Lab Practical 3, 
Measuring the specific heat capacity of water and a metal. 
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The goal of the first experiment was to measure the temperature changes of water and then use the collected data to calculate the specific heat capacity of a calorimeter. 
The aim of experiment two was to measure the temperature of a metal block and then calculate the specific heat capacity from the data. 
Hypotheses 
the metal block will have a lower specific heat capacity than the calorimeter. 
Variables 
Independent variable, 
Specific heat capacity of calorimeter
Dependant variable
Temperature water was heated to. 
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Q= M x C x ΔT (Eq 1) 
Q = heat of explosion (J) 
M = Mass (g) 
C = specific heat capacity (j per g per oC) 
ΔT = Temperature change (oC)
-Q metal = Q water + Q calorimeter (Eq 2) 
M metal x Cp metal x ΔT metal = -(M water x Cp water x ΔT water + HC calorimeter x ΔT calorimeter) (Eq 3) 
-Q hot water = Q cold water + Calorimeter (Eq 4) 
Q calorimeter = HC calorimeter x ΔT calorimeter (Eq 5) 
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Specific heat capacity of the calorimeter 
T hot = 60 OC
T cold = 23 OC 
T max = 45 OC
Mass of hot water = 50ml 
Mass of cold water = 50ml 
Calorimeter results (table 1) 
	
	ΔT (Final – Initial) OC 
	Q (j) 

	Hot water 
	45 - 60  = -15 OC 
	50  x 4.186 x -15 = -3139.5J


	Cold water 
	45- 23 = 22 OC
	50 x 4.186 x 22 = 4604.6J 


	Calorimeter 
	45 - 23 = 22 OC
	4604 - 3239.5 = 1465.1


 
Rearranging Eq 5 allows for the calculation of heat capacity of calorimeter: 
Heat capacity of calorimeter = Q calorimeter/ ΔT calorimeter. 
1465.1 /22 = 66.60 j per g per C, 
Cp of Calorimeter = 66.6 j per g per C 
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T hot = 60 OC
T cold – 23 OC
T max – 40 OC
Mass of metal = =18.6 g 
Mass of water – 30ml 
ΔT metal = 40 – 60 = -20 OC
ΔT water = 40 – 23 = 17 OC
ΔT Calorimeter = 40 – 23 = 17 OC
M metal x Cp metal x ΔT metal = -(M water x Cp water x ΔT water + HC calorimeter x ΔT calorimeter) (Eq 3) 
18.6 g x Cp metal x -20 = -(30 x 4.186 x 17 + 66.6 x 17 ) =
18.6 x cp metal x -20 =  -3267.06
Rearranged = 
-3267.06/ 18.6 x -20 = 8.78 j per g per oC 2dp, 
Cp metal = 8.78 j per g per oC 2dp,
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Analysis of results, 
Looking at the results the first and most obvious issue is that the Cp of metal is wrong, this value is too high the actual Cp of aluminium is around 0.89. j per G per K-1 the difference between the two values could be for a number of reasons, firstly the difference in units, the calculations above used Degrees in contrast several online sources use Kelvin for temperature units. Another possible reason for the difference by a factor of 10 could be due to issues with calculations. If the original calculation for the HC value  was wrong then the Specific heat capacity value for the metal will be wrong as well. However, the most likely issue for why the results where inaccurate is because of the issues with the experiment; Which are mentioned below under limitations of the experiment. The other probable cause for inaccuracy is human error, if the experimental values were recorded inaccurately then this would explain the issues with the final value. One assumption is that despite the limitations of the experiment the human factors, both when taking the measurements as well as when carrying out the calculations, are most likely to blame for the inaccuracy and wrong final value. 
If it is assumed that the experiment is accurate and all calculations are correct then the original hypothesis is correct. The Cp of a metal block is 8.78 j per g per oC where as the Cp of the calorimeter is 66.6 j per g per oC. the Calorimeter has a higher heat capacity than the block of metal. This can be explained in the chemical properties of the materials. Metals are usually good heat conductors where as water/the calorimeter 33is a good thermal insulator. As a result it requires more energy to raise the calorimeter by 1 degree than it does to raise an equal mass of metal by 1 degree C, the calorimeter has a higher heat capacity. 
Calorimetry is an analytical technique used to measure the enthalpy changes in a chemical process. An explosion is a chemical reaction, as such this analytical technique can be used to analyse OME reactions.[footnoteRef:1] Specific heat capacity is the amount of energy required to raise 1 gram of a substance by 1 kelvin. Specific heat capacity does not directly influence the explosive power of a substance, it can effect the efficiency of energy transfer within the explosive. [footnoteRef:2]Q represents energy released from an explosion. This value is very useful as it determines the energy released from the explosion so can be used to estimate the explosive power. Propellants and secondary explosives (high explosives) have a high Q value because they have a high explosive power and so release a large amount of energy when detonated. So, determining Q  can also be used to test new and current explosives with different chemical formulas and in different conditions. Measuring the energy released for an accurate estimation of explosive power and means that more efficient explosives can be developed at a much cheaper cost and faster rate.  [1:  Reference 2 ]  [2:  Reference 3 ] 
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The first limitation of the  experiment is the calorimeter itself, the calorimeter should be a completely sealed and well insulated container,[footnoteRef:3] for this experiment we sued a plastic coffee cup and a cork lid with holes in it for the thermometer and stirring stick. This was not a sealed container and so heat could easily escape through the top of the calorimeter. Another large issue was the transfer of the metal block from the boiling water to the calorimeter, it was very difficult to tell when the equilibrium had been met and both the water and the metal block were at the same temperature, furthermore transferring the metal block through the cold air into the cold water would definitely had an effect on the temperature of the block and contributed to the sudden decline in heat emitted from the block. I don’t know how this could be improved but using a professional calorimeter would have allowed for a sealed chamber and far more accurate temperature readings and a more accurate experiment.  [3:  Reference 4] 
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Materials, 
Plastic cup, 
Cork lid to cup 
Stirring rod, 
Thermometer, 
Bunsen burner, 
Heat proof mat
Matches, 
Measuring cylinder 
Gause, 
Tripod 
100 ml beaker 
Tongs
To measure the specific heat capacity of the calorimeter the following method was used. 
· At 50ml fo water to the Styrofoam coffee cup and add cork lid. 
· Add thermometer and mixing rod. 
· Take 50 ml of water in a different beaker and heat to about 80C
· Turn off Bunsen burner and wait until temperature of water reaches 60C 
· Record the temperature of the water as hot water temperature. 
· Add the hot water to the water in the calorimeter and mix while watching the thermometer
· Record the maximum equilibrium temperature as Tmax 
· Calculate specific heat capacity for calorimeter. 

Method for calculating specific heat capacity of metal block. 
· Acquire a metal and record its mass. 
· Set up a water bath using the Bunsen burner and the beaker. Make sure there is enough water to completely surround the sample of metal. 
· Place the metal into the water bath, keep the water boiling for five minutes  and allow the metal to reach the same tempraeature as the water. 
· Turn of the Bunsen after 5 more minutes and leave the metal in the water bath to ensure equilibrium as been reached. 
· While boiling is taking place, measure 30 ml of water using the measuring cylinder and add it to the calorimeter. Measure this temperature as T cold 
· Once the metal has reached thermal equilibrium with the boiling water, measure and record the temperature as t hot. 
· Add the metal to the calorimeter using the tongs  
· Stir the water and measure the temperature every 10 seconds as to fill the data sheet provided. Record the final entry as T water 
· Record the maximum temperature reached by water as T max 
· Calculate the specific heat capacity of the metal using the specific heat capacity equation, assume that the water and calorimeter are in thermal equilibrium. 



