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Introduction:
Purpose: Calorimetry experiments precisely measure heat changes in chemical reactions and heat changes. They help determine heat capacity, enthalpy changes, and thermal properties of substances. Additionally, calorimetry provides insights into reaction stoichiometry. Equipment calibration ensures accurate results by accounting for heat loss. Calorimetry is essential for understanding the energy aspects of chemical and physical changes.
Hypothesis: Calorimetry can accurately determine the specific heat capacity of the metal by balancing the heat lost by the metal with the heat gained by the water and calorimeter. This method allows to calculate the metal's specific heat capacity based on experimental data including mass, temperature changes, and calorimeter heat capacity.
Variables:  
· Dependant Variable: 
· Temperature change of water in the calorimeter.
· Independent Variable: 
· Initial temperature of hot water and cold water, temperature of metal.
· Controlled Variable:
· Mass of water
· Type of calorimeter
· Volume of water added to the calorimeter.
· Time intervals for measuring of temperature.
· Specific heat capacity
· Duration of the metal submerged in the boiling water.
· Procedure of experiment.

Equations:
· Q  =  m    cp    ΔT
· - Qmetal  =  Qwater + Qcalorimeter
· mmetal  cp metal  ΔTmetal = - (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)
· - Qhot-water  =  Qcold-water+ Qcalorimeter	
· Qcalorimeter  =  HCcalorimeter  ΔTcalorimeter


Results:
Measuring the value of the heat capacity of the calorimeter.
          Thot = 60.0  C                                         mhot water  = 50g                                   ΔThot water  = -19.0 C
          Tcold = 23.0   C                                      mcold-water = 50g                                   ΔTcold water  = 18.0 C
         Tmax = 41.0  C                                                                                                    ΔTcalorimeter  = 18.0 C
         Qcold-water = 2767.45J                        Qhot water = -3976.73J                         Qcalorimeter  = 209.3J
        HCcalorimeter  = 11.63J/C

Calculations:
1. Qhot water = mhot water   x Cwater x  ΔThot water  
-3976.73J = 50g x 4.18J/C x -19C

2. Qcold-water =  mcold-water x Cwater x ΔTcold water  
2767.45J = 50g x 4.18J/C x 18C
3. Qcold-water = Qhot water - Qcold-water
209.3J = -3976.73J – 2767.45J

4. HCcalorimeter  = Qcalorimeter  / ΔTcalorimeter  
11.63J/C = 209.3J / 18.0







Measuring the specific heat capacity of a metal

Type of metal = Aluminium             
Thot = 90.0 C                                     mmetal = 18.7g                                             ΔTmetal  = 59.2 C
Tcold = 22.0   C                                  mwater = 30g                                                ΔTwater  = 23.2 C
Tmax = 45.2 C                                                                                                         ΔTcalorimeter = 23.2 C
cp metal  = 2.8755 J/g C
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)
	
	time (s)
	TWATER (oC)

	10
	38.6
	
	100
	31.4
	
	190
	31.0

	20
	38.6
	
	110
	31.3
	
	200
	31.0

	30
	37.3
	
	120
	31.2
	
	210
	31.0

	40
	32.2
	
	130
	31.1
	
	220
	30.9

	50
	31.9
	
	140
	31.0
	
	230
	30.9

	60
	31.8
	
	150
	31.0
	
	240
	30.9

	70
	31.7
	
	160
	31.0
	
	250
	30.9

	80
	31.5
	
	170
	31.0
	
	260
	30.9

	90
	31.5
	
	180
	31.0
	
	270
	30.8




Calculations:

30 x 4.186 x 23.2 = 2913.456
11.63 x 23.2 = 269.816
2913 + 269.816 = 3183.272
3183.272 = 59.2 x 18.7 x C (Specific heat capacity)
C = 2.8755 J/g C



Discussion:
(a) Calorimeter Heat Capacity:
“simple Calorimetry experiments can be used to calculate the heat energy transferred during reactions”[1] this is shown as the heat capacity of the calorimeter stands at 11.63 J/°C, denoting the energy necessary to raise the calorimeter's temperature by 1°C. Precise determination of this value is important for rectifying any heat loss during the experiment, ensuring the calculations' accuracy, and maintaining the experiment's honesty by compensating for thermal energy exchange with the surroundings. This means the measured heat capacity of the calorimeter, at 11.63 J/°C, shows the energy needed to raise its temperature by 1°C, which means precision is essential for compensating for any potential heat loss during the experiment, allowing the accuracy of the calculations whilst maintaining the experiment as a whole by accounting for the exchange in thermal energy with the surroundings.
Specific Heat Capacity of Aluminium:
The specific heat capacity of Aluminium is calculated at 2.8755 J/g°C using “Energy transferred (Q) = mass of water (m) x specific heat capacity (c) x temperature change (△T)” [1], indicating the energy required to increase the temperature of 1 gram of Aluminium by 1°C. This calculated the thermal characteristics of Aluminium, validating its utility in understanding the metal's thermal behaviour. Which means comparing this value with literature values further affirms the accuracy of the experimental findings. This means the specific heat capacity of aluminium, determined to be 2.8755 J/g°C, indicates the energy required to raise the temperature of 1 gram of aluminium by 1°C. This calculated value corresponds with known thermal properties of aluminium, confirming its relevance in understanding the metal's thermal behaviour. Comparing this result with data from existing literature further supports the accuracy of the experimental outcomes.
Significance of Experimental Results:
Calorimetry, a discipline of science concerned with the measuring of a body’s condition in relation to its thermal properties, is concerned with calculating the thermal state of a body to analyse its physical and chemical changes[2]. This quote matches with the experimental outcome, that it shows an insights into heat transfer mechanisms and substance of thermal properties, important for comprehending energy changes in chemical and physical states. This shows that accurate measurements of heat and specific heat capacities drive advancements in calorimetry and thermal analysis methods.
(b) Understanding the specific heat capacities of metals like aluminium is instrumental in designing components essential for Ordnance Munitions and Explosives (OME), ensuring their stability and peak performance in high thermal environments. By correlating the experimental findings with scientific knowledge and literature in OME, this study advances safety measures and efficiency within the field. This highlights the crucial role of understanding how metals like aluminium absorb or release heat, important for refining components in OME. This means by showing experimental results with established OME science, this investigation supports operational safety and efficiency, guaranteeing consistent performance in varied temperature environments. “In addition to measuring the heat released during combustion, the bomb calorimeter can also be used to study other thermochemical properties of combustible materials, such as their enthalpy of combustion and reaction rates.”[3] Which means apart from measuring combustion heat, calorimeters explore other properties like enthalpy of combustion and reaction rates, enriching combustible material analysis which is also related to OME.

(c) “No calorimeter is perfect, they lose heat to their surroundings.”[4], which refers to, despite efforts to minimise heat loss through insulation and the use of a lid on the calorimeter, some heat transfer with the surroundings may still occur, potentially affecting the precision of temperature measurements and calculations. This could lead to inconsistencies in the recorded temperatures and calculations, as the complete heat transfer within the system may not be entirely accounted for.
 
Another one is mass measurement errors [5], errors in determining the mass of the metal or water, as well as inaccuracies in recording temperature data, have the potential to increase through the calculation process, introducing inaccuracies in the derived specific heat capacity values. These inaccuracies may lead to misinterpretation of the material’s thermal characteristics, affecting both scientific interpretation and practical applications relying on precise heat capacity values.





Conclusion:
Calorimetry experiments offer precise insights into heat changes and substance thermal properties. Despite mitigation efforts for heat loss and variable control, limitations such as surrounding heat exchange and measurement errors may impact accuracy. Nevertheless, extreme care in experimental designs remain crucial for understanding thermal events accurately.
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Appendix: 
Materials and Methods:

Materials used:
· 2 Styrofoam Cups
· Water.
· Thermometer
· Wooden lid.
· Stirring skewer.
· 50 ml Measuring Cylinder.
· 100 ml Beaker.
· Bunsen Burner.
· Tripod.
· Heat Proof Mat.
· Gauze.
· Metal Sample (Aluminium Block).
· Tongs.
· Scales.











Method:
Procedure for determining HCcalorimeter:

1. Prepare the calorimeter by adding 50 mL of water to the Styrofoam cups and securely seal them with the lid. Insert the thermometer and stirring skewer.
2. Heat 50 mL of water in a separate beaker to approximately 80°C. Allow it to cool until it reaches 60°C, noting this temperature as Thot.
3. Record the initial temperature of the water in the calorimeter as Tcold.
4. Combine the hot water with the water in the calorimeter and mix thoroughly. Continuously monitor the temperature using the thermometer and record the maximum equilibrium temperature as Tmax.
5. Calculate the heat capacity of the calorimeter, HCcalorimeter, using equations 6 and 7:
   - Qhot-water = Qcold-water + Qcalorimeter (Eq.6)
   - Qcalorimeter = HCcalorimeter * ΔTcalorimeter (Eq.7)
Here, Qhot-water represents the heat lost by the hot water, while QCold-water and Qcalorimeter represent the heat gained by the cold water and calorimeter. One must Calculate Qhot-water and Qcold-water using equation 1, then use equation 6 to determine Qcalorimeter, and finally equation 7 to find HCcalorimeter.

Procedure for determining the specific heat capacity of the metal:

1. Obtain a sample of the metal and measure its mass, recorded as mmetal.
2. Prepare a water bath and heat the water until it reaches boiling point. Carefully immerse the metal into the boiling water and allow it to boil for an additional 5 minutes to ensure thermal equilibrium with the water temperature. To minimize direct heating effects, close the gas after 5 minutes and wait for 2 minutes to equalize the temperatures of the boiling water and metal.
3. While waiting, measure out 30 mL of water and add it to the calorimeter. Record the initial temperature of the water in the calorimeter, noted as Tcold.
4. Once the metal has reached thermal equilibrium with the boiling water, measure and record the temperature of the hot water as Thot. Then, promptly transfer the metal into the water in the calorimeter using tongs.
5. Stir the water and record the temperature every 10 seconds, filling out the provided datasheet titled ”time, Twater”. Initially, the temperature will rise. Continue until the water's temperature reaches a maximum and then decreases by approximately 2°C. Note down the maximum temperature reached by the water as Tmax.
6. Calculate the specific heat capacity of the metal, using Eq.3 and the previously determined calorimeter's heat capacity value. Assume thermal equilibrium between the calorimeter and water, and always provide the units for the calculated results.
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