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1. SECTION 01 – AIM OF THE EXPERIMENT AND GENERAL DESCRIPTION

The aim of this thermochemistry experiment is to measure the specific heat capacity of a given metal.
 
The experiment referred to in this report was carried out on 12 Oct 2023, by the UWTSD HNC OME Course, as a group activity, in pairs.

The main task is to prove the assumption that an object (which could also be a chemical or physical process), together with its surroundings, forms an isolated system, and does not exchange energy and matter with what surrounds that isolated system [3].

This was achieved by immersing a piece of heated metal in cold water, held within a closed system.  In this case the closed system is a two deep stack of Styrofoam cups, with a lid, a stirrer inserted through a hole in the lid, and a thermometer also inserted through a hole in the lid.  This is to ensure the highest level of insulation as possible [4].

The course, working in pairs, then observed the change in temperature, over a period of time, of the water in the cups, or system.














2. SECTION 02(a) – THEORY AND BACKGROUND INFORMATION

Background research was conducted to gain an understanding of the theory behind the experiment, and better quantify the results.

CALIOMETRY
In thermochemistry, the basic concept of calorimetry is the process of measuring a system, and its thermal state, to determine the changes in chemical and physical reactions.  In this experiment, the change in temperature of an isolated system, in the form of a heated, solid object, introduced to liquid in a lower thermal state [2].

The container is the boundary between the system, and the surroundings.
  
This can be applied to changes in a chemical / physical process, such as evaporation of liquids, melting of solids, or burning of chemical substances.

For this experiment the process of measuring a changes in temperature, in an isolated system, was conducted using a Calorimeter.
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Fig. (1):  Diagram of systems [3]


THEORY, EQUATIONS AND DEFINITIONS

EQUATION 01

Q  =  Measure of Heat Transfer – measured in joules (J)

m  =  Mass – in grams (g)

ΔT =  Change in Temperature – measured in Celsius (oC)

Cp =  Specific Heat Capacity – measured in J x g x oC

Where…

Q =  m x Cp x ΔT 

EQUATION 02

QMETAL  =  Heat given out by the Metal

QWATER  =  Heat absorbed by the Water 

QCALORIMETER  =  Heat absorbed by the Calorimeter

Where…

- QMETAL  =  QWATER  +  QCALORIMETER

EQUATION 03 (with example of substance or object)

mMETAL  	=  Mass (of Metal)

CpMETAL 	=  Heat Capacity (of Metal)

ΔTMETAL 	=  Change in Temperature (of Metal) 

HCCALORIMETER  =  Heat Capacity (of Calorimeter) 

Where…

mMETAL  x  CpMETAL  x  ΔTMETAL  =   

- (mWATER  x  CpWATER  x  ΔTWATER  +  HCCALORIMETER  x  ΔTCALORIMETER ) 


Chemistry follows a set of fundamental laws, such as the Law of the Conservation of Energy, stating that energy cannot appear from nowhere, or disappear into nothingness.  Energy can be neither created, nor destroyed.  This is the first Law of Thermodynamics [5].

Heat energy can be absorbed or given off at different rates, dependant on the structure of the substance that contains it.  Heat capacity is the amount of energy, in joules, required to raise the temperature of that substance.  

The Specific Heat of a substance is the amount of heat required to raise the temperature of one gram of that substance, by one degree Celsius.


CALORIMETER PRINCIPLE

When two substances of differing temperatures, such as a solid introduced to a liquid, come into contact with one another, a heat transfer will occur.  This is a return to a state of balance, therefore the substance at the higher temperature will give off heat, and conversely the substance at a lower temperature will absorb that heat.  

This process follows the Law of Conservation of Energy, or first law of thermodynamics [5], in that the heat energy is neither created, nor destroyed, but is transferred from one substance to the other, within the isolated system. 

The Calorimeter Principle shows that the total heat energy lost by the hotter substance is equal to the total heat energy absorbed by the cooler substance.


3. SECTION 02(b) – APPLICATIONS IN OME

One example of the use of calorimetry in explosives manufacture, is used to calculate the amount of heat energy in an explosion, and estimate the temperature of the gases produced in deflagration.  This is especially important in the manufacture of propellant, for ammunition cartridges, used to propel projectiles from a weapon system [1].


4. SECTION 03 –EQUIPMENT

· LAB TOOLS AND EQUIPMENT
· Glass measuring beaker
· Plastic measuring beaker
· Styrofoam Cup x2
· Kettle
· Thermometer
· Lids 
· Water
· Solid metal substance 
· Weigh scales
· Stirrer
· Metal grips

· FURTHER EQUIPMENT
· Laptop
· Calculator

[image: ]Scales
Grips
Stirrer
Thermometer
Lids
Measuring beaker
Measuring beaker

Fig. (2):  Lab Equipment used


5. SECTION 04 – PROCEDURE

· PROCEDURE STEPS
1. Build Calorimeter (2x Styrofoam cups, thermometer, stirrer)
Procedure to measure HCCALORIMETER
a. Add 50.0 mL water to Calorimeter
b. Measure out 50.0mL of water in beaker
c. Heat to 80 oC, allow to cool to 60 oC
d. Record this as THOT
e. Measure temp of water in Calorimeter, record as TCOLD
f. Add hot water to cold water in Calorimeter, monitor temperature
g. Record maximum equilibrium temp as TMAX
h. Calculate Heat Capacity of Calorimeter
2. Obtain metal sample (aluminium) and weigh, and record mass (see TABLE 03)
Procedure to measure CpMETAL
a. Add 30.0 mL water to Calorimeter
b. Measure temp of water in Calorimeter, record as TCOLD
c. [image: ]Boil water, and add metal sample using grips
d. Allow metal time to reach thermal equilibrium, and measure temp of water
e. Record this as THOT
f. Add heated metal sample to water in Calorimeter, monitor temperature
g. Stir Calorimeter water, record temperature, every ten seconds, as TWATER 
h. Record highest temp as TMAX




     Fig. (3):  Calorimeter


6. SECTION 05 – OBSERVATIONS, DATA AND CALCULATIONS


	
	Value
	Δ Value  ( oC )

	TMAX
	40oC
	

	THOT
	60oC
	ΔTHOT WATER  =  -20

	TCOLD
	22oC
	ΔTCOLD WATER  =  19

	--
	--
	ΔTCALORIMETER  = 19

	CpWATER
	4.186 J/(goC)
	

	mHOT
	50mL
	

	mCOLD
	50mL
	


















TABLE 01

Calculate Heat Capacity of Calorimeter
 
Q =  m x Cp x ΔT 

So…

Q Hot Water:

Q =  50g  x  4.186  x  (- 20)  =  - 4,186 J

Q Cold Water:

Q =  50g  x  4.186  x  (19)  =  3,976.7 J


QHOT WATER  =  QCOLD WATER  +  QCALORIMETER

So…

- QCALORIMETER    =  QCOLD WATER  -  QHOT WATER 

    =  - ( - 4186) - 3976.7  =  209.3 J



	
	Value

	QHot Water
	- 4,186 J

	QCold Water
	3,976.7 J

	QCALORIMETER
	209.3 J










  TABLE 02

QCALORIMETER  =  HCCALORIMETER  x  ΔTCALORIMETER

So…

HCCALORIMETER    =  QCALORIMETER 
    
       ΔTCALORIMETER

    =  209.3 J
			19

HCCALORIMETER    =  11 J / goC




	
	Value
	Δ Value  ( oC )

	mMETAL
	18.5g
	

	THOT
	68oC
	

	TCOLD
	22oC
	ΔTMETAL= -41.5

	TMAX
	26.5oC
	ΔTWATER  = 4.5

	HCCALORIMETER  
	11 J / oC
	














TABLE 03




Calculate Specific Heat of Metal Sample
mMETAL  	=  Mass (of Metal)

CpMETAL 	=  Heat Capacity (of Metal)

ΔTMETAL 	=  Change in Temperature (of Metal) 

HCCALORIMETER  =  Heat Capacity (of Calorimeter) 

Where…

mMETAL  x  CpMETAL  x  ΔTMETAL  =   

- (mWATER  x  CpWATER  x  ΔTWATER  +  HCCALORIMETER  x  ΔTCALORIMETER )
So…
CpMETAL =    - (mWATER  x  CpWATER  x  ΔTWATER  +  HCCALORIMETER  x  ΔTCALORIMETER )
mMETAL  x  ΔTMETAL  

Or…	  =    - (    30     x   4.186     x    4.5     +    11  x   4.5  )
18.5    x   - 41.5  
CpMETAL =   -0.800 J / oC  (2dp)    


7. SECTION 06 – RESULTS AND DISCUSSION

As the activity was carried out by the HNC Course group, in pairs, several similar results were recorded.  There was extensive discussion during the experiment.  
The lack of gas meant that a domestic kettle was used to heat the water, and therefore constant temperature was not maintained during the normalising, or metal in hot water reaching temperature equilibrium, however a sufficient amount of data was gathered to carry out the experiment and reach a conclusion.  

	Aluminium Spec Heat
	Value (J / oC (2dp))

	Experiment Result
	0.800 

	Lit Source 01
	0.91  [6]  

	Lit Source 02
	0.89  [7]

	Lit Source 03
	0.92  [8]












TABLE 04: Experiment result versus literary result for Specific Heat of Aluminium

In carrying out the experiment, a similar value for CpMETAL was reached as the literary sources noted above.   
The equipment used for the experiment is all domestically available, and not in any way calibrated.  Further to that experiments can be subject to experimental errors, or inaccurate readings.  There could be heat lost to the beaker during heating the metal sample, even though it makes a good insulator, it is glass.  Therefore all of the heat of the hot water may not be transferred to the metal.  In the Calorimeter itself, heat can be lost to the other components, such as the stirrer, thermometer itself, and even the Styrofoam cup itself, although this makes a very good insulator.


8. SECTION 07 – CONCLUSION

The activity was carried out by the HNC Course group, in pairs.  This inserts an amount of subjectivity to the analysis of the results.

[bookmark: _GoBack]Where the above results in Section 06 show similar values, there are variables in the method used to carry out this experiment, and ultimately not all heat loss is given over to the metal sample during equilibrium.  Further heat is lost to experiment equipment and components in the Calorimeter.  It should also be noted that the Calorimeter created in the experiment had a cork disc, which acted as a loose lid, so heat is also being lost to the air.

Aside from potential differentials during testing, the grade of aluminium sample was not confirmed at the time of the experiment being carried out.  In the UK alone there are 8 graded Series of aluminium [10], with differing properties of strength, corrosive behaviours, melting range, and ultimately heat conduction.  Within these series there are further sub-grades, and it is therefore very likely that there will be several differing values for the CpMETAL  of aluminium.

For results accuracy, instrumentation such as a Bomb Calorimeter, or a Differential Scanning Calorimeter (DSC) [9] would produce much more accurate results, measuring the change in a sample through thermal analysis, over time, in controlled and sealed surrounding.  For example, a heat-flux DSC will heat both a sample in its surroundings (pan), and also a reference or empty pan, for comparison.
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Figure 2. Apparatus used to perform all calorimetric measurements. The calorimeter 5. 5j
consists of two stacked Styrofoam coffee cups, a lid, a thermometer, and a stirring
rod. A stand and clamp are used to keep the calorimeter in place.
Sa'c
T piK
(1.1) 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.
(1.2) 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 a5 T

Procedure to measure HCaiineter:

(1.3) Measure the temperature of the water in the calorimeter, and record it as Teou-

(1.4) Add the hot water to the water in the calorimeter, and mix thoroughly, while watching
the thermometer. Record the maximurm equilibrium temperature of the mixture,
record it as Tnax

(1.5) Calculate the heat capacity of the calorimeter, HCeaiorimter , Using Eq. 1, Eq.6, and Eq.7:
- Qnot-water = Qeotd-watert Qalorimeter (€a6)

Qealorimeter = HCealorimeter % ATcalorimeter (Eq.7)

where Qsot wote is the heat lost by the hot water, while Qcoigarer and Qustineter are the
amounts of heat gained by the cold water and calorimeter, respectively. Calculate Quos-voter
and Qs woter With Eq. 1, then use Eq. 6 to find Quaineter, and finally Eq.7 to obtain the value
of heat capacity of the calorimeter, HCeotrmetsr.

Note: The mass (m) and temperature change (47) for both the hot and cold water can
be obtained from the experimental data, also the AT of the calorimeter can be found
from the same data. For example, AT woter = Tax— Teois. Assume that the calorimeter
is in thermal equilibrium with the water during the experiment. The specific heat
capacity of water is Cp werer = 4.186 1/(g°C). Always specify the units of the results
obtained from your calculations.
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DATA SHEETS to RECORD CALCULATIONS and RESULTS

STUDENT NUMBER & NamE: (27T A86) 1heis Biuoor
PARTNERS' NAMES: __ 1 (MO (03 Tekee®

REPORT IS DUE OCTOBER 26, 2023 by MOODLE

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

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

Tior=_Q Q"¢ myorware=__SPal Ao = 4060 = -20

Teowo= 2% € mawmnn= Sl Mcopmiren= 4D -20 = (97
Tu=_Ag e ATenonmersn=_ 9 e
Qcaowsren = ZHHF Quorwrn = “MIFE T Quuomern=_Lep83

<

HCouommersn = 11 54

Write the calculations for Quor-wares , Qeoo-wares, Qeatonmeres , and HConommeren

“Oyer 25Ty« 41965 ((20) - hyge 5
. @mﬁ . Wﬁ) a.‘%ﬁx (4,(:?“) N 3,‘5?(;{7
TR s () 397 - 702 @

“Helwa = @M/Tax-o 5

=17 éfm/
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2. Measure the specific heat capacity of a metal (¢, mes)
Use the same apparatus as before (Figure 2).

134T Obtain  piece of the metalsample. Weigh the metal and record ts mass as. M. \ G g}

(22)Set up a water bath, heat the water until boiling, and then carefully put your metal
intoit. Keep boiing for anather 5 minutes, to allow the metal to reach the same ¢ pepyz.

No temperature as the water. Try to avoid heating the metal directy! To reduce the A
@5 effect of direct heating, cose the gas after S min and wait 2 minutes for the
=" temperature of boiling water and piece of metal to equilibrate. =

(23) 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
ecord s T g ¢, “

(3) Once the metal has reached "thermal equillbrium” with the boiling water, measure.
and record the temperature of the hot water as T, and quickly add the metal to the
vate inthe colrmetrusinghetongs. G C-

(25 Stir the water and record the temperature every 10 seconds, filling in the datasheet
Pprovided at the end of this script with the entries (time, Tovoter). The temperature will
Incrase st the sat. Continue atl the temperatur o the wter ha reched o
masimum and thencooled down by about 2C Record the masimum temperaure
resched b the wate 8 o

(26) Cautecma the specfichea of the metal using Eq.3 and the value of heat
capacty of the colormeter found previouly. Asume tht caormeter and waterare
in thermal equilibrium, ¢, weer = 4.186 J/(°C), and always give the units of the results
ofyou cauations.

o P

Zpul N BV B %’c i
57165 Wd'e ®

LOOK UP THE LITERATURE VALUE OF THE SPECIFIC HEAT FOR YOUR METAL 2. %0 +30

AT’ 65°c t
ekt =265 ‘e .
BT Tw 2630 ¢

ﬁ: wirer. Ay U g Sl
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2. Measure the specific heat capacity of a metal (c, metai)

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

Type of metal = _Atusiniuer

Tr=_ 0¥ Mimerar = lf(&} ATmewi = __= 4f.50¢r

Teos=_2L°C. Muoter = _ B3l D= A5

Too= 265 "€

om0 S0l o (dp)

Devimee=_H:5C

2¢ 3 203

73 200 us

24, 2@ 5

26§ 220 26 1

L.y 2230 | 26-5

Lbo | 265 |l s 265 200 |90, 5
£ s o [ 2¢-% 250 | 16v
fQ L5 130 2.7 2bQ 26
a0 | 2.5 130 | 2¢.S 270 | 265

B Nete: B 30 Desl

&5 s 2E.Q0

3.0 mieS 2000

A
ALRE
e

(frsm > ~0. 826 (24;)

Write the calculations for Quorwarer , Qeows-water, Qeacommeres, and HCcsiommeren':

Lpmaa o (-(Mokes x Lyirize e Bfnra

Murm « NV orpe

B3 @1 mins 265

IS
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