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[bookmark: _Toc196987312]Introduction 
The aim of the experiment was to measure the specific heat capacity of aluminium matal and the molar heat of a reaction of hydrochloric acid and sodium hydroxide. The experiment showed how energy transfer occurs between two variables of different energies and temperatures. The specific heat capacity can be defined as the quantity of heat required to raise the temperature of unit mass, in this case 1g of metal and 1 mole of a substance by one degree [1]. The hypothesis for these experiments was that heat transfer can be measured using a calorimeter in a closed system. Within the experiments the independent variable was the the substances. The dependant variable was the temperature and time, and the controlled variables was the calorimeter.


















[bookmark: _Toc196987313]Results:
Within the three experiments it was assumed that no energy was transferred to surroundings and all energy remained in the reactions as an isolated system.
[bookmark: _Toc196987314]Experiment 1: Heat capacity of the calorimeter
Higher temperature water mixed with a lower temperature:
	
	Initial Temp (°C)
	Mass (KG)
	Change in Temperature (°C)

	Hot Water
	60.0
	0.050
	-13.4

	Cold Water
	24.9
	0.050
	21.7

	Calorimeter
	24.9
	---------------------------
	13.4



Maximum Temperature = 46.6°C

Specific heat capacity of hot and cold waters:








Heat capacity of calorimeter:










The hot water had a higher energy with more spread out and higher velocity molecules, this created collisions and energy transfers with the cold molecules. The hotter molecules then had a lower energy and the colder molecules had a higher energy. These interactions took place until the particles mostly were at the equilibrium temperature


[bookmark: _Toc196987315]Experiment 2: Heat capacity of a metal.

Higher temperature metal placed in room temperature water:

	
	Mass (KG)
	Initial Temperature(°C)
	Final Temperature(°C)
	Change in Temperature (°C)

	Metal
	0.0185
	75
	29.5
	-45.5

	Water
	0.030
	21.7
	29.5
	7.8

	Calorimeter
	---------------
	21.7
	29.5
	7.8



	Time(s)
	(°C)
	Time(s)
	(°C)
	Time(s)
	(°C)

	0
	28.2
	120
	29.3
	240
	29.0

	10
	28.5
	130
	29.3
	250
	29.0

	20
	28.8
	140
	29.3
	260
	29.0

	30
	29.1
	150
	29.3
	270
	29.0

	40
	29.5
	160
	29.3
	280
	29.0

	50
	29.5
	170
	29.3
	290
	29.0

	60
	29.5
	180
	29.3
	300
	29.0

	70
	29.4
	190
	29.3
	310
	29.0

	80
	29.4
	200
	29.1
	320
	29.0

	90
	29.4
	210
	29.1
	330
	28.8

	100
	29.4
	220
	29.1
	340
	28.8

	110
	29.3
	230
	29.1
	350
	28.7



The specific heat capacity of metal:







The actual value for the specific heat capacity of aluminium has been determined as 900J/Kg.K [2]. This was not close to the calculated value in the experiment however the purity of the metal is not certain and the calorimeter was not a perfect system.


Assumed all the energy transferred from the metal went to the water the specific heat capacity was calculated as:



This value was much closer to the actual value and suggests that energy was being transferred outside of the system



The graph of time against temperature showed that the water initially heated up at a steady rate until it reached the maximum temperature where it remained for a short period. The water then cooled at a much slower rate. As the water cooled the kinetic energy decreased leading to slower collisions. The metal cooled much more than the temperature of the water increased due to its lower specific heat capacity. As water required more energy to raise the temperature it did this at a much slower rate

[bookmark: _Toc196987316]Experiment 3:

The reaction of the two chemicals caused an exothermic neutralisation reaction and two products which were H2O (water) and sodium chloride (salt). The limiting reactant in the experiment was the Hydrochloric acid as it was all used up in the reaction and left 0.002L of sodium Hydroxide unreacted.








	
	Volume (L)
	No moles
	Initial Temp (°C)
	Final Temp (°C)
	Temp Change (°C)

	HCl
	0.050
	0.050
	20.3
	26.9
	6.6

	NaOH
	0.052
	0.052
	20.3
	26.9
	6.6





Where q is molar heat, n is number of moles and Q is the specific heat capacity





Assuming c=4186 J/Kg and 1ml solution=1g







Q is negative as heat was given out in the neutralisation. This value was close to the range of  -57 and -58kJ/mol  [3] for a reaction between a strong acid and alkali.  



[bookmark: _Toc196987317]Discussion

[bookmark: _Toc196987318]Significance of results
 
Experiments 1 and 2 showed that energy is transferred from a hotter object/liquid to a cooler one until the point of equilibrium. Substances with a higher specific heat capacity require more energy to increase in temperature therefore do not heat up as quickly as a substance with a lower heat capacity. Within a chemical reaction bonds are broken and new ones formed which can cause the reactions to be endothermic or exothermic. These changes in energy have been successfully measured in a calorimeter.

[bookmark: _Toc196987319]Relevance to OME and future work

Thermal analysis of explosive materials including heat capacity, activation energy and thermal conductivity are all important factors relating to explosives. These materials must be stored and handled in a safe manor therefore it if critical to know how they act under different circumstances including temperature. Techniques such as Speyer 1993 and differential scanning calorimetry are used to determine the specific heat capacity of explosives and energetics [4]. The activation enthalpies of explosion are calculated using conditions including molar heats and specific heats shown in  (Appendix A [5]. Potential for use of calorimeter to detect explosives and energetic materials due to the threat of non-traditional explosives [6] as it can be difficult to identify non nitro/nitrate explosives. This method would allow thermal analysis to determine explosive behaviour [6].







[bookmark: _Toc196987320]Limitations or potential sources of error in the experiment.

The experiment relied on precise and accurate measurements of weights and volumes which can be vulnerable to human error. Substances were also transferred to the calorimeter with the temperature recorded before transfer, therefore any change in temperature during transfer was not accounted for.

[bookmark: _Toc196987321]Conclusion

In conclusion the specific heat capacity of a substance can be calculated using a calorimeter if it is a closed system. The hypothesis was successful and showed the relation between thermal qualities required in heat transfer including heat capacity and enthalpy. Calorimetry was a successful method for determining these values and the hypothesis was correct. More accurate values could be produced using a calorimeter with less heat transfer.
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 Appendix A – Molar heat and specific heat of explosives [5].
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Appendix B – Methods and equipment

Experiment 1 – heat capacity od calorimeter
Equipment – Two stacked Styrofoam cups and fitted lid, thermometer, stirring rod, clamp, stand, measuring cylinder, beaker, Bunsen burner.
· Calorimeter set up with thermometer on clamp and stand and stirring rod in the Styrofoam lid.
· 50ml water measured out using measuring cylinder and added to calorimeter and temperature reading taken as cold measurement.
· 50 ml water measured using measuring cylinder and added into a beaker this was heated up to ……….. degrees and left to cool to ………… degrees.
· Hot water swiftly added into the calorimeter and mixed thoroughly, maximum temperature recorded at equilibrium point.





Experiment 2 – specific heat capacity of titanium metal
Equipment – Two stacked Styrofoam cups with fitted lid, thermometer, stirring rod, clamp, stand, measuring cylinder, Bunsen burner, titanium metal, tongs, weighing scales
· Titanium metal used of weigh ……………g 
· Water bath set up with a beaker and heated until boiling point using Bunsen burner. 
· 30ml water measure using measuring cylinder and added to calorimeter and temperature measured as initial cold temp of water.
· Metal placed in water bath for 5 minutes then rested in water bath for 2 minutes t reach equilibrium temperature (hot temperature).
· Metal swiftly added into calorimeter using tongs and water stirred.
· Temperature recorded every 10 seconds to see the rise and drop of temperature in the calorimeter. Maximum temperature recorded at T maximum.

Experiment 3 – Molar heat of reaction of HCl with NaOH
Equipment – 1.0M NaOH, 1.0M HCl, calorimeter, beaker, measuring cylinder, thermometer.
· 52ml 1.0M NaOH measured using a measuring cylinder and placed in colorimeter
· 50ml 1.0M HCl measured using a measuring cylinder and placed in beaker
· Temperatures monitored using 2 thermometers until both reached same temperature and temperature recorded.
· HCl swiftly added into calorimeter and temperature recorded at maximum.

















Appendix C – Original Data Sheets
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Change in temperature in Calorimeter over time
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Temperature of Calorimeter (Degrees Celcius)



3

image2.tmp
Table 2. Activation Enthalpies, £,, and Pre-exponential

, A, Obtained From the Temp: Deper
of the Rates, Critical Temperatures for Explosion, T, and
the Specific and Molar Heats of Explosion, Q and Qs
Respectively, for 25 Gas-phase Explosive Molecules.

AG) E () T =109 (9 QI/R) O (W/mol)

DA e 196 w0 s um
EY 0 16 s ez
LEN o0 131 w5
P w0 18 a0 so1 1w
pEven g0 122 as sz 1
PETNCMe 1000 119 1000 4se  ne
PETvON, 460 09 sss s 1309
axn o w7 ow em s
Rox P )
. 0 we om sw i
N 20 e s 429 w9
™ m0 s s am om
24T 100 143 1w 4es 1058
ST 20 1S e 4es 108
2468 G0 23 0 4 oo
™ W e s a0
ey 1200 106 o7 as an
peicadd 160 136 10 36 80




image3.tmp
L Measure the value of the heat capacity of the calorimeter (HCarnet)

_la= asouea . a=usaLgl

| Veak copauiy o colonmeter -

DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS

Universiy oF Wiales Tinty Sint D - OMIE Programime

STUDENT'S NAME: Cna.etie plomb.
PARTNERS' NAMES: _Dippo_Thay

Use these entries to record your experimental data, resuls, and calculations

T 60 T n SO Ol = =]

Tow= A Mo 0mI e = X9 31T
Tew HE4 = 210
Qusmerrs S B Q= BI04 6 Quiir =1230 B

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

TP .
| expenment 4 — .
_ldex woaree Nesel  cemwateqavul
Q= eacAT  GswmcaT
O = 0:092 HIiEx 134 Oz pooWiexany

| Qu-@e = Qeac - S
MSULEY - RBOU-6A = 173719 -

113719 ARG 6UIouUE
(R
EIVERT CHT





image4.tmp
1659 metax
University of Wales Trnity Saint David ~ OME Programme.

2. Measure the specific heat capacity of a metal (€ meta)

Use these entries to record your experimental dats, results, and calclations.
Type of metal =_Qliminum

= 1S Moan= 195 T

Ts= 217 Muter=_20m Bl=__ 18

T 4575 385 Tesvimarr= 18

Comear=_ 236147 T1q0C
time (s) Ty ('0) cime () Twwrs (C)
0 [ata 30 | 44.3 30| a4-0
0 (o83 z0[ad a0 340
30 [ ac§ MO 243 a0 [RXO

o | a4) 150 a4 ESCI PN
4o | a%g ko [aa3 2t0  [28.0
S| ads 10243 240|290
0 ECE 130 XEl 0 24O
S0 [aal [EEE] 30290
10 [347 260 aT 0 [REO
G |aad W [ra 0 la0-¢
100 [aay 3|20 O] [350  |agC

Lo Taaws 20 (34 o2&~ T

Wite the calculations for ¢ i

Crwiiss Cp waker = 41567 47
- wEealhgc.

“Qmeral: Quary + Qeatorimeler.

Mt x Cp meral x Ninay
005 x cpm x-HSE

— (e Xeport + BTearr +Hea 1 )
(0030 xUWE € 1€ 4 1AqeyyTd
= 336447 TIKg C

Page?




image5.tmp
Univrsty of WalesTrinySsint Do —OME Programme.
3. Measure the molar heat of reaction of HCl with NaOH (q wacir)

sethese entries o ecord your experimentl daa, resuls, and calculatons

Tane 20 roe 26 R
— o.0s0m

Viem SO Cio= 4 mol v =_ALQN

Vo SAML G = 0L e G

Waite the formula of thelmiting eactant: N0+ ACL =7 WG L+ MO
Qscton =_DENE.

Gretn= 56360

[ ————T— HOL ity resetrent
gy reation - Qrzeskion

rsctiat » Vrsakent » Coontent:

n= cesex s
[orery

Q- mete  QLEOxUHE o Go¢

Gzoo%  q .gosmeuipl x 6
Q- ang
pan
= - I mof
Lo T %3s0TImel

£




image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





