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[bookmark: _Toc149169420]Purpose of Experiment
	In this experiment the subject will be working closely with their peers to measure the specific heat capacity of a metal and a calorimeter. By carrying out this experiment the subjects can gain a better understanding of specific heat and heat capacity. They will also become familiar with the equations that are required.
By following the procedure and using the correct equipment the subjects would take multiple measurements of the temperatures that would occur in the water. They would also take measurements of the mass of the water Mhot and Mcold. They would then use the given values to calculate the change in temp of the water, Qcold-water Qhot-water and Qcaloromiter.
[bookmark: _Toc149169421]Research (Background information)
	Calorimetry is s technique used to measure the amount of heat involved in a chemical or physical process. There are many different types of calorimeters. They include reaction calorimeters, constant pressure calorimeters, adiabatic calorimeters, bomb calorimeters and differential scanning calorimeters. “Calorimetry is used to measure amounts of heat transferred to or from a substance. To do so, the heat is exchanged with a calibrated object (calorimeter)” [1]. The basic law of calorimetry states that: “for an insulated system, heat energy lost by the hot body is equal to the heat energy gained by the cold body”. Heat transfer occurs until both the bodies attain the same temperature(t) [2].
Heat capacity is the ratio of heat absorbed from a change in temperature change. Heat capacity is simply the amount of heat energy required to raise the temperature of an object by 1°c [3]
Specific heat is the property of a substance or objects ability to release or absorb heat energy when a temperature (typically environmental) changes. Specific heat is usually measured in Joules (J). The specific heat can vairy between different objects and substance depending on its chemical and physical properties. For example, the specific heat of water (H2O) is 4.186J/g°c. And the specific heat for copper (Cu) is 0.385 J/g°c. The Specific heat of an object or substance is the amount of energy required to raise the temperature of 1g of the substance or object by 1°c. [3]
Calorimetry is used widely in the explosives industry. Bomb calorimetry is one of the primary calorimetry processes used. generally used to measure the heat of combustion for organic materials. The principle of operation is to saturate the material with oxygen, within a sealed container (the bomb) and ignite using a hot wire [4]. It is a constant-volume type calorimeter that measures the heat of a particular reaction or measures the calorific value of the fuels. Bomb calorimeters are built in such a way that they can withstand the large pressure produced within the calorimeter due to the reaction [5].
[bookmark: _Toc149169422]Chemicals & Equipment
	In this experiment the following chemicals and equipment were used: thermometer, water (H2O), stirring rod, calorimeter (made up of 2 coffee cups), a lid, aluminium metal (requies weighing), metal tongs and Bunsen burner. The thermometer will be used to calculate the temperature of the water allowing the subjects to determine the change in temperature within the calorimeter. The water is used to submerge the hot material. This acts as an atmosphere / environment allowing the subjects to carry out their calculations. The stirring rod is used to stir the water thus distributing the heat within the calorimeter. The calorimeter is made up of 2 polystyrene coffee cups and a lid. This set up acts as a good insulator allowing very minimal heat to escape. The 1g of aluminium will be used to measure its specific heat capacity of itself and the calorimeter. The metal tongs will be used to transfer the aluminium between the hot water and the calorimeter. This avoids hot water coming into contact with skin. The Bunsen burner Is used to heat the water.
[bookmark: _Toc149169423]Procedure
	There are two parts to this experiment. In the first part (1) the subjects must measure the specific heat capacity of the calorimeter (HC Calorimeter). In the second part (2) the subjects must measure the specific heat capacity of the metal (Cp Metal). 
The subjects must set up the calorimeter. They do this by obtaining the 2 polystyrene cups, lid, thermometer and stirring rod. They must then set up the calorimeter by using the clamp and stand.
Procedure to measure HC Calorimeter 
(1.1) Firstly, the subjects must add 50.0ml of water to the Styrofoam coffee cups and close with the lid. By adding the thermometer and stirring rod the calorimeter is now set up.
(1.2) Next take an empty beaker and fill to 50ml of water. Once filled do 50ml heat this water to approximately 80°c with a Bunsen burner. Now that it has reached 80°c turn off the gas and allow the water to cool to 60°c. This should then be recorded as Thot.
(1.3) Next measure the temperature of the water in the calorimeter and record it as Tcold.
(1.4) Now that both temperatures have been recorded, add the hot water into the calorimeter and mix thoroughly while watching the thermometer. Record the maximum temperature that is displayed on the thermometer and record it as Tmax.
(1.5) Finally using the equations, calculate the heat capacity of the calorimeter:




Where Qhot-water is the heat lost by the hot water, while Qcold-water and Qcalorimeter are the amounts of heat gained by the cold water and calorimeter. Calculate Qhot-water and Qcold-water with the first equation then use the second equation to find Calorimeter. and finally Eq.7 to obtain the value of heat capacity of the calorimeter, Calorimeter.

Procedure to measure Cp Metal
(2.1) Weigh the metal 1g of metal to confirm its weight and record as Mmetal.
(2.2) Heat metal in a water bath to 100°c. Keep boiling to ensure that the metal has reached its environmental temperature. 
(2.3) Whilst this is being carried out, measure and add 30.0ml of water to the calorimeter. Measure the temperature of this water and record it as TCold.
(2.4) Once the metal has reached thermal equilibrium with the boiling water. The subjects must now measure and record the water as Thot. And add the hot metal to the calorimeter using the tongs. 
(2.5) The subjects, stir the water and record the temperature every 10 seconds. This data is recorded in the datasheet provided. The entries are recorded as Twater. The subjects should continue to record the temperature until its reached its maximum and then dropped by at least 2°c. the maximum temperature recorded should be recorded as Tmax.
(2.6) Finally, the subjects need to calculate the specific heat of the metal. Assume that the calorimeter and water are in thermal equilibrium, Cp Water = 4.186 J/(g°C). units should always be given in the calculations.
[bookmark: _Toc149169424]Observations / Data
The following displays the data that the subjects had gathered. This data would then aide them to carry out their calculations for HC calorimeter. The calculations can be found in the calculations section.

	Thot = 60°c
	Mhot-water = 50ml
	T hot-water = -20°c

	Tcold = 21°c
	Mcold-water = 50ml
	T cold-water = 19°c

	Tmax = 40°
	
	T calorimeter = 19°c

	Q cold-water = + 3976.7J
	Q hot-water = -4186J
	Q calorimeter = 209.3J

	HC calorimeter = 11.0 J/°c




The following displays the data that the subjects had gathered. This data would then aide them to carry out their calculations for Cp metal. The calculations can be found in the calculations section.

	Thot = 68°c
	Mmetal = 18.5g
	T metal = 41.5

	Tcold = 22°c
	Mwater = 30ml
	T water = 4.5°c

	Tmax = 26.5°c
	
	T calorimeter = 4.5°c

	Cp metal = -614.61



	Time (s)
	T water (°c)
	Time (s)
	T water (°c)
	Time (s)
	T water (°c)

	10
	25
	100
	26.5
	190
	26.5

	20
	26
	110
	26.5
	200
	26.5

	30
	26.5
	120
	26.5
	210
	26.5

	40
	26.5
	130
	26.5
	220
	26.5

	50
	26.5
	140
	26.5
	230
	26.5

	60
	26.5
	150
	26.5
	240
	26.5

	70
	26.5
	160
	26.5
	250
	26.5

	80
	26.5
	170
	26.5
	260
	26.5

	90
	26.5
	180
	26.5
	270
	26.5


After 8 mins the temperature drops to 26°c
[bookmark: _Toc149169425]Calculations & Formulas
	The formulas that the subjects used in this experiment are as follows:










To calculate the HCcalorimeter the subjects carried out the following calculations:








To calculate the Cpmetal the subjects need to carry out the following calculations:



[bookmark: _Toc149169426]

Results
	The results of the HC Calorimeter can be found in the observations and data section along with the calculations and formulas section. In the observations and data section we can see where the subjects recorded the mass of water, the temperatures and change in temperatures. In the calculations and formulas section the following workings can be found. The subjects then used these values to calculate Q hot water which equalled -4186 J, Qcold water which equalled +3976.7 J. By using these values they calculated the Q Calorimeter which equalled 209.3 J. And finally by rearranging the final formula for this equation they calculated the HC Calorimeter to be 11.0 J/°c.
	The results of the Cp Metal can also be found in the observations and data section along with the calculations and formulas section. In the observations and data section we can see where the subjects recorded the mass of water, the temperatures and change in temperatures and mass of metal. These values will then be used to calculate the Cp Metal. By referring to the calculations and formulas section we can see that the value for Cp metal was
-0.800 J/°c. By following the correct instructions and equations the subjects are confident in their values.
There is also a table which displays the temperature change of water over time. The subjects recorded the temperature every 10 seconds up until 270 seconds. Here we can see the temperature increased from 22°c up to 25°c in the first ten seconds, then 26°c in the first 20 seconds which then remainder at 26.5°c for the remainder of the 270 seconds. The temperature dropped to 26°c after 8mins. The actual data sheets can be found in the appendix.
[bookmark: _Toc149169427]Conclusion
	By following the procedure and using the correct equipment list, the subjects had carried out their experiment without any issues or complications. They were able to accurately record all of the temperatures. This allowed them to use these values to carry out their calculations for HC Calorimeter and Cp metal. They had no problem calculating HC Calorimeter however they have questioned the result for Cp metal. By following the procedure for the calculations, they are confident that the values they have input are accurate. The subjects also successfully carried out research into specific heat, heat capacity, calorimeters and where they are applicable in the explosive industry. By carrying out this research they have gain a greater understanding of thermochemistry. They can also see how it is applicable to the industry in which they work in. 
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	Appendix includes 2 data sheets containing the calculations for HC Calorimeter and Cp metal.
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2. Measure the specific heat capacity of a metal (cp metar)

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

Type of metal = AL(L/"ML"LM T het — TMJC
s« 4)

Thot = GY.( Mmetal = IK‘S 9 ATmetal =
T 35 22 mue= 30 ML = _thE L

0
Tmax= 26'5 AT;ularimerer=_——l+‘£ 2
-0.300
Cp metal = Mj/c >
time (s) Twarer (°C) time (s) Twarer (°C)
lo 25° loo | 265 140 26.5" |
20 - 26° 1o 26-5 20 200 | 26-5° Cx
26.5° 30) 26-5 L3020 | 20.5° €
% 26-5" 130 | 2¢-5 146 22| 26-5°
50 2¢.5 140 26-% b 230 | 26.6°
60 26.5 150 26.5 249 | 26. 5’
Zo 26.5 160 26-5 250 | 26.5°
30 26.5 KD 26.5 260 26 .5°
9o 26.5 180 26-5 270 face

o swp p ows A

Write the calculations for Quor-warer , QcoLp-warer, Qcatormerer , and. HCcarormeTer

CoMeal = = Mupter X cpinker < ATuate + HeGal X ATeal
(30 X l.Igex &5 + 1l.o X #5)
- €lg 6l 3/

6l 6] -6l 6l - 0.800 5/
Mrcal X AT metal. (135 k 41.5)
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1. Measure the value of the heat capacity of the calorimeter (HCcatorimeter)

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

-~ 7 ")
Twor = 60 MHOT-WATER = bo l!l/_ ATHoT-WATER = _&._C'
oo e 1 [ MEO D WATER'= bo mL ATcoLp-wATER = _M._L_
[/
Shd Yo -~y g 6 T ; ATcALORIMETER = __}4"—

QcoLp-waTer = ii 76- g %HOT—WATER = M_ QCALORIMETER = _z_aﬂ'_a_j
49.0- 3/%°

HCcaLorimMETER =

Write the calculations for Quor-warer , Qcoo-warer , Qeatormerer , and HCcaloriMETER *

Qz=Mx ¢p x 4T
O Ht = 50 K‘l—.lgéth—Zo) —
Qold = 50 < Glgs x (1) = +3975:7
Gal = -(-4ig6) - 39767 = 293 T

HcCaL - E‘ﬁ(__ : ‘
AT
= 299
19
= 1.0 3/
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