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1.0 [bookmark: _Toc166682922][image: Answered: -Thermometer Glass stirrer Cork stopper… | bartleby]Introduction:
	This experiment aims to quantitatively measure the exchange of heat between an object/physical/chemical process and its surroundings. This is done by placing the above, which has a different temperature, into an isolated system and measuring the temperature as it changes within the isolated system (enthalpy change).
Figure 1 Styrofoam Cup Calorimeter [1]

[bookmark: _Toc166682923]1.1 Hypotheses:
· The isolated system does not exchange energy with the environment around itself.
· Observations and results can be used to calculate; the specific heat capacity of the calorimeter and the specific heat of the metal cube.

[bookmark: _Toc166682924]1.2 Variables:
Experiment One: 
Independent Variable – Volume of Water inside the calorimeter.
Dependent Variable – ΔT of the calorimeter 
Control Variables – Same Thermometer, Usage of same Styrofoam cups, same cork lid (Same isolated environment), temperature of water inside the calorimeter and temperature of water being heated on the Bunsen burner.
Experiment Two:
Independent Variable – Time
Dependent Variable – ΔT of the calorimeter
Control Variables – Same Thermometer, Usage of same Styrofoam cups, same cork lid (Same isolated environment), temperature and volume of water inside the calorimeter and temperature of metal being heated on the Bunsen burner.

[bookmark: _Toc166682925]1.3 Equations:

	Q = m x c(p) x ΔT
(Heat Change = Mass x Specific Heat Capacity x Change in Temperature)
	-Q(metal) = Q(water) + Q(calorimeter)
(First Law Of Thermodynamics (Energy lost from the metal must be gained by its surroundings [water and/or calorimeter])
	Combination of the above equations:
m(metal) x c(p)metal x ΔT(metal) = - [m(metal) x c(p)water x ΔT(water) + HC(calorimeter) x ΔT(calorimeter)
[bookmark: _Toc166682926]1.4 Materials and Equipment:
· Styrofoam Cups
· Cork Lids
· Thermometer
· Stirring Road
· Holding Clamp (Optional)
· Tongs
· Bunsen Burner
· Tripod
· Heat Proof Mat
· Wire Gauze
· Beaker
· Measuring Cylinder

[bookmark: _Toc166682927]1.5 PPE Used:
· Nitrile Gloves
· Lab Coat
· Eye Goggles
· Hair Ties (If Necessary)
· Moustache/Beard Coverings (If Necessary)

[bookmark: _Toc166682928]2.0 The Test:
[bookmark: _Toc166682929]2.1 The Procedures:
This Practical has two parts, the first measuring the heat capacity of the constructed calorimeter. The second part is to measure the specific heat capacity of a metal cube.
Measuring the heat capacity of the calorimeter:
1. Place Bunsen burner on heat proof mat and connect to gas nozzle, place wire gauze upon tripod, above Bunsen burner, and ignite on safety flame. 
2. Using the measuring cylinder measure out 50mL of water and start heating on the Bunsen burner to 80°C.
3. Assemble Calorimeter, Stacking 2 Styrofoam cups, Cork lid with two holes in it for both the stirring road and thermometer. Add 50mL of cold water to the calorimeter, and measure the temperature T(cold).
4. When the water has reached 80°C wait for the water to cool to 60°C, then add it to the calorimeter. Measure temperature T(hot).
5. Stir and seal the calorimeter with the cork lid. Use thermometer to record the temperature climb from T(cold) to the equilibrium temperature and record as T(max).
6. Calculate the heat capacity of the calorimeter, HC(calorimeter)
Measure Specific Heat Capacity of metal cube:
1. Weigh mass of metal cube and record mass as m(metal)
2. Measure out 30mL of water and add to the dry calorimeter.
3. Place metal cube in the measuring beaker and add enough water to cover.
4. Remove metal cube from beaker and place beaker onto the Bunsen burner and wait till it boils, add cube into boiling water and continue to heat for 5 minutes.
5. Measure temperature of calorimeter and record as T(cold), record temperature of boiling water with cube in it as T(hot).
6. Add cube to calorimeter with tongs and record the temperature, continue recording temperature every 10 seconds until the temperature of the calorimeter has reached its peak, record as T(max) and then until its cooled down by 2°C.
7. Calculate specific heat of the metal cube.
[bookmark: _Toc166682930]2.2 Results:
Results and Calculations for Experiment 1 (Measuring HC of Calorimeter)
Q(coldwater) = 50g x 4.186J/g-*C x 22.0°C = 4604.6J
Q(hotwater) = 50g x 4.186J/g-*C x 60.0°C = 12,558.0J
-Q(hotwater) – Q(coldwater) = Q(calorimeter)
-12,558J – 4604.6J = 7953.4J
Q(calorimeter = HC(calorimeter) x ΔT(calorimeter)
7953.4J / (60.0°C – 22.0°C) = 209.3J/°C     Or 0.21kJ/°C
Results Table for Experiment 2 (Measuring SHC of Metal):
	Time (Seconds)
	Temperature (°C)

	10
	26

	20
	27

	30
	27

	40
	28

	50
	28

	60
	28

	70
	28

	80
	28

	90
	28

	100
	27.5

	110
	27.5

	120
	27.5

	130
	27.5

	140
	27.5

	150
	27.5

	160
	27.5

	170
	27.5

	180
	27

	190
	27

	200
	27

	300
	27

	600
	26



M(metal) = 18.5g
T(cold) = 21.5°C
T(hot) = 60.0°C
T(max) = 28.0°C
T(equilibrium) = 26.0°C
M(metal) x C(p)(Metal) x ΔT(metal) = Q(water) + HC(calorimeter) + ΔT(calorimeter)
18.5g x C(p)(Metal) x (60.0°C – 28.0°C) = J + 4604.6J + 209.3J/°C + 2°C 
Rearrange to find C(p)(metal)
C(p)(metal) = (4815.9 / (18.5 x 32)) = 8.134966216J/g°C
[bookmark: _Toc166682931]2.3 Conclusions and Findings:
	For the second experiment, the metal cube in the calorimeter, it’s clear that the maximum temperature reached was 28°C. It reached this temperature in 40 seconds as the cube heated the water around it. It held this 28°C temperature for 50 seconds before it fell slowly to its equilibrium temperature over the next 510 seconds and held at 26°C, until we ended the experiment. It was difficult to measure the temperature of the metal cube as it came out of the water bath, so the temperature of the water (60°C) is presumed to be the temperature of the cube. This could be improved on by using a laser thermometer.
[bookmark: _Toc166682932]2.4 Relation to OME:
	Calorimetry is used in OME and it is used to judge the amount of energy produced by energetic materials. A Bomb Calorimeter is used with a known mass of a sample of energetic and remotely detonated/deflagrated inside it. The ΔT of the water can be used to calculate the energy released by the energetic substance. Which can then be used to determine whether a batch of energetics is within specification.
[image: A bomb calorimeter]
Figure 2 : Bomb Calorimeter Diagram
[2]
[bookmark: _Toc166682933]2.5 Limitations:
· The homemade calorimeter is not a true isolated system, energy is escaping the system. (There is no air gap between the inner and outer Styrofoam cups, this allows for energy to escape via conduction which is the most significant form of energy transfer between solids and liquids [3]) The calorimeter features a punctured cork lid for apparatus to pass through, these holes are allowing energy to leave the calorimeter.)
· Overall results affected by lost energy, and by extension a decrease in temperature in the calorimeter, meaning overall results are affected, meaning degree of accuracy is in question. 
[bookmark: _Toc166682934]3.0 Conclusions:
	The usage of calorimetry is useful for many parts of OME. A certified calorimeter or a bomb calorimeter would be more accurate, and with OME and thermal decomposition of energetics being a matter of safety for storage, decomposition, meeting specifications and TofI (Temperature of Ignition) trusting a crudely made calorimeter with the safety of manufacturing, transportation, storage and army personnel with the heat retaining properties of two Styrofoam cups is a foolhardy idea, but a suggestion of the SHC of a material can be obtained if the temperatures are below the decomposition temperatures of Styrofoam. The hypotheses have been tested and answered, with one success and one failure as we were able to calculate the SHC and the SH, however the idea that the isolated environment was truly isolated is a failure. The limitations of the experiment have been explained.
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