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The aim of this experiment is to measure the heat capacity of the calorimeter and the specific heat capacity of the aluminium, by understanding the theory of specific heat which is the amount of heat energy that must be supplied to a unit of mass of a substance to raise its temperature by 1 degree Celsius [1]. This will give us an understanding of how heat energy is transferred between the water within the calorimeter and the metal. This will be calculated by recording the temperatures of the water, Hot and Cold, using these measurements to work out the heat change in joules. The metal will then be heated in boiling water until it reaches thermal equilibrium. It will then be transferred back to the calorimeter where the heat change in the water will be observed every 10 seconds. Due to the first law of thermodynamics which states energy cannot be destroyed or created, it can only be transferred [2] we should see an increase in temperature for the water surrounding the metal as the energy is transferred until they reach thermal equilibrium. Using the results obtained the specific heat capacity for the metal will then be worked out. The hypothesis is it will be expected that the metal will initially transfer heat energy to the water surrounding it, raising the temperature which will then gradually decrease as the heat energy is transferred to the surroundings. 
The variables for this experiment are:
Dependant: the change in temperature [3]
Independent: the metal used [3]
Control: the amount of water used [4]
The equations used are:
Q (heat change in joules) = Mass x Specific Heat x Change in temperature
-Q hot-water= Q cold-water + Q calorimeter
Q calorimeter= HC calorimeter (heat capacity) x change in temperature of the calorimeter
-Q metal= Q water + Q calorimeter
Metal Mass x metal specific heat capacity x change in temperature of the metal= - (water mass x water specific heat capacity x change in temperature of water + calorimeter heat capacity x change in temperature of the calorimeter) 

Section Two – ResultsHayden Taylor
Dan Cowen

[image: ]
[bookmark: _Toc180474704]Figure 1- Result sheet 1 HC calorimeter.
For the first page the initial temperatures of the hot and cold water were taken. 50ml of water was then heated until it reached 60 degrees Celsius and added to the cold water with a temperature of 20.4 degrees Celsius. the water was then stirred and re measured giving a result of 37.9 degrees Celsius. This showed a change in temperature of -22.1 degrees Celsius for the hot water and a change of 17.5 degrees Celsius for the cold water and calorimeter. These figures were then entered into the equation Q (heat change in joules) = Mass x Specific Heat x Change in temperature
to work out the change in temperature in joules of the hot water which equalled -4,625.53 joules and 3,662.75 joules for the cold water. This allowed for the Heat capacity of the calorimeter to be worked out using the equation Q calorimeter= HC calorimeter (heat capacity) x change in temperature of the calorimeter giving a result of 473.616, which is needed to work out the specific heat capacity of the metal on page two. 
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[bookmark: _Toc180474705]Figure 2- result sheet 2 Cp metal.
For the second part of the experiment the metal was placed into the water that sat above a Bunsen burner. This was then heated until they reached thermal equilibrium at 98.5 degrees Celsius. The metal was then removed and placed in the 50ml of water that sat within the calorimeter. The next process was to stir the water containing the metal, measuring the temperature every 10 seconds. The highest temperature recorded during this process was 28.1 degrees Celsius and the experiment was complete when the temperature levelled out at 27.5 degrees Celsius. The results from pages one and two were then entered into the equation Metal Mass x metal specific heat capacity x change in temperature of the metal= - (water mass x water specific heat capacity x change in temperature of water + calorimeter heat capacity x change in temperature of the calorimeter) which gave a result of 3.358 j/g degrees Celsius. 
[bookmark: _Toc152143029][bookmark: _Toc180480802]Section Three – Discussion
On completion of the experiment all the results needed were achieved however the specific heat capacity of the aluminium was 3.358j/g degrees Celsius. After comparing this to other sources that stated the specific heat capacity for aluminium should be 0.9j/g degrees Celsius on one article [5] and 0.89 j/g degrees Celsius on another article [6], it was believed that several errors may have occurred causing the change in results.
On reflection the dramatic change in results was believed to be down to the amount of time taken to remove the aluminium from the heated water which could have resulted in the cooling of the water or metal. The results expected were for the water to increase from initial temperature to max temperature and then level out once the metal and water had reached equilibrium. However, the results show that the water started as maximum temperature and slowly decreased until thermal equilibrium. It was believed that this was due to the time between stirring the metal and water and measuring the temperature as this would have allowed for the water to increase in temperature without being able to record the gradually increase to max temperature and then the decline in temperature. A limitation of the specific process used was the calorimeter as it was a polystyrene cup whereas most calorimeters are gold or copper with much higher thermal conductivity [7]. The changes that could be made to improve this experiment if it were completed again could be to change the way the metal is heated to allow easier transferring to the calorimeter therefore avoiding the possibility of the aluminium cooling. Another way could be the constant measuring of the water even whilst stirring to see the initial rise in temperature before it begins to cool down to thermal equilibrium. Another change that could be made is to the process as during the time it took to stir the water as the aluminium had already began transferring heat energy to the water. Therefore, by taking the measurements as soon as the metal is added would ensure that the correct data is received.
Thermochemistry is important for several reasons within OME. An example of this could be to work out the lowest temperature (critical temperature point) that the explosive material can self-heat to detonation [8]. This can give an understanding of the safety needed when handling to stop accidental detonation. It can also give an understanding of the effectiveness of the explosive material. Another way thermochemistry is used in OME is the determination of heat combustion of a substance. This is done using a calorimetric bomb that can withstand high pressure, allowing for the heat, the total gas volume, and the permanent gas volume to be measured [9]. 
[bookmark: _Toc152143033][bookmark: _Toc180480803]Section Four – Conclusion
After completing this experiment, the results achieved were reviewed and after various research were incorrect. An example of further research that could be done is when thermochemistry is applied in OME. Even though thermochemistry gives an understanding of the critical temperature point it does not necessarily mean that it applies for different sized explosive material [8][9]. The results achieved during thermochemistry experiments such as the one completed here are done in a controlled environment with balanced oxygen levels whereas during practical testing there would be an unbalanced oxygen level and other factors that may change results. This would mean that further practical would be necessary to confirm the results achieved from the experiment.
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	Lab tools and equipment

	tongs

	Beaker

	Aluminium piece

	Polystyrene cup and lid

	Bunsen burner

	Thermometer

	Weighing scales

	Deionised water

	Stirring rod


[bookmark: _Toc172620963][bookmark: _Toc180474706]Figure 3- tools and supplies.
Experimental procedure
The aim of the experiment was to determine the specific heat capacity of aluminium. The initial process for this was to fill the calorimeter with 50ml of cold water which was measured using a thermometer. A further 50ml of water was then heated with the temperature also being measured. This was then added to the cold water to measure the change in heat. This then allowed for the heat capacity of the calorimeter to be calculated using the equations. The second part of the process required 50ml of cold water to be added to the calorimeter. The beaker was then filled with water and placed above a Bunsen burner. The next step was to add the aluminium to the water and heat until the metal and the water reached thermal equilibrium. Finally, the metal is taken out of the boiling water and placed into the calorimeter which was then stirred whilst a temperature measurement was taken every ten seconds until thermal equilibrium. This then allowed using the calculations from the first part to work out the specific heat capacity of the aluminium. 
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DATA SHEETS to RECORD CALCULATIONS and RESULTS

STUDENT NUMBER & NAME:
PARTNERS’ NAMES:

1. Measure the value of the heat capacity of the calorimeter (HCcalorimeter)

Use these entries to record your experimental data, results, and calculations.
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2. Vieasure the specific heat capacity of a metal (cp metar)

Use these entries to record yYour experimental data, results, and calculations
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