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[bookmark: _Toc197068475]Section 1: Introduction 
[bookmark: _Toc197068476]1.1 The purpose
The purpose of these experiments was to calculate specific heat capacity of a metal and reaction. Specific heat capacity is the amount of heat energy needed to raise the temperature of a unit mass of a substance by one degree Celsius [1,2]. This is an important measurement of a material as it is paramount to creating more efficient thermal management systems [2].

[bookmark: _Toc197068477]1.2 The Hypothesis 
[bookmark: _Toc197068478]1.2.1 Experiment 1
The aim of this experiment was to calculate the heat capacity of the calorimeter by measuring the heat loss of the water inside it. 
[bookmark: _Toc197068479]1.2.2 Experiment 2
The aim of this experiment was to calculate the specific heat capacity of a metal by measuring how much a hot piece of metal can raise the temperature of a specified amount of water in the calorimeter.
[bookmark: _Toc197068480]1.2.3 Experiment 3
The aim of this experiment was to calculate the molar heat of a reaction by calculating the temperature rise during the experiment. 

[bookmark: _Toc197068481]1.3 Variables 
The control variables across all three experiments were: 
· The calorimeter
· Ambient temperature
· The same thermometer
The independent variable in the first experiment was the temperature of the hot water added to the cold water. The independent variable for the second experiment was the temperature of the metal added to the cold water. The independent variable of the third experiment was amount of HCl added to the NaOH. 
The dependent variable for the first experiment was the temperature of the combined water. The dependent variable for the second experiment was the maximum temperature the cold water reached with the hot piece of metal. The dependent variable of the third experiment was the maximum temperature reached in the reaction between HCl and NaOH.

[bookmark: _Toc197068482]Section 2: Results 
[bookmark: _Toc197068483]2.1 Experiment 1
In this experiment two different temperature waters were mixed in a calorimeter giving one combined temperature. The results are shown below:
[bookmark: _Toc197068514]Table 1 – Results of Mixing Different Temperature Waters
	
	Original Temperature (°C)
	Mass of Water (mL)
	Temperature Change (°C)

	Hot water
	60.0
	50
	-13.4

	Cold water 
	24.9
	50
	21.7


The maximum temperature of the water once mixed was 46.6 °C. 
The purpose of this experiment was to determine the calorimeters heat capacity. The above data could be used to find the energy lost or gained by the hot and cold water along with the calorimeter. These are found to be:
[bookmark: _Toc197068515]Table 2 – Energies of Water and Calorimeter
	Energy for Cold Water
	Energy for Hot Water
	Energy for Calorimeter

	4500 J
	-2800J
	-1700 J


Using HC Calorimeter = Q Calorimeter/ΔT Calorimeter the heat capacity for the calorimeter can be found to be -80.1J°C-1.

[bookmark: _Toc197068484]2.2 Experiment 2
In this experiment a piece of metal was heated up then placed into cold water in the calorimeter. The temperature of the water at 10 second intervals after the hot metal was placed in are shown below:
[bookmark: _Toc197068516]Table 3 – Water Temperature Results
	Time (s)
	Temperature of Water (°C)

	0
	28.2

	10
	28.5

	20
	28.8

	30
	29.1

	40
	29.5

	50
	29.5

	60
	29.5

	70
	29.4

	80
	29.4

	90
	29.4

	100
	29.4

	110
	29.4

	120
	29.3

	130
	29.3

	140
	29.3

	150
	29.3

	160
	29.3

	170
	29.3

	180
	29.3

	190
	29.3

	200
	29.1

	210
	29.1

	220
	29.1

	230
	29.1

	240
	29.1

	250
	29.0

	260
	29.0

	270
	29.0

	280
	29.0

	290
	29.0

	300
	29.0

	310
	29.0

	320
	29.0

	330
	28.8

	340
	28.8

	350
	28.7



The maximum temperature was 29.5°C
Using the temperature change and mass of the metal and water the specific heat capacity of the metal can be calculated. Those results can be seen below:
[bookmark: _Toc197068517]Table 4 – Temperature Change of the Metal and Water
	
	Temperature at Start (°C)
	Mass (g)
	Temperature Change (°C)

	Metal
	75.0
	18.5
	-45.5

	Water
	21.7
	30
	7.8



The calorimeter is to be seen as in thermal equilibrium with the water so the temperature change for it is also 7.8 °C.
Using m metal x cp metal x ΔT metal = -(m water x cp water x ΔT water + HC calorimeter x ΔT Calorimeter) the specific heat capacity of the metal can be calculated to be 0.42 J/ (g °C).

[bookmark: _Toc197068485]2.3 Experiment 3 
In this experiment hydrochloric acid (HCl) and sodium hydroxide (NaOH) were mixed in the calorimeter to measure the temperature change during the reaction to be able to calculate the energy change. The information on the reactants used in the experiment can be seen below:
[bookmark: _Toc197068518]Table 5 – Information on Reactants
	
	Mass (g)
	Concentration (mol)
	Number of mols

	HCl
	50
	1
	1.4

	NaOH
	52
	1
	1.3



The start temperature of both reactants was 20.3 °C and the maximum temperature reached during the reaction was 26.9 °C giving a 6.3 °C temperature increase. 
The energy in the reaction can be calculated using:
Q reactant = - (m water x cp water x ΔT water + HC calorimeter x ΔT calorimeter)
This equation gives an answer of -2200J. 
Meaning the molar heat can now be calculated, giving -21.4J g-1 in this case.
[bookmark: _Toc197068486]Section 3: Discussion 
[bookmark: _Toc197068487]3.1 General Overview 
In experiment one the heat capacity of the calorimeter was found to be negative indicating that one of the calculations or results may be incorrect as in most situations it is impossible for the heat capacity to be negative.
In experiment two the specific heat capacity of the metal which was identified to be aluminium was 0.42 J/ (g °C). The printed specific heat capacity is 0.9 J/g °C [3] meaning the specific heat capacity found in the experiment had a high error percentage. This may have been due to the error in calculating the heat capacity of the calorimeter in experiment 1.  
In experiment three the energy change in the experiment was negative meaning it was an exothermic reaction; this is further backed up by the temperature change being positive which also indicated an exothermic reaction. 

[bookmark: _Toc197068488]3.2 Relevance to OME
Explosives only have a certain shelf life before they potentially self-ignite, the lifetime of high explosives and propellants containing nitrate esters can be determined by their decomposition time at ambient temperature [4]. This can also be called an aging reaction [5]. The time for this reaction to take place is determined by heat-flow calorimetry, usually at temperatures around 40°C-80°C, this data can then be extrapolated to ambient temperature [5].

[bookmark: _Toc197068489]3.3 Limitations and errors
In experiment 1 there was likely an error as the heat capacity was calculated to be a negative number which is impossible unless in certain circumstances. This could be due to insufficient stirring of the different temperature waters. Further testing where the experiment would be repeated is required to give a better idea. 
[bookmark: _Toc197068490]Section 4: Conclusions 
[bookmark: _Toc197068491]4.1 Summary 
Each experiment did give enough data to be able to calculate the required number. For experiment one the heat capacity of the calorimeter, for experiment two the specific heat capacity of the piece of metal and for experiment three the molar heat energy. 

[bookmark: _Toc197068492]4.2 Directions for Further Use 
For these experiments results to become reliable they would have to be repeated may times. This would also help check if there was an error in experiment one.
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[bookmark: _Toc197068494]Section 6: Appendix 
[bookmark: _Toc197068495]6.1 Materials and Method 
[bookmark: _Toc197068496]6.1.1 Apparatus Needed for all Experiments
The apparatus needed are:
· Two stacked Styrofoam cups
· A lid
· A thermometer
· A stirring rod
· A clamp and stand 

[bookmark: _Toc197068497]6.1.2 Experiment 1 Method 
1. Add 50.0 mL of water to the Styrofoam coffee cups, and close with a lid. Add the thermometer and stirring rod to set up your calorimeter.
2. Take 50.0 mL of water in a separate beaker and heat to about 80 °C. Close the gas and wait till the temperature reaches 60 °C. When the "hot water" is ready, record its temperature as Thot.
3. Measure the temperature of the water in the calorimeter and record it as T cold.
4. Add the hot water to the water in the calorimeter, and mix thoroughly, while watching the thermometer.  Record the maximum equilibrium temperature of the mixture, record it as T max.
5. Calculate the heat capacity of the calorimeter, HC calorimeter
 
[bookmark: _Toc197068498]6.1.3 Experiment 2 Method
1. Obtain a piece of the metal sample. Weigh the metal and record its mass as m metal.
2. Set up a water bath, heat the water until boiling, and then carefully put the metal into it.  Keep boiling for another 5 minutes, to allow the metal to reach the same temperature as the water. Try to avoid heating the metal directly! To reduce the effect of direct heating, close the gas after 5 min and wait 2 minutes for the temperature of boiling water and piece of metal to equilibrate. 
3. While this is being done, measure 30.0 mL of water and add it to the calorimeter.  Measure the temperature of the water in the calorimeter, as done previously, and record it as T cold.
4. Once the metal has reached "thermal equilibrium" with the boiling 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 at the end of this script with the entries (time, T water). 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 oC. Record the maximum temperature reached by the water as T max.
6. Calculate cp metal the specific heat of the metal

[bookmark: _Toc197068499]6.1.4 Experiment 3 Method
1. Place 52.0 mL of 1.0 M NaOH into the calorimeter and pour 50.0 mL of 1.0 M HCl into a beaker.
2. Place the two side-by-side until they attain the same temperature. Record this value as 𝑇start.
3. Add the HCl quickly to the calorimeter and record the temperature when it reaches a maximum as 𝑇end.
4. Calculate Q reaction, the heat of reaction
5. Calculate 𝑞reaction, the molar heat of reaction

6.2 [bookmark: _Toc197068500]Scan on the original data sheet
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DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS

STUDENT'S NAME: _ Dipn S,
PARTNERS' NAMES: _Clan/iciee ﬁt Combe.

REPORT IS DUE MAY 02, 2025 (DD May 09, 2025) submitted via Moodle

1. Measure the value of the heat capacity of the calorimeter (HCeiorimeter)
Use these entries to record your experimental data, results, and calculations
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Tear=JarA°C  miusr= DAL Betgmr = 21:7°C
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2. Measure the specific heat capacity of a metal (s metal)

Use these entries to record your experimental data, results, and calculations.

Type of metal =_Gluioniniam

The=_Z5-0°C  mpew=_18-Sq.
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3. Measure the molar heat of reaction of HCl with NaOH (q recctor)

Use these entries to record your experimental data, results, and calculations. o T
Te 203 Tem_2b-1 S0,
Viee_SDal . Cun=_lmo) LI 35 et
2.
Vaoone_S2mC Cron = nneon =13 —S—
= o Bg /ol

Write the formula of the limiting reactant: NaOW.

HCL+0a0H S NaCi+ Hyt

’V Write the calculations for Qreaction and q reaction -
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