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[bookmark: _Toc51833421][bookmark: _Toc197080886]Introduction 
[bookmark: _Toc197080887]Purpose of the experiment

[bookmark: _Toc197080748]This experiment investigates energy transfer during calorimetric processes and tests the principle of energy conservation in thermodynamic systems for specific heat loss and heat gained.

[bookmark: _Toc197080749]The first law of thermodynamics states that energy cannot be created or destroyed but can only be transferred. This means that the heat lost by hot water or metal should be equal to the heat gained by cold water, and the calorimeter [1]

The relationship is shown in the equation:


hot cold calorimeter

[bookmark: _Toc197080888]Key Variables

This report focusses on measuring three key properties:

· Independent variables: temperature of hot metal/water.
· Dependent variable: temperature change in water/calorimeter.
· Controlled variables: volume of liquids, type of metal, calorimeter setup.

The key aims are to determine three key properties of thermodynamics:

· First, the specific heat of a Styrofoam calorimeter cup.
· Second, the specific heat capacity of a metal (aluminium).
· Third, we investigate the neutralisation of molar enthalpy between hydrochloric acid () and sodium hydroxide ().

These measurements allow us to understand how energy moves through systems and how it behaves in scenarios.
[bookmark: _Toc197080889]Key Terms Explained

Q =  (Energy transfer)
Q =  (Heat absorbed by calorimeter)
q = Q / n (molar enthalpy)
m = mass (g) 
c = specific heat capacity (J / g ° C) T = temperature change = Tfinal Tinitial


[bookmark: _Toc197080890]Hypotheses 

It is hypothesised that the total energy lost by a hot substance (metal or water) will equal the total energy gained by the surroundings (cold water and calorimeter), following the first law of thermodynamics. If the energy is conserved, the calculated values should closely match the accepted values. 

[bookmark: _Toc197080891]Results 
Experimental data 1

Experiment 1: Heat Capacity of the Calorimeter

	Thot = 60.0 °C, 
	Tcold = 20.2 ° C
	Tmax = 41.8 ° C

	Mass of hot water = 50.0 g
	Mass of cold water = 50.0 g
	Specific heat of water = 4.186 J/g°C

	hot
	cold

	Qhot = 3809.3 J
	Qcold = 4510.9 J
	Qcalorimeter = 701.6 J
	HC = 32.5 J/°C


Table 1 - Styrofoam calorimeter heat capacity

0. [bookmark: _Toc197080893]Energy Transfer Calculations:

The following equation represents the energy transfer: 

hot​cold calorimeter​

hot
cold

calorimetercoldhot

0. Heat capacity of the calorimeter (HC):

​=  ​=  = 32.5 

calorimeter



Table 2 – Temperature vs. Time graph. 
0. [bookmark: _Toc197080895]Potential Sources of Error: Heat capacity:
· Heat gain from the surroundings due to poor insulation
· Delayed Tmax reading, allowing external heat gain
· Measurement Inaccuracies in Volume or Mass
· Incorrect assumption that the calorimeter was initially at Tcold 
The potential sources of error have been calculated as:

Percentage Error ​=  x 100 

Percentage Error   x 100    error

The percentage error calculated = 62.5%

Experimental data 2
Experiment 2: Specific Heat Capacity of Aluminium

	hot 
	cold= 21.1
	max

	Metal mass = 18.6 g
	Mass of water = 30.0 g

	metal 
	water

	Cmetal = 0.275 J/g°C


Table 3 – Temperature changes of Metal

0. [bookmark: _Toc197080896]Calculations used for Specific Heat of Metal

metal = water + calorimeter
Temperature Change (ΔT)
metal = initial (metal) = final 
metal  
The metal cooled down by 181.5°C.
water = final = initial (water) 
water 
The water heated up by 7.4°C.
metal ​=    =  metal ​= 

metal = 
It takes 0.275 joules of energy to heat 1 gram of your metal by 1 degree Celsius.


Table 4 – Temperature of water over time. 
This thermal exchange demonstrates the principles of exothermic and endothermic processes. 
0. [bookmark: _Toc197080897]Potential Sources of Error: Heat of Metal:

The accepted specific heat capacity of aluminium. .

The lab experiment determined that the specific heat capacity of aluminium was calculated from the measured temperature change in the calorimetry setup. The accepted value in the literature for pure aluminium is 0.897. This represents a percentage error of approximately 69.3%, calculated using the formula:
The potential sources of error have been calculated as follows:

Percentage Error ​=  x 100 

Percentage Error   x 100 69.3% error

Evidence indicates that a large portion of the thermal energy of the metal was not fully transferred to the water, leaving a percentage error of 69.3% as seen in 
Experimental data 3

Experiment 3: Molar Enthalpy 

	Parameter
	Value

	Initial Temperature (Tstart)
	19.6 °C

	Final Temperature (Tend)
	26.5 °C

	Temperature Change ()
	6.9 °C

	Total Mass of Solution
	~102.0 g

	Specific Heat of Water
	4.186 J/g°C

	qreaction
	2946.4 J

	Qreaction
	58.9 kJ/mol


Table 5 – Temperature changes during Neutralisation Reaction


	start = 19.6°C
	end = 26.5°C
	= 6.9°C

	Volume of NaOH = 52.0 mL
	Volume of HCl = 50.0 mL
	Total Volume = 102.0 mL

	Total Mass = 102.0 g

	Qreaction = 58.9 kJ/mol


Table 6 – Molar Enthalpy of Neutralisation

The molar enthalpy change for the neutralisation reaction between hydrochloric acid (HCl) and sodium hydroxide 𝑁𝑎𝑂𝐻 was determined by calorimetry. The experiment involved mixing 50.0 mL of HCl with 52.0 mL of . The initial temperature of both solutions was 19.6 ° C. Upon mixing, the temperature reached a final temperature Tfinal​ of 26.5 °C, resulting in a temperature change (ΔT) of 6.9 ° C. The total mass of the solution was approximately 102.0 g. 
Temperature Change ()
finalinitial 


Substituting the values:
Qsolution​ = 
Converting this to kilojoules:
Qsolution ​= 2.946kJ
To determine the molar enthalpy change, we first need to identify the limiting reactant and the number of moles reacted. The number of moles of HCl (​) and  (​) were calculated as follows:

The balanced chemical equation for the reaction is:

This shows a 1:1 mole ratio. Since there are fewer moles of HCl (0.050 mol), HCl is the limiting reactant. Therefore, the number of moles of reaction is 0.050 mol.

The solution warmed up by 6.9°C during the neutralisation reaction.

















Table 7 – Temperature vs. time during neutralisation. 


[bookmark: _Toc197080898]Relevance to OME
Calorimetry plays a vital role in OME by helping scientists understand how explosive materials behave under heat and pressure. Through tests such as differential scanning calorimetry (DSC), researchers can measure how sensitive polymer-bonded explosives are to things like friction, heat, and impact. For example, the study found that although CL-20 is a highly sensitive explosive, it becomes more stable when mixed into PBX formulations [2]
 
Furthermore, calorimetry helps to make explosives safer to use. Thermal data also tell us how these materials could decompose or ignite, which is critical for designing safer munitions. 

Additionally, calorimetry helps us to study how metal particles react during combustion and how materials behave when exposed to high temperatures, which are essential in weapon design, storage, and safety. Therefore, accurate calorimetric testing is vital for modern OME engineering. [1]
Conclusions
The results from all three experiments demonstrated that energy was transferred from hot to cold substances until thermal equilibrium was reached. In Experiment 1, the calculated heat capacity of the Styrofoam calorimeter was 32.5 J/°C. In Experiment 2, the specific heat capacity of the aluminium metal was found to be 0.275 J / g ° C. In Experiment 3, the molar enthalpy of the neutralisation reaction between hydrochloric acid and sodium hydroxide was calculated at 58.9 kJ/mol. Across all tests, energy loss and gain were tracked using the formulas Q = mcand Q = HC.
0. [bookmark: _Toc197080901]Overall Evaluation
These findings support the original hypothesis that the energy lost by the hot body is equal to the energy gained by the cold surroundings (water + calorimeter), consistent with the First Law of Thermodynamics [1]. While some percentage errors were observed, 62.5% for the calorimeter and 69.3% for the metal, they reflect the experimental setup and sources of heat loss, not a failure of the underlying principle. The result of the neutralisation reaction (58.9 kj/mol) was close to the literature value of 57.3 kj / mol, further validating the approach.[4]
Future recommendations
To improve accuracy in future experiments:
· The calorimeter setup could be sealed more effectively to reduce the loss of environmental heat.
· The timing of Tmax readings should be improved using a digital sensor.
· Larger sample sizes and repeated trials would reduce the influence of anomalies.
· For neutralisation, preheating solutions to identical temperatures could improve the precision in 𝛥𝑇.
These adjustments could help future experiments align more closely with accepted theoretical values and reduce the effect of systematic errors.






[bookmark: _Toc197080903]Refences
[1]	S. M. Sarge, G. Höhne, and W. Hemminger, Calorimetry: fundamentals, instrumentation and applications. Weinheim: Wiley-VCH, 2014. doi: 10.1002/9783527649365.
[2]	W. Kiciński and W. A. Trzciński, ‘Calorimetry studies of explosion heat of non-ideal explosives’, J Therm Anal Calorim, vol. 96, no. 2, pp. 623–630, May 2009, doi: 10.1007/s10973-008-9100-5.
[3]	Q.-L. Yan, S. Zeman, and A. Elbeih, ‘Recent advances in thermal analysis and stability evaluation of insensitive plastic bonded explosives (PBXs)’, Thermochimica Acta, vol. 537, pp. 1–12, Jun. 2012, doi: 10.1016/j.tca.2012.03.009.
[4]	P. Bunyan, C. Baker, and N. Turner, ‘Application of heat conduction calorimetry to high explosives’, Thermochimica Acta, vol. 401, no. 1, pp. 9–16, May 2003, doi: 10.1016/S0040-6031(03)00053-4.

[bookmark: _Toc197080904]

Observations and Identification Results Sheet Scanned

[image: A paper with writing on it

AI-generated content may be incorrect.]




[image: A white sheet of paper with writing

AI-generated content may be incorrect.]
[image: A white paper with black text

AI-generated content may be incorrect.]














































Materials & Methods 

A.1.1 Part 1: Heat Capacity of Calorimeter (HCcalorimeter​​)
· Deionised water (100.0 mL)
· Calorimeter (double Styrofoam cups, lid, thermometer, stirrer)
· Calorimeter stand and clamp
· Beaker (100 mL)
· Heat source (hot plate/Bunsen burner)
A.1.2 Part 2: Specific Heat Capacity of Metal (Cmetal​​)
· Metal sample (weighed)
· Water bath and heat source
· Tongs
· Deionised water (30.0 mL)
· Calorimeter (as above)
· Thermometer
· Stirrer
· Weighing balance
A.1.3 Part 3: Molar Heat of Reaction (Qreaction​)
· 1.0 M NaOH (52.0 mL)
· 1.0 M HCl (50.0 mL)
· Calorimeter (as above)
· Thermometer
· Stirrer
· Beaker (100 mL
Step-by-Step Procedures
A.2.1 Part 1: Heat Capacity of Calorimeter
· Set up calorimeter.
· Add 50.0 mL cold water, record Tcold​.
· Heat 50.0 mL water to ~60 °C, record Thot​.
· Mix hot and cold water in calorimeter, record Tmax​.
· Calculate HCcalorimeter​​ using heat exchange equations.
A.2.2 Part 2: Specific Heat Capacity of Metal
· Weigh metal (mmetal​).
· Heat metal in boiling water bath, record Thot​ (boiling point).
· Add 30.0 mL cold water to calorimeter, record Tcold​.
· Quickly transfer hot metal to calorimeter.
· Record temperature over time, find Tmax​.
· Calculate Cmetal​​ using heat exchange equations and HCcalorimeter​​.
A.2.3 Part 3: Molar Heat of Reaction
· Add 52.0 mL NaOH to calorimeter, 50.0 mL HCl to beaker.
· Wait for both to reach same Tstart​.
· Quickly mix HCl and NaOH in calorimeter.
· Record Tend​ (maximum temperature).
· Calculate Qreaction​ using heat absorbed by solution, calorimeter, and HCcalorimeter​​.
· Determine limiting reactant (HCl).
· Calculate Qreaction​ per mole of HCl.

Tempreture Vs Time Calorimetry Test 

Time (seconds)	0	10	20	30	40	50	60	Temperature (°C)	20.2	28	35.5	40	41.5	41.8	41.8	Tmax Line (41.8°C)	41.8	41.8	41.8	41.8	41.8	41.8	41.8	



Caorimetry Test - Tempreture of Water over Time Results 

Temp (°C)	y = -0.002x + 28.148
R² = 0.9108

10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	600	610	620	630	640	650	660	670	680	690	700	710	720	730	740	750	760	770	780	790	800	27.2	28.2	28.5	28.2	28	28	27.8	27.8	28	28	27.9	27.9	28	28	28	27.9	27.9	27.9	27.8	27.8	27.8	27.7	27.8	27.8	27.8	27.7	27.7	27.7	27.6	27.6	27.6	27.6	27.5	27.5	27.5	27.5	27.2	27.3	27.3	27.2	27.2	27.1	27.2	27.1	27.1	27.1	27.1	27.1	27	27	27	27	27	27	27	27	26.9	26.9	26.9	26.9	26.9	26.9	26.9	26.9	26.9	26.9	26.9	26.8	26.8	26.8	26.8	26.8	26.7	26.7	26.5	26.6	26.6	26.6	26.6	26.5	Time (S)


Tempreture °𝐶 




Temperature vs Time During Neutralisation

Temperature (°C)	
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Temperature (°C)




image1.png




image2.jpg
University of Wales Trinity Saint David — OME Programme

DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS

STUDENT’S NAME: Mp T THED  [REIIPAMIN
PARTNERS’ NAMES: LEE ~ MAX WELL

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

. Measure the value of the heat capacity of the calorimeter (HCcaorimeter)

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

o e g TR 0
- é; R % -
Thot = _& &‘Tf Mhot water = SO P AThot water =‘48 ?—' <
2 b
o
Teold = _M_ Mcold-water = S(D—i\, AT cold water = . <
o | (9 4
Tmox= ._% AT coforimeter = Z— > “
Qcold-water = Qhot water = Qcalorimeter =
HCcalorimeter =

Write the calculations for Quor-warer , QcoLo-warer , Qcatormerer, and HCcaLormETeR :
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2. Measure the specific heat capacity of a metal (¢, metal)

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

Type of metal = _Q{d\\

= ()
Thot = L&L Mmetal = \2 i é S ATmetal =
Teold = lL Mwater = <o ) ATwater =
Tmox= 2&; i S ATcolorineter— SRS

3 Cp metal =

time (s) Twarer (°C) time (s) Twarer (°C) time (s) Twarer (°C)

Write the calculations for ¢ meta:
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3. Measure the molar heat of reaction of HCl with NaOH (q reaction)

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

Tstort = |q > 6 Tend = ___éié = S

Vie= _20 v - Clrcp= W nue =

VNaoH= 52 OML CpaoH = N NaOH =
Write the formula of the limiting reactant:

Q reaction =

q reaction =

Write the Calculations for Qreaction and q reaction -
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