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Introduction
The purpose of this experiment is to determine the enthalpy of various reactions. The first part determines the specific heat capacity and an experimental value for the molar mass of a metal. The second part determines the enthalpy of neutralization of two strong acids: HCl and HNO3 with a strong base, NaOH. Finally, the third part determines the enthalpy of solution of an unknown salt.

A common property within these reactions is the transfer of heat from one substance to another. Heat is the energy transferred between a system and its surroundings from a difference in temperature. It is a common catalyst in chemical reactions and significant in thermochemistry, the study of heat released from the system (exothermic) or absorbed into the system (endothermic).

In order to understand many of the terms associated with thermochemistry, it is essential to comprehend the meaning of enthalpy. Enthalpy is defined as “the measure of total energy of a thermodynamic system”. In other words, it is the total heat content of the system. The enthalpy of a reaction involves Hess’s law, which can only be used if the standard enthalpies of formation of the reactants and products are known. This is presented in the following equation:

                                                             )	  	                      [1]

The change in enthalpy is equal to the sum of heats of formation of the products subtracted from that of the reactants. The amount of thermal energy absorbed or released in a chemical reaction is measured by a calorimeter. A calorimeter is an apparatus described as an isolated system, which traps both the heat and contents of a system. In this experiment, two nested Styrofoam cups with lids and a thermometer are used as a calorimeter. Furthermore, the assumption is made that no heat escapes the system to its surroundings. The specific heat capacity must first be measured to determine the thermal energy. The specific heat capacity of a substance is an intensive property, which measures the amount of thermal energy needed to heat one gram of substance by one degree. The specific heat capacity does not depend on how much of the substance is present. However, when it is multiplied by the mass of the object, it is possible to calculate the heat capacity of the object, an extensive property. In order to determine the specific heat capacity of a metal, the metal is heated and then placed in cold water. The change in temperature of the water gives the value of the heat capacity of the metal. However, generally, the energy needed to change the temperature of a substance can be calculated using the equation:

 						  		          [2]

Where c is the specific heat capacity of the substance measured (J/g°C), m is the mass of the substance in grams, and T is the change in temperature of the substance in degrees Celsius.

Assuming no heat has escaped, the energy lost by the metal is equal to the energy gained by the water, as shown in the this equation:

			- qmetal = qwater								         [3]



Once the metal’s specific heat capacity is known, it is possible to calculate the number of moles of the metal in the reaction using the following approximation developed by Dulong and Petit in 1819:

  					         [4]

where Cmetal is the specific heat capacity of the metal and MMmetal is the molar mass of the metal.

Using the sample principles in the equations above, it is possible to determine the enthalpy of neutralization of acids. The heat involved in the reaction must equal the heat absorbed by the solution, only differing in sign. Therefore,

								        [5]
		
where qN is the total heat energy of neutralization, mtotal is the total mass of the solution, csoltuion is the heat capacity of the solution, and ∆T is the change in temperature of the solution.

Once the total heat energy of neutralization is known, it is possible to calculate the enthalpy of reaction, ∆HN, per mole of substance, X, through the following equation:

			 						         [6]

The enthalpy of a solution via the dissolution of a salt can be calculated by the sum of the lattice energy and the hydration of energy. The lattice energy, an endothermic quantity, is the amount of energy needed to vaporize one mole of salt to form gas ions. However, hydration energy is an exothermic quantity, which describes the energy released when “one mole of gaseous ions is solvated by water to form aqueous ions.” 

The enthalpy of part 1 and 2 of the experiment will most likely be exothermic since heat is produced and absorbed by the surroundings. However, for part 3, the dissolution of salt, it is difficult to hypothesize whether the enthalpy would be exothermic or endothermic since its identity is unknown.
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Chemistry 12 University Preparation Textbook, Maurice DiGiuseppe, Stephen Haberer, Kristina Salciccioli, 
Milan Sanader, Angela Vavitsas, 2012, page 287- 306

General Chemistry Laboratory Manual 2013, Dr. Rashmi Venketaswaran, 2013, Experiment 3, page 28-33


Procedure: 
As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi Venkateswaran, 2014, Exp. 3, p. 27-41)
Data & Observations:

PART 1:
Table 1: Enthalpy of Zinc
	
	Trial 1
	Trial 2

	Mass of zinc sample (g)
	10.7084
	10.4916

	Mass of calorimeter (g)
	6.1009
	6.2870

	Volume of water in calorimeter (mL)
	20.0
	20.0

	Mass of calorimeter with water (g)
	26.1009
	26.3870

	
	
	

	Δwater T (  ̊C)
	4.9
	3.8

	Mass of water (g)
	20.0000
	20.1000

	qwater (J)
	401
	320

	Δmetal T (  ̊C)
	-73.5
	-72.9

	Experimental specific heat capacity of zinc (J/g  ̊C)
	0.50
	0.42

	Literature Value of zinc’s specific heat capacity (J/g  ̊C)
	0.390
	0.390

	Experimental molar mass (g/mol)
	50.00
	60

	Literature Value of molar mass (g/mol)
	65.39
	65.39

	Error of Specific Heat capacity (%)
	28.2
	8.2

	Error of Molar Mass (%)
	23.5
	7.7



Table 2: Temperature of water in the calorimeter
	
	Trial 1
	Trial 2

	Time  (min)
	Temperature (°C)
	Temperature (°C)

	0:00
	21.6
	23.3

	0:30 
	21.9
	23.2

	1:30
	22.0
	23.1

	2:00
	22.1
	23.1

	2:30
	22.1
	23.1

	3:00
	22.1
	23.1



Table 3: Temperature of water after zinc is added in the calorimeter
	
	Trial 1
	Trial 2

	Time (min)
	Temperature (°C)
	Temperature (°C)

	0:20
	27.1
	28.1

	0:40
	27.0
	28.1

	1:00
	26.9
	28.1

	1:20
	26.8
	28.1

	1:40
	26.8
	28.1

	2:00
	26.8
	27.1

	2:20
	26.7
	27.1

	2:40
	26.6
	27.1

	3:00
	26.6
	27.1

	3:20
	26.6
	27.1

	3:40
	26.6
	27.1

	4:00
	26.5
	27.1

	4:20
	26.5
	-

	4:40
	26.5
	-

	5:00
	26.5
	-



















Observations:
Zinc has a grey, metallic appearance, which does not change when heated. After inserting the zinc into the calorimeter, the colour of the zinc remained the same and the colour of the distilled water was also the same. In addition, the temperature initially increased rapidly after zinc was added and decreased as it was stirred.


PART 2 – HCl

Table 4: Enthalpy of Neutralization of HCl with NaOH & HNO3 with NaOH
	
	HCl
	HNO3

	
	Trial 1
	Trial 2
	Trial 1
	Trial 2

	Volume of Acid (mL)
	50.0
	50.0
	50.0
	50.0

	Concentration of Acids (M)
	1.1
	1.1
	1.1
	1.1

	Volume of Base – NaOH (mL)
	50.0
	50.0
	50.0
	50.0

	Mass of Calorimeter (g)
	6.1009
	6.2870
	6.3541
	6.4233

	Mass of calorimeter with solution (g)
	56.1120
	57.0000
	56.5391
	56.8251

	
	
	
	
	

	Δsolution T (  ̊C)
	6.8
	6.5
	6.9
	6.8

	Final Volume of Solution (mL)
	100.0
	100.0
	100.0
	100.0

	Mass of solution after reaction (g)
	106.3350
	106.3562
	106.4541
	106.4233

	Energy released (J)
	-2851.66
	-2721.48
	-3073.29
	-2845.12

	Moles of OH- (mol)
	0.05
	0.05
	0.05
	0.05

	Moles of water (mol)
	0.05
	0.05
	0.05
	0.05

	Heat of Neutralization (kJ/mol)
	-57.03
	-54.43
	-61.46
	-56.90

	Error for the Heat of Neutralization (%)
	1.0
	4.5
	6.7
	1.2



Data regarding the enthalpy of neutralization of HNO3 with NaOH were obtained from Ryan Dang (7839128) and Alex Levesque (7863047).



Table 5: Time and temperature measurements for base (NaOH)
	
	HCl
	HNO3

	
	Trial 1
	Trial 2
	Trial 1
	Trial 2

	Time (min)
	Temperature (°C)
	Temperature (°C)
	Temperature (°C)
	Temperature (°C)

	0:00
	17.6
	17.7
	17.5
	17.9

	0:30
	17.6
	17.7
	17.5
	17.9

	1:30
	17.6
	17.7
	17.5
	17.9

	2:00
	17.6
	17.7
	17.5
	17.9

	2:30
	17.6
	17.7
	17.5
	17.9

	3:00
	17.6
	17.7
	17.5
	17.9



Time and temperature measurements for base NaOH under HNO3 were obtained from Ryan Dang (7839128) and Alex Levesque (7863047).

Table 6: Time and temperature measurements after acid is added
	
	HCl
	HNO3

	
	Trial 1
	Trial 2
	Trial 1
	Trial 2

	Time (min)
	Temperature (°C)
	Temperature (°C)
	Temperature (°C)
	Temperature (°C)

	3:20
	24.6
	24.5
	24.4
	24.4

	3:40
	24.6
	24.5
	24.5
	24.5

	4:00
	24.5
	24.5
	24.5
	24.6

	4:20
	24.5
	24.5
	24.4
	24.7

	4:40
	24.5
	24.5
	24.4
	24.7

	5:00
	24.5
	24.4
	24.4
	24.7

	5:20
	24.5
	24.4
	24.4
	24.7

	5:40
	24.5
	24.4
	24.4
	24.7

	6:00
	24.4
	24.3
	24.4
	24.7

	6:20
	24.4
	24.3
	24.4
	24.7

	6:40
	24.4
	24.3
	24.4
	24.7

	7:00
	24.4
	24.3
	24.4
	24.7

	7:20
	24.4
	24.2
	24.4
	24.7

	7:40
	24.4
	24.2
	24.4
	-

	8:00
	24.4
	24.2
	-
	-

	8:20
	-
	24.2
	-
	-

	8:40
	-
	24.2
	-
	-



Time and temperature measurements for HNO3 were obtained from Ryan Dang (7839128) and Alex Levesque (7863047).


Table 7: Observations for the Enthalpy of Neutralization
	Observations
	NaOH and HCl
	NaOH and HNO3

	Appearance
	Clear
	Clear

	Shape
	Odourless
	Odourless

	Colour
	Colourless
	Colourless

	Temperature change in water
	Increase in temperature when HCl was added to NaOH
	Increase in temperature when HNO3 was added to NaOH



Observations for HNO3 were obtained from Ryan Dang (7839128) and Alex Levesque (7863047).






PART 3
Table 8: Initial Measurements and Calculations
	
	Trial 1
	Trial 2

	Identity of Salt
	B
	B

	Mass of salt sample (g)
	2.4995
	2.4995

	Mass of calorimeter (g)
	6.4224
	6.2459

	Volume of water (mL)
	20.0
	20.0

	Mass of calorimeter with water (g)
	26.4724
	26.2959

	Mass of solution (g)
	20.05
	20.05

	
	
	

	ΔsolnT (  ̊C)
	-2.0
	-1.1

	Energy released (J)
	165.15
	90.83

	Molar Mass of Salt (g/mol)
	166.0
	166.0

	Moles of Salt (mol)
	0.0151
	0.0151

	Enthalpy of Dissolution per mol of salt (kJ/mol)
	10.97
	6.06



Table 9: Time and temperature measurements for water.
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	0:00
	23.2
	0:00
	23.1

	0:30
	23.3
	0:30
	23.1

	1:30
	23.1
	1:30
	23.1

	2:00
	23.1
	2:00
	23.1

	2:30
	23.1
	2:30
	23.1

	3:00
	23.1
	3:00
	20.3



Table 10: Time and temperature measurements after metal is added
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	3:20
	22.5
	3:20
	19.9

	3:40
	22.3
	3:40
	19.9

	4;00
	21.5
	4:00
	19.7

	4:20
	20.5
	4:20
	19.7

	4:40
	20.4
	4:40
	19.6

	5:00
	20.2
	5:00
	19.7

	5:20
	20.1
	5:20
	19.8

	5:40
	20.1
	5:40
	19.8

	6:00
	20.2
	6:00
	19.9

	6:20
	20.2
	6:20
	19.9

	6:40
	20.2
	6:40
	20.0

	7:00
	20.3
	7:00
	20.0

	7:20
	20.3
	7:20
	20.0



Table 11: Observations for Salt B
	Observations
	Unknown salt B

	Appearance
	Moderately coarse, granular

	Colour
	White

	Odour
	Odourless

	Temperature change in water
	Temperature increased




Calculations

Part 1: Enthalpy of Zinc

1. Change in temperature of water:
ΔwaterT = Tfinal –Tinitial
              = 27.1  ̊C- 23.3  ̊C
              = 3.8  ̊C

2. Energy gained by the water:
Mass of water = Mass of calorimeter with water – Mass of empty calorimeter
                           = 26.3870g – 6.2870g
                           = 20.1000g

qwater = mwater  x cwater x ΔwaterT
               = (20.1000g)(4.184 J/g  ̊C)(3.8  ̊C)
               = 3.2  102 J
           
3. Change in temperature of the metal
ΔmetalT = Tfinal –Tinitial
             = 26.5  ̊C – 100.0  ̊C
             = -73.5  ̊C

4. Specific heat capacity of the metal
                               -q metal  q water
      - (cmetal)(mmetal)( ΔmetalT)  (cwater)(mwater)( ΔwaterT)
		                       
                                           
			       	        0.42 J/

5. cmetal x MM metal  25 J/mol  ̊C
	 	   
			        60g/mol

6. Percent error for molar mass and specific heat capacity
	|  | 
		                  
                                 8.2%


  					        
  					         

Part 2: Enthalpy of Neutralization (HCl)

7. Change in temperature of the solution :
Δsoln T = Tfinal – Tinitial
            = 24.4  ̊C – 17.5  ̊C
            = 6.9  ̊C

8. Vfinal = VHCl + VNaOH
        = 50.0 mL + 50.0 mL
        = 100.0 mL

9. Mass of the final solution = mass of calorimeter and solution – mass of calorimeter
                                               = 106.3350 g – 6.1009 g
                                               = 100.2341 g
                                               = 100.23 g

Mass of the final solution = density × volume
				           = (1.0 g/mL) (100 mL)
				           = 100 g

The mass calculated using the measured masses is more accurate because the calculation is based on two known values whereas the mass of the solution calculated using the volume assumes that the density of the solution is approximately 1.0g/mL. The mass calculated using known values is higher than the other mass calculated.

10. Energy released qN =  -(msoln)(csoln)(ΔsolnT)
                                = -(100.23 g)(4.184 J/ g  ̊C)(6.80  ̊ C)
                                = -2851.66 J
                                = -2.85 x 103 J

11. nOH = nNaOH 
             = CNaOH × VNaOH
               = (1.0 M) (0.050 L)
               = 0.05 mol NaOH

12. 			HCl + NaOH  NaCl + H2O
                             0.050 mol H2O

13. Heat of neutralization per mole of water
	
	
	

14. Explained in the discussion

15. 	
 	  	
	
	
Part 2: Enthalpy of Neutralization (HNO3)
7.  Δsoln T = Tfinal – Tinitial
                 = 28.8  ̊C – 22.0  ̊C
                 = 6.80   ̊C

8.  Vfinal = VHNO3 + VHCl
               = 50.0 mL + 50.0 mL
               = 100.0 mL

9.  Mass of the final solution = mass of calorimeter and solution – mass of calorimeter
                                              = 106.4541 g – 6.3541 g
                                                    = 103.1 g

Mass of the final solution = density × volume
    				           = (1.0 g/mL) (100 mL)
			                          = 100 g

10.  Energy released (qN) =  -(msoln)(csoln)(ΔsolnT)
                                              =  - (106.4541 g)(4.184 J/ g  ̊C)(6.9  ̊C)
                                              = - 3073.29 J
                                              = - 3.1 x 103 J

11.  nOH = nNaOH
               = CNaOH × VNaOH
            = (1.0 M) (0.050 L)
            = 0.05 mol NaOH

12.  			HNO3 + NaOH  NaNO3 + H2O
                          0.050 mol H2O


16. Heat of neutralization per mole of water
	
	
	

17. Explained in the discussion

18. Percent errors
		
 	  	
	

Part 3: Enthalpy of Dissolution of a Salt
16.    ΔsolnT  = Final T – Initial T
                      = 20.1  ̊C – 23.1  ̊C
                      = -3.00  ̊C

17.    Mass of solution = mass of water + mass of salt
                                        = 20.05 g + 2.4995 g
                                        = 22.5495 g
                                        = 22.55 g

          qN = - mtotal x c soln x   ΔsolnT  
                = -(22.5495 g)( 3.662 J/ g  ̊C)( -2.00  ̊C)
                = 165.15 J
                = 1.65 x 102 J

18.    
  	
		
		

	
	        
	

19.    The literature value could not be found.




Discussion:
The main purpose of this lab was to determine the enthalpy of various reactions involving metals, acids, and salts. The experiment consisted of three main parts.

	The first part consisted of determining the molar mass and specific heat capacity of the metal zinc. The approximated molar mass resulted in values of 50g/mol and 60g/mol and percent errors of 23.5% and 7.7% for the first and second trial respectively. Both values are reasonably close to the theoretical value of the molar mass of zinc, 65.39 g/mol. A lower approximated molar mass is expected because we are assuming that the coffee cup calorimeter contains the heat energy in the system, when in reality, it loses heat to the surroundings. This can be seen in the data tables, where the first trial had a greater qwater (J) and resulted in a much lower value for experimental molar mass, whereas the second trial had a lower qwater (J), which was much closer to the actual molar mass of zinc. The graphs for these trials show an increase in temperature when zinc is initially added and then decreases as it is swirled. In the first trial there were slight fluctuations when the result should have been more constant like in trial 2. This may have been a result of the thermometer touching the metal at the bottom of the calorimeter occasionally and recording its temperature rather than the solution of zinc with water. In addition, in the first trial, the zinc was not heated as long as the one in the second trial, which explains the difference in the initial temperatures after the zinc was added at the beginning. 

	The second part of the lab involved finding the heat of neutralization per mole of water of two strong acids, HCl and HNO3, with a strong base, NaOH. The enthalpy of neutralization for HCl and NaOH was determined to be -58.03 kJ/mol and -54.43 kJ/mol for trial 1 and 2 respectively. Whereas, the enthalpy of neutralization of NaOH and HNO3 was determined to be -61.46 kJ/mol and -56.90 kJ/mol respectively. These values are quite close, considering the fact that both HCl (aq) and HNO3 (aq) are strong acids interacting with a strong base, NaOH. It is possible to obtain literature values for these enthalpies; however, one must specifically look for the enthalpy of a reaction between a strong base and a strong acid in general. Consider the following reaction between hydrochloric acid and nitric acid:

HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq)
H+ + Cl- + Na+ + OH- → H2O(l)  + Na++ Cl-
H+ + OH- → H2O

The strong acid and strong base reaction will always result in the same net ionic equation for a neutralization reaction. Therefore, we can conclude that the enthalpy of neutralization of a strong acid mixed with a strong base will be the same, regardless of what acid and base combination is involved in the reaction, as stated in Hess’s Law.

	The graphs for the second part, involving hydrochloric acid and nitric acid, showed a dramatic increase in temperature and then a gradual decrease. The initially high temperatures could be a result of the heat released during the reaction being absorbed by only a small amount of water around the thermometer. Then as the calorimeter was being swirled, the heat might have been able to distribute evenly to all of the water. The gradual decrease in temperature may have been due to the heat loss from the calorimeter to its external surroundings since the external surroundings are at a lower temperature.
Finally, the third part of the lab consisted of determining the enthalpy of dissolution per mole of salt for an unknown salt. The enthalpy of dissolution of the unknown salt B was determined to be approximately 10.97 kJ/mol and 6.06 kJ/mol for trial 1 and 2 respectively. Since the enthalpy of dissolution is positive, it can be concluded that the hydration energy is less than the lattice energy. However, since the difference between the two enthalpies is large, 4.91 kJ, finding the salt is difficult using these results. Thus, a literature value for salt B could not be obtained.  

The main source of error in this experiment was the assumption that the coffee cup calorimeter used does not lose heat to its surroundings. However, it is reasonable to predict that heat was in fact lost to the surroundings, causing an inaccuracy of the results and preventing achievement of actual literature values. For future prevention of errors, it would have been ideal that a calorimeter, which allows no heat to escape, be used. Another source of error could have been the thermometer, which may not have been touching the solution as the calorimeter was being swirled. This can account for the small increases and decreases in temperature.


Conclusion
In summation, the results obtained for trial 1 of zinc was the following: the specific heat capacity of 0.50J/g°C, and a molar mass of 50.00g/mol with a percent error of 23.5%. For trial 2 of zinc, the specific heat capacity was 0.42J/g°C, and a molar mass of 60.00g/mol with a percent error of 7.7%. Next, for the enthalpy of neutralization of HCl with NaOH it was -57.03kJ/mol with an error of 1.0% and -54.43kJ/mol with an error of 4.5% for trials 1 and 2 respectively. In addition, for the enthalpy of neutralization of HNO3 with NaOH it was -61.46kJ/mol with an error of 6.7% and -56.90kJ/mol with an error of 1.2% for trials 1 and 2 respectively. Lastly for the enthalpy of dissolution it was 10.97kJ/mol and 6.06kJ/mol for trials 1 and 2 respectively. Since the difference between these two values was large, a literature value for salt B could not be obtained. Overall, the errors in this lab are attributed to the assumption that the coffee cup calorimeter does not lose heat to its surroundings and when the thermometer touches the metal rather than the solution.
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