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Understandings: 

Nucleophilic Substitution Reactions also denoted as SN: Halogenoalkanes  

1. Explain the process of nucleophilic substitution in primary halogenoalkanes.  

- Nucleophilic substitution is basically about a nucleophile (electron abundant) attacking a 

molecule that is electron deficient. This is prevalent in halogenoalkanes due to the polar 

bond. So the overall idea is that a nucleophile goes to the slightly positive carbon and the 

halogen gets the electron.   

In primary halogenoalkanes, the carbon is bonded to one carbon, two hydrogens and a 

halogen. So when a nucleophile like OH- (usually in the form of NaOH, H2O can also work as a 

nucleophile but is not as strong due to one less electron) reacts with halogenoalkane it will 

swap places with halogen to form an alcohol.  

Action Description Speed 

OH- directly attacks the 
carbon. 

Since hydrogen atoms are 
small, carbon is vulnerable. 
The OH- attacks from 
opposite side of halogen.   
This forms an intermediate 
state where carbon is 
bonded to five different 
bonds.  

Slow, therefore the rate 
determining step. 
 
Since two molecules are 
involved in this reaction, it is 
a bimolecular reaction.  

Halogen breaks away from 
carbon.  

The intermediate state is 
very unstable, hence 
halogen breaks 
heterolytically.  
The structure of product is 
inverted (by inversion). 

Fast 

 

Since this reaction is bimolecular in the rate determining step, 

rate = k[halogenoalkane][nucleophile] = SN2 reaction 

Since OH- can attack from only one specific direction, it is sensitive to the shape of the 

structure. This is called to be stereospecific.  

But in what solvent should this reaction take place? We would like to get rid of Na+ but not 

attract OH-. In other words, we would like a strong polar molecule but that cannot form 

hydrogen bonds with OH-. These molecules are said to be aprotic. All hydrogens are bonded 

to carbon and not N, O, F. Ex, acetone and cyanide.  
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Extra notes 

- Questions about drawing these steps using curly arrows often come up in exams. What you 

have to do is basically draw three steps. First step is when the halogen takes an electron pair 

and the nucleophile gives electron pair. Second step is the intermediate step with the 

inversion. Third step is when halogen completely leaves. Look at the example below.  
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2. Explain the process of nucleophilic substitution in tertiary halogenoalkanes. 

- In tertiary halogenoalkanes, the carbon is bonded to three carbons and one 

halogenoalkane. This time, there are carbon atoms surrounding instead of smaller hydrogen 

atoms. Thus the larger carbon atoms block the nucleophile from directly attacking and this is 

called steric hindrance. So the halogen must undergo heterolytic fission first.  

Action Description Speed 

Halogen breaks 
heterolytically from the 
carbon. 

The halogen becomes an ion 
and leaves with an 
intermediate carbocation. 
This leaves the positive 
carbon open for attack from 
nucleophile. 
 
The electrons from the alkyl 
groups can temporarily 
donate electrons to stabilize 
the carbocation so it has 
time for second reaction. 
This is called positive 
induction.  

Slow, therefore the rate 
determining step.  
 
Since only the 
halogenoalkane is involved, 
it is a unimolecular reaction.  

Nucleophile attacks the 
carbocation. 

Nucleophile simply forms a 
bond with the cation.  

Fast 

 

Rate = k[halogenoalkane] = SN1 reaction 

Since OH- can attack from any direction (because the molecule is planar) it is not 

stereospecific.  

The solvent used in this case would want to be able to form a hydrogen bond, hence protic. 

The reason is to separate the carbocation from the recently broken halogen. So water, 

alcohol, carboxylic acids are all suitable.  

3. Explain the process of nucleophilic substitution in secondary halogenoalkanes.  

- These can undergo both SN2 and SN1 reactions so it is unclear.  
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Electrophilic Addition Reactions: Alkenes 

4. Explain the process of electrophilic addition between ethene and bromine.  

- Electrophilic additions are basically when electrophiles (electron deficient) molecules are 

combined with another molecule. And usually this happens with alkenes. Alkenes have a 

double bond where pi bonds are present, and here it is dense in electrons.  

Action Description Speed 

Halogen breaks 
heterolytically and binds 
with a double bond.  

As the halogen molecule get 
close to the double bond, it 
becomes polar due to 
repulsion. The positive 
halogen will react with a 
carbon by breaking a bond. 
Then we are left with a 
carbocation and a negatively 
charged halogen.  

Slow, hence the rate 
determining step.  

The negative halogen binds 
with carbocation. 

The leftovers react basically 
to form a halogenoalkane 
with two halogens. 

Fast 

 

5. Explain the process of electrophilic addition between ethene and hydrogen bromide.  

- The principle is identical to the reaction above.  

Action Description Speed 

Hydrogen bromide breaks 
heterolytically into H+ and 
Br-.  

As the halogen molecule get 
close to the double bond, it 
becomes polar due to 
repulsion. Since Br is more 
electronegative than H, it 
was already polar. Thus 
hydrogen becomes positive.  

Slow, hence the rate 
determining step.  

The negative Br- binds with 
carbocation. 

The leftovers react basically 
to form a halogenoalkane 
with one halogen. 

Fast 

 

HI reacts better because it has weaker bond. Remember that the strength of the bond seems 

to be most important here.  
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5. Explain the process of electrophilic addition between unsymmetrical alkene and 

hydrogen bromine. Include Markovnikov’s rule.  

- Here it is a matter of where the hydrogen and bromine bonds. As we know, the carbocation 

is most stable when it has more carbons around due to positive induction. Thus, H+ will react 

to the carbon with most hydrogen bonded to it, leaving a carbocation with two carbons 

bonded. This is known as Markovnikov’s rule.  

Action Description Speed 

Hydrogen bromine breaks 
heterolytically and H+ binds 
to the carbon with most 
hydrogen attached.  

Yeah, basically the same as 
above.  

Slow 

Br- reacts with the 
carbocation.  

The carbocation will be 
bonded to two other 
carbons for stability. It will 
bond and form a 
halogenoalkane.  

Fast 

 

Electrophilic Substitution Reactions: Benzene 

6. Explain in general terms how electrophilic substitution in benzene works.  

- Although benzenes have double bonds, it is stable so does not favor addition. But it can 

however undergo substitution.  

Action Description Speed 

Electrophile bonds to where 
there are pi bonds. 

It bonds together where 
hydrogen is. This makes an 
unstable intermediate 
product with a carbocation 
in the middle. 

Slow, hence rate 
determining step.  
 
This part requires high 
activation energy because 
once again, benzene is 
stable.  

Hydrogen gets removed as a 
H+ 

If the substituted product is 
stronger, H+ will be pushed 
away.  

Fast 
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7. Explain the process of electrophilic substitution between benzene and nitronium ion. 

- This is a specific case of electrophilic substitution. We are basically replacing H+ with a NO2
+.  

How is NO2
+ formed? Well, it is done by mixing nitric acid with sulfuric acid at 50°C. What will 

happen is that the strongest acid will be the proton donor, in this case sulfuric acid. So H2SO4 

will become HSO4
- and HNO3 will become H2O + NO2

+.  

So if we put everything together,  

Benzene (C6H6) + HNO3 + H2SO4 → Nitrobenzene + H2O + H+ + HSO4
-  (these will form H2SO4).  

Reduction Reactions:  

8. Be able to explain reduction in carbonyl compounds.  

- We saw that we could oxidize primary and secondary alcohols to produce certain products. 

And we can reduce these products to reach back to primary and secondary alcohols!  

Reducing agent must then be abundant in hydrogen to form a hydride H- ion, so NaBH4 and 

LiAlH4 would be suitable.  

For producing primary alcohols, LiAlH4 in dry ether is favored.  

For producing secondary alcohols, NaBH4 with heat is favored.  

Difficult to remember? This is how I remembered it using the periodic table (something you 

will always have access to): Li comes first (primary) and crosses to Al and back to H. Na is 

lower than Li so is for secondary and crosses to B and back to H.  

 

 

Prim. 

Secon. 
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9. Be able to explain reduction in nitrobenzene.   

- We can reduce the nitrobenzene we just produced! We need to reflux this in HCl and tin.  

We can move from C6H5NO2 → C6H5NH2 but how?  

Step 1:  

C6H5NO2 + Sn + HCl→ C6H5NH3
+ because the acid donated the protons  

Step 2: 

C6H5NH3
+ + OH- → C6H5NH2

 + H2O  

Application and skills: 

Nucleophilic Substitution Reactions:  

1. Explain why hydroxide is a better nucleophile than water.  

- This is simply because hydroxide has a negative charge (one more electron).  

2. Be able to deduce the mechanism of the nucleophilic substitution reactions of 

halogenoalkanes with aqueous sodium hydroxide in terms of SN1 and SN2 mechanisms.  

- Just understand when the halogen leaves. Is it leaving before or after the nucleophile 

attacks? Always think in terms of “can the nucleophile attack while there is a halogen? Is 

there any room for it to attack?” 

Once you got that, SN1 and SN2 will come naturally.  

What you additionally need to do is to draw all the steps with curly arrows to show electron 

pair movement. So be sure that curly arrows are drawn on both the attacking, and the 

leaving molecule. The attacking molecule should have a curly arrow towards the carbon, 

while the leaving molecule should have a curly arrow from the carbon. Drawing everything in 

three steps would be enough.  

3. Be able to explanation of how the rate depends on whether the halogenoalkane is 

primary, secondary or tertiary. 

- The lesser molecules involved, the faster it goes. And this has been determined 

experimentally.  

So rate is in order SN1 > SN1/SN2 > SN2 = Tertiary > Secondary > Primary 
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4. Be able to explanation of how the rate depends on the identity of the halogen (ie the 

leaving group).  

- Two factors need to be considered: Polarity of C-Halogen and bond strength of C-Halogen.  

It is logical to think that the polar the bonds are, the more positive the carbon becomes thus 

attract nucleophiles. But it is also logical that the polar the bonds are the bond will be 

stronger hence harder to break. Which wins? 

 Polarity Bond strength 

Fastest 
↓ 
↓ 
Slowest 

C-F C-I 

C-Cl C-Br 

C-Br C-Cl 

C-I C-F 

It turned out that the bond strength is more important. Thus the weaker the bond is, the 

faster the reaction rate because it will easily break.  

5. Be able to explain the choice of solvent depending on what mechanism it is.  

- As we know, SN2 reactions prefer an aprotic solvent to get rid of Na+ but not OH-.  

And SN1 reactions prefer a protic solvent to stabilize the carbocation.  

6. Outline of the difference between protic and aprotic solvents.  

- Both solvents are polar but the difference is whether they can form hydrogen bonds or not. 

Protic can, aprotic cannot.  

Electrophilic Addition Reactions:  

7. Be able to deduce the mechanism of the electrophilic addition reactions of alkenes with 

halogens, interhalogens (a halogen molecule with two different halogens) and hydrogen 

halides.  

- Remember that the key words we have to use are heterolytic fission, positive induction and 

carbocation. Then we would be fine. I mean, the underlying principles for all three cases are 

extremely similar.  

Electrophilic Substitution Reactions:  

8. Be able to deduce the mechanism of the nitration (electrophilic substitution) reaction of 

benzene (using a mixture of concentrated nitric acid and sulfuric acid).  

- Yes! First, remember how to make nitronium. Then, it is simply a substitution of nitronium 

with hydrogen ion! 

Reduction Reactions: 

 

 



©Ibling 

9. Be able to write reduction reactions of carbonyl containing compounds: aldehydes and 

ketones to primary and secondary alcohols and carboxylic acids to aldehydes, using 

suitable reducing agents.  

- Remember the reducing agents for carboxylic acids and ketones.  

For carboxylic you needed lithium-aluminum-hydride (LiAlH4).  

For ketone you needed sodium-boro-hydride (NaBH4) 

10. Be able to convert nitrobenzene to phenylamine via a two-stage reaction.  

- Yes, explained above. It is about reducing the NO2 to NH3
+ first and then condensate it with 

OH- to NH2.  

 

 


