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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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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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UUAB 2
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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).  
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Example 1 
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For only one gas: 

11
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11 ...
2
1

udZ 

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? 
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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. 



4 

Reaction Coordinate 

E
n

er
g

y
 

Reactants 

Products 

Activated state 

Eaf Ear 

E ∆-  

X 

Y 

Z 

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    

Temp 

ra
te

 

Raeaction of Nitrogen 

oxide with oxygen Carbon 

Oxidation 

Catalytic 

Hydrogenation 

reactions , Enzyme 

reactions 

Arrhenius 

plot  

(most 

common) 
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Temp 
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11 

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 

1 / T   x 103 

log k 

1 

2 
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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  

   
   

K
BA

DC
k

k

r

f 

At equilibrium the rate of the forward reaction equals the rate of 

the reverse one 

Equilibrium constant 
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2

lnln

RT
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

araf EEU 

Equation 2 can be written as follows 
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

2
r

f

RT
U

dT

k
k

lnd



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
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2
ar

2
afrf

RT
E

RT
E

dT
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dT
klnd



I
RT
E

dT
klnd

2
aff  I

RT
E

dT
klnd

2
arr 

2
a

RT
E

dT
klnd
 Arrhenius equation 

From equations 3 and 4 

5 

Arrhenius proposed the separation of equation 5 into two equations 

The constant I is found to be equals zero experimentally 

6 
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 سمعادلة ارهينيو على وبإجراء التكامل
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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 

8 

xe)xexp( 

Arrhenius equation 
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Alog
T
1

R303.2
E

klog a 









A303.2 log
RT
E

klog2.303 a 

Equation 7 can be written as follows 

Aln
RT
E

kln a  7 

9 
1 / T 

log k 

Slope=-Ea/2.303R 
bxmy 
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By subtraction of equation 10 from 11 
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a

1

2 

If the reaction is carried out at two different tepmeratures  



)314.8)(303.2(5400aE

11
a molJk39.103molJ57.103394E  

)()()( 2252 gOgNOgON 42

19 

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 
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Kinetic Chemistry 2 
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2- Transition State Theory 
 

1-Collision Theory  
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 The theory deals with reactants molecules as solid balls 
  

 

 

 

 

 

 

                                                                                                                                                                                                                                                                

Four collisions 

2 x 2 = 4 

Eight collisions 

2 x 4 = 8 16 collisions 

4 x 4 = 16 

oductsBA Pr

1- Collision Theory  



4 

 concentration the number of reactants molecules in 

unit volume 

what is the concentration? 
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BA
BA CkC

dt
dC

dt
dC

Rate  1 

Results  

2- Number of collisions equals the multiplication of the 

concentration of reactant A with that of Reactant B   

1- number of collisions is related to the number of 

molecules in unit volume i.e. concentration  

3- Rate  of Reaction  number of collisions / s 
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Why some collisions are effective and result in the 

reaction to proceed while other collisions are 

ineffective and result in the reaction will not 

proceed to the formation of products? 

Answer: there are two factors; 

 

Discussion 
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The reaction can only happen if the 

hydrogen end of the H-Cl bond 

approaches the carbon-carbon double 

bond. 

The following reaction result in the formation 

of  chloroethane. 

                                            ClCHCHHClCHCH 2322 

Any other collision between the two 

molecules doesn't work.  

Example  
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Example  
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H 
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I 
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I 
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H 

H 

H 

H 
+ 

(ب)  
H 

222 IHHI Example  
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2nd factor: the collided particles must be in suitable position at 

the time of collision. 

1st factor : For a reaction to occur particles must collide  

with enough energy.  The collided molecules must has energy 

sufficient for the destruct the bonds in the molecules and the 

formation of new bonds. This energy is equals to or exceeds the 

activation energy. Not all collisions are successful, because not all 

particles have the activation energy. The activation energy is the 

minimum energy required for a reaction to occur  
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oductsBA Pr

AB
BA PFZ

dt
dN

dt
dN

Rate 

F =is the part of collisions that the molecules has energy 

equals to or exceeds the activation energy 

P = is the part of collisions where the molecules 

are in suitable positions to react  

2 

ZAB = total number of collisions 

Theoretical treatment 
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How to get the value of F? 

 
N
EN

moleculesofNumberTotal
moleculesactivatedNumber

F 

From Maxwell equation for the distribution of kinetic 

energy 

   RTE
N
EN

F a /exp 3 
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  BAABAB NNRTdZ 2
12 /8  4 

BA

BA

MM
MM




:  Reduced mass 

M: Molecular Mass 

 dAB: collision diameter 

 BAAB ddd 
2
1

μ=mu 
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By substitution from equations 3 and 4 in equation 2 

   R T/Ee xpNN/R T8Pd
dt

dN

dt

dN
aBA

2
12

A B
BA 

5 

AB
BA PFZ

dt
dN

dt
dN

Rate  2 
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and 

AA LCN 

1231002.6  molxL

 number of A molecules= number of A moles x 

Avogadro number 

AA C
L

N 310
  mlin 1

6 

AA dC
L

dN 310


BB C
L

N 310


and BB dC
L

dN 310


9 

7 

8 
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By substitution from eqns. 6,7,8 and 9 in 5 

   R T/Ee xpC
10

L
C

10

L
/R T8Pd

10

L

dt

dC

10

L

dt

dC
aB3A3

2
12

A B3

B

3

A 



































     R T/Ee xpC
10

L
C/R T8Pd

dt

dC

dt

dC
aB3A

2
12

A B
BA 










10 
By comparison between equation 10 and 1    

BA
BA CkC

dt
dC

dt
dC

 1 

     R T/Ee xpC
10

L
C/R T8PdCkC aB3A

2
12

A BBA 











19 

On comparison of equation 11 and Arrhenius eqn. 

 

   R T/Ee xp
10

L
/R T8Pdk a3

2
12

A B 









)RT/Eexp(Ak a

     R T/Ee xp
10

L
/R T8PdR T/Ee xpA a3

2
12

A Ba 









11 

  









3
2

12

A B
10

L
/R T8PdA 12 
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   R T/Ee xp
10

L
/R T8dk a3

2
12

A B 







 13 

  









3
2

12

A B
10

L
/R T8dA 14 

The values of k and A can be determined 

approximately without probability constant 
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Henry Eyring 

1901-1981  

2- Transition State Theory 

http://images.google.com.sa/imgres?imgurl=http://www.chemistry.msu.edu/Portraits/images/eyringc.jpg&imgrefurl=http://www.chemistry.msu.edu/Portraits/PortraitsHH_Detail.asp?HH_LName=Eyring&h=640&w=465&sz=41&hl=ar&start=2&tbnid=tszGfqSAFWPCUM:&tbnh=137&tbnw=100&prev=/images?q=eyring+transition+state+theory&gbv=2&svnum=10&hl=ar&sa=X
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ان ركىٌه الىىارج لا ٌحدس مجبشرح وزٍجخ لزصبدم المزفبعلاد  -1  

لاثد ان رمر الجسٌئبد المزصبدمخ ثحبلخ اوزقبلٍخ او حبلخ وشطخ  -2

 ٌزكىن عىدهب مركت وشط غٍر ثبثذ ٌسمى ثبلمعقد المىشط

 افتراضات النظرية

اقزرح ان ٌكىن رركٍت هرا المعقد وسطب ثٍه المىاد المزفبعلخ  -3

 والىبرجخ وفً حبلخ رىازن مع المىاد المزفبعلخ

طبقخ هرا المعقد اكجر مه طبقخ المىاد المزفبعلخ والىبرجخ -4  

قٍمخ طبقخ هرا المعقد مطبثقخ لقٍمخ قمخ مىحىى الطبقخ -5  

هرا المعقد كٍىىوزه مؤقزخ وٌزفكك ثسرعخ معٍىخ لٍعطً الىىارج -6  

ProductsStateActivatedReactants 
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oductsBA k Pr

   BAkRate

وظرٌخ الزصبدمحست   

 مبهى قبوىن سرعخ الزفبعل؟ 1

  oductsABBA k Pr


  ABkRate2 

 اذا كبن لدٌىب رفبعل ثسٍط ثىبئً الجسٌئٍخ

الزفبعلقبوىن سرعخ اذاَ   

السرعخ الزً ٌزفكك ثهب المعقد المىشط الى مىاد وبرجخ -ة  

 المعبلجخ الىظرٌخ
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5 

رسبوي         للزردد المصبحجخ طبقخ الزرثرة   

KTh  

h
KT

 اذا الزردد 

 ٌسبوي

 K  =ثلزسمبنثبثذ      =h ثبثذ ثلاوك   

 ولكه
L
R

K

Planck constant  
h=6.626×10−34 J·s 

Boltzmann constant 
K=1.38×10−23 J K−1    

4فً  6ثبلزعىٌض مه معبدلخ   

3و  2اذا  سرعخ الزفبعل مه معبدلخ   

كلما كان عذد الذتذتاخ فً الثانٍح كثٍرا 

 وسعح الذتذتح كثٍرج زاد احتمال تفككه 

ٌعتمذ تفكك المعقذ المنشط على شذج 

 الاهتساز الذي ٌخضع له هذا المركة 





Kinetic Chemistry 3 

 



2 

Complex Reactions  

It is a collection of elementary reactions 

The mechanism of the reaction is a collection of elementary 

processes  (elementary steps or elementary reactions) that 

describes  how the total reaction occurs 

 



)g(O3)g( 23 2O

OO2
k

3
1 O

3 

Example 

Conversion of Ozone to Oxygen 

The mechanism of the reaction occurs via the following  
elementary steps  

3
k

2 O2OO

2
k

3 O23OO

Elementary reaction 

Elementary reaction 

Elementary reaction 



OOk  23
1O

4 

From the mechanism of conversion of Ozone into 
Oxygen: 

32
2 OkOO

23 23 OkOO

Unimolecular reaction 

Bimolecular reaction 

Molecularity of the reaction    

  It is the sum of the number of (molecules, ions or 

atoms) involved in the reaction   

Bimolecular reaction 



 31
23

1 Ok
dt

]O[d
dt

]O[d
dt

]O[d
r  OOk  23

1O

32
2 OkOO  22

32
2 OOk

dt
]O[d

dt
]O[d

dt
]O[d

r 

5 

For first step 

Rate Law of Elementary Reactions  

 N.P. we cannot predict the law of reaction rate from the reaction equation but can 

get it experimentally 

 from the reaction mechanism, the rate law is: 

For second step 

For third step 23 23 OkOO  33
23

3 OOk
dt

]O[d
2
1

dt
]O[d

dt
]O[d

r 

In this treatment we deal with the primary 
reactions as molecularity equals to order 



 31
23

1

][][][
Ok

dt
Od

dt
Od

dt
Od

r 

  22
32

2 OOk
dt

]O[d
dt

]O[d
dt

]O[d
r 

       332231
2 2
][

OOkOOkOk
dt
Od



         332231

][
OOkOOkOk

dt
Od


6 

  33
23

3 OOk
dt

]O[d
2
1

dt
]O[d

dt
]O[d

r 

 The rate of consumption of Ozone 


dt
Od ][ 3

The rate of production of O atom 

The rat of a reaction is sum of all different reactions rates r=r1+r2+r3 taking into 

consideration: 1. the compound is reactant or product 2. Stoichiometric numbers 

 31 Ok   33 OOk   22 OOk



2

3

3

HCk
dt

HCd

2
1


















62
k

3 HCH 


C2

2

3

3

HCk2
dt

HCd


















.........rRqQ.........bBaA 

7 

Elementary reaction in a chain reaction is: 

  Examble 

In general, if we have the hypothetic reaction 

The rate law is: 

The rate law is: 

   ba BAk
dt

]R[d
r
1

dt
]Q[d

q
1

dt
]B[d

b
1

dt
]A[d

a
1

r 
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Types of complex reactions 

Parallel 

Reactions 

Reversible 

reactions 

Consecutive 

reactions 

Chain 

reactions 

 



9 

Parallel  Reactions  

1. It is most common in organic chemistry 

2. It forms different product compounds through one chemical 
reaction at he same time 

3. The reaction that results in the formation of the main product is 
called main reaction 

4. The reaction that results in the formation of less common product is 
called side reaction 

 

 

 

Example 

Dehydrogenation and dehydration of alcohol  

k1 

k2 

23 HCHOCH 

OHHC 242 
OHHC 52
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Examble 

Nitration of phenol to ortho- and para-nitro phenol 

3HNO

OH 

k1 

k2 

OH 

NO2 

OH 

NO2 

OH2
o-nitrophenol 

p-nitrophenol 

OH2
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We will discuss simple case for a parallel reaction of 1st order 
reaction 

A
k1 

k2 

B
C

 where k1 and k2 are rate constants of 1st order reactions  

Elementary 

Reaction 

Reaction rate 

Rate of  

consumption of  A 

Rate of  formation 

of  B 

Rate of  formation 

of  C 

BA k 1 CA k 2

     Ak
dt
Bd

dt
Ad

r 11 
     Ak

dt
Cd

dt
Ad

r 22 

 
21 rr

dt
Ad

    AkAk 21 

 
1rdt

Bd
  Ak1

 
2rdt

Cd
  Ak2

1 

2 

3 

  Akk 21 



     tkkeAA 21
0



 
 

 tkke
A
A

21

0



     tkkAA 210lnln 

12 

First of all we will find the equation that relates the  change in [A] with time  

 
  

 

  
tA

A

dtkk
A
Ad

0
21

0

   
    tA

A
tkkA

021
0

ln 

 
   tkk
A
A

21
0

ln 

4 

1 
    Akk
dt
Ad

21 

 
   tkkA
A

ee 210

ln




     tkkeAk
dt
Bd

21
01



   
 

  0

21

01 21 ee
kk

Ak
B tkk 


 

13 

4      tkkeAA 21
0


   Ak
dt
Bd

1 2 

 
 

    
t

tkk
B

dteAkBd
0

01
0

21

     
 

 
t

tkkB
e

kk
Ak

B
021

01
0

21




Second: we will find the equation that relates the  change in [B] with time. 

By substitution from eqn.4 into eqn.2:  
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   
 

  121

21

01 


  tkke
kk

Ak
B

   
 

  tkke
kk

Ak
B 211

21

01 




   
 

  tkke
kk

Ak
C 211

21

02 




From eqns. 5 and 6: 

5 

6 

 
  2

1

k
k

C
B



Third: we will find the equation that relates the  change in [C] with time. 
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21 kk 

There are two cases: 

   
 

  tkke
kk

Ak
B 211

21

01 




     tke
k
Ak

B 11
1

01 

     tkeAB 110


5 

if 
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12 kk If 

   
 

  tkke
kk

Ak
C 211

21

02 


 6 

     tke
k
Ak

C 21
2

02 

     tkeAC 210

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Reversible Reactions  



3 

Irreversible reaction in 

which the reverse reaction 

occurs to a negligible 

extent. In this reaction, the 

reverse reaction occurs to 

such a small extent that we 

can neglect it.  

Irreversible Reaction  
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Reversible Reaction in 

which forward and 

reverse reactions are 

equally favored.  

Because the reactants 

and products are 

equally favored, their 

concentration will be 

equal at equilibrium.  

Reversible Reaction  

Reversible reaction in 

which the forward 

reaction is favored.  

Again [A] decreases 

and [P] increases, but 

in this case, some A 

remains since the 

reaction is reversible.  

Reversible Reaction in 

which the reverse 

reaction is favored.  

An example of this 

kind of reaction, is the 

reaction of acetic acid 

(a weak acid) with 

water. 



5 

 r
a
te

 o
f 
re

a
c
ti
o
n
 

2R

1R
21 RR 

eqt time 

Equilibrium state 

Forward reaction  

Reverse reaction 
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Two cases 

Case 1 
 Case 2 

BA k1
1k

If the experiment is 

started using pure A , 

of concentration a0 

If the experiment is 

started using impure A, of 

concentration a0 
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 Case 1 If the experiment is started using pure A , of 

concentration a0 

BA k  1
 

1k

B A Time 

0 a 0 

x a - x t 

xe a - xe عند الاتزان 

Xe                          equilibrium 
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Determination of Xe 

Via following up the concentration of the product compound with 

time till reaches a constant value with time 

Determination of (a-Xe) 

Via following up the concentration of the reactant compound with 

time till reaches a constant value. 
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First step    
dt
Bd

dt
Ad

r 1

The rate law 

Second step    
dt
Bd

dt
Ad

r 2

BA k1
 

 1k

Reaction 
mechanis
m 

BA k1

AB k1

 
21 rr

dt
Bd


dt
dx

  xkBk 11  

   xakAk  11

    xkxak 11 
dt
dx

dt
Bd

Reversible 
reaction 

Forward 
reaction 
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   
 

tx

xkkak 00 111

dtdx

     tx
txkkak

kk 00111
11

ln
1




 


xkxkak 111 
dt
dx

 xkkak 111 
dt
dx


 dx1x

bxa0

 bxa
b




 ln
1

  xkxak 11 
dt
dx

1 
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    t
xkkak

ak
kk


  111

1

11

ln
1

    tkk
xkkak

ak
11

111

1ln 





      takxkkak
kk




 


1111
11

lnln
1

 
 

t
ak

xkkak
kk





 

 1

111

11

ln
1

2 

     tx
txkkak

kk 00111
11

ln
1




 

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At equilibrium 

the rate of the reaction at equilibrium equals zero 

 the concentration of the product B at equilibrium equals Xe instead of X 

  0xkkakRR e11121  dt
dx

  exkkak 111  3 

From eqn.1  

 from eqns. 2 and 3 

21 RR 
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  exkkak 111  3 

    tkk
xkkak

ak
11

111

1ln 





2 

By substitution of k1a from eqn. 3 into eqn.2 

 
      tkk

xkkxkk
xkk

e

e
11

1111

11ln 


 




  tkk
xx

x

e

e
11ln 


4 

What the slope for equation 4 ? 11 kk
What is the absolute value of each constant? 

Cannot calculated from the slope of eqn. 4 
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  exkkak 111  3 

By substitution of k1+k-1 from eqn. 3 into eqn. 4 

  tkk
xx

x

e

e
11ln 


4 

t
x
ak

xx
x

ee

e 1ln 


 11
1

 kk
x
ak

e

5 

As follows 

The slope of eqn. 5 is  
ex
ak1

 where the absolute values of k1 and k-1 can be calculated as follows  
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 11  kkslope

t 

xx
x

e

e


ln

t
x
ak

xx
x

ee

e 1ln 


5   tkk
xx

x

e

e
11ln 


4 

ex
ak

slope 1
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 Case 2 
If the experiment is started using impure A, of concentration a containing 

some of component B as impurities of concentration b 

B A Time 

b a 0 

b + x a - x t 

b + xe a - xe عند الاتزان 
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First step 
   

dt
Bd

dt
Ad

r 1

The rate law  

Second step 
   

dt
Bd

dt
Ad

r 2

BA k1
 

 1k

Reaction 
mechanis
m 

BA k1

AB k1

 
21 rr

dt
Bd


dt
dx

   xbkBk   11

   xakAk  11

     xbkxak  11dt
dx

dt
Bd

Reversible 
reaction  

Forward 
reaction 
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   
 

tx

xkkbkak 00 1111

dtdx

     tx
txkkbkak

kk 001111
11

ln
1




 


xkbkxkak 1111  
dt
dx

 xkkbkak 1111  
dt
dx

   xbkxak  11dt
dx

1 
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    t
xkkbkak

bkak
kk





 



 1111

11

11

ln
1

    tkk
xkkbkak

bkak
11

1111

11ln 


 




        tbkakxkkbkak
kk




 


111111
11

lnln
1

 
 

t
bkak

xkkbkak
kk












 11

1111

11

ln
1

2 

     tx
txkkbkak

kk 001111
11

ln
1




 

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At equilibrium 

The net rate of the reaction equals zero 

The concentration of B is Xe instead of X 

3 

From eqn. 1 

From eqns. 2 and 3 

21 RR 

  0xkkbkakRR e111121  dt
dx

  exkkbkak 1111  
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  exkkbkak 1111   3 

    tkk
xkkbkak

bkak
11

1111

11ln 


 



2 

 
      tkk

xkkxkk
xkk

e

e
11

1111

11ln 


 




  tkk
xx

x

e

e
11ln 


4 

The slope is  11 kk
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 by substitution from eqn. 3 into eqn. 4 for k1+k-1   

  tkk
xx

x

e

e
11ln 


4 

t
x

bkak
xx

x

ee

e 11ln 




 11
11


 


kk

x
bkak

e

5 

 ثم

The slope of eqn. 5 is 

ex
bkak 11 

then 

  exkkbkak 1111   3 
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 11  kkslope

t 

xx
x

e

e


ln

  tkk
xx

x

e

e
11ln 


4 

One plot only  

ex
bkak

slope 11 


t
x

bkak
xx

x

ee

e 11ln 



5 
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Consecutive  Reactions  



3 

In this kind of reactions the product compound 1in the first 
reaction is converted in a second reaction to another product 
compound 2 

Example  Thermal decomposition of Acetone  

4233 CHOCCHCOCHCH 

COHCOCCH  422 2
1

Example  

22 NaClONaClNaClO 

32 NaClONaClNaClONaClO 

 Decomposition of sodium hypochlorite 



4 

we will consider a simple case where the consecutive 
reactions are 1st order and are not reversible reactions 

CBA kk  21

Where k1 and k2 are rate constants for the 1st order reactions 1 and 2 

Elementary 

reaction 

Reaction rate 

Rate of  

Disappearance of  

component A 

Rate of  formation 

of  component B 

Rate of  formation 

of  component C 

BA k1 CB k2

     Ak
dt
Bd

dt
Ad

r 11 
     Bk

dt
Cd

dt
Bd

r 22 

 
1rdt

Ad
  Ak 1

 
21 rr

dt
Bd

    BkAk 21 

 
2rdt

Cd
  Bk 2

1 

2 

3 
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We will consider the reaction starts with the 
reactant A is present only 

C B A Time 

0     00 AA    0B 0    0C 0 

t    AA t     BB t     CC t 
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 
  

 

 
tA

A

dtk
A
Ad

0
1

0

  
  tA

A
tkA

01
0

ln 

 
  tk
A
A

1
0

ln 

4 
 
 

tk

0

1e
A
A 

    tkAA 10lnln 

1 
   Ak
dt
Ad

1

 
  tkA
A

ee 10

ln


    tk
0

1eAA 

Fist, we will find an equation that  relates the 

change of [A] concentration with time. By 

integration of eqn. 1: 
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Second we will find an eqn. that relates the change in [B] concentration with 

time. By substitution for [A] from eqn. 4 into eqn. 2: 

     BkeAk
dt
Bd tk

201
1  

4     tk
0

1eAA 
     BkAk
dt

Bd
21  2 

5 

tk 2e
      tktktktk eBkeeAke
dt
Bd

2212
201  

On arrangement of the last eqn. 

       tkktktk eAkekB
dt
Bd

e 1222
012


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       tkktktk eAkekBB
dt
d

e 1222
012



  (الأولى × مشتقة الثانية)( + الثانية×  الأولى مشتقة)

 (الثانية×  لأولىا)الاشتقاق = 

      tkktk eAkBe
dt
d

122
01



     dteAkBde tkktk 122
01



 
 

    
t

O

tkk
B

tk dteAkBde 122
01

0
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 
 

    
t

O

tkk
B

tk dteAkBde 122
01

0

    
 

  ttkkBtk e
kk

Ak
Be

0
12

01
0

122 




    
 

  0

12

01 122 0 ee
kk

Ak
Be tkktk 


 

   
 

  1122

12

01 


  tkktk e
kk

Ak
Be
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   
 

  1122

12

01 


  tkktk e
kk

Ak
Be

 وبضرب المعادلة  السابقة  في الحد 
tk

e 2

   
 

  tktkktktktk eee
kk

Ak
Bee 212222

12

01  




   
   tktk

12

01 21 ee
kk

Ak
B  


 6 
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   
   tktk

12

01 21 ee
kk

Ak
B  


 6    Bk

dt
Cd

2 3 

   
 

 tktk ee
kk

Ak
k

dt
Cd

21

12

01
2

 




 وبترتيب المعادلة  السابقة وإجراء التكامل 

   
  
















  

t
tk

t
tk

C

dtedte
kk

Ak
kCd 21

012

01
2

0

 
   

  


















  ttkttk

C
e

k
e

kkk
Ak

kC
0

2
0

112

01
2

0

21
11

Second we will find an eqn. that relates the change in [C] concentration with 

time. By substitution for [B] from eqn. 6 into eqn. 3: 
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1- the concentration of component A decreases while that of product C 

increases with time  

Results 

2- the concentration of component [B] depends on the ratio of the rate 

constants k1 and k2. 

   
   tktk

12

01 21 ee
kk

Ak
B  


 6 

21 kk  21 kk  

    tkeA
k
k

B 1
0

2

1      tke
k
Ak

B 2

1

01 
    tk

0
2eAB 
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21 kk   21 kk  

Concentration vs. time. 

Concentration of intermediate 

in green, product in blue and 

substrate in red 

(k2 / k1 = 0.5) 

Concentration vs. time. 

Concentration of intermediate in 

green, product in blue and 

substrate in red 

(k2 / k1 = 10) 

CBA 21 kk   

http://en.wikipedia.org/wiki/Image:Consecutive_reactions_rate_constants_2-1.JPG
http://en.wikipedia.org/wiki/Image:Consecutive_reactions_rate_constants_1-10.JPG
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 ايهما اكبر 

21 ko rk 21 kk  

The concentrations of A, I, and P in the consecutive reaction 

scheme A -> I -> P. The curves are plots with ka = 10kb  
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A. 1.176   C.  0.405   E.  4.05 

B. 0.244   D.  1.761   F. 2.708  

For consecutive reaction from first order, the k1=0.3 s-1 

and k2=0.2 s-1, the time in seconds that the intermediate  

becomes at the highest concentration is: 

Example  

The percentage of intermediate in the same time is: 

A. 92.21 %    D.  44.4  %    

B. 66.67 %    E.  2.25 % 

C. 3.375 %    F.  29.54 % 



Introduction to 

Colloid & Surface Chemistry 

http://www.advancedrenaleducation.com/Portals/0/JPEG/Colloid osmosis.jpg


Part 1 
Colloidal state 







•  He observed that  crystalline substances such 

as sugar, urea, and  sodium chloride passed 

through the membrane,  while others like glue, 

gelatin and gum did not. 

Background (Old and new conceptions of colloids) 

Thomas Graham 

• He called the former crystalloids and the latter colloids (Greek, kolla 

=  glue). Graham thought that the difference in the behavior of  

‘crystalloids’ and ‘colloids’ was due to the particle size. 

• In 1861, Thomas Graham divided soluble 

substances into two classes according to 

diffuse into water across a permeable 

membrane: 



Crystalloids: 

Diffuse rapidly across vegetable or animal membranes 

such as salt, sugar and urea. 

Colloids: 

Exhibit little or no tendency to diffuse across vegetable 

or animal membranes such as gelatin, starch and gum. 

 

Greek: kola= glue and eiods= like 

C
ry

st
al

li
n
e 

am
o
rp

h
o
u
s 



• According to Graham NaCl is crystalloid but it has 

been obtained in the colloidal state in benzene. 

 

• Soap behaves as colloid in water and as crystalloid in 

alchohol 

Background (Old and new conceptions of colloids) 



Later it was realized that (New conception): 

►The difference in the rate of diffusion between crystalloids and  

colloids is due to the difference in the particle size 

 

►Any substance, regardless of its nature, could be converted into a  

colloid by subdividing it into particles of colloidal size. 

 

►We should speak of the colloidal state of matter as we speak of the  

gaseous, liquid or solid state of matter rather than to call a particular  

material as colloid or crystalloid 



True solution 

1- 10 Ao 

Sugar + water 

Starch + water 

Sand + water 

Colloidal solution 

Suspension 

<1000 Ao 

10- 1000 Ao 

Nature of colloidal solutions (What are colloids)? 



In a true solution as sugar or salt in water, the  

solute particles are dispersed in the solvent as  

single molecules with diameter less than 1 nm 

Sugar + water (true solution) 

< 1  nm 

On the other hand, if a suspension as sand  

stirred into water, the dispersed particles are  

aggregates of millions of molecules. The  

diameter of these particles is of the order  

1 ,000  Å or more 

Sand + water (suspension) 

>1 000 Å 

Nature of colloidal solutions (What are colloids) ? 



The colloidal solutions or colloidal dispersions are intermediate between  

true solutions and suspensions. In other words, the diameter of the dispersed  

particles in a colloidal dispersion is more than that of the solute particles in a  

true solution and smaller than that of a suspension. 

Examples of colloidal 

solutions 

Ink Paint Colloidal Gold 



True solution Suspension Colloidal solution 

1- 10 Ao <1000 Ao 10- 1000 Ao 

Transparent to light Not transparent to light Not transparent to light 

Nature of colloidal solutions (What are colloids) ? 



True solution Suspension Colloidal solution 

1- 10 Ao <1000 Ao 10- 1000 Ao 

Transparent to light Not transparent to light Not transparent to light 

Can not be seen by the 

naked eyes or even under 

a microscope 

Can be seen by the naked 

eye 

Can not be seen by the 

naked eye or with ordinary 

microscope 

Nature of colloidal solutions (What are colloids) ? 



True solution Suspension Colloidal solution 

1- 10 Ao <1000 Ao 10- 1000 Ao 

Transparent to light Not transparent to light Not transparent to light 

Can not be seen by the 

naked eyes or even under 

a microscope 

Can be seen by the naked 

eye 

Can not be seen by the 

naked eye or with ordinary 

microscope 

Not influenced by the 

gravitational pull and 

remain suspended in the 

solvent all the time 

They are influenced by the 

gravitational pull  and 

settle down automatically 

on standing 

Not influenced by the 

gravitational pull and 

remain suspended in the 

solvent all time 

Nature of colloidal solutions (What are colloids) ? 



True solution Suspension Colloidal solution 

1- 10 Ao <1000 Ao 10- 1000 Ao 

Transparent to light Not transparent to light Not transparent to light 

Can not be seen by the 

naked eyes or even under 

a microscope 

Can be seen by the naked 

eye 

Can not be seen by the 

naked eye or with ordinary 

microscope 

Not influenced by the 

gravitational pull and 

remain suspended in the 

solvent all the time 

They are influenced by the 

gravitational pull  and 

settle down automatically 

on standing 

Not influenced by the 

gravitational pull and 

remain suspended in the 

solvent all time 

Pass through an ordinary 

filter paper 

Retained by an ordinary 

filter paper 

Pass through an ordinary 

filter paper 

Nature of colloidal solutions (What are colloids) ? 



Light microscope Ultra- microscope Electron microscope 

The colloidal particles are smaller than the wavelength of the visible light. 

Thus, they are unable to reflect light and hence cannot be seen by ordinary 

microscope 

Colloidal particles under microscope 



The colloidal particles are not necessarily corpuscular in shape. In fact, these  

may be rod-like, disc-like, thin films, or long filaments. For matter in the form  

of corpuscles, the diameter gives a measure of the particle size .  

 

 

 

However, in  other cases one of the dimensions (length, width and thickness) 

has to be in  the colloidal range for the material to be classed as colloidal .  

Thus in a broader  context we can say: 

“A system with at least one dimension (length, width, or thickness) of  

the dispersed particles in the range 10 Å to 1 ,000 Å, is classed as a  

colloidal dispersion” 

Note that 



Classification of colloids 

Classification is based on following criteria: 

1. Physical state of dispersed phase and dispersion 

medium. 

2. Nature of interaction between dispersed phase and 

dispersion medium. 

3. Types of particles of the dispersed phase. 



Any colloidal system is made of two phases. The substance distributed as the  

colloidal particles is called the Dispersed Phase and the second continuous  

phase in which the colloidal particles are dispersed is called the Dispersion  

Medium. 

For example, for a colloidal solution of copper in  

water, copper particles constitute the dispersed phase  

and water the dispersion medium. 

 

Either the dispersed phase or the  

dispersion medium can be a gas, liquid  

or solid 

Classification based on physical state of  dispersed phase and 

dispersion medium 



A colloidal dispersion of one gas in another is not possible since the 

two gases  would give a homogeneous molecular mixture. So that, there 

are Eight possible  types of colloidal systems 











Classification of colloids 

Classification is based on following criteria: 

1. Physical state of dispersed phase and dispersion 

medium. 

2. Nature of interaction between dispersed phase and 

dispersion medium. 

3. Types of particles of the dispersed phase. 



Solid dispersed in liquid (Sols) 

 Lyophilic (solvent-loving) and Lyophobic (solvent-hating) sols 

Lyophilic sols: are those in which the dispersed phase exhibits a definite  

affinity for the medium or the solvent. 

The examples of Lyophilic sols are dispersions of starch, gum, and protein in  

water.  

 

Lyophobic sols: are those in  which the dispersed phase has no attraction for 

the medium or the solvent. 

The examples of Lyophobic sols are dispersion of gold, iron (III)  hydroxide 

and sulphur in water. 

Classification based on nature of interaction 



Solid dispersed in liquid (Sols) 

 Lyophilic (solvent-loving) and Lyophobic (solvent-hating) sols 

 The affinity or attraction of the sol particles for the medium, in a lyophilic 

sol,  is due to hydrogen bonding with water .  

 If the dispersed phase is a protein (as in egg) hydrogen bonding takes place 

between water molecules and the amino groups ( –NH–, –NH2) of the 

protein molecule. 

 In a dispersion of starch in water, hydrogen bonding occurs between water  

molecules and the – OH groups of the starch molecule. 

  There are no similar  forces of attraction when sulphur or gold is dispersed 

in water. 



Differences between lyophilic and lyophobic sols 



Differences between lyophilic and lyophobic sols 



Preparation of sols 

Lyophilic sols may be prepared by simply warming  the solid with 

the liquid  dispersion medium e.g., starch  with water. 



Preparation of sols 

Lyophobic sols  

Have to be prepared by special methods. These methods 

fall  into two categories :  

Dispersion Methods:in which larger macro-sized  particles 

are broken down to colloidal size. 

Aggregation (Condensation) Methods: in which colloidal 

size particles are built up by aggregating single ions or 

molecules of true solution 



Dispersion 
methods 

Condensation  
methods 

Preparation of colloidal solutions 

Mechanical dispersion  

Dispersion by ultrasonic 

vibrations 

 
Electrodispersion 

 
Peptization 

Excessive cooling 

Lowering of solubility 

Passing vapor of an  
element into a liquid 

Chemical action 

Double decomposition 

Oxidation  

Reduction  

Hydrolysis 



A- Dispersion Methods 

1- Mechanical dispersion using colloid mill 

• The solid along with the liquid dispersion 

medium is fed into a Colloid disk mill.  

• The mill consists of two  steel plates nearly 

touching each other and rotating  in 

opposite directions with high speed.  

• The solid  particles are ground down to 

colloidal size and are  then dispersed in the 

liquid to give the sol.  

• Colloidal  graphite and printing inks are 

made by this method. 

 

Disk mill 



A- Dispersion Methods 

1- Mechanical dispersion using colloid mill 

• A colloidal ball mill can also employed to obtain a 

colloidal solution from suspension .  

• Due to the high speed rotation of the mill the coarse 

particles roll  over one another to form fine particles of 

the colloidal size. 

Ball mill 



1- Mechanical dispersion using colloid mill 



1- Mechanical dispersion using colloid mill 

Ref: Sustainable Synthesis of High-Surface-Area Graphite Oxide via Dry Ball Milling, Alaa 
El Din Mahmoud, Achim Stolle, and Michael Stelter, ACS Sustainable Chem. Eng. 2018, 6, 5, 
6358–6369. 



2- Dispersion by ultrasonic vibrations 

• In this case, the transformation of 

coarse particles to the colloidal size is 

carried out using the ultrasonic 

vibrations produced by a certain 

generator. 

•  The figure shows the formation of 

colloidal solution of mercury in water. 

•  Ultrasonic  vibrations spread through 

the oil and hit the vessel having 

mercury under water .   



2- Dispersion by ultrasonic vibrations 

• The ultrasonic vibrations travels through the walls of the mercury 

container and produce clouds of mercury which form the 

mercury sol. 



Schematic representation of ultrasonic emulsification.  
(a) The shear forces generated during acoustic cavitation near the interface 

between the aqueous phase and oil phase promote the eruption of large oil 
drops (dispersed phase) in the continuous aqueous phase.  
 

(b)  The oil droplets formed in the first stage are reduced to smaller droplets 
as a consequence of the shock waves generated during cavitation 
 
 (adapted from Perdih et al., 2019 and Plüisch and Wittemann, 2016). 



3- Bredig’s Arc Method (electrical disintegration) 

• It is used for preparing hydrosols of  

metals e.g., silver, gold and platinum .  

• An  arc is struck between the two 

metal  electrodes held close together in 

de-  ionized water with trace of alkali .  

• The  water is kept cold by immersing 

the  container in ice/water bath. 

• The intense heat of the spark across 

the electrodes vaporizes some of the  

metal and the vapor condenses under 

water.  



3- Bredig’s Arc Method 

• Thus the atoms of the metal  present in the vapour aggregate to form 

colloidal particles in water .  

• Since the metal has been ultimately converted into sol particles (via metal 

vapour), this  method has been treated as of dispersion method also. 

• Non-metal sols can be made by suspending coarse particles of the 

substance in the dispersion medium and striking an arc between iron 

electrodes. 

• This method is not suitable when the dispersion medium is an organic 

liquid as considerable charring occurs. 

 

 



3- Bredig’s Arc Method 



4- Peptization 

• Some freshly precipitated ionic solids are dispersed into colloidal 

solution in  water by the addition of small quantities of electrolytes, 

particularly those  containing a common ion .  

 

• The precipitate particles adsorbs the common ions to be electrically 

charged particles, then split from each other to form colloidal 

solution. 



• The transformation of a precipitated material to colloidal solution by the  

action of an electrolyte in solution, is termed peptization which is the 

reverse  of coagulation and the electrolyte used is called a peptizing agent. 

• Another examples of preparation of sols by peptization is silver chloride,  

AgCl which can be converted into a sol by adding hydrochloric acid 

Sol of ferric hydroxide is obtained by stirring fresh precipitate of ferric 

hydroxide with a small amount of FeCl 3 



B- Aggregation Methods 

The more important aggregation methods are: 

1- Extensive cooling 

• The colloidal solution of ice in an organic solvent like ether is obtained by  

freezing a solution of water in the solvent .  

• As a result of the sudden freezing of the solution, the molecules of water 

held together to form particles in the  colloidal size dispersed in the organic 

solvent (ether) 



2- Lowering of solubility by exchange of solvent 

• Substances like sulphur, phosphorous, etc., which are more soluble in 

alcohol than in water give a hydrosol by pouring a small amount of their 

alcoholic solution in excess of water .  

• By the transference from alcohol to water, the substance is transformed 

from the molecular state (true solution) to the colloidal state by the 

coagulation of molecules together to form particles in  the colloidal range. 

 

• Phenolphthalein indicator, for example, is soluble in alcohol and not in 

water,  so that, it is supplied to laboratory as alcoholic solution. If water is 

added to  this solution, a milky liquid of colloidal phenolphthalein in water 

is produced. 



3- Passing vapor of an element into a liquid 

• If the vapors of a boiling element are conducted into a cold liquid,  

condensation takes place. Sometimes, this condensation resulted in the  

formation of a stable sol .  

• Mercury and sulphur sols can be prepared by this  method. 



4- Chemical action 

a- Double decomposition 

• An arsenic sulphide (As2S3) sol is prepared by passing a 

slow stream of  hydrogen sulphide gas through a cold 

solution of arsenious oxide (As2O 3).   

 

 

• This is continued till the yellow colour of the sol attains 

maximum intensity. 

As2O3          +       3 H2S  →    As2S3(yellow sol ) +  3 H2O 



4- Chemical action 

b- Reduction 

Silver sols and gold sols can be obtained by treating dilute 

solutions of silver nitrate or gold chloride with suitable 

reducing agents 

Reducing agents could be organic reducing  agents like tannic 

acid or formaldehyde or others. 



c- Oxidation 

A sol of sulphur is produced by passing hydrogen sulphide 

into a solution of  sulphur dioxide.  

 

 

Or exploring H2S to air for a long time 

H2S + O   →     H2O + S 

 



d- Hydrolysis 

• Sols of the hydroxides of iron, chromium and  

aluminium are readily prepared by the hydrolysis 

of  salts of the respective metals .  

 

• In order to obtain a  red sol of ferric hydroxide, 

a few drops of 30%  ferric chloride solution is 

added to a large volume  of almost boiling water 

and stirred with a glass rod. 



Condensation method 

Normal crystals are formed in two stages: 

1. The Nucleation (formation of crystallization centers) in a  supersaturated 

solution (like in chemical reaction that yields a slightly soluble 

compound ).  

2. The growth of nuclei leading to the formation of sufficiently large  

crystals. 

The nucleation rate (U) can be expressed as: 

 

U= K (Csup-Cs)/Cs 



Condensation method 

U= K (Csup-Cs)/Cs 

Where K is constant 

Csup = conc. of supersaturated solution  

 Cs = conc. of a saturated solution. 

 

(Csup-Cs) is an excess of a substance which is able to form crystals, then  

can serve as a measure of the rate of liberation from the solution.  

 

Cs can  serve a measure of resistance to the liberation (interaction between 

the solute and solvent). 

 



Condensation method 

So, the grater the (Csup-Cs) and the smaller Cs, the more rapidly the nuclei  formed 

and the larger is the no. of crystallization centers, hence the smaller are colloidal 

particles because the liberated substance will be distributed between a large n. of 

crystallization centers. 


