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Abstract.  

 

CuO and CuO: Bi thin films is prepared by chemical spray pyrolysis (CSP). XRD offer that these films  is polycrystalline 

monoclinic structure with a maximum peak at (200) resulting of the Bi, The crystallite size is set to increase from 15.28to 17.88 

nm with Bi doping. whereas the dislocation density ( ) parameter decreases from 4.28 to 3.12, while strain decreases from 2.26 

to 1.93. AFM images  reflect  dependence of surface morphology and roughness onto  doping. Transmittance offers good 

transparency, in the visible area  between 67.5 and 62.5 , for undoped CuO and 4% Bi content. A small decrease in bandgap, its 

value was  2.1 eV and 2.0 eV for  CuO and CuO:Bi respectively. The studied optical constants are increased via increasing 

Bismuth -doping. 
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Introduction    
 

CuO is a p-type semiconductor, own a bandgap through 1.21 to  1.51 eV [1-5]. CuO is non-toxic and abundance [6,7].There are many 

different techniques utilized for depositing CuO films such as diode applications [8], field transistors [9], solar cells 

[10],photovoltaic[11], secondary batteries [12],superconductors [13], gas sensors [14]. CuO can be deposited by various methods such 

as PLD [15], and ion-based deposition [16,54-74], CBD [17] and chemical spray pyrolysis [2, 3, 4, 18, 19]. CSP technique can employed 

to prepare metal oxide films due to  high melting point of metal oxides [20]. n this research, the copper oxide has been prepared by CSP 

with various content of Bismuth particles, and study the influence  of the additive on its physical properties. 

 

 

 

 

Experimental  
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   CuO and CuO:Bi films were grown  onto a preheated glass substrate by CSP technique. After many trials, the preoperative parameters 

of the system were optimized to gain a regular, adherent thin films. The spraying solution was a mixing of concentration (0.1M) aqueous 

solution of (1.9965g) of  Cu(CH3COO)2. H2O  resolved in distilled water Dw. 0.1 M of Bismuth tetrachloride dissolved in Dw was added 

to the matrix solution with 2% and 4% volumetric concentration as a dopant.  The substrate temperature was controlled and it was 

measured using thermocouples. Thin films thickness were measured by weighing method and found to be in range of 330 ±10 nm. The 

preparation parameters  were fixed after many trials as  base temperature was 350 OC. N2 was employed  as a carrier gas. Deposition 

rate was 4 mL/min, spryer rate was 10 s hold by one min. to stop extravagant cooling. Distance between base  and nozzle was 28 cm. 

The structural properties were obtained by XRD.  AFM was employed to study surface topography. The transmittance is recorded via 

double beam spectrophotometer. 

 

Results and Discussions 

 

    XRD styles of CuO and CuO: Bi is offered in Fig.1.. The XRD patterns exhibit peaks at 2θ ≈35. 49°, 38.10°,53.42° & 53.22° 

corresponding to (002), (200), (020) and (022) planes. These data are compared with ICDD file No.48-1548 data. Peak intensities 

increase with increasing doping in Bi. Films were polycrystalline and monoclinic, these results were fit with literatures [21-23]. 

   The  crystallite size (D) was obtained via Scherrer formula[24-27]: 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
    (1) 

  Where, λ is the wavelength of X-ray, β is FWHM  and θ is Bragg’s angle.  

Values of D were increased with increasing from 15.28to 17.88 nm with Bismuth doping (see Table 1). This increase may be due to the 

combined effect of the increase in Cu incorporation, an increase in the growth rate and reorientation effect. 

   The dislocation density δ was gained  via the relation [28-31]: 

𝛿 =
1

𝐷2
            (2)       

   the dislocation density (𝛿) parameter decreases from 4.28 to 3.12 with Bismuth doping 

    The strain ( ) was calculated by the formula [32-34]:  

𝜀 =
𝛽𝑐𝑜𝑠𝜃

4
      (3)    

   We found that  decreases from 2.26 to 1.93 with Bismuth doping. Table 1 illustrate the resultsof the studied parameters.Fig. (2) 

displays  FWHM, D, δ and ε against Bismuth content. 
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Fig.1. XRD styles  of grown films.  

 

 .films intendedof   𝜀 and𝛿  ,g, ED Table 1. 

 

Sample 
(hkl) 

Plane 

2  

)o( 

FWHM 

)o( 

Optical 

bandgap (eV) 

Grain size 

(nm) 

Dislocations density 

)2lines/m) (1510(×  

Strain 

)3-10(×  

Undoped CuO 200 38.10 0.55 2.10 15.28 4.28 2.26 

CuO: 2% Bi 200 38.04 0.51 2.05 16.48 3.68 2.10 

CuO: 4% Bi 200 38.00 0.47 2.00 17.88 3.12 1.93 
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Fig.2. structural parameters of intended films. 

 

Topography Films  Undoped CuO and CuO: % Bi were  obtained  via AFM. Figure 3. Displays the granules ,which  exist in  films suffer  

scattered in some zones. surface morphology can be estimated via roughness (Ra) and root mean square roughness (rms). From Figure  3 

(a3, b3 and c3).  Average Particle size and rms values of (65.50, 58.78 and 52.31) nm and (9.4, 8.71 and 5.46) nm, respectively, which 

strongly affected by Bismuth dopant. 

Table 2 shows that the average roughness and average particle size Pav increases Bi content. surface area increment plays an important 

role  in photocatalytic activity. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986428/figure/F2/
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Fig.3. AFM information of intended films 

 

Table 2. AFM parameters of intended films.  

 

Specimen 
avP 

nm 

Ra 

 (nm) 

rms 

 (nm) 

Undoped CuO 65.50 8.73 9.45 

CuO: 2% Bi 58.78 6.31 8.71 

CuO: 4% Bi 52.31 4.82 5.46 

 

Transmittance (T) spectra are displayed  in Fig.4. it can be  noticed that  T decrease   with increase of Bi-doping and increasing with 

increases wavelength. T shows good  transparency in the visible region between  67.5 and 62.5 %, for Undoped CuO and 4% Bi doping 

  The optical absorption coefficient (α) in the fundamental absorption area was obtained  using the following equation [35-38]: 

    α = (2.303×A)/t     (4) 

   Where (t) is  film thickness and A is absorbance. Α increased with increases Bismuth -doping as represented in Fig.5 
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Fig. 4: Transmittance with wavelength of intended films. 

 

 
Fig. 5: α against wavelength of intended films. 

 

    The optical bandgap Eg  of  the  samples  was  evaluated  following relation [39-42]: 

(𝛼ℎ𝜈) = 𝐴(ℎ𝜈 − 𝐸𝑔)
1

2          (5) 

   Where A is a constant, hυ is a photon energy. Fig. (6) shows the decreases of Eg with increasing Bismuth-doping in  CuO film from 

2.1 eV to 2.0 eV for 4% Bi-doping. This behavior is a result of make sub-levels in the bandgap that decrease Eg. 
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 Fig.6: (αhν)2 versus  hν of intended films. 

 

      Extinction coefficient (k) has been calculated by the formula [43-46]: 

𝑘 =
𝛼𝜆

4𝜋
                                             (6) 

   Fig.7  shows k  versus wavelength. There is an increment in k  via increment of Bismuth. 

   The refractive index (n) was obtained by eq. 6 [47-51]: 

 

𝑛 = (
1+𝑅

1−𝑅
) + √

4𝑅

(1−𝑅)2 − 𝑘2         (6) 

    The difference of n versus  wavelength is illustrated in figure (8) .  n  decreases with the increase in Bismuth i concentration. 
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Fig.7: k of deposited films. 

 

 
Fig. 8. n of deposited  films 

 

 

 

Conclusion 

 

  In this paper, Undoped CuO and CuO: % Bi thin films have thicknesses 330 ±10 nm were deposited CSP technique.  XRD approves 

that these films were polycrystalline monoclinic structure with a maximum peak at (200) resulting of the Bi, The Grain size for Undoped 
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CuO particle is about (15.28-17.88) nm with CuO: 4% Bi, where strain increased from 2.26 to 1.98. AFM images display that average 

particle size were seen in the area of 65.50 nm to 52.31 nm with undoped CuO and CuO: Bi  with 2% and 4% concentrations respectively, 

The transmittance is decreased with increasing Bi -doping. It is found that α , k and n   are increased with increasing Bi-doping, Eg of 

undoped CuO film have  the highest (2.1eV) and subjected to decrease visa doping.   

 

Acknowledgments 

 

This work is backup via  Mustansiriyah University (www. uomustansiriyah.edu.iq). 

 

References 

 

1. [1] Papadimitropoulos G., Vourdas N., Vamvakas V., Davazoglou D., J. Phys. Conf., 10 (2005) 182. 

2. [2] Sakhil, M.D., Shaban, Z.M., Sharba, K.S., Habub, N.F., Abass, K.H., Chiad, S.S., Alkelaby, A.S., nfluence MgO dopant on 

structural and optical properties of nanostructured CuO thin films, NeuroQuantology,18(5) (2020). 56-61 (2020). 

3. [3] Chiad, S.S., Abass, K.H., Mubarak, T.H., Habubi, N.F., Mohammed, M.K., Khadayeir, A.A., Fabrication and study the structure, 

optical and dispersion parameters of PMMA with InCl3 additive, Journal of Global Pharma Technology, 11(4) (2020) 369-375. 

4. [4] Kameran Yasseen Qader, Rusul A. Ghazi, Ali Mohammed Jabbar, Khalid Haneen Abass, Sami Salman Chiad, "Reduce of 

Energy Gap of CuO Nano Structure Film by Ag Doping", Journal of Green Engineering, 10 (10) (2020) 7387-7398. 

5. [5] Alaa Nihad Tuama, Khalid Haneen Abass, Mohd Arif Agam, "Fabrication and Characterization of Cu2O:Ag/Si Solar Cell Via 

Thermal Evaporation Technique",  International Journal of Nanoelectronics and Materials, 13 (3) (2020)  601-614.  

6. [6] Arunkumar D., Francis P., Merlineshyla J., Arch. Appl. Sci. Res., 4 (2012) 2174. 

7. [7] NM. Basith, JJ. Vijaya, LJ. Kennedy and M. Bououdina “Structural, morphological, optical, and magnetic properties of Ni-

doped CuO nanostructures prepared by a rapid microwave combustion method”, Materials Science in Semiconductor Processing, 17 

(2014) 110-118. 

8. [8] I.Y. Erdogan, O. Gullu, J. Alloys Compd., 492 (2010) 378. 

9. [9] E.M. Alkoy, P.J. Kelly, Vacuum, 79 (2005) 221. 

10. [10] T. Maruyama, Sol. Energy Mater. Sol. Cells, 56 (1998) 85. 

11. [11] E. Vigil, F.A. Fernandez-Lima, J.A. Ayllon, E. Pedrero, I. Zumeta, B. Gonzalez, L. Curbelo, H.D. Fonseca-Filho, M.E.H. Maia 

da Costa, C. Domingo, M. Behar, F. C. Zawislak, Micropor. Mesopor. Mater., 109 (2008) 560. 

12. [12] X.P. Gao, J.L. Bao, G.L. Pan, H.Y. Zhu, P.X. Huang, F. Wu, D.Y. Song, J. Phys. Chem. ,B 108 (2004) 5547. 

13. [13] X.G. Zheng, C.N. Xu, Y. Tomokiyo, E. Tanaka, H. Yamada, Y. Soejima, Phys. Rev. Lett., 85 (2000) 5170. 

14. [14] Y. Li, J. Liang, Z. Tao, J. Chen, Mater. Res. Bull., 43 (2008) 2380. 

15. [15] Seiler W., Millon E., Perriere J., Benzerga R and C. Boulmer-Leborgne, Epitaxial growth of copper oxide films by reactive 

cross-beam pulsed-laser deposition, J. Cryst. Growth, (2009) 311:3352-3358. 

16. [16] Yoon K. H., Choi W. J. and Kan D. H., Photoelectrochemical properties of copper oxide thin films coated on an n-Si substrate,” 

Thin Solid Films, 372 (2000) 250-256.  

17. [17] Nasser Saadaldin, M.N.Alsloum, and N.Hussain, preparing of copper oxides thin Films by Chemical Bath Deposition (CBD) 

for Using in Environmental Application,  74 (1) (2015) 1459-1465. 

18. [18] Habubi, N.F., Oboudi, S.F., Chiad, S.S., Study of some optical properties of mixed SnO2-CuO Thin Films, Journal of Nano- 

and Electronic Physics, 4(4) (2012) 04008 (4). 

19. [19] Hussin, H.A., Al-Hasnawy, R.S., Jasim, R.I., Habubi, N.F., Chiad, S.S., Optical and structural properties of nanostructured 

CuO thin films doped by Mn, Journal of Green Engineering, 10(9) (2020) 7018-7028. 

20. [20] Saravanan V, Shankar P, et al. Growth and characterization of spray pyrolysis deposited copper oxide thin films: Influence of 

substrate and annealing temperatures. Journal of Analytical and Applied Pyrolysis,. 111 (2015) 272-277. 

21. [21] Bind UC, Dutta RK, et al. Ion implantation induced phase transformation and enhanced crystallinity of as deposited copper 

oxide thin films by pulsed laser deposition. Superlattices and Microstructures. 84 (2015)24-35. 

22. [22] Rajendran V, Gajendiran J. Preparation and characterization of nanocrystalline CuO powders with the different surfactants and 

complexing agent mediated precipitation method. Materials Research Bulletin, 56 (2014)134-137. 

23. [23] Balamurugan B, Mehta BR. Optical and structural properties of nanocrystalline copper oxide thin films prepared by activated 

reactive evaporation. Thin Solid Films. 396(1) (2001) 90- 96. 

24. [24] Shawki Khalaph Muhammad, Ehssan Salah Hassan, Kameran Yasseen Qader, Khalid Haneen Abass, Sami Salman Chiad, and 

Nadir Fadhil Habubi, "Effect of Vanadium on Structure and Morphology of SnO2 Thin Films", Nano Biomed. Eng., 12(1) (2020) 67-

74. 

25. [25] Firdous Shaker Ahmed, Nagham Yassin Ahmed, Reem Sami Ali, Nadir Fadhil Habubi, Khalid Haneen Abass, and Sami 

Salman Chiad, " Effects of Substrate Type on Some Optical and Dispersion Properties of Sprayed CdO Thin Films", Neuro Quantology, 

18 (3) (2020) 56-65. 

26. [26] Hassan, E.S., Qader, K.Y., Hadi, E.H., Chiad, S. S., Habubi, N.F., Abass, K.H., Sensitivity of nanostructured mn-doped cobalt 

oxide films for gas sensor application, Nano Biomedicine and Engineering, 12(3) (2020) 205-213. 

https://www.sciencedirect.com/science/article/pii/S1876610215015623#!
https://www.sciencedirect.com/science/article/pii/S1876610215015623#!
https://www.sciencedirect.com/science/article/pii/S1876610215015623#!
https://www.sciencedirect.com/science/journal/00406090/522/supp/C


Copyrights @Kalahari Journals  Vol. 7 No. 1(January, 2022) 

 International Journal of Mechanical Engineering  

 

2039 
 

 

27. [27] Esraa H. Hadi, Dhay Ali Sabur, Sami Salman Chiad, Nadir Fadhil Habubi, Khalid Haneen Abass, "Physical Properties of 

Nanostructured Li-Doped ZrO2 Thin Films", Journal of Green Engineering, 10 (10)  (2020) 8390-8400. 

28. [28] Ghazai, A., Qader, K., FadhilHabubi, N., Chiad, S.S., Abdulmunem, O., Structural and optical performance of the doped ZnO 

Nano-thin films by (CSP),  IOP Conference Series: Materials Science and Engineering 870(1) (2020). 012027. 

29. [29] Hussin, H.A., Al-Hasnawy, R.S., Jasim, R.I., Habubi, N.F., Chiad, S.S., Optical and  structural properties of nanostructured 

CuO thin films doped by Mn, Journal of Green Engineering 10(9) (2020) 7018-7028. 

30. [30] M. O. Dawood, S.S. Chiad, A. J. Ghazai, N. F. Habubi and O. M. Abdulmunem, Effect of Li doping on structure and optical 

properties of NiO nano thin-films by SPT, AIP Conference Proceedings , USA, 2213 (1) 1(2020) 020102. 

31. [31] N. N. Jandow, N. F. Habubi, S. S. chiad, I. A. Al-Baidhany and M. A. Qaeed, Annealing Effects on Band Tail Width, Urbach 

Energy and Optical Parameters of Fe2O3:Ni Thin Films Prepared by Chemical Spray Pyrolysis Technique, International Journal of 

Nanoelectronics and Materials, 12 (1), (2019) (1-10). 

32. [32] Chiad, S.S., Noor, H.A., Abdulmunem, O.M., Habubi, N.F., Optical and structural properties of Ni-doped Co3O4Nanostructure 

thin films via CSPM,  Journal of Physics: Conference Series 1362(1)  (2019) 012115.. 

33. [33] Al Rawas, A.S., Slewa, M.Y., Bader, B.A., Habubi, N.F., Chiad, S.S., Physical characterization of nickel doped nanostructured 

TiO2 thin films, Journal of Green Engineering, 10 (9) (2020) 7141-7153. 

34. [34] Khadayeir, A. A., Hassan, E. S., Chiad, S. S., Habubi, N. F., Abass, K. H., Rahid, M. H., Mubarak T. H, Dawod M. O. and  

Al-Baidhany, I.A., Structural and Optical Properties of Boron Doped Cadmium Oxide, Journal of Physics: Conference Series 1234 (1) 

(20119) 012014. 

35. [35] Chiad, S.S., Habubi, N.F., Abass, W.H., Abdul-Allah, M.H., Effect of thickness on the optical and dispersion parameters of 

Cd0.4Se0.6 thin films, 2016, Journal of Optoelectronics and Advanced Materials, 18(9-10) (2016) 822-826. 

36. [37] Chiad, S. S. and Mubarak, T. H.,The Effect of Ti on Physical Properties of Fe2O3 Thin Films for Gas Sensor Applications, 

2020, International Journal of Nanoelectronics and Materials, 13 (2) (2020) 221-232. 

37. [38] Hassan, E.S., Mubarak, T.H., Abass, K.H., Chiad, S.S., Habubi, N.F., Rahid, M. H, Khadayeir, A. A., Dawod M. O . and Al-

Baidhany, I.A., Structural, Morphological and Optical Characterization of Tin Doped Zinc Oxide Thin Film by (SPT), 2019, Journal of 

Physics: Conference Series, 1234 (1) (2019) 012013. 

38. [39] Khadayeir, A. A., Hassan, E. S., Chiad, S. S., Habubi, N. F., Abass, K. H., Rahid, M. H., Mubarak T. H, Dawod M. O. and  

Al-Baidhany, I.A., Structural and Optical Properties of Boron Doped Cadmium Oxide, Journal of Physics: Conference Series, 1234 (1) 

(20119) 012014. 

39. [40] Hassan, E.S., Mubarak, T.H., Chiad, S.S., Habubi, N.F., Khadayeir, A.A., Dawood, M.O., Al-Baidhany, I.A., Physical 

Properties of indium doped Cadmium sulfide thin films prepared by (SPT), Journal of Physics: Conference Series, 1294(2) (2019) 

022008. 

40. [41] Hassan, E.S., Elttayef, A.K., Mostafa, S.H., Salim, M.H., Chiad, S.S., Silver oxides nanoparticle in gas sensors applications, 

Journal of Materials Science: Materials in Electronics 30(17) (2019) 15943-15951. 

41. [42] Chiad, S.S., Habubi, N.F., Abass, W.H., Abdul-Allah, M.H., Effect of thickness on the optical and dispersion parameters of 

Cd0.4Se0.6 thin films, Journal of Optoelectronics and Advanced Materials, 18(9-10) (2019) 822-826. 

42. [43] Sharba, K.S., Alkelaby, A.S., Sakhil, M.D., Abass, K.H., Habubi, N.F., Chiad, S.S., Enhancement of urbach energy and 

dispersion parameters of polyvinyl alcohol with Kaolin additive,  NeuroQuantology, 18(3) (2020) 66-73. 

43. [44] Othman, M.S., Mishjil, K.A., Rashid, H.G., Chiad, S.S., Habubi, N.F., Al-Baidhany, I.A., Comparison of the structure, 

electronic, and optical behaviors of tin-doped CdO alloys and thin films, Journal of Materials Science: Materials in Electronics, 31(11) 

(2020) 9037-9043. 

44. [45] M. A. Vidales-Hurtado and A. Mendoza-Galv´an, “Optical and Structural Characterization of Nickel Oxide-Based Thin Films 

Obtained by Chemical Bath Deposition, Materials Chemistry and Physics,107 (2008) 33-38.   

45. [46] Ghazai, A.J., Abdulmunem, O.M., Qader, K.Y., Chiad, S.S., Habubi, N.F., Investigation of some physical properties of Mn 

doped ZnS nano thin films, AIP Conference Proceedings 2213 (1) (2020)  020101. 

46. [47] Chiad, S.S., Habubi, N.F., Abass, W.H., Abdul-Allah, M.H., Effect of thickness on the optical and dispersion parameters of 

Cd0.4Se0.6 thin films, Journal of Optoelectronics and Advanced Materials, 18(9-10) (2016) 822-826. 

47. [48] Chiad, S.S., Alkelaby, A.S., Sharba, K.S., Optical Conduct of Nanostructure Co3O4 rich Highly Doping Co3O4: Zn alloys, 

Journal of Global Pharma Technology , 11(7) (2019) 662-665. 

48. [49] Jandow, N.N., Othman, M.S., Habubi, N.F., Chiad, S.S., Mishjil, K.A., Al-Baidhany, I.A., Theoretical and experimental 

investigation of structural and optical properties of lithium doped cadmium oxide thin films, Materials Research Express, 6 (11), (2020). 

49. [50] Khadayeir, A. A., Hassan, E. S., Mubarak, T. H., Chiad, S.S., Habubi, N. F., Dawood, M.O., Al-Baidhany, I. A., The effect of 

substrate temperature on the physical properties of copper oxide films, Journal of Physics: Conference Series, 1294 (2) (2019) 022009.  

50. [47] Alkelaby, A.S., Abass, K.H., Mubarak, T.H., Habubi, N.F., Chiad, S.S., Al-Baidhany, I., Effect of MnCl2 additive on optical 

and dispersion parameters of poly methyl methacrylate films, Journal of Global Pharma Technology 11(4) (2029) 347-352. 

51. [49] Latif, D.M.A., Chiad, S.S., Erhayief, M.S., Abass, K.H., Habubi, N.F., Hussin, H.A., Effects of FeCl3 additives on optical 

parameters of PVA, Journal of Physics: Conference Series 1003(1) (2018) 012108. 

52. [50] Chiad, S.S., Abass, K.H., Mubarak, T.H., Habubi, N.F., Mohammed, M.K., Khadayeir, A.A., Fabrication and study the 

structure, optical and dispersion parameters of PMMA with InCl3 additive,2019, Journal of Global Pharma Technology, 11(4) (2019 

369-375. 



Copyrights @Kalahari Journals  Vol. 7 No. 1(January, 2022) 

 International Journal of Mechanical Engineering  

 

2040 
 

 

53. [51] Khadayeir, A.A., Abass, K.H., Chiad, S.S., Mohammed, M.K., Habubi, N.F., Hameed, T.K., Al-Baidhany, I.A., Study the 

influence of antimony trioxide (Sb2O3) on optical properties of (PVA-PVP) composites,2018, Journal of Engineering and Applied 

Sciences 13(22) (2018) 9689-9692. 

54. JALIL, A. T., DILFY, S. H., KAREVSKIY, A., & NAJAH, N. (2020). Viral Hepatitis in Dhi-Qar Province: Demographics and 

Hematological Characteristics of Patients. International Journal of Pharmaceutical Research, 12(1). 

https://doi.org/10.31838/ijpr/2020.12.01.326  

55. Dilfy, S. H., Hanawi, M. J., Al-bideri, A. W., & Jalil, A. T. (2020). Determination of Chemical Composition of Cultivated 

Mushrooms in Iraq with Spectrophotometrically and High Performance Liquid Chromatographic. Journal of Green Engineering, 10, 

6200-6216. 

56. Jalil, A. T., Al-Khafaji, A. H. D., Karevskiy, A., Dilfy, S. H., & Hanan, Z. K. (2021). Polymerase chain reaction technique for 

molecular detection of HPV16 infections among women with cervical cancer in Dhi-Qar Province. Materials Today: Proceedings. 

https://doi.org/10.1016/j.matpr.2021.05.211  

57. Jalil, A. T., Kadhum, W. R., Khan, M. U. F., Karevskiy, A., Hanan, Z. K., Suksatan, W., ... & Abdullah, M. M. (2021). Cancer 

stages and demographical study of HPV16 in gene L2 isolated from cervical cancer in Dhi-Qar province, Iraq. Applied Nanoscience, 1-

7. https://doi.org/10.1007/s13204-021-01947-9  

58. Widjaja, G., Jalil, A. T., Rahman, H. S., Abdelbasset, W. K., Bokov, D. O., Suksatan, W., ... & Ahmadi, M. (2021). Humoral 

Immune mechanisms involved in protective and pathological immunity during COVID-19. Human Immunology. 

https://doi.org/10.1016/j.humimm.2021.06.011  

59. Moghadasi, S., Elveny, M., Rahman, H. S., Suksatan, W., Jalil, A. T., Abdelbasset, W. K., ... & Jarahian, M. (2021). A paradigm 

shift in cell-free approach: the emerging role of MSCs-derived exosomes in regenerative medicine. Journal of Translational Medicine, 

19(1), 1-21. https://doi.org/10.1186/s12967-021-02980-6  

60. Hanan, Z. K., Saleh, M. B., Mezal, E. H., & Jalil, A. T. (2021). Detection of human genetic variation in VAC14 gene by ARMA-

PCR technique and relation with typhoid fever infection in patients with gallbladder diseases in Thi-Qar province/Iraq. Materials Today: 

Proceedings. https://doi.org/10.1016/j.matpr.2021.05.236   

61. Saleh, M. M., Jalil, A. T., Abdulkereem, R. A., & Suleiman, A. A. Evaluation of Immunoglobulins, CD4/CD8 T Lymphocyte Ratio 

and Interleukin-6 in COVID-19 Patients. TURKISH JOURNAL of IMMUNOLOGY, 8(3), 129-134. 

https://doi.org/10.25002/tji.2020.1347  

62. Turki Jalil, A., Hussain Dilfy, S., Oudah Meza, S., Aravindhan, S., M Kadhim, M., & M Aljeboree, A. (2021). CuO/ZrO2 

nanocomposites: facile synthesis, characterization and photocatalytic degradation of tetracycline antibiotic. Journal of Nanostructures. 

63. Sarjito, Elveny, M., Jalil, A., Davarpanah, A., Alfakeer, M., Awadh Bahajjaj, A. & Ouladsmane, M. (2021). CFD-based simulation 

to reduce greenhouse gas emissions from industrial plants. International Journal of Chemical Reactor Engineering, (), 20210063. 

https://doi.org/10.1515/ijcre-2021-0063 

64. Marofi, F., Rahman, H. S., Al-Obaidi, Z. M. J., Jalil, A. T., Abdelbasset, W. K., Suksatan, W., ... & Jarahian, M. (2021). Novel 

CAR T therapy is a ray of hope in the treatment of seriously ill AML patients. Stem Cell Research & Therapy, 12(1), 1-23. 

https://doi.org/10.1186/s13287-021-02420-8  

65. Jalil, A. T., Shanshool , M. T. ., Dilfy, S. H. ., Saleh, M. M., & Suleiman, A. A. . (2021). HEMATOLOGICAL AND 

SEROLOGICAL PARAMETERS FOR DETECTION OF COVID-19. Journal of Microbiology, Biotechnology and Food Sciences, 

e4229. https://doi.org/10.15414/jmbfs.4229  

66. Vakili-Samiani, S., Jalil, A. T., Abdelbasset, W. K., Yumashev, A. V., Karpisheh, V., Jalali, P., ... & Jadidi-Niaragh, F. (2021). 

Targeting Wee1 kinase as a therapeutic approach in Hematological Malignancies. DNA repair, 103203. 

https://doi.org/10.1016/j.dnarep.2021.103203  

67. NGAFWAN, N., RASYID, H., ABOOD, E. S., ABDELBASSET, W. K., Al-SHAWI, S. G., BOKOV, D., & JALIL, A. T. (2021). 

Study on novel fluorescent carbon nanomaterials in food analysis. Food Science and Technology. https://doi.org/10.1590/fst.37821  

68. Marofi, F., Abdul‐Rasheed, O. F., Rahman, H. S., Budi, H. S., Jalil, A. T., Yumashev, A. V., ... & Jarahian, M. (2021). CAR‐NK 

cell in cancer immunotherapy; A promising frontier. Cancer Science, 112(9), 3427. https://doi.org/10.1111/cas.14993  

69. Abosaooda, M., Wajdy, J. M., Hussein, E. A., Jalil, A. T., Kadhim, M. M., Abdullah, M. M., ... & Almashhadani, H. A. (2021). 

Role of vitamin C in the protection of the gum and implants in the human body: theoretical and experimental studies. International 

Journal of Corrosion and Scale Inhibition, 10(3), 1213-1229. https://dx.doi.org/10.17675/2305-6894-2021-10-3-22  

70. Jumintono, J., Alkubaisy, S., Yánez Silva, D., Singh, K., Turki Jalil, A., Mutia Syarifah, S., ... & Derkho, M. (2021). Effect of 

Cystamine on Sperm and Antioxidant Parameters of Ram Semen Stored at 4° C for 50 Hours. Archives of Razi Institute, 76(4), 923-

931. https://dx.doi.org/10.22092/ari.2021.355901.1735 

71. Roomi, A. B., Widjaja, G., Savitri, D., Turki Jalil, A., Fakri Mustafa, Y., Thangavelu, L., ... & Aravindhan, S. (2021). SnO2: 

Au/Carbon Quantum Dots Nanocomposites: Synthesis, Characterization, and Antibacterial Activity. Journal of Nanostructures. 

72. Raya, I., Chupradit, S., Kadhim, M. M., Mahmoud, M. Z., Jalil, A. T., Surendar, A., ... & Bochvar, A. N. (2021). Role of 

Compositional Changes on Thermal, Magnetic and Mechanical Properties of Fe-PC-Based Amorphous Alloys. Chinese Physics B. 

https://doi.org/10.1088/1674-1056/ac3655  

73. Chupradit, S., Jalil, A. T., Enina, Y., Neganov, D. A., Alhassan, M. S., Aravindhan, S., & Davarpanah, A. (2021). Use of Organic 

and Copper-Based Nanoparticles on the Turbulator Installment in a Shell Tube Heat Exchanger: A CFD-Based Simulation Approach 

by Using Nanofluids. Journal of Nanomaterials. https://doi.org/10.1155/2021/3250058  



Copyrights @Kalahari Journals  Vol. 7 No. 1(January, 2022) 

 International Journal of Mechanical Engineering  

 

2041 
 

 

74. Raya, I., Chupradit, S., Mustafa, Y., H. Oudaha, K., M. Kadhim, M., Turki Jalil, A., J. Kadhim, A., Mahmudiono, T., Thangavelu, 

L. (2021). Carboxymethyl Chitosan Nano-Fibers for Controlled Releasing 5-Fluorouracil Anticancer Drug. Journal of Nanostructures, 

 

 


