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1. [bookmark: _Toc166756842]Introduction
The purpose of this experiment is to measure the specific heat capacity of a metal using calorimetry. The specific heat capacity of a substance can be determined accurately through calorimetric methods, which rely on the exchange of heat energy between an object and its surroundings, resulting in temperature changes for both.
In this experiment, the object of study is a piece of metal. However, the theoretical principles underlying this method are consistent with various substances and processes, including ionic compounds and chemical reactions. The fundamental assumption in calorimetry is that the object and its surroundings form an isolated system, one that does not exchange energy or matter with the external environment.
When a hot object is immersed in a colder one, heat is transferred across the temperature differential until thermal equilibrium is reached. By measuring the temperature changes of the metal and its surroundings, and assuming no heat is lost to the environment, the specific heat capacity of the metal can be calculated.
The hypothesis to be tested in this experiment is that the specific heat capacity of a metal can be accurately determined using calorimetry, provided the system is isolated and thermal equilibrium is achieved.
Heat change (Q) in joules is defined using the mass (m), the change in temperature (ΔT), and the specific heat capacity (cₚ) of the sample:

Q=m×cp​×ΔT
Equation 1

The specific heat capacity is defined as the amount of heat energy required to raise the temperature of 1g of a substance by 1°C. A negative ΔT indicates a cooling object, while a positive ΔT indicates a heating object, consistent with the direction of energy transfer.
According to the first law of thermodynamics, energy cannot be created or destroyed; it can only be transferred between an object and its surroundings. Consequently, the heat lost by an object or process must be gained by the surroundings and vice-versa. The heat lost by the metal is equal to the heat gained by the water and the calorimeter:

−Qmetal=Qwater+Qcalorimeter
Equation 2

The negative and positive signs represent the direction of energy transfer, where heat is lost when the sign is negative and gained when the sign is positive. 
The heat gained by the calorimeter can be calculated using the equation:

Qcalorimeter=HCcalorimeter x ΔTcalorimeter
Equation 3

The relationship between these equations can be expressed as:

cp metal = - ((mwater x cp water x ΔTwater) + (HCcalorimeter x ΔTcalorimeter)) 
(mmetal x ΔTmetal)
Equation 4

Here, HCcalorimeter​ is the heat capacity of the calorimeter, which must be measured experimentally. This equation can be used to determine the specific heat capacity of a metal, provided all other parameters are known. cp water is 4.186 J/g·°C.
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	Twater (°C)
	Time (s)

	31
	0

	30
	10

	30
	20

	30
	30

	29.5
	40

	29.5
	50

	29
	60

	29
	70

	29
	80

	29
	90

	29
	100

	29
	110

	29
	120

	29
	130

	29
	140

	29
	150

	29
	160

	29
	170

	28.5
	180

	28.5
	190

	28.5
	200

	28.5
	210

	28.5
	220

	28.5
	230

	28.5
	240

	28.5
	250

	28.5
	260



Table 1 - Data recording the change in temperature of the water within the calorimeter when the metal object has been added.






Graph 1 - A Graph of the data above, showing the change in temperature of the water in the calorimeter over time.

	Calorimeter
	

	Thot (°C)
	60

	Tcold (°C)
	21.5

	Tmax (°C)
	40

	mhot water (g)
	50

	mcold water (g)
	50

	ΔThot water (°C)
	-20

	ΔTcold water (°C)
	18.5

	ΔTcalorimeter (°C)
	18.5



Table 2 - A record of the masses and temperatures needed to calculate the heat capacity of the calorimeter.



	Aluminium
	

	Thot (°C)
	76

	Tcold (°C)
	22

	Tmax (°C)
	 31

	mMetal (g)
	18.6

	mwater (g)
	30

	ΔTmetal (°C)
	 -45

	ΔTwater (°C)
	 9

	ΔTcalorimeter (°C)
	 9

	
	

	Cp metal (J/g·°C)
	 4.726



Table 3 - A record of the temperature and masses needed to calculate the specific heat capacity of the metal.

	Qcold water (J)
	 3872.05

	Qhot water (J)
	 -4186

	Qcalorimeter (J)
	 313.95

	HCcalorimeter (J/°C)
	 16.970



Table 4 - A record of the calculated heat energies and capacities of the various elements of the experiment.


Calculating Qwater using equation 1:
Qcold water = mcold water x cp water x ΔTcold water
50 x 4.186 x 18.5 = 3872.05 J
Qhot water = mhot water x cp water x ΔThot water
50 x 4.186 x -20 = -4186 J

To calculate Qcalorimeter using equation 2:
Qcalorimeter = -Qhot water - Qcold water
-(-4186) – 3872.05 = 313.95 J

To calculate HCcalorimeter using equation 3:
HCcalorimeter = Qcalorimeter / ΔTcalorimeter
313.95 / 18.5 = 16.970 J/°C (3 sig. fig.)

To calculate Cp metal using equation 4:
cp metal = - ((mwater x cp water x ΔTwater) + (HCcalorimeter x ΔTcalorimeter)) 
(mmetal x ΔTmetal)

 -((30 x 4.186 x 9) + (313.95 x 9)) / (18.6 x -45) = 4.726 J/g·°C (3 sig. fig.)

The primary finding from this experiment is the specific heat capacity (Cp) of the metal object. This value represents the amount of heat energy required to raise the temperature of 1g of the metal by 1°C.
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Experimental Values
The experiments and calculation methodology yielded a specific heat capacity value of 4.726 J/g·°C for the material under investigation.
This experimental value differs widely from the accepted literature value of approximately 0.9 J/g·°C for the specific heat capacity of aluminium [1]. This could have a variety of causes. One possible reason could be an incorrect consideration of the heat capacity of the calorimeter, as when this element is removed from the equation, a heat capacity of 1.350 J/g·°C is achieved.

cp metal = - (mwater x cp water x ΔTwater) + (HCcalorimeter x ΔTcalorimeter) 
(mmetal x ΔTmetal)

- (30 x 4.186 x 9) / (18.6 x -45) = 1.350 J/g·°C (3 sig. fig)

Going further with this value, changing the ΔT values to be calculated from the final temperature reached at equilibrium (Tequilibrium = 28.5°C) rather than Tmax.

ΔTwater = 6.5°C	ΔTmetal = 47.5°C

- (30 x 4.186 x 6.5) / (18.6 x -47.5) = 0.924 J/g·°C (3 sig. fig)

These results align much more closely with the accepted literature value of the specific heat capacity of aluminium, and an improvement that could be made for further calorimetry experiments would be leave the calorimeter for far longer than the prescribed 2°C temperature drop. As these mathematics show that the calorimeter was not absorbing enough heat energy from the experiment to be significant at this level of precision, and it was throwing off the results to include it.
Another improvement in process would be to specify Tequilibrium and use this in the experimental documentation.
Accurate knowledge of a material's specific heat capacity is crucial in various engineering and scientific applications. It governs the amount of heat energy required to raise or lower the temperature of a given mass of the substance. For aluminium, which is a widely used metal in industries like aerospace, automotive, and construction, having a reliable specific heat capacity value is essential for thermal analysis, energy calculations, and process optimisation.
Regarding the use of calorimetry in the field of Ordnance Munitions and Explosives (OME), there are multiple applications:
Heat flow calorimetry is widely used to evaluate the stability and shelf life of propellants, explosives, and pyrotechnic materials [2]. It can detect exothermic decomposition reactions and measure the rate of heat release, which indicates the material's stability over time.
Calorimetry can assess the chemical compatibility and potential for reactive hazards when different energetic materials are combined [3]. This is crucial for ensuring the safe handling and storage of munitions.
The calorific value or heat of combustion of propellants and explosives, measured by oxygen bomb calorimetry, provides insights into their energy output and performance characteristic [4].
Calorimetric analysis can be employed for quality control and consistency checks during the production of ordnance components containing energetic materials [2].
Heat flow calorimetry data can aid in investigating premature activation, aging, or failure incidents involving munitions by studying the thermal behaviour of the energetic materials involved [5].
Periodic calorimetric testing is used for in-service surveillance and monitoring the aging or degradation of munitions stockpiles over their lifecycle. NATO and defence organisations have established standardized test procedures and requirements utilizing heat flow calorimetry for stability testing of nitrocellulose-based propellants and assessing the aging of composite propellants [6]. Calorimetry provides quantitative data to ensure the safety, reliability, and performance of critical ordnance and munitions systems.
There are several potential sources of error in a calorimetry experiment to determine the specific heat capacity of a substance.
The calorimeter used in the experiment was a restored one, which could not be well insulated. This leads to heat loss to the surroundings, resulting in an underestimation of the temperature change and consequently, the specific heat capacity.
The thermometers used in the experiment may have been basic models with limited precision and accuracy. This introduces instrumental error in temperature measurement, affecting the calculated specific heat capacity.
There is potential for human error when reading the thermometer, such as parallax error or misinterpreting the scale divisions. Inaccurate temperature readings directly impact the calculated specific heat capacity.
When relocating the metal from the hot water into the calorimeter, a few seconds elapse, during which heat could have been lost to the surroundings. This would result in a lower final temperature and an underestimation of the specific heat capacity.
Improper placement of the thermometer probe in the water could lead to non-uniform temperature readings, as the water may not have been thoroughly mixed or allowed sufficient time to reach thermal equilibrium.
The thermometers used a coarse scale, limiting the resolution of temperature readings. This introduced rounding errors and affected the accuracy of the calculated specific heat capacity. 
Some of these errors could have been mitigated by using well-insulated calorimeters, high-precision thermometers, careful experimental technique, and allowing sufficient time for thermal equilibration. Repeating the experiment multiple times and taking an average could also have improved the accuracy of the results.
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In conclusion, this experiment aimed to determine the specific heat capacity of a metal object through calorimetry. Whilst the initial experimental result significantly deviated from the accepted literature value for aluminium, adjustments to the calculation methodology yielded values more closely aligned with expectations. 
The recalculated value, achieved by excluding the heat capacity of the calorimeter and adjusting temperature differentials, agreed much more with established data.
Accurate determination of specific heat capacities is pivotal in numerous scientific and engineering contexts. Specifically in Ordnance Munitions and Explosives (OME), calorimetry is used in a variety of applications, from stability assessment to quality control and forensic analysis.
However, the experiment had several potential sources of error, including inadequate insulation of the calorimeter, and imprecise temperature measurement instruments. These factors will have contributed to the observed discrepancies between experimental and literature values.
To enhance the reliability of future calorimetry experiments, these sources of error should be addressed by employing well-insulated apparatus, high-precision instruments, and more meticulous experimental techniques. Additionally, incorporating longer equilibration times and conducting multiple trials to mitigate variability could further improve the accuracy and reproducibility of results.
Ultimately, refining experimental procedures and minimising sources of error will facilitate more precise determination of specific heat capacities, enabling enhanced understanding and utilisation of materials in various scientific and industrial applications.
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1. [bookmark: _Toc166756849]Materials
1. Styrofoam Coffee Cup x2
2. Insulating Lid containing 2 holes
3. Thermometer
4. Stirring Rod
5. Stand
6. Clamp
7. Conical Flask
8. 300 ml beaker
9. Graduated Cylinder
10. Metal Puck (Al)
11. Water
12. Bunsen Burner
13. Laboratory Tripod
14. Heatproof mat
15. Gas supply
16. Tongs
17. PPE
18. Scales
19. Matches
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2.1 Setting Up
1.	Assemble the calorimeter by nesting the two Styrofoam Cups. Affix the lid, inserting the thermometer in one hole and the stirring rod in the other. 
2.	Attach the clamp arm to the stand and place the calorimeter on the base of the stand. Secure the thermometer with the clamp so it is held off the interior surface of the cups. Ideally This can be skipped if the thermometer is a press fit into the lid, this will also ensure better insulation.
3.	Place the heatproof mat on the work surface and situate the Bunsen burner in the middle. Place the laboratory tripod over the Bunsen burner and plumb the Bunsen burner into the gas supply. The Bunsen burner can be lit when needed using the matches.
2.2 Measuring the heat capacity of the calorimeter
1.	Measure 50ml of tap water using the graduated cylinder and pour it into the assembled calorimeter. 
2.	Measure another 50ml of tap water, measured in the graduated cylinder and add it to the conical flask. 
3.	Transfer the thermometer from the calorimeter to this conical flask and heat this water in the conical flask on the laboratory tripod over the Bunsen burner flame until it reads 80°C. 
4.	Turn off the Bunsen burner and wait until the temperature of the water reads 60°C. 
5.	Record this temperature as Thot.
6.	Transfer the thermometer back to the calorimeter, and letting the temperature reach equilibrium, record it as Tcold.
7.	Add the hot water from the conical flask to the calorimeter, immediately closing the lid. 
8.	Mix thoroughly using the stirring rod and monitor the thermometer reading. When the temperature change has been perceived to slow to a stop, record this temperature as Tmax.
2.3 Measuring the heat capacity of the metal

1.	Organise the apparatus as previously outlined, emptying the water from the calorimeter.
2.	Measure the metal sample using the scales and record it’s mass as mmetal.
3.	Place the metal sample into the 300 ml beaker and fill this 300 ml beaker with tap water until it covers the metal sample twice over. 
4.	Put the 300 ml beaker onto the laboratory tripod and heat until the water is boiling. 
5.	Then continue to boil this for 5 minutes, to ensure the metal sample has reached thermal equilibrium with the water. Try to avoid having the flame directly heating the metal. 
6.	After these 5 minutes, shut off the Bunsen burner and wait 2 minutes, this will ensure thermal equilibrium.
7.	While the boiling is taking place. Measure 30ml of water and add to the calorimeter. 
8.	Measure the temperature of this water in the calorimeter, in the same way as before, and record this as Tcold.
9.	When it is certain the metal has reached thermal equilibrium with the boiling water. 
10.	Use the thermometer to take a temperature reading of the water. Record this as Thot and quickly put the thermometer back into the calorimeter.
11.	Immediately after that, add the metal to the calorimeter using the tongs.
12.	Use the stirring rod to stir the water and record the temperature reading on the thermometer every 10 seconds. Expect a temperature increase as the cold water is heated by the hot metal. 
13.	Continue to record the temperature every 10 seconds until the water has a reached a maximum high temperature, and then cooled down by 2°C. Record the maximum temperature reached as Tmax.
14.	With all the collected data it is now possible to calculate the specific heat capacity of the metal.
Water Temp Over Time

T water (°C)	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	31	30	30	30	29.5	29.5	29	29	29	29	29	29	29	29	29	29	29	29	28.5	28.5	28.5	28.5	28.5	28.5	28.5	28.5	28.5	Time (s)
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