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 The research included the preparation and then studying the 

structural and optical properties of the cobalt dioxide (CoO2)films. The 

latter films were prepared using a semi-computerized spray pyrolysis 

technique (SCSPT),. The X-ray diffraction gave polycrystalline nature 

with crystal system trigonal (hexagonal axes), and the Energy 

Dispersive X-ray spectroscopy (EDX) showed that all films contain the 

elements (Co and O) indicating formation of (CoO2)  films with high 

purity. FTIR measurements showed of chemical bonds of CoO2 clearly. 

Scanning Electron Microscopy (SEM ) Showed clearly that the formed 

thin films under the optimum conditions were homogeneous, dense and 

compact, and Atomic Force Microscopy(AFM) results showed that the 

topography of the film surface where surface roughness was found to be 

7.91 nm, root mean square was 9.69 nm., and the average granularity 

diameter was 78.00 nm. The optical properties (absorbance, absorption 

coefficient, extinction coefficient, refractive index, optical Conductivity, 

the real     and imaginary    part of the dielectric constant )were 

decreased with increasing the wavelength, while the transmittance 

increases with increasing wavelength. The optical energy gap was 

(1.98eV) and this is a good optical energy gap values for photovoltaic 

applications. 
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 ةـــلاطـــخ  ــــال  الكلوات الوفحاحية:

 ة لـض الحشكيبية ّالبظشيخظائال

CoO2 

 أكسمميذ ثمماً  لأغشممية ّالبظممشية الحشكيبيممة الخظممائض دساسممة ثممن جحضمميش البحمم  جضمموي 
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1. INTRODUCTION 

Spray pyrolysis technique (SPT) is one of 

the most promising techniques which have been 

employed to prepare metal oxide thin films like 

CoO2, ZnO, CuO,   CeO2,  etc  [1][2]. The SPT 

technique achieves the required compatibility 

for the development of solar cells, p-n junction 

diode, hetero junction diodes, and 

electrochemical electrodes [3][4]. Spraying 

technique is the most common in today time 

because of its applicability to producing a 

variety of conducting and semiconducting 

materials. Spraying deposition is a notable 

method for synthesizing thin layers that utilized 

for different applications. Spray pyrolysis has 

several features such as inexpensiveness, no 

vacuumed chamber required, and the ability to 

synthesize sub-micron thin films [5]. In the case 

of films, it can be sprayed over an area larger 

than a lab-scale that can be employed at 

industrial production processes [6]. Five types 

of cobalt oxide (CoO2, Co2O3, CoO(OH),Co3O4, 

and CoO) Cobalt oxide thin films have attracted 

substantial research effort in recent years 

because of their potential application in various 

technological areas. They can be used as high 

temperature solar selective absorbers [7]. The 

conductivity of cobalt oxide is usually p-type at 

low temperature and intrinsic at high 

temperature[8], measured values of the band 

gap are around 1.6 eV[9][10]. 

2. EXPERIMENTAL PART 

CoO2 thin films were  prepared using the 

SPT by mixing raw material as shown in the 

table(1) in (100) ml of deionized water. 

 

Figure1: shows a solution of CoO2 

 

 

 جقٌية الشش الحشاسي

 شبة الوحْسبة

 ثاً  اّكسيذ الكْبلث

 شممبَ بممالشش الحممشاسي الاًحمملا  جقٌيممة باسممحخذام الأغشممية جحضمميش جممن .(CoO2) الكْبالممث

 بلمْسي ًظمام هم  البلمْسات هحعمذد  طبيعمة السميٌية الأشمعة حيمْد أعطم  (SCSPT) الوحْسمبة

 للطاقممة الوشممححة السمميٌية للأشممعة الطيفمم  الححليمم  ّأظِممش ,( سذاسممية هحمماّس) الضّايمما ثلاثمم 

(EDX) جكمْيي إلم  جشميش الحم  الاّكسمييي ّ الكْبلمث العٌاطمش علم  جححْي الأفلام جوي  أى 

 الكْبلمث  أكسميذ لثاً  الكيويائية الشّابظ FTIR قياسات أظِشت.  عالية بٌقاّ  (CoO2) أغشية

 الشقيقمة الأغشمية أى بْضمْ  (SEM) الإلكحشًّم  الويِمشي الفحمض كوا أظِش. ّاضح بشك 

 ت ًحمائ  الويِمش ّأظِمش . ّهضمغْطة ّكثيفة هحياًسة كاًث الوثل  الظشّف ظ  ف  الوحكًْة

 1..1 لحكمْى السمطح خشمًْة علم  العثمْس جن حي  الفيلن سطح جضاسيس (AFM) الزسية لقْ ا

. ًمماًْهحش 10.77 الحبيبممات قطممش هحْسممظ ّكمماى , ًمماًْهحش .... الحشبيعمم  اليممزس , ًمماًْهحش

 , الاًكسماس هعاهم  , الاًقشاع هعاه  , الاهحظاص هعاه  , الاهحظاطية) الضْئية الخْاص

 الطمْ  صيماد  هم  اًخفضمث( العمض  ثابمث همي ّالخيمال  الحقيقم  اليمضء , الضمْئية الوْطملية

 0..1 الضممْئية الطاقممة فيممْ  كاًممث. الوممْج  الطممْ  صيمماد  همم  الٌفاريممة جممضداد بيٌومما , الوممْج 

 . الكِشّضْئية للحطبيقات بظشية طاقة لفيْ  قيوة جيذ   فْلث ُّزٍ –الكحشّى 
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Table 1: Properties of selective raw materials 

 

Compound 

 

Chemical 

formula 

Molecular 

weight 

(gm/mol) 

 

Concentration 

 

Purity 
Supplier 

Cobalt 

chloride 

hexahydrate 

 

CoCl2.6H2O 

 

237.93088 

 

(0.02) M 

 

98% Sigma-

Aldrich 

 

The CoO2 films were deposited on the glass 

substrate, the substrate temperature was 

(350±5C
o
), by using the air as a carrier for 

precursor solution. The separator between 

sprayer nozzle and substrate was (35cm). 

Evaporation and decomposition were occurred 

during the deposition precess.The formation 

reaction of (CoO2) thin film can be described by 

the chemical equation below: 

                   

    
→                

         

It was done using a semi-computerized 

spray pyrolysis technique(SCSPT) which was 

handmade  specifically for this work to be 

prepared and irradiated by laser to thin films. 

Where in this system the spray nozzle and the 

irradiation laser move in the X-Y plane 

according to coordinates such as speed, distance 

and area of deposition were controlled by the 

researcher as well as many other parameters 

figure(2): 

 

Figure 2: The semi-computerized spray pyrolysis 

technique (SCSPT) 

the Structural and optical properties of 

CoO2 films studies using 

(XRD,EDX,AFM,FTIR and UV-VIS ).The 

samples were of thickness (1µm) measured 

using interference fringes method 

3. RESULTS AND DISCUSSION: 

3.1: Structural Properties: 

 3.1.1 X-ray diffraction: 

The XRD diagram of the cobalt dioxide 

(CoO2) films can be seen in figure(3) which is 

representing a polycrystalline structure with 

trigonal crystal system. It shows diffraction 

peaks at 2ϴ = (31.8306
o
, 24.2525

o
, and 

23.454
o
). Cell parameters used were as follows 

a= 2.82080 Å c= 4.24030 Å. , the grain size 

D=108.029 nm and stress values=5.3368.These 

values were matched JCPDS 42-1467 Data 

Card  [11]. The latter is in agreement with[12]. 

 

Figure.3: X-ray diffraction diagrams of the cobalt dioxide  

(CoO2). 

3.1.2 Elemental Analysis of cobalt oxide 

(CoO2) film : 

The energy dispersive X-ray spectroscopy 

(EDX) of cobalt oxide (CoO2) given in figure(4 

). It can be clearly observed that all films 

contain the elements (Co,O) as expected, 

indicating formation of the  (CoO2)  films with 

high purity , this result agreed with [13]. 
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Figure.4:illustrates EDX spectra of the (CoO2)sample 

3.1.3 SEM of cobalt oxide (CoO2) film : 

     The surface topography of cobalt oxide 

(CoO2) films was studied using a scanning 

electron microscope (SEM) It was observed that 

the formed thin films under the optimum 

conditions namely, homogeneous, dense and 

compact. The SEM micrographs of cobalt oxide 

(CoO2)  films displayed in Figure(5).  

 

Figure.5: illustrates SEM image of e (CoO2) 

3.1.4 Atomic Force Microscopy(AFM)of 

CoO2 film: 

     Surface Topography of the prepared thin 

films is displayed in figure(6), where the AFM 

was examined the CoO2 films. Surface 

roughness was found to be 7.91 nm, root mean 

square is 9.69nm,and the average granularity 

diameter was 78.00 nm. 

 

Figure.6:AFM image of CoO2 

3.1.5 FTIR  of cobalt oxide(CoO2) thin film : 

The FT-IR spectra of the (CoO2) samples, 

ranging from 4000 to 400 cm
-1

, in figure(7)  the 

strong peak was at about 3500 cm
-1

 which  is 

attributed to the stretching vibration, of the OH 

group of water molecular[14][15]and hydrogen-

bound OH groups [16] . The weak band at 1635 

cm
-1

 is due to the bending mode of water 

molecules. [17].Two distinctive bands at 664 

and 570  cm
-1

 are the characteristics of the               

Co-O [18-24] .The band at 1066 cm
-1

 was 

characteristic of the C-O[25,26]. 

 

Figure.7:FTIR spectra of CoO2 

3.2 The Optical Spectrum of CoO2 Films: 

3.2.1 Absorbance: 

Figure.8 illustrates the optical absorbance 

(A) of cobalt oxide (CoO2) films with 

wavelength. Through the figure it can be 

noticed that the absorbance decreases with 

increasing the wavelength ,this physically 

means that incident photon was  not able to 

excite the electron and transfer it from valence 
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band to the conduction band because the energy 

of incident photon was less than the value of the 

energy gap value of the semiconductor. This 

therefore leads to the absorbance decrease with 

increasing of wavelength[27]. 

 

Figure.8: illustrates the optical absorbance (A) of CoO2 

films 

2.2 Absorption coefficient: 

    The absorption coefficient        ) was  

calculated in the fundamental absorption region 

using Lambert law [28]. 

                  )         ) 

Where t: is film thickness, I: is the intensity 

of transmitted light. If (I / I) = T then 

        (
 

 
 )          ) 

Figure.9 illustrates the absorption 

coefficient   ) with wavelength for cobalt 

oxide (CoO2)films. The measured values of the 

absorption coefficient are in order of     10
4
cm

-1
. 

Also, in this figure observed the absorbance 

coefficient decreases with increasing 

wavelength the reason for this is that the 

absorption coefficient depends on the 

absorbance. 

 

Figure.9: : illustrates the absorption coefficient of CoO2 

films 

3.2.3 Transmittance : 

Figure.10 shows the transmittance spectrum 

in wavelength range (400- 800) nm for the 

cobalt oxide (CoO2)films , Transmittance 

demonstrated behavior opposite of absorbance 

as shown transmittance of prepared film 

increases with increasing of wavelength[27]. 

 

Figure.10: illustrates Transmittance spectrum of CoO2 

films 

3.2.4 Extinction coefficient: 

The extinction coefficient ( Ko ) can be 

evaluated by the following relation [29]: 

                    ) 

Where λ: is wavelength and α : The 

absorption coefficient 
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Figure.11 shows the variation of extinction 

coefficient of the cobalt oxide (CoO2) films with 

the wavelength, in this figure it can be observed 

that the extinction coefficient decreases with 

increasing wavelength being dependent on 

absorption coefficient  ). 

 

Figure.11 : illustrates Extinction coefficient of CoO2 thin 

films 

3.2.5 Refractive index: 

Refractive index(n) one of the fundamental 

properties of an optical that can be measured 

from the following relation [30]:  

  [
    ) 

    ) 
 (  

   )]

   

 
    )

    )
            ) 

Figure.12 shows the refractive index of the 

cobalt oxide (CoO2) sample It can be noticed 

from this figure that the refractive index (n) 

decreases when the wavelength increases. 

 

Figure.12 : illustrates refractive index of CoO2 thin films 

3.2.6  Dielectric constant: 

The real (   ) and imaginary (  ) dielectric 

constant is determined using the relation[31]: 

     (        
  )               ) 

                 )             ) 

 

 Figure.13.A.B  shows the variation with a 

wavelength in (nm) of the real    and imaginary 

  part of dielectric constant values cobalt oxide 

(CoO2) sample . It can be noticed from this 

figure that the real part     and imaginary   part 

of dielectric constant decreases when the 

wavelength increases. This is because the real    

and imaginary   part of dielectric constant 

depend on the extinction coefficient and the 

refractive index. 
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Figure.13.A : Real part    of the dielectric constant of 

CoO2  thin films 

 

Figure.13.B : imaginary part    of the dielectric constant 

of CoO2  thin films 

3.2.7 Optical Conductivity:  

Optical conductivity (  ) is expressed in the 

following relationship[31]: 

    
   

  
    ……..(7) 

where c: speed of  light. 

 Figure.14 shows the optical conductivity    

(  ) of cobalt oxide (CoO2) sample variation of 

with the wavelength It can be noticed from this 

figure that the optical conductivity decreases 

when the wavelength increases. This is because 

it depends on the absorption coefficient and the 

refractive index. 

 

Figure.14 : illustrates optical conductivity (  ) of (CoO2) 

 

3.2.8: Optical energy gap:  

To measure the optical band gap for the 

thin films, we use Tauc's relation as follows 

[31]:  

             )
 ………….(8) 

Where A: is constant, hν: photon energy,  

Eg :the optical energy gap, and an index (n) 

could take different values according to the type 

of electronic transition. 

    The optical energy gap of cobalt dioxide 

(CoO2) sample in Figure.15. The optical energy 

gap (1.98eV) and that good variation of optical 

energy gap values were observed for 

photovoltaic applications[9]. 

 

Figure.15 :optical energy gap of CoO2 thin films 

4. CONCLUSION : 

The structural and optical analysis of 

(CoO2)  films shows that using (SCSP) 

technique a useful method for the deposition of 

cobalt dioxide (CoO2)  films. The XRD 

diffraction gave polycrystalline nature with 

Crystal system trigonal (hexagonal axes), and 

the EDX showed that all films contain the 

elements (Co and O) indicating formation of the 

(CoO2)  films with high purity, also showed 

FTIR measurements of chemical bonds of CoO2 

clearly. (SEM) Show clearly was  that the 
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formed thin films under the optimum conditions 

were homogeneous, dense and compact ,and 

(AFM) showed the topography of the film 

surface where surface roughness was found to 

be 7.91 nm, root mean square is 9.69 nm., and 

the average granularity diameter was 78.00 nm.. 

The optical properties(absorbance, absorption 

coefficient, extinction coefficient, refractive 

index, optical Conductivity, the real     and 

imaginary    part of the dielectric constant 

)were decreased with increasing the 

wavelength, while the transmittance increases 

with increasing wavelength. The optical energy 

gap was (1.98eV) and this is a good of optical 

energy gap values for photovoltaic applications. 

5. REFERENCES 

[1] Essa, M. S., “Design and Construction 

of Fully Computerized System of 

Spray Pyrolysis and Laser Processing 

for Preparation of Mono and Poly 

High Efficient Absorbing Solar 

Application Layers” , University of 

Baghdad, (2017). 

[2] Zaid L., H., “Synthesis and 

Spectroscopic Diagnosis of Absorbing 

Layers Enhanced by Laser Grooving 

for Solar Collectors using Fully 

Controlled Spray Pyrolysis System 

Supervised by” , University of 

Baghdad, (2019). 

[3] Mariappan, R., V. Ponnuswamy, R. 

Suresh, P. Suresh, A. Chandra Bose, 

and M. Ragavendar. "Role of 

substrate temperature on the 

properties of Na-doped ZnO thin film 

nanorods and performance of 

ammonia gas sensors using nebulizer 

spray pyrolysis technique." Journal of 

Alloys and Compounds 582 (2014), 

387-391.  

[4] Suresh, R., V. Ponnuswamy, and R. 

Mariappan. "Effect of annealing 

temperature on the microstructural, 

optical and electrical properties of 

CeO2 nanoparticles by chemical 

precipitation method." Applied 

Surface Science 273 (2013), 457-464.  

[5] Manickam, M., V. Ponnuswamy, C. 

Sankar, R. Suresh, R. Mariappan, and 

J. Chandrasekaran. "The Effect of 

Solution pH on the Properties of 

Cobalt Oxide Thin Films Prepared by 

Nebulizer Spray Pyrolysis Technique. 

" International Journal of Thin Films 

Science and Technology 5, no. 3 

(2016), 155-161.  

4. Hadi, Zaid L., and Bahaa T. Chiad. 

"Investigation of Laser Grooving 

Process on Copper Tin Sulfite Thin 

Films." Journal of Physics: Conference 

Series 1178 (2019), 012033.  

[6] C. Falcony, M. A. Aguilar-Frutis, and 

M. Garc\’\ia-Hipólito, “Spray 

pyrolysis technique; high-K dielectric 

films and luminescent materials: a 

review,” Micromachines, vol. 9, no. 8, 

p. 414, 2018. 

[7] Ekwealor, A. B., S. U. Offiah, S. C. 

Ezugwu, and F. I. Ezema. "Variations 

of Optical and Structural Properties of 

CoxOy Thin Films with Thermal 

Treatment. " Indian Journal of 

Materials Science 2014 (2014), 1-5.  

[8] Kunihito KOUMOTO and Hiroaki 

YANAGIDA, Journal Of the American 

Ceramic Society  64, C-156-C-157 

(1981). 

[9]  V R Shinde, S B Mahadik, T P Gujar, 

and C D Lokhande, Applied Surface 

Science 252, 7487-7492 (2006). 

[10] Kwang Joo Kim and Young Ran Park, 

Solid State Communications 127, 25-

28 (2003). 

[11] ISHIZAWA, Nobuo. "Computer 

Search of JCPDS Data." Journal of 

the Mineralogical Society of Japan 17, 



JOURNAL OF KUFA–PHYSICS  |  Vol. 13, No. 1 (2021) Mushtaq Talib Al-Helaly, Nathera A .Al-Tememee 

   41 

no. 2 (1985), 85-95. 

doi:10.2465/gkk1952.17.85. 

[12] J. M. Tarascon,* G. Vaughan,- Y. 

Chabre,? L. Seguin,* M. Anne,A P. 

Strobel,A and G. Amatucci"In Situ 

Structural and Electrochemical Study 

of Ni12xCoxO2 Metastable 

Oxides Prepared by Soft Chemistry" 

Journal of Solid State Chemistry 147, 

410}420 (1999) 

[13] Beatriz Rivas-Murias, José Manuel 

Vila-Fungueiriño & Francisco 

Rivadulla" High quality thin films of 

thermoelectric misfit cobalt oxides 

prepared by a chemical solution 

method" Scientific RepoRts | 5:11889 

| DOi: 10.1038/srep11889 (2015). 

[14] W. Zaidi, Y. Oumellal, J. P. Bonnet, J. 

Zhang, F. Cuevas,M. Latroche, et al., 

“Carboxy Methylcellulose and 

Carboxy Methylcellulose-Formate as 

Binders in MgH2-Carbon Composites 

Negative Electrode for Lithium-Ion 

Batteries,” Journal of Power Sources, 

Vol. 196, No. 5, 2011, 

pp. 2854-2857.  

[15] M. N. Chai, M. I. N. Isa The Oleic 

Acid Composition Effect on the 

Carboxymethyl 

Cellulose Based Biopolymer 

Electrolyte,Journal of Crystallization 

Process and Technology, 2013, 3, 1-4 

[16] L.H. Su, X.G. Zhang, C.H. Mi, B. Gao, 

Y. Liu, Improvement of the capacitive 

performances for Co–Al layered 

double hydroxide by adding 

hexacyanoferrate into the 

electrolyte,Phys. Chem. Chem. Phys. 

11 (2009) 2195–2202. 

[17] R. Xu, H.C. Zeng, Dimensional 

Control of Cobalt-hydroxide-carbonate 

Nanorods and Their Thermal 

Conversion to One-Dimensional 

Arrays of Co3O4 Nanoparticles, J. 

Phys. Chem. B 107 (2003) 12643–

12649 

[18] H.Y. Guan, C.L. Shao, S.B. Wen, B. 

Chen, J. Gong, X.H. Yang, A novel 

method for preparing 

Co3O4 nanofibers by using 

electrospun PVA/cobalt acetate 

composite fibers as precursor ,Mater. 

Chem. Phys.82 (2003) 1002–1006. 

[19] A. Worayingyong, P. Kangvansura, S. 

Kityakarn,“Schiff base complex sol-gel 

method for LaCoO3 perovskite 

preparation”, Colloid Surface A: 

Physicochem. Eng. Aspects, 320 

(2008) 123 

[20] M. Khalil, “Synthesis, X-ray, infrared 

spectra and electrical conductivity of 

La/Ba-CoO3 systems”, Mater.Sci. Eng. 

A, 352 (2003) 64. 

[21] Lachezar Radev, Liliana Pavlova, 

Bisserka Samuneva, Elena 

Kashchieva, 

Irena Mihailova, Maria Zaharescu, 

Barbara Malic, Luminita 

Predoana,Sol-gel synthesis and 

structure of La2O3–CoO–SiO2 

powdersProcessing and Application of 

Ceramics ,2 [2] (2008) 103–108 

[22] Fang Zhang , Changzhou Yuan , 

Xiangjun Lu , Luojiang Zhang , Qian 

Che , Xiaogang Zhang "Facile growth 

of mesoporous Co3O4 nanowire 

arrays on Ni foam for high 

performance electrochemical 

capacitors"Journal of Power Sources 

203 (2012) 250–256 

doi:10.1016/j.jpowsour.2011.12.001 

[23] O. A. Fouad, S. A. Makhlouf, G. A. M. 

Ali, A.Y. El-Sayed, "Cobalt/silica 

nanocomposite via thermacalcination-

reduction of gelprecursors," Materials 



JOURNAL OF KUFA–PHYSICS  |  Vol. 13, No. 1 (2021) Mushtaq Talib Al-Helaly, Nathera A .Al-Tememee 

  42 

Chemistry and Physics 

128(1–2) (2011) 70-76. 

[24] C.-W. Tang, C.-B. Wang, S.-H. 

Chien,"Characterization of cobalt 

oxides studied by 

FT-IR, Raman, TPR and TG-

MS,"Thermochimica Acta 473(1–2) 

(2008) 68-73. 

[25] M. Z. A. Yahya and A. K. Arof, “Effect 

of Oleic AcidPlasticizer on Chitosan-

Lithium Acetate Solid Polymer 

Electrolytes,” European Polymer 

Journal, Vol. 39, No. 5, 

2003, pp. 897-902. doi:10.1016/S0014-

3057(02)00355-5 

[26] J. F. Su, Z. Huang, X. Y. Yuan, X. Y. 

Wanga and M. Li, “Structure and 

Properties of Carboxymethyl 

Cellulose/Soy Protein Isolate Blend 

Edible Films Crosslinked by 

Maillard Reactions,” Carbohydrate 

Polymers, Vol. 79, No. 1, 2010, pp. 

145-153. 

[27] Ali Jabbar Khalaf Ali" Investigation 

Properties of Cu2ZnSnS4Thin Films  

Prepared by Pulse Laser Deposition 

for Sensing Applications " University 

of Babylon ,2020 

[28] Anbarasi, M., A. R. Balu, and V. S. 

Nagarethinam. "Comparative Study 

Of CdS Thin Films Fabricated By A 

Simplified Spray Technique using 

Two Cationic Precursor Salts With 

Different Stability 

Constants." International Journal of 

Thin Films Science and Technology 3, 

no. 3 (2014), 93-106. d 

[29] Muhammad, Zain, Ahmed Hassan, 

and Yasmeen Dawood. "Studying The 

Optical Properties of CdO and CdO: 

Bi Thin Films." Baghdad Science 

Journal 13, no. 3 (2016), 593-598.  

[30] M. A. Barote, M. A. "Optical and 

Electrical Properties of Spray 

Deposited Cdo Thin Films: Effect of 

Substrate 

Temperature." International Journal 

of Scientific Research 2, no. 10 (2012), 

1-2.  

[31] Virk, Hardev S., and Poonam Sharma. 

"Heavy Ion Irradiation Effects on 

Cadmium Oxide (CdO) Quantum Dots 

Prepared by Quenching Method. 

" Journal of Nano Research 10 (2010), 

69-76.  

 

 

  

 

 

 

 

 

 

 

 


