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k = 1.380649×10−23 J/K. 
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The relation between the Boltzmann constant and the universal gas 

constant is given by this equation: R = NAk where R is the ideal gas 

constant (sometimes called the universal gas constant) and NA is the 

Avogadro constant (k is the Boltzmann constant of course). 
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Probability density F(Ux) for the velocity of N2 

gas in x direction at two different temperatures 
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Example 1 



ux = 300 ms-1 
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Example 2 
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Part 2 
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The speed of the gas molecules is of three types: 
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Example 1 
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Part 3 

 



2 



3 



4 



5 

Why? 

Reduced mass  



The distribution of relative velocities between two molecules depends 

on the velocity of each one and the angle of approach: 
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If the velocities of A equals that of B: 

 

a) The two molecules move towards each other 

 

 

 

b) The two molecules move together in the same way 

 

 

 

c) The two molecules move with an angle of 90o (most probable 

case).  

 

 

 

 

7 



2
1

2
1

2
12222

]
.

8
[

)
8

(

])()[()()(

AB
AB

BABAAB

RT
U

M
RT

U

UUUUU











8 



9 



10 



11 



12 



13 



14 

Example 1 
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For only one gas: 
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The collision density is expressed in mol m-3 s-1 
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 In next Table at 

 1 Pa = 1 N / m² = 10−5 bar = 7.5×10-3 Torr = 0.987 atm 
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Example 1 

Calculate the collision frequency and collision density in ammonia, r=190pm, at 

25°C and 100kPa. (MNH3 = 17.03 g/mol) 

The collision frequency is 
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Note that he did not mention to ammonia concentration or volume ( there is no n 

or V variables) 
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Example 2 

Why he did not use Boltzmann constant k instead of gas constant? 



11 



Part 5 
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Example 1 
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Example 2 
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Example 3 
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Kinetic Chemistry 1 
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Activation Energy 
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•  it is a state where the collided 
molecules has a sufficient energy 
to convert to products  

• The activated complex is a 

intermediate state formed during 

the conversion of reactants into 

products. The activated complex 

is the compound with chemical 

composition present in the highest 

point in the energy curve 

 Activated Complex  

• Activation energy is the difference 

between  the energy of the 

activated complex and the energy 

of the reactants. 
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Reaction Coordinate 

E
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Reactants 

Products 

Activated state 

Eaf Ear 
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araf EEE 

Xyaf EEE 

Zyar EEE 

ZYXY EEEEE 

XZ EEE 

If we have a reversible reaction 
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Discussion 
1-  what is E 

 it is the difference between the energy of the products and 
the energy of the reactants and it is the change in reaction 
energy at constant pressure H  

2- what is the meaning of the negative sign of  H 

XZ EEE 

Hwhat is the meaning of the negative sign of   -3 

  

ZX EE 
 Exothermic reaction 

xz EE 
 Endothermic reaction 
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 Exothermic reactionالتفاعل طارد او ناشر للحرارة 



 Endothermic reactionالتفاعل ماص للحرارة  7
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 Dependence of the rate of the reaction on temperature 

  

Maxwell and Boltzmann distribution and activation energy      
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Relation between reaction rate and temperature    
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In 1878 Hood presented the first 

experimental law between the rate constant 

k and temperature 

For any reversible reaction, In 1884 Van’t Hoff 

proposed a relation between the equilibrium 

constant and temperature for any reversible 

reaction و 
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For the following reversible reaction 

kf is the reaction rate constant for the forward reaction 

kr is the reaction rate constant of the reverse reaction  
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At equilibrium the rate of the forward reaction equals the rate of 

the reverse one 

Equilibrium constant 
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Arrhenius proposed the separation of equation 5 into two equations 

The constant I is found to be equals zero experimentally 
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 سمعادلة ارهينيو على وبإجراء التكامل

Aln
RT
E

kln a 

dT
RT
E

klnd 2
a

  dT
RT
E

klnd 2
a

  dTTdT
T
1 2

2 1
T 12






klnklnd 

7 

T
1





Aee lnRT
E

lnk
a

e




Aln
RT
E

kln a 

A
e

ln
RT
E

lnk
a

e




16 

)RT/Eexp(A ak

The last equation can be written as follows 
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Arrhenius equation 
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By subtraction of equation 10 from 11 
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If the reaction is carried out at two different tepmeratures  
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Slope  =  - Ea/2.303R 

N2O5 Decomposed thermally between 237K and 338K 

The slope of the relation between log k and 1/T was -5400, what is 

the value of activation energy 

-  5400 =  - Ea/2.303R 


