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1. [bookmark: _Toc166605620]Introduction
The purpose of the calorimetry experiment is to determine the specific heat capacity of a metal, in this instance aluminium. To find this the metal is placed in an already boiling water bath and left to continue to boil to ensure the metal is the same temperature as the water. The metal is then left to cool in the water to a controlled temperature before being placed in room temperature water in a calorimeter. 
Once the aluminium is immersed in the calorimeter the heat is transferred from the metal to not only the water, but the calorimeter itself, the thermometer and the stirring rod, until thermal equilibrium is achieved. 

The hypothesis for the experiment is that when the heated aluminium is placed into the calorimeter, it will transfer thermal energy through the water until thermal equilibrium of the calorimeter is reached.

The variables of the experiment are the aluminium which is heated in a water bath to the boiling temperature of water, and the water in the calorimeter, which, through thermal energy transfer should heat up. 
The equations used:
a) 1st law of thermal dynamics equation Q = m x Cp x ∆T 
Where Q represents the heat change (in joules (J)), m is the mass (g), Cp is the specific heat capacity of an object (J/g/oC) and ∆T is the change in temperature (oC)
b) To find the specific heat capacity of aluminium:
m water x Cp water x ∆T water ÷ m metal x ∆T of metal = Cp of metal.



2. [bookmark: _Toc166605621]Results 
2.1 [bookmark: _Toc166605622]HCcalorimeter
The following data is representative of the first experiment to determine the heat capacity of the calorimeter. Where temperature is represented by T, mass of the water is represented by M, and the temperature change is represented by ∆T.
	T hot = 56.00C
	M hot = 50g
	∆T hot = -16.50C

	T cold = 26.00C
	M cold = 50g
	∆T cold = 13.50C

	T max = 39.5.00C
	
	∆T calorimeter = 13.50C



To get the heat capacity of the calorimeter, the values for Q hot-water and Q cold-water are needed using the mass of water, specific heat of water (4.1860C) and the temperature change for both hot and cold water.
For Q hot- water: 50 x 4.186 x -16.5 = -3453.45 (J)
For Q cold water: 50 x 4.186 x 13.5 = 2825.55 (J)
For Q Cal: -(-3453.45) = 2825.55 + Q cal 
                        3453.45 – 2825.55 = 2825.55 – 2825.55 + Q cal
 	          627.90 = Q cal
For HC calorimeter:   = C
                                             46.51 = C 

Therefore the heat capacity of the calorimeter is 46.51 J/g/0C
These findings demonstrate the principles of heat transfer and conservation of energy in a calorimetry experiment.
For the hot water, the specific heat capacity is -3453.45 J, and for the cold water, it is 2825.55 J. The negative sign for the hot water indicates that it lost heat, while the positive sign for the cold water indicates that it gained heat.
The heat gained by the calorimeter equals the heat lost by the hot water.
The total energy transferred in the system should be conserved. The heat lost by the hot water equals the heat gained by the cold water and the calorimeter. This principle is reflected in the calculations, where the heat gained by the cold water and the calorimeter equals the heat lost by the hot water.
2.2 [bookmark: _Toc166605623]Heat capacity of a metal
The following data is representative of the second experiment to find out the specific heat capacity of a metal. Where temperature is represented by T, mass of the water is represented by M, and the temperature change is represented by ∆T.
	T hot = 80.00C
	M metal = 18.5g
	∆T metal = 57.50C

	T cold = 22.50C
	M water = 30.0g
	∆T water = 7.50C

	T Max = 30.00C
	
	∆T calorimeter = 7.50C



Using the equation:
m water x Cp water x ∆T water ÷ m metal x ∆T of metal = Cp of metal.
30.0g x 4.186J/(g0C) x 7.50C = 941.85
18.5g x 57.50C = 1063.75
941.85 ÷ 1063.75 = 0.9J/(g0C)
Therefore, the specific heat capacity for aluminium is 0.9J/(g0C)

These findings illustrate the principles of heat transfer and energy conservation in a calorimetry experiment and provide insight into the specific heat capacity and identity of the metal being tested. 
The specific heat capacity of the metal can provide information about its identity. In this case, the specific heat capacity obtained (0.9 J/(g°C)) suggests that the metal is likely aluminium. Aluminium has a specific heat capacity of approximately 0.9 J/(g°C), which matches the calculated value.
As with the previous analysis, the principle of energy conservation holds true in this scenario as well, where the heat lost by the metal equals the heat gained by the water and the calorimeter, indicating the conservation of energy within the system.







3. [bookmark: _Toc166605624]Discussion
3.1 [bookmark: _Toc166605625]Interpreting the results and their significance
The data indicates when the metal was initially at a reading of 80.00C. When transferred to the colder water the heat transferred from the metal to the water until thermal equilibrium was reached. This resulted in a decrease in the temperature of the metal and an increase in the temperature of the water. 
By using the principles of calorimetry and the calculations, the specific heat of the metal was determined to be around 0.9 J/(g°C). This signifies the amount of heat required to raise the temperature of 1 gram of metal by 10C. In this experiment, the specific heat capacity obtained matches that of aluminium, suggesting that the metal being tested is likely aluminium.
The data validates the principles of calorimetry and energy conservation. The heat lost by the metal equals the heat gained by the water and the calorimeter, confirming the conservation of energy.

3.2 [bookmark: _Toc166605626]How is calorimetry relevant in the field of OME? 
Calorimetry helps measure the energy content of explosives and propellants. By determining the heat released during their combustion or detonation, calorimetry provides insights into their explosive power and efficiency. This information is vital for designing and optimizing explosive formulations for military applications. [1]
It is also used to assess the thermal stability and compatibility of OME materials. It helps to identify potential hazards such as spontaneous combustion, decomposition, or sensitivity to heat or shock. Understanding the thermal behaviour of these materials is crucial for safe handling, storage, and transportation. [2]
Calorimetry supports research and development efforts aimed at enhancing the performance, safety, and environmental sustainability of OME materials. By providing insights into their thermal properties and behaviour, calorimetry guides the design of next-generation explosives, propellants, and pyrotechnic compositions. [3]
In summary, calorimetry is indispensable to the OME field, offering critical insights into energy release, thermal stability, reaction kinetics, and safety considerations associated with explosives, propellants, and related materials. Its application enables informed decision-making, risk management, and innovation in military ordnance and munitions technology.

3.3 [bookmark: _Toc166605627]Limitations to the calorimetry experiment 
The calorimetry experiment can have several limitations and potential sources of error:
1. Insulation. Inadequate insulation of the calorimeter can lead to heat loss to the surroundings, affecting the accuracy of temperature measurements and heat transfer calculations. Using well-insulated calorimeter setups can mitigate this issue.
2. Incomplete mixing. Incomplete mixing of the hot and cold substances within the calorimeter can result in inaccuracies in determining the final equilibrium temperature. Ensuring thorough mixing through agitation or stirring helps minimize this source of error.
3. System calibration. Failure to properly calibrate the calorimetry system, including temperature sensors, and mass measurements, can introduce errors. Regular calibration and validation of experimental procedures help minimize such errors.
4. Human error. Human error in experimental setup, data recording, or calculation can impact the reliability of calorimetry results. Thorough training, proper documentation, and attention to experimental procedures help minimize the risk of human error.












4. [bookmark: _Toc166605628]Conclusion
The results support the hypothesis for both experiments:
1. Calorimeter heat capacity experiment.
· The calculated heat capacity of the calorimeter is consistent with the principle of energy conservation, indicating that the heat lost by the hot water equals the heat gained by the cold water and the calorimeter.
· The determined heat capacity of the calorimeter reflects the energy transfer occurring within the system, supporting the hypothesis that the calorimeter reaches thermal equilibrium with the surroundings.

2. Metal specific heat capacity experiment:
· The calculated heat capacity closely matches the known value for aluminium, indicating that the metal in question is likely aluminium.
· The observed energy conservation, where the heat lost by the metal equals the heat gained by the water and the calorimeter, supports the hypothesis that the metal transfers thermal energy through the water until thermal equilibrium is reached.
In both experiments, the results validate the principles of heat transfer and energy conservation, providing strong evidence in support of the hypothesis. The experiments demonstrate the effectiveness of calorimetry and provide valuable insights into the specific heat capacities and thermal behaviours of the substances involved.

Based on findings of the calorimetry experiments, several potential directions for further research could be pursued:
· Conduct similar experiments with different metals and/or materials to investigate their specific heat capacities and thermal behaviours. This could involve testing a wider range of metals or exploring other types of materials, such as ceramics or polymers, to expand understanding of their thermal properties.
· Research and develop improved calorimeter designs or measurement techniques to enhance accuracy and efficiency. This could involve exploring novel sensor technologies, insulation materials, or experimental setups to minimise sources of error and improve the reliability of calorimetry measurements.
· Explore the application of calorimetry in environmental monitoring and safety assessments. Research could focus on using calorimetry techniques to study thermal reactions, combustion processes, or thermal hazards associated with chemical substances, providing insights for risk assessment and mitigation strategies.
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6. [bookmark: _Toc166605630]Appendix
6.1 [bookmark: _Toc166605631]Materials and equipment
	Equipment/materials
	Use

	2 x Styrofoam cups (stacked inside eachother)
	Good insulators to perform the experiment

	Cork lid with 2 holes 
	To provide an insulated covering the holes are for a stirrer and the thermometer

	Thermometer
	To record the temperatures 

	Wooden stirrer
	To mix the materials to gain a more accurate result

	Stand and clamp
	To keep the calorimeter in place

	Metal sample
	For the second experiment to determine its specific heat capacity

	Glass beaker
	For a water bath to enable the metal sample to reach a certain temperature 

	Bunsen Burner
	To heat up samples 

	Tripod and gauze
	To keep the samples steady while heating

	Metal tongs
	To transfer the metal sample from the water bath to the calorimeter



6.2 [bookmark: _Toc166605632]Experimental procedure
6.2.1 [bookmark: _Toc166605633]Procedure to measure HCcalorimeter
· Add 50ml of water to the Styrofoam cups, close lid and add thermometer and stirring rod.
· Add 50ml to a glass beaker and heat to around 80oC. Leave to cool until temperature reaches around 60 oC. Record this temperature as Thot. 
· Record the temperature of the water in the calorimeter as Tcold.
· Add the hot water to the calorimeter and mix thoroughly. Watch the thermometer and record the temperature when maximum equilibrium is reached as Tmax.
· Calculate the heat capacity of the calorimeter.

6.2.2 [bookmark: _Toc166605634]Procedure to measure the specific heat capacity of metal sample
· Obtain metal sample and record its mass as Mmetal
· Set up a water bath and heat until the water is boiling. Place metal sample into the bath and keep boiling to allow the metal to reach the same temperature.
· Add 30ml of water to the calorimeter, measure temperature and record as Tcold.
· Once the metal has reached thermal equilibrium with the boiling water, transfer just the metal to the calorimeter, cover with lid and stir, record temperature every 10 seconds. Continue recording until the temperature has reached a maximum and cooled down by 2oC. Record as Tmax.
· Calculate the specific heat of the metal.
