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Nucleophillic Substitution:
Now, this booklet might seem long but it explains EVERYTHING about nucleophillic substitution. By the end of this booklet, you’ll be ready to tackle all sorts of exam questions that come your way 
Background Information:
Strength of carbon-halogen bonds: 
Despite the C-F bond being very polarised (which means F in C-F is much more negative compared to other halogens in their respective C-X bonds), the strength of the bond is much more important in determining its reactivity. 
Due to the C-F bond’s strength, a lot of energy is required to break the bond in nucleophillic substitution. Therefore fluoroalkanes are not very reactive
The trend for the rate of nucleophillic substitution is that as you GO DOWN the group, the bonds become WEAKER, therefore the rate of nucleophillic substitution is FASTER going DOWN the group
Nucleophiles:
A Nucleophile is a species (either an ion or a molecule) which is strongly attracted to a region of positive charge. They possess a LONE pair and either have a complete negative charge or have a strong [image: http://www.chemguide.co.uk/mechanisms/nucsub/delta.GIF]- charge
Steric Hindrance and Carbocation Stability:
You may be asked in the exam as to why tertiary halogenoalkanes undergo SN1 and primary halogenoalkanes undergo SN2. 
Tertiary halogenoalkanes experience an effect called steric hindrance
You probably haven’t heard of steric hindrance but you’ll understand what steric hindrance is once you cover the SN1 reaction with tertiary halogenoalkanes. 
Steric hindrance is the blocking of large size groups (such as methyl or alkyl groups) in a molecule that prevents chemical reactions.  You’ll understand more in the next section  Due to steric hindrance, tertiary halogenoalkanes undergo SN1 rather than SN2
From unit 1, you probably understand what carbocation stability is all about. It is HOW stable a carbocation dependent on the number of R groups surrounding the carbocation. 
Primary carbocations are LEAST stable and tertiary carbocations are MOST stable. As primary carbocations are LEAST stable and form very unstable carbocations in SN1, they undergo SN2.
Don’t worry if you don’t understand what SN1 and SN2 is, you’ll learn more about it 
Regeants and Conditions for SN1 and SN2 involving halogenoalkanes to produce alcohols: 
Regeant: Potassium/Sodium Hydroxide
Conditions: Aqueous solution, heat under reflux
Role of reagent: Nucleophile, OH-

NOTE: You may be asked in the exam about the regeants and conditions for nucleophillic substitution to produce alcohols. MAKE SURE YOU MEMORISE THESE!!

Nucleophillic Substitution with tertiary (3o) halogenoalkanes [image: http://www.chemguide.co.uk/mechanisms/nucsub/terthalide.GIF](SN1):
A tertiary halogenoalkane has THREE alkyl groups attached to the carbon which is attached to the halogen.
 (
Image taken from
 chemguide.
co.uk
)Now, in ALL nucleophillic substitution reactions, a nucleophile attacks the [image: http://www.chemguide.co.uk/mechanisms/nucsub/delta.GIF]+ carbon atom (the one attached to the halogen)
But there is a major problem as the nucleophile CANNOT attack the [image: http://www.chemguide.co.uk/mechanisms/nucsub/delta.GIF]+ carbon atom due STERIC HINDRANCE
Steric hindrance is the problem where the molecule is completely cluttered with large groups of atoms (e.g. methyl groups) which prevent the nucleophile from attacking the molecule (in this situation, a halogenoalkane)
 (
Image taken from
 chemguide.
co.uk
)[image: http://www.chemguide.co.uk/mechanisms/nucsub/clutter.GIF]



The above picture clearly shows that the nucleophile cannot attack the tertiary halogenoalkane due to the cluttering of the CH3 groups. 
Of course the nucleophile cannot attack the carbon from the halogen due to repulsion which should be highlighted.

So.....how can tertiary halogenoalkanes deal with this problem?
You see, SN2 involves two stages, the first of which involves the detachment (or leaving) of the halogen. You can see this below: 
 (
Image taken from
 chemguide.
co.uk
)[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn1slow.GIF]


Now you can clearly see that the bromine atom here in the halogenoalkane to form a carbocation and a bromide ion. 
You may have realised that this reaction is a reversible reaction; this is because the products (the bromide negative ion and the positive carbocation) can recombine to form a halogenoalkane. This is because the halide ion and the positive carbocation attract to form a halogenoalkane 
This doesn’t pop up in exam questions but if you want some more background information, it helps understanding 
 (
Image taken from
 chemguide.
co.uk
)Now, the second stage in the reaction involves the nucleophile now. Once the carbocation is produced, it may react with the nucleophile (e.g OH-). The lone pair on the nucleophile is strongly attracted towards the positive carbon and moves towards it producing the final product 
[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn1fast.GIF]


To summarise SN1, here’s the mechanism below:
[image: ]



 (
Image taken from chemrevise.org
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The reason why SN1 is called SN1 is because S stands for substitution, N stands for Nucleophillic (a type of substitution) and 1 is in reference to one species that is involved in the transition/intermediate state. 
Nucleophillic Substitution with primary (1o) halogenoalkanes (SN2):
Now, primary halogenoalkanes undergo a different mechanism. But why?  
As previously mentioned, primary carbocations cannot undergo SN1 as they form very unstable carbocations, so they undergo a different mechanism. 
[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn2geneq2.gif]Now, you may stare at the below mechanism and become completely bamboozled and confused as to what is happening and what is different between the two mechanism but don’t fright, look at the explanation below the mechanism and track through the picture  
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Now, the first stage in this reaction, involves the production of the transition state. The leaving group (the halogen) detaches itself from the halogenoalkane whilst the nucleophile attacks the halogenoalkane. This is possible due to the absence of steric hindrance. 
NOTE: Whenever you have a mechanism like such, the nucleophile NEVER attacks the HALOGEN or the CARBON from the ALKYL or HALOGEN groups. You will always notice that the nucleophile attacks the carbon from empty space (i.e. hydrogen) OR attacks the carbocation (in SN1)
Whilst the leaving group detaches itself and the nucleophile attacks the halogenoalkane, a transition state is produced. This lasts for a VERY short (emphasis on short) period of time. 
Now, you may actually realise that the transition state is a negatively charged complex ion.  You may ask why is it negative though? 
[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn2geneq2.gif]Well, good question, it’s negative because of the shared negativity of both the nucleophile and the halogen present in the halogenoalkane. Remember the nucleophile is already partially/completely negative and the halogen due to its electronegativity is somewhat negative  
NOTE: In exam questions, the mark schemes REQUIRE candidates to indicate that the transition state produces a negatively charged ion (NOT a neutral or positively charged ion); otherwise you will be marked down. Ensure you draw the transition state with a negative charge
You may also realise that the bonds present in the transition state are NOT actual full bonds, but rather half-bonds. This is because the bonds are being broken whilst made (the bond attached to the halogen is being broken whilst the bond attached the nucleophile is being made)
This produces a new compound (e.g. an alcohol) and a halide ion 
Now, like previously, SN2 is called SN2 because S stands for substitution, N stands for nucleophillic (the type of substitution) and 2 is in reference to the 2 species involved in the transition state/the first step of the reaction. 
What about secondary halogenoalkanes? 
Secondary halogenoalkanes undergo both SN1 and SN2 dependent on where the nucleophile attacks the halogenoalkane. You won’t be expected to draw the mechanisms for secondary halogenoalkanes though 







[image: C:\Users\Siddiq\Downloads\rsz_cats_sm-1-2-e1415140791919.jpg] (
Image taken from
 
masterorganicchemistry.com
)To summarise SN1 and SN2...

I found this on the internet, you can find it if you google cats and SN1/SN2 (or alternatively you may find it on the website masterorganicchemistry.com) but I found it quite helpful but funny at the same time. It may help you understand and remember the mechanism. 
SN1 is the top reaction where the orange cat (in the reaction; this would be nucleophile) waits for the grey cat (in the reaction; this would be the leaving group, i.e. the halogen) to leave. After that, the orange cats takes/substitutes the position of the grey cat
SN2 is the reaction on the bottom where the orange cat pretty much kicks out the grey cat (much like how the nucleophile does with the leaving group in the reaction). 





Nucleophillic Substitution with Ammonia to produce an amine: 
Now, Nucleophillic Substitution with Ammonia is slightly different, it involves an additional step. 
Reagent and Conditions: 
Reagent: NH3 dissolved in ethanol (NH3(alc/aq) in excess) – you’ll realise why it needs to be in excess
Conditions: Heating under pressure in a sealed tube 
Role of reagent: Nucleophile (:NH3)

NOTE: You may be asked in the exam about the regeants and conditions for nucleophillic substitution with ammonia. MAKE SURE YOU MEMORISE THESE!!

Mechanism involving tertiary halogenoalkanes (SN1 with ammonia):

 (
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)[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn1slow.GIF]

Now, the mechanism involving ammonia as the nucleophile follows the SN1 mechanism except there is a small difference when the mechanism involves ammonia. 
Again, the halogen attached in the halogenoalkanes is removed producing a halide ion (bromide in this situation) and the carbocation. You may also realize that this reaction is reversible which means that the product can recombine to produce the halogenoalkane; this is due the attractive forces between the positively charged carbocation and the negatively charged halide ion
 (
Image taken from
 chemguide.
co.uk
)[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn1fastnh3m1.GIF]


Again, the second stage is identical to the mechanism expect for the product produced. The :NH3 nucleophile attacks the carbocation to form the product. Now you may recognise that in this particular mechanism, the nitrogen gains a positive charge but why?
This is because nitrogen USUALLY forms 3 bonds to itself (much like how carbon in group 4 can form 4 bonds). An easy way to remember this concept is remembering the positive charge in the ammonium ion (NH4+) which forms 4 bonds (rather than 3 bonds)
[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn1fastnh3m2.GIF]So what happens now?
 (
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The shared pair of electrons (in the N-H bond) is pulled closer to the positive nitrogen as the nitrogen is more electronegative, the negative electrons by default will come closer to the nitrogen than the hydrogen. This in turn causes the hydrogen to become more positive (due to the pull of the shared pair of electrons by nitrogen)
 So another ammonia molecule (hence why ammonia is in excess, see above in the reagent/conditions for this reaction) attacks the hydrogen atom attached to the nitrogen. 
By doing so, 2 products are formed, an amine and the ammonium ion.  
Again, you may recognize that this particularly reaction is actually reversible. You don’t have to know this but this due to the fact that the ammonium ion can follow the same procedure where the amine attacks a hydrogen atom attached to the positive nitrogen atom in the ion. 
Mechanism involving primary halogenoalkanes (SN2 with ammonia):
Again, all primary halogenoalkanes undergo the same mechanism when reacting with ammonia – namely the SN2 mechanism. 
[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn2nh3m1.GIF]
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Now, the mechanism works the same way, the nucleophile (:NH3 in this situation) attacks the halogenoalkane whilst the halogen in the molecule detaches from the halogenoalkane. This produces a halide anion and an ethyl ammonium cation. Of course again, the nitrogen adopts a positive charge. 
NOTE: In regards to the transition state, you are HIGHLY UNLIKELY to be expected to draw the transition state for this particular reaction. If you are expected to, remember that it is identical except for the nucleophile involved. 
 (
Image taken from
 chemguide.
co.uk
)[image: http://www.chemguide.co.uk/mechanisms/nucsub/sn2nh3m2.GIF]
Now the final stage in this particular mechanism is pretty much identical in terms of the mechanism itself to the final stage in the SN1 mechanism involving ammonia 
The shared pair of electrons (in the N-H bond) is pulled closer to the positive nitrogen as the nitrogen is more electronegative, the negative electrons by default will come closer to the nitrogen than the hydrogen. This in turn causes the hydrogen to become more positive (due to the pull of the electrons by the nitrogen atom).
 So another ammonia molecule attacks the hydrogen atom attached to the nitrogen much like in the SN1 mechanism involving ammonia 
By doing so, 2 products are formed, an amine and the ammonium ion.  
So what about secondary halogenoalkanes? 
Again, like the previous nucleophillic substitution mechanisms, you ONLY ever have to know the mechanism for primary and tertiary halogenoalkanes. But for additional information about secondary halogenoalkanes, they may undergo SN1 or SN2 dependent on where the nucleophile attacks the halogenoalkanes 

N.B: Images have been taken from chemguide.co.uk, chemrevise.org and masterorganicchemistry.com. 
This document may be shared for educational purposes 
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