Introduction:

	Before taking part in this experiment, one should be knowledgeable on the theoretical basis of this experiment. To begin with, one should understand the concept of calorimetry. Calorimetry is the measure of energy absorbed or released from a system using a calorimeter. In this lab, a Styrofoam cup is used as a calorimeter because the thermal energy remains enclosed in the sealed cup. In a calorimeter, if the environment heats up, an exothermic reaction is occurring because heat is being released. On the other hand, if the calorimeter cools down, an endothermic reaction is occurring because heat is being absorbed.

	One must also understand the concept of enthalpy. Enthalpy is defined on dictionary as “a quantity associated with a thermodynamic system, expressed as the internal energy of a system plus the product of the pressure and volume of the system, having the property that during a isobaric process, the change in the quantity is equal to the heats transferred during the process.” If the enthalpy is positive, then the reaction is endothermic and if the enthalpy is negative, then the reaction is exothermic. One must also be able to interpret Hess’ law. Hess’ law demonstrates that a chemical reaction may have multiple steps, however the molar enthalpy of the reaction is equal to the sum of the enthalpies of the intermediate steps. The heat of formation, ∆Hf, is defined as in the lab, “the change in enthalpy when one mole of substance is formed form its elements in their standard states.”

	Also, in the lab, one must understand the concept of specific heat capacities. This capacity is the amount of energy needed to raise the temperature of one gram of substance by one degree. In this experiment, the metal zinc is used. Zinc has a theoretical specific heat capacity of 0.39 J/goC. Lastly. With the specific heat capacity, one can calculate the molar mass of the substance using the equation, specific heat capacity x malor mass=25 j/goC for all metals

	In the specific portion of the Enthalpy of Solution part of this, there are a few important concept to understand. Tow factors influence the enthalpy of a solution. They are the lattice energy and the hydration energy. As stated in the lab manual, “the lattice energy is the energy required to vaporize one mole of the slat to form gaseous ions and this quantity is endothermic”. Hydration energy, as also stated in the lab manual, is “the energy released when one mole of gaseous ions is solvated by water to form aqueous ions and is endothermic.” The enthalpy of the solution, which will be measured in this lab, is equal to the sum of these two factors.
	
	Lastly there are few theoretical values that one should know in order to complete the calculations in this lab. Firstly, as mentioned above, the theoretical specific heat capacity of zinc is 0. 39 J/goC. Secondly, the theoretical molar mass of zinc is 65.38g/mol. Thirdly, the theoretical enthalpy of neutralization for all strong acids is about -57.3 kJ/mol. Finally, one should be able to interpret the nine equations in the lab manual in order to complete the calculations for this experiment.





Observations:
Part One- Enthalpy of a Metal (Zinc)

Table 1: Quantitative Observations

	
	Trail 1
	Trail 2

	Mass of Zinc (g)
	11.21g
	11.02g

	Volume of Distilled water(mL)
	19.33mL
	19.34mL

	Mass of empty Calorimeter (g)
	6.4502g
	6.4502g

	Mass of Calorimeter and Water(g)
	25.79g
	24.79g

	Mass of Zinc and  Calorimeter and Water
	37.25g
	36.83g



Table 2: Change in Temperature 

	Trail 1
	
	Trail 2
	

	Time (Minutes: Seconds)
	Temperature(oC)
	Time(Minutes:Seconds)
	Temperature(oC)

	0
	24.8
	0
	25.1

	0:30
	24.8
	0:30
	25.1

	1:00
	25.2
	1:00
	25.1

	1:30
	25.5
	1:30
	25.1

	2:00
	25.7
	2:00
	25.1

	2:30
	25.9
	2:30
	25.1

	3:00
	26.9
	3:00
	25.1

	Mixing Stage 
	Time Delay
	Mixing Stage
	Time Delay

	3:30
	27.1
	3:30
	28.1

	4:00
	28.6
	4:00
	28.3

	4:30
	28.6
	4:30
	28.2

	5:00
	28.6
	5:00
	28.3

	5:30
	28.5
	5:30
	28.3

	6:00
	28.5
	6:00
	28.3

	6:30
	28.5
	6:30
	28.3

	7:00
	28.5
	7:00
	28.2

	7:30
	28.5
	7:30
	28.2




Table 3: Calculations for Part One 
	
	Trail 2
	Trail 1

	∆Temperature of Water
	3.1oC
	3.7oC

	Energy gained by water (q)
	250.85J
	299.24J

	∆Temperature of Metal
	-71.8oC
	-71.5oC

	Specific Heat capacity of Metal
	0.32 J/goC
	0.373 J/goC

	Molar mass of Metal 
	78g/mol
	67.02g/mol

	%Error specific Heat capacity 
	-17.95%
	-4.36%

	%Error Molar mass
	19.3%
	2.5%



Table 4: Qualitative Observation for Part One

	Zinc Metal
	Solid, flat, sheets, black/silver

	Distilled water
	Clear, liquid, non-viscous, odorless 

	Reaction
	Water gains heat, Zinc losses heat



Part Two: Enthalpy of Neutralization with Hydrochloric Acid and Sodium hydroxide

Table 1: Quantitative Observations 

	
	Trial 1
	Trial 2

	Volume of 1.1M Hydrochloric Acid
	50.00mL
	50.00mL

	Concentraion of Sodium Hydroxide 
	1.0M
	1.0M

	Volume of Sodium Hydroxide
	50.00mL
	50.00mL

	Mass of Claorimeter and solution
	109.19g
	108.82g



Table 2: Change in Temperature of Neutralization 
	Trial 1
	
	Trial 2
	

	Time(minutes:seconds)
	Temperature(oC)
	Time(minutes:seconds)
	Temperature(oC)

	0
	24.2
	0
	24.4

	0:30
	24.2
	0:30
	24.4

	1:00
	24.2
	1:00
	24.4

	1:30
	24.2
	1:30
	24.4

	2:00
	24.2
	2:00
	24.4

	2:30
	24.2
	2:30
	24.4

	3:00
	24.2
	3:00
	24.4

	Mixing Stage
	Time Delay
	Mixing Stage 
	Time Delay

	3:20
	31.4
	3:10
	30.6

	3:40
	31.4
	3:30
	31.5

	4:00
	31:2
	3:50
	31.4

	4:20
	31.3
	4:10
	31.4

	4:40
	31.3
	4:30
	31.4

	5:00
	31.2
	4:50
	31.4

	5:20
	31.2
	5:10
	31.4

	5:40
	31.2
	5:30
	31.3

	6:00
	31.2
	5:50
	31.3

	6:20
	31.2
	6:10
	31.3

	6:40
	31.1
	6:30
	31.3

	7:00
	31.1
	6:50
	31.3

	7:20
	31.1
	7:10
	31.2



Table 3: Calculations for Part Two With Nitric Acid
	
	Trial 1
	Trial 2

	∆Temperature of Water
	6.9oC
	6.8oC

	Volume of Final Solution
	100.00mL
	100.00mL

	Mass of Final Solution
	100.00g
	100.00g

	Energy Released
	-2886.96J
	-2845.12J

	Moles of Limiting Reagent 
	0.05mol
	0.05mol

	Moles of Water
	0.05mol
	0.05mol

	Heat of Neutralization per mole of Water
	-57.739kJ/ mol
	-56.9kJ/mol

	Compare the Two Strong Acids
	-5.97% difference between the two ∆HN
	-15.88% difference between the two ∆HN

	Percent Error
	0.77%
	-0.7%



Table 4: Qualitative Observations
	Sodium Hydroxide
	Clear, non-viscous, liquid, basic

	Nitric Acid
	Clear, non-viscous, liquid, acidic

	Reaction
	Temperature rises instantly when tow are mixed, neutralization occurred.




Part Three: Enthalpy of Neutralization of Hydrochloric Acid and Sodium Hydroxide**(Borrowed Data)

Table1: Qualitative Observations
	
	Trial 1
	Trial 2

	Volume of 1.1M Nitric Acid
	50.00mL
	50.00mL

	Concentration of Sodium Hydroxide
	1.0M
	1.0M

	Volume of Sodium Hydroxide 
	50.00mL
	50.00mL

	Mass of calorimeter and solution
	113.3255g
	114.1066g

	Mass of Calorimeter
	5.5945
	5.5945



Table 2: Change in Temperature of Neutralization Trial One
	Trial 1
	
	Trail 2
	

	Time (minutes:seconds)
	Temperature(oC)
	Time (minutes:seconds)
	Temperature(oC)

	0
	26.1
	0
	25.2

	0:30
	26.8
	0:30
	25.1

	1:00
	26.8
	1:00
	25.1

	1:30
	26.8
	1:30
	25.1

	2:00
	26.8
	2:00
	25.1

	2:30
	26.8
	2:30
	25.1

	3:00
	26.8
	3:00
	25.1

	Mixing Stage
	Time Delay
	Mixing Stage 
	Time Delay

	3:20
	33.1
	3:20
	31.5

	3:40
	33.0
	3:40
	31.4

	4:00
	33.0
	4:00
	31.3

	4:20
	32.9
	4:20
	31.3

	4:40
	32.8
	4:40
	31.2

	5:00
	32.7
	5:00
	31.2

	5:20
	32.7
	5:20
	31.2

	5:40
	32.6
	5:40
	31.1

	6:00
	32.6
	6:00
	31.0

	6:20
	32.6
	6:20
	31.0


**this data was borrowed for both trials it was borrowed from Nicholas Amlin(7328162) and Leonardo Nulfo (7232719).

Table 3: Calculations for Part Three with Hydrochloric Acid
	
	Trial 1
	Trial 2

	∆Temperature of Water
	6.5oC
	5.8oC

	Volume of Final Solution
	100.00mL
	100.00mL

	Mass of Final Solution
	100.00g
	100.00g

	Energy Released
	-27196J
	-2426.72J

	Moles of Limiting Reagent 
	0.05mol
	0.05mol

	Moles of Water
	0.05mol
	0.05mol

	Heat of Neutralization per mole of Water
	-54.392kJ/mol
	-48.53kJ/mol

	Compare the Two Strong Acids
	-5.97% difference between the two ∆HN
	-15.88% difference between the two ∆HN

	Percent Error
	-5.08%
	-15.3%



Table 4: Qualitative Observations
	Sodium Hydroxide
	Clear, Non-viscous, liquid, basic

	Hydrochloric Acid
	Clear, non-viscous, liquid, acidic

	Reaction
	*did not observe borrowed data



Part Four:  Enthalpy of dissolution of Salt

Table 1: Quantitative Observations:

	
	Trial 1
	Trial 2

	Salt Letter
	B
	B

	Mass of Salt
	1.50g
	1.50g

	Mass of empty Calorimeter (g)
	6.4502g
	6.4502g

	Volume of Distilled water
	19.3898mL
	19.3848mL

	Mass of Calorimeter and water
	25.84g
	25.79g

	Mass of Calorimeter and solution 
	27.31g
	27.3728g







Table 2: Change in Temperature 
	Trial 1
	
	Trial 2
	

	Time (minutes:seconds)
	Temperature(oC)
	Time (minutes:seconds)
	Temperature(oC)

	0
	24.5
	0
	24.6

	0:30
	24.5
	0:30
	24.6

	1:00
	24.5
	1:00
	24.6

	1:30
	24.5
	1:30
	24.5

	2:00
	24.5
	2:00
	24.5

	2:30
	24.5
	2:30
	24.6

	3:00
	24.5
	3:00
	24.6

	Mixing Stage
	Time Delay
	Mixing Stage
	Time Delay

	3:30
	24.2
	3:10
	24.2

	3:50
	21.2
	3:30
	22.4

	4:10
	21.0
	3:50
	22.2

	4:30
	19.7
	4:10
	21.5

	4:50
	19.6
	4:30
	21.0

	5:10
	19.1
	4:50
	21.0

	5:30
	19.3
	5:10
	21.1

	5:50
	19.3
	5:30
	20.8

	6:10
	19.3
	5:50
	20.7

	6:30
	19.4
	6:10
	20.8

	6:50
	19.5
	6:30
	20.9

	7:10
	19.5
	6:50
	20.9

	7:30
	19.6
	7:10
	20.9

	7:50
	19.6
	7:30
	21.2

	8:10
	19.7
	7:50
	21.2

	8:30
	19.7
	8:10
	21.2



Table 3: Calculations for salt Solution
	
	Trial 1
	Trial 2

	∆ Temperature of Solution
	-4.8OC
	-3.4oC

	Energy Released/Absorbed
	420J
	280J

	Enthalpy of dissolution (∆Hs) per mole of salt
	0.42kJ/mol
	0.27kJ/mol

	Percent Error
	-53%
	-70%



Table 4: Qualitative Observations

	Salt B
	White, grain, opaque, solid

	Distilled water
	Clear, non-viscous, liquid

	Reaction
	Salt dissolved, Decrease in temperature, slight increase in temperature.
















































































































































































































Sample Calculations
Part One: Enthalpy of Zinc Metal

1. ∆Temperature of Water 		= Final Temp- Initial Temp
					= 28.2oC – 25.1oC
					=3.1oC

2. Energy gained by Water(q)	=(Water Mass)(specific Heat Capacity)(∆Temperature)
					=(19.34g)(4.184J/0C)(3.10C)
					=250.85J

3. ∆Temperature of Metal	=Final temp- Initial temp
					= 28.2oC -100oC
					= -71.8oC

4. Specific Heat Capacity Metal	= Energy lost by Metal/(Metal Mass)( ∆Temperature)
					=(-250.85J)/(11.02g x -71.8oC)
					=0.32J/goC

5. Molar Mass of Metal 		= (25J/moloC)/(0.32J/goC)
					=78.13g/mol

6. %Error = (Experimental – Theoretical)/ Theoretical x100%
%Error Specific heat capacity = (0.32J/goC – 0.39J/goC)/0.39J/goC x100
				              = -17.95%

%Error Molar Mass	= (78.13g/mol – 65.38g/mol) / 65.38g/mol x100%
				= 19.3%


Part 2: Enthalpy of Neutralization Nitric Acid

7. ∆Temperature of Solution	=Final Temp – Initial Temp
					=31.1oC – 24.2oC
					=6.9oC

8. Volume of Solution	=Volume of Acid + Volume of Base
				=50.00mL + 50.00mL 
				= 100.00mL

9. Mass of Final Solution 	= Density x Volume
				=1.0g/mL x 100.00mL
				=100.00g
            
              %Difference in mass	=|Measured mass – calculated mass| / Average x 100%
				=| 109.19g – 100.00g| / 104.6 x100%
				=8.79%
	The mass measured is a more accurate mass of the substance as a whole however the calculated mas may be more precise when looking at a purity because the mass being measured may have contained other substances form previous trials or from the air.
10. Energy Change(q)	= -(mass)(Specific Heat Capacity)(∆Temperature)
				= -(100.00g)(4.184J/goC)(6.9oC)
				= -2886.96J

11. NaOH + HNO3  NaNO3 + H2O
         nNaOH= (1.0M)(0.0500L)
	= 0.050mol

12. nH2O= 0.050mol(1moleH2O / 1moleNaOH)
            	  =0.050mol

13.  ∆HN= qN/moles H2O
	  = -2886.96J / 0.050mol
	  = -57739.2J/mol
	  = -57.739 kJ/mol

14. See “Comparing The Two Strong Acids” Below

15. %Error 	= (-57.739kJ/mol) – (-57.3kJ/mol)/ -57.3 x100%
			= 0.77% Error

Part 3: Enthalpy of Neutralization  with Hydrochloric Acid 

7. b) ∆Temperature of Solution	=Final Temp – Initial Temp
					=32.6oC – 26.1oC
					= 6.5oC

8. b) Volume of Solution	=Volume of Acid + Volume of Base
				=50.00mL + 50.00mL 
				= 100.00mL

9. b) Mass of Final Solution = Density x Volume
				=1.0g/mL x 100.00mL
				=100.00g

              %Difference in mass	=|Measured mass – calculated mass| / Average x 100%
				=| 113.3255g – 100.00g| / 106.7 x100%
				= 12.49 %
	The mass measured is a more accurate mass of the substance as a whole however the calculated mas may be more precise when looking at a purity because the mass being measured may have contained other substances form previous trials or from the air.


10. b)Energy Change(q)	= -(mass)(Specific Heat Capacity)(∆Temperature)
				= -(100.00g)(4.184J/goC)(6.5oC)
				= -2719.6J



11. b)NaOH + HNO3  NaNO3 + H2O
         nNaOH= (1.0M)(0.0500L)
	= 0.050mol

12. b)nH2O= 0.050mol(1moleH2O / 1moleNaOH)
            	  =0.050mol
13. b)∆HN= qN/moles H2O
	  = -2719.6J / 0.050mol
	  = -54392J/mol
	  = -54.392kJ/mol
 
14. b)See “comparing the Two Strong acids” below 

15. b)%Error 	= (-54.392kJ/mol) – (-57.3kJ/mol)/ -57.3 x100%
			= -5.08 % Error

Comparing the Two Strong Acids
14. %Difference of ∆HN of The Two strong Acids
%Difference	=|∆HN(1) - ∆HN(2)| /Average x100%
			= |-54392J/mol – (-57739J/mol)| /-56065.5J/mol x100%
			=-5.97%
	Therefore the two heats of neutralized for the two strong acids are very close in value, with a percent difference of only -5.97% 

Part 4: Enthalpy of Dissolution of Salt

16. ∆ Temperature = 19.7oC – 24.5oC
              		= -4.8oC

17. Energy Released= -(mass solution)(specific heat capacity)( ∆ Temperature)

	Mass of Solution	=Mass of calorimeter and solution – mass calorimeter 
				=(27.31g) – (6.4502g)
				=20.86g
	
	Energy Released	= -(20.86)(4.184J/go C)(-4.8oC)
				=420J

18. ∆ Hs	=qs / ns
		=  420J / 1.0mol of solution
		= 420J/mol
		=  0.42kJ/mol





19. No Salt was found however, the closet one found was Sodium Fluoride which has a theoretical ∆Hs of 0.9kJ/mol. If this salt was correct then the percent error would be:
	
%Error =(0.42kJ/mol – 0.9kJ/mol) / 0.9kJ/mol x100%
                =-53%
This being said, with this kind of percent error it is hard to say that this is definitely the unknown salt.

Discussion:

	In the first portion of this experiment, one had the enthalpy of a reaction with zinc metal and distilled water in attempt to determine the specific heat capacity and molar mass of zinc experimentally. This was accomplished by finding the energy gained by the water. With this one could determine the energy lost by the metal by taking the negative of the energy gained by water. It was now possible to calculate the specific heat capacity of the metal. As well it was possible to calculate the molar mass of the metal using previously known equation, Specific Heat Capacity x Molar Mass = 25J/goC. To calculate the percent errors the theoretical values of 0.39J/goC and 65.38g/moll were used to calculate the errors in specific heat capacity and molar mass respectively. This reaction was exothermic because heat was released into the calorimeter and it heated up. 
	
	In the second portion of the lab, the enthalpy of Neutralization per mole of water was determined. This was accomplished by finding the energy released in the reaction and then by using basic stoichiometry, determining the moles of water that reacted. Then, by using the formula ∆HN = qN/moles H2O, the Enthalpy of Neutralization per mole of water was determined. This process completed with NaOH and HNO3 however data was also borrowed from Nicholas Amlin (7328162) and Leonardo Nulfo (7232719) for the reaction of NaOH and HCl. The two values calculated were very close to each other which is accurate because all strong acids have a theoretical enthalpy of Neutralization per mole of about -57.3kJ/mol. This reaction was exothermic because heat was released into the calorimeter and it heated up. 

	In the final portion of this experiment, the enthalpy of the dissolution of an unknown solid was determined. This was found by determining the enthalpy in the same way as the previous two portions and was then divided by one mole to give the enthalpy per mole. This determined enthalpy is the sum of the lactic energy and the hydration energy. This reaction was endothermic because heat was absorbed and the environment of the calorimeter cooled down.

	In this lab, there were various errors that may have affected the accuracy of the results and led to percent error in calculations. To begin with, while transferring substance from beaker to another, some substance remained on the first beaker. For example, when transferring the salt to the water calorimeter, some traces of salt remained in the bottom of the original beaker. This would result in the ass of salt recorded to be inaccurate in comparison to the salt used in the dissolution. Secondly, it is possible that dust or other substances form the air made their way into the calorimeter during the mixing stage of each trail. This may have led to extra mass and the possibility of small side reactions occurring, which would alter the accuracy of he results.  Thirdly, the same Styrofoam calorimeter was used throughout the experiment and this may have led to at least two possible errors. Firstly, the same mass was recorded form each trial with the calorimeter. However, it is possible that the calorimeter lost mass from trail to trial because some of the material may have burned off when it had boiling water in it or while a reaction was occurring. Also it is possible that the calorimeter still had remains of previous trials which may have led to the occurrence various undesired side reactions.

[bookmark: _GoBack]Conclusion: 

	In conclusion, the specific heat capacity of zinc was determined to be 0.32 J/goC and 0.373 J/goC in trials one and two respectively. This resulted in percent errors of -17.95% and -4.36%. The molar mass of zinc was determined to be 78g/mol and 67g/mol in trials one and two respectively. This had percent errors of 19.3% and 2.5%. The Heat of Neutralization was determined to be -57.7kJ/mol and -56.9kJ/mol for nitric acid  and -54.4kj/mol and -48.5kj/mol for hydrochloric acid. this resulted in percent errors of 0.77%, -0.7%, -5.08% and -15.3% respectively. Lastly the enthalpy of dissolution of the unknown salt was determined to be 0.42 kJ/mol and 0.27kJ/mol in trials one and two respectively.       	
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