C2- Material Choices 

Polymeric Materials

A polymer is  a material which is made of very long molecules formed by joining lots of small molecules called monomers together.

Small molecules called monomers can join together to create very long molecules called polymers and this process is called polymerisation.

	Polymers occur naturally:
· Cotton
· Leather
· Wool
	Polymers can be synthetic:
· Polythene
· Nylon
· Neoprene



Every material we use is made up of chemicals either individual chemicals or mixtures of chemicals. They can be made up of elements, mixtures or molecules. This includes metals, ceramics and polymers. 

The materials we use can be obtained or made from living things:

	Animals :
· Silk- a protein fibre obtained from the cocoons of the silkworm larva. (made by them)

· Wool- a protein fibre obtained from animals such as sheep.

· Leather- cows skin

· Fibres-animal fur
	Plants
· Cotton grows around the seeds of the cotton plant

· Paper-made from wood fibres which contains cellulose fibres.

· Rubber-  latex is tapped from some plants including the rubber tree



There are synthetic materials that are alternatives to materials from living things.

Raw materials obtained from  the Earth’s crust can be used to make synthetic material’s.

Many items that used to be made from natural polymers are now made from synthetic polymers.

Many of these polymers have different properties, which may be superior to those available in nature.
· Natural fibres for clothing are replaced with synthetic fibres, these may be easier to wash, hold their shape better or be available in a wider range of colours. Synthetic fibres may also be water-resistant and cheaper. This is why fibres like nylon and polyester are often used to replace cotton, wool or silk.

· Wood is often replaced with plastics, as a material for new window frames, there are lighter and do not rot or require painting. They are also more weather resistant, strong and durable and cheaper and easier to manufacture.

· Paper bags are often replaced with plastic ones, these are lighter and also waterproof.

· Fur and leather may be replaced with synthetic polymers which avoids using animal products.




Properties of materials

Solid materials can differ with properties, therefore manufacturers and designers have to consider these properties when the choose the right materials to make their products. 

They decide which materials to use basted on their properties and costs. In many products these materials include polymers.

Melting point- the temperature at which the solid material turns to liquid

Strength- how good a material is at resisting a force
Materials can be strong in tension or strong in compression.
A material is strong if it takes a large force to break it.

Tensile strength- how much a material can resist a pulling force, when two materials are trying to stretch it or pull it apart.
Compressive strength- how much a material  can resist a pushing force, when two materials are trying to push it together and make it smaller.

Stiffness-  how difficult it is to stretch of bend a material (and permanently deform it)
A material can be strong but not stiff e.g rubber

Hardness- how difficult a material is to scratch or dent or cut into.
Softness- how easy a material is to scratch or dent
The softer a material, the easier it is to dent or scratch it.

Density- density is a material’s mass per unit volume (g/cm3).
It is mass divided by volume.
If a material has a low density then it is light for their volume and will float in water. A less dense material is light for its size.
If a material has a high density then it is heavy for their volume and will sink in water. A dense material is heavy for its size.

Examples:


	Plastics
· Hard
· Strong
· Stiff
· Mouldable
· Low density (lightweight)
	Rubber
· Strong
· Flexible
· Mouldable
	Fibres
· Soft
· Flexible
· Good tensile strength



CD’s (Compact Discs) are made from a plastic called polycarbonate and is srrong and hard (used in bulletproof glass) and  could possibly last even longer than PVC which was previously used.

Repeatable and reproducible data

A measurement is repeatable if it gives the same result when it is repeated under the same conditions.

A measurement is reproducible if it gives the same result when carried out under different conditions for example by different people, using different equipment or different methods

A measurement is accurate if it is close to the true value.



Structures and properties of polymers

It is possible to produce a wide range of different polymers with properties that make them each suited to a particular use. 

The properties of polymers depend on how their molecules are arranged and held together.

Arranged:
If the polymer chains are packed close together, it will have a high density.
If a polymer chains are spread out the material will have a low density

Held together:
If polymer chains are held together by weak forces then they are free to slide over each other. The bonds holding the atoms together are strong but the forces between molecules are weak. This means that the material (plastic) can be stretched easily (is flexible),will have a low melting point won’t be stiff, won’t be hard.

If a polymer chain is held together by strong forces then they have high melting points and can’t easily be stretched as the crosslinks hold the chains firmly together. Crosslinks are chemical bonds between the polymer chains  and hold them in a regular structure. It means  it will be very strong, stiff hard and have a high melting point.


The stronger the forces between the particles, the more energy is needed to break the particles out of a solid structure into a liquid formation. The more energy that is needed, the higher the melting point of the solid.

Modifications to polymers:

Increased chain length

Polymers can be modified to increase their chain length. 

Polymers with short chains have weaker forces of attraction between molecules  (compared to long chains) so the polymer chains can easily slide past each other, making the material flexible.

Also, as a polymer with short chains have weak forces of attraction, it requires less energy to separate the molecules out of the solid structure and into a liquid formation, therefore it will have a low(er) melting point than a long chained polymer.

Polymers with long chains have stronger forces between molecules (strong forces of attraction). As a result, it is less flexible and more stiffer  (than short chains) as it is hard to make the chains slide past each other. This also means that it is stronger because of this.

 Also, it has a higher melting point because more energy is required to 
Separate the molecules from each other out of a solid structure into a liquid formation so it melts at a higher temperature.

Making a polymer chain longer will mean it will be less flexible, a higher melting point, stiffer and stronger.
Making a polymer chain longer will mean it will be flexible, low melting point, less stiff and weaker.








Cross-linking

Polymers can be improved by adding crosslinking agents. 
These agents chemically bond the polymer chains linking them together.
These cross-links between the molecules mean that the molecules are locked in a regular arrangement which stops the chains from uncoiling and  slipping over each other.
The result of this is that is makes the rubber less flexible, stronger , stiffer and harder.
It also gives the rubber a high melting point because more energy is needed for the molecules to separate and break out of the solid thus more heat resistant.

Diagram:
	No Cross-links



	Cross- links









Use of plasticisers

Plasticisers can be added to a polymer. 
Plasticisers are usually an oily liquid with small molecules which can be added to polymers during their manufacture.
The small molecules sit between the polymer chains, they push the polymer chains further apart, which weakens the forces between them.
This means that less energy is needed to separate them and they slide over each other more easily.

This means that the polymer is softer, more flexible and with a lower melting point.

Diagram:
	UPVC




Strong forces between them
Chains lie close together – more durable
	PVC




Weak forces between them
Chains lie further apart - softer





















Increased crystallinity

A polymer can be made more crystalline.
In a crystalline polymer, the molecules are lined up in a regular way (in neat lines) as in a crystal.
It has straight chains with no branches so that the chains can fit close together.
This means that the forces between the molecules are slightly stronger and more energy is needed to separate them so it has a higher melting point.
As more chains are packed in, it has a higher density, and is stronger.
The branches stop the molecules from packing neatly.

	LDPE 
	HDPE








	Low-density polyethene has side branches that stop the polymer molecules from not lining up regularly.This means that it has a lower density, the forces of attraction between the molecules are weaker, and the material is less strong and has a low melting point.
This is made under pressure which has branched chains

	High-density polyethene lines up regularly to give a crystalline structure.
The material has a density than LDPE.
The forces of attraction between the polymer molecules are strong.
The material is stronger, and has a higher melting point than LDPE.


Crude Oil

Crude oil is a thick, sticky dark coloured liquid which is formed over millions of years from the remains of tiny plants and animals called plankton.
It is pumped out of the Earth’s crust from wells under the ground or sea.

Crude oil is a mixture of hydrocarbons, which are chains of hydrogen and carbon atoms only. These hydrocarbon chains are of varying lengths.

Since it is a mixture, crude oil is not very useful as it is. Therefore it needs to be separated into groups of molecules of similar size.

The petrochemical industry refines crude oil by fractional distillation where hydrocarbons are separated into different fractions of varying boiling points.




Fractional distillation

The petrochemical industry refines crude oil by fractional distillation where hydrocarbons are separated into different fractions of varying boiling points.

Hydrocarbons are separated into fractions of different boiling points to produce fuel, lubricants and raw materials needed for chemical synthesis.

Crude oil is heated in a furnace this supplies the molecules with extra energy.

This makes the molecules move about and provides energy to overcome the intermolecular forces to turn into a gas.

The hydrocarbons in crude oil then go into the fractioning tower which is hottest at the bottom and coolest at the top.

The hydrocarbon molecules are separated by their boiling points.

The smallest hydrocarbon molecules have the lowest boiling points therefore go to the very top of the tower. This fraction contains some of the shortest hydrocarbon chains.  There is strong covalent bonds between the hydrogen and carbon within each hydrocarbon molecule. However there is weak forces of attraction (intermolecular) between the different hydrocarbon molecules in the mixture.
This is because the force between these molecules are very weak and only a little energy is needed for them to break out of the liquid form and into a gas., giving them a low boiling point.

The biggest molecules have the highest boiling point because the forces between the molecules are slightly stronger. There is strong covalent bonds between the hydrogen and carbon within each hydrocarbon molecule. There is also strong forces of attraction between the hydrocarbon molecules in the mixture.
These molecules stay at the bottom of the tower where it is hotter.  The forces between them get stronger which means there is a lot more energy needed for them to break out of the liquid form and into the gas giving them a high boiling point. The bottom of the fraction is hotter. These molecules stay at the bottom of the tower.

Each fraction produced is still a mixture of molecules but they are of similar size and boiling point. Each fraction has different uses related to its properties. Most of crude oil is used as fuels and a small percentage is used for chemical synthesis. It produces fuel, lubricants and raw materials needed for chemical synthesis

.In short:

The fractioning tower separates the hydrocarbons into groups of molecules called fractions. These groups of molecules are still mixtures but they contain a different number of different hydrocarbons than the original crude oil. The hydrocarbon molecules in a fraction are similar in size

Nano technology

Nanotechnology is the use and control of structures that are very small (1 to 100 nanometres in size)

Nanotechnology involves structures that are about the same size as some molecules.

The particles used in nanotechnology are measured in nanometres (nm)
Nanoparticles can occur by accident, naturally or by design.

Some nanoparticles are made using specialist tools that build up new structures atoms by atoms.
Other nanoparticles are made by chemical synthesis or other techniques such as etching.

Nanoparticles can  occur naturally:
· Sea spray- The sea produces nanoscale salt particles formed by ocean waves in wind conditions, which help in forming rain and snow and these are present in the atmosphere.
· Proteins that control biological systems very precisely
· Enamel in your teeth is partly made up of nanoparticles.

They can also occur by accident:
· Combustion when solid fuels are burnt they produce nanoscale soot particles (along with other waste).





[bookmark: _GoBack]Nanoparticles of material show different properties compared to larger particles of the same material.
One of the reasons for this is because the surface-area-to-volume-ratio is very large for nanoparticles.
This means that materials containing nanoparticles are often highly reactive or have unusual properties.

They can be used to modify properties of materials.

Uses of Nanotechnology

Examples:

· Silver nanoparticles to give fibres antibacterial properties

Nanoparticles of silver have different properties compared to larger particles of the same material.  
Silver nanoparticles have antibacterial properties; they kill bacteria in serious wounds, which is important before they can cause infections.
Tiny nanoparticles of silver dissolve very quickly once they are moistened (for example by blood from the wound) and the silver can get to work straight away. This makes them suitable for would properties.

They can be added to polymer fibres used to make surgical masks and wound dressings and gives the fibres antibacterial properties.

Sports Equipment
· Adding nanoparticles to plastics or sports equipment to make them stronger
Nanoparticles can be added to materials such as carbon fibre, used to make tennis rackets resulting in the material to be lighter and stronger.

They are added to plastics in sports equipment e.g tennis rackets, golf cubs and golf balls.
They make the plastic much stronger and more durable and they don’t add weight.

They have also been used in tennis balls. The ‘double core’ balls have an extra layer of clay nanoparticles mixed with rubber. This helps slow down the air escaping from the balls which keeps them inflated for longer.

              Clothing
· Scientists have developed pieces of clothing which contain zinc oxide nanoparticles. These are the same particles as those use in sunscreen.
Clothes with these in offer better UV protection.

Stain-resistant clothes have also been produced as they contain tiny nano-scale hairs which repel water and other materials.
This has the potential to reduce the amount of water and energy used in washing clothes.

Socks have been made that contain nanoparticles of silver or other chemicals.
This gives the socks antibacterial properties to help prevent feet from smelling.

Sunscreen
· Main sunscreen products contain nanoparticles of zinc oxide or titanium oxide which are both white solids.
In other formulas, the particles are relatively large and leave the skin looking white. These products with nanoparticles can be rubbed in and have a more natural appearance which still offers UV protection.





Nanotechnology and risk

Nanoparticles have different properties compared to larger particles of the same material.
This may mean that nanoparticles have a different effect on humans, animals plants and the environment.
Some doctors are concerned that nanoparticles are so small they may be able to enter the brain from the bloodstream.
If this is true, it could mean that normally harmless chemicals can become highly toxic at the nanoscale.

It is not fully understood exactly how all the various nanoscale substances differ from larger versions of the same material.
At present, there are no requirements for health and safety studies for nanoparticles to be different from those for larger particles, but some group think that there should be.
It causes a concern that there may have harmful effects on health and these products with nanoparticles are being introduced too earl before these effects have bee fully investigated.

We don’t currently know the long-term impact of these nanoparticles and it may take years before these effects are known.

Therefore, many people believe that products containing nanoscale particles should be clearly labelled so that consumers can chose whether or not to use them.
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