[bookmark: _GoBack]INTRODUCTION:
Calorimetry is the measurement of quantity of heat that is either lost or absorbed during a chemical reaction. In this experiment a coffee cup calorimeter (a device constructed out of coffee cups in order to measure the change thermal energy) is used to determine the enthalpy of an exothermic, a neutralization and an endothermic reaction. “Enthalpy is a thermodynamic property of a system. It reflects the capacity to do non-mechanical work and the capacity to release heat.” [1] Enthalpy the energy released or absorbed by the system divided by the number of moles of the substance in the reaction. The energy released or absorbed can be calculated using:           
                               q = mass x c (specific heat capacity) x ΔT                                                 [1]
Equation [1] can have a positive or negative q depending on whether or not the reaction is exothermic or endothermic. If it is endothermic energy is absorbed and q is positive. If q is negative the reaction is endothermic and energy is realised. Since the calorimeter has to maintain a sort of equilibrium since the energy is neither created nor destroyed due to the first law of thermodynamics.  Therefore the energy released by the reaction by the substance is equal to the energy absorbed by the water. The equation displaying this is:
                                                                             -q (metal) = q water                                                     [2]
Equation [2] combined with equation [1] can be used to isolate a specific variable and solve for further calculations. In this experiment, the specific heat capacity of the metal is isolated in order to later determine the molar mass of the metal. Using the equation created by Duong and Petit the molar mass can be isolated and solved for:
                                       C(metal) x MM (metal) ≃ 25 J/mol •   ̊C                                                         [3]
For the neutralization reaction, the heat created by the reaction must equal the heat transferred to the solution. This follows the same principles as equation 2. In order to then determine the enthalpy of the reaction the heat energy (q) must be divided by the number of moles of the solution:
                                                                       ΔN H  ̊ = qN/n                                                                   [4]
Equation [4] is the same equation used to determine the enthalpy of dissolution of the salt in part 3.
The enthalpies for part 1 and 2 are mostly likely the products of exothermic reactions as heat is being produced and absorbed by the surroundings. Whereas the identity of the salt is hidden and therefore the enthalpy can only be determined through the experiment and calculations.
1. http://chemistry.about.com/od/chemistryglossary/g/Enthalpy-Definition.htm, Anne Marie Helmenstine, Ph.D., About.com
PROCEDURE: 
As described in the lab manual (What in the World ISN’TChemistry, Dr. Rashmi Venkateswaran, 2000, Exp. 3, p. 33-38)

DATA AND OBSERVATIONS
PART 1
Table 1: Initial Measurements and Calculations
	
	Trial 1
	Trial 2

	Name of Metal
	Zinc
	Zinc

	Mass of metal sample (g)
	12.22240
	12.8299

	Mass of calorimeter (g)
	0.8820
	0.8820

	Exact volume of water in calorimeter (mL)
	20.0
	20.0

	Mass of Calorimeter with water (g)
	29.0074
	29.0074

	
	
	

	Δwater T (  ̊C) 
	1.30
	1.90

	A.Mass of Water using mass of Calorimeter (g)
	28.1254 
	28.1254 

	B.Mass of water using volume (g)
	20.0
	20.0

	A. qwater (J)
	1.53 x 102
	2.23 x102

	B. qwater (J)
	1.09 x102
	1.59 x102

	Δmetal T (  ̊C)
	-74.0
	-73.3

	Specific heat capacity of metal using A. (J/ g •   ̊C)
	1.69 x 10-1
	2.37x 10-1

	Specific heat capacity of metal using B. (J/ g •   ̊C)
	1.20 x 10-1
	1.69 x 10-1  

	Calculated molar mass using A (g/mol)
	147.93
	105.48

	Calculated molar mass using B. (g/mol)
	208.3
	147.93

	Percent Error of Specific Heat capacity using A (%)
	-56.6
	-39.2

	Percent Error of Specific Heat capacity using B (%)
	-69.2
	-56.6

	Percent Error of Molar Mass using A. (%)
	126.26
	61.3

	Percent Error of Molar mass using B. (%)
	218.6
	126.26



Table 2: Time and temperature measurements for water.
	Trial 1
	Trial 2

	Time 
	Temperature
	Time
	Temperature

	0:0
	24.2
	0:0
	23.7

	0:30 
	24.3
	0:30
	24.2

	1:30
	24.5
	1:30
	24.5

	2:00
	24.5
	2:00
	24.7

	2:30
	24.6
	2:30
	24.8

	3:00
	24.6
	3:00
	24.8



Table 3: Time and temperature measurements after metal is added
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	4:20
	24.1
	3:30
	24.9

	4:40
	25.0
	4:00
	24.6

	5:00
	25.1
	4:20
	25.3

	5:20
	25.4
	4:40
	25.8

	5:40
	25.5
	5:00
	26.1

	6:00
	25.7
	5:20
	26.4

	6:20
	25.8
	5:40
	26.5

	6:40
	26.0
	6:00
	26.7

	7:00
	26.0
	6:20
	26.7

	7:20
	26.0
	6:40
	26.7

	7:40
	26.1
	7:00
	26.7

	8:00
	26.1
	7:20
	26.7

	8:20
	26.1
	-
	-



PART 2 - HCL
Table 1: Initial Measurements and Calculations
	
	Trial 1
	Trial 2

	Name of Acid
	HCl
	HCl

	Volume of Acid (ml)
	50.0
	50.0

	Volume of Base – NaOH (ml)
	50.0
	50.0

	Mass of Calorimeter (g)
	0.8944
	0.8926

	Mass of Calorimeter with solution (g)
	110.0913
	110.1276

	
	
	

	ΔsolnT (  ̊C)
	6.8
	7.1

	Final Volume of Solution (mL)
	100.0
	100.0

	Mass of solution based on volume (g)
	1.0 x 102
	1.0 x 102

	Mass of solutions using measured masses (g)
	1.092 x 102
	1.092 x 102

	Energy Released (J)
	-3.11 x 103
	-3.24 x103

	Moles of OH- (mol)
	0.05
	0.05

	Moles of Water formed (mol)
	0.05
	0.05

	Heat of Neutralization per mol of water (kJ/mol)
	-6.2 x 101
	-6.5x101

	Percent Error for the Heat  of Neutralization (%)
	7.08
	12.3





Table 2: Time and temperature measurements for base
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	0:0
	23.4
	0:0
	22.5

	0:30
	23.5
	0:30
	22.5

	1:30
	23.5
	1:30
	22.5

	2:00
	23.5
	2:00
	22.5

	2:30
	23.5
	2:30
	22.5

	3:00
	23.5
	3:00
	22.5



Table 3: Time and temperature measurements after acid is added
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	3:20
	30.3
	3:20
	29.7

	3:40
	30.3
	3:40
	29.6

	4;00
	30.3
	4:00
	29.6

	4:20
	30.2
	4:20
	29.6

	4:40
	30.2
	4:40
	29.6

	5:00
	30.1
	5:00
	29.5

	5:20
	30.1
	5:20
	29.5

	5:40
	30.1
	5:40
	29.5

	6:00
	30.0
	6:00
	29.5

	6:20
	30.0
	6:20
	29.5

	6:40
	30.0
	6:40
	29.4

	7:00
	30.0
	7:00
	29.4

	7:20
	30.0
	7:20
	29.4

	7:40
	30.0
	7:40
	29.4



PART 2- HNO3
Table 1: Initial Measurements and Calculations
	
	Trial 1
	Trial 2

	Name of Acid
	HNO3
	HNO3

	Volume of Acid (ml)
	50.0
	50.0

	Volume of Base – NaOH (ml)
	50.0
	50.0

	Mass of Calorimeter (g)
	0.8896
	0.8927

	Mass of Calorimeter with solution (g)
	110.9220
	111.2266

	
	
	

	ΔsolnT (  ̊C)
	6.80
	6.80

	Final Volume of Solution (mL)
	100.0
	100.0

	Mass of solution based on volume (g)
	1.0 x 102
	1.0 x 102

	Mass of solutions using measured masses (g)
	1.100x102
	1.103 x 102

	Energy Released (J)
	-3.13 x102
	- 3.14 x 103

	Moles of OH- (mol)
	0.05
	0.05

	Moles of Water formed (mol)
	0.05
	0.05

	Heat of Neutralization per mol of water (kJ/mol)
	-6.3 x 101
	-6.3 x 101

	Percent Error for the Heat  of Neutralization (%)
	9.4
	9.4



Table 2: Time and temperature measurements for base
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	0:0
	22.4
	0:0
	22.0

	0:30
	22.4
	0:30
	22.0

	1:30
	22.4
	1:30
	22.0

	2:00
	22.4
	2:00
	22.0

	2:30
	22.4
	2:30
	22.0

	3:00
	22.4
	3:00
	22.0



Table 3: Time and temperature measurements after  acid is added
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	3:20
	29.3
	3:20
	28.9

	3:40
	29.2
	3:40
	28.9

	4;00
	29.2
	4:00
	28.8

	4:20
	29.2
	4:20
	28.8

	4:40
	29.1
	4:40
	28.7

	5:00
	29.1
	5:00
	28.7

	5:20
	29.1
	5:20
	28.7

	5:40
	29.1
	5:40
	28.7

	6:00
	29.1
	6:00
	28.7

	6:20
	29.0
	6:20
	28.7

	6:40
	29.0
	6:40
	28.7

	7:00
	29.0
	7:00
	28.6

	7:20
	29.0
	7:20
	28.6



PART 3
Table 1: Initial Measurements and Calculations
	
	Trial 1
	Trial 2

	Salt Letter
	C
	C

	Mass of salt sample (g)
	1.6121
	1.7657

	Volume of water (mL)
	20.0
	20.0

	Mass of solution (g)
	21.6
	21.8

	
	
	

	Δsoln T (  ̊C) 
	-3.00
	-3.50

	Energy released (J)
	-2.71 x 102
	-3.19 x 102

	Molar Mass of Salt (g/mol)
	74.55
	74.55

	Moles of Salt
	2.16 x 10-2
	2.37 x 10-2

	Enthalpy of Dissolution per mol of salt (kJ/mol)
	12.54 
	13.46



Table 2: Time and temperature measurements for water.
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	0:0
	23.2
	0:0
	23.1

	0:30
	23.3
	0:30
	23.1

	1:30
	23.1
	1:30
	23.1

	2:00
	23.1
	2:00
	23.1

	2:30
	23.1
	2:30
	23.1

	3:00
	23.1
	3:00
	20.3



Table 3: Time and temperature measurements after metal is added
	Trial 1
	Trial 2

	Time
	Temperature
	Time
	Temperature

	3:20
	22.5
	3:20
	19.9

	3:40
	22.3
	3:40
	19.9

	4;00
	21.5
	4:00
	19.7

	4:20
	20.5
	4:20
	19.7

	4:40
	20.4
	4:40
	19.6

	5:00
	20.2
	5:00
	19.7

	5:20
	20.1
	5:20
	19.8

	5:40
	20.1
	5:40
	19.8

	6:00
	20.2
	6:00
	19.9

	6:20
	20.2
	6:20
	19.9

	6:40
	20.2
	6:40
	20.0

	7:00
	20.3
	7:00
	20.0

	7:20
	20.3
	7:20
	20.0
























Calculations
Part 1: Enthalpy of Zinc (calculations done for trial 2)

1. ΔwaterT = Final T – Initial T
                  = 26.7  ̊C- 24.8  ̊C
                  = 1.90  ̊C

2. Mass of water = Mass of calorimeter with water – Mass of empty calorimeter
                                = 29.0074 g – 0.8820 g
                                =28.1254 g

           qwater = mwater  x cwater x ΔwaterT
                     = (28.1254g)(4.184 J/ g •   ̊C)(1.90  ̊C)
                     =2.23 x 102 J
           
            Mass of water = 20.0 mL x  1 g 
                                                            1ml
                                       = 20.0 g

            qwater = mwater  x cwater x ΔwaterT
                      = (20.0 g)(4.184 J/ g •   ̊C)(1.90  ̊C)
                      = 1.59 x 102 J

3. ΔmetalT = Final T – Initial T
                  = 26.7  ̊C – 100.0   ̊C
                  = -73.3  ̊C

4. -q metal = q water
          - (cmetal)(mmetal)( ΔmetalT) = (cwater)(mwater)( ΔwaterT)
     Cmetal = (cwater)(mwater)( ΔwaterT)
                          -( mmetal)(ΔmetalT)
          BY MASS:
                     =         2.23 x 10 2 J          d
             	           -(12.8299 g)(-73.3  ̊C)
                     = 2.37 x 10-1 J/ g •   ̊C
          BY VOLUME:
                     =          1.59 x 102 J            d
                         -(12.8299 g)(-73.3  ̊C)
                     =1.69 x 10-1  J/ g •   ̊C

5. cmetal x MM metal = 25 J/mol •   ̊C
     MM metal = 25 J/mol •   ̊C
                               cmetal
                     
BY MASS:
                =      25 J/mol •   ̊C
                    2.37 x 10-1 J/ g •   ̊C
                =  105.48 g/mol
    BY VOLUME:
                 =     25 J/mol •   ̊C         D
                   1.69 x 10-1  J/ g •   ̊C
                 = 147.93 g/mol

6. Percent error = actual value – theoretical value    X 100
                                               theorectical value
          Specific Heat capacity: 
          BY MASS:           
                                   = 2.37 x 10-1 J/ g •   ̊C  - 3.90 x 10-1 J/ g •   ̊C[2]  x 100
                                                       3.90 x 10-1 J/ g •   ̊C 
                                   = -39.2 % 
          BY VOLUME: 
                                   = 1.69 x 10-1  J/ g •   ̊C - 3.90 x 10-1 J/ g •   ̊C   x100
                                                       3.90 x 10-1 J/ g •   ̊C
                                   = - 56.6 %
          Molar Mass
          BY MASS:           
                                   = 105.48 g/mol – 65.38g/mol   x100
                                                 65.38g/mol
                                   = 61.3%
          BY VOLUME:
                                   =  147.93 g/mol – 65.38g/mol   x100
                                                    65.38g/mol   
                                   = 126.26%



Part 2: Enthalpy of Neutralization ( calculations done for trial 1 of HCl)
7. a.      Δsoln T = Final T – Initial T
                     = 30.3   ̊C – 23.5  ̊C
                     = 6.80  ̊C

8. a.      Final Volume of Solution = Volume of base + Volume of Acid
                                                       = 50.0 mL + 50.0 mL
                                                       = 100.0 mL

9. a.       Mass of solution based on volume: 
           Volume = mass x density
                          = 100.0 mL x 1.0 g
                                                  1 ml
                          =100.0 g
                           =1.0 x 102 g

           Mass calculated by measured masses:
            Mass of solution = mass of calorimeter and solution – mass of calorimeter
                                           = 110.0915 g – 0.8944 g
                                           = 109.1971 g
                                          =1.092 x 102 g
     The mass calculated using the measured masses is more accurate because the calculation              is based off of two known values whereas the mass of the solution calculated using the volume assumes that the density of the solution is approximately 1.0g/mL. The mass calculated using known values is higher than the other mass calculated.

10. Energy released (qN) =  -(msoln)(csoln)(ΔsolnT)
                                           = -(109.1971 g)(4.184nJ/ g •  ̊C)(6.80  ̊ C)
                                           = -3106.7885 J
                                            =-3.11 x 103 J

(Calculations 7-10 done for trial 2 of HNO3)
7.  b.  Δsoln T = Final T – Initial T
                      = 28.8  ̊C – 22.0  ̊C
                      =6.80   ̊C

8.   b.    Final Volume of Solution = Volume of base + Volume of Acid
                                                           = 50.0 mL + 50.0 mL
                                                            = 100.0 mL

9.   b.   Mass of solution based on volume:  1.0 x 102 g
             Mass calculated by measured masses:
             Mass of solution = mass of calorimeter and solution – mass of calorimeter
                                         = 111.2266 g – 0.8927 g
                                         = 110.3339 g
                                         =1.103 x 102 g

10.   b. Energy released (qN) =  -(msoln)(csoln)(ΔsolnT)
                                                    =  - (110.3339 g)(4.184 J/ g •  ̊C)(6.80  ̊C)
                                                    = - 3139.131856 J
                                                    = - 3.14 x 103 J
            
11. Balanced equation: NaOH(aq) + HCl (aq)  → H2O (l)+ NaCl (aq)
      Net Ionic equation: OH- (aq) + H+ (aq) → H2O (l)
      Mol of OH-    =  concentration x volume
                             =1.0 mol/L  x 50.0 mL  x     1 L       x
                                                                        1000 mL
                             = 0.05 mol NaOH x    1 mol OH-
                                                             1 mol NaOH
                                             = 0.05 mol OH-

12.  Moles of water formed = mol of OH-   x   1 mol H2O
                                                                                     1 mol of OH-        
                                                       = 0.05 mol

13. a.    ΔN H  ̊=   qN    c
                        NH2O      
                     = -3.1067885 kJ
                          0.05 mol H2O
                                = - 62.13577 kJ/mol
                      = -6.2 x 101  kJ/ mol

13.  b.    ΔN H  ̊=    qN   c
                              NH2O
                                    =  -3.139131856 kJ
                               0.05 mol H2O
                      =  -62.7822637 kJ/mol
                      =  -6.3 x101 kJ/mol

14.            Balanced equation: NaOH(aq) + HCl (aq)  → H2O (l)+ NaCl (aq)
                  Net Ionic equation: OH- (aq) + H+ (aq) → H2O (l)

                  Balanced equation: NaOH(aq) + HNO3 (aq) → H2O (l) +  NaNO3 (aq)
                  Net Ionic equation: OH- (aq) + H+ (aq) → H2O (l)
Explained later in discussion. *


15.      Percent error = actual value – theoretical value    X 100
                                                theorectical value
For HCl:          
            = -6.2 x101 kJ/mol –( -5.79 x 101 kJ/mol) [3]      x100
                          -5.79 x 101 kJ/mol
            =7.08 %
For NaOH
            = -6.3 x 101 kJ/mol-(-5.76x101 kJ/mol) [4]
                            -5.76 x101 kJ/mol
            = 9.37%

Part 3: Enthalpy of Dissolution of a Salt (calculations done for trial 1)
16.    ΔsolnT  = Final T – Initial T
                      = 20.1  ̊C – 23.1  ̊C
                      = -3.00  ̊C

17.    mass of solution = mass of water + mass of salt20.0 mL x  1 g
                 1 mL
    = 20.0 g
 

                                        = 20.0 g + 1.6121 g
                                        = 21.6 g

          qN = -mtot x c soln x   ΔsolnT  
                = -(21.6 g)( 4.184 J/ g •   ̊C)( -3.00  ̊C)
                = 271.1232 J
                = 2.71 x 102 J



18.     ΔsH  ̊= -(msoln)(csoln)(ΔsolnT)                                                       nsalt =   msalt
                                   nsalt                                                                                                            MMsalt
                            = 0.2711232 K J                                                                          = 1.6121 g x   mol  c
                              nsalt                                                                                                               74.55 g
                                                                                                                         = 0.021624413 mol
                  ∴   0.2711232 kJ
                    0.021624413 mol
                    = 1.25378 kJ/mol
                   = 12.54 kJ/ mol

19. It can be assumed that the unknown salt is potassium chloride though no known literature value for the enthalpy of dissolution was found.

DISCUSION:
The purpose of this experiment was to determine the enthalpy of 3 different reactions in order to further calculate percentage errors determine the identity of an unknown salt, determine the molar mass experimentally of a metal or determine the enthalpy of neutralization. In the first part of the experiment the molar mass of the metal was determined to be 105.48 g/mol in trial 1 using the heat capacity of 2.37 x 10-1 J/ g •   ̊C. The percent error for the specific heat capacity was never more than -60% which indicates that this is probably a pretty accurate heat capacity.  The literature value molar mass found on any periodic table is 65.38 g/mol. The molar mass calculated is 61.3 % off from the theoretical value which demonstrates that the molar mass calculated is not reasonable. One of the molar masses calculated yielded a 126.26% error which is very high and indicates large error.
In the 2nd part of the experiment the enthalpies of neutralization for the strong acids turned out to be very close values. The heat of neutralization for HCl is -6.2 x 101 kJ/mol and the heat of neutralization for HNO3 is -6.3 x 101 kJ/mol. In the net ionic equation  of the formation of water is what is occurring as the strong acid and strong base are combined together for both acids. Therefore, the two values for the heat of neutralization are approximately the same. The enthalpy of neutralization for a strong acid and base with the same molar ratios will produce highly similar enthalpies. It can be assumed that the enthalpy of neutralization depends more on the formation of the water than the actual acid used.  Literature values where obtained yet they had to match with the amount (mol) and concentration that was being used in the reaction.
For part 3 of the experiment the molar mass helped identify the unknown salt which is believed to be potassium chloride, though after much research a literature value for the enthalpy of the dissolution of salt could not be found on a peer reviewed site. 
For trial 2 of part 3 in the experiment, the time of mixing started at 2 minutes and 30 seconds instead of the 3 minutes mark, since it was assumed that since the temperature had remained constant since time zero, it would also remain constant for the next 30 seconds as well. This had little to no visible effect on the calculated enthalpy yet it was a mistake since it was something that was assumed rather than observed. For part 2 of the experiment, the time of mixing for each trial was approximately 20 seconds. In these 20 seconds that it took for the acid to be added to the base, stirring and noting down the temperature, the spike of the temperature already started to decrease a bit a head back towards room temperature. With this, the highest temperature for Tfinal  could not be obtained and therefore the calculations for enthalpy may be slightly larger enthalpy calculated than the literature value. 
CONCLUSION:
In trial 1, the molar mass of zinc calculated using given mass is 105.48 g/mol with a percent error of +61.3%. The specific heat capacity of zinc is 2.37 x 10-1 J/ g •   ̊C  with a percent error of -39.2%. The enthalpy of neutralization is -6.2 x101 kJ/mol for HCl with a percent error of 7.08%,  and the enthalpy of the HNO3 is -6.3 x101 kJ/mol with a percent error of + 9.37%. The enthalpy of dissolution calculated for trial 1 is 12.54 kJ/ mol.
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