
Chemical bonds. Electronic structure of carbon-containing compounds 

Valence of carbon 

The characteristic feature of any chemical element is its valence. The valence is 
an ability of the atom of any specific element to bind to other 

atoms in the process of chemical bonds forming. The quantitative measure of the 
valence of any atom is the number of hydrogen atoms, which can be maximally 
joined to the atom in question. According to this notion the valence of hydrogen is 
regarded as the basic unit of valence that is one. 

The valence of carbon in organic compounds equals four. It means that 
carbon can bind four atoms of hydrogen or form four single covalent bonds with 
other univalent elements. 

What is covalent bond? 

To answer the question we need to consider the conception of chemical bonding 
more carefully. 

Nhemical bonding 

The chemical bond is the link that joins together two atoms in a molecule. There 
are two major kinds of bonds, that are present in organic compounds. They are 
covalent bonds   and ionic bonds. 

Covalent bonds. Covalent bond is formed by a pair of electrons shared between 
two atoms. 

The atoms, between which covalent bonds are made up, can be represented by 
atoms of carbon (carbon - carbon bonding) or atoms of carbon and some other 
elements (hydrogen, oxygen, nitrogen, phosphorus, sulphur). The covalent bonding is 
a prevalent type of chemical linkage in organic compounds. 

Single bonds, a-bonds. 

The covalent bond that is formed by one pair of electrons (single bond) is 
depicted by a single line: 

 

According to certain peculiarities of their electronic construction, the single, 
covalent bonds in the molecules of organic compounds are referred to as σ-bonds 
(sigma-bonds). 

The c-bond is formed by the overlap of two atomic orbitals, one on each carbon 
atom. The bond lies mainly in the region placed directly between two atoms nuclei. 
Owing to this, a-bonds give the greatest possible electron density between the nuclei 
of atoms which are bonded. 



 

An atom, that has all of its valences filled with single bonds, is called saturated 
atom. Thus in the examples shown above, all carbon atoms are saturated, and such 
chemicals are saturated organic compounds. 

The covalent single bonds formed between individual carbon atoms (C-C 
bonds) are rather strong from the viewpoint of energy needed for their cleavage or 
bond dissociation (347 kJ/mol) that accounts for the ability of carbon to catenation. 
Moreover, the single bond energies made up by carbon with any other elements are 
about as strong: C-H (414 kJ/mol), C-0 (335 kJ/mol), C-Cl (326 kJ/mol). Multiple 
bonds 

Apart from the single bonds there are in organic compounds the multiple bonds - 
double and triple. 

Double bonds. The double bonds are formed in a process of sharing two pairs 
of electrons between two atoms: 

 

 

 

Triple bonds. The triple bonds are formed in a process of sharing three pairs of 
electrons between two atoms. 

  

π-bonds. 

Double and triple bonds include into their electronic composition the so-called л-bonds 

(pi-bonds), л-bonds are formed as a result of a sideways overlap between two 

atomic orbitals. Any carbon-carbon double bond is composed of two different types of 

bonds, the σ-bond and the π-bond 



 

 

Accordingly, the triple bonds are made up of one σ-bond and two π-bonds. As far 
as the overlapping of atomic orbitals in л-bonds is less than in σ-bonds,' the 
levels of energy needed to break π-bonds are much lower. Owing to this,the 
organic compounds having double and triple C-C bonds (alkenes and alkynes 
correspondingly) are more susceptible to chemical reactants. 

 

TYPES OF ORGANICS REACTIONS. REACTION MECHANISMS 

• Chemical Reaction –a  transformation resulting in a change of composition, 

constitution and/or configuration of a compound ( referred to as the reactant 

or substrate ).  

Chemical reactions are commonly written as equations: 

 

Reactant or Substrate: The organic compound undergoing change in a chemical 

reaction.  

Reagent: A common partner of the reactant in many chemical reactions. 

Product(s): The final form taken by the major reactant(s) of a reaction.  

Reaction Conditions: The environmental conditions, such as temperature, 

pressure, catalysts & solvent, under which a reaction progresses optimally. 

Bond fission (cleavage) is the cleavage of covalent bond 

• In homolytic cleavage, the two electrons in the bond are divided equally 

between the products. It gives rise to the formation of free radicals 

In heterolytic cleavage, one atom gets both of the shared electrons. It gives 

rise to theformation of free ions (cation and anion) 

 



 

Free radical-

an atom or group of atoms that has at least one unpaired electron and is therefore u

nstable and highly reactive. 

Electrophile -  a molecule or ion that accepts a pair of electrons to make a new 

covalent bond  

Nucleophile - a molecule or ion that donates a pair of electrons to form a new 

covalent bond 

Electrons always flow from nucleophile to electrophile   

 

Neutral nucleophiles -H2O, ROH, ROR,RSH, RNH2, NH3,R2NH 

Charged nucleophiles -OH-, OR-,Br-, CN-,NH2-, HSO3-, COO-, CH3COCH2- 

TYPES OF ORGANICS REACTIONS 

• Substitution reaction(S) is a reaction in which an atom or group atoms in 

molecule is replace by another  

 

• Addition reaction(A) is a reaction in which atom or group are  added to the 

reactant. 

 

 

 



 

• Elimination(E) is a reaction that involves the elimination of atom from the 

reactant. 

 

Substitution reactions 

• free radical substitution SR (take place in saturated comp.) 

CH
4
  +  Cl

2  →
CH

3
Cl  +  HCl 

• electrophilic substitution SE (take place in aromatic hydrocarbons) 

 

• nucleophilic substitution SN (take place in alcohols and halogen 

derivatives)  

 

Addition reaction 

• electrophilic addition AE (take place in un saturated comp.) 

 

• nucleophilic addition AN (take place in aldehydes and ketones 



 

OXIDATION-REDUCTION OF ORGANIC COMPOUNDS 

• An organic compound commonly is said to be “reduced” if reaction 

leads to an increase in its hydrogen content or a decrease in its oxygen 

content. The compound would be “oxidized” if the reverse change took 

place: 

 

FREE RADICAL SUBSTITUTION 

 

Substitution reactions 

These are reactions in which one atom in a molecule is 

replaced by another atom or group of atoms. Free radical 

substitution for A' level purposes involves breaking a 

carbon-hydrogen bond in alkanes such as 

methane CH4 

ethane CH3CH3 

propane CH3CH2CH3 

A new bond is then formed to something else. 

It also happens in alkyl groups like methyl, ethyl (and so on) 

wherever these appear in more complicated molecules. 

methyl CH3 

ethyl CH3CH2 

For example, ethanoic acid is CH3COOH and contains a 



methyl group. The carbon-hydrogen bonds in the methyl 

group behave just like those in methane, and can be broken 

and replaced by something else in the same way. 

A simple example of substitution is the reaction between 

methane and chlorine in the presence of UV light (or 

sunlight). 

 CH4  +  Cl2 CH3Cl  +  HCl 

Notice that one of the hydrogen atoms in the methane has 

been replaced by a chlorine atom. That's substitution. 

Free radical reactions 

Free radicals are atoms or groups of atoms which have a 

single unpaired electron. A free radical substitution reaction 

is one involving these radicals. 

Free radicals are formed if a bond splits evenly - each atom 

getting one of the two electrons. The name given to this 

ishomolytic fission. 

 

 

Note:  If a bond were to split unevenly (one atom 

getting both electrons, and the other none), ions 

would be formed. The atom that got both 

electrons would become negatively charged, 

while the other one would become positive. This 

is called heterolytic fission. 

Warning!  It is important that you get these 

terms the right way round. "Fission" is obvious - 

it just means "splitting". "Homo" and "hetero" are 

used in the sense of "same" (homo) or "different" 

(hetero). This is just like their use in 

"homosexual" or "heterosexual". 

So, homolytic fission is splitting a bond to 

produce two particles which are the same in the 

sense that they both have a single unpaired 

electron (both are free radicals). Heterolytic 

fission produces two particles which are different 



because one is a positive ion and the other a 

negative ion. 

 

 

To show that a species (either an atom or a group of atoms) 

is a free radical, the symbol is written with a dot attached to 

show the unpaired electron. For example: 

a chlorine radical Cl  

a methyl radical CH3  

 

  

 

THE REACTION BETWEEN METHANE AND 

CHLORINE 

  

A Free Radical Substitution Reaction 

This page gives you the facts and a simple, uncluttered 

mechanism for the free radical substitution reaction between 

methane and chlorine. If you want the mechanism explained 

to you in detail, there is a link at the bottom of the page. 

The facts 

If a mixture of methane and chlorine is exposed to a flame, it 

explodes - producing carbon and hydrogen chloride. This 

isn't a very useful reaction! 

The reaction we are going to explore is a more gentle one 

between methane and chlorine in the presence of ultraviolet 

light - typically sunlight. This is a good example of 

a photochemical reaction - a reaction brought about by 

light. 



 

 

Note:  These reactions are sometimes 

described as examples 

of photocatalysis - reactions catalysed by 

light. It is better to use the term 

"photochemical" and keep the keep the 

word "catalysis" for reactions speeded up 

by actual substances rather than light. 

 

 

 CH4  +  Cl2 CH3Cl  +  HCl 

The organic product is chloromethane. 

One of the hydrogen atoms in the methane has been replaced 

by a chlorine atom, so this is a substitution reaction. 

However, the reaction doesn't stop there, and all the 

hydrogens in the methane can in turn be replaced by chlorine 

atoms. Multiple substitution is dealt with on a separate page, 

and you will find a link to that at the bottom of this page. 

The mechanism 

The mechanism involves a chain reaction. During a chain 

reaction, for every reactive species you start off with, a new 

one is generated at the end - and this keeps the process 

going. 

 

 

Species:  a useful word which is used in 

chemistry to mean any sort of particle 

you want it to mean. It covers molecules, 

ions, atoms, or (in this case) free radicals. 

 

 



The over-all process is known as free radical 

substitution, or as a free radical chain reaction. 

 
 

 

Chain initiation 
The chain is initiated (started) by UV light breaking a 

chlorine molecule into free radicals. 

 Cl2 2Cl  

Chain propagation reactions 
These are the reactions which keep the chain going. 

 CH4  +  Cl CH3   +  HCl 

 CH3   +  Cl2 CH3Cl  +  Cl  

Chain termination reactions 
These are reactions which remove free radicals from the 

system without replacing them by new ones. 

 2Cl Cl2 

 CH3   +  Cl CH3Cl 

 CH3   +  CH3 CH3CH3 

 

 

THE POLYMERISATION OF ETHENE 

The facts 

An addition reaction is one in which two or more 

molecules join together to give a single product. During the 

polymerisation of ethene, thousands of ethene molecules 

join together to make poly(ethene) - commonly called 

polythene. 



 

The number of molecules joining up is very variable, but is 

in the region of 2000 to 20000. 

Conditions 

Temperature: about 200°C 

Pressure: about 2000 atmospheres 

Initiator: 
a small amount of oxygen 

as an impurity 

 

 

 

Note:  The oxygen is sometimes described as a 

catalyst for the reaction. That's not strictly true. A 

catalyst can be recovered unchanged at the end of 

a reaction, but in this case the oxygen is used up. 

It gets incorporated into the polymer molecules - 

as you will see shortly. 

 

 

The mechanism 

The over-all process is known as free radical addition. 

Chain initiation 

The chain is initiated by free radicals, Ra , produced by 

reaction between some of the ethene and the oxygen 

initiator. 

Chain propagation 

Each time a free radical hits an ethene molecule a new 

longer free radical is formed. 

 



 

etc 

Chain termination 

Eventually two free radicals hit each other producing a final 

molecule. The process stops here because no new free 

radicals are formed. 

 

Because chain termination is a random process, poly(ethene) 

will be made up of chains of all sorts of different lengths. 

 

ELECTROPHILIC ADDITION 

 

Background 

Electrophilic addition happens in many of 

the reactions of compounds containing 

carbon-carbon double bonds - the alkenes. 

The structure of ethene 

We are going to start by looking at ethene, because it is the 

simplest molecule containing a carbon-carbon double bond. 

What is true of C=C in ethene will be equally true of C=C in 

more complicated alkenes. 

Ethene, C2H4, is often modelled as shown on the right. The 

double bond between the carbon atoms is, of course, two 

pairs of shared electrons. What the diagram doesn't show is 

that the two pairs aren't the same as each other. 

One of the pairs of electrons is held on the line between the 

two carbon nuclei as you would expect, but the other is held 

in a molecular orbital above and below the plane of the 

molecule. A molecular orbital is a region of space within the 

molecule where there is a high probability of finding a 

particular pair of electrons. 



In this diagram, the line between the two 

carbon atoms represents a normal bond - 

the pair of shared electrons lies in a 

molecular orbital on the line between 

the two nuclei where you would expect 

them to be. This sort of bond is called a 

sigma bond. 

The other pair of electrons is found somewhere in the shaded 

part above and below the plane of the molecule. This bond is 

called a pi bond. The electrons in the pi bond are free to 

move aroundanywhere in this shaded region and can move 

freely from one half to the other. 

  

The pi electrons are not as fully under the control of the carbon nuclei as the 

electrons in the sigma bond and, because they lie exposed above and below the rest 

of the molecule, they are relatively open to attack by other things. 

 

Electrophiles 

An electrophile is something which is attracted to electron-rich regions in other 

molecules or ions. Because it is attracted to a negative region, an electrophile must 

be something which carries either a full positive charge, or has a slight positive 

charge on it somewhere. 

Ethene and the other alkenes are attacked by electrophiles. 

The electrophile is normally the slightly positive ( +) end of 

a molecule like hydrogen bromide, HBr. 

  

 

Electrophiles are strongly attracted to the exposed electrons in the pi bond and 

reactions happen because of that initial attraction - as you will see shortly. 

You might wonder why fully positive ions like sodium, Na
+
, don't react with 

ethene. Although these ions may well be attracted to the pi bond, there is no 

possibility of the process going any further to form bonds between sodium and 



carbon, because sodium forms ionic bonds, whereas carbon normally forms 

covalent ones. 

Addition reactions 

In a sense, the pi bond is an unnecessary bond. The structure would hold together 

perfectly well with a single bond rather than a double bond. The pi bond often 

breaks and the electrons in it are used to join other atoms (or groups of atoms) onto 

the ethene molecule. In other words, ethene undergoes addition reactions. 

For example, using a general molecule X-Y . . . 

 

Summary: electrophilic addition reactions 

An addition reaction is a reaction in which two molecules join together to make a 

bigger one. Nothing is lost in the process. All the atoms in the original molecules 

are found in the bigger one. 

An electrophilic addition reaction is an addition reaction which happens because 

what we think of as the "important" molecule is attacked by an electrophile. The 

"important" molecule has a region of high electron density which is attacked by 

something carrying some degree of positive charge. 

Understanding the electrophilic addition 

mechanism 

The mechanism for the reaction between ethene and a molecule X-Y 

It is very unlikely that any two different atoms joined together will have the same 

electronegativity. We are going to assume that Y is more electronegative than X, 

so that the pair of electrons is pulled slightly towards the Y end of the bond. That 

means that the X atom carries a slight positive charge. 

 

The slightly positive X atom is an electrophile and is 

attracted to the exposed pi bond in the ethene. Now imagine 

what happens as they approach each other. 



 

You are now much more likely to find the electrons in the 

half of the pi bond nearest the XY. As the process continues, 

the two electrons in the pi bond move even further towards 

the X until a covalent bond is made. 

The electrons in the X-Y bond are pushed entirely onto the Y 

to give a negative Y
-
 ion. 

 

  

Important term 

An ion in which the positive charge is carried on a carbon atom is called 

a carbocation or acarbonium ion (an older term). 

 

In the final stage of the reaction the electrons in the lone pair on the Y
-
 ion are 

strongly attracted towards the positive carbon atom. They move towards it and 

form a co-ordinate (dative covalent) bond between the Y and the carbon. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 ELECTROPHILIC SUBSTITUTION  

Electrophilic substitution happens in many of the reactions of compounds containing benzene 

rings - the arenes. For simplicity, we'll only look for now at benzene itself. 

This is what you need to understand for the purposes of the electrophilic substitution 

mechanisms: 

 Benzene, C6H6, is a planar molecule containing a ring of six carbon atoms each with a 

hydrogen atom attached. 

 There are delocalised electrons above and below the plane of the ring. 

 

 The presence of the delocalized electrons makes benzene particularly stable. 

 Benzene resists addition reactions because that would involve breaking the delocalization 

and losing that stability. 
  

Benzene is represented by this symbol, where the circle represents the delocalised 

electrons, and each corner of the hexagon has a carbon atom with a hydrogen attached. 

 

Electrophilic substitution reactions involving positive ions 

 

How to write this mechanism in an exam 

The movements of the various electron pairs are shown using 
curly arrows. 

  

 

Don't leave this page until you are sure that you understand how 
this relates to the electron pair movements drawn in the 
previous diagrams. 



Benzene and electrophiles 

Because of the delocalised electrons exposed above and below the plane of the rest of the 

molecule, benzene is obviously going to be highly attractive to electrophiles - species which seek 

after electron rich areas in other molecules. 

The electrophile will either be a positive ion, or the slightly positive end of a polar 

molecule. 

 

The delocalised electrons above and below the plane of the benzene molecule are 

open to attack in the same way as those above and below the plane of an ethene 

molecule. However, the end result will be different. 

 

If benzene underwent addition reactions in the same way as ethene, it would need to 

use some of the delocalised electrons to form bonds with the new atoms or groups. 

This would break the delocalisation - and this costs energy. 

Instead, it can maintain the delocalisation if it replaces a hydrogen atom by something 

else - a substitution reaction. The hydrogen atoms aren't involved in any way with the 

delocalised electrons. 

In most of benzene's reactions, the electrophile is a positive ion, and these reactions 

all follow a general pattern. 

The general mechanism 

The first stage 

Suppose the electrophile is a positive ion X+. 

Two of the electrons in the delocalised system are attracted towards the X+ and form a 

bond with it. This has the effect of breaking the delocalisation, although not 

completely. 

 



 

 

The ion formed in this step isn't the final product. It immediately goes on to react with 

something else. It is just an intermediate. 

There is still delocalisation in the intermediate formed, but it only covers part of the 

ion. When you write one of these mechanisms, draw the partial delocalisation to take 

in all the carbon atoms apart from the one that the X has become attached to. 

The intermediate ion carries a positive charge because you are joining together a 

neutral molecule and a positive ion. This positive charge is spread over the 

delocalised part of the ring. Simply draw the "+" in the middle of the ring. 

The hydrogen at the top isn't new - it's the hydrogen that was already attached to that 

carbon. We need to show that it is there for the next stage. 

The second stage 

 

Here we've introduced a new ion, Y-. Where did this come from? You have to 

remember that it is impossible to get a positive ion on its own in a chemical system - 

so Y- is simply the negative ion that was originally associated with X+. Don't worry 

about this at the moment - it's much easier to see when you've got a real example in 

front of you. 

A lone pair of electrons on Y
- forms a bond with the hydrogen atom at the top of the ring. That 

means that the pair of electrons joining the hydrogen onto the ring aren't needed any more. These 

then move down to plug the gap in the delocalised electrons, so restoring the delocalised ring of 

electrons which originally gave  

 

 

 

 

 

The energetics of the reaction 



The complete delocalisation is temporarily broken as X replaces H on the ring, and this costs 

energy. However, that energy is recovered when the delocalisation is re-established. This initial 

input of energy is simply the activation energy for the reaction. In this case, it is going to be high 

(something around 150 kJ mol
-1

), and this means that benzene's reactions tend to be slow. 

 

Electrophilic substitution reactions not involving positive ions 

Halogenation and sulphonation 

In these reactions, the electrophiles are polar molecules rather than fully positive ions. 

Because these mechanisms are different from what's gone before (and from each other), there 

isn't any point in dealing with them in a general way. You will find them explained in full if you 

follow the link to the electrophilic substitution menu below. 

 

THE ELIMINATION REACTIONS 

PRODUCING ALKENES FROM SIMPLE 

HALOGENOALKANES 

  

This page gives you the facts and a simple, uncluttered mechanism for 

the elimination reaction between a simple halogenoalkane like 2-

bromopropane and hydroxide ions (from, for example, sodium 

hydroxide) to give an alkene like propene. If you want the mechanism 

explained to you in detail, there is a link at the bottom of the page. 

You will also find a link to a page on elimination from more 

complicated halogenoalkanes where more than one product may be 

formed. 

Exam questions on this topic frequently ask about another possibility 

in the reactions between halogenoalkanes and hydroxide ions - 

nucleophilic substitution. There is also a link to a page discussing this. 

 

 

Note:  The competition between substitution and elimination 

(including the conditions needed and the mechanisms for both) is a 

rich source of exam questions if your syllabus includes it. You will 

probably find that the questions centre around secondary 

halogenoalkanes like 2-bromopropane, because these can easily be 

persuaded to do either reaction. That's why this page deals 

exclusively with 2-bromopropane. 

 



 

 

THENUCLEOPHILIC ADDITION OF HYDROGEN 

CYANIDE TO ALDEHYDES AND KETONES 

  

This page gives you the facts and simple, uncluttered mechanisms for the nucleophilic addition 

reactions between carbonyl compounds (specifically aldehydes and ketones) and hydrogen 

cyanide, HCN. If you want the mechanisms explained to you in detail, there is a link at the 

bottom of the page. 

Aldehydes and ketones behave identically in their reaction with hydrogen cyanide, and so will be 

considered together - although equations and mechanisms will be given for both types of 

compounds for the sake of completeness. 

 

The elimination reaction involving 2-bromopropane and 

hydroxide ions 

The facts 

2-bromopropane is heated under reflux with a concentrated solution of 

sodium or potassium hydroxide in ethanol. Heating under reflux 

involves heating with a condenser placed vertically in the flask to 

avoid loss of volatile liquids. Propene is formed and, because this is a 

gas, it passes through the condenser and can be collected. 

 

Everything else present (including anything formed in the alternative 

substitution reaction) will be trapped in the flask. 

The mechanism 

In elimination reactions, the hydroxide ion acts as a base - removing a 

hydrogen as a hydrogen ion from the carbon atom next door to the one 

holding the bromine. 

The resulting re-arrangement of the electrons expels the bromine as a 

bromide ion and produces propene. 

 



The reaction of aldehydes and ketones with hydrogen cyanide 

The facts 

Hydrogen cyanide adds across the carbon-oxygen double bond in aldehydes and ketones to 

produce compounds known as hydroxynitriles. 

For example, with ethanal (an aldehyde) you get 2-hydroxypropanenitrile: 

 

With propanone (a ketone) you get 2-hydroxy-2-methylpropanenitrile: 

 

 

  

The reaction isn't normally done using hydrogen cyanide itself, because this is an 

extremely poisonous gas. Instead, the aldehyde or ketone is mixed with a solution of 

sodium or potassium cyanide in water to which a little sulphuric acid has been added. 

The pH of the solution is adjusted to about 4 - 5, because this gives the fastest 

reaction. 

The solution will contain hydrogen cyanide (from the reaction between the sodium or 

potassium cyanide and the sulphuric acid), but still contains some free cyanide ions. 

This is important for the mechanism. 

The mechanisms 

These are examples of nucleophilic addition. 

The carbon-oxygen double bond is highly polar, and the slightly positive carbon atom 

is attacked by the cyanide ion acting as a nucleophile. 

 

 

 



The mechanism for the addition of HCN to propanone 

In the first stage, there is a nucleophilic attack by the cyanide ion on 

the slightly positive carbon atom. 

 

The negative ion formed then picks up a hydrogen ion from 

somewhere - for example, from a hydrogen cyanide molecule. 

 

The hydrogen ion could also come from the water or the H3O
+
 ions 

present in the slightly acidic solution. You don't need to remember all 

of these. One equation is perfectly adequate. 

  

 

NUCLEOPHILIC ADDITION / ELIMINATION IN THE 

REACTIONS OF ACYL CHLORIDES 

 

Background 

What are acyl chlorides? 

Acyl chlorides (also known as acid chlorides) are one of a number of types of compounds known 

as "acid derivatives". This is ethanoic acid: 

 

If you remove the -OH group and replace it by a -Cl, you have produced an acyl chloride. 



 

This molecule is known as ethanoyl chloride and for the rest of this topic will be taken as typical 

of acyl chlorides in general. 

Acyl chlorides are extremely reactive. They are open to attack by nucleophiles - with the overall 

result being a replacement of the chlorine by something else. 

Nucleophiles 

A nucleophile is a species (an ion or a molecule) which is strongly attracted to a region of 

positive charge in something else. 

Nucleophiles are either fully negative ions, or else have a strongly - charge somewhere on a 

molecule. The nucleophiles that we shall be looking at all depend on lone pairs on either an 

oxygen atom or a nitrogen atom. 

Nucleophiles based on oxygen atoms 

We shall be talking about water and alcohols, taking ethanol as a typical alcohol. 

 

Notice how similar these two molecules are around the oxygen atom. That's what turns out to be 

important. 

Nucleophiles based on nitrogen atoms 

We shall be considering ammonia and primary amines, taking ethylamine as a typical primary 

amine. A primary amine contains the -NH2 group attached to either an alkyl group (as it is here) 

or a benzene ring. As far as these reactions are concerned, the nature of any hydrocarbon 

attached to the nitrogen makes no difference. The nitrogen atom is the important bit. 

 

Again, notice how similar these two molecules are around the nitrogen atom - and also how 

similar they are to the previous ones containing oxygen. Both types of molecule have an active 

lone pair of electrons attached to one of the most electronegative elements. All of these 

molecules also have at least one hydrogen atom attached to the oxygen or nitrogen. 

Why are acyl chlorides attacked by nucleophiles? 

The carbon atom in the -COCl group has both an oxygen atom and a chlorine atom attached to it. 

Both of these are very electronegative. They both pull electrons towards themselves, leaving the 

carbon atom quite positively charged. 



 

The overall reaction 

We are going to generalise this for the moment by writing the reacting 

molecule as "Nu-H". Nu is the bit of the molecule which contains the 

nucleophilic oxygen or nitrogen atom. The attached hydrogen turns out 

to be essential to the reaction. 

The general equation for the reaction is: 

 

In each case, the net effect is that you replace the -Cl by -Nu, and 

hydrogen chloride is formed as well. 

Since the initial attack is by a nucleophile, and the overall result is 

substitution, it would seem reasonable to describe the reaction as 

nucleophilic substitution. However, the reaction happens in two 

distinct stages. The first involves an addition reaction, which is 

followed by an elimination reaction where HCl is produced. So the 

mechanism is also known as nucleophilic addition / elimination. 

  

The general mechanism 

The addition stage of the mechanism 

As the lone pair on the nucleophile approaches the fairly positive 

carbon in the acyl chloride, it moves to form a bond with it. In the 

process, the two electrons in one of the carbon-oxygen bonds are 

repelled entirely onto the oxygen, leaving that oxygen negatively 



charged.  

 

 
 

 

 

 

  

NUCLEOPHILIC SUBSTITUTION 

NUCLEOPHILIC SUBSTITUTION reaction takes place in the 

halogenoalkanes 

Halogenoalkanes (also known as haloalkanes or alkyl halides) are compounds 

containing a halogen atom (fluorine, chlorine, bromine or iodine) joined to one or 

more carbon atoms in a chain. 

The electron pair in the carbon-halogen bond will be dragged towards the halogen 

end, leaving the halogen slightly negative ( -) and the carbon slightly positive ( +) - 

except in the carbon-iodine case. 

 

The lone pair on the Nu- ion will be strongly attracted to the + carbon, and will move 

towards it, beginning to make a co-ordinate (dative covalent) bond. In the process the 

electrons in the C-На1 bond will be pushed even closer towards the На1, making it 

increasingly negative. 

Things to notice 

The Nu- ion approaches the + carbon from the side away from the На1 atom. The 

large На1 atom hinders attack from its side and, being -, would repel the incoming 

Nu- anyway.  

There is obviously a point in which the Nu- is half attached to the carbon, and the C-

На1 bond is half way to being broken. This is called a transition state. It isn't an 

intermediate. You can't isolate it - even for a very short time. It's just the mid-point of 

a smooth attack by one group and the departure of another. 



How to write the mechanism 

The simplest way is: 

 

Technically, this is known as an SN2 reaction. S stands for substitution, N for 

nucleophilic, and the 2 is because the initial stage of the reaction involves two species 

- the bromoethane and the Nu- ion.  

 

 

 


