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1.0 – Introduction 
1.1 – Aims of the experiment 
This experiment is done to measure the specific heat capacity of a metal by placing said metal into a Styrofoam calorimeter and using the formulas to determine the specific heat capacity and compare the results to the definitive specific heat capacity of the metal. 

1.2 – Hypothesis 
The hypothesis of this experiment is that the calculated specific heat capacity should be similar to the known specific heat capacity of the metal, provided that there are no errors or significant limitations during the experiment. 

1.3 – Variables 
All experiments have dependant, independent and control variables. In this instance the dependant variable is the temperature change of the aluminium as this will rise when heated and be recorded. The independent variable is the heat energy given to the aluminium as this is something that is controlled. As for the control variables there a multiple such as the initial temperature of the aluminium, mass of the metal and the thickness of the Styrofoam cup. 

1.4 – Basic concepts, formulas and calculations
This experiment includes basic concepts, principles and laws of chemistry. The main one used is specific heat capacity which in short is the energy required to raise the temperature of a substance per unit of mass [1]. In this experiment the specific heat capacity is the energy needed to raise 1 gram by 1 degree Celsius. Another concept is the 1st law of thermodynamics, this law states that energy cannot be created nor destroyed and that it can only be transferred [2]. 
The equation for specific heat capacity is – Q = m x Cp x ΔT
The equation for the 1st law of thermodynamics is – ΔU = Q – W [3]





2.0 – Results 
2.1 – Data 
	Thot = 60°c
	Mhot-water = 50ml 
	ΔThot-water = -23.7°c

	Tcold = 19.8°c 
	Mcold-water = 50ml
	ΔTcold-water = +16.5°c

	TMax = 36.3°c
	
	ΔTcalorimeter = +16.5°c

	Qcold-water = 3453.45
	Mhot-water = -4960.41
	Qcalorimeter = 1506.96

	HCcalorimeter = 91.331
	
	


Figure 1 table showing data entries for heat capacity of calorimeter

	Type of metal = Aluminium 
	
	

	Thot = 99.6°c
	Mmetal = 18.5536°c
	ΔTmetal = -70.6°c

	Tcold = 20.3°c
	Mwater = 30ml
	ΔTwater = +8.7°c

	Tmax = 29.0°c
	
	ΔTcalorimeter = +8.7°c

	Cpmetal = 1.44068 J/g/°c
	
	


Figure 2 table showing data entries for specific heat capacity of a metal (Cp metal)

2.2 – Key findings 
As a brief overview the key findings show in the data that in both experiments the heat lost that being in either the hot water or hot metal is the same as the heat gained by the cold water. The actual specific heat capacity of the aluminium is near the expected figure however not quite 100 percent accurate. 
2.3 – Calculations Cpwater = 4.186 
Qcold = 4.186 x 16.5 x 50 = 3453.45
Qhot = 4.186 x (-23.7) x 50 = -4960.41 
-Qhot = Qcold + Qcalorimeter 
4960.41 = 3453.45 + Qcalorimeter
Qcalorimeter = 1506.96  
Hc = Qcalorimeter/ΔTcalorimeter = 1506.96/16.5 = 91.3309091
Figure 3 Calculations for Qhotwater, Qcoldwater, Qcalorimeter and HCcalorimeter



Qcold = 4.186 x 8.7 x 30 = 1092.546 
Mmetal x Cpmetal x ΔTmetal = (Mwater x Cpwater x ΔTwater)+(Hccalorimeter x ΔTmetal)
18.5536 x Cpmetal x (-70.6) = -(30 x 4.186 x 8.7)+(91.331 x 8.7) – 1309.884 x Cpmetal =
-(1092.546 + 794.5797)
Cpmetal = -1887.126/1309.884 = 1.44068 J/g/°c 

Figure 4 Calculations for Qhotwater, Qcoldwater, Qcalorimeter and HCcalorimeter




















3.0 Discussion
3.1 Experimental results and their significance in terms of general chemistry concepts 
The results of the experiment are directly linked to general chemistry concepts. It is clear that the 1st law of thermodynamics has been observed due to the hot piece of aluminium heating up the water until an equilibrium is reached. The heat energy in the piece of metal was not destroyed and merely transferred to the water and its surroundings. The figure of specific heat was also found and while not highly accurate it does prove that these chemistry concepts took place during the experiment. 

3.2 Comparison of experimental formula to the theoretical specific heat 
It is known that the theoretical specific heat capacity for aluminium is 0.9 J/g/°c [4]. Therefore the result recorded (1.44068 J/g/°c) is higher than the theoretical specific heat capacity. There are also many reasons as to why this is the calculated result, which at a glance points to some sort of error during the experimental procedure. 

3.3 Relevance to OME
Calorimetry is used extensively in the ordnance munitions explosives industry. Its most commonly found use is in the testing of explosives by using a piece of equipment called a bomb calorimeter [5]. By using a bomb calorimeter the explosive power of a substance can be calculated, this is a key procedure used in the development of new explosives in ome. 
It should also be noted that heat change must be calculated when developing a new weapon system such as a missile, as the heat generated could cause failures if the propellant burns too hot, therefore calorimetry is required to deduce how much energy will be produced [6].
3.4 Limitations and errors in the experiment
The overall result of the experiment as discussed previously was not entirely accurate, however it was hypothesised that this may be the case due to limitations and errors in the experiment. The main limitation being the Styrofoam cup not providing sufficient insolation during the procedure and allowing heat to escape which in turn has added to the result being incorrect. It should be noted that the result stated the specific heat capacity required needed to be higher than what aluminium actually is therefore the isolation letting out heat meant more energy was needed to heat the water. A further limitation is the lack of repeatability during the experiment as it was only carried out once therefore if done multiple times an average specific heat capacity could have been deduced and may have been closer to the theoretical figure. 

4.0 Conclusions
4.1 Summary of main findings 
In summary the main findings of the experiment show that due to multiple limitations the calculated specific heat capacity of the aluminium was not accurate with the theoretical specific heat capacity hypothesised. It should also be noted that the maths was revised over multiple times however the same results showed.

4.2 Potential directions for future research based on findings 
Future research on this topic should be done more in depth and with higher tech equipment and more repeatability to formulate a more accurate result. This phenomenon as a whole however has been responsible for supporting great research around the world for many years and will continue to especially in the ome sector. 
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6.1 Materials and equipment
- Two Styrofoam coffee cups with a lid
- Thermometer
- Stirring rod
- Stand and clamp 
- Timer
- Water
- Aluminium 
- Bunsen burner
- Tripod 
- Heat mat 
- Glass measuring beakers
- Splint and matches 
- Gauze  

6.2 Experimental procedure
Procedure to measure HCcalorimeter
· Add 50ml of water to Styrofoam coffee cups and then ensure lid is secured. Add stirring rod and thermometer.
· Heat 50ml of water to 80◦c, then turn off the gas and wait for temperature of the water to fall to 60°c, once at 60◦c record the temperature as Thot.
· Measure the water temperature in the calorimeter and record as Tcold.
· Pour the hot water into the cold water inside the calorimeter and stir while watching the thermometer. Once the temperature reaches maximum equilibrium record said temperature as Tmax. 
· Calculate the heat capacity of the calorimeter
Procedure to measure specific heat capacity of a metal
· Record the weight of a metal sample and label it Mmetal
· Set up a water bath and heat water until boiling and place metal into it. Continue to boil for 5 minutes to allow the metal and water temperature to balance.
· Measure 30ml of water in the meantime and add it to the calorimeter, measure the temperature and record as Tcold.
· Once equilibrium is reached with the metal record the temperature of the water as Thot and then add the metal into the calorimeter.
· Stir and record the temperature every 10 seconds and record in the data sheet.
· Calculate the specific heat capacity of the metal. 
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