Scratch ‘n Sniff Ester
Instructional Background

To help put today’s lesson into societal context the excerpt from Agriculture & Agri-Food Canada (http://res2.agr.ca/frdc/pubs/art3_e.htm) noted below can be used as a resource to illustrate the relevance of esterification. 

Synthetic Aromas – Naturally

by Ali Kademi, Mustapha Ismaili-Alaoui and Alain Houde

“The aromas market was worth an estimated US $4.8 billion in 1997, and has continued to grow ever since. In general terms, aromas at present are either obtained from agricultural sources or else are synthesized chemically. Most natural aromas have always been derived from plants in the form of essential oils, fruit juices or extracts. But in most cases the active sensory compound is present only in minute quantities, or else occurs in a chemically bound form that makes it difficult to purify. For example, five million jasmine flowers are needed to produce one kilogram of aromas extract! Those who use natural aromas are well aware how uncertain supplies of raw materials may be. Yields of the plants from which these extracts are obtained depend on weather conditions, which are increasingly variable, diseases, parasites, and even political instability in some tropical and subtropical countries. Owing to these various factors, the prices of natural aromas tend to be prohibitive.

Chemical synthesis has proved to be such a satisfactory solution to the difficulties encountered with plants that most of the aromas currently available on the market are synthetic. As long ago as 1989, 84 per cent of all aromas in commercial use were chemical products. The synthesis process is undoubtedly advantageous in some ways, affording as it does complete control and markedly higher yields. As a result, synthetic aromas, as might be expected, are much less costly than their natural counterparts. A natural extract of δ-decalactone (which is a peach aroma note), for example, retails for $8 525 a kilogram [$8.525/g], whereas its synthetic equivalent retails for $202 [$0.202/g].

However, this solution is not a panacea. In some cases, a synthetic aroma does not provide the same subtle nuances as a natural aroma. Another factor that must be taken into consideration is that in recent years, consumers have come increasingly to prefer natural products.”
Further the students awareness of aromas by brainstorming the following questions:
How do you use your sense of smell in everyday life?

· Identification of sour milk
· Floral appreciation

· Relaxation (incense, aromatherapy, home-cooked meal, fresh baking)

· Smell-O-Vision Movies and their current revival in Japan

http://www.retrofuture.com/smell-o-vision.html

http://www.cbsnews.com/stories/2006/04/12/entertainment/main1494137.shtml
What are some products that are reliant on scent to make them appealing to the consumer: 
· Scented Designer Soap

· Candy & Gum

· Perfume

· Food products
· Air fresheners
· Candles
· Scratch ‘n Sniff stickers
Esters

The aromatic properties of substances are due to different esters found in their composition. Esters are a type of organic compound that not only account for scents and flavourings, but are also message carriers in the animal kingdom. Esters known as pheromones play a prominent role in a beehive. When a bee stings you, an “alarm” pheromone is released and recruits more bees from the hive. Even more interesting is the Queen Mandibular Pheromone (QMP) that only the queen carries. This acts as a mating attractant for the drones, and also acts to suppress the reproductive systems of the workers, ensuring that the queen is the only reproductive female in the hive. 
Students should be aware of the two compounds that condense to form an ester, an alcohol and a carboxylic acid. Using molecular models have one student create methanol and another student create ethanoic acid (acetic acid, vinegar).  Have the class identify the functional groups of each and stress that “functional” means that this will be where the action will take place. 

Using both the molecular models and the included overhead, walk the students through the formation of an ester. Esterification is a condensation reaction that combines an alcohol and a carboxylic acid while forming the smaller molecule, H2O. The “– OH” of the carboxylic acid and the “– H” from the alcohol form the H​2O molecule while the “– O” of the alcohol slips into the slot left vacant on the carboxylic acid bringing its alkyl group with it. This process is true for all combinations of alcohols and carboxylic acids. 
Naming Esters

Students should recognize alkyl groups, alcohols, and carboxylic acids and understand the IUPAC naming rules. The rule for naming esters is to write the name of the alkyl group followed by the name of the acid replacing “-ic acid” with “ate”. Another way to explain this is to use the prefix determined by the number of carbon atoms in the carboxylic acid and attach “-anoate” as the ending. Walk the students through naming methyl enthanoate using the overhead and do additional examples if necessary. 
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Scratch ‘n Sniff Ester Lab
Curriculum Outcomes
C30S-5-19
Perform a lab involving the formation of esters, and examine the process 


of esterification.

C30S-5-20
Write formulas for and name esters.

C30S-5-21
Describe the uses of common esters
Background

Most likely everyone in your class will have come in contact with Scratch ‘n Sniff stickers or perfume inserts in magazines. The scent, or ester, is trapped inside little beads analogous to scented liquid trapped inside bubble wrap. If you were to pop the bubble wrap the barrier between your nose and the liquid would be broken and you would be able to smell the scented liquid.  Below is a link to a more detailed background on the printing technique used to create Scratch ‘n Sniff stickers should your students be interested. 

The theory behind Scratch ‘n Sniff

Excerpt from http://science.enotes.com/how-products-encyclopedia/scratch-sniff
Scratch 'N Sniff™ is the trade name for a special kind of perfume or scent saturated printing in which the scent is enclosed in minute capsules, which can be broken open by friction. Individual beads of scented oil too small to be seen with the naked eye are encapsulated in plastic or gelatin, and with specialized printing techniques, the beads are printed on paper. The scent does not leak out until the beads are deliberately broken. Because scratch and sniff patches keep a scent localized—it can be smelled only when some one deliberately scratches and sniffs—scents can be used in printing without overwhelming the surroundings.

Pre-Lab

· Have the students complete “Scratch ‘n Sniff Ester” Pre-Lab worksheet and check for understanding before performing the lab.

· Demonstrate “wafting” odours towards you.

· Demonstrate proper procedure for rinsing out a pipette, evaporating dish, and stirring rod
Lab Activity

Materials & Preparation

Some experimentation may be required to find the right dilution amount. If the odour is too “overpowering” and can’t be detected, add more water. If it is too faint, warm up the solution and add less water in the future.

For the Esterification

Have the following chemicals ready for the lab in labeled beakers or bottles with 
individually labeled eyedroppers.
· 50 mL Isopentyl alcohol (3-methyl-1-butanol)

· 50 mL Isobutyl alcohol (2-methyl-1-butanol)

· 50 mL Ethanol

· 50 mL Methanol

· 25 mL Ethanoic Acid (acetic acid)

· 25 mL Propanoic acid

· 25 mL Butanoic acid (butyric acid)

· 25 mL Salicylic acid

· 25 mL Sulfuric acid

· 11 eyedroppers or pipettes

For each group

· Safety goggles for all members

· 5 test tubes

· Evaporating dish 
· Eyedropper or pipette

· Stirring rod 
· Hot plate (or ring stand, burner, and wire screen)

· Boiling stone (if available)

· 150 mL Beaker (large enough to hold the test tubes for hot water bath)

· 5 card pieces

For the Scratch ‘n Sniff Stickers
The gelatin sets quickly so prepare it close to the time it will be used. 

· 2 g Gelatin

· 75 mL Water

· 100 mL beaker

· Fridge

· 4 Small paint brushes or Q-tips

· Card stock cut into small pieces

1. Dissolve the gelatin in the water. You may need to heat it slightly to ensure all the powder dissolves.

Scents

Test Tube A: No reaction

Test Tube B: Isopentyl acetate (Isopentyl ethanoate) – Banana Oil

Test Tube C: Isobutyl propanoate (2-methyl-1-butanol propanoate) – Rum 

Test Tube D: Ethyl butanoate (ethyl butyrate) – Banana/Pineapple
Test Tube E: Methyl salicylate – Wintergreen 
References:
Designer Molecules: Esterification. Pharmaceutical Achievers. 2001. Retrieved October 11, 2006 from: http://www.chemheritage.org/educationalservices/pharm/asp/ester.htm
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