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Unit 5 General Principles of Chemistry II – Transition Metals and 

Organic Nitrogen Chemistry  
(Edexcel International Advanced Level Chemistry) 

 

Redox and the chemistry of the transition metals  
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Stoichiometry 

Stoichiometry is the ratio between substances in a chemical reaction.  So in the reaction between 

sodium hydroxide and sulphuric acid; 2NaOH  +  H2SO4  →  Na2SO4  +  2H2O 

The stoichiometry for this reaction is that 2 moles of NaOH react with 1 mole of H2SO4 

 

In a redox reaction, electrons are transferred from one material to another.   

The redox equation must balance in terms of numbers of electrons and oxidation number.  

For example in the reaction between silver(I) and copper, metallic silver and copper(II) are 

formed.  

The silver half equation is   Ag+
(aq)  +  e-  →  Ag(s)   

   The copper half equation is              Cu(s)  →  Cu2+
(aq)  +  2e-    

The electron loss and gain must balance, so the silver half equation has to be doubled. 

2Ag+
(aq)  +  Cu(s)  →  Cu2+

(aq)  +  2Ag(s) 

 

This stoichiometry can also be deduced by examining oxidation number change.   

• The oxidation number of copper increases by 2.   

• The oxidation number of silver decreases by 1 

• This means that they react in the ratio 2 silver to 1 copper. 

 

Redox Titrations  

It is possible to use redox reactions in titrations.   

Common reagents used for these are manganate(VII) and thiosulphate with iodine. 

 

Potassium manganate(VII) titrations 

A known concentration of potassium manganate(VII) can be used to determine the quantity of a 

reducing agent present in a sample.   

 

In titrations involving potassium manganate(VII) the half reaction is: 
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MnO4
- + 8H+ + 5e-  Mn2+ + 4H2O  Equation 1 

 

This may react with ethanedioic ions following the half reaction: 

C2O4
2-  2CO2 + 2e-  Equation 2 

 

To combine these half equations we must x Equation 1 by 2 and x Equation 2 by 5 and add; 

 

The full reaction is:  2MnO4
- + 16H+ + 5C2O4

2- 
 2Mn2+ + 8H2O + 10CO2  

 

The reaction requires excess dilute sulphuric acid and a temperature of about 60oC. 

Manganate(VII) is a deep purple colour in solution, but the manganese(II) ion, to which it is 

reduced, is almost colourless.   

As the manganate(VII) is added, from a burette, it reacts turning colourless.   

When all the reducing agent has reacted, the manganate(VII) no longer reacts and its colour 

remains in the flask. 

 

From the concentration of the manganate(VII) and the volume used, the number of moles can be 

determined.  Using the chemical equation, the number of moles of reducing agent can be found, 

and so its concentration. 
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Example 

An iron tablet, containing an iron(II) compound was crushed.  2.500 g of the tablet were dissolved and 

made up to 250 cm3 of solution.  25.0 cm3 of this solution was transferred to a flask by pipette, 25 cm3 

dilute sulphuric acid was added to acidify the solution and the flask contents titrated against 0.005 mol 

dm-3 potassium manganate(VII) solution.  The average titre value was 26.45 cm3.   

Calculate the percentage iron in the tablet. 

 

Moles of potassium manganate(VII) = 26.45 / 1000 x 0.005 = 1.3225 x 10-4  mol 

 

Equation:  MnO4
-  +  5Fe2+  +  8H+  →  2Mn2+  +  4H2O  +  5Fe3+ 

 

Moles of iron(II) {in 25.0 cm3 sample} =  1.3225 x 10-4  x 5 = 6.6125 x 10-4 mol 

 

Moles of iron(II) {in 250.0 cm3 sample} =  6.6125 x 10-4 x 250 / 25 = 6.6125 x 10-3 mol 

 

Mass of iron(II) = 6.6125 x 10-3  x 56 = 0.370g 

 

% iron = 0.370 / 2.500 x 100 = 14.8  

Thiosulphate titrations 

Thiosulphate and iodine titrations are used to determine the concentration of oxidising agents. 

 

First of all the oxidising agent is added to a solution containing excess iodide ions.   

This oxidises the iodide ions to iodine giving a brown colour. 

 

Thiosulphate is then added from a burette; this reacts with the iodine to form colourless products. 

2S2O3
2-  +  I2  →  S4O6

2-  +  2I- 

 

During the titration, the colour intensity decreases, eventually reaching a pale yellow colour.   

At this point, a few drops of starch solution are added to give the deep blue complex showing the 

last traces of iodine.  Thiosulphate is then added dropwise, until the mixture becomes colourless. 
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From a known concentration of thiosulphate, it is possible to determine the number of moles of 

chemical involved in the reaction. 

 

Example 

2.049g of a copper alloy was dissolved in concentrated nitric acid and made up to 250 cm3 of solution.  

25.0 cm3 of this solution was transferred to a flask by pipette and an excess of potassium iodide added 

to it.  The resulting mixture was titrated against 0.100 mol dm-3 sodium thiosulphate solution.  The 

average titre value was 24.65 cm3.  Calculate the percentage copper in the alloy. 

 

• Moles of sodium thiosulphate = 24.65 / 1000 x 0.100 = 2.465 x 10-3  mol 

• Equation:  2S2O3
2-  +  I2  →  S4O6

2-  +  2I- 

• Moles of I2 in flask =  2.465 x 10-3  x 0.5 = 1.2325 x 10-3 mol 

• Equation:  2Cu2+  +  4I-  →  2CuI  +  +  I2   

• Moles of Cu2+{in 25.0 cm3 sample} =  1.2325 x 10-3 x 2 = 2.465 x 10-3  mol 

• Moles of Cu2+ {in 250.0 cm3 sample} =  2.465 x 10-3  x 250 / 25 = 2.465 x 10-2  mol 

• Mass of Cu2+ = 2.465 x 10-2  x 63.5 = 1.565g 

• % copper = 1.565 / 2.049 x 100 =  76.4% 

Limitations of Eθ values 

The electrode potential values have limitations because; 

• they refer to standard conditions 

• they indicate the energetic feasibility of a reaction, not the kinetics. 

 

If the conditions are different from the standard, the emf can change.  For example, the measurement 

of Eθ is made at a concentration of 1moldm-3.  If the concentration of one of the solutions is changed, 

this will change the emf of the reaction. 

 

For example   2Ag+
(aq)  +  Cu(s)  →  Cu2+

(aq)  +  2Ag(s) 
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   For the Cu and Ag cell, the standard value for the reaction is: 

  Eθ
CELL =  Eθ

RHC  -  Eθ
LHC 

Eθ
CELL =  +0.8  -  +0.34  =  +0.46V 

 

Values of emf for different silver ion concentrations are shown in the table below. 

Concentration of Cu2+  / 

moldm-3 

Concentration of Ag+ 

/ moldm-3 

emf 

1.0 1.0 x 10-2 +0.34 

1.0 1.0 x 10-3 +0.28 

1.0 1.0 x 10-4 +0.22 

1.0 1.0 x 10-5 +0.16 

1.0 1.0 x 10-6 +0.10 

1.0 1.0 x 10-7 +0.04 

1.0 1.0 x 10-8 -0.02 

1.0 1.0 x 10-9 -0.08 

 

At low silver ion concentration, the reaction will tend to go in the opposite direction. 

 

Changes in temperature and pressure can also affect the emf for a particular reaction.   

 

For example the reaction: MnO2(s)  +  4H+
(aq)  +  2Cl-

(aq)  →  Cl2(g)  +  Mn2+
(aq)  +  2H2O(aq)             

Eθ
CELL =  Eθ

RHC  -  Eθ
LHC 

 Eθ
CELL =  +1.23  -  +1.36  =  -0.13 The negative value tells us that this reaction is not feasible. 

 

If concentrated HCl and solid MnO2 are mixed and then heated, a reaction readily takes place. 

 

The emf values only indicate the energetic feasibility of a reaction, it gives us no information 

about the kinetics. 

 

The Eθ of a cell gives no information about the kinetics of a reaction. 

 

The combination of copper and hydrogen half cells can be written: 

Pt[H2(g)] │  2H+
(aq)       Cu2+

(aq) │  Cu(s)    

 

Calculating Eθ for this cell; Eθ
CELL =  Eθ

RHC  -  Eθ
LHC 

Eθ
CELL =  +0.34  -  0  =  +0.34V    

The positive value indicates that the reaction is feasible: H2(g)  +  Cu2+
(aq)  →  2H+

(aq)  Cu(s) 

 

When hydrogen is bubbled through copper sulphate solution no reaction can be observed.  The 

reaction has a high activation energy, so although the reaction is energetically favourable, the high 

activation energy means that the reaction is so slow as to be negligible.   
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Redox Chemistry of Vanadium 

 

Vanadium can form four oxidation states. 

Oxidation number 2 3 4 5 

Species present  V2+ V3+ VO2+ VO2
+ 

Colour Yellow  Blue  Green  Violet  

 

Standard redox potentials for these conversions are shown below 

Conversion Standard redox potential  /V 

V3+  +  e-                    V2+ -0.26 

2H+  +  VO2+  +  e-             V3+  + H2O  +0.34 

2H+  +  VO2
+  +  e-             VO2+  + H2O +1.00 

 

 

Vanadium can be reduced from the +5 states right through to the +2 state by zinc.   

Each step can be predicted using Eo values.   

 

For example for the first step (reduction from +5 to +4): 

       Zn2+ + 2e-     Zn                                 Eo    = -0.76 V   

       VO2
+  + 2H+ + e-      VO2+  + H2O     Eo    = +1.00 V 

 

Eθcell =  Eo
R -   Eo

L    = +1.00 V - (-0.76 V)  = +1.76 V 

The large positive value of Ecell shows that the reaction to reduce vanadium is spontaneous. 

 

2VO2
+  + 4H+ + Zn  2VO2+  + 2H2O + Zn2+ 

 

Reaction of zinc with vanadium(IV) 

Zn2+(aq) + 2e-   Zn(s)                               Eo    = -0.76 V   

       VO2+(aq + 2H+(aq) + e-      V3+(aq) + H2O(l)     Eo    = +0.34 V 

 

Eθ
CELL  = 0.34 - -0.76 = +1.10V reaction is feasible 

 

Zn  +  4H+  +  2VO2+    Zn2+  +  2V3+  +  2H2O 

 

Reaction of zinc with vanadium(III) 

Zn2+(aq) + 2e-   Zn(s)                               Eo    = -0.76 V   

  V3+(aq) + e-    V2+(aq)        Eo    = - 0.26 V 

 

Eθ
CELL  = -0.26 - -0.76 = +0.50V reaction is feasible 

 

Zn  +  2V3+  →  Zn2+  +  2V2+ 



                                                           Dr. Catherine Tan  

 

 

 

10 
+6018 – 375 2833                                                                                                     www.chemistryboutique.com 

 

Heating with zinc and sulphuric acid will therefore reduce vanadate(V) from yellow to blue to 

green, and finally to lavender (violet).  

 

Standard Electrode Potentials and Equilibrium 

 

 Ma(s) │  Ma2+
(aq)                  Mb2+

(aq) │  Mb(s)    

 

 

It has been established that the feasibility of a reaction can be found directly from the Eθ values using 

the equation:  Eθ
CELL =  Eθ

RHC  -  Eθ
LHC 

 

It has also been noted that if the concentrations are changed the value of Eθ values will change. 

 

Let us apply some hypothetical values to the right and left hand cells of our hypothetical reaction. 

 

LHC half equation  Ma2+
(aq)  +  2e-          Ma(s) +0.66V 

RHC half equation Mb2+
(aq)  +  2e-          Mb(s) +0.64V 

 

Eθ
CELL =  Eθ

RHC  -  Eθ
LHC  Eθ

CELL =  0.64 – 0.66 = -0.02V 

 

The negative value shows that the reaction below is not feasible. 

 Ma(s)  +  Mb2+
(aq)    →     Mb(s)  +  Ma2+

(aq)                     

 

However if the concentration of Mb2+ is increased, the equilibrium  

Mb2+
(aq)  +  2e-          Mb(s) 

  will shift to the right and more Mb is formed, so the Eθ of this half cell increases  

 

If the concentration of Ma2+ is decreased, the equilibrium  

Ma2+
(aq)  +  2e-          Ma(s) 

  will shift to the left and more Ma2+ is formed, so the Eθ of this half cell decreases 

 

Applying new hypothetical values  

LHC half equation  Ma2+
(aq)  +  2e-          Ma(s) +0.66V +0.63V 

RHC half equation Mb2+
(aq)  +  2e-          Mb(s) +0.64V +0.67V 
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Eθ
CELL =  Eθ

RHC  -  Eθ
LHC  Eθ

CELL =  0.67 – 0.63 = +0.06V 

 

The positive value shows that the reaction below is now feasible. 

 Ma(s)  +  Mb2+
(aq)    →     Mb(s)  +  Ma2+

(aq)                     

 

This demonstrates that these are equilibrium processes.   

The relationship between Eθ
CELL and the equilibrium constant, K, is  

 
We know from the equilibrium section in Unit 4 (Topic 4.5) 

                ΔStot = RlnK 

 

Therefore it follows that;  

 
 

Breathalysers 

 

Breathalysers measure the quantity of alcohol in the blood by determining the amount in a sample of 

expired air. 

 

The original breathalysers used potassium dichromate and sulphuric acid.  The dichromate oxidized 

the ethanol to ethanal and ethanoic acid.  This caused a consequential reduction in the dichromate in 

which the orange crystals turned green.  It was possible to deduce the rough level of alcohol in 1dm3 of 

breath.  Accurate measurements were difficult to obtain.  This combined with the toxicity of the 

dichromate led to dichromate breathalysers being replaced by an ethanol fuel cell which gave more 

accurate results. 

   

The ethanol fuel cell consists of two electrodes made of a material such as platinum with a permeable 

membrane between containing sodium hydroxide. 

 

Alcohol passing through the cell causes the reactions below. 

At the negative electrode:              C2H5OH  +  H2O   →  CH3CO2H  +  4H+  +  4e- 

At the positive electrode:  4H+  +  O2  +  4e-  →  2H2O 

 

The cell voltage is directly proportional to the ethanol concentration. 

 

The breathalyzer is initially calibrated with air containing a known ethanol concentration.   
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Once calibated the cell can be used to determine the ethanol concentration in a breath sample, with the 

values being read directly from a scale. 

 

This type of breathalyzer does not give a printed read out so it is not usually given as evidence in 

court.  

  

If the breathalyzer gives a reading above the legal limit, the driver has to give a second sample of 

breath at the police station.  At the police station, the ethanol concentration is determined by using 

infra-red absorption.  This measures the absorption of the C-H stretching at 2950cm-1.  The instrument 

is again calibrated to give an ethanol concentration measurement which can be printed out and used as 

evidence in court. 

 

 

Transition Metal Chemistry 
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Naming Complex Ions 

The names of complex ions contain four main components. 

First part Second part Third part Fourth part 

Number of each 

type ligand 

Name of 

ligand 

Name of transition metal (ending in –

ate if it is a negative ion) 

Charge on transition 

metal 

 

Ion formula Name of ion 

[Cu(H2O)6]
2+ hexaaquacopper(II) 

[Cr(H2O)6]
3+ hexaaquachromium(II) 

[CuCl4]
2- Tetrachlorocuprate(II) 

[Cu(NH3)4]
2+ tetraamminecopper(II)  

[Fe(CN)6]
4- hexacyanoferrate(II) 
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ion aqueous sodium hydroxide aqueous ammonia solution 

Cr3+ Cr3+
(aq) + 3OH-

(aq)  Cr(OH)3(s) 

                                                 grey green 

 

Cr(OH)3(H2O)3(s) + 3OH-
(aq)  [Cr(OH)6]

3-
(aq) + 

3H2O 

          deprotonation                 hexahydroxochromate(III) 

 

Cr3+
(aq) + 3OH-

(aq)  Cr(OH)3(s) 

                                                 grey green 

Mn2+ Mn2+(aq) + 2OH-(aq)  Mn(OH)2(s) 

                                                    white/brown 

Mn2+(aq) + 2OH-(aq)  Mn(OH)2(s) 

                                                       white/brown 

Fe2+ Fe2+(aq) + 2OH-(aq)  Fe(OH)2(s) 

                                                           muddy/green 

Fe2+(aq) + 2OH-(aq)  Fe(OH)2(s) 

                                                     muddy/green 

Fe3+ Fe3+(aq) + 3OH-(aq)  Fe(OH)3(s) 

                                                           rust brown 

Fe3+(aq) + 3OH-(aq)  Fe(OH)3(s) 

                                                        rust brown 

Ni2+ Ni2+
(aq) + 2OH-

(aq)  Ni(OH)2(s) 

                                                lime green 

Ni2+
(aq) + 2OH-

(aq)  Ni(OH)2(s) 

                                                  lime green 

ligand exchange - dissolves in excess to 

give blue [Ni(NH3)6]
2+(aq) 

Cu2+ Cu2+
(aq) + 2OH-

(aq)  Cu(OH)2(s) 

                                                   pale blue 

Cu2+
(aq) + 2OH-

(aq)  Cu(OH)2(H2O)4(s) 

                                                        pale blue 

ligand exchange - dissolves in excess to 

give deep blue [Cu(NH3)4(H2O)2]
2+(aq) 

Zn2+ Zn2+
(aq) + 2OH-

(aq)  Zn(OH)2(s) 

                                     white 

Zn(OH)2(s) + 2OH-
(aq)  [Zn(OH)4]

2-(aq) 

deprotonation                          

Zn2+
(aq) + 2OH-

(aq)  Zn(OH)2(s)  

 

ligand exchange - dissolves in excess to 

give [Zn(NH3)4]
2+(aq) 
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Catalytic Properties of Transition Elements 

The ability of transition elements to change oxidation state allows them to be used as catalysts.  

Transition elements or their compounds are used in a number of important industrial processes. 

 

Substance Reaction catalysed 

Iron Haber process to convert nitrogen and hydrogen to ammonia 

Nickel  Margarine production to hydrogenate unsaturated hydrocarbons 

Vanadium(V) 

oxide 

Contact process to convert oxygen and sulphur dioxide to sulphur trioxide 

           

There are two main types of catalysis. 

 Heterogeneous catalysis is where the catalyst and the reactants are in different states.  

 Homogeneous catalysis is where the catalyst and the reactants are in the same state.  

 

An example of heterogeneous catalysis is seen in the catalytic converters found in cars.   

Platinum is used to remove harmful gases such as carbon monoxide. 

2CO + O2    2CO2 

Platinum provides a surface with which the carbon monoxide and oxygen can forms weak bonds.  

The transition metal uses 3d and 4s electrons to form these bonds.  The bonding of the molecules 

on the surface brings them close together and the formation of the weak bonds with the surface 

weakens the bonds within the molecules, reducing the energy required to break them. 

 

The ability of the transition element to change its oxidation state is also important in catalysis.  

This is seen in the manufacture of sulphuric acid where the conversion of sulphur dioxide to 

sulphur trioxide is catalysed by vanadium(V) oxide. 

2SO2  +  O2             2SO3 

 

The sulphur dioxide first reacts with the vanadium(V) oxide. SO2(g)  +  V2O5(s)   SO3(g)  +  V2O4(s)      

 

The vanadium(IV) formed in this reaction then reacts with the oxygen  ½O2(g)  +  V2O4(s)  

V2O5(s)   

 

An example of homogeneous catalysis is seen in the catalysis by iron(II) of the reaction between 

the persulphate and iodide ions.       S2O8
2-  +  2I- 

 2SO4
2-  +  I2 

 

Although the persulphate is a powerful oxidizing agent, the reaction is slow because it requires 

negative ions to come together and this repulsion gives the reaction a high activation energy. 

 

The iron(II) reacts first wit the persulphate    2Fe2+  +  S2O8
2-    2SO4

2-  +  2Fe3+ 

 

The iron(II) formed in this step then reacts with the iodide ions    2Fe3+  +  2I-   2Fe2+  +  I2 
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Development of New Catalysts 

Development of new catalysts is an important area for research 

Ethanoic acid is a very important industrial chemical used in the manufacture of polymers, 

perfumes, flavourings and pharmaceuticals.  Until 1970, ethanoic acid was manufactured by 

oxidizing naptha and butane at a temperature of 200oC,   a pressure of 50atm and a catalyst of 

cobalt ethanoate.  The large number of by-products gives the reaction a low atom economy. 

 

In the 1960s a new process began to be used starting with methanol and carbon monoxide. 

 CO + CH3OH  CH3CO2H  

 A catalyst of cobalt and iodine is used for this reaction.  It had a theoretical atom economy of 

100%, although in practice it did not reach this. 

 

Various improvements were made to the catalyst used, using rhodium and then iridium in place 

of cobalt.  As improvements were made the conditions required became milder, the reaction 

more efficient and the atom economy improved. 

 

Other Uses of Transition Elements 

 

Cancer treatment 

Cancer involves cells dividing uncontrollably forming tumours.   

Cis Pt(NH3)2Cl2 was found to be able to inhibit cell division and could therefore be used as a 

treatment for cancer. 

Cisplatin as the material was called is now one of the most widely used anti-cancer drugs.  One 

of the problems with it is its toxicity, so research continues and a new drug, carboplatin, has been 

developed. 
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Sunglasses 

Photochromic sunglasses which become darker as the light intensity increases use a redox 

reaction.  The lenses contain silver(I) chloride and copper(I) chloride.  Strong light causes the 

following reactions to take place: 

Cu+ + Ag+   → Ag + Cu2+ 

The silver produced in this reaction turns the glasses darker.  When the light intensity decreases, 

the reverse reaction takes place and the glasses become less dark. 
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Organic Chemistry – Arenes and Phenols 

 

Arenes - Structure of benzene 

The term arene includes all compounds with a delocalised π-system: these are also called aromatic 

compounds. e.g. benzene, C6H6.  

 

Kekulé suggested the following structure for this compound. 

 

X-ray diffraction studies provide information about bond lengths. 

Bond lengths  C-C   in cyclohexane   0.154 nm 

               C=C  in cyclohexene    0.133 nm 

This would give benzene a distorted hexagon.  However, X-ray diffraction studies show that the C-C 

bond lengths in benzene are all 0.139 nm.  This means that the Kekule structure is incorrect.  

 

The benzene ring is a flat, regular hexagon, with six electrons in the delocalised π–“sandwich” above 

and below the ring. 

The σ-bonds are built up in a similar way to ethene, leaving an unused 2p orbital on each of the six 

carbons. These can overlap sideways in both directions, resulting in a delocalised π-electron cloud, 

containing six π-electrons and stretching over all six atoms, in a “sandwich” which lies above and 

below the plane of the ring: 

 

Thus the C–C bonds in benzene are all equal, each of length between a single and a double bond.  
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The delocalised structure is much more stable (lower in enthalpy content) than one with three double 

bonds - probably by more than 150 kJ/mol -1 and so benzene is much less reactive than ethene, since 

reaction involves loss of at least part of this extra stabilisation. Ethene also has two -electrons 

between the C atoms, while benzene has only one. 

 

Thermochemical evidence 

Evidence for this extra stable structure for benzene is provided by thermochemical evidence. 

 

In the presence of a nickel catalyst hydrogen can be added to a double bond.  When this is carried out 

with cyclohexene the following reaction takes place. 

C6H10  +  H2   C6H12  ΔH = -120 kJmol-1 

This would suggest that a similar reaction using benzene would give us the following reaction 

C6H6  +  3H2   C6H12 ΔH = -360 kJmol-1 

The measured value for the hydrogenation of benzene is actually -208 kJmol-1.  

This indicates that benzene is more stable than would be expected from a structure with three C=C. 

 

Spectroscopic evidence 

The infra-red spectrum of a compound containing a double bond shows an absorption between 1610 

and 1680 cm-1.  This absorption however is absent in benzene compounds. 

 

Reactions of Benzene 

Benzene requires much more forcing conditions to make it react than does ethene:  

• benzene does not decolorise bromine water. 
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• benzene will not react with hydrogen at an appreciable rate under conditions at which ethene 

reacts (e.g. 150°C and normal pressures, over a nickel catalyst). 

• benzene will not react with oxidising agents like alkaline KMnO4. 

 

Reactions of Arenes 

The main reactions which benzene does undergo are with electrophiles, but since it has a lower 

electron density between carbon atoms than ethene, benzene requires stronger electrophiles and more 

forcing conditions.  

Once an electrophile has added on to the ring, the subsequent step is likely to be loss of a proton, 

leading to electrophilic substitution rather than addition, since the stable delocalised π-system is 

regained. 

 

Combustion 

Arenes have the equivalent of three double bonds per molecule and so tends to produce incomplete 

combustion, so when it burns it produces a smoky flame.  

 

Nitration of Arenes 

Arenes can be nitrated if they are mixed with conc nitric and sulphuric acids at temps below 50oC. 

C6H6 (l) + HNO3 (l)  C6H5NO2 (l) + H2O (l) 

       Nitrobenzene 

 

The sulphuric acid protonates the nitric acid, which ionises, forming the nitronium ion, NO2
+  

HNO3   +   2H2SO4     NO2
+  +  H3O+  +  2HSO4

– 

+   NO2
+

NO2

+   H+

 
If the temperature is raised above 50oC there is a chance of multiple nitrations occurring. 

Bromination of Arenes 

Arenes will react with halogens in the presence of a halogen carrier catalyst, Fe, FeBr3, Al or AlCl3. 

C6H6(l) + Br2(l)  C6H5Br(l)   + HBr 

+   Br2

Br

+   HBr
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Sulphonation of Arenes 

Arenes will react with concentrated (fuming) sulphuric acid to form sulphonic acids 

The reaction is carried out at room temperature. 

C6H6  +  H2SO4 →  C6H5SO3H  +  H2O 

 

+   H2SO4

SO3H

+   H2O

 
Sulphonic acid groups are often used in organic synthesis to increase the water solubility of large 

organic drug molecules. 

 

Feidel-Craft Alkylation 

 

Alkylation: Reaction with a halogenoalkane in the presence of the catalyst AlCl3. 

 

This is an important reaction in organic synthesis as it is a C-C bond forming reaction. 

 

Feidel-Craft Acylation 

 

Acylation:  Reaction with an acyl chloride in the presence of the catalyst AlCl3. 

Conditions: Anhydrous AlCl3 as a catalyst. 

 

C6H6(l) + CH3COCl (l)  C6H5COCH3(l) + HCl(g)  

                     acid chloride  

 

This is an important reaction in organic synthesis as it is a C-C bond forming reaction. 
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Addition reaction with hydrogen 

This reaction is unlike all those above in that whereas most reactions of benzene are substitution this 

is an addition process.  In the presence of a nickel catalyst hydrogen can add on to a benzene ring 

across the double bonds.   

This reaction requires Raney nickel, which is a particularly finely divided form of the metal, and the 

temperature of 200oC is higher than that used for addition to an alkene.   

The more extreme conditions for this reaction compared with those needed for addition of hydrogen 

to an alkene because of the extra stability of the delocalized electron ring structure. 

+   3H2

Nickel

200oC  
 

Mechanisms - Electrophilic substitution. 

 

Arenes commonly undergo electrophilic substitution reactions.  

In this type of substitution two of the delocalised [ ] electrons on the benzene ring are donated to the 

electrophile.  

An unstable -complex containing both an electrophile and a leaving group is formed as an 

intermediate.  

 

Nitration 

Nitration is carried out under reflux at 55-60oC using a nitrating mixture.  

This contains equal amounts of concentrated nitric acid and sulphuric acid.  

The sulphuric acid protonates the nitric acid, which ionises, forming the nitronium ion, NO2
+ 

(sometimes called the nitryl cation): 

  HNO3   +   2H2SO4     NO2
+  +  H3O+  +  2HSO4

– 

 

The nitronium ion is a powerful electrophile, and this pulls out an electron pair from the π–system, 

adding on to the ring: 

+
NO2

H

NO2

+
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Note a carbocationic intermediate is formed. This first step, addition of an electrophile, is similar to 

the attack of bromine on ethene. 

However, the positive benzene intermediate can lose much more energy by giving up a proton to a 

base than it could by adding on a nucleophile.  

The loss of a proton (to an HSO4
–)  ion restores the full delocalisation energy, and sulphuric acid is 

reformed, as a catalyst. 

 

H

NO2

+

HSO4
-

NO2

+  H2SO4
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Bromination 

The reaction with bromine also follows the same mechanism. 

 

Aluminium chloride is used as a halogen carrier catalyst which helps form the electrophile. 

                            Br-Br  + AlCl3  Brd+---Br---AlCl3
d- 

 

The mechanism is then the same as for nitration.  

+
Br

H

Br

+

H

Br

+

AlCl3Br
-

Br

+  AlCl3  +   HBr

 

The delocalised π-system requires a large activation energy to disrupt (hence the need for a catalyst). 

The positive benzene intermediate once again restores the full delocalisation energy by losing H+ 

(hence substitution rather than addition). 

Chlorine reacts in a similar way, giving C6H5Cl and HCl, and also needing Al or Fe to be present 

(forming AlCl3 or FeCl3). 

 

Alkylation 

Alkylation follows the same mechanism.   

Halogenoalkanes are weak electrophiles because their polar bond. e.g.CH3
d+-Brd- .   

The catalyst AlCl3 makes the halogenoalkane a better electrophile. 

                              CH3-Br  + AlCl3  d+CH3---Br---AlCl3
d- 

 

Acylation 

Acylation also follows the same mechanism.   

The electrophile is again improved by AlCl3.  CH3COCl  +  AlCl3  CH3C+=O + Cl-AlCl3
- 
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Phenols 

Phenols are compounds in which the -OH group is directly attached to the benzene ring.  

Phenol itself is a white crystalline solid which is sparingly soluble in water at room temperature.  

The benzene ring helps to stabilise a negative charge on the phenoxide ion, C6H5O
–, and this 

makes phenol appreciably acidic (unlike ethanol, which is neutral, a solution of phenol in water 

has a pH of about 5). 

 

Reactions of phenol 

 

Phenol with sodium hydroxide 

Phenol dissolves in aqueous sodium hydroxide because phenol behaves as an acid and gives up 

its proton to the hydroxide ion which is a base.  A soluble ionic product is formed. 

 

Phenol with bromine - electrophilic substitution. 

The hydroxyl group in phenol can donate electrons back to the delocalised π-system, helping to 

stabilise the intermediates of electrophilic substitution and so making phenol much more reactive 

than benzene. It will react immediately with bromine water, decolorising it and forming a white 

precipitate of 2,4,6-tribromophenol.  

 

Nitration of Phenol. 

Phenol can be nitrated with dilute nitric acid. This once again shows that the delocalised π-

system, makes phenol much more reactive than benzene. 
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Uses of phenols 

Phenol, in dilute solution, was the first successful antiseptic used by Lister (called carbolic acid). 

Now substituted phenols are used both as antiseptics (to keep surfaces free of pathogens) and as 

disinfectants (to kill pathogens already present). 

 

Nitrogen Compounds and Polymerisation  

Amines 

A primary amine is one in which a single alkyl group is attached to the nitrogen, e.g. RNH2.  

A secondary amine has two alkyl groups, and a tertiary one three, directly attached to the nitrogen: 

  C2H5–NH2  C2H5–NH–C2H5 (C2H5)3N 

  primary  secondary  tertiary 

  ethylamine  diethylamine  triethylamine 

 

Note - This is a different usage from that employed for alcohols and halogenoalkanes, where it is the 

number of alkyl groups directly attached to the carbon atom bonded to O or Cl which determines 

primary, secondary or tertiary. 

 

An aryl amine has the amine group directly attached to the benzene ring. 

e.g. phenylamine, C6H5NH2. 
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Amine Preparation 

Aliphatic (non aryl) amines are produced by heating the appropriate halogenoalkane in a sealed tube 

with excess ammonia dissolved in ethanol.  [See Unit 2]. 

This initially forms the salt of the amine and the amine can be obtained by adding sodium hydroxide. 

 

CH3CH2CH2CH2Br + NH3 → CH3CH2CH2CH2NH3
+Br- 

 

CH3CH2CH2CH2NH3
+Br- + NaOH → CH3CH2CH2CH2NH2 + H2O + NaBr 

                                  

Aromatic amines are produced by the reduction of a nitrobenzene.  This is carried out by adding 

concentrated hydrochloric acid to a mixture of nitrobenzene and tin and heating the mixture 

under reflux. 

C6H5NO2  +  6[H]  →  C6H5NH2  +  2H2O 

Again in this reaction the amine is actually formed as the chloride salt, so sodium hydroxide has 

to be added to release the amine which is then extracted from the mixture by steam distillation. 

 

 

Properties of amines 

 

Since amines contain hydrogen atom directly bonded to a nitrogen atom, they can form hydrogen 

bonds.  This enables amines to interact with water molecules and so amines with short carbon chains 

are miscible with water. 

When dissolved in water, like ammonia, they form an alkaline solution. 

R-NH2   +   H2O               R-NH3
+  +  OH- 

 

As the carbon chain length increases, the amines become less soluble in water.  

Phenylamine is only slightly soluble in water because of the large carbon group.  

 

Also like ammonia, they are bases, and they react with acids to form salts. 

  CH3CH2CH2CH2NH2   +  HCl           CH3CH2CH2CH2NH3
+Cl- 

      Butyl ammonium chloride 

 

 

 

This ability to react with acids to form salts enables phenylamine to dissolve in a concentrated 

hydrochloric acid. C6H5NH2(l)   +  HCl(aq) →  C6H5NH3
+Cl-

(aq) 

 

Addition of sodium hydroxide to this solution causes the reverse reaction. 

C6H5NH3
+Cl-

(aq)   +  NaOH(aq) →  C6H5NH2(l)  +  H2O(l)    +  NaCl(aq) 
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Reaction with halogenoalkanes 

The lone pair on the nitrogen will attack areas of positive charge.  

Amines are therefore nucleophiles and will attack the + carbon in halogenoalkanes. 

Primary amines react with haolgenoalkanes to form secondary amines and then teriary amines.  

 

     CH3NH2          +      CH3CH2Br                  CH3NHCH2CH3        

Primary amine         Halogenoalkane               Secondary amine 

 

The nitrogen atom in a secondary amine still has a lone pair that can attack the halogenoalkane. 

 

CH3NHCH2CH3   +      CH3CH2Br                  CH3N(CH2CH3)2   

Secondary amine    Halogenoalkane               Tertiary amine 

 

 

Reaction with acid chlorides 

The lone pair on the nitrogen will attack areas of positive charge. Amines are therefore nucleophiles. 

Amines react with acyl chlorides to form acid amides.  

 

CH3COCl + 2RNH2  CH3CONHR2 + RNH3Cl  

                  an amide 

 

An example of this reaction is the formation of paracetamol. 

 

Reaction with ligands to form complex ions 

The lone pair of electrons on the nitrogen of the amine means that it can form complex ions.   

An example of the such a complex is the one formed by the bidentate ligand 1,2-diaminoethane.  
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Formation of Azo dyes 

Nitrobenzene is heated under reflux with tin in conc. HCl as a reducing agent 

 

Reactions of phenylamine 

Nitrous acid, HNO2, is unstable, so hydrochloric acid and sodium nitrite are used to make it: 

 NaNO2     +     HCl   NaCl  +  HNO2 

 

Phenylamine is dissolved in moderately concentrated hydrochloric acid, and cooled to about 5°C. 

A solution of sodium nitrite, NaNO2, is also cooled to 5°C, and added slowly to the phenylamine 

and acid, cooling to keep the temperature below 10°C. The phenylamine reacts to form 

benzenediazonium chloride, C6H5N2
+Cl– 

 

Benzenediazonium chloride is unstable, and is used, in solution, immediately after it has been 

prepared – for example, to make an azo-dye. 

 

When cold benzenediazonium chloride solution is added dropwise to a cold solution of phenol in 

aqueous sodium hydroxide, an yellow/orange precipitate of an azo-dye is obtained 
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Amides 

Amides are unreactive carboxylic acid derivatives. 

 

Amides have the general structure: R-CO-NH2 CH3CONH2  CH3CH2CH2CONH2  

ethanamide        butanamide 

  

Amide preparation 

Amides can be prepared by reacting an acyl chloride with concentrated ammonia.   

The reaction occurs vigorously at room temperature forming fumes of HCl and solid amide. 

 

 CH3COCl  +  NH3  →  CH3CONH2    +  HCl   

     Ethanoyl chloride              ethanamide 

 

 

Polymerisation 

Addition polymerisation 

The process of polymerisation is the building up of long-chain molecules from small 

molecules, which are called the monomers. In addition polymerisation there are no other 

products, while in condensation polymerisation a small molecule such as water or HCl is 

ejected every time a link is made. Addition polymers are normally made from compounds 

containing carbon-carbon double bonds, so that the process is essentially similar to the 

formation of poly(ethene). 

 

Phenylethene (styrene) can be heated in an inert solvent (paraffin) under reflux, with a small 

amount of a peroxide compound as initiator. It gradually forms the polymer, which can be 

extracted as a waxy solid: 

C       C

HH

H

n C

H

H

C

H

C

H

H

C

H

C

H

H

C

H

etc.

PhPhPhPh

Ph = C  H6     5

 

        phenylethene    poly(phenylethene)   or polystyrene 
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Condensation polymerisation 

As explained above, condensation polymerisation is the process by which long-chain 

molecules are formed by reaction between bifunctional monomer molecules, with the loss of one 

small molecule (such as water or HCl) for each link which is formed. Normally there are two 

different monomer molecules, as in the case of the diacid and diol in (a) below, but sometimes 

both the types of reactive group may be contained within the same molecule.  

 

(a) Polyesters 

If molecule A contains two carboxylic acid groups, and molecule B contains two alcohol groups, 

when they react to form an ester the product will have an acid group at one end and an alcohol at 

the other: 

molecule Bmolecule A +  H
2
O

2 CH
2
OH+  HOCH

2
CH

2
OH–C–OHHO–C–

O O

HO–C–

O

–C–OCH

O

benzene-1,4-dicarboxylic acid   ethane-1,2-diol  

 

The left hand carboxyl can then react with the OH of another molecule B, while the righthand 

OH can react with another molecule A.  This process is repeated, building up a long chain 

polymer: 

 

Note that each time an ester group is formed a water molecule is lost. This type of polymer is 

known as a polyester, and this particular example, made from benzene-1,4-dicarboxylic acid (A) 

and ethane-1,2-diol (B), is marketed by ICI as Terylene®.  

 

Polyesters are suitable for fibres, and are widely used for modern crease-resistant synthetic 

materials, for ropes and sails. Since they contain ester links, they will be slowly hydrolysed by 

acids, and more rapidly by alkalis. 

O 

–C– –C–O–CH2CH2–O 

O O 

–C– –C–O–CH2CH2–O 

O O 

–C– –C–O–CH2CH2–O– 

O 
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If both the alcohol and the acid groups are in the same monomer, it may polymerise with itself. 

For example, the molecule HO–(CH2)6–COOH might form: 

 –O–(CH2)6–CO–O–(CH2)6–CO–O–(CH2)6–CO–O–(CH2)6–CO– 

(b) Polyamides 

When a compound containing two acid groups, e.g. HOCO(CH2)4COOH, reacts with another 

compound containing two amine groups, e.g. NH2(CH2)6NH2, an amide is formed with loss of 

H2O: 

HOCO(CH2)4COOH  +  NH2(CH2)6NH2        HOCO(CH2)4CO—NH(CH2)6NH2  + H2O 

The amide produced still has reactive groups at either end, and can react with another diamine on 

the left, and a diacid on the right, to form a chain four units long. The process is repeated giving 

the polymer called nylon–6,6 (because there are 6 carbon atoms in each monomer unit): 

–CO(CH2)4CO–NH(CH2)6NH–CO(CH2)4CO–NH(CH2)6NH–CO(CH2)4CO–NH(CH2)6NH– 

The repeat unit here is:       –CO(CH2)4CO–NH(CH2)6NH– 

 

The product, a polyamide, is useful for making fibres, since the long chains can be drawn out 

into filaments, which causes them to line up, and is also a hard-wearing solid polymer (e.g. the 

cases of d-i-y tools, like electric drills, are made of nylon, as are curtain hooks). 

Kevlar® is made from benzene-1,4-diamine and benzene-1,4-dicarboxylic acid, and the repeat 

unit is: 
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Kevlar is an extremely tough fibre, and is used in e.g. bullet-proof vests.           

For a cable of a particular diameter Kevlar has the same strength as steel, but is five times 

lighter. 

It is used in bullet-resistaent clothing and in aircraft wings.  It is used to some extent in tyres for 

HGVs where it can make the tyre 9kg lighter.  Introduction for this purpose has been slow as tyre 

manufacturers have invested heavily in the use of steel for reinforcing tyres. 

 

Drawing polymers and finding repeat units 

You need to be able to predict the repeat unit of a polymer from a given set of monomers, or to 

be able to identify the monomers from a given length of polymer. 

 

e.g. Draw a section of polymer which might be obtained from the molecules 

 

HO–C6H4–OH  and  CH3CH(COCl)2, and identify the repeat unit. 

 

Answer: 

 

Draw the two repeat unit lines in so that the same groups occur either side, in the same order. 

 

Note that, when an alkene is symmetrical, like CF2=CF2, the minimum needed to specify the 

polymer chain is –(CF2)n–. Arguably, therefore, this is the repeat unit, though some examiners 

favour showing the monomer unit in the brackets, i.e. –(CF2–CF2)n–.  
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In the unlikely event of your getting such a simple question, explain the situation and put both 

down: 

e.g.  Give the repeat unit from polymerisation of tetrafluoroethene. 

 

 Answer: the chain formed is  –(CF2–CF2)n–, though the minimum repeat unit is –(CF2)n– 

 

To work out the monomer units from polymer chains: 

 

Does it contain ester (–CO2–, also written –O–CO–, or –COO– ) groups in the chain?  if so, 

it is a polyester, and each group splits into –COOH and HO– when identifying the monomer 

units. 

 

Does it contain amide (–CONH–) groups in the chain?  if so, it is a polyamide, and each 

group splits into –COOH and NH2– when identifying the monomer units. 

 

If it contains neither, but has a continuous carbon chain, it is probably an addition polymer, and 

each pair of C atoms in the chain originally had a double bond between them. 

 

For a polyamide it is best to draw lines between the CO and the NH, and make the CO into  

COOH, and the NH into NH2: 
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e.g. What are the monomer units of the following polymer? 

 

 

Water Attracting Addition Polymers 

Addition polymers can be made from ethenol and propenamide. 
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The alcohol group and the amide groups in these polymers allows them to form hydrogen bonds 

and so interact with water. 

 

Poly(ethenol) dissolves in water.  It is used in dissolving laundry bags.  These are used in  

 

hospitals where soiled laundry can be moved without being handled directly and when placed in 

a washing machine the plastic dissolves away. 

  It is also used for detergent capsules which are placed in washing machines, the plastic 

dissolves in the water and releases the detergent. 

 

Poly(propenamide) does not dissolve in water, but can absorb water molecules and so becomes 

softer in water, so it is used to make soft contact lenses.  

 

 

Amino acids 

Amino acids contain both an amine (NH2) and a carboxylic acid group (CO2H). 

Their general formula is RCH(NH2)COOH, where R represents a side-chain (not just an alkyl 

group).  

There are about twenty amino acids which are found in nature, and which combine to make up 

the proteins found in living organisms.  

They are all α-amino acids, i.e. the NH2 and the COOH groups are attached to the same carbon 

atom.  

Three examples are given below 

 

Reaction with acids 

Like amines they behave like bases and react with acids. 

CH3CH2 CH(NH2)COOH (aq) + H+ (aq)  CH3CH2 CH(NH3)+COOH (aq) 
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Reaction with bases 

Like carboxylic acids they react with bases. 

CH3CH2CH(NH2)COOH (aq) + OH- (aq)  CH3CH2 CH(NH2)COO- (aq) + H2O(l) 

 

Zwitterion ion structure 

In solution the acidic hydrogen of the amino acid is lost and can attach itself to the nitrogen atom 

in the same molecule.   

The result is called a zwitterion. CH3CH2 CHCOO- 

               | 

              NH3
+ 

The species formed contains a cation and an anion group.  The groups which are ionised will 

depend upon the pH of the solution in which they are dissolved. 

In a solution of low pH, where there is a high concentration of hydrogen ions, the acid group will 

tend to accept a proton.    In a solution of high pH, where there is a low concentration of 

hydrogen ions, the amine group will tend to release a proton.  This means that a particular amino 

acid can be found in three forms according to the pH. 

 

 

When two amino acid units join together via and amide link, they form a dipeptide. 

This is a condensation reaction. 

 

 

By convention the amino acid with the unbonded NH2 group is shown on the left.  
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When amino acids are joined in this way the amide link is called a peptide bond.   

It is possible for many amino acid to join in this way to produce a polypeptide.   

A protein is made up of one or more polypeptide chains. 

 

The amino acid present in a protein can be investigated by 

• first hydrolysing the protein using concentrated hydrochloric acid  

• then by separating the various amino acids and identifying them using chromatography. 

 

Since amino acids are colourless, they cannot be seen on the paper or thin layer and so a material 

is used which reacts with them forming a coloured product; such a material is known as a 

locating agent. 

Once the chromatography has been carried out, the paper will be sprayed with ninhydrin and 

placed in an oven at about 100oC.  The amino acids are shown up as purple spots (although turn 

brown with time).  The various amino acid can then be found from their Rf value.  
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Organic Synthesis 

 

Organic synthesis is about making organic compounds.   

The synthesis of new materials is important in the production of new dyes, pharmaceuticals, 

polymers, catalysts and antiseptics.   

Some of the medicines that have been developed include aspirin, paracetamol (analgesics), 

salbutamol (asthma treatment) and  chloramphenicol (typhoid treatment). 

 

Organic chemists design synthetic pathways to convert an available starting material into a 

desired target molecule (product). The pathways may involve several steps. 

 

If the number of carbon atoms in the chain is: 

 

● increased by one, consider: 

a) halogenoalkane with KCN   → substitutes with halogen. 

b) carbonyl with HCN    → forms hydroxynitrile. 

 

● increased by more than one, consider: Friedel-Crafts reaction for aromatic substances. 

 

● decreased by one, consider the iodoform reaction. R-CO- CH3    R-CO2
-Na+ 

 

Safety in organic synthesis. 

Organic compounds may be hazardous because of: 

• Flammability - Use in small amounts avoids the undue risk of fire.  Avoid naked 

flames.  Use electrical heaters and water baths. 

• Toxicity - The use of small amounts, fume cupboards, gloves and normal laboratory 

safety procedures  reduces the risk of harmful amounts of a chemical entering the body 

by inhalation, ingestion or by skin absorption. 

• Non-biodegradability - Some substances do not decay naturally in the environment.  The 

hazard is reduced by using small quantities, and pouring waste solvents in a suitable 

container rather than pouring it down the sink. 
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Organic Practical techniques 

 

Heating under reflux:  is necessary when either the reactant has a low boiling temperature or 

the reaction is slow at room temperature. Enables reactions to be heated at their maximum 

temperature without the loss of any volatile reagents or products. 

 
Key points –  Condenser is vertical. 

  Do not put a bung in the condenser. (Pressure will build up!) 

  Water enters the condenser at the bottom. 

  Heat electrically – to avoid naked flames. 

 

Purification Techniques 

a) Recrystallisation. 

This is used to purify an impure organic solid. 

• Choose a suitable solvent.  The solvent is suitable if the product is insoluble in the cold 

solvent but soluble in the hot solvent. 

• Dissolve the impure sample in the minimum volume of hot solvent. 

• Filter the solution hot under reduced pressure and collect the filtrate.  This removes solid 

impurities which were insoluble in the solvent. 

• Allow the filtrate to cool so that crystals of the product form. 

• Again filter the mixture under reduced pressure.  Soluble impurities are now removed. 

• Wash the residue with a little cold solvent. 

Dry the residue which should then be the pure product. 
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b)   Fractional distillation. 

 
This technique has a number of important applications: 

• used to separate the components of liquid air; The air is compressed and cooled to liquefy 

it. Fractions are oxygen -183oC, argon -186oC, and nitrogen -196oC.  

• used to separate fractions from petroleum; The fractions are bitumen >350oC, fuel oil 300 

oC, diesel 240 oC, kerosene 200 oC, naptha 120 oC, petrol 40 oC, LPG <25 oC.  

• used to produce whisky and other alcoholic drinks. Fractions are ethanol 78 oC and water 

100 oC.  

 

Determination of melting temperature. 

• A pure solid has a sharp melting point which can be found in a data book. 

• If a solid product has been purified it can be identified from its melting point or if we 

know what it is we can tell if it is pure. 

• Impurities lower the melting point. 

• The melting point apparatus is heated slowly until the solid is seen to melt.  

• The temperature is recorded. 

• After the sample is melted it is allowed to cool. 

• When the first crystals of solid appear in the sample the temperature is recorded again. 
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Modern Organic synthesis processes 

One approach is to consider the purpose of the molecule, determine the structure required and 

then find a way of producing that molecule.  Bacteria become resistant to antibiotics, the 

development of new antibiotics is important.  The basic structure for the active component of an 

antibiotic molecule for blocking certain receptor sites in the vital enzymes of bacteria are known, 

and so it is possible to find a way of introducing this component into a new molecule to which 

the bacteria will not have resistance. 

Often natural molecules perform a perfect function, yet cannot be produced on sufficient scale.   

A synthetic chemist can carry out analysis to determine the structure of such a molecule and 

determine a way of producing the substance on a larger scale. 

Vast numbers of new molecules are produced by combinatorial chemistry.   

By this process, large numbers of reactions are carried out on an almost haphazard way.  

For example it is known that amines react with acyl chlorides.  Mixing of various amines and 

acyl chlorides can then be carried out controlled by computer 

 

This process would be carried out for 8 acyl chlorides.  This process would yield 96 new 

compounds all made automatically.  These would then be tested to see if they are of medical or 

other use.  By this procedure, many thousands of new compounds can be produced in a day.   

 

Another way of carrying out combinatorial chemistry is the use of polymers.   

Amine 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12 are mixed with acyl 

chloride A 

 

Amine 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12 are mixed with acyl 

chloride B 
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When a given substance is treated in a number of steps, traditionally after each step the product 

would need to be separated and purified.  Bearing in mind that each step will involve loss of 

material, the final product will probably have a low yield.  In a new technique, the molecules of 

the starting material are attached to insoluble polymer beads.  They can then be treated with the 

various chemicals, after each stage impurities can just be washed away while the molecules stay 

fixed to the polymer.  When all the processing has been carried out, the new substance can be 

detached from the polymer again giving a high yield. 
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Organic Analysis 

Analysis is a key tool for organic synthesis.  On a basic level this analysis has included: 

▪ Formula mass determination 

▪ Quantitative analysis 

▪ Combustion analysis 

▪ Chemical tests to identify functional groups present  

 

More sophisticated methods, using sensitive instrumentation are vital to modern organic 

synthesis.  Such methods include: 

• Various types of chromatography 

• Mass spectrometry 

• Infra red spectrometry 

• Nuclear magnetic resonance spectrometry 

 

It is important that analytical methods are very sensitive in order to  

• Successfully analyse products that may be in low concentration 

• Provide information on the purity of the synthetic product  

• Identification of impurities, especially those that may be toxic at low concentration 

 

Information about the presence of impurities is particularly important as any process can be 

customised in terms of temperature, pressure, catalyst or solvent in order to maximise the yield 

of desired product and minimise the production of by-products and impurities. 

 

Synthesis problems 

In a synthesis problem it will be necessary to describe how a particular compound can be made 

from a given starting material.   

Reagents and reactions conditions will need to be given, based on reactions looked at in the 

specification. 

Purification procedures will need to be described, these include the following: 
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• Washing with appropriate solvents.  

• Solvent extraction (in a separating funnel). 

• Recrystallisation (from a suitable solvent). 

• Drying (with a suitable drying agent e.g. anhydrous magnesium sulphate) 

• Distillation. 

• Steam distillation (if the product is temperature sensitive and water soluble). 

• Determination of melting point. 

• Determination of boiling point. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 


