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Experiment 3 - Enthalpy of Various Reactions








Introduction  
In this experiment the properties of thermodynamics are used to determine the specific and approximate molar mass of a metal, the enthalpy of neutralization of a strong acid and strong base and the enthalpy of solution of an unknown salt. The first law of thermodynamics, the law of conservation of energy, states that the energy of an isolated system remains constant. In this experiment an isolated system is created when using an apparatus called a “coffee-cup calorimeter”, which operates under constant pressure, and thus it is assumed that no heat is lost to the surroundings or to the calorimeter itself. This simple system was easily constructed using two nested Styrofoam cups with lids and a thermometer. 
Enthalpy is described as a thermodynamic quantity that is the sum of the internal energy plus the product of the pressure and volume. More closely it varies based on the energy released or added to one mole of a substance in its standard state. Based on a positive or negative value of enthalpy, results depict the direction of energy flow in a closed system. The negative sign in front of the value indicates that heat is released and the reaction is exothermic. If the value of the enthalpy is positive, energy has been gained and the reaction is endothermic. 
In the first part of the experiment, the objective is to determine the specific heat capacity of a metal. The specific heat capacity can be found through isolation of the heat of reaction equation. 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. When a hot metal is added to cold water, the temperature of the metal decreases and the temperature of the water rises. Since energy is transferred in a closed system, the heat gained by the water must equal the heat loss of the metal. A negative q represents metal, as it is losing heat, while a positive q represents the substance gaining heat, water ().  Thanks to the contributions made by Dulong and Petit in 1819, who proposed that one mole of all metals had roughly the same capacity to absorb heat, estimating the molar mass of the metal using its specific heat capacity is possible using the equation . 
In part two of this experiment the enthalpy of neutralization is determined for a strong acid and a strong base. When an alkali is used to neutralize an acid, a salt and water are produced. Aqueous hydrogen ions (H+) from the acid will react with the hydroxide ions (OH-) from the alkali to form water. Subsequently, a salt will be formed, although its identity will depend on the nature of the reactants. Theoretically, the pH of the resulting solution should equal the neutral value of seven, as the acid and base will literally balance each other out to become neutral. For these calculations it is assumed that the specific heat capacity of the solution is equal to that of water since both the acid 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. Once again, the heat produced by the reaction must be equal to the heat absorbed by the solution, just bearing the opposite sign. 
The enthalpy of dissolution is the energy change associated with the dissolution of one mole of substance in water. 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. Two factors can affect the type of reaction occurring for this dilution; the lattice and hydration energies. The lattice energy is “the energy required to vaporize one mole of salt to gaseous ions.” The hydration energy is “the energy released when one mole of gaseous ions is solvated by water to form aqueous ions.” 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:
Enthalpy of neutralization was only tested for only one acid, hydrochloric acid. 

Data and Observations/Results 
Data/Observations:

	TRIAL 1
	TRIAL 2

	Water in Calorimeter
	Water in Calorimeter

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

	0:00
	23.5
	0:00
	22.5

	0:30
	23.1
	0:30
	23.1

	1:00
	23.0
	1:00
	23.1

	1:30
	23.0
	1:30
	23.1

	2:00
	23.0
	2:00
	23.1

	2:30
	23.0
	2:30
	23.1

	3:00
	23.0
	3:00
	23.1

	Metal and Water in Calorimeter
	Metal and Water in Calorimeter

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

	3:11
	6:00

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

	3:31
	25.9
	6:20
	26.5

	3:51
	26.2
	6:40
	26.5

	4:11
	26.2
	7:00
	26.4

	4:31
	26.2
	7:20
	26.4

	4:51
	26.2
	7:40
	26.4

	5:11
	26.1
	8:00
	26.3

	5:31
	26.1
	8:20
	26.3

	5:51
	26.1
	8:40
	26.3

	6:11
	26.1
	9:00
	26.3

	6:31
	26.0
	9:20
	26.3

	6:51
	26.0
	9:40
	26.3

	7:11
	26.0
	10:00
	26.3


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

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of metal (g)
	10.5928
	10.4779

	Mass of Empty Calorimeter (g)
	5.1741
	5.1102

	Volume of Distilled Water
(mL)
	20.0
	20.0

	Mass of Water and Calorimeter (g)
	26.0465
	25.1716

	Temperature of the Boiling Water (°C)
	100.0
	100.0


Tables 3-4: Enthalpy of Neutralization of Hydrochloric Acid Data Observations
- Zinc was relatively brittle
- Metal was a lustrous bluish-white colour 



	
TRIAL 1
	TRIAL 2

	NaOH in Calorimeter
	NaOH in Calorimeter

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

	0:00
	22.6
	0:00
	22.3

	0:30
	22.7
	0:30
	22.3

	1:00
	22.7
	1:00
	22.3

	1:30
	22.7
	1:30
	22.3

	2:00
	22.7
	2:00
	22.3

	2:30
	22.7
	2:30
	22.3

	3:00
	22.7
	3:00
	22.3

	Acid and Base in Calorimeter
	Acid and Base in Calorimeter

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

	3:32
	3:15

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

	3:52
	29.6
	3:35
	29.1

	4:12 
	29.6
	3:55
	29.0

	4:32
	29.6
	4:15
	29.0

	4:52
	29.5
	4:35
	28.9

	5:12
	29.5
	4:55
	28.9

	5:32
	29.5
	5:15
	28.9

	5:52
	29.5
	5:35
	28.9

	6:12
	29.4
	5:55
	28.8

	6:32
	29.4
	6:15
	28.8

	6:52
	29.4
	6:35
	28.8

	7:12
	29.3
	6:55
	28.7

	7:32
	29.3
	7:15
	28.7

	7:52
	29.3
	7:35
	28.7




Observations
- Hydrochloric acid and sodium hydroxide are both clear, colourless liquids
- Each solution is transparent

	
 

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)
	107.6491
	108.0783



	TRIAL 1
	TRIAL 2

	Water in Calorimeter
	Water in Calorimeter

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

	0:00
	22.0
	0:00
	22.7

	0:30
	22.5
	0:30
	22.7

	1:00
	22.6
	1:00
	22.8

	1:30
	22.6
	1:30
	22.8

	2:00
	22.6
	2:00
	22.8

	2:30
	22.6
	2:30
	22.8

	3:00
	22.6
	3:00
	22.8

	Salt and Water in Calorimeter
	Salt and Water in Calorimeter

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

	3:29
	3:50

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

	3:49
	205
	4:10
	19.9

	4:09
	20.2
	4:30
	19.7

	4:29
	20.1
	4:50
	19.7

	4:49
	19.6
	5:10
	19.5

	5:09
	19.4
	5:30
	19.4

	5:29
	19.2
	5:50
	19.4

	5:49
	19.2
	6:10
	19.3

	6:09
	19.4
	6:30
	19.5

	6:29
	19.5
	6:50
	19.4

	6:49
	19.4
	7:10
	19.4

	7:09
	19.4
	7:30
	19.5

	7:29
	19.4
	7:50
	19.5

	-
	-
	8:10
	19.6

	-
	-
	8:30
	19.6

	-
	-
	8:50
	19.6

	-
	-
	9:10
	19.6



Tables 5-6: Enthalpy of Solution of Salt A Data 

	Data
	Trial 1
	Trial 2

	Salt #/letter
	A
	A

	Mass of Salt (g)
	1.5072
	1.5008

	Mass of Empty Calorimeter (g)
	5.3060
	4.9770

	Volume of Distilled Water
(mL)
	20.0
	20.0

	Mass of Water and Calorimeter (g)
	25.2571
	24.7548


Observations
- Salt A was a fine white powder

Results:
Table 7: Specific Heat Capacity of a Metal Results
	Data
	Trial 1
	Trial 2

	Energy Gained by Water (J)
	
	

	 of Water ()
	2.90
	3.40

	 of Zn ()
	-74.1
	-73.5

	Specific Heat Capacity of Zn (J/gC)
	0.32
	0.37

	Percent Error Specific Heat Capacity
	18%
	4.6%

	Molar Mass (g/mol)
	78
	68

	Percent Error of Molar Mass
	19%
	4.0%



Table 8: Enthalpy of Neutralization of Hydrochloric Acid Results
	Data
	Trial 1
	Trial 2

	 
	
	6.7

	Calculated Mass of Solution (g)
	.0
	100.0

	Experimental Mass of Solution (g)
	
	102.9959

	Difference Between Calculated and Experimental Mass (g)
	2.567
	2.996

	Limiting Reagent
	NaOH
	NaOH

	Energy of Reaction
	
	

	Moles of Water Produced (mol)
	
	

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

	Percent Error
	1.9%
	1.9%










Table 9: Enthalpy of Solution of Salt A Results



	Data
	Trial 1
	Trial 2

	 ()
	–2.1 
	-2.9

	Energy Change of Solution (J)
	
	–2.4

	Enthalpy of dissolution (J/mol)
	
	

	Percent Error
	51%
	30%


Calculations
Specific Heat Capacity of a Metal
1)                    (Extrapolated data from graph “Specific Heat 
                                       Capacity of Zinc: Trial 1)
2) Energy Gained by Water:








3)                    
                                      

4) 



 J/gC

5) 



6) 



 



Enthalpy of Neutralization of Hydrochloric Acid
1)          (Extrapolated data from graph “Enthalpy of Neutralization
                               of Hydrochloric Acid: Trial 1)

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) Comparison of  and :
Gathering of data for both acids deemed unnecessary due to the fact that they react so similarly. The properties of each acid is extremely similar, so the difference in heats of neutralization between the two would likely be extremely small, thus it was acceptable to record data pertaining to only one of the two acids. 


9) 



Enthalpy of Solution
1)          (Extrapolated data from graph “Enthalpy of Dissolution
                               of Salt A: Trial 1)
2) 

 g

)
 J

3)  

mol salt A

 



4) 






Discussion
In this experiment a calorimeter is used to determine the molar mass of zinc, the enthalpy of neutralization hydrochloric acid within sodium hydroxide, and the enthalpy of solution of unknown Salt A. The use of a cup-calorimeter allows an isolated system to be created. This means that all the heat created by the reaction is transferred between the contents of the system. Due to 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 to be 0.32 J/gC for trial 1, and 0.37 J/gC for trial 2. The values obtained yielded percent errors of 18% for trial 1 and 4.6% for trial 2. Since the specific heat capacity, a value that is not entirely accurate, was then used to calculate the molar mass of zinc, the percent error for the molar mass was slightly higher than that of the specific heat capacity. The percent error of molar mass for trial 1 was 19% and for trial 2 it was 4.0%. These are relatively low percent errors, demonstrating that procedures were followed properly and suggesting few errors were made throughout the experiment. 
In part two of the experiment the enthalpy of neutralization of hydrochloric acid was calculated. The intention however was for both hydrochloric acid and nitric acid to be tested within this experiment. 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. The standardized value for the enthalpy of neutralization is -5.71 x 104 J for both hydrochloric acid and nitric acid. Through this experiment however, it was calculated that the enthalpy of neutralization for hydrochloric acid is -5.6 x 104 J, which yields a mere percent error of 1.9%. These values remained constant for both trial 1 and 2. 
In the third and final part of the experiment the enthalpy of solution of unknown Salt A 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 A could potentially be potassium chloride. The accepted value for the enthalpy of dissolution of potassium chloride is . When the percent error is calculated using this value it was not extremely large, but was still not ideal, it was calculated to be 51% for trial 1 and 30% 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, does have some variations. When the initial temperatures happen to end up lower than the average temperatures plotted, 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. The relatively large percent errors for the calculation of the enthalpy of dissolution of salt A for both trial 1 and trial 2 can be attributed to the fact that the salt stuck to the thermometer, so all of the intended mass was not able to react during the experiment. This would cause for errors in calculations, as the enthalpy of dissolution of salt is extremely dependent on quantity. In trial 2 specifically, the salt was actually spilt while transferring it into the calorimeter. These errors seemed to have lowered the enthalpy of dissolution. 
In regards to parts one and two of the experiment, values were extremely reasonable and it is that any changes to lab procedure would have to be made if one were to repeat this experiment. For part three however, the values for percent error of enthalpy of dissolution were relatively high. In further experimentation, the process of transferring the salt into the calorimeter should be done at an extremely slow and careful pace so as to not spill it or pour any onto the thermometer. 

Conclusion
The values calculated for the molar mass of zinc were 78 g/mol and 68 g/mol, with a percent error of  19% and 4.0% respectively. The specific heat capacity of zinc was found to be 0.32 J/gC and 0.37 J/gC , with minimal percent errors of 18% and 4.6%. For the second part of the experiment, for both trials, the enthalpies of neutralization were calculated to be J/mol for hydrochloric acid and the percent error shown to be just 1.9%. The enthalpy of dissolution for Salt A, which was determined to be potassium chloride, was  J/mol  J/mol. This yielded percent errors of 51% and 30% between the two trials. 
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