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Introduction:
	This experiment is based on the important theories of thermochemistry such as enthalpy of formation, neutralization and solution and specific heat capacity.
	Enthalpy (H) is best described as the total energy of a system at constant pressure. (Delmar) Then change in enthalpy occurs when the system undergoes a reaction, and is represented by the equation, 
                                                                               ΔH = ΔHfinal - ΔHInitial                                                                                                             [1]
In an endothermic reaction, ΔH would be positive as heat is absorbed. On the contrary, when heat is lost it is called an exothermic reaction where ΔH is negative. 
	In part one of the experiment, the specific heat capacity, energy gained or lost and molar mass needs to be calculated. The specific heat capacity is the amount of heat (energy) that can raise the temperature per unit of mass (g) (Helmenstine). The relationship between mass, heat and temperature is expressed :
                                                                                  Q = mcΔT                                                                                    [2]
Where Q is the energy of heat (J), m is the mass (g), c is the specific heat capacity and ΔT is the total temperature of the system. To determine the molar heat capacity of the metal the following equation is needed: 
                                                      Molar Heat Capacity = Specific Heat Capacity x Molar Mass                       [3]
This is true when the molar heat capacity if a constant 25 J/mol 0C and standard state. 
	In part 2 of the experiment, the enthalpy of neutralization per mole of water is needed to be calculated. 
                                                                                          QN = -mtotal x msoln x ΔT                                                    [4]
Where, as mentioned previously, m represented the mass if grams, ΔT is the total temperature and Q is the energy in joules. Therefore, ΔH = QN/moles oh H2O.
	In part 3, the experiment will ask for the Enthalpy of Dissolution per mole of salt. In this part, equation 5 will be used. 
                                                                  ΔHs = [-q-H2O/moles of salt] + [-q-salt/moles of salt]                        [5]  
Procedure:
	As written in the University of Ottawa General Chemistry CHM 1301/1311 2013 lab manual, pages 34 – 38.



Data Tables:
Table 1. Specific Heat Capacity of a Metal
	Data
	Trial 1
	Trial 2

	Metal
	Copper
	Copper

	Mass of metal (g)
	12.75 g
	12.46 g

	Mass of calorimeter (with lid) (g)
	6.079 g
	6.080 g

	Volume of water added (mL)
	20 mL
	20 mL

	Mass of  calorimeter with water (g)
	22.64 g
	22.508 g

	Temperature of boiling water (0C)
	99.10C
	99.20C

	

	


Temperature of water in calorimeter
	Time (min)
	Temperature (0C)
	Time (min)
	Temperature (0C)

	
	0:00
	23.9 0C
	0:00
	24.3 0C

	
	0:30
	23.9 0C
	0:30
	24.3 0C

	
	1:00
	24.0 0C
	1:00
	24.3 0C

	
	1:30
	24.1 0C
	1:30
	24.2 0C

	
	2:00
	24.1 0C
	2:00
	24.3 0C

	
	2:30
	24.1 0C
	2:30
	24.3 0C

	
	3:00
	24.1 0C
	3:00
	24.3 0C

	Time interval of placing metal in calorimeter
	3:00 – 3:40
Total: 40 seconds
	3:00 – 4:00
Total: 60 seconds

	




Temperature of metal in calorimeter



	3:40
	26.9 0C
	4:00
	29.7 0C

	
	4:00
	27.3 0C
	4:20
	28.7 0C

	
	4:20
	27.8 0C
	4:40
	28.8 0C

	
	4:40
	27.7 0C
	5:00
	28.8 0C

	
	5:00
	27.3 0C
	5:20
	28.8 0C

	
	5:20
	27.4 0C
	5:40
	28.7 0C

	
	5:40
	27.3 0C
	6:00
	28.7 0C

	
	6:00
	27.3 0C
	6:20
	28.7 0C

	
	6:20
	27.5 0C
	6:40
	28.7 0C

	
	6:40
	27.6 0C
	7:00
	28.7 0C

	
	7:00
	27.5 0C
	7:20
	28.5 0C

	
	7:20
	27.4 0C
	7:40
	28.5 0C

	
	7:40
	27.3 0C
	8:00
	28.5 0C

	Calculations - Enthalpy of a Metal:

	Change in temperature of the water ΔwaterT
	3.2 0C
	4.2 0C

	Specific heat capacity of water
	4.186 J/g°C
	4.186 J/g°C

	Mass of water (g)
	16.561 g
	16.428 g

	Energy gained by the water (J)
	221.9 J
	288.8 J

	Change  in temperature of metal, ΔmetalT
	750C
	70.70C

	Specific heat capacity of metal
	0.232 J/g 0C
	0.282 J/g0C

	Molar mass of metal
	 107.8 g/mol
	  88.65 g/mol

	Percent error of molar mass of metal
	69.6%
	39.5%



Observations: 
Copper metal was hard, had orange tint to copper color. Pieces looked metallic and had light reflection off of surface. Copper had a heavy weight to it. Water was added to calorimeter. Water was clear and odorless. During reaction temperature increased from initial temperature.
*Note: It took a lot of time to put metal in calorimeter because of heat. Thermometer was used, at times, to stir.
Table 2.0. Enthalpy of Neutralization for Acid 1
	Data
	Trial 1
	Trial 2

	Acid
	HNO3 aq
	HNO3 aq

	Volume of acid (mL)
	50 mL
	50 mL

	Concentration of acid
	1.1 mol/L
	1.1 mol/L

	Base
	NaOH
	NaOH

	Volume of base
	50 mL
	50 mL

	Concentration of base
	1.0 mol/L
	1.0 mol/Ls

	

	


Temperature of base in calorimeter
	Time (min)
	Temperature (0C)
	Time (min)
	Temperature (0C)

	
	0:00
	23.9 0C
	0:00
	23.6 0C

	
	0:30
	24.0 0C
	0:30
	23.5 0C

	
	1:00
	24.0 0C
	1:00
	23.5 0C

	
	1:30
	24.0 0C
	1:30
	23.5 0C

	
	2:00
	24.0 0C
	2:00
	23.5 0C

	
	2:30
	24.1 0C
	2:30
	23.5 0C

	
	3:00
	24.1 0C
	3:00
	23.5 0C

	Time interval of placing acid in calorimeter
	3:00 – 3:40
Total: 40 seconds
	3:00 – 3:20
Total: 20 seconds

	


Temperature of acid-base in calorimeter


	3:40
	29.4 0C
	3:20
	29.9 0C

	
	4:00
	30.3 0C
	3:40
	30.1 0C

	
	4:20
	30.3 0C
	4:00
	30.1 0C

	
	4:40
	30.2 0C
	4:20
	30.0 0C

	
	5:00
	30.2 0C
	4:40
	30.0 0C

	
	5:20
	30.2 0C
	5:00
	30.0 0C

	
	5:40
	30.3 0C
	5:20
	30.0 0C

	
	6:00
	30.2 0C
	5:40
	29.9 0C

	
	6:20
	30.1 0C
	6:00
	29.9 0C

	
	6:40
	30.1 0C
	6:20
	29.9 0C

	
	7:00
	30.1 0C
	6:40
	29.9 0C

	
	7:20
	30.1 0C
	7:00
	29.9 0C

	
	7:40
	30.1 0C
	7:20
	29.9 0C

	
	
	7:40
	29.8 0C

	
	
	8:00
	29.8 0C

	Total mass of solution (g)
	108.021 g
	108.121 g

	Calculations – Enthalpy of Neutrilization:

	Change in temperature of the water ΔsolutionT
	6 0C
	6.3 0C

	Volume of final solution (mL)
	100 mL
	100 mL

	Mass of final solution (g)
	100 g
	100 g

	Density (g/mL)
	1.0 g/mL
	1.0 g/mL

	Energy released (J/mol)
	-2.51 x103 J/mol
	-2.64 x103 J/mol

	Specific heat capacity of solution (J/g0C)
	4.184 J/g0C
	4.184 J/g0C

	Number of mole of limiting reagen (OH-(aq))
	0.050 mol
	0.050 mol

	Number of moles of water formed in neutralization reaction
	0.050 mol
	0.050 mol

	Heat of neutralization per mole of water
	-5.02 x104 J/mol
	-5.27 x104 J/mol

	Percent error
	13.3%
	8.98%



Observations:
HNO3(aq) and NaOH(aq) was transparent, clear and odorless. During the reaction, increased from initial temperature and stabilized by the end of timing. No physical changes occurred after the exam. 

Table 2.1. Enthalpy of Neutralization for Acid 2
	Data
	Trial 1
	Trial 2

	Acid
	HCl aq
	HCl aq

	Volume of acid
	50 mL
	50 mL

	Concentration of acid
	1.1 mol/L
	1.1 mol/L

	Base
	NaOH
	NaOH

	Volume of base
	50 mL
	50 mL

	Concentration of base
	1.0 mol/L
	1.0 mol/L

	

	

Temperature of base in calorimeter
	Time (min)
	Temperature (0C)
	Time (min)
	Temperature (0C)

	
	0:00
	23.3 0C
	0:00
	23.7 0C

	
	0:30
	23.3 0C
	0:30
	23.1 0C

	
	1:00
	23.3 0C
	1:00
	23.1 0C

	
	1:30
	23.3 0C
	1:30
	23.1 0C

	
	2:00
	23.3 0C
	2:00
	23.1 0C

	
	2:30
	23.3 0C
	2:30
	23.1 0C

	
	3:00
	23.3 0C
	3:00
	23.1 0C

	Time interval of placing acid in calorimeter
	3:00 – 3:20
Total: 20 seconds
	3:00 – 3:10
Total: 10 seconds

	






Temperature of acid-base in calorimeter


	3:20
	29.7 0C
	3:10
	29.4 0C

	
	3:40
	29.8 0C
	3:30
	29.8 0C

	
	4:00
	29.8 0C
	3:50
	29.8 0C

	
	4:20
	29.7 0C
	4:10
	29.8 0C

	
	4:40
	29.8 0C
	4:30
	29.7 0C

	
	5:00
	29.7 0C
	4:50
	29.7 0C

	
	5:20
	29.7 0C
	5:10
	29.7 0C

	
	5:40
	29.6 0C
	5:30
	29.7 0C

	
	6:00
	29.6 0C
	5:50
	29.7 0C

	
	6:20
	29.6 0C
	6:10
	29.7 0C

	
	6:40
	29.5 0C
	6:30
	29.6 0C

	
	7:00
	29.6 0C
	6:50
	29.6 0C

	
	7:20
	29.6 0C
	7:10
	29.6 0C

	
	7:40
	29.5 0C
	7:30
	29.6 0C

	
	8:00
	29.5 0C
	7:50
	29.6 0C

	
	8:20
	29.5 0C
	8:10
	29.6 0C

	Total mass of solution (g)
	107.668 g
	107.530 g

	Calculations - Enthalpy of Neutrilization:

	Change in temperature of the water ΔsolutionT
	6.2 0C
	
6.5 0C

	Volume of final solution (mL)
	100 mL
	100 mL

	Mass of final solution (g)
	100 g
	100 g

	Density (g/mL)
	1.0 g/mL
	1.0 g/mL

	Energy released
	-2.59 x103J/mol
	-2.72 x103 J/mol

	Specific heat capacity of solution (J/g0C)
	
4.184 J/g0C
	
4.184 J/g0C

	Number of mole of limiting reagen (OH-(aq))
	0.050 mol
	0.050 mol

	Number of moles of water formed in neutralization reaction
	0.050 mol
	0.050 mol

	Heat of neutralization per mole of water
	-5.19 x104 J/mol
	-5.44 x104 J/mol

	Percent error
	10.4 %
	6.04 %



Observation:
HCl(aq) and NaOH(aq) was transparent, clear and had a slight odor. During the reaction, increased from initial temperature and stabilized by the end of timing. No physical changes occurred after the exam. 
Table 3.0. Enthalpy of Solution
	Data
	Trial 1
	Trial 2

	Salt
	A
	A

	Mass of salt (g)
	2.5412 g
	2.5431 g

	Mass of calorimeter
	6.74 g
	6.99 g

	Volume of water (mL)
	20 mL
	20 mL

	Mass of calorimeter and salt (g)
	26.211 g
	25.7494 g

	

	
	Time (min)
	Temperature (0C)
	Time (min)
	Temperature (0C)

	

Temperature of water in calorimeter
	0:00
	24.0 0C
	0:00
	24.2 0C

	
	0:30
	24.2 0C
	0:30
	24.2 0C

	
	1:00
	24.2 0C
	1:00
	24.2 0C

	
	1:30
	24.2 0C
	1:30
	24.2 0C

	
	2:00
	24.2 0C
	2:00
	24.2 0C

	
	2:30
	24.2 0C
	2:30
	24.2 0C

	
	3:00
	24.2 0C
	3:00
	24.2 0C

	Time interval of placing salt in calorimeter
	3:00 – 3:20
Total: 20 seconds
	3:00 – 3:30
Total of 30 seconds

	








Temperature of salt in calorimeter
	3:20
	21.4 0C
	3:30
	22.0 0C

	
	3:40
	21.3 0C
	3:50
	21.2 0C

	
	4:00
	21.4 0C
	4:10
	21.3 0C

	
	4:20
	21.5 0C
	4:30
	21.4 0C

	
	4:40
	21.6 0C
	4:50
	21.5 0C

	
	5:00
	21.7 0C
	5:10
	21.6 0C

	
	5:20
	21.9 0C
	5:30
	21.8 0C

	
	5:40
	22.0 0C
	5:50
	21.8 0C

	
	6:00
	22.1 0C
	6:10
	21.9 0C

	
	6:20
	22.2 0C
	6:30
	22.0 0C

	
	6:40
	22.3 0C
	6:50
	22.1 0C

	
	7:00
	22.4 0C
	7:10
	22.2 0C

	
	7:20
	22.4 0C
	7:30
	22.3 0C

	
	7:40
	22.6 0C
	7:50
	22.3 0C

	
	8:00
	22.8 0C
	8:10
	22.3 0C

	
	8:20
	22.9 0C
	8:30
	22.4 0C

	
	8:40
	22.9 0C
	

	
	9:00
	22.9 0C
	

	
	9:20
	23.0 0C
	

	
	9:40
	23.0 0C
	

	
	10:00
	23.1 0C
	

	
	10:20
	23.1 0C
	

	
	10:40
	23.2 0C
	

	
	11:00
	23.2 0C
	

	Calculation – Enthalpy of a Dissolution of  Salt:


	Change in temperature of solution, ΔsolutionT
	-2.9 0C
	-3.2 0C

	Energy released/absorbed by salt (J)
	-27.0 J/mol
	-30.0 J/mol

	Energy released/absorbed by water (J)
	-236.3 J/mol
	-251. J/mol

	Enthalpy of dissolution per mole of salt, ΔsH0 
	1.59 x104 J/mol
	1.83 x104 J/mol



Observations:
Salt A appeared powdered crystal – like and white in color.  Water was clear, transparent and odorless. During the reaction, the temperature decreased and increased slightly (still below initial temperature) until it stabilized. After reaction, the salt was almost dissolved. Solution was clear and odorless
Calculations:
Part 1 - Enthalpy of a Metal
Change in temperature of the water ΔwaterT
ΔT = T2 – T1
         = 27.3 0C – 24.1 0C
      = 3.2 0C
Mass of water (g)
mwater = mcal+H2O - mcal
                  = 22.64 g – 6.079 g
            = 16.56 g  
Energy gained by the water (J)
q = mcΔT
    = (16.56 g) (4.186 J/g0C) (3.20C)
    = 221.9 J/mol 
Change in temperature of metal, ΔmetalT
ΔT = T2 – T1
         = 99.1 0C – 24.1 0C
      = 75 0C
Specific heat capacity of metal
cmetal= q/mΔT
         = (221.9 J) / (12.75 g)(75 0C)
         = 0.232 J/g 0C
Molar mass of metal
MMmetal = (25 J/mol0C) / cmetal
               = (25 J/mol0C) / (0.232 J/g 0C)
                = 107.8 g/mol  
Percent error of molar mass of metal
% error = experimental – theoretical   x100
                               theoretical 
              = 107.8 g/mol – 63.546 g/mol    x100
                               63.546 g/mol
              = 69.6%
Part 2 - Enthalpy of Neutralization:
Change in temperature of the water ΔsolutionT

Acid 1:
ΔT = T2 – T1
         = 30.1 0C – 24.1 0C
      = 6 0C
Acid 2:
ΔT = T2 – T1
         = 29.5 0C – 23.3 0C
      = 6.2 0C

Volume of final solution (mL)

Acid 1:
Vtotal = VNaOH + VHNO3
         = 50 mL + 50 mL
         = 100 mL
Acid 2:
Vtotal = VNaOH + VHCl
         = 50 mL + 50 mL
         = 100 mL

Mass of final solution (g)

Acid 1:
m = dV
    = (1.0 g/mL) (100 mL )
   = 100 g
Acid 2:
m = dV
    = (1.0 g/mL) (100 mL )
   = 100 g

Energy released (J/mol)

Acid 1: 
q = -mcΔT
    = -(100 g) (4.186 J/g0C) (6 0C)
    = -2.51 x103 J/mol 
Acid 2: 
q = -mcΔT
    = -(100 g) (4.186 J/g0C) (6.2 0C)
    = -2.59 x103 J/mol 

Number of mole of limiting reagen (OH-(aq))

Acid 1:
# mol = V x c
           = (0.050 L)(1.0 mol/L)
           = 0.05 mol
Acid 2:
# mol = V x c
           = (0.050 L)(1.0 mol/L)
           = 0.05 mol

Number of moles of water formed in neutralization reaction

Acid 1:
HNO3(aq) + NaOH(aq)  H2O(l) + NaNO3(aq)
n = 0.050 mol NaOH(aq)  x 1 mol H2O/1 mol NaOH
   = 0.050 mol H2O
Acid 2:
HCl(aq) + NaOH(aq)  H2O(l) + NaCl(aq)
n = 0.050 mol NaOH(aq)  x 1 mol H2O/1 mol NaOH
   = 0.050 mol H2O

Heat of neutralization per mole of water

Acid1:
Q = mcΔT
    = (100 g) (4.184 J/g0C) (6 0C)
    = 5.02x104 J/mol
Acid2:
Q = mcΔT
    = (100 g) (4.184 J/g0C) (62 0C)
    = 5.19 x104 J/mol

Percent error 
	Acid 1:
% error = experimental – theoretical   x100
                               theoretical 
          = -5.02x104 J/mol – (-5.79 x104 J/mol) x100
                               (-5.79 x104 J/mol)
              = 13.3%

	Acid 2:
% error = experimental – theoretical   x100
                               theoretical 
         = -5.19x104 J/mol – (-5.79 x104 J/mol)  x100
                               (-5.79 x104 J/mol)
              = 10.4 %


Part 3 – Enthalpy of a Dissolution of Salt:
Change in temperature of solution, ΔsolutionT
ΔT = T2 – T1
         = 21.3 0C – 24.2 0C
      = -2.9 0C
Energy released/absorbed by salt (J)
Q = mcΔT
    = (2.5412 g ) (3.662 J/g0C) (-2.9 0C)
    = -27.0 J
Energy released/absorbed by water (J)
Q = mcΔT
    = (26.211 g – 6.74 g) (4.184 J/g0C) (-2.9 0C)
    = (19.47 g) (4.184 J/g0C) (-2.9 0C)
    = -236.3 J
Enthalpy of dissolution per mole of salt, ΔsH0
ΔsH0 = [(-Qmetal) + (-Qwater)] / nsalt
         = [7.00 J + 236.3 J] / 0.0153 molsalt
         = 1.59 x104 J/mol



Discussion:
	The specific heat capacity for the metal, in part 1, was determined to be 0.232J/g 0C for Trial 1 and 0.282 J/g 0C for trial 2. The value for Trial 1 is not a reasonable value as it exceeds the theoretical value of the molar mass of Copper metal by 69.6%, which is beyond half. Trial 2, however, maybe looked upon as reasonable as its percent error in obtaining the molar mass of copper was below the 50% mark, 39.5%. As a result, the difference can be explained by experimental errors during the lab. 
	In part 2, the enthalpy of the two strong acids were fairly similar. For HNO3(aq) the enthalpy was calculated to be in Trial 1 and 2, -5.02 x104 J/mol and -5.27 x104 J/mol respectively. For HCl(aq), the enthalpy determined for trial 1 was -5.19 x104 J/mol and Trial 2 was -5.44 x104 J/mol. With these values, the literature values for these enthalpies were somewhat successful in obtaining due to the fact that strong bases and acids were used. Thus neutralizing completely. (Petrucci et al.) The net ionic charges for the chemical equations: HNO3(aq) + NaOH(aq)  H2O(l) + NaNO3(aq) and HCl(aq) + NaOH(aq)  H2O(l) + NaCl(aq) becomes the following : H+(aq) + OH- (aq)H2O (l). In viewing this, we can see how these reactions neutralize and end up with the same enthalpy of formation of water. 
In part 3, the molar mass of the unknown salt A was given 166.0 g/mol speculated to being Potassium iodide. However, the salt’s literature value for the enthalpy of its dissolution was not successful, therefore limiting the determination of percent error. 
There were many sources of error that occurred during the experiment that could have altered the value of the units and affecting the overall percent error. Although the two coffees were good calorimeter, the environment around it was not controlled well enough to not affect the worked of the cups. Have burners on high heat could have increased the temperature of the room and inside the calorimeter, as well as increasing the overall mass of material. Also, the two-lid for the calorimeter was made of thinner plastic that could not help in maintaining heat of the system, therefore losing heat changing the temperature and enthalpy. To add, when the experimenter opened the calorimeter to add in the second substance for all parts, the calorimeter lid was opened for a long period of time allowing heat to escape. Thus increasing the ΔT, because T≈Q, the value of Q was also affected. Other human errors include slight error in recording time, mass and volumes and contamination of lab equipment (test tube, beaker, and calorimeter). These error may increase and decrease the enthalpy values depending on how they occur. 

Conclusion:
The specific heat capacity of the metal was calculated to be 0.232 J/g 0C and 0.282 J/g 0C. Percent error were determined to be 69.6% and 39.9%. The enthalpy of neutralization for HNO3(aq) was -5.02 x104 J/mol and -5.27 x104 J/mol; percent error were calculated to be 13.3% and 8.98%. For HCl(aq) the enthalpy of neutralization is -5.19 x104 J/mol  and -5.44 x104 J/mol  with a percent error of 10.4% and 6.04%. Lastly, the enthalpy of solution was determined to be 1.59 x104 J/mol and 1.83 x104 J/mol.
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