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The purpose of this experiment is to determine three key thermal properties. Finding the heat capacity of the calorimeter, finding the specific heat capacity of aluminium, and identifying the molar heat of the neutralisation reaction between HCl (Hydrochloric acid) and NaOH (Sodium Hydroxide). Calorimetry is used to understand basic thermochemistry principles during chemical reactions or changes. This could be for practical applications in chemistry, to understanding heat exchange during chemical reactions, or to assess and help with safety and efficiency in the OME industry.
Three hypotheses are tested during this experiment. In the first experiment, it is testing that the calorimeter will show a consistent and certain heat capacity, and this can be found from the temperature change from a known energy input.  Secondly, it is expected that the specific heat capacity of the aluminium piece will be close to the value 0.890 J/g°C found in previous and similar experiments. [1]
To analyse the heat capacity of the calorimeter, the heat change of the water will first need to be calculated using: 

This uses three parameters of m (mass), ∆T (temperature change of the water) and Cp (specific heat capacity of the water). This needs to be done to find the heat change of the cold and hot water.
Once this has been calculated, the heat loss of the calorimeter can be found by assuming the first law of thermodynamics, that energy can never be created or destroyed, and therefore, the heat lost by the process must be gained by its surroundings. The negative and positive signs indicate the direction of the heat flow. Where heat loss is negative, and heat gained is positive and assumes that this is an isolated system.

The heat capacity of the calorimeter can then be found by rearranging this equation and using previous results.

For the second experiment where the specific heat capacity of the metal needs to be calculated you require the heat capacity of the calorimeter just determined. Combining the heat change and loss equations will result in finding the specific heat capacity of the water. This is due to the specific heat capacity being dependant on the water temperature change plus the heat capacity of the calorimeter. 


This uses previously calculate results of the calorimeter and result of the experiment such as the temperature change of the metal (∆Tmetal) and mass of the metal (mmetal). It is assumed that the calorimeter and water are in thermal equilibrium.
Finally to calculate the molar heat of reaction of the neutralisation of NaOH and HCl the heat of the reaction needs to be determined using the combination of the heat transfer of the liquid and the calorimeter combined and uses the previously calculated heat capacity of the calorimeter and the water is HCl and NaOH.

As this is the is the energy of the reaction and not the molar heat of the reaction the below equation can be rearranged and used.


Where qreaction  is the required molar heat of reaction, and nreactant is the number of moles of the limiting reactant, which is found by multiplying the volume of the HCl (limiting reactant) by the concentration (1M) to get the number of moles of reactant.  
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Thot = 64.80°c			mhot water = 50.00g			ΔThot water =  25.20°c
Tcold = 19.50°c			mcold water = 52.00g			ΔTcold water =   20.10°c
Tmax = 39.60°c								ΔTcalorimeter = 20.10°c
Cp water = 4.186 J/(g°c)
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Type of Metal – Aluminium				
Thot = 92.00°c			mmetal = 18.60g			ΔTmetal = 61.90°c
Tcold = 20.50°c			mwater = 30.00g			ΔTwater = 9.600°c
Tmax = 30.10°c								ΔTcalorimeter = 9.600°c
Cp water = 4.186 J/(g°c)

	Time (s)
	Twater °c
	Time (s)
	Twater °c
	Time (s)
	Twater °c
	Time (s)
	Twater °c

	0.000
	29.30
	140.0
	29.80
	280.0
	29.00
	420.0
	28.50

	10.00
	29.60
	150.0
	29.80
	290.0
	29.00
	430.0
	28.50

	20.00
	29.70
	160.0
	29.80
	300.0
	29.00
	440.0
	28.30

	30.00
	30.10
	170.0
	29.50
	310.0
	29.00
	450.0
	28.30

	40.00
	30.10
	180.0
	29.50
	320.0
	29.00
	460.0
	28.20

	50.00
	30.10
	190.0
	29.30
	330.0
	29.00
	470.0
	28.20

	60.00
	30.10
	200.0
	29.30
	340.0
	29.00
	480.0
	28.20

	70.00
	29.90
	210.0
	29.20
	350.0
	29.00
	490.0
	28.20

	80.00
	29.90
	220.0
	29.20
	360.0
	29.00
	500.0
	28.20

	90.00
	29.90
	230.0
	29.20
	370.0
	28.80
	510.0
	28.20

	100.0
	29.90
	240.0
	29.20
	380.0
	28.80
	520.0
	28.20

	110.0
	29.90
	250.0
	29.20
	390.0
	28.70
	530.0
	28.20

	120.0
	29.90
	260.0
	29.20
	400.0
	28.70
	540.0
	28.10

	130.0
	29.90
	270.0
	29.20
	410.0
	28.50
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Tstart = HCl – 20.00°c NaOH – 19.90°c			Tend = 26.70°c
ΔTwater  =6.700°c
VHcl = 50.00ml			CHCl = 1M			nHCl = 0.05000 mol
VNaoh = 52.00ml		CNaOH = 1M			nNaOH =0.05200 mol 
Cp water = 4.186 J/(g°c)

HCl is the limiting reactant.
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This calorimetry experiment gave three thermal measurements. The first, by using hot and cold temperature changes in the calorimeter, the heat capacity of the calorimeter was determined and was found to be 480.1 J/C. This was done by using the energy of the calorimeter and the temperature change, which is assumed to be in thermal equilibrium with the water. The second thermal measurement was the specific heat capacity of a piece of aluminium metal, which can be calculated using the heat capacity of the calorimeter and also the temperature change of the water. This was found to be 5.050 J/(gC). This value deviates significantly from the specific heat capacity of aluminium in literature, which is 0.900 J/(gC). This difference in results may indicate that the metal was impure or that experimental errors took place, such as heat loss or potentially instrumental inaccuracies. The final thermal calculation was the heat exchange from the neutralisation reaction of HCl and NaOH. The reaction’s energy change was shown to be 3347 J, and as HCl was the limiting reactant, the molar heat of reaction was calculated at -66.94 KJ, showing that this was a strong exothermic acid-based neutralisation. 

Calorimetric measurements can be used for various applications in academic research, but they can also be used for many helpful applications in the OME (Ordnance, Munitions and Explosives) industry. For example, calorimetry can be used to measure the heat of combustion, which can then be used for precise measurements of the energy released during the burning process. This, therefore, will provide information on fuels and combustibles whilst also being used in industries like pharmaceuticals [1][2]. Thermal characterisation of explosives can be determined by using calorimetric techniques. It is outlined by Liu that studying thermal decomposition, stability, compatibility and interactions is widely used in the energetics industry[4]. Different calorimetric methods can be used to determine different properties. These include: pressure differential scanning calorimetry which can be used to study the thermal decomposition of energetics[4], laser-heating calorimetry for thermochemical analysis on thermal signatures and shelf life [5], and the potential use of using highly sensitive chip-scale calorimeters to screen highly energetic materials which is being developed to produce a portable calorimeter [6].
	Generally, calorimetry in the OME industry is used for safety testing to provide information on safe storage protocols or is enforced by regulatory bodies such as HSE to mitigate the risk of potential accidental detonations or potential compatibility issues.[6][7][8]

As seen in the results, there are a couple of discrepancies in the experimental data compared to other similar experiments, such as the aluminium specific heat capacity calculation. Despite efforts to insulate the calorimeter, heat losses could have been the cause of these discrepancies. There might have been unavoidable heat transfer, which was lost to the environment, leading to the wrong readings and subsequently the calculations. This could have also had a domino effect on the calculations when using a determined value from a previous experiment. For example, the determination of the heat capacity of the calorimeter could have been miscalculated; therefore, the Specific heat capacity using this value in calculations would have been wrong, even if that experiment was correct. Measurements throughout the experiment could have also been incorrect, such as uncalibrated thermometers or human error timing issues when writing down the values throughout the experiment. The discrepancies in the measured specific heat capacity of the aluminium could indicate the metal was impure or a different grade than those in other literature, or there could have been incomplete thermal contact between the water and metal, impacting the results of the experiment. These potential sources of error should therefore be addressed in future experiments to try and enhance the reliability of the data and especially if this calorimetry experiment were taken further to explore potential explosive characteristics, where safety would be paramount. 

[bookmark: _Toc195970108]Conclusions 
In conclusion, this experiment successfully managed to measure several thermal properties using calorimetric methods. The heat capacity of the calorimeter was determined to be 480.1 J/C, which provided a crucial calibration value for the further calculations. The specific heat of the metal was determined to be 5.050 J/(gC), which, although it was way off previous literature results, could highlight experimental errors that need addressing or potential metal impurities. Finally, the molar heat of reaction was determined at -66.94 KJ/mol, and this result showed to be in line with the exothermic nature of acid-based reactions. 

Overall, this experiment highlights the importance of using precise calorimetric techniques not only for obtaining accurate results for research but also for any potential higher-stakes applications in the OME industry. Addressing the sources of error will be essential in further studies and gaining accurate results closer to established values. Potential further research could be using an adiabatic calorimeter to enhance insulation and eliminate heat loss to the environment, experimenting with a broader range of metals or aluminium grades to measure different metal specific heat capacities and locate the potential source of error in this experiment, or finally take this experiment further and measure heat of combustion on energetics using a bomb calorimeter.
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· 2 x Styrofoam cups
· 1 x lid for cups
· 1 x thermometer
· 1 x digital thermometer
· 1 x Stirring rod
· 1 x stand and clamp
· 1 x beaker
· 1 x aluminium sample
· 1 x Bunsen burner
· 1 x tripod and mesh stand
· Weighing Scales
· 1 x tongs
· 1M NaOH
· 1M HCl
· Water
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1. Stack the Styrofoam cups, place on the lid and add the thermometer and stirring rod.
2. Add 50 ml of water into the Styrofoam cups.
3. Add 50 ml of water to a beaker and heat using the Bunsen burner to around 80°C.
4. Once 80°C is reached, switch off the Bunsen burner and wait till the water cools down to 60°C and record the temperature.
5. Record the temperature of the cold water in the calorimeter.
6. Remove lid and add the hot water to the calorimeter and mix using the stirring rod thoroughly, placing the lid back on.
7. Record the maximum equilibrium temperature of the mixture using the thermometer.

[bookmark: _Toc195970115]Specific heat capacity of a metal
1. Using the scales, weigh the piece of metal and record.
2. Put water in a beaker so that will have enough to cover the piece of metal and heat it to boiling using a Bunsen burner.
3. Add the piece of metal and continue boiling for 5 minutes, allowing the metal to reach the same temperature as the water.
4. After 5 minutes, turn off the Bunsen burner and allow the metal to sit in the water for 2 minutes so that they will reach the same temperature.
5. Add 30 ml of water to the same calorimeter setup as Part 1 and measure the temperature of the water.
6. After the 2 minutes are up, measure and record the temperature of the hot water.
7. Using tongs, quickly add the metal to the calorimeter.
8. Stir the water regularly and record the temperature of the water every ten seconds.
9. Record the temperatures until it has reached its maximum and then has cooled down by 2°C.

[bookmark: _Toc195970116] Molar Heat of reaction of HCl and NaOH
1. Add 52 ml of 1M NaOH into the calorimeter and 50 ml of 1M HCl into a beaker.
2. Place the two side by side and let them rest until they have both reached the same temperature. Record this value.
3. Pour the HCl into the calorimeter.
4. Record the highest temperature.
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