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 Chemical Kinetics الحركية الكيمياء

Chemical Kinetics(dynamic) is the study of the rate(speeds) and 

mechanisms of chemical reaction. 

      ركيا  ال  ا    الكيميا ية   ر ة ال  ا    الكيميا ية  الميكا يكية ال    ح    ا     

 ال  ا    .

   ال  ا   الم  ر   ي اال  ا    الكيميا ية   ال    ال           ا ة  ر ة ا     

     ا    ال ر   ا  م    ي   يما ا ا كا  ال  ا      ا   ا   ير    ا   لك         الميكا يكية 

 ال    ح     ا ال  ا     ال  ا   الم  ر       ر ة ا    ا   كيميا   . 

     م  الكيمياء الحركية      ا  ي  ا ا يي   ما 

  Rate of reaction.       ر ة ال  ا   1

   How does chemical reaction occur. كي ية      ال  ا   الكيميا   2



 Rate of Reaction(V)   :       ر ة ال  ا  

 The rate of chemical reaction is a measure of how concentration 

involved substances changes with time. Analysis of reaction rate is 

important for several applications ,such as chemical equilibrium study 

in soils. 

   ي        ر ة ال  ا   ال  ير     ركي  الم ا  الم  ا  ة    ال    . 

     ال  ا            ر ة ال  ا   الكيميا           ال  ير    كميا  ) ركي ( الم ا     ا  

الم  ا  ة    ال ا  ة         ال   .           ير   ا   ال  ا           ال             ا   

    ال  ا       ركي  الم ا  ال ا  ة  مر   ال      ك    ال ا  .



:   ر   ال ر ة 

       ا  ال  ير     ركي   ا    ا )   ا  ة كا       ا  ة(             ال   .

      ا    ركي  ال  ا             ركي  الم  ا   .   م يا   مك   ا      اء الما     ا   ا  

 يا   ر ة ال  ا     يا       ا   اء  ا      ا  ة          ك     ا    ا  ة.   ا         ل  

 . ا  ل  ال ي  ا ية م ا  ة   ير ا    ال  ا  

 

     الة المحالي        ا   ك         يا   ر ة ال  ا   الكيميا          لك  ل ر لك  

         (mol.L
-1

.time
-1

.             ال     ا     ال  ا        ك    ا ية ا    ي ة (

   t    الما    ال   ة ل       Cا   ا ة ا    ة .    ر     ر ة ال  ا      ا    ركي  الما  

     ال   ة ال الية :



 

Rate of Reaction (V) = dC/dt =
𝐂𝐡𝐚𝐧𝐠𝐞𝐬 𝐢𝐧 𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 

𝐓𝐢𝐦𝐞 
 

  م  ا      يمة       ر ة ال  ا      ال         ا   ا   ركي  الم ا  الم  ا  ة     ر   

 ال   . 

For General reaction    

 AB       A + B   
𝑲𝟏 
   

   In function of time (∆ t), the concentration of reactants [A] or[B] 

,     
−∆[𝑩]

∆𝒕 
, while the concentration of product              will decreased 

−∆[𝑨]

∆𝒕 
 

Will increased . 

       Rate = 
∆[𝑨𝑩]

∆𝒕 
 

 :       يا  لم     ر ة ال  ا   الكيميا    rate constant  ا    ر ة ال  ا  K1 ي  ا  

    ا   ا ر       الة لم    ال  ير الحا       ركي  الم ا  الم  ا  ة  ال ا  ة    ال  ا      

ال    .      ا            ة الحرا         ر    ير ال ركي              ا   ال  ا ر.  ا  

    ا   ا        ال ر ة    م       ر  ة ال  ا   .











In the General ,the reaction rate depends on       م        ر ة ال  ا     

1. Reactant concentrations, which usually make the reaction happen at 

faster rate if raised.  

 .  ركي  الم ا  الم  ا  ة ,  ا ا  ا   ركي  ا            ر ة ال  ا    الية.1

2.Activation energy, which is defined as the amount energy required to 

make the reaction start and carry on spontaneously. Higher activation 

energy implies that reaction will be harder to start and therefore slower 

.  ا ة ال   ي ,     كمية ال ا ة ال   ة      ا   لك     ا     مر   ك     ا   ,  ا   ا ة 2

ال   ي  ال الية ل م ا  ال  ي ة ال  ا   . ا ا ا ا كا    ا ة ال   ي   ا  ة   ا   ي       ر ة 

 ال  ا    الية



 . ا         ة الحرا     م        ا   ال ا ة   ال ال             ر ة ال  ا   ا ر   ا   .

4. Outside agents such as catalysts and enzyme 4  الم ا  الم ا     ا    ما .  

     Catalysts are substance which increase the speed of reaction by 

lowering the activation energy. 

 الم ا  الم ا         ا    م        ا    ر ة ال  ا               ا ة ال   ي .

Catalysts is not destroy or change during reaction so it can be used 

again. الم ا  الم ا        ح   ا       ا     ير ا  اء ال  ا     مك  ا          ر  ا ر  



 ا  ما ا      ر  ال  ا   ال :-      ال  ا    الكيميا ية ال      ا  ا 

 Extremely fast reaction.   ا     ر  ة   ا 1

  ا ال       ال  ا        ا   ا           ا   الح ا   ال   ة    ال  ا   ال   ة     

10ا   ا  الما ية       ا   لح            ا ال  ا       
-7

  ا ية .ا        ر ة ال  ا     

  مك   يا  ا  م يا  ح  ال ر   ال م ية  لك   مك   يا  ا  ح   ر    ا ة      يا   ا ة. 

  Moderately slow reaction.   ا         ة ال ر ة 2

      ر      ال  ا     مك  ا  اك ا ا   مك   يا  ا     ر ا   م يا.   ا ة      ا    

 الم ا  ال    ة    ال  ي ة ) ر ة ,  يا ,   ا  , ا ياء    ر ة(. 

 Very slow reaction.   ا      ي ة   ا 3

    ال  ا    ال      مك  ا  اك ا  ح  ال ر   ال  ي ية ا   ح   ر    ا ة .     ال ح   

  ح ر  ا        ال    ا  الك ر  .



Time Scales of Soil Chemical Processes 

 الم  ا  ال   ية ل  م يا  الكيميا ية    ال ر ة

  ال  ال        ال  ا    الكيميا ية ال    ح      ال ر   ال          را     ية      ة 

  را    ي   ا كر   ا ية ل           ا    ال  ك  ال   ا كر   ا ية       ا ية  . الم  ا  ال   ية

ل      ا    ال  ا   ا         ا    ا    ا  ال         ا  ل  ا    ال  ا    ي  ال    

 sorption/desorption    ا    mineral crystallizationالم      المح           الم ا   

    (1 .) 

Ion Association reactions include ion pairing, inner-and outer –sphere 

complexation, and chelation in soil. 

Gas water reactions involve gaseous exchange across the air-liquid 

interface. 

Ion exchange reactions occur when cations and anions are adsorbed and 

desorbed from soil surfaces via electrostatics attractive forces. Ion exchange 

reactions are reversible and stoichiometric. 

Sorption reactions can involve physical sorption, outer-sphere 

complexation, inner-sphere complexation, and surface precipitation. 

Mineral-Solution reactions include precipitation/dissolution of minerals, 

and coprecipitation. 

Mineral crystallization reaction small constituents become a part of 

mineral structures. 
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 (Rate Law) ا     ر ة ال  ا  

   مك  ال       ك   ا     ا     ر ة ال  ا    م ر  ال  ر ل م ا لة الكيميا ية الم    ة  •

 .         ر ة  ل   ال  ر ة ال م ية      م    ا     ر ة ال  ا   ال  ر    

     A+ B                        الم ا لة الر ا ية
𝑲𝟏 
     AB 

Rate = K1[A]
a
[B]

b
 

Rate        وحدة سرعة التفاع  ر ة ال  ا   الكيميا (Concentration)
 

(time)
-1

  

mol والوحدة ال ائعة هي : 
 

l
-1

s
-1

 
                    



   a   b   ر    ر      ا  ا    ر    مك  ا        يما     ة     ال ة    ك ر ة   ا      

  الر   ال   ية .

       

 a+ b=      ة ال  ا   الك   

 

 الر       ا    ال ر ة      ا   الم ا       الم ا    الم    ة         ا   ا .((1

      ح    الر    ال  ر ة ال م ية ((2

    Zero order reaction ا ا      الر  ة   ر ((3

    ا   ر ة ال  ا        م       ركي  الم ا  الم  ا  ة

   First order reaction(( ا ا      الر  ة ا  ل  4

      ا   ر ة ال  ا      ا    ر  ا     ركي  الم ا  الم  ا  ة

   Second order reaction(( ا ا      الر  ة ال ا ية5

    ا   ر ة ال  ا      ا    ر  ا     ر    ركي  الم ا  الم  ا  ة



 :-     ا  ا   ا     a,b     ا  ا   ي 

  A ركي  الما   [A]     ا         ر ة     ر  ي   ك    ي ا a((:       ا     ة ال  ا   1

   ا      ك  ال  ر  ي  .[B]         ال  ر  ي  ا  ل   ال ا ية   ركي  

 = A     Ci,j((: ل ا        ة  ركي  2
 𝑨 𝒊

 𝑨 𝒋  
 

     ال  ر ة ا  ل  A:  ركي  الما   i[A] ي  ا  

[A]j   ركي  الما  : A ال  ر ة ال ا ية     

 ((:    ة       ر ة ال  ا      3

Ri,j = (rate)i/(rate)j ,        ر ة   ا   ال  ر ة ال ا   /      ر ة   ا   ال  ر ة ا  ل  

Ri,j = (Ci,j)
a 

Or log Ri,j= a log Ci,j , a= LogRi,j/ log Ci,j  

 b      ال ر  ة  مك    ا     ة ال  ا       ا ا  



 

 

 

Calculate the rate constant for the following reaction  

             N2O5(g)                            N2O4(g)  + 1/2O2(g)  

From the following data 

Experiment Initial concentration 

Of N2O5 (mol/l) 

Initial rate of the 

reaction(mol/l) 

1 2.4 x 10
-4

 4.02 x 10
-6

 

2 4.8 x 10
-4

 8.04 x 10
-6

 

3 7.2 x 10
-4

 1.21 x 10
-5

 

4 9.6 x 10
-4

 1.61 x 10
-6

 

 

Example 1  



Solution: - 

 ل             ر ة ال  ا        ر ة 

Rate= k[N2O4]
a
 

Experiment 1,2 

Rate 2,1 = (rate)2/ (rate)1 = 8.04 x 10
-6/

4.02 x 10
-6

 = 2 

C2,1 = [N2O5]2/[N2O5] = 4.8 x 10
-4

/ 2.4X10
-4

 = 2  

R2,1 = (C2,1)
a
 

2=(2)
a
 



  a=1 First order reaction  

Rate = k[N2O5] 

To calculate k. we take the values of the rate and concentration 

of [N2O5] from ant experiment. 

K= Rate/[N2O5] = 4.02 x 10
-6

mol/l X sec/2.4 x 10
-4

 mole/l  ال  ر ة ا  ل 

K = 0.0168 Sec
-1 



 

 

 

 Calculate the rate constant of the general reaction at a given temperature 

         nA   + mB +kC                  D + E  

Experiment 
[A] [B] [C] Rate 

Mole/L Mole/L.Sec 

1 0.001 0.04 0.008 0.02 

2 0.002 0.04 0.008 0.04 

3 0.004 0.04 0.008 0.08 

4 0.001 0.08 0.008 0.08 

5 0.001 0.16 0.008 0.32 

6 0.001 0.04 0.016 0.16 

7 0.001 0.04 0.032 1.28 

Solution :- 

Rate = k[A]
a
[B]

b
[C]

c
 

To calculate a, from experiment 1,2 

R2,1= (C2,1)
a
 

R2,1= (rate)2/(rate)1 = 0.04/0.02 =2 

C2,1 = [A]2/[A]1= 0.02/0.001=2 

2= (2)
2
  

a=1 first order reaction 



to calculate b, from the experiment 4,1 

R4,1 = (C4,1)
b
 

         = (rate)4/(rate)1 = 0.08/0.02 = 4 

C4,1 = [B]4/[B]1 = 0.08/0.04 = 2 

     4= (2)
b
 

b=2 Second order reaction 

To calculate C, from the experiment 6 ,1 

R6,1 = (C6,1)
c
 

           (rate)6/(rate)1 = 0.16/0.02 

C6,1 = [C]6 / [C]1= 0.016/0.008 = 2 

8 = (2)
c
 

C= 3 Third order reaction  



Rate = k[A][B]
2
[C]

3
 

 To calculate rate constant ,k, we substitute the value in any 

experiment . from experiment 1 

K= Rate/ [A][B]
2
[C]

3
 

      0.02 (mole/L. sec)/[0.00 1mole/L][0.004 mole/L]
2
[0.008 mole/L]

3
 

K= 9.77 x 10
8
 L

12
/mole

4
.sec 

Overall order a +b+ c= 1+2+3 = 6 



Example 3 

Calculate the rate constant for the following reaction 

A+B                  C + D 

From the following data 

Experiment [A] [B] Rate(mole/L.sec) 

1 0.01 0.3 4 x10
-2

 

2 0.04 0.3 0.16 

3 0.06 0.3 0.24 

4 0.01 0.9 4 x10
-2

 

5 0.01 1.5 4 x10
-2

 

Solution :- 

To calculate the order of reaction, from experiment 1,2 

R2,1 = (C2,1)
a
 

          = (rate)2/(rate)1 = 0.16/4 x10
-2

 = 4 

C2,1 = [A]2/ [A]1 = 0.04/0.01 = 4 

4= (4)
a
 

a=1 First order reaction  



To calculate b, from the experiment 4,1 where [A] is constant 

R4,1 = (C4,1)b 

       = (rate)4/(rate)1 = 4 x10
-2

/4 x 10
-2

 =1 

C4,1= [B]4 / [B]1 = 0.9/0.3 = 3 

1= (3)
b
 

b=0 Zero order reaction  

Rate = k[A][B]
0
 

Rate= k[A] 

 The overall order of the reaction = a + b= 1+0=1  




