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[bookmark: _Toc181170601]Introduction

This report sets out the experimental procedure and resulting determination of the determination of the heat capacity of the experimental calorimeter and subsequently the specific heat capacity of a metallic test specimen. The aim of the experiment is to show the law of conservation of energy in action, where energy is transferred and not destroyed, which is the First Law of Thermodynamics.
To adequately and satisfactorily determine the heat capacity of both components, the experimental design in Annex A was followed. Prior to the experiment taking place, it is expected that when a sufficient heat stimulus is provided to the calorimeter it can then be shown that the 1st Law of Thermodynamics is maintained whilst being able to determine the specific heat capacity of an unknown metallic sample. From this, the unknown metallic sample can be identified from literature comparisons and existing knowledge of the Author. 

[bookmark: _Toc181170602]Theory and Background Information

Calorimetry is a subsect in chemistry that studies thermodynamics, it is the process in which the amount of heat that is released or absorbed {change of states) in a chemical reaction can be measured. This type of study is for the purpose of measuring the heat transfer of a body under defined constraints. 
The 1st Law of Thermodynamics can be defined as follows; 
“Any thermodynamic system in an equilibrium state possesses a state variable called the Internal Energy (E). Between any two equilibrium states, the change in internal energy is equal to the difference of the heat transfer into the system and work done by the system” [1]
It is calculated by the equation;

Equation 1 - 1st Law of Thermodynamics
Where:
	E = Internal Energy
	Q = Heat transfer into the system
	W = Work done by the system

There are several modern techniques and equipment that determine calorimetry values of a given material under different scenarios. The differential scanning calorimeter is a piece of equipment that generates thermal data using nominally small quantities of specimen. In contrast to some calorimeters the specimen is heated at controlled rates and measuring the heat flow into or out of the specimen under test whist being compared to an inert reference material. There are several testing standards [2, 3, 4] from across the world developed to standardise testing procedures. Another variant is the accelerating rate calorimeter, which is conducted under near adiabatic conditions and assesses physiochemical changes in time, temperature & pressure data of a material. There are also published recognised methodologies for this also [5]

The elements used in the experiment are taken from the full collection that is currently known to us [6] and represented in Figure 1 below;[image: ]


[bookmark: _Ref169777298][bookmark: _Toc181170618]Figure 1 – The Periodic Table.
The area of interest from Figure 1 are that of the metals, this covers periods one through 13 and some of the remaining periods through to period 16. It is believed that the metallic sample provided for Experiment 2 and subsequent determination of its specific heat capacity is that of Aluminium. This is an assumption of the Author based on the appearance and density that was determined in Experiment 2 which will be examined in further detail later.[image: ]

[bookmark: _Toc181170619]Figure 2 – Physical properties of Aluminium.


A number of equations will be utilised to facilitate the understanding of the experimental calorimeter used, these are as follows;


Equation 2 - Specific Heat Capacity
Where:
	Q – Heat change in Joules (J)
	m -  mass in grams (g)
	Cp – specific heat capacity (J per g per °C)
	ΔT – temperature change (°C)


Equation 3 - Determination of heat capacity of the Calorimeter
Where:
	Qhotwater – heat lost by the hot water
	Qcoldwater – heat gained by the cold water
	Qcalorimeter – heat gained by the calorimeter


Equation 4 - Determination of heat capacity of the Calorimeter
Where:
	Qcalorimeter –  heat gained by the calorimeter
	HCcalorimeter –  specific heat capacity of the calorimeter
	ΔTcalorimeter – change in temperature of the calorimeter
Equations 3 and 4 can be combined to give the overall heat capacity of the system as Equation 5

Equation 5 - Heat capacity of the system
Specific heat capacity of a material is given as the amount of heat needed to raise the temperature of 1.0g of material by 1°C, conversely, the heat capacity of an object is the amount od heat needed to raise the temperature of the object by 1°C.  
In experiment 1 the system in Equation 5 is the hot water added, with the surroundings given as the cold water and the calorimeter. The same equation is used again in experiment 2 with the system given as the heat of the metal and the surroundings being the water and calorimeter. 
[bookmark: _Toc181170603]Results

Two experimental test runs were performed in a laboratory setting following the procedure outline in Section 5.2. The first test was to determine the heat capacity of the experimental calorimeter, with the results detailed below. 
	Parameter
	Output

	Thot
	60.0 °C

	Tcold
	20.7 °C

	Tmax
	39.4 °C

	Mhot water
	50.0 g

	Mcold water
	50.0 g

	ΔThotwater
	-20.6 °C

	ΔTcold water
	18.7 °C

	ΔTcalorimeter
	18.7 °C

	Qcold water
	3913.91 J

	Qhot water
	-4311.58 J

	Qcalorimeter
	397.67 J

	HCcalorimeter
	21.27 J/°C


[bookmark: _Toc181170624]Table 1 - Experiment 1 Results
Calculations for the energy in the system and the specific heat of the calorimeter can be found in Section 5.3. Following on from the determination of the heat capacity of the calorimeter the second experiment was conducted to determine the heat capacity of an unknown metal. The results are detailed below;
	Parameter
	Output

	Thot
	100.4 °C

	Tcold
	20.3 °C

	Tmax
	29.3 °C

	Mmetal
	18.55 g

	Mwater
	30.0 g

	ΔTmetal
	-71.1 °C

	ΔTwater
	9.0 °C

	ΔTcalorimeter
	9.0 °C

	Cpmetal
	0.86 J/g °C


[bookmark: _Toc181170625]Table 2 - Experiment 2 Results


As part of the experimental process, the temperature of the cold water was monitored after the introduction of the hot metal puck to allow for the heat capacity to be calculated. It was monitored closely for the first four minutes, after which only a modest temperature differential was observed. A final point was also recorded at the fifteen-minute mark as shown below in Figure 3;

[bookmark: _Toc181170620]Figure 3 - Temperature in Calorimeter

Trials 1 & 2 were conducted as a group exercise, the group consisting of the Author, A. Clarke & S. Deane


[bookmark: _Toc181170604]Discussion
[bookmark: _Ref172534016][bookmark: _Toc181170605]Interpretation

The specific heat capacity of the water used in the experimentation was supplied (Cpwater = 4.186 J/g °C) to the group. Using the equations previously discussed in Section 1.1 the heat capacity of the experimental calorimeter was determined to be 21.27 J/°C. Using Equation 5 it can be seen in Equation 6 that the 1st Law of Thermodynamics is adhered to with the heat transfer being equal on both sides. 


Equation 6 - Heat transfer in Experiment 1
Similarly, the heat transfer of the second experiment was also in line with expectation that it would behave in the same manner as Experiment 1, shown in Equation 7;


Equation 7 - Heat transfer in Experiment 2
From this, the specific heat capacity of the unknown metal used in Experiment 2 could be determined and was found to be 0.86 J/g °C. It was believed that the unknown metal was indeed Aluminium, using a database search [7, 8] a value in the region of 0.9 J/g °C is found often. Although the determined value in the experimentation was not exact, it is very close. This could be due to the Author being unable to the determine the purity or grade of the aluminium under test whilst correlating reference tables. 
With the experiment designed with education as the primary focus, the accuracy of any measurements made are a big source of potential error. There are also other potential sources of error within this experimental setup and subsequent evaluation, a non-exhaustive list is below;
· Non-uniform temperature distribution within the calorimeter
· Energy loss during transfer from heating beaker to calorimeter
· Energy loss from water vapour escape from the lid
· Lack of stirrer
· Analogue temperature measurements 
· Experiment number 2 was repeated due to Operator error


[bookmark: _Ref172536608][bookmark: _Toc181170606]Relevance to OME

The use of calorimetry is utilised in different ways in the world of OME which varies with specific application. In general terms the use of DSC and ARC equipment can be used to identify phase transitions and affiliated heat flows relatively quickly within samples specimens due to the low quantities of usage. These output values can be further interrogated for aid in material ageing studies. [9]
For compositions that contain aluminium where it is used to improve heats of reaction and increase the blast parameters (e.g., Torpex [10, 11, 12]), the experimental determination of the specific heat capacity completed in this study is directly utilised in calculations for quantities of the explosive mixture is required for its purpose. For example, Torpex being used in submarine warfare. In addition to this, this data can also be used as input for computer models for decomposition properties. [13]
[bookmark: _Toc181170607]Conclusions

The laboratory scale calorimeter experiment has a been a great experience for the Author to better understand the chemistry and theory behind the theory of heat flow and & transfer. It has also been a valuable experience in understanding thermodynamics and how that can be used in everyday and working life. Specifically, for OME, how this data is generated and subsequently used for all aspects of the energetic material lifecycle from manufacture, safety properties and safe disposal. 
Understanding the specific heat capacity of a given material and how that can be used functionally to be used to better form a product. Reference 11 has been a great source of how this principle has been used historically. 
From the experimental procedure and subsequent results, it has been demonstrated that the 1st Law of Thermodynamics has been adhered to, with the amount of energy present in the system is balanced. 



[bookmark: _Toc181170608]Annex A
[bookmark: _Toc181170609]List of equipment utilised in current study.

Below is a list of the apparatus to be used in the laboratory experiment, it is also represented in Figure 4
· Bunsen burner
· Heat-resistant baseplate
· Matches
· Borosilicate stirrer
· Styrofoam Coffee Cups
· Thermometer
· Crucible tongs
· Analytical balance
· Metal sample

[bookmark: _Ref172095878][bookmark: _Toc181170610]Experimental Procedure.

In this experiment, the following calorimetric measurements will be performed:
	Measure the value of heat capacity of the calorimeter (HCcalorimeter)
	Measure the specific heat capacity of the metal (Cp metal)


[bookmark: _Toc181170611]Measure the heat capacity of the Calorimeter (HCcalorimeter)

Obtain two Styrofoam coffee cups (one inside the other) with a lid, thermometer and a stirring rod to build the calorimeter. Set the calorimeter using a stand and clamp, as shown in [INSERT FIGURE]. The goal of this experiment is to measure how much heat this apparatus absorbs.
[image: ]

[bookmark: _Toc181170621]Figure 4 - Apparatus used to perform calorimetric measurements.
Procedure to measure (HCcalorimeter)
1 Add 50.0mL of water to the Styrofoam coffee cups and close with a lid. Add the thermometer and stirring rod 
2 Take 50.0mL of water to a separate beaker and heat to about 80°C.Turn of the heat source and wait until the temperature reaches about 60°C. When the “hot water” is ready, record the temperature as Tmax
3 Measure the temperature of the water in the calorimeter, and record it as Tcold
4 Add the hot water to the water in the calorimeter, mix thoroughly whilst watching the thermometer. Record the maximum equilibrium temperature of the mixture and record it as Tmax
5 Calculate the heat capacity of the calorimeter (HCcalorimeter) using equations in Section 1.1


[bookmark: _Toc181170612]Measure the specific heat capacity of a metal (Cp metal)

Procedure to measure Cp metal

Use the same apparatus as previously used in Figure 4.
1 Obtain a piece of the metal sample. Weigh the material and record its mass as mmetal.
2 Set up a water bath, heat the water until boiling and then carefully place the metal sample into it. Maintain the boiling for another 5 minutes to allow the metal to reach the same temperature as the water. Try to avoid the heating of the metal directly. To reduce the effect of direct heating close the gas after 5 minutes and wait 2 minutes for the temperature of boiling water and piece of metal to equilibrate.
3 Whilst this is being done measure 30.0mL of water and add it to the calorimeter. Measure the temperature of the water in the calorimeter, as done previously and record it as Tcold. 
4 Once the metal has reached “thermal equilibrium” with the boing water, measure and record the temperature of the hot water as Thot and quickly add the metal to the water in the calorimeter using the tongs.
5 Stir the water and record the temperature every 10 seconds filling in the datasheet provided with the entries (time, Twater). The temperature will increase at the start. Continue until the temperature of the water has reached a maximum and then cooled down by about 2°C. Record the maximum temperature reached by the water as Tmax.
6 Calculate Cp metal, the specific heat capacity of the metal using Equation 2 and the value of heat capacity of the calorimeter found previously. Assume that calorimeter and water are in thermal equilibrium, Cp water = 4.186 J/(g°C) and provide the units of the results of the calculations.


[bookmark: _Ref172035518][bookmark: _Toc181170613]Scans of Laboratory Data Sheet
[image: ]

[bookmark: _Toc181170622]Figure 5 - Page 1 of Laboratory Data


[bookmark: _Toc181170623]Figure 6 - Page 2 of Laboratory Data[image: ]



[bookmark: _Toc181170614]Calculations for Experiment 1

From equation 5	
Firstly, defining Q(system) using Equation 2;


Secondly, the Q(surroundings);


By combining the above;






Relationship between system and surroundings;



[bookmark: _Toc181170615]Calculations for Experiment 2 (Cpmetal)

Firstly, defining Q(system) using Equation 2;


Secondly, the Q(surroundings);

By combining the above;



Relationship between system and surroundings; 
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2. Measure the specific heat capacity of a metal (¢p metar)
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