
©Ibling 

Understandings: 

Note that the specific mechanisms for these reactions will be explained in 20.1. The 

reactions mentioned in 10.2 are just an overview.  

1. Explain that alkanes have low reactivity and undergo free-radical substitution reactions.   

-  

General information:  

CnH2n+2 with no double bonds. Due to their saturated nature, they mainly undergo two types 

of reactions explained below.  

Combustion: 

Why combustion? Because the bonds in alkanes contain a lot of energy! The energy is mainly 

from double bond in carbon dioxide and bonds in water. Remember that products in 

combustion always involve a carbon compound and liquid water (H2O (l) and not (g)!!!).  

What we have to know is three combustion cases.  

Oxygen sufficient leads to complete combustion that produces CO2.  

Oxygen deficient leads to incomplete combustion that produces CO.  

Extremely oxygen deficient leads to just unburned C and H2O.  

All the released carbon compounds have an impact somehow. CO2 is a greenhouse gas. CO is 

very toxic because it impairs hemoglobin. C is a fine particle that can damage our lungs.  

Halogenation:  

Well this is basically a substitution of one hydrogen atom in the alkane with a halogen. There 

are three main steps of how for instance F can take H’s place. This can be seen qualitatively 

due to color change in the solution. Halogens are usually colored so one can detect a change 

from color to colorless.  

Initiation – Firstly, the halogen must be split into two radicals by energy from the UV-light. 

This process is called photochemical homolytic fission because the electrons are shared 

equally. Cl2 → Cl∙ + Cl∙ 

Propagation – The Cl∙ snatch off a hydrogen atom from alkane. C2H6 + Cl∙ → HCl + C2H5∙  

Then this radical may react with other halogens. C2H5∙ + Cl2 → C2H5Cl + Cl∙ 

Termination – The radicals react together to form a stable compound. We ultimately have 

three possibilities. Cl∙ + Cl∙ → Cl2, C2H5∙ + Cl∙ → C2H5Cl, C2H5∙ + C2H5∙ → C4H10 
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2. Explain that alkenes are more reactive than alkanes and undergo addition reactions. 

Bromine water can be used to distinguish between alkenes and alkanes.  

-  

General information:  

CnH2n with double bonds. The pi bonds can be broken to form a stronger sigma bond thus 

enables addition reactions.  

Addition of hydrogen (hydrogenation): 

An H2 reacts with an alkene in high heat with a Ni catalyst to form alkanes.  

Addition of halogens:  

A halogen molecule reacts with each of the carbons with double bond to form a di-

halogenoalkane. This happens naturally fast in room temperature because double bonds are 

easily broken and they form a more stable molecule.  

Note that color is changed if reaction is present.  

Addition of hydrogen halides: 

A hydrogen halide (HF, HCl, HBr, HI) reacts with an alkene to form a mono-halogenoalkane. 

The weaker the bonds in hydrogen halide are, the faster it reacts.  

Addition of water (hydration): 

An ethene + concentrated sulfuric acid break the double bond → Ethyl hydrogensulfate + 

water → Ethanol + reformation of sulfuric acid 

Water is supplied through steam so heat is added as a bonus.  

Polymerization of alkenes:  

Polymerization is the merging of several alkenes. The difference between polymerization can 

be understood as a type of addition, but an addition of not only one molecule but another 

alkene.  

Monomers → Polymers which are huge molecules with repeating units  

Ethene → Polyethene. The doubles bonds are broken from ethene and actually a really long 

chain of alkane is formed. Propene → Polypropylene.  

Extra notes 

- Condensation polymerization can only happen when there are two reactive functional 

groups. You must form chains on both ends! But addition polymerization require double 

bond(s).  
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3. Explain that alcohols undergo nucleophilic substitution reactions with acids (also called 

esterification or condensation) and some undergo oxidation reactions.  

-  

General information:  

CnH2n+1OH with a hydroxide group. These are polar due to OH thus are soluble in water.  

Combustion: 

The combustion is identical to alkanes. The products formed are CO2 and H2O and the idea of 

carbon monoxide and carbon solids applies here as well.  

A general trend that is worth mentioning is enthalpy of combustion increases 

(exothermically) as carbon chain gets longer. Longer carbon chain → more CO2 → more 

energy because formation of CO2 releases energy because it is a stable compound! 

Oxidation: 

This is also a reaction with oxygen but it is not combustion. What differs here is that 

combustion completely segregates the whole alcohol molecule while oxidation only reacts 

with the carbon with the functional group.  

Common oxidizing agent is potassium dichromate, K2Cr2O7. It moves from Cr6+ yellow to Cr3+ 

green when it is reduced. This is commonly used in breathalyzers for alcoholic drivers. Note 

that these reactions require to be done in sulfuric acid solution!   

In all, it is all about the hydrogen availability from the carbon with the functional group. 

Remember that oxidation is loss in hydrogen, and oxygen is what takes the hydrogen. Try to 

visualize what I am saying in your head.  

Primary alcohol – the functional carbon will have a C, two H and an OH bonded to it. An 

oxidizing agent comes to take two H to form H2O. One H is taken from the OH and another 

from the C directly. So now we are left with functional carbon bonded to C, H and double 

bonded to O. Yes, we now have an aldehyde (-anal).  Another oxidizing agent comes but this 

time it is not taking two H. Instead, it is joining the aldehyde to form a functional carbon 

bonded to C, OH and a double bonded O. COOH is a carboxylic acid.   

Thus reaction moves alcohol → aldehyde → carboxylic acid. Depending on whether we want 

aldehyde or carboxylic acid, the setup of the experiment is different. If we want aldehyde, a 

distillation setup would be suitable because aldehyde will boil at lowest temperature thus 

can be collected in a separate beaker. If we want carboxylic acid, a reflux setup would be 

suitable because aldehyde will fall back into the reaction chamber that can further be 

oxidized into carboxylic acid. I know it is wordy, but simple so far.  



©Ibling 

Secondary alcohol – the functional carbon will have two C, an H and an OH. Luckily, we have 

exactly two H available for the O to take. So what happens when these two H disappear? 

Well, the functional carbon will still have the two C and then a double bonded O. Yes, we 

have formed a ketone. And that’s it! This is setup in reflux because propanone won’t react 

further so no idea to separate them with a distillation.  

Tertiary alcohol – the functional carbon will have three C and only one H. Thus oxidizing 

agent cannot find two H to form water with! This means that there will be no reaction. This 

also means that the oxidizing agent will not change color from yellow to green!  

Esterification: 

Ester is actually formed from a condensation reaction of alcohol and carboxylic acid, in warm 

condition, catalyzed by sulfuric acid probably so that it can donate the proton to initiate 

water formation somewhere (but I think this will be touched on later!) 

The OH from carboxylic acid reacts with H from alcohol. This will form water.  

Then, there will be an ester with an O double bonded with carbon in the middle. Remember 

that alcohol is the prefix. Remember this by alcohol where “a” is the first letter in the 

alphabet. Then the carbon double bonded with oxygen will be the suffix with –anoate.  

Esters are then separated by a distillation setup because it has a lower boiling point than 

carboxylic acid and alcohol, and that because there is no hydrogen bonding!  

Extra notes 

- Esters smell good so they are used in perfumes. They can also be used to flavor food. They 

can make polyesters and make plastic bottles. They can be used as a solvent for cleaners and 

other industrial uses.  

4. Explain that halogenoalkanes are more reactive than alkanes. They can undergo 

(nucleophilic) substitution reactions.  

-  

General information:  

CnH2n+1X and these are similar to alkanes. Halogenoalkanes are saturated too so mainly 

undergoes substitution reactions. But due to their polarity, they are more reactive than 

alkanes.  

Nucleophilic substitution: 

Nucleophile is defined as an electron-rich species containing a lone pair that it donates to an 

electron-deficient carbon. These are therefore electron pair donor, Lewis bases, and a ligand 

because they can form dative bonding. Examples are OH-, CN-, H2O, NH3.  
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Since the carbon atom bonded to a halogen will be positive, a nucleophilic molecule will 

become attracted to the carbon. Let’s take an example. If we have C-Br bond in the 

halogenoalkane, any Lewis base/ligand stronger than Br- will replace the Br-. By looking at 

the spectrochemical series, one could see that many are stronger than Br-, including all 

ligands mentioned above. Thus substitution will happen to form, for instance C-OH.  

5. Explain that addition polymers consist of a wide range of monomers and form the basis 

of the plastics industry.  

- Yes! This is mentioned above. A very well-known polymer is indeed plastic.  

6. State that benzene does not readily undergo addition reactions but does undergo 

electrophilic substitution reactions.  

-  

General information: 

Benzene molecules are circular C6H6 with delocalized electrons. Electrons in the ring attract 

electrophiles.  

Electrophilic substitution:  

Electrophile is defined as an electron-deficient species that can accept an electron pair. 

These are Lewis acid and examples are H+, Br+, NO2, NH4
+.  

An electrophile can replace an H+. That’s it.  
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Application and skills: 

1. Be able to write equations for the complete and incomplete combustion of 

hydrocarbons. 

-  Depending on how much oxygen you get, try to balance first with CO2. If that doesn’t work, 

move on to CO. Just know what complete and incomplete combustion produces.  

2. Be able to explain the reaction of methane and ethane with halogens in terms of a free-

radical substitution mechanism involving photochemical homolytic fission.  

- Yes, explained above. Remember initiation, propagation and termination.   

3. Be able to write equations for the reactions of alkenes with hydrogen and halogens and 

of symmetrical alkenes with hydrogen halides and water.  

- Alkenes with hydrogen and halogens = Break double bond to form an alkane.  

Alkenes with hydrogen halides = Break double bond to add H in one and halogen in other.  

Alkenes with water = Break double bond to add H in one and OH in other to form alcohol.  

4. Outline of the addition polymerization of alkenes.  

- Just be able to know that double bonds are broken and there can be “n” number of alkenes 

chained together.  

5. Explain the relationship between the structure of the monomer to the polymer and 

repeating unit. 

- The structural difference would be double and single bond.  

6. Be able to write equations for the complete combustion of alcohols.  

- Yes. The products are still CO2 + H2O.  

7. Be able to write equations for the oxidation reactions of primary and secondary alcohols 

(using acidified potassium dichromate(VI) or potassium manganate(VII) as oxidizing 

agents).  

- Yes, just remember that two H are always wanted by the oxygen and only the carbon with 

the functional group is playing the role.  

Also remember that Cr6+ → Cr3+ and Mn7+ → Mn2+. This will be important when deducing 

half-equations.  
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8. Be able to explain distillation and reflux in the isolation of the aldehyde and carboxylic 

acid products.  

- Yes, this was done above. But you can have a picture of distillation and reflux apparatus to 

just visualize.  

 

 

 

 

 

 

 

 

 

 

9. Be able to write the equation for the condensation reaction of an alcohol with a 

carboxylic acid, in the presence of a catalyst (eg concentrated sulfuric acid) to form an 

ester. 

- Yes! The important thing here is to visualize what is happening. Don’t forget to remove the 

water and be confident with the naming of the ester to identify the reactants! 

10. Be able to write the equation for the substitution reactions of halogenoalkanes with 

aqueous sodium hydroxide.  

- Of course. As long as the halogen in the alkane is a weaker ligand than OH-, it will replace 

the halogen.  

 

 


