[bookmark: _GoBack]Introduction 
	Enthalpy is described as a thermodynamic quantity that is the sum of the internal energy plus the product of the pressure and volume. More closely it varies based on the energy released or added to one mole of a substance in its standard state. Based on a positive or negative value of enthalpy (H) depicts the direction of energy flow in a closed system which describes whether a reaction is endothermic (Energy gained) or exothermic (Energy lost). In order to calculate this a calorimeter was used. A calorimeter is a device used to measure the heat of a reaction.   
	Energy can then be calculated using the following equation: E = mcT. Here m represents the mass of the substance, c represents the specific heat capacity of that substance and T represents the change in temperature of the reacting substance. If no energy is released into the environment the reacting substance must then be equal to the energy gained by the mass of the water of which the reaction is taking place. The specific heat capacity is the amount of heat per unit mass required to raise the temperature by one degree Celsius. Throughout the lab we will look at various reactions in order to determine the Specific Heat Capacity of a metal, the Enthalpy of a Neutralization and Enthalpy of Dissolution of a Salt. 















Procedure
Refer to lab manual (Laboratory Manual for General Chemistry, by Dr. Rashmi Venkateswaran)
Observations, Data and Results
Experiment 1: Specific Heat Capacity of a Metal
	
	Trial 1
	Trial 2

	Mass of Zinc (g)
	11.06
	12.43

	Mass of Calorimeter (g)
	0.12
	0.12

	Volume of Distilled water in Calorimeter (mL)
	20.00
	20.00

	Mass of Calorimeter and Water (g)
	38.40
	39.33


Temperature of Water in Calorimeter for 3 minutes
	Time (s)
	0
	30
	60
	90
	120
	150
	180

	Temperature (oC)
	Trial 1
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0
	23.0

	
	Trial 2
	23.3
	23.3
	23.3
	23.3
	23.3
	23.3
	23.3


Temperature and Time of Metal in Calorimeter for 4 Minutes Every 20 seconds 
	Time (s)
	Temperature (oC)

	
	Trial 1
	Trial 2

	0
	23.0
	23.3

	20
	26.5
	27.3

	40
	26.5
	27.2

	60
	26.5
	27.2

	80
	26.4
	27.2

	100
	26.4
	27.2

	120
	26.4
	27.2

	140
	26.4
	27.2

	160
	26.4
	27.2

	180 
	26.4
	27.2

	200
	26.4
	27.2

	220
	26.4
	27.2

	240
	26.4
	27.2


Temperature of Boiling water: 99.7 oC 
Observations for Experiment 1 
-Zinc in a solid state was silver and black in color
-Water is a transparent liquid 
-Water in beaker on hot plate was boiling for over 5 minutes
-Water in calorimeter temperature remained constant for initial 3 minutes
-When copper was added initially there was a temperature increase in calorimeter
-Over time the temperature in the calorimeter decreased 
Experiment 2: Enthalpy of Neutralization 
	
	Volume (mL)
	Concentration (mol/L)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	

	Acid
	HCL
	Not used in this trial
	Not used in this trial
	50.00
	50.00
	1.1

	
	HNO3
	50.05
	50.00
	Not used in this trial
	Not used in this trial
	1.1

	Base
	NaOH
	49.95
	50.00
	50.00
	50.00
	1.0



 Temperature of NaOH in Calorimeter for 3 Minutes for Trial 1 and 2
	Time (s)
	0
	30
	60
	90
	120
	150
	180

	Temperature (oC)
	Trial 1
	23.5
	23.5
	23.6
	23.6
	23.5
	23.6
	23.6

	
	Trial 2
	23.6
	23.6
	23.6
	23.6
	23.6
	23.6
	23.6


Temperature of NaOH in Calorimeter for 3 Minutes for trial 3 and 4
	Time (s)
	0
	30
	60
	90
	120
	150
	180

	Temperature (oC)
	Trial 3
	22.5
	22.4
	22.5
	22.3
	22.4
	22.3
	22.3

	
	Trial 4
	22.3
	22.2
	22.2
	22.3
	22.3
	22.3
	22.3



Temperature and Time for Solution in Calorimeter for 4 minutes every 20 Seconds 
	Time (s)
	Temperature (oC)

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	0
	23.6
	23.6
	23.3
	23.3

	20
	29.9
	30.1
	29.7
	29.1

	40
	29.9
	30.1
	29.7
	29.2

	60
	29.8
	30.0
	29.8
	29.1

	80
	29.8
	30.0
	29.7
	29.1

	100
	29.8
	30.0
	29.7
	29.1

	120
	29.7
	30.0
	29.7
	29.1

	140
	29.7
	30.0
	29.7
	29.0

	160
	29.7
	30.0
	29.7
	29.0

	180 
	29.7
	30.0
	29.6
	29.0

	200
	29.7
	30.0
	29.6
	29.0

	220
	29.7
	30.0
	29.6
	29.0

	240
	29.7
	29.9
	29.6
	29.0


Data from trial 1 and 2 taken from John Emlaw and data from 3 and 4 taken from Jennifer Lee 

Observations for Experiment 2
-Acids both appear to be clear transparent liquids without odour
-NaOH is also a clear liquid and odourless
-The temperature spiked when Acid combined with Base and decreased slowly but remained fairly constant 
Experiment 3: Enthalpy of Solution 
Salt A
	
	Trial 1
	Trial 2

	Mass of salt (g)
	2.50
	2.50

	Mass of Calorimeter (g)
	0.12
	0.12

	Mass of Calorimeter + Water (g)
	26.36
	26.18



Temperature of Water in Calorimeter for 3 minutes
	Time (s)
	0
	30
	60
	90
	120
	150
	180

	Temperature (oC)
	Trial 1
	24.7
	24.6
	24.6
	24.6
	24.6
	24.6
	24.6

	
	Trial 2
	24.8
	24.8
	24.7
	24.6
	24.6
	24.6
	24.6



Temperature and Time of Salt A in Calorimeter for 5 minutes every 20 Seconds	
	Time (s)
	Temperature (oC)

	
	Trial 1
	Trial 2

	0
	21.2
	21.2

	20
	21.3
	21.2

	40
	21.4
	21.3

	60
	21.4
	21.3

	80
	21.5
	21.4

	100
	21.7
	21.4

	120
	21.7
	21.5

	140
	21.8
	21.6

	160
	21.9
	21.6

	180 
	22.0
	21.7

	200
	22.0
	21.7

	220
	22.1
	21.8

	240
	22.2
	21.8

	260
	22.2
	21.8

	280
	22.2
	21.9

	300
	22.3
	22.0


Observation for Experiment 3
-Salt A is a fine white crystal 
-Water is a transparent liquid 
-Water temperature decreases and then begins rising to room temperature	
Calculations
Part 1: Enthalpy of a metal
1. T1 H2O = (T final H2O + Metal) – (T Initial H2O) 
=(26.4oC -23.0oC) 
=3.4 oC 
T2 H2O = (26.4oC -23.3 oC)
=3.1 oC 

2. Mass of the water = (Mass of Calorimeter + Water) – (Mass of Calorimeter)
T1 = (27.3456g)- (0.1179g)
=27.23g
T2 =(26.9060g) – (0.1179g)
=27.23g

E1 = mcT
=(27.23g)(4.184J/goC)(3.4oC)
=3.86*102J
E2 =(26.79g)(4.184J/goC)(3.1oC)
=3.47*102J

3. T1 Metal =T H2O – T boiling water
=23.0oC - 99.7oC
=-76.7 oC
T2=23.3oC – 99.7oC
=-76.4oC 

4. –E(Metal) = E(Water)
E(Metal) = -3.86*102J
E(Metal) = mcT
c= E(Metal) / mT
T1=(386J) / (27.23g)(-76.7oC)
=0.185J/g oC 
T2= (-347J) / (26.79g)(-76.4oC)
=0.170 J/g oC

5. Cmetal * MMmetal = 25J/moloC
MMmetal = 25J/moloC  /  0.39J/goC
=64.1g/mol

6. % error = Mexperiment –MTheoretical*100%
                         MTheoretical
=64.1g/mol – 65.41g/mol *100
             65.42g/mol 
=2.00%

% error = Cexperiment –CTheoretical*100%
                         CTheoretical
=0.185J – 0.39J  *100
         0.39J
=-52.56%
Part 2. Enthalpy of Neutralization
7. T1 HCl Solution = TFinal-TInitial	T1 HNO3 Solution = TFinal-TInitial
=29.7oC-23.6oC                                                            =29.6oC-23.3oC
=6.1oC                                                                          =6.3 oC
T2=29.9oC-23.6oC                                                       T2=29.0oC-23.3oC 
=6.3 oC                                                                         =5.7 oC

8. V T1 HCl Solution = V NaOH +  V HCl                 V T1 HNO3 Solution = V NaOH + VHNO3                        
=49.95mL +50.05                                                    =50.00mL + 50.00mL
=100.0mL                                                                = 100.00mL

T2=50.00mL + 50.00mL                                          T2=50.00mL + 50.00mL
=100.0mL                                                                =100.0mL                       
                                         
9. T1 m HCl Solution = Vsolution*DSolution                                   T1 m HCl Solution = Vsolution*DSolution
=100.0mL * 1.0g/mL                                                  =100.0mL * 1.0g/mL                                        
=100.0g                                                                       =100.0mL * 1.0g/mL             

T2= 100.0mL * 1.0g/mL                                            T2=100.0mL * 1.0g/mL 
=100.0g                                                                       =100.0g 


The calculations demonstrate that the measured masses are more accurate as a result of being measured on an analytical balance. It would be less accurate as a result of assuming a density.
 
10. T1 E HCl = -mcT
= -(100.0g)(4.184J/goC)(6.1oC)
=-2552.24J
=-2.55*102J
T2=-(100.0g)(4.184J/goC)(6.3oC)
=-2635.92
=-2.64*102J

T1 E HNO3 = -mcT
=-(100.0g)(4.184J/goC)(6.3oC)
=-2635.92J
=-2.64*102J
T2=-(100.0g)(4.184J/goC)(5.7oC)
=-2384.88J
=-2.38*102J

11. NaOH  Na + OH

mol NaOH = [NaOH] * V NaOH
=1.0 mol/L *0.50L
=0.05 mol
mol OH =0.05 mol NaOH * 1mol H2O = 0.05 mol OH
                                              1mol NaOH

12. H + OH H2O
mol H2O = 0.05mol OH * 1mol H2O = 0.05mol H2O
                                           1mol OH 

13. Hn HCl Solution = QN                                      Hn HNO3 Solution = QN      
                              nH2O                                                                nH2O
T1=(-2552.24J/0.05mol)                                  T1 =(-2635.92J/0.05mol)
=-51044.8J/mol                                                =-52718.4J/mol
=-5.1*104 J/mol                                                        =-5.3*104J/mol
T2=(-2635.92J/0.05mol)                                  T2=(-2384.88J/0.05mol)
=-52718.4J/mol                                                  =-47697.6 J/mol
=-5.3*104J/mol                                                   =-4.8*104J/mol 

14. HCl % Difference = Hn HNO3 Hn HCl  * 100
                                        Hn HCl
=52718J/mol - 51044J/mol  100%
              51044J/mol
=3.28%

HNO3 % Difference = Hn HCl Hn HNO3  * 100
                                           Hn HNO3
=51044J/mol - 52718J/mol  100%
              52718J J/mol
=3.18%

15.  No literature values. 
Part 3: Enthalpy of Dissolution of a Salt

16. T solution = TFinal- TInitial 
T1=23.3oC-24.6oC               	T2=22.0oC-24.6oC  
=-1.3 oC                                                                         =-2.6 oC    
	
17. E=mcT
T1=(28.86g)(3.662J/goC)(-1.3 oC)                               T1 =(28.68g)(3.662J/goC)(-2.6 oC)
=-137.4J                                                                         = -273.0J

18. nSalt=m	nSalt=m
        M	        M  
T1=2.5039g / 166.0g/mol	T2=2.5016g / 166.0g/mol
=0.015mol	=0.015mol

EDissolution = Qn          
                 nSalt
             T1=137.4J /0.015g/mol	T2=273.0J /0.015g/mol
                =9160J                                                             =18200J
                =9.16*103J                                                      =1.82*104J

19. No literature value found.



Discussion 
           There were many possible errors that could have occurred throughout the experiment. The first issue is that the calorimeter was made of poor quality styrofoam and as a result heat may have escaped the system. Another issue was that substances from previous experiments may have remained in the calorimeter making the calorimeter not entirely clean resulting in the possibility of other reactions occurring. Timing may not have been exact throughout every trial which may result in incorrect calculation of temperature at each time interval. Finally the thermometer used with the calorimeter was placed through a hole in a plastic lid. After doing many rearrangements, the hole in the plastic lid could have become bigger allowing heat to escape and therefore making the reaction more exothermic.  

Conclusion
          The average specific heat capacity of Zinc was a 0.185J/goC with a 52.56 percentage error. The molar mass of zinc was calculated as  64.1g/mol with a 2.0% error. The average enthalpy of neutralization of HCl was 5.1*104J/mol with a 3.28% percentage error. The HNO3 solution was 5.27*104J/mol with a percentage error of 3.18%. The enthalpy of dissolution of Salt A was determined to be 1.82*104J/mol. 
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