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[bookmark: _Toc181101635]Introduction
This laboratory reports documents a calorimetry experiment to determine the heat change of specific system parts, the heat capacity of the calorimeter and the specific heat capacity of a unknown metal sample. The experiment was carried out by the learner and their two fellow students S. Dean and S. Shepherdson. Calorimetry is defined as “a laboratory technique used to measure the amount of heat released or adsorbed during a chemical or physical process”. [1].
A coffee cup calorimeter was used for the first experiment with the experimental steps documented in Appendix A section 1. The heat change (Q) of the cold water (Qcoldwater), the hot water (Qhotwater), the calorimeter (Qcalorimeter) and the heat capacity of the calorimeter (HCcalorimeter) using equation 1, 2 and 4.
A coffee cup calorimeter was again used for the second experiment with experimental steps documented in Appendix A section 2. The specific heat capacity of the metal (CPmetal) was determined using equations 1,2,3 and 4. [2]
	[bookmark: _Toc181101630]Equation 1 Heat change equation


	Q = Heat change (J)
M = Mass (g)
Cp = Specific heat capacity (J/g °C)
ΔT = Temperature change (°C)


	[bookmark: _Toc181101631]Equation 2 Heat capacity equation



	HC = Heat Capacity (J/°C)
Q = Heat change (J)
ΔT = Temperature change (°C)


	[bookmark: _Toc181101632]Equation 3 Specific heat capacity equation

	Cp = Specific heat capacity (J/g -°C)
Q = Heat change (J)
M = Mass (g)
ΔT = Temperature change (°C)


	[bookmark: _Toc181101633]Equation 4 First law of thermodynamics



The basic concepts, principles, and laws the learner will apply to this experiment are the first law of thermodynamics, heat change, specific heat capacity and heat capacity.
First Law of Thermodynamics states that “Energy cannot be created nor destroyed, just transferred. Equation 4 shows the first law in that any heat lost in the system is equally gained by another. [3]
Specific heat capacity of substance is defined as “The quantity of heat needed to raise the temperature of 1g of a substance 1°C”[4].
Heat capacity of a substance is defined as “ The amount of heat needed to change the temperature of a substance by 1°C” [5].
 Although the type of metal was unknown by the learner at the start of the experiment, it was assumed that it was Aluminium due to its physical appearance and weight, and the metal was to be determined by finding the specific heat capacity of the metal. From following the first law of thermodynamics, the learner hypothesized that the heat of the system will be inversely proportional to the heat of the surroundings. 
[bookmark: _Toc181101636]Results
Two experiments were carried out by the learners, the first following Appendix A section 1 to measure the heat capacity of the calorimeter and the second following appendix A section 2 to measure the specific heat capacity of the unknown metal.
 Note: Metal mass calculations were reported to 3 decimal places as this was the capability of the balances used, water mass measurements were reported to 1 decimal place as a volumetric cylinder was used, temperatures measurements were reported to 1 decimal place as this was the capability of the thermometer used. All other results were reported to 2 decimal places.
[bookmark: _Toc181101637]Heat capacity of the calorimeter
Table 1 documents the measurements taken by the learner to determine the heat capacity of the calorimeter along with the results of the Heat change (Q) for each the hot water, cold water and calorimeter and the heat capacity of the calorimeter (HCcalorimeter). All calculations can be found in Appendix B section 1
[bookmark: _Toc181101625]Table 1 Heat capacity of calorimeter measurements and results
	Thotwater
	60.0°C

	Tcoldwater
	20.7°C

	Tmax
	39.4°C

	Mhotwater
	50.0g

	Mcoldwater
	50.0g

	ΔThotwater
	-20.6°C

	ΔTcoldwater
	18.7°C

	ΔTcalorimeter
	18.7°C

	Qcoldwater
	3913.91J

	Qhotwater
	-4311.58J

	Qcalorimeter
	397.67J

	HCcalorimeter
	21.27J/°C



[bookmark: _Toc181101638]Specific heat capacity of metal
Table 2 documents the measurements taken by the learner to determine the specifical heat capacity of the metal along with the results of the Heat change (Q) for each the water the metal and the specific heat capacity of the metal (CPmetal). Table 3 documents the change in Twater to determine the Tmax. All calculations can be found in Appendix B section 2
[bookmark: _Toc181101626]Table 2 Specific heat capacity of metal measurements and results
	Thot
	100.4°C

	Tcold
	20.3°C

	Tmax
	29.3°C

	Mmetal
	18.545g

	Mwater
	30.0g

	ΔTmetal
	-71.1°C

	ΔTwater
	9.0°C

	ΔTcalorimeter
	9.0°C

	Qmetal
	-1130.22 J

	Qwater
	1130.22 J

	CPmetal
	0.857 J/g-°C


[bookmark: _Toc181101627]Table 3 Temperature measures for Tmax
	Time (seconds)
	Twater (°C)

	0
	26.9

	10
	29.2

	20
	29.2

	30
	29.3

	40
	29.3

	50
	29.3

	60
	29.3

	70
	29.3

	80
	29.3

	90
	29.3

	100
	29.3

	110
	29.3

	120
	29.3

	130
	29.3

	140
	29.3

	150
	29.3

	160
	29.3

	170
	29.2

	180
	29.2

	190
	29.2

	200
	29.2

	210
	29.1

	220
	29.1

	230
	29.1

	240
	29.1

	250
	29.1

	260
	29.1



[bookmark: _Toc181101639]Discussion
As expected for both experiments, each followed the first law of thermodynamics shown in equation 4 with each showing the heat of the system is inversely proportional to the heat of the system and that heat cannot be created or destroyed, just transferred. Although crude in design of the calorimeter the experiment was carried out successfully.
The first experiment showed a heat transfer of:

The second experiment showed a heat transfer of:

The specific heat capacity for the assumed metal aluminium was determined to be 0.085715 J/g °C following the second experiment and this was compared with a literature review carried out by the learner which found that aluminium has a specific heat capacity of 0.921096 J/g °C [6]. In comparison the learner determined the specific heat capacity of the metal sample to be within a 93% match of what was found in literature of aluminium, which lead the learner to assume that the metal sample was in fact aluminium.
Calorimetry is important for OME as it uses thermochemistry to show the exchange of Heat/Energy from System (OME material) to surroundings 
An example of calorimetry that relates to OME that relates would be Bomb Calorimetry.
[image: Calorimeter | Definition, Uses, Diagram, & Facts | Britannica]
[bookmark: _Toc181101650]Figure 1 Bomb Calorimeter [7]
This process used to determine the heat of detonation of explosive or pyrotechnic materials [8]. Another use of this process is for measurement of the Enthalpies of Combustion and Formation of various explosive compositions.
Another example of calorimetry that relates to OME would be analysis via Differential Scanning Calorimetry or DSC, which can be used as a means for assessment of thermal hazards of explosive materials. This method provides an assessment of the thermal stability and/or the energetic yield of an OME material.[9]
The learner determined the following limitations and/or potential sources of error in the experiment as follows:
· The mass of the water was measured using a volumetric cylinder, converting the volume and density of water to determine the mass. Ideally the learner would have preferred to weigh the mass of the water using a balance for a more accurate measurement.
· The grade of the aluminium metal sample was unknown providing a potential variability in the specific heat capacity of the sample as this could possibly vary between different grades.
· The mixing within the calorimeter was carried out with a stirring rod by the learner. This method could have provided an unsuitable unmixed system for the measurements to take place.
· The transfer of the heated metal sample from the water bath to the calorimeter could have been carried out in a more efficient manner by the learners.
· The balance used for mass measurement was not on a level surface and no evidence of check weights being used to determine the accuracy of balance.
[bookmark: _Toc181101640]Conclusion
The results of the experiment carried out by the learner support the original hypothesis of the learner and shows that the first law of thermodynamics where observed. The learner determined that the metal sample was in fact aluminium from the Specific Heat Capacity observed. Future research could be carried out on this experiment addressing the limitations of this experiment described in section 3.
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[bookmark: _Toc181101643] Measure the value of heat capacity of the calorimeter method
Lab tools, Materials and Supplies:
· Bunsen burner
· Heat-resistant mat
· Matches
· Tripod stand.
· Styrofoam coffee cup and lid
· Glass beaker
· Volumetric measurement cylinder
· Thermometer
· Stirring rod
· Deionised water
· Required PPE – Lab coats, nitrile gloves and Safety goggles conforming to correct EN standards.
· Pen and experiment hand out (including table for observations)
Procedure:
1. 50.0ml of water was added to the Styrofoam coffee cup and closed with a lid, a thermometer and stirring rod was added to set up the calorimeter.
2. 50.0ml of water was measured using the volumetric measurement cylinder and added to a beaker. This beaker was then placed above the Bunsen burner and heated until the water reached around 80°C. The Bunsen burner was then shut off and the beaker of water was allowed to cool down to around 60°. This temperature was measured and recorded as the Thotwater.
3. The temperature of water in the calorimeter was then measured using the thermometer and was recorded as the Tcoldwater.
4. The hot water was then added to the cold water in the calorimeter and mix using the stirring rod. The temperature was then observed on the thermometer with the maximum equilibrium temperature of the mixture recorded as Tmax.
[bookmark: _Toc181101644]Measure the specific heat capacity of the metal method
Lab tools, Materials and Supplies:
· Bunsen burner
· Heat-resistant mat
· Matches
· Tripod stand.
· Styrofoam coffee cup and lid
· Glass beaker
· Volumetric measurement cylinder
· Thermometer
· Stirring rod
· Tongs
· Deionised water
· Metal sample
· Required PPE – Lab coats, nitrile gloves and Safety goggles conforming to correct EN standards.
· Pen and experiment hand out (including table for observations)

Procedure:
1. The metal sample was weighed and its mass recorded Mmetal.
2. 0ml of water was added to the Styrofoam coffee cup and closed with a lid, a thermometer and stirring rod was added to set up the calorimeter.
3. The metal sample was heated in a already boiling heating bath for 5 minutes to let the sample heat. After 5 minutes the gas was turned off and the sample left in the water bath for 2 minutes to allow to sample to thermally equilibrate.
4. Next 30.0.ml of water was measured and placed in the calorimeter with a temperature measurement take and documented as Tcold.
5. Once the metal had reached thermally equilibrium in the boiling water a temperature measurement was taken and documented as Thot and the metal sample transferred into the calorimeter using tongs.
6. The water in the calorimeter was then stired every 10 seconds with the temperature recorded on the data sheet by the learner. The maximum temperature of the water was documented as Tmax.
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Below are the calculations used for the results in table 1 and 2 using the equations 1 to 4.
[bookmark: _Toc181101646]Experiment 1 – Determination of the Heat Capacity (HC) of the Calorimeter
From equation 4	
Firstly, defining Q(system) using Equation 1;


Secondly, the Q(surroundings);


By combining the above;






Relationship between system and surroundings;


[bookmark: _Toc181101647]Experiment 2 Determining the Specific Heat Capacity (Cp) of the metal
Firstly, defining Q(system) using Equation 1;



Secondly, the Q(surroundings);

By combining the above;



Relationship between system and surroundings; 
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1. Measure the value of the heat capacity of the calorimeter (HCcaorimeter)

Use these entries to record your experimental data, results, and calculations.
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2. Measure the specific heat capacity of a metal (G, meta))

Use these entries to record your experimental data, results, and calculations.

T
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Write the calculations for Quorwaree, Qrouowires, Qenomeren, and HCcuommeren
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