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[bookmark: _Toc51833421][bookmark: _Toc166677039]Executive summary
[bookmark: _Toc166677040]Background
In thermodynamics, thermal energy is the sum of the energy within a system and, is responsible for the systems temperature. Heat (Q) is the term used to describe the flow of thermal energy from an object of higher temperature to the lower temperature system. This flow continues until the system and objects are at thermal equilibrium.
Calorimetry is the process of measuring the amount of heat released or absorbed during a chemical reaction. By knowing the change in heat, it can be determined whether or not a reaction is exothermic (releases heat) or endothermic (absorbs heat). [1] 
[bookmark: _Toc166677041]Aim
By heating a piece of aluminium in boiling water before submerging it room temperature water within a calorimeter we will be able to determine the specific heat capacity of the metal, using the equations below.
[bookmark: _Toc166676025]Equation 1
Cp= Q /m∆T
Also using the first law of thermodynamics to determine Qmetal. As energy can only be transferred and neither created or destroyed then using
[bookmark: _Toc166676026]Equation 2
-Qmetal =QWater + Qcalorimeter. 
To determine Qcalorimeter we will use the following two equations:
[bookmark: _Toc166676027]Equation 3
-Qhot-water = Qcold-water + Qcalorimeter 
[bookmark: _Toc166676028]Equation 4
Hc calorimeter = Qcalorimeter / ∆Tcalorimeter
All of these equations were solved with experimentally gained data. The two experiments preformed are documented in Experimental methods: Experimental method 1.Experimental method 2. 




[bookmark: _Toc166677042]Results
[bookmark: _Toc166677043]Experimental results 1
The numerical data in the table below was all gathered experimentally using experimental method A.1. 
	Thot = 60.5°C 	
	mhot water  = 50 g
	ΔThot water  = 20°C

	Tcold = 22.5 °C  
	mcold-water = 50 g  
	ΔTcold water  = 18°C

	Tmax =40.5 °C
	
	ΔTcalorimeter  =18 °C

	Qcold-water = 3767.4 J
	Qhot water =4186 J        
	Qcalorimeter  = 7534.85 J


[bookmark: _Toc166676011]Table 1 Results from experimental procedure A.1
This was then used to calculate the following values using the equations:
Q = m Cp ∆T	&
Hc calorimeter = Qcalorimeter / ∆Tcalorimeter

HCcalorimeter = 418.6 J
Qhot 	= 50 g x 4.186 J/°C x 20°C
Qhot	= 4186 J 
Qcold	= 50 g x 4.186 J/°C x 18°C
Qcold 	= 3767.4 J
Experiment A.2 was then run and produced the data in the table below

	[bookmark: _Toc166675922][bookmark: _Toc166677044]Thot = 86°C
	[bookmark: _Toc166675923][bookmark: _Toc166677045]Mmetal  = 18.6 g
	[bookmark: _Toc166675924][bookmark: _Toc166677046]ΔTmetal  = 63°C

	[bookmark: _Toc166675925][bookmark: _Toc166677047]Tcold = 23 °C  
	[bookmark: _Toc166675926][bookmark: _Toc166677048]mwater = 30 g  
	[bookmark: _Toc166675927][bookmark: _Toc166677049]ΔTwater  = 63°C

	[bookmark: _Toc166675928][bookmark: _Toc166677050]Tmax =33 °C
	
	[bookmark: _Toc166675929][bookmark: _Toc166677051]ΔTcalorimeter  =18 °C


[bookmark: _Toc166676012]Table 2 Results from experimental procedure A.2
Using these results and equations 1 and equation 2 to calculate the specific heat capacity (Cp) of the metal. 
Cpmetal = (mwater x Cpwater x ΔTcold water) + (Hccalorimeter x ΔTcalorimeter) /mmetal x ΔTmetal
Cpmetal = -(18.6g x 4.186J/(g°C) x 63°C)+(418.6J x 18°C) / (30g x 63°C)
Cpmetal = 1.991 J/(g °C) to 3dps
The results from these experiments show that the metal aluminium has a lower specific heat capacity then water. And that by utilising the laws of thermodynamics many different data points can be deduced using simple experimental procedures. 



[bookmark: _Toc166677052]Discussion
[bookmark: _Toc166677053]Interpretation of results.
The aluminium having a lower specific heat capacity means that even though the metal will heat up quicker it will also release its heat energy to its surrounding at a higher rate. This also shows that water is more resistant to changes in heat then the metal.
[bookmark: _Toc166677054]Relation to OME
Calorimetry of OME substances and articles is a very useful tool. Differential scanning calorimetry is a much used instrumentational method for classifying different explosive mixtures. Which enables safe handling/storage procedures. 
Differential scanning calorimetry is a specific type of calorimetry including both a sample substance and a reference substance, residing in separate chambers. While the reference chamber contains only a solvent (such as water), the sample chamber contains an equal amount of the same solvent in addition to the substance of interest, of which the ΔrH is being determined. The ΔrHΔ𝑟𝐻 due to the solvent is constant in both chambers, so any difference between the two can be attributed to the presence of the substance of interest. Each chamber is heated by a separate source in a way that their temperatures are always equal. This is accomplished through the use of thermocouples; the temperature of each chamber is constantly monitored and if a temperature difference is detected, then heat will be added to the cooler chamber to compensate for the difference. The heating rate used to maintain equivalent temperatures is logged as a function with respect to the temperature. [2]
Most currently used stab- and percussion-sensitive mixes consist of lead azide, lead styphnate or lead dinitroresorcinate in admixture with 2–5% tetrazene, which functions as an energetic sensitizer. A major problem with the use of such compositions is the poor thermal stability of tetrazene, depletion of which leads to loss of activity. The thermal decomposition of some 24 compounds, all identified as potential replacements for tetrazene in stab and percussion mixes, has been studied by non-isothermal differential scanning calorimetry, and the physicochemical parameters which characterise these explosive reactions have been determined and compared with data from temperature of ignition measurements. [3]
[bookmark: _Toc166677055]Limitations and uncertainty
This experimental set-up was slightly crude and certain assumption on conditions were made. It was assumed that the calorimeter was completely sealed without heat loss to the surrounding environment. 
The time taken to bring the water to the boil in experimental method A.2 was too great in relation to time allowed. This lead to the experiment being hurried with the water not fully boiling. The time restraints also lead to no time based measurements being recorded.
There is also human error to take into account in relation to taking the measurements. 


[bookmark: _Toc166677056]Conclusions
[bookmark: _Toc290554240][bookmark: _Toc299621205][bookmark: _Toc299631430][bookmark: _Toc299631492][bookmark: _Toc299631582][bookmark: _Toc299631658][bookmark: _Toc166677057]Summary of findings
The results show that it is possible to determine a range of physical properties of items by using calorimeter, and that by utilising empirical information on known substances that values for unknown properties can be calculated.
[bookmark: _Toc166677058]Future research
Using calorimetry to analysis the properties of known explosive compounds would be of interest and would reduce the cost burden of explosive testing of the materials. 
Detonation calorimetry has been proposed as a method to down-select new explosives and explosive formulations for desired properties, as each experiment typically requires less explosive to test than traditional experiments. Heats of detonation for a variety of explosives have been previously calculated and/or experimentally obtained. Much of this historical data is scattered, and there are conflicting conclusions as to which performance parameters are appropriate to correlate to the heat of detonation. [4]
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[bookmark: _Ref166650644][bookmark: _Toc166677061]Experimental methods
[bookmark: _Ref166650654]Experimental method 1.

1. Add 50.0 mL of water to the Styrofoam coffee cups, and close with a lid. Add the thermometer and stirring rod to set up your calorimeter.
1. Take 50.0 mL of water in a separate beaker and heat to about 80 °C. Close the gas and wait till the temperature reaches 60 °C. When the "hot water" is ready, record its temperature as Thot.
1. Measure the temperature of the water in the calorimeter, and record it as Tcold.
1. Add the hot water to the water in the calorimeter, and mix thoroughly, while watching the thermometer.  Record the maximum equilibrium temperature of the mixture, record it as Tmax.
1. Calculate the heat capacity of the calorimeter, HCcalorimeter , using Eq. 1, Eq.6, and Eq.7:
[bookmark: _Ref166650656]Experimental method 2.

1. Obtain a piece of the metal sample. Weigh the metal and record its mass as mmetal.
1. Set up a water bath, heat the water until boiling, and then carefully put your metal into it.  Keep boiling for another 5 minutes, to allow the metal to reach the same temperature as the water. Try to avoid heating the metal directly! To reduce the effect of direct heating, close the gas after 5 min and wait 2 minutes for the temperature of boiling water and piece of metal to equilibrate. 
1. While this is being done, measure 30.0 mL of water and add it to the calorimeter.  Measure the temperature of the water in the calorimeter, as done previously, and record it as Tcold.
1. Once the metal has reached "thermal equilibrium" with the boiling water, measure and record the temperature of the hot water as Thot, and quickly add the metal to the water in the calorimeter using the tongs.
1. Stir the water and record the temperature every 10 seconds, filling in the datasheet provided at the end of this script with the entries (time, Twater). The temperature will increase at the start.  Continue until the temperature of the water has reached a maximum and then cooled down by about 2 oC. Record the maximum temperature reached by the water as Tmax.
1. Calculate cp metal the specific heat of the metal using Eq.3 and the value of heat capacity of the calorimeter found previously. Assume that calorimeter and water are in thermal equilibrium, cp water = 4.186 J/(goC), and always give the units of the results of your calculations.
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