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	NAT 4 Learning Outcomes

	Pupils should be able to:

1. State that photosynthesis is the process by which plants make carbohydrates from carbon dioxide and water, using light energy in the presence of chlorophyll; oxygen is released in the process.

2. State that the role of chlorophyll in photosynthesis is to absorb light energy.

3. State that the carbohydrates made in plants during photosynthesis are an important food for animals.

4. State that respiration is the process by which animals and plants obtain a supply of energy by breaking down carbohydrates (using oxygen) to give carbon dioxide and water.

5. state that glucose is the carbohydrate which reacts with oxygen during respiration

6. State that carbohydrates release energy, producing carbon dioxide and water when burned.

7. Explain why the production of carbon dioxide and water, on burning, indicates the presence of carbon and hydrogen in a carbohydrate.

8. Give examples of how energy can be used by animals.

	9. Explain the importance of respiration and photosynthesis in maintaining the balance of carbon dioxide and oxygen in the air.

10. Explain why the extensive clearing of forests could present dangers to life on earth.

	11. Give examples of carbohydrates to include glucose, sucrose and starch.

12. Write the molecular formulae for monosaccharides and disaccharides

13. Explain why glucose/fructose and maltose/sucrose are pairs of isomers.

14. State that carbohydrates contain the elements carbon, hydrogen and oxygen.

15. State that glucose is sweet and dissolves in water and that starch is not sweet and does not dissolve well in water.

16. Explain what is seen when a beam of light is passed through: glucose solution and starch in water.

	17. State that it is possible to distinguish starch from other carbohydrates using iodine solution.

18. State that Benedict’s or Fehling’s Reagent is used to test for glucose but not for sucrose.

19. State that Benedict’s or Fehling’s Reagent is used to test for glucose, fructose, maltose and other sugars but not for sucrose.

	20. state that glucose is a carbohydrate built up in photosynthesis

21. state that starch is a polymer made in plants from glucose monomer units

22. state that the glucose molecules join together with loss of water

23. explain that the joining up of glucose molecules to form starch is an example of polymerization

24. explain that the joining up of glucose molecules to form starch is an example of condensation polymerisation

	25. state that during digestion starch molecules are broken down in the body into small glucose molecules which can pass through the gut wall

26. state that the breakdown of starch can be carried out in the laboratory using acid or amylase

27. state that starch molecules break down by reacting with water molecules

28. state what is meant by hydrolysis

29. explain that the breakdown of starch and sucrose are examples of hydrolysis

30. state the enzymes, eg amylase, act as biological catalysts in the breakdown of complex food molecules into smaller ones in the digestive system

31. state that alcoholic drinks can be made from any fruit or vegetable which is a source of starch or sugars

32. give examples to show that the type of alcoholic drink varies with the plant source of the carbohydrate

33. state that an enzyme produced by yeast, a living organism, acts as a catalyst for the reaction

34. state that fermentation is the breakdown of glucose to form alcohol and carbon dioxide

35. describe the effect of changes in pH and temperature on the optimum efficiency of an enzyme

36. state that distillation is a method of increasing the alcohol concentration of fermentation products

37. explain why there is a limit to the alcohol concentration of fermentation products

38. explain why water and alcohol can be separated by distillation

39. state that alcohol is a member of the alkanol family and is called ethanol

40. State that different types of alcohols contain different units of alcohol.

41. Explain the health issues and problems arising from excessive consumption of alcohol.

42. Give examples of alternative fuel sources e.g biomass, biodiesel, ethanol, methanol




	NAT 5 Learning Outcomes

	Pupils should be able to:

1. Identify molecules that contain an  –OH functional group as alcohols.

2. Name straight chain alcohols derived from their parent alkane.

3. Change the structural formula of straight-chain alcohols into molecular formula

	4. Name isomers of straight chain alcohols.

5. Investigate some of the physical and chemical properties of alcohols.

6. Give examples of uses of alcohols.

	7. Identify molecules that contain the –COOH functional group as carboxylic acids.

8. Name carboxylic acids derived from their parent alkane.

9. Draw structural formula of carboxylic acids from their molecular formula.



	10.  React an alcohol with a carboxylic acid to form an ester and water.

11. State that this is called a condensation reaction and that is reversible.

12. Identify the product of reaction between an alcohol and a carboxylic acid as an ester due to the pungent, often fruity smell.

13. Identify esters by name as their name ends in –oate and is derived from the parent acid and alcohol.

14. Suggest uses for esters based on their chemical and physical properties.




Making Carbohydrates

Photosynthesis
Plants make carbohydrates from carbon dioxide and water during photosynthesis releasing oxygen at the same time.

· carbon dioxide is taken in through pores in the leaves

· water is taken in through the roots

The green pigment chlorophyll in the leaves of plants absorbs the light energy needed for carbon dioxide and water to react.

The carbohydrate made by plants is glucose, C6H12O6
Equations for photosynthesis




      energy
carbon dioxide + water    →     glucose  +  oxygen

                6CO2 +  6H2O  →  C6H12O6  +  6O2
Respiration

Animals (and plants) obtain energy from food.  Carbohydrates are high energy foods.  The carbohydrate is broken down in a combustion reaction called respiration

Equations for Respiration

glucose + oxygen →  carbon dioxide  +  water +  energy
   C6H12O6  + 6O2 → 6CO2  +  6H2O +  energy
Respiration in the Lab

Balance Between Photosynthesis and Respiration

Photosynthesis and respiration are very important chemicals reactions for life.  The processes depend on the gases in the atmosphere

They are involved in the carbon cycle
Maintaining the balance

For millions of years the balance of oxygen and carbon dioxide was maintained but carbon dioxide levels can increase if this balance is upset. Increased levels of CO2  leads to global warming because the carbon dioxide in the air causes a “greenhouse effect” .
An increase in CO2 levels can occur because :-

· increased burning of fossil fuels (used to power most transport vehicles- cars, planes, trains etc)

· Large areas of forest (containing BIG GREEN TREES) are being cut down 

Carbohydrates – Formulae

All carbohydrates contain the elements carbon, hydrogen and oxygen.
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Common Carbohydrates

Glucose, sucrose, maltose, fructose and starch are all commonly used ‘sugars’. 
· Glucose and fructose are both known as monosaccharide’s and have the same formula C6H12O6 but a different structure. ie. they are isomers.

· Maltose and sucrose are both disaccharides and isomers, formula C12H22O11.
· Starch is a polysaccharide made from many glucose monomers joined together, formula (C6H10O5)n

Properties of Carbohydrates

When tasted, glucose and starch are very different even though they are both sugars.

Glucose (and other sugars) forms a clear solution that allows light to pass straight through. This shows that the glucose has completely dissolved.

When light is passed through a starch “solution”, the beam can be seen. 

The light particles reflect the light because the starch molecules are too large to dissolve properly. “Solutions” like this are known as colloids.

Experiment 1

	Name
	Size
	Soluble or Colloid
	Sweet or Not

	Glucose

Starch

Sucrose


	
	
	


Experiment 2

Testing Carbohydrates

Many carbohydrates look very similar as solids and in solution and we must identify them by carrying out chemical tests.
Experiment

A solution of each sugar was tested with Iodine solution as shown:-
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Results

	Carbohydrate Tested
	Observation

	glucose
	

	sucrose
	

	starch
	

	maltose
	

	fructose
	


Conclusion
Experiment 2

Approximately 5cm3 of each solution was placed in a test tube and 2cm3 of Benedict’s reagent then added to each of them. The test tubes were then placed in a water bath for 5-10 minutes.

Method

Result

	Carbohydrate Tested
	Observation

	glucose
	

	sucrose
	

	starch
	

	maltose
	

	fructose
	


Conclusion

A Closer Look at Carbohydrates
Digestion

Digestion is the process of breaking down food into small, soluble particles that can be transported in our bloodstream.

Glucose is small enough to pass through the gut wall but starch is too large.
Experiment

Visking tubing is porous and behaves like the gut wall. After about an hour, the liquids inside the visking tubing and in the beaker were tested.

Results

	Test
	Iodine Solution
	Benedict’s Solution



	Liquid inside the tubing


	
	

	Liquid in the beaker


	
	


Conclusion

Breaking Down Starch
Starch is made in plants by ‘adding’ lots of glucose molecules, it is a polymer.  Plants like potatoes store starch in their roots, this is the food supply for the plant (and for animals who eat the plant).  The plants and animals have to break the starch down before it is available as a fuel for respiration.  This breaking down is called hydrolysis.
In the lab, this can be done in two ways:

· Heating the starch “solution” with the enzyme amylase to 37 °C (body temperature)

· Heating the starch “solution” with dilute acid to 100 °C

Experiment

Fermentation
Alcohol can be made from any fruit or vegetable containing starch or sugars. The alcohol in alcoholic drinks is ethanol, the second member of another homologous series called the alkanols.

	Drink
	Source of Carbohydrate
	% alcohol

	Beer

Cider

Wine

Whisky
	Barley

Apples

Grapes

Barley
	3-7

3-7

10-12

40


Ethanol is produced from glucose by the process called fermentation. In fermentation, glucose breaks down to form ethanol and carbon dioxide. An enzyme found in yeast is used as a catalyst for the reaction.



      yeast



glucose 
→ 
ethanol  
+  carbon dioxide



C6H12O6 
→ 
2C2H5OH  
+  2CO2
There is a limit to the alcohol concentration that can be obtained during fermentation, when the alcohol content reaches about 12%, the enzyme in the yeast becomes denatured and no longer works.

Like all enzymes, those used in fermentation have an optimum pH and temperature where they work best. 
Distillation

To increase the alcohol content of drinks, the products of fermentation are distilled. Distillation is possible because water and ethanol have different boiling points of 100 °C and 78 °C respectively. 
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Alcohol and Health Issues

Alcohol is a drug which, if taken in excess can have harmful effects on the body, particularly the liver and the brain.

Being unable to manage without a drug is called addiction. For example, a person who cannot manage life without alcohol is called an alcoholic.

Give examples of harmful effects that alcohol can have on the body.

                                                       Alcohol


Different types of alcoholic drinks contain different amounts of alcohol. A simple way to compare the quantity drunk is to compare the “units of alcohol” each drink contains.

	Type of drink
	Units
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1 Alcopop
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1 pint of lager/beer
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1 glass of wine
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1 measure of spirit
	


Remember! This is only a rough guide! The number of units depends on:

· 1. The size of the measure

· 2. The strength of the drink (strong lager i.e. Stella Artois, contains more units that other lager)


Alcohol is broken down by the LIVER at about 1 unit per hour.

Another type of alcohol is known as methanol. Drinking methanol is much more dangerous than drinking ethanol as it can cause blindness and death. Methylated spirits contain methanol

Research more information http://www.drinkaware.co.uk/ 

Alternative Fuels
As oil supplies run out, efforts have been made to find alternatives to petrol.
1. Ethanol

Sugar cane can be fermented to make ethanol and in countries such as Brazil, most car engines have been designed to run on ethanol alone or on a petrol / ethanol mixture.

2. Biomass

Biomass, ie plant and animal material (e.g. straw, vegetables, manure), decays in anaerobic conditions (without air/oxygen) to produce biogas. Biogas is a mixture consisting mainly of methane (60%) and carbon dioxide which can be used as a fuel. 
This process is called anaerobic respiration or incomplete fermentation. In rural areas, increasing quantities of methane are being produced from manure and straw.

3. Methanol

There are advantages and disadvantages of using methanol as an alternative fuel to petrol.

Advantages

􀁹 The burning of methanol is complete so reducing the carbon monoxide in the air.

􀁹 Petrol contains benzene chemicals which are carcinogenic;

    methanol does not contain these compounds.

􀁹 Methanol is relatively quite cheap and renewable.

􀁹 Methanol is less volatile and less likely to be an explosion risk.

Disadvantages

􀁹 Methanol is toxic and can cause blindness/brain damage

􀁹 Methanol produces less energy than petrol (for equivalent volumes)

􀁹 Methanol absorbs water – this gives a corrosive mixture

􀁹 Methanol and petrol are quite immiscible (don't mix readily)

4. Biodiesel

Vegetable oils are taken from plants and also used as fuels for vehicles. 

Some of this biodiesel is made from waste cooking oil and rapeseed oil. Such fuels are carbon neutral, which means that they release only as much carbon dioxide when they burn as was used to make the original oil by photosynthesis. This helps to reduce global warming. However, some people are concerned about whether it is ethical to use food crops in this way, instead of using them to feed hungry people.
Alcohols (Alkanols)

The alcohols (or alkanols) like alkanes (see Fuels notes) form a homologous series; all have the hydroxyl functional group, (-OH ) present in their structure. Their names end in “-ol”.

	Number of Carbon Atoms in the Molecule
	Name of

Alkanol
	Formula
	Full Structural Formula
	Shortened Structural

Formula 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


The General Formula for the Alkanols is ____________

Naming alkanols

From propanol onwards, isomerism can occur because the position of the hydroxyl group can be changed as well as the possibility of branching. Therefore, we must name each alkanol systematically as we did with the hydrocarbons. This time the OH group has priority over branches. The rules are:

1) Select longest hydrocarbon chain containing hydroxyl group and name it

2) Number the carbon atoms from the end nearest the OH group

3) Name the branches and indicate their positions

Examples
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No. 2 can be represented as CH3CH2(OH)CH3  

No. 4 can be represented as CH3CH2(CH3)(OH)CH3
SOME alkanols have more than one hydroxyl group:
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    (ethylene glycol, found in antifreeze)




 (glycerol)

Draw the structures:

(a) butan – 1 – ol

(b) butan – 2 – ol

Describe the typical properties of alcohols:

Melting and Boiling Point –

Miscibility – 

Flammability –

Uses of Alcohols

	Alcohol
	Use

	Propan-2-ol


	

	
	 Fuel for Speedway and Drag Racing Cars.



	Ethanol


	


Uses of Carbon Compounds
There are competing demands for carbon based compounds. On one hand, they are burned for fuels to supply our energy needs. In addition, they are used in the manufacture of carbon based consumer products, for example, in textiles, plastics, dyes, agricultural chemicals, detergents and cosmetics.

Carboxylic acids are used in a variety of ways. For example, ethanoic acid is used in PVA glue manufacture and for flavouring your chips in vinegar.

Esters are used for flavourings, perfumes and solvents.
Carboxylic Acids

Carboxylic Acids (sometimes known as Alkanoic Acids) are characterised by their functional group, called the carboxyl group and by it’s name ending i.e “-oic acid.”

Functional Group – COOH or [image: image11.jpg]-C-OH




	Number of Carbon Atoms in the Molecule
	Name of

Acid
	Full Structural Formula
	Shortened Structural

Formula 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Esters

An ester is the product of the reaction between the FUNCTIONAL GROUPS in a carboxylic acid and an alcohol. Molecules must be drawn to show that the -OH group of the acid reacts with an H atom of the alcohol. 

For example, the reaction between ethanoic acid and methanol can be shown in 2 ways:

OR

Points to note

· Water is also produced in the reaction so can be known as a CONDENSATION REACTION

· Can also be called an ESTERIFICATION REACTION since an ester is produced.

The reaction is REVERSIBLE so a DOUBLE HEADED ARROW is used.

An ester takes its name from the alcohol and carboxylic acid from which it is produced:

1.
Alcohol:


Methanol
(
Methyl

Acid:



Ethanoic
(
Ethanoate

Ester



Methyl ethanoate

2.
Alcohol:


Propanol
(


Acid:



Methanoic
(


Ester



____________________

All esters contain the ESTER LINK:

                                                         [image: image12.emf]
The diagrams below show how this would appear in the ester:
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Draw a dotted line through the above diagrams to show which part is derived from the alcohol and the acid.

Properties of Esters

Look at the ingredients for any perfume, deodorant or some other 

fragranced substance and you will find the name of an ester.

Esters have a pungent but often fruity smell.
Esters are also used as artificial flavourings for the food industry.

Esters are also used as solvents and have medicinal uses.

	Name of Ester
	Smell

	3-methyl-1-butyl ethanoate
	Banana

	Methyl Butanoate
	Pineapple

	Pentyl Butanoate
	Apricot

	Propyl Ethanoate
	Pear

	Octyl Ethanoate
	Orange


Making an Ester

Aim:

Method:

Results:

Conclusion

Nature’s Chemistry
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Everyday Consumer Products





CARBO HYDR ATES
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