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This experiment aims to investigate heat exchange processes through calorimetric analysis using simple and accessible equipment. The main objectives were to:
1. Measure the value of the heat capacity of the calorimeter.
2. Determine the specific heat capacity of an aluminium sample.
3. Calculate the molar heat of reaction for the naturalisation of hydrochloric acid (HCl) with sodium hydroxide (NaOH).
The hypothesis is based on the first law of thermodynamics: energy cannot be created or destroyed, only transferred [1]. In calorimetry, this implies that the heat lost bye one substance must equal the heat gained by another within a closed system.
Calorimeter is used to measure the amount of heat released or absorbed during chemical reactions – during combustion or decomposition of energetic materials.
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To understand thermal properties is important within the field of Ordnance, Munitions, and Explosives (OME). Calorimetry helps determine the thermal stability and energy output of energetic materials, which is important for evaluating their safety and performance. 
For example, Differential Scanning Calorimetry (DSC) is used to assess the thermal hazards of explosives. It is used to aid the prediction of decomposition temperatures and exothermic behaviour [2]. Laser-heating Calorimetry is also used to analyse improvised energetic material. This can produce data on energy release rates and thermal signatures [3].
It is used to:
1. Determine Energy Output:
Calorimetry quantifies the total energy released by an explosive. This is important as it predicts the performance of munitions and warheads.
2. Assess Thermal Stability:
Calorimetry helps identify at which explosives become unstable or begin to decompose. This is by monitoring how materials respond to heat.
3. Support Safety Assessments:
To understand the thermal behaviours of energetic material allows engineers and scientists to evaluate potential hazards under various conditions, such as accidental heating or exposure to friction or impact.
4. Aid in Material Development and Selection:
Colorimetric data helps compare different materials in terms of both energy output and safety characteristics. This data is helpful when developing new explosives or modifying existing formulations.
5. Regulatory and Compliance testing:
Many defence and safety standards require thermal analysis data from calorimetry to classify and certify explosive materials.
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1. Measure the value of the heat capacity of the calorimeter (HC calorimeter)

The experimental data obtained are tabulated as follows:
	T hot
	60.00°C
	M hot water  
	50g
	ΔT hot water  
	18.70°C

	T cold
	23.20°C
	M cold-water
	50g
	ΔT cold water  
	18.10°C

	T max
	41.30°C
	
	
	ΔT calorimeter 
	18.10°C

	
	
	
	
	
	

	Q cold-water
	3788.15J
	Q hot water
	3912.55J
	Q calorimeter
	124.4J

	HC calorimeter
	6.87J/°C
	
	
	
	



2. Measure the specific heat capacity of a metal (C p metal)
Type of metal used was Aluminium.
	T hot
	95.00°C
	M metal 
	50g
	ΔT metal
	63.00°C

	T cold
	22.80°C
	M water
	100ml/100g
	ΔT water  
	9.20°C

	T max
	32.00°C
	
	
	ΔT calorimeter 
	9.20°C

	
	
	
	
	
	

	C p metal
	3.28J/°C
	
	
	
	



	time (s)
	TWATER (oC)
	 
	time (s)
	TWATER (oC)
	 
	time (s)
	TWATER (oC)

	0
	31.4
	 
	240
	31.3
	 
	480
	30.1

	10
	31.6
	 
	250
	31.2
	 
	490
	30.1

	20
	31.7
	 
	260
	31.2
	 
	500
	30

	30
	31.8
	 
	270
	30.8
	 
	510
	30

	40
	31.8
	 
	280
	30.8
	 
	520
	30

	50
	32
	 
	290
	30.7
	 
	530
	29.8

	60
	32
	 
	300
	30.7
	 
	540
	29.8

	70
	32
	 
	310
	30.7
	 
	550
	29.8

	80
	32
	 
	320
	30.7
	 
	560
	29.8

	90
	32
	 
	330
	30.7
	 
	570
	29.7

	100
	32
	 
	340
	30.6
	 
	580
	29.7

	110
	32
	 
	350
	30.6
	 
	590
	29.7

	120
	31.6
	 
	360
	30.6
	 
	600
	29.7

	130
	31.6
	 
	370
	30.5
	 
	610
	29.3

	140
	31.6
	 
	380
	30.5
	 
	 
	 

	150
	31.6
	 
	390
	30.5
	 
	 
	 

	160
	31.6
	 
	400
	30.3
	 
	 
	 

	170
	31.6
	 
	410
	30.3
	 
	 
	 

	180
	31.6
	 
	420
	30.3
	 
	 
	 

	190
	31.6
	 
	430
	30.2
	 
	 
	 

	200
	31.4
	 
	440
	30.2
	 
	 
	 

	210
	31.4
	 
	450
	30.2
	 
	 
	 

	220
	31.3
	 
	460
	30.1
	 
	 
	 

	230
	31.3
	 
	470
	30.1
	 
	 
	 



3. Measure the Molar heat of reaction of HCl with NaOH (Q reaction)
	T start
	27.80°C
	T end 
	32.70°C
	n HCl
	0.050 mol

	V HCl
	50.00mL
	C HCl
	1.0M
	n NaOH
	0.052 mol

	V NaOH
	50.00mL
	C NaOH
	1.0M
	
	

	
	
	
	
	
	


Since HCl has fewer moles (0.050 mol vs. 0.052 mol), HCl is the limiting reactant.
	Q reaction
	2089.96J

	q reaction
	41.80 kJ/mol
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These are the equations used when calculating the inputting the experiments results.

Q  =  m    cp    ΔT

Qmetal  =  Qwater + Qcalorimeter

mmetal  cp metal  ΔTmetal = - (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)

Qreaction  =  - (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)

Qhot-water  =  Qcold-water+ Qcalorimeter

Qcalorimeter  =  HCcalorimeter X ΔTcalorimeter
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1. Heat Capacity of the Calorimeter
The calculated heat capacity of the calorimeter was 6.87J/°C. This value was calculated by applying the principle of conservation of energy to the heat exchange between hot and cold water. The small magnitude of the calorimeter’s heat capacity suggests that only a minimal portion of the exchanged heat was absorbed by the container itself. This shows that the system was reasonably isolated.
The small discrepancy between the heat lost by hot water (3912.55 J) and that gained by cold water (3788.15 J) reflects as experimental losses due to imperfect insulation or heat losses due to the surroundings.
2. Specific Heat Capacity of Aluminium

The specific heat capacity of Aluminium was experimentally determined to be 3.28J/g·°C. This is higher than the accepted value of approximately 0.90 J/g·°C [4]. The deviation likely results from heat losses during the transfer of hot aluminium into the calorimeter and assumptions that all heat was transferred to water and the calorimeter – neglecting environmental losses. However, the experiment demonstrates how calorimetry can be used to approximate the thermal properties of solids.
3. Molar Heat of Neutralisation of HCl and NaOH
The measured molar heat of reaction was 41.80 kJ/mol. This is slightly higher than the theoretical value of approximately -57.1 kJ/mol for strong acid-strong base neutralisations [5]. This discrepancy might be due to incomplete insulation, heat loss during mixing, or calibration errors in temperature measurement. However, the result aligns in trends, thermochemical data, agreeing that neutralisation reactions are exothermic and release a significant amount of heat.
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This experiment demonstrated fundamental calorimetric techniques to investigate heat capacity, specific heat, and enthalpy change in a neutralisation reaction. The results shows the application of the first law of thermodynamics in thermal systems and highlighted the importance of precision in experimental calorimetry.
Within the OME field, these methods are important in characterising energetic materials. Despite minor deviations from theoretical values, the experiments provide an educational foundation for applying thermodynamics in OME-related applications.
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