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[bookmark: _Toc166716302]Introduction:
[bookmark: _Toc166716303]Purpose of the experiment:
The purpose of the experiment is to calculate the specific heat capacity of a piece of metal by finding the heat capacity for the calorimeter and the equilibrium temperature when the heated metal is placed into room temperature water. This is done under the assumption that the calorimeter is an isolated system.
[bookmark: _Toc166716304]Hypotheses:
When placed into the calorimeter, the metal will cool and the calorimeter will rise in temperature until the system reaches an equilibrium temperature. The thermal energy lost by the metal will equal the thermal energy gain of the calorimeter and the water inside, which can then be used to deduce the specific heat capacity of aluminium.
[bookmark: _Toc166716305]Variables:
Independent – Time elapsed since the heated aluminium was placed into the calorimeter.
Dependant – Temperature of the water within the calorimeter.
Control:
· Calorimeter used 
· Interval between measurements
· Thermometer used to take measurements
· Position of the thermometer
· Stirring the calorimeter consistently
[bookmark: _Toc166716306]Equations & Terms:
Energy = mass × Specific Heat Capacity × Change in Temperature
 (Q = m × Cp × ΔT)	(Eq.1)
Energy change of metal = Energy change of water + Energy change of calorimeter 
(-Qmetal = Qwater + Qcalorimeter)	(Eq.2)
Mass of metal × Specific heat capacity of metal × Change in temperature of metal = -(Mass of water × Specific heat capacity of water × change in temperature of water + Heat capacity of calorimeter × change in temperature of the calorimeter)
(mmetal × Cp metal × ΔTmetal = -(mwater × Cp water × ΔTwater + HCcalorimeter × ΔTcalorimer))	(Eq.3)
Energy lost by heated water = Energy gained by room temperature water + Energy gained by calorimeter 
(-Qhot-water = Qcold-water + Qcalorimeter)	(Eq.4)
Energy of calorimeter = Heat capacity of calorimeter × Change in temperature of calorimeter
(Qcalorimeter = HCcalorimeter × ΔTcalorimer)	(Eq.5)


[bookmark: _Toc166716307]Results:
Finding the heat capacity of calorimeter (HCcalorimeter):
	Item
	Initial Temperature (°C)
	Final Temperature (°C)
	ΔTemperature (°C)

	Heated water
	60
	40
	-20

	Room temperature water
	23
	40
	17

	Calorimeter
	23
	40
	17


Table 1 – Temperatures of the heated water, water and calorimeter

Using equation 1, 4 and 5 as well as the given value for specific heat capacity of water (4.186 Jg-1°C-1):
Qcold-water = 50 × 4.186 × 17
Qcold-water = 3558.1 J 
Qhot-water = 50 × 4.186 × -20
Qhot-water = -4186 J
-(-4186) = 3558.1 + QCalorimeter
QCalorimeter = 627.9 J
627.9 = HCCalorimeter × 17
HCCalorimeter = 36.93529412 J ~36.9 J (1.d.p)
Finding the specific heat capacity of Aluminium (CP Al):
	Item
	Initial Temperature (°C)
	Final Temperature (°C)
	ΔTemperature (°C)

	Heated Aluminium
	90
	30
	-60

	Room temperature water
	23
	30
	7

	Calorimeter
	23
	30
	7


Table 2 – Temperatures of the Aluminium, water and calorimeter
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)

	10
	31
	
	100
	30
	
	190
	30

	20
	31.5
	
	110
	30
	
	200
	30

	30
	31.5
	
	120
	30
	
	210
	30

	40
	30.5
	
	130
	30
	
	220
	30

	50
	30.5
	
	140
	30
	
	230
	30

	60
	30.5
	
	150
	30
	
	240
	30

	70
	30.25
	
	160
	30
	
	250
	29.8

	80
	30.25
	
	170
	30
	
	260
	29.8

	90
	30
	
	180
	30
	
	270
	29.75


Table 3 – Temperature of the water at regular intervals
Using equations 1, 2, 3 and 5:
Qcalorimeter = 36.93529412 × 7
Qcalorimeter = 258.5470588 J
QWater = 30 × 4.186 × 7
QWater = 879.06 J
-Qmetal = 879.06 + 258.5470588
Qmetal = -1137.607059 J
(-1137.607059) = 18.6 × CP Al × (-60)
CP Al = 1.019361164 Jg-1°C-1 ~1.02 Jg-1°C-1 (2.d.p)
[bookmark: _Toc166716308]Discussion:
The experimental results show that Aluminium requires 1.02 Joules to heat 1 gram of the substance by 1 degree Celsius. Compared to substances such as water with specific heat capacity of 4.186 Jg-1°C-1, Aluminium is a relatively good thermal conductor meaning that it will change temperature rapidly.
In the context of OME, it is important to know the properties of the materials being used. Knowing the specific heat capacity means knowing the exact amount of heat energy released in the detonation [1]. Experiments can also be carried out to determine the effect of confinement and compression on the detonation while also performing calorimetry [2]. There is also a relationship between the amount of carbon produced by the detonation and the temperature. More carbon produced results in a higher temperature but lower gas volume.
Some limitations include:
· Only conducting the experiment once
· The temperature of the metal before being placed into the calorimeter was assumed to be the same as the water bath it was heated in but in reality, may have been a different temperature.
· The last few temperature readings of the experiment were reducing after a long stable period of time at 30°C. This was likely due to the whole system beginning to cool down and as such those values were discarded as anomalous.
· The stirrer for the calorimeter was not very efficient and temperatures cannot be guaranteed to be consistent throughout the water.
· The experiment works on the assumption that no heat energy is lost to surroundings. This is not the case, and some energy will be lost from the system making the calculated values slightly incorrect.
[bookmark: _Toc166716309]Conclusion:
To summarize, the experiment showed that the specific heat capacity of Aluminium is 1.02 Jg-1°C-1. These findings and the calculations done to get to them, support the hypothesis. A possible future direction for this research would be to test other materials to gain data on suitable thermal conductors and insulators.
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Materials:
· Thermometer
· Calorimeter
· Water
· Bunsen Burner
· Gauze
· Tripod
· Clamp Stand
· Metal (Aluminium)
· Beaker
Method:
· Take the calorimeter and set it up under a clamp stand with the clamp holding the thermometer in place.
· Add 50mL of water the calorimeter and measure the initial temperature.
· Heat 50mL of water in the beaker on the Bunsen burner. Measuer the temperature it is heated to.
· Place the heated water into the calorimeter and seal the lid (begin stirring with the stirrer).
· Once the system is at a constant equilibrium temperature, record the value.
· Next reset the calorimeter and fill with 30mL of water and measure the initial temperature.
· Measure the mass of the aluminium.
· Fill the beaker with water and submerge the aluminium and begin heating.
· Once it has been boiling for 5 minutes, remove the metal and place in calorimeter.
· Immediately begin measuring the temperature every 10 seconds.
· Once the temperature remains constant, record and use all values and equations to calculate the specific heat capacity of the material.
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