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1. [bookmark: _Toc166600894]Abbreviations
	Abbreviation
	Term

	SHC
	Specific Heat Capacity



2. [bookmark: _Toc166600895]Introduction
Calorimetry is the measure of specific heat capacity (SHC) of a material, or of the amount of heat released during a reaction [3]. The measure of this is possible using high accuracy lab equipment, but is also using a very simple experiment, as done in this report. This is achieved by first testing a Styrofoam cup containing waters SHC to establish a baseline. The experiment is then run by adding a material sample to the cup, and calculating the difference in SHC results, to obtain those of the material.
3. [bookmark: _Toc166600896]Purpose & Theory
[bookmark: _Toc166600897]3.1 – Hypotheses
The experiment will allow us to calculate the SHC of the apparatus first, and then the material sample. It would be expected that the apparatus will have a high SHC, as water is known to have a high SHC, and the Styrofoam cup will act as an insulator, minimizing its impact, and that of the environment. The material to be measured is a metal, which would likely have a lower SHC, as it is a good conductor.
[bookmark: _Toc166600898]3.2 – Variables
[bookmark: _Toc166600899]2.2.1 – Control
· Apparatus used during experiment.
· Starting temperature of material.
· The volume of water within the apparatus.

[bookmark: _Toc166600900]2.2.2 – Independent
· The contents of the apparatus.

[bookmark: _Toc166600901]2.2.3 – Dependant
· Rate of temperature change over time.



3.3 [bookmark: _Toc166600902]– Equations
[bookmark: _Toc166600903]Eq.1: Heat change in a material, considering SHC [4].


[bookmark: _Toc166600904]Eq.2: Experiment – relationship between heat change of components in experiment [4].


[bookmark: _Toc166600905]Eq.3: Relationship between Eq.1 & Eq.2 [4].


[bookmark: _Toc166600906]Eq.4: Experiment – Calculation of SHC [4].


[bookmark: _Toc166600907]Eq.5: Experiment – Calculation of SHC [4].


[bookmark: _Toc166600908]4. Materials & Methods
[bookmark: _Toc166600909]4.1 – Materials & Equipment

	Laboratory Equipment
	Quantity

	Styrofoam Cups
	2

	Foam / cork lid for cups
	1

	Laboratory Stand & clamps
	1

	Thermometer
	1

	Heating Flask
	1

	Bunsen Burner
	1

	Tri-Stand
	1

	Stirring Rod
	1

	Heatproof mat
	1

	Gauze mesh
	1

	Tongs
	1

	Measuring Cylinder
	1

	PPE
	-

	Materials
	Quantity

	Water
	Total: 200ml

	Sample material - Metal
	1


Figure 1 – Laboratory equipment and materials for experiment [4].

[bookmark: _Toc166600910]4.2 – Procedure
[bookmark: _Toc166600911]4.2.1 – Measure SHC of Calorimeter setup, Part A
· Assemble Styrofoam cups by placing one inside the other.
· Place the lid on the cup and place the thermometer and the stirrer through the holes in the lid.
· Add 50ml of water to calorimeter.
· Heat a further 50ml of water in flask using Bunsen burner, to around 80*c.
· Once at 80*c, turn of gas, and wait for temperatures to fall to 60*c.
· Record temp of heated water as tHot.
· Measure temp of water in Calorimeter as tCold.
· Add the heated water to Calorimeter, stir constantly, record highest temperature of equilibrium once water is mixed, as tMax.
· Use these values to calculate the SHC of calorimeter using equations.
4.2.1 [4]

[bookmark: _Toc166600912]4.2.2 – Measure SHC of material sample, Part B
· Weigh the material sample, record as Mmetal.
· Heat 50ml of water in the flask until it boils, then add sample. Continue to boil for 5 mins.
· Now turn the Bunsen burner off and wait 2 minutes for the sample to reach equilibrium with the water in the beaker.
· At the same time, add 30ml of cold water to the calorimeter, measure temperature as Tcold.
· Once 2 mins has passed, measure temperature of water in flask with sample. Record this as Thot, and quickly add the metal to the calorimeter, along with stirrer & thermometer.
· Record the temperature every 10 seconds, until the temp reaches its peak, and then reduces by 2*c. Record max temperature reached as Tmax.
· Calculate SHC from recorded values using equations.
4.2.2 [4]


[bookmark: _Toc166600913]5. Results
[bookmark: _Toc166600914]5.1 - Experimental data
[bookmark: _Toc166600915]5.1.1 – Part A
	tHot
	60*c
	mHotWater
	50g
	 Δ T (hotwater)
	-15*c

	tCold
	21.5*c
	mColdWater
	50g
	 ΔT (Cold Water)
	23.5*c

	tMax
	45*c
	
	
	ΔT (Calorimeter)
	23.5*c


Figure 2 – Measured values during experiment

	Q(coldwater)
	4813.9 J
	HC(Calorimeter)
	-71.25106383 J/*C

	Q(hotwater)
	-3139.5 J
	
	

	Q(calorimeter)
	-1674.4 J/g*c
	
	


Figure 3 – Calculated values from experiment, see appendix A for calculations.

[bookmark: _Toc166600916]5.1.2 – Part B
	Time (s)
	Twater
	Time (s)
	Twater
	Time (s)
	Twater

	0
	21.5*c
	90
	27.5*c
	
	

	10
	26*c
	100
	27.5*c
	
	

	20
	27*c
	110
	27.5*c
	
	

	30
	28*c
	120
	27.5*c
	
	

	40
	28.5*c
	130
	27.5*c
	
	

	50
	29*c
	140
	27*c
	
	

	60
	28.5*c
	150
	27*c
	
	

	70
	27.5*c
	160
	27*c
	
	

	80
	27.5*c
	170
	27*c
	
	


Figure 4 – Results from Part B

	tHot
	60*c
	mMetal
	18.6 g
	 ΔTmetal
	-33*c

	tCold
	21.5*c
	mWater
	30 g
	ΔTwater
	7.5 *c

	tMax
	29*c
	tMin
	27*c
	ΔTcalorimeter
	7.5 *c

	Cp Metal
	0.6638433061 J/g*c


Figure 5 – Results from Part B, further.


[bookmark: _Toc166600917]5.2 – Explanation
The values above are both collected & calculated from the results of the experiment. The temperature change, heat energy & mass are used to calculate the SHC using the equations provided. Due to the simplicity of this experiment, it is unlikely to be highly accurate, however it will give results in the correct ballpark.


[bookmark: _Toc166600918]6. Analysis, Relevance & Uses.
These results indicate that the specific heat capacity of the metal sample is 0.66 J/g*c (2d.p.). Using this, the metal sample could be identified. Based upon some research, the metal sample is likely to be iron (0.502416 J/g*C [6]) or steel (0.502416 J/g*c [6]) which were the nearest matches to the value obtained, although more properties should be analysed to confirm this.
The specific heat capacity of the calorimeter was -1674.4 J/g*c, which seems reasonable based upon assumption. The low SHC also shows that it would have a minimal impact on the results of the experiment.

[bookmark: _Toc166600919]6.2 – Relevance & use cases
[bookmark: _Toc166600920]6.2.1 – Bomb calorimetry
Bomb calorimetry is the study of the heat produced during the decomposition of energetic materials, known as the heat of combustion. This is then used to determine whether a complete burn is achieved. Heat of combustion is a key factor used to determine different HE (high explosive) compounds and gives some indication of brisance [1]. Differences in results between chemically “identical” explosives may also indicate the presence of contaminants, which may result in an incomplete burn, and thus reduce the power of the explosive and potentially increase sensitivity, dependant on the type and chemistry of the contamination [2].

[bookmark: _Toc166600921]6.2.2 – Safety testing using specific types of calorimetry
Differential scanning calorimetry (DSC), accelerating rate calorimetry (ARC) and heat flux calorimetry (HFC) are used to measure an energetic material’s sensitivity to thermal stimulus, specifically pyrotechnic compounds [5]. DSC allows the determination of phase transition, SHC and the kinetic properties during decomposition [5]. ARC provides the temperature at which the energetic begins decomposition as well as the heat of combustion [5]. This information is then analysed and allows researchers to determine the circumstances which may lead to an accidental ignition, and therefore prevent this.



[bookmark: _Toc166600922]6.3 - Limitations of the experiment

[bookmark: _Toc166600923]6.3.1 – Thermometer
The thermometer used during the experiment was not of a high enough precision to give a high level of accuracy. This may affect results.

[bookmark: _Toc166600924]6.3.2 – Environmental considerations
Due to the simplicity of this experiment, environmental considerations must be considered, as the temperature of the room which the experiment is performed in will affect the results. The SHC of the air within and around the apparatus will also influence the results, as it is not a closed system.
[bookmark: _Toc166600925]7. Conclusions
[bookmark: _Toc166600926]7.1 – Findings
The experiment produced the SHC of an unknown metal sample, which can be used to determine the type of metal. The SHC of the calorimeter was also calculated, to ensure accuracy. The results of this experiment are close to those of metals appear similarly to the sample used.
[bookmark: _Toc166600927]7.2 – Improvements
[bookmark: _Toc166600928]7.2.1 – Thermometer
To improve the equipment used within the experiment, a higher precision digital thermometer may be used, which could give temperature readings to a few decimal places, and at timestamps much smaller than those possible where a person is required to read the temperature.

[bookmark: _Toc166600929]7.2.2 – Environment
A more specialised set of apparatus may be used, such as an ARC, DSC or HFC calorimeter [5]. These will isolate the sample from the environment more effectively, reducing any influence, and providing more accurate results.
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[bookmark: _Toc166600931]9. Appendices
[bookmark: _Toc166600932]Appendix A – Calculations
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Figure 6 – Calculations for Part A
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Figure 7 – Calculations for Part B



[bookmark: _Toc166600933]Appendix B – Results sheet [4]. 
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Figure 8 – Record sheet A [4]
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Figure 9 – Record Sheet B [4]
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DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS

STUDENT'S NAME:_Piy  Bher— WP
PARTNERS' NAMES: ] ¢ s Logroen
= z

REPORT IS DUE MAY 16, 2024 submitted via Moodle

1. Measure the value of the heat capacity of the calorimeter (HCcoorimeter)

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

i 0
i So %;p 3
Thot = Mot water = AThot water =

;M o5
M Teold = Mecold-water = ATcodwater =
Tmax= ii__ ATcolorimeter =

Qcolorimeter =

Qhot water =

Qcold-water =

HCcalorimeter =

Write the calculations for Quor.warer , Qeowo-water, Qeatorimerer, and HCcatormerer

NI, O
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pacity of @ metal (¢p metal)

2. Measure the specific heat ca
tions.

Use these entries to record your experimental data, results, and calcula

Type of metal =

Thot=_ B0 & Mimetal = lﬁ.l?i AT AL

A=
Teots = % e S0 g AT VA

&0 ATcolorimeter= ———————

Tmox=

Twarer (°C)

265

O
2

Write the calculations for ¢pmetal





