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Experiment 3 - Enthalpy of Various Reactions


Introduction  
In this experiment the properties of a calorimeter are used to determine the approximate molar mass of a metal, the enthalpy of neutralization of two acids and the enthalpy of solution of an unknown salt. The first law of thermodynamics states that the energy of an isolated system is constant. In this experiment an isolated system is created with a coffee-cup calorimeter, which operates under constant pressure. This type of calorimeter is capable of losing heat, but even though this is the case it is assumed that no heat is lost during the experiment. 

The heat of reaction can be calculated using the equation . In this equation q is the energy of the system in J, m is the mass of the substance, c is the energy required one gram of the substance by one degree (referred to as the specific heat capacity) and  is the energy change of the system. Since energy is transferred in a closed system, two heat of reaction equations can be set equal to each other with a negative q representing the substance losing heat, while a positive q represents the substance gaining heat (). This equation can be solved for specific heat capacity, which in turn can be used in the equation  to solve for molar mass.

In part two of this experiment the enthalpy of neutralization is determined for two different acids. For these calculations it is assumed that the specific heat capacity of the solution is equal to that of water since both the acids and the base are diluted. Once the heat of reaction is calculated, enthalpy of neutralization per mole of substance can be calculated using the equation . In this equation  is the enthalpy of neutralization,  is the heat of reaction and  is the number of moles of water.

The enthalpy of dissolution is the energy change associated with the dissolution of one mole of substance in water. In the third part of this experiment the enthalpy of dissolution of a salt is calculated with the equation . Since , the variable qs can be replaced by . The negative sign represents the fact that heat is lost. If  is also negative, then  will be positive. A positive  indicates that energy is absorbed and the dissolution of the salt is endothermic, while a negative  indicates an exothermic dissolution. In the case of an endothermic dissolution, the amount of energy needed to break the salt’s lattice bonds is greater than the energy released when one mole of salt dissolves in water. When the enthalpy of dissolution is negative, exothermic, the reverse is true.

Procedure: 
As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi Venkateswaran, 2013, Exp. 3, p. 27). 

Changes to Procedure:
Temperatures recorded every 30 seconds for metal (part 1) and both acids (part 2) in the experiment.



Data and Observations/Results
	TRIAL 1
	TRIAL 2

	Water in Calorimeter
	Water in Calorimeter

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	0:00
	24.2
	0:00
	24.4

	0:30
	24.3
	0:30
	24.8

	1:00
	24.4
	1:00
	24.8

	1:30
	24.5
	1:30
	24.8

	2:00
	24.4
	2:00
	24.9

	2:30
	24.4
	2:30
	24.9

	3:00
	24.4
	3:00
	24.9

	Metal and Water in Calorimeter
	Metal and Water in Calorimeter

	Time of Mixing (s)
	Time of Mixing (s)

	4:18
	3:48

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	4:35
	27.5
	3:55
	28.1

	5:05
	27.7
	4:25
	28.5

	5:35
	27.7
	4:55
	28.5

	6:05
	27.7
	5:25
	28.5

	6:35
	27.7
	5:55
	28.5

	7:05
	27.7
	6:25
	28.4

	7:35
	27.7
	6:55
	28.4

	8:05
	27.7
	7:25
	28.4

	8:35
	27.7
	7:55
	28.4

	9:05
	27.7
	8:25
	28.4

	9:35
	27.7
	8:55
	28.4

	10:05
	27.7
	9:25
	28.4


	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of metal (g)
	12.1341
	11.3456

	Mass of Empty Calorimeter (g)
	9.8062
	9.8062

	Volume of Distilled Water
(mL)
	20.0
	20.0

	Mass of Water and Calorimeter (g)
	28.9344
	28.8027

	Temperature of the Boiling Water (°C)
	101.1
	101.1


Data/Observations :Observations
-zinc was malleable, a dull silver-brown colour, and appeared to be oxidized

Tables 1-2: Specific Heat Capacity of a Metal Data 

	
 

Data
	Trial 1
	Trial 2

	Acid Type
	Nitric Acid
	Nitric Acid

	Volume of Acid (mL)
	50.0
	50.0

	Concentration of Acid (mol/L)
	1.1
	1.1

	Volume of NaOH Solution (mL)
	50.0
	50.0

	Concentration of NaOH solution (mol/L)
	1.0
	1.0

	Mass of Final Solution
(g)
	112.54
	111.36


Tables 3-4: Enthalpy of Neutralization of Nitric Acid Data
	
TRIAL 1
	TRIAL 2

	NaOH in Calorimeter
	NaOH in Calorimeter

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	0:00
	23.3
	0:00
	23.7

	0:30
	23.2
	0:30
	23.2

	1:00
	23.2
	1:00
	23.2

	1:30
	23.2
	1:30
	23.2

	2:00
	23.2
	2:00
	23.2

	2:30
	23.2
	2:30
	23.2

	3:00
	23.2
	3:00
	23.2

	Acid and Base in Calorimeter
	Acid and Base in Calorimeter

	Time of Mixing (s)
	Time of Mixing (s)

	3:15
	3:06

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	3:30
	29.9
	3:10
	29.4

	4:00 
	29.7
	3:40
	29.9

	4:30
	29.7
	4:10
	29.8

	5:00
	29.7
	4:40
	29.8

	5:30
	29.7
	5:10
	29.8

	6:00
	29.7
	5:40
	29.8

	6:30
	29.7
	6:10
	29.8

	7:00
	29.7
	6:40
	29.8

	7:30
	29.8
	7:10
	29.8

	8:00
	29.8
	7:40
	29.8

	8:30
	29.8
	8:10
	29.8

	9:00
	29.8
	8:40
	29.8



Tables 5-6: Enthalpy of Neutralization of Hydrochloric Acid DataObservations
-nitric acid and sodium hydroxide were clear colourless liquids

	Data
	Trial 1
	Trial 2

	Acid Type
	Hydrochloric Acid
	Hydrochloric Acid

	Volume of Acid (mL)
	50.0
	50.0

	Concentration of Acid (mol/L)
	1.1
	1.1

	Volume of NaOH Solution (mL)
	50.0
	50.0

	Concentration of NaOH solution (mol/L)
	1.0
	1.0

	Mass of Final Solution
(g)
	111.17
	111.01



	TRIAL 1
	TRIAL 2

	NaOH in Calorimeter
	NaOH in Calorimeter

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	0:00
	23.4
	0:00
	24.1

	0:30
	23.3
	0:30
	23.3

	1:00
	23.3
	1:00
	23.3

	1:30
	23.3
	1:30
	23.3

	2:00
	23.3
	2:00
	23.3

	2:30
	23.4
	2:30
	23.3

	3:00
	23.3
	3:00
	23.3

	Acid and Base in Calorimeter
	Acid and Base in Calorimeter

	Time of Mixing (s)
	Time of Mixing (s)

	3:24
	3:12

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	3:40
	30.2
	3:20
	29.9

	4:10
	30.2
	3:50
	29.9

	4:40
	30.1
	4:20
	29.9

	5:10
	30.1
	4:50
	28.8

	5:40
	30.1
	5:20
	27.7

	6:10
	30.1
	5:50
	27.7

	6:40
	30.0
	6:20
	27.7

	7:10
	30.0
	6:50
	27.7

	7:40
	30.0
	7:20
	27.7

	8:10
	30.0
	7:50
	27.7

	8:40
	29.9
	8:20
	27.7

	9:10
	29.9
	8:50
	27.7

	9:40
	29.9
	-
	-



Observations
-hydrochloric acid was a clear, colourless, liquid

	TRIAL 1
	TRIAL 2

	Water in Calorimeter
	Water in Calorimeter

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	0:00
	24.7 
	0:00
	23.4

	0:30
	25.0
	0:30
	24.9

	1:00
	25.0
	1:00
	25.0

	1:30
	25.0
	1:30
	24.9

	2:00
	25.0
	2:00
	25.0

	2:30
	25.0
	2:30
	25.0

	3:00
	25.0
	3:00
	24.9

	Salt and Water in Calorimeter
	Salt and Water in Calorimeter

	Time of Mixing (s)
	Time of Mixing (s)

	3:22
	3:17

	Time (s)
	Temperature (°C)
	Time (s)
	Temperature (°C)

	3:30
	22.2
	3:25
	23.5

	3:50
	22.3
	3:45
	21.4

	4:10
	22.1
	4:05
	20.7

	4:30
	21.9
	4:25
	20.7

	4:50
	21.0
	4:45
	20.2

	5:10
	20.9
	5:05
	19.8

	5:30
	20.5
	5:25
	19.7

	5:50
	19.9
	5:45
	19.7

	6:10
	19.8
	6:05
	19.8

	6:30
	19.8
	6:35
	19.9

	6:50
	20.0
	6:45
	19.9

	7:10
	19.9
	7:05
	19.9

	7:30
	19.9
	7:25
	20.0

	7:50
	20.1
	7:45
	20.0

	8:10
	20.4
	8:05
	20.3

	8:30
	20.3
	9:25
	20.2

	8:50
	20.2
	8:45
	20.2

	9:10
	20.3
	10:05
	20.2

	9:30
	20.3
	-
	-

	9:50
	20.3
	-
	-

	10:10
	20.3
	-
	-


Tables 7-8: Enthalpy of Solution of Salt B Data
	Data
	Trial 1
	Trial 2

	Salt #/letter
	B
	B

	Mass of Salt (g)
	1.5189
	1.5008

	Mass of Empty Calorimeter (g)
	10.0556
	10.0329

	Volume of Distilled Water
(mL)
	20.0
	20.0

	Mass of Water and Calorimeter (g)
	29.359
	29.307



Observations
-salt B was a fine white powder

Results:
Tables 9: Specific Heat Capacity of a Metal Results
	Data
	Trial 1
	Trial 2

	Energy Gained by Water (J)
	
	18.9965 286

	 of Water ()
	3.3
	3.6

	 of Zn ()
	-72.3
	-71.6

	Specific Heat Capacity of Zn (J/gC)
	0.30
	0.35

	Percent Error Specific Heat Capacity
	23 %
	9.8%

	Molar Mass (g/mol)
	83
	72

	Percent Error of Molar Mass
	-27%
	-10 %



Tables 10: Enthalpy of Neutralization of Nitric Acid Results
	Data
	Trial 1
	Trial 2

	
	
	6.6

	Calculated Mass of Solution (g)
	
	100

	Experimental Mass of Solution (g)
	
	101.55

	Difference Between Calculated and Experimental Mass (g)
	3
	1

	Limiting Reagent
	NaOH
	NaOH

	Energy of Reaction
	
	

	Moles of Water Produced (mol)
	
	

	Enthalpy of Reaction per Mole of Water (J/mol)
	
	

	Percent Error
	5.4%
	3.4%



Tables 11: Enthalpy of Neutralization of Hydrochloric Acid Results
	Data
	Trial 1
	Trial 2

	 
	
	6.5

	Calculated Mass of Solution (g)
	
	100

	Experimental Mass of Solution (g)
	
	101.20

	Difference Between Calculated and Experimental Mass (g)
	1
	1

	Limiting Reagent
	NaOH
	NaOH

	Energy of Reaction
	
	

	Moles of Water Produced (mol)
	
	

	Enthalpy of Reaction per Mole of Water (J/mol)
	
	

	Enthalpy of Reaction per Mole of Substance (J/mol)
	1.9%
	5.4%

	Difference Between Calculated  Values (J/mol)
	3.0 x103
	1.0 x103



Tables 12: Enthalpy of Solution of Salt B Results

Calculations
Specific Heat Capacity of a Metal
1)  (extrapolated from figure 1)

2) Energy Gained by Water:

	Data
	Trial 1
	Trial 2

	 ()
	-5.2
	-5.25

	Energy Change of Solution (J)
	
	-4.2

	Enthalpy of dissolution (J/mol)
	
	

	Percent Error
	19.9%
	18%









3)  (extrapolated from figure 1)

4) 



 J/gC

5) 



5) 



 


Enthalpy of Neutralization of Nitric Acid
1) (extrapolated from figure 2)


2) 



3) Mass of Solution Based on Volume:



Mass of Solution from Experiment




Difference Between Calculated and Experimental Masses



4) 

 

5) NaOH (aq) + HNO3 (aq)  NaNO3 (aq) + H2O (l)






6)


7) 




8) 



Enthalpy of Neutralization of Hydrochloric Acid
1) (extrapolated from figure 3)


2)



3) Mass of Solution Based on Volume:



Mass of Solution from Experiment




Difference Between Calculated and Experimental Masses



4) 



5) NaOH (aq) + HCl (aq)  NaCl (aq) + H2O (l)







6)



7) 



8) 




9) Comparison of  and :
 



Enthalpy of Solution
1)  (extrapolated from figure 4)

2) 






3)  


 



4) 





Discussion
In this experiment a calorimeter is used to determine the molar mass of zinc, the enthalpy of neutralization of nitric and hydrochloric acid, and the enthalpy of solution of unknown Salt B. The Styrofoam cup calorimeter allows an isolated system to be created. This means that all the heat created by reaction is transferred between the contents of the system. Because of this fact, the heat of reaction equations of substances used in this experiment can be set equal to each other and be used to evaluate other unknowns.

In part one of the experiment the specific heat capacity of zinc was determined. The values obtained yielded percent errors of 23% for trial 1 and 9.8% for trial 2. Since the specific heat capacity, a value that contained errors, was then used to calculate the molar mass of zinc, the percent error for the molar mass was slightly higher (-27% for trial 1 and -10% for trial 2).

In part two of the experiment the enthalpies of neutralization of hydrochloric acid and nitric acid were calculated. There was a difference 0f 3000 J/mol and 1000 J/mol in trial 1 and trial 2 respectively. Due to the fact that both hydrochloric acid and nitric acid are both strong acids that contain only one hydrogen atom, they should have the same enthalpy of neutralization. This was not observed during the experiment; however, the standardized value for the enthalpy of neutralization is 5.71 x104 J for both hydrochloric acid and nitric acid.

In part three of the experiment the enthalpy of solution of unknown Salt B was determined. In trial 1 the enthalpy of dissolution calculated was  J/mol and in trial 2 the enthalpy of dissolution was  J/mol. Based on these values Salt B could potentially be potassium nitrate. The accepted value for the enthalpy of dissolution of potassium nitrate is . When the percent error is calculated using this value it was considerably small: only 19.9% for trial 1 and 18% for trial 2.

Most of the values calculated in this experiment contained very few errors. However, when looking at the time versus temperature graphs the temperature, which should be constant, have some variations. When the initial temperatures were lower than the average temperatures plotted (as in figure 1 and figure 2), the temperature was measured before the mixing allowed the heat to permeate the whole solution. The minor fluctuations in all graphs can be attributed to the  error of the thermometer. Following the time of mixing in figure 4 the temperature of the solution slowly decreased. This was caused by the salt not being fully dissolved when the temperatures were taken. When the temperatures began to rise again near the end of figure 4, heat was being taken in by the surroundings because the coffee-cup calorimeter used to create the proposed isolated system is not 100% insulated. 



Conclusion
In conclusion the values calculated for the molar mass of zinc were 83 g/mol and 72 g/mol, with a percent error of  -27% and -10% respectively. For the second part of the experiment, the enthalpies of neutralization were J/mol and  J/mol for nitric acid, and J/mol and for hydrochloric acid. The enthalpy of dissolution for Salt B, which was determined to be potassium nitrate, was  J/mol  J/mol. 
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