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Heat is a form of energy. Heat flows from an area of higher temperature to an area of lower temperature. Once thermal equilibrium occurs between the area of higher temperature and the lower area the change in heat between the “object” and its surroundings can be measured.
To isolate the areas of temperature this experiment will utilise a coffee cup calorimeter equipped with a sealed lid, thermometer and stirring rod to create an assumed isolated environment containing only, in this case, a piece of aluminium metal and the water surrounding it. It should be noted the method of calorimetry can also be used for chemical reactions or dissolution of ionic compounds.
“objects” have a specific heat capacity for example [1]: 
Cp water(liquid) = 4.18 J/g°C
Cp ammonia = 2.09 J/g°C

The purpose of this experiment is to determine the specific heat capacity of aluminium using the coffee cup calorimeter. Specific heat capacity is the amount of energy needed to raise the temperature of 1g of an “object” by 1 degree Celsius.

Hypothesis:
The specific heat capacity for aluminium determined from the results of the coffee cup calorimeter will align close to the known specific heat capacity for aluminium which is 0.9 J/g°C [1].

Variables and equations:
Change in heat Q (Joules, J) of an object is equal to 3 parameters, m is mass (grams, g) Cp is the specific heat capacity of the object (degrees Celsius, °C) and ΔT which is the change in temperature. 
This can be represented as the following equation:
Q = mCp ΔT
	    (Eq.1)
The first law of thermodynamics, energy may never be created or destroyed, it can only be transferred between object and its surrounding. (reference?). Allows the heat lost by the aluminium to be determined by the following equation assuming that the metal, water and calorimeter form an isolated environment:
	-Qmetal = Qwater + Qcalorimeter	
		(Eq.2)
Using these two equations it is possible to find all the parameters necessary to determine the specific heat capacity of a metal by inputting the parameters discovered from the experiment and rearranging the following equation to solve for Cp metal:
Mmetal x Cp metal x ΔTmetal = -(mwater x Cp water x ΔTwater + HCcalorimeter x ΔTcalorimeter)
	 (Eq.3)
HCcalorimeter is the heat capacity of the calorimeter. It should be noted that heat capacity refers to the amount of heat needed to raise the temperature of an object by 1 °C and specific heat capacity is the amount of energy needed to raise 1g of an object by 1 °C [1]. To determine HCcalorimeter use the following equation:
Qcalorimeter = HCcalorimeter x ΔTcalorimeter
									(Eq.4)
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Results 1: Used to measure the heat capacity of the calorimeter.
	[bookmark: _Hlk164835730]Temperature (°C)
	Mass (g)
	ΔT (°C)
	Q (J)

	Thot = 60 °C
	mhotwater = 50g
	ΔThotwater = -19 °C
	Qcoldwater = 3348.8 J

	Tcold = 25 °C
	Mcoldwater = 50g
	ΔTcoldwater = 16 °C
	Qhotwater = -3976.7 J

	Tmax = 41 °C
	
	ΔTcalorimeter = 16 °C
	Qcalorimeter = 627.9 J (°C)



Calculations for HCcalorimeter:
Use (EQ.1) and known heat capacity of water (4.186 J/g °C) for Q values:
Qcoldwater = 50g * 4.186 J/g °C * 16 °C = 3348.8 J
Qhotwater = 50g * 4.186 J/g °C * -19 °C = -3976.7 J

Use a variation of (EQ.2) to calculate Qcalorimeter :
-Qhotwater = Qcoldwater + Qcalorimeter
Solve for Qcalorimeter :
Qcalorimeter = Qhotwater – Qcoldwater = 3976.7 J – 3348.8 J 
Qcalorimeter = 627.9 J
Use (EQ.4) to find HCcalorimeter :
HCcalorimeter = 627.9 J / 16 °C
HCcalorimeter = 39.244 J/g °C






Results 2: Used to determine the specific heat capacity of the Aluminium.
	Temperature (°C)
	Mass (g)
	ΔT (°C)

	Thot = 94 °C
	mmetal = 18.6g
	ΔTmetal = - 64 °C

	Tcold = 25 °C
	mwater = 30g
	ΔTwater = 5°C

	Tmax = 30 °C
	
	ΔTcalorimeter = 5°C



Table of results recorded to determine Tmax:
	Time (s)
	Twater (°C)
	Time (s)
	Twater (°C)
	Time (s)
	Twater (°C)

	00
	25
	90
	30
	180
	30

	10
	25
	100
	30
	190
	30

	20
	26
	110
	30
	200
	30

	30
	28
	120
	30
	210
	30

	40
	29
	130
	30
	220
	30

	50
	29
	140
	30
	230
	30

	60
	30
	150
	30
	240
	30

	70
	30
	160
	30
	250
	30

	80
	30
	170
	30
	260
	29



Calculations for Cp metal:
Input available data into (EQ.3)
Mmetal x Cp metal x ΔTmetal = -(mwater x Cp water x ΔTwater + HCcalorimeter x ΔTcalorimeter)
18.6g * Cp metal * -64 °C = -(30g * 4.186 J/ g°C * 5 °C + 39.244 J / g°C * 5 °C)
= Cp metal * -1190.4 g °C = - 824.12 J
= Cp metal = -824.12 J / -1190.4 g °C
Cp metal = 0.692 J/ g°C to 3 dps.
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The results indicate that Aluminium has a lower specific heat capacity at 0.692 J / g°C than water which has a specific heat capacity of 4.186 J/ g°C.  This would suggest that Aluminium can store and releasing heat energy more rapidly than water. 
For explosive materials using calorimetry to find the specific heat capacity of an explosive substance enables the calculation of the energy content. The calorific value measured in the calorimeter shows the amount of heat liberated by the combustion of all carbon, hydrogen and oxygen [3] [4].
Limitations and potential sources of error:
Using a calorimeter made of dual layered Styrofoam cups with a lid that has many possible gaps for heat energy to escape from may have affected the results as it is possible the environment was not completely isolated. Also, the heating rate of the water and metal was not consistent between the two stages of the experiment possibly leading to the calibration and measurement of the heat capacity of the calorimeter to be inaccurate [2]. Using an industry standard calorimeter that has been correctly calibrated would improve the results.
Measuring the temperature by eye on a conventional thermometer is a potential source of error that could be addressed with a digital thermometer. Due to time constraints, the temperature of the water did not reach 100 °C before the metal sample was added and adequate time for the sample and the boiling water to reach thermal equilibrium before the sample was added to the calorimeter. This error could be addressed by having allotted more time to complete the experiment.
The heat capacity of the calorimeter was calculated while it contained a mass of 50g. However, the total mass inside of the calorimeter when the metal sample was added was 48.6g. Adding in more water to match the calibration mass of 50g could yield improved results.

[bookmark: _Toc164747196]Conclusions:

The results did not quite align with the known heat capacity of Aluminium at 0.9 J / g°C possibly due to the limitations mentioned in the discussion. 
Using calorimetry to test the energy content of explosive substances can be applied to discover the potency of a new explosive substance and has applications relating to explosives safety such as testing an old batch of explosives that has potentially been decomposing to see if its energy profile is still aligned with what is expected.
For further experimentation it would be interesting to test the specific heat capacity of Aluminium powder and compare the results.
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Materials:
· Two Styrofoam coffee cups.
· Lid with 2 holes for stirring rod and thermometer.
· Stirring rod.
· Thermometer.
· Stand and clamp.
· Aluminium metal sample.
· Scales.
· Beaker.
· Tongs.
· Bunsen burner, stand and gauze.
· Measuring cylinder.
· Stopwatch
· Water
· Data sheet

Method:
1. Obtain the heat capacity of the calorimeter (HCcalorimeter). Construct calorimeter by inserting 1 Styrofoam cup into another and add 50 mL of water. Seal with a suitable lid and create two holes in the lid for your thermometer and stirring rod. Ensure that once the stirring rod and thermometer are inserted there are no gaps for heat to escape.
2. Measure 50mL of water and add to a beaker and begin heating to 80 °C.
3. Meanwhile, measure the temperature of the water in the calorimeter and record it as Tcold on the data sheet.
4. Once the water in the beaker has reached 80 °C shut off the Bunsen burner and wait until it cools to 60 °C then record its temperature as Thot.
5. Add the hot water to the water in the calorimeter and mix until the water. After about 2 minutes it should reach its maximum equilibrium temperature. Record this as Tmax.
6. Calculate the heat capacity of the calorimeter.
7. Dispose of the water in the calorimeter.
8. Weigh the metal sample and record its mass as mmetal.
9. Add enough water to submerge the metal sample into a beaker and heat until boiling. Add the metal sample and keep boiling for around 5 minutes. Turn off the gas and leave the metal sample in the water bath for 2 minutes for the boiling water and metal to equilibrate.
10. While waiting, measure 30mL of water and add it to the calorimeter and record it as Tcold.
11. Once the metal and boiling water have equilibrated record the temperature of the water in the beaker as Thot and quickly using the tongs add the metal into the calorimeter.
12. Stir the water and record the temperature of the water every 10 seconds until the temperature has reached its maximum and then cooled down by about 2 °C. Now record the maximum temperature reached by the water as Tmax.
13. Using all the data gathered and the specific heat capacity of water (4.186 J/g°C) calculate the Specific heat capacity of the metal sample.
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