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1. INTRODUCTION
Calorimetry
Calorimetry is the technique used to measure the amount of heat transferred to or from an object during a reaction. In this instance the experiment is used to find the heat capacity of an aluminium block and also to determine the heat lost during a chemical reaction. The heat capacity of the calorimeter can be measured by calculating the change in energy of water. Heat capacity can be calculated by an unknown sample using the energy change of water and energy change can be calculated by finding the energy change of a reaction in water.
The hypothesis of calorimetry is based on energy conservation.

Results
Heat Capacity of water
Independent variable – Temperature of hot water added to calorimeter
Dependent variable – Temperature reached within calorimeter
Control – Temperature of cold water & volume of cold water
Heat Capacity of Metal
Independent variable – Temperature & Mass of metal used
Dependent variable – Temperature reached within calorimeter
Control – Heat capacity of calorimeter

Heat of reaction
Independent variable – Volume of reactant
Dependent variable – Temperature reached within calorimeter
Control- Heat capacity of calorimeter

Reaction 1
Table 1
	Temperature
	oC
	Volume
	mL
	Change in Temperature
	oC

	Tcold
	24.0
	V cold
	50
	ΔT

	22.2

	Thot
	95.0
	V hot
	50
	ΔT

	-48.8

	Tmax
	46.2
	V combo
	100
	ΔT calorimeter

	22.2



Using the above table heat change can be calculated. 





Q=m ×c × ΔT

(heat lost from water)
Q= 50.0 x 4.186 x -48.8
= -10213.04 J (energy lost from the water)

(heat gain of water)
Q= 50 x 4.186 x 22.2 
=4646.46 J
  
10213.94 = 4646.46 + Q Calorimeter
10213.94  = 4646.46 + 5567.38


Q=HC × ΔT
5567.38/ 22.2 = 250.78 J/C°

 
Reaction 2
 
Table 2
	Qcold-water 
	Qhot-water 
	Qcalorimeter 

	-10213.94 J 
	4646.46 J 
	5567.38 J 


 
	Temperature Metal 
	Temperature Water 
	Temperature Equilibrium 

	95.0 
	23.6 
	31.6 


 
	Mass metal (g) 
	Volume Water- mL 

	18.6 
	30.0 


 

Q Water = 30.0 ×4.186 × 8 = 1004.6 J
 
c =     Q    
      m × ΔT

c = 1004.6 / 18.6 x 63.4
  =0.852 J/g C°









Reaction 3
 
Table 3
	Volume 
	mL 
	Concentration 
	Mol/L 
	Moles of Reactant 
	Moles 

	V HCL 
	50.0 
	c HCL 
	1.0 mol/L 
	n HCL 
	0.05 

	V NaOH 
	52.0 
	c NaOH 
	1.0 mol/L 
	n NaOH 
	0.052 


 
	Temperature Start 
	Temperature End 

	28.5 
	33.1 




−Q Reaction =m water ×c  water × ΔT water + H Ccalorimeter × ΔT calorimeter  

=102.0 ×  4.186 × 4.6 + 250.78 × 4.6 
= - 3117. 66 J


-3117.66 / 0.05  = -62353 J/mol


Discussion

As shown calorimetry is a very clever technique to gather information on energy exchange of materials. As shown in the second experiment it is possible to calculate the heat capacity of an object i.e metal. The last experiment showed that energy of specific reactions can be calculated, this is particularly pertinent in the OME industry due to the nature of explosives and the release of their energy in their reactions. This could be applied in endo/exothermic reactions.
It is important to note however, that there are high chances for error in these tests. Heat can be lost when transferring the metal to the calorimeter, which decreases the accuracy of results, it is important to note that the quality of the thermometers can affect results and create incorrect readings.
The quality of the calorimeter used is also important to note, heat can be lost through the walls of the calorimeter and also affect the readings and therefore the results of the experiments.
Using the highest quality equipment in your experiments and ensuring quick and effective transfer of materials into the calorimeter will also ensure that the readings taken are as precise as possible.

Relevance to OME
Calorimetry can be used in explosive safety.
Calorimetry is used for the preliminary testing of compatibility of widely used military plastic bonded explosives. 
This ensures that usually “safe” explosives are not made dangerous by coming into contact with substances that are considered ‘inert’. This ensures the safe storage of explosives and prevents catastrophic accidents from occurring .1

Conclusion
Calorimetry can be used in a number of different experiments. It can effectively help you to calculate the energy released in an experiment and the heat capacity of objects. However as discussed above there are margins for error depending on the quality of your equipment.
These experiments are also an effective way of ensuring the safety of explosive materials due to the calculation of energy release when combined with other materials.
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Appendix

- Materials : Two stacked Styrofoam cups, 1 x lid, 1 x thermometer, 1 x stirring rod, 1 x bunsen burner, 1 x  lump of metal,  1 x clamp, 1 x water bath, 1 x measuring cylinder, HCl, NaOH, 1 x beaker

- Method


Experiment 1 – Set up the calorimeter. Add 50 mL of water to the Styrofoam cup and close the lid add the thermometer and the stirring rod.
Take 50mL of water in a beaker and heat to  80 degrees C. Turn of the Bunsen and wait for the temperature to drop to 60 and record this temperature as T Hot. 
Add the hot water to the calorimeter and mix thoroughly. While doing this watch the thermometer and record the maximum temperature reached – equilibrium temperature. This is T max.
Calculate the heat capacity using the equations.

Experiment 2 – Use the same apparatus as above.
Heat the metal sample in a water bath after is has been weighed and the mass recorded. Boil it in the water bath for 5 minutes to allow the metal to reach the same temperature as the water.
Close of the heat and wait for 2 minutes for the heat of the metal and water to equilibrate.
Measure 30mL of water and add this to the calorimeter, record the starting temperature.
Add the metal piece to the calorimeter using tongs.
Stir the water and record the temperature every 10 seconds.
Continue to record till the water reaches a max temperature and then cooled down by 2 degrees C. Record the maximum temperature.
Calculate the specific heat of the metal.

Experiment 3 – Add 52mL of NaOH into the clean calorimeter and pour 50mL of 1mol HCl into a beaker.
Wait for these to reach the same temperature before starting the experiment.
Add the HCl to the calorimeter and quickly add the lid. Calculate the temperature when it has reached a maximum which will be the T end.
Calculate the Q reaction which is the heat reaction and the heat capacity of the calorimeter calculated in the first experiment.
Calculate the molar heat of the reaction.
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