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Some Chemistry for Biology 
 
 
 
Biologists seem to use the terms Carbohydrates and Saccharides interchangeably (although Chemists do 
not do so), and it is not surprising that AQA starts its ‘A’ Level Biology textbook with a consideration of 
Carbohydrates and Saccharides  –  because all life on Earth is based on cells, and cells need energy to 
survive, and it is the monosaccharide Glucose that is involved in Aerobic Cellular Respiration and in 
Photosynthesis.  
 
The only carbohydrates that can cross cell membranes are monosaccharides, and Glucose is a reactant in 
aerobic cellular respiration, and it is a product in photosynthesis. Carbohydrates also help in cell signalling, 
and Carbohydrates and Saccharides (together with DNA and RNA) are thus the very building blocks of 
life on Earth.  
 
We are going to cover a lot of ground in this Note, but I do not want you to lose sight of the main 
Biochemical substance in this Note viz.  
 

Glucose , Glucose, Glucose! 
 
Glucose (the most important of all the Saccharides for animals and plants) is what is intimately involved in 
Aerobic Cellular Respiration and in Photosynthesis. Glucose is absolutely crucial to life on Earth because 
cells need ENERGY to live and Glucose is the product that is involved in both mitochondria and in 
chloroplasts. 
 
Glucose is extraordinarily important in Biology because cells react it with Oxygen in the exhotermic 
process of  Aerobic Cellular Respiration to create energy that is stored in the bonds1 of ATP (Adenosine 
Triphosphate) molecules2. (You can see the details of this in many good videos such as the Khan 
Academy’s https://www.youtube.com/watch?v=juM2ROSLWfw where you will see the Kreb’s Cycle/the 
Tricarboxylic Acid Cycle/the Citric Acid Cycle explained. 
 
 

Glucose      +    Oxygen ––>   ENERGY     +  Carbon Dioxide  +  Water ; ∆H  =  -2,870 kJ mol–1 
         C6H12O6      +       6O2 ––> in the bonds of ATP          6CO2            +   6H2O 

Stoichoimetric Ratio       1                       6                                                          6                        6 
 
In addition, in the endothermic reaction of Photosynthesis, plants use the energy that their chloroplasts 
capture from sunlight to react Carbon Dioxide with Water and store the harnessed energy in glucose and 
then in the polymer of glucose, Starch3. This is an endothermic reaction because the reaction takes in 
energy from sunlight to react the CO2 and the H2O together to form Glucose and Oxygen. (This is a 
massively oversimplified description of photosynthesis which involves a process called the Calvin Cycle 
where the reactions of photosynthesis use the energy stored by the light-dependent reactions to form 
glucose and other carbohydrate molecules. We will talk more about this elsewhere, but cf. 
https://www.khanacademy.org/science/ap-biology/cellular-energetics/photosynthesis/v/photosynthesis . 
 
   

                                        Sunlight 
                    Carbon Dioxide    +    Water –––>       Oxygen   +   Glucose       ; ∆H  =  +2,870 kJ mol–1 
                           6CO2                +    6H2O –––>           6O2           C6H12O6                                         
Stoichoimetric Ratio   6                              6                             6                   1                              
 
 
 

 
1 Oxidative phosphorylation is the metabolic pathway in which electrons are transferred from electron donors to 
electron acceptors in redox reactions. This series of reactions releases energy which is stored in the bonds of ATP. 
2 One molecule of ADP + one Phosphate ion (Pi)  ––>  one molecule of ATP. (Please never forget that.) Energy is 
stored in the bond between the ADP species and the Phosphate ion. (ADP = Adenosine Diphosphate, and  
ATP = Adenosine Triphosphate.) Animals also store energy in Glycogen and in fats. 
3 Enzymes break starch down into glucose molecules so that they can be used in Cellular Respiration. 
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The AQA textbook starts by looking at 
 
 
Carbohydrates and Saccharides 
Glucose and its derivatives 

- Glucose (probably the most important of all the monosaccharides) and other sugars 
- The Structure of Amylose and Amylopectin (the components of starches) 
- The Storage Molecules in 

- Starch (a polymer of Glucose molecules) and 
- Glycogen (used for the storage of energy in liver and in muscles) 

- Cellulose (a homopolymer of glucose) for strength as in plant cell walls 
 

Lipids 
- Triglycerides 
- Phospholipids 
- The fatty acids in milk 
- Amino-acids 
- Polypeptides and Proteins 
- α-helix and β-pleated structures 
 

Qualitative tests for different substances in foods such as 
- proteins (Biuret’s test) 
- carbohydrates (Benedict’s test) 
- reducing and non-reducing sugars (Benedict’s test) 
- starch (Iodine test) 
- lipids (Emulsion test) 

 
 
 
We therefore need to start our investigation of the ‘A’ Level Syllabus with an investigation of 
“saccharides” and “carbohydrates”  –  and that is what we will now do (but please read the “Introduction” 
to this book before starting on the book itself).  
 
The first Chapter of the AQA textbook is more interested in functional definitions (the definition of things 
according to what they do) than in describing their Chemistry, but you cannot really understand the 
functions that different substances perform without knowing a bit about their Chemistry. That is why it is 
advantageous to do ‘A’ Level Chemistry in conjunction with ‘A’ Level Biology. Let me therefore start with 
a bit of Chemistry (and all of this Chemistry is Chemistry that you will need for your ‘A’ Level Chemistry 
studies). However, this is a Biology textbook therefore I cannot go into the Chemistry of things as deeply 
as I will do in Chemistry. 
 
 
By the way, there are many different aspects of becoming a doctor of the body i.e. a Doctor or a Dentist 
as opposed to a Doctor of the mind i.e. a Psychologist or a Psychiatrist (whose field of expertise lies in 
the understanding of “behaviour” and how to alter it).  
 
Understanding Chemistry and Biology is merely a prerequisite for performing the function of any sort of 
Doctor. 
 
 
 
 
  

These are very important  –  not in 
themselves, but because they are often asked 
in the exam. You must therefore be able to 
rattle them off by heart  –  Proteins : Biuret’s / 
Carbohydrates : Benedict’s / etc. 
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Before I start on the AQA syllabus, I think that if I told you something about the Chemistry involved in 
this part of Biology, then that will make the Biology easier for you to understand. 
 
The next few pages are about the Chemistry of Biology (and you can read for a Degree in Biochemistry in 
many British Universities). Most GPs have only a moderate understanding of Biochemistry  –  whereas 
Biochemists and Pharmacists have a detailed knowledge of the subject (but that does not by itself qualify 
them to be Doctors). Different professionals have different specialities. 
 
 
In the next few pages, I am going to tell you a tiny bit about the Chemistry of 
 
A) Aldehydes, Ketones and Ethers 

B) The Chains and Rings of Carbon-based Chemistry 

C) Monomers and Polymers (and this will be very important for Proteins/ Saccharides/ Carbohydrates/ 

etc) 

D) Isomers 

E) D-isomers and L-isomers / ‘R’ isomers and ‘S’ isomers 

F) Anomers / Epimers / and α- and β-isomers 

G) Different classifications for “sugars” 

H) Starch , Cellulose, Glycogen (homopolymers4 of glucose), and 

 Amylose and Amylopectin (the components of Starch) 

I) The difference between a Pyran and a Furan / a Pyranose and a Furanose 

J) Reducing and non-reducing sugars, and 

K) Hemiacetals and Hemiketals / Acetals and Ketals  

 
 
but let me start by reminding you (on the next page) about the difference between Aldehydes and Ketones  
because that will tell you the difference between Aldoses and Ketoses i.e. sugars based on Aldehydes and 
sugars based on Ketones  –  but please keep in mind that this first Chapter in the AQA ‘A’ Level Biology 
textbook is about Carbohydrates and Saccharides with an especial emphasis on Glucose. 
 
 
  

 
4 There is only one sort of repeat unit in a homopolymer (e.g. glucose in Starch and in Cellulose), but in a 
heteropolymer there would be two or more monomers involved (e.g. as in Terylene and Nylon-6).  
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A) Aldehydes, Ketones and Ethers 
 
Chemistry Libre Texts says that The term carbohydrate had its origin in a misinterpretation of the 
molecular formulae of many of such substances. For example, because its formula is C6H12O6, Glucose 
was once thought to be a “carbon hydrate” (hydrate coming from the Greek word for water) with the 
structure C6·6H2O. It was found only subsequently that Glucose in its linear form is in fact an Aldehyde, 
and that Fructose is a Ketone. The diagramme below is from Brigham-Young University, Idaho and it 
shows the linear and cyclic forms of Glucose, Galactose and Fructose. If you look at them you will see 
that in their linear form, Glucose and Galactose are chemically just Aldehydes and that Fructose is 
chemically just a Ketone. Chemically, Sugars may be “just” aldehydes and ketones, but in real life 
Sugars are massively important substances  –  just as Water may chemically be “just” a simple 
molecule made up of Hydrogen and Oxygen, but no life on Earth can exist without Water and that is 
what makes Water so massively important for life on Earth. 
  

 
  
 
All carbohydrates have a formula of very nearly one C atom for each H2O equivalent. However, only 
monosaccharides have a formula that consists of exactly one C atom for each H2O equivalent. This is 
because the formation of a polysaccharide (a polymer that is formed from monosaccharide repeating units) 
causes the loss of some H and O atoms through condensation/dehydration synthesis reactions5 (but without 
the loss of any of the C atoms), and this therefore slightly shifts the ratio of C atoms to H2O molecules. The 
textbooks therefore rightly do not spend too much time on talking about the formulae for Saccharides or for 
Carbohydrates. 
 
Most of the Oxygen atoms in monosaccharides are found in the hydroxyl (“–OH”) groups, but there is 
also one Oxygen atom in the carbonyl (C double bond O: ‘C=O’) group. The position of the carbonyl 
(>C=O) group can be used to categorise the sugars cf. overleaf (there are four bonds attached to the C 
atom in “>C=O”). 
 

 
5 In dehydration synthesis (synthesis/synthesise = to make/to produce) reactions, a water molecule is formed as a 
result of generating a covalent bond between two monomeric components in a larger polymer. Examples include the 
formation of disaccharides like sucrose, from monosaccharides like glucose, and also alcohol condensation to make 
an ether product. (An acid catalyst can be used during a dehydration synthesis reaction.) In contrast, in hydrolysis 
reactions, a water molecule is consumed as a result of breaking the covalent bond holding together two components 
of a polymer. The digestion of food is a good example of hydrolysis. The water helps to break down the compounds 
that have been eaten. Source: Lumen Learning/Libretexts. 
 

When the linear form becomes 
the cyclic form, the double bond 
on the C atom in the Carbonyl 
group breaks, and is replaced by 
a single bond. This happens so 
as to allow a new bond (a fourth 
bond) to form. This is how the 
cyclic form is created from the 
linear form. 

Cyclic forms ––> 

Linear forms ––> 
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Aldoses and Ketoses 
 
ALDOSE: If a sugar has an Aldehyde  (“R–C(=O)–R”) group (and in an Aldehyde Group the carbonyl 
Carbon atom is the last C atom in the chain), then it is known as an Aldose. The name Aldose being a 
mixture of ‘aldehyde’ and the ‘–ose’ is there to indicate that it is a sugar. 
 

                                       or       
 

 
Source: https://www.spectroscopyonline.com/view/carbonyl-group-part-i-introduction 

 
If the carbonyl C is internal to the chain (and thus it is not the last C atom in the chain), and there is a C 
atom on each side of it, then it forms a ketone group (a Carbon atom in each of the ‘R’ species must be 
bonded to the central C atom as in“ –C–(C=O)–C–”). 
 
 

 
 

KETOSE: In a Ketone, there must be three Carbon atoms in a row, and the middle C atom must be a 
Carbonyl atom i.e. it must be double-bonded to an O atom to give R–C–C(=O)–C–R. The sugar formed 
from a Ketone is called a ketose. 
 
 
 
 
 

Ethers (R–O–R) 
 
When the Carbon atom in an alkyl or an aryl molecule6 is joined to the Carbon atom in another alkyl or an 
aryl molecule via an Oxygen molecule (as in R–O–R), then the substance is called an Ether.  
 
 
Optical activity 
I shall not talk about optical activity at all in Biology, therefore all that I will say is that Monosaccharides 
are optically active, which means that if polarised light is passed through a solution of these compounds, 
the plane of light will be rotated to the left (the laevorotatory or L-form) or to the right (the 
dextrarotatory or D-form). The terms come from the Latin for left and right (laeva and dextra).  
 
Another classification system for optical activity is ‘+’ and ‘-’, but that is all that I shall say about optical 
activity in Biology. If you are desirous of knowing more, then you could go to Jim Clark’s excellent  
chemguide website: https://www.chemguide.co.uk/basicorg/isomerism/optical.html . 
 

 
6 Wikipedia says that In the context of organic molecules, “aryl” inedicates any functional group or substituent 
derived from an aromatic ring, usually an aromatic hydrocarbon, such as benzene/naphthene/ anthracene/etc. 
 
 

             C

O

R2

    R1   R1–––  C  ––– R2  

O

or or C O

R1

R2

Because Oxygen is much more electronegative 
than Carbon, the O atom pulls the electron cloud 
away from the C atom and onto itself and 
becomes O∂–, and the C atom thus becomes C∂+. 

<––  The “>C=O” species is called a “Carbonyl” group.                   This –––> 
is the general formula 
of an Aldehyde. 
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Aldehydes can be converted into Carboxylic Acids but Ketones cannot 
 
OILRIG Oxidisation Involves the Loss of electrons, and  
 Reduction Involves the Gain of electrons.  
 
Human beings are extremely clever animals and thus they can do almost anything. However, when I say 
that Ketones cannot be converted into Carboxylic Acids, I refer to the fact the under gentle (as opposed to 
aggressive7) oxidisation using Potassium Dichromate(VI), K2Cr2O7  (cf. footnote8) rather than Potassium 
Permanganate, KMnO4), an Aldehyde WILL convert into a Carboxylic Acid but a Ketone will not do 
so, and this forms the basis for the classic tests for Aldehydes versus Ketones  –  these being the 
application of colourless Tollen’s reagent (the silverised mirror test) or Fehling’s solution or Benedict’s 
solution9.   
 
An Aldehyde will react with Tollen’s reagent to produce a silver precipitate coating on the inside of the 
test-tube (i.e. a silver mirror) while in both Fehling’s and Benedict’s solution the blue Cu2+ ions are 
turned into dirty reddy-brown Cu1+ ions.  
 
All three reagents are oxidising agents and will oxidise the Aldehyde into a Carboxylic Acid but will 
not oxidise the Ketone into anything  –  and (by definition) the oxidising agents themselves will thus be 
reduced from soluble Cu2+ sulphate ions (in the case of Fehling’s and Benedict’s solutions) into insoluble 
Cu+ oxide ions, and thus the Cu+ ions precipitate out to give a dirty reddy/brown solution initially (but 
given enough time the copper oxide particles will settle to the bottom of the test-tube to leave a colourless 
solution). In the case of Tollen’s the Ag1+ ions are reduced into pure Silver that coats the inside of the 
test-tube.   
 
 
Reducing and Non-Reducing Sugars 
 
Please see Section J of this Note. 
 
 
Condensation/Dehydration/Elimination/Ejection Reactions (they are all the same reaction) 
 
A condensation reaction is one in which an “–H” species reacts with an “–OH” species to form a 
molecule of Water that then gets ejected out of the reaction mixture e.g. this example from Chapter 25.18 
of Chemistry Libre Texts, is an esterification reaction whereby a molecule of an alcohol (methanol) is 
being reacted with a carboxylic acid (butanoic acid) to produce methyl butanoate. 
 

 
          methyl butanoate               water 

 
 

 
7 “Aggressive” = involving the use of extreme heat and/or extreme oxidising agents such as Potassium 
Permanganate whose IUPAC name is Potassium Manganate(VII). KMnO4  = (K+).( MnO4)–. 
8 K2Cr2O7  = (K+)2.(Cr2O7)2– and the Cr6+ ion turns into a Cr3+ ion during the reaction. 
9 For a more detailed consideration cf. my Chemistry textbook or Jim Clark’s excellent website 
https://www.chemguide.co.uk/organicprops/carbonyls/oxidation.html  
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B) The Chains and Rings of Carbon-based Chemistry 
 
Before we look at Saccharides in detail, let me remind you that a molecule (and because this is Biology, I 
shall stick to organic molecules) can have the form of either a chain (i.e. it can be linear or open-ended) 
or it can have the form of a ring (i.e. a closed or cyclic form) as below  –  and indeed, in the UK, Organic 
Chemistry was once called “Chains and Rings”. In the text that follows, we will encounter both the linear 
form of monosaccharides and the ring form of monosaccharides. The diagrammes below show the chain 
form and the ring forms of Glucose (but you can get linear-forms and ring-forms with many different 
molecules). The ring form of glucose should (technically) be called “glucopyranose” i.e. the ‘pyran’ 
form of glucose. (Wikipedia says that a “Pyranose is a collective term for saccharides that have a 
chemical structure that includes a six-membered ring consisting of five carbon atoms and one oxygen 
atom that links C1 and C5.) 
 
The following are skeletal representations/diagrammes of glucose, and you might want to compare the 
skeletal diagrammes with the displayed formula diagrammes towards the bottom of the page. 
 

 
You often also see Glucose drawn as displayed diagrammes (as below). If the aldehyde functional group in 
the open-chain/linear structure of Glucose reacts with the fifth Carbon atom, C5, in the manner depicted 
below, then the Glucose molecule is transformed from an open-chain/linear structure into a 
closed/ring/cyclic structure that is technically termed ‘Glucopyranose’.  
 
The linear (Fischer projection) form of Glucose is shown on the left below, and the closed/cyclic/ring  
Haworth projection) form of Glucose is shown on the right. Fischer projections are used for sugars in 
their linear form, while Haworth projections are used to depict sugars in their cyclic forms. Diagramme 
(b) below, shows how the linear C1 and C5 atoms react to form the cyclic monosaccharide structure of 
Glucopyranose. (We will talk about the mechanism in Chemistry Lessons.) In Biology, you will more 
often see the molecule D-Glucose talked about than L-glucose. (We will talk about the difference quite 
soon.) The reason for this is that D-glucose is biologically active but L-glucose is not. L-glucose cannot 
be phosphorylated by hexokinase (the first enzyme in the glycolysis pathway) therefore cells cannot use 
L-glucose  –  it is only D-glucose that is biologically active. The diagramme below is that of D-glucose. 

 
Source: https://saylordotorg.github.io/text_the-basics-of-general-organic-and-biological-chemistry/s19-04-cyclic-structures-of-

monosacch.html 
 

This is a molecule of  
cyclical Glucose or 
Glucopyranose. 
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C) Monomers and Polymers (In Biology, monomers/repeat units are often called “residues”)  
 
The Addition Polymerisation of Alkenes 
 
Carbon polymers are long-chained molecules that are created by linking up a huge number of basic 
“UNITS” or  “REPEAT UNITS” (“RU”) into long chains. 
 
   ––RU––RU––RU––RU––RU––              or         ( RU )n 
 
For instance, probably the most used plastic in the world is “polythene” (or to give it its correct chemical 
name, “polyethene” or “polyethylene”) which Wikipedia shows as  
 

   or in attempted 3D displayed formula form ––>   
 
The two examples that are often quoted in the ‘A’ Level  Syllabus are where the Repeating Unit is  
 a) CH2CHCl  ,  and 
 b) CF2CF2. 
 
The progenitor10 of a basic repeating unit is an alkene  –  and it is called a “MONOMER”. If the double 
bond in a monomer is broken, then the monomer will form a unit/repeat unit and, for each C atom to 
have four bonds, it will now need to form one new bond on EACH of its two Carbon atoms, and what 
happens is that the new bonds that form become links to other repeat units –  and this gives a long 
chain of repeat units! 
 
This sounds more complicated than it is in reality, and we can see what happens in the formation of a 
polymer by examining each of the two cases above i.e. CH2CHCl, and CF2CF2. 
 
a) This monomer is the alkene                The resulting polymer 
 Chloroethene, CH2=CHCl11    (is called polyvinylchloride, or PVC) 

 
 
 
b)  This monomer is the alkene                                                  The resulting polymer is  
      Tetrafluoroethene, F2C=CF2                                                   Polytetrafluoroethene 
                            (and it is also called PTFE, or Teflon) 

    
 
There is however nothing particularly special about these two monomers, and there are many other well-
known polymers. 
 

 
10 “Progenitor” = that which goes before, or is prior in the line of descent. 
11 The “=” here is a double bond. It is NOT an equals sign! 
 
 

H   Cl

 C C

H   H

> ( C C (
n

H Cl

H H

F   F

 C C 

F   F

>

F F

C C

F F n
(   )
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These next definitions are so important that I shall give them a page all of their own. 
 
 
A MONOMER is a molecule of the original substance from which a POLYMER has been made  –  for 
example, Chloroethene (CH3Cl) is the monomer from which the polymer PVC is made.  
 
                                                      chloroethene                  PVC (polyvinylchloride) 

                                                         
 
Similarly in Biology, Starch/Cellulose/Amylose/Amylopectin/Glycogen/etc are all polymers that are 
made by Nature from the monomer Glucose. Nature links the glucose molecules together in different 
ways to produce the different substances that I have mentioned. 

 
It is possible to have two (or more) different monomers in a polymer. For example, in the laboratory (but 
not in Industry) Nylon 6,6 is made from two monomers viz. one molecule of Adipic Acid and one 
molecule of Hexamethylene Diamine  –  and this is why the examiners often ask you to draw your 
brackets around two repeat units. In ‘A’ Level Chemistry, you will be required to know about Nylon. 
 

 
 

 
RESIDUE or REPEAT UNIT or just UNIT: A monomer is a naturally occurring substance, but when 
monomers are joined together to form a polymer, subtle changes take place that alter the monomer. For 
example, in a condensation/elimination/ejection/dehydration reaction, a molecule of Water condenses and 
gets ejected from the reaction, and the monomer is therefore changed slightly. In Biology, the new form 
of the monomer is called a “residue” (because if you broke down the polymer, then that is what, in theory, 
would be left). In Chemistry it would be called a “repeat unit” or just a “unit”. 
  
In Biology, this distinction between a “monomer” and a “residue” or “repeat unit”/“unit” is important, 
because it will be needed to explain that the term “mono” in the term “monosaccharide” does not refer to 
there being only one sort of sugar in the substance  –  but instead, it refers to the fact that there is only 
one residue/one unit in a molecule of that particular sugar. For example, a monosaccharide has just ONE 
residue/ONE unit in it e.g. glucose is a monosaccharide, and it has just one unit (C6H12O6) in it, but 
maltose is a disaccharide made out of glucose, and it is a disaccharide because it has TWO units/TWO 
residues in each molecule of maltose (and both the units are of the monomer glucose). 
 
As it happens, maltose is not at all important in ‘A’ Level Biology, but STARCH / CELLULOSE /and 
GLYCOGEN are enormously important in Biology (because food contains the first two saccharides, and 
the third saccharide, glycogen, is an enormously important store of energy in the liver and in muscles of 
animals)  –  and all three substances, starch/cellulose/and glycogen, are polysaccharides and all three of 
them are made from nothing but glucose molecules (therefore they are homopolymers)!  
 
They are POLYSACCHARIDES even though they are made from only glucose and nothing but 
glucose molecules12. They contain no other sorts of sugar  –  but they are POLYsaccharides. 
 

 
12 A “glucan” is any polymer made entirely of glucose residues/repeat units/units. 

‘n’ units of this monomer ––> <–– create this polymer 
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D) Isomers 
 
Isomers have the same chemical formulae as each other, but the atoms in the molecules are arranged 
differently. Isomerism is divided into two broad categories: structural isomerism and stereoisomerism. 
Glucose, fructose and galactose all have the same chemical formula (C6H12O6) and they are all isomers of 
each other. Fructose is a structural isomer of glucose and galactose, and glucose and galactose are 
stereoisomers of each other i.e. their atoms are bonded together in the same order, but they have a 
different 3-D (three-dimensional) organisation of atoms around one of their asymmetric carbons. 

 
Source: I constructed this diagramme (but I based it on an Open University diagramme). 

 
Glucose, galactose and fructose are all isomers of each other and they are the most common 
monosaccharides. L-glucose cannot be phosphorylated by hexokinase (the first enzyme in the glycolysis 
pathway) therefore cells cannot use L-glucose  –  it is only D-glucose that is biologically active. 
Below you will see the displayed linear formulae diagrammes of the stereoisomers glucose and galactose, 
and you will see that the only difference between the two molecules is at the fourth Carbon, C4, in the 
molecule (and please remember that the numbering must always start with the C atom in the main 
functional group of the molecule). The difference between Glucose and Galactose therefore occurs at C4.  

 

NB It is not possible to talk about a linear form of a molecule as an alpha (α) isomer or a beta (β) isomer. 
It is only when the linear form has metamorphosed (changed) into a cyclic molecule that it becomes 
possible to designate it as an alpha or a beta isomer. 
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Fischer and Haworth projections 

Wikipedia says that The Fischer projection is a systematic way of drawing the skeletal formula of a linear 
monosaccharide, so that the handedness of each chiral carbon is well specified. Each stereoisomer of a 
simple open-chain/linear monosaccharide can be identified by the positions (right or left) in the Fischer 
diagram of the chiral hydroxyls (the hydroxy “–OH” species attached to the chiral carbons).  

Most stereoisomers are themselves chiral (distinct from their mirror images). In the Fischer projection, 
two mirror-image isomers differ by having the positions of all chiral hydroxyls reversed right-to-left. 
Mirror-image isomers are chemically identical in non-chiral environments, but they usually have very 
different biochemical properties and occurrences in nature (as was seen with Thalidomide®).  

 

Note that the D- and L- prefixes do not indicate the direction of rotation of polarised light, which is a 
combined effect of the arrangement at all chiral centres. The D- and L- notation refers to the relationship 
with regard to what happens in glyceraldehyde. (Please read my Chemistry Notes on this. I do not want 
you getting bogged down in Chemistry classifications when you are trying to learn Biology.) 
 

Haworth Projection 

Wikipedia says that A Haworth projection is a common way of writing a structural formula to represent 
the cyclic structure of monosaccharides with a simple three-dimensional perspective. Organic 
Chemistry and especially Biochemistry are the areas of Chemistry that use Haworth projections the most. 
 
In α-glucose the “–OH” and the “–CH2OH” species are on opposite sides of the ring, whereas in  
β-glucose they are on the same side of the ring. (We will talk more about this later.) 
 
 

                                                   
                                              α-D-glucose                                 α-L-glucose 

or, to be more precise 
                                         α-D-glucopyranose                 α -L-glucopyranose 
 
 
Technically, when glucose is in its cyclic form, it is a “pyran”, but do not worry about it. I tell you that 
merely so that you will know that a “glucopyranose” is in fact just glucose in its cyclic form. 
 
 

Technically, Wikipedia is not quite 
right. These are “displayed” 
formulae, and not skeletal formulae. 
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E) D-isomers and L-isomers / ‘R’ isomers and ‘S’ isomers 
(The D and L classification system is less robust than the R and S classification system.) 
 
In Biology, the difference between D-isomers and L-isomers is extremely important because whilst there is 
very little difference between the two isomers physically and chemically, there can be a massive difference 
biologically. For example, please read about the tragic consequences of the sale in the 1950s of a sedative 
called Thalidomide that was given to pregnant women to prevent ‘morning sickness’: 
https://www.sciencemuseum.org.uk/objects-and-stories/medicine/thalidomide . The drug was marketed in 
many countries and resulted in tens of thousands of human beings being born with considerable physical 
deformities before scientists realised that there was a difference between the D- and L- forms of Thalidomide. 
Thalidomide exists in two mirror-image forms: it is a racemic13 mixture of (R)- and (S)-enantiomers14. The 
(R)-enantiomer has sedative effects, whereas the (S)-isomer is teratogenic (i.e. it can cause birth defects in a 
baby). Separating the isomers before use is ineffective because the isomers interconvert under biological 
conditions and it is only the “R” form that is therapeutically active. The “S” form of Thalidomide was not only 
ineffective, but it was the source of the birth defects cf. 
https://sites.science.oregonstate.edu/~gablek/CH334/Chapter5/Thalidomide.htm . 
 
L-glucose cannot be phosphorylated by hexokinase (the first enzyme in the glycolysis pathway) therefore 
cells cannot use L-glucose  –  it is only D-glucose that is biologically active and that is why L-glucose is 
very rarely mentioned at ‘A’ Level. 
 

 
 

                                                      
D-glucose (cyclic form) / D-glucopyranose L-glucose (cyclic form) / L-glucopyranose 

  with both molecules being in the α -form. 
 

 
At ‘A’ Level, you will be required to recognise D-glucose (but not to draw it), and you are  not required to 
be able to recognise or draw L-glucose/ at ‘A’ Level. 
 

 

 
13 In Chemistry, a racemic mixture (or racemate) is one that has equal amounts of left- and right-handed enantiomers 
of a chiral molecule. An enantiomer is one of two non-superimposable mirror image stereoisomers of each other.  
14 The usage of the ‘R’ / ‘S’ classification system is more robust than the usage of the ‘D’ / ‘L’ classification system, 
because the former allows for the location of other functional groups in a molecule whereas the latter is determined 
solely by the main functional group. (Enantiomers are non-superimposable mirror images of each other.) 
 

A linear glucose cannot be 
termed a glucopyranose 
because it does not have 
an Oxygen atom that links 
C1 to C5. 

D-Glucose ––> 
is the biologically 
active molecule, 
therefore you will 
almost always see 
D-Glucose 
mentioned in ‘A’ 
Level Biology. 
 

The “–OH” species on 
C1 is on the opposite 
side of the ring to the 
“–CH2OH” on C5. 
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F) Anomers / Epimers / α- and β-isomers 
 
Anomers and epimers are both diastereomers, but an epimer is a stereoisomer that differs in configuration at 
any stereogenic center, whereas an anomer is an epimer that differs in configuration at the acetal/ 
hemiacetal or ketal/hemiketal carbon (at the anomeric C atom). 
 
In its linear form, it is easy to see that Glucose has an aldehyde functional group at C1 and an alcohol 
functional group at C5. These two groups can react with each other to form a cyclic hemiacetal 
(glucopyranose is a hemiacetal). In water, the open linear glucose moves through the intermediaries shown to 
become either an alpha or a beta glucopyranose. The diagramme below is from Michigan State University, 
and we have already looked at the difference between D- and L- isomers earlier on. I am not going to go into 
what the signs “+” and “-” mean (because they are not that important in Biology)  –  but we will cover them 
in ‘A’ Level Chemistry. In the diagramme below, I want you to see that the C1 atom, is the anomeric carbon 
atom (the anomeric centre). I want you to see it because that is where the difference between the alpha (α) 
and beta (β) configurations occur. C1 is where the carbonyl C atom (the “>C=O” atom) was. 
 

Source: braukaiser.com 
 
 

In an alpha (α) isomer the “–OH” species on C-1 is on the OPPOSITE side of the ring from the  
“–CH2OH” substituent on C-5. (“Substituent” just means that it has replaced an H atom.) 
 
In a beta (β) isomer the “–OH” species on C-1 is on the SAME side of the ring relative to the  
“–CH2OH” substituent on C-5. 

The terms “α” and “β” thus refer to where the “–OH” species is in relation to the “–CH2OH” species. 

“α” is on OPPOSITE sides  “β” is for the SAME side 

 
There is another way of describing alpha and beta versions of glucose/glucopyranose, and that is by 
saying that the “–OH” species is drawn BELOW the ring in the alpha isomer, while in the beta isomer it 
is drawn ABOVE the ring. 
 

                   
Source:freesciencelessons.co.uk 

 
                                                                         therefore 
 in alpha the “–OH” species points downwards    in beta the “–OH” species points upwards  
     i.e. the “–OH” species is below the ring                i.e. the “–OH” species is above the ring 
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Alpha and Beta isomers of cyclic Glucose (cyclic glucose = glucopyranose) 

Example 1: α-D-Glucopyranose and β-D-glucopyranose are anomers. 

 

the “–OH” is on the OPPOSITE side to “–CH2OH” the “–OH” is on the SAME side as “–CH2OH” 
in alpha the “–OH” species points downwards in beta the “–OH” species points upwards  

NOW can you see the difference between alpha (α) and beta (β) configurations!  

 

 
 

 
Interconvertibility: At equilibrium, the mixture consists of about 36% α-D-glucose, 64% β-D-glucose, 
and less than 0.02% (i.e. hardly any) of the open-chain/linear aldehyde form. 
 

 
Source:https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/The_Basics_of_GOB_Chemistry_(B
all_et_al.)/16%3A_Carbohydrates/16.04%3A_Cyclic_Structures_of_Monosaccharides 
 

Glucose mostly adopts 
the “pyran”, six-sided 
ring structure. 

Fructose mostly adopts 
the “furan”, five-sided 
ring structure. 
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G) Different classification systems for “sugars” 

Saccharides can be classified as  
1) Monosaccharides and disaccharides 
2) Oligosaccharides  
3) Polysaccharides. 
 
Not all Saccharides are “sugars”, and in Chemistry, Saccharides would be a subset of ‘Carbohydrates’  –  
but in Biology, the terms Saccharides and Carbohydrates are used interchangeably. You can see this in the 
table below where it starts with “Carbohydrates” and then suddenly switches to “Saccharides”. 
 

 

 

Interactive Resources for Schools says “What do the cell walls of fungi, the tough outer coverings of 
insects, the cell walls of plants, the energy store in the human liver, and the fuel for respiration in cells all 
have in common? They are all carbohydrates, i.e. a group of organic compounds that contain carbon, 
hydrogen and oxygen atoms in molecules that range from very small individual molecules to very large 
macromolecules. They are usually classified as saccharides: monosaccharides, disaccharides, 
oligosaccharides or polysaccharides (complex carbohydrates often composed of hundreds or thousands of 
units15 which form macromolecules)”. Source: https://www.abpischools.org.uk/topic/chemistryoflife/5  
 
To all intents and purposes a “sugar” (such as table sugar, honey, maple syrup, etc) is a sweet-tasting 
saccharide, and “saccharides” are organic molecules from which “carbohydrates” are made. I myself 
would not bother too much about the technical distinction between the two terms ‘carbohydrate’ and 
‘saccharide’ because Biologists seem to use the terms interchangeably. Please concentrate on the fact that 
carbohydrates are made up of saccharides (and this is where your knowledge of “polymers” will come in 
useful, and I have reminded you about ‘polymers’ in Section C).  
 
In Biology textbooks, not only do they talk interchangeably about Saccharides and Carbohydrates, but they 
sadly do not start by defining how certain terms will be used. Let me therefore start by doing so.  
 
The term “monosaccharide” does not mean that there is only one type of molecule (e.g. glucose) in the 
substance. Instead, the term ‘monosaccharide’ is used to indicate that there is only one unit of the monomer/ 
one “residue” in the substance under consideration  –  and, for clarity I shall refer to a monomer repeat unit 
as just “a unit” (of for example a unit of glucose). The diagramme overleaf shows one basic unit of glucose 
in its different forms D- and L-glucose, and also as linear and cyclic glucose.  
 
 

 
15 Biologist do not use the term “repeat unit”/ “unit”, but instead refer to the units as “residues”. 

It is only monosaccharides and disaccharides that are classified as “sugars”. 
Oligosaccharides and polysaccharides are not classed as sugars. 
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Monosaccharides  
There is quite a good 5-minute video at https://www.youtube.com/watch?v=p0soyMv8-Xo ,  
and one at https://www.youtube.com/watch?v=E4itgKrEzak . 
 
Monosaccharides are composed of a single ‘unit’/residue. One unit of glucose represents a 
monosaccharide  –  and this is (one unit) of glucose in some of its different forms. 
 

 
 

                                                               
D-glucose (cyclic form) / D-glucopyranose                      L-glucose (cyclic form) / L-glucopyranose 

  
 
However, if you link two units of glucose together, then you get maltose  –  and maltose is a DIsaccharide!  
 

On the right below is just ONE molecule of the DIsaccharide maltose, and  
one molecule of maltose consists of TWO units of the MONOsaccharide glucose. 

 
        Here are 2 units of glucose in one molecule of maltose 

 
Source: University of Hawaii 

 
You could also put one unit of glucose and one unit of fructose together and you would get sucrose  –  
and, of course, sucrose also is a disaccharide because it is composed of two units/two repeating units 
(and NOT because it is composed of two different sorts of sugars). Both Maltose and Sucrose are 
disaccharides. 
 

 

A linear glucose cannot be 
termed a glucopyranose 
because it does not have 
an Oxygen atom that links 
C1 to C5. 

D-Glucose ––> 
is the biologically 
active molecule, 
therefore you will 
almost always see 
D-Glucose 
mentioned in ‘A’ 
Level Biology. 
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Mono-/di-/oligo-/poly- 
 
When the terms “Mono–”, “di–”, “oligo–“”, and “poly–” are used with reference to saccharides, you are 
being told not how many different types of substances there are in the saccharide, but instead you are 
being told how many repeat units there are in a molecule of the substance viz. 
- monosaccharides: just one repeat unit in a molecule of the substance e.g. Glucose or Fructose or 

Galactose 
- disaccharides: two repeat units in one molecule of the substance  –  and the two repeat units could be 

either the same as in Maltose (two units of Glucose), or different units in the case of Sucrose (one unit 
of Glucose and one unit of Fructose to give just one molecule of sucrose) 

- oligosaccharides: by convention, these saccharides have more than three units but fewer than eight 
units in each molecule of the oligosaccharide, and 

- polysaccharides: where each macromolecule (giant molecule) of the polysaccharide contains 
hundreds and possibly even tens of thousands of units. For instance, Amylose (one of the two 
ingredients of Starch) can contain thousands (if not even tens of thousands) of nothing but glucose 
units linked together to make a macromolecule of Amylose. The other ingredient of Starch is 
Amylopectin, and again a macromolecule of Amylopectin can contain thousands (if not even tens of 
thousands) of nothing but glucose units linked together to make a macromolecule of Amylopectin. 

 

 
 
Disaccharides are therefore composed of two monosaccharides linked together, and oligosaccharides/ 
polysaccharides are composed of 3 or more monosaccharides linked together. Technically an 
oligosaccharide has 3-7 units in each molecule of the substance, and polysaccharides have 8 or more units 
(up to tens of thousands of units) linked together. Polysaccharides are massively important because they 
are substances such as Starch and Cellulose and each molecule of Starch and each molecule of Cellulose 
can have literally tens of thousands of units in it. (Starch and Cellulose do NOT dissolve in water.) 
 
OK, have I now made it clear as to what a monosaccharide is and what it is not  – and in doing so 
have I explained to you what disaccharides/oligosaccharides/and polysaccharides are?  
 
It is rather important that you understand all this because, as yet, all that I am doing is telling you about 
the basic chemistry of sugars/saccharides/carbohydrates. When we start dealing with what the AQA 
textbook says, then we will start talking about the Biology of these substances  –  and at that point we will 
start looking at what these substances do in plants and animals. For instance, the homopolysaccharides16 
starch and cellulose, found in plants, contain only glucose. About 20% of starch is amylose, and the 
remaining 80% is amylopectin. Starch is present in potatoes, rice, wheat, and other cereal grains. The 
amount of amylose and amylopectin in starch is variable and depends on its source. 
 
Where I have used the term ‘unit’, Biologists tend to use the term ‘residue’. 

 
16 A “homopolymer” is a polymer that contains only one type of repeat unit (e.g. starch), while a “heteropolymer” 
contains more than one type of repeat unit. 

Amylopectin is 
branched and 
Amylose is not,  
but both of them 
are made up of 
repeat units of 
glucose. (They are 
homopolymers of 
Glucose.) 

In Amylose and Amylopectin, 
the linear macromolecules are 
coiled into a helices. 
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Sort of Sugar Substance  Constituents Which constituents 

Monosaccharide GLUCOSE 

VERY 
important at 

‘A’ 
Level 

A single substance One unit of Glucose 

Monosaccharide Fructose You need to 
know about it A single substance One unit of Fructose 

Monosaccharide Galactose You need to 
know about it A single substance One unit of Galactose 

Disaccharide Maltose You need to 
know about it 

A single substance 
It is a Disaccharide 
made of just ONE 

substance 

Two units of Glucose 

Disaccharide Sucrose You need to 
know about it Two substances One unit of Glucose, and 

One unit of Fructose 

Disaccharide Lactose You need to 
know about it Two substances One unit of Glucose, and 

One unit of Galactose 
Trisaccharide Raffinose Not needed at ‘A’ Level Three substances  

Polysaccharide Starch 
Very 

important at 
‘A’ Level 

A single substance A homopolymer composed of 
many units of α-glucose 

Polysaccharide Cellulose 
Very 

important at 
‘A’ Level 

A single substance A homopolymer composed of 
many units of β-glucose 

Polysaccharide Glycogen 
Very 

important at 
‘A’ Level 

A single substance 

A homopolymer composed of 
many units of glucose. 

Linear strands of  
α-(1,4)-glucose linked to other 
strands of α-(1,4)-glucose by  

α-(1,6)-glucose linkages 
 
Starch is a polymer that consists of alpha-glucose monomer repeat units with alpha glycosidic linkages. 
Cellulose17 is a polymer that consists of beta-glucose monomer repeat units with beta glycosidic linkages, 

but in which every other glucose monomer and its beta linkage is turned through 180˚, and  
Glycogen consists of many branches of α-(1-4) glycosidic bond linked linear glucose polymers (therefore it 

is, in effect, strands of starch) where the branches are joined by α-(1-6) linkages. 
 
Starch is a coiled homopolymer of alpha-glucose units. It is almost insoluble in water and it is found in 
plants. It is the most abundant source of energy in human food.  
 
Cellulose is a branched homopolymer of alternatingly rotated BETA-glucose units. It is not soluble in 
water (otherwise trees would be washed away when it rained). Cell walls are made of cellulose, and that 
is (one of the things) that provides structural rigidity in vegetation such as in Giant Californian Redwood 
trees (that can grow up to 400 feet), and  
 
Glycogen is a multi-(1-6)-branched homopolymer of alpha-(1-4)-glucose units. It is made and stored 
primarily in the cells of the liver and in skeletal muscles of animals. Glycogen is insoluble in water.  
 
At ‘A’ Level, Starch, Cellulose and Glycogen are considered to be insoluble in water. 
 

 
17 “Mollecular Cell Biology” 4th Ed. says that Cellulose is a linear polymer consisting of 2,000 – 20,000 glucose 
residues linked together by β(1→4) glycosidic bonds. Because the β(1→4) linkages cause alternating glucose 
residues to be rotated by 180°, a pair of residues constitutes a repeating unit, called the cellobiose monomer; these 
monomers polymerise into straight glucan chains  –  and now you know why the examiners sometimes ask you 
to draw repeat units in pairs! 
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Sugars according to the number of Carbon atoms in each repeat unit 
 
The general formula for a Sugar is (C.H2O)n i.e. one C atom for each molecule of Water, and different sugars 
have differing numbers of C atoms in their units. The general formula can be used to ascertain the number of 
each atom in the linear form of a sugar molecule  –  but the formula does not work when two or more atoms 
are joined together in a condensation/elimination/ejection/deydration reaction, because atoms are lost from 
each molecule as the molecules join together. The table below therefore is for monosaccharides (and not 
disaccharides/oligosaccharides/polysaccharides), where a monosaccharide is a single unit sugar,  
 
 
Number of C atoms 
in each molecule 

General Name  
of the Sugar 

An example of  
such a sugar 

1 Not a sugar  
2 Not a sugar Glycoaldehyde, technically a ‘pre-sugar’ 

which is why its name does not end in “–ose” 
3 Triose Glyceraldehyde, this is a sugar even though its name 

does not end in “–ose”. It is the simplest of all sugars 
and it is used as the reference sugar for the D/L 
classification system. 

4 Tetrose Erythrose 
5 Pentose Ribose / Deoxyribose 
6 Hexose GLUCOSE, Fructose (a Ketose), Galactose  
7 Heptose Sedoheptulose (not even remotely important  

at ‘A Level). 
 
NB  Please do not confuse the number of C atoms in a basic molecule with the number of sides that the 

molecule has when it is in its cyclic form. For instance glucose and fructose are both hexoses, but 
glucose has a six-membered ring structure with a C atom at five of the ‘corners’ of the ring and an O 
atom at one ‘corner’, whereas fructose has a five-membered ring structure with a C atom at four 
‘corners’ of the ring and an O atom at one ‘corner’. Since both glucose and fructose have the formula 
C6(H2O)6, then glucose has only one “–CH2OH” species above the plane of its ring, whereas fructose 
has two “–CH2OH” species, one above the plane of its ring and one below the plane of its ring. 

 

 
 
 
 
 
 
 
 
  

Fructose in its cyclic form is a 
five-membered ring. 

Glucose in its cyclic form is a 
six-membered ring. 

 

A “pyran” has a six-
membered ring structure, 
while a “furan” has five-
membered ring structure.  
All these four molecules are 
molecules of Fructose 
therefore the furans must 
have two lots of “–CH2OH” 
species that are not in the 
plane of the ring whereas 
the pyrans have only one  
“–CH2OH” species that is 
not in the plane of the ring. 
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H) Starch , Cellulose, and Glycogen (all of them being homopolymers18 of glucose) 
 
Now that we have talked about classification systems, we can talk about  
a) Starch (a polymer that consists of alpha-glucose monomer repeat units with alpha glycosidic linkages) 
b) Cellulose19 (a polymer that consists of beta-glucose monomer repeat units with beta glycosidic linkages, 

but in which every other glucose monomer and its beta linkage is turned through 180˚: cf. diagramme 
on next page), and  

c) Glycogen: Wikipedia says that Glycogen is a branched biopolymer consisting of linear chains of 
glucose residues with an average chain length of approximately 8–12 glucose units and 2,000-60,000 
residues per one molecule of glycogen. Linear strands of Glucose units are linked together by α(1→4) 
glycosidic bonds, but where one linear strand meets another linear strand, then the two strands are 
linked together by α(1→6) glycosidic bonds. Glycogen is very important because it as an energy store in 
the liver and in muscles of animals.  

 
Do you remember that when you first started to learn about plant cells, you learnt that plant cells have cell 
‘walls’ that are made of cellulose, but that animal cells do not have cell walls. Well that is the cellulose that 
we are now looking at. 
 
However, before we talk about the differences between Starch and Cellulose, let us just touch on Lignin. 
Starch and Cellulose are Carbohydrates, but Lignin is not considered to be a Carbohydrate. The University 
of Maine says that “Lignin is not a carbohydrate, but it is usually discussed along with carbohydrates 
because it occurs in close association with cellulose and hemicellulose in plant cell walls. Lignin is a high 
molecular weight polymer of phenyl propane derivatives, some of which have methoxy side chains”. 
Lignin is commonly associated with the wood in trees, but “it is found in the woody parts of plants such as 
corn cobs, seed hulls, and the fibrous portions of stems, roots, and leaves. (However) hardwoods contain 
the most lignin.”  
 
Starch is found in many foods, but both Lignin and Cellulose are hardly digestible at all by humans  –  
but they are digestible by insects (termites eat wood) and by ruminant animals (cows and rabbits eat grass 
and Cellulose is typically the most abundant constituent, by mass, in most types of grass).  
 
Differencebetween.com says that “Cellulose is the most common organic compound on earth. 33% of all 
plant matter is composed of cellulose. (Me: This is hardly surprising given that all plant cell walls ae 
composed of cellulose.)  It is a commercially important compound used in the production of different 
materials such as paper, pharmaceuticals, and textiles. Lignin is the second most abundant biological 
compound on earth, surpassed only by cellulose; it is present mainly in woody plants. The key difference 
between lignin and cellulose is that cellulose is a carbohydrate polymer whilst lignin is a non-carbohydrate 
aromatic20 polymer”. That is all that I want to say about Lignin here. I merely want to draw your attention 
to the fact that Lignin and Cellulose have a  close association, but that they are different substances. This 
Section (Section G) is about Starch,  Cellulose, and Glycogen.  
 
Maltose: Two molecules of glucose with an α(1-4)-glycosidic link make a molecule of the disaccharide 
Maltose. In maltose, two glucose monomer repeat units are joined together by an O-glycosidic linkage 
between the “–OH” species on the anomeric C1 atom on one molecule and the “–OH” species on C4 of the 
adjacent glucose molecule. Such a linkage is called an α-1,4-glycosidic bond (or to be more precise, it is an 
O atom α-1,4-glycosidic bond). You can get links through other sort of atoms. 

 
18 There is only one sort of monomer repeat unit in a homopolymer (e.g. glucose in Starch and in Cellulose), but in a 
heteropolymer there would be two or more monomers involved (e.g. as inTerylene and Nylon-6).  
19 “Mollecular Cell Biology” 4th Ed. says that Cellulose is a linear polymer consisting of 2,000 – 20,000 glucose 
residues linked together by β(1→4) glycosidic bonds. Because the β(1→4) linkages cause alternating glucose 
residues to be rotated by 180°, a pair of residues constitute a repeating unit, called the cellobiose monomer; these 
monomers polymerise into straight glucan chains  –  and now you know why the examiners sometimes ask you to 
draw repeat units in pairs! 
20 Originally the term “aromatic” referred to the sweet smell that certain chemicals emitted, but today the term is 
confined to those chemicals such as Benzene and its derivatives that have a cyclic structure with delocalised π rings. 
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The monomers (or ‘residues’ as they are often called) do not have to be D-glucose. They could be  
L-glucose monomers, but L-glucose is not biologically active, therefore Biology textbooks do not use  
L-glucose molecules in their text. (The reaction is a condensation/elimination/ejection/dehydration 
reaction, therefore a molecule of water is thrown out of/ejected from the reaction.) 
 
In the reaction that forms Maltose, an alpha-glycosidic bond was formed but, of course, a beta-glycosidic 
bond could equally well have been formed (as on right below) and cellobiose would have been formed, (but 
it is not even remotely important at ‘A’ Level.)  
 

                             
 
The two glucose molecules in Maltose are linked through an O atom, and I do not want to get into the 
exact definition of a glycosidic bond (because that would involve too much Chemistry), but the link 
between the two glucose molecules is a very good and a very common example of a glycosidic bond/ 
a glycosidic link. However, if instead of just two molecules of glucose being linked together, a large 
number of glucose molecules were linked together, then that would constitute STARCH or 
CELLULOSE. Starch is a homopolymer (homo meaning all the same monomer, and polymer meaning 
many repeating units) of the cyclic monomer α-glucose, with all the α(1-4) molecules being 
glycosidically linked together. Starch is in fact made up of two types of polymers of Glucose viz. 
Amylose and Amylopectin. 
 
 
 
a) STARCH (composed mainly of two glucose polymers: amylose and amylopectin) 

The University of Southern Mississippi says that “In animals, special proteins called enzymes (which are 
polymers) break starch down into Glucose, so that the body can burn it for energy. If you are eating a 
healthy diet, you get most of your energy from starch in this way and because it is made of sugar molecules 
it is called a polysaccharide. Starch has very few uses other than in food.  

However, we still have not described Starch completely. Chemistry Libretexts says that  Starch is a mixture 
of (almost entirely) two polymers: amylose and amylopectin. Natural starches consist of roughly 20% 
amylose and 80% amylopectin21. Amylose is a linear polysaccharide composed entirely of D-glucose units 
joined by the α-1,4-glycosidic linkages that we saw in Maltose above.  

 
21 Corn starch is composed of about 28% amylose by weight, whereas cassava starch has about 17% by weight. 
 

Maltose is formed through condensation/elimination reactions, and destroyed by an hydrolysis reaction into glucose. 
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ai) Amylose 

Chemistry Libre Texts says that Starch is a polymer of Glucose, but experimental evidence indicates that 
amylose is not a straight chain of glucose units, but that the linear polymer is instead coiled like a spring, 
with six glucose monomers per turn. When coiled in this fashion, Amylose has just enough room in its core 
to accommodate an iodine molecule. The characteristic deep blue-violet (almost black) colour that appears 
when starch is treated with iodine is due to the formation of the amylose-iodine complex22. This colour test 
is sensitive enough to detect even minute amounts of starch in solution. (In Chemistry we use this in the 
“Iodine Clock reaction”.) 

In real life, Amylose is not linear but it has a helical (coiled) structure (as in (b) below). 

 

(a) Amylose is a linear chain of α-D-Glucose units joined together by α-1,4-glycosidic bonds.  
(b) Because of hydrogen bonding, Amylose acquires a spiral structure that contains six Glucose units per turn. 

 
 
 

aii) Amylopectin  

Amylopectin is a branched-chain polysaccharide composed of linear Glucose units linked by  
α-1,4-glycosidic bonds in the linear chains  –  but with α-1,6-glycosidic bonds joining the different linear 
chains together (cf. overleaf). A molecule of Amylopectin may contain many thousands of Glucose units 
with branch points occurring about every 25-30 units. The helical structure of Amylopectin is disrupted by 
the branching of the chain, so instead of the deep blue-violet colour Amylose gives with iodine, 
Amylopectin produces a less intense reddish brown.23 

The diagramme overleaf shows how the linear chains are α-1,4-glycosidically linked, with the branches 
being joined by α-1,6-glycosidic bonds/links.   

 
22 There is a technical definition for a “ complex” in Chemistry, but I do not want to go into that here.  
23 Amylopectin is a highly branched and high molecular weight macromolecule composed mostly of  
α-(1→4)-d-glucopyranose units, with α-(1→6)-linkages at intervals of approximately 20 units. Glycogen is even 
more branched. All other things being equal, branching increases solubility in water. 
 

In Nature, Starch is found as 
three-dimensional coils.  
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Representation of the Branching in Amylopectin and Glycogen. Both Amylopectin and Glycogen contain 
branch points that are linked through α-1,6-linkages. These branch points occur more often in Glycogen. 

Source: https://courses.lumenlearning.com/suny-orgbiochemistry/chapter/polysaccharides/ 
 

 
Wikipedia says that Amylose consists of linear, helical chains of roughly 500 to 20,000 alpha-D-glucose 
monomers linked together through alpha (1-4) glycosidic bonds, whereas Amylopectin molecules are 
branched polymers of Glucose, each containing between one and two million residues24.  
 
Amylose is a linear polymer coiled into a helix, but Amylopectin is multi-branched. 
 

 
 
 
 
Both Amylose and Amylopectin are digestible by human beings (and therefore Starch is digestible 
by human beings), but Cellulose is not digestible by human beings (although it is digestible by 
ruminants such as cows, horses and rabbits (and ants can also digest cellulose). 
 
It is the cellulose from the walls of the cells in the fruit and vegetables that humans eat that eases the 
act of defecation  –  and THAT is why it is so important to eat a large amount of fruit and veg every day! 
Defecation removes all the waste matter from the gut, and it thereby also removes all the toxins that have 
been taken out of other parts of the body. 
  

 
24 “Residue” = a repeat unit in a polymer. 
 

In Amylopectin the 
linear α-1,4-
glycosidically 
linked linear chains 
are joined by α-1,6-
glycosidic bonds. 

Source: 
https://www.askdifference.co
m/glycogen-vs-amylopectin/ 
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b) Cellulose (which has β-(1,4) bonding) 
 
There is a problem with β-(1,4) bonding and it is this. The “–OH” species on the C1 atom of cyclic  
β-Glucose points upwards (above the plane of the ring), while the “–OH” species on the C4 atom of 
cyclic β-Glucose points downwards (below the plane of the ring). The two “–OH” species point in 
opposite directions.  
             

                                                          
 
 
However, in order to create a condensation glycosidic bond between two Glucose molecules, two “–OH” 
species must get together as follows   

                                                        
and in order for this to happen and accommodate the bond angles that will need to form (and this will be 
explained very soon), the solution is for every other Glucose residue/Glucose repeat unit to be rotated 
180˚ around the horizontal axis of the linear chain of cellulose. 
 
The Pearson Edexcel ‘A’ Level Biology textbook shows Cellulose quite nicely, and please note that the 
alternate Glucose (Glucopyranose) monomer units (in the polymer that makes up Cellulose) have been 
rotated through 180˚ around the horizontal axis. Rotation has to occur in order to accommodate  the 
required bond angles.  
 

 

It is unusual to draw 
a glycosidic link as a 
straight line rather 
than as a “V” –––> 

In order to provide 
structural rigidity 
in the cell wall, 
alternate planes of 
cellulose in a cell 
wall are layered at 
right angles to 
each other. 

A Hydrogen bond is a force 
of attraction between a 
Hydrogen atom (that has 
been denuded of its 
electron cloud) and a lone 
pair of electrons on an 
F/O/or N atom (and in this 
case an O atom). 
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Cellulose is a homopolymer of β(1-4)-glucose monomers with alternately oriented monomers and with  
β-glycosidic links turned through 180˚ (as in the diagramme below). A z-shaped glycosidic link is used 
to indicate the (alternately) rotated glucose monomers (and some textbooks refer to this as every other 
glucose monomer repeat unit being turned “upside down”). 

 

 
 
 
In drawing the skeletal diagramme for Cellulose, the reason that the monomer units are shown in 
alternating orientation in the case of Cellulose but not in the case of Starch is because of the angles that 
are required for the bonds between the atoms involved.  
 
In the case of STARCH one of  the “–OH” species in the linked α-glucose monomers is on a C1 atom 
while the linked one is on a C4 atom thus giving a 1-4 glycosidic linkage, but both the “–OH” species are 
on the same side of their rings and both project downwards from the plane of their rings. Please now, in 
your head or on a piece of paper, could you put two α-glucose25 molecules together, and you will see that 
the two C1 and C4 “–OH” species are indeed both pointing in the same direction (i.e. downwards) when 
two glucose molecules are placed next to each other ready to be bonded together. When a single O atom 
joins the two Glucose/Glucopyranose molecules together, the Oxygen atom requires that the angle 
between the bonds be less than 180˚ (because of the force of repulsion exerted by the unbonded/the lone 
pair of electrons on the O atom on the bonded pairs of atoms), so the two Glucose molecules have to be 
on the same side of the Oxygen atom. That is OK because in α-glucose both the “–OH” groups are 
pointing downwards. 
 
The University of Southern Mississippi shows skeletal diagrammes (overleaf) of the way that Starch and 
Glucose are drawn, and these differences are determined by the bond angles involved in the glycosidic 
linkages, but that is not what I want you to concentrate on for the moment. For ‘A’ Level Biology, I want 
you to concentrate on the functions of the two substances. 
 
 
The alternating orientation of the β-glucose monomer repeat units in Cellulose 
 
When two β-glucose molecules are put side by side, it will be seen that the “–OH” species on the carbon  
C1 and C4 atoms are on opposite sides of the glucose rings, but joining two β-monomers together to make 
cellulose requires that these two OH groups must point in the same direction so that when changed into 
bonds to the single O atom, the angle which the oxygen requires can be provided. To get the two OH 
groups pointing the same way thus requires that one of the two β-glucose molecules has to be rotated 
180˚ relative to the other one, and THAT is the reason that you get the β-Glucose monomers of Cellulose 
alternating in orientation to each other.  
 
I am much obliged to socratic.org for the explanation about bond angles to explain the alternate rotation 
of the β-Glucose monomers in Cellulose. 
 

 
25 A cyclic α-Glucose molecule is technically an α-Glucopyranose molecule. 
 

The ‘z’ shaped glycosidic 
links are here to indicate 
alternate Glucose 
monomers have been 
rotated through 180˚ in 
relation to the axis of the 
molecules joining each 
other. 

Please remember that 
Cellulose is a 
polymer of Glucose 
monomers/residues/ 
molecules (any one 
of the three terms 
can be used). 
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Source: socratic.org,  https://socratic.org/questions/59dce5c111ef6b555a52f381 

 
The University of Southern Mississippi has a big website on polymers, and it says that “There is only one 
difference (between Starch and Glucose). In starch, all the Glucose repeat units are oriented in the same 
direction, whereas in cellulose, each successive glucose unit is rotated 180˚ around the axis of the 
polymer backbone chain, relative to the previous repeat unit. USM is not correct (because there are many 
differences between Starch and Cellulose), but in terms of the skeletal drawings, that is the main 
difference. Please look closely at the diagrammes. Both the alpha and the beta glycosidic linkages are 1-4 
links, but  
- as you now know, in alpha-Glucose the “–OH” and the “–CH2OH” are on opposite sides of the six-

sided ring structure and (by convention) the “–OH” species points downwards, whereas 
- in beta-D-Glucose the “–OH” and the “–CH2OH” are on the same side of the six-sided ring structure, 

and (by convention) the “–OH” species points upwards, 
and in order to accommodate the bond angles involved  
• in Starch all the monomers are oriented in one direction, whereas 
• in Cellulose the orientation of the monomers alternates (and every other residue/monomer repeat unit 

has to be rotated through 180˚ in relation to the horizontal axis of the fibre). 
 
 
 
 
 
The functional differences between Starch and Cellulose 
 
- Starch is a store of energy in plants. Cellulose is for structural strength in vegetation. 
- For ‘A’ Level purposes,  Starch, Cellulose and Glycogen are insoluble in water. 
- When cells need energy, Starch and Glycogen are hydrolysed into Glucose units, and 

mitochondria can react the Glucose with Oxygen to produce energy in cellular respiration.  
 
Wikipedia says that Starch is a polymeric carbohydrate consisting of numerous Glucose units joined by 
glycosidic bonds and it is produced by most green plants for energy storage. Worldwide, it is the most 
common carbohydrate in human diets, and it is contained in large amounts in staple foods such as wheat 
(and therefore bread), potatoes, maize (corn), rice, etc. Depending on the plant, starch generally contains 
about 25% amylose and about 75% amylopectin by weight.  
 
 

In Cellulose, every other Glucose 
monomer has to be rotated through 180˚ 
and so must every other glycosidic link. 
The glycosidic –O– links alternate 
between pointing upwards and pointing 
downwards. Please study the diagramme 
below very carefully. 

In alpha-Glucose the anomeric “–OH” species on C1 and the “–CH2OH” species on C4 are on opposite sides of the Glucose ring, 
but in beta-Glucose the “–OH” and the “–CH2OH” species are on the same side of the Glucose ring. 
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Starch is digestible by animals, but some animals such as human beings cannot digest Cellulose. Some 
herbivores such as cows, horses, and rabbits can digest Cellulose, and some insects such as termites can also 
digest Cellulose. Because Cellulose is indigestible by human beings, it is the cellulose from the walls of the 
cells in the fruit and vegetables that humans eat that eases the act of defecation  –  and THAT is why it 
is so important to eat a large amount of fruit and veg every day! Defecation removes all the waste matter 
from the gut, and it thereby also removes all the toxins that have been taken out of other parts of the body. 
 
Chemistry Libretexts says that Cellulose is a fibrous carbohydrate found in all plants, and it is the 
structural component of plant cell walls. Because the earth is covered with vegetation, Cellulose is the 
most abundant of all carbohydrates, accounting for over 50% of all the carbon found in the vegetable 
kingdom. Cotton fibrils and filter paper are almost entirely Cellulose (about 95%), wood is about 50% 
cellulose, and the dry weight of leaves is about 10%-20% Cellulose. The largest human use of Cellulose 
is in the manufacture of paper and paper products using the cellulose found in plants/trees. The use of 
non-cellulose synthetic fibres has been increasing, and rayon (made from Cellulose) and cotton account 
for over 70% of textile production. 
 
The USM says that “Cellulose is much stronger than Starch. Starch is practically useless as a material 
from which to make things, but Cellulose is strong enough to make fibres and hence rope, clothing and 
paper products. Cellulose does not dissolve in water in the way that starch does, and it certainly does not 
break down as easily. If Cellulose were to break down or to dissolve in water, then that would be 
extremely inconvenient for something that is used to make clothes and buildings. It would be disastrous if 
rain washed away all the wooden houses and trees! The forests that we depend on for so many important 
contributions to our world would be washed away every time that it rained. 
 
 
 
Glycogen 
 
Glycogen, a glucose store for animals, is a more highly branched version of Amylopectin.  
Glycogen is stored mainly in the liver and in the muscles of animals. 
 
Glycogen consists of many branches of α(1-4) glycosidic bond linked linear Glucose polymers (therefore 
it is, in effect, strands of Starch) where the branches are joined by α(1-6) linkages (cf. diagramme below). 
 
Wikipedia says that Glycogen is a multi-branched polysaccharide of Glucose that serves as a form of 
energy storage in animals, fungi, and bacteria. The polysaccharide structure represents the main storage 
form of Glucose in the body. ... In humans, Glycogen is made and stored primarily in the cells of the liver 
and the skeletal muscles.  
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Bioninja has the following rather nice Table at https://ib.bioninja.com.au/standard-level/topic-2-
molecular-biology/23-carbohydrates-and-lipids/sugar-polymers.html  
 

 
Source: Bioninja 

 
except that the Table does not tell you that Cellulose is not soluble in Water (otherwise all vegetative 
matter would get washed away in the rain). Starch is also insoluble in water. 
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I) The difference between a Pyran and a Furan, and a Pyranose and a Furanose 
 
 
Wikipedia says that in chemistry, Pyran is a six-membered / six-sided heterocyclic, non-aromatic ring 
(i.e. there is no delocalised π ring), consisting of five carbon atoms , one oxygen atom and two double 
bonds. Wikipedia also says that Aromatic compounds are those chemical compounds that contain one or 
more rings with pi electrons delocalised all the way around them e.g. Benzene (with one delocalised π 
ring), Naphthalene (with two delocalised π rings), Anthracene (three delocalised π rings), etc.  
 
In contrast, a furan is a heterocyclic organic compound, consisting of a FIVE-membered aromatic ring 
with four carbon atoms , one oxygen atom and two double bonds.  
 
It is possible for other atoms such as Sulphur and Nitrogen to replace the Oxygen atom (and then the 
names of such molecules would be different). 
 
 

 
 

Here Dr James Ashenhurst of Master Organic Chemistry shows the interconvertibility of Glucose, 
Pyranose and Furanose  –  and both of the latter can have alpha (α) and beta (β) configurations.  
 

 
 

    This is the linear form of -Glucose  
and please remember that it is only D-glucose that is biologically active. L-glucose is not. 

 
 
Please also remember that the three glucose molecules above are all isomers therefore they must all have 
the same molecular formula (C6H12O6), therefore even though furanose is a five-membered ring it must 
still have 6 Carbon atoms  –  and there are therefore two C atoms in the plane above the five-membered 
ring! The two “–OH” (alcohol) species in the plane above the five-membered ring are not in the same 
plane and, because of the convention not to show C atoms and “C–H” bonds in skeletal diagrammes, each 
of the two “–OH” (alcohol) species in the plane above the five-membered ring is actually a “–CH2OH” 
species!  
  

These top two “–OH” branches 
are in fact “–CH2OH” species. 
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J) Reducing and non-reducing sugars 
 
Let us start by reminding ourselves that a Ketone does not respond to Benedict’s test, whereas 
Aldehydes will turn the blue Cu2+ ions in Benedict’s solution into dirty reddy/orangey/browny Cu1+ ions. 
The colour change therefore distinguishes the Aldehyde from the Ketone (Ketones do not change colour 
with regard to Benedict’s test). For more details cf. 
https://www.chemguide.co.uk/organicprops/carbonyls/oxidation.html  
 
Libretexts says that the difference between an Aldehyde and a Ketone is the presence of a hydrogen 
atom attached to the C atom in a carbon-oxygen double bond in the Aldehyde. Ketones do not have 
that hydrogen atom. It is the presence of that hydrogen atom that makes Aldehydes very easy to oxidise 
(i.e. and that is why they are strong reducing agents).  
 
Now let us talk about OILRIG i.e. 
Oxidisation Involves the Loss of electrons, while 
Reduction Involves the Gain of electrons. 
 
The number of electrons that are lost by the species that is being oxidised must be exactly the same 
number of electrons as the number of electrons that are being gained by the species that is being reduced.  
 
It is also the case that when a species is being oxidised then it is allowing some other species to be 
reduced, therefore the species that is being oxidised is called a reducing agent/reducing species, 
and a species that is an oxidising agent is itself being reduced.  
 

A reducing agent therefore DONATES electrons. 
 
“Non-reducing” just means that a species does not cause some other species to be reduced. 
 
OK, now let us talk about reducing and non-reducing sugars. 
 
 
 
All the monosaccharides (Glucose, Fructose and Galactose) are reducing sugars.  
 
In an alkaline solution the cyclic monosaccharides are oxidised back into linear Aldehydes or into 
Ketones  –  and it is the Aldehyde that becomes oxidised and causes the sugar to be a reducing 
sugar, while the resulting Ketone will not oxidise thus preventing the sugar from being a reducing sugar.  
 
The diagrammes that follow show Glucose Fructose and Galactose first in the cyclic form and then in 
their linear form (overleaf). In the linear form it is easier to distinguish the Aldehyde from the Ketone 
progenitor.  
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Below are Glucose Fructose and Galactose in their linear forms. Glucose and Galactose are Aldoses, and 
Fructose is a Ketose. We have already seen that an Aldehyde can be oxidised into an acid (therefore it 
will reduce something else while it is doing so, therefore Glucose and Galactose are reducing sugars). 
From the diagramme below you can see that Glucose and Galactose have an Aldehyde species at one end 
of the linear form of the molecules (and in solution the linear and cyclic forms interconvert). There is 
therefore no problem in seeing why Glucose and Galactose are reducing sugars.  
 
However, Fructose is clearly a Ketose and we know that Ketones do not oxidise into an acid. Why then is 
Fructose a reducing sugar? The answer is that in solution the Ketone form of Fructose will tautomerise26 
into the Aldehyde isomer  –  and it is the Aldehyde isomer that under base conditions will oxidise into an 
acid and thus act as a reducing sugar. That is all that you need to know for ‘A’ Level Biology.  
 

 
 
 
 

Some Disaccharides are reducing, while others are not 
 
Wikipedia says that “Disaccharides are formed from two monosaccharides, and can be classified as 
either reducing or nonreducing.  
 
Non-reducing disaccharides such as Sucrose have glycosidic bonds between their anomeric carbons 
and thus cannot convert to an open-chain/linear form with an Aldehyde group. They are stuck in the 
cyclic form there they cannot form reducing sugars.  
 

           
 
Sucrose is a disaccharide of Glucose and Fructose. All the three diagrammes above are of sucrose. 
Sucrose is NOT a reducing sugar. 
 

 
26 Tautomers are isomers of a compound which differ only in the position of the protons and electrons. The carbon 
skeleton of the compound is unchanged. A reaction which involves simple proton transfer in an intramolecular 
fashion is called a tautomerism. Keto-enol tautomerism is a very common process, and is acid or base catalysed. 
Source: https://vrchemistry.chem.ox.ac.uk/nor/notes/tautomers.htm 
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Reducing disaccharides such as Lactose and Maltose have only one of their two anomeric carbons 
involved in the glycosidic bond, and the other is free and they can therefore convert into an open-
chain/linear form with an Aldehyde group”. 
 
Aldehydes can be converted quite easily into carboxylic acids, but Ketones cannot be converted easily 
into carboxylic acids.  Sucrose is not a reducing sugar (because it is stuck in its Ketone form), whereas 
Lactose and Maltose are reducing sugars because in solution they interconvert into Aldehydes). 
 

 
Source: https://biologydictionary.net/examples-of-carbohydrates/ 

 
 
savemyexams at     https://www.savemyexams.co.uk/notes/a-level-biology-cie/2-biological-molecules/2-
2-carbohydrates-lipids/2-2-3-reducing-non-reducing-sugars/  
says that 

- Sugars can be classified as reducing or non-reducing, and this classification is dependent on their 
ability to donate electrons (or their lack of ability to donate electrons). 

- Reducing sugars can donate electrons (the carbonyl group becomes oxidised), and the sugars are the 
reducing agent. 

- Reducing sugars can be detected by using Benedict’s test (because they reduce the soluble Cu2+ 
Copper Sulphate to insoluble brick-red Cu1+ Copper Oxide).  
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K) Hemiacetals and Hemiketals / Acetals and Ketals  
 
 
A carbon that has two ether oxygens attached to it (as in the top row of the diagramme below)  
is an acetal.  

 
                             hemiacetal       hemiketal        acetal                  ketal 
 

Source: Master Organic Chemistry 
 
If an Aldehyde or a Ketone is reacted with an Alcohol (under acidic conditions), then first of all a 
hemiacetal and a hemiketal will be formed respectively, and then in the next step an acetal and a ketal are 
formed. Socratic.org shows it thus 

 
 
 
The following diagrammes show the reactions as reversible reactions,  
 
                                       alcohol  

       

 

That is how hemiacetals/hemiketals and acetals and ketals are formed. 

An Aldehyde, ‘R–C=O(H) will react 
with an alcohol to produce a hemiacetal. 
 

A hemiacetal will react with an alcohol  
to produce an acetal. 
 

An hemiketal will react with an alcohol  
to produce a ketal. 
 

An Ketone ‘R–C(=O)–R’,  will react 
with an alcohol to produce a hemiketal. 
 

A carbonyl species ––> 

A carbonyl species ––> 

At each step, react the reactant 
with an alcohol (R3OH/ROH) 
under acidic conditions (i.e. in 
the presence of H+ ions). 
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Both acetals and ketals have two alkoxy groups (─OR′) attached to the same carbon atom. An acetal C 
atom has a hydrogen atom and an alkyl group attached to the acetal carbon atom, and a ketal C atom has 
two alkyl groups attached. The “–C(O–CH3)H” indicates the Aldehyde origin of the molecule in acetal 
Butanal, while the “–C(O–CH2CH3)–CH2CH3” indicates the Ketone origin of the molecule in the 
Butanone (cf. below). 

 

 

Cyclic hemiacetals and hemiketals will react with alcohols to produce cyclic acetals and cyclic ketals.  

 
 
 

 
 
 
 
 
I do not expect you to have absorbed the material in the preceding pages the first time that you read it (or 
even the second time, or even the third time), but please go through all of it again a few times  –  and you 
will get to grips with it. 
 
 
 
 
 
 

The “H” at the 
extreme right 
indicates the 
Aldehyde 
origin of  
acetal Butanal. 

The O atom linked to a C 
atom (one on each side of 
the O atom) indicates the 
Ketone origin of Butanone. 

Cyclic hemiacetal 


