing characteristics, a contact-

controlled sensing is pro- posed based on the morphology of ZnO microcrystals. We think that 

many contacts are formed among the ZnO microcrystals, leading to the formation of many 

junctions in the sensing film. The surface depletion width is about several nanometers for ZnO 

in air[24]. Because the diameter of ZnO microcrystals is much larger than the depletion width, 

surface depletion does not greatly affect the density and mobility of the electrons in the micro- 

crystals but does significantly modify the potential bar- rier of the contacts between the 
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microcrystals. Comparing with many semiconductor metal oxide sensors, more effective 

contacts will form and most of them in the sensing film contribute to the sensing, thus the 

modulation in carrier concentration of the contacts between ZnO microcrystals becomes lager 

and a higher sensitivity can be realized. 

 

4. Conclusions 

ZnO microcrystals have been synthesized through a facile solution method and characterized 

by FESEM, TEM and XRD. The micro-structure sensor fabricated from these ZnO 

microcrystals exhibits high sensitivity and quick response-recovery to ethanol at 260℃. A 

contact- controlled model is established to explain the sensing properties of our microcrystals. 

Our results demonstrate the potential application of ZnO microcrystals for fabricating high-

performance gas sensors. 
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Structural and optical properties were studied as a function of films thickness for 
thermally evaporation PbI2 films. X-ray diffraction analysis confirmed that PbI2 films 

are polycrystalline having hexagonal structure. The optical absorption data indicate an 

allowed direct transmission with optical energy gap varies continuously from (2.15eV - 

2.33 eV). The energy gap shows thickness dependence, which can be explained 

qualitatively by a thickness dependence of grain size through the decrease of the grain 

boundary barrier height with grain size. The low fluctuation in energy gap indicates 

that the grain size is quite small, which is finding in agreement with AFM results. 

 
Keywords: PbI2; Optical; Structural. 
  

1-Introduction 
 
Lead iodide PbI2   is a wide band gap semiconductors Eg ~2.3 eV. Due to the high 

atomic number of its elements (ZPb=82, ZI=53), it is a material with potential use as an 

ionizing radiation detector (X and γ rays) [1,2,3]. Lead iodide is an important and 
promising P-type semiconductor and crystallizes in a hexagonal structure and can be 
grown from solution, vapor and gels [4].  The polytypism of PbI2 seems to be a significant 
property of this material with no structure modification. Lead iodide is isostructural to 
CdI2    and 20 polytypes have been reported. The poly types of PbI2   are 2H, 4H, 6H, 

8H, 12H, 12R, 14H, 18H, 18R, 20H, 20R, 36H ,42R,48R. The most common type is 
2H, which represents 95% polytypes described for PbI2 structure [5]. Recently many 

researches were published on the development of the method of prepared thin films of 
PbI2 from solutions, vapor, melts and gels. Simiraly to the recently published results 

reporting on the influence of rare earth (RE) elements on the quality of materials   for   
radiation   detectors [6]. 
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Electronic transport and optical measurements in polycrystalline PbI2 by vacuum    

evaporation with    different thickness and grain size up to 100   m was studied [7,8]. 

Conventional vacuum coating unit (INFICON V90) under vacuum of order of 6X10-6 

torr with deposition rate of   ~ 4-7 nm sec-1. A summary of the deposition conditions 
is shown in table (1). Film thickness was measured after evaporation by optical 
interferometer   method, using   He-Ne Laser λ =0.632 nm and the thickness were   
determined. The aim of this work is to prepare a thin polycrystalline lead iodide by 
vacuum evaporation method, and studying the optical and structural properties of this 
material to present preliminary results which in this approach could be a way to develop 
PbI2 nuclear imaging devices beside the electrical properties. 

 

Table 1 Summary of deposition conditions. [5]. 

 
Coating Unit INFICON   V90 

Materials Lead iodide (PbI2) powder 

Substrates glass slides 

Vacuum ~ 6x10
-6 

torr 

Substrate to film gap 15 cm 

Deposition rate ~ 4-7 nm sec
-1

 

 

 
2- Experimental details 

 

Polycrystalline PbI2    samples    were    prepared    on    glass substrates using vacuum 

evaporation method.  PbI2 powder prepared in the laboratories without further 

purification as in [9] as  checked by X-ray fluorescence the main residual impurity in the 

base material is Ag as is shown in figure (1). The PbI2 powder was preheated at 

temperature ~ 250 oC for several hours to remove occluded materials from it. The 

prepared material was housed in a vacuum deposition chamber for the preparation of thin 

film. The E-glass substrate was kept in ambient at 200oC to maintain stoichiometry. 

At first,  a film has been prepared then by decreasing the substrate temperature at a rate 

~ 1K per minute until we brought to room temperature. This process will reduce the defect 

and grain boundaries if any considerably.  The color of the film appears to be pale yellow 

in nature. The evaporation was carried out.   
 

3- Results and discussion 

X-ray diffraction analyses of all the films with different thickness show a high degree   of 

crystallite orientation with the basal plane parallel to substrate and c-axis normal to the 

substrate plane indicated by the negligible relative intensity of ( 002), (003) and (004) 

reflection. X-ray diffraction (XRD) pattern of the films deposited on glass substrate in a 

"Shimadzu XRD 6000". Advance using Cu-K    radiation of monochromatic wavelength. 

For   pure   PbI2 films recorded for a range of 2 from 10o to 60o at 2o glancing angle. 

Figure (2:A,B,C,D)    shows    a    typical XRD of a thin film of lead   iodide samples.  
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The inter –planer distance d and (hkl) planes are shown in table (2), which corresponds 

to XRD and standard ASTM data [10], the m a i n  facts of all XRD patterns are t h e  

existence of the same peaks through different deposition conditions.  
 

 
2θ                                                     (A): t = 2000nm 

 

Figure 1 X-ray florescence pattern of PbI2 
 
 
 
 
 
 

 
 
 
 
 
 
 
 (B):  t = 1400nm 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

2θ 
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Figure 2 X-Ray diffraction pattern and miller indices of PbI2 films prepared with 
different thickness 
 

Table 2 Structural values of PbI2 thin films at different thickness with ASTM. 
 

Thickness 

nm 
2 d (Ao) 

Observed 
 
d (Ao) 

ASTM 

hkl δ FWHM 

(deg.) 

Average 

G.S(nm) 

300 25.5126 3.4886 3.4890 002 0.011 0.2455 36.7303 

38.6567 2.3260 2.3270 003 0.043 0.2777 
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52.362 1.7458 1.74490 004 0.114 0.3401 

1000 25.5221 3.48733 3.4890 002 0.057 0.24110 39.4976 

38.6581 2.32520 2.3270 003 0.077 0.25760 

52.3631 52.3631 1.74490 004 0.16 0.34820 

1400 25.5476 3.48390 3.4890 002 0.171 0.21590 43.6354 

38.7002 2.3250 2.3270 003 0.086 0.2323 

52.4105 1.74439 1.74490 004 0.057 0.2538 

2000 25.4951 3.4909 3.4890 002 0.054 0.2527 46.4670 

38.6434 2.32469 2.3270 003 0.103 0.21797 

52.348 1.74632 1.74490 004 0.172 0.3795 

 

 

A comparison between our results and those of the ASTM standard data is shown in table 

(2). It is clear that a    strong    peak    is    observed    at (d= 3.486, 2.332 and 1.744 Ao) 

which corresponds to the reflection planes (002), (003) and (004) respectively. 

These results are agreed well w i th  data   achieved   by   others [1,3].   An accurate 

observation of each reflection peak for most samples reveals the presence of two less 

intense peaks very close to the main one (30-40o). This i s  probably due to the presence 

of polytypes [10,11]. As shown in figure (3A,B) an AFM(Atomic force  micrograph) 

model (AA3000)  scanning  prop  microscope was  used  in  this  search,  the  AFM 

Where G.S is the average grain size is the X–ray wavelength,  ∆(2θ)  is (FWHM), θ 

Bragg diffraction angle of XRD peak (degree). Figure (4) shows the variation in the 

average grain size with different thickness. Average grain size increases linearly with 

increasing thickness. The increasing tensile stress as   it   seen   in   figure (3) may   

be responsible for the flattening of grains. 
 

 

Figure 3 AFM photograph of PbI2 films at thickness (A) 1000nm and (B) 2000 nm 

 

In the X-ray diffraction data, we have directly measured   ∆(2θ) for major peaks of 

appreciable relative intensities we can calculate [14], results show very smooth surfaces 

for both 1000 nm and 2000 nm thickness, [d ASTM  dXRD / dASTM] 100% (1) 
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with an average surface roughness of 23nm for 1000nm thickness and 19.1nm for 2000nm 

thickness. Also different in grains area with different thickness, in thickness 1000nm the grains 

area seems smaller than in the case of 2000nm thickness. 

The X-ray diffraction data can also be used to determined residual stress or non-uniform strain 

in the film due to structural defects like dislocation, stacking faults, which are quite common in 

the films grown by thermal evaporation. The in homogeneous stress in the film can be 

determined from the line broadening ∆(2θ)  , full width at half maximum (FWHM) (Where 2θ  

is the diffraction angel), which is also related to the variation in d spacing  (where d is the 

distance between any two parallel crystal  planes  having  the  same  Miller index (hkl) through 

a relation [12]. 

 

Where δ is the residual stress. From the observed dhkl with reference to dhkl (ASTM) from 

corresponding powder data ASTM. All the analysis carried, the residual stress ∆d/d was found 

to be tensile and increase linearly with film thickness as it shown in figure (5). The residual 

stress may increase with film thickness depending mainly on the depositing material and 

growth conditions [13]. Different materials show different behaviors. However, the linear 

dependence of d/d on film thickness observed for PbI2 films could be due to the orientation 

crystallite growth.[15]. 

The optical transmission spectra of PbI2 films deposited on the glass substrate at different 

thickness was recorded as a function of wavelength in the range of (380-900) nm at room 

temperature it shown in the figure (6). The average transmission over the rang  

∆ (2θ) = 2 tan θ                                                                                                           (2) 

(380-900) nm exceeds 85% with a sharp fall near the fundamental absorption; The average 

grain size is determined from the full width at half maximum (FWHM) for the most 

intense peak using the Scherrers formula [13], whereas fall in transmission is gradual for 

other samples, these results are good agreement with the measurements results obtained by 

T.Ghosh et al [16] 

The   absorption   coefficient (α) was calculated using Lambert law as follows [14 ]: 

Ln(Io/I ) = 2.303A = αd                                                                                                 (3) where 

Io  and I are the intensity of incident light and transmission light respectively, A is the optical 

absorbance and d the sample thickness. The absorption coefficient (α) was found to follow the 

relation: 

α =[G(hυ-Eg)1/2] / hυ                                                                                                        (4)  

where G is a constant and Eg   the optical energy gap, figure (7) shows the relation between 

absorption coefficient and   photon   energy.   Plots   of (αhυ)2 versus the photon energy (hυ) 

in the absorption region near the fundamental absorption edge indicate direct allowed 

transmission in the film material, as shown in figure (8). The optical energy gap was estimated 

from the extrapolation of the linear portion of the graph to the photon energy axis [17]. It is 

observed that Eg degreases with increasing   thickness as   it shown in figure (9). The interface 

between the substrate and films is an important junction where free energy supplied and 

minimizing it by a slow process shall reduce the chance of formation of decades , and the grain 

size[5]. In general, thickness dependence of optical band gap can arise due to one or combined 

effect of the change in barrier height due to change in grain size in polycrystalline films as 

given in Table 3 [18]. 
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Table 3 Values of band gap for different thickness of PbI2 

 

 
 

Thickness (nm) Band gap (eV) 

300 2.33 

1000 2.3 

1400 2.24 

2000 2.15 
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Conclusions 

The X- ray diffraction analysis confirm that PbI2 films are polycrystalline, having hexagonal 

structure. The inception of the data for pure thin film of lead iodide indicates that the observed 
(d) values closely matched   with   the   existing   standard values for hexagonal structure.  The 
low fluctuation in the value of structure parameters are due to the fluctuation in lattice 
parameters which is attributed to the stress (positive) which is accompanies with the increase in 
grain size.  The values of band gap varying from (2.15eV-   2.33eV). The   low fluctuation in 
energy gap with samples thickness indicates that the drain size is quite small. The results are in 
agreement with the existing works adopting different techniques for film preparation. The 
reproducibility in making thin films of PbI2 is very good by present method. 
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Semiconductor CdS nanotubes with a small ratio of length to diameter and nanospheres were 

simultaneously synthesized in the light of bio- mineralization process through living bio-

membrane bi-template of mungbean sprouts at room tempera- ture. The outside diameter of 

the nanotube is 220－ 240 nm and the inner diameter is 200－220 nm, the length is up to 600

－700 nm and the ratio of length to diameter is 2:1. The nanoshpheres are 25 nm in diameter 

and well distributed. The XRD pattern indi- cates that these nanocrystals were crystallized in 

the cubic structure with lattice a = 5.818 Å. The optical properties of the products are 

illustrated, and their possible forming mechanism is explored. 

 

Keywords: CdS; Nanotube; Bi-template. 

1. Introduction  

Group II-VI semiconductors, because of its wider band width and nonlinear optical 

properties, have al- ready shown vital applications in fluorescence probe, sensors, solar battery, 

photoelectrocatalysis, photoelec- tricity devices, laser light-emitting diodes[1-3]etc. CdS is 

one of the most important materials in the group II-VI semiconductors. And its synthesis, 

assembly and the particles morphology control have received great attention all the time. A 

number of methods have been developed to synthesize the CdS nanomaterials such as 

hydrothermal-solvethermal methods[2,4], SBA-15 tem- plates[5], sol-gel methods[6], single-

source molecular precursors methods[7], 

polymethylmethacrylate matrix methods[8], porous alumina template[9], etc. However, so far 

there has been no report on the synthesis of CdS nanomaterials through living bio-membrane 

bi-tem- plate. Especially, no one has achieved the successful synthesis of different 

morphologies of CdS nanomate- rials simultaneously. In addition, there are many reports about 

http://etn.siats.co.uk/
https://www.scopus.com/authid/detail.uri?authorId=55107621000&amp;eid=2-s2.0-85007947052
mailto:ihiro@chem.eng.osaka-u.ac.jp
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synthesis of CdS nanotubes[10－ 12], mainly on large L/D nanotubes and there is no report on 

the syn- thesis of small L/D nanotubes (L/D=2). 

It is well known that there are many active groups and special transport proteins on living bio-

membrane, which could transport ions, and induce biological min- eralization as well[13-15]. 

Many living bio-membranes have different structures on the outer and inner surfaces, and 

there are some active groups on the surface such as hydroxyl, amido, carboxyl and special 

transport pro- teins, so it is possible to assemble significant nanoma- terials with different 

morphologies, when the nuclea- tion and growth of molecules are induced through liv- ing 

bio-system. 

Mungbean sprout is a simple living bio-membrane material easily available. Its surface is 

uniform with many shallow channels, and there are many vasculars in its stem (Figs. 1 and 2). 

And there are great differ- ences in structure between the outer surface of the mungbean sprout 

and the inner vascular tissue. The inorganic ions could be controlled to enter or exit the 

organism through the membrane, when the whole mungbean sprout is easily survived and 

kept fresh in solutions, so it is ideal as a living bio-membrane bi-template. Because of the 

abundance in the living bio-membrane of plant and animal in the world, the method would be 

significative not only on materials science, biology and chemistry, but on the environments. 

 

 

Fig. 1. The whole morphology of mungbean sprout. 

 

 

Fig. 2. ESEM pattern of mungbean sprout. (a) The interior of 

mungbean sprout; (b) surface of mungbean sprout. 
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In this paper, two kinds of semiconductor CdS nanomaterials with different morphologies 

were syn- thesized simultaneously through living bio-membrane bi-template for the first time. 

In them, the nanotube with small L/D is a novel structure and has potential application in the 

assembly of nanodevice. 

 

2. Experimental 

2.1 Reagent and instrument 

Chemicals: Na2S·9H2O,CdCl2·2.5H2O, carbon di- sulfide and absolute ethanol (A.R.) 

(purchased from the Shanghai Chemical Reagent Factory, China). Mung- bean sprouts were 

purchased from the market. 

Instruments: TEM images and electron diffraction spectrum were carried out on a Hitachi 

Model-800 transmission electron microscope. Powder X-ray dif- fraction (XRD) pattern of 

sample was measured on 1710 diffraction with Cu K  radiation (λ=0.15406 nm) (Philips). 

ESEM images were carried out on XL-30E scanning electron microscope (Philips). 

Absorption spectrum was recorded on Aligent 8453 UV-Visible spectrophotometer. PL 

spectra were obtained on a Perkin-Elmer luminescence spectrophotometer (LS-55) (PL, 

USA). 

2.2 Experimental process 

(1) Immersing the mungbean sprouts (except lami- nae) in solution of 0.08 mol/L Na2S for 

12 h. 

(2) Taking out the mungbean sprouts and washing them with deionized water. Then 

immersing them in solution of 0.1 mol/L CdCl2 for 24 h. 

(3) Washing the mungbean sprouts with deionized water and ethanol, and transferring the 

different yellow products into two beakers containing absolute ethanol. 

(4) Purifying the products through using carbon di- sulfide to remove excrescent sulfur. 

(5) Taking a small amount of ethanol containing CdS nanomaterials, and dripping one or 

two drops on the meshwork after ultrasound. Then illustrating the mor- phology and 

structure of products through TEM and ED. 

 

3. Results and discussion 

3.1 TEM and ED measurements 

Figure 3 shows the TEM micrograph and SAED pattern of the products synthesized 

through outer template of living bio-membrane bi-template. From the TEM mi- crograph, it 

could be concluded that the tubular nano- materials would emerge through regulating 

experimen- tal condition. The outside diameter of this nanotube is 200－240 nm and the 

inner diameter is 200－220 nm, the length is up to 600－700 nm and the length to di- ameter 

ratio is 2:1. Both ends of the nanotubes are opened. The partial magnification image (Fig. 

3(c), magnification=8×104) of the products demonstrates that the wall is very smooth with 

thickness being 20－30 nm and minor L/D nanotubes have not been reported up to now. 

Figure 3(c) is the magnification image of single nano- tube. Its structure is quite different 

from the nanorod (Fig. 3(d)), which has solid structure. The fringe color of the nanorod is 

light but the nanotube is dark. The color of the nanotube middle is light and the structure is 

hollow. The selected area electron diffraction in Fig. 3(d) shows that these nanotubes are 

poly-crystalline in structure. The corresponding lattice planes from inner to outer rings are 
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(111), (220), and (311). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. (a), (b) TEM images of CdS nanotubes (external products); (c) TEM images of 

nanorod; (d) SAED image of prepared products. 

Fig. 4 shows the TEM image and SAED pattern of inner products synthesized through living 

bio-mem- brane bi-template. The products are irregular nano- spheres and dispersed well, and 

the dimension of them is 25 nm. The dimensions of the products have been nanosized and this 

is the key factor of the optics opti- mization. And because of the spherical morphology of the 

products, they are useful for the machine lubrication. From the irregular diffraction spots of 

SAED pattern, it is suggested that they are single-crystalline in structure. 

a. XRD study 

The crystal structure of the semiconductor nanoma- terials is very important because the 

different functions and applications of photochemistry are influenced by the crystal structure. 

The XRD pattern (Fig. 5) indicates that these nanocrystals of inner and outer products were 

crystallized in the cubic structure with lattice constants a = 5.818 Å, which is consistent with 

JC－PDS card No.10-454. And it also shows that there are no mixed peaks and the products 

are of high purity. 

b. Choice of experiment conditions 

The experiment condition and sequence have certain impact on the growth of CdS 

nanomaterials. During the experiment, the concentrations of 0.2, 0.1, 0.05 and 0.025 mol/L 

CdCl2 or Na2S solution were chosen re- spectively. When the concentration was too high, it 

was not a suitable environment for mungbean sprout to live and bulk materials increased 

gradually. When the con- centration was too low, synthetic efficiency would re- duce. So, 

the concentrations of 0.1 and 0.08 mol/L were chosen separately for CdCl2 and Na2S. 

In order to eliminate the “toxicity of single salt” caused by the metal ions, the order of metal 

ions was the S2  and then Cd2＋. This is mainly because the ab- sorption and combination of 

anion and cation was con- trolled by bio-membrane. If the mungbean sprout was immersed 
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in the solution of Cd2＋ 
firstly, it would lose the function of organism and the following 

reaction would not continue. If the mungbean sprouts were immersed in the solution of S2  

firstly, it would not only accelerate the synthesis reaction but also offer nutrition to the living 

bio-membrane. 

In addition, when the mungbean sprout was immersed in the solution of S2  and Cd2＋, 

the leaf and the stem were kept fresh. Hence, it is reasonable that the nanomaterials were 

synthesized through living bio- membrane.  

 

 
 

Fig. 4. (a) TEM images of CdS nanospheres; (b) SAED images of CdS nanospheres. 

 

Fig. 5. XRD pattern of CdS nanomaterials. 

 

3.2 Synthetic mechanisms 

During the reaction, it was clear that there were some yellow products adhering on the 

outer bio- membrane. Meanwhile, some other yellow products emerged in the root primarily 

and then grew up to the stem. After reaction, SEM pattern indicated that there was quantity 

of CdS nanomaterials on the outer and inner surface of mungbean sprouts. According to the 
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above experiment, the possible formation mechanism of CdS nanomaterials was deduced as 

follows: 

1) When mungbean sprouts were immersed in the solution of S2 , because of the 

concentration gradient, some S2  ions on the outside of bio-membrane were transferred into 

the inside of mungbean sprouts by spe- cial protein and the other S2  ions were absorbed on 

the outer membrane. 

2) When the mungbean sprouts, which absorbed plenty of S2 , were immersed in solution 

of Cd2+, some S2  ions in the mungbean sprouts were actively trans- ported to the outer 

epidermis of mungbean sprouts and at once reacted with Cd2+ and produced CdS, while there 

were other CdS simultaneously formed on its in- ner surface. 

3) With the increase of CdS on outer and inner sur- face of mungbean sprouts, crystal 

nucleus of (CdS)m came into being. 

4) Because of the templates operating on the outer and inner surfaces of mungbean 

sprouts, CdS nuclei were respectively induced to grow into different mor- phologies of 

nanotubes and nanospheres. 

 

3.3 UV optical properties 

UV-visible absorption spectra (Fig. 6) of CdS nano- materials showed a strong absorption 

peak at about 417 nm and an obvious blue shift was observed comparing with bulk CdS at 

515 nm due to size quantization ef- fects. The absorption peak for the products shifted about 

for 98 nm. And it would have important scientific value on the optical filter, photochemical 

catalysis and special optical devices if utilizing the optical property of products. 

 

4 Conclusions 

In conclusion, two different morphologies of semiconductor CdS nanomaterials are 

successfully synthe- sized through living bio-membrane bi-template (mungbean sprout) 

during the growth of plant. This method is easy to generalize, because of its low cost and 

easily obtained living bio-membranes. Through this method, some new nanomaterials could 

be synthesized, when many kinds of living bio-membrane bi-templates could be employed. 

So it offers a new way to synthe- size nanomaterials. 

 

 

 
 

Fig. 6. UV-visible spectrum of prepared CdS nanomaterials. 
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In this paper NiONPs/n-PSi/Si heterojunction for gas sensor has been investigated using 

chemical method and can show to enhance sensitivity. The structural properties SEM and XRD 

were synthesis. The sensitivity of NiO/PSi/Si heterojunction for gas sensor to H2, N2 and CO 

gas was studied. It is obtained a high gas response is clear at 250 C at low concentration 50 

ppm. The NiO NPs depended on the temperature and gas concentration. 

 

Keywords: Nickel Oxide; Gas Sensor; Chemical Method; Sensivity; Gas Concentration. 

 

1. Introduction  

 

Nanomaterials have significant mechanical, electronic, magnetic, thermal, catalytic 

properties, and optical properties, and have many wide-ranging concerns [1, 2]. Recently, the 

formation of nanoparticles sized crystalline metal oxides has been a growing interest becuse of 

their large surface areas, their unique properties, surface defects, and speed of propagation [3]. 

NiO has cubic lattice structure so it classified as an significant transition metal oxide. Nickel 

oxide has attracted increasing interest due to potential use in a variety of applications, such as: 

catalysis, battery cathodes, gas sensors, electro chromic films and magnetic materials. In 

addition, nickel oxide is widely used in dye sensitized photo cathodes. It exhibits anodized 
electrochromism, high durability and electrochemical stability, large optical density rotation and other 

diverse manufacturing potential [4].In addition, nickel oxide semiconductors can be considered 

as distinct topics and are selected in future studies and research due to of low-cost materials 

such as ion storage.Due to of the effects of (quantum tunnel and size, volume, surface), it is 

possible to estimate that nanocrystalline have many improved properties of micrometer-sized 

nickel oxide particles. [4–8].  

It should too be noted that it can be expand many mechanical process or chemical process to 

compose crystalline oxide powders in nanoscale dimensions. In many of them, the main 

objective is to reduce the costs of chemical synthesis and to production of materials for 

technological applications [9]. The purpose of this work is the synthesis of NiO nanoparticles 
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by the chemical precipitation process. Where, NiO/n-PSi/Si heterojunction of the gas sensor 

has been investigated using the chemical method. 

 
 

2. Experimental procedure  

Nickel oxide nanoparticles were prepared by chemical method at 0.1 M 

Ni(NO3)2.6H2O and 0.2 M of sodium hydroxide NaOH and Urea CO(NH2)2 both of them 

dissolved in 50 ml double distilled water and mixed under magnetic stirring for 20 min. The 

precipitate was washing and calcinations at 500 C for 3 hr. In the other hand the NiO NPs 

deposited n-type of porous silicon by drop castle. Porous silicon fabricated by photo electro 

chemical etching. The morphology and gas sensor properties have been measured for 

NiO/PSi/c-Si heterojunction. 

 

 

3. Results and discussion (TNR 12 bold) 

The X-Ray diffraction of NiO nanoparticles is shown in figure 1. All the XRD peaks are sharp 

indicating to confirm a good polycrystalline of the oxide with a cubic NiO phase. 

 

 
 

 

Figure 1: X-Ray diffraction of NiO NPs. 
 

It can be observed the patterns show peaks around (2θ= 29.4o, 37.2o, 43.3o, 62.85o, 75.3o and 

79.25o) which are in agreement with (JCPDS) card number (004-0835). The highly intensity 

peak occurs at (2θ = 43.3o) which is pointed to (200) plane. It can be noticed no other peak 

related to any impurity. The crystalline size of powder NiO nanoparticles was calculated using 

scherrer formula was found about (60 nm). 

Figure 2 displays the FESEM pattern of powder NiO nanostructure. It is clear that the original 

morphology of NiO nanoparticles and that a spherical shape but show agglomeration of 

particles are occurred. The average size of NiO nanoparticles was found 40 nm.    

 

0

500

1000

1500

2000

2500

3000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

In
te

n
si

ty
 (

 a
.U

.)

2ϴ ( degree)



Exp. Theo. NANOTECHNOLOGY 4 (2020) 135 – 139                                                                  

  

137 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FESEM of NiO Nanoparticles. 
 

The vibration properties of NiONPs/Psi/c-Si nanostructure was investigation by Raman spectra 

is shown in figure 3. It is clear they have typical characteristics of strength emission and narrow 

band at 500 cm-1, it is to be noted that the LO mode of NiO/PSi becomes asymmetric in 

comparison with that of c-Si. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The vibration properties of  NiO/Psi/c-Si nanostructure. 
 

Figure 4 displays the sensitivity of NiO/PSi/c-Si sensor for H2, N2, CO gases as a function to 

temperature. It can be observed that the sensitivity of NiO/PSi/c-Si was increased with 

increasing temperature and it is found the high value is 70% for H2 gas at 2500 C. 
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Figure 4: The sensitivity of NiO/PSi/c-Si sensor for H2, N2, CO gases as a function to 

temperature. 
 

The increasing of sensivity for gas sensor related to high surface area of NiO/Psi/c-Si and 

smaller grain size of NiO particles. 

 

4. Conclusions 

NiO Nanoparticles n-PSi/c-Si sensor was synthesized at room temperature prepared by 

chemical method. The sensitivity of NiO/PSi fabrication structures to 50 ppm of H2, N2, CO 

gases were studied. Results of measurements showed that it is the sensor response to H2 at low 

operating temperatures has high sensitivity compared to N2 and CO. Finally, NiO nanoparticles 

sensitivity was dependence on the temperature. 
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In this work, the (V2O5) films were deposited on glass substrates which produce by using 

"radio frequency (RF)"power supply and Argon gas technique and the nano-thin film 

deposition is obtained from a V2O5 target (5 mm in diameter and 5mm thickness) by the 

gradual variation of sputtering power 150 Watt and variation pressure (0.03 ,o.o5 and 0.007) 

Torr. The Energy Gap were investigated by, UV spectroscopy at "radio frequency" (RF) power 

ranging from 150 Watt and and substrate temperature (359, 373,473 and 573 K) and gas 

pressure  (0.03, 0.05 and  0.007 Torr ).The Energy Gap of the Vanadium Oxide thin film 

deposited by RF magnetron sputtering were analysis by UV-Visible spectroscopy shows that 

the average transmittance of all films in the range 40-65 %. When the thickness has been 

increased the transhumance was decreased from (65-40)%. The values of energy gap were 

decreased from (3.02-2.7 eV)  with the increase of thickness the films in relation to an increase 

in power, The energy gap decreased (2.8 - 2.7) eV with an increase in the substrate temperature 

respectively and the pressure.     

 

Keywords: V2O5; Energy gap; Thin films; RF Sputtering. 

 
                                                                          

1.1Introduction 

         The development of  low dimensional metal oxides is imperative due to their promising 

device applications such as photo detectors. Researchers have focused on the synthesis of these 

materials and fabricate of metal oxides Nano devices. For several years silicon-based devices 

have been further developed and to date have represented the core of the entire semiconductor 

industry [1].  The(V2O5)favoring  materials for electronic and photovoltaic implementations 

[2]. Vanadium oxide (V2O5) is an n-type semiconductor that is both more stable and has a high 
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oxidation  case[3].  Vanadium oxide is a material that shows a phase transition of 

semiconductor to metal when is heated around of a critical temperature 257 ± 5 °C.  Now a 

days the study of vanadium oxides thin film, has received a great deals because of their 

interesting electrical, optoelectronic properties, optical switches and the potential use of these 

devices as thermal sensing, and energy saving devices with in the development of smart 

windows They have been processed in thin film configuration to develop electrical and optical 

devices; especially the vanadium pent oxide (V2O5), a wide band gap and n-type 

semiconductor material [4] . There has been tremendous recent interest in V2O5 in view of its 

material characteristics, which can be readily integrated into many scientific and technological 

applications. These include applications in electro chromic and photochromic devices, 

electronic information displays, color memory devices, micro batteries and smart windows, 

chemical sensing, catalysis, and optical / electrical switching, photo detectors [5]. The V2O5 

is an effective material in the industrialization of many solid state devices, such as the sensors, 

optical-electrical switches [6].The (V2O5) is the most stable juncture among all mangle phases 

(VnO2n+1), exhibits interesting electrical, optical and electrochemical properties[7].V2O5" 

thin films have been prepared by various methods such as sputtering [8], vacuum 

evaporation[9], pulsed laser deposition [9], sol-gel [10], chemical vapor deposition[11], spray 

pyrolysis" [12], thermal evaporation [13]and electron beam evaporation [14 ]. Nanoparticle 

V2O5 thin films are used to overcome this issue by increasing the surface area and decreasing 

the diffusion distance [15  ]. 

 

1.2.1 Experimental 

         In this work, V2O5 films were prepared by the RF magnetron system (CRC600 CO. 

Manufactured in the USA).Prepared thin films on glass Substrate in different power, pressure 

and substrate temperatures . The chamber was evacuated under low pressure (3x 10-5) Torr. 

The glass slides were sequentially cleaned in an ultrasonic bath with acetone and ethanol. 

Finally they were rinsed with distilled water and dried. . The optical properties measurements 

for (V2O5) thin films obtained by using the UV-Visible recording Spectrometer (UV-2601 PC 

Shimadzu software 1700, 1650), made in Japan. The thickness of the films has been calculated 

by using Device the FT-650 Film Thickness (FT) Probe System.. Use the V2O5 deposition of 

RF Sputtering in pure argon gas (99.9%) with pressure (0.03,0.05 and 0.007Torr ). With 

different of RF power (75, 100, 125, and 150 watts), with various substrate temperatures were 

( 359, 373, 473 and 573 K ) respectively. 

1.2.2 RF magnetron Sputtering System  

           The CRC-600 system is shown in Figure (1-2). It consists of a vacuum system including 

a turbo-molecular pump, direct drive oil sealed rotary vacuum pump or dry scroll rotary pump, 

a quartz crystal thickness monitor , a stainless steel chamber with viewport, planar magnetron 

sputtering source (s) ,a (DC) and or (RF) power supply and substrate with and without rotation 

including temperature controller.  
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Figure (1-2): The CRC 600 magnetron sputtering system. 

1.3 Results and Discussions 

Optical Properties 

1-4. Photoluminescence (PL) 

Figure(1-2). shows the PL spectra of V2O5 thin films deposited at various ( rf power, pressure 

and substrate temperature), recorded at room temperature . It was the excitation wavelength  

290 nm for every thin films. PL emission peaks at  wavelength ranges  400 - 470 nm i.e. all 

absorption peaks  occur in the  visible region. The optical energy gap values have been 

calculated from the emission wavelength  as in the table (1-1).  The calculated energy gap 

values are in good agreement with those obtained from UV spectrophotometer. and agreement 

with reference [207,208]. 
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Figure (1-2): PL emission spectra of V2O5  thin films deposited at 

Different  sputtering power, working pressure and temperature substrate. 

Table (1-1): Wavelength data and values  Energy gap optical of V2O5  thin films deposited 

at Different sputtering power, working pressure and temperature substrate. 

 Energy gap 
(eV 

Wavelength (nm) Sample 

3,023 0.94410 75  
P(W 

 
 

2,98 0. 45415 100 

2,98 416,036 152 

2,97 417,192 150 

2,8 442,5 0.007 Pressure 

(Torr ) 2,9 417 0.03 

2,69 459,6 0.05 

2,8 442,020 359 Temp 
(K) 2,8 442,69 373 

2,9 417,347 473 

2,7 460 573 

 

 

Conclusions: 

       The optical properties of the (V2O5) thin films deposited by (RF) magnetron sputtering 

shows a decrement in transmission spectra with increase RF power as result of increasing films 

thicknesses, with decreased the energy band gap. 
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The present study was conducted to test the efficiency and effectiveness of different dilutions 

of filtrate innate aftran A. flavus, Alternaria  alternata (25%, 50%, 75%, 100%) on the adult 

insect ground beetle, results showed no significant effect dilutions filtrate innate Aftran A. 

flavus,  Alternaria  alternata in the decimation adults ground beetle Harpalus  rufipes and 100% 

concentration may outweigh the rest of the other dilutions to give a higher proportion of the 

loss amounted to (80%, 100%) at 24.48 hours of treatment for a leaky mildew fungus A.flavus 

and (70% 0.90%) at 24 hours, 48 hours of treatment for a leaky mushroom fungus Alternaria  

alternataAsfor dilutions  other has given dilution of 25%, 50%, 75% the proportion of the loss 

amounted to ( 0.0 %, 10 % , 20%) and , respectively, after 24 hours of treatment, the proportion 

of the loss (10% , 20% , 50%) and respectively after 48 hours of labor for a leaky mildew 

A.flavus As for the other dilutions leaky mildew fungus Alternaria  alternata  ( 25 %, 50 %, 

75% ) was given to the proportion of the loss ( 0.0 %, 10 %, 30 % ) after 24 hours of treatment 

, respectively (10% .20 % .60 % ) after 48 hours of treatment , respectively. 

 

Keywords: Fungi; Concentration; Analysis.  

1.Introduction                                                                                          

            Ground beetles Carabidue are the most important insects of economic interest. The y 

are belonged to a large family of coleoptera insects and they are one of the largest animal 

kingdom their known types of coleoptera estimatedv(350,000) types and about of these known 

insects are beetles vary significantly and ecologically and vary in size from one to a very large 

size of 3 cm [1]. The ground beetles are harmful agricultural pests and the blight is attributed 

to the larvae and imagophases[2]. Many of the beetles prey to other insects (adephage)and 

there are other harmful species to the plants as the piercers of buds, fruit ,stems and leaves. 
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They feed on dry materias, stocks as flour, cereals and clothes. Some of them are considered 

carnivorous[ 3].           

                                                  

           The type of this family are common and many,including the genus Harpalus rufipes 

that can be seen on the ground running quickly or hidden beneth the rock ,all these beetles are 

predatoy ,eating all animal products such as leather ,wool silk ,feathers ,hair ,dried meat,dead 

insects and dried plant materials .in addition to being awool carpet biting ,it is called carpet 

beetle[4]. The Harpalus rufipes has a nocturnal activity and its larvae are also found on the 

ground where they are moving effectively and are sever predatory.The imago is characterized 

by a nematoform and consisted of (11)articles and the wrist is form (5) articles.This insect 

passed the winter in the soil cavaties or under the rocks or between the plant wastes or any 

hidden holes and went out in spring and put its egg in the soil [5;6]. 

 

            The eggs hatched out the active and predatory small larvae and after anumber of 

moultings the larvae is ripen in one or two weeks or three weeks and entered the soil to be a 

virgin taking a cycle of eggs to the full imago in fire or six weeks ,but the imago remained in 

the soil and sometimes lived for some years and laid eggs evey year .This family is considered 

from the useful insects and it plays a great role in the biological control in fields and farms 

where it preys many agricultural pests[7;8]. The study objective:Due to the economic  damage 

caused by this insect Harpalus rufipes.The abstracts of Alternaria alternata and Aspergillus 

flavus are used as a means of biological fighting to decrease the damage caused by this 

insect.AS these instracts contain a higher ratio of toxins called Aflatoxins AB having a higher 

capacity of calling the insect and breaking down its bodies[9].                                                                                                                                               

 

 

2. Method of analysis :-                                                                                                               
Table 1 The Material and devices used in the experiment                                                                          

                                                          

3.Experimental procedure 

3.1. Collecting of an insect Method .                                                                                                        

       The 500 ground beetles carbidue were gathered from genus Harpalus rufipes in July .This 

process was continuous to one week from differents sites in Samarra where they took from 

various holes in the soil ,houses and some farms by hands and put them in to the sterilized 

plastic cans[1]. 

                                                                                                 

3.2.The cultura Media used for growing fungi  
          Prepare the browth by melting (39)gram of PDA mixture in a distill water bath in a 

conical flask of (2) litres and put it in water bath and add to it (250)mg of chloramphenicol.put 

the medium in an autoclave in 121C  and pressure of 15 pound /inch for 20 minutes.This is 

used for isolating and purifing the fungi to use in the next experiments[10].                                                                                             

3.3.potato dextrose browth (PDB)   
            Prepare the medium from cooking (200gram potato ) of potato cutting into small piece 

with (5ooml)of distil water for(2) minutes in a beaker .The cooked potato filterd with a piece 

of steril ganuze and add a 20 grams of dextrose and complete the volume to a litre with distilled 

water and implant the susernantant in glass flasks of (250)ml and a rate of (150)ml per flask 

.The media were sterilized by an autoclave at 121C ,and and pressure of 15 pound /inch for 20 

minutes.Use the medium to prepare the fungal supernatant of the fungus Aspergillus flavus and 

Alternaria alternata [10].   
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3.4. potato dextrose browth (PDB) 

              Prepare the PDBand put it in  a conical flask of 250ml with amount of 15ml /flask and 

then add chloramphenicol of 25 mg /ml and incubate each flask three tablets each diameterof 

5mm with a cork borer from the edge of the fungal colonies purified on the middle of PDA 

and extract after 7 days for A. flavus and A.alternata. The flasks are incubated at ±25C 

considering shaking the flaskes each (3-4) days to distiribute the fungal growth and after (28) 

days ;the vaccine was filtered by using filtration papers and by the air discharge.The 

refilteration was done by the accurate filterer. The concentrations (25%,50%,75%,100%) are 

Prepared from the fungal supernatant A.flavus and A.alternata an the concentrations of the 

supernatant are used in the following experiments[11]. 

 

3.5.Valuation of the toxin efficacy of different dilutions taken from the fungal 

supernatant for A.flavus and A.alternata isolated in labo on growing and developing the 

ground beetles adults genus Harpalus rufipes .          

                                                                                                                                             

1-The effect of the fungal supernatant for A.flavus and A.alternata on the ground beetles adults 

genus Harpalus rufipes under (±27) C and relative humidity 5% .The 25, insects are taken for 

each concentration of the fungal supernatant for two fungi (25%,50%,75%,100%)at a rate 5ml 

by using a half liter plastic sprayer.The insects that were put in sterile plastic cans were sprayed 

at a distance (5cm).The number of dead adults is calculated in each concentration and for each 

fungals supernatant respectively.  

                                                                                                                                           
3.6.The statistical Analysis :-    
           Data are analyzed statistically by (Anova)analysis on way variation Test and by 
applying the statistical program (Minitab)and the arithmetic averages of the cofficients were 
compared with the use of Duncans multiple range test at probability level 0.05[12].   
                                                                  

4. Results and discussion   

        The results in table (1)showed the ratio of killing is directly proportional to the 

concentration, the higher the concentration  ,the higher the killing rate . The rate of killing 

concentration (25%)is zero within 24 hours of treatmemt ,while the killing rate was 90% at 

100% concentration within 24 hours of treatmemt , but in 48 hours of treatments ,the killing 

rate was 100% at 100 concentration in comparison with the control sample that did not have a 

killing rate within 24 and 48 hours of treatment ,Thus,through these results,it is clear that there 

is a significant effect on the fungal supernatant delutions of  A. flavus (25%,50%,75%,100%)in 

the ground beetles adults genus Harpalus rufipes .The concentration (100%) could be higher 

than the rest , which is different in the effect on the death of the ground beetles adults ,giving 

the highest ratio of death at 95%.It is significantly different from the rates of death in the other 

dilutions , which differ from each other in impact .As for the effect of periods in death ratios 

after the treatments .They highest death rate in the ground beetles adults was after 48 hours of 

treatments 52.5% and it is significantly different from the proportions of the loss after 24 hours 

of  treatments ,which  amounted to 35%.The interference between the dilutions and periods 

showed that the highest rate of death occurred  after48 hours after treatments at 100%  

concentration ,the lowest rate of death occurred after 48 hours of treatments at the 25% 

dilution,which reached 10% . The mechanism of lethal effect of the fungal supernatant for A. 

flavus on the ground beetles adults was due to several causes . One of the most important 

Causes is the effect of this toxin on the gas exchange between the insect and the enviromemt.                                                                                                    

           Thus lead to the death of insect or some of the toxins are combined in this fungus   with 

cytoplasm of the insect body wall and thus lead to poisoning it and then its death .The results 

of our study conform to the results of many researchers such as[13].which explained the toxic 
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efficacy of the fungal supernatant for A. flavus in  killing and analyzing the various tissues of 

the body and stopping the work of all the cells and tissues of different life phases of the Culex 

pipiens of.The study Ali [12].which explained the efficacy of Beauveria for the most importan 

effects observed during treating the ground beetles adults ,genus  Harpalus rufipes with the 

fungal supernatant of A. flavus[14]. It has resulted in very high killing and deformation ratios 

due to the over lapping of toxic compounds of the fungal supernatant with vital system of the 

gastero intestinal cells with some of the  main components within the gastero intestinal tract 

such as lipid resulting in the decompositions  of the digestive tract tissue as well as fracturing 

,twisting and blocking the bronchi and obstractuing respiratory openings as a result of 

gathering toxic substances (Systematic toxins) because they damaged and analyzed all parts of 

body organ and that is what has been proved in our study[15] .   

                                                                                                

Table 2 The effect of various concentration of the fungal supernatant for A. flavus on the 

grouned beetles adults Harpalus rufipes at ±38 C 

Average of 

supernatant TYPE 

effec 

Averageof 

concentration 

effeectc 

48 hours 24hours Concentration/time 

  0 0 0 0 

38.8a 5c 10f 0.0g 25% 

  15c 20e 10f 50% 

  45b 60g 30d 75% 

  90a 100a 80b 100% 

    b(47.5)A a(30.0)B 
Average of time 

effect  

 

The similar small letters in on column mean that no significant differences btween them                                             

    It is observed from (3) the there is a significant effect of the various dilutions for the fungal 

supernatant A.alternata on the groung beetles adults H.rufipes. The concentration 100% is the 

highest in giving the highest ratio of death amounted to 90%.it is significantly different from 

the ratios in other dilutions that are differed significantly from each other in tracing also AS 

for the effect of periods in death the ratios after the treatments the highest death rate was found 

in the ground beetles H.rufipes after  48 hours of treatment,which amounted to 47.5% and is 

significantly different from the rates of of loss after 24 hours  different of treatment either from 

the overlop between the dilutions and the period . it is obvious that the the highest death rate 

was after 48hours of treatmentat 100% concentration, ,which reached 100% .The lowest death 

rate was 10% after 48 hours of treatment at 25% concentration .The mechanism of lethal effect 

of the different concentrations of the fungal supernatant A.alternata on the ground beetles 

adults H .rufipes .This is due to many causes;and the fact the toyins resulting from this fungus 

combined with cytoplasm of the insect body wall cells. thus lead to Its  poisoning as wellas 

that some fungi including A.alternata have the ability to produce protease ,lipase and chitinase 

enzaymes which play a significant role in the destructions of the body wall[16]. 
           It is also due to the entry of large amounts of toxins producedly by fungi with nutrition 

,which causes them enter the digestive fract of insect leading to its poiosoning [17;18] . This 

results is closure the respiratory openings and then it is death .From these finding ,it is clear 

that the rate of loss is directly prpportional to the concentration of the fungal supernatant ,and 

the higher the ratio of killing which is consistent with the study carried out by[19].  at treatment 

with home flies adults with different weights of fungi A. alternata because the death rates are 

increasing with weight of fungus .They amounted to 100% at weight 5grm and 40% at weight 
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1grm .This is consistent with the results of our study and ours with[11], and explained that the 

increase of spraying the nymphs and aduts of white fly with supernatant of Aspergillus ,pvigerl 

.distrupted the activity of the tissues and thus effects their life performance leading to their 

death , as observed when treating  the H .rufipes with various concentrations of the fungal 

supernatant   .A. alternate that led to blacken or patches on the wall of the insects body .This 

is called the blakenning .Also,the beetles that treated with the fungal supernatant A. alternate 

,they have been waekened  or paralysed completely by the toxin transformed by fungus 

(Aflatoxins ,one of the most dangerous toxins with hight sucsce tibility in destructing tissues 

and cells of the organisms body . They most important toxins are B1G1[20]. ,and these symbols 

have to do with the colour of any two compounds under the ultraviolet rays .[B] is for blue and 

[G] is for green .The results of our study referrd to it [20;21] .that the most importance evidence 

adopted in the diagnosis of the fungal infections in insects is the change of the bodies colour 

and distability to lay eggs ,this is consistent with the results of our study [22]. 

                                                                                                             
Table 3 The effect of different concentrations of the fungal supernatant Alternaria 

alternata on the ground beetles H .rufipes at 38±2 C .                                                   

Average of 

supernatant TYPE 

effec 

Average of 

concentration 

effeectc 

48 hours 24hours Concentration/time 

  0 0 0 0 

33.8b 5c 10f 0.0g 25% 

  15c 20e 10f 50% 

  35a 50c 20d 75% 

  80a 90a 70b 100% 

    B(42.5)A B(25.0)B Average of time effect 

 

5. Conclusions  

In experimental study:- 1-The fungal supernatants are systematic toxin fungi on insects . 

2-  The fungal supernatants of A.flavus and A. alternata are effective in killing and analayzing 

various tissues and organs of H .rufipes . 

4-It is noticeable that the different effect of dilutions of the used fungal supernatants is 

contrasted .They only concentration 100% is effective and affected more than others .  
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The present work is concerned with the measurements of uranium concentrations in fourty nine 

surface soils samples from selected locations (some of them were measured for the first time 

as far as authors know) in Al-Diwaniyah governorate by using ICP-Mass (inductively coupled 

plasma mass spectrometry) was found to be ranging from 2.78 ppm in (Al-shamr 2) to 7.99 

ppm in(Al-shawfa) in soils. The results are presented and compared with other studies. The 

measurements of uranium concentration of soils samples measured had a uranium content of 

less than 100 ppm, a concentration that characterizes overburden and tailings quality, rather 

than minable reserves. This paper presents and evaluates the concentration of uranium in Al-

Diwaniya Governorates. The study further reveals that 49 surface soil samples have uranium 

below detection limit. The present results have shown that the uranium concentrations in the 

studied surface soils samples were less than the allowed value (11.7 ppm) recommended by 

UNSCEAR, 1993. 

 

 

Keywords: Uranium, Soil samples, ICP-Mass, Al-Diwaniya Governorates. 

 

1. INTRODUCTION 

 

Uranium is a very widely distributed element in the earth's crust, is presented naturally 

everywhere in soil, sand and rock in various concentration from one place to another. Uranium 

is a radioactive and chemical element, represents by (U) symbol, and it is a heavy metal with a 

very high density (18.95 g /cm3, 1.7 times higher than lead’s density of 11.35 g /cm3). Metallic 

uranium has a high melting point (1132 oC) and boiling point (4131 0C), has a tensile strength 

http://etn.siats.co.uk/
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similar to most steels and it is chemically very reactive [1]. Natural uranium consists of three 

isotopes. Their concentrations by mass are 238U 99.276%, 235U 0.718% and 234U 0.0056% [2-

4]. Uranium is a naturally occurring element with an average abundance in the earth crust of 

about 2 mg per kg (range 0.1 to 20 mg per kg). It is more abundant than silver or gold. It has 

adverse effects on the human health. The major health effect of uranium is its chemical toxicity, 

rather than its radiological hazard [5-8]. The chemical toxicity was thought to be similar to 

lead. The elemental and isotopic abundances of uranium have been extensively used to explore 

biogeochemical and physical processes in diverse fields of the Earth sciences [9]. Low uranium 

concentrations ([U]) and low abundances of 234U in most natural samples, however, constrain 

many applications due to measurement limitations. Alpha spectrometry methods have been 

used to quantify uranium radionuclides for five decades [10,11] but large sample size 

requirements and the advent of techniques with vastly improved throughput and analytical 

precision have pushed alpha-counting techniques toward obsolescence. Monitoring uranium 

content in environmental samples is typically performed using alpha spectrometry and 

inductively coupled plasma atomic emission spectrometry (ICP-AES). However, due to the 

relatively low sensitivity of these techniques for uranium, a large number of samples and long 

measurement times are generally required to obtain reliable results. Moreover, the accuracy of 

alpha spectrometry allows only a rough estimation of uranium levels. Mass spectrometry, 

which boasts both high sensitivity and accuracy, is considered one of the best alternatives to 

the aforementioned methods [12,13]. The general aim is to investigate the complex interactions 

and exchanges with soil samples, and to estimate how much hazards brought with soils. In fact, 

the study area is located inside Al-Diwaniya Governorate which is located in the extreme 

southern part of Iraq, see Figure 1. 

      

 

 

Figure 1 Al-Diwaniya Governorate, dots represent the places where samples taken from, 

numbering in station number (S). 

 

2-MATERIAL AND METHODS 

2.1 Collection of soil sample 
Fourty nine  samples of soils distributed  in Al- Diwaniya  center, Al-ghanam, Al-shamr, Al-

barakat, Al-aqarae, Al-khazraj, Alamisar Al-farahina, Al-thawra, Alsabahi, Albu-shrifa, 

Alsinidal, Alhuriya, Aljumhuriu, Al-sdeer, Al-shawfa, Al-ttabu, Al-askari, Al-karama, Aldawr 

Alshanaafia, Almuealimin, Alkhasf, Alsaray, Al-fawar, Al-daraeia, Afak Center, Aleayn, 
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fadalallah, Alkarama, alsaray and Al- dighara districts in Al- Diwaniya  governorate were taken 

from location of study, from depth (5-15) cm than the sample s were cleaned. . dried in oven at 

70 C° for few hours finally they were powdered and sifted by using special sieve (75) µm in 

diameter [7]  

 

2.2 Plasma-source MS 

 

The ICP–MS is the result of coupling an extremely efficient ion source (ICP) with an extremely 

sensitive ion detection technique (MS). Both ICP–OES and ICP–MS share ICP as the 

ionization source and both have the same systems for introduction. In the case of ICP–MS, ions 

generated in the plasma (at atmospheric pressure) pass through an assembly of a sampler and 

a skimmer cone to a highly evacuated MS area. An ion optic system focuses ions to the MS 

which measures mass-to-charge ratios of the ion(s) of interest. The commonly used quadruple 

MS acts as a mass filter that allows only a given mass-to-charge ratio of ions to pass to the 

detector. The ions passing through the MS are deflected to an ion detector that converts the 

ionic energy to electric energy which forms the basis for the measurement of the analytic 

concentration. For multielement analyses, the parameters are sequentially changed to allow the 

passage of other ions of differing mass-to-charge ratios to the detector. Thus, multielement 

analysis by ICP–MS is, in fact, sequential single element analysis. The advantages of ICP–MS 

over other methods are higher sensitivity, lower detection limits and simultaneous 

measurement of U concentrations and U isotope ratios. The ICP–MS can carry out U 

determination by the isotope dilution method which is considered the most precise for 

quantitative analysis. Some researchers have used FI technique for separation/ preconcentration 

of U and determination by the isotope dilution method to improve sensitivity and precision and 

detection capabilities [14, 15]. 

 

3. RESULTS AND DISCUSSION 

 

The results for Uranium concentration in Soil samples determined in the present study are 

presented in Table 1 which are collected from some areas in Al-Diwaniya Governorate, 

southern Iraq. For the measurement of Uranium concentration level soils, table 1 and Fig. 2, 

reflect the fact that, there was some less than level of Uranium concentration in this soil samples 

less than from the U.S Environmental Protection Agency (EPA) . The results for these 49 

samples categorized into 49 locations, from S1 to S49, shown in Fig. 2. Uranium content found 

maximum (7.99ppm) in Al-shawfa belt and minimum (2.78ppm) was recorded in Al-

shamr2belt. Out of the 49 soil samples 4 samples recorded higher which are beginning from 

7.12ppm to 7.99 ppm while the 16 soil samples are beginning from 6.04 ppm to 6.95 ppm but 

24 soil samples which are beginning from 4.01 ppm to 5.97 ppm and 5 soils samples are 

beginning from 2.78 ppm to 3.97 ppm than the prescribed EPA limit (30 ppm). The maximum 

contaminant level (MCL) of uranium was determined to be about 30 μg/L by U.S 

Environmental Protection Agency (EPA)[16].it is important to reliably monitor uranium 

concentrations in environmental samples. Monitoring uranium content in environmental 

samples is typically performed using alpha spectrometry and inductively coupled plasma 

atomic emission spectrometry (ICP-AES). However, due to the relatively low sensitivity of 

these techniques for uranium, a large number of samples and long measurement times are 

generally required to obtain reliable results. Moreover, the accuracy of alpha spectrometry 

allows only a rough estimation of uranium levels. Mass spectrometry, which boasts both high 

sensitivity and accuracy, is considered one of the best alternatives to the aforementioned 

methods [12,13]. The results of this study were compared with a study of researchers Abd 

alsattar K. Hashim and  Laith A. NajamMeasurement of Uranium Concentrations, Radium 
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Content and Radon Exhalation Rate in Iraqian Building Materials Samples,  Uranium content 

in these samples has been found, it is varying from 0.074 to 5.055 ppm with a mean value of 

0.755ppm  The selection of these regions to measure the ratio of uranium, depending on several 

factors, the most important are The increase in uranium concentrations in some areas around 

the Diwaniyah center, due to the recent war in those areas and the remnants of nuclear weapons 

[11].                                                                                          

 

Table 1 Measurements of Uranium concentration in soil samples from different areas of Al-

Diwaniya Governorate by using ICP-Mass 

 

Concentration of Uranum by ICP-mass (ppm) Location of sample  No of site   

5.01 Al-ghanam 1 S1 

4.11 Al-shamr   1 S2 

4.07 Al-barakat 1 S3 

6.34 Al-aqarae S4 

6.22 Al-khazraj S5 

3.11 Alamisar S6 

7.12 Al-ghanam 2 S7 

2.78 Al-shamr  2 S8 

4.84 Al-barakat 2 S9 

6.93 Al-farahina S10 

6.69 Al-thawra S11 

5.66 Alsabahi S12 

4.7 Albu-shrifa S13 

5.89 Alsinidal S14 

4.17 Al-shuhada' S15 

4.37 Alhuriya S16 

5.92 Aljumhuriu S17 

7.98 Al-sdeer S18 

7.99 Al-shawfa S19 

5.77 Al-ttabu S20 

6.04 Al-askari S21 

6.78 Al-karama S22 

6.88 Alzuhur S23 

6.95 Al-sdeer 2 S24 

4.68 Al-askari 2 S25 

6.41 Al-karama S26 

4.05 Aldawr1 S27 

6.88 Alshanaafia S28 

6.31 Almuealimin S29 

4.01 Alkhasf S30 

Concentration of Uranum by ICP-mass 

(ppm) 

Location of 

sample  

No of site   

4.56 Alsaray S31 

4.27 Aldawr 2 S32 

3.97 Alkhasf  2 S33 

6.21 Alshanaafia  2 S34 

6.24 Al-fawar S35 
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Figure 2 Uranium Concentration in soil samples from different areas of Al-Diwaniya 

Governorate analysis by ICP- Mass. 

 

4. CONCLUSION 

 

This study is the first Uranium concentration measurement in soil sources that is performed in 

the area of Al-Diwaniya Governorate (Iraq). In general, well soil samples within the 

investigated area are highly mineralized. The correlation analysis revealed the strong positive 

association between uranium and some chemical compounds in soil samples. Access to safe 

soil samples is essential to human well-being and is a key public health issue. The maintenance 

of good quality of soil samples were achieved both by protecting the raw soil samples supply 

and soil water treatment. It is possible to protect the raw soil samples supply by means of 

pollution control measures that prevent undesirable constituents from entering the soil samples 

and by good watershed management practices. The highest concentration of uranium in the soil 

samples was in the sample (S 19) which is equal to (7.99 ppm), this value is less than the 

allowed limit, which is equal to (11.7 ppm). The pollution ratio in the region (Al-shawfa ) with 

uranium is the highest in the comparison with other regions, and this means that the people of 

this region are the most vulnerable to uranium from the other regions. The uranium 
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contamination ratio in (Al-sdeer) and the region (Near a Al-sdeer) despite being within allowed 

limit, but it is the ratio cannot be underestimated, the uranium ratio is relatively high, so it is 

advisable to processed with all means to ensure the safety of the population from continuous 

exposure to uranium, while the rest of the proportions of the other regions are reasonable 

proportions.                
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