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Purpose
The purpose of a Calorimetry experiment is to measure the amount of heat transferred between objects. The objects used in this experiment are a piece of metal and cold water, and the specific heat capacity of the metal will be determined through the experiment.
Hypothesis
Using a basic Calorimeter and the formulas below, it will be possible to determine the unknown specific heat capacity () of the metal. The specific heat capacity could then be used to give an idea of which metal was used. This is possible because we know the specific heat capacity of water, we can then find the heat capacity of the Calorimeter, and then the metal. All substances have a specific heat capacity so once the Cp of the metal has been found, it can be compared to known values.
Equations


 

 = the amount of heat transferred to or from an object. Positive Q is an Endothermic thermic reaction and negative Q is exothermic.
 = the mass of an object
 = the specific heat capacity of an object. The specific heat capacity of water is 4.186J/(gC)
T = change in temperature
HC = Heat capacity
Variables
The independent variable is the metal with the unknown . The  will change depending on the material and quality of the material used. The control variables are volume of water, its starting temperature, the type and quality of the calorimeter, the calibration of the equipment used and the surrounding temperature. The dependent variable is the change in temperature of the water in the calorimeter and the temperature of the metal in the second test.
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Finding the HC of the Calorimeter
	Thot = 60C
	mhot water = 50g
	THot water = -29C

	Tcold = 11.8C
	mcold water = 50g
	TCold water = 19.2C

	Tmax = 31C
	HCCalorimeter = 106.83J
	TCalorimeter = 19.2C

	QCold Water = 4018.56J
	QHot water = 6069.7J
	QCalorimeter = 2051.14J


(above to 2dp)

	

	

	

	

	

	

	

	

	


The first part of the experiment is to determine the heat capacity of the Calorimeter. Hot water at 60C was added to room temperature water, which was at 11.8C. The water reached equilibrium at 31C. Using the known mass, multiplying it by the differences in temperature of the water, then multiplying again by the specific heat capacity of water, it is possible to calculate how much heat energy would be transferred in the calorimeter. The hot water transferred 6069.7J of heat energy to the room temperature water.
Using the same formula but substituting the starting temperatures of the hot water, for that of the cold water gives the heat energy gained by the cold water, which was 4018.56J.
Substituting the calculated energy transfers into the equation 
Qsystem = -Qsurroundings(cold water & cup) leaves the heat capacity of the cup of 106.830JC to 3dp.
Measure the  of a metal
	THot = 60C
	mMetal = 18.5g
	TMetal = -44C

	TCold = 11.8C
	MWater = 30g
	TWater = 4.2C

	TMax = 16C
	Cp (Metal) = 1.285Jg-1C-1 to 3dp
	TCalorimeter = 4.2C



	

	=

	

	

	g = 597.312J

	

	

	

	

	

	

	


To find the Cp of the unknown metal the experiment is repeated, this time replacing the Water with a known Cp with the metal. The QCold water and QCup needs to be found and added, which in this experiment resulted in 1045.998J. The specific heat capacity of the metal can then be found by dividing the Qsurroundings by the mass x change in temperature. The resultant Cp of the metal was 1.285Jg-1C-1.
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Interpretation
The Calorimetry experiment showed that it is relatively easy to determine the specific heat capacity of an unknown metal, then potentially determine which metal was being used. The Cp of the metal used for this experiment was 1.285Jg-1C-1 meaning that to raise the metals temperature by 1C, it would need to be heated by 1.285 joules per gram.
Comparing the result to the specific heat capacities provided in the table from the University of Texas [1] it is possible to deduce that the metal is likely to be a low-quality aluminium. The specific heat capacity listed for copper is nearly half that of aluminium at 0.385 joules per gram. This shows that it only takes half the amount of energy to heat copper as it does aluminium.
Limitations
The experiment has some limitations. Although the equipment used was cheap and easily attainable, it was also quite basic and more precise results could be obtained using more professional equipment. The Styrofoam cups were good enough to obtain a result, but they aren’t completely insulated, and some heat would have been lost.
The results depended on the accuracy of reading the temperatures. It can be difficult to heat and measure the water accurately. The water quickly cooled once removed from the heat, the thermometers are small and difficult to read, and the water needed to be stirred to avoid hot spots. These points could all affect results.
Relevance to OME
There are several types of calorimeters used in OME with different purposes. These include conduction calorimeters, differential scanning calorimeters, detonation calorimeters and bomb calorimeters. Heat conduction calorimeters can be used for surveillance by monitoring exothermic heat from OME giving signs of deterioration.
[2] For example, single, double and triple based propellants, containing nitrate esters, will undergo thermal decomposition, even at normal magazine storage temperatures, and this process can be observed directly by heat conduction calorimetry. 
Therefore, heat conduction calorimetry can be used to ensure a weapons reliability and performance by monitoring how much energy has been lost during storage.
Pepekin and Gubin describe the use of Bomb calorimeters [3] At the Livermore National Laboratory (USA), a liquid calorimeter with a spherical bomb of volume 5.24 litres was designed and used to study the heat of explosion of brisant high explosives. Bomb calorimeters are used to determine the amount of energy release at detonation; however, they may not be as accurate at estimate the total effect of an explosion.
Detonation calorimeters are used to estimate the energy output of an explosive material to give a more total figure. [4] The detonation calorimeter can quickly and economically characterize gram-size TBX samples prior to testing in the enclosure. The detonation calorimeter, due to the adiabatic environment it provides, gives a more precise total energy output value than the enclosure.
Differential scanning calorimetry is another type which is explained by Wilcox. [5] Differential Scanning Calorimetry methods are applied in determining heat of fusion, purity, specific heat, and activation energy of decomposition for undiluted, unmixed samples of the high explosives TNR, TNT, tetryl, HMX, RDX, and PETN.
Differential scanning calorimetry works by monitoring the different amount of heat required to increase the temperature of a reference substance and a sample substance, showing any deterioration in the stability of the sample.
Accelerated calorimetry is used to understand how runaway reactions can affect an explosive. Mašín et al. explain how there are four temperatures needed to be known to understand runaway reactions. They are [6] adiabatic temperature rise, decomposition temperature, standard temperature of a process and boiling point of a reaction mixture. Standard temperature of the process is given by technology; the boiling point of the reaction mixture is given by its composition. Acclerated calorimetery is a thermoanalytical method which can be used to determine decomposition temperature and adiabatic temperture rise.
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To conclude, in support of the hypothesis, it was possible to use a basic heat calorimeter to determine the unknown specific heat capacity of a metal. Knowing the specific heat capacity from the results from the experiment, it was then possible to make an accurate prediction of what metal had been used, in this case aluminium. The experiment could be made more accurate by using better insulated test equipment and more exact measuring devices. There are several types of calorimetry currently being used in OME testing including heat conduction calorimetry, bomb calorimetry, detonation calorimetry, differential scanning calorimetry and accelerated calorimetry. They can be used to indicate issues in storage, energy of detonation, total energy of an explosion, stability testing of an explosive and consequences of runaway reactions.
One potential direction for future research is the effect of hotspots in calorimetry of explosives. Hot spots must have a detrimental effect to accelerated calorimetry and it would be interesting to research the effects and solutions of this issue.
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Materials and equipment
	Beaker
	Bunsen
	Timer

	Styrofoam Cup (x2)
	Heating stand
	Unknown metal

	Cup Lid
	Heat proof mat
	Deionized water

	Stirrer
	Thermometer
	Stand and Clamp


Procedure
Experiment one
1. Build Calorimeter. Insert one Styrofoam cup inside another for insulation. Have lid, thermometer and stirer prepared. Set up calorimeter with stand and clamp securing thermometer in place.
2. Add 50mL of water to internal cup. Measure and record stable temperature of the room temperature water as TCold.
3. Add another 50mL of water into a beaker for heating. Heat over a Bunsen until 80C, remove from heat and allow to cool to 60C. Record temperature as THot.
4. Add the hot water to the cool water in the calorimeter, replace lid and mix with stirrer. Monitor thermometer and record the maximum equilibrium temperature. Record at TMax.
5. Use formulas  and 
 to calculate the HCcalorimeter

Experiment two
1. Take metal sample and weigh. Record mass as mmetal.
2. Place metal within boiling water bath for 5 minutes until metal has reached the temperature of the water.
2.1 Whilst waiting measure 30mL of water, add to calorimeter and measure its temperature as in previous experiment. Record as Tcold.
3. Once metal and water are at the same temperature, record as Thot. Add metal to calorimeter using tongs.
4. Stir water and record temperature every 10 seconds as Twater until water has reached maximum temperature and then cooled by around 2C. Record highest temperature as Tmax.
5. Calculate Cp of metal using 
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