
     

  

  

  7   2  1397  

17  

  

   )Co (      

   ) ZnO (     

  1*  2   3  

1             
2              

3            

* farahmandjou@iauvaramin.ac.ir 

 :    :  

 :16  1397    

 :3  1397    

    

 :    

     

   

    

  

  

         ZnO     Co-ZnO          %5    %10        

                         NaBH4    CTAB      

     .                                

XRDTEM FTIR  EDX FESEM  UV-DRS   .  XRD    

                    .           

            Co         nm40     %10       .  

  FESEM                                 

       .      EDX          Zn    %0 

%5    %10      wt%81 wt%2/79    wt%4/74                  

                     Zn   .      TEM    

          %5            nm55      .    FTIR 

                  cm
-1434          Zn-O         

        cm
-13434         OH         

                        .   

UV-DRS                           eV17/3        

   eV88/2      %10    .  

  

1-   

                 

       ]1-22[ .

      )ZnO (           

         

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


   ) (          ...  

 

18    7     2    1397  

 

                 .

                 

                   ]23-

25[ .      ZnO              

            ]2627[.    

                   

         

              

               

                 

               . 

         II-VI      

               eV 37/3  

     MeV 60          . 

         Ni, Fe, 

Mn, Co  ZnO     ]28-30[.    

                      

           Co2+          

    Zn2+                 

                   

                      

            .       

Co        ZnO            

        .      

                 

     ...       ]3132[.     

    )2006(  Co:ZnO   

          

                   

            22       .

            8       

]33[ .      )2014( 

                   

                        

                     

            19    24       

         eV88/2             ]34[ .

        )2018( 

  Co-ZnO                     

           1    10       

]35[                           

             1  25      

                      

          

                   ]36[ .

                       

                       

                      

              ]37[ .       

   ZnO   Co/ZnO  

                  

       NaBH4  

CTAB                  .

                     

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


     

 

  7     2    1397  19  

 

                     

                    

      .             

                

    .  

2-    

  ZnO   Co-doped ZnO   

     .             

                  ml50   

    1               

      .        10       

NaBH4  CTAB        

    oC80          

           .           

                         

                       oC100 

   .              

%5    10 %                    

                      

              oC600        4 

              .     

              

               .   XRD    

                 )XRD (  

X’Pert PRO MPD  PANalytical Compan   

        K    )Cu (   .    

 /  DRS) (   

      Avantes    Avaspec-

2048-TEC   AvaLamp DH-S Setup     .

                    

(FTIR)                  

   Spectrum RX I   

PerkinElmer         .

                 

       

(FESEM)    MIRA3  TE-

SCAN   .  

3-    

  A1      XRD           

%5  %10  Co   .     

oC600      4       .   

        ZnO         .

     ZnO     X  

                  Co      

ZnO   .             

    ]38[.      B1           

      Co         nm62   

  ZnO      nm 57    nm 40       

        %5    %10        .  

           Co          

   Co+2) 
o

0.58A (   Zn+2 

)
o

0.6A(          Co    Zn 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


   ) (          ...  

 

20    7     2    1397  

 

                ]27[ .

      1             

                    

                    

       .        1    

                  

                    

             .        

  Co                

                        

        .  

  
 1-  XRD   )A (ZnO      )B (      Co  

 1-                    

  

 
2 (101) 

(o) 
d(101) 

(Å) 
2 (002) 

(o) 
d(002) 

(Å) 
2 (100) 

(o) 
d(100) 

(Å) 
a=b(Å)c(Å) V(Å3) 

%0  384/36 4672/2 559/34  59328/2 9011/31 80305/2 2372/31872/50749/47

%5 325/36 47116/2 506/34 59718/2 845/31 80872/2 30338/319437/50871/49

%10 362/36 46870/2 541/34 59452/2 880/31 80482/2 29984/318930/59342/48

  

  2            FESEM    

  ZnO      Co-ZnO          %5   

%10       .               

                  .

                      

                   

                     

                .    

       nm62     

 %5  %10      nm56  nm39 

        XRD   .  

  

B

A

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


     

 

  7     2    1397  21  

 

  

  
 2-  FESEM  (A) ZnO  (B)   %5  (C)   %10  

                    

     FTIR     .  

3                        

 .                   

cm-13434   cm-13424             O-H 

      .               

   cm-1434-537      Zn-OH 

            %5    %10   

       434 463   cm-1427 

  .                   

 cm-13497–
 3424   Co    

 OH        

  OH      .  
  

  

A B

C

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


   ) (          ...  

 

22    7     2    1397  

 

  
 3-    )FTIR (       

  
 4- )A (       Co) B (    ZnO     

  

A

B

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


     

 

  7     2    1397  23  

 

  A4      UV-DRS         

         .           

       edge      

                        

  )red-shift(               .  

       

(F(R)h )1/2        E(h )       

F(R)   -        

[(1-R)2/2R]     .          

                      

          ]3940[ .    B4   

                      

                        

      eV17/3         %5  

%10           eV 1/3   eV88/2 

  .       

                .  

                       

  sp-d            ZnO       

d   Co2+   ]39[.  

  
 5-   EDX ZnO      )A% (5  )B% (10  

A

B

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


   ) (          ...  

 

24    7     2    1397  

 

  

        EDX    

 .  5    EDX         3    %10   

   .                

  Zn   Co   O             

       .          

  %5  %10     wt%3/2  wt%2/7 

                     

 .  Zn      %0 %5  

%10       wt%81  wt%2/79  wt%4/74 

                    

         Zn 

 . 

                      

TEM     .        6      

           %5       

                      

      ºC600     .        

                 

            .     

                       

  .      nm55       

                     XRD 

  .  

  

  
 6-  TEM  ZnO    %5  

4-   

     ZnO          Co-ZnO    

                  

         .    XRD    

                        

                       

     Co2+      ZnO          

     .      TEM         

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


     

 

  7     2    1397  25  

 

        %5               

nm55     .     FTIR         

                cm-13434       

     OH       

           .          

UV-DRS                   

                        

     eV88/2        %10 

                

       .           

                         

         .  

  

[1] S. Jurablu, M. Farahmandjou, and T.P. 
Firoozabadi, “Multiple-layered structure 

of obelisk-shaped crystalline nano-ZnO 

prepared by sol–gel route,” Journal of 

Theoretical and Applied Physics, vol. 9, 

pp. 261–266, 2015. 

[2] M. Farahmandjou, and F. Soflaee, 

“Polymer-Mediated Synthesis of Iron 

Oxide (Fe2O3) Nanorods,” Chinese 

Journal of Physics, vol. 53, pp. 080801-

080809, 2015. 

[3] M. Farahmandjou and F. Soflaee, 

“Synthesis and characterization of -

Fe2O3 nanoparticles by simple co-

precipitation method,” Physical 

Chemistry Research, vol. 3, pp. 193-198, 

2015. 

[4] M. Zarinkamar and M. Farahmandjou and 

T.P. Firoozabadi, “Diethylene Glycol-

Mediated Synthesis of Nano-Sized Ceria 

(CeO2) Catalyst,” Journal of 

Nanostructures, vol. 6, pp. 114-118, 2016. 

[5] M. Farahmandjou, “Magnetocrystalline 

properties of Iron-Platinum (L10-FePt) 

nanoparticles through phase transition,” 

Iranian Journal of Physics Research, vol. 

16, pp. 1-5, 2016. 

[6] M. Farahmandjou, and P. Khalili, 

“Morphology Study of anatase nano-TiO2 

for Self-cleaning Coating,” International 

of Journal of Fundamental Physical 

Sciences, vol. 3, pp. 54-56, 2013. 

[7] M. Farahmandjou, and M. Ramazani, 

“Fabrication and Characterization of 

Rutile TiO2 Nanocrystals by Water 

Soluble Precursor,” Physical Chemistry 

Research, vol. 3, pp. 293-298, 2015. 

[8] S. Shadrokh, M. Farahmandjou, and T.P. 

Firozabadi, “Fabrication and 

Characterization of Nanoporous Co 

Oxide (Co3O4) Prepared by Simple Sol-

gel Synthesis,” Physical Chemistry 

Research, pp. 4, pp. 153-160, 2016. 

[9] M. Farahmandjou, S. Honarbakhsha and 

S. Behrouziniab, “PVP-Assisted 

Synthesis of Cobalt Ferrite (CoFe2O4) 

Nanorods,” Physical Chemistry 

Research, vol. 4, pp. 655-662, 2016. 

[10] M. Dastpak, M. Farahmandjou, and T.P. 

Firoozabadi, “Synthesis and Preparation 

of Magnetic Fe-Doped CeO2 

Nanoparticles Prepared by Simple Sol-

Gel Method,” Journal of 

Superconductivity and Novel Magnetism, 

vol. 29, pp. 2925-2929, 2016. 

[11] M. Farahmandjou, “Synthesis of ITO 

Nanoparticles Prepared by Degradation 

of Sulfide Method,” Chinese Physics 

Letter, vol. 29, pp. 077306-077309, 2012. 

[12] M. Farahmandjou and N. Golabiyan, 

“Synthesis and characterization of 

Alumina (Al2O3) nanoparticles prepared 

by simple sol-gel method,” International 

Journal of Bio-Inorganic Hybrid 

Nanomaterials, vol. 5, pp. 73-77, 2016. 

[13] M. Farahmandjou, “Synthesis and 

Structural Study of L10- FePt 

nanoparticles,” Turkish. Journal of 

Engineering and Environmental 

Sciences, vol. 34, pp. 265-270, 2014. 

[14] B. Khoshnevisan, M.B. Marami and 

M. Farahmandjou, “Fe
3+

-Doped 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


   ) (          ...  

 

26    7     2    1397  

 

Anatase TiO2 Study Prepared by New 
Sol-Gel Precursors. Chinese Physics 
Letters, vol. 35, pp. 027501-027505, 
2018. 

[15] M.B. Marami, B. Khoshnevisan and 
M. Farahmandjou, “Solgel Synthesis 

of Fe-doped TiO2 Nanocrystals,” 
Journal of electronic Materials, vol. 
47, pp. 3741-3749, 2018. 

[16] Jafari, S. Khademi, M. Farahmandjou, 
“Nano-crystalline Ce-doped TiO2 

Powders: Sol-gel Synthesis and 

Optoelectronic Properties,” Material 
Research Express, vol. 5, pp. 095008-
095017, 2018. 

[17] M. Farahmandjou, S. Honarbakhsh, 
and S. Behrouzinia, “FeCo Nanorods 

Preparation Using New Chemical 

Synthesis,” Journal of 
Superconductivity and Novel 
Magnetism, vol. 31, pp. 4147–4152, 
l2018.  

[18] M. Farahmandjou, and P. Khalili, 
“Study of Nano SiO2/TiO2 

Superhydrophobic Self-Cleaning 

Surface Produced by Sol-Gel,” 
Australian Journal of Basic and 
Applied Sciences, vol. 7, pp. 462-465, 
2013. 

[19] M. Farahmandjou, and M. Dastpak, “Fe-

Loaded CeO2 Nanosized Prepared by 

Simple Co-Precipitation Route,” Physical 
Chemistry Research, vol. 6, pp. 713-720, 
2018. 

[20] M. Farahamndjou, “The study of electro-

optical properties of nanocomposite ITO 

thin films prepared by e-beam 

evaporation,” Revista Mexica de Física, 
vol. 59, pp. 205-207, 2013. 

[21] Khodadadi, M. Farahmandjou and M. 
Yaghoubi, “Investigation on synthesis 

and characterization of Fe-doped Al2O3 

nanocrystals by new sol–gel precursors”, 
Material Research Express, vol. 6, pp. 
025029-025038, 2019.  

[22] S. Jurablu, M. Farahmandjou, and T.P. 
Firoozabadi, “Multiple-layered structure 

of obelisk-shaped crystalline nano-ZnO 

prepared by sol–gel route,” Journal of 
Theoretical and Applied Physics, vol. 9, 
pp. 261–266, 2015.  

[23] S. Doke, K. Sonawane, A. Banerjee and 
S. Mahamuni, “Evidence of various 

stabilizing mechanisms in ferromagnetic 

Co doped ZnO nanocrystals,” Journal of 
Alloys and Compounds, Vol. 729, pp. 
947-954, 2017.

[24] E. Abdeltwab, and F.A. Taher, “Polar 

and nonpolar self-assembled Codoped 

ZnO thin films: structural and magnetic 

study,” Thin Solid Films, vol. 636, pp. 
200-206, 2017.

[25] S. Jurablu, M. Farahmandjou and T.P. 
Firoozabadi, “Multiple-layered structure 

of obelisk-shaped crystalline nano-ZnO 

prepared by solgel route,” Journal of 
Theoretical and Applied Physics, vol. 9, 
pp. 261-266, 2015. 

[26] S. Jurablu, M. Farahmandjou and T.P. 
Firoozabadi, “Sol-Gel Synthesis of Zinc 

Oxide (ZnO) Nanoparticles: Study of 

Structural and Optical Properties,” 
Journal of Sciences, Islamic Republic of 
Iran, vol. 26, pp. 281-285, 2015.

[27] Z.H. Wu, H.Q. Xie and Y.B. Zhai, 
“Preparation and thermoelectric 

properties of Co-doped ZnO synthesized 

by sol-gel,” Journal of Nano 
Nanotechnology, vol. 15, pp. 3147-3150, 
2015. 

[28] D. Sharma, and R. Jha, “Structural and 

optical properties of Co-doped ZnO 

nano-ampoules synthesized by co-

precipitation method,” Material Letters, 
vol. 190, pp. 9-12, 2017. 

[29] V. Strelchuk, O. Kolomys and S. Rarata, 
“Raman submicron spatial mapping of 

individual Mn-doped ZnO nanorods,” 
Nanoscale Research Letters, vol. 12, pp. 
351-356, 2017. 

[30] J. Chauhan, N. Shrivastav, A. Dugaya, D. 
Pandey and J. Nanomed, “Synthesis and 

characterization of Ni and Cu doped 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html


     

 

  7     2    1397  27  

 

ZnO,” Nanotechnology, vol. 8, pp. 

1000429-1000436, 2017. 

[31] M.F. Khouzani, Z. Fereshteh, M.R. 

Loghman-Estarki, and R.S. Razavi, 

“Different morphologies of ZnO 

nanostructures via polymeric complex 

sol-gel method: synthesis and 

characterization,” Journal of Sol-Gel 

Science and Technology, vol. 64, pp.193-

199, 2012. 

[32] S. A. Ansari, A. Nisar, B. Fatma, W. 

Khan, and A.H. Naqvi, “Investigation on 

structural, optical and dielectric 

properties of Co doped ZnO 

nanoparticles synthesized by gel-

combustion route,”  Material Science 

Engineering B, vol. 177, pp. 428-435, 

2012. 

[33] M. Naeem, S.K. Hasanain, M. 

Kobayashi, Y. Ishida, A. Fujimori, S. 

Buzby and S.I. Shah, “Effect of reducing 

atmosphere on the magnetism of 

Zn1 xCoxO (0 x  0.10) nanoparticles, 

Nanotechnology, vol. 17, pp. 2675–2680, 

2016. 

[34] N. M. Basith, J. Judith Vijaya, L. John 

Kennedy, M. Bououdina, S. Jenefar, and 

V. Kaviyarasan, “Co-Doped ZnO 

Nanoparticles: Structural, Morphological, 

Optical, Magnetic and Antibacterial 

Studies”, Journal of Materials Science & 

Technology, vol. 30, pp. 1108-1117, 

2014.  

[35] F. Akhtari, S. Zorriasatein, M. 

Farahmandjou, and S.M, Elahi, 

“Structural, optical, thermoelectrical, and 

magnetic study of Zn1-xCoxO (0  x  

0.10) nanocrystals,” International Journal 

of Applied Ceramic Technology, vol. 15, 

pp. 723-733, 2018. 

[36] F. Akhtari, S. Zorriasatein, M. 

Farahmandjou, and S.M. Elahi, 

“Synthesis and optical properties of Co
2+

-

doped ZnO Network prepared by new 

precursors,” Material Research Express, 

vol. 5, pp. 065015-065024, 2018. 

[37] S. B. Rana, P. Slngh, A. K. Sharma, and 

H. A. W. Carbonari, Dogra AR, 

“Synthesis and characterization of pure 

and doped ZnO nanoparticles,” Journal 

of Optoelectronic and Advanced 

Materials. vol. 12, pp. 257-261, 2010. 

[38] P. Scherrer, “Bestimmung der Grosse 

und der Inneren Struktur von 

Kolloidteilchen Mittels Rontgenstrahlen, 

Nachrichten von der Gesellschaft der 

Wissenschaften,” Gottingen. 

Mathematisch-Physikalische Klasse, vol. 

2, pp. 98-100, 1918. 

[39] R. D. Shannon, “Revised effective ionic 

radii and systematic studies of 

interatomie distances in halides and 

chaleogenides,” Acta Crystallogr A, vol. 

32, pp. 751-767, 1976. 

[40] M. Farahmandjou and N. Golabiyan, 

“Solution combustion preparation of 

nano-Al2O3: synthesis and 

characterization”, Transp. Phenom. 

Nano. Micro. Scales, vol. 3, pp. 100-105, 

2015. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.6
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-0

8-
15

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.2.6.2
http://ijcse.ir/article-1-608-en.html
http://www.tcpdf.org

