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Unit 2: Nature’s Chemistry
Key Area: Esters, Fats and Oils
	Name
	

	Class
	


Previous Knowledge from National 5

· Alcohols are a homologous series of compounds containing the hydroxyl functional group (-OH)

· How to name straight chain alcohols with up to 8 carbons. 
	No. Carbon’s in longest chain
	1
	2
	3
	4
	5
	6
	7
	8

	Name
	methanol
	ethanol
	propanol*
	butanol*
	pentanol*
	hexanol*
	heptanol*
	octanol*


*names will also have a number in them telling you the position of the –OH group.

You need to be able to name and draw the above alcohols.
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e.g.
                            
 Ethanol   

In alcohols with more than 3 carbons in their chain, the hydroxyl group can be in different positions on the chain. To show where the hydroxyl group is, we can place a number in the name of the alcohol.

For example:
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Carboxylic acids are a homologous series of compounds containing the carboxyl functional group (-COOH)
Alcohols react with carboxylic acids to make compounds called esters. 
Esters can be used as flavourings, solvents and perfumes. 
What are Esters?

Esters are a h___________ series of compounds that are responsible for the fruit flavours in compounds. 
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Experiment – Synthesis of Esters
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The mixture is heated in a hot water in a water bath (large beaker) to reduce the possible fire hazards as both the carboxylic acid, alcohol and the ester are ___________.

The paper soaked in cold water acts as a ___________ when the reaction mixture is heated. Any volatile reactants or products condense back into the reaction mixture.

The mixture is poured into a beaker of sodium hydrogencarbonate solution, which neutralises any excess _______.
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The ester is easily identified by 

(a)
a distinctive fruity or floral smell  

(b)
it is immiscible and less dense than water so floats on top of the aqueous mixture. 

Condensation Reactions

When an ester is formed a reaction called esterification has taken place. 

As water is one of the products in this reaction, we can say that esterification is an example of a c______________ reaction.
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An example of the formation of an ester from propanoic acid and ethanol is shown below.
[image: image22.png]\

sink condenser
water T
ester
alkali

heat



[image: image23.png]


[image: image24.emf]C C O

H

H

H H

H

H

[image: image25.png]


[image: image26.png]


[image: image27.png]R W W




[image: image28.png]Homepage % (€ Unsaturationin fatsand x / [ Unsaturation n fatsand X

C ) | @ filey///C:/Users/James/Downloads/Unsaturation%20in%20fats%20and%20oils.pdf

Apps @ DrsgonballZ| Watc J Closing the stsinme [l Stresm2ustchume | [B] Barbour Povell Quit  [3 How to find Burmbar
Measure 5 cm” of Vol: into the conical flask-

b Using a dropping pipette, carefully add exactly five drops of the selected oilto the Volasil, and swir to ensure mixing

© Note the inital reading of the bromine water in the burette.

Burette
containing
bromine water

S Oyt
e e

d Add the bromine water from the burette to the solution in the conical flask siowly, shaking vigorously after each adition until
the bromine colour disappears

e As the bromine colour takes longer to fade with each addition, add less bromine water each time until there is just an excess of

Page: 11 0f 14 | Words: 1,




[image: image29.jpg]test tube rack

sunflower oil with  coconut oil with  peanut oil with
bromine water bromine water bromine water




[image: image30.png]


[image: image31.png]


[image: image32.png]File Edit View Window Help

Home

Tools

B = Q

propan-1-ol

52 Biological Syste...

1

propan-1-olpdf X

LIKUNCXC]

[Zoom in (Ctri+Pius)|

propan-2-ol

100%

=] T O 2
() Comment
A, Fill&sign
@ More Tools

Store and share files in the
Document Cloud

> Lear More





To show the ester formed in the reaction between propan-1-ol and butanoic acid, we again show the full structural formulas of propan-1-ol and butanoic acid reacting to produce propyl butanoate and water.
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In some cases the hydroxyl will attached to a central carbon in the molecule and not the end carbon, such as butan-2-ol.
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Naming Esters

Ester names have two parts, for example ethyl propanoate. 
· The first part of the name comes from the a________. This is the part that ends ...yl
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The second part of the name comes from the ____________ _______. This is the part that ends in …oate.
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Example:
ethyl propanoate

In this example, the alcohol used was ethanol, so the first part of the name becomes ethyl. 
The carboxylic acid used was propanoic acid, which can be spotted from the presence of the ‘C=O’ in the chain of 3 carbons.




Hydrolysis of Esters

Esters are formed by a c_____________ reaction, which is reversible.

The reverse reaction is known as hydrolysis. 
During hydrolysis, the ester is broken down to form the parent carboxylic acid and alcohol by reaction with water. This reaction can be catalysed either by acid or alkali. If alkali is used, the salt of the carboxylic acid is produced.
An example of alkaline hydrolysis of an ester is shown below.
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Experiment 2.3 – Hydrolysis of an Ester
In this experiment the ester ethyl benzoate was hydrolysed using the following apparatus:




In reactions such as this, we can calculate the percentage of ester we obtain at the end of the reaction as a product. This is called the percentage yield. 
Key area check test- Esters

1. What two homologous series combine together to make an ester?
2. What are the two name that can be used for the reaction which makes esters?
3. Which part of an ester name comes from the acid?

4. When Propanol and Butanoic acid are combined, what ester would they make?
5. What chemicals combine to for Propyl Heptanoate?

6. What is the opposite process of condensation?

7. What is formed during esterification as well as the ester?

8. Name the functional group found in alcohols and carboxylic acids.

9. Name the functional group form in esters?

10. Draw the ester formed by the combination of Ethanoic acid and Pentanol

11. Draw the reaction equation for the formation of Methyl Propanoate
Uses of Esters

Without our sense of smell, we find it impossible to taste our food properly. This important feature of our enjoyment of food is considered in more detail in a later topic.

Our senses of smell and taste are inextricably linked. Esters can be used as flavourings, perfumes and solvents as they are oily liquids that generally have pleasant, fruity smells.
Esters as Flavourings

The diagram below shows the structure of esters found in common fruit flavours. 
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As well as being sweet smelling, these esters are sufficiently volatile to allow molecules to reach the receptors in the n_____ and trigger a response in the brain.
Esters as Solvents

Although esters have many uses as _______ flavourings, their biggest use in industrial chemistry is as solvents.  Smaller esters are volatile and are used as solvents in adhesives, inks and paints. Esters are not very polar and as a result, esters are able to dissolve compounds which are insoluble in water.  

Extracting Caffeine from Tea
The ester ethyl ethanoate can be used to extract caffeine from tea and coffee. This is one method of making decaffeinated products such as decaffeinated coffee. Some products may claim to be “naturally decaffeinated” because ethyl ethanoate is a chemical which occurs naturally in many fruits. Caffeine is an example of a compound called an alkaloid. The name alkaloid means “alkali-like” and as such alkaloids display basic behaviour. Alkaloids are chemicals produced by plants. 

Fats and Oils


Natural fats come from animals. Natural oils have vegetable and marine (fish) origins. Fats and oils from living organisms can be classified according to origin as animal, vegetable or marine. They are all ester molecules that supply energy in the diet in a more concentrated form than carbohydrates.
	Animal
	Vegetable
	Marine

	Beef fat

	Olive oil
	Cod liver oil

	Lard (pork fat)

	Soya bean oil
	Whale oil

	Mutton fat

	Rapeseed oil
	Krill oil


	Food
	Energy (kJ) per 100 g

	salad oil
	3,767

	margarine
	3,222

	bacon
	1,994

	herring
	1,140

	cheese
	1,726

	bread
	961

	sugar
	1,672


The prime function of fats and oils in the diet is to provide e________. The following table shows the energy values of some foods.

Fats and oils are a more c___________ source of energy than carbohydrates but the energy is released much more s_______. A rough comparison could be made by burning different foods (of the same mass) in a wire basket below a boiling tube containing water and recording the temperature rise.
Synthesis of Fats and Oils

Fats and oils are esters that are made from the condensation of an alcohol called glycerol and a long chain carboxylic acid. 

What is Glycerol?

Glycerol is an alcohol that contains ______ hydroxyl functional groups. We can call this a trihydric alcohol because of this. 

The systematic name for glycerol is propane-1,2,3-triol
Glycerol has 3 hydroxyl functional groups attached to the structure, this means three long chain/fatty acid molecules can react with glycerol to create fats and oils
What are the Long-Chain Carboxylic Acids?

The long-chain carboxylic acid used to form a fat or oil is often referred to as a fatty acid. 

Fatty acids can be saturated or _____________. 

[image: image4.png]saturated fatty acid

unsaturated fatty acid







Saturated or Unsaturated? 
Bromine water test

Unsaturated oils contain ________ carbon-carbon bonds. These can be detected using bromine water (just as alkenes can be detected). Bromine water becomes ___________ when shaken with an unsaturated vegetable oil, but it stays orange-brown when shaken with a fully ______________ vegetable fat.

Bromine water can also be used to determine the amount of unsaturation of a vegetable oil. The more _____________ a vegetable oil is, the _______ bromine water it can decolourise.

The Shape of Fats and Oils
Fats and oils have ‘tuning-fork’ shapes. 
In fats, molecules pack closely together due to the saturated nature of the long hydrocarbon chains. 

In oils, molecules pack less closely due to the unsaturated nature of the long hydrocarbon chains. The presence of C=C double bonds means oils have a different shape to fats. 

Physical Differences

Oils and fats differ physically only in that at room temperature, oils are generally __________, while fats are _________. i.e. oils have lower melting points than fats. 

Fats and oils are mixtures of molecules; some of which are saturated, some of which are unsaturated. The lower melting points of oils compared with fats are related to the higher proportion of unsaturated molecules in oils. This can be shown by adding bromine water which _______________ quickly with oils but more slowly with fats.
In fats the ___________ molecules can pack closely together. As a result, the intermolecular forces of attraction between the molecules is relatively strong and so fats have relatively ______ melting points. 
The shape of the unsaturated molecules (as a result of the carbon to carbon double bond) in oils does not allow for close packing of the molecules.  Consequently, the _______________ forces of attraction between the molecules will be weaker and hence the melting points of oils are _________r than that of fats.


Hydrogenation of Oils
Oils can undergo the addition of hydrogen to convert them into ________. This reaction is often referred to as hardening.
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Oils can be changed into ‘hardened fats’ by the addition of hydrogen across some of the double bonds. This decreases the degree of u___________ and r__________ the melting point. This is the basis of the margarine industry. Margarine is made by hydrogenation i.e. partially hardening vegetable oils using hydrogen and a nickel catalyst in warm oil. The catalyst is then removed from the product which hardens on cooling.


Key area check test- Fat and Oils
1. Which is more saturated; fats or oils? Why?
2. What is the chemical test used to check the degree of unsaturation?

3. What is the systematic name for glycerol?

4. Fats/Oils are both examples of naturally occurring __________?

5. What functional group is present in fats/oils?

6. Why are oils liquid at room temperature and fats are solid?

7. What is the process performed which turns oils into solid fats?

8. Draw an example of several fat molecules packing together.
9. What is the primary function of fats in the human body?

10. Draw a fat which has chain that are 4 carbons long.
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Esters are formed when a carboxylic acid reacts with an alcohol. 


alcohol + carboxylic acid ⇌ ester + water








�





cotton wool plug





wet paper towel





hot water





alcohol/acid mixture,


concentrated sulphuric acid catalyst





beaker





Concentrated sulphuric acid is used as a c_______ for the reaction and would be added to the reaction mixture before going into the hot water bath.








Esterification is an example of a condensation reaction as water is one of the products.


alcohol +carboxylic acid ⇌ ester + water








�





�





Ester link





Ester names have two parts. 


e.g. ethyl propanoate
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from carboxylic acid





from alcohol





ethanol





+





sodium


ethanoate





ethyl ethanoate 





+





sodium


hydroxide





When using a condenser, water goes in at the bottom and out at the top. 
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Fats and oils are naturally occurring esters. 








glycerol + fatty Acid ⇌ fat/oil + water
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Saturated fatty acids will react with glycerol to make fats


Unsaturated fatty acid will react with glycerol to make oils
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Hardening is when oils (unsaturated molecules) undergo the addition of hydrogen to form fats (saturated molecules).
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