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1. [bookmark: _Toc166757503]Introduction
a. [bookmark: _Toc166757504]Purpose of the experiment
Perform calorimetric measurements to determine the value of the heat capacity of the calorimeter and the specific heat capacity of the metal.
b. [bookmark: _Toc166757505]Hypothesis
Using a known mass of water, and the known specific heat capacity of water as 4.186 Jg-1°C-1 the heat capacity of the experimental calorimeter can be calculated. This value then can be applied to the specific heat capacity of a known weight sample of metal in the calorimeter.
c. [bookmark: _Toc166757506]Variables, terms, and equations
Table of terms
	∆Tcalorimeter
	Temperature change of the calorimeter

	∆Tcold water
	Temperature change of the cold water

	∆Thot water
	Temperature change of the hot water

	∆Tmetal
	Temperature change of the metal sample

	∆Twater
	Temperature change of the water

	Cp metal
	Specific heat capacity of the metal

	HCcalorimeter
	Heat capacity of the calorimeter

	mcold-water
	Mass of the cold water

	mhot water
	Mass of the hot water

	mmetal
	Mass of the metal sample

	mwater
	Mass of the water

	OME
	Ordinance, munitions, and explosives

	Qcalorimeter
	Heat gained by the calorimeter

	Qcold-water
	Heat gained by the cold water

	Qhot water
	Heat lost by the hot water

	Tcold
	Temperature of unheated water

	Thot
	Temperature of heated water

	Tmax
	Maximum equilibrium temperature of the hot water/cold water mixture



Table of equations
	Equation 1
	

	Equation 2
	

	Equation 3
	

	Equation 4
	






2. [bookmark: _Toc166757507]Results 
a. [bookmark: _Toc166757508]Experimental data
	Thot 
	60 °C
	mhot water 
	50 g
	∆Thot water 
	-20 °C

	Tcold 
	21.5 °C
	mcold water 
	50 g
	∆Tcold water 
	18.5 °C

	Tmax 
	40 °C
	
	∆Tcalorimeter 
	18.5 °C

	Qcold water
	3.872 kJ
	Qhot water
	-4.186 kJ
	Qcalorimeter
	0.314 kJ

	HCcalorimeter
	16.973 J °C-1



	Type of metal
	Aluminium

	Thot
	78 °C
	mmetal
	18.6 g
	∆Tmetal
	-49 °C

	Tcold
	22 °C
	mwater
	30 g
	∆Twater
	7 °C

	Tmax
	29 °C
	
	∆Tcalorimeter
	7 °C

	Cp metal
	



b. [bookmark: _Toc166757509]Key Findings
Using equation 1, the values of Qcold water, Qhot water, and Qwater were calculated from the experimental data.




The heat lost by the hot water is the heat gained by the cold water and the calorimeter. By rearranging equation 2, Qcalorimeter is given as

By rearranging equation 3, HCcalorimeter is given as

The heat lost by the metal is the heat gained by the water and the calorimeter. Equation 4 gives Qmetal as

By rearranging equation 1, the value of Cp metal is given as




3. [bookmark: _Toc166757510]Discussion
a. [bookmark: _Toc166757511]Interpretation and significance of the results
From the results of the experiment, the specific heat capacity of the metal sample is given as 1.308 Jg-1°C-1. When compared to the specific heat capacity of water, 4.186 Jg-1°C-1, it takes less energy to heat the metal than it does the same mass of water. The metal is more thermally conductive than water. 
b. [bookmark: _Toc166757512]Relevance of the experiment to OME
The main application of calorimetry regarding OME is safety via quality control. A calorimetric equation calculates the energy content of a sample. Therefore, calorimetry can be used for performance evaluation of explosives.
Calorimetry can be used in testing expectant shelf life of an explosive [1]. This allows for safe handling and storage of potentially dangerous chemicals. This can be extended to testing explosives that have been in storage for any signs of decay. Decay is particularly bad in explosives as they become more unstable over time, decreasing safety.
c. [bookmark: _Toc166757513]Limitations of the experiment
This was a simple calorimetry experiment made under the assumption that the calorimeter is an isolated system. This is clearly not the case. Although Styrofoam is an insulating material, it does not eliminate heat exchange with the surrounding environment meaning some heat energy is lost to the outside.
This experimental calorimeter is limited by only being viable in a low heat experiment due to the melting point of Styrofoam being between 264°C and 272°C [2]. This calorimeter would not survive the testing of a sample of RDX at 4215K [3].

4. [bookmark: _Toc166757514]Conclusions
a. [bookmark: _Toc166757515]Summary and evaluation
In conclusion, the heat capacity of the experimental calorimeter was calculated as 16.973 J°C-1, and the specific heat capacity of the metal sample was calculated as 1.308 Jg-1°C-1. The specific heat capacity for the metal being less than that of water was to be expected, as a known property of metals is their conductivity, as well as a known property of water is its relatively high specific heat capacity.
b. [bookmark: _Toc166757516]Potential directions for future research
The experimental calorimeter can be improved to increase structural integrity during high pressures and heat by changing to a stronger material. A vacuum layer would provide increased resistance to heat loss through conduction.
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5. [bookmark: _Toc166757518]Appendix: Material and methods
a. [bookmark: _Toc166757519]Materials and equipment
Lab equipment:
· Two Styrofoam coffee cups
· Cork lid
· Thermometer
· Stirring rod
· Clamp stand with clamp
· Bunsen burner
· Matches
· Heat-resistant mat
· Wire gauze
· Tripod
· Erlenmeyer flask
· Beaker
· Scales
· Metal sample
· Graduated cylinder

b. [bookmark: _Toc166757520]Procedure
The experiment was made of two parts, performing two different calorimetric measurements:
1. The heat capacity of the calorimeter (HCcalorimeter)
2. The specific heat capacity of a metal (cp metal)
The first stage of the experiment, to find HCcalorimeter,
1. 50ml of water was added to the Styrofoam coffee cup, and the lid was closed. The thermometer and stirring rod were added through the two holes in the lid, setting up the calorimeter.
2. 50ml of water was heated in a separate beaker to roughly 80°C and then allowed to cool to roughly 60°C. The resultant temperature was recorded as Thot.
3. The temperature of the water in the calorimeter was recorded as Tcold.
4. The hot water was added to the water in the calorimeter, and mixed thoroughly while the temperature was watch. The resultant maximum equilibrium temperature of the mixture was recorded as Tmax.
The second stage of the experiment, to find cp metal:
1. The metal sample was weighed, and its mass recorded as mmetal.
2. A water bath was set up, containing the metal sample a beaker with just enough water to cover. This limit on the water amount was to reduce the time it took to boil.
3. The water bath was heated until boiling, and was continued to be heated for another 5 minutes to allow the metal to reach the same temperature as the surrounding water. The gas was turned off to further encourage equilibrium for two minutes before the temperature of the water was measured and recorded as Thot.
4. 30ml of water was added to the calorimeter, the temperature of which was measured and recorded as Tcold.
5. Using tongs, the metal sample was quickly added to the calorimeter.
6. The water was stirred and the temperature was recorded every 10 seconds. Readings continued until the temperature of the water reached a maximum, and then had cooled by around 2°C.




