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Properties
					     The properties of acids are strongly influenced by the ability of the 
					     molecules to set up hydrogen bonding. This can be seen clearly by
					     comparing molecules of similar size and mass.

Acids can often form two
hydrogen bonds which lock
two molecules together to
form a dimer.

The ability to hydrogen bond with water molecules ensures 
that the smaller carboxylic acids are very soluble in water.

However, the solubility falls off quite quickly as the length 
of the carbon chain increases.
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35.    A compound C3H8O does not react with
         sodium and is not reduced by lithium
         aluminium hydride. It is likely to be an
A 	 acid
B 	 ether
C 	 alcohol
D 	 aldehyde.

36.   Which of the following is least acidic?

A 	 CH3OH

B

	
C

	
D

	

37.    Two isomeric esters, X and Y, have the
          molecular formula C4H8O2. Ester X on
          hydrolysis with sodium hydroxide solution
          gives CH3CH2COONa, and ester Y on 
          similar treatment gives CH3CH2OH.

          Which line in the table shows the correct
           names of X and Y?

38.    A white crystalline compound, soluble in
         water, was found to react with both dilute
         hydrochloric acid and sodium hydroxide
         solution.
         Which of the following might it have been?
A 	 C6H5OH
B 	 C6H5NH2

C 	 C6H5COOH
D 	 H2NCH2COOH

39.    Which of the following esters gives a
          secondary alcohol when hydrolysed?

A

	
B

	
C

	
D

	

40.    Which of the following will react with dilute
          sodium hydroxide solution?
A 	 CH3CHOHCH3

B 	 CH3CH=CH2

C 	 CH3COOCH3

D 	 CH3CH2OCH3

41.   Which of the following compounds would be
        produced by passing ammonia gas into dilute
        ethanoic acid?
A 	 CH3CONH2

B 	 CH3COO−NH4
+

C 	 NH2CH2COOH
D 	 CH3CH2NH3

+Cl−
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			   Aromatics are an enormous group of chemicals based on the benzene ring. The ring 
			   gives distinctive properties to any molecule that contains it.

								      
									         Despite the unsaturated nature of a
								               benzene, it does not readily undergo 
								        addition reactions as this would destroy the
								        delocalised p cloud which is responsible for 
								        the great stability of this ring structure.

								        Most functional groups are introduced into 
								        the benzene ring by means of a substitution 
							            	 reaction. Though the delocalised p cloud of 
								        electrons will be disturbed during the 
								        reaction, it will be re-established in the final
								        product molecule.

Elecrophilic Substitution

Though only four electrophilic substitution reactions need to be learnt in detail for Advanced Higher, 
there are a wide variety of molecules that can be made in this way.

AROMATICS

Web
Reaction
Pathways
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Electrophilic Substitution
This is the main reaction of benzene rings. Though they have even more π electrons than the C = C bond 
in alkenes, they resist addition because the loss of the delocalised ring is too destabilising.

Alkylation - using alkyl halides/AlCl3

The production of the electrophile requires the presence of 
AlCl3 . (The Al make use of its empty 4th orbital).

		  H	
    	 H —	 C	    —	    Cl :		        AlCl3
		  H

⊕CH3
π electrons move from the 
ring to form a new bond with 
the methyl ion.

An AlCl4
— ion is 

also formed

H CH3

The positive charge is shared 
over the whole ring.

Electrons move from the C—H 
bond, a H+ ion is eliminated.

CH3
Overall, an alkyl group takes the place 
of a hydrogen atom, Substitution.

The H+ ion reacts with the AlCl4
— to reform 

AlCl3 and a molecule of HCl.

Nitration - using H2SO4/HNO3

The production of the electrophile , NO2
+ is a result of a 

reaction between these two strong acids. 

⊕NO2

H NO2

⊕

⊕

The positive charge is shared 
over the whole ring.

Electrons move from the C—H 
bond, a H+ ion is eliminated.

NO2
Overall, a nitro group takes the place of 
a hydrogen atom, Substitution.

π electrons move from the 
ring to form a new bond with 
the nitro ion, NO2

+.

Halogenation - using Halogens/AlCl3

The production of the electrophile is helped by the presence 
of AlCl3 . The reaction would be very slow otherwise.

		  	
    		  Cl	    —	    Cl :		        AlCl3
		

⊕Cl

An AlCl4
— ion is 

also formed

H Cl

⊕
The positive charge is shared 
over the whole ring.

Electrons move from the C—H 
bond, a H+ ion is eliminated.

Cl
Overall, a halogen atom takes the place 
of a hydrogen atom, Substitution.

The H+ ion reacts with the AlCl4
— to reform 

AlCl3 and a molecule of HCl.

π electrons move from the 
ring to form a new bond with 
the chlorine ion, Cl+.

2 H2SO4  +  HNO3  →  2 HSO4
—   +  NO2

+
   +  H3O

+

Sulphonation - using H2SO4/SO3

The electrophile is a molecule of SO3. The 3 oxygen atoms 
are more electronegative; a large δ+ forms on the sulphur.

	 Oδ−

δ+S      Oδ−

	 Oδ−

H

⊕
The positive charge is shared 
over the whole ring.

Electrons move from the C—H 
bond, a H+ ion is eliminated.

    π electrons move from the 
ring to form a new bond with 
the sulphur trioxide, SO3.

	 O−

    S      O
	 O

Electrons also move in one of the S—O 
bonds.

	 OH
    S      O
	 O

The H+ ion that is eliminated from 
the benzene ring attaches itself to the 
oxygen ion.

Overall, a HSO3 group takes the place 
of a hydrogen atom, Substitution.

Web
Reaction
Pathways
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Common Aromatics

Most of the aromatics you will come across are substituted benzene rings and can be named accordingly 
with the substituent's name preceding benzene - chlorobenzene. Alternatively the label phenyl can be used 
for the benzene ring followed by the substituent - phenylchloride.

Conjugated Systems

In general, you can assume that a functional group attached to a benzene ring will continue to behave as 
normal. There are, however, two exceptions that you will be expected to be aware of.

Alcohols all possess a very polar O — H bond, but have little to no ability to form H+ ions (acidity) due 
to the instability of the alkoxide ion that would also have to form. Phenol is an exception. The molecular 
orbital of the benzene ring can extend to form a conjugated system with the orbitals containing the lone 
pairs on the oxygen. This draws electrons away from the oxygen to be shared between 7 atoms ( 1 oxygen 
plus 6 carbons). 

This allows phenol (also called carbolic acid) to be weakly acidic.
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A similar conjugated system can be set up in aniline (aminobenzene 
or phenylamine) with the lone pair of electrons on the nitrogen atom. 

However, amines rely on the attraction of their lone pair for H+ ions 
to give them their basic properties.

	 NH3   	 +      H2O      →       NH4
+         +     OH—

	 RNH2   	+      HCl      →       RNH3
+     +     Cl—

The formation of the conjugated system results in 
electrons being drawn away from the amine group
which explains why aniline is a much weaker base
than would be expected.

The strengths of weak bases are measured on the pKb scale. 
The smaller the number on this scale, the stronger the base is.

	 ammonia		  pKb	 4.75
	 methylamine		  pKb	 3.36
	 phenylamine		  pKb	 9.38

Methylamine is a stronger base than ammonia because alkyl chains
are generally electron donating (the inductive effect met earlier) and so increase the electron density on 
the nitrogen atom.
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42.   Chlorobenzene, nitrobenzene and
        ethylbenzene can all be formed from benzene 
        by
A 	 electrophilic substitution
B 	 electrophilic addition
C 	 nucleophilic substitution
D 	 nucleophilic addition.

43.   Which of the following shows the above
        compounds in order of increasing acid
        strength?

A 	 X  Y  Z
B 	 Y  Z  X
C 	 Z  X  Y
D 	 X  Z  Y

44. 

        What is the molecular formula for the above
        structure?
A 	 C17H11

B 	 C17H14

C 	 C17H17

D 	 C17H20

45.   Which of the following compounds is soluble
         in water and reacts with both dilute
         hydrochloric acid and sodium hydroxide
         solution?
A 	 C2H5NH2

B 	 C6H5NH2

C 	 C2H5NH3Cl
D 	 HOOCCH2NH2

46.    Which of the following molecules is planar?
A 	 Hexane
B 	 Cyclohexane
C 	 Chlorobenzene
D 	 Methylbenzene (toluene)

47.   Which of the following reactions is least 
         likely to take place?

A

	
B

	
C

D

48.  In which of the following pairs does an
       aqueous solution of the first compound have a
       higher pH than an aqueous solution of the
       second?
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3.2. ORGANIC SYNTHESIS

Hydrocarbons & Haloalkanes
3.2.1	 Bonding in alkanes can be described in terms of sp3 hybridisation 		
	 and sigma bonds.

3.2.2	 Hybridisation is the process of mixing atomic orbitals in an atom 		
	 to generate a set of  new atomic orbitals called hybrid orbitals.

3.2.3	 A sigma (σ) bond is a covalent bond formed by end on overlap of 		
	 two atomic orbitals lying along the axis of the bond

3.2.4	 Alkanes undergo substitution reactions with chlorine and bromine 		
	 by a chain reaction  mechanism.

3.2.5	 The chain reaction includes the following steps  
	 (  i)	 initiation by homolytic fission to produce radicals 
	 ( ii) 	 propagation 
	 (iii)	 termination

3.2.6	 Bonding in ethene can be described in terms of sp2 hybridisation, 		
	 sigma and pi bonds.

3.2.7	 Alkenes can be prepared in the laboratory by  
	 ( i)	 dehydration of alcohols using aluminium oxide, 
		  concentrated sulphuric acid or orthophosphoric acid  
	 (ii)	  base-induced elimination of hydrogen halides from 			 
		  monohalogenoalkanes.

3.2.8	 Alkenes undergo:  
	 (  i) 	 catalytic addition with hydrogen to form alkanes  
	 ( ii) 	 addition with halogens to form dihalogenoalkanes  
	 (iii) 	 addition with hydrogen halides according to Markovnikov’s 		
		  rule to form monohalogenoalkanes  
	 ( iv) 	acid-catalysed addition with water according to 			 
		  Markovnikov's rule to form  alcohols.

3.2.9	 The mechanisms of the above reactions involve
     	 (  i)	 for halogenation			  cyclic ion intermedate  
	 ( ii) 	 for hydrohalogenation    	 carbocation intermediate  
	 (iii) 	 for acid catalysed hydration 	 carbocation intermediate

3.2.10	 Halogenoalkanes are named according to IUPAC rules.

3.2.11	 Monohalogenoalkanes can be classified as primary, secondary or 	 	
	 tertiary.

3.2.12	 Monohalogenoalkanes undergo nucleophilic substitution reactions.

3.2.13	 Monohalogenoalkanes undergo elimination reactions to form
	 alkenes.
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3.2.14	 Monohalogenoalkanes react with:  
	 (  i) 	 alkalis to form alcohols  
	 ( ii) 	 alcoholic alkoxides to form ethers  
	 (iii) 	 ethanolic cyanide to form nitriles which can be hydrolysed to 		
	 carboxylic acids(chain length increased by one carbon atom)
	 ( iv) 	ammonia to form amines via alkyl ammonium salts.

Alcohols and ethers
3.2.15	 Alcohols exhibit hydrogen bonding and as a result have higher 		
	 boiling points than  other organic compounds of comparable 		
	 relative formula mass and shape.

3.2.16	 The lower alcohols are miscible with water but as their chain 		
	 length increases their  solubility in water decreases.

3.2.17	 Alcohols can be prepared from  
	 ( i) 	 alkenes by hydration  
	 (ii) 	 halogenoalkanes by substitution.

3.2.18	 In industry, alcohols (except methanol) can be manufactured by the 	
	 acid-catalysed  hydration of alkenes.

3.2.19	 Alcohols react with some reactive metals to form alkoxides .

3.2.20	 Alcohols can be dehydrated to alkenes.

3.2.21	 Alcohols undergo condensation reactions slowly with carboxylic 		
	 acids and more vigorously with acid chlorides to form esters.

3.2.22	 Ethers have the general formula Rl-O-R2 where Rl and R2 are alkyl 	
	 groups.

3.2.23	 Ethers are named according to IUPAC rules.

3.2.24	 Due to the lack of hydrogen bonding, ethers have lower boiling 		
	 points than the corresponding isomeric alcohols.

3.2.25	 Ether molecules can hydrogen bond with water molecules thus 		
	 explaining the solubility in water of some ethers of low relative 		
	 formula mass.

3.2.26	 Ethers are highly flammable and on exposure to air may form 
	 explosive peroxides.

3.2.27	 Ethers can be prepared by the reaction of halogenoalkanes with 		
	 alkoxides.

3.2.28	 Ethers are useful solvents for many organic compounds due to  
	 ( i) 	 relative stability with respect to oxidation and reduction  
	 (ii) 	 polarity
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Aldehydes, ketones & carboxylic acids
3.2.29	 The following physical properties can be explained in terms of 		
	 dipole-dipole  attractions and/or hydrogen bonding
	 (  i) 	 higher boiling points than corresponding alkanes  
	 ( ii) 	 Iower boiling points than corresponding alcohols  
	 (iii) 	miscibility of lower members with water

3.2.30	 Tollens’ reagent or Benedict’s solution can be used to distinguish 		
	 between aldehydes  and ketones. Aldehydes reduce the complexed 		
	 silver(I) ion and the complexed copper(II) ion to silver and 			
	 copper(I), respectively.

3.2.31	 Aldehydes and ketones can be reduced to primary and secondary 		
	 alcohols, respectively, by reaction with lithium aluminium hydride 		
	 in ether.

3.2.32	 Aldehydes and ketones undergo
	 ( i) 	 addition reactions in which the carbon atom in the polar 		
		  carbonyl group submits to nucleophilic attack.
	 (ii) 	 condensation reactions with derivatives of ammonia (XNH2) 		
		  which proceed by  nucleophilic addition of XNH2 followed by 		
		  elimination of a water molecule.

3.2.33	 The reaction with 2,4-dinitrophenylhydrazine to form a 
	 2,4-dinitrophenylhydrazone is an example of a condensation 
	 reaction.

3.2.34	 The melting points of the resulting 2,4-dinitrophenylhydrazones are 	
	 used to identify carbonyl compounds.

3.2.35	 Aldehydes are generally more reactive than ketones because the 		
	 presence of two alkyl groups in ketones hinders nucleophilic attack 	
	 and reduces the partial positive charge on the carbonyl carbon 		
	 atom.

3.2.36	 In pure carboxylic acids hydrogen bonding produces dimers thus 		
	 explaining the relatively high boiling points. Dimerisation does not 	
	 occur in aqueous solution.

3.2.37	 Carboxylic acid molecules also form hydrogen bonds with water 		
	 molecules thus explaining the appreciable solubility of the lower 		
	 carboxylic acids in water. As the chain length increases water 		
	 solubility decreases.

3.2.38	 Carboxylic acids are weak acids. Their slight dissociation in water 	
	 can be explained  by the stability of the carboxylate ion caused by 		
	 electron delocalisation.

3.2.39	 Carboxylic acids can be prepared by:
	 (  i) 	 oxidising primary alcohols and aldehydes  
	 ( ii) 	 hydrolysing nitriles, esters or amides
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3.2.40	 Reactions of carboxylic acids include:
	 (  i) 	 formation of salts by reactions with metals, carbonates and alkalis  
	 ( ii) 	 condensation reactions with alcohols to form esters  
	 (iii) 	 reaction with ammonia or amines and subsequent heating of the 	
		  ammonium salt to form amides  
	 ( iv) 	reduction with lithium aluminium hydride to form primary
		  alcohols.

Amines
3.2.41	 Amines are named according to IUPAC rules.

3.2.42	 Amines are organic derivatives of ammonia and can be classified as 	
		  primary, secondary or tertiary.

3.2.43	 Primary and secondary amines, but not tertiary amines, associate by 	
	 hydrogen  bonding and as a result have higher boiling points than 		
	 isomeric tertiary amines and alkanes with comparable relative 	
	 formula masses.

3.2.44	 Amine molecules can hydrogen bond with water molecules thus 		
	 explaining the appreciable solubility of the lower amines in water.

3.2.45	 The nitrogen atom in amines has a lone pair of electrons which can 	
	 accept a proton  from water, producing hydroxide ions. Amines are 	
	 weak bases.

3.2.46	 Amines react with aqueous mineral or carboxylic acids to form salts.

Aromatics
3.2.47	 Bonding in benzene can be described in terms of sp2 hybridisation, 	
	 sigma and pi bonds and electron delocalisation.

3.2.48	 Benzene is the simplest aromatic hydrocarbon and its unexpected 		
	 stability can be attributed to the presence of delocalised electrons.

3.2.49	 Most reactions of benzene involve attack of an electrophile on the 		
	 cloud of  delocalised electrons, that is electrophilic substitution.

3.2.50	 Benzene resists addition reactions but undergoes electrophilic 		
	 substitution reactions.  These include: 
	 (  i) 	 chlorination and bromination to produce chlorobenzene and 		
		  bromobenzene 
	 ( ii) 	 nitration to produce nitrobenzene  
	 (iii) 	 sulphonation to produce benzene sulphonic acid  
	 ( iv) 	alkylation to produce alkylbenzenes.  

3.2.51	 The presence of delocalised electrons in the phenyl group can be 		
	 used to explain:  
	 ( i)	 the stronger acidic nature of phenol compared to aliphatic 		
		  alcohols
	 (ii) 	 the weaker basic nature of the aromatic amine, aniline compared 	
		  with aliphatic  amines.
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Exam Practice

2.

1.
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12.
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13.

14.



Revised Advanced Higher Unit 3- Organic Chemistry

Systematic Organic Chemistry - SynthesisKHS Chemistry Nov 2013 page 53

Multiple Choice Answers
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Exam Practice Answers
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