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Chapter 1: Redox Equilibria  
 [16.1]    

 

 

 

[16.2], [16.3]   The definition of standard electrode potential is that it is the emf measured when a half-
cell is connected to a standard hydrogen electrode under standard conditions. The standard conditions are 
298K, 100kPa pressure and 1.00moldm-3 concentration of each ion. 

[16.4]   This standard hydrogen electrode consists of H2 gas of a 
pressure 100kPa bubbling over a piece of Platinum foil dipped into a 
solution of HCl acid with H+ concertation of 1moldm-3 at a temperature 
298K. A porous platinum foil was used because it has a large surface 
area and an equilibrium between H+ ions in solution and H2 gas to be 
established quickly. This standard hydrogen electrode is used as a 
reference electrode so the emf of a certain half-cell can be found.  

 

[16.5]   There are 3 main methods to measure standard electrode potentials. 

a. Metal/ Metal ion electrode 
This is a half-cell where a metal rod or metal 
plate is dipped into its own cationic solution. 
Sodium, Potassium cannot be used to make a 
metal/ metal ion electrode, because they react 
with water. 
 
  

b. Non Metal/ Non Metal ion electrode 
          The most common non-metal ion electrode is the gas electrode. In 
this, the gas is supplied at a pressure of 1atm. In a non-metal electrode, 
platinum is used as the supporting electrode as non-metal can’t conduct 
electricity. 

  

 Oxidation Reduction 
Electrons Loss of electrons Gain of electrons 
Oxygen Gain of O2 Loss of O2 
Hydrogen Loss of H2 Gain of H2 
Oxidation number Increase  Decrease  
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c. Ion electrode 
In this electrode also, a platinum is used as a supporting 
electrode and it is a must to have all the ions present in the 
solution with each concentration of 1moldm-3. 
 
 
 

[16.7]      Cathode is usually where reduction takes place and it is placed right in an electrochemical cell. 
Whereas, anode is where oxidation takes place and it placed left in an electrochemical cell.                                                                                                                                                           

 
 

[16.8]   * The salt bridge can be written in the 
same way with dashed line. 

 

[16.9]   If conditions are not standard, the emf of a cell can be varied. Also, some reactions have a 
positive emf but reaction is not thermodynamically feasible. In these reactions if the conditions are 
changed, the reaction will be thermodynamically feasible.  

[16.10]   Usually the emf of a standard cell should be positive for a reaction to be thermodynamically 
feasible. To calculate the emf, the above equation is used. When two half equations are given, first the emf 
of each half equation should be found. The most negative emf, oxidation takes place (so backward reaction 
is taken) and the most positive emf, reduction takes place (so forward reaction takes place). Then 
substitute each value to the equation to find the Ecell.  

Example; 

            Cu+
(aq)  +  e-   Cu(s)                       Eo= +0.52V                   (Electrode reaction 1) 

            Cu2+
(aq)  + 2e-   Cu+

(aq)                     Eo= +0.34V                   (Electrode reaction 2) 

Electrode reaction 1 has an emf more positive than Electrode reaction 2. So the overall reaction is (always 
remember before writing the overall reaction, you first need to make both the reaction electron equal and 
this can be achieved by multiply on or both equation with a common factor) 

(Electrode reaction 1) X 2                                 2Cu+
(aq)  +  2e- 2Cu(s) 

Overall equation is           3Cu+
(aq)   Cu2+

(aq)  +  Cu(s) 
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You can see that when u write the electrons, they go to each side and when they are in equal number, they 
cancel off. 

[16.11]         REMEMBER THAT EO
cell IS DIRECTLY PROPORTIONAL TO ‘ln(k)’ NOT JUST ‘k’. THIS IS 

BECAUSE TOTAL ENTROPY IS DIRECTLY PROPORTIONAL TO ln(k). 

 

[16.12]   Kinetically stable is the reaction that does not take place or is very slow, because activation 
energy for the reaction is very high. 

[16.13]   Another synonym for standard electrode potential is ‘Standard Reduction Potentials’ 

[16.14]   Disproportionate reactions are reactions where the same element is reduced and oxidised. 

Example;   3Cu+
(aq)   Cu2+

(aq)  +  Cu(s) 

[16.15]   When carrying out titration reactions, these main equations need to be on mind. 

 

                            

[16.16]   Calculating uncertainties of each individual equipment is done. Usually the uncertainty for a 
equipment like burette is given in the question. The way to find uncertainty or uncertainty percentage is 
given as an example. Always remember when find uncertainty of burette or weight scale (where mass was 
measure twice as before and after), THE UNCERTAINTY SHOULD BE X2.                                    
Example; The titrate for a HCl was 24.00dm-3 and the uncertainty of burette was +0.05dm-3. The volume 
of NaOH(aq) was 25.00dm-3 was pipetted and the uncertainty of the pipette was 0.5dm-3. Find the 
percentage uncertainty of both. 

 
% uncertainty= 0.05 X 2 X 100    
   of HCl                 24.00 

% uncertainty=  0.5 X 100     
   of NaOH              25.00 
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[16.18], [16.19]   There are 2 types of fuel cell; Hydrogen fuel cell and Alcohol fuel cell. 

          Hydrogen fuel cell (H+ is the electrode and both O2 and H2 is supplied. 
O2 is reduced at the cathode to make H2O. 
H2 is oxidised at the anode to make H+. 
Alcohol fuel cell 
Alcohol gets oxidised at the anode to make CO2. 
O2 gets reduced at the cathode to make H2O. 

  
Acidic electrolyte  
(-) electrode -   H2(g)   2H+

(aq)   +  2e- 

(+) electrode -  1/2O2(g)  +  2H+
(aq)   +2e-    H2O(l) 

Alkaline electrolyte  
(-) electrode -  H2(g)   +  2OH-

(aq)             2H2O(l)  +  2e- 

(+) electrode -  1/2O2(g)  +   H2O(l)   +2e-
  2OH-

(aq) 

Overall reaction for both 
H2(g)  +  ½ O2(g)  H2O(l) 
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Chapter 2: Transition Metals and their Chemistry  
[17.1]   Transition metal is a d block element that forms one or more ions with an incompletely filled d 
orbital. Whereas, d block element is an element at which outermost electrons are filling into the 3d 
subshell. 

[17.2]    

 Sc21   -  1s2  2s2  2p6  3s2  3p6  4s2  3d1 
 Ti22   -  1s2  2s2  2p6  3s2  3p6  4s2  3d2 
 V23   -  1s2  2s2  2p6  3s2  3p6  4s2  3d3 
 Cr24   -  1s2  2s2  2p6  3s2  3p6  4s1  3d5 
 Mn25   -  1s2  2s2  2p6  3s2  3p6  4s2  3d5 
 Fe26   -  1s2  2s2  2p6  3s2  3p6  4s2  3d6 
 Co27   -  1s2  2s2  2p6  3s2  3p6  4s2  3d7 
 Ni28  -  1s2  2s2  2p6  3s2  3p6  4s2  3d8 
 Cu29   -  1s2  2s2  2p6  3s2  3p6  4s1  3d10 
 Zn30   -  1s2  2s2  2p6  3s2  3p6  4s2  3d10 

[17.3]   Transition metals can lose electrons from the 3d subshell to make many variable oxidation states. 

[17.4]   Ligand is a species that uses a lone pair of electrons to form a dative bond with a metal ion.  

[17.5]   Complexes is a species containing a metal ion joined to ligand by covalent dative bonds.                                            
Coordination number is the number of dative coordinate bonds in the complex. 

[17.6]   Complexes is a species containing a metal ion joined to ligand by covalent dative bonds. 

[17.7], [17.8]   When a ligand is present, the 3d orbitals get split and the d-d electronic transition takes 
place from lower energy level to the higher energy level by absorbing energy from the visible spectrum so a 
complementary colour would be seen.  

It depends on the metal present and the ligand. This is because different ligands can split the d orbital into 
different extent, therefore they absorb different frequencies or different wavelengths of the different 
spectrum giving different complementary colours. 

[17.9]   Some ions like Sc3+ have no electrons in the 3d orbital so no electronic transition takes place 
therefore no energy is absorbed from the visible spectrum so complementary colour is seen. 

[17.10]   Coordination number is the number of dative coordinate bonds in the complex. 
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[17.11]   colour changes can occur due to the oxidation number of the ion or a change in ligand or change in 
coordination number of complexes. 

[17.12]   Monodentate Is a ligand that can donate one lone pair at a time to the central atom to make onr 
dative covalent bond. The main monodentates are H2O, OH- and NH3. 

[17.13]   Shapes like [Cu(H2O)6]2+, [Cr(OH)6]3-, [Cu(H2O)6]2+, [Ni(NH3)6]2+ have 6 dative covalent 
bonds so they usually have an octahedral shape. These shapes are usually with six folded coordination. In 
simple words there are 6 monodentates like OH- around a metal central atom.  
[17.14], [17.15]   to understand about shapes, refer the table below.  

[17.15]   This molecule has a structure [Pt(Cl2)(NH3)2]-  (which is a square planar structure) and it is 
divided into two as; 

Cis- platin                                                                                                                                                                                                                                                                                                        
One particular complex of this type, cis- platin has become well known in recent years because of its use 
as an effective treatment for some types of cancer, especially testicular cancer. 

Trans- platin                                                                                                                        
Trans- platin is a much effective cancer treatment than cis- platin. It is also more toxic. So it is important 
to use only the cis isomers in the cancer treatment.  

Anticancer Action                                                                                                                      
All cells contain DNA. During cell division, the 2 strands of DNA must separate from each other to form 
more DNA. Structure of CIS platin enable it to form a bond between the 2 strands of DNA, which prevents 
them from separately and so prevent cancer cells from dividing. 

[17.16]   Bidentate ligand is a ligand that can donate two lone pairs at a time to the central atom to make 
two dative covalent bonds. Organic compound with the formula NH2CH2CH2NH2 is a bidentate ligand. When 
it acts a bidentate ligand, it uses the lone pair of electrons on each nitrogen atom to attach to metal ion.   

Number of dative 
covalent bonds 

Shape Example 

2 Linear [Ag(NH3)2]+ 
4 Tetrahedral CuCl42-  and  CoCl42-  and FeCl42- 

4 Square planar [Cu(NH3)4]2+ 
[Co(CN)4]2- 

[Pt(Cl2)(NH3)2]- 

6 Octahedral [Cu(H2O)6]2+ 
[Cr(OH)6]3- 
[Cu(H2O)6]2+ 
[Ni(NH3)6]2+ 
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Hexadentate ligand is a molecule or ion that forms six dative bonds with a metal ion. Eg; EDTA4-. 

Polydentate is a ligand that can donate more than 2 lone pairs at a time to the central atom to make more 
than 2 dative covalent bond. 

[17.17]   Haemoglobin is a protein in red blood cells that plays a vital role in transporting oxygen through 
the bloodstream in humans and other animals. Simplified explanation of the role of haemoglobin in O2 
transport:  

[1] Haemoglobin consists of 3 main parts, the largest of which is protein (‘goblin part’). 

[2] Within the protein, there are 4 haem groups that are made up mostly of carbon and hydrogen. 

[3] Inside each haem group, there are 4 nitrogen atoms that hold a Fe2+ ion by forming dative bonds with 
it in a square planar structure. 

[4] There is 5th dative bond from the protein to the Fe2+. 

[5] When blood passes through the lungs, haemoglobin collects oxygen molecules and transport them to 
cells, where it is released. 

[6] When haemoglobin collects O2, the O2 molecules act as a ligand by using one of its lone pair of 
electrons to form a dative bond with one of the Fe2+ ion. 

Carbon monoxide molecule has a lone pair of electrons on its carbon atom that enables it to act as a ligand. 
The strength of the dative bond between Oxygen and haemoglobin is not particularly strong. However, the 
advantage of this is that the Oxygen molecule is relatively easily released when it is needed. Unfortunately, 
a much stronger dative bond forms between CO and haemoglobin. This means that any CO breathed in is 
very likely to replace the O2 already bound to haemoglobin- this is a ligand substitution reaction. Once the 
CO has formed carboxyhaemoglobin, the dative bond is so strong that it does not break easily. This means 
that if enough haemoglobin molecules are converted to carboxyhaemoglobin, there may be too little O2 
transport to support life. 
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[17.18], [17.19]   Vanadium had 4 different 
oxidation states (+2, +3, +4, +5). The lower 
oxidation states can make complex ions but when 
the charges get increased, the polarisation 
power of cation increases so that it will make 
bonds of ligands and get polarised and make it 
unstable so that V+4 and V+5 do not tend to make 
complex ions. V+5 makes stable oxide like V2O5 
which can be used as the catalyst in manufacture 
of H2SO4 acid. Higher oxidation states of 
Vanadium are acidic whereas lower oxidation 
states are alkaline.  

[17.20]   Chromium has +2, 
+3 and +6 oxidation states. 
Cr3+ is amphoteric which means 
it can react with both acids and 
bases. Cr+6 doesn’t make 
complex ions due to the high 
polarisation power of the 
cation. Cr+6 is widely used as a 
good oxidising agent (Cr2O7

2-, 
CrO3, CrO4

2- ). Chromium is 
used to make stainless steel 
and due to the formation of the 
oxidised layer of Cr2O3. The Cr 
metal doesn’t react with nitric 
acid. Cr3+ aqueous solutions are 
usually green only [Cr(H2O)6]3+ is purple. Higher oxidation of Cr are slightly acidic, whereas low oxidation 
states are alkaline.  

 

[17.21]   Chromate (VI) is more stable in alkaline conditions and dichromate (VI) is more stable in acidic 
conditions. 

         2CrO4
2-   +  2H+ Cr2O7

2-  +  H2O                                                                                         

     
Reverse by 

alkali 
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[17.22], [17.23]   With NaOH(aq) 

i. [Cr(H2O)6]3+  +  3OH-                               [Cr(H2O)3(OH)3]  +  3H2O 
ii. [Mn(H2O)6]2+  +  2OH-                              [Mn(H2O)4(OH)2]  + 2H2O 
iii. [Fe(H2O)6]2+   +  2OH-                               [Fe(H2O)4(OH)2]   + 2H2O 
iv. [Fe(H2O)5]3+   +  3OH-                               [Fe(H2O)3(OH)3]   +  3H2O 
v. [Co(H2O)6]2+  +  2OH-                              [Co(H2O)4(OH)2]  + 2H2O 
vi. [Ni(H2O)6]2+  +  2OH-                              [Ni(H2O)4(OH)2]  + 2H2O 
vii. [Zn(H2O)6]2+  +  2OH-                              [Zn(H2O)4(OH)2]  + 2H2O 

With excess NaOH 

viii. [Cr(H2O)3(OH)3]   + OH-                             [Cr(H2O)2(OH)6]-  +  H2O   
ix. [Zn(H2O)4(OH)2]   + 2OH-                             [Zn(H2O)2(OH)4]2-  +  2H2O  

With concentrated NaOH 

x. [Cr(H2O)2(OH)4]-  + 2OH-                             [Cr(OH)6]3-   +  2H2O 

With NH3 

xi. [Cr(H2O)6]3+  +  3NH3                               [Cr(H2O)3(OH)3]  +  3NH4
+ 

xii. [Mn(H2O)6]2+  +  2NH3                              [Mn(H2O)4(OH)2]  +  2NH4
+ 

xiii. [Fe(H2O)6]2+  +  2NH3                               [Fe(H2O)4(OH)2]  +  2NH4
+ 

xiv. [Fe(H2O)6]3+  +  3NH3                               [Fe(H2O)3(OH)3]  +  3NH4
+ 

xv. [Co(H2O)6]2+  +  2NH3                               [Co(H2O)4(OH)2]  +  2NH4
+ 

xvi. [Ni(H2O)6]2+  +  2NH3                               [Ni(H2O)4(OH)2]  +  2NH4
+ 

xvii. [Zn(H2O)6]2+  +  2NH3                               [Zn(H2O)4(OH)2]  +  2NH4
+ 

With excess NH3 

xviii. [Cr(H2O)3(OH)3]   + 6NH3                              [Cr(NH3)6]3+  + 3H2O  +3OH- 
xix. [Co(H2O)4(OH)2]   + 6NH3                             [Co(NH3)6]2+  +  4H2O  + 2OH-   
xx. [Ni(H2O)4(OH)2]   + 6NH3                             [Ni(NH3)6]2+  +  4H2O  +  2OH-  
xxi. [Cu(H2O)4(OH)2]   + 4NH3                             [Cu(NH3)4]2+  +  4H2O  +  2OH- 
xxii. [Zn(H2O)4(OH)2]   + 4NH3                             [Zn(NH3)4]2+  +  4H2O  +  2OH-      

With NaOH 

Ions in solution Colour of Solution  Colour of precipitate Effect of adding excess 
NaOH(aq) 

[Cr(H2O)6]3+   Green Green gREEN solution 
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[Mn(H2O)6]2+   Pale Pink Pale Brown (turns 
darker Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]2+   Pale Green Green (turns Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]3+   Yellow Brown Brown NONE 
[Co(H2O)6]2+   Pink Blue (Turns pink on 

exposure to air) 
NONE 

[Ni(H2O)6]2+   Green Green NONE 
[Cu(H2O)6]2+   Blue Blue NONE 
[Zn(H2O)6]2+   Colourless  White Colourless solution 

 

With NH3 

Ions in solution Colour of Solution  Colour of precipitate Effect of adding excess 
NH3(aq) 

[Cr(H2O)6]3+   Green Green Purple solution 
[Mn(H2O)6]2+   Pale Pink Pale Brown (turns 

darker Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]2+   Pale Green Green (turns Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]3+   Yellow Brown Brown NONE 
[Co(H2O)6]2+   Pink Blue (Turns pink on 

exposure to air) 
Forms pale yellow solution 
(turns brown on exposure 
to air) 

[Ni(H2O)6]2+   Green Green Deep Blue solution 
[Cu(H2O)6]2+   Blue Blue Deep Blue solution 
[Zn(H2O)6]2+   Colourless  White Colourless solution 

 

 

 

  

[17.24]   You should know that when there is a change in the ligand the colour changes. 

[17.25]   Bidentate and polydentate complexes are more stable than the monodentate ligands as it 
increases the total entropy change. 
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[17.26], [17.27], [17.30]   Transition metals usually act as heterogeneous catalyst. The reason is 
because these metals have different oxidation states and valences and hence they can be changed the 
oxidation states during the process. Heterogeneous catalyst is of different phase than the reactants and 
homogeneous catalyst is of same phase as the reactants. (phase means like solid or liquid or gas). 

[17.28]   The contact process 

Sulphuric acid is one of the most widely used chemicals, both in terms of the quantity produced and the 
number of industries that use it. Its biggest single use is in the manufacture of fertilisers. The key 
reaction in the process is the conversion of sulphur dioxide to sulphur trioxide. 

2SO2  + O2  2SO3 

At the temperature and pressures used in the process, all of the substances are in the gas phase, and the 
mixture of reactants is passed over a catalyst of Vanadium(V) oxide V2O5, usually known as vanadium 
pentoxide.  

Surface adsorption theory  

This theory is often used to explain the way that a heterogeneous catalyst works. It usually considered as 
having 3 steps: 

[1] adsorption, in which one or more reactants become attached to the surface of the catalyst. 

[2] reaction, following the weakened of bonds in the adsorbed reactants. 

[3] desorption, in which the reaction product becomes detached from the surface of the catalyst. 

In the Contact process, these are the reaction steps: 

Part 1: Sulphur dioxide adsorbs onto the Vanadium (V) oxide and a redox reaction occurs. 

V2O5 + SO2   V2O4  + SO3 

Note that the oxidation number of Vanadium decreases from +5 to +4. The sulphur trioxide then desorbs. 

Part 2: Oxygen reacts with the V2O4 on the surface of the catalyst and another redox reaction occurs. 

V2O4 + 0.5O2  V2O5 

Note that the original catalyst is regenerated as the oxidation number increases from +4 to +5. 

[17.29]   One of the major problems associated with increased road vehicle usage over several decades in 
the increased amount of pollution from vehicle exhaust gases. The quality of air breathed by humans is 
below acceptable levels. Without catalytic converters, the situation would now be worse. Although many 
different pollutants come from vehicle exhausts, two of the most significant are CO and NO. 
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Carbon Monoxide (CO) is a toxic gas that interferes with oxygen transport from the lungs through the 
bloodstream to vital organs in the body.  

Nitrogen Monoxide (NO) is easily oxidised in the atmosphere to nitrogen dioxide (NO2). It can act as a 
respiratory irritant and contribute to the formation of acid rain.  

CO forms through the incomplete combustion of hydrocarbons fuels. NO forms through the reaction 
between nitrogen and oxygen at the high temperature that exist in an internal combustion engine.  

The solution is that cars are sold worldwide have been fitted with catalytic converters in an attempt to 
reduce the effect of vehicle emissions on air quality. The main transition metal used in catalytic converters 
are platinum and rhodium, and sometimes palladium. The method of action can be explained by the surface, 
molecules of CO and NO are adsorbed onto the surface. Then, because their bond is weakened, they react 
together to form CO2 and nitrogen, which are then desorbed from the surface of the catalyst. The overall 
reaction can be represented by this equation  

2CO  + 2NO  2CO2  + N2 

[17.31]   The S2O8
2- ion is known as the persulfate ion. It acts as an oxidising agent in its reaction with the 

I- (iodide) ions. 

S2O8
2-  +  2I- 2SO4

2-  +  I2 

One reason this reaction is slow at room temperature is that the two reactant ions are both negatively 
charged and so repel each other. The reaction is much faster in the presence of Fe2+ ions, which acts as a 
catalyst. All of the reactant and products, and the catalyst, are in the aqueous phase, so this reaction is an 
example of homogeneous catalyst. 

Steps in the catalysed reaction. 

Step 1: The Fe2+ ions are not repelled by the S2O8
2- ions because they have the opposite charge. They react 

together as follows: 

S2O8
2-  +  2Fe2+   2SO4

2-  +  2Fe3+ 

Step 2: The Fe3+ ions formed in step 1 now reacts with the I- ions (these also have an opposite charges)as 
follows: 

2Fe3+ + 2I-                   2Fe3+ + I2 

The iron (ii) ions are used in step 1 and regenerated in step 2, so the two steps can repeat continuously. 

Alternative mechanism  

The reaction is also catalysed by Fe3+ ions, for which the following mechanism can be written. 
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Step 1: 2Fe3+ +  2I-  2Fe2+ + I2 

Step 2: S2O8
2- + 2Fe2+ 2SO4

2-  + 2Fe3+ 

[17.32]   Oxidation of ethanedioate ions 

As you know about titrations in which potassium manganate (vii) in acidic conditions acts as an oxidising 
agent. For these titrations to work well enough, it is important that the reactions are fast, so that the end 
point of the reaction can be accurately observed. One example of a redox reaction that can be used in 
titrations is the oxidation of ethanedioate ions by potassium manganate (vii).  

2MnO4
-  + 5C2O4

2- + 16H+ 2Mn2+ + 5CO2 + 8H2O 

As more potassium manganate (vii) is added, the reaction rate increases. The product Mn2+ acts an 
autocatalysis (autocatalysis is when a reaction product acts as a catalyst for the reaction). This explains 
why the reaction rate increases as the titration proceeds. 
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Chapter 3: Organic Chemistry `Arene` 
[18.1]   Problems with the Kekule structure. 

a. It contains 3 C=C double bonds and it doesn’t decolourise bromine water. 
b.  According to the hydrogenation enthalpy, the Kekule structure should have an expected 

hydrogenation enthalpy of (-120x3= -360kJmol-1).  The conversion of cyclohexene to 
cyclohexane is (-120kJmol-1) but the hydrogenation enthalpy of C6H6 is not -120kJmol-1. 

c.  X-ray diffraction doesn’t show that the C6H6 structure have 3 C=C bonds.  
d.  Kekule structure doesn’t seem to undergo substitution reaction (and Benzene is supposed 

to undergo only substitution reaction) as it is supposed to undergo addition reaction. 
e.  Kekule structure is supposed to have a peak 1669-1645 cm-1 in the IR spectrum but it 

doesn’t. 

The alternative structure Benzene, which solved all the problems. 

a. Benzene is the new structure and all the C-C bond lengths are equal. So no C=C double bond 
is present so it explains why benzene can’t decolourise bromine water. 

b.  According to the hydrogenation enthalpy, the real benzene is 150kJmol-1 more stable than 
the Kekule structure. 

c.  X-ray diffraction technique is used to find the exact structure of Benzene and it suggest 
that benzene has a planar structure and C-C-C bond angle is 12O°, which the bond lengths 
are longer than double bond but smaller than single bond and this suggest that Benzene 
doesn’t have any double bond but only shows double bonded character. 

d. Benzene undergo only addition reaction which explains why it can’t decolourise bromine 
water. 

e. Benzene has peaks at 1600, 1580, 1500, 1450cm-1 in the IR spectrum for an aromatic C=C. 

[18.2]   In the real Benzene, each carbon atom has one ‘p’ electron that remains which can overlap among 
each other to give a p electron cloud above and below of the plane of the benzene ring. Due to this, π 
electron cloud benzene is rich in electron density so that they tend to react with electrophiles. But it 
doesn’t tend to undergo electrophilic addition reactions as the addition can change the bond angle and 
distort the π electron cloud. So, benzene usually undergo electrophilic substitution reaction. 

[18.3]   Benzene undergoes only electrophilic substitution and arenes undergo only electrophilic addition 
reactions. 
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[18.4], [18.5]    
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[18.6] 

 

 

 

 

 

 

 

 

 

a. Benzene 
Needs a catalyst (FeBr3) 
Doesn’t decolourise bromine water  
Doesn’t produce a white precipitate 
Product is 1-bromobenzene 

b.  Phenol 
No need of a catalyst  
Decolourises bromine water 
Produces a white precipitate  
Products are 2,4,6- tribromophenol and 3HBr 
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Chapter 4: Organic nitrogen chemistry  
[19.1]    

 

 

 

  

 

 

 

 

[19.2]                    Reaction with water 

CH3NH2  +  H2O    CH3NH3
+  +  OH- 

Hydrocarbon part of the molecule becomes proportionately larger, the solubility 
decreases. They dissolve in H2O because they can form hydrogen bond with H2O 
molecule. 
Amines also react slightly with water to form alkaline solution.  
Reaction with Acids 
CH3NH2   +  HNO3 CH3NH3NO3

- 
CH3CH2CH2CH2NH2  +  HCl                CH3CH2CH2CH2NH3

+Cl- 
C6H5NH2  +  HCl    C6H5NH3

+Cl- 
Reaction with ethanoylchloride 
Acyl chloride  +  Amine                Amide  +  HCl 
Reaction with Halogenoalkane  
CH3COCl  +  C6H5NH2 CH3CONHC6H5  +  HCl 
They would react halogenoalkane contains an electron-deficient carbon atom and an 
amine contains an electron- rich nitrogen atom 
Reaction with CU2+ ions 
Ammonia can act as a lone pair donor in its reaction with tranisition 
[Cu(H2O)6]2+  +  4NH3  [Cu(NH3)4(H2O)2]2+  +  4H2O 
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[19.3]   Amines have a –NH2 which can form hydrogen bonding with water. The alkaline strength of amines 
depends on the ability to donate the lone pairs of electrons to the outside. If there are carbon chains 
around the nitrogen atom, they push electrons towards nitrogen so their alkaline strength gets increased. 
In tertiary amines even though it contains 3 `R` carbon chains, ability to gain that lone pair becomes less, 
so that its alkaline strength is lesser than expected. Due to the space available as well as two R groups, 
secondary amines has the highest alkaline strength. 

[19.4]   Preparation of amines 

a. With halogenoalkane 
CH3Cl  +  NH3   CH3NH2   +  HCl 
Heating with ammonia  
Under pressure and in a sealed container (NH3 is a gas) 
Avoid unwanted side reaction. 
Excess ammonia is used (to outnumber the amount of primary amine)   

b. With Nitriles 
CH3CN  +  4[H]   CH3CH2NH2 
Reagent is reducing lithiumtetrahydroaluminate. (LiAlH4) 
Reduced to primary amine by reduction 
Mixed with dry ether, to ensure no H2O could affect the reaction. 

[19.5]   Preparation of aromatic amines 

C6H5NO2   +  6[H]                 C6H5NH2   +  2H2O 
Reduction of nitrobenzene 
Reducing agent is Tin (Sn) mixed with concentrated HCl acid 
Heated under reflux 
Reduction is achieved through oxidation of tin to tin (II) ions and tin (IV) ions and H2 produced in 
the reduction between tin and acid. 

[19.6]    
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[19.7]   CH3CH2COCl  +  NH3                       CH3CH2CONH2   +   HCl 

Lone pair of electrons on the nitrogen of NH3 molecules is strongly attracted to the electron- deficient 
carbon atom of acyl chloride. Chlorine of acyl chloride combines with one of the hydrogen atoms of ammonia 
of HCl (misty fumes). 

[19.8], [19.9], [19.10]   Formation of polyamides need two monomers (a dicarboxylic acid and a diamine). 
One with acidic groups and the other with the basic group, so they can react with each other to form a 
‘CONH’ group with the elimination of H2O. This happens by condensation reaction. Majority of polyamides 
(nylons) tend to semi-crystalline. Generally very tough material with good thermal and chemical resistance. 
They tend to absorb moisture from their surrounding (until equilibrium is reached). Impact of resistance 
and flexibility of polyamide tends to increase with moisture content, while the strength and stiffness 
decreases. THIS CAN MAINLY BE PRACTICED WITH THE TOPIC WISE TUTES. 

[19.11]   Amino acid contains both NH2 and COOH group attached to a same carbon atom. The NH2 group is 
alkaline and the COOH group is acidic, so that they can react with each other and make the Zwitter ion is 
formed. The pH at which the Zwitter ion is formed is called as isoelectric point. These Zwitter ions can 
make ionic bonding with each other so the amino acid exists as solid at room temperature and they have 
high melting points. Once the amino acid makes Zwitter ion, it has both the conjugate acid and base pair so 
that it can react with acids and bases and hence can show both properties. Usually amino acids have 4 
different groups around the carbon atom, so they are optical active and can rotate the plane of plane 
polarised light. Only the glycine doesn’t have optically active carbon as the R group is ‘H’ so only that 
cannot rotate the plane of plane polarised light. 
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Chapter 5: Organic Synthesis 
[20.1]   Practice with Past Papers. 

[20.2]   Grignard reaction are introduced by Victor Grignard 

Grignard reagents are made by heating under reflux the chosen halogenoalkane with Mg in a solvent of dry 
ether. (dry ether is used because Grignard reagents react with water) 

In Grignard reagents, the Mg is covalently bonded to both alkyl group and halogen.  

R-Br  +  Mg  R-Mg-Br 
R-Mg-Br  +  CO2 RCOOH (Carboxylic acid) 
R-Mg-Br  +  methanol      RCH2OH  (Primary alcohol) 
R-Mg-Br  +  aldehyde (R’CHO) RR’CHOH  (secondary alcohol) 
R-Mg-Br  +  ketone (R’COR’’) RR’R’’COH (Tertiary alcohol) 

Finally add dilute acid and water to obtain the desired organic product. 

This chapter is fully explained in the knowledge question paper. Also this chapter 
contains content that needs to be practiced with past papers. 

 

 


