Experiment to find specific heat capacity of a metal sample and determine the heat of reaction between NaOH and HCl
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[bookmark: _Toc197593613]Introduction
Both experiments used a calorimeter, which is an apparatus used to measure the flow of heat energy. The first test was carried out to find the specific heat capacity of a sample of metal, the hypothesis for this test is that the specific heat capacity of the metal will be lower than that of the calorimeter as metal is more conductive than water. The second test was carried out to find the amount of heat energy released during a reaction between HCl and NaOH solutions, the hypothesis for this test is that the reaction between HCl and NaOH will be exothermic, and heat will be released by this reaction. 
An assumption for both of these experiments was that no energy was being lost to the surroundings.
Variables
Finding the specific heat capacity of the calorimeter
The independent variable if this test was the initial temperatures of the cold and hot water. The dependant variable was the temperature changes of the cold and hot water. The control variables of this test were the volumes of the water used, and the equipment used to measure the temperature was the same throughout the whole test.
Finding the specific heat capacity of the metal
The independent variable for this test was the temperature of the cold water and the metal sample. The dependent variable was the temperature change of the cold water and the metal. The control variables for this test were the mass of the metal, the mass of the cold water, the equipment used to measure he cold water and hot water the metal was being heated in was the same and the amount of time the metal was heated to ensure that it was in thermal equilibrium with the water that it was heated in.
Finding the heat evolved from the reaction between HCl and NaOH
The independent carriable for the test was the volume of NaOH and HCl solutions used. The dependant variable of this test was the temperature change that was caused due to the heat of the reaction. The control variables of this test were the concentrations of NaOH and HCl solution, the initial temperatures of both solutions as they were both left within the same environment until they reached the same temperature, and separate instruments were used while waiting for the solutions to reach the same temperature to ensure the solutions wouldn’t mix and react.
[bookmark: _Toc197593614]Equations
[bookmark: _Ref197589374]Equation 1
Q = m    cp    ΔT
The above equation is used to find Q, heat energy gained. M is the mass of the substance that is gaining heat, cp is the specific heat capacity of the substance and ΔT is the temperature change of the substance.
Equation 2
-Q calorimeter = Q cold + Q hot
This equation will be used to find Q calorimeter, the heat gained by the calorimeter, with Q cold being the heat gained by the cold water and Q hot being the heat lost by the hot water.
Equation 3
ΔT calorimeter = T max – T cold
This equation is used to find T hot, the temperature change of the calorimeter. T max
represents the temperature of the calorimeter once it reaches equilibrium and T cold.
being the initial temperature of the cold water.
Equation 4
HC calorimeter = Q Calorimeter   / ΔT calorimeter
The above equation is used to find HC calorimeter which is the heat capacity of the calorimeter. Q calorimeter is the heat gained by the calorimeter and ΔT calorimeter is the temperature change of the calorimeter.
[bookmark: _Ref197687950]Equation 5
M metal  cp metal  ΔT metal= - (m water   cp water  ΔT water + HC calorimeter  ΔT calorimeter)
This equation is used to find the specific heat capacity of the metal with M metal being the mass of the metal c metal being the specific heat capacity of the metal and ΔT metal being the temperature change of the metal.
Equation 6
Q reaction = - (m water   cp water  ΔT water + HC calorimeter  ΔT calorimeter)
The equation above is used to calculate the heat evolved during a reaction, Q reaction.
Equation 7
N reactant = V Reactant * C Reactant
The above equation is used to find the number of moles of a substance within a solution, N reactant. V reactant represents the volume of the solution used and C reactant represents the concentration of the solution.

Equation 8
q reactant = Q reactant / n reactant
This equation is used to find the amount of heat energy gained per mole of the limiting reactant. Q reactant is the heat gained by the reactant and n reactant is the number of moles of the limiting reactant.




[bookmark: _Ref196772295][bookmark: _Ref196772300][bookmark: _Toc197593615]Results
[bookmark: _Toc197593616]Heat Capacity of the Calorimeter
The mass of cold water used for the calorimeter was 50 g and the mass of hot water used was 52 g.
Initial temperatures of the hot and cold water as well as the temperature reached at equilibrium are recorded in Table 1 below.
[bookmark: _Ref197678949]Table 1 - Initial temperatures and final temperature
	T hot (o C)
	64.8

	T cold (o C)
	19.5

	T max (o C)
	39.6


Equation 3 was used to find the temperature changes recorded below in Table 2. 
[bookmark: _Ref197678918][bookmark: _Ref197678937]Table 2 - All calculated temperature changes
	ΔT hot (o C)
	-25.2

	ΔT cold (o C)
	20.1

	ΔT calorimeter (o C)
	20.1



Using Equation 1 to find the heat change of the cold and hot water gives the following results,
 Q hot = -5270 J, Q cold = 4380 J. 
Using the previous results to find Q calorimeter gives the result Q calorimeter = 899 J.

[bookmark: _Toc197593617]Specific Heat Capacity of a metal
Shown in Table 3 is the temperature of the water at 10 second increments.
[bookmark: _Ref197678641][bookmark: _Ref197678647]Table 3 - Temperature rise over time.
	Time (s)
	 T water (o C)

	0
	29.3

	10
	29.6

	20
	29.7

	30
	30.1

	40
	30.1

	50
	30.1

	60
	29.9

	70
	29.9

	80
	29.9

	90
	29.9

	100
	29.9

	110
	29.9

	120
	29.8

	130
	29.8

	140
	29.8

	150
	29.5

	160
	29.5

	170
	29.3

	180
	29.3

	190
	29.2

	200
	29.2

	210
	29.2

	220
	29.2

	230
	29.2

	240
	29.2

	250
	29.2

	260
	29.2

	270
	29.0

	280
	29.0

	290
	29.0

	300
	29.0

	310
	29.0

	320
	29.0

	330
	29.0

	340
	29.0

	350
	29.0

	360
	29.0

	370
	28.8

	380
	28.8

	390
	28.7

	400
	28.7

	410
	28.5

	420
	28.5

	430
	28.5

	440
	28.3

	450
	28.3

	460
	28.2

	470
	28.2

	480
	28.2

	490
	28.2

	500
	28.2

	510
	28.2

	520
	28.2

	530
	28.2

	540
	28.1


Figure 4 below shows the temperature against time graphed and shows clearly that the maximum temperature reached was 31.0 o C.
[image: ]
[bookmark: _Toc197593526][bookmark: _Ref197678718][bookmark: _Ref197678728]Figure 4- Temperature rise of calorimeter against time.
The temperature change experienced by the metal was -61.9 o C and the temperature change experienced by the water was 9.6oC. 
Using Equation 5 to calculate the specific heat capacity of the metal gives the value of                1.1 J K-1 g-1.
[bookmark: _Toc197593618]Molar Heat of Reaction Between HCl and NaOH
Shown below in Table 4 is the concentration, volume and number of moles that was calculated from equation 7.
[bookmark: _Ref197688494]Table 4 - Concentration, volume and moles of NaOH and HCl solutions
	Concertation HCl (M)
	1.0

	Volume HCl (cm3)
	49.0

	N HCl (mol)
	0.049

	Concertation NaOH (M)
	1.0

	Volume NaOH (cm3)
	52.0

	N NaOH (mol)
	0.052



The initial temperature of both solutions was recorded as 19.9oC and the final temperature recorded after the end of the reaction was 26.7. Using equation 3 gives the result of the temperature change as -6.8oC.
Using equation 1 to find the heat energy released by this reaction gives the result of 2900 J. Dividing this by the number of moles of hydrogen as it is the limiting reactant gives the result q = 59000 J mol-1.



[bookmark: _Toc197593619]Discussion

Limitations
One of the limitations of all of the tests was that there was not time to do each of the tests multiple times, meaning that the results achieved from these tests were potentially inaccurate.
During the third test different thermometers were used to record the initial temperatures of the HCl and NaOH solutions, one of these thermometers was digital and one was analogue, meaning they both had different uncertainties. The thermometers both reached a stable temperature but were not displaying the same temperature, so it was decided that the measurement from the digital thermometer was to be used as it gave more precise readings.
Use in the OME industry.
In the OME industry calorimeters are used to 


[bookmark: _Toc197593620]Conclusion
In conclusion a test was carried out to find the specific heat capacity of a metal sample. First, the specific heat capacity of the calorimeter was found to be 4.13 J K-1 g -1. This value was then later used to find the specific heat capacity of the metal sample, which was found to be 1.1 J K-1 g-1.
The second test was carried out to find the heat evolved from the reaction between NaOH solution and HCl solution. The total heat energy released was 2900J and the heat energy released per mole of HCl was found to be 59000 J mol -1. This proves the hypothesis of this being an exothermic reaction correct as heat is released.



[bookmark: _Toc197593621]Appendix
[bookmark: _Toc197593622]Methodology
[bookmark: _Toc197593623]Measuring Heat Capacity of the Calorimeter
1) Add 50.0mL of cold water to Styrofoam cups, put the stirring rod and thermometer of the Styrofoam cups and close the lid.
2) Heat 50.0mL of water in a beaker over a Bunsen burner until the thermometer reads 80 °C, then let water cool to 60 °C. Once cooled to approximately 60 °C record the temperature as T Hot.
3) Measure the temperature of the cold water in the Styrofoam cups and record as T cold.
4) Add the hot water to the Styrofoam cups and stir using stirring rod while observing the thermometer, once the temperature reaches equilibrium record the temperature as T max.
5) Calculate Heat Capacity using Equation 4.
[bookmark: _Toc197593624]Measuring Specific Heat Capacity of Metal
1) Measure the mass of the metal sample and record as M metal.
2) Add enough water to cover metal sample in a beaker and heat over Bunsen burner and heat until boiling. Add the metal sample to the boiling water and continue boiling for 5minutes to allow the metal and water to become the same temperature. Then turn off the gas and leave the metal sample in the water for a further 2 minutes.
3) Add 30mL of cold water to the calorimeter, measure its temperature and record as T cold.
4) Measure the hot water and record as Thot, then, using tongs, quickly add the metal to the calorimeter.
5) Stir the water and measure and record the temperature into a table every 10 seconds, measure the temperature the temperature of the water until it has peaked then reduced by 2◦C. Then Record the maximum temperature as T max.
6) Calculate the Specific heat capacity of the metal using equation 5.
[bookmark: _Toc197593625]Measuring Molar Heat of Reaction Between NaOH and HCL
1) Pour 52.0 mL of 1 M NaOH solution and 50mL of 1 M HCl solution into separate beakers.
2) Wait for the two solutions to reach the same temperature and record this temperature as      T start.
3) Quickly add the HCl solution to the NaOH solution and record the temperature when the reaction reaches its end as Tend.
4)  Calculate the heat of the reaction, Q reaction using equation 6.
5) Calculate the molar heat of reaction, q reaction, by dividing Q reaction by the number of moles of the limiting reactant. 
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