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1. [bookmark: _Toc164508181]Introduction. 

a. An experiment was carried out to measure the specific heat capacity of a metal by inserting a measured quantity of the metal into a calorimeter.

b. Specific heat capacity is defined as the heat which can increase one unit temperature of a mass unit of a substance [1] (for example, to raise 1g of a substance by 1 degree Celsius). This experiment is based on the first law of thermodynamics, which states that energy can neither be created nor destroyed [2] but only transferred. 

c. It is therefore expected that when the metal sample (the system) is inserted into the calorimeter (the surroundings), heat energy from the system will transfer into the surroundings until equilibrium is reached. It is hypothesised that the amount of heat energy lost by the system will equal the amount of heat energy gained by the surroundings. The temperature changes of both the system and the surroundings will enable calculation of the specific heat capacity of the metal. 

d. It will be necessary to find the heat capacity of this calorimeter (Experiment One) before finding the heat capacity of the aluminium (Experiment Two).

e. The following variables will be controlled during the experiments:

· The volume of water used.
· The temperature of the water used.
· The temperature of the metal sample.
· The volume of the calorimeter.

f. A full list of materials and a detailed methodology can be found in Appendix One.
2. [bookmark: _Toc164508182]Relevance of Calorimetry.

a. Calorimetry is widely used within the Ordnance, Munitions and Explosives (OME) industry. Calorimetry can be used to measure explosion heat [3], and the heat capacity of explosives [4]. These are important values within the OME industry, as the potential heat of an explosion is an important consideration in the application of OME [5].

b. Calorimetry is also extensively used to perform molecular analysis in food science [6], assess patients’ need in medicine [7] and for characterisation of materials in the construction industry [8]. 
3. [bookmark: _Toc164508183]Equations

a. The following equations will be used to analyse the results of this experiment:


Q = Heat Change (J)
m = Mass (g)
c = Specific Heat Capacity (J/g°C)
T = Temperature (°C)
Equation One: The First Law of Thermodynamics

Energy Balance 
4. [bookmark: _Toc164508184]Results

	
	Mass (g)
	Initial Temperature (°C)
	Final Temperature (°C)
	Temperature Change (°C)

	Cold Water
	50.00
	26.00
	39.50
	13.50

	Hot Water
	50.00
	56.00
	39.50
	-16.50


Table 1 – Results of Experiment One

	
	Mass (g)
	Initial Temperature (°C)
	Final Temperature (°C)
	Temperature Change (°C)

	Water
	30.00
	22.50
	30.00
	7.50

	Metal
	18.50
	80.00
	30.00
	-50.00


Table 2 – Results of Experiment Two
5. [bookmark: _Toc164508185]Analysis

a. To find the heat capacity of the calorimeter (Experiment One) the heat change in Joules is calculated for the warm water and the cold water. This is done using Equation One:

Warm water:		0, Qwarm water = -3,453.45 J (2dp)
Cold water:		0, Qcold water = 2825.55 J (2dp)

As the cold water is only part of the surroundings, and the calorimeter the remainder, then the difference in energy between Qwarm water and Qcold water will be Qcalorimeter. This value is 627.90 J. It is reasonable to surmise that this energy was transferred to the calorimeter, therefore Qcalorimeter = 627.90 J. 

b. Equation One can now be rearranged to solve for the specific heat capacity of the calorimeter, using the temperature change of the cold water:

                                                         , C = 46.51 J/(g°C) (2dp)

c. The accuracy of this value can be tested using Equation Two:

                                                         -Qhotwater = Qcoldwater + Qcalorimeter
∴
∴
∴
∴


d. To find the heat capacity of the metal (Experiment Two), Equation Two is applied:


                                                             -Qmetal = Qwater + Qcalorimeter
∴
∴
∴
∴
 (2dp)
6. [bookmark: _Toc164508186]Discussion 

a. The calculations in 5.c and 5.d show that the energy lost by the aluminium (the system) was equal to the energy gained by the calorimeter and water (the surroundings). This supports the initial hypothesis.

b. The specific heat capacity of aluminium is known to be 0.904 J/(g°C). Experiment Two therefore failed to accurately measure the specific heat capacity of the metal sample.

c. Analysis of the results of Experiment One (5.c) provides an accurate calculation for the specific heat capacity of water, suggesting that the value of the heat capacity of the calorimeter is correct. It is therefore likely that measurements taken during Experiment Two were inaccurate, which could be attributed to:

· Inaccurate measurements. The mercury thermometer used in the experiment was difficult to read, and mostly obscured by the calorimeter.
· Faulty experiment design. The low volume of water used in Experiment Two may have further impacted the accuracy of measurements taken.
· Human error. Measurements may have been inaccurately recorded, misread, or taken at the wrong time.
7. [bookmark: _Toc164508187]Conclusions

a. The theory and calculations of both experiments and the design of Experiment One are considered sound. The results of Experiment One are considered accurate.

b. The results of Experiment Two are considered inaccurate. To gain more accurate results, the experimental design could be improved by implementing the following changes:

· The mercury thermometer to be replaced by a digital thermometer.
· A larger volume of water to be used in the surroundings. 
· The Bunsen and beaker of water replaced by a temperature-controlled water bath.

c. If the experiment were repeated with the above alterations, it is likely that the results of the experiment would more accurately reflect the specific heat capacity of a metal sample.
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A1. Materials
a. The following materials were used in this experiment:
· A calorimeter, comprising two stacked Styrofoam coffee cups and a cork lid.
· A mercury thermometer
· A wooden stirring stick
· An 18.50g sample of aluminium
· A glass flask for heating water
· A glass beaker for heating the metal sample in water
· A Bunsen burner
· A tripod and gauze

[bookmark: _Toc164508191]A2. Method for Experiment One

a. Before the specific heat capacity of the aluminium could be measured, it was necessary to find the heat capacity for the entire system into which it would be introduced. This system was comprised of the calorimeter and the water within it. As the heat capacity for water is known to be 4.186 J/(g°C), it was only necessary to find the heat capacity for the calorimeter. 

b. This was done by adding 50ml of cold water to the calorimeter. The temperature of this water was measured, then 50ml of hot water of a known temperature was mixed in. The maximum temperature of this mixture was recorded, and Equations One and Two were used to calculate the heat changes for the cold water, hot water, and the calorimeter. 

c. Once these heat changes had been calculated, it was possible to calculate the heat capacity of the calorimeter. 

[bookmark: _Toc164508192]A3. Method for Experiment Two

a. 30ml of cold water was added to the calorimeter and its temperature recorded.

b. A beaker of water was heated over a Bunsen until boiling. The metal sample was first weighed, and then placed in the boiling water for a total of five minutes in order to heat the sample to the same temperature as the water. 

c. The temperature of the boiling water was recorded, and then tongs were used to place the metal sample into the calorimeter.

d. The water inside the calorimeter was stirred, and the maximum temperature recorded. 



