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[bookmark: _GoBack]Calorimetry is used to determine whether a reaction is exothermic or endothermic by measuring enthalpy change, to do this the heat absorbed or released during a reaction is recorded. According to the first law of thermodynamics heat energy cannot be created nor destroyed, but it can be transferred from one location to another or turned into another form of energy [1].During this experiment the heat capacity of the calorimeter is calculated and then the specific heat capacity of a metal is measured. A hypothesis for the part when calculating the heat capacity of the calorimeter is- temperature will increase by half of ΔThot. For the first experiment- dependent variable: ΔTcalorimeter, independent variable: the volume of water, control variable: surrounding temperature, thermometer used, and frequency stirred per 10 seconds. A reasonable hypothesis for experiment 2 is that the metal will heat the water by between 4.5°C and 8°C. When finding the specific heat capacity of the metal the independent variable: time, the dependent variable: temperature, control variable: surrounding temperature, the time intervals, the insulation, and thermometer used. To calculate the heat capacity of the calorimeter the equation:  is used and thus the equation can be used to determine the heat capacity. To work out the specific heat capacity for the metal the equation 
[bookmark: _Toc166565038]Results
Measuring the heat capacity of the calorimeter: 
Thot = ____60°C______            mhot water = ____50g_______       ΔThot water = ____-15°C______
Tcold = ____21.5°C_____         mcold-water = ____50g_____       ΔTcold water = ____23.5°C______
Tmax = _____45°C______                                                        ΔTcalorimeter = ____23.5°C______
Qcold-water = ____4.92KJ____       Qhot water = _____-3.14KJ_____        Qcalorimeter = ____-1.78KJ_____
HCcalorimeter = ____70.36J/°C____
Thot = ____60°C______            mhot water = ____50g_______       ΔThot water = ____-15°C______
The calculations used to obtain these results are as follows:
Qhw = 50g x 4.186J/g-°C x -15°C =	-3139.5J =	-3.14KJ
Qcw =50g x 4.186J/g-°C x 23°C = 	4918.6J = 	4.92KJ
-Qhw = Qcw + Qcalorimeter
So: Qcal = -Qhw – Qcw
= - (-3.13) – 4.92 = 	-1.78KJ
To calculate the HC of the calorimeter: HCcalorimeter = Qcalorimeter/ΔTcalorimeter
= -1.78/25.3 =	 -0.070356KJ/°C
Measuring the heat capacity of the metal:
	Time (s)
	Temperature Water (°C)

	10
	26

	20
	27

	30
	28

	40
	28.5

	50
	29

	60
	28.5

	70
	28

	80
	28

	90
	28

	100
	28

	110
	28

	120
	28

	130
	27.5

	140
	27.5

	150
	27.5

	160
	27.5

	170
	27.5

	180
	27.5

	190
	27.5

	200
	27.5

	210
	27
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Thot = ___78°C   ___        mmetal = ____18.6g____             ΔTmetal  = ____-49°C_____
Tcold = ____21.5°C___       mwater = _____30g______              ΔTwater  = _____7.5°C______
Tmax = ____29°C____                                                           cp metal  =           1.024J/g-°C        .
These results can be obtained using the following formulae and equations:
q(metal) = mass  T  Cp = 
              =18.6g  -49°C  Cp metal 
              = -911.4   Cp metal J 
q(water) = mass  T  Cp = 
              = 30 g  7.5°C  4.148 J/g- °C =
              = 933.3 J
Due to first law of thermodynamics it is said: q (system) = - q (surroundings)
Thus: q(metal) = q(water)
-911.4   Cp metal J = -933.3 J
Therefore Cp metal = -933.3/-911.4
Cp Metal = 	1.024J

[bookmark: _Toc166565039]Discussion
This experiment is simple, however there are limitations. Having a lid helps keep the heat in however the equipment provided was not a perfect fit and meant that heat could escape through the holes used for the thermometer and stirring rod. Using a more secure lid would ensure greater accuracy. For example during an experiment using a bomb calorimeter the lid is “secured by 12 1-cm-diam stainless steel bolts inserted through the lid flange and sealed with a Heoprene O-ring”. [2] In this case the bolts hold the lid on and the O-rings stop any air from escaping through small gaps. One Styrofoam cup inside another will provide some insulation however not a great deal, a bomb calorimeter has measures in place to prevent heat escaping. “The vessel is enclosed by a “jacket” which is separated from the vessel by an air space about 1 cm thick…kept at a constant temperature by means of a thermostat”, [3] this is a much more effective way of ensuring that extra heat is not lost to surroundings and that the surrounding temp is controlled. Although a bomb calorimeter generates much more reliable data, it is much more costly so would only be beneficial for specialists. In order to improve the simplistic design a smaller Styrofoam cup placed inside a relatively larger cup could be used (this would replicate the “jacket” that is seen in a bomb calorimeter), a lid could be placed on both cups, this limits the amount of heat that is lost to the surroundings. 
One use that calorimetry has in OME is that “single, double and triple based propellants, containing nitrate esters, will undergo thermal decomposition, even at normal magazine storage temperatures, and this process can be observed directly by heat conduction calorimetry” [4] this is very useful for manufacturers and buyers as the life expectancy of the munition is known and thus can be stored accordingly. It is also a much quicker way of testing than actually storing the explosives for however many years it may take for thermal decomposition to start. “Fundamental information about the detonation process and its chemistry can be obtained by combining calorimetric measurements with product analysis of appropriately designed experiments”[5]. It is vital when handling and manufacturing OME that the detonation heat is known for not only safety but also efficiency. By using calorimetry to measure this a result within a very small degree of accuracy can be produced.
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From the results it can be said that one hypothesis was correct- the metal did warm the water by between 4.5°C and 8°C. The other hypothesis was incorrect, temperature increased by 23°C, for this hypothesis to have been correct temperature would have had to have increased by 30°C. The overall outcome of discovering the specific heat capacity of the metal was achieved with some degree of accuracy.
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Equipment for experiment 1: 100ml of water, two Styrofoam cups, a lid with thermometer and stirrer hole, thermometer, stirring rod, beaker, Bunsen burner, correct apparatus for Bunsen burner ignition (lighter, gas tap), tripod, gauze, heat mat, measuring cylinder.
Equipment for experiment 2:  Metal sample, around 60ml of water, Bunsen burner, correct apparatus for Bunsen burner ignition (lighter, gas tap), heat mat, tripod, gauze, beaker, two Styrofoam cups, lid with thermometer and stirrer hole, tongs, measuring cylinder.
Experiment 1 – Measure the value of the heat capacity of the calorimeter:
· Place one Styrofoam cup into the other and add 50 ml of water to the top cup, close the lid and add thermometer and stirrer. 
· Put the other 50ml of water into a beaker and heat using the Bunsen burner. Heat to roughly 80°C, turn off Bunsen and let temperature reach around 60°C.
· Record the temperature of both the water in the Styrofoam cup (T-cold) and the water in the beaker (T-hot).
· Add the hot water to the Styrofoam cup with the cold water, put lid on, stir, and watch temperature.
· Record the highest temperature that the mixture reaches before it starts to cool again (T-max).

Experiment 2 – Measure the specific heat capacity of a metal:
· Weigh the metal sample (M-metal).
· Place enough water in a beaker so that when then metal is placed in it is fully submerged.
· Heat the water in the beaker (without the metal in it) until it is boiling, then add the metal.
· Boil for another 5 minutes, then turn off heat for 2 minutes, (this allows the metal to reach the same temp as the water).
· Place two Styrofoam cups together and measure 30ml of water into the top one, record the temp of the water (T-cold).
· After 2 minutes record the temperature of the water (T-hot).
· Quickly add the metal to the Styrofoam cup using the tongs.
· Stir and record the temperature.
· Record the temperature ever ten seconds.
· Stop recording once the temperature has reached a maximum point and then cooled 2°C below that maximum point.
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