Abstract: 

This report presents three main experiments involving conservation of energy and enthalpy using calorimeters, acids and bases, a metal as well as a salt. The specific heat capacity of Copper was to be determined and used to theoretically approximate its molar mass. The enthalpy of neutralization of the two strong acids Hydrochloric Acid and Nitric Acid was also to be determined and compared between one another and to the standard value. Finally, the enthalpy of solution of an unknown salt was to be found to discover its identity through a neutralization reaction. 

Introduction:

Substances are often identified and differentiated based on their physical and chemical properties. One physical property often used is the ability for a substance to absorb energy through the form of heat. In other words, the amount of heat it can absorb. This can be referred to as a substance’s specific heat capacity.  In fact, specific heat capacity can be defined as the “heat required to raise a unit mass of substance by one degree of temperature.” (Taftan, 1998) Knowing the specific heat capacity of a substance is very useful when trying to identify it, as each substance has a different value assigned to it. Therefore, it becomes convenient to know such a property when differentiating substances. In this experiment, the following equation was used to determine the specific heat capacity of Copper metal;

Eq. 1 E = m c ΔT
						(Taftan, 1998)

In this equation, E represents the energy supplied to the substance, m the mass of the substance and ΔT the change in temperature. 

Knowing the specific heat capacity of a substance also gives us the necessary tools to determine its molar mass afterwards. In this experiment, the equation below was used to determine the molar mass, another distinctive property. 

Eq. 2 Cmetal x MMmetal = 25 J/mol ° C

(Venkateswaran, 2012)

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. In the case of this experiment, the following chemical formulas explain the two neutralization reactions that took place;

Eq. 3 HNO3(l) + NaOH(l)  NaNO3(l) + H2O(l)

Eq 4. HCl(l) + NaOH(l)  NaCl(l) + H2O(l)

In both cases, the hydrogen ion from the acid reacted with the hydroxide ion from the base, releasing energy in the form of heat. In this experiment, the changes in enthalpy occurring alongside these neutralization reactions were measured inside the calorimeter. The change in temperature within the calorimeter could then be used to determine the amount of energy that was either absorbed or released by the system. Consequently, it could be determined if the reaction was endothermic or exothermic. A value was determined in kJ/mol for each reaction and compared to a standard value for such a reaction.  

Similar to the metal’s specific heat capacity, the enthalpy of solution can be used to determine the identity of a salt in a particular solution. In the case of this experiment, the enthalpy of solution was determined in order to identify the salt that was diluted in water. This dilution caused a reaction to occur that includes the exchange of energy in the form of heat between the salt and its surroundings. 
This reaction could theoretically be either endothermic or exothermic depending on the identity of the salt being diluted. In other words, heat could either be absorbed or released by the salt. According to the lab manual, two factors can affect the type of reaction occurring for this dilution. The first factor is known as the lattice energy of the salt and the second as the hydration energy. (Venkateswaran, 2012) The lattice energy, responsible for an endothermic reaction, is “the energy required to vaporize one mole of the salt to gaseous ions.” (Enthalpy of Various Venkateswaran, 2012) The hydration energy on the other hand, is responsible for an exothermic reaction, as it is “the energy released when one mole of gaseous ions is solvated by water to form aqueous ions.” (Venkateswaran, 2012) These quantities are quite difficult to measure experimentally, however as done in this lab, the following equation can be used to determine the enthalpy of the solution;

Eq. 5 ΔHsol = ( - (msol) (Csol) (ΔTsol) ) / nsol

	Once again, knowing the enthalpy of solution in order to identify an unknown salt is very helpful, as it can be traced back to the corresponding salt. A typical example where enthalpy of solution must be known is in the production of cold or hot packs, where the material must be cooled or heated very quickly. Scientists must be able to determine the salt’s identity to conclude if the salt will absorb or release heat. In some cases, “an endothermic reaction is required so that the surrounding heat is absorbed thus making it colder which provides the function of a cold pack.“ (Kessel, 2003) The opposite is also possible, where an exothermic reaction is required so that heat is released, producing a hot pack. However, these reactions can only occur if the right salt is used, which is why it is important to determine a salt’s enthalpy of solution such as in this experiment. 



Procedure:

· As described in the lab manual (Venkateswaran, 2012)

Observations: 

Table 1: Copper Metal

	
	Trial 1
	Trial 2

	Mass of Metal Used (g)
	11.6813
	12.1214

	Mass of Empty Calorimeter (g)
	4.7507
	4.7507

	Exact Volume Added to Calorimeter (ml)
	20
	20

	Mass of Calorimeter with Distilled Water (g)
	24.2425
	24.2422

	Temperature of Boiling Water  (° C)
	100
	100

	Time  (s) (1)
	0
	30
	60
	90
	120
	150
	180
	210
	240
	270
	300
	330
	360
	390
	420

	Temp (° C) (1)
	26.1
	26.2
	26.3
	26.3
	26.2
	26.2
	26.2
	26.9
	27.1
	27.4
	27.2
	27.2
	27.1
	27.1
	27.1

	Time
(° C) (2)
	0
	30
	60
	90
	120
	150
	180
	210
	240
	270
	300
	330
	360
	390
	420

	Temp
(s) (2)
	24.0
	24.1
	24.2
	24.2
	24.2
	24.2
	24.2
	28.0
	27.9
	27.8
	27.8
	27.7
	27.6
	27.6
	27.6




















Table 2: Nitric Acid


	
	Trial 1
	Trial 2

	Exact Volume of Acid (mL)
	50
	50

	Exact Concentration of Acid (M)
	1.1
	1.1

	Exact Volume of NaOH (mL)
	50
	50

	Exact Concentration of NaOH (M)
	1.0
	1.0

	Mass of Calorimeter + Lid + Solution (g)
	106.4362
	107.5763

	Mass of Calorimeter + Solution (g)
	105.1020
	106.3587

	Mass of Calorimeter (g)
	4.1598
	4.1601

	Time  (s) (1)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp (° C) (1)
	23.5
	23.4
	23.4
	23.4
	23.4
	23.4
	23.5
	30.5
	30.4
	30.4
	30.4
	30.4
	30.3
	30.3
	30.2
	30.2
	30.1
	30.1
	30.0

	Time
(° C) (2)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp
(s) (2)
	23.2
	23.3
	23.3
	23.3
	23.3
	23.3
	23.3
	30.0
	30.1
	30.0
	30.0
	30.0
	30.0
	29.9
	29.9
	29.9
	29.8
	29.8
	29.8




















Table 3: Hydrochloric Acid

	
	Trial 1
	Trial 2

	Exact Volume of Acid (mL)
	50
	50

	Exact Concentration of Acid (M)
	1.1
	1.1

	Exact Volume of NaOH (mL)
	50
	50

	Exact Concentration of NaOH (M)
	1.0
	1.0

	Mass of Calorimeter + Lid + Solution (g)
	104.0269
	103.7681

	Mass of Calorimeter + Solution (g)
	102.8643
	101.8680

	Mass of Calorimeter (g)
	4.8650
	4.9089

	Time  (s) (1)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp (° C) (1)
	23.1
	23.2
	23.2
	23.1
	23.2
	23.1
	23.1
	29.6
	29,6
	29.6
	29.6
	29.5
	29.5
	29.5
	29.4
	29.4
	29.4
	29.3
	29.3

	Time
(° C) (2)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp
(s) (2)
	22.9
	22.9
	22.9
	22.9
	22.9
	22.9
	22.9
	29.4
	29.3
	29.3
	29.3
	29,3
	29.2
	29.2
	29.2
	29.1
	29.1
	29.1
	29.1





















Table 4: Unknown Salt

	
	Trial 1
	Trial 2

	Unknown Salt Number
	A
	A

	Exact Mass of Salt (g)
	2.5040
	2.5032

	Mass of Empty Calorimeter (g)
	5.2695
	5.5702

	Exact Volume of Water Transferred (mL)
	20
	20

	Mass of Calorimeter + Water (g)
	24.9088
	24.4091

	Time  (s) (1)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp (° C) (1)
	24.2
	24.3
	24.3
	24.3
	24.3
	24.3
	20.9
	23.7
	23.7
	23.7
	23.6
	23.6
	23.6
	23.6
	23.5
	23.6
	23.6
	23.6
	23.6

	Time
(° C) (2)
	0
	30
	60
	90
	120
	150
	180
	200
	220
	240
	260
	280
	300
	320
	340
	360
	380
	400
	420

	Temp
(s) (2)
	23.2
	23.3
	23.2
	23.2
	23.3
	23.2
	19.8
	19.8
	19.9
	19.9
	20.0
	20.0
	20.1
	20.1
	20.1
	20.1
	20.1
	20.1
	20.1




Calculations:

Table 5: Copper Metal 

	
	Trial 1
	Trial 2

	ΔTwater (° C)
	1.0
	3.6

	Energy gained by water (J)
	83.6
	300.96

	ΔTmetal (° C)
	-72.9
	-72.4

	Specific Heat Capacity of Metal (J/g ° C)
	0.098
	0.343

	Approximation of Molar Mass of Copper (g)
	255
	72.9

	Percent Error of Specific Heat Capacity of Copper
	74.5%
	10.9%

	Percent Error of Molar Mass of Copper
	-301 %
	14.7 %




Table 6: Neutralization Reaction - Nitric Acid

	
	Trial 1
	Trial 2

	ΔTsol (° C)
	6.3
	6.6

	Volume of Final Solution (mL)
	100
	100

	Mass of Final Solution (g)
	100.94
	102.199

	Energy released (J)
	2.7 x 103
	2.8 x 103

	Number of moles of limiting reagent (OH-)
	0.05
	0.05

	Number of moles of water formed
	0.05
	0.05

	ΔHneut (kJ/mol)
	-53
	-56




Table 7: Neutralization Reaction – Hydrochloric Acid

	
	Trial 1
	Trial 2

	ΔTsol (° C)
	6.2
	6.2

	Volume of Final Solution (mL)
	100
	100

	Mass of Final Solution (g)
	97.999
	96.959

	Energy released (J)
	2.5 x 103
	2.5 x 103

	Number of moles of limiting reagent (OH-)
	0.05
	0.05

	Number of moles of water formed
	0.05
	0.05

	ΔHneut (kJ/mol)
	-51
	-50




Table 8: Unknown Salt

	
	Trial 1
	Trial 2

	ΔTsol (° C)
	-0.7
	-3.0

	Energy released/absorbed (J)
	-56.8
	-234

	Enthalpy of Dissolution (kJ/mol)
	3.8
	16

	Percent error with respect to literature value
	83.31%
	23.11%





The following calculations were done using trial two

Part 1: Enthalpy of a Metal

1. Change in Temperature of the Water:

ΔTwater = TF – TI
ΔTwater = 27.6 – 24.0
ΔTwater = 3.6 ° C

2. Energy gained by the water:

Ewater = mcΔT
Ewater = (20)(4.18)(3.6)
Ewater = 300.96 J

3. Change in Temperature of the Metal:

ΔTmetal = TF -TI
ΔTmetal = 27.6 - 100
ΔTmetal  = -72.4 ° C

4. Determining the Specific Heat Capacity of the Metal:

Ewater = -Emetal
300.96 = - (12.1214)(C)(-72.4)
300.96 = 877.59 C
C = 0 .343 J/g ° C

5. Approximating the Molar Mass of the Metal

Cmetal x MMmetal = 25 J/mol ° C
(0.343) x (MM) = 25
MMmetal = 72.9 g

6. Percent Error of Specific Heat Capacity and Molar Mass of Metal

Known Specific Heat Capacity of Copper = 0.385 J/ g ° C
Known Molar Mass of Copper = 63.55 g/mol
Experimental Specific Heat Capacity of Copper = 0.343 J/ g ° C
Experimental Molar Mass of Copper = 72.9 g/mol

Percent Error of Specific Heat Capacity = ((Theoretical Value – Experimental Value) / Theoretical Value) x 100%

= ((0.385 – 0.343) / 0.385) x 100%
= 10.9%

Percent Error of Molar Mass = ((Theoretical Value – Experimental Value) / Theoretical Value) x 100%

= ((63.55 – 72.9) / 63.55) x 100%
= -14.7 %

Part 2: Enthalpy of Neutralization

Nitric Acid (NaNO3)

7. Change in Temperature of the Solution:

ΔTwater = TF – TI
ΔTwater = 29.8 – 23.2
ΔTwater = 6.6 ° C

8. Volume of the Final Solution:

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

Volume of HNO3 = 50 ml
Volume of NaOH = 50 ml

Volume of Final Solution = Volume of HNO3 + Volume of NaOH
Volume of Final Solution = 50 + 50
Volume of Final Solution = 100 ml

9. Mass of Final Solution:

Measured Mass = (Mass of calorimeter + solution) – (Mass of calorimeter)
Measured Mass = (106.3587) – (4.1601)
Measured Mass = 102.199

Assume Density of Solution = 1.0 g/ml
Density = Mass of solution / Volume
1.0 = Mass / 100
100 g = Mass

Comparisons: 

Percent Error = ((Actual - Theoretical)/ Actual) x 100%
Percent Error  = ((102.199 – 100) / 102.199) x 100%
Percent Error  = 2.15%

Compared to the theoretical mass of 100g of solution, the measured mass of the solution was 2.15% greater with a value of 102.199g. 

10. Calculating Energy Released

m = 103.4162 g
C = 4.18 J/g ° C
ΔT = 6.6 ° C

E = mc ΔT
E = (102.1986) (4.18) (6.6)
E = 2.8 x 103 J

11/12. Calculating Number of Moles of Limiting Reagent and Moles Water Formed

Volume of HNO3 = 50 ml = 0.05 L
Concentration of HNO3 = 1.1 M

Concentration HNO3 = moles of solute / volume of solution 
1.1 = moles of solute / 0.05
0.6 moles of HNO3

Concentration of NaOH = 50 ml = 0.05 L
Concentration of NaOH = 1.0 M

Concentration of NaOH = moles of solute / volume of solution
1.0 = moles of solute / 0.05
0.05 moles of NaoH

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

	
	HNO3
	NaOH
	NaNO3
	H2O

	Initial (mol)
	0.06
	0.05
	0
	0

	Change (mol)
	- 0.05
	- 0.05
	+ 0.05
	+ 0.05

	Equilibrium (mol)
	0.01
	0
	0.05
	0.05



Therefore, there were 0.05 moles of (OH- (aq)) that were consumed and 0.05 moles of water that were formed in the neutralization reaction.





13. Enthalpy of Neutralization

ΔHneut = - qneut / n

qneut = - 2.8 x 103 J
n = 0.05

ΔHneut = - 2.8 x 103 / 0.05
ΔHneut = - 56 x 103 J/mol =  - 56 kJ/mol

Hydrochloric Acid (HCl)

7. Change in Temperature of the Solution:

ΔTwater = TF – TI
ΔTwater = 29.1 – 22.9
ΔTwater = 6.2 ° C

8. Volume of the Final Solution:

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

Volume of HCl = 50 ml
Volume of NaOH = 50 ml

Volume of Final Solution = Volume of HCl + Volume of NaOH
Volume of Final Solution = 50 + 50
Volume of Final Solution = 100 ml

9. Mass of Final Solution:

Measured Mass = (Mass of calorimeter + solution) – (Mass of calorimeter)
Measured Mass = (101.8680) – (4.9089)
Measured Mass = 96.959 g

Assume Density of Solution = 1.0 g/ml
Density = Mass of solution / Volume
2.0 = Mass / 100
100 g = Mass

Comparisons: 

Percent Error = ((Actual - Theoretical)/ Actual) x 100%
Percent Error = ((96.959 – 100) / 96.959) x 100%
Percent Error = -3.14%

Compared to the theoretical mass of 100g of solution, the measured mass of the solution was 3.14% smaller with a value of 96.959g. 

10. Calculating Energy Released

m = 96.959 g
C = 4.18 J/g ° C
ΔT = 6.2 ° C

E = mc ΔT
E = (96.959) (4.18) (6.2)
E = 2.5 x 103 J


11/12. Calculating Number of Moles of Limiting Reagent and Moles Water Formed

Volume of HCl = 50 ml = 0.05 L
Concentration of HCl = 1.1 M

Concentration HCl = moles of solute / volume of solution 
1.1 = moles of solute / 0.05
0.6 moles of HCl

Concentration of NaOH = 50 ml = 0.05 L
Concentration of NaOH = 1.0 M

Concentration of NaOH = moles of solute / volume of solution
2.0 = moles of solute / 0.05
0.05 moles of NaoH

HCl(l) + NaOH(l)  NaNO3(l) + H2O(l)

	
	HCl
	NaOH
	NaNO3
	H2O

	Initial (mol)
	0.06
	0.05
	0
	0

	Change (mol)
	- 0.05
	- 0.05
	+ 0.05
	+ 0.05

	Equilibrium (mol)
	0.01
	0
	0.05
	0.05



Therefore, there were 0.05 moles of (OH- (aq)) that were consumed and 0.05 moles of water that were formed in the neutralization reaction.




13. Enthalpy of Neutralization

ΔHneut = - qneut / n

qneut = - 2.5 x 103 J
n = 0.05

ΔHneut = - 2.5 x 103 / 0.05
ΔHneut = - 50 x 103 J/mol = - 50 kJ/mol

Comparing Heats of Neutralization of Hydrochloric Acid And Nitric Acid

Comparison = ((ΔHN(HCl) – ΔHN(HNO3)) / ΔHN(HCl)) x100%

= ((-56) – (-50)) /56) x 100%
= 11% 

Therefore, the heat of neutralization of Nitric Acid is 10.88% larger than the heat of neutralization of Hydrochloric Acid.


Percent Errors With Regards to Literature Values

The enthalpy of neutralization between a strong acid and a base is believed to be equal to -57 kJ/mol. (Kwok, 2010)

HNO3:

Percent Error = ((Theoretical Value – Experimental Value)/Theoretical Value) x 100%

Percent Error = ((-57) –(-56) / -57) x 100%
Percent Error =1.1%

HCl:

Percent Error = ((Theoretical Value – Experimental Value)/Theoretical Value) x 100%

Percent Error = ((-57) – (-50) / -57) x 100%
Percent Error = 12%

Part 3: Enthalpy of Dissolution of a Salt

16. Change in Temperature of the Solution

ΔTsol = TF - TI
ΔTsol = 20.2 – 23.2
ΔTsol = - 3.0 ° C

17. Energy Released/Absorbed by Solution:

mass of solution = (mass of calorimeter + water) – (mass of empty calorimeter) + (mass of salt)

mass of solution = (24.4091) – (5.5702) + (2.5032)
mass of solution = 21.342 g 

Ereleased = mcΔT
E = (21.342) (3.662) (-3.0)
E = -234 J

18. Enthalpy of Dissolution per Mole of Salt:

moles of salt = mass of salt / molar mass of salt
moles of salt = 2.5032 / 166.0
= 0.015 moles

ΔHsol = qsol / nsalt 
ΔHsol = - ((msol)(csol)(ΔTsol))/ nsalt
ΔHsol  = - ((21.342) (3.662) (-3.0)) / 0.015
ΔHsol  = 16 x 103 J/mol
= 16 kJ/mol

19. Percent Errors with Respect to Literature Values 

Potassium Iodide (KI) has a molar mass of 166.0 g/mol and has a enthalpy of dissolution of 20.33 kJ/mol. (Wikipedia, 2012)

Percent Error = ((Theoretical Value – Experimental Value)/Theoretical Value) x 100%

Percent Error = ((20.33 – 16) / 20.33) x 100%
Percent Error = 23.11 %











Discussion:

The experiment was successfully completed, where three sub-experiments were conducted. The first experiment involved determining the specific heat capacity of Copper metal using a calorimeter. The piece of metal was heated to a temperature of 100 ° C and put into a Styrofoam cup (calorimeter) with water at room temperature until equilibrium was reached. The results were expected in terms of the specific heat capacity of Copper that was determined as well as an approximate molar mass. Theoretically, a value of 0.385 J/ g ° C should have been obtained for Copper’s specific heat capacity and a molar mass of 63.55 g/mol. This was almost the case as 0.343 J/ g ° C was found as the specific heat capacity of Copper and a molar mass of 72.9 g/mol, which resulted in percent errors of 10.9% and 14.7% respectfully. Naturally, these values were slightly inaccurate due to the possible sources of error present during the experiment. The main source of error definitely came from the loss of heat that most likely occurred during the reaction. A Styrofoam cup was used as a calorimeter, which evidently doesn’t completely prevent the loss of heat. Avoiding this loss of heat during the reaction would consequently produce a greater gain of energy by the water, which would also have produced a greater specific heat capacity of the metal. The experimental value for the specific heat capacity of metal would therefore have been nearer the theoretical value, which would have produced a smaller value for the molar mass and decreased that percent error as well. 
The second part of this experiment consisted of two neutralization reactions. The chemical equations HNO3(l) + NaOH(l)  NaNO3(l) + H2O(l) and HCl(l) + NaOH(l)  NaCl(l) + H2O(l) demonstrate the two reactions that occurred. Theoretically, the standard value for the enthalpy of neutralization is considered to equal   -57 kJ/mol (Kwok, 2010). The first neutralization reaction involving Nitric Acid resulted in an enthalpy of neutralization with a value of -56.39 kJ/mol, which consisted of a 1.1% error. The second neutralization reaction involving Hydrochloric Acid produced a smaller value of -50.26 kJ/mol, which consisted of a 12% error. The Nitric Acid reaction resulted in a value barely over the theoretical number, while the Hydrochloric Acid reaction produced a value that was slightly smaller than theorized. These inaccuracies could once again be due to the loss of heat by the calorimeter. The fact that one acid was too high and the other too low can also lead to question the actual molarity and composition of the acids.  The molarity of the Hydrochloric Acid, for instance, may have been slightly less concentrated than stated, which resulted in not enough reactions between the hydrogen and hydroxide ions. Therefore, less heat was released and a smaller enthalpy of neutralization was consequently calculated. 
The final part of this experiment consisted in determining the identity of an unknown salt using its enthalpy of solution. The experiment was a success as the salt was found to be Potassium Iodide. This could be determined as the molar mass was given and the enthalpy of solution was calculated. Experimentally, an enthalpy of solution of 15.63 kJ/mol was found compared to the theoretical value of 20.33 kJ/mol. (Wikipedia, 2012) Consequently, a percent error of 23.11% was found, which isn’t catastrophic considering the type of calorimeter used. Once again, preventing loss of heat would have resulted in a greater enthalpy of solution and decreased the percent error. 

Conclusion:

[bookmark: _GoBack]The specific heat capacity of Copper was determined to be 0.343 J/ g ° C with a 10.9% error and a molar mass of 72.9 g/mol with a 14.7% error. The enthalpy of neutralization for Nitric Acid was found to be -56.39 kJ/mol with a 1.1% error, while the Hydrochloric Acid had a value of -50.26% with a 12% error. The identity of the unknown salt was found to be Potassium Iodide with an enthalpy of solution of 15.63 kJ/mol, which was equal to a 23.11% error. 
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