
Chemistry of Smells 



Introduction 

 Imagine a world where you couldn't smell your 
favourite food cooking, or the scent of perfume 
or aftershave or flowers. Think of what it’s like 
when you have a cold – your nose is blocked and 
you lose your sense of smell. When that happens 
you often cannot taste either, so you lose your 
appetite. Equally think of smells that are not so 
pleasant, like smelly socks or rotting fish. All of 
them have one thing in common - they are 
caused by specific molecules interacting with the 
nasal sensory receptors.  

 



• This activity links particular smells to molecules 
and shows how just small changes to parts of the 
molecules or how they are arranged in space can 
make a difference to the perceived odour!  

• It could be used to introduce two different 
aspects of organic chemistry – functional groups 
and enantiomerism.  

• Students learn to appreciate the difference that 
different shapes and structural arrangements can 
make to physically detectable properties. 

 

 



• Organic molecules can be thought of as being 
built on a scaffold. What makes a difference to 
the behaviour of molecules is the arrangements 
of atoms attached to the scaffold. These special 
groups of atoms are called functional groups. 
Different functional groups cause different 
odours/smells to be detected.  

• Some molecules exist as enantiomers: mirror 
images of each other. All the atoms in each 
molecule are the same but if we put them facing 
each other it is like they were mirror images. This 
property can also change how the molecules are 
sensed. A good example is menthol in mint.  
 
 



Chirality 

• Demonstrators often use left and right hands to 
show what this means. It could be further 
illustrated using a pair of gloves. When you put 
one glove on top of the other they are non-
superimposable, but hold them against each 
other they are like mirror images. This is an 
important idea in biochemistry where amino 
acids occur in left and right handed forms, and it 
is something that drug manufacturers have to 
check as one form may be inactive or dangerous 
while the other is therapeutic. So it is important 
to check for therapeutic effects in both forms. 
 



Career Links 

• A demonstration of steam distillation can be 
used to introduce industrial manufacture of 
flavours and fragrances and also potential 
careers, e.g. Food ingredient companies and 
type of scientist working there (chemist, food 
technologist, sensory evaluator, food product 
design) and other relevant jobs in fragrance 
industry and healthcare industry. 

 



Equipment Overview 

• Posters and display boards  

• Molecular models and corresponding items 

• Vials with aroma samples: vials, labels, 
essential oils  

• Partitioned storage box  

• Steam distillation kit (for display)  

 



Display: Posters for backdrops 
 

 
 

SOURCE 

Compound interest 

http://www.compoundchem.com/shops/ 

 

Poster orders 

http://www.redbubble.com/people/compound
chem/shop 

 

Prices: 

€31.11 for 1190mm x 842mm each 

 

http://www.compoundchem.com/shops/
http://www.compoundchem.com/shops/
http://www.redbubble.com/people/compoundchem/shop
http://www.redbubble.com/people/compoundchem/shop
http://www.redbubble.com/people/compoundchem/shop


Display: functional groups mugs 

• Mugs showing the functional groups could 
also double up as plant holders for your 
display if no poster space is available 

• http://www.redbubble.com/people/compoundchem/works/11551402-functional-groups-in-
organic-chemistry?p=mug&ref=artist_shop_grid 
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Molecular models 
SOURCE  
Sciencecraft 
http://sciencecraft.co.uk/ 
 
Two categories: Food and flavours And Flowers and fragrances 
 
Cost approx. €11.00 per model including plinth and storage box with label 
17 models available in total and discount for purchase of sets. 
Some good ones that you can find the oils, spices or plants easily for are: 
Aniseed, cinnamon, clove, lavendar, jasmine, menthol (mint), limonene 
(lemon), pinene (pine), spearmint, vanilla and thymol (thyme) 
Teenagers also like some stinky ones. Try dilute acetic acid (vinegar) or 
dilute ammonium hydroxide in water (fishy smell – FDA approved GRAS 
status so is regarded as safe and used as a food additive for chemical 
leavening).  
Benzaldehyde is a pleasant smelling chemical that smells of almond extract 
These are available in many chemistry departments. 
 

http://sciencecraft.co.uk/
http://sciencecraft.co.uk/
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• vials with aroma samples 

• Small containers with lids  

• Each holding a piece of cotton wool which has 
one/two drops essential oil added 

• Herb and spice labels available from 
Compound Interest at 
https://www.etsy.com/uk/listing/184303930/3
0-chemical-compound-herb-spice-
jar?ref=shop_home_active_1 

• Price for 30 labels approximately €9.00 
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ESSENTIAL OILS 
 

 
 

SOURCE 

Holland and Barrett on-line 

http://www.hollandandbarrett.ie/pages/
categories.asp?cid=167 

 

• Price varies depending on type and 
unit size. Free delivery on bulk orders. 

• Allocated budget should be c. €250 for 
20 different oils 
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 Steam distillation 
equipment should be 
available in college lab and 
could be set up as a demo. 
Especially relevant to 
Leaving cert Chemistry 
syllabus 
-see video 



Preparation 

• Gather molecular models 

• Prepare vials with cotton wool and drops of 
different fragrances. Label these A, B, C, etc.  

• Learn some organic functional groups 

• Learn about chiral molecules and enantiomers 
and how to simply explain what these are - link to 
spearmint/peppermint 

• Assemble steam distillation demo and be able to 
explain principle 

 



Set Up 

• Arrange display of molecular models and 
samples of real-life products.  

 

• Set up the apparatus for the steam distillation 

 

• Set up model hands and/or gloves (even 
inflated lab gloves could be used for this) 



Demonstration Manual 

• Explain how a compound must be volatile for 
us to be able to smell it, describing what 
volatile means. Mention that there are 
receptors in our noses.  

• Molecules have to be able to ‘lock on’ to the 
receptors to cause an effect. If they are the 
wrong shape or the receptors are blocked in 
any way (e.g. by mucus when you have a cold) 
then you cannot sense the molecules. 

 



Student Activity  

• Ask the students to identify the fragrances of 
each of the vials. 

• Show the students to smell the vials by 
wafting the air over the top of the vials. 

• Students should write their guesses down on 
their worksheets. 

• Point out the molecules of the smells if 
available. 



Chirality 

• Point out the molecules corresponding to the 
different plants, fruits, herbs and spices. 

• Explain the concept of chirality using gloves if 
available, see the video for example. 

• Mention how peppermint and spearmint are 
chiral compounds and that’s why they smell 
(and hence taste) different. 

 



Steam Distillation  

• Identify each part of the steam distillation 
apparatus. 

• Explain how it can be used to extract essential 
oils, or volatile compounds, from plants and 
other such material. 

• Link this to how perfume is made. 

• Mention how many chemists are employed in 
the area of smell, taste and perfume. 



Background Information 

Organic Chemistry 
In organic chemistry, the focus is on the element carbon. 

Carbon is central to all living organisms; however, 
thousands of non-living things (such as drugs, plastics, 
dyes, flavour molecules, fragrance molecules) are 
made from carbon compounds. One atom of carbon 
can combine with up to four other atoms. Therefore, 
organic compounds usually are large and can have 
several atoms and molecules bonded together. Organic 
molecules can be large, and models in the display show 
how different arrangements of the atoms in the 
molecules can make differences to their physical 
appearance and to how we sense them by smell. 
 



• Functional groups are parts of the molecules that give 
them particular properties. They can change their 
solubility, taste, smell and other physical properties.   

• Molecules interact in the body at receptors and they 
have to be able to ‘lock on’ to the receptors to cause 
an effect. If they are the wrong shape or the receptors 
are blocked in any way (e.g. by mucus when you have a 
cold) then you cannot sense the molecules.  

• Enantiomers are mirror image molecules that can have 
different effects or no effects at receptors. 

 



Steam distillation  

Steam distillation is a special type of distillation (a separation process) for 
temperature sensitive materials like natural aromatic compounds. It once 
was a popular laboratory method for purification of organic compounds, 
but has become obsolete by vacuum distillation. Steam distillation 
remains important in certain industrial sectors like the flavouring and 
fragrance industry.  

 
Many organic compounds tend to decompose at high sustained 

temperatures. Separation by distillation at the normal (1 atmosphere) 
boiling points is not an option, so water or steam is introduced into the 
distillation apparatus. The water vapour carries small amounts of the 
vaporized compounds to the condensation flask, where the condensed 
liquids phase separate, allowing for easy collection. This process 
effectively allows for distillation at lower temperatures, reducing the 
deterioration of the desired products. If the substances to be distilled are 
very sensitive to heat, steam distillation may be applied under reduced 
pressure, thereby reducing the operating temperature further. 



After distillation the vapours are condensed as appropriate. Usually 
the immediate product is a two-phase system of water and the 
organic distillate, allowing for separation of the components by 
decantation, partitioning or other suitable methods. 

 
Principle: When a mixture of two practically immiscible liquids is 

heated while being agitated to expose the surface of one liquid to 
the vapour phase, each constituent independently exerts its own 
vapour pressure as a function of temperature as if the other 
constituent were not present. Consequently, the vapour pressure of 
the whole system increases. Boiling begins when the sum of the 
partial pressures of the two immiscible liquids just exceeds the 
atmospheric pressure (approximately 101 kPa at sea level). In this 
way, many organic compounds insoluble in water can be purified at 
a temperature well below the point at which decomposition occurs. 


