
d-, f- &

 
   

      
          d-  

Mn, Co, Ag, 
 d d d       
 Zn (3dCd (4dHg (5d       

dIIB 
 d     
 d     s      p

 
     
 n – 1)d1-10 ns1–2 n 
  
 n – 1)d1-10 ns1–2

n – 1)d1-10 ns2

 CrCu
 [Ar]4s13d5

  [Ar]4s13d10

      
 d

        
       
 [Ar] 4s23d1

[Ar] 4s23d10

d 


 d10      
 d10

(n–1) d1–10 ns1–2 [Ag – 4d105s1]
 Co2+ , Mn2+ 
 Co2+[Ar] 4s0 3d7

Mn2+[Ar] 4s0 3d5

 Mn2+Fe2+ 
 Mn2+[Ar] 4s0 3d5
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Fe2+[Ar] 4s0 3d6

Mn2+    d        Mn2+

Fe2+     
     
             Cu+ 

([Ar]s0 3d10) d 
   
 n - 1 d ns 

        
  Sc      
 [Ar] 4s23d1. 

  
 Ni, Cu, Zn M3+
 (i) Ni [Ar] 4s23d8

Ni+2 [Ar] 4s03d8

Ni+2 Ni
Ni+3  
(ii) Cu [Ar] 4s13d10

Cu+ [Ar] 4s03d10

3d10  3d10Cu+3
(iii) Zn [Ar] 4s23d10

Zn+2 [Ar] 4s03d10

3d10 Zn+2
 d4 Cr2+ Mn3+ 
 Cr+2Cr+d4 d3d3

t2g Mn+3Mn+2d5 
Cr+2Mn+3

 Cr, Mo, W Cr (VI) Mo (VI), W
(VI)   

 Mo(VI), W(VI) Cr (VI) Cr (VI)
 MoO3 WO3

 M3+/M2+Mn Fe
  

 M3+/M2+   Mn    Fe     
   d     Mn     
d5 d4

     
   ns  n – 1)d  

 
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   3d   
  3d        

   
 s         
             




    3d    
     

 3d   
        
      

        
      
     d       

      
 Mn, Ni, Zn E0 
 Mn, Ni, Zn E0  

Mn+2 dd
            E0

 

   3d  2 /E M M  

        2 /E M M        

 0
hyd H  

 CuII, CuF2, CuCl2, CuBr2 CuI2 
 CuII, CuF2, CuCl2, CuBr2 CuI2 Cu+2 I– I2

 
22 4Cu I    2 2 2Cu I I

 Mn MnF4 Mn2O7 
 

Mn MnF4 Mn2O7

  
  MnF4 Mn +4 MnO–

4


 Zn+2  Mn2+    
 Zn+2 [Ar] 4s0 3d10


Mn+2  [Ar] 4s0 3d5 
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  
     spin only)

     ( 2)n n BM  

n   
 Fe2+      
 Fe2+[Ar] 4s0 3d6

n = 4

    ( 2)n n BM  

  4(4 2)

  24 4.9BM MB

 
  

 Cu+  
2Cu+   Cu+2   +   Cu

 
 Cu2+ Zn2+ 
 Cu2+ [Ar] 4s0 3d9 Cu+


Zn+[Ar] 4s0 3d10 Zn2+ 


   
  

     
 [Co(NH3)6]3+, [Fe(CN)6]4–

        
        

 
   
 d 

    
           

           
 
  SO2  SO3   V2O5   


2 5V O

720K,2bar
2 2 22SO (g) O (g) 2SO (g) 
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  
  SO2 SO3  V2O5  

2 5V O
720K,2bar

2 2 22SO (g) O (g) 2SO (g) 

 NH3  Fe  


2 3 2 2 3Fe O /K OandAl O

     700K, 200atm
2 2 3N (g) 3H (g) 2NH (g) 

 
               

  Cu; 10 – 25%
Sn

      
             

     
   
     

 Mn2O7 
CrO3 V2O5  
V2O5    VO–3

4VO+
4


   pH   
 K2Cr2O7  pH K2CrO4 

Cr2O7
–2 + 2OH–   2CrO4

–2 + H2O

 
              

  
 VO4

–3 V
CrO4

–2   
  

 
          

          


 
             

          4f   
    
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     
             

 


  Mischmetal  
     ~  ~S, C, Ca, Al

  
Mg–

 
 ThLr

 M+3  
   
 

           

  [Co(NH3)6]3+, [Fe(CN)6]4–

 
 


    

 double salt
              

             
   
  KCl.MgCl2.6H2O

       
            

 
 
 

 Cl–, Br–, SCN– 
 
 CN–, I–, Cl–

 NH3, H2O

 CoCl3 AgNO3 AgCl 
 CoCl3 AgNO3 AgCl 

3 3 3 33 ( ) 3AgNO CoCl Co NO AgCl   
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            
         
 C2O4

–2, CO3
–2

 CuSO4.5H2O CuSO4 
 CuSO4.5H2O CuSO4 

CuSO4  
 FeSO4 (NH4)2SO4 Fe2+ 

     CuSO4      Cu2+ 
  

 FeSO4 (NH4)2SO4 FeSO4 (NH4)2SO46H2O
 Fe+2 
  CuSO4       [Cu(NH3)4]SO4

Cu+2 
       

1) [Cr(C2O4)3]3– 2) [Co(NH3)3Cl3]

  [Cr(C2O4)3]3     
 [Co(NH3)3Cl3]     

 KCN  
 KCN II

4KCN


  +  CuSO4
   K2[Cu(CN)4]  +  K2SO4

 [Cr(NH3)6]3+     [Ni(CN)4]2–    
 [Cr(NH3)6]3+

[Ni(CN)4]2+  
 [Ni(H2O)6]2+      [Ni(CN)4]2–    
 [Ni(H2O)6]2+ H2O      Ni+2   

d-d 
 
[Ni(CN)4]2– CN– Ni+2 or  
 d-d  [Ni(CN)4]2–   

 [Fe(CN)4]2–, [Fe(H2O)6]2+      
 Fe 3d6. 

H2O         CN–   
   

 
K[Co(CO)4], 2) [Co(NH3)6]3+ 

  K[Co(CO)4] : 1 + x + 4(0) = 0 , x = – 1

2)  [Co(NH3)6]3+  : x + 6(0) = +3, x = + 3.
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  

 3d 4d, 5d 


3d 4d, 5d 
        

 3d, 4d 4d, 5d 


 3d d4d 5d
  
 5d    4f     5d
  4f          
    

 [Ni(CO)4], [Fe(CO)5] Ni, Fe 
 [Ni(CO)4], [Fe(CO)5]Ni, Fe 
         
   dd 

d  d 
      d   
             
  

 I–, S2O8
2– III 

         
I–, S2O8

2– III  
32 2
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    
      

   
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
 
     
     

     
 dn–1

   
    
    
    
  
   
   

 
 Cr3+  Cu+ Co2+ Mn2+

  Cr3+ 0 3[ ]4 3Ar s d

 Cu+ 0 10[ ]4 3Ar s d

 Co2+  0 7[ ]4 3Ar s d

 Mn2+ 0 5[ ]4 3Ar s d
 d 3d3, 3d5, 3d8, 3d4


. oxidation

3d3  :  Vanadium (3d34s2) :    +2, +3, +4 and +5.
3d5  :  Chromium (3d54s1) :    +3, +4 and +6.
3d5  :  Manganese (3d54s2) :   (+2, +4, +6, +7).
3d8  :  Coballt (3d74s2) :  +2, +3 () (Co belongs to 9 group)
3d4  :  

 
           

         
             
           
4ff
           
 

              
      

         
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 d     d       d
d   
Hf (Z = 72), Zr (Z = 40) AR, IR0.144 nm, 0.145 nm
   

  LaLu  
 
 d  

Mn–  

 S  

  P 
  
 


4FeCr2O4 + 8Na2CO3 + 7O2   8Na2CrO4 + 2Fe2O3 + 8CO2

 
 Na2Cr2O7  

2Na2CrO + 2H+   Na2Cr2O7 + 2Na+   + H2O



2Na2Cr2O7 + 2KCl   K2Cr2O7 + 2NaCl

            

 II H2S Sn(II)

  

Cr2O7
–2 + 14H+ + 6e–   2Cr+3 + 7H2O (E0 = 1.33 V)

 
  K2Cr2O7 I– I2

Cr2O7
–2 + 14H+ + 6I–   2Cr+3 + 3I2 + 7H2O

  K2Cr2O7 , Fe2+   Fe+3 

Cr2O7
–2 + 14H+ + 6Fe+2   2Cr+3 + 6Fe+3 + 7H2O

 K2Cr2O7 H2S  

Cr2O7
–2 + 8H+ + 3H2S   3Cr+3 + 3S + 7H2O

    
   (KMnO4)  MnO2     KNO3  

  KMnO4        
K2MnO4  

2MnO2 + 4KOH + O2 3KNO  2K2MnO4 + 2H2O

3MnO4
2– + 4H+  2MnO–

4 +MnO2 + 2H2O
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3K2MnO4 + 2H2SO4  2KMnO4 +2K2SO4 + MnO2  + 2H2O

 
       MnO–2

4    MnO4
– + e– 

 
        

 (II)  SO2 
  

 KMnO4 

MnO–
4 + 8H+ + 5e–   Mn+2 + 4H2O

  

5Fe+2 + MnO4
– + 8H+    Mn+2 + 4H2O + 5Fe+3

 SO2SO4
–2

5SO2 + 2MnO4
– + 2H2O   2Mn+2 + 4H+ + 5SO4

–2

 CO2

5C2O4
2– + 2MnO4

– + 16H+   2Mn+2 + 8H2O + 10CO2

 Cu+, Sc3+, Mn2+, Fe2+  
 d   

Cu+ = [Ar] 3d10  
Sc+3 = [Ar] 3d0  
Mn+2 = [Ar] 3d5  
Fe+2 = [Ar] 3d5  
Sc+3 Cu+3d0 3d10     
  Mn+2 Fe+2         d
 

    
    

21Sc+2 3d1

22Ti+2 3d2

23V+2 3d3

24Cr+2 3d4

25Mn+2 3d5

 4s Cr+2 4s 3d
         Mn+2   Sc+2

Mn+2 Mn+2 d 
   Ce3+       spin-

only 
 Ce (Z = 58) = [Xe] 4f15d16s2
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Ce+3 = [Xe] 4f1 

Ce+3      ( ) ( 2)n n  

1(1 2) 3  

1.732 BM

 Ti2+, V2+ Cr3+, n2+    3d      
3d 

   3d   3d 

i) Ti2+ 3d2 2

(ii) V2+ 3d3 3

(iii) Cr3+ 3d3 3

(iv) Mn2+ 3d5 5

       
       

       
     

  
       
   
           
     CoCl3, (Co+3; 3Cl–) 
Co  
             
 
   CoCl3, 6NH3         
   
  CuSO4. 4NH3 Cu SO4

2–  NH3

    

    
      
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  COCl3.6NH3

Co(III) IIICl
    NH3   
  CoCl3.5NH3 :
Co(III) III Cl
    NH3   

     
 [Co(NH3)6]3+ [Ni(CO)4] [Pt Cl4]2–  [Fe(CN)6]4–

  [Co(NH3)6]3+    
 [Ni(CO)4]  
 [Pt Cl4]2–  
 [Fe(CN)6]4–    

   
  

               
Cl–, CN–, Br–, SCN–



  
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  
      
   [Co(NH3)6]+3

            
           
   
  [Co(NH3)6]Cl3 Co  

                
    

 
    



           
  C2O4

–2


          
  C2O4

–2

             
  NO2

–, CN–

    
            

   

     
 [Ni(CO)4]  [Co(NH3)6]3+  [Fe(CN)6]4–  [Fe(C2O4)3]3–

  [Ni(CO)4]  [Co(NH3)6]3+

x + 4(0) = 0 x + 6(–1) = –4
x = 0 x = +2

Ni Fe
 [Fe(CN)6]4–  [Fe(C2O4)3]3–

x + 6(0) = +3 x + 3(–2) = –3

x = +3 x = + 3

Co  Fe 
 IUPAC      

II  [Zn(OH)4]–2
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 III  [Co(NH3)6]2 (SO4)3

 II  K2[PdCl4]

 III  K3 [Cr(C2O4)3]

 IUPAC    
 [Co(NH3)6]Cl3  [Pt(NH3)2Cl(NH2CH3)]Cl  [Ti(H2O)6]3+ [NiCl4]2–

  III
 II
 III
 II

        
    

      
 
[MX2L2] [X, L ]x 
 

[MAB XL] (A, B, X, L 
   
[MX2L4]      X    


[Co(NH3)3 NO2)3]  [Ma3b3]        
          
   fac       
 mer
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      
 

[Co(NH3)6]3+.  
   
 [Co(NH3)4Cl2]+.



    
        
      
       
       

  
     
          
             
   
            
d-d d-d     
         
 
 Fe  

V2O5  
Ni  

        
I– + S2O8

–2  III  
32 2

2 8 2 42 2FeI S O I SO
    

 
3 2

22 2 2Fe I Fe I    

3 2 3 2
2 8 42 2 2Fe S O Fe SO     

            

www.sa
ks

hie
du

ca
tio

n.c
om



   II)SO2 
    (KMnO4)  MnO2     KNO3  

    KMnO4         
 K2MnO4          
       

2MnO2 + 4KOH + O2 3KNO  2K2MnO4 + 2H2O

3MnO4
2– + 4H+  2MnO–

4 +MnO2 + 2H2O

3K2MnO4 + 2H2SO4  2KMnO4 +2K2SO4 + MnO2  + 2H2O



                 MnO–2
4    MnO4

– + e–

           
KMnO4 

MnO–
4 + 8H+ + 5e–   Mn+2 + 4H2O

      
5Fe+2 + MnO4

– + 8H+    Mn+2 + 4H2O + 5Fe+3

 SO2  SO4
–2  

5SO2 + 2MnO4
– + 2H2O   2Mn+2 + 4H+ + 5SO4

–2

      CO2   

5C2O4
2– + 2MnO4

– + 16H+   2Mn+2 + 8H2O + 10CO2

       
                 



            
      

[Xe]54 4f1–14 5d0–1 6s2 [Rn]86 5f1–14 6d0–1 7s2

        
 
 

        
       
     
       
   
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     
 

    2 2
2 2, ,UO PuO UO   


   

 
d4Cr2+  III
II
           
  d1   

  Cr+3/Cr+2  E0    V Mn+3/Mn+2  E0   
VCr+2   Cr+3    Mn+3  
 Mn+2      Cr+3    t2g Mn+2   
3d5 d-

Cr+2 


 + 24+ 
  2Cr+3 


+  H2

 Co (III) Co(II)         
Co(II) Co(III) 
 d1         d0    
d1 d0 

        
           

                   
            

           
MnO(Mn+2) Mn2O7(Mn+7) 

            
          

 
  

 [CrO4]–2 Cr[MnO4]– Mn 
   IUPAC     
 IUPAC            

    UIPAC  
     
   II K4[Fe(CN)6]
            
   
          prefix
    
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  
      

         
  
  
  
  
  

  [Co(NH2CH2CH2NH2)Cl2] Cl   III 
       

 [PtCl2 (NH3)2]   II
              


 Cl–   CN– 
 

     
H2O 
NH3 
CO 
NO 

  
  [Ag(NH3)2] [Ag(CN)2]  I I 
     ate 
 [Co(SCN)4]2–  II
   
Fe  Pb  Sn 

Ag  Au 
             
              
Prefix 


   
 
  [(NH3)4 Co(OH)(NH2)Co(NH3)4]+        IV 

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  IUPAC    
II  [Zn(OH)4]-2

 III  [Co(NH3)6]2 (SO4)3

 II  K2[PdCl4]

 III  K3[Cr(C2O4)3]
         
    

  
  
    
     
   

    
        
        
a i   
      
 
[MX2L2] [X, L]x  
 

[MAB XL] (A, B, X, L 
   
[MX2L4]      X    


Co(NH3)4NO2)3]   [Ma3b3]        
          
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   fac       
 mer


         

 [Fe(CN)6]4–  [FeF6]3–  [Co(C2O4)3]3– [CoF6]3-

 [Fe(CN)6]4– Fe, Fe2+ 
Fe = [Ar] 4s2 3d6

Fe+2 = [Ar] 4s0 3d6

CN– CN–3d


   n – 1d 
       
 [FeF6]3–       Fe           

Fe+3 –4 [Ar] 4s0 3d5

F           3d


nd

 [Co(C2O4)3]3– Co 

Co+3 = [Ar] 4s0 3d6

Co3+ = 3d6 4s0
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 3d 3d
  

(n–1)

 [Cof6]3– Co+3   

Co+3 = [Ar] 4s0 3d6

F– F– 

           nd 
 

  d  

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