






‘’ (Kinesis) - 









‘t’  ‘x’   


x

t
 


dx

dt


dc

dt



dx ––> 

dc ––> 

dt ––>







–1 –1

R = 




= 
x

t

A ––> B 

i)
   A B

t t

 
 

 


ii)
   d A d B

dt dt

 
 



*  [A] = –Ve, 

* 
 A

t







 A

Ve
t


 


.
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(rav) & (rinst)

(Instananeous Rate of a Reaction)





 2( )2( )2 5( )
2 4

ggg
N O NO O 

 252 21 1

2 4

d N O d NO d O

dt dt dt

             

 252 21 1

2 4

N O NO O

t t t

             
  


* 
* 
* 
* 
* 
* 
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: (Law of Mass action)

(Guldberg and Wage)

“


aA + bB ––> mM + nN

R  [A]x [B]y

a, b, m, n  –––> &  
x, y ––> 
x = a (or) x   a

y = b (or) y   b

R = K [A]x [B]y = 
 d R

dt



 1) 2NO(g) + O2(g) –––> 2NO2(g)
    2

2d R
K NO O

dt


     =  K [NO]2 [O2]

2) CHCl3 + Cl2 ––> CCl4 + HCl
 d R

dt


= K [CHCl3] [Cl2}1/2

3) CH3COOC2H5 + H2O H
  CH3COOH + C2H5OH

 d R

dt


= K [CH3COOC2H5]1  [H2O]O


n w

v mv
 .

 (k)

aA + bB ฀  cC + dD

R = K [A]x [B]y

    yx
R

K
A B



 K =    yx
A B

 


X

= 
1

nX


 

= 
1

nX


 

= –1 –n

K = 1–n –1

––> –1 ;



* : 

* 10K




* (Ea) 


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(specific rate constant)


A ––> 

  xdx
R K A

dt

   
 

[A]  = 1 R = k









‘’ 

 

    

  

  NH4NO2 ––>N2 + 2H2O NH4 NO2) 1

2  CH3COOH + NaOH ––> 2 CH3COOH & 2

CH3COONa + H2O NaOH)

3  2NO + O2 ––> 2NO2 No &

 O2, 3




CH3COOCH3 + H2O  CH3 COOH + CH3OH 









2

2

2 2

2 2

2 2

2

2 2

2

2

*
[ ][ ]

2 2
3

2 *

2 2

Slow

Fast

I

II

Br H O H
r k Br H O

HoBr H OBr H O H
I

Br H O HoBr H Br

Br H O

NO F N

 

 



 
 

  

   

 

 





   







2

2

2

2

2

2

2

2 2 2 2

2 2 2

2
2 2

2
2 2 2

*
[ ][ ] 2

* 2

*
2 2 [ ][ ] 1

*

Slow

Fast

Slow

Fast

I

II

I

II

NO F NO F F
O F I r k NO F

NO F NO F

H O H O O
H O H O O I r k NO F

H O O H O

  


 

 
  

  




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
* 
“”.

* 
* 

“” (Slow Step) 
“” 

“(Order of  a  Reaction)



   
 

1 1, 2, 3 1, 2, 3  []1

2 1, 2, 3 1, 4, 9  []2

3 1, 2, 3 1, 8, 27  []3






A ––> 

K
O
 [A]O =

 d A

dt



 R

t [A]

o a

‘t’ x

‘t’ (a – x)

R = K
O
 (a – x)O =

 d a x

dt

 

K
O
 =  -

 d a x

dt



{   (a – x)O = 1]

K
O
 = 

da dx

dt dt
 

  0
da

dt




K
O
 =

dx

dt

K
O
dt = dx ––> (1)

(1) 

O
K dt dx 
C + K

O
 t = x

C ––> 
 x = K

O
t + C –––> (2)

t = 0 x = 0 (2) 
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O = k
O
 (O) + C

   C = 0    ––>  (3)

C = 0 
x = k

O
t + O

x = k
O
 t

 k
O
 =

x

t
K

O
––> 



 O

x
K

t
 




–1 –1 –1

k
O
 = 

x

t

x = k
O
t, y = mx X - t - 

(m = K
O
) K

O
 


(t

1/2
 to.5)




x
k

t


x
t

k


2

a
x   1 2t t

1 2
2

a
t

K


t
1/2

  a,

a––> 

a) HI b) NH3 




H2 + Cl2 2
hv

HCl
HCl H2 & Cl2 


3) 

CH3COCH3 + I2 3H O
  CH3COCH2I + HI


 

OH
||

 CH3COCH3 + H3O + 
Slow

Step
  CH3 – C –  CH3 + H2O

 = K [CH3COCH3] [H3O+]

   


k
O

(m)
1

x
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

 i)    C12 H22 O11   ––––––––––––––>      C6H12O6     +    C6H12O6

  

ii) C6H12O6 Zymase  C2H5OH + CO2

iii)  Lactobacillus   









1) A ––––> 

= k1 [A]

 
1

d A
k

dt


  (a – x)

 
1

d a x
k

dt

 
  (a  – x)

1

dx
k

dt
   (a – x)   [ 0

da

dt
  ]

 
dx

a x  = k1dt

1

dx
k dt

a x


 
- ln (a – x) = k1t + C

at   t = O,   x = O

c = – lna

ln  (a  – x) = k1t – lna

ln 
a

a x

 
  

 = k1t

k1 =
1

t
 ln 

a

a x

 
  

k1 = 
2.303

log
a

t a x

 
  



ln 
O

C

C

 
 
 

= –kt “t’ c ––> 

C = C
O
e–kt C

O
 ––> 


t1, (a – x1)

t2, (a – x2)

k = 
2.303

t
 log  

a

a x 

Invertase 
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k   = 
11

2.303
log

a

t a x

 
   

 ––––––> (1)

2
2

2.303
log

a
K

a xt

 
    

  –––––––> (2)

(2) – (1) :  
 
 2 1

1

2

2.303
log

a x
k

a xt t







= k1 ––> –1

t1/2 =
0.6932

k

t1/2 (a) 
k1 

 t Vs log (a – x) = 
1

2.303

k

 1 2T n X t

      T –––>  n ––> 

1) SO2Cl2 ––> SO2 + Cl2
2) NH4 NO2 –––> N2 + 2H2O

3) C6H5N2Cl + H2O ––> C6H5OH + HCl + N2
4) 




2A ––> 

 = k2 [A]2

= k2 (a – x)2 =
 d A

dt

k2 (a – x)2 =
 d a x

dt

 

(or) k2 (a – x)2 =
dx

dt

 2
dx

a x = k2dt



 
1 1 1

k
t a x a

 
   

(or)  
1 x

k
t a a x

 
   
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
A + B ––> 


 d A

dt


 = k2 [A] [B]

dx

dt
 = k2 (a – x) (b – x)

   
dx

a x b x  = K2 dt



K2 =  
1 2.303

t a b  log
 
 

b a x

a b x

 
  


1) K2 –––> -1 –1

2) t1/2 =
2

1

aK

3) 


1) CH3 COOH3
2

NaOH

H O
  CH3 COONa + CH3OH

2) 2O3 373K  3O2

3) 2N2O ––> 2N2 + O2
4) C2H4 + H2 –––> C2H2
5) 2Cl2O ––> 2Cl2 + O2
6) CH3COOH + C2H5OH ––> CH3 COOC2 H5 + H2O

7) 



3A ––> 


dx

dt
= k3 (a – x)3

K3
  =  2 2

1 1 1

2t aa x

 
 
  

(or) K3  = 
 
 2 2

21

2

a xx

t a a x





k3 ––> mol–2 Litre2 time–1 –2 –1

t1/2 = 2

3

2Ka

k3 


 2 FeCl3 + SnCl2 ––> SnCl4 + 2FeCl2
2) 2NO + Br2 ––>2 NOBr

3) 2NO + O2 ––> 2NO2
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nth 
‘n’ 

dx

dt
= Kn (a  – x)n

,  Kn =  
1

1n t      11

1 1
nn

aa x


 
 
  

t1/2 =

 

    1

1
2 1

1
n

n

n

K n a







 CH3CHO CH3CHO ––> CH4 + CO

K [CH3CHO]3/2

 n = 3/2


2O3 ––> 3O2

R = K [O3]2 [O2]–1

= –1





A –––> B


dN

dt


 N

dN

dt


=  N  ––> (1)

 ––> 
N

O
 ––> 

N ––> ‘t’ 
dN

N


=  dt ––> (2)

dt = 1  – 
dN

N
=  –––> (3)


dN

dt
N

  
–ln N = t + c –––> (4)

t = 0, N = N
O

–ln N
O
 –  xO + C

C = – ln N
O
 –––> (5)

‘C’ (4)
– ln N = t – ln N

O

ln N
O
 – ln N = t

 = 
1

ln ON

t N

 
 
 

2.303
log ON

t N
    

 
* :  ––> (–1

* t1/2 =
0.693


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(
A   B  + C

B

A

C

B, C ––> 

k1 & k’1 ––> 

     1 1
'

d A
k A k A

dt


 

 = (k1 + k1’)  [A] ––> (1)

   1
(2)

d B
k A

dt
 

    (3)
d C

k Ai
dt

 

‘dt’ x -1 ‘B’ y –1 ‘C’ 

   
;

d B d Cx y

dt dt dt dt
 

 

 

 

 
1

1

(2)
;

(3) '

d B d B

kxdt dt
d C d Cy k

dt dt

  


1

1 '

kx

y k


A B & C 

k1 = 1.26 X 10–4 S–1

A k1’ = 3.8 X 10–5S–1

% distribution B & C 

% distribution of B = 
1

'
1 1

100
k

X
k k

= 5

4

4

1.26 10
100

1.26 10 3.8 10

X
X

X X




 

= 76.83%

% distribution of  C = 

'

'

1

1

1

100
k

X
k k

 = 

5

54

3.8 10
23.17%

1.26 10 3.8 10

X

X X



 


k1

k’1
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

a,  t1, t2, t3 
(a – x1),  (a – x2),  (a – x3) .... 

k1 = 
2.303

log
a

t a x

 
  

 ––> 

k2 = 
1 1 1

t a x a

 
  

 ––> 

k3 =  2 2

1 1 1

2t aa x

 
 
  

 ––> 


nth 

2

2 1

1

log log
1 ;

log log

t t
n

a a


 



 11/

n

n
t a 




Vs 





k = Ae–Ea/RT 
A ––> 


Ea –––> 


 k = Ae–Ea / RT

lnk = lnA  - 
Ea

RT

2.303 logk = 2.303 log A - 
Ea

RT

logk = logA - 
2.303

Ea
RT


2.303

Ea

RT



logA

2) From lnk =
Ea

RT


+ lnA
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2

lnd k Ea

dt RT
 2

1 1 2

1 1
ln

k Ea

k R T T

 
   

 

22

11

2
ln

k T

Tk

dT
d k Ea

RT
  (OR)

2

1 1 2

1 1
log

2.303

k Ea

k R T T

 
   

 

k1, k2, T1, T2 Ea 


(T + 10) K (KT+10), TK 
(KT) 

=
10T

T

K

K


 = 2 to 3.

308K 298k 
308

298

K

K

10OC 

2HI ––> H2 + I2 ; = 1.8

(2) CH3I + C2H5ONa ––> NaI + CH3OC2H5 2.9






“(Z)” 



dn

dt


= Z –1–1

x 
 (orientation) 


 K = PZe–Ea/RT

P ––> Steric factor

(Z) :

2 = 6.5 X 104  2n2
T

M

 ––> T ––> M ––> 
(Absolute Reaction Rate Theory, ARR theory). 
(Transition State Theory). 
(Activated Complex Theory)





A  +  B ฀     [X]* –––> 

 
 H –– I H ........... I H I

+ ฀   +

H –– I H ........... I H I

(2HI) (H2) (I2)



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
 

2A + 3B  ––> C + 3D

[A] [mol dm–3] [B] (mol dm–3) Rate (r) (mole dm–3S–1)

1. 4.0 X 10–2 1.2 X 10–2 0.014 (r1)

2. 4.0 X 10–2 2.0 X 10–2 0.028 (r2)

3. 2.0 X 10–2 2.5 X 10–2 0.004 (r3)

4. 4.0 X 10–2 2.5 X 10–2 0.016 (r4)

r = [A]a [B]b 

a) A 

b) B 

c) 

d) 


2

1
 : 

2

1

r

r  =
   
   

b

b

a

a

K A B

K A B

2 2

2 2
4 10 2 100.028

0.014 4 10 1 10

b

b

a

a

K X X

K X X
 

    
   
      

(2)1 = (2)b

b = 1

   
   

4

3

4
:

3

a b

a b

r K A B

r K A B


0.016

0.004

K


24 10X  22.5 10
a

X  
 

b

K

 
 

2
2 10X

 2
2.5 10

a

X
 

 

b
 
 

(4) = (2)a

(2)2  = (2)a

a = 2



a) A 

b) B 

c) n = a + b  = 2 + 1 = 3

d) r = k [A]2 [B]1

e) (K)  =    2

r

A B

= 2
2 2

0.014

4 10 1 10X X      
=  8.75 x 102 mol–2dm6s–1
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    2 22 7( )

400
2 2 7

g gg

K
Cl O Cl O 


(i) 55 Cl2O7 0.062 to 0.044 atm 

(ii) 100 Cl2O7 

 (i) 
2.303

log
Po

K
t P

   
 

2.303 0.062
log

55 0.044

   
 

 = 6.2  x 10–3s–1

(ii) K = 6.2 X 10–3s–1,  t = 100s,  Po = 0.062 P = ?

6.2 X 10–3 =
2.303 0.062

log
100 P

 
 
 

P = 0.033 atm

   A 
24.9KJ mol–1   27OC 



2

1 2 1log
2.303

Ea EaK

K RT

 
 

 

2

3
1 24.9 10

log 4.3421
2.303 8.3 300

K X

K X X
 

41

2

 = 2.198 X 10
K

K

 


4NH3(g) + 5O2(g) –––> 4NO(g) + 6H2O(g)
a) O2 NH3 



b) NO & H2ONH3 



a)
3 21 1

4 5

d NH d O

dt dt

        

3 32 5
1.25

4

d NH d NHd O

dt dt dt

           

b)
  321 1 1

4 6 4

d H O d NHd NO

dt dt dt

        

  3 2
;

d NH d H Od NO

dt dt dt

        

3 36
1.5

4

d NH d NH

dt dt

         
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 20% 



i) 

ii) 75% 

 i)  
2.303

log
a

K
t a x

 
   

2.303 100 2.303 100
log log

10 100 20 10 80
 


0.0223 min–1

ii) )
2.303 2.303 100

log log
0.0223 100 75

a
t

k a x

 
    

= 62.18 min

 2NO + Br2 ––> 2NOBr 

i) NO + Br2 Fast฀ ฀ ฀ ฀฀฀ ฀ ฀ ฀฀ NOBr2 ;  ii) NOBr2 NO Slow฀ ฀ ฀ ฀฀฀ ฀ ฀ ฀฀ 2NOBr; 

  (ii)  

K [NoBr2] [No]–––––––––> (1)

(i)   KC =    
2NO Br

No Br

  
–––––– > (2)

[NoBr2] = Kc [No] [Br2] –––– > (3)

NoBr2 (3) (1) 



 = K [NOBr2] [NO]

[NOBr2] = Kc [NO] [Br2]

 = (K. K
C
) [NO]  [Br2] [NO]

= K’ [NO]2 [Br2]

[ K.K
C
 = K’]

 



 1
2

t
 = 30 

K1 
1

2

0.693 0.693

30t
 

 = 0.0231 –1



A ––> 

t = 0 a 0

t = 70min (a - x) x


a x

a

 
 
 

1

2.303
log

a
K

t a x

 
   
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0.0231  =  log 
a

a x

 
  

0.0231 70
log = = 0.7021

2.303

a X

a x

 
  

a

a x

 
   

antilog (0.7021) = 5.036

1

5.036

a x

a

   
 

 = 0.1985 = 0.2

 2A + B  + C –––> D + 2E A B 

C 

a) 

b) A, B & C 

 a) (r1) = K [A]1   [B]2  [C]0 –––> (1)

t = 0 

b)  [A] = a mol L–1 ; [B]  = b mol L
–1

 ; [C] =  c mol L
–1

;

(1)   r1 = ka1b2cO  –––––> (2)

‘t’ [A] = 2a,  [B] = 2b,  [C] = 2C 

r2 = k (2a)1 (2b)2 (2c)O –––> (3)

    
         1 2 2

2

1 2

12 1
:

3 82 2 2 2 2
O

OK a b cr

r K a b C


  

r2 = 8r1
O[ C  = 1]

 (20OC) 

(3OC



 20OC 3OC 



 K 20OC  = K(20 + 273) = K293 (K2)

K 3OC  =  K(3 + 273)  = K276 (K1)

293

276

3,
K

K
  TT1 = 3 + 273 = 276K ; T2 = 20 + 273 = 293 K

1 2

2 1 1
log

1 2.303

k Ea

k T T

 
    

 

1 2

2

2

1 1

2.303
log

KRT T
Ea

T T K

   
          

3
293

276

2.303 8.313 10 276 293
log

293 276

KX X X X

K

  
     

32.303 8.314 10 276 293
log(3)

17

X X X X


=  43.46 KJmol–1.
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