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Introduction:

The purpose of a calorimetry experiment is to find the heat transfer during a chemical reaction, or in our case, a physical change. This is typically done by measuring the mass of substances as well as the temperature change throughout an experiment. Calorimetry experiments are used to identify and understand thermodynamics, rates of reaction, energy contents and as carried out later, specific heat capacity. This means calorimetry has many uses in industry for the analysis and characterization of materials, giving it a wide range of uses in many different sectors.

The hypotheses being tested are:
· Every material (in this case, aluminium/ polystyrene) has an associated heat and specific heat capacity.
· Thermal equilibrium will occur between two substances of varying temperatures, given enough time.

Independent variable – The type of metal (aluminium).
Dependent variable – Change in temperature of water in the calorimeter by either hot water or the metal sample.
Control variables – The mass of the water and metal piece, the initial water temperature, the heat source and energy must be evenly distributed throughout the metal and water through stirring, the type and configuration of the calorimeter used, the insulation of the calorimeter, the lab environment, e.g. temperature.

Equations:
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 = 4.186J/(g)
Materials and methods

Equipment:

· 2 x Styrofoam cups.
· Cardboard lid.
· Water.
· Thermometer.
· Stirring rod.
· Measuring cylinder  50ml.
· Beaker  100ml.
· Bunsen burner.
· Retort stand.
· Boss and clamp.
· Tripod.
· Gauze.
· Heat-proof mat.
· Metal sample.
· Tongs.
· Scales.
· Stop watch.


Method:

Step 1: Measure the value of the heat capacity of the calorimeter.
· Overlap two Styrofoam cups, then, using a measuring cylinder, add 50ml of water to it. Close the calorimeter with a lid, adding a thermometer and stirring rod to the top.
· Measure an additional 50ml using a measuring cylinder and add it to a separate beaker. Using a Bunsen burner (on a heat-proof mat) below a tripod and gauze, heat the beaker to around 80. Turn off the gas and then wait until the thermometer reads 60.  At this point, record the exact temperature as. 
· Measure the temperature of the water in the calorimeter and record it as.
· Add the hot water to the water in the calorimeter. Mix it well using the stirrer while watching the thermometer. Record the maximum equilibrium temperature of the mixture and record this as.
· Calculate the heat capacity of the calorimeter . This is done using the equations noted above. The specific heat capacity value of water = 4.186J/(g also is to be used.





Step 2: Measure the specific heat capacity of a metal).
· Weigh the metal sample (using scales) and record its mass.
· Use a beaker and set up a water bath using the same heating equipment as before. Switch to a roaring flame and bring the beaker to a boil. Place the metal piece in the water and keep it boiling for 5 minutes. Turn the gas off and then leave the metal in for a further 2 minutes to ensure equilibrium is met between the metal and water.
· While the heating process is carried out, use the measuring cylinder to measure 30ml of water and add it to the calorimeter. Use a thermometer to measure the temperature of the water in the calorimeter. Record this as.
· Once the metal has reached thermal equilibrium, measure and record the temperature as  and using tongs, quickly add the metal to the calorimeter. Just as the metal enters the water, start the stopwatch.
· Stir the water and every 10 seconds, record the temperature using the thermometer.
· Continue recording the temperature change until the temperature remains relatively constant. Record the maximum temperature reached by the water as.
· Calculate the specific heat capacity of the metal using the equations noted above and the previously calculated value of. The specific heat capacity value of water = 4.186J/(g also is to be used again.

Results:

Step 1: Measure the value of the heat capacity of the calorimeter.

The mass of water is calculated as 1ml = 1g.
To calculate temperature change values, subtract  by  and. 
 Is said to be the same as. It is assumed an equilibrium is met within the calorimeter.
Use equation 1 and  = 4.186J/(g to calculate the and.
Use equation 4 to calculate.
Use equation 5 to calculate.
Following this process, the results below are produced.

 = 60.0            = 50.0g           = -19.0
 = 23.0           = 50.0g           = 18.0           = 18.0
 = 41.0
          
 = 11.7J/



Step 2: Measure the specific heat capacity of a metal).

The mass of water is calculated as 1ml = 1g.
To calculate temperature change values, subtract  by  and. 
 Is said to be the same as. It is assumed an equilibrium is met within the calorimeter.
Use equation 1 and  = 4.186J/(g to calculate the.
Use equation 5 to calculate.
Use equation 6 to calculate.
Use equation 1 to calculate.
Following this process, the results below are produced.

Table 1 - Results from step 2.
	Time (s)
	(
	Time (s)
	(

	10
	38.6
	40
	32.3

	20
	45.2
	50
	31.9

	30
	37.3
	60
	31.8













Figure 1 –Display of the temperature change after the metal was placed in solution.

 = 90.0 = 18.7g            = -44.8
 = 22.0           = 30g           = 23.2           = 23.2
 = 45.2         
 = 2910J           = 271J           = 3181J
 = 3.80J/ (g

Discussion:

The experimental results showed a linked specific heat capacity was discovered for the aluminium used. For an accurate result, this means thermal equilibrium had to have been met prior to placing the metal sample into the cold water. To calculate the specific heat capacity of aluminium, the heat capacity of the calorimeter needed to be calculated first (step 1). To determine the heat capacity of the calorimeter, we first needed to calculate the temperature change after adding hot water, using that value to predict heat capacity. After this has been determined, we can predict the energy change seen in the calorimeter in step 2. This will provide, more accurate results for the energy change in the aluminium and hence a better specific heat capacity value.

The calculated value of the specific heat capacity of aluminium was 3.80J/ (g. The real value is 0.90J/ (g. This shows the results were fairly inaccurate. There are many possibilities for the causes of inaccuracies in this experiment, as stated below. However, I believe the highest contributing factor to the inaccurate results is human measuring error. I believe this, because the distribution of temperatures in my results during step 2 is quite large. For this reason, we likely missed the real maximum temperature, thus changing our results. 

Sources of error:
· Insufficient calorimeter insulation.
· Incomplete mixing of solutions (not in equilibrium).
· Poorly calibrated equipment.
· Evaporation of water.
· Impurities in the metal sample.
· Human measuring error.
· Parallax error.

Limitations:
· The heat capacity of the calorimeter has to be experimentally found, if not accurately known beforehand.
· Not an advanced, highly insulated calorimeter, e.g. a bomb calorimeter.
· Assuming no heat transfer occurs at all.
· Temperature measurement is imprecise and not accurate; thermometers are subject to human error.
· Taken temperature results every 10 seconds instead of constantly.

The OME relevance of this experiment includes:
· Characterisation of explosives.
· Development of energetic material.
· Safety testing and hazard analysis, e.g. assessing the thermal stability of energetic material as described by [1]. 
· Performance evaluation of OME assets.
· Detection of improvised explosives, as stated in [2]. 
· Quality control through manufacturing.
· Analysis of environmental effects from articles.

Other areas to which this experiment can be applied (excluding OME), as stated in [3]: 
· Research and academic institutions.
· Manufacturing.
· Energy extraction and production.
· Characterising ingredients in pharmaceuticals and food and beverage.
· Quantifying the performance of semiconductor materials.
· Characterising polymers.

Conclusion:

My findings do support my hypotheses stated earlier. This is because the polystyrene and cardboard calorimeter did have a heat capacity and the aluminium did have a specific heat capacity, which was documented in the results above. Also, after heating the water and then adding the metal sample, we provided enough time for the sample to come to equilibrium with the hot water. This should have provided a more accurate representation of the temperature of the metal sample, thus producing better results. Based on what was found, to produce closer to accurate results, I would switch out the analogue thermometer with a digital one. This will record the temperature change continuously (instead of every 10 seconds) and provide a more consistently accurate value for temperatures, such as the max temperature reached. In addition, I would repeat the experiment two more times and calculate an average specific heat capacity value. This would show the experiment is repeatable and provide me with a stronger set of results and final value. Furthermore, an opportunity to use a bomb calorimeter, as explained in [4], would result in a better insulated calorimeter and so less wasted heat transfer would occur to the surroundings, resulting in more accurate results.
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