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Abstract 
 
Gamma ray has sufficient energy to ionize and displace of atoms when interacts with 

optoelectronic and photonic devices that are placed at γ-radiation exposure environment, can be 

exposed to gamma radiation, resulting the alteration of the physical properties and hence the 

performances of devices. A Comprehensive investigation of physical properties of the 

semiconductor materials under the influence of gamma radiation is essential for the effective 

design of devices for the application in the radiation exposure environment. In this article, a 

potential candidate for optoelectronics and photonic devices, orthorhombic MoO3 nanoparticles 

with average crystallite size of 135.31 nm successfully synthesized by hydrothermal method. 

Then, the properties of nanoparticles exposed to low (10 kGy) and high (120 kGy) absorbed dose 

of γ-rays from 60Co source were characterized by XRD, FESEM, FTIR and UV-Vis-NIR 

spectrophotometer and effects of absorbed doses was investigated for the first time. A significant 

change is observed in different physical properties of α-MoO3 nanoparticles after gamma 

exposure. The XRD patterns reveal the average crystallite size, intensity and the degree of 

crystallinity decrease for low dose (10 kGy) and increases for high dose (120 kGy). The 

calculated average crystallite size exposed to low and high doses are 127.79 nm and 136 nm, 

respectively. The lattice strain and dislocation density, however, shows the opposite trend of 

crystallite size with absorbed doses. This result is good evident for the deterioration of 

Manuscript Click here to access/download;Manuscript;Main Manuscript of
Orthorohmbic MoO3 .docx

Click here to view linked References

https://www.editorialmanager.com/oqel/download.aspx?id=140293&guid=7e1ef0d3-bfea-44a4-8ac7-9a1e4ad53b06&scheme=1
https://www.editorialmanager.com/oqel/download.aspx?id=140293&guid=7e1ef0d3-bfea-44a4-8ac7-9a1e4ad53b06&scheme=1
https://www.editorialmanager.com/oqel/viewRCResults.aspx?pdf=1&docID=8331&rev=1&fileID=140293&msid=d0e931b7-b7bf-480a-a22f-c1cacd56a1e3


crystallinity for low dose and improvement for high dose. The FESEM results reveal the 

significant effects of gamma doses on the micrographs of layered structure and on grain size. The 

optical studies disclose that band gap increases gradually from 2.78 eV to 2.90 eV, this behavior 

is associated with the reduction of electronic localized states. These results suggest that α-MoO3 

nanoparticles could tolerate high doses of gamma radiation, making it a promising candidate for 

optoelectronic and photonic devices for γ-ray exposure environment applications. 

Keywords: Co-60 gamma radiation source; Structural properties; Optical bandgap; α-MoO3 

nanoparticles; Optoelectronic and photonic devices.   
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1. Introduction 
 

The physical properties of metal oxide semiconductors (MOSs) get considerably altered when 

they are exposed to ionizing radiations (Arshak and Korostynska 2006) (Nefzi et al. 2017) 

(Abhirami et al. 2013a) (Qindeel 2017a) (Reyhani et al. 2018a). Changes in physical 

properties can, in turn, strongly affect the performance of metal oxide semiconductor based 

optoelectronic and photonic devices such as LEDs, solar cells, optical dosimeters, 

phototransistors, optical communication devices etc. These devices experience ionizing 

radiations when they are used in space applications and nuclear radiation environments such as 

nuclear imaging, radiotherapy, military, particle accelerator-based research and nuclear power 

plants (Pervez et al. 2018) (Souli et al. 2018). Both the space and nuclear radiation 

environments contain various charged/heavy particle and gamma (γ) radiations, all of which can 

induce ionizing effects and structural changes.  

Gamma (γ) radiation is highly energetic electromagnetic waves (EM), which has the highest 

penetrating capability of all radiations. High energy γ-radiation is also strongly ionizing and can 

be obtained in the lab from two artificially derived radionuclide, Co-60 and Cs-137 isotopes 

(Pervez et al. 2018) (Souli et al. 2018). When gamma radiation of sufficient energy interacts 

with semiconducting materials, it causes ionizations and/or atomic displacements leading to 
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crystal structural defects in the form of vacancies, defect clusters and dislocations (Victor A.J. 

VAN LINT 1987) (Lai et al. 1995) (McPherson et al. 1997). The type/nature of these defects 

depends strongly on the structural properties of host materials (Arshak and Korostynska 2006) 

(Arshak et al. 2005) (Pacchioni 2000) such as atomic mass, charge, density of the host atoms, 

energy etc.; the fluence of incident γ-radiation  and the temperature of the target material during 

irradiation (Lai et al. 1995) also plays important roles in creating the defects/damages. The 

presence of structural defects in semiconducting oxide materials significantly alters the density 

of charge carriers, optical properties (Abhirami et al. 2013a) (Arshak et al. 2005) and thus, 

seriously affects the performances of semiconductor devices. For these reasons, the investigation 

of γ-radiation effect on the physical properties of metal oxide semiconductors (MOSs) has 

become an emerging field of research in recent years. 

Physical properties of metal-oxide-semiconductors (MOSs) are extremely sensitive to gamma (γ) 

radiation (Tuǧluoǧlu 2007), hence sound investigation is essential for the effective design of 

optoelectronic and photonic devices for the application in the gamma (γ) radiation exposure 

environment. A number of efforts have been devoted to explore the influence of gamma 

radiation on the physical properties of MOS and other materials, such as tin oxides (Tuǧluoǧlu 

2007)(Abhirami et al. 2013a), TiO2 (Elsalamony and Ghoneim 2013), silicon solar cell (Ali et 

al. 2013), Ag10Te90 (El-fadl et al. 2007), ZnO (Reyhani et al. 2018b) (Qindeel 2017a), silicon 

and silicon nitride photonic devices (Link et al. 2017), arsenic selenide (Amin et al. 2012), Fe-

doped CdS (Al-zahrani et al. 2015) etc. Physical properties of the materials can be improved 

(Nefzi et al. 2017) (Al-sofiany et al. 2014) or deteriorated (Abhirami et al. 2013b) linearly or 

exponentially depending on the applied gamma (γ) dose. 

Molybdenum trioxide (MoO3) shows attractive structural, optical and electronic properties which 

make it a potential candidate for optoelectronic and photonic devices. MoO3 is an n-type 

semiconductor with a wide band gap of 2.70 ~ 3.15 eV (Sinaim et al. 2012) (Martins et al. 

2007), and is considered as one of the most fascinating fundamental transition MOSs because of 

its numerous technological applications in the field of solar cells (Li et al. 2017) (Simchi et al. 

2013) (Girotto et al. 2011) (Mutta et al. 2016), OLEDs (Dagar et al. 2015), rechargeable 

Lithium ion batteries (Zhou et al. 2010) (Kumagai and Tanno 1988), optoelectronics 



(Cauduro et al. 2017), photochromic devices (Ranjba et al. 2017), gas sensors (Ji et al. 2016), 

super capacitors (Prakash et al. 2018), and supported catalysts (Hu et al. 2015).   

MoO3 has three basic structures: the thermodynamically stable orthorhombic MoO3 phase (α-

MoO3), and two metastable phases which consist of the monoclinic MoO3 phase (β-MoO3) and 

hexagonal MoO3 phase (h-MoO3) (Andersson and Magnéli 1950) (McCarron 1986). In α-

MoO3, the molybdenum atoms coordinate six oxygen atoms to form MoO6 octahedra, which 

connected by edge sharing along [001] direction to form a zigzag chain. The chains are mutually 

interlinked with their corners along [100] direction, resulting in a double-layer sheet, which 

propagate along [010] direction via Vander Waals interactions to form the layered structure of α-

MoO3 (Zhou et al. 2003) (Ramana et al. 2009). Amongst of these three structures, α-MoO3 is 

the most important one which shows superior chemical and physical properties due to its layered 

structure. 

Various approaches have been focused for the preparation of nanostructured α-MoO3 such as sol-

gel method (Dong and Dunn 1998), solution combustion method (Parviz et al. 2010), flame 

synthesis technique (Cai et al. 2011), vapor phase deposition method (Zeng 1998), microwave 

plasma process (Klinbumrung et al. 2012), plasma enhanced chemical vapor deposition (Kim 

et al. 2017), oil bath heating, sintering combination (Song et al. 2012) and so on. Here, in this 

report, we demonstrated a simple and low-cost hydrothermal method to synthesize crystalline α-

MoO3 nanoparticles. To the best of our knowledge, no previous efforts have been done of the 

effect of γ-irradiation on the physical properties of α-MoO3 nanoparticles. Therefore, our present 

experiment deals for the first time with the influence of different total absorbed doses of γ-quanta 

irradiation on the structural, morphological, optical and functional properties of α-MoO3 

nanoparticles. These new experimental data will yield new insights to the scientific community 

on gamma irradiated crystalline α-MoO3 nanoparticles for the design, development and 

application of optoelectronic and photonic devices. 

2. Experimental details 

2.1  Materials 

For the hydrothermal synthesis of orthorhombic molybdenum trioxide nanoparticles, all the 

reagents were analytical grade, purchased from Sigma Aldrich, and used without further 



purification. The reagents involved in this process were ammonium heptamolybdate tetrahydrate 

(AHM) ((NH4)6Mo7O24.4H2O, as the precursor material of α-MoO3) and concentrate nitric acid 

(37% HNO3). 

2.2  Synthesis of α-MoO3 nanoparticles  

2.32 g of AHM was dissolved in 10 mL of distilled water to prepare 0.2 M AHM aqueous 

solution and stirred vigorously with magnetic stirring for 30 min at the speed of 60 rpm at room 

temperature. Then, 5 mL of concentrated nitric acid was added drop wise into the solution under 

stirring for 15 min at room temperature. Afterwards, the as-obtained solution was heated at 900 C 

for 4 hours in a constant temperature water bath and MoO3 precipitates were formed. The 

resulting MoO3 precipitate powders were thoroughly washed for several times with distilled 

water and ethanol and dried in a vacuum oven at 750 C for 4 hours. Further, the yield powder was 

annealed in an electric furnace at 4500 C temperatures for 2 hours to obtain the α-MoO3 

nanoparticles. Reaction formula of α-MoO3 is:  

       85o C  

(NH4)6Mo7O24.4H2O (aq) + 6 HNO3                                             7MoO3(s) + 6NH4NO3(aq) + 7H2O(l) 

 

2.3  Irradiation facility by 60Co gamma source 

A batch type Cobalt-60 (Co-60) gamma source (63.54 kCi) was used to irradiate the samples by 

placing the samples (α-MoO3 nanoparticles) at about 25.4 cm distance from the source, available 

at Institute of Food and Radiation Biology (IFRB), Atomic Energy Research Establishment 

(AERE), Bangladesh Atomic Energy Commission, Dhaka, Bangladesh. As Cobalt-60 (60Co) is 

the most common commercially used γ-source that emits two γ-ray photons of energy 1.17 MeV 

and 1.33 MeV, it provides approximately 579.96 Giga gamma photons per second per centimeter 

square surface area to the samples at room temperature (Mortuza et al. 2018). The dose rate was 

12.17 kGy/h. The absorbed dose was measured by the liquid phase dosimetry system (Ceric-

cerous). The sample exposure time durations were such that the overall accumulated dose was 0 

kGy, 10 kGy and 120 kGy. 

2.4  Characterization techniques 

The structural parameters of crystal of pristine and all gamma-irradiated α-MoO3 nanoparticles 

were investigated by X-Ray diffractometer (model 3040-X’Pert PRO) from 50 to 750 at 2θ 



position with scanning speed of 1° min−1 at room temperature. The X-ray powder diffraction 

technique was practiced with a primary beam power of 40 kV and 30 mA for CuKα (λ=1.54056 

Å) radiations. Field emission scanning electron microscope (FESEM) (Model: JEOL JSM-

7600F) with accelerating voltage 5 kV was used to observe the particle surface morphology and 

insight of the grain structures.  The Fourier transform infrared spectroscopy (FTIR) of all α-

MoO3 samples were performed in the range of 4000–400 cm-1. A FTIR-ATR (Model: Perkin 

Elmer Spectrum Two) with KBr pellets was used to investigate the functional properties of 

nanostructured α-MoO3. The optical band gap (Eg) of the nanoparticles was thus measured from 

diffused reflectance spectra using UV-Vis-NIR spectroscopy (Model: PerkinElmer UV-VIS-NIR 

Spectrometer Lambda 1050). 

3. Results and discussion 

3.1  Structural properties  

The powder X-ray diffraction patterns of as-synthesized and gamma irradiated with absorbed 

doses of 10 kGy (low dose) and 120 kGy (high dose) α-MoO3 powders are depicted in Fig.1(a-

c), which shows the phase and crystallinity of the α-MoO3 nanoparticles. All the samples show a 

highly crystalline orthorhombic structure (α-phase) because the intensity is strong and sharp with 

narrow full width at half maximum (FWHM) of diffraction peaks such as (020), (110), (040), 

(021), (111), (060) and (002) of α-MoO3. All XRD peaks of α-MoO3 nanoparticles are clearly 

distinguishable and designates the poly-crystalline nature of the crystal structures. The 

acknowledged powder X-ray diffraction patterns are well indexed with the standard data card 

No. JCPDS-05-0508 of the pure orthorhombic phase of MoO3 (Wongkrua et al. 2013). 

Furthermore, no other phases of MoO3 like monoclinic (β-MoO3) or hexagonal (h-MoO3) have 

been found in the powder diffraction patterns.  

The prominent diffraction peak corresponding to (021) crystal plane positioned at 27.32° with 

highest intensity of unirradiated α-MoO3 suggests the preferential orientation. The position of 

prominent peak (021) of irradiated of α-MoO3 are 27.305° and 27.35° for 10 kGy and 120 kGy, 

respectively. For lower absorbed dose of 10 kGy, the preferential orientation (021) shifted 

towards a lower diffraction angle, 2𝜃 from unirradiated sample, moreover, it shifted towards in 

opposite direction for higher absorbed dose of 120 kGy as shown in Fig.1(d).This shifting 

phenomena is due to the presence of strains in the lattice structures as well as the changing 



values of inter-planar spacing (Chithambararaj et al. 2013). The intensity decreases for low 

dose due to the creation of disorders and increases for high dose, indicating good crystallinity in 

high absorbed dose. This intensity variation phenomena indicates that the number of planes 

aligned along the (021) direction increased with gamma irradiation as Co-60 gamma rays is high 

energy electromagnetic waves. When the radiation dose is large enough (120 kGy) the surface 

energy will play an important role in the crystal growth process. In this process, atoms are easy 

to be attracted by (021) crystal face with high surface energy and condense there, which can 

result in the preferential growth of (021) plane (Choudhary and Chauhan 2016). The variation 

in the peak intensity is directly related to the degree of crystallinity whereas that in the FWHM to 

the crystallite size. 

XRD profile gives the information to reveal micro-structural details and some structural 

parameters such as, lattice constants, lattice strain, crystallite size, dislocation density, etc. can be 

calculated from preferential orientation (021). The lattice constants for the orthorhombic MoO3 

can be estimated from the inter-planar spacing of the {ℎ 𝑘 𝑙} plane with the Miller indices ℎ 𝑘 𝑙 

by using the following equation (Badr et al.) 

1

𝑑ℎ𝑘𝑙
2 =

ℎ2

𝑎2
+

𝑘2

𝑏2
+

𝑙2

𝑐2
 

Where, 𝑑ℎ𝑘𝑙 is the inter-planar spacing of the {ℎ 𝑘 𝑙} plane and a, b and c denote the lattice 

constants. The average crystallite size (𝐷𝑣) can be determined by using the Debye- Scherrer’s 

method (Badr et al.)  

𝐷𝑣 =
𝐾𝜆

𝛽ℎ𝑘𝑙 cos 𝜃ℎ𝑘𝑙
 

Where, 𝐷𝑣  , 𝜆, K , βhkl and 𝜃ℎ𝑘𝑙 are the volume weighted average crystallite size, the wavelength 

of X-ray radiation (λ = 1. 54056 Å for CuKα), the shape factor and constant (K = 0.90), the 

instrumental corrected full width at half maximum height (FWHM) of the diffraction peak (in 

radians) located at 2θ and the Bragg angle (in degrees), respectively. 



 

Fig. 1: XRD patterns of α-MoO3 nanoparticles (a) unirradiated (0 kGy), (b) 10 kGy, (c) 120 

kGy; (d) peak shifting, broadening and intensity variations of preferential orientation 

(021). 

The lattice strain is responsible for the XRD line broadening which causes due to the formation 

of crystal defects such as imperfections and distortions (Sivakami et al. 2016). The 

displacements of atoms with respect to reference-lattice positions, these atoms in the crystals are 

responsible for the formation of crystal defects (Savaloni et al. 2006). The average lattice strain 

(휀) can be calculated by the Stokes–Wilson equation (Chithambararaj et al. 2015) as 

휀 =
𝛽ℎ𝑘𝑙

4 tan 𝜃ℎ𝑘𝑙
 

The dislocation within a nanocrystal structure refers a crystallographic defect or irregularity and 

mathematically it is one kind of topological defect. Many properties of a semiconductor material 

can be strongly affected by presence of dislocation in the crystal structure. Crystal structure in 



crystalline solids is formed with the periodic arrangement of atoms or molecules on repeating 

fixed distance positions and this can be determined by the unit cell parameters. However, this 

periodic arrangement of atom or molecules in most crystalline materials is not perfect. The 

regular patterns are interrupted by dislocations or crystallographic defects. The movement of 

dislocation is impeded by other dislocations present in the sample. Thus, a larger dislocation 

density implies a higher hardness. The dislocation density (𝛿) can be determined by the 

following equation (Hossain et al. 2018)   

𝛿 = 1 𝐷𝑣
2⁄  

Where, 𝛿 and  𝐷𝑣 are dislocation density and volume weighted average crystallite size (in nm), 

respectively.  

Table 1: Structural Parameters of α-MoO3 nanoparticles with different absorbed doses. 

Absorbed dose 

(k Gy) 

Lattice parameters 

(Å) 

Crystallite size 

(nm) 

Dislocation density 

(×10-5 lines/m2) 

Lattice strain 

(×10-4) 

a b c 

0 3.959 13.853 3.694 135.31 5.46 10.69 

10 3.958 13.851 3.694 127.79 6.12 11.46 

120 3.959 13.854 3.695 136.00 5.41 10.13 

 

The calculated values of structural parameters are listed in table 1. It is noticed from table 1 that, 

crystallite size decreases from 135.31 (pristine) to 127.79 nm for low absorbed dose (10 kGy) 

and then increases to 136 nm for high dose (120 kGy), indicating that the crystallinity 

deteriorated for low dose and improved for high dose. Whereas, lattice strain and dislocation 

density are changed in reverse fashion of crystallite size. At low absorbed dose (10 kGy), it 

appears that the crystallites of α-MoO3 crumbling into comparatively smaller crystallites as well 

as yield back the amorphous material leading to the net decrease in the average crystallite size. 

Which is responsible for the production of crystal defects and partial amorphization of crystal 

structure due to the interaction with energetic gamma radiation (Choudhary and Chauhan 

2016). At high absorbed dose (120 kGy), however, the γ-radiation induced coalescence of small 



crystallites by grain boundary collapse seem to lead to the formation of the large-sized 

crystallites that enhances the average crystallite size (Sudha et al. 2016). 

Oxygen vacancies and/or atomic displacement  are produced by the interaction gamma radiation 

with MOSs which alters the crystal structures by increasing or decreasing defects (Pervez et al. 

2018) (Tuǧluoǧlu 2007) (Victor A.J. VAN LINT 1987) (Lai et al. 1995) (McPherson et al. 

1997). Physical properties of the materials can be improved (Nefzi et al. 2017) (Al-sofiany et al. 

2014) or deteriorated (Abhirami et al. 2013b) linearly or exponentially depending on the 

applied gamma (γ) dose. Here, due to the decreasing values of dislocation density and lattice 

strain which ensures the improvement of crystallinity in the region of high gamma radiation dose 

by decreasing the number of defects or imperfection in the crystal structures.  

3.2  Surface morphology  

The micrographs (×30,000) obtained by FESEM of pristine and all gamma-irradiated with doses 

of 10 kGy and 120 kGy of α-MoO3 nanoparticles is shown in Fig. 2. FESEM micrographs are 

clearly indicating the formation of layered structure of orthorhombic MoO3 nanoparticles. The 

properties exhibiting by the materials depend on the surface morphology of materials 

(Mendelson 1969). It is seen from the FESEM micrographs that the microstructures are 

dependent on the absorbed doses of γ-radiation and it has a significant effect on the surface 

morphology, clearly observed from Fig. 2. The results indicate that the average grain sizes of the 

nanostructure α-MoO3 is decreased for low dose and increased for high dose, which is good 

agreement with XRD results. Fig. 2(b) reveals the more defects formation and breaking of some 

grain structure for low doses due to the interaction with gamma radiation. For high dose, Fig. 

2(c) indicates that the nanoparticles with aligned orientation and the high degree of crystallinity 

in the sample. 



 

Fig. 2: FESEM images of (a) unirradiated (0 kGy) and irradiated with (b) 10 kGy (c) 120 

kGy doses of α-MoO3 nanoparticles. 

3.3  Functional group analysis  

The functional group of as-synthesized pristine and irradiated (10 and 120 kGy) samples of α-

MoO3 were recorded and analyzed by the FTIR spectra in the wavenumber range of 400 cm-1 to 

4000 cm-1 shown in Fig. 3. The position, relative intensity and bandwidth of the FTIR bands of 

the inorganic compound dependent on the size and morphology (Luo et al. 2009). The two main 

vibrational areas for the α-MoO3 oxide are 1000-600 cm-1 and 600-400 cm-1. The FTIR spectrum 

for pristine α-MoO3 sample shows four strong vibrations at 563, 813, 870, and 984 cm-1, 

respectively and variations are observed for all irradiated samples. A weak peak at 467 cm-1 is 

attributed to the Mo (2)-O (4) bonding with the water molecule and the intensity of this band 

decreases with increasing gamma radiation doses. This is may be due to the generation of heat 

after the interaction with high energetic gamma photons. The peak at 984 cm-1 for unirradiated α-

MoO3 sample, is attributed to the terminal Mo=O stretching vibration, indicating the layered 

orthorhombic MoO3 phase (Zakharova et al. 2007) (Chen et al. 2010) (Wongkrua et al. 2013), 

and this Mo=O stretching vibration is found for irradiated samples for doses 10 kGy, 120 kGy, at 

981 cm-1 and 982 cm-1, respectively. A strong peak at 870 cm-1 is assigned to the stretching 

vibrations of the O(3) atoms in the Mo-O-Mo units in orthorhombic MoO3 structure 

(Chithambararaj and Bose 2011) and observed peak for irradiated samples with doses from 10 

kGy to 120 kGy at 867 cm-1 , 864 cm-1, respectively. The broad band at 563 cm-1 is due to the 

bending vibrations of oxygen atom (O(2)) linked to three metal atoms 𝜈(𝑂– 3𝑀𝑜) for unirradiated 

α- MoO3 sample (Wongkrua et al. 2013), and similar peak can be observed for irradiated 

samples with doses from 10 kGy to 120 kGy at 572 cm-1 and 581 cm-1, respectively. No water 

was detected in this orthorhombic-structured product. It is clear from Fig. 3 that, absorbed dose 



of gamma radiation has significant impact on stretching vibration of Mo=O and bending 

vibrations of Mo-O-Mo of all samples of α-MoO3 nanoparticles which is due to the interactions 

of α-MoO3 with energetic gamma radiation.  

 

Fig. 3: FTIR spectra of unirradiated and irradiated nanostructured α-MoO3. 

3.4  Optical properties  

The importance of studying the optical properties of a material is offered by the ability of this 

technique to provide information regarding the fundamental gap, electronic transition, trapping 

levels and localized states. The optical or photonic properties e.g., band gap energy of as-

synthesized pristine and γ-irradiated samples were characterized by the UV-Vis NIR 

Spectroscopy (DRS) and the resultant spectra is shown in Fig. 4. The electronic band gap 

transition is attributed by the absorption of visible light from the top of the valence band (which 

is mainly composed of O 2p orbital hybridized with Mo 4d) to the bottom of the conduction band 

(which is mainly composed of Mo 4d orbital hybridized with O 2p) (Chithambararaj et al. 

2015). The optical band gap of the samples has been estimated from the Kubelka- Munk (K-M) 

function by employing the following equation (Wongkrua et al. 2013)  

𝐹(𝑅) =
(1 − 𝑅)𝑛

2𝑅
=

𝐾(𝜆)

𝑆(𝜆)
 

Further, 𝐹(𝑅) is proportional to absorption co-efficient, 𝛼 i. e.,  

𝐹(𝑅) ∝ 𝛼 =
(ℎ𝜐 − 𝐸𝑔)

𝑛

ℎ𝜐
 



Where, 𝐹(𝑅), 𝑅, 𝑆(𝜆), ℎ, 𝜐, and ℎ𝜐 are the K-M function or re-emission function, the defuse 

reflectance of the sample, the scattering co-efficient, the Planck’s constant, the photon frequency, 

and the incident photon energy, respectively. 𝐸𝑔 (eV) is the energy band gap. The constant, n, 

known as power factor of the transition mode and the value of it varies with the variation of 

transition materials. The values of n for direct allowed, indirect allowed, direct forbidden and 

indirect forbidden transitions are 1/2, 2, 3/2 and 3, respectively. In the present case of direct 

transition of α-MoO3 nanoparticles, the value of n is equal to 1⁄2. After plotting [𝐹(𝑅) × ℎʋ]2or 

(αhυ)2 versus hν, the direct band gap of α-MoO3 nanoparticles treated with gamma irradiation 

can be estimated by extrapolating the linear part of the curve as shown in Fig. 4. We notice that 

all graphs having linear parts confirm direct band gap type behavior for both non-irradiated and 

irradiated α-MoO3 nanoparticles.  

 

Fig. 4: Optical band gap measurement of (a) unirradiated (0 kGy) and irradiated with (b) 

10 kGy (c) 120 kGy doses of α-MoO3 nanoparticles. 



Fig. 5: Energy band gap variation of α-MoO3 nanoparticles with different absorbed doses. 

 

It can be noticed for non-irradiated (0 kGy) α-MoO3, the estimated optical energy band gap is 

2.78 eV (Fig. 4a). When α-MoO3 nanoparticle is irradiated with low absorbed dose of gamma 

radiation (10 kGy), the resulting optical band gap is 2.85 eV. Furthermore, it is 2.90 eV for high 

dose (120 kGy). Thus, we observe that the optical band gap gradually increases from 2.78 eV to 

2.90 eV with the increase of absorbed doses from 0 to 120 kGy, indicating the blue shift trend of 

band gap changes in a non-linear monotonic fashion with increasing absorbed doses (Fig. 5). 

which is good not only for solar cells window but other optoelectronic and photonic devices 

(Qindeel 2017b).  

Although for bulk semiconductor materials, optical band gap is constant, but it is known to vary 

due to particle size effects or crystallite size (Abu EL-Fadl et al. 2007) (Shpotyuk et al. 1995). 



The up-shifting phenomena of band gap with increasing absorbed doses may be mainly 

attributed due to quantum size effect and also the decrease of defects and/or structural disorders 

(ionization effect, displacement effect and the structure transformation induced defects) after the 

interaction of gamma radiation with α-MoO3 nanoparticles. These defects and/or structural 

disorders produce localized states (density of defect states) in nanoparticles which increases the 

optical band gap  (Abu EL-Fadl et al. 2007)(Shpotyuk et al. 1995)(El-Korashy 2001)(Al-

Baradi et al. 2014)(Sharma and Maity 2011)(Tripathi et al. 2015). Accordingly, one can 

expect that defects can be formed which produce localized states that change the effective Fermi 

level due to a decrease in carrier concentrations. This decrease in carriers in localized states will 

lead to an increase in the transition probabilities into the extended states, resulting the 

broadening in the gap (Amin et al. 2007).  

Furthermore, the band gap variation can also be explained according to the density of states 

model proposed by Mott and Davis (Shore 2014). According to which, the width of the localized 

states near the mobility edge depends on the defects and degree of disorder present in the 

amorphous network structure. When the γ-rays interact with the material, induced alteration will 

be formed, consequently decreases the density of the localized states, which leads to decrease in 

the energy width of the band tails of localized states. This effect is supposed to be connected 

with a redistribution of the chemical bonds in the network structure. The low concentration of 

these localized states is responsible for the high value of optical band gap with irradiation shown 

in Fig. 4. This experimental observation strongly suggests that the irradiation significantly 

affects the crystallite size and hence change the optical band gap. 

 

4. Conclusion 

In summary, α-MoO3 nanoparticles were synthesized by simplistic hydrothermal method and 

then irradiated with low (10 kGy) and high (120 kGy) gamma radiation doses. The effect of total 

absorbed dose of gamma radiation on structural, morphological and functional and optical 

properties of α-MoO3 nanoparticles was investigated by spectroscopic analyses and the results 

showed a significant change of structural parameters, surface morphology and functional 

properties and bandgap after irradiation. XRD patterns reveal the crystallite size decreases from 



135.31 (pristine) to 127.79 nm for low absorbed dose (10 kGy) and then increases to 136 nm for 

high dose (120 kGy), indicating that the crystallinity deteriorated for low dose and improved for 

high dose. Whereas, lattice strain and dislocation density are changed in reverse fashion of 

crystallite size. For lower absorbed dose of 10 kGy, the preferential orientation (021) shifted 

towards a lower diffraction angle, 2𝜃 from unirradiated sample, moreover, it shifted towards in 

opposite direction for higher absorbed dose of 120 kGy. The intensity decreases for low dose due 

to the creation of disorders and increases for high dose, indicating good crystallinity in high 

absorbed dose. The FESEM results reveal the significant effects of gamma doses on the 

micrographs of layered structure and on grain size of α-MoO3 nanoparticles.  

The absorbed dose of gamma radiation has significant impact on stretching vibration of Mo=O 

and bending vibrations of Mo-O-Mo of α-MoO3 nanoparticles. The optical band gap increases 

gradually with absorbed doses from 2.78 eV to 2.90 eV with the increase of absorbed doses from 

0 to 120 kGy. These results showed that α-MoO3 nanoparticles could tolerate high doses of 

gamma radiation and alters the physical properties by a marked decreasing of defects which 

consequences the improvement of crystallinity. This outcome makes it as a promising candidate 

for design, development of optoelectronic and photonic devices for space satellite and nuclear 

radiation exposure environment applications. 
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Fig. 1: XRD patterns of α-MoO3 nanoparticles (a) unirradiated (0 kGy), (b) 10 kGy, (c) 120 

kGy; (d) peak shifting, broadening and intensity variations of preferential orientation (021). 
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Fig. 2: FESEM images of (a) unirradiated (0 kGy) and irradiated with (b) 10 kGy (c) 120 

kGy doses of α-MoO3 nanoparticles. 

 

 

Fig. 3: FTIR spectra of unirradiated and irradiated nanostructured α-MoO3. 

 

 

Fig. 4: Optical band gap measurement of (a) unirradiated (0 kGy) and irradiated with (b) 10 

kGy (c) 120 kGy doses of α-MoO3 nanoparticles. 



Fig. 5: Energy band gap variation of α-MoO3 nanoparticles with different absorbed dose. 

 


