
                 

                 ALCOHOLS AND CARBOXYLIC ACIDS 

 

  BASIC TERMS AND CONCEPTS: 

 The organic compounds which contain the Hydroxyl (-OH) functional  group 

are called Alcohols. 

 The process in which sugars convert  into ethanol and carbon dioxide by 

catalysis of enzymes in yeast is called Fermentation.  

  The organic compounds which contain the Carboxylic (-COOH) functional 

group are called Carboxylic acids. 

 The organic compounds which is produced from the reactions between 

carboxylic acids and alcohols are called Esters. 

 The reaction between a carboxylic acid and an alcohol to produce an ester and 

water is called Esterifications. 

 

 
    ANALYSE:  
 

 Describe the alcohols as a homologous series containing –OH group  
 

 Draw the structures of alcohols, C1 to C4, and name the unbranched 
alcohols 

 
 

1.1 ALCOHOLS  

1. Alcohols are organic compounds containing the hydroxyl (-OH) Functional 

group which is responsible for their properties and reactions. 

 

 



 

2. NAMING AND STRUCTURES OF ALCOHOLS 

a) The general formula for alcohols is CnH2n+1OH or CnH2n+2O. 

b) The molecular formula of an alcohol differs from the molecular formula of   

the corresponding alkane by an additional oxygen atom. 

EXAMPLES: 

 
ALKANE 

 

 
ALCOHOL 

 
Methane (CH4) 

 

 
Methanol (CH4O) 

 
Ethane (C2H6) 

 

 
Ethanol (C2H6O) 

 
Propane (C3H8) 

 

 
Propanol (C3H8O) 

 

c) The relative molecular mass of each member in the alcohol series differs   

from the next by 14 because each member differs from the next by an 

additional –CH2-unit. 

d) The first four alcohols are shown in the table below. 

 
NAME 

 

 
MOLECULAR 

FORMULA 

 
STRUCTURAL 

FORMULA 

 
FULL 

STRUCTURAL 
FORMULA 

 
 

METHANOL 
 

 
CH3OH   OR   

CH4O 

 
CH3OH 

 
              H 

H- C- O -H 
              H 



 
 

ETHANOL 
 

 
C2H5OH  OR  

C2H6O 

 
CH3CH2OH 

 
           H- H 

H- C- C- O -H 
           H- H 
 

 
PROPANOL 

 

 
C3H7OH  OR  

C3H8O 
 

 
CH3CH2CH2OH 

 
        H- H- H 

H- C- C –C- O -H 
        H- H- H 
 

 
BUTANOL 

 
 

 
C4H9OH  OR  

C4H10O 

 
CH3CH2CH2CH2OH 

 
      H- H- H -H 
H- C- C-  C-  C-O-H 
      H- H- H- H 

 
 

EXAMPLE1:  

 The structural formula of pentanol is CH3-CH2-CH2-CH2-CH2OH 

Which of the following compounds is an isomer of pentanol and has similar 

chemical properties as pentanol? 

 

                        CH3H                                                          H - H 

       A.)  CH3 - C -  C  - O – H                B).     CH3–O - C -  C-  H  

                        CH3 H                                                 H – C -  C-  H  

                                                                                            H - H  

 

        

           C.)  CH3 - CH2  - O - CH2  -  CH2  -  CH3  

                                                   



 

                                                 H         

D.)  CH3- CH2 - CH2 - CH2 - C = O 

 

 
      ANALYSE: 
 

 A and C have the same molecular formula as pentanol , C5 H12 O. 
 

 A ,C and pentanol have different structural formulae. Hence, A and C are 
the isomers of pentanol. 
 

 Only A has the same functional group, the –OH group, as pentanol. 
Hence, A and pentanol have similar chemical properties. 

 
 

SOLUTION: 

 

A is an isomer of pentanol and has similar chemical properties as pentanol. 

 

1.2 PROPERTIES OF ALCOHOLS 

 

1. PHYSICAL PROPERTIES: 

 

a) Alcohols are soluble in water, but their solubility decreases as the   

molecular size increases. 

 



 

 

 

 

                     METHANOL                                                   BUTANOL 

                    

                     METHANOL WATER                                    BUTANOL LAYER                                                                 

                        SOLUTION                                                    WATER LAYER                                                                                                            

 Methanol is very soluble in water but Butanol is only slightly soluble in  

water. 

 

b) The table below shows the physical state, solubility and boiling points of 

some alcohols. 

 

 
      ALCOHOL 

 
PHYSCIAL STATE 

 
SOLUBILITY IN          
WATER 

 
BOILING POINT          
(OC) 

 
     METHANOL 
 

 
Liquid 

 
Very soluble 

 
65 

 
ETHANOL 

 

 
Liquid 

 
Very soluble 

 
78 

 
PROPANOL 

 

 
Liquid 

 
Soluble 

 
97 

 
BUTANOL 

 

 
Liquid 

 
Slightly soluble 

 
118 

 



 
 

 

2. CHEMICAL PROPERTIES: 

a) COMBUSTION 

An alcohol, such as ethanol, burns in air or oxygen to form carbon dioxide and 

water. 

                                                             combustion 

C2H5OH (aq)      +     3O2 (g)                                          2CO2( g )    +  3H2O ( g ) 

      Ethanol                  Oxygen                                  Carbon Dioxide       Water Vapour 

 

 
  
TIPS FOR STUDENTS: 
 
You will frequently be asked to balance the chemical equations for the combustion of 
alkanes, alkenes or alcohols. Make sure you know how to balance the equations for 
these reactions. 
 
 

b) OXIDATION 

 Ethanol is slowly oxidised by air to ethanoic acid if certain bacteria are 

present. Wine or beer turns sour when it is exposed to air. This is 

because bacteria in the air oxidises ethanol in wine or beer to ethanoic 

acid, using oxygen from the air. It is therefore important that wine is 

kept tightly corked. 

 In the laboratory, oxidation of ethanol to ethanoic acid occurs readily 

when it is heated with acidified potassium dichromate (VI) solution 

(K2Cr2O7). 

 



 

 

 

                                          oxidation 

C2H5OH   +       2 [ O ]                                                         CH3COOH ( aq ) + H20 ( l ) 

Ethanol       Oxygen From                                                  Ethanoic Acid         Water 

          Oxidising Agent 

 

 

 

 

Mixture of ethanol 

and acidified 

potassium dichromate(VI) 

 

                                                                                                                         Distillate  

               Heat                            Cold Water                                       (Ethanoic acid ) 

 

                             Oxidation of Ethanol to Ethanoic Acid  

 

IN THIS REACTION, 

 Acidified potassium dichromate (VI) acts as the oxidising agent and 

ethanol acts as the reducing agent, 

Acidified potassium 

dichromate (VII) solution is a 

mixture of potassium 

dichromate (VI) solution and 

dilute sulfuric acid 



 

 

 

 The dichromate ions, Cr2O72-, (orange) are reduced to chromium (III) 

ions, Cr3+, (green). 

 

Ethanol can also be oxidised to ethanoic acid when it is heated with acidified 

potassium manganate (VII), KMnO4. In this reaction, the management (VII) 

ions, MnO4-, are reduced to manganese (II) ions, Mn2+. The colour change is 

from purple to colourless. 

 

 

 

 
       ANALYSE: 
 

 Describe the formation of ethanol 
 

 

             COMMON  ERROR                                                            ACTUAL FACTS 

 

 An alcohol is an alkali 

because it contains groups 

 

 

 

 Alcohol are neutral compounds. The 

hydroxyl (-OH) group in alcohols is 

covalent and neutral. 

In contrast, the hydroxide (OH-) group in alkalis 

is ionic (negative ion) and basic.  



 State some uses of ethanol 
 
 

 

1.3 PRODUCTION OF ETHANOL: 

1. Ethanol can be made in two ways: 

a) Catalysed addition of steam to ethane 

b) Fermentation of glucose 

2. Manufacturing ethanol from catalysed addition of steam to ethane 

a) When a mixture of ethane and steam is passed over phosphoric (V) acid, 

H3PO4, at 300 C and a pressure of 60 atm, ethanol is produced. 

b) Phosphoric (V) acid acts as a catalyst in this reaction. 

 

                                                            H3PO4 (aq) 

CH2= CH2 (g)  +    H2O ( g )    3000C,60 ATM         CH3CH2OH (aq) ΔH  = - 45 kJ  

     Ethene                   Steam                                                Ethanol 

 

 

Ethanol                               Unreacted Ethane Recycled 

                                                                                                                           Ethanol 

                                                                                                                                  + 

                                                                                                                                Water 

Steam    

Reaction ChambeR 

( 3000C, 60 atm,catalyst ) 

Condenser 



                                MANUFACTURE OF ETHANOL   

          

 

 

3. PREPARATION OF ETHANOL BY FERMENTATION OF GLUCOSE: 

a) Fermentation is a chemical process in which microorganisms such as yeast 

act on carbohydrates (e.g. sugar and starch) to produce ethanol and carbon 

dioxide. 

b) In this process, yeast is added to ma sugar solution and the reaction 

mixture is left in a warm place (about 370 C ) for several days. 

 

c)The yeast breaks down the sugar into ethanol and carbon dioxide. 

 

 

 

 

 

 

Glucose solution + Yeast 

Lime Water 

 

 

             Preparation of ethanol by fermentation of glucose solution  



 

                   The chemical equation for fermentation is: 

 

 

                                   YEAST 

C6H12 (aq)                                    2C2H5OH (aq) + 2CO2 (g) 

370 C 

  Glucose                                   Ethanol                    Carbon dioxide 

 

d)It is impossible to make pure ethanol by fermentation because yeast is 

killed when the mixture contains more than 15 % ethanol. 

e) Pure ethanol can be obtained from the dilute solution of ethanol by 

fractional distillation. 

 

 
 
 
TIP FOR STUDENTS: 
 
You will often be asked in the examination to describe and reactions of organic 
compounds. 
 
 

 

4. COMPARE  THE TWO METHODS OF PRIPARATION OF  ETHANOL 

 
ETHANOL FROM ETHENE 

 
ETHANOL BY FERMENTATION 

 



 
 
User non-renewable resource 
 
 
           Crude oil   
                        Fractional distillation      
                         Cracking 
 
            Ethene    
 
                        Hydration 
 
               Ethanol 
 
               Reaction is fast                                                                                      
 

 
User renewable resources 
 
 
              Sugar (sugar cane, grapes ) 
 
       Fermentation 
 
 
                Ethanol 

 
Produces more pure ethanol 
 

 
Produces dilute solution of ethanol 

 
Carried out at high temperature and 
high pressure 
 

 
Carried out at room conditions 

 

EXAMPLE 2: 

 Which of the following reactions produce water as one of the products? 

1 Combustion of ethanol 

2 Fermentation of glucose 

3Oxidation of ethanol to ethanoic acid 

4.  Conversion of ethane to ethanol: 

A) 1 and 3 only         B)  2 and 4 only 

C)3 and 4 only           D) 1,2 and 3 only 



 

 

 

 

 
       ANALYSIS 
 

 Ethanol + Oxygen      Combustion            Carbon Dioxide    +    Water 
 

  Glucose         Fermentation                            ethanol   +     Carbon Dioxide 
 

  Ethanol          oxidation                         Ethanoic Acid   +   Water 
 

  Ethene   + Steam                                      Ethanol 
 
 

SOLUTION: 

 

Combustion and oxidation of ethanol produce water as one of the products 

(i.e.,option A). 

 

5. USES OF ETHANOL: 

 

a) AS A SOLVENT 

 

 It is a good solvent for complex organic molecules that are not soluble 

in water.  



 Ethanol also evaporates quickly, making it suitable for use in 

deodorants, perfumes and after-shave lotions. 

 

 

         

    b) AS A FUEL 

 

 Gasohol (10% ethanol and 90% petrol) is used in some countries as a 

fuel for motor vehicles. 

  Methylated spirit (85%, 5% methanol and 10% water) is used in spirit 

lamps. 

 

b) IN ALCOHOLIC DRINKS 

           Ethanol is a constituent of wine and beer. 

 

 
     ANALYSE: 
 

 Describe the carboxylic acids as a homologous series containing the –
COOH group 

 
 Draw the  structures of carboxylic acids, and name the unbranched acids 

 
 

 

1.4 CARBOXYLIC ACIDS: 

 



1. All carboxylic acids have the functional group, -COOH(or –CO2H), which is  

called the carboxyl group. 

2. Naming and structures of carboxylic acids: 

a) Carboxylic acids have the general formula, Cn H2n+1COOH or CnH2nO2. 

 

 

b) The first four carboxylic acids are shown in the table below. 

 
NAME 

 

 
MOLECULAR 

FORMULA 

 
STUCTURAL 

FORMULA 

 
FULL 

STRUCTURAL 
FORMULA 

 
 

METHANOIC 
ACID 

 

 
CH2O2 

 
HCOOH 

 
O 

 
H-  C - O  -H 

 
 

ETHANOIC ACID 
 

 
C2H4O2 

 
CH3COOH 

 
H -O 

 
H  -C-  C  -O  -H 

 
H 

 
 

PROPANOIOC 
 

 
C3H6O2 

OR 
C2H5COOH 

 

 
CH3CH2COOH 

 
H- H-  O 

 
H – C-  C – C-  O-  

H 
 

H - H 
 
 
 



 

 

 

 

 

 

 
 
 
TIPS FOR STUDENTS: 
 
When naming a carboxylic acid, making sure you include the carbon atom in the –
COOH group. 
 
Thus, CH3CH2CH2COOH is named butanoic acid as there are four carbon atoms in the  
molecule. 
 
 

c) The molecular formula of a carboxylic acid differs from the molecular  

formula of the corresponding alkene by an additional two oxygen atoms. 

 
ALKENE 

 

 
CARBOXYLIC ACID 

 
Ethene (C2H4) 

 

 
Ethanoic acid (C2H4O2) 

 
Propene (C3H6) 

 

 
Propanoic acid ( C3H6O2 ) 

 
Butene (C4H8) 

 

 
Butanoic acid (C4H8O2) 

 

 



 
      ANALYSE: 
 

 Describe the formation of ethanoic acid 
 

 Describe the reactions of carboxylic acids with carbonates, bases, 
reactive metals and alcohols 

 
 

1.5 FORMATION AND PROPERTIES OF CARBOXYLIC ACIDS: 

1. There are two ways to produce ethanoic acid: 

a) Oxidation of ethanol by atmospheric oxygen in the presence of certain 

bacteria 

b) Heating a mixture of ethanol and acidified potassium dichromate (VI) 

2. Physical properties of carboxylic acids: 

a) Methanoic acid and ethanoic acid are colourless liquids at room 

temperature. 

b) Methanoic acid and ethanoic acid are completely miscible with water. 

c)Carboxylic acids turn blue litmus paper red. 

 

                            BLUE LITMUS PAPER TURNS RED  

CARBOXYLIC ACID  

 

                                                                                  REACTION WITH LITMUS  

 

3. Chemical properties of carboxylic acids: 



 

a) Carboxylic acids are weak acid because they only partially dissociate into     

ions. 

EXAMPLE: 

 

 

In an aqueous solution, ethanoic acid dissociates partially to form hydrogen 

ions and ethanoate ions. 

CH3COOH( aq )                                           H+ ( aq )     +  CH3COO- ( aq )  

 

b) The table below shows the reactions of carboxylic acid with carbonates,  

bases, reactive metals and alcohols.  

 

 
REACTION 

WITH 
 

 
PRODUCT 

 
EXAMPLES 

 
CARBONAT

ES 
 

 
Salts, 

Water and 
Carbondiox

ide 
 

 
CH3COOH ( aq ) +  Na2CO3 ( s )                    2CH3COO-Na+( aq )+ H2O 

( l ) + CO2 ( g ) 
 

Ethanoic Acid  Sodium Carbonate    Sodium Ethanoate      Water           
  

 
BASES 

 

 
Salt and 
Water 

 
CH3COOH(aq) + NaOH ( aq )               CH3COO-Na+( aq ) +H2O (l )  

 
Ethanoic Acid    Sodium Hydroxide    Sodium Carbonate      Water   
 

 
RECTIVE 
METALS 

 
Salt and 

Hydrogen 

 
2CH3COOH ( aq )  + Mg ( s )              (CH3COO)2Mg( aq ) + H2 ( g )  

 



 
 

Ethanoic Acid      Magnesium          Magnesium Ethanoate          
 

 
ALCOHOLS 
( REFER TO 
SECTIUON 

20.6 ) 
 

 
Ester and 

Water 

 
                               CONCENTRATED  
                                SULFURIC ACID 
CH3COOH +CH3CH2OH                   CH3COOCH2CH3+ H2O ( l )  
 Ethanoic Acid   Ethanol               Ethyl Ethanoate        Water   
 

 
   TIP FOR STUDENTS: 
 
Make sure the formulae of the metal salts of the carboxylic acids are correctly 
written. For  
Example: the formula of Calcium Ethanoate is (CH3COO)2 Ca and not CH3COOCa. 
 
 

EXAMPLE 1.3 

Name and write the structural formulae of the carboxylic acids, A, B and C in 
the following reactions. 

 

        A+NaHCO3               CH3CH2COONa+H2O+CO2 

          B + Mg              (HCOO)2Mg  +  H2 

          C + CuO              (CH3CH2CH2COO)2 Cu  +  H20 

 

SOLUTION: 

A is propanoic acid, CH3CH2COOH. 

B is metrhanoic acid, HCOOH.C is butanoic acid, CH3CH2CH2COOH. 

               COMMON ERROR                                                               ACTUAL FACTS 



 

 

 

 
       TEST YOURSELF: 

 Describe the reaction of a carboxylic acid with an alcohol to form an 
ester 

 
 State some uses of esters 

 
 

1.6 ESTERS: 

1. Esters are colourless, neutral liquids which are insoluble in water. They 
have sweet and  

fruity smell. 

2. Esters are made by the reaction of carboxylic acids with alcohols, using 
concentrated sulfuric acid as the catalyst. This reaction is called esterification. 

 

EXAMPLE: 

Ethanoic acid reacts with ethanol to form the ester, ethyl ethanoate. 

 

 

 

 The general formula for 

carboxylic acid is CnH2n+1 COOH 

        (where n = 1, 2, 3…. ) .   

 

 The general formula for carboxylic 

acid is CnH2n+1 COOH (where n = 1, 2,   

3…. ) .   

When n = 0, the carboxylic acid is 

HCOOH, methanoic acid. 



 

                                               DROPER                                    REACTION MIXTURE 

CONCENTRATED SULFURIC ACID (CATALYST)                                      

                                  TEST TUBE HOLDER 

                                                                                                                      ESTER( ETHYL                      

                                                                                                                      ETHANOATE )         

ETHANOIC ACID + ETHANOL                                    WATER 

                                                                                          WATER + SULFURIC ACID 

                                                                                                                                                 

                                       MAKING AN ESTER IN THE LABORATORY 

 

H OH  H                                                  HEAT                                    HO    H H 

H- C- C- 0 – H + H – O – C – C – H                       H – C – C – O – C – C – H + H2O 

        H                                        H   H                                       H                  H   H 

ETHANOIC ACID            ETHANOL                          ETHYL ETHANOATE       WATER 

 

 
Carboxylic acids will react with alcohols only when the mixture is heated 
with a few drops of concentrated sulfuric acid (the catalyst). The 
reaction is reversible. 
 
 

3. MOLECULAR AND STRUCTURAL FORMULAE OF ESTERS: 

a) The molecular formula of esters is the same as the molecular formula of   
carboxylic acids, i.e. CnH2nO2. 



b) The functional group of esters is the carboxylate group, -COO-. The 
structural formula of an ester is usually written as: 

 

 

 

    Ester (carboxylate)group 

 

 

                                 O                                                          O 

                            R- C – O  -  R’         or              R’ - 0 – C -  R  

  

           Name derived         Name derived            Name derived 

            from the acid        from the alcohol        from the acid 

 

 

        4. NAMING OF ESTERS: 

       a) The names of esters end in –oate, for example, methyl ethanoate. 

        b) The name of an ester consists of two parts: 

 

 The first part tells us the name of the alcohol. 

 

 The second part tells us the name of the carboxylic acid used to 
prepare the ester. 

c.) The following table shows the names and structural formulae of some 
common esters  

 together with the alcohols and carboxylic acids used to prepare them. 



 
 

NAME OF 
ESTER 

 

 
 

MOLECULAR 
FORMULA 

 

 
 

STRUCTURAL 
FORMULA OF 

ESTER 
 

 
 

ORGANIC COMPOUNDS 
USED TO MAKE THE ESTER 

 
 

METHYL 
METHANOATE 

 
 
 

 
 

C2H402 

 
            O 

 
CH3 –  0  - C – H 

 
 

methyl      
 

methanoate 

 
       Alcohal 
 
 
 
METHANOL, 
CH3OH 
 
 

 
Carboxylic       

acid 
 
 

METHANOIC 
ACID,        

HCOOH 

 
ETHYL 

ETHANOATE 
 
 

 
C4H802 

 
 

 
                 O 

 
C2H5 – 0 - C – 

CH3 

 
 

    Ethyl     
Ethanoate 
 

 
Ethanol, 

 
CH3CH2OH 

 
 

 
Ethanoic acid, 

 
CH3COOH 

 
 

 
ETHYL 

PROPANAOTE 
 
 

 
 

C5H1002 
 

 
                  O 

 
C2H5 – 0 -C -
CH2CH3 
 

 
    Ethyl     
Propanoate 
 

 
Ethanol, 

 
CH3CH2OH 

 
 
 
 

 
Ethanoic acid, 

 
CH3CH2COOH 

 
 
 
 

 

 

5. Uses of Esters: 



a) Simple esters are responsible for the fragrant smell of flowers and fruits. 
Besides natural esters, chemists also make synthetic esters by the reaction 
between carboxylic acids and alcohols. 

                 b) Esters are used 

 As food flavourings, 
 As solvents for organic compounds such as nail polish remover, 
 For making perfumes.   

 

 

 

                      STRUCTURAL QUESTIONS AND ANSWERS 

 

1. a) Draw the structures of methanol and ethanol, the first two      

members of the homologous series of alcohols. 

 

b) Suggest why a small amount of methanol, which has poisonous 

properties, is often added to ethanol prepared for industrial uses. 

 

                 COMMON ERROR                                                                  ACTUAL FACT 

 

 Organic compounds such as 

alcohols, carboxylic acids 

and esters are in soluble in 

water. 

 

 

 

 It is true that all esters are insoluble in 

water . but lower members of alcohols and 

carboxylic acids are soluble in water  . 



C) Ethanol can be manufactured by the catalytic addition of steam to 

ethane. 

i) Write a balanced chemical equation for this reaction.  

ii)  The density of ethanol is 0.8 g/cm3. Calculate the maximum 

volume of ethanol which can be made from 1440 dm3of 

ethane, measured at room temperature and pressure. 

 

ANSWER: 

 

1. a) methanol 

              H 

                   H   C    O   H   

              H 

 

 

 

                                Ethanol  

                                   H   H         

                             H--C—C—O—H  

                                  H    H 

b) Ethanol used in the industry usually costs much less than alcoholic beverages 

(because it is not taxed). Methanol is added to ethanol used in the industry to 

prevent the consumption of industry ethanol as an alcoholic beverage.  

c) i) C2H4 + H2O       C2H5OH 

ii) Number of moles of ethane = 1440 ÷24 = 60 

1 mole of ethane reacts to give 1 mole of ethanol. 

Maximum number of moles ethanol =60 

Relative molecular mass of ethanol =2(12) + 16 +6(1) =46 



Maximum mass of ethanol formed = 60 x 46 = 2760 g 

Maximum volume of ethanol formed = 2760 ÷ 0.8 = 3450 cm3 

 

2)Anaerobic respiration in yeast converts glucose (C6H12O6)to ethanol and carbon 

dioxide. This process, also known as fermentation, is used to make alcoholic 

drinks.  

a) Write a balanced chemical equation for the fermentation of glucose. 

b) The Carbon dioxide produced during fermentation quickly displaces air,thus 

allowing fermentation to take place under anaerobic conditions. Suggest why it is 

important that fermentation takes place in the absence of oxygen. 

c) Suggest why fermentation alone cannot be used to make alcoholic drink 

containing more than 14% of ethanol by volume. Name the physical process 

which can be carried out after fermentation to obtain alcoholic drink with a 

ethanol content.  

 

    ANSWER: 

 2. a) C6H12O6                         2C2H5OH +2CO2 

 

b) it is important that fermentation takes places in the absence of oxygen 

because oxygen will oxidize ethanol and convert it to ethanoic acid. 

Ethanoic acid sour and its presence ruins the taste of alcoholic drinks. 

 

c) This is because yeast cannot survive in a liquid which contains more than   

14% ethanol by volume. The physical process is distillation.  

 

      3. Compound D       addition of   Compound E      

                                            steam  



         CH3CH2CH2OH       reflux with   Compound F 

                                acidified K2Cr207(aq) 

a) Name compound E 

b) Draw the structure of an alcohol which is an isomer of compound E. 

c) Draw the full structural formula of compounds of D and F, 

d) Name the type of reaction which takes place when compound E is refluxed 

with acidified K2Cr2O7(aq) and describe what will be observed.?  

 

ANSWER: 

 

3. a) Propanol 

 

 

 

 

 

 

b)  

                   H   H     H                                   

H —C—C—C—H  

                  H     O   H 

                         H 

            c) Compound D 

                                  H    H    H                                   

                           H —C—C—C=H 

                            H 

                        Compound F 



 

                                   H    H           O 

                             H--C—C—C         

                                  H    H O       H 

 

d) This is an oxidation reaction. When compound E is refluxed with acidified   

K2Cr2O7(aq), the  orange K2Cr2O7   turn  green.  

 

 

 

 

 

 

 

 

 CARBOXYLIC ACID 

1. Monocarboxylic acid J is naturally in strawberries. J has the following 

composition by mass: c, 48 6%; H, 8.2%; 0. 43.2%. Neutralisations of a 

sample of 0.37 g of J requires 25 cm3of  0.20-mol.dm3sodium hydroxide. 

      a) Calculate the empirical formula f J. 

 

b) Calculate the relative molecular mass of J and hence, derermine is 

molecular formula. 
 

c) Name monacarboxylic acid J. 

d) Draw the fulla structural formula of J.  

       2.a) Ethanoic acid can be produced synthetically by reacting methanol and  

           carbon monoxide. 



          i) Write a balanced chemical equation for this reaction.  

          ii) Calculate the maximum mass of ethanoic acid that can be obtained  

              from10 tonnes of methanol. 

           b) Ethanoic acid reacts with magnesium and sodium carbonate. 

          i) write a balanced chemical equation  for the reaction between ethanoic  

             acid and magnesium. 

3. Alcohol S reacts with carboxylic acid T to form the ester propyl methanoate. 

a) Write the molecular formula of the other produce formed in this  

      esterification reaction. 

b) Name alcohol S and carboxylic acid T.  

      Alcohol S ______ 

      Carboxlic acid T______ 

 

a) Draw the full structural formula of the ester proptl  methanoate. 

 

1. The structures of ester Y is shown below.s 

                      O 

   

                     C         CH3 

            H3C        O 

 

a) Name ester Y. 

b) Write the molecular formula ester Y. 

c) Carboxylic acid Z is an isomer of ester Y. Name carboxylic acid Z.  



d) A simple chemical test can be carried out to distinguish between ester y 

and carboxylic acid Z. name the chemical substance to be used . in  each 

case, describe what will be observed. 

Substance_______________________________________________ 

Observation_____________________________________________ 

 

Answers:  

 Alkanes: 

1. a) C5H12 b) propanal 

c) 2CnH2n+2 + (3n+1)O2       2nCO2 + (2n+2)H2O 

d) CnH2nO  e) pentanoic acid 

2. a) butylamine 

c)  i) As the number of carbon atoms increases, ht size of the amine 

molecules increases and the intermolecular forces become stronger. 

Thus, more energy is required to overcome the intermolecular forces 

and the boiling point increases.  

 

iii) 48 ℃   

d)   i) 

 

i) NH3 + HCl          NH4Cl 

ii) CH3NH2 + HCl            CH3NH3Cl 

 

 

3. a)  

 C H 

% by mass  82.76 17.24 
Ar 12 1 

No. of members 6.897 17.24 

Mole  ratio 1 2.5 
Simplest mole ratio 2 5 

 



b) Molar gas Volume at r.t.p.= 24dm3 

Density of the hydrocarbon = 2.42 g/dm3 

Thus, mass of  1 mole of hydrocarbon = 2.42 x 24 =58 (nearest whole number) 

therefore, the relative molecular mass of this hydrocarbon is 58.  

Let the molecular formula of this hydrocarbon be (C2H5)n. 

29n = 58 

     n=2 

Thus, the molecular formula of this hydrocarbon is C4H10.  

 

a)         H   H     H   H              

H —C—C—C—C—H                               

                  H    H    H    H 

                         H 

      H     C      H 

       H          H 

H—C—C—C—H                                                 

                  H    H    H      

4. a)  

        H   H     H   H              

H —C—C—C—C—H                               

                  H    H    CH3    H 

 



        H  CH3 H       

H —C—C—C—H                      

       H   CH3 H 

 

b) i) Substitution reaction 

ii)                H   H    H   H    H                            

H —C—C—C—C—H   H                            

                  H    H    H     H   H 

        H   H    H   H    H                       

H —C—C—C—C—H —H                            

                  H    H    H   H    H 

 

        H   H    H   H    H                       

H —C—C—C—C—H—H                            

                  H    H   Cl     H   H 

 

 Alkenes 

1. a) C3H6        b) butyne        c) CnH2n -2 

d)  

 True False 

Alkenes react with excess 
oxygen to give  carboan 
monoxide 

 Write 



Alkynes undergo addition 
reactions. 

Write  

Alkynes are 
hydrocarbons. 

Write  

Alkynes are saturated 
compounds 

 Write 

     

2. X: butane Y: butane 

b) Similarly: Both the butane and butane molecules contain four carbon atoms 

which are covalently bonded to hydrogen atoms. 

Difference: All the covalent bonds in the butane molecule are single bonds while 

there is a C= C double bond in butane.  

a) Substance: Aqueous bromine 

c) Observation: when aqueous bromine is added to compound X, the 

colour of the oranges brown aqueous bromine does not change. 

When aqueous bromine is added to compound Y, the Orange-brown 

aqueous bromine becomes colourless.  

           d)     H   H    H   H                                

H —C—C = C—C—H                               

                  H                  H 

                           

                          H            

                   H    C     H                              

H —C—C —C—H                              

                  H            H            



d) Compound Z is isomeric to compound Y. this is because compound Z 

has the same molecular formula but a different structure as 

compound T.  

 

3. a)                           

                   H   H    H   H    H                            

H —C—C—C—C—H—H                            

                   H    Br  Br  H   H 

b)           

                   H   H     H   H    H                            

H —C—C—C—C—H— H                            

                  H    H    H     H   H 

 

c)                H   H     H   H                                

H —C—C—C—C—H                             

                  H    H    O    H 

                               H 

b) O=C=O 

 

O 

             H       H 

 

4. a) let the molecule of this alkene be(CH2)n. 

         14n= 70 



              n=5 

Thus, the molecular formula of this hydrocarbon is C5H10. 

b)  

                       

                          H            

                   H    C—H    H                            

H —C = C —C—C—H                        

                  H    H     H   H               

c) i) Reagent: hydrogen gas; Catalyst: nickel 

ii)         

                   H   H    CH3                                   

H —C—C—C—CH3  

                  H    H    H 

              

5.a) i) C2H4     ii) C3H6     iii) C11H22 

b) For all the reactions in part a),longer chain alkanes are converted to 

shorter chain alkenes and alkenes. The shorter chain alkenes are more used  

as fuel than the longer chain alkenes as fuel. The alkenes produced, 

especially propene, are useful starting materials for producing various 

compounds in the chemical industry. 

6.a) A polyunsaturated compound contains more than one C = C double 

bond.  

B) Nickel 

C) 1 more of vegetable oil reacts oil reacts with 2 moles of H2. 

No. of moles of H2 = 80 ÷ 24 000 = 0.003 333 



No. of moles of Vegetables oil = 0,003 333 ÷ 2 =0.0001 667 

Relative molecular mass of vegetable oil =0.5 ÷0.0001 667 =300 

 

 Alcohols: 

1. a) methanol 

 

              H 

                   H   C    O   H   

              H 

                                Ethanol  

                                   H   H         

                             H--C—C—O—H  

                                  H    H 

 

b) Ethanol used in the industry usually costs much less than alcoholic beverages 

(because it is not taxed). Methanol is added to ethanol used in the industry to 

prevent the consumption of industry ethanol as an alcoholic beverage.  

         c) i) C2H4 + H2O              C2H5OH 

ii) Number of moles of ethane = 1440 ÷24 = 60 

1 mole of ethane reacts to give 1 mole of ethanol. 

 

Maximum number of moles ethanol =60 

Relative molecular mass of ethanol =2(12) + 16 +6(1) =46 

Maximum mass of ethanol formed = 60 x 46 = 2760 g 

Maximum volume of ethanol formed = 2760 ÷ 0.8 = 3450 cm3 

 

2. a) C6H12O6      2C2H5OH +2CO2 

 



b) it is important that fermentation takes places in the absence of oxygen 

because oxygen will oxidize ethanol and convert it to ethanoic acid. 

Ethanoic acid sour and its presence ruins the taste of alcoholic drinks. 

 

c) This is because yeast cannot survive in a liquid which contains more than 

14% ethanol by volume. The physical process is distillation.  

 

3. a) Propanol 

b)  

                   H   H     H                                   

H —C—C—C—H  

                  H    O   H 

                         H 

c) Compound D 

        H    H    H                                   

H —C—C—C=H 

 H 

Compound F 

 

                                   H    H           O 

                             H--C—C—C         

                                  H    H O       H 

 

b) This is an oxidation reaction. When compound E is refluxed with acidified 

K2Cr2O7, the  orange K2Cr2O7    turn   green.  



 

11.5 Carboxylic acids 

1. a)  

 

 C H O 

% by mass  48.6 8.2 43.2 
Ar 12 1 16 

No. of moles 4.05 8.2 2.7 

Mole ratio  1.5 3.04 1 
Simplest mole 
ratio 

3 6 2 

 

Thus, the empirical formula is C3H6O2. 

 

B) Number of moles of sodium hydroxide =
��

����
 X 0.20=0.005 

1 mole of sodium hydrogen reacts with 1 mole of J. 

Number of moles of J = 0.005 

Relative molecular mass of J = 0.37 ÷0.005 =74 

Let the molecular formula of this hydrocarbon be (C3H6O2)n. 

74n = 74 

N=1  

Thus, the molecular formula of this hydrocarbon is C3H6O2. 

 

C) propanoic acid  

d)  

                                   H    H           O 

                             H--C—C—C         

                                  H    H O       H 

2. a) i) CH3OH + CO          CH3CO2H 

 

 



 

ii) 1 mole of methanol reacts to give 1 mole of ethanoic acid. 

Relative molecular mass of methanol  = 12 + 4(1)  + 16 =32 

Relative molecular mass of ethanoic acid = 29120 + 2(16)  = 60 

Maximum mass of ethanoic acid produced  =   
��

�� 
x10=18.75 tonnes 

b) i) 2CH3CO2H + Mg        (CH3CO2)2Mg + H2 

ii) 2CH3CO2H + Na2CO3         2CH3CO2Na + H2O + CO2 

  

3. a) H2O  

b) S: propanol  T: methanoic acid 

c) 

 

 

           O 

            H--C              H    H     H                                   

               O —C—C—C—H  

                                 H    O    H 

 

e) it can be used as flavoring. 

4. a) methyl ethanoate 

b) C3H6O2 

c) Propanoic acid 

d) Substance: Sodium carbonate 

Observation: when sodium carbonate is addd to ester y, no 

effervescence is observed. When sodium carbonate is added to 

carboxylic acid Z, effervescence is observed, and crbon dioxide ( a gas 

which gives a white precipitation with limewater) is produced.  

 

 



 




