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Organic Molecules molecules containing carbon atoms.

Classification of hydrocarbons

Carbon and hydrogen form the two most common elements in organic compounds. 

Table 1: Hydrocarbons
	Homologous series

	Alkanes 
	Alkenes 
	Alkynes 

	Type of hydrocarbons

	Saturated 
	Unsaturated 
	Unsaturated 

	Type of bonds

	Single bond
	Double bond
	Triple bond

	General formula
	CnH2n+2
Where n=1,2,3…8
	CnH2n
Where n=2,3,4…8
	CnH2n-2
Where n=2,3,4…8


	Functional group
	        I      I

    – C  – C –

        I      I
	          I      I

         C  = C  

          I      I

	    – C Ξ C – 

	Name examples
	methane, ethane, propane, butane, etc 

	ethene, propene, butane, etc
	ethyne, propyne, butyne, etc


.






Basic terminology used in organic compounds
Hydrocarbons – compounds that contain only hydrogen and carbon
Saturated hydrocarbons – hydrocarbons containing only carbon-carbon single bonds
Unsaturated hydrocarbons – containing double or triple bonds between carbon atoms
Homologous series – a series of compounds that have the same general formula and where members of the series differ from one another by the same group of atoms e.g. –CH2
Functional group – a type of bond or a group of atoms that give the molecule characteristic physical and chemical properties regardless of the molecular size to which they are attached.
General formula – describes a homologous series of organic compounds e.g. CnH2n+2 for alkanes 
Molecular formula – indicates the actual number of atoms of each element making up the compound.    
Condensed structural formula – shows how the atoms in a molecule are bonded (but not the bonds between individual atoms)
Structural formula – shows all atoms and bonds in a molecule.
Structural isomers are compounds that have the same molecular formula but different structural formulae.
· Positional isomers: Same molecular formula, but different positions of  the side chain, substituents or functional groups on the parent chain, 
· Chain isomers: Same molecular formula, but different types of chains, 
· Functional isomers: Same molecular formula, but different functional groups,
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Table 2: Alkanes
	Examples of unbranched Structural formulae

  
	Semi structural or condensed formula
	No. of carbon atoms
	Prefix
	Name

	          H

           I

   H  – C – H

           I

          H
	CH4
	1
	meth
	methane



	           H    H

            I     I

    H – C – C – H

            I     I

           H    H
	CH3CH3
	2
	eth
	ethane

	          H     H    H

           I      I      I  

    H – C – C – C – H

           I      I      I

          H     H    H
	CH3CH2CH3 
	3
	prop
	propane

	          H    H    H   H

           I     I      I     I

   H – C – C – C – C – H

           I     I      I     I

          H    H    H   H
	CH3CH2CH2CH3  or 
CH3(CH2)2CH3
	4
	but
	butane

	          H    H    H   H     H

           I     I      I     I      I

   H – C – C – C – C – C – H 

           I     I      I     I      I

          H    H    H   H     H
	 CH3CH2CH2CH2CH3 or 
CH3(CH2)3CH3
	5
	pent
	pentane

	          H    H    H   H     H  H

           I     I      I     I      I    I

   H – C – C – C – C – C –C – H 

           I     I      I     I      I    I

          H    H    H   H     H  H
	CH3CH2CH2CH2CH2CH3 or 
CH3(CH2)4CH3
	6
	hex
	hexane

	          H    H    H   H     H   H   H

           I     I      I     I      I     I     I

   H – C – C – C – C – C – C – C – H 

           I     I      I     I      I     I     I

          H    H    H   H     H   H   H
	CH3CH2CH2CH2CH2CH2CH3 or 
CH3(CH2)5CH3
	7
	hept
	heptane

	          H    H    H   H     H    H    H    H

           I     I      I     I      I     I      I      I

   H – C – C – C – C – C – C – C – C – H   

           I     I      I     I      I     I      I     I

          H    H    H   H     H   H    H    H
	CH3CH2CH2CH2CH2CH2CH2CH3 or 
CH3(CH2)6CH3
	8
	oct
	octane


Types of formulae 

1. Structural formula

The structural formula of an organic compound shows every bond between every atom in the molecule. Each bond is represented by a line. 
Examples of branched structural formulae.

Worked example 1

                      H   

                       I

                 H –C – H                  

[image: image35.emf] 

             H                H        H        H       

I                     I         I          I

      H -  C1   – C2     – C3 –    C4 –    C5 – H  

             I         I           I          I         I

            H        H         H         H       H

Naming (nomenclature) of branched alkanes

 The following steps should be considered when naming alkanes.

1. Determine the parent name of the compound by identifying the longest chain of carbon atoms. The longest chain in the above example contains 5 carbons. Therefore parent name is pentane.
2. Identify all the attached alkyl group(s). In the example above: CH3 - which is methyl.
3. Number the carbon atoms in the parent chain to locate the position of the branches.

3.1. From left to right methyl is at carbon 2

3.2. .From right to left methyl is at carbon 4.

4. The correct numbering to choose is the one which gives the smallest number or the smallest sum when prefix numbers are added.

5. Write the correct IUPAC name. : 2-methylpentane         
ACTIVITY 1 

 Write the IUPAC name of the following structures:

1.1.                      H

                                           I

                        H         H -  C   -  H      H

                        I                  I                I       

             H  -    C       –        C      –       C -  H

                        I                  I                I 

                        H          H - C -  H        H 

                                           I 

                                          H
                  H

                   I

           H  - C - H

                   I

           H   - C – H                             H

                                                          I

        H                      H        H      H - C- H    H       H

         I                       I          I             I           I        I

H  -  C   -    C    -     C   -      C    -      C    -    C  -    C  -  H

        I          I             I          I             I           I        I

       H         H           H        H      H - C - H    H      H

                                                          I

                                                  H  - C – H

                                                          I

                                                         H

Use alkanes general formula; CnH2n+2 where n represents number of carbons to write down the molecular formula given the IUPAC name
Worked example

Butane 

Prefix but- means 4 carbon atoms, so n=4, therefore the molecular formula for butane is C4H2×4+2  


The answer :C4H10
ACTIVITY 2

Write the molecular formulae for the following compounds.

2.1. 2,2-dimethylpropane

2.2. 3-ethyl-6-methyloctane

 2.3.


                                          H

                                           I

                        H         H -  C   -  H     H

                        I                  I                I       

            H  -     C        –       C       –      C   -  H

                        I                  I                I 

                        H          H - C -  H        H 

                                           I 

                                          H

2.4.   

                      H

                       I

             H H –C – H  H        H        H

              I        I           I         I          I

      H -  C    – C       – C   –   C   –    C  – H  

             I         I           I          I         I

             H       H         H        H        H

Condensed structural formulae

When a compound is represented using its condensed structural formula, each carbon atom and the hydrogen atoms that are bonded directly to it are listed as a molecular formula, followed by a similar molecular formula for the neighbouring carbon atom. Branched groups are shown in brackets after the carbon atom to which they are bonded. 

Worked example

Given the IUPAC name write a condensed structural formula

· methylpropane

1. Write the structural formula showing all the bonds between atoms.

                                         H

                                          I

                                   H - C   -  H      H

                                          I                I       

                           H    –      C               C   -  H

                                         I                 I 

                                   H - C -  H        H 

                                          I 

                                         H

2. Number the longest chain and identify the substituent(s)

3. Condensed structural formula 

                                              CH3CH(CH3)CH3 

NB: The condensed structural formula ABOVE shows that in 2-methylpropane, there is a branched chain attached to the second carbon atom of the main chain. 

ACTIVITY 3

Write a condensed structural formula given the IUPAC name.

3.1      2,3 - dimethylbutane

3.2      2 - methylhexane
Examples of structural isomers (alkanes)

	Example 1

	          H    H    H   H

           I     I      I     I

   H – C – C – C – C – H                                                 

           I     I      I     I

          H    H    H   H
Name : Butane

Molecular formula:  C4H10
	                                          H

                                           I

                        H         H -  C   -  H     H

                        I                  I                I       

            H  -     C1       –       C2      –      C3  -  H

                        I                  I                I 

                        H                H              H 

Name : methylpropane

Molecular formula: C4H10  

	Example 2

	          H    H    H   H     H

           I     I      I     I      I

   H – C – C – C – C – C – H 

           I     I      I     I      I

          H    H    H   H     H


	Name : pentane            
Molecular formula:  C5H12

	                                          H

                                           I

                        H         H -  C   -  H     H

                        I                  I                I       

            H  -     C1       –       C2      –      C3  -  H

                        I                  I                I 

                        H          H - C -  H        H 

                                           I 

                                          H


	Name :2, 2-dimethylpropane

Molecular formula:  C5H12

	                 H         H          H      H

                 I           I            I       I

        H  –  C1 –     C2   –    C3 –   C4 – H 

                 I                        I         I

                H                       H      H

                      H – C – H    

                             I 

                            H


	Name :2-methylbutane 
Molecular formula:  C5H12


Alkenes 
· An alkene is a compound of carbon and hydrogen (hydrocarbon) that contains at least one carbon-carbon double bond.

· The general formula: CnH2n  ( n represent the number of carbon atoms)

· The functional group: carbon- carbon double bond

          
                             I      I

     
                       –   C = C   – 

                                        I      I     

· Alkenes are unsaturated hydrocarbons – unsaturated because they have carbon-carbon double bonds and thus do not contain the maximum number of hydrogen atoms per carbon.

Table 3: Structural formulae (Alkenes)

	A
	           H    H

            I     I

           C = C 

            I     I

           H    H
	B
	          H     H    H

           I      I      I  

          C = C – C – H 

           I            I

          H           H

	C
	          H     H    H

           I      I      I  

    H – C – C = C 

           I            I

          H           H


	D
	           H    H    H    H

           I     I      I      I

          C = C – C – C – H

           I            I      I

          H           H    H

	E
	                                        H    H    H   H

                                         I     I      I     I

                                 H – C – C – C = C – H

                                         I     I             

                                        H    H

	F
	          H    H    H    H

           I     I      I     I

   H – C – C = C – C – H

           I                  I

          H                 H
	G
	        H    H     H   H     H

         I     I       I     I      I

  H – C = C – C – C – C – H 

                       I     I      I

                      H    H    H



	H
	          H    H    H   H     H

           I     I      I     I      I

   H – C – C – C – C = C – H 

           I     I      I           

          H    H     H    
	I
	          H    H    H    H     H

           I     I      I     I      I

   H – C – C = C – C – C – H 

           I                  I      I

          H                 H     H

	J
	          H    H    H    H   H

           I     I      I     I     I

  H – C – C – C = C – C – H 

           I     I                  I

          H    H                H

	
	
	
	


Note : In each of the examples above structures there is carbon-carbon double bond.

Naming of alkenes 

Step 1:
Name the parent hydrocarbon

· Find the longest chain that contains both carbons of the double bond.

· The number of carbon atoms in this chain determines the parent name.

· Use the suffix –ene.

Step 2:
Number the carbon atoms in the parent chain.

· Begin at the end nearest to the double bond and number each carbon atom in the parent chain.

· The double bond will receive the lowest possible number.

· If the double bond is the same distance from either side, begin numbering at the end nearest to the first branch.

· If two substituents can have the same number, the carbon atom attached to the substituent that is alphabetically first obtains the lower number.

· Place the number of the first carbon atom of the double bond between parent name (prefix) and the suffix. Use a hyphen between the number and the suffix and between the number and the parent name (prefix), e.g. but-1-ene.

Step 3:
Identify and number substituent.

· Name substituents according to the number of C-atoms: methyl ( CH3 -)or ethyl (CH3CH2-)

· Assign a number to each substituent according to its point of attachment to the parent (double bonds have preference in numbering and substituents will not necessarily have the lowest possible numbers).

· If two substituents are on the same carbon, they get the same number.

· Arrange substituents alphabetically in the name – ethyl before methyl.

· If two or three identical substituents are present, use di or tri as prefix. Do not use these prefixes for alphabetical purposes.

· Use hyphens to separate numbers and prefixes, commas to separate numbers.

Table 4: First eight alkenes
	Structural formulae

  
	No. of carbon atoms
	Prefix
	Name

	           H    H

            I     I

           C = C 

            I     I

           H    H

	2


	Eth
	ethene

	          H     H    H

           I      I      I  

    H – C – C = C 

           I            I

          H           H

	3
	Prop
	propene

	          H    H    H   H

           I     I      I     I

   H – C – C = C – C – H

           I                  I

          H                 H

	4
	But
	but-2-ene

	          H    H    H   H     H

           I     I      I     I      I

   H – C – C – C – C = C  

           I     I      I            I

          H    H    H          H

	5
	Pent
	pent-1-ene


	          H    H    H   H     H  H

           I     I      I     I      I    I

   H – C – C – C = C – C –C – H 

           I     I                  I    I

          H    H                H  H

	6
	Hex
	hex-3-ene


	          H    H    H   H     H   H   H

           I     I      I     I      I     I     I

   H – C – C – C = C – C – C – C – H 

           I     I                   I     I     I

          H    H                 H   H   H

	7
	Hept
	hept-3-ene

	          H    H    H                 H   H    H

           I     I      I                  I     I      I

   H – C – C – C – C = C – C – C – C – H   

           I     I      I     I      I     I     I      I

          H    H    H   H     H   H    H    H

	8
	Oct
	oct- 4-ene


ACTIVITY 4
Refer to organic compounds in table 3. Write letters A - J then the IUPAC name next to each letter.
Naming of branched alkenes

Using steps outlined above to write the IUPAC name of the following organic compound.

                            H

                             I

           H      H H–C–H H

           I       I         I       I

         C1  = C2  –  C3  – C4 – H

           I                 I       I

          H                H     H
1. Determine the parent name of the compound by identifying the longest chain of carbon containing a double bond. The longest chain in the above example contains 4 carbon atoms. Therefore parent name (prefix) is but- 

2. Number the carbon atoms in the parent chain to locate the position of a double bond.

From left to right double bond is after carbon atom 1. 
From right to left double bond is after carbon atom 3.

3. The correct numbering to choose is the one which gives the lowest number. The complete parent chain will be but-1-ene.

4. Identify the substituents and assign a number to each substituent. From the above example there is one substituent with one carbon atom (Methyl-), attached to carbon atom number 3. 

5. Therefore the correct IUPAC name is 3-methylbut-1-ene  (3-methyl-1-butene is also correct). 
                                                                    H

                                                                     I

                                                              H – C – H 

                                                                     I

          H           H             H           H      H – C – H     H            H

           I             I              I             I              I             I              I     

   H – C     –     C     –     C     =     C     –     C     –     C     –     C – H 

           I             I                                           I             I              I

          H            H                                         H            H             H 

Following all the steps:

Parent name has seven carbon atoms(hept-) suffix -ene. From right double bond after carbon atom number 4 , from left double bond after carbon atom number 3. Correct numbering from left to right. Substituent at carbon atom number 5 and its ethyl.                                                                                     

Therefore : IUPAC NAME  is   5-ethylhept-3-ene 

Table 5: Alkynes

	Examples of structural formulae

  
	No. of carbon atoms
	Prefix 
	Name 

	    H – C ≡ C – H

                    
	      2


	 eth
	ethyne

	          H         

           I             

    H – C – C ≡ C – H

           I            

          H     
	      3
	 prop
	propyne

	          H                 H

           I                  I

   H – C – C ≡ C – C – H

           I                  I

          H                 H
	      4
	 but
	but-2-yne

	                       H   H     H

                        I     I      I

   H – C ≡ C – C – C – C - H

                        I     I      I

                       H   H     H
	5
	 pent
	pent-1-yne

	        H            H   H     H   H

         I             I     I      I     I

   H- C – C ≡ C – C – C – C - H

         I             I     I      I     I

         H           H   H     H   H
	6
	hex
	 hex-2-yne

	        H    H   H          H     H   H

         I     I     I            I      I     I

   H- C – C - C ≡ C – C – C – C - H

         I     I     I            I      I     I

         H   H   H          H    H   H
	7
	hept
	hept-3-yne

	        H    H   H          H     H   H    H

         I     I     I            I      I     I     I

   H- C – C - C ≡ C – C – C – C - C- H

         I     I     I            I      I     I     I

         H   H   H          H    H   H     H
	8
	oct
	oct-3-yne


Rules for naming alkynes:
Alkynes are named in the same way as alkenes.
Naming of branched alkynes

· Determine the parent name of the compound by identifying the longest chain of carbon atoms. The longest chain in the above example contains 5 carbons. Therefore parent name is pentyne.
· Identify all the attached alkyl groups (branches). In example above the attached alkyl group is ─CH3 which is methyl.

· Number the carbon atoms in the parent chain starting at the end nearest to the triple bond, i. e. from right to left. In this case the triple bond is in carbon number 2.

· Use the hyphen between the number and the suffix, and between the number and the parent name.

· Give the correct IUPAC name. The IUPAC name for this compound is 4-methylpent-2-yne
Worked Example 1

                                                                       H

                                                                        I

H H –C – H                       H

I        I                               I

H -  C5   – C4   – C3   ≡   C2 –   C1– H

I         I                               I

H       H                              H

4-methylpent-2-yne
Worked example 2:
                                                        H

                                                         I

        H         H                            H - C- H      H      H

         I          I                                    I            I        I

H  -  C1  -    C2    -     C3   ≡  C4    -   C5    -   C   -    C  -  H

        I          I                                     I            I        I

       H         H                             H - C6 - H   H      H

                                                         I

                                                 H -  C7  - H

                                                         I

                                                        H

IUPAC name: 

 5-ethyl-5-methylhept-3-yne

Molecular formula: 
      
C10H18 
Condensed structural formula:

                                              CH3
                                                I

CH3CH2C≡ CC CH2CH3       OR    CH3CH2C≡CC(CH3)(CH2CH3)CH2CH3
                                                I

                                              CH2-CH3
ACTIVITY - Hydrocarbons
	Part 1: Comparing alkanes; alkenes and alkynes

	
	Alkanes
	Alkenes
	Alkynes

	Type of bond
	
	
	

	General formula
	
	
	

	Suffix for naming
	
	
	

	Names and molecular up to the 5 – carbon atoms
	
	
	

	Structural formula for 6 – carbon member
	
	
	

	Part 2: Complete the table below for the following organic compounds given their name

	Name
	Formula
	Structural formula
	

	3 – hexyne
	
	
	

	Ethyne
	
	
	

	Octane
	
	
	

	2 – heptane
	
	
	


	Part 3: Complete the table below for following organic compounds given their formula. If it is a alkene or alkyne, assume the double or triple bond is on the second carbon

	Formula 
	Type of hydrocarbon
	Name
	Structural formula

	C6H12
	
	
	

	C4H6
	
	
	

	C2H2
	
	
	

	C8H14
	
	
	

	C5H12
	
	
	

	C7H16
	
	
	


Haloalkanes
· A haloalkane (or an alkyl halide) is an organic compound in which one or more H atom in an alkane has been replaced with halogen atoms.

· General formula: CnH2n+1X  (X = F, Cl, Br or I)

· Functional group: a halogen bonded to a saturated C atom 

	Examples of haloalkanes

	         H        H

         │        │

H  ─  C  ─  C  ─  Cl

         │        │

         H       H
	         H         H

         │         │

H  ─  C   ─   C  ─  Cl

         │         │

         H H ─ C─H

                    │

                    H
	                              H

                               │

                    H H  ─C  ─  H

                    │         │

           H  ─  C   ─   C  ─  Cl

                    │          │           

                    H  H ─ C─H

                                │

                                H


Rules for naming haloalkanes

A haloalkane is named as an alkane with a halogen substituent.

Step 1: Name the parent.
· Find the longest chain.

· If two chains are of the same length, choose the one with the larger number of substituents.

· Choose the parent name according to the number of C atoms in longest chain.

· Add the suffix –ane.

Step 2: Number the atoms in the parent chain.

· Number the C atoms of the parent chain beginning at the end nearer the first substituent, regardless whether it is alkyl or halo.

· If two substituents (alkyl or halo) are an equal distance away from both ends, begin numbering at the end nearer to the second substituent - substituents must have the lowest numbers possible.

· If two different substituents can have the same number, the substituent that is alphabetically first obtains the lower number.
Step 3: Identify and number substituents.

· Name alkyl substituents according to the number of C atoms: methyl (CH3–) or ethyl (CH3CH2)
· Name halogen substituents as chloro, bromo, iodo or fluoro.
· Assign a number to each substituent according to its position on the chain.

· If two substituents are on the same carbon, they get the same number.

· Arrange substituents alphabetically in front of the parent name.

· If two or three identical substituents are present, use di or tri as prefix. Do not use these prefixes for alphabetical purposes.

· Use hyphens to separate numbers and prefixes, commas to separate numbers.

Worked example

Write the IUPAC name of the following organic compound.

           H           H            Cl            H           H

           │            │            │            │           │

 H  ─   C5    ─   C4    ─    C3   ─     C2   ─   C1   ─   H

           │            │            │            │           │

           H            H           Br       H─C ─H     H 

                                                        │               

                                                        H         

The IUPAC name of the accompanying compound can be determined as follows:

· The compound is an alkane containing two halogen atoms – a haloalkane.

· The longest chain contains 5 C atoms - the parent name is pentane.

· Three substituents are present: a methyl group, bromine and chlorine atoms. 

· Numbering from the left, the methyl group is on C4, the Br and Cl atoms on C3. 

· Numbering from the right, the methyl group is on C2, the Br and Cl atoms on C3.

· The latter gives the lower numbers.

· Alphabetically bromo comes before methyl.

· The compound is 3-bromo-3-chloro-2-methylpentane.

ACTIVITY - Haloalkanes
1. Write down IUPAC names of the following haloalkanes:

a. [image: image1.png]7 CHs
Chy~CH,—CH—CH,—G—Ch,~CH,
Cl




[image: image2.png]



2. Draw the condensed molecular structures for the following haloalkanes:

a. 1,1,1-Trichloro-2,2,2-trifluoroethane
b. 1,1-Dichloro-2,2,3,3,3-pentafluoropropane
c. 3-bromo-2-chloro-2-methylpentane
ALCOHOLS

· An alcohol (or alkanol) is an organic compound in which H atoms in an alkane have been substituted with hydroxyl groups (-OH groups).

· General formula: CnH2n+1OH
· Functional group: a hydroxyl group (-OH) bonded to a C atom 

· Alcohols are regarded as organic derivatives of water in which one H atom of water is replaced by an organic group.

· Methanol (CH3OH) and ethanol (CH3CH2OH) are two of the most important industrial chemicals. Methanol is toxic to humans and causes blindness in small doses. Ethanol is, apart from numerous other industrial uses, used in alcoholic beverages.
	Structural formulae


	No. of carbon atoms
	Prefix
	Name

	        H

         I   

 H – C – O – H

        I

       H
	1
	meth
	methanol

	       H   H

        I    I   

H – C - C – O - H

       I     I

      H    H 
	2


	 eth
	ethanol

	          H     H   H    

           I      I     I    

    H – C – C - C – H

           I      I     I  

          H    O   H

                  I 

                 H
	3
	 prop
	propan-2- ol

	          H    H    H    H

           I     I     I      I

   H – C – C - C – C – H

           I     I     I      I

          H    H   O    H

                       I

                      H       
	4
	 but
	butan-2-ol


	         H

          I 

         O     H   H   H     H

          I      I     I     I      I

   H – C - C – C – C – C - H

          I     I      I     I      I

         H    H    H   H     H


	5
	 pent
	pentan-1-ol

	        H    H   H   H     H   H

         I     I     I     I      I     I

   H- C – C - C – C – C – C - H

         I     I     I     I      I     I

        H    O   H   H     H   H

               I                 

              H        
	6
	hex
	hexan-2-ol

	                          H 

                           I      

        H    H   H   O    H    H    H

         I     I     I     I     I      I     I

   H- C – C - C - C – C – C – C - H

         I     I     I     I     I      I     I

         H   H   H    H   H    H   H


	7
	hept
	heptan-4-ol

	        H    H   H   H    H     H   H    H

         I     I     I    I      I      I     I     I

   H- C – C - C - C – C – C – C - C- H

         I     I     I    I      I      I     I     I

         H   H   H   O    H    H   H     H

                          I

                         H
	8
	oct
	octan-4-ol


Alcohols can be classified as primary, secondary or tertiary depending on the number of C atoms bonded to the carbon atom containing the hydroxyl group.

	Primary alcohols
	Secondary alcohols
	Tertiary alcohols

	One carbon atom is bonded to the carbon bonded to the hydroxyl group
	Two carbon atoms bonded to the carbon bonded to the hydroxyl group
	Three carbon atoms bonded to the carbon bonded to the hydroxyl group

	[image: image3.emf]
	[image: image4.emf]
	[image: image5.emf]


The following steps should be considered when naming alcohols.

1. Find the longest chain containing the hydroxyl group.

2. Choose the parent name according to the number of C atoms in longest chain.

3. Replace the –e of the corresponding alkane with the suffix – ol.

4. Number the C atoms of the parent chain beginning at the end nearer the hydroxyl group.

5. The position of the hydroxyl group is indicated as a number between the parent name and the suffix – ol.
Carboxylic acids

· A carboxylic acid is an organic compound containing a carboxyl group (-COOH group).
· Carboxylic acids have the general structure RCOOH.

· General formula: CnH2n+1COOH (or RCOOH) where R is a hydrogen or an alkyl group.

· Functional group: a carboxyl group (-COOH) bonded to a C atom

· Many carboxylic acids are found in nature. 

· Methanoic acid (HCOOH), the first carboxylic acid in the homologous series.
· Ethanoic acid (CH3COOH), the second carboxylic acid, is the sour component of vinegar. 

	Examples of structural formulae


	No. of carbon atoms
	Prefix
	Name

	          O

           II

           C – OH

           I

          H
	1
	meth
	methanoic acid



	           H    O

            I     II

    H – C – C –O H

            I     

           H    
	2


	eth
	ethanoic acid

	          H     H    O

           I      I     II  

    H – C – C – C – OH

           I      I      

          H     H    
	3
	prop
	propanoic acid

	          H    H    H   O

           I     I      I    II

   H – C – C – C – C – OH

           I     I      I     

          H    H    H   
	4
	but
	butanoic acid


 The following steps should be considered when naming carboxylic acids.
1. Find the longest chain containing the carboxyl group(–COOH).
2. Choose the parent name according to the number of C atoms in longest chain.
3. Replace the –e of the corresponding alkane with the suffix –oic acid.
Worked example 

The IUPAC name of the following compound can be determined as follows:

                                                        H    H    H   O

                                                         I     I      I    II

                                                 H – C – C – C – C – OH

                                                        I     I      I     

                                                       H    H    H   

· The compound contains a –COOH group – a carboxylic acid.

· The suffix –oic acid replaces the -e in the corresponding alkane -.

· The longest chain containing the carboxyl group has 4 C atoms - the parent name is but-.

· The compound is butanoic acid.

ACTIVITY - Alcohols and Carboxylic acids
	Name
	Structure
	Condensed Formula



	2-butanol
	
	

	3-methyl hexanoic acid
	
	

	3,3-dimethylpentanoic acid
	
	

	3,4-heptandiol
	
	

	Ethanol
	
	

	1-butanol
	
	

	1-propanol
	
	

	2-hexanol
	
	

	2-ethyl-3-methylbutanoic acid
	
	


Esters

An ester is an organic compound with the general structure RCOOR’ (R = H or alkyl group;   
R’ = alkyl group).

· General formula: RCOOR’

· Functional group: ─COOR’ (R’= alkyl group)

· Esters are derivatives of carboxylic acids and can be prepared by the reaction of an alcohol and a carboxylic acid.

· Many esters have pleasant and very characteristic odours.

· The name of an ester has two parts: the first part comes from the alcohol and the last part from the carboxylic acid from which it is derived.

	Structural formulae


	Name of alcohol
	Name of acid
	Name

	            H             O

             I              II

     H  – C – O  – C  – H

             I

            H

	methanol
	methanoic acid
	Methyl methanoate

	         H    H    H            O     H      

          I     I      I             II      I

   H – C – C – C – O –  C  – C  – H

          I     I      I                     I

         H   H     H                   H

	propanol
	ethanoic acid
	Propyl ethanoate



	         H     H           O     H    H    H

          I      I            II      I     I      I

   H – C – C – O – C  – C – C – C – H

          I      I                    I     I      I

         H    H                   H    H    H

	ethanol
	butanoic acid
	Ethyl butanoate


Rules for naming esters

An ester has two groups that must be named:

· One originating from an ALCOHOL and the other one originating from the CARBOXYLIC ACID.
Naming the alkyl group (R’):

· Count the number of C atoms in the alkyl group.

· Choose the parent name according to the number of C atoms in the alkyl chain.

· Name it as an alkyl group by changing the –ane in the parent alkane to –yl (e.g. ethyl,

· This becomes the first part of the name of the ester.

Naming the acyl group (RCO-): Derived from carboxylic group

· Count the number of C atoms in the acyl group.

· Choose the parent name according to the number of C atoms in the group.

· First name the group as its parent carboxylic acid (acid from which it was obtained).

· Finally name the second part of the name of the ester by changing –oic acid in the parent carboxylic acid to –oate.
Worked example 

The IUPAC name of the accompanying compound can be determined as follows: 

         H     H           O     H    H    H

          I      I            II      I     I      I

   H – C – C – O – C  – C – C – C – H

          I      I                    I     I      I

         H    H                   H    H    H

· The compound contains a –COOR group – an ester.

· The ester has two groups, an alkyl and an acyl, that are named separately:alkyl acyl

· The alkyl group (originally form ethanol) has 2 C atoms. The parent alkane, ethane, is changed to an alkyl group, i.e. ethyl. This is the first part of the name of the ester.

· The acyl group (originally from butanoic acid) has 4 C atoms. The parent acid is butanoic acid. The –oic in the name is changed to –oate, i.e.butanoate. This is the second part of the name of the ester.

· The name of the compound is ethyl butanoate.

Aldehydes

· Aldehydes are organic compounds having the general structure RCHO where R = H or alkyl.

· General formula: RCHO (R = alkyl group)

· Functional group: -CHO i.e. a carbonyl group with at least one H atom bonded to the carbonyl C atom. The -CHO group is called a formyl group.

· The first aldehyde in the homologous series, methanal, is an important industrial chemical. It is used in the production of many plastics. Its common name is formaldehyde and its aqueous solution is sold as formalin used as preservative for biological specimens.
	Example structural formulae


	No. of carbon atoms
	Prefix
	Name

	        O

        II   

 H – C – H

        
	1
	Meth
	methanal

	       H   O

        I    II   

H – C - C - H

       I     

      H     


	2

	 Eth
	ethanal

	          H     H    O    

           I      I     II    

    H – C – C - C – H

           I      I       

          H    H   

               
	3
	 Prop
	propanal

	          O    H    H   H

          II     I     I     I

   H – C – C - C – C – H

                I     I      I

               H    H    H

                       
	4
	 but 
	butanal


Rules for naming aldehydes
· Find the longest chain containing the –CHO group.

· Choose the parent name according to the number of C atoms in longest chain.

· Replace the –e of the corresponding alkane with the suffix –al.

KETONES

· Ketones are organic compounds with two alkyl groups (R and R’) bonded to the carbon atom of a carbonyl group.

· General formula: RCOR’ (R & R’ = alkyl groups)

· Functional group: a carbonyl group (C=O) with two alkyl groups bonded to it.                         

· The first ketone in the homologous series, propan-2-one, is well known as acetone. It is an industrial solvent.
	Structural formulae


	No. of carbon atoms
	Prefix
	Name

	       H   O   H

        I    II    I 

H – C - C - C─H

       I           I 

      H          H


	3

	 Prop
	propan-2-one

	          H     H   O    H

           I      I     II    I

    H – C – C - C – C - H

           I      I           I

          H    H          H    
	4
	 But
	butan-2-one

	        H    O    H    H   H

         I     II     I     I     I

  H-  C – C – C - C – C – H

         I            I     I

        H           H   H                                   
	5
	 Pent
	pentan-2-one

	               H     H   O    H    H   H

               I       I    II     I     I     I

        H  - C-  C – C – C - C – C – H

                I     I             I    I     I

               H    H           H  H   H


	6
	 hex
	hexan-3-one


Rules for naming ketones

Step 1: Name the parent.

· Find the longest chain containing the carbonyl group.

· Choose the parent name according to the number of C atoms in longest chain.

· Replace the – e of the corresponding alkane with the suffix –one.

Step 2: Number the atoms in the parent chain.

· Number the chain from the end nearest to the carbonyl group – the carbonyl carbon always receives the lower number.

· The position of the carbonyl group is indicated as a number between the parent name and the suffix –one.
· Use hyphens to separate numbers and prefixes.
ACTIVITY - Aldehydes and Ketones
	IUPAC Name
	Structural formula
	Condensed Formula

	Butanal
	
	

	Heptanal
	
	

	Ethanal
	
	

	Butanone
	
	

	2-propanone
	
	

	3-ethylhexanal
	
	

	2,2-dimethyl-3-pentanone
	
	


Additional activities: Nomenclature
QUESTION 2  (Preparatory -  Free State) 

The letters A to G in the table below represent seven organic compounds.

	A
	
	B
	

	C
	2-methylpropan-2-ol
	D
	CH3CH2CH2CHO

	E
	



	F
	





Use the information in the table (where applicable) to answer the questions that follow.

2.1
Write down the LETTER that represents a compound that:


(A compound may be used more than once.)

     
2.1.1
Is an aldehyde.   









(1)


2.1.2 
Is a tertiary alcohol.
 






 

(1)


2.1.3 
contains a carboxyl group.








(1)

2.2
Write down the IUPAC name of compound:


2.2.1
E 











(2)


2.2.2
F  











(2)

2.3
Write down the structural formula of:


2.3.1 
a functional isomer of compound B.






(2)


2.3.2
the functional group of compound A.  






(2)

2.4
Write down the letters of two compounds that belong to the same 


homologous series.










(1)

2.5
Write down the general formula for compound E.





(1)

2.6
A mixture of compound B, propan-1-ol and concentrated sulphuric acid 


are together heated in a test tube to produce an organic compound G and water.


2.6.1
Write down the IUPAC name for compound G.





(2)


2.6.2
Write down the structural formula for compound G.




(2)

Question 2 (Preparatory - Gauteng)
Consider the organic compounds represented by the letters A to F in the table below. 
	A
	CH3CH2CH2CHO
	B
	2-methylbut-2-ene

	C
	[image: image6.emf]
	D
	[image: image7.emf]

	E
	[image: image8.emf]
	F
	[image: image9.emf]


	2.3 
	Compound B is one of the reactants needed to produce compound E. 

Write down the … 

	2.3.1 
	NAME or FORMULA for the other reactant needed for this reaction. 
	                (1) 

	2.3.2 
	structural formula of compound B. 
	                (3) 

	2.3.3 
	type of reaction that takes place. 
	                (1) 

	
	
	

	2.4 
	The table contains a compound that occurs as a result of condensation polymerisation. 

	2.4.1 
	Define the term condensation polymerisation. 
	                (2) 

	2.4.2 
	Write down the LETTER that represents the compound that is a condensation polymer. 
	                (1) 


Question 3 (Preparatory Gauteng)

	3.1 
	An organic compound with a molecular formula of C4H6 has two positional isomers. 

	3.1.1 
	Define the term positional isomer. 
	                (2) 

	3.1.2 
	Write down the structural formulae of TWO positional isomers of C4H6 and also give their IUPAC names. 
	                (4) 


	question 2   (Preparatory Mpumalanga)
	 

	Study the organic compounds represented by the letters A to G in the table below.

A

CH3CH2COOCH2CH3

B
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D

CH3CH2C(CH3)2CH2CH(CH3)2
E

Pentanoic acid

F

CH3CH2CHCH2
G
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	2.1      
	Write down the LETTER(S) that represent(s) each of following:

(A compound may be used more than once)

	
	

	
	2.1.1
	An alkyl halide
	
	          (1)

	
	2.1.2
	A compound containing a carboxyl group                                            
	
	           (1)

	
	2.1.3
	An ester
	
	           (1)

	
	2.1.4
	Two compounds that are structural isomers
	
	           (2)

	
	2.1.5
	A ketone
	
	          (1)

	2.2
	Write down the:
	
	

	
	2.2.1
	Structural formula of compound D 
	
	         (2)

	
	2.2.2
	IUPAC name of compound D
	
	          (2)


	Question 3   (Preparatory Mpumalanga)
	
	 

	A learner investigates the relationship between the structural isomers of pentane and their boiling points. The results obtained were recorded as shown below:

COMPOUND

MOLECULAR FORMUA

BOILING POINT (ºC)

Pentane

C5H12
36

2-methylbutane

C5H12
28

2,2-dimethylpropane

C5H12
10


	
	

	3.1
	Define the term structural isomer.
	
	           (2)

	3.2
	Name the homologous series to which the compounds belong.
	
	            (1)


Question 2 (Western Cape)
Consider the organic compounds represented by the letters A to G in the table below:
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	2.1
	Define the term hydrocarbon.
	
	                    (2)

	2.2
	Write down the LETTER that represents...
	
	

	
	2.2.1
	a chain isomer of compound A.
	
	                     (1)

	
	2.2.2
	a positional isomer of compound A.
	
	                     (1)

	
	2.2.3
	a functional isomer of compound D.
	
	                     (1)

	2.3
	Define the term structural isomer.
	
	                     (2)

	2.4
	Write down the IUPAC name of compound B.
	
	                     (2)

	2.5
	Write down the molecular formula of compound C.
	
	                     (1)

	2.6
	Write down the structural formula of compound E.
	
	                     (2)

	2.7
	Write down the structural formula for the functional group of compound C. 
	
	                    (1)

	2.8
	Write down the IUPAC name of the compound that contains a carboxyl group.
	
	                     (1)

	2.9
	Is compound A SATURATED or UNSATURATED?  Give a reason for your answer.
	
	                    (2)

	2.10
	Write down the name of the homologous series to which compound B belongs.
	
	                     (1)


Question 2 (Trial EC)
Consider the organic compounds represented by the letters A to I in the table below.

	A
	Butane
	F
	[image: image14.emf]

	B
	[image: image15.emf]
	G
	2-methylpropane

	C
	CHCl3
	H
	[image: image16.emf]

	D
	Butan-2-ol
	I
	[image: image17.emf]

	E
	Butan-1-ol
	
	


2.1 Write down the letter(s) that represent(s) the following:

2.1.1 Two compounds that are CHAIN ISOMERS                                                                          (1)

2.1.2 A PRIMARY ALCOHOL 









 (1)

2.1.3 A weak, MONOPROTIC ACID                                                                                               (1)

2.2 Write down:

2.2.1 The IUPAC name of compound F 








 (2)

2.2.2 The NAME of the homologous series to which compound C belongs                                   (1)

2.2.3 A balanced equation for the complete combustion of compound H using MOLECULAR FORMULAE                                                                                                  



(3)

2.3 Compound I is the product of an esterification reaction. For Compound I, write down the:

2.3.1 IUPAC name                                                                                                                          (2)

2.3.2 STRUCTURAL FORMULA of the alcohol from which it is synthesised                                 (2)

2.3.3 IUPAC name of the carboxylic acid from which it is synthesised                                           (1)

2.4 “Propanoic acid is a functional isomer of compound I.” Explain this statement fully.
In your explanation, give the molecular formulae and structural formulae of both isomers and  indicate any differences and similarities.                                                             


(4)

Physical Properties of organic compounds

Definitions:

· boiling point – the temperature at which the vapour pressure of a substance equals atmospheric pressure

· melting point – the temperature at which the solid and liquid phases of a substance are at equilibrium

· vapour pressure – the pressure exerted by a vapour at equilibrium with its liquid in a closed system

· Intermolecular forces – forces that are found between the molecules of a compound and they are weaker than inter-atomic forces e.g. Van der Waals forces, hydrogen bonds

· Inter-atomic forces – forces that are found between the atoms of a molecule and they are stronger than intermolecular forces e.g. covalent bonds, ionic bonds, metallic bonds

Types of intermolecular forces

Van der Waals forces

1. London forces – they are the weakest of the three and are found in non-polar

                               molecules    e.g. alkanes, alkenes and alkynes.

2. dipole-dipole forces – they are stronger than London forces but weaker than

                                       hydrogen bonding and are found between slightly polar

                                       molecules  e.g. aldehydes, ketones, esters and alkyl halides.

· hydrogen bonding (special type of dipole-dipole force) – they are the strongest of the three intermolecular forces and are found in strongly polar molecules    

 e.g. alcohols and carboxylic acids.

Factors affecting Physical Properties

· Chain length

· Molecular size (molar mass/surface area)

· Type of functional group

	Factor
	Physical Property

	1. Chain length
	· Intermolecular forces – the longer the chain, the stronger the intermolecular forces

Examples: 

1. butane (C4H10) and 2-methylpropane (C3H7CH3): butane has stronger 

    intermolecular forces than 2-methylpropane

2. pentane and 2-methylbutane: pentane has stronger intermolecular 

    forces than 2-methylbutane

· Boiling point - the longer the chain, the higher the boiling point

Examples: 

1. butane has a higher boiling point than 2-methylpropane

2. pentane has a higher boiling point than 2-methylbutane

· Melting point – the longer the chain, the higher the melting point

Examples: 

1. butane has a higher melting point than 2-methylpropane

2. pentane has a higher melting point than 2-methylbutane

· Vapor pressure – the longer the chain, the higher the vapour pressure

Examples: 

1.  2-methylpropane has a higher vapour pressure than butane

2.  2-methylbutane has a higher boiling point than pentane

	

	2. Molecular size
	· Intermolecular forces - the larger the molecular size, the stronger the                        intermolecular forces

Examples: 

1. bromomethane (CH3Br) and fluoromethane (CH3​F): bromomethane

    has a larger molecular size than fluoromethane.

 2. trichloromethane (CHCl3) has a larger molecular size than 

     chloromethane (CH3Cl)

	
	· Boiling point - the larger the molecular size, the higher the

                               boiling point

Examples:

 1. bromomethane (CH3Br) has a larger molecular size than

     fluoromethane (CH3​F).

 2. trichloromethane (CHCl3) has a larger molecular size than 

     chloromethane (CH3Cl)



	
	· Melting point - the larger the molecular size, the higher the

                          melting point

Examples: 

1. bromomethane (CH3Br) has a larger molecular size than

    fluoromethane (CH3​F).

 2. trichloromethane (CHCl3) has a larger molecular size than 

     chloromethane (CH3Cl)



	
	· Vapour pressure – the larger the molecular size, the lower the

vapour pressure

Examples: 

1. bromomethane (CH3Br) has a larger molecular size than

    fluoromethane (CH3​F), so bromomethane has a lower vapour 

    pressure than fluoromethane.

 2. trichloromethane (CHCl3) has a larger molecular size than 

     chloromethane (CH3Cl), so trichloromethane has lower vapour 

     pressure than chloromethane.




	3. Type of functional group

	Increase in polarity of the type of functional group

	hydrocarbons < haloalkanes < esters < aldehydes ~ ketones < alcohols < carboxylic acids

(London forces)       <       (dipole-dipole forces)            <        (hydrogen bonding)


Note: 

Explaining the trend of the physical properties consider:

1. The type of intermolecular forces

2. The strength of intermolecular forces and what contributed to the difference in strength

3. The amount of energy needed to break the intermolecular forces

Example 1 

Arrange the following compounds in order of increasing strength of intermolecular forces. Explain your reasoning.

Chloroethane; ethanol; ethane; ethanoic acid

Solution

Ethane is an alkane, hence is non-polar and has weak Van der Waals forces (London forces) between the molecules.

Chloroeathane is an alkyl halide, hence is slightly polar and will have stronger Van der Waals forces (dipole-dipole forces) between moleculecules.

Ethanol and ethanoic acid both have much stronger hydrogen bonding forces between the molecules. The intermolecular forces between ethanol molecules will be weaker than those between ethanoic acid molecules, as it has only one site for hydrogen bonding, while ethanoic acid has two sites for hydrogen bonding.

So the molecules listed in order of increasing strength of intermolecular forces are:

Ethane; chloroethane; ethanol; ethanoic acid

Example 2:

Compare the melting points, boiling points and vapour pressure of the organic compounds in the following table with the same number of C-atoms but with different functional groups with regard to the type and strength of the intermolecular forces between the molecules.

	Compound
	Molecular formula
	Molecular mass (g.mol-1)
	Melting point (oC)
	Boiling point (oC)
	Vapour pressure (KPa at 20oC)
	Type of strength of the intermolecular forces

	Ethane
	C​2H6
	30
	-183
	-89
	3 750
	Only weak London forces (induced dipole forces) are between the molecules

	Chloroethane
	C​2H5Cl
	64,5
	-136
	12
	132,4
	Stronger dipole-dipole forces in addition to weak London forces (induced dipole forces) are between the molecules

	Ethanol
	C​2H5OH
	46
	-89
	78
	5,8
	Strong hydrogen bonds in addition to dipole-dipole forces and weak London forces (induced dipole forces) are between the molecules

	Ethanoic acid
	C​2H5COOH
	60
	16
	118
	1,6
	Very strong hydrogen bonds (2 sites for hydrogen bonding) in addition to dipole-dipole forces and weak London forces (induced dipole forces) are between the molecules


Activity 1

1.1 
Arrange the following compounds in order of increasing strength of intermolecular force as:    butanone; butanoic acid; butane.
1.2 
For alcohol molecules and carboxylic acid molecules with the same number of carbon atoms   or corresponding molecular mass, which molecules have the strongest hydrogen bonds between their molecules? Explain your answer.
1.3 
Which of the following compounds has the higher vapour pressure when compared at the same temperature – propene or propanone? Explain.
1.4 
Which substance will have a higher boiling point, propanone or propanoic acid? Explain.
1.5 
Which substance, if comparing two equal-sized bottles containing the same volume of liquid, will exert the higher vapour pressure – butane or butanol. Explain. 

Activity 2

2.1
 Complete the following table further, which is a summary of intermolecular forces found between the molecules of the same homologous series of compounds.

     
 (Key: Y for yes; N for no).

	Homologous series
	Polar / Non-polar molecule
	Contains an OH bond
	Intermolecular forces between molecules
	Soluble in water

	
	
	
	London forces
	Dipole-dipole forces
	Hydrogen bonds
	

	Alkanes
	N
	N
	Y
	N
	N
	

	Alkenes
	
	
	
	
	
	

	Alkynes
	
	
	
	
	
	

	Haloalkanes
	
	
	
	
	
	N

	Aldehydes
	
	
	
	
	
	

	Ketones
	
	
	
	
	
	

	Esters
	
	
	
	
	
	

	Alcohols
	
	
	
	
	
	Y

	Carboxylic acids
	
	
	
	
	
	


2.2 
Complete the following table to indicate to which homologous series each of the following compounds belong and the type of intermolecular forces between their molecules. 
(Key: Y for yes; N for no).

	
	Condensed Formula
	Homologous series
	Intermolecular forces between molecules
	Dominating (main) intermolecular forces

	
	
	
	London forces
	Dipole-dipole forces
	Hydrogen bonds
	

	A
	CH3(CH2)2CO2H
	
	
	
	
	

	B
	CH3CH2CO2CH3
	
	
	
	
	

	C
	CH3CO2C2H5
	
	
	
	
	

	D
	CH3(CH2)3CHO
	
	Y
	Y
	N
	

	E
	CH3(CH2)3COCH3
	
	
	
	
	

	F
	CH3(CH2)4OH
	
	
	
	
	hydrogen bond

	G
	CH3(CH2)4CH3
	Alkanes
	
	
	
	


Activity 3

Zinhle performs an experiment to determine which properties of organic compounds affects the vapour pressure. She uses a manometer and performs the experiment. The change in the level of the oil in the manometer is an indication of the vapour pressure of the substance. Some of the organic substances evaporate and push the level of the oil down in the manometer.  She uses the compound in the table given below. The vapour pressure of each substance is read (pressure difference) from the manometer and recorded in the table below.

	
	Compound
	Level difference in manometer (mm)

	A
	Pentane
	400

	B
	Hexane
	100

	C
	Heptanes
	40

	D
	Octane
	10

	E
	2-methylbutane
	450

	F
	butan-2-one
	15

	G
	butan-2-ol
	12

	H
	propanoic acid
	2


3.1
Define the term vapour pressure.
3.2 
Give a suitable investigative question for the experiment.
3.3 
From the investigation, name the:

         
3.3.1 independent variable

         
3.3.2 dependent variable 

3.4 
Write down TWO factors that should be kept constant during the investigation.
3.5 
Describe the trend in vapour pressure of compounds A to D.

Refer to the MOLECULAR STRUCTURE, INTERMOLECULAR FORCES and ENERGY NEEDED to overcome the intermolecular forces, to explain the answer to the question above.

3.6 
Pentane and 2-methylbutane are structural isomers. Why are they structural isomers?
3.7
 The vapour pressure of 2-methylbutane is much higher than the vapour pressure of pentane. Explain this observation by referring to the structure, type and strength of the intermolecular forces of these two compounds
.

3.8 
The vapour pressure of propanoic acid is much lower than that of butan-2-ol, which in turn is much lower than that of butan-2-one. Explain this observation by referring to the type and the strength of intermolecular forces in ketones, alcohols and carboxylic acids.

Activity 4 
QUESTION 2 ( WESTERN CAPE SEPTEMBER 2014)

The table below shows the vapour pressures of various organic compounds at 25o
	Compound
	Molar mass (g mol-1)
	Vapour pressure

(x102Pa)

	pentane
	72
	573,0

	hexane
	86
	160,0

	heptanes
	100
	48,0

	Propan-1-ol
	60
	21,0

	Propan-2-ol
	60
	44,0

	Butan-1-ol
	74
	6,2

	Butan-2-ol
	74
	18,3

	pentan-1-ol
	88
	2,2

	Pentan-2-ol
	88
	8,04

	Ethanoic acid
	60
	15,3

	propanone
	58
	240,0


2.1 
Write down the:

2.1.1 general formula of the homologous series of which heptane is a member.                (1)              

2.1.2 IUPAC name and structural formula of an isomer of pentane.

                       (2)

2.1.3 structural formula of propanone. 






            (2)

2.2 
State and explain the relationship between vapour pressure and the strength of intermolecular forces. 





                                            

(3)

2.3 
Explain the difference in vapour pressure between pentane, hexane and heptane. Refer to strength of intermolecular forces in your answer.





 (2)

2.4 
Explain why:

2.4.1 The vapour pressure of butan-1-ol is so much lower than that of pentane.               
(2)

2.4.2 The vapour pressure of secondary alcohols are higher than the primary alcohols that has the same structural formula. 




         



 (2)

2.5 
Which compound will have the higher boiling point: ethanoic acid or propan-1-ol?       
(1) 

                                                                                       

2.6 
Refer to vapour pressure, intermolecular forces and energy and give a reason for your answer to 2.5. 




                             



 (3)           
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Activity 5
QUESTION 4   (DOE February/ March 2011)
	Knowledge of boiling points can be used to identify chemical compounds. The boiling points of four organic compounds, represented by the letters A, B, C and D, are given in the table below.

	
	COMPOUND
	BOILING POINT (°C)

	A
	Propane
	-42

	B
	Pentane
	36

	C
	2-methylbutane
	27,8

	D
	Pentan-1-ol
	137


	4.1
	Define the term boiling point.
	
	(2)


	4.2
	Which ONE of A or B has the higher vapour pressure?
	
	(1)


	4.3
	An unknown STRAIGHT CHAIN ALKANE has a boiling point of -0,5 °C.  Use the information in the table to identify this alkane and write down its IUPAC name.
	
	(2)


	4.4
	B and C are structural isomers.  
	
	


	
	4.4.1
	Define the term structural isomer.
	
	(2)


	
	4.4.2
	Explain why B has a higher boiling point than C. Refer to structure, intermolecular forces and energy in your explanation.
	
	(3)


	4.5
	Explain the difference in the boiling points of B and D. Refer to intermolecular forces and energy in your explanation.
	
	(4)

[14]


Activity 6
QUESTION 5 (DOE ADDITIONAL EXEMPLAR 2008)

	Hydrocarbons are simple organic compounds.  The homologous series called alkanes is one group of hydrocarbons.  One physical property of alkanes is shown in the table below.
	
	

	NAME
	BOILING POINT

(°C)
	ISOMER
	BOILING POINT OF ISOMER

(°C)

	methane
	-161,0
	-
	-

	ethane
	-88,5
	-
	-

	butane
	-1
	methylpropane
	-12

	pentane
	34
	2-methylbutane
	28

	hexane
	68,7
	2,3-dimethylbutane
	58


	5.1
	Define the concept homologous series.
	
	(2)


	5.2
	Explain the change in boiling points of the alkanes from methane to hexane.
	
	(2)


	5.3


	How do the boiling points of the straight chain compounds differ from that of their corresponding isomers?  Give a reason for this difference.
	
	(3)


	5.4
	Write down the structural formula of the isomer of hexane shown in the table.
	
	(2)


	
	
	
	[9]


Activity 7
QUESTION 5 (DOE NOVEMBER 2009)
	The table below shows the results obtained during a practical investigation.  Two experiments were performed to determine the boiling points of compounds from three different homologous series under the same conditions.  Each letter A to F represents the organic compound written in the block next to it.


	Experiment
	Organic compound
	Molar mass

(g·mol-1)
	Boiling point 
(°C)

	I
	A
	CH3COOH
	60,5
	118

	
	B
	CH3CH2CH2OH
	60,1
	97

	
	C
	CH3CH2CHO
	58,1
	48

	II
	D
	CH3(CH2)2COOH
	88,1
	163

	
	E
	CH3(CH2)3CH2OH 
	88,1
	137

	
	F
	CH3(CH2)3CHO
	88,1
	103


	5.1
	Name the homologous series to which each of the following pairs of compounds belong:


	
	5.1.1
	A and D
	
	(1)


	
	5.1.2
	B and E
	
	(1)


	
	5.1.3
	C 
	
	(1)


	5.2
	Write down the IUPAC name for:
	
	


	
	5.2.1
	Compound C
	
	(1)


	
	5.2.2
	Compound E
	
	(1)


	5.3
	Formulate an investigative question for this practical investigation.
	
	(2)

	5.4
	Which other variable, apart from the conditions for determining boiling points, was kept constant?
	
	(1)


	5.5
	What conclusion can be drawn from the results in Experiment II?
	
	(2)


	5.6
	Refer to intermolecular forces to explain the trend in boiling points, as shown in the table. 
	
	(3)

[13]


Multiple Choice Questions

	1.1
	The boiling points of branched alkanes are lower than those of straight chain alkanes containing the same number of carbon atoms because branched alkane chains have …


	
	
	A. Larger molecular masses.

B. shorter chain lengths.

C. more electrons.

D. smaller effective molecular surface areas.
	
	(2)


	1.2
	Which ONE of the following compounds will have the highest boiling point? 
	
	


	
	A
	CH3CH2CH2CH2CH3 
	B
	CH3CH2CH2CH2 OCH3
	
	

	
	C
	CH3CH2CH2CH2 CH2OH
	D
	

	
	(2)


1.3
In which one of the following alternatives are the three compounds listed in order of their increasing boiling point?


A 
pentanoic acid, pentane, pentan-1-ol


B
pentan-1-ol, pentane, pentanoic acid


C
pentane, pentan-1-ol, pentanoic acid


D
pentane, pentanoic acid, pentan-1-ol     




 (2)  


REACTIONS OF ORGANIC COMPOUNDS
	There are four main types of organic reactions that will be studied here.

	· 
	Substitution- a hydrogen atom or a functional group is replaced by (another) functional group.
	

	
	Addition- an atom/group of atoms/functional group is added to a carbon chain across a carbon-carbon double or triple bond.
	

	· 
	Elimination- removal of a hydrogen atom or a functional group from a compound to form an unsaturated compound. 
	

	· 
	Oxidation / combustion reaction – alkanes and alkynes reacting with oxygen(excess /

sufficient) to produce carbon dioxide and water
	

	
	
	

	1.
	SUBSTITUTION REACTIONS
	

	
	• Take place when saturated compounds react and an atom bonded to the carbon chain is substituted by another atom or another group of atoms.

• Produce products which are also saturated.

• Are slow.

• Are not spontaneous – additional energy (e.g. sunlight hf or heat, Δ) is needed for the reactions to take place.
Substitution reaction

Reaction condition

Reaction equation

Halogenation

Endothermic:

· Sunlight or heat hf or ∆

Alkane + halogen ( haloalkane + HX

Hydrolysis

Endothermic:

· VERY slow

Haloalkane + H2O ( alcohol + HX

· Slow

Haloalkane + NaOH (dil) (alcohol + NaX


	

	
	
	


	
	Examples of Substitution Reactions
	

	1.1
	Halogenation of Alkanes (alkylhalides + alkanes)
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	· These reactions occur slowly, and take place only in the presence of sunlight/light or heat.

· Hence it is possible to convert an unreactive alkane to a reactive haloalkane.

· The bromination of propane can give two mono-brominated products:
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Further bromination gives four dibromopropanes:
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By controlling the amounts of reactants it is possible to control the degree of halogenation.
	

	
	
	


	1.2
	Haloalkanes with Bases.
	

	
	The haloalkane is dissolved in ethanol (as it is insoluble in water) and reacted with aqueous NaOH. The solution is heated.
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The polar C-Cℓ bond is weaker than the pure covalent C- H bond.  This makes the Cℓ a good leaving group which is then replaced by the –OH group.

This reaction is also known as a HYDROLYSIS reaction. (hydro = water; lysis = to split.  Hence the splitting of water.)
	


	1.3
	Alcohols with hydrogen halide
	

	
	
	

	
	This reaction takes place using a water-free hydrogen halide and H2SO4 (conc). 

Solid NaBr is first reacted with H2SO4 viz:

                                                                  NaBr     +   H2SO4  →  NaHSO4   +  HBr
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	Activity 1
	

	1.
	Name  the products formed in each of the following reactions:
	

	1.1
	Bromoethane + water
	

	1.2
	2-bromopropane + KOH
	

	1.3
	Methane + excess chlorine gas in the presence of sunlight.
	

	1.4
	Propan-2-ol reacted with HBr(g).

Why must the reactants be in a water-free state?
	

	
	
	

	2. Addition reactions

· Take place when atoms attach to the double or triple bond of an unsaturated compound (alkenes or alkynes), breaking the double or triple bond during the reaction.

· Form products which are more saturated than the reactants.
· Are faster than substitution reactions.
· Are usually spontaneous or self- sustaining.
Addition reactions

Reaction conditions

Reaction equations

Hydrogenation

Catalyst:

Pt, Pd, Ni

Alkene + H2(g) (alkane
Hydration

Conc. H2SO4

Alkene + H2O ( alcohol

Halogenation

No catalyst

Alkene + X2 ( haloalkane

Hydrohalogenation

No catalyst

Alkene+ HX ( haloalkane


	
	

	
	
	


	
	Types of Addition Reactions
	

	2.1
	Hydrogenation 
	

	
	This reaction involves the addition of hydrogen across a carbon-carbon double or triple bond.

[image: image23.emf]C


H


2


C


H


2


+


H


2


(


g


)


C


H


3


 


 


 


 


 


 


 


 


 


 


 


 


C


H


3


e


t


h


a


n


e


e


t


h


e


n


e




CH

2

CH

2

+

H

2

(g)

CH

3

            CH

3

ethane

ethene


· The catalyst used here is usually nickel, platinum or palladium.

· The product formed is an alkane.

· Hydrogenation is used in the hardening of vegetable oils into fats as in the preparation of margarine.
	

	
	
	

	2.2
	Hydration
	

	
	Is the addition of water to an alkene (across a double bond).
	

	
	Strong acids such as phosphoric acid or sulphuric acid (conc) serve as catalysts.
	

	
	The reaction takes place around 330 0C.
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In some hydration reactions more than one product is theoretically possible.
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Markovnikov’s rule: "The rich gets richer”

Two products are formed during addition of water or of HX to an alkene.

The major product is formed when the H-atom from the added molecule bonds to the C-atom which is already bonded to the most other H-atoms.

The secondary product is formed when the H-atom from the added molecule bonds to the C-atom which is bonded to the least other H-atoms.
	

	Activity 2
	

	
	Give the products formed when:


	

	2.1
	But-1-ene reacts with water and a small amount of phosphoric acid
	

	2.2
	But-2-ene reacts with water and a small amount of sulphuric acid.
	

	2.3
	Methylpropene is heated with water and a little sulphuric acid.

 
	

	
	
	

	2.3
	Halogenation
	

	
	· This is the addition of a halogen (X2) across a double/triple bond. 
	

	
	· The reaction is fast and can occur in the absence of light.
	

	
	· Halogen atoms are electrophilic, that is electron seeking agents.  
	

	
	· When a halogen (diatomic molecule) comes into contact with a carbon-carbon double or triple bond, the halogen atoms add onto the carbons of the double bond (one halogen onto each of the C atoms).
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	Activity 3
	

	Give the products formed when:
	

	3.2
	2-methylpropene reacts with chlorine gas.


	

	3.3
	But-2-ene reacts with Cℓ2.(g)


	

	
	
	

	Describe a test to distinguish:
	

	3.4 
	Between an alkane and an alkene.


	

	
	
	

	2.4
	Hydrohalogenation.
	

	
	· This is the addition of H-X (HCℓ; HBr; HI) across a carbon-carbon double/triple bond.
	

	
	· No water must be present, or else the –OH will add onto the double bond instead of the halogen.
	

	
	· The reaction usually involves spraying dry H-X gas onto the alkene.
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	The above reaction obeys Markovnikoff’s Rule – where an asymmetric reactant is added to an asymmetric alkene.
	

	
	
	

	Activity 4
	

	Name the products formed when HBr reacts with:
	

	4.1
	But-1-ene


	

	4.2
	Pent-2-ene


	

	4.3
	Pent-1-ene


	


	3
	ELIMINATION REACTIONS
	

	
	· Occur when two atoms or groups of atoms are removed from a saturated compound (like an alkane, a haloalkane or an alcohol) to form two compounds;

· Are always endothermic i.e. the reactants must be heated.
ELIMINATION REACTION

Reaction conditions

Reaction equations

Dehydrogenation

Catalyst Pt, heat

Alkane ( alkene + H2
dehydration

Conc. H2SO4, heat

Alcohol ( alkene + H2O

Cracking

Catalyst: Pt , heat

Alkane(alkene+ alkane( long chains form shorter structures)

Dehydrohalogenation

Conc. Strong base (NaOH), heat

Haloalkane ( alkane + HX


	


	3.1
	Dehydrogenation
	

	
	Also known as cracking

Eg:
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	· Cracking- is the breaking up of large molecules into smaller ones.
	

	
	· Thermal Cracking- cracking at high temperatures (no catalyst is used)
	

	
	· Catalytic Cracking- cracking at lower temperatures and pressures in the presence of a catalyst.
	

	
	
	

	
	During thermal cracking a mixture of products is obtained:
	

	
	                Alkane     →       short chain alkane     +  alkene
	

	
	Eg:        pentane      →       propane            +     ethene
	

	
	            
	

	
	              Alkane       →      one or more alkenes   +   hydrogen 
	

	
	Eg:       octane        →       ethane    +   ethene    + but-1-ene   + H2
	

	
	
	

	3.2
	Dehydration of Alcohols
	

	
	Involves the removal of water.
	

	
	Products are water and an alkene
	

	
	H2SO4(conc) is used as the catalyst. Hence this is an acid-catalysed dehydration reaction
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	Asymmetrical alcohols produce 2 different products:

Viz:
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                                                        But-2-ene (major product)

 

                                                               But-1-ene (minor product)
	

	
	Zaitsev’s* rule: “The poor gets poorer”
If more than one elimination product is possible 

• the major product is formed when the H-atom is removed from the C-atom with the least H-atoms bonded to it and

• the secondary product is formed when the H-atom is removed from the C-atom with the most H-atoms bonded to it.


	


	4.
	Catalytic Cracking of alkanes

• This involves breaking up large alkane molecules into smaller and more useful molecules.

• Reaction conditions:
· high pressure and

· high temperature without a catalyst (thermal cracking), or

· lower temperatures and pressures in the presence of a catalyst (Pt) (catalytic cracking).

Examples:

• CH3CH2CH2CH3
 PtΔ 
H2 + CH2=CHCH2CH3 
Butane
( hydrogen + but-1-ene

• CH3CH2CH2CH3 PtΔ CH2=CH2 + CH3CH3
Butane 
(
ethene + ethane


	

	3.3
	Dehydrohalogenation
	

	
	· Is the removal of hydrogen and a halogen from a carbon chain (usually haloalkane) and the subsequent formation of an alkene.
	

	
	· The reaction takes place under reflux at high temperatures in the absence of water.
	

	
	· A concentrated solution of a strong base (NaOH/KOH) dissolved in ethanol is used. This is called ethanolic NaOH.
	

	Activity 6
	

	Give the products formed when:
	

	6.1
	2-chlorobutane is refluxed in a solution of concentrated NaOH /ethanol


	

	
	
	

	4
	The Esterification Reaction
	

	
	When a carboxylic acid and an alcohol are heated in the presence of an acid catalyst (usually HCℓ (conc) or H2SO4(conc), an equilibrium is established with the ester and water that is formed.

Esters are compounds known for their fruity smells.
	

	
	CH3CH2CH2CH2OH   +  CH3CH2COO      →     CH3CH2CH2CH2OOCCH2CH3    +  H2O

Butanol                         Propanoic acid                     Butyl propanoate
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                                                 Butyl propanoate

During the esterification reaction, the –OH group from the acid combines with the –H from the OH of the alcohol to form water. One mole of water is produced for every one mole of acid and one mole of alcohol.
	

	
	This reaction is also known as an acid-catalysed condensation reaction since two molecules are condensed into one.


	

	Activity 7
	

	7.1
	Using structural formulae write the reaction that occurs when:


	

	7.1.1
	Propanoic acid is heated with ethanol in conc. sulphuric acid.


	

	7.1.2
	Butanoic acid is heated with methanol in conc. sulphuric acid.


	

	7.2
	You are required to prepare methyl ethanoate in the laboratory.


	

	7.2.1 
	Name the two reactants you would use.
	

	7.2.2
	The reaction takes place using sulphuric acid in concentrated form. What are the two functions that this acid could play in this reaction?
	

	7.2.3 
	The reaction is said to be an equilibrium reaction. Mention three ways by which the yield of methyl ethanoate can be increased.


	

	7.2.4
	Using structural formulae, represent the reaction that takes place.


	


	
	
	

	7.3
	Some organic reactions are shown in the flow diagram below.


	

	7.3.1
	Name the type of reactions illustrated by A, B, C, D
	

	7.3.2
	Use condensed structural formulae and write a balanced equation for reaction C.


	

	7.3.3
	Write down the structural formula for compound X.


	

	7.3.4
	In order to obtain product Y, C3H7Br is heated with a concentrated solution of KOH under reflux.  Use condensed structural formulae to write a balanced equation for the reaction.


	

	7.3.5
	A group of learners decided to heat C3H7Br with dilute sodium hydroxide, instead of the concentrated potassium hydroxide, under reflux.  Write down the IUPAC name of the organic compound that they will obtain.
	

	
	
	

	7.4
	Esters are a group of organic compounds widely known for their pleasant odours.  The fruity smell of apple is, for example, due to the presence of ethyl butanoate.  Write down the condensed structural formula of ethyl butanoate.


	


5. Oxidation of organic molecules

Reaction with oxygen (O2)

Exothermic (release energy)

alkane + Excess O2(g) → CO2(g) + H2O(g) + energy

STEPS to balance reaction equations for the oxidation of alkanes, alkenes and alkynes.

1. 
Write the standard reaction equation, with the correct formula for the alkane.

alkane + (excess) O2(g) → CO2(g) + H2O(g) + energy

2. 
Put a 2 in front of the alkane, alkene or alkyne.

3. 
Balance the C-atoms on the right hand side.

4. 
Balance the H-atoms on the right hand side.

5. 
Balance the O-atoms on the left hand side.

6. 
Check whether the balancing ratio is in the simplest form.

[image: image32.emf]
Plastics and polymers

Polymerisation

• is a chemical process in which monomers combine to form polymers;

• takes place in three steps:

–– initiation (the step that starts the reaction)

–– propagation (the steps that allow the reaction to continue) and

–– termination (the step that ends the reaction).

• is either addition polymerisation or condensation polymerisation.

Addition Polymerization

• The monomer must be unsaturated – it must contain a double bond or a triple bond,

e.g. an alkene like ethene.

• Is the direct addition of the same monomer molecules to form a single product.

• No atoms are lost or gained during the reaction.

• The empirical (simplest) formulae of the monomer and of the polymer are the same.

• The chain is bonded by strong covalent bonds.

Reaction conditions:

• High temperature (± 200 °C)

• High pressure (± 1000 atm)

• A small amount of a very reactive initiator.
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Condensation Polymerization

• Instead of double bonds, these monomers have functional groups like an alcohol (-diol), or dicarboxylic acid.

• Each monomer must have two or more active groups – to link the molecules.

• Is the reaction between monomers which are not always the same to form two products – the polymer and a molecule like H2O or HCℓ.

• The polymers that form are

· polyesters or 

·  nylon.

Reaction conditions:

• High temperature

• Concentrated sulphuric acid, H2SO4
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PAST EXAMINATION QUESTIONS PAPERS
QUESTION 4 Limpopo Trial 2015
	The flow diagram below shows the preparation of different organic compounds using propene  (CH3CH = CH2) as starting material.  


	
	


	4.1
	NAME the process that converts the saturated hydrocarbon to propene.
	
	(1)

	4.2
	Use structural formulae to write down a balanced chemical equation for the reaction between propene and water to produce compound P.
	
	(4)

	4.3
	Write down the IUPAC name of compound P.
	
	(1)

	4.4
	Compound P can also be obtained from 2-bromopropane.

Write down the:
	
	

	
	4.4.1
	type of reaction that converts 2-bromopropane to P
	
	(1)

	
	4.4.2
	conditions under which the conversion can occur.
	
	(2)

	4.5
	Write down the: 
	
	

	
	4.5.1
	NAME of polymer Y
	
	(1)

	
	4.5.2
	TYPE OF polymerisation that produces Y. Choose from ADDITION or CONDENSATION
	
	(1)

[11]




QUESTION 4  Free State Preparatory 2015

Propane is used as fuel in heating appliances, cooking equipment and vehicles. 
It burns in air to release large amounts of energy.

4.1
Using molecular formulae, write down a balanced equation for the 
complete combustion of propane in oxygen.




  
(3)

The flow diagram below shows how propane can be used as starting material in 
the preparation of other compounds.


4.2 
Write down the type of reaction (ADDITION, SUBSTITUTION or ELIMINATION) represented by:

4.2.1
A









  

(1)

4.2.2
B









  

(1)

4.2.3
C









  

(1)

4.3
In reaction B, compound X is converted to a haloalkane. Write down the:

4.3.1
IUPAC name of compound X





  

(1)

4.3.2
Balanced equation for the formation of the major product in 
reaction B, using structural formulae





  
(4)

4.4
Reaction C takes place in the presence of a strong base. Write down:

4.4.1
TWO reaction conditions needed





  

(2)

4.4.2
The IUPAC name of the alcohol produced



 
 
(2)

4.5
During a reaction, the alcohol in QUESTION 4.4.2 is converted to 
compound X. Write down the FORMULA of the inorganic reactant needed.
  

(1)















[16]

	QUESTION 4  Gauteng Preparatory 2015 

	The flow diagram below shows various chemical reactions of haloalkanes. P, Q and R represent reaction types. 

	4.1 
	Write down the type of reaction represented by: 

	4.1.1
	Q 
	(1) 

	4.1.2 
	R 
	(1) 

	4.2 
	For reaction P, write down the following: 

	4.2.1 
	The structural formula of the alcohol formed 
	(2) 

	4.2.2 
	The IUPAC name of the alcohol formed 
	(1) 

	4.3 
	In reaction S, propene reacts with compound X to form 2-bromopropane. 

	Write down the: 

	4.3.1 
	NAME of compound X 
	(1) 

	4.3.2 
	Balanced equation using structural formulae 
	(4) 

	[10] 

	Question 4   Mpumalanga Preparatory 2015
	
	

	In industry alkenes are used in the synthesis of a variety of organic compounds. The flow diagram below illustrates some of the many possible reactions. 


	
	

	4.1
	Use structural formulae to write a balanced equation for the formation of COMPOUND X.


	
	(4)

	4.2
	Name the type of reaction that takes place when but-1-ene is converted to COMPOUND X.  
	
	(1)

	4.3
	Write down the structural formula and IUPAC name of the SECONDARY ALCOHOL Y, that is formed.
	
	(3)

	4.4
	Name the type of substitution reaction U that takes place when COMPOUND X is converted to the SECONDARY ALCOHOL Y.
	
	(1)

	4.5
	With the aid of a catalyst, but-1-ene can be converted directly to the secondary alcohol, without the formation of the intermediate compound X.
	
	

	 
	4.5.1
	Besides but-1-ene, write down the NAME of the other reactant needed for this reaction Z.  
	
	(1)

	 
	4.5.2
	Write down the FORMULA of the catalyst that can be used.
	
	(1)

	
	4.5.3
	Name the type of REACTION Z that will take place during this direct conversion.
	
	(1)

	4.6
	Instead of adding water to compound X, concentrated sodium hydroxide is added and the mixture is heated.
	
	

	
	4.6.1
	Write down the IUPAC name of the organic product that is formed.
	
	(1)

	
	4.6.2
	Name the TYPE of reaction that takes place.                                                                                                                        
	
	(1)

	
	
	[14]
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