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Abstract Article Info. 

This study reports the fabrication of tin oxide (SnO2) thin films using pulsed 

laser deposition (PLD). The effect of 
60

Co (300, 900, and 1200 Gy) gamma 

radiation on the structural, morphological, and optical features is systematically 

demonstrated using X-ray diffraction (XRD), field emission scanning electron 

microscopy (FE-SEM), atomic force microscopy (AFM), and ultraviolet-visible 

light analysis (UV-Vis), respectively In XRD tests, the size of the crystallites 

decreased from 45.5 to 40.8 nm for the control samples and from 1200 Gy to 
60

Co 

for the irradiated samples. Using FESEM analysis, the particle diameter revealed a 

similar trend to that attained using XRD; in particular, the average diameters were 

93.8 and 79.9 nm for the samples mentioned above. A similar profile was 

observed for the AFM analysis in which an increase in the radiation dose from 300 

to 1200 Gy resulted in a decrease in the RMS values from 74.6 to 32.25 nm. 

Contrariwise, the calculated optical band gap demonstrated an increasing profile 

where optical band gaps of 3.08 and 3.18 eV were acquired for control and 

samples irradiated with 900 Gy. However, the attained optical band gap was 

further increased to 3.24 eV due to the 
60

Co gamma radiation increment to 1200 

Gy. 
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1. Introduction 

   Owing to the great potential applications of metal oxide nanoparticles in various 

fields, the alteration of their physical characteristics is considered of pronounced 

importance within research society. Metal oxide semiconductors, particularly, are well-

known for their attractive magnetic, electrical, and optical characteristics [1-5]. 

Furthermore, these physical characteristics of metal oxide semiconductors, structural, 

optical, electrical, etc., are significantly altered upon exposure to ionizing radiation, 

particularly gamma radiation [6-10]. Herein, it is noteworthy to mention that gamma 

radiation excessively influences the addressed characteristics. These changes depend on 

the irradiation dosage as well as the sensibility of the solid-thin film towards specific 

radiation [11-16]. In detail, when gamma radiations with adequate energy level interact 

with metal oxide semiconductor, ionization and atomic disorientation occurs. 

Continuously, gamma irradiation of metal oxide semiconductors results in lattice 

defects production; for example, dislocation loops and defects clusters near the 

metal/oxide interface [17-23]. These drawbacks may, in turn, lead to low device 

performance in the target application, such as optical communication devices, solar 

cells, photodetectors, light-emitting diodes, and optical dosimeters [24-28]. Therefore, a 

sound investigation of the addressed damages and their effects on the physical 

characteristics is being well-inspected on several metal oxide semiconductors. Among 

different metal oxide semiconductors, tin oxide (SnO2) nanoparticle is an n-type 

semiconductor with a wide energy band gap (3.6 eV) and high chemical and mechanical 

stability [29-31]. Such properties allow SnO2 to be of great interest in many 
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applications, such as liquid crystal displays, far-infrared detectors, heat-reflecting 

mirrors, solid-state gas sensors, and optoelectronic devices [32-35]. 

This study reports the effect of 
60

Co gamma radiation (300, 900, and 1200 Gy) on 

the structural, morphological, and optical characteristics of SnO2 nanofilm deposited 

using the pulsed laser deposition technique (PLD). Further, the stated characteristics are 

examined as a function of the utilized dose range. 

 

2. Experimental Work 
Deposition of SnO2 nanofilms was achieved via the well-established pulsed laser 

deposition technique on glass substrates under a high-vacuum environment; the glass 

substrates were subjected to a multi-cycle washing process using soppy water, ethanol, 

and acetone, respectively. The SnO2 powder was mechanically pressed under 5 tons for 

20 minutes to obtain the deposition target. Prior to each deposition process, the chamber 

within which the deposition took place was evacuated and heated to remove any 

possible water vapor and/or contaminants. Subsequently, the glass substrate was placed 

vertically at a 10 cm from the utilized SnO2 target. Herein, the SnO2 target was exposed 

to Nd:YAG laser with a wavelength of 1064 nm and energy of 300 mJ, while the 

number of pulses and repetition rate were 60 pulses and 6 Hz, respectively. After this, 

the attained SnO2 nanofilms were exposed to different gamma ray doses (300, 900, and 

1200 Gy) using a 
60

Co gamma radiation source of 12 Gy/hr dose rate under air 

atmosphere and room temperature. 

 

3. Results and Discussion 
The XRD patterns of the deposited control and 

60
Co irradiated (300, 900, and 

1200 Gy) SnO2 films are illustrated in Fig.1. Specifically, diffraction peaks were 

attained at around 26.6°, 33.9°, 37.8°, 39.0°, 51.8°, 54.8°, 54.8°, 57.8°, 61.9°, 64.8° and 

66.0° corresponding to the SnO2 crystal formation planes (110), (101), (200), (111), 

(221), (220), (002), (310), (112), and (301), respectively; such crystal orientations were 

found to be in accordance with the Joint Committee on Powder Diffraction Standards 

(JCPDS 85-0712). The acquired results were in good agreement with previously 

published reports [36-38]. It should be mentioned that the resultant peak intensity of 

(110) increased with the increase of the gamma dose. Interestingly, the calculated 

crystallite size at (110) using Debye–Scherrer equation indicated smaller size as a 

function of dose increment (Table 1) [39]. Particularly, the control sample (control) 

exhibited a crystallite size of 45.5 nm; samples irradiated at 300, 900, and 1200 Gy 

demonstrated sizes of 44.5, 41.2, and 40.8 nm, respectively. On the other hand, the full-

width at half maximum (FWHM) showed an inverse behavior wherein high gamma 

dose resulted in low crystallinity. This could be mainly because higher gamma radiation 

dose rearranged the lattice nanostructure [10, 40, 41].  

Fig. 2 (a-d) elucidates the FE-SEM topographies of the deposited control and 
60

Co 

irradiated (300, 900, and 1200 Gy) SnO2 films, wherein all deposited samples, with 

respect to the radiation statues, revealed well-compacted surfaces. It can be observed 

that the deposited particles have obvious agglomeration conduct. However, such a 

singularity was less noticed at higher irradiation doses, 900 Gy and above. Further, the 

estimated average nanoparticle diameters decreased as the irradiation dose increased. In 

detail, control SnO2 demonstrated an average diameter of 93.8 nm (Fig. 2, a), while the 

irradiated nanoparticle diameters were found to be 86.9, 82.4, and 79.7 nm for 

irradiation doses of 300, 900, and 1200 Gy, respectively. Therefore, it can be concluded, 

that the applied gamma radiation resulted in lowering the nanoparticle diameter. 
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Figure 1: XRD patterns of control and 
60

Co irradiated SnO2 films. 
 

 

Table 1: In-depth XRD parameters of the deposited SnO2 films at 26.6° (110). 

Sample 2-theta (deg.) FWHM Crystallite size (nm) 

Control 26.68 0.180 45.5 

300 Gy 26.58 0.184 44.5 

900 Gy 26.62 0.198 41.2 

1200 Gy 26.64 0.200 40.8 

 
The surface roughness and morphology of the deposited samples and the effect of 

Gamma irradiation were also investigated using the AFM technique. The AFM images 

are presented in Fig. 3 (a-d). The surface roughness of the control SnO2 films was found 

to be 52.6 nm while exposing SnO2 film to 300 Gy increased the surface roughness 

(60.9 nm). This was followed by enhanced surface roughness of 64.2 nm at 900 Gy 

before decreasing to 17.9 nm at 1200 Gy. The root mean square of the deposited SnO2 

films was 61.9, 74.6, 87.82, and 32.25 nm for control and irradiated (300, 900, and 1200 

Gy) SnO2 films, respectively. The AFM outcomes illustrate how the gamma dose 

increment could serve as a surface features indicator for this type of nanomaterial, 

wherein the applied gamma dose increment delivered higher values of surface 

roughness. 

Fig. 4 elucidates the absorbance spectra of the control and 
60

Co irradiated (300, 

900, and 1200 Gy) SnO2 films. A clear cut-off phenomenon is attained around 330 nm. 

This corresponds to the crystal formation of SnO2 nanoparticles. Further, a slight blue 

shift towards higher wavelength was noticed with the increase of the 
60

Co irradiation 

dose. The optical band gap, obtained using Tauc relation [42-44], is calculated 

according to Eq. (1) and demonstrated in Fig. 5. 

            
                                                                                                                         

where:   is the absorption coefficient,    is the average band gap of the material,    
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Figure 2: FE-SEM topographies of (a) control, (b) 300 Gy, (c) 900 Gy, and (d) 1200 Gy. 
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Figure 4: Absorbance spectra of control and 

60
Co irradiated SnO2. 

 

The control sample was with 3.08 eV optical band gap, whereas higher optical 

band gaps of 3.17 and 3.24 eV were noticed at higher gamma irradiation doses. The 

attained blue shift could be because of crystal defect and surface morphology changes, 

as the optical behavior of metal oxide depends on the surface roughness, defect, and 

crystal structure [45, 46]. The obtained results are in good agreement with previously 

published data [47-50]. 
 

Figure 3: AFM images of (a) control SnO2, (b) 300 Gy, (c) 900 Gy, and (d) 1200 Gy. 
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Figure 5: Optical bang gap of control and 

60
Co irradiated SnO2 films. 

 

4. Conclusions 
In conclusion, the deposited SnO2 using the pulsed laser deposition technique 

showed a noticeable response to applied gamma irradiation. This was perceived through 

the tests performed: XRD, FE-SEM, AFM, and UV-Vis. The applied gamma radiation 

showed a direct relationship to the deposited layers in terms of their properties. In 

detail, the crystallite size, particle diameter, and surface roughness demonstrated a 

proportional relationship to the applied gamma radiation doses. Particularly, the XRD 

analysis showed a decreasing trend in terms of the calculated crystallite size from 44.5 

to 40.8 nm as the dose increased from 300 to 1200 Gy. In addition, a decrease from 86.9 

to 76.7 nm in the attained nanoparticle diameters was perceived as the applied gamma 

radiation increased from 300 to 1200 Gy, respectively. Similarly, the investigated 

surface roughness increased from 52.6 to 64.2 nm upon increasing the applied radiation 

from 300 to 900 Gy. In contrast, the optical band gap, obtained from UV-Vis data, 

showed an inverse profile wherein a higher optical band gap was attained at higher 

gamma radiation doses; a value of 3.17 eV increased to 3.24 eV. 
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 جحث جأثير أشعة جاما النانويةSnO2  ة للأغشيةشكليدراسة الخصائص الحركيبية والبصرية وال
 

علا محمد فراس عبذالله
1

 1باسم خلف رجهو  

 لسى انفٍزٌاء، كهٍت انؼهىو نهبُاث، جايؼت بغذاد، بغذاد، انؼشاق 1

 

 الخلاصة
جمث دراسة جأثيز إشعاع . دساست حصٍُغ أغشٍت سلٍمت يٍ أكسٍذ انمصذٌش باسخخذاو حمٍُت انخشسٍب بانهٍزس انُبضً فً هزا انبحث حى       

كاما 
60

Co  وانًىسفىنىجٍت وانبصشٌت باسخخذاو ػذة حمٍُاث ححهٍهٍت بًا فً رنك حٍىد الأشؼت بشكم يُهجً ػهى انسًاث انهٍكهٍت

ححهٍم  (AFM) وانفحض انًجهشي نهمىة انزسٌت (FE-SEM) وانفحض انًجهشي الإنكخشوًَ نلاَبؼاثاث انًٍذاٍَت  (XRD)انسٍٍُت

نانومحز للعينة الأصلية المشعة  4..5إلى  54.4نىحع أٌ حجى انبهىساث لذ اَخفط يٍ  (UV-Vis). الأشؼت فىق انبُفسجٍت انًشئٍت

 .جزاي من ..00باسحخذام مصذر كاما 
60

Co كًا أظهش ححهٍم FE-SEM َخائج يشابهت نخهك انخً حى انحصىل ػهٍها باسخخذاوXRD  ؛

وػهى انجاَب اَخش، نىحع اَخفاض فً فجىة  .نانومحز للعينات المشعة المذكورة أعلاه 98.8و  4..8حٍث كاٌ لطش انجسٍى حىانً 

بهزِ . جزاي ..00نًشؼت بـ فولث للعينة الأصلية ا 05..و  4...انُطاق انبصشي انًحسىبت؛ حٍث كاَج فجىاث انُطاق انبصشي حمذس بـ 

ًا ٌسهى فً فهى أفضم انطشٌمت، حى حىثٍك انخأثٍشاث انًخخهفت نلإشؼاع ػهى أداء الأغشٍت انشلٍمت انًصُىػت يٍ أكسٍذ انمصذٌش، ي

 .لاسخجابخها ححج هزِ انظشوف وفخح انًجال نهخطبٍماث انًحخًهت فً يجًىػت يخُىػت يٍ انًجالاث انخمٍُت وانصُاػٍت

 

 .، خىاص، أشؼت غايا، نٍزس َبضً، حشسٍبSnO2الكلمات المفحاحية: 

 


