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[bookmark: _Toc197680923]Introduction

Calorimetry technique which is used in thermodynamics to measure the amount of heat which is transferred in a chemical reaction or physical object. This method is used to determine the enthalpy changes and the specific heat capacities from the reaction. This is important based from the law of conservation of energy as energy cannot be created or destroyed- only transferred [1]. It is hypothesised that by accurately measuring the specific heat capacity of a substance then the heat which is emitted or absorbed during the reaction is directly proportional to the mass of the object [2] and the change in temperature as demonstrated in (Eq 1);

[bookmark: _Toc197680909]Equation 1:  Heat energy transfer [2]
The independent variable in this experiment is the object that is being used which is a known mass of aluminium metal and measuring the molar mass of the reaction which occurs when reacting hydrochloric acid (HCL) and sodium hydroxide (NaOH). The dependent variable is the change in temperature of the metal or the water in the calorimeter. The controlled variables include initial temperature of the water before heating and the mass of the water. It is also important to insulate the system to prevent h loss from the system. In this report the principles of calorimetry will be investigated by the measurement of heat exchange that occur during a chemical process. By the measurement of temperature changes and masses and using the laws of thermodynamics specifically the laws of the conservation on energy [1] and how the thermal energy is transferred within in three different reactions one of which being measuring the enthalpy change which occur during a neutralization reaction between an acid and alkali. 
[bookmark: _Toc197680924]Results 
The results which are outlined in this section were obtained in the methodology in appendix 1.
[bookmark: _Toc197680925]Heat capacity of the calorimeter
Below are the temperatures collected from experiment 1 which was conducted and are accurate to ± 0.05 ˚C . The digital thermometer which was used to record the temperature and to measure the volume of the water a graduated measuring cylinder was used which is accurate to 0.5ml which correlate to these tolerances.

	
	Temperature (C)
	Mass (Grams)
	

	Hot
	60
	50
	-22

	Cold
	22
	50
	16

	Max
	38
	



From these results we can then calculate the heat capacity of the calorimeter by using Eq 1, Eq 2 and Eq 3. 

[bookmark: _Toc197680910]Equation 2:  heat exchange [4]


[bookmark: _Toc197680911]Equation 3:  heat capacity of calorimeter [4]
By initially using the first equation,  and  is calculated. the specific heat capacity of water which is 4.186 J/(g˚C) [5] can then be used to determine:
	
	
	
	

	-4604.6 J
	3348.8 J
	-1255.8 J
	-76.61 J/(g˚C)



[bookmark: _Toc197680926]Specific heat capacity of a metal 
To determine the specific heat capacity of the aluminium metal used Eq 4 is used to calculate the heat which is lost from the metal and thus gained by the water and the calorimeter. Below is the time in which is took the metal to cool two degrees once thermal equilibrium was reached with the boiling water
	Time (s)
	Twater (C)
	Time (s)
	Twater (C)
	Time (s)
	Twater (C)
	Time (s)
	Twater (C)

	10
	29.8
	130
	30.5
	250
	30.5
	380
	30.1

	20
	31.6
	140
	30.5
	260
	30.3
	390
	29.9

	30
	30.9
	150
	30.5
	270
	30.3
	400
	29.6

	40
	30.7
	160
	30.5
	280
	30.2
	
	

	50
	30.7
	170
	30.5
	290
	30.2
	
	

	60
	31.1
	180
	30.5
	300
	30.2
	
	

	70
	30.8
	190
	30.5
	310
	30.2
	
	

	80
	30.8
	200
	30.5
	320
	30.2
	
	

	90
	30.8
	210
	30.5
	330
	30.2
	
	

	100
	30.8
	220
	30.5
	340
	30.2
	
	

	110
	30.7
	230
	30.5
	360
	30.2
	
	

	120
	30.7
	240
	30.5
	370
	30.1
	
	




[bookmark: _Toc197680927]Molar heat of HCl with NaOH

HCL + NaOH = NaCl + H20
Mass = 52.00ml + 50.00ml (HCl is the limiting factor)

[bookmark: _Toc197680912]Equation 4:  heat capacity[6]

M = mass
C= specific heat of water 4.184J/g ˚C
 = change in temperature 31.4- 25.2= 6.2 ˚C
= 50g x 0.88 J/g ˚C x 6.2 ˚C
=272.8 J 
=6.9 J/g ˚C x 6.2 ˚C= 42.78
2050.16 J + 33.81 J +215.J = 1274.49 J (total q)
q= Q/n
1274.49/50 = 25.289 KJ/mol

[bookmark: _Toc197680928]Discussion 
The results obtained from these experiments allows the heat involved in a chemical reaction and in a physical object to be quantified. By measuring the enthalpy changes the effectiveness of system can be determined, this technique is important in defence as it is important to establish how different explosives, and component will react together and the behaviours in which will be displayed. For example, understanding how a material will release and absorb heat- this information can then be used to select materials for artillery shells. The principles of thermodynamics and the conservation of energy means that the principle from coffee cup calorimetry, the measurement of energy in the form of heat which is released during a reaction can be applied to reactions which occur with explosives. Understanding the large amount of energy which is released by explosives during thermal decomposition [8] is pinnacle for the successful military application. Ensuring uniformity of detonation to ensure the desired result every time whilst minimising the risk of accidental detonation and ensuring correct implementation of safety procedures.
To accurately determine the heat which is released apparatus known as the bomb calorimeter is used as this will be able to accurately determine the heat which is emitted from a known volume of fuel. This would minimise the amount of heat which is lost to the surroundings due to the lack of sufficient installation. One of the main difficulties when conducting these experiments is the potential of human error when taking the measurements and when recording the data which would cause issues in the enthalpy values calculated. As highlighted by R.Chang [7] ensuring that the temperatures of the water is accurate and allowing for enough time for the mixture to reach thermal equilibrium is important to accurately determine the water equivalent of the calorimeter.

[image: Bomb Calorimeter]
[bookmark: _Toc196735575][bookmark: _Toc196736185][bookmark: _Toc197286871][bookmark: _Toc197680913]Figure 1: Bomb calorimeter [3]
The method of bomb calorimetry as shown in figure 1 is more accurate than the method implemented in the coffee cup calorimetry as the sample is placed in a sealed container which is pressurised with oxygen and has an electric current pass through it [6] -  The pressurised vessel ‘bomb; is placed in a water bath with a known volume of water which will absorb any heat energy which is released by the reaction. The thick insulation is in place to minimise the heat lost to the surrounding. The change in temperature is measured and then can be used to determine the energy content from the explosive. Importantly, by measuring the amount of energy which can be emitted by a small sample allows the determination of how much of an explosive would be required to deliver the desired explosive impact for defence purposes.
[bookmark: _Toc197680929]Conclusion 

Calorimetry demonstrates how the measurement of heat exchanged which occur in chemical and physical processes. This method can be applied in industry to ensure the correct selection of material, or the behaviour of a chemical system is understood to allow the appropriate safety measures are taken to minimise accidental detonation. The experiments which were carried out confirm the thermodynamic principles such as the law of conservation of energy [1]. The experiments which were carried out partially support the hypothesis proposed. However, due to errors when carrying out the investigations effected the accuracy of calculations as heat was lost from the calorimeter into the external environment due to gaps around the thermometer and stirring road which effected the determination of the equilibrium temperature and the accurate recording of the temperature in the other experiments.
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Equipment 
· Styrofoam cups with lid
· Thermometer 
· Stirring rod
· Stand and clamp 
· Beaker 
· Bunsen burner
· Tongs 

Procedure to measure Hc calorimeter 
· 50ml of water added to the Styrofoam cups, close lid and insert thermometer and stirring road to complete the calorimeter.
· 50ml taken in separate beaker and heated to 80.c- Bunsen burner is turned off and water is left to cool to 60 ˚C. This is recorded at Thot.
· Water in the calorimeter is also measure as Tcold.
· Hot water added to the calorimeter and mixed thoroughly whilst watching toe thermometer to determine when the maximum equilibrium temperature of the mixture id reached.

Procedure to measure specific heat capacity 
· Using the apparatus from previous experiment
· Collect metal sample and weigh it and record mass as Mmetal.
· Set up water bath and allow it to boil before putting metal sample in. allow it to boil for 5 minutes and then wait 2 minutes for the metal and the water to equilibrate.
· While this is being done measure 30ml of water and add it to calorimeter, measure the temperature of the water and record at Tcold.
· Once metal has reached thermal equilibrium with boiling water measure and record temperature as Thot, quickly add metal to the water in the calorimeter using tongs.
· Stir the water and record the temperature every 10 seconds. Continue to do this water has reached maximum temperature and then cooled by 2 ˚C, record max temperature as Tmax.

Procedure to measure the molar heat of reaction HCL and NaOH
· Use same apparatus as previous experiment
· Place 52.00ml of 1.0M NaOH into calorimeter and pour 50.00ml of 1.0M HCL into beaker
· Place next to each other until they both reach the same temperature record as Tstart.
· Add HCL to calorimeter and record the temperature when it reaches a maximum record as Tend.
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