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· Need a clear picture of s, l and g phases first. Do solid, liquid, gas “role play” and note differences in instantaneous volume to allow for appropriate movement.

· Identify common misconceptions using “pictures in their minds” 

e.g liquid particles not touching; gas particles too close together (on average about 200 times their diameter in air at STP, no indication of random motion or variable speeds.
· Use animations to show motion. Actual speeds of molecules in the air are of the order of a rifle bullet at about 200 m/s (Olympic sprinters have a top speed of about 12 m/s) so why does it take so long for the smell of an opened perfume bottle to reach across the room. Explain concept of diffusion by comparing someone on roller skates blindly throwing themselves across a skating rink full of other skate all moving rapidly and randomly in different directions at any given time. 
· Relate differences in melting point to physical state at different temperatures 
e.g if X has a M.Pt of -20 oC  and B.Pt of +60 oC  what state will it be in at room temperature (assume 25 oC ). (Use State vs Temp animation with interactive slider).

· So what is temperature? If it’s a measure of the average kinetic energy of the particles how come you can have a negative temperature? Because for convenience, the Celcius temperature scale is offset from the true zero point of -273 oC. 

· So on the absolute (or Kelvin) scale a room temperature of 27 oC is actually 300K. This means to double the kinetic energy of particles the temperature would have to doubled to 600K, i.e. 327 oC, not to the 54 oC expected using the Celcius scale.
· A 10 oC rise in temperature will approximately double the rate of chemical reactions so clearly it can’t be just because of more frequent collisions as their average speed will only have increased by about 2% so it must be because the small increase in Ek means that more collisions will be successful because they have sufficient energy to overcome the activation energy barrier.
· Refrigeration of food works because dropping the temp from 24 oC to about 4 oC means food lasts considerably longer because the reaction rates of the spoilage causing reactions will slow down by a factor of about 4 times.

· Students will also need a clear understanding of pressure concept (for equilibrium) Define as P = Force/Area. In gases the force arises from the collisions of the particles with the walls but use analogy of the weight force. e.g. Compare impact of your foot when wearing high heels compared to normal shoes. Weight force = 90 kg x 10ms-2 = 900N spread over 30 x 10 = 300 cm2. Resulting pressure = 900/300 = 3Ncm-2. Now strap on stilettos where surface area drops to 1cm2 and pressure is 300 x greater at 900Ncm-2. Hence the dimples on soft wood parquet flooring! Conversely if you want to reduce your pressure effect you increase your surface area by strapping skies or tennis raquets onto your feet before trying to walk across snow or thin ice.

· Identify factors that change pressure in a gas – reducing volume, increasing number of particles and raising temperature all increase pressure because there will be more collisions in any given time. Temperature also increases pressure because each collision will involve more force as the particles have more kinetic energy.
· Compare density of each state by relating back to each volume occupied in role play. ( = m/V). ie. How much extra space is required to accommodate the change.
· Calculate density of a block of 100 post-it notes. (10g; 4x5x1cm = 0.5g/cm3).Stick one post-it sheet on board and ask what is its density. Many students divide by 100. 

Relate to same concept of concentration and what remains the same and what 

changes when we take a 10 mL sample out of a 250mL stock solution.
· Start with the more concrete concentration unit of g/mL before introducing mol/L
· Use a solution such as CuSO4 where the colour intensity is visually and conceptually linked to concentration. Explore impact of different amounts of solid dissolved in different volumes of solution. e.g. 8, 16 and 32g in 250, 500 and 1000mL jars respectively. Explore trends and relationships by looking at patterns- which have the same colour intensity (concentration) and why? Which is most (least) concentrated?
· What happens to water when it freezes? Role play above predicts that the density of the solid should be greater than its liquid and therefore it should sink in the liquid. This is true for all substances except for the “exceptional” water where at temperatures below 4 oC the attraction of the hydrogen bonds is sufficient to hold the water particles into an open framework and prevent further collapse into the interior spaces. 

· Use 3-D representations such as Chime (compare ice and water structures) to visually rotate the ice structure so that the honeycomb cage-like structure with hexagonal channels (based on the tetrahedral 109o angle) can be clearly seen. 
· The difference in density between ice and water at 0 oC is only about 8% which is why about 8% of the solid floats above the liquid surface. Note that in seawater which is denser than fresh water, about 12.5% of an iceberg is above the waterline. This why it is easier to float in saltwater (particularly where the salt concentration is abnormally high such as in the Dead Sea) than it is in a freshwater pool. 
· Note - about 50% of you will be pleased to know that as men are generally denser than women, they have significant difficulties floating freely on their backs without moving – even in the sea. The other 50% of you will probably be pleased to know that the difference in density is the result of women’s body generally containing a higher percentage of fat than men who carry a higher percentage of muscle (and yes I know looking at some of us specimens that is incredibly hard to believe! ()
· So we know how we could make solid ice float higher (by increasing the density of the liquid) but how can we make an ice cube sink. Logic would tell us that we could heat the water (to make it less dense), but of course this would simply result in the ice melting which is counterproductive. So how can we make the ice heavier? Pressure is unlikely to have much impact on a solids density so perhaps we could make each water molecule heavier by using ‘heavy water” – otherwise known as water which has had its 1H atoms replaced by 2H (deuterium) atoms. If both hydrogen atoms are replaced by deuterium, the molecular mass (and thus the density) should increase from the usual 18 to 20 – a 10% increase which should be sufficient to overcome the 8% reduction in ice as a result of its open cage like structure. 

A video of this is available at http://jchemed.chem.wisc.edu/JCESOFT/CCA/CCA2/MAIN/ICECUBE/CD2R1.HTM 
· Why do ice cubes often “crack” as they melt? When a volume of water is cooled the outside layer freezes first. As the inner portion of water freezes it wants to expand but is constrained by the solid cage of ice already surrounding it so it is forced to freeze under compression. When the outer layer is heated and the outer layer is removed by melting this compression is released as a force sufficient to crack open the inner core of the ice cube.

· Why are ice cubes generally cloudy in the centre? Water contains dissolved gases such as oxygen and carbon dioxide from the air. Many students think that fish somehow extract their oxygen from within the water molecules themselves, rather than absorbing the dissolved oxygen through their gills - much as we absorb the oxygen component of the breathed in air through the moist surfaces of our lungs.

(Students also have the misconception that we breathe out 100% carbon dioxide when in reality the CO2 level in exhaled breath is still less than 1% and the oxygen content is still close to 20% - otherwise there wouldn’t be much point in administering CPR unless you wanted to asphyxiate the patient to ensure that they really were dead!).
· As the ice forms from the outside, ice crystals start to grow inwards forcing the dissolved gas into the liquid water remaining in the centre until it reaches a saturated concentration of 0.0038% at which point it separates into a mixture of approx 2.92% air by volume and ice. To obtain ice cubes without this feature, you should start with hot water (which contains much less gas to start with) and cooling it slowly in thin strips to allow time for the gases to move  through the liquid and escape by evaporation before it is trapped by the solid ice. Alternatively you could do what photographers do for those adverts showing whiskey in a tumbler full of ice – use hand-carved Perspex “ice” cubes which have the added advantage that they won’t melt under the studio lights!
· These bubbles of air also explain why snow and ice are such good insulators and why your best chance of surviving a blizzard is to dig an ice cave and shelter inside it – the surrounding layers of packed snow/ice are porous enough to allow fresh air to diffuse through, but trapped air provides a layer of insulation much as the “Pink Batts” in our ceilings and walls do for our houses. This combination of insulation properties and ice floating on water is why large bodies of water rarely freeze completely solid as the layer of ice grows from the top down and provides an ever increasing layer of insulation. This probably had an impact on the survival of many fresh water living species during the many ice ages that the Earth has experienced during its history.
· What happens to liquid water when we boil it? Draw “pictures in mind”. A significant number of students (even in tertiary chemistry courses) still believe that the water molecules break apart into hydrogen and oxygen gases. Easy to see why this alternative conception seems logical given that they know water consists solely of these two elements and that under standard conditions each element does exist as a gas. Need to challenge this misconception – demonstrate detonating H2 + O2 balloon (outside and with ear plugs, although less damage to hearing than using iPods long term) and ask how many times how people blown themselves up when they have lit a cigarette next to a boiling kettle.
· Ask what are the first bubbles we see in water well before the boiling point. They are actually dissolved gases such as oxygen referred to in the freezing process above. This is why drinking water that has recently been boiled tastes ‘flat”, in contrast to ordinary tapwater that actually contains amounts of “fizziness’ that are detectable by our palate – although nowhere near as much as a carbonated drink which has significantly more gas (in this case CO2), dissolved in it under pressure.
· If the gas is forced to come out of solution at higher temperatures then it must be that the gas (and indeed all gases) is less soluble at higher temperatures (contrary to most student expectations). Fish can asphyxiate in streams on hot days because of the reduced oxygen levels and this is why thermal power generators such as the Huntly power station are sometimes required to stop operations during summer as their cooling water pumped back into the river would elevate the temperature above safe limits for survival of the aquatic life.

· Even common solids such as NaCl are less soluble at higher temperatures despite our every day experience that salt dissolves more quickly in hot water. (this is because the dissolving process is a nett exothermic reaction which is favoured by lower temperatures). This is counterintuitive for many students because they confuse rate of dissolving (determined by the size of the activation energy barrier) with the extent of dissolving (which is an equilibrium position determined by enthalpy (and entropy – see later) factors which are totally unrelated to Ea).

· The effect of other experimental factors on rates can be taught using an animation for reaction of marble chips with acid which allows for many trials in a short time frame.    It can also be used to reinforce idea that final reading of amount of reactant left (or product formed) depends on the “limiting reagent”.  

http://www.cambridgeassessment.org.uk/research/innovationassessmentlearning/enigma/simulations/marble/marble.html
· Also note that rate of reaction depends on frequency of effective collisions, NOT simply the number of collisions.  To be effective the reacting particles must collide in the right orientation and with sufficient energy (the activation energy) for a reaction to occur.  While changing concentration and surface area increases frequency of collisions, increasing temperature increases energy of collision (as well as frequency) so that it is more likely that particles will collide with enough energy to exceed the Ea and result in a reaction.

· Many students confuse temperature (average kinetic energy) and heat (total kinetic energy). Consider two beakers – 1000 mL of cold water (20 oC) and 10 mL of hot water (50 oC)  Which beaker has a higher temperature – clearly the small beaker. It is not so obvious that the large beaker actually actually has more heat energy. To illustrate, add both beakers to 1000 mL of water at 0 oC and observe which “heats” up the water most. Alternatively, ask how much energy an electric jug would need to put into heating the two beakers if both started at 0 oC. 
· Note that “heat” does not rise but hot air (or other fluids) rise because they are less dense than their surroundings.

· Students also have the misconception that cold enters a house when the door is opened when in reality heat energy is always transferred spontaneously from hotter to colder temperatures.
· Once the difference between heat energy and temperature is understood, we need to discriminate between enthalpy and temperature. Enthalpy is simply chemical potential energy and is essentially the energy stored in the bonds of the chemical species. 

· Use analogy of Gravitational Potential Energy (for Enthalpy) and Kinetic Energy (for Temperature. Jump up onto desk – discuss that while energy is conserved there is a transformation between kinetic and GPE on way up and vice versa on way down.

· Do I have zero GPE when I am on the floor? No, as I could cut a hole in floor and drop further. But we are not interested in absolute values, only changes in energy, so we can choose any arbitrary point to be our zero reference point. Similar concept to the designation of the reduction potential for the hydrogen cell of 0 v and the zero values arbitrarily assigned to the heats of formation of all elements.
· To illustrate the basic concept of Hess’ Law calculations, step onto a chair first, then onto the desk and ask how much energy was involved in the two step process compared to the one step process i.e energy changes only depend on initial and final values, not the pathway taken between them.

· Consider a physical change such as melting – an external source of energy must be supplied as the liquid form has higher stored energy stored as a result of having to overcome the forces of attraction that hold the particles together in the liquid state.
· Stress that a mixture of ice in water will not increase in temperature above 0 oC until all ice has melted. Similarly, it is impossible to increase the temperature of liquid water above 100 oC (unless salt is added or it is heated under pressure as in a pressure cooker). Hence leaving the element on high once the pot has started boiling is wasting energy converting the water into steam and is not cooking the vegetables any faster.
· Another consequence of phase change is that in snow covered areas the air temperature often drops sharply once the spring thaw occurs as kinetic energy from the air particles is being used to break apart the attractions between the solid particles by an endothermic process. Conversely, at the beginning of winter when snow starts to form a slight warming occurs as energy is released by the exothermic freezing process.

· Demonstrate hand warmers where the heat energy is released by the exothermic process when the salt precipitates from the supersaturated solution.

· In thermochemistry/calorimetry clarify difference between system and surroundings – ie the energy of the system (chemical potential energy) relates to the total energy of the bonds within the reacting species.  If a reaction is exothermic (assuming constant pressure) the energy is generally changed into heat energy (q) and everything (including the remaining reactants and any products) gets hotter  i.e. the particles have greater kinetic energy (temperature).
· In an EXOthemic reaction where enthalpy is lost (“exits”), kinetic energy must increase and we see this expressed as a rise in temperature. Stress that everything rises in temperature - the products, left over reactants and the surroundings (which is usually the water that the reaction occurs in but may also be the container and the air.

· Demonstrate simple combustion reaction e.g combustion of alcohol in film cannister with piezoelectric igniter. Show Braniac video clip of thermite reaction. http://www.youtube.com/watch?v=WrCWLpRc1yM 
· Demonstrate that it is gases that ignite – not solids or liquids by blowing out a candle and relight by holding a lit match about 1 cm above the top of the wick. Describe purpose of wick to absorb liquid and provide greater surface for evaporation to gas – hence larger wick produces larger flame. The wick in a candle is designed to curl over outside the flame so that it burns away and keeps constant length as the candle burns. An almost empty petrol tank explodes much more violently than a full petrol tank because there is more vapour present. Note: The petrol vapour that escapes as a car is refueled can be ignited by static electricity from person exiting car but not from a cell phone.  http://www.youtube.com/watch?v=i42xXSaFvtY 
· Conversely an ENDOthermic reaction results in an increase in the internal stored enthalpy and the energy comes from a reduction in the kinetic energy of the surroundings and consequent drop in temperature.
· Demonstrate the reaction between 32g Ba(OH)2.8H2O and 11g of NH4Cl which is endothermic enough to freeze the beaker to some water on a wooden board. 
· Returning to the analogy, how many times do people spontaneously levitate from the floor up to the table. Whereas objects are always falling off tables onto the floor. So apart from a tendency to move towards minimum enthalpy there must be some other driving force that sometimes works against it. This is the tendency to move towards maximum entropy which can be loosely described as maximum disorder. E.g  reactions where there is a gas product or a solid state changes to a more disordered state such as a liquid(or solution) or a gas (as in the above demo) will have increased entropy which is enough to overcome the negative impact of the endothermic nature on product formation. 

· Use the analogy of a teenager lying in their bedroom with minimum energy and maximum disorder in their surroundings. When their parents complain they can explain that it is beyond their control because they are simply obeying the first two fundamental laws of thermodynamics which controls everything in our universe.
· It is worth noting that equilibrium systems occur because of these two competing driving forces and because entropy is temperature dependent, the balance position (as characterized by the value of an equilibrium constant) is also temperature dependent. Hence, temperature is the only variable that influences K.
· Since all bonding is electrostatic attraction, the principles of Coulomb’s law can be used to explain data relating to bonding including ΔfusH, ΔvapH, ΔsubH and bond enthalpy. 

· Energy is required to break bonds ie. bond-breaking, including removing an electron from an atom, is endothermic. Conversely when bonds are made, energy must be released ie bond formation is an exothermic reaction. Students often have difficulty with this. Use the analogy of a spring between two spheres – to pull the springs apart requires you to put energy in. But if the spheres are already well separated and allowed to come together, energy is released in the form of kinetic energy (temp rise).
· q =  m c ΔT   and q = - ΔrH

· During chemical reactions some bonds are broken and other new bonds are formed. The nett enthalpy change can be approximated by adding up all of the bonds broken and subtracting the sum of the new bonds made. Note this is the only situation in chemistry where the nett change is not products minus reactants. Show animation http://employees.oneonta.edu/viningwj/modules/active_figure_08_04_Bond%20Energies%20and%20Delta%20H.html 
· Bond enthalpy calculations can only be applied to reactions where all reactants and products are in the gas phase as in other phases there are other intermolecular attractions involved which cannot b easily quantified. Even then, the answer is only an estimate as we use ‘average” bond enthalpies and in reality they can vary slightly depending on their specific environment. 
· Multiple bonds have higher bond enthalpies than single bonds and reference to the spring analogy would support the concept of the stronger multiple bonds resulting in shorter bond lengths and this is supported by experimental evidence.
· In general the more bonds that are formed the better - particularly if they are strong, as this will lead to a more exothermic reaction which is generally favourable. Note however that the overall enthalpy is the nett change so has to take into account any extra bonds that have to be broken before the new ones can be formed.

· This is why so many explosives (e.g TNT, Semtex) are nitrogen containing compounds as the production of nitrogen gas as a product releases large quantities of energy because of the large energy content of the triple N2 bond. Conversely, this high bond strength explains why nitrogen gas is so stable and doesn’t generally react except under extreme conditions such as high T and/or P.e.g lightning or ignition spark.

· Although it is important to note that it is unlikely that breaking all of the bonds first, followed by making all the new ones is unlikely to be the actual mechanism, the model is useful to help students understand the concept of an activation energy barrier. 
· Demonstrate the hydrogen/oxygen balloon outside and with suitable safety precautions (although I suspect sustained use of an iPod produces significantly more risk of auditory damage). Why doesn’t the hydrogen react as soon as it is mixed with the oxygen? Virtually none of the reacting molecules have sufficient kinetic energy at room temperature to successfully overcome the relatively high activation energy, despite the billions of collisions occurring every microsecond. 

· A small spark provides sufficient energy for a small portion of molecules to successfully react and because the reaction is very exothermic, the energy released ensures other reactants now have enough kinetic energy to successfully react and a chain reaction rapidly occurs. This can be simulated by connecting about 20 blocks of wood together with short lengths of string and showing how hard it is to sweep all the blocks off the table surface together, but if one is pushed off the others are pulled over by the kinetic energy supplied by the first successful block as it loses its GPE(enthalpy). 

· Note that a typical hydrogen/oxygen balloon detonation usually involves less than 0.5g of H2 gas and yet is capable of producing a noticeable shockwave some distance away. No wonder a car bomb packed with about a tonne (1,000,000 g) of fertilizer/fuel oil mix is so devastating in terms of the energy released and resulting damage.

· An interesting analogy of a chain reaction is the well known dietcoke/mentos reaction where the rough surface of the mentos provides a nucleation site for gas bubbles to form from the supersaturated carbon dioxide solution. See the following video
http://www.youtube.com/watch?v=9vk4_2xboOE
· Note that the hydrogen/oxygen reaction aptly demonstrates that there is absolutely no connection between the magnitudes of Ea and ΔH. i.e. rate of reaction and enthalpy change are totally unrelated, so you can have a very slow (high Ea) reaction that releases large amounts of energy (high ΔH), or any other combination.
· Note that enthalpy changes (rH), are defined as heat change per mole and so have units of kJmol-1. ie are quantity independent and only change with the specific chemical change referred to. The “per mole” relates to the moles of each substance as written in the equation as written (or defined) and may not necessarily involve 1 mole of reactants. So this can mean per 1 mol of H2 or 1 mol of Cl2 or per 2 mol of HCl. If the stoichiometry of an equation is changed (e.g doubled) then the stated value of rH must also change. Similarly if an equation is reversed then the magnitude of rH is unchanged but its sign must be reversed. Relate to jumping up and releasing equivalent energy on way down.

· In contrast, the heat energy involved in a specific situation is quantity dependent. i.e two lumps of coal generates twice as much heat as 1 lump. 
· The heat energy, (q), for a specific case and the enthalpy change  are related by the equation q = rH x n and so the heat energy for a specific example (e.g how much energy is involved when 6g of c C burns) is always in kJ.
