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( COORDINATION COMPOUNDS )

:

A
iii
iiiivvvi
viiB

( Nomenclature of inorganic molecules and complex compounds - A. Simple inorganic
molecules - multiplying affixes, structural affixes (i) cations - mono atomic, homopoly atomic (ii)
anions - mono atomic, homopoly atomic, hetero polyatomic (iii) radicals (iv) isopolyanions (v)
heteropolyanions (vi) salts and salt like compounds (vii) addition compounds. B. Complex
compounds ).

:

         


             
( radical ) 


( evaporate ) 
(i)  (ii) 


  

 :

 KCl. Mg Cl
2
. 6H

2
O

 FeSO
4
. (NH

4
)

2
SO

4
.6H

2
O

(Mohr's salt)

 K
2
SO

4
. Al

2
(SO

4
)

3
. 24 H

2
O



1.2  






 

K
4
[ Fe (CN)

6
] ( Fe2+ )  ( C

–
N ) 

 [ Fe (CN)
6
]4-

K+ [ Fe (CN)
6
]4-

K
4
[ Fe (CN)

6
]  4K+ + [ Fe (CN)

6
]4-.

 ( Nomenclature of simple inorganic

molecules) :

        
            
          
 H

2
O, H

2
SO

4
, NaOH 

         
  

         

          
 ( International union of pure and applied chemistry, IUPAC system ) 




  




       





Tl (I
3
)

3




1.3 

 Structural affixes 




   

sym 

asym 

Closo Cyclo 

Nido  

Cis  
 

Trans  
 






  

I)  :




 

 (I)  Ag+

 (I)  Na+

 (II)  Ca2+

 (III)  Al3+
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II)  :




 

 (II) [O
2
]+

 (II) [Hg
2
]2+

III)  :

 (I) NH
+

4

  


 

  - Hg
2
Cl

2
.

  - HgCl
2
.

 - FeCl
2
.

 - FeCl
3
.

 :

I)  :

 

 (I) Cl–

 (I) H
–

 (II) S
– –

II)  :




 (I-) I
–

3

 (I-)  N
–

3
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III)  :

 

 OH–

 NH–
2

       


  SO2–
3

  NO–
2

  NO–
3

   ClO–
3

   ClO–
2

   HCO–
3

  CO–
3

–



 H
2
SO

4

 H
2
S

2
O

3

 Na
2
SO

4

 Na
2
S

2
O

3

IV)  :



 CN–

 NC–

 :
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 K+ NO–
3

 N
+

aC
–
l

 K
+

2
SO

2–

4

 Na+
3
PO

3–

4

 Mg2+ SO
2–

4

 Fe3+
2

(SO
2–

4
)

3

 Mn
2+

SO
2–

4

:



 KHSO
4

 NaHCO
3

:

 H
2
O, NH

3




FeSO
4
. (NH

4
)

2
SO

4
. 6H

2
O 

Mg SO
4
. 7 H

2
O 

AlCl
3
. 4C

2
H

5
OH  

CuSO
4
. 5H

2
O 

:

  ( identities )       



Fe2+ CN–K+

[Fe(CN)
6
]
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K
4
[ Fe (CN)

6
]  4K+ + [ Fe (CN)

6
]4-.

           



 ( Definition of the terms ) :

 :

          
            
d

     

K [ Ag (CN)
2
]– Ag+

K
4
[ Fe(CN)

6
]4– Fe2+

[ Ni (NH
3
)

6
]Cl

2
Ni2+

 :


 C,N, S   
           
           
           
           
bridge ligands  


  

CH2 CH2

NH2
NH2

C OO

C OO

2-
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( Coordination number ) :



 

[ Ni (NH
3
)

6
]2+ 6

[ Ag(CN)
2
]– 2

[ Cu(H
2
O)

4
]2+ 4

             

 

( Coordination sphere ) :

    


( Oxidation number ) :





[ Co (NH
3
)

6
]3+ Co +3 Ni(CO)

4
Ni 

         
 [ Cu (NH

3
)

4
]2+  (+2) 

(+2)

( Nomenclature of coordination

compounds or complex compounds ) :

 IUPAC 

1)    


[ Ni (NH
3
)

6
]Cl

3
(II) 

[ Cr (NH
3
)

6
] (NO

3
)

3
 (III) 
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[ Co(NH
3
)

3
(NO

2
)

3
] (III)

[ Pt(NH
3
)

2
Cl

4
]  (IV)

2)   Coordination sphere ) :


            


C
6
H

5
N - 

NH
2
. CH

2
. CH

2
. NH

2
- 

H
2
O - 

NH
3

- 

NO - 

CO - 

3)  ( O ) .

C
–
l - 

B
–
r - 

NO
–

2
- 

SO
2–

4
- 

CH
3

CO
–

O - 

C
–
N - 

C
2
O

2–

4
- 

CO
2–

3
- 

ON
–

O - 

O
–

H - 

NH
–

2
- 

NH2- - 
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NO
+

2
- 

NO+ - 

NH
2
.NH

+

3
- 



i) 

ii) 

iii) 

4)  


bistris tetrakis 


[ Cr (en)
3
] Cl

3
-  (III) 

5) 


Ca
2

[ Fe(CN)
6
] -  (II)

K
3

[ Co(NO
2
)

6
] -  (III)

6) 


[ Fe(H
2
O)

6
]SO

4
-  (II) 

[ Cr(H
2
O)

4
Cl

2
]Cl -  (III) 

7) 
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 :

i)

OH

OH

Fe Fe(H2O)4 (H2O)4 (SO4)2

  -  (III) 

ii)

(NO3)4

NO 2

NH2

CO CO(NH3)4 (NH3)4

  -  -  -  (III) 

8) 
           


K
3

[ Co(NCS)
6
] -  - N -  (III)

9) ( abbreviations ) 

 ' en' 

10)          

d +dextro forml – laevoform
 

 :

K
3

[ Fe (CN)
5
CO] -  (II)

[ Pt Cl
2
(NH

3
)

2
] -  (II)

[ Ag(NH
3
)

2
] Cl -  (I)

[ Co (NH
3
)

6
]Cl

3
-  (III) 

[ Cr (en)
3
]Cl

3
-  (III) 

[ Co (NH
3
)

2
(H

2
O)

2
(Br)

2
]Cl -  (III) 
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( Model Questions ) :

1.  IUPAC 

i) [ Cu (NH
3
)

4
]SO

4

ii) [ Co (NH
3
)

5
H

2
O]Cl

3

iii) [ Co (en)
2
Cl

2
] Br

iv) K
3

[ Fe (CN)
6
]

v) K
2

[ Ni Cl
4
]

vi) [ Co (NH
3
)

4
Cl

2
] Br

2. 

i)  (II)

ii)  (III) 

iii)  (II)

iv)  (I)

v)  (III) 
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( COORDINATION COMPOUNDS )

:

          


d
- d
      - d- d     




( Complex compounds, werner's theory - postulates, experimental evidences. Sidwick's
theory - calculation of E.A.N.; limitations. Metal complexes - valence bond theory - postulates,
gemotries of coordition number 4 - tetrahedral and square planar and 6 - octahedral. Limitations ;
crystal field theory - splitting of d - orbitals in octahedral, tetrahedral and square planar complexes.
Crystal field stabilization energy ( elementary treatment - diagrams only). Magnetic properties of
transition metal complexes - Types of magnetic behavior, spin only formula, calculation of magnetic
moments, Electronic spectra of metal complexes - d- d transitions, spectro chemical series.
Determination of composition of complexes, Job's method and mole ratio method, stability constants,
factors affecting stability of complexes ).

Werner's Coordination Theory ) :

 

          
( Werner ) 


 ( Postulates of werner's theory ) :

  

1)        ( primary valency )

( secondary valency ). 
        



2.2  

PtCl
4

; CoCl
3

; CuSO
4

, AgCl,  Pt, Co, Cu, Ag

    

 



          




2) 
     (IV) ;  (III)       (II)


3)  
 [ ] 

        


4)       (directed towards

fixed positions in space )    
 

Cu

H3N NH3

NH3H3N

   


( octahedron ) 
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Au
+

Cl

Cl
+

Cl
+

Cl

 

     (Experimental evedence for Werner's

theory):
 CoCl

3
. 6NH

3
 [ Co (NH

3
)

6
] Cl

3
(III) 

Co

NH3

H3N

H3N NH3

NH3H3N

 


 Ag NO

3


(III)
(6 NH

3
)

Co

H3N
NH3

NH3

H3N

NH3

NH3

Cl

Cl

Cl

Co

NH3

H3N

H3N NH3

NH3H3N

Cl3

[Co (NH
3
)

6
] Cl

3

   (III) 
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[Co (NH
3
)

6
] Cl

3  [Co (NH
3
)

6
]3+ + 3C

–

l

CoCl
3
. 5 NH

3
:

  


Co

H3N
NH3

NH3

H3N

NH3
Cl

Cl

Cl

Co

Cl

H3N

H3N NH3

NH3H3N

Cl2

[Co (NH
3
)

5
Cl ] Cl

2

           
           
Ag NO

3


[Co (NH
3
)

5
Cl ] Cl

2  [Co (NH
3
)

5
Cl ]2+ + 2C

–

l

      [Co (NH
3
)

5
Cl ]2+   



CoCl
3
. 4NH

3
. 

 

Co

H3N
NH3

H3N
NH3

Cl

Cl

Cl

Co

Cl

H3N

H3N NH3

NH3H3N

Cl

[Co (NH
3
)

4
Cl

2
] Cl
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CoCl

3
. 3NH

3
. [Co (NH

3
)

3
Cl

3
]

Co

H3N
NH3

H3N
Cl

Cl

Cl

[Co (NH
3
)

3
Cl

3
]

Pt Cl
4
        

 

 NH
3
PtCl

4
   

     Cryoscopic   electrical

conductance


 molar

conductance 
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1) 

2) 



2.7 

( Sidwick's theory -

calculation of EAN, limitations) :

          
  




  
  

 ( Effective atomic number )  :


      (EAN)     
          


(EAN)

Co

NH3

NH3

NH3

NH3

NH3

NH3

3+

Hexammine cobalt (III) ion ; [Co (NH
3
)

6
]3+

 :

[Co (NH
3
)

6
]3+ 

Co  = 27



2.8  

Co3+= 27-3 = 24

 = 2

6 NH
3
= 2 x 6 = 12

 Co3+ = 24 + 12 = 36

36 ( Krypton ) 




EAN 

( Limitations of sidwick theory ) :

1)           


2) H
2
O ; NH

3
2 S2




3) 

4) 

5) 

6) 




2.9 

( Modern theories ) :


        


   :     Linus Pauling   
 


Postulates ) :

1) d - 

d - 

2) 
  s, p ,d 






   

2 sp [ Ag(NH
3
)

2
]+



3 sp2 [ Hg I
3
] –

 

4 sp3 Ni (Co)
4



4 dsp2 or sp2 d [ Pt (NH
3
)

4
]2+
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4 dsp3 or sp3 d Fe (Co)
5



4 d2sp3 or sp3 d2 [ Co (NH
3
)

6
]3+



3)  (n-1)d nd 
(n-1) d 
 nd  


4) d 

5)  ( diamagnetic ) 
 ( paramagnetic )



6)  

7) ( Hund's rule ) 
 

 :

:

 :

(n-1)d, ns  np 
( reduced paramagnetism ) ( low spin)

 ( spin paired ) 



2.11 

1) [Cr (NH
3
)

6
]3+   :

 = [ Ar] 3d5 4s1.

 = +3

Cr3+ = [ Ar ] 3d3




3d 4s 4p

Cr3+ 

 3d, 4s 4p d2 sp3 
NH

3


[Cr (NH
3
)

6
]3+ xx xx xx xx xx xx

 = d2sp3

= ( Octahedral ) (  d  )

 = 3

 = 

 [Cr (CN)
6
]3-  [Cr (H

2
O)

6
]3+

2) [Co (NH
3
)

6
]3+   :

(  27)


3d 4s 4p

Co3+

[Co (NH
3
)

6
]3+ xx xx xx xx xx xx

Co3+ dd 




2.12  

 = d2sp3

 = 

 = 0

 =  

3)   [ Fe (CN)
6
]4  :

Fe (  26)

3d 4s 4p

 Fe2+

d  3d

  


3d 4s 4p

Fe2+

[Fe (CN)
6
]4– xx xx xx xx xx xx

 = d2sp3

 = 

 = 0

 = 

 [ Co(NH
3
)

5
H

2
O]3+ ; [Co (CN)

6
]3- ; [Co (NO

3
)

6
]3– ; [Fe (H

2
O)

6
]2+ 

( Outer orbital complexes ) :

 s,p,d   (n) 




2.13 

 :

[ Co F
6

]3-   :

Co 
3d 4s 4p 4d

(  27)

Co3+ 

4s, 4p  4d  SP3d2 
(F–)  [ Co F

6
]3– 

[ Co F
6
]3– xx xx xx xx xx xx

3d 4s 4p 4d

 = sp3d2

 = d 

 = 4

= 

 [ Fe(NH
3
)

6
]2+ ; [Fe (H

2
O)

6
]3+ ; [Fe F

6
]3– ; [Zn (NH

3
)

6
]2+ etc.

( Tetrahedral complexes ) :

sp3 

[Zn (NH
3
)

4
]2+ :

Zn 
3d 4s 4p

(  30)

Zn2+

 4s 4p    sp3   NH
3
  

 [Zn (NH
3
)

4
]2+ 

[Zn (NH
3
)

4
]2+ xx xx xx xx



2.14  

 = sp3

 = 

 = 0

 = 

[ Ni (Co)
4

] :

[ Ni (Co)
4

] 


Ni
3d 4s 4p

(  28)

 (co) 4s 
3d 4s 4s  4p sp3 
Co [Ni (Co)

4
]

Ni 
3d 4s 4p

 

[Ni (Co)
4
] xx xx xx xx

 = sp3

 = 

 = 0

 = 

 [ Zn Cl
4

]2- ; [ Cu Cl
4
]3– ; [ Mn Cl

4
]2– ; [ Fe Cl

4
]– ; [ Ni Cl

4
]2–etc.

( Square planar complexes ) :

[ Ni (CN)
4
]2–   :

Ni 
3d 4s 4p

( 28)

Ni2+ 



2.15 

Ni2+  sp3 d 
 
        CN

–
   3d



Ni2+ 

( )

 3d,  4s   4p    dsp2  
CN

–
 [ Ni (CN)

4
]2–

[ Ni (CN)
4

]2– xx xx xxxx

 = d sp2

 = 

 = 0

= 

[ Cu (NH
3
)

4
]2–  :

   3d

 4p 


3d 4s 4p

( 29)

Cu2+ 

Cu2+  }

sp3         

xx xx xx xx

(sp3 )

 3 d 

Cu2+   }

dsp2        

xx xx xx xx

(dsp2 )



2.16  

 4p 

Cu (II) dsp2 x 

= dsp2

 = 

 = 1

 = 

 [ PtCl
4

]2–

:

1) 

2) 

3) 

4) Cu (II) , Ti (II) 


5) 

6)      ( labile ) 


( Crystal field theory ) :

( H. Bethe )  ( Van vleck )







  d 
d 
dxy ; dxz , dyz xy ; xz, yz 
 t

2
g  d dx2– y2  x, y, z dz2

 z -  eg



2.17 

d -  

   d -     
d d -

d -  
d-  d

-              
d 
 
              


d ( Crystal field splitting of d - orbitals in

octahedral complexes ) :

           
            
x, y, z, 
  dxy, dzx ,dyz 
       dz2 ; dx2 - y2    
d egt

2
g





2.18  

       

 ( state I)  d - 
  d         
d d (hypothetical

degeneracy ) d - d - 
 (III)   d - 
       d -    eg    t

2
g

 

  d -  



2.19 

eg  t
2
g   

10Dv  0 

eg  0 t
2
g  0 

 

( Spectro chemical series)

   

    
d
      d    

Spectro chemical series 

I – < Br – < Cl– < F– < H
2
O < Py = NH

3
< en < NO–

2
<< CN– < Co

 M2+ , M3+ 

Co, CN
–
 0  I – < Br – < H

2
O  0

        7000 cm-1  30000cm-1 
       t

2
g    t

2
g

 0.4 0 4Dv 

eg       0.6 0  6 D   

preferential
 ( gain in energy ) ( crystal field



2.20  

stabilisation energy ) 


d   :  t
2
g  

t
2
g orbitals

t2g eg
CFSE = 0.4 x 3 = 1.2 0

 ( paths ) d  
 :

i)         t
2
g  



4 t
2
g  CFSE = 0.4 x 4 = 1.6 0



ii)   ( Hund's rule )         

 CFSE 0.6 0 

4eg  CFSE = (0.4 x 3) - 0.6 0 = 0.6 0





     C.F.S.E 
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F–, H
2
O     0        

eg  ( high spin ) 
: [ Fe(H

2
O)

6
]2+

CN–, CO  0 

( high spin ) : [Fe(CN)
6
]4-

d( Splitting of d - orbitals in tetradhedral complexes):




d 

d - 

t
2
g (dxy, dyz and dzx) eg 

t
2
g eg 

  t    0    t 0

4

9
    . t  

d 
C.F.S.E.
          

 t
2
g  0.4 t   eg   

0.6 t 
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 ( splitting of d orbitals in tetragonal

and square planar complexes ) :

 Z -   


Z -              
 XY  d -  dx2 - y2 , dxy 


        

Z -  xz,yz dz2 , dzx

 dyz   Z -   
 dx2 - y2 ,dxy 

dz2, dzx , dyz          SP 



( Magnetic properties of transition

metal complexes) :


           
        




2.23 

 

  ( spin moment ) 
       ( orbital moment )   
 ( magnetic moments)    (BM) 


1BM =


eh

4 mc

= 9.27 x 10-21 erg gauss-1

e = 

h = 

m = 

c = 

         


     ( paramagnetic )    
(diamagnetic)          
  

         
  

Guoy balance, 
( high spin ) 

 V3+, Cu2+ 

  

 
  


Li+ ; Cu+ 

( Low spin ) 
           



2.24  

 
 

Fe, Co, Ni 

 

Spin only formula ; Calculation of magnetic moments :





  Sμ 

Sμ = 4s(s+1).BM

 spin only formula 

S =
n

2

n = 

Sμ = n (n+2).BM

         

   
(  ) 

0 0

1.73 1

2.83 2

3.87 3

4.90 4

5.92 5

  ( magnetic moment )      
spin only formula 
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- d-d ( Spectral properties - d-d electron

transitions ) :

        ( visible region ) 
( ultraviolet region ) (infrared region)

           

d-d 
           


t
2
g eg – d  (  ) 

  t
2
g 

eg  dx2 - y2 , dz2 dxy, dzx dyz 


i)  [ Ti (H
2
O)

6
]+  d d1 

 ( ground state )   t
2
g   5000 A°  

eg

       t
2
g eg   

d – d
 [ Ti (H

2
O)

6
]+ 



2.26  

ii)  (II) [ Co(H
2
O)

6
]2+ 



iii)  (III)  [ Co (NH
3
)

6
]3+ 

 
   30000cm-1        
 d 
 d          
d – d 
 

 ( Determination

of composition of complexes ) – Job's Method :

     ( spectrophotometric method )    


       

   



 (ml) 0 1 2 3 4 5 6 7 8 9

 (ml) 10 9 8 7 6 5 4 3 2 1

 (C
L
)  (C

M
)C

L
+ C

M


 C
L

: C
M


C
L

+ C
M

= C ----------- (1)

      



2.27 

( optical density ) ( absorbance )

( spectrophotometer ) 

 (x =
LC

C
) 

 LC

C




 MLn 

n =
L

M

C

C
---------- (2)

 (1)  c 

LC

C
+

MC

C
=

C

C
= 1 ---------- (3)

x =
LC

C
---------- (4)



x +
MC

C
= 1

MC

C
= 1 - x ---------- (5)

 ( 4)  (5) 

LC

C
x

M

C

C
=

x

1- x
---------- (6)

L

M

C

C
=

x

1- x



n =
x

1- x

n MLn, 



2.28  

( Limitations of Job's method ) :

i) 

ii) 

iii) n > 3 

iv) 

Stability of complexes - stability

constants) :

    


 

[ Ag (NH
3
)

2
]+  Ag++ 2NH

3

  

K =

+ 2
3

+
3 2

[Ag ] [ NH ]

[Ag(NH ) ]

K 

( dissociation constant )  K 
          

K ( reciprocal ) 
1

K


Stability constant 

= 
1

 ( Factors affecting the stability of

complexes):

1) ( Nature of the central metal ion ) :

        




2.29 

  (Fe3+)   (Fe2+) 
stability constant 
          


 : C
2+
u > N

2+

i > CO
2+

> Fe2+ > M
2+
n

 : 0.69 0.79 0.82 0.83 0.91

2)   ( Electronegativity of the central ion ) :

     
 

3)  ( Nature of the ligand ) :


   CN–, F– NH

3
    

           


F– > Cl – > Br – > I –

  

4)  ( Electronic configuration of the central metal ion ) :

(n-1) d 



5)   ( Effective atomic number of the metal ) :

EAN rule, EAN 


6)  ( Concentration ) :



[ Cu Cl
4
] 2–

4Cl-

x H2O
[ Cu (H

2
O)

x
] 2+

Yellow Blue



2.30  

7)    ( Temperature and pressure ) :




hydrates 

[ Co (NH
3
)

6
]Cl

3 175 - 180° [Co (NH
3
)

5
Cl]Cl

2
+ NH

3

 

Ag Hg [ Ag I
4
]

45°
Ag

2
[ Hg I

4
]

Red Yellow

H
2
O , NH

3




8)       ( Nature of the ion outside the

coordination sphere) :

CN–, SCN–, Cl–, Br–, C
2
O

2–

4
, NO

–

2
 

 NO
–

3
, ClO

–

4




9)  ( Steric hindrance ) :

( bulky group )  


10) ( Ring formation ) :

( chelate ) 
    


   NH
2

CH
2

. CH
2

NH
2
    

five membered ring 

CH2

CH2

NH2

NH2

CH2

CH2

NH2

NH2

Cu

  



2.31 

 ( Model Questions ) :

1. 

2.      
 

i) [ Ni (Co)
4

] = 28

ii) K
4

[ Fe (CN)
6
]4-  = 26

iii) [ Pd (NH
3
)

6
]4+  = 46

3. 

4.  

5. 

6. [ Co F
6
]3-    [ Co (NH

3
)

6
]3+    



7. a)  K
4

[ Fe (CN)
6
]4+ 



b) 

8.       


9.  

10. i) 

ii) EAN  

11. i) 

ii) 

12. 
 

13.  -

i) 



2.32  

ii) [ Ni (Co)
4
] [ Ni (CN)

4
]2– 

iii) K
4

[ Fe (CN)
6
] 

iv) 

14. ( Job's method ) 

15. 

16. 
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ISOMERISM IN COORDINATION COMPOUNDS

:





( Isomerism in coordination compounds - structural - ionisation, hydrate, linkage,
coordination, coordination position and polymerisation isomerism. Stereoisomerism -
Geometrical and optical isomerism).

:

 isomers ( Greek,

isos =  ; meros =  ). 


            
(stereoisomerism)



 ( structural isomerism ) :


 

( Ionisation isomerism ) :





 

[ Co(NH
3
)

5
SO

4
] Br  [ Co(NH

3
)

5
Br] SO

4

 

AgNO
3
Br

– BaCl
2
 S2–

O4
– 

AgBr  BaSO
4
SO2

4
–

Br
–   



3.2  

 -

i) [ Pt (NH
3
)

4
Cl

2
] Br

2
, [ Pt (NH

3
)

4
Br

2
] Cl

2

ii) [ Cr (H
2
O)

5
NO

3
] CO

3
,[ Cr (H

2
O)

5
CO

3
] NO

3

iii) [ Pt (NH
3
)

4
(OH)

2
] Cl

2
, [ Pt (NH

3
)

4
Cl

2
] (OH)

2

( Hydrate isomerism ) :

         


 - CrCl
3

. 6 H
2
O 

i) [Cr (H
2
O)

6
] Cl

3
- 

ii) [ Cr (H
2
O)

5
Cl] Cl

2
.H

2
O - 

iii) [ Cr (H
2
O)

4
Cl

2
] Cl.2H

2
O - 



 -

i) [ Co (en) (H
2
O)

3
Cl] Cl

2
. , [ Co (en) ( H

2
O)

2
Cl] Cl

2
.H

2
O

ii) [ Co (NH
3
)

4
(H

2
O) Cl] Cl

2
, [ Co (NH

3
)

4
Cl

2
] Cl.H

2
O

iii) [ Co (NH
3
)

3
(H

2
O)

2
Cl] Br

2
, [ Co (NH

3
)

3
(H

2
O) Cl. Br] Br.H

2
O

 ( Linkage or salt isomerism ) :




 (NO
–

2
), 



[ Cr (NH
3
)

5
NO

2
]3+III



3.3 

Co

NH3

NH3

NO2

NH3

NH3

NH3

2+

and
Co

NH3

NH3

ONO

NH3

NH3

NH3

2+

 

 (iii)  (iii) 

 -

i) [ Cr (H
2
O)

5
SCN]2+, [ Cr (H

2
O)

5
NCS ]2+

ii) [ (Co)
5

Mn - SCN], [(Co)
5

Mn - NCS ]

( Coordination isomerism ) :

          


 -

i) [ Co (NH
3
)

6
] [ Cr (CN)

6
] , [ Co (CN)

6
] [ Cr (NH

3
)

6
]

ii) [ Co (NH
3
)

6
] [ Cr (C

2
O

4
)

3
] , [ Co (C

2
O

4
)

3
] [ Cr (NH

3
)

6
]

iii) [ Co (en)
3

] [ Cr (CN)
6
] , [ Co (CN)

6
] [ Cr (en)

3
]

( Coordination position isomerism ) :

          


 -

OH

Co

OH

Co(NH3)4 (NH3)2Cl2 Cl2





3.4  

OH

Co

OH

CoCl. (NH3)3 (NH3)3 Cl Cl2



 ( Polymerisation isomerism ) :

            


 -

OH

Co

OH

Co OH( NH3)3 ( NH3)3

3+

OH

Co

OH

Co ( NH3)4

3+

3

( Stereoisomerism ) :

             

 

( Geometrical isomerism or Cis

- Trans isomerism ) :

  
 ( adjuscent)

        
          




3.5 

 


 :


 ( bent or angular )A ,B

 

 A – M – B  B – M – A



M

A B


M

AB

  

 :

         ( trigonal planar ) 
 ( pyramidal )

: H
3
O+, R

3
O+ 

  

 :

  Ma
4

; Ma
3
b,Mab

3


        
Ma

2
b

2
; Ma

2
bc , Mabcd 

  

  

Ma
2
b

2
     



3.6  

Pt (II) ; Pd (II) ; Ni(II) ; Cu (II) and Co (II) 

 [ Pt (NH
3
)

2
Cl

2
]  [ Pd (NH

3
)

2
( NO

3
)

2
].

  

[Pt (NH
3
)

2
Cl

2
]     

Ma
2
bc   

[ Pt abx
2
] , [ Pt a

2
xy ]

x , y C
–
l, Br–, I–, NO

–

3
 a, b  NH

3
, Py 



[ Ptax
2
]  [ Pta

2
xy]     

Mabcd  : Mabcd a, b,

c ,d ab  c  d 

 : [ Pt (NH
3
) (Py) (Cl) (Br) ]



3.7 

Br   Cl NH
3
  Py NH

3


NH
3

     

    : 

        :      
(octahedral )    Ma

6
, Ma

5
b , Mab

5
     

Ma
2
b

4
 Mb

2
a

4
 

 : [ Co (NH
3
)

4
Cl

2
]+

         



3.8  

[ Cr (NH
3
)

4
Cl

2
]+

The possible isomers are

     

[ Cr (NH
3
)

4
Cl

2
]+    

Ma
3
b

3


 (iii) ; [ Rh (Py)
3

(Cl)
3
]

   

M(aa)
2
b

2


 (iii)  ; [ Co (en)
2

Cl
2
]. 



             

 [M(ab)
3
] 





3.9 

 (iii) 

   

( NH
2

CH
2

COO
–

) 



Mabcdef 


( Optical isomerism ) :


( rotation ) 
 ( mirror images ) super imposable 
Plane polarised light

d ( dextro )l laevo
d - ; l - d ,l

enantiomers or enantiomorphs




3.10  

d ,l   recemic mixture  
 resolution

 :


     Ma

4
, Ma

3
b,     

Mabcd 
d , l 
Be(II) ; B(III) , Zn (II) 

(II)



 :

Ma
2
b

2
c

2
; Ma

2
b

2
cd ; Ma

2
bcde ; Mabcdef 



 [ M (aa) b
2
C

2
] ; M(aa)

2
b

2
] ; [

M(aa)
3
] and [ M (ab)

3
].

aa = 

ab = 

b c = 

( i ) [ M (aa) b
2
C

2
] 

 (III) [ Co(en) (NH
3
)

2
(Cl

2
]+



3.11 

     (III)    [ Co(en) (NH
3
)

2
(Cl

2
]+

(ii) M(aa)
2
b

2
] 




(III) [ Co (en)
2

Cl
2
]+ .

[ Co(en)
2

(Cl
2
]+  

(iii) [ M(aa)
3
] 



 (III)  ; [ Co (en)
3
]3+ .



3.12  

       (III)    [ Co(en)
3

]3+

(iv) [ M (ab)
3
] 




 (III)  ;

    

( Model Questions ) :

1.          


2. 



3.13 

3. [ Co (en)
2

Cl
2
]. 

4. 
 

5. 

i) 

ii) 

iii) 

6. 

7.  
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:

 
SN1 SN2 
   







 :



i) 

ii) 

iii) 

iv)  

v) 

vi) 

:

          


i) : 


eg : [ Co( NH
3
)

6
] Cl

3  [ Co( NH
3
)

6
]+3 + 3Cl–

 (iii) 



4.2  

K
2
[ pt Cl

4
]  [ pt Cl

4
]-2 + 2 K+



ii) : 


Ca CO
3 CaO + CO

2

NH
4
Cl NH

3
+ HCl

iii) : 

Cl
2

hCl
.

Cl
.
+ CH

4CH
3

Cl + H
.

b)  :

            
 

Cu SO
4

+ 4NH
3 [ Cu (NH

3
)

4
]SO

4

(ii) 

KCN + AgCN K [ Ag(CN)
2
]

 (i)

 :



a)  :




Ce+3 + Co+3 Co+2+ Ce+4

Fe+2 + Co+3 Fe+3+ Co+2

b)  :



 : [ Fe (CN)
6
]-3 [ Fe (CN)

6
]-4

[ Co(en)
3
]+3 [ Co(en)

3
]+2



4.3 

:

   H
2
O, NH

3
        



: [ Co( NH
3
)

6
] Cl

3

180 c [ Co( NH
3
)

5
Cl ] Cl

2
+ NH

3

Cr ( en)
3

Cl
3

210 c [ Cr( en)
2
Cl

2
] Cl + en

[ Co( NH
3
)

6
] Cl

2
 Co Cl

2
+ 6 NH

3

:

  
 

 

a)  :

 

 : i) n S
8  S S S S S S S S



ii) n S
2
N

2  (SN)
2n



b)  :

          


eg : i) 

P O

O

O
-

O P

O

O
-

P O

O

O
-

P

O

O
-



4.4  

ii) 

Si O

CH3

CH3

O Si

CH3

CH3

Si O

CH3

CH3

Si

CH3

CH3

: ( SN1  SN2 )

 ( L)  (y) 
(SN) 

MLn + y
        
    

MLn-1 y + L

  

i) SN1 

ii) SN2 

i) SN1  :



: MLn + y  MLn-1 y + L

  [ MLn]

 = K [ MLn]

 :

SN1  

 : MLn  MLn-1 + L 

: MLn-1 + y  MLn-1 y 



4.5 

 ( MLn) 


 
 MLn 

M

L

L

L

L

L

L

+ y  M

L
L

L

L

L

+ L + Y  M

L

Y

L

L

L

L

+ L



ii) SN2  : (  )



 : MLn + y  MLn-1 y + L

  [ MLn] [y]

 = K [ MLn] [y]

 :

SN2  

 : MLn + y  MLn y 



: MLn y  MLn-1 y + L 

MLn  Y 


M

L

L

L

L

L

L

+ y  M

L

L

L

L

L

L

Y  M

L

Y L

L

L

L

+ L







4.6  

iii) SN1  SN2  :

SN1  SN2 

1.  1. 
  

2.  2. 

3.  = K [ MLn] 3.  = K [ MLn] [ y ]

4.  4. 
 

 :



i) 

ii) 

i)  :

 

298k 0.1 M 


: [ Ni ( CN)
4
]-2     t 1/2 = 30

 [ Ni ( CN)
4
]-2 

 

ii)  :



: [ Cr( CN)
6
]3– t 1/2 = 24 





4.7 

 :

i)  :



 : [ Al F
6
]3- > [ Si F

6
]2- > [ PF

6
]–

ii)  :



: [ PF
6
]–  P+5 +4Si [ Si F

6
]2-

 

iii)  :



 : [ Sr ( H
2
O)

6
]2+ > [ Ca ( H

2
O)

6
]2+ > [ Mg ( H

2
O)

6
]2+

iv) :



 : [ Mg ( H
2
O)

6
]2+ 

 [Ca ( H
2
O)

6
]2+ 

v)  :

   


: [ Na ( H
2
O)

6
]+ > [ Mg ( H

2
O)

6
]2+ > [ Al ( H

2
O)

6
]3+ .

    

      
[ Al ( H

2
O)

6
]3+  [ Na ( H

2
O)

6
]+ [ Al ( H

2
O)

6
]3+ 



vi)  :



 : [ Al ( H
2
O)

6
]3+ .  Al+3 0.5A° . [ Mg ( H

2
O)

6
]2+ Mg+2 0.6A°

[ Al ( H
2
O)

6
]+3



4.8  

vii)  :




viii )  :



 :        
  

 :

 

i )  :

R
3

Si X + H
2
O  R

3
Si OH + HX

 :

Ph
3
SiCl SN2 

 

 :

Cl–, Br – 



–

OH + Si

R1 R2

R3

X  Si

R1 R2

R3

XOH X Si

R1

R2

R3

OH



X = F
–
, 



4.9 

ii ) :

            
  HCl  
 HCl 

Si

Cl Cl

ClCl


2H O
2 O

H

H

Si

Cl

Cl

ClCl

O

H

H

-2HCl SiOH

Cl

OH

Cl


2H O

2

O

HH

Si

Cl

Cl

OHOH

O

H H

-2HCl SiOH

OH

OH

OH

 




–

OH +
Si

X
X

X

X

OH Si

X

X

OH

X

X

X
Si

X
X

OH

X

3 OH

Si

OH
OH

OH

OH



4.10  

iii )  :

Si F
6

–2




 :

P(v) 


 :

SN2 

: 

Me(i - pro) POF + H
2
O Y

Me(i - pro) PO(OH) + HF

  [ Me(i - pro) POF ] [ Y ]

  

Me(i - pro) POF + Y
– 

Me(i - pro) POY + F–



  

Me(i - pro) P OY + H
2
O


Me(i - pro) PO(OH) + HY

 :



Cl – > F–



 :






4.11 

P

CH3

O

O

Cl

i pro

Et O P

CH3
O

O

Cl

i pro

Et O Cl P

CH3

O

O

Et O

i pro



 :

1. 

2. 

3. 

4. 

5. SN1  SN2 

6. 

a) 

b) 

  M.Sc., Ph.D.
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:

 HSAB 



:



a) 

b) 

c) 

d) 

e) 

f) 

a)  :

 ( a) 





i) 

ii) 

iii) 

: H
+
, Li

+
, Na

+
, K

+
, Be

+2
, Mg

+2
, Ca

+2
, Ba

+2
, Sr

+2
, Al

+3
, BF

3
, AlCl

3
, SO

3
etc.

b)  :

( b) 



5.2  



i)  

ii) 

iii) 

: Pb
+2

, Cd
+2

, Cu
+
, Ag

+
, B

2
H

6
, l

2
, Br

2
etc.

c)  :



 : Fe
+2

, Co
+2

, Ni
+2

, R
3
C

+
, SO

2
etc.

 :

 

1.  1. 
 

2.  2. 

 : Cl
+7

, I
+7

,I
+5

 : pb
+2

, Cu
+
, Ag

+

3.    3. 

4.  4. 

5.  5. 

d)  : ()

 

: H
2
O, NH

3
,

–
OH, F

–
, Cl

–



i) 

ii) 

iii) 

iv) 



5.3 

e)  : ()



: l
–
, SCN

–
, R

3
P, R

3
As, CN

–
, CO, C

2
H

4
, R

–



i) 

ii) 

iii) 

iv) 

f)  :



 : C
6
H

5
NH

2
, , N2, Br

–
, NO

2

–
, etc.

 :

 

1.  1. 
   

2.  2. 

3.  3. 

4.  4. 

5.    5. 

6.  6. 

( pearson)  : ( HSAB )

HSAB :

HSAB hard and soft acids and bases 

HSAB 
 



5.4  

 :

HSAB 


  +     +     
+    +        


 :

HSAB          


R
3
N > R

3
P

R
2
O > R

2
S

F– > Cl– > Br– > I–



 :

HSAB 
  

R
3
P > R

3
N

R
2
S > R

2
O

I– > Br– >Cl– > F–



 :

1. 

2. 

3. 



5.5 

HSAB  :

a)  :

i)  : HSAB 
A B AB 

A + :B  A : B

  
 

AB 

AB A B 

 : i) [ Ag I
2
]– [ AgF

2
]– 

Ag+  I– HSAB 


Ag+ + 2 I–  [ Ag I
2
]–

  
 

Ag+  F– HSAB 
 [ AgF

2
]– 

Ag+ + 2 F–  [ AgF
2
]–

  
 

 : ii) [ Co F
6
]–3  [ Co I

6
]–3 

Co+3  F–  HSAB 


Co+3 + 6 F–  [ CoF
6
]–3

  
 



5.6  

Co+3  I – HSAB 


Co+3 + 6 I–  [ CoI
6
]–3

  
 

ii)  :

1) 
 

2) 


 : [ Co (NH
3
)

5
F]+2  [ Co (NH

3
)

5
I]+2 

[ Co (NH
3
)

5
F]+2  NH

3
 F– 

[ Co (NH
3
)

5
I]+2 NH

3
 I– 

b)  :

HSAB 
 

 : i) Li I + Cs F  Li F + Cs I

   
 

Li+  Cs+  I–  F– HSAB 
Li F Cs I 

ii) Hg F
2

+ Be I
2  Hg I

2
+ Be F

2

   
 

Hg+2   Be+2   F–   I–  HSAB  
  Hg I

2
  Be F

2
 





5.7 

iii) Ca S + H
2
O  CaO + H

2
S

    


HSAB  CaO 

iv) Cu I
2

+ 2 Cu F  Cu F
2

+ 2 Cu I

   
 

HSAB Cu F
2


CuI 

  :

1. HSAB 

2. 

3. Li+, Al+3, Cu+2, Fe+3, Au+.

4. H
–
, NH

3
, CH

3
COO

–

, CO, CO
3

-2

.

5. HSAB 

a) 

b) 

6. 

a) [ Ag I
2

]–  [ Ag F
2
]– 

b) [ Co(CN)
5
I ]3-  [ Co (CN)

5
F ]3-

  M.Sc., Ph.D.
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:

          

 Li, Mg, Al Cd .

:




 : R Li R Mg X

   

 :

a) 

 : CH
3

Li 

( CH
3
)

3
Al 

b) 

: C
2
H

5
Mg Br 

( C
2
H

5
)

2
Al Cl 

c) III, IV , V 

 : (CH
3
)

2
Al H 

(CH
3
)

2
Si Cl

2


 :



i) 

ii)  - 



6.2  

iii)  - 

iv) 

i)  :




:
Na

  

 : 
 

2 + Na


2 Na + H
2

 : 1) 

2) 

3) 

4) 

 : 


ii)  - :

  -     
  

: (CH
3
)

2
Zn Pb (C

2
H

5
)

4
C

2
H

5
Mg X

  



6.3 

 : 1) 

2) 

3) 

 : 

iii)  -  :

 d -   
  

 : 

Fe Cr

  

 : 1) 

2) 

3) 

 :   


iv)  :


 



6.4  

eg :

R

Al

R

RR

Al

R

R

CH3

Al

CH3

CH3CH3

Al

CH3

CH3

 Al
2
R

6
  

 : 1) 

2) 

3) 

:  M – C – M  Sp3 
 

 : ( R Li )

a)  :

i)   :  –10°c
  

RI + 2 Li
-10°c

 2R Li + 2 Li I

ii)     :        
 

R
2

Hg + 2 Li  2R Li + Hg

b)  :

i) 

ii) 

iii) C – M 



6.5 

c) : (  )

i)  : 

R Li + H
2
O RH + Li OH

ii) P-  :  P - 

C

H

OH + R Li


C

H

O
H

H

R

OH
Li


RCH

2
OH + Li OH

P- 

iii) S-  : 
S - 

C

H

OR + R Li


C

H

O
H

R

R

OH
Li


CHOH

R

R
+ Li OH

S - 

iv) T-  :  T - 

C

R

OR + R Li


C

R

O
H

R

R

OH
Li


C

R

OHR

R

+ Li OH

T - 



6.6  

:

v) CO
2
 :  CO

2


C OO + 2 R Li


C

O Li

O LiR

R


C

OH

OHR

R

+ 2 Li OH

- H2O

C

R

R
O

vi)  ,   : 

C

R

OCHCHR + R Li
1,2- OH

LiCHCHR C

R

O
H

R



C

R

OH

R

CHCHR + Li OH

 : ( R Mg X )

a)  :

i)  : 


R – X + Mg


R – Mg – X



6.7 



   

        

  

 : 


O
H5C2

H5C2

O

C2H5

C2H5

Mg

R

X

 :

i) 

ii) 



6.8  

b)  :

i) 

ii) 

iii)   

c) :

i)  : 

R – Mg – X + HOH  RH + Mg (OH) X



ii) P-  :  P - 

C

H

OH + R MgX


C

H

O
H

H

R

OH
Mg X


RCH

2
OH + Mg(OH)X

P- 

iii) S-  : 
S

C

H

OR + R MgX


C

H

O
H

R

R

OH
Mg X


CHOH

R

R
+ Mg(OH)X

S - 

iv) T- :  T - 

C

R

OR + R MgX


C

R

O
H

R

R

OH
Mg X


C

R

OHR

R

+Mg(OH)X

T - 



6.9 

v) CO
2
 : CO

2


C OO + R MgX


C O
H

O

R

OH
Mg X


RCOOH+ Mg(OH)X

Carboxylic acid

vi)  ,  : 

C

R

OCHCHR + R MgX
1,4- OH

Mg XCHCH C

R

O
H

R2



CHR2 CH C

R

OH+ Mg(OH)X

 : ( R
3
Al)

a)  :

i)  : (  )




2Al + 3 R
2
Hg

363 k
2 R

3
Al + 3Hg



2Al + 3 (C
6
H

5
)

2
Hg  2 (C

6
H

5
)

3
Al + 3Hg



ii) :

AlCl
3


CH
3

MgCl + AlCl
3  (CH

3
)

3
Al , (CH

3
)

2
Al Cl, CH

3
Al Cl

2

C
6
H

5
MgCl + AlCl

3  (C
6
H

5
)

3
Al , (C

6
H

5
)

2
Al Cl, C

6
H

5
Al Cl

2



6.10  

b)  :

i) 

ii) 


iii) 

iv) 

c) :

i)  : 

(C
2
H

5
)

2
O + Al (CH

3
)

3  [ (C
2
H

5
)

2
O  Al (CH

3
)

3
]

(C
2
H

5
)

2
O + Al (C

6
H

5
)

3  [ (C
2
H

5
)

2
O  Al (C

6
H

5
)

3
]

ii)  : 
.

n Al (CH
3
)

3
+ n R

2
NH [ R

2
N. Al(CH

3
)

2
]
n
+ n CH

4

n Al (C
6
H

5
)

3
+ n R

2
NH  [ R

2
N. Al(C

6
H

5
)

2
]
n
+ n C

6
H

6

iii) : 

Al (CH
3
)

3
+ :NH

3  [ H
3
N  Al(CH

3
)

3
]



Al (C
6
H

5
)

3
+ :NH

3 [ H
3
N  Al(C

6
H

5
)

3
]

iv)  : ( Ziegler - Natta catalysts )

  

R
3
Al + TiCl

3 

R

Ti

Cl

ClCl

Al

R

R



6.11 

d) :

        


CH3

Al

CH3

CH3CH3

Al

CH3

CH3

76°
261 pm

C6H5

Al

C6H5

C6H5C6H5

Al

H5C6

H5C6

77°
270 pm

Al
2

(CH
3
)

6
 Al

2
(C

6
H

5
)

3


 : ( R
2
cd)

a)  :

i)  :

          
 

Cd Cl
2
+ 2 R Mg X  Cd R

2
+ 2 Mg X Cl

ii)  :




Cd Cl
2
+ 2 Li R  Cd R

2
+ 2 Li Cl

b)  :

i) 

ii) 

iii) 

c) :

i)  : 


2 RCOCl + R
2
Cd  2 RCOR + Cd Cl

2





6.12  

ii)  ( Harward )   :    - COCl  -

COCH
3
.

2 R – COCl + (CH
3
)

2
Cd  2R – COCH

3
+ Cd Cl

2




iii)  :

R ( CH
2
)

X
OH

i) H Br
ii) Mg

iii) CdCl2
[ R ( CH

2
)

X
]
2

Cd
ClOC (CH2)Y COOC2H5



R (CH
2
)

X
CO (CH

2
)

Y
COOC

2
H

5

Zn/ Hg

HCl
R (CH

2
)

X
CH

2
(CH

2
)

Y
COOH

 :

1. 

2. 

3. 

4. 

5. 

6. 

7. 

i)  ii)  iii)  - 

8.  

  M.Sc., Ph.D.
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( BIOINORGANIC CHEMISTRY )

:

     Na, K, Mg, Cu, Zn, Cr, Mn, Co, Ni, Ca,




( Essential and trace elements, Biological significance of Na, K, Mg, Cu, Zn, Cr, Mn, Co, Ni,
Ca, C

–
l, Toxicity of Ag, Hg and Pb. Metalloporphyrins with emphasis on haemoglobin -

structure and function. Chlorophyll - structure and role in photosynthesis ).

:

           

           
C, H, O , N. 
( Essential elements )
( non - essential elements) 
 ( Macro elements )  ( Microelements ) 
mg
 ( C ),  (H),  (O),

 (N)NaK(Ca)  (Mg), Fe (P),  (S),

 (Cl), mg

CuZnMnMoCoIF–


 ( Biological significance of

sodium, potassium and chlorine ) :

NaCl 
           
 molasses 
fluids that are outside

the cell wallfluids inside the cell



7.2  

Functions) :

i) ( Maintenance of normal hydration

and osmotic pressure ) :




ii) ( Maintenance of normal acid - base equilibrium ) :


 (body fluids ) PH  


iii) ( Transport of carbon dioxide ) :

CO
2


iv)  ( Neuromuscular irritability ) :



 
+ +

2+ 2+ +

Na + K

Ca + Mg + H

v) ( Maintenance of viscosity of blood ) :



vi) ( In secretion of digestive fluids ) :

HCl 


vii)  







7.3 

( Biological significance of Zinc ) :

 ( yeast ) 
900  g/ 100 ml, 


 :

1) 


2) Insulin ) 

3) 

4) Cd, Pb, Cu, Fe, Ca Cd, Pb
 

:

 g 

( cyanocobalamine ) B
12


 ( bone marrow )  B
12





 :

15 - 20 mg/



 :

i) ( Carrier of oxygen ) :



ii)  ( Oxygen supply to muscles ) :

( Myoglobin ) 

iii)  ( Relation with cell nucleus ) :



7.4  

 

iv)    ( Oxidation in nerve cells) :




v)  ( Development of R.B.Cs ) :



vi)  ( In biological oxidation ) :

( cytochromes )  ( catalase ), 
(peroxidase ) 

( Biological significance of cadmium ) :



           


( Biological significance of copper ) :

      


 ( ascorbate oxidase)

(cytochrome oxidase)  (dopamine hydroxylase) 
       (ceruloplasmin)    
( tyrosinase )  ( pigmentation ) 

( Accumulation ) ( wilson's disease )

EDTA 

( Biological significance of Manganese) :

          





7.5 

( Biological significance of Chromium ) :

   (III)   
  

(II) (II) Biological significance

of mangnesium (II) and Calcium (II) ) :

  (II)     (II)    
(II) teethapatite
 fluoro apatite
(II) 

( Toxicity of Arsenic, Mercury and Lead):


     3mg  0.3 mg

0.4 to 0.5 mg  
 ( – SH) 



 ( Toxicity of Arsenic ) :


 

        

 

 ( chemotherapeutic )  






          






7.6  

i)  ( dimercaprol ) 

ii) ( Heamodialysis )

iii) ( Prophylatic antibiotic therapy )


 


NaO As = O +
CH

CH3

CH

CH2OH

HS

HS

CH

CH3

CH

CH2OH

S

S

NaOAs

  

( Toxicity of lead ) :




            




abdominal pain


( Toxicity of Mercury ) :

          
  ( preservatives );  ( spermicides )   ( diuretics )






7.7 


          
           
D 

colitis stomatitis



 ( Metallo porphyrins ) :


 (–CH

2
–) C

12
H

14
N

4


CH CH

CHCH

N
H



0
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Fe, Co, Ni, Zn, Mn, Mg, Cu , Ag
        

          


  ( Haemoglobin ) :

          


Fe2+  
   


(tetramer)

             
( Fe2+ ) 
            
Fe2+     (H

2
O)     

          


     
( CN of Fe is 4 ) ( CN of Fe is 6 )


            
 Fe2+ 0.61A° 0.78 A°. 
 Fe2+         0.7 - 0.8 A°  
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C

C

N

C

C

CH3 CH

CH2

CHC

N

CCCH3

C
H2

C
H2

OOC

CH

CH C

C

N

C

C

CH3
CH2

CH2

COO

CH

CH C

N

C C CH3

C
H

CH2

CH

Fe
2+
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( Functions of haemoglobin ) :



i.e( muscles ) 
     ( myoglobin )      
          




     Co
2
   

HCO
–

3
 H+ 

Co
2
+ H

2
O  HCO

–

3
+ H+

CO2 H+       
O

2


CO      CO    CO 
   CO     


          


HbCO + O
2 HbO

2
+ CO

PH 


HCO
–

3 H+ + C
2-
O

3
 PH 7.36 - 7.42 

 ( Chlorophyll ) :






 a - b.  -a   - 

ba 
a 4300 A0 6800 A0  -b,

6800 A0 



7.11 

 - a

 - b

 ( porphyrin ) 
 



  :

 



7.12  

  ( by product )  

 H

2
O , CO

2
 

  

CO
2

+ H
2
O




C

6
H

12
O

6
+ 6O

2

  

nm             a 
 NADPH + H+ nm

b

ATP  CO

2




 ( Model Questions) :

1.  

2. 

3. 

4. 

5.            


6. 

7. 

8. 

9. 


 


 



II III

 - 1



:


          






:

IUPAC 


 

 :  IUPAC 

CH
3
NO

2


CH
3
CH

2
NO

2


CH
3
CH

2
CH

2
NO

2
1- 

NO2



CH3

NO 2

O-

NO 2

NO 2

m- 



1.2  

:

 

a) P-  :



 : CH
3
CH

2
CH

2
NO

2
1-  ( 1°-)

(CH
3
)

2
CHCH

2
NO

2
2 - -1-  ( 1°-)

b) S  :



Ex :
CH3 CH CH3

NO2

CH3 CH CH2

NO2

CH3

2- ( 2°-) 2- ( 2°-)

c) T  :



Ex : CH3 C NO2

CH3

CH3

2 - -2-  ( 3°-)

:

– NO
2


R N
+

O

O
-

R N
+

O

O
-

R N

O

O }
 



1.3 

–NO
2
N – O 

121 pm. N – O  N=O     


:

 (1°-)   (2°-) 


 : 1. 

CH2 N
+

O

O
-

H

CH2 N
+

OH

O
-

I II

 

 I 

2. 

C6H5CH N
+

OH

O
-

CH N
+

O

O
-

H

H5C6

 
 

 :

a)  :

400°c 

R – H + HONO
2

400 c RNO
2

+ H
2
O



1.4  

b)  :

          


R – Br + AgNO
2  RNO

2
+ AgBr

1° - 

R
2
CHBr + AgNO

2  R
2
CHNO

2
+ AgBr

2° - 

c)  :

KMnO
4


R
3
CNH

2
+ 3(O) 4KMnOR

3
CNO

2
+ H

2
O

3° - 

 :

   (-NO
2
)  - I   -M    

      -      
    -          
  

a)  :

            


C

H

H

NO2R + Br
2

NaOH C

Br

H

NO2R
Br2

NaOH
C

Br

Br

NO2R

R
2
CHNO

2
+ Br

2
NaOHR

2
C

Br

NO2+ NaBr

R
3
CNO

2
+ Br

2
NaOH

  - 



1.5 

b)  :

i) P -  :

NaOH 


R – CH
2
NO

2
+ HONO  CHNO2R

NO

+ H
2
O

1° -  

C N
+

O

O
-

R

H

NO

C N
+

OH

O
-

R

NO



NaOH

C N
+

ONa

O
-

R




ii) S  :

NaOH 
 

R
2
CHNO

2
+ HONO

2

-H O
2R

2
CNO2

NO

NaOH

iii) T  :



R
3
CNO

2
+ HONO

2  



1.6  

:



NaOH H
2
SO

4




C N
+

OH

O
-

R

H

NaOH C N
+

ONa

O
-

R

H

H SO
42 C OR

H

+
1

2
N

2
O + H

2
O

1° -   


R
2
C N

+

OH

O
-

NaOH R
2
C N

+

ONa

O
-

H SO
42 R

2
C = O +

1

2
N

2
O + H

2
O

2° -   


b)  :

  - 


R
2
CHNO

2
+ HCHO + R

|
NH

2
. HCl  C

NO2

R2 CH2 NH

R

. HCl + H
2
O

c)   :

 ,  - 

(CH
3
)

2
C = CHCOCH

3
+ [ CH

2
= NO

2
] Na

 


C2H5OH /

C2H5ONa



1.7 

(CH
3
)

2
C – CH

2
COCH

3

|
[ CH = NO

2
] Na

HCl

(CH
3
)

2
C – CH

2
COCH

3

|
CHNO

2

4,4 -  - 5-      

:

 

 :

   


- NO
2
 O-, m- , P- 

 :

NO 2



CH3

NO2

O-

NO2

O2N NO2

1,3,5 - 



1.8  

CH2NO2



:

 :

a) :

HNO
3
H

2
SO

4
50-60°c 

+ HONO
2

Conc. H2SO4

60°c

NO2

+ H
2
O

 :



   :

HNO
3

+ 2H
2
SO

4  NO
2
 + H

3
O+ + 2HS 4O

 N
2

O 

   :

NO2

NO2 NO2 NO2

NO2
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   :

NO2
H

HSO4

NO2

H2SO4

b)  :

NaNO
2


N2Cl

HBF4

- HCl

N2BF4

NaNO
2

NO2

+ NaBF
4
+ N

2

 :

i) 

ii) 

iii) 

:

 

N

O
-

O

N

O O

N

O
-

O
-

N

O
-

O
-

N

O
-

O
-
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 -NO

2
     

 -NO
2


 :

 -E, -M , -I 


 : 

NO2

HNO3/H2SO4

100°c

NO2

NO2

m - 

m -

NO2

AlCl
3

NO2

Cl

m - 

m - 

NO2

+ H
2
SO

4
(fuming ) 100°c

NO2

SO3H

:

a)  :

 Sn +HCl, Zn + HCl, SnCl
2

+ HCl 
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NO2

+ 6H Sn/HCl

NH2

+ 2H
2
O



b)  :

 Zn  +NH
4
Cl 

NO2

+ 2H
-H O

2

NO

6H

NHOH

+ 2H
2
O

 


c)  :

 Zn  +NaOH 

NO2

+ 2H
-H O

2

NO

2H

NHOH



C6H5NO

C6H5NHOH

 -H O
2

C6H5NO

C6H5N

2H

-H2O

C6H5N

C6H5N

  

2H



1.12  

C6H5NH

C6H5NH



d)  :



i) 

ii)  P


NO2

Conc. H2SO4



NHOH



NH2

OH

 P-

iii) 
 

 :

1. 
a)  b)  c) 

2.  

3.  

4.  

5. 

6. p- 

7. 

8. 

  M.Sc., Ph.D.
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:

 1°,2°,3° 




 
N-N,N-


 a)  b) c)  d)  e) 
 ( 1°,2°,3°  )
3° 

 :



a) IUPAC          
N-

b) 

N- 

c) 

d) 




2.2  

   IUPAC 

1. P-  CH
3
NH

2


2. S-  CH
3
NH CH

3
N- 

3. T- 
N

CH3

CH3 CH3

N,N-

4. 

NH2



5. 

NH2

CH3

N,N-

6. N-

NHCH3

N-

7.  C
6
H

5
NH C

6
H

5


8.  N

C6H5

C6H5C6H5


9.  CH
3

NH3Cl
-

N-

10. 

NH3 Cl

 



2.3 

 :

 

P-  : (1°-)

 
RNH

2


: CH
3
NH

2
CH

3
CH

2
NH

2

NH2

  

S-  : (2°-)

 
R

2
NH 

Ex : CH3 NH CH3

NHCH3

N - 
N - 

T -  : (3°-)


R

3
N 

Ex :
N

CH3

CH3 CH3

N(CH3)2

N, N -  N, N - 



2.4  

 :



 R4N X 

Ex :
N

CH3

CH3 CH3

CH3

X
–



 :  – NH
2


 :

CH2 CH2

NH2 NH2



 :  – NH
2


:

CH2

NH2

CH2 CH

NH2 NH2



 :

a)  : (  )

 100°c 

R X + HNH
2  RNH

2
+HX

1° - 

RNH
2
+ R – X  R

2
NH +HX

2° - 

R
2
NH + RX  R

3
N +HX

3° - 



2.5 

R
3
N + RX  R4N X



b)  :

 KOH      
N-HCl  P- 

NH

C

C

O

O

Alc.KOH NK

C

C

O

O

Rx NR

C

C

O

O

  N- 

20%HCl

RNH
2

+

COOH

COOH1° - 

c)  :

           
 

RCONH
2

+ Br
2

+ 4 KOH
 RNH

2
+ K

2
CO

3
+ 2KBr+ 2H

2
O

 :

1. 

2NaOH + Br
2 NaBr + NaBrO+ H

2
O



2.6  

2. N- 

C NH2R

O

C NHBrR

O

OHOBr

3. 1,2 - :

C N
-

R

O

BrC NHBrR

O

OH

- H2O
CN OR Br

1,2-shift

4.  :

OH
CNH O

-
R

O

Rearrangement
CN O

-
R

O H

CN OR

H2O
RNH2 + CO2

RNHCOOH

d)  :



CH
3
CONH

2
+ 4H

Li AlH4


CH

3
CH

2
NH

2
+ H

2
O

CONH2

+ 4H
Li AlH4



CH2NH2

+ H
2
O

 

e)  :

H
2
SO

4
P-

RCOOH + N
3
H

Conc.H SO
42RNH

2
+ CO

2
+ N

2



2.7 

 :

 :



 :

 

N

H

HH

R

O

H

N

H

HH

R

O

H



 :




N

H

H

R

N

H

H

R

N

H

H

R

1°- 

N

R

H

R

N

R

H

R

N

R

H

R

2°- 

N

R

R

R

3°- 



2.8  

          


 :

i)           :

a) 

O
–
H 

RNH
2

+ H
2
O R

+

NH
3

+
–
OH

1° - 

b)   :      + I  


R NH
2
> NH

3

c)   :   T    PS  


S -  > P-  > T-

d) 


R NH
2
> NH

3
> Ar NH

2



S-  > P-  > T-  > NH
3

> Ar- 

ii) N-  N, N-     :



 :   

N, N -  > N -  > 



2.9 

: N, N-  H 


N-  >  > N, N - 

 :




:

1- NaCN 


 :

         

  
 

 :

 Q+CN– + RCl


RCN + Q
+

Cl–

 ––– ––– II –– ––– ––– ––– ––– ––– ––– III ––– ––– –––

 Q
+
CN

–

+ Na
+
Cl–

I
Na

+
CN

–

+ Q
+
Cl–

 Q
+
= R

4
N
+

, 

I Q
+
CN

–

 II,  Q
+


(CN
–
)     RCl   RCN  Cl–   III  Cl–

  



2.10  

 :

a)  :

P- P–, S– , T– 

RNH
2
+ RBr  R

2
NH +HBr

1°-  2° - 

R
2
NH + HBr  R

3
N +HBr

3° - 

R
3
N + HBr  R4N Br



b)  :

P-  S- N -   
T - 

RNH
2
+ R

|
COCl RNHCOR

|
+HCl

R
2
NH + R

|
COCl R

2
NCOR

|
+HCl

R
3
NH + R

|
COCl 



NH2

+ ( CH
3

CO )
2
O CH COONa

3

NHCOCH 3

+ CH
3
COOH



c)  :

P-   KOH   


RNH
2
+ CHCl

3
+ 3KOH

 RNC + 3KCl + 3H
2
O





2.11 

d)  :


P-,S- T- 

R–NH
2
+ C

6
H

5
SO

2
Cl  RNHSO

2
C

6
H

5
+HCl

P -  P - 

R
2
NH + C

6
H

5
SO

2
Cl  R

2
NSO

2
C

6
H

5
+HCl

S -  S - 

R
3
N + C

6
H

5
SO

2
Cl 

 KOH   P-     
S  T-  T- 

P- , S- HCl 

e)  :

i) P -  :  P - 

RNH
2
+ HONO

2  ROH + N
2
+ H

2
O

 P - 

NH2

+ NaNO
2

+ 2HCl 0-5°c

N2Cl

+ NaCl + H
2
O

ii)    S-  .

S N

R
2
NH + HONO  R

2
N.NO + H

2
O

NHCH 3

+HONO 

N(NO)CH 3

+ H
2
O



2.12  

iii) T -  :

T -  N - 

R
3
N + HONO  R

2
N.NO + ROH

 T -  P - 

N(CH3)2

+HONO 

N(CH3)2

NO

+ 2H
2
O

 :

a)  :

– NH
2
      2,4,6 -    

 

NH2

+ 3 Br
2 

NH2

Br Br

Br

+ 3HBr

2,4,6- 

(Br+) 

b)  :

HNO
3
H

2
SO

4






2.13 

NH2

HNO3

H2SO4

NH2

NO2

+

NH2

NO2

– NH
2


 ( – N
+

H
3
).  – I 



NH2

+ H
+

NH3



 N
+
O

2


 :



i) P - 

R – NH
2

( )o
 RNHOH ( )o

 RNO ( )o
 RNO

2

ii) S - 

R
2
NH ( )o

 R
2
NOH

iii) T - 

R
3
N ( )o

 R
3
N
+

– O
–

3° 



(C
2
H

5
)

3
N ( )o

 (C
2
H

5
)

3
N
+

– O
–  (C

2
H

5
)

2
NOH + CH

2
= CH

2



2.14  

iv) 

NH2

H2CrO4



O

O

P-
()

 :

 P-  0-5°c 
 HCl .

NH2

+ NaNO
2

+ 2HCl 0-5°c

N2Cl

+ NaCl + 2H
2
O

 


 :

1. 

2. 

3. 

a) HNO
2

b) RCOCl

c) CHCl
3

+ KOH

4. 


5. 



2.15 

6. 

7. ( C
2
H

5
)

2
NH ( C

2
H

5
)

3
N 

8. 

9. 

  M.Sc., Ph.D.
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:

a) – OH, – X(Cl), b) 
c) ( –F ), d) – I, – CN, – NO

2
, –H  i) 

ii) 

:

         i) 
(ii)  (iii) 

(i) (ii)

     a)  b)   
c)  d) 

:

 :

 p -    
  273 k  HCl  
 


C
6
H

5
NH

2
+ HCl C

6
H

5

+

NH
3

C
–

l

NaNO
2

+ HCl NaCl + HNO
2

C
6
H

5

+

NH
3

C
–

l + HONO C
6
H

5
N

2
Cl + 2H

2
O



3.2  

 :

1.  :

O
+

H N O

H

OH N O + H+

 O
-

N O

ON N O

O

H2O +



2. N -  :

ON N O

O

Ar NH2 + N
+

H

Ar

H

N O O
-

N O

N- 

3. :

N
+

H

Ar N OHN
+

H

Ar

H

N O NAr N OH2
+H+

H+



-H2O

N
+

Ar N





3.3 

 :

a) –OH  :



N2Cl

+ HOH


OH

+ N
2

+ HCl

 

b) –x (Cl)  :

i)    :

CuCl 

N2Cl



CuCl

Cl

+ N
2

ii)   :

HCl 

N2Cl

Cu

HCl

Cl

+ N
2

c) – F : ( )






3.4  

N2Cl

HBF4

-HCl

N2BF4



F

+ N
2

+BF
3

d) – I :

KI

N2Cl

+ KI 

I

+ KCl + N
2

e) – CN  : ( )



N2Cl

+ CuCN 

CN

+ N
2

+ CuCl

f) – NO
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c
3 3

5. 

H

C C

H
H

Cl

a

b

c

3 3

6. 2-- 2-

CH3

C C

CH3
H

CH3

a

b c

d

4 4

7. 
CH4

a 1 1
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8. 

CH3

C O

CH3

a

a
1 1

9. 
CH2 CH2

a a 1 1

10. 

H

C C

CH3
H

H

a c

b d
4 4

11.  CH3 CH2 O CH2 CH3

a ab b
2 2

12. 

CH3

H

H

H

H

H
bc c

d d

a

4 4

 :

NMR 



( Chemical shift ) :

NMR  
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( Shielding effect ) :


    
     

  

( deshielding effect ) :

          
          
            
 


TMS :

TMS   
TMS TMS 
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TMS 

i) 

ii) .

iii) 


TMS 
  - TMS  - 

  =



HZ

TMS

 (TMS  10 ppm 

 = 10 - 

 :

 

 I

 ( CH3)4 Si

 P - CH3

S - CH3

 T - CH3



0.7 - 1.3

1.2 - 1.6

1.4 - 1.8

 II  1.6 - 2.2
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III



2.0 - 2.4

2.4 - 2.7

2.5 - 3.0

C CH3

O

CH3

C C H





 IV

X -CH3

 R -OH

 RO - CH3

2.5 - 4.0

2.5 - 5.0

3.3 - 4.5

V  4.5 - 6.5C C

H

 VI







6.5 - 8.0

9.7 - 10.0

11.0 - 12.0

C H

O

CH3

C OH

O

 :

 60 MHz50 Hz 90 MHz

    

a) 60 MHz  50 Hz  =
50 x 90

60

=75 MHz  90 MHz 
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b)  =


HZ

TMS
=

50 - 0

60
= 0.88 ppm

c)  = 10 -  = 10 - 0.88 = 9.12 ppm.

NMR :

NMR 


 CH3CH2 Br
a b



 NMR  ( CH
3
)

a ( triplet) CH
2
'b' ( Quartet ) 

 -

  NMR 
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N + 1  :


 N+1 N 

 : 1, 1 - CH
3

CH Cl
2
.

C

C H3

H Cl

Cl

2

1

C
1
C

2
CH

3
 (doublet)

N = 1 1+1=2 .

C
2
 C

1
     CH   

N =3 3+1 = 4.



   H    

  H  N+1

C

CH3

CH3 CH2

CH3

2 13
Br C

1
0 0 +1 = 1

( )

C
3

0 0 + =1

(  )

C2H
3

C1H Cl
2

C
1

3 3 + 1 = 4

(  )

C
2

1 1 + 1 = 2

( )

Cl C2H
2

C1H Cl
2

C
1

2 2 + 1 = 3

( )
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C
2

1 1 + 1 = 2

( )

C2H
3

C1H
2

Br C
1

3 3 +1 = 4

(  )

C
2

2 2 + 1 = 3

( )

 :

          
NMR 

 

1)  ( CH
3

CHCl
2
) CH

3
NMR

CH 

(CH
3
) 

a)   .

 

CH
3


b)    

 



 1: 1 

2) CH
3
CH

2
Br.

 (CH
2
)      ( CH

3
)  
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i)

ii)

iii)







1:2:1

( CH
3
) ( CH

2
)



i)

ii)

iii)

iv)



  

  



 1 : 3 : 3 : 1 

 ( 1 + x )n 

 n = 

 n = 1, ( 1 + x ) 1 = 1 + x = 1 : 1

 n = 2, ( 1 + x )2 = 1 + 2x + x2 = 1 : 2 :1

n = 3, ( 1 + x )3 = 1 + 3x2 + 3x + x3 = 1 : 3 : 3 :1
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1 

1 : 1 

1 : 2 :1 

1 : 3 : 3 :1 

1 : 4 : 6 : 4 : 1 

1 : 5 : 10 : 10 : 5 : 1 

 :

           
 J 


J 0 - 20 Hz 

     

C C

H

H
 2

C C

C

H

H  6

C C

HHa b

 7

( J ab = J ba)

C C

HH

 10
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C C

H

H

 15

|H NMR  :

i)  : CH3CH2 Br
a b

  ( )

a)  :

      nmr   


b) : ( )

1) - CH
3
- CH

2
- 

2) - CH
2

-  - CH
3


( J = 7 Hz) 

c)   :

1) 1.68  - CH
3


2) 3.4  - CH
2

-  - CH
2


.
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ii)  : CH3CH2 OH
a b C

 NMR 

a)  :

nmr 


b) : ( )

1) - CH
3
 - CH

2
- 

2) - OH  - CH
2

- 
- OH  - CH

2
- 

3) - CH
2

-  CH
3
    - OH   

(multiplet)  ( 3 +1 ) ( 1+ 1) = 8 
- CH

2
- CH

3


 3 +1 = 4 

c)   :

1) 1.18  - CH
3


2) 5.28  - OH H 
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3) 3.62   - CH
2
- CH

2


- OH 

iii) 
CH3 CHO
a b

NMR 

a)  :

 nmr 

b)  : ()

1) - CH
3
 - CHO 

2) - CHO - CH
3

- 

c)   :

1) 2.2  ( J = 8Hz) -CH
3




2) 9.85  - CHO Sp2>C = O
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iv) 1,1,2 - : CH Br2 CH2 Br
a b

PMR 

a)  :

1,1,2 -  nmr  
 

b)  : ()

1) - CH
2

Br - CH Br
2


2) - CH Br
2
 CH

2
Br 

c)   :

1) 4.2   ( J = 6 Hz) - CH
2

Br   - CH
2
  

 

2) 5.8 ( J = 6Hz) - CH Br
2
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v)
b

CH3 C O CH2 CH3

O
a c

PMR 

a)  :

 nmr 


b)  : ()

1) - CH
3

( c ) - CH
2
- 

2) - CH
3
a

3) - CH
2
- - CH

3


c)   :

1) 1.23 ( J = 7 Hz) - CH
3
(c) 



2) 1.97   - CH
3

(a)

 ( C

O

)

3) 4.06 ( J = 7Hz) - CH
2

- 
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vi) C6 H5 CH3

a b

PMR 

a)  :

 nmr 

b)  : ()

1) C
6
H

5


2) - CH
3


c)   :

1) 2.3  - CH
3




2) 7.2   5H       
   -      C

6
H

5
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vii)  :
C CH3

O
a

b

b

b c

c

PMR 

a)  :

nmr 

b)  : ()

1)  - CH
3
(a) 

2) (b)  (c) 


c)   :

1) 2.47  - CH
3
 C

O





2) 7.50  (b)
    -       
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3) 7.90  (c)  C = O



( Anisotropic effect ) :



 
 
 

 :

C

R

R

O



 

 


 :

1. nmr 

2. 

3. nmr 

4. 

5.  -

a) 

b) nmr T M S

c) 
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6. nmr

i) CH
3

– CH
2

– CH
2

– CH
3

ii) CH3 C

CH3

CH3

CH3

7. nmr  

i) CH
3

– O – CH
3
 CH

3
– CH

2
OH

ii) CH
3

COO C
2
H

5
 C

2
H

5
COOCH

3

8. nmr 

 C
10

H
14

i)   7.12 5H

ii)   2.45 2H

iii)   1.86 1H

iv)   0.86 6H

9. TMS nmr 

a) 

b) 

c) 

d) 

 M.Sc., Ph.D.
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( Chemical Kinetics)

:




       


( Introduction, Rate of a reaction, factors influencing the rate of a reaction – concentration,
temperature, pressure, solvent, light and catalyst. Concentration dependence of rates,
mathematical characteristics of simple chemical reactions - zero order, first order, second order,
pseudo first order, radio active decay as first order phenomena, half life and mean life.)

:





old bonds
        

instantaneous
           





 ( Veloctiy or Rate of reaction) :






1.2  

 =




 =








Zn + 2HCl  Zn Cl
2
+ H

2



  

 =




 =




( Determination of rate or velocity of a

reaction) :

  




1.3  

 

 (dt), (dx) 


dx

dt
.  t,   

(slope) ' t'  Q 


 

 X ,Y  R , P  Y 

dx X -  (dt) 
dx

dt
slope

of the tangent

r =
dx

dt



1.4  

Velocity Constant) :


  

A  B

A C ,
dx

dt


dx

dt
 C ( )

dx

dt
= K.C

K specific rate constant 

1 M 
 

dxdt 

K =
dx

dt

c
= 

3.1.4 ( Factors influencing the rate

of a reaction ) :











 



( Light radiations)



1.5  

1.  :

   (instantaneously)      



2 NO + O
2  2 NO

2

CH
4

+ 2 O
2 CO

2
+ 2 H

2
O



2.  :

          
  

3.  :

°c, 
       ( temperature coefficient ) 
10°c  

 = 35

25

K

K




= 2 3.

4.  :




2 SO
2

+ O
2  2SO

3




N
2
O

5
 N

2
O

4
+ 1/

2
O

2

  
 

5.  :






1.6  

(finely divided

state)            (coal dust)



6. Catalyst  :



MnO
2
Positive catalyst

2 KClO
3

MnO
2 2 KCl+ 3O

2

  negative catalysts


 (phosphoric acid) 
 

7. Light radiations :

( photochemical reactions) 


3.1.5  ( Molecularity of a reaction ) :

           
            
 
uni molecular  bi

moleculartrimolecular 

  


3.1.6 ( Order of a reaction ) :

 




 ' A ',        ' A ' 




1.7  

r = k [ A ] – 

' A' ,  

r = k [ A ]2 – 

r = k [ A ]3 – 

 B, C 

r = k [ A ] [ B ] – 

 ' A ' , ' B ' 


r = k [ A ]2 [ B ] – 

 ' A '  ' B ' 


r = k [ A ] [ B ]2 – 

' A '  'B' 
 

r = k [ A ] [ B ] [ C ] – 

A, B, C              



2 N
2
O  2 N

2
+ O

2

           
 

r = K [ N
2
O]

N
2
O


N

2
+ O

2

2 O


O
2
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CH
3
COOC

2
H

5
+ H

2
O  CH

3
COOH + C

2
H

5
OH

          
 

r = K [ CH
3
COOC

2
H

5
] [H

2
O]



3.1.7 ( Zero order reactions ) :

             


 = 

dx

dt
= K

K =

dx = k. dt



 dx = K.dt

x = Kt + c c = 

t = 0 , x = 0 c = 0 

x = K . t



 

 

x = K.t
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x
k=

t
=





= 

 (Half Life ) :



x = a/
2
, t = t 1/

2


a = 
x, t 

x = K.t

a/
2
= K x t 1/

2

t 1/
2
= a/

2k

    :





H
2

+ Cl
2


2HCl

( Heterogeneous reactions)-

 

2 Hl  H
2

+ l
2



2NH
3

Mo or WN
2
+ 3H

2

(Fractional orders) :
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i)  ( para) 3/2 

r =
dx

dt
= K [ H

2
]3/2

ii) 3/2 

dx

dt
= K [ CH

3
CHO]3/2

3.1.8 (First order reactions) :



A  

A + B ()  

A    a   -1   t   , x 
t A ( a - x ) 




dx

dt
 ( a - x )

 
dx

dt
= K [ a - x ]


dx

(a - x)
= K . dt



 
dx

= K.dt
a - x

- log ( a - x ) = Kt + C

C = 

t = 0 ; x = 0

t ; x 

- log a = C
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- log ( a - x ) = Kt - log a

log a - log ( a - x ) = Kt

loge
a - x

a
= Kt

K =
1

t
loge

a - x

a

=
1

t
log

10 a - x

a
x 2.303

K =
2.303

t
log

10 a - x

a

k 

(Characteristics of first order reactions) :

a) (Half life period) :


 



K =
1
2

2.303

t log
a - x

a

=
1
2

2.303

t log
0.5 a

a

=
1
2

2.303

t log 2

t
1/2

=
2.303

K
log 2

t
1/2

=
0.693

K
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at
1/2
a



b) ( Change in concentration unit will not change the

value of rate constant) :

ama ma a - x m(a - x) 

K =
1

t
log

m ( a - x )

m a

t =
1

K
log

a - x

a

k 

k (Units of first order rate constant):

k 


K =
2.303

t
log 2

=
2.303
 log





 K = 

( Examples of first order reactions) :

1. ( Acid Hydrolysis of ethyl acetate) :

H+ 
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V
0

= t = 0 

V
t
= ' t' 

V = 

x = 't'   ( V
t
- V)

o
.

a =  V - V
o
.

a-x= ' t'   ( V - V
o
) – ( V

t
- V

o
) = V - V

t.

K =
2.303

t
log

a - x

a

K =
2.303

t
log





0

t

V - V

V - V

2. ( Inversion of Cane Sugar ) :

C
12

H
22

O
11

+ H
2
O  C

6
H

12
O

6
+ C

6
H

12
O

6

Glucose Fructose

't', = ' x ' , 

= ' a' , 

 = r
0
.

' t' = r
t
.

 = r

 a = (r
0
- r )

(a - x ) = r
t
- r

K =
2.303

t
log

a - x

a

=
2.303

t
log

-

-

r
r




0

t

r

r
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3. ( Decomposition of hydrogen peroxide ) :



2 H
2
O

2 2 H
2
O + O

2

 H
2
O

2
 

H
2
O

2


H

2
O + O

O + O


O
2

   
 H

2
O

2
 KMnO

4


 't' = '0' KMnO
4
=  ' a '  't'

KMnO
4
= 't' H

2
O

2
 ( a-x).

4. N(Conversion of N - Chloro acetanilide

into para - chloro acetanilide ) :

C
6
H

5
N Cl COCH

3
+ 2HI C

6
H

5
NH COCH

3
+ I

2
+HCl

 
HCl 
 't' = '0' =' a' .

't'= N-  (
a - x ) 

K =
2.303

t
log

a - x

a

5. (Decomposition of nitrogen pentoxide) :

N
2
O

5
, CCl

4
N

2
O

4
, NO

2


 

N
2
O

5  N
2
O

4
+

1

2
O

2

2NO
2
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't'  V
t
.

= V =  'a'

' t' N
2
O

5
= ( V - V

t
) = ( a-x).

K =
2.303

t
log

a - x

a

K =
2.303

t
log  



 t

V

V - V

6.   ( Decomposition of ammonium nitrite in

aqueous solution) :

NH
4
NO

2 2H
2
O + N

2

't' = 

 V =  a

K =
2.303

t
log

a - x

a

K =
2.303

t
log



 t

V

V - V

7. 

SO
2
Cl

2 SO
2

+ Cl
2

8. ( Hydrolysis of diazo derivatives) :

 

C
6
H

5
N

2
Cl + H

2
O C

6
H

5
OH + HCl+ N

2



9. 
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K =
1
2

0.693

t

t
1/2

= 

 

Ra  Rn +  - 

K =
2.303

t
log

0

t

R

R .

 = R
0

't',  = R
t

3.1.9 ( Problems) :

 :

1. 

 – 0 25 40 61 

()

N – 19.24 24.2 26.2 29.5 42.1

 
N 

 :

 'a' = ( V - V
0
) = 42.1 - 19.24 = 22.86 c.c

 ( a- x ) = ( V - V
t
)

 ( a- x ) = 42.1 - 24 = 18.1 c.c

( a- x ) = 42.1 - 26.2 = 15.9 c.c

( a- x ) = 42.1 - 29.5 = 12.6 c.c

 'a' , ( a - x ) 't', 
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K =
2.303

t
log

a - x

a

K =
2.303

t
log





0

t

V - V

V - V



K =
2.303

25
log

22.86

18.1
= 0.009342 



K =
2.303

40
log

22.86

15.9
= 0.009080 



K =
2.303 22.86

log
61 12.6

= 0.009776 

K 

2. 0.9 N HCl 

– 0 7.18 18 27.05 

()

 – +24.09 +21.4 +17.7 +15 -10.74

()

r
0
= + 24.09

r = - 10.74

 :

 'a' = (r
0

- r ) = 24.09 - (-10.74) = 34.83

' t' ( a- x ) = ( r
t
- r )



1.18  

7.18 

( a- x ) = ( r
t
- r )= 21.4 - (-10.74) = 32.14

18 

( a- x ) = ( r
t
- r )= 17.7 - (-10.74) = 28.44

27.05 

( a- x ) = ( r
t
- r )= 15.0 - (-10.74) = 25.74

K =
2.303

t
log

a - x

a

K = log
2.303 34.83

7.18 32.14
= 0.01123 -1

K = log
2.303 34.83

18 28.44
= 0.01127 -1

K = log
2.303 34.83

27.05 25.74
= 0.01119 -1

3. H
2
O

2


t – 0 10 20



(a - x ) – 46.1 29.8 19.3

KMnO
4


 :

K =
2.303

t
log

a - x

a

K = log
2.303 46.1

10 29.8
= 0.04375 -1

K = log
2.303 46.1

20 19.3
= 0.04356 -1

K 
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4.  30% 


 :

, a = 100

x = 30

, t = 35 

( a-x) = 100 - 30 = 70

K = log
2.303 100

35 70
= 0.01019 -1

 :

K = 0.01019 -1

a = 100

x = 75

( a -x) = 100 - 75 = 25

K = 0.01019 min-1

K =
2.303

t
log

a - x

a

0.01019 =
2.303

t
log

25

100

t =
2.303

0.01019
log

25

100
= 136.1 

5.                


 :

 a = 100

x= 15

 ( a-x) = 100 - 15 = 85
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t = 20 minutes

K = log
2.303 100

20 85
= 0.00813 -1

 :

a = 100

x = 50

a -x = 100 - 50 = 50

K = 0.00813 -1

time , t = ?

K =
2.303

t
log

100

50

0.00813 =
2.303

t
X 0.3010

t =
2.303

0.00813
X 0.3010 = 85.26 

3.1.10 ( Derviation for rate

constant for second order reactions ) :


 

a) A + A  

b) A + B  (Products)

' A '  ' a' , t  = a - x

dx

dt
 (a - x )2


dx

dt
= K (a - x )2
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 2

dx

(a - x)
= K . dt



 2

dx
= K.dt

(a - x)


a - x

1
= Kt + C

C = 

t = 0 ; x = 0  c =
1

a


a - x

1
= Kt +

1

a


a - x

1
-

1

a
= Kt


a (a - x)

a - a + x
= Kt

 K =
1

t
X

a (a - x)

x

 .

b)  

A + B 

i) A, B A = B 

K =
1

t
X

a (a - x)

x

ii) A, B t=A , B  ' a ' , 'b'  't' 
x 
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't' ( a-x), (b-x) 


dx

dt
= K (a - x ) (b - x )

dx

(a - x) (b - x)
= K . dt

 ' C' 

 =
1

t(a -b)
X

b(a - x)

a (b - x)

( Characteristics of Second order reaction) :

i) .

(a) 



 = t
1/2

X = 0.5 a

K =
1

t
X

a (a - x)

x

=
1

t
X

a x 0.5 a

0.5 a

=
1

t x a

 t
1/2

=
1

K . a

 t
1/2 

1

a

ii) 

 ' m' x ,( a -x ) 
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K =
1

t
X

a (a - x)

x

K =
1

t
X

ma.m (a - x)

mx

K =
1

t
X

a (a - x)

x
X

1

m

K 
1

m


( Units of second order rate constant) :

K =
1

t
X

a (a - x)

x

=


1
X

-1X -1

-1

= ( -1 , -1) ( moles litre-1 time-1)

 :

1) 

CH
3
OOC

2
H

5
+ NaOH CH

3
COONa + C

2
H

5
OH

2) 

2 C
6
H

5
CHO C

6
H

5
CH(OH)COC

6
H

5

3) 

NH
4
CNO H

2
N.CO.NH

2

4) 

2 CH
3
CHO  2CH

4
+ 2CO
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5) 

2 O
3 3O

2

6) 

2 N
2
O 2N

2
+ O

2

7) .

2 Cl
2
O 2Cl

2
+ O

2

3.1.11.  :

 :

1. 
   
 

 – 0 5 15 25 35

( )

 – 16.00 10.24 6.13 4.32 3.41

()

:

K =
(a - x)

1 x
x

a.t

a = 16.00

t= 0 ; = ' a'

 ( a- x) x K =
(a - x)

1 x
x

a.t

5 10.24 5.76 K =
1 5.76

x
16 x 5 10.24

= 0.007 -1, -1

15 6.13 9.87 K =
1 9.87

x
16 x 15 6.13

= 0.0067 -1, -1



1.25  

25 4.32 11.68 K =
1 11.68

x
16 x 25 4.32

= 0.0069 -1,-1

35 3.41 12.59 K =
1 12.59

x
16 x 35 3.41

= 0.0066 -1,-1

K 

2. a = b 


:

K =
(a - x)

1 x
x

a.t

a = 100

x = 20

(a-x) = 80

t = 500 

K =
(a - x)

1 x
x

a.t

K =
1 20

x
500 100x80

=
1 20

x
500 8000

=
1

200000

60% 

a = 100

x = 60

(a-x) = 40



1.26  

K =
1

200000

t = ?

K =
(a - x)

1 x
x

a.t

t = 200000 x
60

100x40

t = 3000 

3. 

:



K =
1
2

1

t .a

K =
1

40.a

75% 

x =
75 a

100

(a - x) =
25 a

100

K =
(a - x)

1 x
x

a.t

t = a1
40 100a (25 )

1 75a/100
x

( a)

t = 40a x
75a

25a

= 120 



1.27  

3.1.12 ( Model Questions ) :

1. 

2.  

3.           
 

4. 


5. 

6.            


Problems :

7.  

 - 0 20 

NaOH  - 24.5 25.85 47.15

[ 3 x 10-3-1]

8. HCl  
 

 - 0 10 20 90 

 - 32.4 28.2 25.5 10.3 -14.1



[ 0.007890-1]

9.               K, 


[2.336 x 10-2 -1]

10. 

[2 ]



1.28  

11. 

[3.322 ]

12.               


[62.07 ]

13. 


[16 ]

14.             


[ 5400  ]

15. a = b, 


[ 3000  ]

16. 0.1M. 

[ 0.333 -1,-1]

17. NaOH N HCl. 
 K 

 - 0 4.89 10.37 18.18 

NaOH - 61.75 50.59 42.40 29.35 14.92



[ 6.983x10-4 -1,-1 ]
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( Chemical Kinetics )

:

           



( Determination of order of a reaction - differential method, method of integration, half life
method and isolation method. Arrhenius equations and concept of activation energy. Theories of
chemical kinetics, effect of temperature on rate of a reaction. Simple collision theory based on
hard sphere model)

  :

 a,x

( a-x)  K
trial and error

method 

2)  :

     'a' 
log ( a-x) 

 
(a - x)

1




3)  :

 dc/dt 

C
1


1dC

dt
= KC

1

n



2.2  

C
2


2dC

dt
= KC

2

n

' n ' 

n


 
 
  

dC
1 Cdt 1

dC C2 2dt

 ( logarithms ) 

log
1dC

dt
– log

2dC

dt
= n [ log C

1
- log C

2
]

n =

log log      
   

1 2

dC dC
1 2

dt dt

log C - log C

4)  :

 


0.693

t 1 K2



t 1 Ka2

1

      
  

1

 α 

n
 
  

t 1 a2

1

n = 
a = 
t
1/2

= 



2.3  

 a
1
a

2
 t

1
t

2
,


1

t
1 n-1a

1


1

t
2 n-1a

2

1n



  
 
 

n-1t a a1 2 2
n-1 a1t a2 1

log  
t a1 2log

a1t
2

= n-1

n = 1 +

t
1log
t
2

a2log
a1

n = 1 +
2 1

log t log t
1 2

log log

-

a - a

a
1
, a

2
, t

1
, t

2
'n' 

 :

1. 


 :

 , a = a

, t
1

= 50 



 , a
2
=

a

2
or 0.5a

, t
1

= 25 



2.4  

1n
 
 
 

t a1 2
a1t

2

=

1n
 
 
 

2
a50

a
=

25

 
1n

1

2
2 =

log 2 =   1

2
n-1 log

= – ( n - 1) log 2

1 = - ( n-1)

n = 0

2. 


 – 250 300 450

()

 – 120 100 66.66



 :



t
1/2

x a = 

120 x 250 = 30000

100 x 300 = 30000

66.66 x 450 = 29970

t
1/2

x a 



2.5  

 :



A, B ,C A 
 n

1
B ,C  n

2
n

3


 n
1

+n
2

+ n
3


3.2.3 ( Disturbing factors in the

determination of order of a reaction) :

         a,x

(a-x)  t    K    
Smooth 

1) (Side reactions) :

 ( major ) 


A

C

B (90%) 

(10%)


 

 :

i) KOH 

C
2
H

5
Cl + KOH C

2
H

5
OH + KCl

C
2
H

5
Cl + KOH H

2
C = CH

2
+ KCl + H

2
O

ii) 

C
6
H

6
+ Cl

2 C
6
H

5
Cl + HCl

C
6
H

6
+ 3Cl

2 C
6
H

6
Cl

6



2.6  

2)  ( Consecutive reactions) :


 

 :

i) H
2
O

2




H
2
O

2
+ 2HI2 H

2
O + I

2



H
2
O

2
+ I

–
2 H

2
O + IO

–

IO
–

+ 2H
+

+ I
–

+ 2HIH
2
O + I

2



ii) 

2NO + 2 H
2 N

2
+ 2H

2
O – 

 

2 NO + H
2  N

2
+ H

2
O

2
()

H
2
O

2
+ H

2 2 H
2
O ( )

3)  ( Reversible reactoins ) :




CH
3
COOH + C

2
H

5
OH  CH

3
COOC

2
H

5
+ H

2
O

3.2.4     ( Effect of temperature on

reaction rates ) :

 10°c 
 

    10°c       
 ( temperatures Coefficient ) 



2.7  

 =

K
35°

K
25°

 :


       
 Thershold 
T

1
 T

1
, 

 

Energy distribution in molecule at two different temperatures (T2 >T1) ; Shaded
portions of the curves represent the molecules having more than threshold

energy (E)

T
1
 c d e f  T

2
, 

 a b c d  T
1
 T

2
 

 a b f e ( activation energy )



 =  - 

        
  H 



2.8  

Concept of energybarrier in chemical reaction




 T 

K = Ae– Ea/RT

K = 

A = 

Ea = 

T = 

R = 

e = 2.718



log K = log A –
Ea

RT 2.303

K
1

,K
2
 T

1
,T

2
, 

log K
1

= log A –
1

Ea

RT 2.303
(1)

log K
2

= log A –
2

Ea

RT 2.303
(2)



2.9  



log K
2

- log K
1

= -
2

Ea

RT 2.303
+

1

Ea

RT 2.303

log
 

   
 

2

1 2 1

K Ea 1 1

K R .2.303 T T

log
 

   
 

2 2 1

1 1 2

K T - TEa

K R .2.303 T T

 T
1

, T
2
  K

1
,K

2
  

K  K 

 :

1. 283°k  313K 2.40 x 10-5 -1  1.6x 10-5 -1 
 

 :

log
 

   
 

2 2 1

1 1 2

K T - TEa

K R .2.303 T T

log
 

   

-4

-5

1.6 x 10 Ea 313 - 283

2.40 x 10 4.606 283 x 313

0.8239 =
 
  

Ea 30

4.606 283 x 313

Ea =
4.606 x 283 x 313

30

= 13599.8 -1

3.2.5  ( Theories of reaction rates ) :

i) ( Collision theory )

ii) ( Transition state theory)



2.10  

i) ( Collision theory ) :

         



          ( effective or

fruitful collisions )


  

       ( activation energy ) 
          
 

 = – 



ii)  :



 

    

 : H
2

; I
2


H I

H I

H I

H I

H

H

I

I

   






2.11  

Energy changes during the reaction path


  


  ( Model Questions ) :

1. 

2. 

3. 

4.  17°c  50°c 6.0 x10-6  9.0 x 10-3. 


[ 50.53  ]

5. 140°c  K
1
 5.5 x 10-4

-1 185°c  K
2
 9.2 x 10-3 

[ 23.54  ]
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( PHOTO CHEMISTRY )

:


       
           



( Interaction of radiation with matter, difference between thermal and photochemical
processes. Laws of photochemistry : Grothus - Draper law. Stark - Einstein law, Quantum yield,
photochemical combinations of hydrogen - chlorine and hydrogen - bromine. Jablonski diagram
depicting various processes occuring in the excited state, qualitative description of fluorescence,
phosphorescence, non - radiative processes (internal conversion, intersystem crossing ),
photosensitized reactions - energy transfer processes (simple examples) ).

:



2000°A  8000°A      visible  ultraviolet




 E = hυ h= υ= 





 







3.2  

:


  (photophysical processes )     ( photochemical pro-

cesses ) .

1)  ( Photo physical processes ) :

          







   


2)  :



 :

H
2()

+ Cl
2()


2HCl

()

6CO
2

+ 6H
2
O


 C

6
H

12
O

6
+ 6O

2

( Differences between thermal

and photo chemical processes ) :

 

1.  
 

2.   
 




3.3 

3.   
 

4.  


5.  
   

6.   
 

7. negative 
 

Eg : 

:

 (absorbing medium) (monochromatic light )



E = hυ ---------- (i)

h = 

υ= 



υ = 
c


---------- (ii)

C = 

 = 

 (i)  (ii) 

E = h
c





3.4  

( Lambert's law ) :

  


  

 

– 
dI

I
dx

– =
dI

KI
dx


dI

dx
= – Kdx -------- ( i)

I =  

dx = 

k = 

 (i)  I = I
0

to I and x = 0 , x = x,

 
o

I x=x

I x=0

dI
- K dx

I

0

I
= - K xln

I ----------- (ii)

I - K x= e
I
0

- K xI = I e
0 ----------- (iii)

I = I
0
10-k1

x.

K1 = ( extinction coefficient )

1K =
K

2.303



3.5 

( Beer's law ) :

            


           
 

= 
dI

- IC
dx

 1= -
dI

Cdx
I

----------- (i)



  
o

I x=x

I x=0

dI
- C dx

I


0

I
= - C xln

I ----------- (ii)

I - C x= e
I
0

1- CxI = I e
0

----------- (iii)

I = I
0
x 10

1- Cx

1


=
2.303

( Grotthus - Draper Law ) :


     






3.6  

           







 ( Stark - Einstein' s law of photochemical

equivalence ) :


 ( extent ) 


 

 hυ

E = hυ

h = 

υ = 



E = N hυ

N = 

E = N h
c



C = 

 = 

N, h & C 

N = 6.023 x 1023

h = 6.624 x 10-27

C = 3 x 1010 



3.7 

E =
23 -27 106.023 x 10 x 6.624 x 10 x3 x 10



=
611.97 x 10




=
6

7

11.97 x 10

4.184 x 10 


=
2.86


-1

  ( Angstrom )  (1A° = 10-8) 

E =
2.86


x 108 

=
52.86 x 10


 ( 1  = 103 )

=
91.196 x 10


 ( 107  = 1 )

=
61.196 x 10






 


 :

1) 600 nm 

 :

 = 600nm = 600 x 10-7  ( 1 nm = 10-7

 

E =
2.86




= 7

2.86

600 10x




3.8  

= 7

2.86

600 10x
x 4.183 x 107  ( 1  = 4.183 x 107)

=
2.86 x 4.183

600


= 0.01993 

2) 4500A° 

 :

 = E = N h
c



N = 6.023 x 1023

h = 6.624 x 10-27 

C = 3 x 1010 

 = 4500 A° = 4500 x 10-8 

E =
23 -27 10

-8

6.023 x 10 x 6.624 x 10 x3 x 10

4500 x 10

= 2.659 x 1012 

3) 7000 A° 

 :

E =
52.86 x 10




=
52.86 x 10

7000


=
22.86 x 10

7


= 40.86 



3.9 

4) 2000A° 

 :

E =
82.86 x 10




=
82.86 x 10

2000


= 1.43 x 105 

= 1.43 x 105 x 4.183 

= 5.98 x 105 

:

           
 
              
  ( primary process )  ( secondary process )   


( Primary process ) :

      


 ( Secondary process ) :


             

  

    ( )     



 =







3.10  

=





=




=




         
     ( normal quantum yield )     
              



 ( Abnormal quantum yield ) :

              


        



3.11 

      

           

  




   

 


i) 

ii) 

iii) 

 -

i) 

ii) 

iii) 

 ( Experimental determination of

quantum yield ) :

    


 

( source )         



3.12  

(transmitted light)     (empty cell)     
           


 =



I abs

 :

1)   3 x 1020   ( irradiation )



 :

 = 0.03 x 6.023 x 1023

 = 3 x1020

 = 0.03 x 6.023 x 1023

 =

230.03 x 6.023 x 10

2 x 60

= 1.506 x 1020

,  =





=

20

20

1.506x 10

3 x 10
= 0.5

:



 ( Photochemical combination of hydrogen and

chlorine):

104 106 

H
2

+ Cl
2

h 2HCl



3.13 

( Nernst ) 

 4800 A°      
  

Cl
2

+ h  2Cl

( chain initiating step ) 



i) Cl + H
2


HCl + H

ii) H + Cl
2  HCl + Cl

      (i), (ii)     (i),(ii)

  ( chain propagating steps )  


Cl + Cl  Cl
2

 ( chain propagating steps )    
 (ii) 

          
 HO

2


H + O
2  HO

2

Capillary tube  Cl 

 ( Photo chemical combination of hydrogen

and bromine ) :



H
2

+ Br
2 2HBr

 5100A° 


Br
2

+ h 2 Br



3.14  

  :

Br + H
2


HBr + H --------- (i)

H + Br
2  HBr + Br ---------(ii)

H + HBr  H
2

+ Br ---------(iii)

Br + Br  Br
2

---------(iv)

(i), (ii)  (i) 
      (ii), (iii)   (i)     
    (i)         
  
 

 ( Photosensitization ) :

  
         


  

 :

1) ( Photosynthesis) :





+h  *

CO
2

+ H
2
O + *  1/n

( CH
2
O)

n
+ O

2

2)  :

          


2+ 2+*UO + h UO
2 2

 



3.15 

2+*UO
2

+
COOH

COOH
 2+UO

2
+ CO

2
+ CO + H

2
O

3)         2537A°   



Hg + h  Hg*

Hg* + H
2  H

2
* + Hg

H
2
*  2H

4) 

Hg + h  Hg*

Hg* + C
2
H

4  C
2
H

4
* + Hg

C
2
H

4
*  C

2
H

2
+ H

2

5) 

Cl
2
* + O

3  Cl
2

+ O
2

+ O

O + O
3  2O

2

6) H
2
O

2
H

2
ON

2
,H

2
NH

3


 

( Photo - inhibitors ) :





( Photo physical phenomena) :

             

 (excited electron) 
 Leminiscence
Cold light 
Fluorescence Phosphorescence
 



3.16  

 :

          

 


steps jump



 :

i)  ( CaF
2
)

ii) 

iii) 

iv) 

v) 

( Resonance fluorescence ) :


   




( Phosphorescence) :

           


         
 

( Jablonski diagram) :

( internal conversion ) ( intersystem crossing) 




3.17 

 


 (2s+1)
( spin multiplicity ) 

      

( )  (2s+1)

S = 0

S
1

=
1

2

S = -
1

2

 S = S
1

+ S
2

=
1

2
–

1

2
= 0

2 x 0 + 1 = 1 

S =
1

2
–

1

2
= 0 S

h ,     
   (b)     (c)     
2S + 1 = 3 T



3.18  

S = S
1

+ S
2

=
1

2
+

1

2
= 1

 2S + 1 = 3

2S + 1 = 1 


S = S
1

+ S
2

=
1

2
–

1

2
= 0

 2S + 1 = 1


n = 1,2,3, n Sn S

1
,S

2
,S

3
,S

4


Tn T
1
, T

2
, T

3
,T

4
 

 

E S
1

> E T
1

E S
2

> E T
2

E S
3

> E T
3

E S
4

> E T
4
and so on .

S
0
 S

1
, S

2
, S

3
,S

4




X + h  X*

  

3.2.11 

Spin orientation on the absorption of a light photon

( Non - radiative transitions ) :

 S
3
, S

2
 T

3
, T

2


S
1
T

1
(internal



3.19 

conversion )   (IC)        10-11 
 

 S
1
 T

1
 S

2

T
2
 ( inter system crossing)

 (ISC)    

 

( Radiative transitions) :

S
1
 T

1
 S

0


S
1
 S

0





T
1
 S

0


T
1

– S
0
10-3 



 (Ic)  (S
3 S

2
 S

2 S
1
) 

 (ISC)  ( S
2 T

2
 S

1
to T

1
) 

S
1
 S

0
 ( S

1 S
0
) 

 ( T
1 S

0
) 

 ( Model Questions ) :

1. 

2. 


3.        H
2
– Cl

2
   



4. H
2
– Br

2
 H

2
– Cl

2




5. 




3.20  

6. 

7. 

i) 

ii) 

8. 2573A° 

( 111.5  )

9. 6000A° 

( 47.66 -1)

10. 5000 A° 

( 57.22 -1)

11. 2000 A° 

(598  ; 142.91 )
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( THERMODYNAMICS )


(Introduction and Definition of Thermodynamic terms)



:


(Definition of thermodynamic terms : System, Surroundings, types of systems, intensive
and extensive properties, state and path functions and their differentials, thermodynamic
process. Concept of heat and work).

:

  ( thermos ) 
( dynamics ) 
          
     
        




  

 :

         

  

i)           



ii)  (predict)




4.2  

iii) ( extent ) 

 :

 
efficiency of heat engines
predict

 ( Limitations of thermodynamics ) :

i) 
  

ii)    ( predict ) 



iii)    


( Definition of thermodynamic terms ) :



(i)  ( System and Surroundings ) :

 
( surface ) ( boundary) 
 ( matter )  ( energy ) 
         


 ( Classification of systems ) :

            
       open system       closed

system ( isolated system ).

i)   :


( matter )  



4.3 

           
 


 

        

ii)     :

           
               


iii)  :

  


 ( Macroscopic system ) :

  



 ( Homogeneous and heterogeneous system ) :









4.4  

 


 CCl

4
-  

( State of a system ) :

             



( State variables ) :



( state variables )  ( thermodynamic variables)

 (thermodynamic parameters) 
initial state  final state  ( Composition C );

(P); (V)  (T) 
           
    independent state variables    
dependent variables


Pv= RT 
P,T    V     P, T  
V

 ( Extensive and Intensive properties ) :

 ( Mass ), 
(Volume), (energy),  (enthalpy) 

           intensive

properties( density) 
 (n) 

(n),   ( independent variables) 




4.5 

( Thermodynamic equilibrium ) :

           
         (thermal equilibrium
(mechanical equilibrium ) ( chemical equilibrium ).




           




 ( Thermodynamic process ) :

            


i) ( Isothermal process ) :


           

 ( thermostat ) 

dT = 0

ii) ( Adiabatic Process ) :

      
    
             
 

 dq = 0

iii) ( Isobaric Process ) :




 dp = 0



4.6  

iv) ( Isochoric Process ) :





 dv = 0

v) ( Cyclic Process ) :

              


 dE = 0 ; dH = 0.

  ( Reversible and Irreversible

Processes ) :


            
        
             





        

dpP -dp





4.7 

 :

 

1.   

2.  

3.  

4.  


5.  


6.  
  

 :

 


( Work ) :


            
(f)
( l )  W 

W = F X l

  :

1)  ( Gravitational Work ) :      
g, m, 
 h, 

 = mg.

 = mg x h.

2) ( Electrical Work ) :

Electrical work = Quantity of Current x E.M.F.



4.8  

3) ( Pressure Volume work or PV work

or Expansion work ) : P v work 
P v



   
dl 

P  =
f

A

f = P x A

f = 

P  = 

A = 



W =  x 

W = f x dl

= P


x A x dl

A x dl = dv, 

 w..

 w = P


x dv

       V
1
  

 V
2
, 

W =

2

1

P
V

V

dv í Ï²̈Ïº



4.9 

  P-V 

P




W = P


2

1V

V

dv

= P


( V
2

- V
1
)

= P


V

V ( V
2

- V
1
) 

(+Ve)+V ( V
2

> V
1
)  

V
2

< V
1
-V

W max 





 ( free expansion

of gas ) P V 

 contraction
 



4.10  

( Units of Work ) :

C.G.S  SI 

1  = 107 

1 = 10-7 .

 :

1. 

 : W = P V

= 2 ( 25 - 5 )

= 40 

2. 

 : W = P V

 = 0

W = 0 x  V

= 0



 ( Heat ) :

  
       -q,  
, +q 

  :

SI 

1  = 4.184 

1 = 0.2390 

( Internal Energy ) :

 (kinetic energy)

(potential energy)



4.11 


'E' 

          

 

 E 

E = E
2

– E
1

E
1

= 

E
2

= 

E
1
> E

2
,         E  



E
2

> E
1
,  E 


 

 A  B I (path I) 

 E.  B A II (path II) 

 E1  E1  E 

A B APath I Path II 

 A  B E = E1. 

E ,E1

 E = E1.

Change of internal energy in direct and reverse paths



4.12  





( State and Path functions ) :


            



Different paths followed for the conversion of a system from state A to State B

          
 dT, dP, dE. 
  W,   

  ( Model Questions) :

1. 

2. 

3. 

4.    

5. 

6. 

7. PV 
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(FIRST LAW OF THERMODYNAMICS)

:


 
w, q, dv dH 


( Statement, definition of internal energy; enthalpy, heat capacity, heat capacities at constatnt
volume and pressure and their relationship. Joule's law Joule - Thomson coefficient and
inversion temperature. Calculation of w, q, dv and dH for the expansion of gases under
isothermal and adiabatic conditions for reversible processes. Temperature dependence of
enthalpy - Kirchoff's equation).

:

         x  


 



i)  ( isolated system ) 


ii) 

iii) 

iv)            


v)  


vi) 




5.2  

E = mc2

E = 

m =

c =




( Mathematical formulation of the first

law of thermodynamics) :

QA B
W            
 

Q = E + W 

E = 

W = 

E = Q - W



 

dE =  q +  W

P  W

 W = Pdv

dv =

 dE =  q - Pdv



5.3 

 :

i) .

E = Q - W

E = 0

 Q= W



ii)  ( adiabatic process )

Q = 0

 E = - W



iii)  i.e W = 0

 E = Qv

           
 

iv) 

W = P.V

Q , W Q - W i.e E 

v) 

( Enthalphy or Heat content ) :

dv = 0.



dE =  Q - PdV

dv = 0 

dE =  Q



5.4  




So, E = Qv

 Q

, dE , PdV PdV 
H 

H= E + Pv

P, V  H 


:

 H
1
,E

1
,V

1


  Q  H
2

, E
2

, V
2






H
1

= E
1

+ PV
1



H
2

= E
2

+ PV
2



 H

H= H
2

- H
1

H
1

,H
2


H = ( E
2

+ PV
2
) – (E

1
+ PV

1
)

= ( E
2

– E
1

) + P( V
2

– V
1
)

= E+ PV

= E+ W ( PV = W)

PV 

V = 0, PV = 0,  W =0  H = E.
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E = Q - W

E  H = E + W,, 

H = Q - W + W

H = Q

H = Qv





i)  , Qv = E

ii) , Qp = H

H
2

> H
1
,  H  H

2
< H

1


 H H 





Qv Qp 
[Relation between heat of reaction at constant volume (Qv) and at constant

pressure(Qp) ] :

H = E+ PV

Qv = E

Qp = H

Qp = Qv + PV



Pv = n RT

'v' = 'n' 

n
1
, n

2


 n = n
2

- n
1
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 V =
V

n
 n



W = PV

= P
V

n
 n

Pv = nRT 

Pv 

=
nRT

n
 n

W = RT x  n

PV= RT x  n

Qp = Qv + PV

Qp = Qv +  nRT

H = E +  nRT




Qp = Qv

 


 ( Heat capacity of a system) :

 ( K  °c) 


Q T
1
 T

2
 C

C =  2 1

Q

T - T =
Q

T
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  Q  dT, 

 C =
Q

dT




     
( specific heat ) 




Q  C 
 

i) 

ii) 

i) ( Heat capacity at constant Volume ) :



Q = E + W

Q = E+ PV

V = 0

 Q = E

 = Cv =
2 1 v

Q

T - T

 
 
 

Q 

Cv =
2 1 v

E

T - T

 
 
 

Cv =
v

d E

d T

 
 
 

Cv =
dE

dT
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ii) ( Heat capacity at constant Pressure ) :



Q = E+ PV

 = C
P

=
2 1 P

Q

T - T

 
 
 

Q 

Cp =
2 1 P

E + P V

T - T

  
 
 

H = E+ PV 

 Cp =
2 1 P

H

T - T

 
 
 

Cp =
P

H

dT

 
 
 

Cp =
dH

dT


     


Cp,Cv  :
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 Cp > Cv. Cp,Cv 
( expansion work ) 

Cp – Cv = W -------------- (1)

W = PV



Pv = RT -------------- (2)

 T  T + 1,  V  V +V 

P ( v + V ) = R (T+1) -------------- (3)



PV = R

W = R -------------- (4)



Cp – Cv = R

R, 
 R, 1.987  8.314 .

( Alternate method ) :

Cv =
dE

dT
-------------- (1)

Cp =
dH

dT
-------------- (2)

(1) (2) 

Cp – Cv =
dH

dT
–

dE

dT
-------------- (3)

 H = E + Pv



Pv = RT

H = E + RT
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dH

dT
=

dE

dT
+ R

dH

dT
–

dE

dT
= R -------------- (4)

 (3) , (4) 

Cp – Cv = R

Cp = Cv + R

 ( Joule - Thomson Effect ) :

              

H

2
( – 80°c) He (–240°c ) 






( porous plug )

   

 P
1
P

2
 P

1
> P

2

 A B P
1
V

1


P
2
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V
2
          H

2
He   





Q = O



E = Q - W

Q 

E = o – w

 E = - W ---------------- (1)

E
2

– E
1

= - W

W = -E

 



 = – P
1

V
1

 = P
2

V
2

 W = P
2

V
2
– P

1
V

1
-------------- (2)

W  (1) 

E = – ( P
2

V
2
– P

1
V

1
) = P

1
V

1
– P

2
V

2

E = E
2

– E
1

 E
2

– E
1
= P

1
V

1
– P

2
V

2

E
2
+ P

2
V

2
= E

1
+ P

1
V

1

H
2

= H
1

(H = E + Pv)

H = 0
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  :

            


δ
=

δ


 
 
 H

T

P

i)  

ii)  

Eg : H
2
 He

iii)  

 ( inversion temperature ) 
  
   Pv        
T

2
< T

1
.H

2
,He Pv  

T
2

> T
1
.

 ( Work done in a

reversible isothermal expansion of an ideal gas ):


            

            
dP 
P= P - dp dl 
dv  V V + dv    


x 

 W = (P-dP) dv

= Pdv - dP dv ------------ (1)
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dp, dv dp, dv 

 W = Pdv ------------ (2)

       V
2
   V

1
 V

2




W =

2

1

V

V

Pdv ------------ (3)

n 

Pv = nRT

P =
nRT

V
------------ (4)

P 

W =

2

1

V

V

nRT
dv

V ------------ (5)

T n  R 


W = nRT

2

1

V

V

dv

V

= nRT ln
2

1

V

V ------------ (6)

= nRT 2.303 log
2

1

V

V ------------ (7)



P
1
V

1
= P

2
V

2

1

2

P

P =
2

1

V

V ------------ (8)
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2

1

V

V 

W = nRT 2.303 log
1

2

P

P ------------ (9)

( Heat absorbed during

isothermal reversible expansion of an ideal gas) :



 E 

E = Q - W

 Q = E + W

 Q = W.



Q = nRT 2.303 log
2

1

V

V

Q = nRT 2.303 log
1

2

P

P

   T  E  U    H 

(H=0) 

 ( Work done

in reversible isothermal compression of a gas ) :

P> P

P
2
P

1


V
2
V

1




W = nRT 2.303 log
1

2

V

V

= nRT 2.303 log
2

1

P

P
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( Work

done in irresversible isothermal expansion of an ideal gas) :

   P P
2


P
2




W = P
2

1

V

V

dv

= P
2

(V
2
– V

1
)

= P
2

dv

 :

:

1. 300k 


 : W = 2.303 nRT log
2

1

V

V

= 2.303 x 5 x 0.0821 x 300 x log
50

5

= 2.303 x 5 x 0.0821 x 300 x 1

= 283.61 

2.      27°c          


 : n = 2 

T = 300°A

V
1

= 2 

V
2

= 20 

R = 2 

W = 2.303 nRT log
2

1

V

V
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= 2.303 x 2 x 2 x 300 x log
20

2

= 2763.6 

3.  27°c 


 : n = 5 

R = 0.0821

P
1

= 5 

P
2

= 2 

T = 27° = 27 + 273 = 300°A

W = 2.303 nRT log
1

2

P

P

= 2.303 x 5 x 0.0821 x 300 log
5

2

= 112.88 

4.    25°c     


 : n = 1

V
1

= 10 

V
2

= 20 

T = 25° = 25 + 273 = 298 K

R = 8.314 

W = 2.303 nRT log
2

1

V

V

= 2.303 x 1 x 8.314 x 298 log
20

10

= 1718 
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5.     27°c           


: n = 3

V
1

= 10 

V
2

= 50 

T = 27° = 27 + 273 = 300 K

R = 2 

W = 2.303 nRT log
2

1

V

V

= 2.303 x 3 x 2 x 300 log
50

10

= 2897.6 


 ( Adiabatic reversible expansion of an ideal gas ) :

    
            
Q 

 Q = O

Q 

dE =  Q –  W

dE = –  W ----------- (1)

W = P dv

dv 

 W = P dv ----------- (2)

d E = – Pdv ----------- (3)

Cv

Cv =
dE

dT
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dE = Cv dT ----------- (4)

(3) (4) 

Cv dT = – Pdv ----------- (5)



"Œ¼HËKÇO…Õ" Œ† Çò L‘ éâãQ®̀Ç̀ ÇQ®°¾̀Ç°Ok. J O>è" Œ† Çò=ôKÇ•Á| _È°̀ Ç°Ok. ‹ ¬q¶H›~¡} O (1) x „ ¬i j eÀ‹ ë, dE   W

 

 W       dE     
 W  dE



( Relation between temperature and volume ) :

P V 


Pv = RT

P =
RT

V

P 

Cv dT = -
RT

V
dv

Cv
dT

T
= – R

dv

V
----------- (6)

T
1
V

1
 T

2
 V

2
 Cv



Cv

2

1

T

T

dT

T = – R

2

1

V

V

dv

V

Cv ln
2

1

T

T = – R ln
2

1

V

V
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Cv ln
2

1

T

T = R ln
1

2

V

V

Cv ln
2

1

T

T = (Cp – Cv) ln
1

2

V

V ----------- (7)

(  Cp - Cv = R )

ln
2

1

T

T =
Cp - Cv

Cv
ln

1

2

V

V

ln
2

1

T

T = ( r - 1 ) ln
1

2

V

V

ln
2

1

T

T = ln
 
 
 

1

2

V

V

r-1

 (antilogarithms) 

2

1

T

T =
 
 
 

1

2

V

V

r-1

----------- (8)

T
1
V

1
r-1 = T

2
V

2
r-1

T Vr-1 = ----------- (9)

     ( Relation between pressure and volume ) :



1 1

1

P V

T =
2 2

2

P V

T

2

1

T

T =
2 2

1 1

P V

P V ----------- (10)
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2 2

1 1

P V

P V =

1

1

2

V

V


 
 
 

r

2

1

P

P =
1

2

V

V

 
 
 

r

P
1

V
1
r = P

2
V

2
r

PVr =  ----------- (11)

       ( Work done in an adiabatic reversible

expansion of ideal gas ) :

 W = Pdv

Pdv = - CvdT ---------- (12)

T
1
   V

1
  T

2
 V

2
    



W =

2

1

V

V

Pdv = –

2

1

T

T

CvdT ---------- (13)

Cv 

 W =

2

1

T

T

Cv dT 

 Pdv = - Cv ( T
2

– T
1

) ---------- (14)

T
2
> T

1
W 

W  T
2
< T

1




 :

:

1.  0°c 

:
2

1

T

T =

1

1

2

V

V


 
 
 

r
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2

1

V

V = 2

r = 1.66

T
1

= 0°c = 273 k

T
2

= ?

2T

273
= 20.66

T
2

= 273 x 20.66

= 433.7k

 = 160.7°c

2.  27°c 


 :

P
2

= P
1

1

2

V

V

 
 
 

r

= 1 x

1.67
1

100

 
 
 

P
2

= 4.57 x 10-4 

T
2

V
2
r-1 = T

1
V

1
r-1

T
2
= T

1

1

1

2

V

V


 
 
 

r

= 300 x

1.67 1
1

100


 
 
 

T
2

= 13.7k = – 259.3°c
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 ( Comparison between

isothermal and adiabatic expansion of an ideal gas ) :




Pv = 



Pv r = 

     

Cp

Cv
= r 

 Pv Pv 




(variation of heat of reaction with temperature) 
:
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:

A B  A  B 

H  H
A

, H
B




H = H
B

– H
A

( differentiating ) 

  B A

P PP

d ΔH H H
= -

dT T T

 

 

     
     

    
----------- (1)

 Cp

Cp =
P

dH

dT

 
 
 

----------- (2)



 

P

d ΔH

dT

 
 
 

= (Cp)
B

– (Cp)
A

(Cp)
B

- (Cp)
A

= Cp

 d ΔH

dT
= Cp

d (H ) = Cp. dT ----------- (3)



2

1

H

H

d( H)




 = –

2

1

T

T

Cp.dT

H
2

– H
1
= Cp ( T

2
– T

1
) ----------- (4)
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2 1

2 1

ΔH -H

T - T
= Cp ----------- (5)



:

E

E = E
2

– E
1

E
1

, E
2
 



  2 1

v vV

d ΔE dE dE
= -

dT dT dT

     
     

    


V

dE

dT

 
 
 

= Cv

 d ΔE

dT
= (Cv)

B
– (Cv)

A
= Cv

(Cv)
B

, (Cv)
A


     



 ( Model Questions ) :

1. 

2. 

3. 

4.  Cp –

Cv = R 

5. 



5.25 

6. 


7. 

8. 

9. 

10.  300K 


( 5.74 )

11.  00c 


( 12492.6 )

12.  200c 


( 7.84 )

13. 


( 30 )

14. 250c 


( 1906.4  )

15. 270c  ( r = 1.4 ) 


( 192.50c)

16. 270c 
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( SECOND LAW OF THERMODYNAMICS )



         

V,TP,T 
          
AGP, V,TG

(Need for the law, different statements of the law, carnot cycle and its efficiency, carnot
theorem, thermodynamic scale of temperature, concept of entropy, entropy as a function
of V and T, entropy as a function of P and T, entropy change in physical processes. Gibbs-
Helmholtz functions. Gibb's function (G) and Helmholtz function (A) as thermodynamic
quantities, A and G as criteria for thermodynamic equilibrium and spontaneity, their
advantage over entropy change, variation of G with P, V,T ).

  ( Limitations of

first law of thermodynamics - Need for the second law) :

 
               
direction 
     (extent)        
   
   
     
            
 

    (Spontaneous or

Natural or Irreversible process ) :

   
( spontaneous ) 

 :

1) 




6.2  

2) 


3)    (solute)  


4) 

5)               


6) 

7)  

8) 

( second law of thermodynamics ) :

1) 

2) 

3) 

4) 


5) 
          


6) 

7) ( The entropy of the universe is

continously increasing and tends towards a maximum).

( Carnot cycle ) :

 W, 
W

Q




W

Q
 



6.3 


            




  

   


 ( Sadi carnot ) 
 

            

heat insulating jacket 
T°

2
( source ), 

T°
1

( sink ) 




1) ( Isothermal reversible expansion )

2) ( Adiabatic reversible expansion )

3) ( Isothermal reversible compression )

4) ( Adiabatic reversible compression )
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 :

 T°
2
    ( source )     

(Q
2
) V

1


V
2
 AB 

 E = 0  (E = Q - W) 
(Q

2
)  (W

1
) 

Q
2
= W

1

W
1
= RT

2
ln

2

1

V

V

Q
2

= RT
2

ln
2

1

V

V ------------- (1)

 :

 V
2
 V

3


T°

2
T°

1


BC 

 = W
2

 Q = 0



E = Q - W

E = - W
2

E = Cv ( T
2
- T

1
)

 W
2

= Cv ( T
2
- T

1
) ------------- (2)

Cv 

 :

  T°
1
   T°

1
    

V
3
V

4
 CD 

               

E = 0. T°
1
 (Q

1
) 
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=W
3

V
4
V

3


W
3
 

- Q
1
= - W

3
= RT

1
ln

4

3

V

V ------------- (3)

 :

 ( T°
1
V

1
) 

DA 

= -W
4
.

E = Q - (-W
4
)

= Q + W
4

Q = O

E = W
4

= Cv ( T
2
- T

1
)

- W
4

= -Cv ( T
2
- T

1
) ------------- (4)

 

 W

W = W
1
+ W

2
+ (-W

3
)+ (- W

4
)

= RT
2

ln
2

1

V

V + Cv ( T
2
- T

1
) + RT

1
ln

4

3

V

V – Cv ( T
2
- T

1
)

= RT
2

ln
2

1

V

V + RT
1

ln
4

3

V

V ------------- (5)
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Q = Q
2
+ O + (-Q

1
)+ O

= O
2
+ (-Q

1
)

= Q
2
– Q

1
------------- (6)

Q
2
 -Q

1


Q = RT
2

ln
2

1

V

V – ( – RT
1

ln
4

3

V

V )

= RT
2

ln
2

1

V

V + RT
1

ln
4

3

V

V ------------- (7)

 = 

TV r-1 = 





1

4

1

V

V


 
 
 

r

=
2

1

T

T ------------- (8)

1

3

2

V

V


 
 
 

r

=
2

1

T

T ------------- (9)



1

4

1

V

V


 
 
 

r

=

1

3

2

V

V


 
 
 

r

4

1

V

V =
3

2

V

V

4

3

V

V =
1

2

V

V
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4

3

V

V 

W = RT
2

ln
2

1

V

V + RT
1

ln
1

2

V

V

= RT
2

ln
2

1

V

V - RT
1

ln
2

1

V

V

= R (T
2

- T
1
) ln

2

1

V

V ------------- (10)



2 1

2

  
2

T - TW

Q T ------------- (11)

   ( efficiency )    T
2

° T
1

°

            




 
2

W

Q =






2 1

2


T - T

T

  1  1

2

T

T

T
1




( Carnot theorem ) :

source ,sink 
 ( theorem) 




6.8  

 :

1) 110°c  25°c 

 :  = 2 1

2

T - T

T

T
2

= 110°c = 110 + 273 = 383 K

T
1

= 25°c = 25 + 273 = 298K

 =
2 1

2

T - T

T
=

383 - 298

383
= 0.22

 = 22 %

2) 105°c  55°c.        
 135°c 

 :  =
2 1

2

T - T

T

T
1

= 55°c = 55 + 273 = 328 K

T
2

= 105°c = 105 + 273 = 378K

 =
2 1

2

T - T

T
=

378 - 328

378
= 0.132

 = 13.2%

T
1

= 55°c = 55 + 273 = 328 K

T
2

= 135°c = 135 + 273 = 408 K

 =
408 - 328

408
= 0.196

 = 19.6 %

3) 95°c  15°c,          


 :  =
2 1

2

T - T

T
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T
1

= 15°c = 15 + 273 = 288 K

T
2

= 95°c = 95 + 273 = 368K

W = 214 

2

W

Q
=

2 1

2

T - T

T

Q
2

=
2

2 1

W x T

T - T

Q
2

=
214 X 368

368 - 328

= 1977 

4) 
 

 :  = 60% or 0.6

W = 225 

 =
2

W

Q

 Q
2
=



W
=

225

0.6
= 375 

Q
1

= 375 – 225 = 150 

 ( entropy ) :

 T
2

and T
1
, 

2 1

2

Q - Q

Q =
2 1

2

T - T

T ------------- (1)

Q
2
= T

2


Q
1

= T
1
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1 – 2

1

Q

Q
= 1 – 2

1

T

T

2

2

Q

T
= 1

1

Q

T
------------- (2)


Q

T
= 

Q
2
=  +Ve 

Q
1

= – Ve 



2

2

Q

T
= – 1

1

Q

T

2

2

Q

T
+ 1

1

Q

T
= 0 ------------- (3)



Q

T
= 

Q

T
 = 0 ------------- (4)



Q

T


 = 0 ------------- (5)

( A  B  B  A 


Q

T


 =

B

+
A

A B

Q Q

T T

 
  = 0------------- (6)
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A B 
Q

T


=

B

A

Q

T




 B A 
Q

T


=

A

B

Q

T






B

A

Q

T


  =

A

B

Q

T


  ------------- (7)

Q

T 
Q

T



S  S

A
 S

B

S .

 S = S
B

– S
A

=

B

A

Q

T


 ------------- (8)



6.12  

 ds =
Q

T


------------- (9)

  S =
Q

T

A B S 


 

ds =
 Q

T

L„ «̀̄ = ∞} © ∞«

 S =
Q

T

L„`«̄ = ∞} © ∞«



( Physical significance of entropy) :

          randomness 


 ( A) ( B )
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 A, 
 B,  A  B 
A  B 


          

          
    


 ( Entropy change in a reversible process ) :

 T0         
Q 

 S  =
Q

T

L„`«̄ = ∞} © ∞«



 S = –
Q

T

L„`«̄ = ∞} © ∞«



 S  +  S  =
Q

T

L„`«̄ = ∞} © ∞«
+( –

Q

T

L„`«̄ = ∞} © ∞«
)

Q

T

L„`«̄ = ∞} © ∞«
–

Q

T

L„`«̄ = ∞} © ∞«
= 0

( Entropy change in an irreversible Process ) :

 

 S  =
Q

T

L„`«̄ = ∞} © ∞«
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 S  +  S  =
Q

T

L„`«̄ = ∞} © ∞«
–

Q

T

J#∞„ «̀̄ = ∞} © ∞«

W > W





Q

T

L„`«̄ = ∞} © ∞«
>

Q

T

J#∞„ «̀̄ = ∞} © ∞«

Q

T

L„`«̄ = ∞} © ∞«
–

Q

T

J#∞„ «̀̄ = ∞} © ∞«
> 0

 S  +  S  > 0



 





 

( Calculation for entropy changes of an

ideal gas ) :

 ( pure substance )  P, V ,T 
 

V ,T( Entropy as a function of V & T ) :



ds =
 Q

T

L„ «̀̄ = ∞} © ∞«



 Q = dE + PdV
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Cv =
V

dE

dT

 
 
 

dE = C
V
. dT

 Q = C
V
. dT + P dv



 Q= C
V
. dT + RT

dv

V

 Q

T

L„ «̀̄ = ∞} © ∞«
= ds = C

V

dT

T
+ R

dv

V

V
1

, V
2
 T

1
,T

2



 S = S
2

- S
1
= C

V

T V

T V

2 2

1 1

d T d V
+ R

T V 

 S = S
2

- S
1
= C

V
ln

2

1T

T
+ R ln

2

1V

V

 S = 2.303 C
V

log
2

1T

T
+ 2.303 R log

2

1V

V

V
1
, V

2


T
1
,T

2


P,T ( When P and T are the two variables ) :

P
1

V
1

= R T
1

– 

P
2

V
2

= R T
2

– 




2

1V

V
=

1 2

2 1P

P T

T

 S = S
2

- S
1
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 S = C
V

ln
2

1T

T
+ R ln

2

1V

V


= C
V

ln
2

1T

T
+ R ln

2

1T

T
– R ln

2

1P

P

C
P
- C

V
= R C

V
+ R = C

P

 S = C
P

ln
2

1T

T
– R ln

2

1P

P

 S = 2.303 C
P

log
2

1T

T
– 2.303 R log

2

1P

P

             


 ( Gibbs and Helmholtz functions ) :

 ( Helmholtz fucntions ) :

 ' A ' 

A = E – T S ------------- (1)

A = 

E = 

T =

S =

E, S  A 

A
1
,E

1
, S

1
A

2
,E

2
, S

2




A
1

= E
1

– T S
1

------------- (2)

A
2

= E
2

– T S
2

------------- (3)



A
2
– A

1
= ( E

2
– E

1
) – T ( S

2
– S

1
)
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 A =  E – T  S ------------- (4)

T0  Q 

 

 S =
Q

T

L„`«̄ = ∞} © ∞«
------------- (5)



 E = Q - W  ------------- (6)



 A = ( Q - W ) - T
Q

T

L„`«̄ = ∞} © ∞«

 A = - W

-  A = W ------------ (7)

(A ) 

( Free energy function ) :

G 

G = H – TS ------------- (8)

H, T, S    H, S  G 
 T0, 

G
1

= H
1

– TS
1

 ------------- (9)

G
2

= H
2

– TS
2

------------- (10)



G
2
– G

1
= ( H

2
– H

1
) – T ( S

2
– S

1
)

 G =  H – T  S ------------- (11)
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 G = 

 H = 

 S = 



 S =
Q

T

L„`«̄ = ∞} © ∞«

T S = Q ------------- (12)



 H =  E + P V ------------- (13)

 H; TS 

 G =  E + PV - Q

= ( E - Q) + PV ------------- (14)



 E = Q - W

 E - Q = - W ------------- (15)



 G = - W + PV

-  G = W – PV ------------- (16)

PV P 

  ( –G )
Net work 

( Net work ) = 

( Net work ) = W - PV = –G
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       –G   


G G = 0

G 

( Variation of free energy with temperature and pressure):



G = H – Ts --------------- (1)



H = E + PV --------------- (2)

G = E + PV – TS ------------- (3)



dG = dE + P dV + VdP- TdS - SdT ------------- (4)

 

ds =
 Q

T

L„ «̀̄ = ∞} © ∞«

 

 Q = dE + P dV

dS =
dE +PdV

T

TdS = dE + P dV -------------- (5)

 Tds 

dG = dE + PdV + VdP – ( dE + PdV) – SdT

dG = VdP – SdT -------------- (6)



dP = 0, 

dG = – SdT -------------- (7)
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P

dG

dT

 
 
 

= – S -------------- (8)

dT = 0, 

dG = VdP -------------- (9)

T

 
 
 

dG

dP
= V -------------- (10)



G
1

= 

G
2

= 

 ( integrating)



G = G
2
– G

1
=

P2

P1

VdP -------------- (11)1)

P
1

= 

P
2

= 

n 

PV = nRT

V =
nRT

P

V 

G =

P2

P1

nRT
dP

P


= nRT

P2

P1

dP

P


= nRT ln
2

1P

P
-------------- (12)



6.21 



P
1
V

1
= P

2
V

2

1

2V

V
=

2

1P

P

2

1P

P


G = nRT ln
1

2V

V
--------- (13)

G = 2.303 nRT log
1

2V

V

 :

1)   300K        
 

 : n = 2 

T = 300K

R = 1.987 -1-1

V
1
= 4 

V
2
= 40 

G = 2.303 nRT log
1

2V

V

= 2.303 x 2 x 1.987 x 300 x log
4

40

= – 2745.6 

2)   37°c          


 : n = 1

T = 37°c = 37 + 273 = 310K
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R = 8.314 

V
1
= 55 

V
2
= 1000 

G = 2.303 nRT log
1

2V

V

= 2.303 x 1 x 8.314 x 310 x log
55

1000

= – 7476.8 

 :

  :

   :



ds  0

Equal to =    ' greater than ' (>)   






A = E – TS



dA = dE – TdS – SdT

TdS = dE – SdT – dA

TdS dE + PdV,  TdS 

dE – SdT – dA dE + PdV

– SdT – dA PdV

SdT + dA – PdV



dA – PdV

dA 0
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  =     (<)    
(A)   






G = H – TS



H = E + PV

G = E + PV – TS



dG = dE + P dV + VdP- TdS - SdT

dE + P dV = dG – VdP + TdS + SdT

TdS  dE + PdV 

dE + PdV 

TdS  dG – VdP + TdS + SdT

 dG – VdP + SdT

dG – VdP + SdT 0



dG 0

 =      (<)     

   (G = 0) 

(G = + ve) 

( Gibbs - Helmholtz equation ) :



 


 
 



6.24  

G = H – TS

 T0 

G
1

= H
1

– TS
1

–  -----------(1)

G
1
, H

1
,S

1


G
2

= H
2

– TS
2

–  -----------(2)

G
2
, H

2
,S

2




G2 – G1 = (H
2

- TS
2
) – ( H

1
- TS

1
)

= (H
2

- H
1
) – T ( S

2
- S

1
)

G = H – TS -----------(3)

G = 

H = 

S = 

P

dG

dT

 
 
 

= – S

dG = 

dT = 

P

1dG

dT

 
 
 

= – S
1

–  -----------(4)

P

2dG

dT

 
 
 

= – S
2

–  -----------(5)



P

2dG

dT

 
 
 

–
P

1dG

dT

 
 
 

= – S
2

– (– S
1

)
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P

2 1d G -G

dT

 
 
 

= – S
2

+ S
1

 

P

d G

dT

 
 
 

= – (S
2

– S
1

)

= –  S -----------(6)

–  S 

G = H – T
 

P

d G

dT

 
 
 

-----------(7)

            
 

 :



A = E – TS



A = E + T
 

V

d A

dT

 
 
 



       H  

G

( Model Questions ) :

1.   

2.  S 

3. (T0
1
,T0

2
) 
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4. a) 

b) 

5. 

6. 

i) 

ii) 

iii) 

7. A , G  


:

8. 500°c  100°c 

( 51.75%)

9. 25°c  120°c 

( 0.20)

10. 400K 27°c 

( 0.25)

11. 373K 273K  T0
2




( 225.8 , 0.268, 615.05 )

12. 200K  300 K 


( 0.33 ; 100 , 200 )

13. 4   300 K         
R = 8.314 -1  -1.

( 2494.1 )


 


 


