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Unit 1
Chemical Changes and Structure
Success Criteria

(What you need to know and understand)

Section 1:  Controlling the rate of reaction                                        
· For reactants to form products they must first come in contact with each other (collide).
· The higher the concentration, the more collisions, and so the faster the reaction.
· The smaller the particle size, the bigger the surface area so the higher the chance of collision.

· Before collisions can be successful and lead to products, a minimum amount of energy, known as the activation energy (Ea), is required.

· Increasing the temperature increases the number of particles with energy equal to or greater than Ea.  This results in more successful collisions and an increase in rate.

· Energy distribution diagrams can be drawn to show how increasing the temperature results in more particles with energy equal to or greater than Ea.
· Relative rate of reaction is inversely proportional to time, i.e. rate = 1/t.

· Rate of reaction is directly proportional to the concentration of the reactants.
· Rate of reaction is not directly proportional to temperature – a small increase in temperature results in a large increase in rate.

· Collision geometry has an effect on reaction rate.

· Reaction profiles can be drawn to show the potential energy changes as a reaction progresses.

· Enthalpy is the name given to stored energy in chemicals and is given the symbol H.
·     H is the change in enthalpy for a reaction, and is measured in KJ or KJ mol-1 when one mole of substance is reacted or produced.
·     H and Ea can be identified in a reaction profile for exothermic and endothermic reactions.

·     H values are negative for exothermic reactions and positive for endothermic reactions.

· Ea is shown as an energy barrier in a reaction profile.

· An activated complex is formed at the top of the potential energy barrier.

· Catalysts provide an alternative pathway for reactants to form products – each step has a lower Ea than the uncatalysed reaction.
Section 2:  Periodicity
· The first 20 elements in the periodic table are catagorised according to their bonding and structure:
· metallic (Li, Be, Na, Mg, Al, K, Ca)

· monoatomic (He, Ne, Ar)

· covalent molecular (H2, N2, O2, F2, Cl2, P4, S8 and fullerenes)

· covalent network (B, C (diamond and graphite), Si)

Non-metals

Monoatomic

· The noble gases are monoatomic elements with weak London dispersion forces between the atoms.

· London dispersion forces are weak forces of attraction between atoms and molecules when temporary dipoles are formed within atoms or molecules.

Covalent molecular

· Hydrogen, nitrogen, oxygen and the halogens exist as individual diatomic molecules, with London dispersion forces between the molecules (intermolecular), and strong covalent bonds between the atoms in a molecule (intramolecular).

· Sulphur and phosphorus are small individual molecules with strong London dispersion forces between molecules, so are solids at room temperature.
· Carbon can exist as large individual covalent molecules (fullerenes), which have molecules with 60 carbon atoms or more.

· Fullerene molecules can be ball or tube-shaped, and have high melting points because of the large London dispersion forces between the molecules.

Covalent network

· Carbon can exist as large covalent networks – for example, diamond and graphite.

· The carbon atoms in diamond are bonded to four other carbons in a large, strong three-dimensional network.  This makes it very hard.

· The covalent network structure of diamond results in diamond having a very high melting point.

· Diamond is a non-conductor of electricity because it has no delocalised electrons.

· Graphite forms a network in which each carbon is only bonded to three other carbons, which results in graphite having delocalised electrons, so therefore conducts electricity.

· The carbon atoms in graphite form hexagonal plates which are held together by London dispersion forces.
· The layers in graphite can be easily separated, which results in graphite not being as hard as diamond.
· Boron and silicon exist as covalent networks, and have properties associated with covalent networks, e.g. very high melting and boiling points.

Trends in the periodic table

· Patterns in changes of covalent radii, ionisation energy and electronegativity exist when going down a group, or across a period in the periodic table.
· The covalent radius is half the distance between the nuclei of two atoms, joined by a covalent bond.

· The covalent radius increases down a group as the number of occupied electron shells increases, and shields the outer electrons from the pull of the nucleus.
· The covalent radius decreases going across a period as there is no increased shielding effect.  The electrons are added to the same electron shell.

· Ionisation energy is the energy required to remove one mole of electrons from one mole of gaseous atoms.

· First ionisation energy decreases down a group as the outer electrons get further from the nucleus and are shielded from the pull of the nucleus by the shells of the inner electrons.
· First ionisation energy generally increases across a period as the outer electrons are held more tightly by the positive nucleus.

· Electronegativity is a measure of the attraction an atom has for the electrons in a bond.

· Electronegativity decreases down a group as atoms get bigger, and the attraction of the nucleus for bonding electrons decreases.

· Electronegativity increases across a period as the atoms get smaller, and the attraction of the nucleus for bonding electrons increases.
Section 3:  Structure and Bonding
· In pure covalent bonding, the shared pair of electrons is shared equally by the atoms in the molecule.
· In polar covalent bonding there is unequal sharing of the bonded electrons, which results in one atom having a slightly negative charge, and the other having a slightly positive charge.  This creates a permanent dipole.
· Electronegativity is a numerical measurement on a scale of 0 – 4 (low to high) used to access an element’s ability to attract bonding electrons.

· The difference in electronegativity between the atoms in a compound gives an indication of the type of bonding present.

· The type of bonding changes gradually as the difference in electronegativity between atoms increases – this is known as the bonding continuum.

· The bonding continuum has ionic bonding at one end, and pure covalent bonding at the other.  There is polar covalent bonding between the two extremes.
· Intermolecular forces act between molecules, and are known as van der Waals forces.

· London dispersion forces, permanent dipole-permanent dipole interactions, and hydrogen bonding are the three types of van der Waals forces.
· London dispersion forces are weak attractions between temporary dipoles in molecules, and are significant between non-polar molecules.
· Permanent dipole-permanent dipole interactions are attractions between polar molecules which have permanent dipoles.

· A molecule will only be polar if one side of the molecule is slightly negative and the other slightly positive.
· Hydrogen bonds form between highly polar molecules which have hydrogen bonded to the greatly electronegative elements fluorine, oxygen or nitrogen.

· Hydrogen bonding gives compounds unusually high melting and boiling points.  This is because they are the strongest van der Waals force, and so need more energy to separate the molecules e.g. water.
· When water is cooled to 4oC or below, it expands and decreases in density.  This is due to the water molecules forming a more open structure, with increased hydrogen bonding.
· Compounds with molecules which have hydrogen bonding between them are more viscous than compounds with molecules which have other intermolecular forces.

· The polar nature of water makes it a good solvent for ionic compounds and polar covalent molecular compounds.
· Non-polar solvents can dissolve non-polar substances.

· The molecules of polar covalent liquids which are miscible with water form hydrogen bonds with water molecules.
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