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CARBOHYDRATE CHEMISTRY 

Carbohydrates are any class of organic compounds that are polyhydroxy aldehydes or 

polyhydroxy ketones, and that form the supporting tissues of plants and are important food 

for animals and plants. They are usually made of carbon, hydrogen and oxygen in the ratio 

1:2:1 with general formula (CH2O)n, where n is the number of carbon atoms.  

 Isomerism is the phenomenon whereby certain compounds, with the same molecular 

formula, exist in different forms owing to their different organisations of atoms. The concept of 

isomerism illustrates the fundamental importance of molecular structure and shape in organic 

chemistry. 

 Structural Isomerism 

Structural Isomers have different structural formulae because their atoms are 

linked together in different ways.  

It arises owing to: 

Arrangement of Carbon skeleton 

e.g. The formula C4H10 represents two possible structural 

formulae, butane and methylpropane: 

 

Position of Functional group 

e.g. propan-1-ol and propan-2-ol 
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Different Functional groups 

e.g. the molecular formula C2H60 represents both ethanol and methoxymethane. 

 

Stereoisomerism 

Stereoisomers have the same structure and bond order but their atoms and groups 

of atoms are arranged differently in space. They have different spatial 

arrangements and their molecules are not super imposable. There are two types:  

· Geometric Isomerism 

Involves a double bond, usually C=C, that does not allow free rotation about the 

double bond (unlike a C-C single bond). They are not super imposable. 

e.g. cis-but-2-ene and trans-but-2-ene 
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Stereoisomers may possess quite different physical properties, such as melting 

point, density and solubility in water (look up those of maleic acid and fumaric acid). 

Ring structures and other steric factors also result in geometric isomerism.  

Optical isomers  

A carbon atom attached to four different atoms or groups is known as asymmetric or 

chiral. The four groups, arranged tetrahedrally around the carbon atom with bond angles 

of 109.5°, can be arranged in two different three-dimensional configurations which are 

mirror images of each other. This is known as optical isomerism. The term refers to the 

ways in which the isomers interact with plane-polarized light, discussed below. They are 

said to be chiral molecules and have no plane of symmetry. Two non-superimposable 

forms of the isomers are known as enantiomers. A mixture containing equal amounts of the 

two enantiomers is known as a racemic mixture or a racemate. As we will see, such a 

mixture is said to be optically inactive.  

 

 

 

 

 

 

 

A single chiral centre in a molecule gives rise to two stereoisomers. ln general, a molecule 

with n chiral centres has a maximum of 2n stereoisomers, although some may be too 

strained to exist. 
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Optical activity  

As we know from their name, optical isomers show a difference in a specific interaction 

with light. A beam of ordinary light consists of electromagnetic waves that oscillate in an 

infinite number of planes at right angles to the direction of  

travel. If, however, this light is passed through a device called a polarizer, only the light 

waves oscillating in a single plane pass through, while light waves in all other planes are 

blocked out. This is known as plane-polarized light. In the early 1800s, it was discovered 

that when a beam of plane-polarized light passes through a solution of optical isomers, they 

rotate the plane of polarization. The amount and direction of rotation can be measured 

with an instrument called a polarimeter as shown in the following figure.  

 

 

 

 

 

 

 

 

The solution of isomers is placed in the sample tube through which plane polarized light is 

passed. Rotation of the polarization plane occurs and the light then passes through a 

second polarizer called the analyser, which has been rotated until the light passes through 

it. Thus the extent and direction of rotation brought about by the sample can be deduced. 

The pioneer of polarimetry was Jean Baptiste Biot (1774-1862), a French physicist and 

older friend of the famous French bacteriologist Louis Pasteur (1822-1895). Biot showed 

that some crystals of quartz rotated the plane of polarized light while other crystals rotated 

it to the same extent in the opposite direction. Later, by showing the same effect in liquids 

such as turpentine, and in solutions of naturally occurring substances such as sugar, he 

realized it must be a molecular property and coined the term “optical activity”. Different 
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notations are used to distinguish the two enantiomers of a pair: (+) and (-) refer to the 

direction in which the plane-polarized light is rotated; (+) for a clockwise direction and (-) 

for anticlockwise rotation. The lower-case letters d- (dextrorotatory) and 1-(Ievorotatory) 

respectively have traditionally been used as 

alternatives for this but are becoming 

obsolete. 

Confusingly, D- and L- are a different, 

unrelated notation based on spatial 

configurations in comparison with the 

reference molecule glyceraldehyde. D and L 

enantiomers refer to the configurational 

stereochemistry of the molecule. L isomers have the hydroxy group attached to the left side 

of the asymmetric carbon furthest from the carbonyl, while D isomers have the hydroxy 

group on the right side. 

Epimers are diastereomers that are related by the inversion of configuration at a single 

chiral center. The chemical conversion of one epimer to another is called 

epimerization. If this interconversion is catalyzed by an enzyme, the enzyme is an 

epimerase. 

Stereochemical drawings of glucose, mannose, and galactose, with their four chiral carbons. 

The configurations at C2 and C4 are labeled and distinguish these three sugars. Glucose is 

an epimer of both mannose and galactose because they differ by the configuration of a 

single chiral center. Mannose and galactose have different configurations at both C2 and C4 

and are not epimers. 
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Diastereomerism occurs when two or more stereoisomers of a compound have different 

configurations at one or more (but not all) of the equivalent (related) stereocenters and are 

not mirror images of each other 

The Fischer projection, devised by Hermann Emil Fischer in 1891 is a two-

dimensional representation of a three-dimensional organic molecule by projection. Fischer 

projections were originally proposed for the depiction of carbohydrates and used 

by chemists, particularly in organic chemistry and biochemistry. 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Stereocenter
https://en.wikipedia.org/wiki/Hermann_Emil_Fischer
https://en.wikipedia.org/wiki/Two-dimensional
https://en.wikipedia.org/wiki/Two-dimensional
https://en.wikipedia.org/wiki/Three-dimensional_space
https://en.wikipedia.org/wiki/Organic_molecule
https://en.wikipedia.org/wiki/Graphical_projection
https://en.wikipedia.org/wiki/Chemist
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Biochemistry
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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 the Haworth 

projection the most. 

The Haworth projection was named after the English chemist Sir Norman Haworth. 

Monosaccharides can exist in an open chain (acyclic) form, or in closed chain (cyclic) form. 

The open chain form of monosaccharides is illustrated with Fischer projections. A Haworth 

projection can be used to represent the cyclic form of monosaccharides. The five-member 

closed chain form of a monosaccharide is known as a furanose, while the six-member cyclic 

form of a monosaccharide is known as a pyranose. Often six-member monosaccharide rings 

can also be represented in chair conformation 

Mutarotation is the change in the optical rotation because of the change in the equilibrium 

between two anomers, when the corresponding stereocenters interconvert. 

Cyclicsugars show mutarotation as α and β  anomeric forms interconvert.The optical 

rotation of the solution depends on the optical rotation of each anomer and their ratio in 

the solution. 

Mutarotation was discovered by French chemist Dubrunfaut in 1846, when he noticed that 

the specific rotation of aqueous sugar solution changes with time.  

The α and β anomers are diastereomers of each other and usually have different  specific 

rotations. A solution or liquid sample of a pure α anomer will rotate  plane polarised lightby 

a different amount and/or in the opposite direction than the pure β  anomer of that 

https://en.wikipedia.org/wiki/Structural_formula
https://en.wikipedia.org/wiki/Molecular_geometry
https://en.wikipedia.org/wiki/Monosaccharide
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Biochemistry
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Norman_Haworth
https://en.wikipedia.org/wiki/Optical_rotation
https://en.wikipedia.org/wiki/Anomer
https://en.wikipedia.org/wiki/Stereocenter
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Anomeric
https://en.wikipedia.org/wiki/Augustin-Pierre_Dubrunfaut
https://en.wikipedia.org/wiki/Specific_rotation
https://en.wikipedia.org/wiki/Diastereomer
https://en.wikipedia.org/wiki/Specific_rotation
https://en.wikipedia.org/wiki/Specific_rotation
https://en.wikipedia.org/wiki/Specific_rotation
https://en.wikipedia.org/wiki/Polarization_(waves)
https://en.wikipedia.org/wiki/Anomer
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compound. The optical rotation of the solution depends on the optical rotation of each 

anomer and their ratio in the solution.  

For example if a solution of β-D-glucopyranose is dissolved in water, its specific optical 

rotation will be +18.7. Over time, some of the β-D-glucopyranose will undergo 

mutarotation to become α-D-glucopyranose, which has an optical rotation of +112.2. Thus 

the rotation of the solution will increase from +18.7 to an equilibrium value of +52.5 as 

some of the β form is converted to the α form. The equilibrium mixture is actually about 

64% of α-D-glucopyranose and about 36% of β-D-glucopyranose, though there are also 

with traces of the other forms including furanoses and open chained form. The α anomer is 

the major conformer, although somewhat controversially; this is due to the anomeric effect 

with the stabilisation energy provided by n-σ* hyperconjugation. The observed rotation of  

the sample is the weighted sum of the optical rotation of each anomer weighted by the 

amount of that anomer present. Therefore one can use a polarimeter to measure the 

rotation of a sample and then calculate the ratio of the two anomers present from 

the enantiomeric excess, as long as one knows the rotation of each pure anomer.  

 

 

 

 

 

 

 

 

 

       Glucopyranose Structure 

https://en.wikipedia.org/wiki/Glucopyranose
https://en.wikipedia.org/wiki/Anomeric_effect
https://en.wikipedia.org/wiki/Polarimeter
https://en.wikipedia.org/wiki/Enantiomeric_excess
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REACTION OF CARBOHYDRATES 

1. Molisch's test (named after Austrian botanist Hans Molisch) is a sensitive chemical 

test for the presence of carbohydrates, based on the dehydration of the 

carbohydrate by sulfuric acid or hydrochloric acid to produce an aldehyde, which 

condenses with two molecules of phenol (usually α-naphthol, though other phenols 

(e.g. resorcinol, thymol) also give colored products), resulting in a red- or purple-

colored compound. 

 

 

 

 

 

 

 

 

2. Barfoed’s Reaction 

Reducing monosaccharides are oxidized by the copper ion in Barfoed’s reagent (a solution 

of cupric acetate and acetic acid) to form a carboxylic acid and a reddish precipitate of 

copper (I) oxide within three minutes. Reducing disaccharides undergo the same reaction, 

but do so at a slower rate.   

 

 

 

https://en.wikipedia.org/wiki/Hans_Molisch
https://en.wikipedia.org/wiki/Chemical_test
https://en.wikipedia.org/wiki/Chemical_test
https://en.wikipedia.org/wiki/Chemical_test
https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/1-Naphthol
https://en.wikipedia.org/wiki/Resorcinol
https://en.wikipedia.org/wiki/Thymol
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3. Seliwanoff’s test is a compound test which recognizes aldose and ketose sugars. 

The reagents consist of resorcinol and concentrated hydrochloric acid. This test 

depends on the rule that, when warmed, ketones are more quickly dried out than 

aldoses. It is named after Theodor Seliwanoff, the scientific expert that conceived 

the test. Keto sugars get dried out in the nearness of concentrated acids to yield 

furfurals or their subsidiaries which respond with resorcinol in Seliwanoff reagent 

to yield a cherry-red hue complex seen as the positive result.  

 

 

 

 

 

 

 

4. Bial's test is a chemical test for the presence of pentoses. It is named after Manfred 

Bial, German Physician. The components include orcinol, hydrochloric acid, 

and ferric chloride. A pentose, if present, will be dehydrated to form furfural which 

then reacts with the orcinol to generate a colored substance. The solution will turn 

bluish and a precipitate may form.  

https://en.wikipedia.org/wiki/Resorcinol
https://en.wikipedia.org/wiki/Hydrochloric_acid
https://en.wikipedia.org/wiki/Pentose
https://en.wikipedia.org/wiki/Manfred_Bial
https://en.wikipedia.org/wiki/Manfred_Bial
https://en.wikipedia.org/wiki/Manfred_Bial
https://en.wikipedia.org/wiki/Orcinol
https://en.wikipedia.org/wiki/Hydrochloric_acid
https://en.wikipedia.org/wiki/Ferric_chloride
https://en.wikipedia.org/wiki/Furfural
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5. Benedict’s Test is used to test for simple carbohydrates. The Benedict’s 

test identifies reducing sugars (monosaccharide’s and some disaccharides), which 

have free ketone or aldehyde functional groups. Some sugars such as glucose are 

called reducing sugars because they are capable of transferring hydrogens 

(electrons) to other compounds, a process called reduction. When reducing sugars 

are mixed with Benedict’s reagent and heated, a reduction reaction causes the 

Benedicts reagent to change color. The color varies from green to dark red (brick) or 

rusty-brown, depending on the amount of and type of sugar.  

 When Benedict’s solution and simple carbohydrates are heated, the solution 

 changes to orange red/ brick red. This reaction is caused by the reducing property 

 of simple carbohydrates. The copper (II) ions in the Benedict’s solution are reduced 

 to Copper (I) ions, which causes the color change.  

 The red copper(I) oxide formed is insoluble in water and is precipitated out of  

 solution. This accounts for the precipitate formed. As the concentration of reducing 

 sugar increases, the nearer the final colour is to brick-red and the greater the 
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precipitate formed. Sometimes a brick red solid, copper oxide, precipitates out of the 

solution and collects at the bottom of the test tube.  

Sodium carbonate provides the alkaline conditions which are required for the redox 

reaction. Sodium citrate complexes with the copper (II) ions so that they do not deteriorate 

to copper (I) ions during storage. 

 

6. Fehling’s reagent consists of 2 solutions : solution A contains 7% Cu.SO4 and 

solution B contains 25% KOH and 35% sodium potassium tartarate. When the two 

solutions are mixed in equal amounts, a clear blue solution results for the tartarate 

forms a soluble complex with the copper hydroxide produced. This solution is 

widely used as an oxidizing agent preferably in quantitative sugar determinations. 

 

 With Fehling’s reagent, the overall reaction occurs as follows : 

 

 

 

 

 

 


