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An investigation was conducted to measure the temperature change of various reactions and processes. The results were used to calculate the heat capacity of the calorimeter, the specific heat capacity of the metal and the molar heat of a reaction of hydrochloric acid and sodium hydroxide. The results and limitations of the experiments are discussed, as well as the application of calorimetry to an ordnance, munitions and explosives environment.
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[bookmark: _Toc196921751][bookmark: _Toc51833421]Introduction
[bookmark: _Toc196921752]Purpose of Experiment
The aim of the calorimetry experiment is to measure the heat capacity of the calorimeter when water of two different temperatures mix (procedure 1), measure the specific heat capacity of a block of heated aluminium when placed in water (procedure 2), and calculate the molar heat of a reaction of hydrochloric acid (HCl) and sodium hydroxide (NaOH) (procedure 3).
[bookmark: _Toc196921753]Hypothesis
When a chemical or physical reaction takes place, thermal energy will be released. This is shown through a temperature change, which can then be measured using a thermometer. This can then be used to calculate the heat capacity of the calorimeter, the specific heat capacity of the metal and the molar heat of a reaction of HCl and NaOH.
[bookmark: _Toc196921754]Variables and Equations
[bookmark: _Hlk192591449]An experiment has independent, dependent and control variables. The independent variable is changed when testing, the dependent variable is measured, and the controls remain the same to ensure that the results are valid. In this experiment, the independent variable is the type of the substance used, the dependent variable is the temperature change of the solution, which is measured using the thermometer, and the control variables are the apparatus and equipment used, the environment the experiments are carried out in and the temperature of the surroundings.
There are 7 equations used in the analysis of the results of the calorimetry experiment, used to calculate the heat capacity of the calorimeter, the specific heat capacity of the metal and the molar heat of the reaction of HCl and NaOH.
[bookmark: _Toc196921856]Equation 1 

[bookmark: _Toc196921857]Equation 2

[bookmark: _Toc196921858]Equation 3

[bookmark: _Toc196921859]Equation 4
)
[bookmark: _Toc196921860]Equation 5

[bookmark: _Toc196921861]Equation 6
)
[bookmark: _Toc196921862]Equation 7











9
[bookmark: _Toc196921755]Results
[bookmark: _Toc196921756]Procedure 1 – Measuring the Heat Capacity of the Calorimeter
 = 64.9°C
 = 19.5°C
 = 40.9°C

 = 50g
 = 50g

Where T is temperature and m is mass.

[bookmark: _Toc196921757]Procedure 2 – Measuring the Specific Heat Capacity of a Metal
 = 94.8°C
 = 19.7°C
 = 30.7°C

 = 18.6g 
 = 30g

Where T is temperature, m is mass and  is specific heat capacity.


[bookmark: _Toc196921758]Procedure 3 – Measuring the Molar Heat of a Reaction of HCl and NaOH
 = 19.9°C
 = 26.4°C

 = 50mL
 = 1M

 = 52mL
 = 1M
Limiting reactant = HCl

Where T is temperature, V is volume and C is concentration.


[bookmark: _Toc196921759]Discussion
[bookmark: _Toc196921760]Interpretation of Experimental Results
The results support the hypothesis. When the reactions took place, thermal energy was released and shown through a temperature change. This was measured and used to calculate the heat capacity of the calorimeter, the specific heat capacity of the metal and the molar heat of a reaction of HCl and NaOH in turn.
The heat capacity of the calorimeter was calculated using the acquired results, equation 1, equation 2 and equation 3.
[bookmark: _Toc196921825]Figure 1 – Calculations for the Heat Capacity of the Calorimeter












Where Δ is “change in”, T is temperature, m is mass, Q is the heat of reaction and HC is heat capacity.
The value for  is written to be negative to represent that it was an exothermic reaction, and the energy was lost to the surroundings.

The specific heat capacity of the metal was calculated using the acquired results and equation 4.
[bookmark: _Toc196921826]Figure 2 – Calculations for the Specific Heat Capacity of the Metal





Where Δ is “change in”, T is temperature, m is mass, Q is the heat of reaction, HC is heat capacity and  is specific heat capacity.

The molar heat of the reaction of HCl and NaOH was calculated using the acquired results, equation 5, equation 6 and equation 7.
[bookmark: _Toc196921827]Figure 3 – Calculations for the molar heat of the reaction of HCl and NaOH

The value for  is written to be negative to represent that it was an exothermic reaction, and the energy was lost to the surroundings.





Where Δ is “change in”, T is temperature, m is mass, Q is the heat of reaction, HC is heat capacity,  is specific heat capacity, n is number of moles, Q is the heat of the reaction and q is the molar heat of the reaction.
[bookmark: _Toc196921761]OME Applications
In an OME environment, calorimetry is crucial to safety. It allows for key properties of explosives to be explored, such as decomposition kinetics [1]. Bomb calorimetry can be used to measure the heat of combustion of substances [2], which then allows for safety measures to be put in place during processes to ensure that the explosive does not detonate while being handled. Microcalorimetry can also be used to determine the stability of energetic materials, to a higher degree of sensitivity than thermal analysis [3], which ensures that the shelf lives of explosives can be accurately calculated and they can be safely stored. 
[bookmark: _Toc196921762]Limitations
In any experiment, there are limitations. Considering these reduces the potential for error and increases the accuracy of results. One limitation of the calorimetry experiment was any potential heat leak. Although the experiment was carried out in a closed system, the degree of accuracy of the seal was not as high as it could have been due to lack of access to high-grade equipment. This could have led to some of the thermal energy dissipating into the surroundings and altering the results.
Another limitation was the accuracy of the equipment used, the thermometer in particular. If the readings had been to a more precise degree, the calculations completed would have produced more accurate results.


[bookmark: _Toc290554239][bookmark: _Toc299621204][bookmark: _Toc299631429][bookmark: _Toc299631491][bookmark: _Toc299631581][bookmark: _Toc299631657][bookmark: _Toc196921763]Conclusion
In conclusion, the hypothesis was correct. When each reaction took place, thermal energy was released, which was shown through a temperature change that could be measured using a thermometer. This was then used to calculate the heat capacity of the calorimeter, the specific heat capacity of the metal and the molar heat of a reaction of HCl and NaOH.
If the experiment were to be repeated to obtain more accurate results, the limitations would be taken into consideration. The experiment would be undergone with might higher-grade equipment, which would ensure a much more closed system, and a thermometer with more precise increments to give more accurate readings of temperature.
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[bookmark: _Toc196921766]Materials and Equipment
· Styrofoam cups
· Thermometer
· Stirrer
· Water
· 1M NaOH
· 1M HCl
· Metal block
· Cork lid with 2 holes in
· Clamp stand
· Stopwatch
· Beaker
· Heatproof mat
· Tripod
· Bunsen burner
· Tongs
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[bookmark: _Toc196921767]Method
Procedure 1
1. 50mL of water was added to the Styrofoam cup and a cork lid was fitted to the top, then the thermometer and stirring stick placed through the lid.
2. 50mL of water was added to a beaker and heated to 80°C using a Bunsen burner. The Bunsen burner was switched off when it reached temperature, and then allowed to cool to around 60°C, and the temperature recorded as .
3. The temperature of the water within the calorimeter was measured and recorded as .
4. The hot water was added to the calorimeter using tongs, the lid replaced, and the solution mixed thoroughly. The thermometer was constantly being watched, and the maximum equilibrium temperature that was reached was recorded as .

Procedure 2
1. The block of metal was weighed on a balance and its mass was recorded as .
2. The water bath was heated until it reached boiling, and the metal was added. It continued to boil for another 5 minutes. Then the Bunsen burner was turned off and the metal left in the water for 2 minutes to allow them to reach equilibrium.
3. 30mL of water was added to the calorimeter and its temperate was measured and recorded as .
4. When the metal and water were equilibrated, the temperature of the water was measured and recorded as .
5. The metal was added to the calorimeter using the tongs and the lid quickly placed back on top.
6. The water was stirred, and the temperature recorded every 10 seconds, until the water has cooled from its maximum by about 2°C. The maximum temperature was recorded as .

Procedure 3
1. 52mL of 1M NaOH was placed in the calorimeter.
2. 50mL of 1M HCl was placed in a beaker.
3. They were placed side by side until they attained the same temperature, which was then recorded as .
4. The HCl was added to the calorimeter with the lid quickly replaced.
5. The solution was stirred with the thermometer constantly watched, with the maximum temperature recorded as .
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