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Introduction:

There are three main parts to this experiment. To start, a metal's specific heat capacity will be calculated and used to approximate the molar mass of the metal. The specific heat capacity of the metal is the amount of heat per unit mass needed to raise the temperature by one degree, and follows the formula Q = mcΔT.  Second, the enthalpy of neutralization, consisting of two strong acids with a strong base, will be determined. The enthalpy of neautralization is the anthalpy that occurs when an equivalent acid and base go through a neutralization reaction, and produce salt and water. Finally, in the thid part, the enthalpy of solution of an unknown salt will be calculated, allowing for the determination of which salt the unknown salt is. The enthalpy of solution is the enthalpy change when a solution of infinite dilution is produced when one mole of an ionic subtance dissolves in water.

Procedure:

See “What in the World isn't Chemistry? General Chemistry Lab Manual,” Dr. Rashmi Venkateswaran 2012, page 34 (Experiment 3 – Enthalpy of Various Reactions).

Results

Table 1.  Specific Heat Capacity of Metal

	
	Trial 1
	Trial 2

	Type of Metal


	Copper
	Copper

	Metal Mass (g)


	10.8607
	13.2334

	Empty Calorimeter Mass (g)


	7.1482
	7.1482

	Water Volume (mL)


	21.00
	20.00

	Calorimeter and Water Mass (g)


	26.6161
	26.1631

	Time (½ minute intervals)
	Water Temperature (°C)
	Water Temperature (°C)

	0.00
	19.7
	19.7

	0.50


	19.9
	21.1

	1.00
	20.0
	21.0

	1.50
	20.0
	21.0

	2.00
	20.0
	21.1

	2.50
	20.0
	21.1

	3.00
	20.0
	21.1

	Temperature of Boiling Water (°C)


	100.0
	100.0

	Q of Water (J)
	
	

	ΔT of Water (°C)
	
	

	ΔT of Water (°C)
	
	

	c of Copper ( J/°C)
	
	

	Molar Mass of Copper (g/mol)
	
	

	% Error of c of Copper
	
	

	% Error of Molar Mass of Copper
	
	


	Time (1/3 minute intervals)
	Temperature After Metal Added (°C)


	Time (1/3 minute intervals)
	Temperature After Metal Added (°C)

	4:50
	25.4
	4:14
	25.4

	5:10
	25.2
	4:34
	25.4

	5:30
	25.0
	4:54
	25.4



	5:50
	24.9
	5:14
	25.4

	6:10
	24.8
	5:34
	25.3

	6:30
	24.8
	5:54
	25.2

	6:50
	24.7
	6:14
	25.2

	7:10
	24.6
	6:34
	25.1



	7:30
	24.6
	6:54
	25.1

	7:50
	24.5
	7:14
	25.1

	8:10
	24.4
	7:34
	25.1

	8:30
	24.3
	7:54
	25.1

	8:50
	24.2
	8:14
	

	9:10
	24.2
	
	

	9:30
	24.1
	
	


Table 2. Enthalpy of Neutralization Acid 1

	
	Trial 1
	Trial 2

	Acid


	HNO3
	HNO3

	Acid Volume (mL)


	50.00
	49.50

	Acid Concentration (M)


	1.1
	1.1

	NaOH Concentration (M)


	1.0
	1.0

	NaOH Volume (mL)


	50.00
	50.00

	Time (½ minute intervals)
	NaOH Temperature (°C)
	NaOH Temperature (°C)

	0.00
	19.1
	18.7

	0.50


	19.0
	18.6

	1.00
	19.0
	18.6

	1.50
	19.1
	18.7

	2.00
	19.1
	18.7

	2.50
	19.1
	18.7

	3.00
	19.1
	18.7

	Mass of Solution (g)
	
	

	Q of Solution (J)
	
	

	ΔT of Solution (°C)
	
	

	Moles of OH-
	
	

	Moles of H2O
	
	

	Heat of Neutralization (J/mol)
	
	

	% Error
	
	


	Time (1/3 minute intervals)
	Temperature of Mixture (°C)


	Time (1/3 minute intervals)
	Temperature of Mixture (°C)

	3:35
	25.2
	3:36
	25.2

	3:55
	25.8
	3:56
	25.3

	4:15
	26.0
	4:16
	25.3



	4:35
	26.0
	4:36
	25.2

	4:55
	25.9
	4:56
	25.2

	5:15
	25.9
	5:16
	25.2

	5:35
	25.8
	5:36
	25.1

	5:55
	25.8
	5:56
	25.1



	6:15
	25.8
	6:16
	25.1

	6:35
	25.7
	6:36
	25.0

	6:55
	25.7
	6:56
	25.0

	7:15
	25.7
	7:16
	24.9

	7:35
	25.6
	7:36
	24.9

	7:55
	25.6
	7:56
	24.9

	8:15
	25.6
	8:16
	24.8

	8:35
	25.5
	8:36
	24.8

	8:55


	25.5
	
	

	9:15
	25.4
	
	

	9:35
	25.4
	
	

	9:55
	25.4
	
	

	Mass of Solution and Calorimeter (g)


	108.0729
	Mass (g)
	107.0302


Table 3. Enthalpy of Neutralization Acid 2

	
	Trial 1
	Trial 2

	Acid


	HCl
	HCl

	Acid Volume (mL)


	50.00
	50.00

	Acid Concentration (M)


	1.1
	1.1

	NaOH Concentration (M)


	1.0
	1.0

	NaOH Volume (mL)


	50.00
	50.00

	Time (½ minute intervals)
	NaOH Temperature (°C)
	NaOH Temperature (°C)

	0.00
	20.0
	20.0

	0.50


	20.0
	20.0

	1.00
	20.0
	20.0

	1.50
	20.0
	20.0

	2.00
	20.0
	20.0

	2.50
	20.0
	20.0

	3.00
	20.0
	20.0

	Mass of Solution (g)
	
	

	Q of Solution (J)
	
	

	ΔT of Solution (°C)
	
	

	Moles of OH-
	
	

	Moles of H2O
	
	

	Heat of Neutralization (J/mol)
	
	

	% Error
	
	


	Time (1/3 minute intervals)
	Temperature of Mixture (°C)


	Time (1/3 minute intervals)
	Temperature of Mixture (°C)

	3:41
	27.0
	3:40
	26.8

	4:01


	26.8
	4:00
	26.8

	4:21
	26.7
	4:20
	26.7



	4:41
	26.8
	4:40
	26.6

	5:01
	26.8
	5:00
	26.8

	5:21
	26.7
	5:20
	26.7

	5:41
	26.8
	5:40
	26.8

	6:01
	26.8
	6:00
	26.8



	6:21
	26.8
	6:20
	26.7

	6:41
	26.8
	6:40
	26.7



	7:01
	26.7
	7:00
	26.8

	7:21
	26.8
	7:20
	26.9

	Mass of Solution and Calorimeter (g)


	107.4679
	Mass (g)
	108.0347


Table 4. Enthalpy of Solution

	
	Trial 1
	Trial 2

	Salt


	A
	A

	Salt Mass (g)


	2.5055
	2.5097

	Empty Calorimeter Mass (g)


	7.8333
	7.8333

	Water Volume (mL)


	20.00
	20.00

	Calorimeter and Water Mass (g)


	20.2822
	27.0178

	Time (½ minute intervals)
	Water Temperature (°C)
	Water Temperature (°C)

	0.00
	20.0
	19.7

	0.50


	20.2
	19.9

	1.00
	20.2
	19.9

	1.50
	20.2
	19.9

	2.00
	20.2
	19.9

	2.50
	20.2
	19.9

	3.00
	20.2
	19.9


	Time (1/3 minute intervals)
	Water Temperature (°C)


	Time (1/3 minute intervals)
	Water Temperature (°C)

	4:03
	17.4
	3:28
	17.7

	4:23


	17.2
	3:48
	17.7

	4:43
	17.1
	4:08
	16.6



	5:03
	17.0
	4:28
	16.5

	5:23
	17.0
	4:48
	16.5

	5:43
	17.0
	5:08
	16.7

	6:03
	17.0
	5:28
	16.7

	6:23
	17.0
	5:48
	16.8



	6:43
	17.0
	6:08
	16.8

	7:03
	16.9
	6:28
	16.9

	7:23
	16.9
	6:48
	17.0

	7:43
	16.7
	7:08
	17.1

	8:03
	16.5
	7:28
	17.2

	8:23
	16.6
	7:48
	17.3

	8:43
	16.5
	8:08
	17.4

	9:03
	16.4
	8:28
	17.5

	9:23
	16.5
	8:48
	17.5

	9:43
	16.6
	9:08
	17.6

	10:03
	16.6
	9:28
	17.6

	10:23
	16.6
	9:48
	17.6


Observations:

· Bubbling water in part 1 as it is heated, of course, and brought to its boiling point (100°C)

· No noticable odours or particularly distinguishing or unique properties.

· The metal, copper, increased in temperature after being put in the calorimeter and boiled.

· Copper pieces remained in the calorimeter after the experiment was done (disposed of at the proper station).

Discussion:

The calculated specific heat capacity, 0.543J/g°C, for copper was not reasonable in comparison to its true specific heat capacity of 0.386J/g°C. Likewise, the actual and experimental molar masses differed greatly (46.05g/mol compared to the actual 63.54g/mol). The %errors for the specific heat capacity and the molar mass both hint at significant error, 40.7% and -27.5% respectively. This is most likely due to calculation error, as experimental procedure was followed correctly.

The enthalpies of the two strong acids, HNO3 and HCl differ, but are still fairly close; 51.2kJ and 56.7kJ respectively. The literature value for both of these enthalpies was found to be 55.9kJ/mol.

The identity of the unknown salt was determined to be KI. The literature value of the enthalpy of solution also differed greatly from the experimental value of the enthalpy of solution, 20.8 kJ/mol and 11.2kJ/mol respectively.

Possible sources of error in this experiment include error calculations, too big of a time gap when mixing (as it is supposed to be done as fast as possible), and lack of swirling after the mix. The first two mentioned sources are the most likely sources of error, especially considering for the first part of the lab, as can be seen in Figure 1 (first graph), the gap time is the biggest. Each source of error contributes to the result, by decreasing the value of enthalpy.

Conclusion:

The calculated specific heat capacity of copper and its molar mass (0.543J/g°C and 46.05g/mol) were clear to contain error. Likewise, the experimental values of the enthalpies of the two strong acids (51.2kJ, 56.7kJ), and the experimental value of the enthalpy of solution (11.2kJ/mol) were all incorrect as well. Overall, however, enthalpy change through various thermodynamic chemical systems was demonstrated.
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