Introduction:
The experiment preformed uses different methods of using a simple calorimeter to observe and record the enthalpy of four separate reactions. The reactions carried out provided data to solve the specific heat capacity of a metal (zinc), the enthalpy on neutralization between 2 separate acids (HCl and HNO3) and a base (NaOH), and the enthalpy of the dissolution of an unknown salt (C).
Each of the listed reactions will produce a change of enthalpy; also known as the heat of formation of a substance. This will happen when one mole of a substance is formed from its elements reacting in their standard states. The enthalpy of a reaction will always have energy being transferred, released, or absorbed, and can be described as either endothermic or exothermic. Endothermic reactions are denoted with a positive value, as the system reacting will gain heat (energy), while exothermic reactions are represented with a negative value due to the system losing heat. To measure the reactions enthalpy, an apparatus called a calorimeter must be used to get accurate results. A ‘simple calorimeter’ is used in this experiment, consisting of two polystyrene cups, and a plastic lid with a hole in the top for a thermometer probe to fit into. The purpose of using a calorimeter is to isolate the system reaction with no outside factors affecting the temperature readings; this is called a closed system. With a closed system, only the contents in the calorimeter can affect the outcome, and can all be put into simple equations to calculate the desired information. 
For the first experiment, hot metal is placed in sitting water. The change in temperature of the water and metal allow us to find the specific heat capacity of the metal (c) through a series of equations. Specific heat capacity can be described as the amount of thermal energy required to heat one gram of the substance by one degree. The equation used to help find the specific heat capacity is:
Q=mc∆T
Where Q describes the change in enthalpy or heat energy, m represents the mass of the substance, and ∆T as the change in temperature. When the hot metal is added to the water, the two temperatures will start to reach an equilibrium point. Since the reaction takes place in a closed system (the calorimeter), no heat energy is lost. But rather transferred between the two substances. Therefore, we can use the following equation to represent the energy transferred:
- Emetal = Ewater
Once we have the energy that was transferred from the zinc to the water, Q=mc∆T can be used to find the specific heat capacity of the zinc. Once the specific heat capacity of t he zinc is found, the molar mass can be found to help check the accuracy of the heat capacity with the equation:
cmetal × MMmetal ≈ 25 J/mol°C
When doing calculations to help solve the enthalpy of neutralization of the reaction between acids and a base, the same principals can be used from finding the specific heat capacity of a metal. However, the difference is that these reactions tend to being exothermic and therefore it is given a negative value.
Q = -mc∆T

Once this equation is used to find the heat energy in the reaction, the enthalpy of neutralization per mole can be found through using the equation:



For the final reaction between the unknown salt and water, the reaction can be described as both endothermic and exothermic depending on which factor you’re looking at. The first reason involves the “lattice energy” of the salt, which is required to vaporize one mole of the salt to form gaseous ions. This type of reaction would have heat be released into the atmosphere, and would be classified as an exothermic reaction. If the reaction was classified as endothermic, it would be based off of the ‘hydration energy’, which is the energy released when one mole of gaseous ions is dissociated by water to form an aqueous ions. The enthalpy of the reaction between the salt and water can be measured with the equation:



By using all of the data collected from the lab, and the equations above, it will be easy to calculate and analyze how the reactions undergo the change in enthalpy. 

Procedure
Use the procedure found in the lab manual










[bookmark: _GoBack]Raw Data Tables:
Specific Heat Capacity of a Metal (Zinc)
	
	Trial 1
	Trial 2

	Mass of metal –Zinc (g)
	12.2
	14.8

	Mass of empty calorimeter (g)
	8.0369
	8.0369

	Volume of water (mL)
	20
	20

	Combined mass for calorimeter (g)
	27.9223
	27.9223

	Temperature of Zinc before mixing
	100.0°C
	100.0°C


	Trial 1: Time (seconds)  vs. Temperature (°C)
	Trial 2: Time (seconds)  vs. Temperature (°C) 

	Time (seconds)
	Temperature (°C)
	Time (seconds)
	Temperature (°C)

	0
	20.2
	0
	21.0

	30
	20.1
	30
	21.0

	60
	20.1
	60
	20.9

	90
	20.1
	90
	20.9

	120
	20.1
	120
	20.9

	150
	20.1
	150
	20.9

	180
	20.1
	180
	20.9

	210
	Adding Hot Metal
	210
	Adding Hot Metal

	240
	25.5
	240
	22.9

	270
	24.9
	270
	26.0

	300
	24.9
	300
	25.9

	330
	24.9
	330
	25.8

	360
	24.9
	360
	25.7

	390
	24.9
	390
	25.7

	420
	24.8
	420
	25.7

	450
	24.8
	450
	25.6

	480
	24.8
	480
	25.6

	510
	24.8
	510
	25.6

	540
	24.8
	540
	25.6

	570
	24.7
	570
	25.5

	600
	24.7
	600
	25.4

	
	
	630
	25.4

	
	
	660
	25.3

	
	
	690
	25.3

	
	
	720
	25.2

	
	
	750
	25.2

	
	
	780
	25.1

	
	
	810
	25.1


Observations: 
-Zinc was a silver colour, with a layer of oxidation present   -Slowly decreases to equilibrium
-Colour doesn’t change when heated   - Immediate temperature increase when mixed
Enthalpy of Neutralization 
HNO3+ NaOH  NaNO3 + H2O
	
	Trial 1
	Trial 2

	Volume of HNO3 (1.1 M) (mL)
	50.0
	50.0

	Volume of NaOH (1.0 M) (mL)
	50.0
	50.0

	Mass of empty calorimeter (g)
	8.0369
	8.0369

	Combined mass for calorimeter (g)
	110.2814
	110.2814

	Mass of HNO3 and NaOH mixed
	102.2445
	102.2445

	Concentration of NaOH
	1.0 M
	1.0 M

	Concentration of HNO3
	1.1 M
	1.1 M


	Trial 1: Time (seconds)  vs. Temperature (°C)
	Trial 2: Time (seconds)  vs. Temperature (°C)

	Time (seconds)
	Temperature (°C)
	Time (seconds)
	Temperature (°C)

	0
	20.9
	0
	20.3

	30
	20.9
	30
	20.3

	60
	20.9
	60
	20.3

	90
	20.9
	90
	20.3

	120
	20.9
	120
	20.3

	150
	20.9
	150
	20.3

	180
	21.0
	180
	20.3

	210
	Mixing of Acid/Base
	210
	Mixing of Acid/Base

	240
	27.5
	240
	26.5

	270
	27.4
	270
	26.8

	300
	27.4
	300
	26.7

	330
	27.4
	330
	26.6

	360
	27.4
	360
	26.6

	390
	27.4
	390
	26.6

	420
	27.4
	420
	26.6

	450
	27.4
	450
	26.6

	480
	27.4
	480
	26.5

	510
	27.3
	510
	26.5

	540
	27.3
	540
	26.4

	570
	27.3
	570
	26.4

	600
	27.3
	600
	26.4


Observations: 
- Both clear liquids		- Stabilizes quickly, slowly drops in temperature to equilibrium
- Massive temperature spike when added	- Only increases by a few degrees overall


Enthalpy of Neutralization 
HCl + NaOH  NaCl + H2O
	
	Trial 1
	Trial 2

	Volume of HNO3 (1.1 M) (mL)
	50.0
	50.0

	Volume of NaOH (1.0 M) (mL)
	50.0
	50.0

	Mass of empty calorimeter (g)
	8.0369
	8.0369

	Combined mass for calorimeter (g)
	109.0571
	109.0571

	Mass of HNO3 and NaOH mixed
	101.0202
	101.0202

	Concentration of NaOH
	1.0 M
	1.0 M

	Concentration of HCl
	1.1 M
	1.1 M


	Trial 1: Time (seconds)  vs. Temperature (°C)
	Trial 2: Time (seconds)  vs. Temperature (°C)

	Time (seconds)
	Temperature (°C)
	Time (seconds)
	Temperature (°C)

	0
	20.1
	0
	20.2

	30
	20.1
	30
	20.1

	60
	20.2
	60
	19.9

	90
	20.2
	90
	19.9

	120
	20.2
	120
	19.8

	150
	20.2
	150
	19.7

	180
	20.2
	180
	19.6

	210
	Mixing of Acid/Base
	210
	Mixing of Acid/Base

	240
	26.9
	240
	26.5

	270
	26.9
	270
	26.6

	300
	26.8
	300
	26.6

	330
	26.7
	330
	26.6

	360
	26.7
	360
	26.6

	390
	26.6
	390
	26.6

	420
	26.6
	420
	26.5

	450
	26.6
	450
	26.4

	480
	26.6
	480
	26.4

	510
	26.6
	510
	26.3

	540
	26.5
	540
	26.3

	570
	26.5
	570
	26.2


Observations:
-1.1 M HCl, 1.0 M NaOH, 50mL of both
-Both clear liquids		
-Rapid temperature increase
-Reaches max temperature and slowly drops to stabilize

ENTHALPY OF DISSOLUTION OF A SALT (C)
	
	Trial 1
	Trial 2

	Mass of salt c (g)
	1.516
	1.494

	Mass of empty calorimeter (g)
	8.0369
	8.0369

	Volume of water (mL)
	20
	20

	Mass for calorimeter and water (g)
	27.9223
	27.9223

	Total combined calorimeter mass (g)
	29.4383
	29.4163


	Trial 1: Time (seconds)  vs. Temperature (°C)
	Trial 2: Time (seconds)  vs. Temperature (°C)

	Time (seconds)
	Temperature (°C)
	Time (seconds)
	Temperature (°C)

	0
	20.6
	0
	20.9

	30
	20.6
	30
	20.9

	60
	20.6
	60
	20.9

	90
	20.6
	90
	20.9

	120
	20.6
	120
	20.9

	150
	20.6
	150
	20.8

	180
	20.5
	180
	20.8

	210
	Adding salt to water
	210
	Adding salt to water

	240
	19.0
	240
	19.7

	270
	16.5
	270
	15.5

	300
	15.4
	300
	15.6

	330
	15.2
	330
	15.7

	360
	15.3
	360
	15.7

	390
	15.6
	390
	15.7

	420
	15.7
	420
	15.9

	450
	15.8
	450
	15.9

	480
	15.8
	480
	15.9

	510
	15.9
	510
	16.0

	540
	15.9
	540
	16.0

	570
	16.0
	570
	16.0

	600
	16.0
	600
	

	630
	16.0
	630
	

	660
	16.1
	660
	

	690
	16.1
	690
	

	720
	16.1
	720
	


Observations:
-White, very fine salt
-Temperature instantly drops when salt is added
-Reaches lowest temperature, then begins to slowly rise to stabilize 
-Salt completely dissolves 

Calculations:
Enthalpy of Zinc Metal (Trial  1):
1. ∆TMetal= TFinal –Tinitial
= (27.7°C)-(100.0°C)
 = (-75.3°C)		Trial 2: ∆TMetal= (-74.9°C)

2. ∆Twater= TFinal –Tinitial
= (24.7°C)-(20.1°C)
= (4.6°C)		Trial 2: ∆Twater= (4.2°C)

3. QWater= mc∆T
= (27.9223-8.0369)(4.184)(4.6)
= (19.8854)(4.184)(4.6)
=382.72J		Trial 2: QWater= 349.44J

4. -Emetal=Ewater
-382.72J=Emetal
Q= mc∆T
-382.72= (12.2)(c)(-75.3)
-382.72= -918.66(c)
c= 0.4166J/g°C		Trial 2: c= 0.345J/g°C

5. cmetal × MMmetal ≈ 25 J/mol°C
(0.4166) x  MMmetal ≈ 25 J/mol°C
MMmetal = 60.009 g/mol		Trial 2: MMmetal = 72.46 g/mol

6. Percent Error (Specific heat capacity) 
= | (0.39 – 0.4166) / (0.39) | × 100
= 6.821% Error		Trial 2: 11.54% Error

7. Percent Error (Molar Mass of Zinc) 
= | (65.409 – 60.009) / (65.409) | × 100
= 8.25% Error		Trial 2: 10.78% Error

Enthalpy of Neutralization (HNO3) (Trial 1)
HNO3+ NaOH  NaNO3 + H2O
1. ∆Tsolution = Tf – Ti
∆Tsolution =27.3– 21
∆Tsolution = 6.3°C		Trial 2 = ∆Tsolution = 6.1°C

2. Volume= V HNO3 + VNaOH
= 50.0mL + 50.0mL
=100.0 mL for both Trials 1 and 2

3. Theoretical Mass= v*d
Assume density is 1g/mL
T.M= 100.0*1.0
=100g for both trials 1 and 2

4. Experimental mass= meverything - mcalorimeter
= 110.2814 – 8.0369
= 102.2445 g 		Trial 2: 102.2445 g 

5. Qwater = -mc∆T
= -(102.2445)(4.184)(6.3)
= -2695.1 J			Trial 2: Qwater = -2609.5

6. Number of moles of NaOH for both trials (Limiting reagent).
n= cv
= (1.0)(0.05)
= 0.05 mol NaOH
= 0.05 mol OH-

7. Number of moles of H2O for both trials.
n= 0.05 mol (1 mol H2O/1 mol OH-)
= 0.05 mol H2O

8.  

= (-2695.1)/(0.05  H2O)
= -53902J		Trial 2: -52190J 

Enthalpy of Neutralization (HCl) (Trial 1)
HCl+ NaOH  NaCl + H2O
1. ∆Tsolution = Tf – Ti
∆Tsolution =26.5– 20.2
∆Tsolution = 6.3°C		Trial 2 = ∆Tsolution = 6.6°C

2. Volume= V HNO3 + VNaOH
= 50.0mL + 50.0mL
=100.0 mL for both Trials 1 and 2

3. Theoretical Mass= v*d
Assume density is 1g/mL
T.M= 100.0*1.0
=100g for both trials 1 and 2

4. Experimental mass= meverything - mcalorimeter
= 109.0571 – 8.0369
= 101.0202 g 		Trial 2: 101.0202 g 

5. Qwater = -mc∆T
= -(101.0202)(4.184)(6.3)
= -2662.8 J			Trial 2: Qwater = -2789.61 J

6. Number of moles of NaOH for both trials (Limiting reagent).
n= cv
= (1.0)(0.05)
= 0.05 mol NaOH
= 0.05 mol OH-

7. Number of moles of H2O for both trials.
n= 0.05 mol (1 mol H2O/1 mol OH-)
= 0.05 mol H2O

8.  

= (-2662.8)/(0.05  H2O)
= -53256J		Trial 2: -557892.2J 

9. Percent Error for:
HNO3+ NaOH  NaNO3 + H2O &
HCl+ NaOH  NaCl + H2O
Percent Error (HNO3) = |((-56280) – (-53902))| / |(-56280))| × 100
Percent Error (HNO3) = 4.22% Error 		Trial 2: % Error= 7.27%

Percent Error (HCl) = |((-56280) – (-53256))| / |(-56280))| × 100
Percent Error (HCl) = 5.37%			Trial 2: % Error= 0.867%
 
Enthalpy of Dissolution of a Salt ‘C’ (Trial 1)

1. ∆Tsolution = Tf – Ti
∆Tsolution = 16.1 – 20.5
∆Tsolution = -4.4°C		Trial 2: ∆T= -4.8°C

2. Qsolution = -mc∆T
Qsolution = - (19.8854 + 1.516)(3.877)(-4.4)
Qsolution = 348.02 J		Trial 2: Qsolution = 398.3 J


3. n = m/M
n = (1.516) / (101.11)
n = 0.01499 mol 		Trial 2: n = 0.01478 mol


4. 
∆Hs = (348.02) / (0.01499)
∆Hs = 23216.8J		Trial 2: ∆Hs = 26948.58 J


Discussion: 
The experiment using the ‘simple calorimeter’ proved to be successful in gathering data to show the change in enthalpy of four separate reactions. The four reactions carried out provided data to solve the specific heat capacity of a metal (zinc), the enthalpy on neutralization between 2 separate acids (HCl and HNO3) and a base (NaOH), and the enthalpy of the dissolution of an unknown salt (C).
After transferring the recorded data from the experiments onto graphs, it is clear to see that not only the trials of the same reaction had the same trend, but rather every single separate reaction that took place had very similar trends. For the three exothermic reactions, the slopes of the graphs are all slightly negative as all reactions increase the temperature to the maximum point, and then slowly decrease to an equilibrium point. The only react with the positive slope value is the dissolution of a salt, due to the fact that it decreases the temperature and then has to increase in temperature to reach an equilibrium point.
Each of the experiments proved to be successful by having a relatively low percent error. The specific heat capacities of the zinc metal and molar masses calculated through experimental values proved to be within a close range of the theoretical values. As for the acid/base reactions that took place, the enthalpies of neutralization were very close to the theoretical values. The results of the separate acids reacting with the base proved to have very similar values, due to the fact that the limiting reagent of both was the base and both molar concentrations of the acids were the same. The final reaction for the dissolution of an unknown salt, the molar mass of the salt matches that of potassium nitrate. The enthalpy of the reaction calculated is slightly low compared to the theoretical value, but still within an acceptable range. 
The experiment overall was carried out with very little error, giving results that were all accurate to the theoretical values. During the experiments, there was little error due to the fact that we made sure to have the lid of the calorimeter off for the mixing of chemicals as little as possible to ensure minimal heat loss. The only other source of error from the experiment would be the transfer of metal from the boiling water to the calorimeter, as it would lose a fair amount of heat energy. Overall the experiment went over very well, with minimal error to obstruct the values.
Conclusion:
To conclude the experiment, it is clear to say it was a success in using a ‘simple calorimeter’ to determine the enthalpy of four separate reactions. The results for each reaction were slightly off of theoretical values, but the specific heat capacity of zinc, the enthalpy of neutralization between two acids and a base, and the enthalpy of the dissolution of a salt all provided accurate results. 
