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1 [bookmark: _Toc166341038]Introduction

1.1 [bookmark: _Toc166341039]Purpose of Experiment 
To measure the Enthalpy Change of a reaction in order to obtain the experimental values required to calculate the Specific Heat Capacity of a piece of metal (aluminium).

1.2 [bookmark: _Toc166341040]Hypothesises 
· If a known mass of water is heated to a known temperature and added to a known mass / temperature of water in a calorimeter, the Heat Capacity of the calorimeter can be calculated using experimental values.
· If a known mass of metal is heated to a known temperature and added to a known mass / temperature of water in a calorimeter, the Specific Heat Capacity of the metal can be calculated using experimental values.

1.3 [bookmark: _Toc166341041]Variables 
Independent – The material of the system being added to the calorimeter.
Dependent – The change in temperature within the calorimeter.
Control – Volume of water used in the calorimeter, calorimeter being used.

1.4 [bookmark: _Toc166341042]Equations 


[bookmark: _Ref164694485]Equation 1 - Enthalpy of a reaction using Mass, Specific Heat Capacity and Change in Temperature


[bookmark: _Ref164694492]Equation 2 - Enthalpy of a reaction using Heat Capacity and Change in Temperature


[bookmark: _Ref164694502]Equation 3 - Enthalpies in Calorimetry
1.5 Definitions
· Heat Capacity (HC) – Indication of a material’s ability to absorb heat from surroundings by showing the amount of energy needed to increase the temperature of the material by one temperature unit [1].
· Specific Heat Capacity (Cp) – Heat Capacity of a material per unit mass of the material [1].



2 [bookmark: _Toc166341043]Results 

2.1 [bookmark: _Toc166341044]Results and Calculations – Heat Capacity of Calorimeter 
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2.2 [bookmark: _Toc166341045]Results and Calculations – Specific Heat Capacity of Metal

	Time (s)
	Temperature (°C)

	10
	39

	20
	35

	30
	33

	40
	32

	50
	32

	60
	32

	70
	32

	80
	32
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3 [bookmark: _Toc166341046]Discussion 

3.1 [bookmark: _Toc166341047]Interpretation of Experimental Results
Using the experimental data collected from the first experiment it was possible to calculate the Heat Capacity of the Calorimeter using Equations 1, 2 and 3, meaning the first hypothesis was correct. This combined with the experimental data from experiment 2 facilitated the calculation of the Specific Heat Capacity of the metal, meaning the second hypothesis was also correct. This Specific Heat Capacity can be used to determine the identity of metal if experimental data is to a sufficient degree of accuracy. However, due the number of potential sources of error in this experiment, the calculated Specific Heat Capacity of the metal () did not match the known value of Aluminium () [1]. 


3.2 [bookmark: _Toc166341049]Limitations and Potential Sources of Error 
· Due to there not being a complete seal between the cork lid and the Styrofoam cup (calorimeter), an isolated system was not formed meaning thermal energy may have dissipated to the surroundings. This caused the experimental data used to calculate the Heat Capacity of the calorimeter and Specific Heat Capacity of the metal to be inaccurate.
· Due to the holes in the cork lid being larger than the stirrer and thermometer, there were gaps that allowed thermal energy to dissipate to the surroundings which would again led to inaccuracies in the Heat Capacity and Specific Heat Capacity calculations.
· The temperature of the hot metal was measured using the temperature of the water bath while still over the flame rather than obtaining the temperature of the metal itself. This means that the measurement taken may not be accurate if thermal equilibrium was not reached. This would again lead to inaccurate calculations. 
· The temperature of the hot metal and hot water was recorded before being transferred into the calorimeter meaning thermal energy may have dissipated to the surroundings during the transfer process. This would mean the value for change in temperature would not be accurate, reducing the accuracy of the calculated values.
· As a Bunsen burner was used to heat up the water in the water bath, the temperature of the water was never constant meaning an accurate temperature recording was difficult to obtain. This could lead to inaccuracies in calculations.   
· Each experiment was only conducted once meaning results could not be compared to check accuracy.  










3.3 [bookmark: _Toc166341048]Applications of findings to the OME industry  
· Differential Scanning Calorimetry (DSC)
· A technique used to measure the Enthalpy Change and Specific Heat Capacity of energetic materials and simulate the combustion and decomposition of propellants [2].
· Analysis of the thermal decomposition curve produced by DSC provides details of the thermal stability of energetic materials using their exothermic decomposition peak temperature [3].
· Differences in exothermic peak temperatures can also be used to determine the compatibility of energetic materials in a mixture [3].
· Accelerating Rate Calorimetry (ARC)
· A technique used to obtain the relationship of time, temperature and pressure during confined exothermic reactions [4].
· Commonly used to determine the safety of storing energetic materials at certain temperatures and pressures found during manufacture, transportation and storage processes [4]. 
· Can be extrapolated to determine the safety of energetic material when experiencing extreme environmental conditions [4].
· Heat Flow Calorimetry (HFC)
· A technique used to collect heat flow signals subsequently used to calculate reaction progress. This can then be used to determine the activation energy of energetic materials and propellants [5].
· It allows the thermal stability of propellants and energetic materials to be determined using the generated temperature profile [5].   
· Detection of Energetic Materials
· Nanocalorimetry is being developed in order to identify energetic materials based on thermal analysis and thermal characterisation in a rapid manor that can be used in operational scenarios [6]. 



















4 [bookmark: _Toc166341050]Conclusions 
· Both the Heat Capacity of the calorimeter and Specific Heat Capacity of the metal were calculated using values obtained from the experiments meaning the hypothesises were correct. 
· Due to limitations of equipment used, an isolated system was not formed meaning experimental values obtained and used in calculations were inaccurate. This led to inaccurate values of Heat Capacity of calorimeter and Specific Heat Capacity of metal being obtained. 
· To improve accuracy of results, complete experiment in an isolated system (such as using adiabatic conditions) to prevent dissipation of thermal energy and repeat experiment to confirm findings. Improving accuracy of Specific Heat Capacity calculations will then enable the use of calorimetry as a relatively simple and cost-effective method of energetic material detection for operational scenarios [4].  
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6 [bookmark: _Toc166341052]Appendix

6.1 [bookmark: _Toc166341053]Equipment

· 2 Styrofoam Cups
· Cork Lid
· Thermometer 
· Stirring Rod 
· Bunsen Burner
· Tripod 
· Gauze 
· Heatproof mat
· Matches
· Measuring Cylinder 
· Glass Beaker 
· Tongues 
· Piece of Metal (aluminium)
· Water
· Balance
· Stopwatch 

6.2 [bookmark: _Toc166341054]Method – Calculating the Heat Capacity of the Calorimeter

1) Place the Bunsen Burner on a heat proof mat and light using matches, ensuring the air vent is fully closed to obtain the safety flame.
2) Set up the tripod on the heat proof mat next to the Bunsen burner and place the gauze on top.
3) Using the measuring cylinder, measure 50ml of water and decant into a glass beaker. Use the thermometer to measure the temperature of this water and record as TCold.
Record the mass of this water as mHot Water.
4) Place this beaker onto the tripod set up and open the air vent of Bunsen burner to obtain a roaring flame. Move the Bunsen burner underneath the beaker and heat until the temperature is 80°C.
5) While the water is heating, use the measuring cylinder to measure 50ml of water. Record the mass of this water as mCold Water.
6) Set up the calorimeter by stacking the Styrofoam cups one inside the other and decant the 50ml of water into it. 
7) Once the water in the beaker has reached 80°C, remove the Bunsen burner from underneath and close the air vent to obtain the safety flame. Allow to cool until the water reaches 60°C and record this as THot.
8) Quickly pour the hot water into the calorimeter and place the cork lid on. Place the thermometer and stirrer into the associated holes.
9) Stir the water regularly and record the temperature at frequent intervals until a constant temperature is reached (maximum equilibrium temperature). Record this value as TMax. 
10) Calculate the Heat Capacity of the calorimeter using Equation 1, Equation 2 and Equation 3. Specific Heat Capacity of Water = 4.186 Jg-1°C-1.
11) Empty the calorimeter in preparation for the second part of the experiment. 


6.3 [bookmark: _Toc166341055]Method – Calculating Specific Heat Capacity of the Metal

1) Use the balance to measure the mass of the metal sample and record it as mmetal. 
2) Fill a beaker with water and place onto the tripod. Open the air vent of the Bunsen burner to obtain the roaring flame and move beneath the beaker. 
3) Heat water until boiling and then place piece of metal into the water. Leave to boil for 5 minutes. 
4) While the water is boiling use a measuring cylinder to measure 30ml of water and decant into the calorimeter. Record the mass of water as mwater. Measure the temperature of this water and record as Tcold.  
5) After 5 minutes, extinguish the Bunsen burner by turning off the gas and leave to cool for 2 minutes to allow the metal to reach thermal equilibrium with the water. 
6) After 2 minutes record the temperature of the water as THot. As soon as possible after recording the temperature, use the tongues to place the hot metal into the cold water in the calorimeter.
7) Place the cork lid onto the calorimeter and insert the thermometer and stirrer into their associated holes. 
8) Regularly stir the water and record the temperature at 10 second intervals until a constant temperature is reached. Record this value as TMax.
9) Calculate the Specific Heat Capacity of the metal using Equation 1, Equation 2, Equation 3 and the Heat Capacity for the calorimeter calculated in the previous experiment. Specific Heat Capacity of Water = 4.186 Jg-1°C-1.
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