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An Introduction to Organic Chemistry (A First Year Blog.) 
(“Organic Chemistry” is the science devoted to the study of Carbon Compounds.)  
 
 
Why does Carbon have a science devoted entirely to its compounds? 
 
1) Carbon is the basis of all life on earth but not necessarily elsewhere in the Universe1. All 

forms of life on earth are based on Carbon compounds, and this is why “Organic Chemistry” used 
to be called “Chains & Rings” (“organic” meaning “pertaining to life”). Therefore, anybody who 
is interested in living things (e.g. a doctor/a dentist/a nurse/a biologist/a physiotherapist/a 
zoologist/etc) has to know all about Carbon compounds. 

 
2) The shorter a bond, the stronger it will be 
 Group IV elements form more bonds2 than the elements in any other Group in the Periodic Table, 

and the shorter the distance between the shared pair (or pairs) of electrons and the nuclei of the 
atoms that are bonded together, then the stronger will those bonds be. [Please always remember 
this rule because it is an immensely important rule viz. the shorter that a bond is, the stronger will 
it be.] Carbon is the topmost element in Group IV in the Periodic Table, therefore the outermost 
electrons in a Carbon atom will be closer to the nucleus of the Carbon atom than will be the case 
for any other element in Group IV  –  and therefore Carbon will have the shortest bonds of any 
element in Group IV. Carbon therefore has the strongest bonds in Group IV, therefore the 
bonds that Carbon atoms have formed since the world began (roughly 4.5 billion years ago) are 
the ones that are the least likely to have broken down over the history of the world  –  and 
therefore there exist in the world today more different compounds of Carbon than there are 
compounds of any other element on earth, and THAT is why (other than the fact that all life on 
earth is based on Carbon3) Carbon compounds deserve a science all of their own.  

 
 
 
Why is the science also called “Chains and Rings”? 
 
• Carbon atoms have four electrons in their outermost shell and, when forming a compound, (in 

order to achieve the stability of the Noble Gas configuration) each Carbon atom MUST form 
FOUR bonds. As it happens, atoms of Carbon are very fond of linking up with each other to form 
long chains of Carbon atoms to which Hydrogen atoms are bonded4   –   and this gives rise to the 
name “Chains”; and, very often, the two Carbon atoms which are at the opposite ends of a chain 
of a Carbon molecule will join up with each other to form a ring molecule  –  and this gives rise to 
the name “Rings”, and THAT is how we get the name “Chains & Rings”. 

 

 
1 There is absolutely nothing special about life forms on Earth, and there is no necessity for life elsewhere in the 
Universe to be based on Carbon, Oxygen and Water. Scientists acknowledge that we have no clue whatsoever 
about 85% of ‘matter’ and ‘energy’, and label the unknown as ‘dark matter’ and ‘dark energy’  –  and for all we 
know there is also ‘dark life’. Man is nothing but a speck of dust in the Universe, and yet we have an 
unbelievably inflated idea of our importance in that context. 
2 4 rather than 1, or 2, or 3 bonds. 
3 One of the greatest British scientists of the post World War II era was Sir Fred Hoyle, the Plumian Professor of 
Astronomy at Cambridge University (and Fellow of St John’s College), and in one of his books he postulated 
the possibility of a life-form NOT based on Carbon. Unfortunately, that book “The Black Cloud” is not often in 
print but if you can get hold of a copy, then do read it. It will influence the way you view “life” for ever after 
that. 
4 Sometimes Carbon atoms will also bond with the atoms of other elements such as the Halogens (i.e. 
Fluorine/Chlorine/ Bromine/Iodine/etc) and also bond with the atoms of Nitrogen or Sulphur. 
 
 



 Page 2 of "A First Year Blog on Acids" 

• We now need to look at six new concepts, and then we can start learning about Chains & Rings, and these 
new concepts are the names given to or the ‘nomenclature’ of Carbon compounds .....   

 A) according to the number of Carbon atoms in a particular compound       (page 2) 
 B) according to whether the bonds in the compound are saturated or unsaturated5       (page 2)    
 C) according to how the compound is constructed         (page 7) 
 D) according to what sort of functional group there is in the compound       (page 12)  
 and we must also consider  
 E) the names of different types of formulae or descriptions that are used in Organic  Chemistry (page 17), 

and  
 F) the general formulae for different sorts of organic molecules        (page 18). 
 Let us now consider each of these topics (A to F) in turn. 
 
 
A) The names given to Carbon compounds which have differing numbers of C atoms 
 
• As shown in the table below, if a compound has X Carbon atoms in it, then it will be called a Y 

compound viz. 
  
 X Carbon atoms Y compound   (for example here is the corresponding Alkane) 
 [An alkane is a saturated Carbon molecule, and the word “saturated” is defined in (B) below.]

   
 1   Meth-          as in   Methane 
 2   Eth-   Ethane 
 3   Prop-   Propane 
 4   But-   Butane 
 5   Pent-   Pentane 
 6   Hex-   Hexane 
 7   Hept-   Heptane 
 8   Oct-   Octane 
 9   Non-   Nonane 
 10   Dec-   Decane 
             
• There is in fact a nice little mnemonic for remembering the first four names in the series above viz. 

“Moths Eat Purple Butterflies”, but after that, you just have to learn the names off by heart for 
yourself.  

 [A “mnemonic” is a device for helping you to remember something.] 
 
 
 
B) Unsaturated Molecules (i.e. Molecules containing Double Bonds or Triple bonds) 
 
• A “Saturated” Carbon molecule is one in which each and every Carbon atom has four SINGLE 

bonds, and saturated Carbon molecules are called “Alkanes”. [The term “Unsaturated” therefore 
means that there is at least one multiple bond in the molecule.]  

 
• An Alkane is a Carbon compound in which all the Carbon bonds are “saturated” bonds (thus each 

and every Carbon atom in the molecule will have 4 single bonds.   
 
• An Alkene, in contrast, is a Carbon compound in which there is at least one DOUBLE bond, and  
 
• an Alkyne requires the existence of at least one triple bond in the Carbon molecule. 
 
 
 

 
5 I will define these terms later on. 
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• OK, let us go back to the names that we give different Carbon compounds, and then you can see that  
1 the beginnings of the names above tell you how many Carbon atoms there are in the compound, and 
2 the ends of the names above tell you whether there are any double bonds or triple bonds in the 

compound. 
 
                       In all the following substances               
                                                 
 Alkanes Alkenes Alkynes              The number of C atoms is 
 Methane cf. Note 1 cf. Note 2  1 
 Ethane Ethene Ethyne  2 
 Propane Propene Propyne  3 
 Butane Butene Butyne  4 
 Pentane Pentene Pentyne  5 
 Hexane Hexene Hexyne  6 
 Heptane Heptene Heptyne  7  
 Octane Octene Octyne  8  
 Nonane Nonene Nonyne  9 
 Decane Decene Decyne  10 
 
Note 1 Can you work out why there is no such thing as Methene? 
Note 2 Can you therefore also work out why there is no such thing as Methyne? 
 
 
 
 
B1) Double bonds and triple bonds 
 
• We have already encountered double bonds in the Foundation Module, but we did not discuss 

them in any great detail, and the reason that we did not do so is because to form a double bond it is 
essential to have a “pi” (or π) bond and to have a “π” bond you need to have something called an 
unhybridised ‘p’ orbital  –  and hybridisation is not a part of the syllabus for ‘A’ Level 
Chemistry. 

 
• However, the consequences of the existence of double and triple bonds are MASSIVELY 

important in Organic Chemistry, therefore we HAVE to know how they are formed even without 
knowing much (or even without knowing anything at all) about hybridised and unhybridised ‘p’ 
orbitals  –  therefore let us here spend a few moments discussing single bonds double bonds and 
triple bonds. 

 
 
 
 Atomic Orbitals and Molecular Orbitals 
 
• In our first term of ‘A’ Level Chemistry we talked about the atomic orbitals (s/p/d/f/etc) that 

“surround” an atom i.e. the volumes of space in which we are most likely to find the electrons that 
belong to an atom. The nucleus of an atom consists of positively charged protons (and neutrons 
that have no charge), whereas the electrons that “orbit” a nucleus at differing distances/differing 
energy levels from a nucleus are negatively charged  –  and it is hardly surprising therefore that the 
shape of the orbitals/the volumes of space in which electrons reside are determined by the 
electrostatic forces that exist between the positively charged nucleus and the negatively charged 
electrons. 
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• However, when two atoms react with each other and become bound to each other in a covalent 
bond6, then their electrons are shared by and are attracted to not one but two nuclei  –  and 
therefore the shape of the orbitals that the shared electrons now occupy is influenced not just by 
one nucleus but by two positively charged nuclei. The shape of molecular orbitals is thus 
different from the shape of atomic orbitals!  

 
• Two atoms that bond together form molecular orbitals for the electrons that they share and when 

the atoms bind together they form either  
• a single bond called a sigma “s” bond, or 
• a double bond that consists of one sigma bond and one pi “π” bond, or 
• a triple bond that consists of one sigma bond and two pi bonds. 
 

 Sigma (or “s”) bonds  
 
• When two atoms are joined together by a covalent bond, then it is natural for the strongest/the 

most immediate/the most direct bond between the two atoms to be formed first of all  –  and the 
strongest/the most immediate/the most direct bond will be the one that lies on the straight 
line that connects the nuclei of the two atoms of the elements involved. Thus, irrespective of 
the nature of the two orbitals that are overlapping i.e. irrespective of whether they are s/p/d/f or 
whatever orbitals7, the bond formed in the line connecting the nuclei of the atoms of the elements 
involved is called a “sigma” or “s” bond. A sigma bond is just one bond. It is a single bond, and it 
is a molecular bond. 

 
 
 
 Pi (or “π”) bonds 
 
• There may however be bonds formed that do NOT lie on the line connecting the nuclei of the 

atoms of the elements involved in the compound (e.g. they may lie in the area above and below the 
line connecting the two nuclei)  –  and when this type of bond occurs, it is called a “pi” or “π” 
bond. 

 
• Please do this little experiment at home, and you will then forever afterwards know EXACTLY 

what a π bond looks like! (It is the one that I asked you to do for Foundation Chemistry.)  
 
• As I have elsewhere told you, the easiest way of imagining a π bond is to push two oranges onto 

the ends of a cocktail stick until they overlap. The cocktail stick will now represent the sigma 
bond. If you then put two more cocktail sticks into one of the oranges in a straight line at right 
angles to the sigma bond and do the same with the other orange (the diagrams overleaf try to show 
this) so that the second two sets of cocktail sticks lie on the same line, and then stick two sausages 
onto the ends of the cocktail sticks, then the sausages will now represent the π bonds.  

 

 
6 Outermost electrons are shared in a molecular substance but they become transferred in an ionic substance. 
7 They could also be sp1, sp2 or sp3, etc orbitals (all these being “hybridised” orbitals). If a C atom forms bonds 
with four other atoms, then it does so via four s1p3 hybridised orbitals (1+3=4). If a C atom forms bonds with 
three other atoms, then it does so via three sp2 hybridised orbitals (1+2=3). If a C atom forms bonds with two 
other atoms, then it does so via two sp1 hybridised orbitals (1+1=2). I hope that you have spotted the correlation, 
but do not worry about this stuff. Hybridised orbitals are lovely things that you will learn about only if you go 
on to read Chemistry at University. You will NOT need to know about them if you want to become a 
doctor/dentist/etc. If you want to see Prof Mark Winter’s (Sheffield University’s) models on orbitals, then you 
should go to http://winter.group.shef.ac.uk/orbitron/ (but I would not do so as yet, because it will be far too 
advanced for you at this stage). 
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• If you want to be reminded of a double bond, then think back to the dot-and-cross GCSE diagram 
for the Oxygen (O2) molecule where there is a double bond between the two Oxygen atoms. One 
of the bonds in that double bond is a “sigma” or “s” bond, and the other bond is a “pi” or  “π” 
bond and the two bonds together make up a double bond! 

 
 Type of bond Examples of such bonds 
 Molecular bonds formed from Molecular Orbitals Sigma (s) and pi (π) bonds 
 
 Molecular orbitals are created in the formation of Molecular bonds. Molecular bonds can be 

formed from either 
 -  ordinary atomic orbitals (such as s/p/d/f/etc), or from 
 -  hybridised atomic orbitals (such sp1/sp2/sp3/etc), or from  
 -  a combination of ordinary atomic orbitals and hybridised atomic orbitals  

e.g. in CH4  there will be four s bonds formed from a combination of ordinary ‘s’ or ‘1s’ atomic 
orbitals on the four H atoms and four hybridised atomic ‘sp3’ orbitals on the C atom (cf. diagram 
below).   
 
 

• The following is a diagram of CH4 (Methane) by Liverpool University on   
http://www.chemtube3d.com/orbitalshybrid.htm  

 

 
 

 where “MO” stands for Molecular Orbital. (Atomic Orbitals are created by the single nucleus in an 
atom, whereas molecular orbitals are created by the two nuclei involved in two bonded atoms in a 
molecule.)  

 
• Let me remind you of how a double bond is formed between two O atoms. For two Oxygen atoms, 

the arrow and box-orbital representation is shown overleaf. Each of the two half-filled orbitals in 
the O atoms has been drawn slightly differently in order to show that when the half-filled orbitals 
in each of the two atoms overlap, then TWO bonds are created, i.e. a double bond is created!  
(NB The diagram overleaf is not correct, but at this stage of the game I do not want to make it too 
complicated.)  Could you please notice that in forming a molecule, the two O atoms have used 
their atomic orbitals to create molecular sigma and pi orbitals. I hope that you will remember that 
the electron configuration of an 8O atom is 1s2, 2s2 2p4. In the representation, the molecular 
orbitals are formed when one O atom contributes an electron in an half-filled orbital and the other 
O atom does the same and the two O atoms then share the bonding pair of electrons (and all this is 
driven by the desire to achieve the Nobel Gas configuration which has been achieved by the 
representation on the right of the diagram).  
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• OK, let us now try the experiment with the oranges/the cocktail sticks/and the sausages, and please 
note that the experiment is flawed because you cannot make the oranges overlap each other  –  and 
for any normal bond to be formed, there MUST be an overlap of two half-filled orbitals! 
Unless the atoms are close enough for their atomic orbitals to overlap partially, then the molecule 
cannot be formed.  

 

 
• This is somewhat childish (‘Blue Peter’) stuff, but strangely enough, playing about with the model 

does give you a feel for how a double bond is formed! 
 
• A π bond is thus an intra-molecular covalent bond that is formed by the overlap of two 

atomic unhybridised ‘p’ orbitals from two atoms which have a molecular sigma bond 
between them. The π bond is formed in the plane above and in the plane below the line joining the 
nuclei of the two atoms. [NB It is not possible for a π bond to form unless a s bond is 
simultaneously formed between the two bonding atoms!] 

 
• I shall now do away with the childish Blue Peter oranges/sausages stuff and I shall attempt to 

draw a more adult diagrammatic representation of the overlap between two unhybridised ‘p’ 
orbitals. 

 
 
 
B1) Double bonds 
 
• As it happens, many students of ‘A’ Level Chemistry score very high marks without understanding 

what a double bond is, nor how it is formed. It is therefore clearly NOT necessary to understand all 
the details of the formation of double bonds. It is however vital to understand that when a double 
bond is formed, it consists of a s bond and a π bond and that the π bond is created by the 
overlap of two unhybridised ‘p’ orbitals  –  and the reason why you need to know this is that it 
will (later on) make it easier for you to understand why it is that if the overlap of the two 
unhybridised ‘p’ orbitals is broken, then this particular molecule will thenceforth CEASE 
TO EXIST! It will help you enormously to remember this when we come to look at the concept of 
“permissible rotation” in a double bond in Organic Chemistry. Rotation will not break a sigma 
bond, but rotation WILL break a pi or π bond. 

 
• Playing with oranges/cocktail sticks/and sausages is a nice little way of imprinting onto one’s 

memory the mechanics of the formation of a double bond, but we must now talk in a more adult 
manner about how the overlap of orbitals creates a double bond  –  and to do so, let us examine an 
organic8 molecule that contains a double bond e.g. ethene (i.e. C2H4, which can also be written as 
CH2CH2 or H2C=CH2).  

 

 
8 “Organic” Chemistry concerns itself solely with the science of Carbon and its compounds, and nowadays 
“Organic” Chemistry is often called “Chains & Rings” Chemistry. 

The cocktail stick between the two 
oranges represents the sigma bond

The straight lines represent 
the cocktail sticks

These two
areas of 
overlap form
just one
pi bond

This sausage represents one half of the pi bond

This sausage represent the other half of the pi bond
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• Understanding how π bonds are constructed is unbelievably important in Organic Chemistry, so let 
us start here by noticing that in the box-orbital representation of Carbon (i.e. in 6C : 1s2, 2s2 2p2) 
there are only TWO half-filled ‘2p’ orbitals, therefore in this state C cannot form FOUR bonds 
(because an atom needs FOUR half-filled orbitals to form four bonds). 

                                                                  

 
 
• In this state Carbon has only two half-filled ‘2p’ orbitals and therefore it should be able to form 

only TWO bonds  –  but in order to achieve the stability of the Noble Gas configuration, Carbon (a 
Group IV element) needs to form FOUR bonds, therefore (in forming Ethene where each C atom 
has four bonds but is connected to only three other atoms) Carbon “promotes” one of its ‘2s’ 
electrons from ‘2s’ to ‘2p’ (as is shown below) thus now creating four half-filled orbitals. Three of 
the orbitals in the n=2 shell now become altered into three hybridised sp2 orbitals (which I have 
shown in red below) and one unhybridised ‘p’ orbital and this configuration of four half-filled 
orbitals allows the C atom to form the FOUR bonds that it needs to form Ethene (C2H4).9 [Can you 
see now why Carbon had to create ‘hybridised orbitals’! Can you also now see why I hammered 
box-orbitals and shells and sub-shells into you in the first two weeks of this year!]   

 
• The box-orbital diagram below is a representation of a Carbon atom in Ethene in which one 

electron has been promoted from the ‘2s’ orbital to the ‘2p’ orbital (after which four orbitals will 
exist in the n=2 shell, viz. one unhybridised ‘p’ orbital and three hybridised sp2 orbitals). The three 
hybridised ‘sp2’ orbitals are now shown in red, and the unhybridised ‘p’ orbital is shown in black. 

 
 
 

 
 

  

 
9 When a C atom promotes a ‘2s’ electron to ‘2p’, the C atom then enters into an “excited” state. 

,C
6

The normal configuration of a Carbon atom 

,C
6

A Carbon atom in the “excited” state

The three hybridised orbitals are now shown in red, and the unhybridised ‘p’ orbital in black. 
Please do not regard this diagram as the gospel truth.  It is riddled with inaccuracy  –  but all 
that I am trying to do is introduce you to the conept of a pi bond.

The electrons in red are in hybridised sp3 
atomic orbitals, whereas the electron in 
black is in an unhybridised ‘p’ orbital. 
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• In promoting electrons, the C atom forms ‘hybridised’ orbitals (but these are not in the ‘A’ Level 
Syllabus).10 However, what you might want to notice is that (in the formation of Ethene), on the 
excited Carbon atoms there are THREE ‘hybridised’ sp2 orbitals (each one of which will be used 
to form a s bond) and one unhybridised ‘p’ orbital (which will be used to form a π bond)  –  and 
it is the overlap of two unhybridised ‘p’ orbitals (one on EACH of the two C atoms in 
Ethene) that will form the π bond!11 

 
• The normal way of drawing the bond-line diagram of an Ethene molecule (C2H4 or H2C=CH2) is 

as follows.    
   

                  
 
• Please note that (i) in the bond line diagram of Ethene, there is a � bond between each one of the 

two Carbon atoms and each of its Hydrogen atoms, and that (ii) the double bond between the 
two Carbon atoms consists of one s bond and one π bond. 

 
• I will repeat (ii) again. In an Ethene molecule, the overlap of two half-filled hybridised ‘sp2’ 

orbitals (one from each of the two Carbon atoms) creates a � bond between them, and 
simultaneously the overlap of two half-filled unhybridised ‘p’ orbitals creates a π bond  –  and the 
existence of the s bond and the π bond constitutes the double bond between the two C atoms. 
Whenever there is a DOUBLE bond, then one of the two bonds has to be a s (“sigma”) bond 
and one of them is a π (“pi”) BOND!    

 
• In the diagram below, I have not shown the bonds between the C atoms and each of their two H 

atoms, and the shape of the ‘sp2’ orbitals below is incorrect, but do not worry about that. (Also the 
overlap of atomic orbitals creates molecular orbitals  –  but again, do not worry about that at ‘A’ 
Level.) 

 

 
  

 
10 The amount of detail in this paragraph is necessary only for those people who are going to do a more 
advanced ‘A’ Level paper or an entrance exam for one of the Russell Group universities. 
11 When the atom under consideration is bonded to three other atoms (as with each of the C atoms in Ethene), 
then three s1p2 or sp2 hybridised orbitals are formed (and 1+2=3); and, if the atom had been bonded to two 
other atoms (e.g. one C atom and one H atom, as in C2H2 or HC≡CH) then two s1p1 or sp1 hybridised orbitals 
would have been formed (and 1+1=2). The number of hybridised orbitals is determined by the number of atoms 
to which the C atom is bonded. The index numbers of the hybridised orbitals must add up to the number of 
atomic orbitals that were used to form the hybridised orbitals. 
 

C                   C

H H

H H

The overlap of a half-filled ‘1s’ atomic orbital from an H atom and a half-
filled atomic sp2 orbital from a C atom creates a molecular s bond between a 
C atom and each of its two H atoms. The third sp2 atomic orbital on each C 
atom is used to create a molecular s bond between the two C atoms while the 
unhybridised ‘p’ atomic orbital is used to create the molecular π bond. (NB 
Molecular orbitals are created in the formation of molecular bonds.) 
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• If you have a 3D model of Ethene in your Chemistry lab at school, then please do go and have a 
look at it, and you will then have a very clear idea as to what exactly is happening. 

 
• The following is a nice little diagram of Ethene by Professor Stephen Lower of Simon Fraser 

University.  
 

 
 
 
 

• This representation is by Liverpool University 

 
 

 
 
• The representation below is from Wikipedia. 

       
 
 

 
 and this next one is by Dr N Chatterton of London Metropolitan University 
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ETHENE MOLECULE (3 x sp2 molecular orbitals and 1 unhybridised ‘p’ atomic orbital) 
The term ‘degenerate below means that two orbitals have the same energy level. 

“E” on the y-axis stands for “Energy Level”. 
 
 

 
Source: Dr N Chatterton, LMU 

B2) Triple bonds 
 
• We have not delved into hybridised orbitals (and, sadly, we are not going to do so), therefore it 

might be difficult to understand how a triple bond is formed  –  but, just as with a π bond, it is very 
easy to visualise what a triple bond looks like. Do you remember the two oranges and the two 
sausages which made up the π bond? Well, if we now put two more sets of cocktail sticks and two 
more sausages into the oranges (so that there are now in total four sausages) but this time the 
second set of sticks and sausages lies at right angles to the first set of sticks/ oranges, then we will 
now have a triple bond! 

 
• A triple bond is formed/is created in Ethyne (also called Acetylene) C2H2 (or HC≡CH) when 

one s bond and TWO π bonds are formed between two C atoms. In the diagram below you are 
looking end-on onto the oranges (instead of side-on as in the previous oranges/sausages diagram). 
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NB  Ethyne (also known as Acetylene) has a triple bond (one s bond and two π bonds) between the 
two C atoms.  

 
                         H–C≡C–H 
 

                                                                      
Source: Unknown 

 
 
 

• The representation on the left below (from the University of Michigan, copyright William 
Reusch: Emeritus Prof of Chemistry at Michigan State University) shows the sigma bond but 
does not show the overlap of the p orbitals to form the pi bond. The representation on the right 
shows the pi bond but not the sigma bond. 

 
 

 
 
 

• In the above diagram, the orbitals in red are the ‘sp’ orbitals and it is their overlap that forms 
the s (sigma) bond  –  and please notice that the ‘sp’ orbitals lie on the line that directly connects 
the nuclei of the two Carbon atoms.  

 
• The blue and the green orbitals constitute the two π orbitals. 
 
• As you can see these diagrams are much better than my diagram to depict the same situation, but I 

chose to do it “Blue Peter” style because you are still getting to grips with the subject. The 
depiction from Michigan University is how you will see it shown in textbooks.  
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C) The Rules for the naming of specific Carbon compounds12 
 (The IUPAC guide to naming is over 400 pages long, and different people interpret the rules 

differently  – but these are the rules I use)  
 
• Carbon can form long chains as well as rings, and it does not take much imagination to see that as 

the chain gets longer and longer, and more and more bits and pieces are added on, then it becomes 
extraordinarily difficult to identify clearly and concisely the exact molecule under consideration. 
Rules have thus been agreed for the naming of Carbon compounds to make identification easy  –  
and here are some of the important rules.  

 
1) Start by counting how many C atoms there are in the longest uninterrupted chain (or sequence) 

of Carbon atoms that there is in the molecule. This will determine the sort of molecule under 
consideration (i.e. it will determine one part of the base name or the name of the basic part of the 
molecule).  

 
2) If on the longest part of the chain, other bits and pieces have been added, then you must identify 

these additions or branches and you must also identify the exact location of these additions or 
branches.  These additions or branches are named in accordance with the naming rule which states 
that an addition or branch which contains one C atom is called a methyl addition or branch, two C 
atoms gives ethyl, three C atoms gives propyl, .....  and so on. Alphabetically “ethyl” comes before 
“methyl” therefore you have to mention “ethyl” before “methyl”, and  “butyl” before “ethyl”. [NB 
The adjectives “methyl”/ “ethyl”/ “propyl”/etc are derived from the nouns 
“methane”/“ethane”/“propane”/ etc  –  and merely describe how many Carbon atoms there are 
in the branch that has been added on.] 

 
3) On top of that, if there are two methyl additions, then the name has to state “dimethyl”, or if there 

are three ethyl additions, then the name has to say “triethyl”, .... and so on. [The prefixes “di” and 
“tri” come from ancient Greek. Greek language prefixes are used to state how many additions of 
a specific species there are, and Arabic numbers are used to state where those particular 
additions are located.]   

 
4) The location of every single addition must be stated.  If there is an ethyl addition on the fourth C 

atom then this must be mentioned in the name, e.g. “4-ethyl whatever”; and, if there are two 
additions on any C atom, then the name must state this fact e.g. if there are two additions on the 
fourth C atom of decane, one of which is a chlorine addition and the other is a bromine addition, 
then the name of the molecule will be “4,4- bromochlorodecane”.   

 
5) There is no “left to right” convention (as there is in writing) because if a molecule were placed 

between two people, then the bit of the molecule on one person’s LEFT would be on the other 
person’s RIGHT! Left and right therefore have NO significance whatsoever in the naming of 
Organic molecules because they depend merely on the vantage point from which the 
molecule is viewed. The rule therefore is that you must always start counting from whichever 
end of the molecule gives the smallest numerical result for the name. 

 

 
12 What follows next (and indeed most of what you have just read!) will sound complicated at first, but in reality 
it is nothing like as difficult as it looks  –  and, as it happens, most students pick it up very quickly. Moreover, 
naming things is not real Chemistry. As a child, you were able to communicate with other people without fear 
of being misunderstood once you had learnt pronunciation, grammar, and syntax (which you picked up 
unconsciously from your parents and your peers); and, similarly, when you have learnt all the basic stuff about 
Organic Chemistry  –  then you can get on to the really interesting and beautiful parts of Organic Chemistry. If 
you would like to read what Jim Clark has said about the naming of organic molecules, then you will find it on 
http://www.chemguide.co.uk/basicorg/conventions/names.html .  
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6) The word part of names must always be separated from the number part of names by inserting 
dashes (“-”) between them, and numbers must themselves always be separated by commas (“,”) 
e.g.  “2,2-dichloro-pentanol”. 

 
7) The main part of the name, must reflect the Functional Group13 of the molecule e.g. if the base 

molecule is an Alcohol, then the main part of the name must state “.....ol” e.g. “2,2-
dichloropentanol”14, or if it is a Carboxylic Acid then the main part of the name must state “...... 
Acid” e.g. “2,2-dichloropentanoicacid”, and so on. 

 
NB Many/most chemists run the whole name into one name (e.g.“2,2-dichloropentanol”), but I do not 

do so and you may not want to do so because you would then lose sight of the name of the main/the 
base molecule with which you are dealing! It is often much more important to remember that you 
are dealing with a pentanol, than it is to remember that it is a dichloro pentanol. Here the 
ALCOHOL is the important part of the molecule and will determine its reactions. The two 
Chlorine atoms will merely determine the relative ease or difficulty with which the proton in the 
“hydroxy” (-OH) group can be dissociated. 

 
 
• The naming of more complicated molecules is more difficult; but, for First Year ‘A’ Level, you 

are required to have a fair knowledge only of   
• Alkanes 
• Alkenes 
• Alcohols, and 
• Halogenoalkanes. Many chemists call these substance “haloalkanes” (but I myself think that 

that is just laziness). In the exams, Halogenated alkenes may in fact be used to test your 
knowledge of isomers.  

 
• When we start discussing Second Year ‘A’ Level Chemistry in detail, then we can discuss other 

substances such as Acids/Amines/Amides/Acyl Chlorides/and so on. 
 
 
 
• I have drawn a few molecules below to show you how the naming rules for alkanes, halogenated 

alkanes15, alkenes, and alcohols work in practice. 
 
C1) ALKANES and HALOGENATED ALKANES (or HALOGENOALKANES) 
 
1)     Cl   2)        Cl   3)          H           Cl 
      |             |    | | 
    H –– C ––H   H ––C ––H       H –– C –––––C –– H 
      |             |    | | 
     H           Cl                Cl           H 
       Chloromethane            Dichloromethane       1,2–dichloroethane 
 
 

 
13 A “functional group” identifies that part of a compound which is responsible for its characteristic reactions. 
Functional groups will be discussed in much greater detail later on. 
14 To obtain the base name of an Alcohol, start with the alkane name and then substitute "ol" for the “e” at the 
end of the alkane name, and then add on whatever is necessary to identify the alcohol. 
15 A “halogenated alkane” is an alkane that contains one or more Halogen (Group VII) atoms. They are also 
called “halogenoalkanes” (and this is often abbreviated to “haloalkane”, but I personally do not like this 
abbreviation). 
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4)         H           Br   5)          H I  6) F           H 
  |             |    | |   | |  
    H –– C ––––– C –– H       H –– C –––––C –– H       H ––C ––––– C –– H 
  |             |    | |   | | 
         F           H                H I                H F 
 
    1–bromo–2–fluoroethane                            1,1–diiodoethane                      1,2–difluoroethane 
 
NB For example in example (4), the name “1–fluoro–2–bromoethane would be WRONG”! In 

the alphabet “b” comes before “f” therefore the counting must start from the “bromo” side of the 
molecule. It is imperative to state the location of every addition e.g. in example (5)  “1,1-
diiodoethane” is a different substance from 1,2-diiodoethane”. 

 
• I have deliberately made some of the ones below look tricky. 
 
• NB Please remember to count from whichever side gives the LOWEST numerical answer! 
 

 
 
                Example (8) is NOT 2-ethyl heptane. It is 3-methyl OCTANE. 
   
• Please be careful to make sure that you have spotted the LONGEST Carbon chain in a 

molecule.  
 

 
        This is NOT 2–ethyl butane!                                This is NOT a pentane/it is NOT an heptane 
        This is 3-methyl PENTANE          This is 3-methyl OCTANE 
 
 
 
 
• Please remember to identify and locate EVERY SINGLE BRANCH or ADDITION! 
 

 
 
 
Unless you locate the longest Carbon chain in a molecule, then you will NOT name it correctly. 
 
 
  

 H H H            H 

H C C C            C            H      

 H CH H            H 3

7)  2–methyl butane            8)  3–methyl octane
     (it is NOT 2-ethyl heptane)

 H H C   H      H 

H C C C            C            H      

 C  H H H            H 3

52

7

       

 H H C   H      H 

 C C C            C            H      

 C  H H H            H 2

52

5

CH 3

9)   3,5–dimethyl heptane

10)   This is 3–methyl pentane
         (it is NOT 2–ethyl butane)

  

 H H C   H      H 

H C C C            C            H      

 H H H            H 

52  H H H       

 C C C            C            C      

 C  H H H            H 2 5

      H H

H

HC   H52

11)  This is NOT a pentane/it is NOT an heptane.
 It is 3-methyl octane.

  

 H         

 C C C            C            C      

 H CH H            H 3

      H C           C

H

HH

      H

      H

      H

      H

      H

C    H2 5 C    H2 5

12)   4–ethyl–3,3–dimethyl octane

 H Br H       

 C C C            C            C      

 Cl H  I             H 

      H H

H

HC   H52

13)  2-bromo-1-chloro-3-iodo-4-methyl hexane
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C2) ALKENES 
 

 
 
 In example (3) please ignore the bit in the red box until you get to the line which reads “NB Could 

you please take careful note ..........”! 
  
NB This has TWO double bonds. It is a -diene. 

 
I have not told you about “cis” and “trans” nor about “E” and “Z”, so I shall (incorrectly) ignore that 
bit of the name. In your Second Year, you WILL need to know about cis/trans and E/Z. 
 
 
NB Could you please take careful note that any part of a molecule (that has been drawn correctly) 

can be written as “R”! For example, the whole of the section of the above molecule that is 
enclosed in the red box above can be written as “R” (as has been done on the next page). This is 
a lovely little device  –  and it is incredibly useful in Biology! 

 
• Isn’t that beautiful! It is possible to convert the whole of the molecule above into one little 

diagram! “R” can be a whole complex of amino-acids/proteins/etc, but because the focus is on the 
thing that is actually undergoing the reaction under consideration, it is possible to just tie a label on 
the big bit that is irrelevant at that stage, and just concentrate on the small bit that is relevant at that 
point in the reaction (or in the text)! 

 
• I absolutely love Organic Chemistry. Before she died my lovely wife adopted a number of young 

Afghan asylum seekers, and I taught the brighter ones ‘A’ Level Chemistry (they were all nice 
children but some were brighter than the others), and they also loved Organic Chemistry  –  and 
every single one of them got somewhere between 95 and 98% in their Organic papers. In fact the 
youngest one got his Doctorate in 2017 and could not speak a single word of English when he and 
his brothers arrived in the UK in 1999. 

 
 
 

C   H             CH

        C              C 

       H           H
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C   H             C  H

        C              C 
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�UIFSFGPSF�UIJT�JT�BO�iFOFw
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        C              C 

       H           H

             C  H

        C              C 

        H           H

2 5

3) H H H

H H H
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        C              C 

       H           H
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C3)     ALCOHOLS  (The  “–OH” species in anything is called an “hydroxy” group) 
 
           Methanol                          Ethanol 
 
1)    H    2)         H      H   NB Since the ‘–OH’ 
     |              |    |   can be only on  
    H–– C ––OH    H ––C –– C ––OH  the first C atom, 
     |              |        |   there is no need  
    H             H      H   to say ‘Ethan-1-ol’ 
            
           CH3OH                 CH3CH2OH  or  CH3.CH2OH  or  H3C-CH2OH   
      where the dash indicates the presence of a single bond 
 

The longest Carbon chain in figure (4) has FOUR C atoms, therefore it has to be a “but-” species of some sort.  
 
• Counting MUST always give the Functional Group the lowest number. In figure (4) below the ‘–

OH’ functional group gives a “butan-alcohol” (and there are two hydroxy groups in the molecule) 
therefore the name is determined by the one which gives the lowest number in the name. 

 
     Propan-1,3-diol               Butan-1,3-diol (and not Butan-2,4-diol) 
   
3)         H    H   H                     4)          H     H    OH    H    
  |      |    |                                    |        |       |       |   
   HO––C –– C –– C –– OH                  HO ––C –– C –– C ––C ––H        
   |      |    |                                       |        |       |       |    
         H    H   H                                  H      H      H     H    
            
         CH2OHCH2CH2OH                                              CH2OHCH2CHOHCH3  
    or CH2OH.CH2.CH2OH                  or  CH2OH.CH2.CHOH.CH3  
    or CH2OH-CH2-CH2OH     or CH2OH-CH2-CHOH-CH3 
 
the molecule below is called 2-methyl-butan-1-ol 
 

 
 
NB Names must reflect the smallest number possible for the location of the alcohol, therefore (for 

example) Butan-3-ol is always called Butan-2-ol because Butan-3-ol and Butan-2-ol are exactly 
the same molecule! 

 
• As you will see, in some of the more complicated molecules such as Aldehydes/Ketones/etc, the 

counting for the naming of the molecule must start with the C atom that contains the functional 
group  –  but an Alcohol does not have a C atom in the hydroxy “–OH” bit (whereas there is a C 
atom in the “–COO–” in Aldehydes/Ketones/etc).  

 
NB Please do not worry too much about the stuff on the next page because the First Year Syllabus 

does NOT require an understanding of Benzene. It is included here only because Benzene is a 
massively important part of the Second Year ‘A’ Level course, and it makes sense to talk about 
it when discussing the subject of “double bonds”,  and you will remember that the understanding 
of double bonds is of enormous importance in Organic Chemistry. As an example, please take 
careful note of the difference between a cyclohexane/a cyclohexene/and benzene  –  all of which 
have six C atoms in their molecules, but each substance has totally different chemical 
properties.  

 H H H            H 

H C C C            C            OH     

 H H CH         H 3

This molecule is NOT 3-methyl-butan-4-ol
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• A cyclohexane is merely a hexane where the Carbon atoms 
at the opposite ends of the chain have joined together thus 
forming a loop  –  and please remember (when you are 
drawing the molecule) that each C atom can have only four 
bonds. The molecule at the left of this text is cyclohexane, 
C6H12, and please note that the standard skeletal diagram of 
carbon molecules does not show any of the H atoms, nor any 
of the C–H bonds. 
 
• A cyclohexene is a circular hexene, therefore it must have 
at least one double bond, and if it has more than one double 
bond, then the name must state that fact and it must define 
the location of the double bonds (if it has more than one). 
The name of an alkene must be one which gives the smallest 
numbers for the location of the double bonds e.g. the 
molecule (C6H8) to the left of this text is  
1,3-cyclohexadiene. [In this diagram I have for clarity shown 
all the H atoms and the C–H bonds.] 
 
• In the 19th century, scientists worked out that the molecular 
formula of Benzene was C6H6, and at first they did not realise 
that benzene was a ring molecule; and, then in 1865, a 
scientist called Kekulé had the blinding insight that Benzene 
was a ring molecule with alternating double and single 
bonds (as in the diagram alongside this text). However, since 
a double bond must have a π bond (but Kekulé did not know 
anything about π bonds) and a π bond itself requires the 
overlap of two unhybridised ‘p’ orbitals, then it had to 
follow that three pairs of neighbouring Carbon atoms had to 
be close enough for their unhybridised ‘p’ orbitals to overlap  
–  but the other three pairs of neighbouring C atoms were 
NOT close enough for their orbitals to overlap. This meant 
that later diagrams of Kekulé’s molecule had to have three 
long sides and three short sides! Kekulé’s concept was a 
brilliant idea; but, when scientists were later on able to 
measure the lengths of the sides of molecules, they 
discovered that ALL the sides of a Benzene molecule are 
equal in length  –  therefore Kekulé had not got it quite right!  
 
• Kekulé had not known anything about bonds or delocalised 
electrons and he had therefore not appreciated the true 
structure of Benzene. However, if all the sides of a Benzene 
molecule are equal in length and the unhybridised ‘p’ orbitals 
of every pair of adjoining C atoms overlap, then there would 
be SIX double bonds in Benzene (and Benzene could then 
not be C6H6). It was only THEN that scientists at last realised 
that the true structure of Benzene was a ring molecule 
where all the sides are of equal length, and all the 

unhybridised ‘p’ orbitals (of adjoining C atoms) overlap  –  BUT, instead of forming six double 
bonds, the electrons in the unhybridised ‘p’ orbitals become delocalised and are shared by ALL the 
Carbon atoms. Therefore it is as though there is one big continuous π bond encircling the whole 
of the Benzene ring (above and below it)! If you have a look at a model of a Benzene molecule (in 
your Chemistry lab at school/ college) then you will see exactly how it is constructed. 
 
 

      
 
 

           
 
 
 
Shown below is the old-fashioned 
representation of Benzene in which only 
three pairs of unhybridised ‘p’ orbitals 
overlap, and there are alternating double 
and single bonds in the molecule. 

           
 
 
The modern view of Benzene in which 
ALL the adjoining unhybridised ‘p’ 
orbitals overlap and there is therefore a 
continuous delocalised π ring above and 
below the ring of s bonds. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 H         H                
                                
                H
   
                               
                            

   H           H  
                             

         H

   H
 H
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• These are modern depictions of Benzene. 
 

                                                   
 
 
 
 
D) Functional Groups 
 
• Please learn this next definition off by heart : 
  
   A Functional Group identifies that part of a compound  
   which is responsible for its characteristic reactions.  
 
• Compounds containing the same functional group all have similar properties  e.g. all alcohols will 

have fairly similar properties/all carboxylic acids will have fairly similar properties/all aldehydes 
will have fairly similar properties/ ............... and so on. 

 
• If you like, you can think of Carbon compounds as being “cars”, and just as cars are divided into 

different makes (e.g. MGs/Fords/Rovers/Rolls Royces/Mercedes-Benzs/Alfa Romeos/Porsches/ 
etc), so also Carbon compounds are divided into different functional groups called Acids/Alcohols/ 
Ketones/Aldehydes/Amines/Amides/etc  –  and within each functional group, the members of each 
one of these groups all react in similar ways. Therefore 

 
Functional groups group together different Carbon compounds  

according to their group reactions. 
 
• We have seen exactly the same sort of thing in Inorganic Chemistry viz. Acids are one sort of 

substance, and Bases are a different sort of substance, ........ and so on!  
 
• The text that follows identifies a fair number of Functional Groups on the next few pages  –  and 

then in the next few weeks, each time that you meet one which you have never met before, you can 
come back here and look it up. However, for the First Year ‘A’ Level Syllabus the only Functional 
Groups that you are required to know about are Alkanes/Alkenes/Alcohols/and Halogenoalkanes. 
Therefore, if you come across any other molecules that you cannot recognise and which you want 
to identify  –  then do remember that you can refer back to these next few pages should you want to 
do so.  

 
• There are many different ways of drawing the bond line diagrams for a Carbon compound  –  and 

please remember that many people do draw exactly the same molecule in different ways e.g. 
Ethanoic Acid may be drawn as follows) 

 

 
 

             C

O

OH

H C –– C  ––– OH  
H   C3

H   C3

C

HO

O 3

O

This is the way that examiners 
often draw it in the exam
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• NB Technically speaking, in bond line diagrams, the methyl/ethyl/propyl/etc species should be  
 drawn with the Carbon atom next to the bond line  –  but many scientists do not do so, and they 

(legitimately) draw the bond line diagram as follows :   

 
• We can now start by identifying the most important functional group of all, and this is a 

CARBOXYLIC ACID (and it is of such enormous importance because you can derive two-thirds 
of all the other functional groups from it).    

 
• For First Year ‘A’ Level Chemistry, you will not need to know the details of all of the functional 

groups that follow. Some of them are included here for those of you who are doing Biology, and 
also for those of you who are going on to do Second Year ‘A’ Level Chemistry. [NB All  
Carboxylic acids have the “-COOH” functional group e.g. 
CH3COOH/C2H5COOH/C3H7COOH/C4H9COOH/ ..................... and so on. Indeed, there can be 
two (or more) “–COOH” functional groups in a Carboxylic Acid). As a matter of choice, I 
personally do NOT like to write an acid as “–CO2H. It is not wrong, but it is not a helpful way of 
writing it.] 

 
There is a summary of all the functional groups on page 24. 
 
 
 
 
 
a) CARBOXYLIC ACIDS 
 
 In order to name a Carboxylic Acid and its derivatives, please always start with the Alkane name 

for the molecule and then knock off the “-e” at the end of the name, and then add “....-oic acid”. 
You must start counting from the C atom that contains the Functional Group, i.e. the Carbon atom 
in the “-COOH” part of the chain MUST be counted in as part of the Carbon chain. [The symbol 
“R” is used to indicate that this bit of the compound is any legitimate section of a Carbon 
molecule.] 

 
 
Functional group              e.g. Ethanoic Acid                 An examiner might 
             draw it like this  
 

 
 
 
NB This is NOT an Alcohol. It is an ACID! The single-bonded Hydroxy Group (i.e. the -OH group) 

attached to the double-bonded C atom in the Carbonyl Group (i.e. the >C=O group) makes this a 
Carboxylic Acid. 

 
 
 
 

     –––  C  –––   OH  CH3

O

             C

O

OH
     –––  C  –––   OH  

R
H   C3

C

HO

O
CH3

O



 Page 20 of "A First Year Blog on Acids" 

                     EthaneDIoic Acid                                                   EthaneDIoic Acid 
[The “di” is in capitals merely for emphasis!] 

 
 
 
 
 
 
b) ALDEHYDES     
 
 The C in the ‘>C=O’ species MUST NOT be bonded to an ‘-OH’ hydroxy species, otherwise it 

would be an acid. 
 
 Start with the Alkane name for the molecule/then knock off the “-e” at the end of the name/then 

add “...... -al”. Start the counting from the “-CHO”. Please note that the ending is “-CHO” and not 
“-COH”.  “-COH” is the ending for an Alcohol! 

 
            2-methyl butanal               2-methyl butanal 
 

   
 CH3CH2CHCH3CHO  
   

                      or 
  CH3CH2CH(CH3)CHO
  

 
 
 
 If the examiner writes it as in the script on the right hand side of the diagram, then the brackets 

indicate that the (CH3) is bonded to the C atom to the left of it. [Draw the molecule for yourself 
and you will also see that the C atom on the extreme right HAS to be a “C-double bond-O” (or 
else the last C atom will not have 4 bonds)!] 

 
 
 
c) KETONES    
  

The C in the ‘>C=O’ species MUST NOT be bonded to an ‘-OH’ hydroxy species, otherwise it 
would then be an acid. 

 
 The name always ends in “-one”, which is pronounced like the “-one” in an ice-cream “cone”. The 

name is determined by the number of Carbon atoms in the molecule, and the “– (C=O) –” part of 
the structure is identified by the smallest numerical position that it can occupy (irrespective of 
whether counting starts from Left or Right). If there are branches on either of the two parts of the 
Ketone, then you would have to identify them in the name. [The symbol “R” is used to indicate 
that this bit of the compound could be any legitimate section of a Carbon molecule where the C 
atom in the molecule is attached to C–R bond. R1 may differ from R2 or it may be the same as R2.] 

 

     –––  C ––– C ––– OH  
             CC

OOO

OHHO
HO

O O

 

H –– C –– C –– C –––  C  

H H

H H H

O

H

CH3

             C

O

 H

R
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e.g. Hepta-3-one   [ the molecule must NOT be called Hepta-5-one ]  
 

                           

 
  
 
 
 
 
 
 
 
 
d) AMIDES    
 The name always ends in “-amide”. Remember to include the C atom in the “–(C=O)NH2” in the 

name, and start your counting from there!  
 
     3-methyl pentanamide   

      
 

 
This can be written as CH3CH2CH(CH3)CH2CONH2    or as      CH3CH2CHCH3CH2CONH2 

  
                 or as         C2H5CHCH3CH2CONH2    or as      C3H6(CH3)CH2CONH2 

      
              
 
  

             C

O

R2

    R1   R1–––  C  ––– R2  

O

or or C O

R1

R2

             C

O

C  H   –––  C  ––– C  H  

O

or orC   H4 9

C   H2 5

4 9 2 5 C  H   – CO – C  H4 9 2 5

H –– C –– C –– C ––– C –––  C  

H H

H H H

O

NH

CH3

             C

O

NH

R

2

H

H 2
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e) ESTERS 
 
 The name always ends in “-oate”. In the naming of an Ester, it is NOT the longest Carbon chain 

that matters! You MUST look for the chain that contains the “– (C=O)O –” bit  –  and that 
determines the name of the molecule. For example, the molecule below is called octyl ethanoate! 
“C8H17” is a longer chain than the two C atoms that give an ethyl group, but it is NOT the “C8H17” 
that determines the base name of the molecule. “CH3COO–”determines the base name of the 
molecule below because the basic molecule (the bit that determines its reactions) is the 
“Alkyl–COO–” bit! The alkyl species attached to the double bonded C atom  [“ – (C=O) – ”] is 
the main alkyl species, while the alkyl species attached to the single bonded O atom is the 
subsidiary species. 

 

 
 

 
• The alkyl (adjectival) bit answers the question “What sort of ‘–oate is it?”. In the case of the ester 

above it is an octyl ethanoate. 
 
• Another way of drawing the above molecule (octyl ethanoate) is as follows 

 
Source: PubChem, Open Chemistry Database 

 
 

NB Chemists often cannot decide on how to name certain species. Just look at all the different names 
by which isopropyl propanoate is called cf.     
http://www.chemspider.com/Chemical-Structure.11992.html . 

 
 
The IUPAC guide on naming is more than 400 pages long. I have not read all of it (and perhaps only 
the authors of the guide have actually read all of it). 
 
 
• And now, here are some functional groups that are NOT derived from Carboxylic acids.  
 
  

             C

O

O ––– R2

R1  

The area in the red box
 is the main “-oate” bit

.......   therefore the question to be asked of the molecule below is
“What sort of -oate is this?” and the answer is that “It is an octyl ethanoate”.
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f) Ethers  
 
 The central pivot in an ether is an OXYGEN atom and not a Carbon atom, therefore the naming 

is determined by the Alkyl chain that alphabetically precedes the name of the other Alkyl chain, 
followed by the word “ether”! For example, the molecule below cannot be called methyl ethyl 
ether, because alphabetically “e” (as in ethyl) comes before “m” (as in methyl)! [Please note that 
the difference between the two diagrams below is merely one of viewpoint. The two molecules 
below are exactly the same molecule!] NB There is no double bond in an ether! 

  
      Ethyl methyl ether  Ethyl methyl ether 
 R1–– O ––  R2          C2H5OCH3      is the same as       CH3OC2H5 
 
 [NB “Left” and “right” are merely two different views of the SAME object  –  one from the front 

of the molecule and the other from the back of the molecule.]   
 
 
 
g) Amines 
 
 The difference between an “Amide” and an “Amine” is that in an “Amide” the C atom that is 

linked to the NH2 is also double bonded to an O atom (in other words, it forms a Carbonyl group    
i.e. “–(C=O)–” ,  but in an “Amine” there is no Carbonyl group (i.e. there is no “– (C=O) –”)! You 
must start your counting from the C atom that contains the “C–NH2 ”, and the name must end in  
“–ylamine”. 

 
     2-methyl butylamine,  [C2H5CH(CH3)CH2NH2] 
 

 
 
 
h) Halogen compounds 
 

R––Halogen 
 
If the halogen is part of an alkane, then the molecule is an "halogenoalkane" which quite a few 
chemists are now calling “haloalkanes”. (I do not do so because I think that that is just laziness.) 

 
 
 
i) Nitriles 
 
 R –– C ≡ N   Now that you have the hang of it , this Functional Group is very 

     straightforward. 
 
 
• Please note that double bonds and triple bonds in a molecule are also Functional Groups! Please 

refer to the bond line diagrams on the preceding pages and try to draw an example of EVERY one 
of the following functional groups for yourself. Please remember to count all the appropriate 
number of C atoms in each base molecule (otherwise you will draw the WRONG molecule).  

 

H –– C –– C –– C ––– C –––    

H H

H H H

NH

CH3

             NHR 2

H
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The molecules required for First Year ‘A’ Level are shown below with a “√”, while those required 
for the Second Year have a “•” against them. 

 
 
A summary of some important Functional Groups 
 
 Functional Group Configuration   Suffix  
 
√ Alkanes  Every C atom having  “–ane” 
    four SINGLE bonds  e.g. ethane, CH3CH3 
 
√ Halogenoalkanes Again, every C atom having four single bonds, but with at least one atom of a  
    Halogen (Group VII) element in the molecule e.g. bromoethane, CH2BrCH3 
 
√ Alkenes  At least one    “–ene” 
    double bond   e.g. ethene, CH2CH2 
 
√ Alcohols  R–OH (where there is   “–ol” 
    a C atom in R   e.g. “ethanol”, CH3CH2OH 
    linked to the “–OH”  
 
√ Aldehydes  R–CHO    “-al” 
        e.g. ethanal, CH3CHO 
 
√ Ketones  R1–CO–R2   “–one” 
        e.g. butan–2–one, CH3COC2H5  
.................................................................. 
 
• Acids  R–COOH   “–oic acid” 
        e.g. ethanoic acid, CH3COOH 
 
• Amides  R– CONH2   “–amide” 
        e.g. ethylamide, CH3CONH2 
 
• Esters  R1–COO-R2   “–oate” 
        e.g. octyl ethanoate, CH3COOC8H17 
 
• Amines  R–NH2 (where there is a  “–amine” 
    C atom linked to N in R)  e.g. ethylamine, CH3CNH2 
 
• Nitriles  R–C≡N    “–nitrile” 
        e.g. ethanenitrile, CH3CN   
.................................................................. 
 
• Alkynes  At least one    “–yne” 
    triple bond   e.g. ethyne, HCCH 
 
• Acyl chlorides R–COCl    “–oyl chloride” 
        e.g. ethanoylchloride, CH3COCl 
 
• Ethers  R1–O–R2   “–ether” 
        e.g. ethyl methyl ether, CH3OC2H5  
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• And now for the last bit of this guided tour. 
  
E) The names of different types of formulae that are used in Organic Chemistry 
 
• An Empirical formula is the smallest WHOLE number ratio of atoms of the elements in a 

compound e.g. the Molecular Formula of Benzene is C6H6, but the Empirical Formula of Benzene 
is CH. 

 
• A Molecular formula is the actual WHOLE number ratio of atoms of the elements in a 

compound  (but it does not attempt to show how the molecule is constructed!) e.g. the molecular 
formula of Benzene (C6H6) does not attempt to show how the atoms have been linked together. If 
you did not know that Benzene was a ring molecule, then you would not have been alerted to that 
fact merely by looking at the molecular formula! 

 
• A Displayed formula however, does set out to give a very simple idea of how the molecule is put 

together (but in a very basic manner rather than in a detailed manner) e.g. the diagram below 
represents Pentane, C4H10. 

 
 
• However, in real life, the bond angles in a Carbon molecule are NOT 90˚ (as shown above), but 

are almost exactly 109.5˚, and a better displayed formula  would show the bond angles as 109.5˚ as 
below (but the representation would not be as simple as the incorrect 90˚ representation). 

 

 
Source: Wikipedia 

 
• Moreover, when a Carbon molecule has 30/40/50 (or whatever) C-H bonds in it, then it becomes 

extraordinarily tiring to draw in all the C-H bonds, and therefore one way of leaving them out is to 
use a Skeletal formula (where it is customary to show none of the C atoms and none of the H 
atoms) e.g. C7H16 

 

 
 
 
 
• As it happens, all of these ways of drawing a molecule are inadequate because they try to depict in 

two dimensions something that exists in three dimensions. A three-dimensional diagram attempts 
to convey the impression of three dimensions by using triangular conventions to convey three 
dimensions.  

 

H –– C –– C –– C ––– C –––    

H H

H H H

H

H H

H
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• In reality, most people tend to use whichever formula is the most appropriate for the occasion e.g. 

most scientists tend to use a Skeletal formula when drawing Benzene (and its derivatives), but at 
‘A’ Level there is very rarely a need to draw a Carbon molecule with 10/20 or whatever C-H 
bonds (which would most easily be drawn by a skeletal formula). 

 
• You will very soon find that you choose whichever formulae suit you best.16 
 
 
F) The general (or generic) formula for different sorts of molecules 
 
• The general formula for an Alkane is  :  CnH2n+2 
 Therefore if you wanted to make sure that you had drawn (e.g.) nonane correctly, then you could 

do so by using the above formula viz. the number of H atoms is given by the calculation  
“(2 x 9) + 2 = 20”, and you should thus have drawn 20 C-H bonds! 

 
• You should however NOT use this formula (nor any other generic formulae) until you have got the 

hang of Organic Chemistry, because generic formulae can get you into trouble. When you start 
doing Organic Chemistry, you should actually physically count all the C-H bonds one by one to 
make sure that you have got your diagram correct. 

 
• I have already mentioned an excellent website (by Jim Clark) to you viz. 
 http://www.chemguide.co.uk/basicorg/bondmenu.html#top 
 You will find a lot of VERY useful stuff on it (perhaps not in the same detail as you will find here  

–  but nevertheless VERY useful stuff, and some/a lot of it much better than my poor efforts). 
 
• OK, that is enough of a “guided tour”. Let us start to do some Organic Chemistry  –  and to cheer 

you up, it is interesting to note (that on the whole), people who are good at Chemistry score 
higher marks in Organic Chemistry than in any other module in ‘A’ Level Chemistry! (I once 
helped the daughter of someone who once worked for me, and she got 798 out of 800 possible 
marks (99.8%) in her two years of ‘A’ Levels, went on to Downing to read Medicine and then won 
one of the 5 scholarships awarded by the Welcome Foundation each year, and got her PhD!).17 
When you start getting the hang of Organic Chemistry, you will love it  –  and if you are also 
doing Biology, then you will find Organic Chemistry very useful indeed! 

 

 
16 [NB The plural of “formula” is “formulae” and not “formulas”.] 
17 I am told that there was a boy at Merchant Taylor’s or Haberdasher Aske’s who got 800 out of 800, but I 
cannot guarantee the accuracy of that story because I did not teach him. However, I did teach the girl in my 
story, and her father and I still communicate with each other at least once a week. 
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This triangle attempts to give the impression
that this bond is going out of the surface of the 
paper away from you. (A series of dashes could 
be used instead of a triangle).

This triangle attempts to give the 
impression that this bond is coming 
out of the surface of the paper towards you.

The other two C–H bonds lie on the 
plane of this piece of paper.


