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Experiment 3.

Enthalpy of Various Reactions
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· Raw Data Sheet written in pen, signed by TA and attached
· 8 curves (4-8 sheets of mmxmm graph paper ONLY) [2 for metal; 2 for acid 1; 2 for acid 2; 2 for salt] attached
· Completed formal report typed (or written NEATLY in PEN) and attached
[bookmark: _GoBack]Student’s Initials
Introduction

	In this lab, several different experiments must be performed for the purpose of calculating the enthalpy of different types of reactions. All of these experiments require a calorimeter (coffee-cup calorimeter), which is a device to measure the amount of heat gained or lost in a system. 
The first experiment is to determine the specific and approximate molar mass of a metal. q=mc was used to find the energy needed to change the temperature. In this experiment, the change in temperature for metal and water are different because they start at a different temperature but end at the same temperature. As a result, once finding the q for water, this equation can be applied -q (metal) = q (water), or –cmetal x mmetal x Tmetal = cwater x mwater x Twater. The metal has a higher temperature than water so, assuming no heat can be lost in the calorimeter; the heat from the metal will transfer to the water. Since one is gaining energy and the other is losing energy, they must be opposite in signs. After finding the specific heat capacity of the metal using the equation above, using Dulong’s and Petit’s equation cmetal x MMmetal  25 J/molC, we can find the molar mass of the metal. They thought that one mole of a metal had roughly the same capacity to absorb heat. 
The second experiment is to determine the enthalpy of neutralization of a strong acid and strong base. Two different acids are tested separately with a base. Using the first formula from the first experiment (qN = -mc∆T) , the energy of neutralization release can be calculated. qn represents the total energy of neutralization, c represent the specific heat capacity of water, T represents the change in temperature and m represents the total mass of the solution. The same concept of gain and loss of energy is also used for this experiment. After finding the amount of moles of water used by finding the limiting reagent, the heat of neutralization per mole of water can be calculated using . 
The last experiment is to determine the enthalpy of solution of an unknown salt. There are 3 unknown salt which can either be endothermic or exothermic. The enthalpy of the solution can be represented using this expression,  = (- heat loss of H2O) + (- heat loss of salt). After finding the energy released/absorbed by the solution (), the enthalpy of solution can be found using . 
	By doing the various of experiments,  the results I expect are of the following: 
The specific heat capacity of the copper should be , the molar mass of the copper will be, the heat of neutralization per mole of water for the acid HNO3 and HCl will be -57.3 kJ/mol, -57.1 kJ/mol respectively and the enthalpy of dissolution of the unknown salt (KI) will be 20.33 kJ/mol.
Procedure
The procedure is as described in the lab manual under experiment #3 pages 34-38. 







Data Table 

Table 1. Specific Heat Capacity of a Metal 
	Data
	Trial 1
	Trial 2

	Metal Used
	Copper
	Copper

	Mass of Metal Used (g)
	10.5950
	11.2892

	Mass of calorimeter (g)
	6.4680
	6.8383

	Mass of calorimeter and water (g)
	25.524
	27.1027

	


Temperature of the water inside of the calorimeter for every 20s seconds
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds) 

	
	20.8
	0
	20.4
	0

	
	20.5
	30
	20.4
	30

	
	20.5
	60
	20.4
	60

	
	20.5
	90
	20.4
	90

	
	20.5
	120
	20.4
	120

	
	20.5
	150
	20.4
	150

	
	20.5
	180
	20.4
	180

	Approximate duration of transfer  (seconds)
	20.0
	20.0

	






Temperature of the metal and water inside the Calorimeter for every 30 seconds 
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds)

	
	23.7
	0
	23.8
	0

	
	23.7
	20
	23.7
	20

	
	23.6
	40
	23.6
	40

	
	23.6
	60
	23.5
	60

	
	23.6
	80
	23.5
	80

	
	23.5
	100
	23.4
	100

	
	23.5
	120
	23.4
	120

	
	23.5
	140
	23.3
	140

	
	23,5
	160
	23.4
	160

	
	23,5
	180
	23.3
	180

	
	23.5
	200
	23.2
	200

	
	23.4
	220
	23.2
	220

	
	23.5
	240
	23.2
	240

	
	23.4
	260
	23.2
	260

	
	23.4
	280
	23.2
	280

	
	23.4
	300
	23.2
	300

	
	23.5
	320
	
	320

	
	23.4
	340
	
	340

	
	23.4
	360
	
	360

	
	23.4
	380
	
	380

	
	23.4
	400
	
	400


Observations: 
The metal used was copper. The copper was solid and cut up in to pieces. The colour of the copper was orange- redish. When the copper was in the beaker above the hot plate, it seemed like there was no change chemically or in colour. The copper did not dissolve in the water. When the copper was added to the calorimeter some of the colour was rubbed off and made the water turn a slightly orangy colour. The temperature increased when the copper was in the calorimeter.

Table 2. Enthalpy of Neutralization #1 
	Data
	Trial 1
	Trial 2

	Acid Used
	HCl
	HCl

	Volume Acid
	50.0mL
	50.0mL

	Concentration of Acid
	1.1mol/L
	1.1mol/L

	Volume of NaOH
	50.0mL
	50.0mL

	Concentration of NaOH
	1.0mol/L
	1.0mol/L

	


Temperature of the NaOH inside of the calorimeter for every 20s seconds
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds) 

	
	19.0
	0
	19.5
	0

	
	19.0
	30
	19.5
	30

	
	19.0
	60
	19.5
	60

	
	19.0
	90
	19.5
	90

	
	19.0
	120
	19.5
	120

	
	19.0
	150
	19.5
	150

	
	19.0
	180
	19.5
	180

	Approximate duration of transfer  (seconds)
	12.0
	15.0

	






Temperature of the acid and the NaOH inside the Calorimeter for every 30 seconds 
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds)

	
	25.0
	0
	26.1
	0

	
	26.2
	20
	26.1
	20

	
	26.1
	40
	26.1
	40

	
	26.1
	60
	26.0
	60

	
	26.1
	80
	26.0
	80

	
	26.1
	100
	26.0
	100

	
	26.1
	120
	26.0
	120

	
	26.1
	140
	26.0
	140

	
	26.0
	160
	25.9
	160

	
	26.0
	180
	25.9
	180

	
	26.0
	200
	25.9
	200

	
	26.0
	220
	25.9
	220

	
	26.0
	240
	25.9
	240

	
	26.0
	260
	25.8
	260

	
	26.0
	280
	25.8
	280

	
	26.0
	300
	25.8
	300

	
	
	320
	25.8
	320

	
	
	340
	25.8
	340

	
	
	360
	
	360

	
	
	380
	
	380

	
	
	400
	
	400

	Mass of Calorimeter, lid and solution (g)
	108.0060
	108.0486


Observations:
HCl is an strong acid and NaOH was the strong base. HCl and NaOH were in a form of a clear liquid. The temperature for both acid and base were presumed the same but when added together in the calorimeter the temperature rose and eventually went down. 


Table 3. Enthalpy of Neutralization #2  
	Data
	Trial 1
	Trial 2

	Acid Used
	
	

	Volume Acid
	50.0mL
	50.0mL

	Concentration of Acid
	1.1mol/L
	1.1mol/L

	Volume of NaOH
	50.0mL
	50.0mL

	Concentration of NaOH
	1.0mol/L
	1.0mol/L

	


Temperature of the NaOH inside of the calorimeter for every 20s seconds
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds) 

	
			19.0
	0
	18.9
	0

	
	19.0
	30
	18.9
	30

	
	19.0
	60
	18.9
	60

	
	19.0
	90
	18.9
	90

	
	19.0
	120
	18.9
	120

	
	19.0
	150
	18.9
	150

	
	19.0
	180
	18.9
	180

	Approximate duration of transfer  (seconds)
	6.00
	7.00

	






Temperature of the acid and the NaOH inside the Calorimeter for every 30 seconds 
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds)

	
	24.7
	0
	25.3
	0

	
	25.4
	20
	25.3
	20

	
	25.4
	40
	25.2
	40

	
	25.4
	60
	25.2
	60

	
	25.4
	80
	25.2
	80

	
	25.3
	100
	25.1
	100

	
	25.3
	120
	25.1
	120

	
	25.2
	140
	25.1
	140

	
	25.2
	160
	25.0
	160

	
	25.2
	180
	25.0
	180

	
	25.1
	200
	25.0
	200

	
	25.1
	220
	24.9
	220

	
	25.1
	240
	24.9
	240

	
	25.0
	260
	24.9
	260

	
	25.0
	280
	24.9
	280

	
	25.0
	300
	24.9
	300

	
	25.0
	320
	
	320

	
	25.0
	340
	
	340

	
	25.0
	360
	
	360

	
	
	380
	
	380

	
	
	400
	
	400

	Mass of Calorimeter, lid and solution (g)
	108.3276
	109.3174


Observations: 
HNO3 is a strong acid and NaOH is a strong base. They are both in a form of a clear liquid. The temperature for both acid and base were presumed the same but when added together in the calorimeter the temperature rose and eventually went down.




Table 4: Enthalpy of solution 
	Data
	Trial 1
	Trial 2

	Salt #
	B
	B

	Mass of salt (g)
	2.5643
	2.4264

	Mass of calorimeter (g)
	6.4680
	6.4680

	Mass of calorimeter and water (g)
	25.2744
	27.7513

	


Temperature of the water inside of the calorimeter for every 20s seconds
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds) 

	
	21.1
	0
	20.0
	0

	
	20.9
	30
	20.2
	30

	
	20.9
	60
	20.2
	60

	
	20.9
	90
	20.2
	90

	
	20.8
	120
	20.1
	120

	
	20.9
	150
	20.2
	150

	
	20.9
	180
	20.2
	180

	Approximate duration of transfer  (seconds)
	10.0
	10.0

	



Temperature of the metal and water inside the Calorimeter for every 30 seconds 
	Temperature ( )
	Time (seconds)
	Temperature ( )
	Time (seconds)

	
	18.9
	0
	18.7
	0

	
	18.5
	20
	18.6
	20

	
	17.8
	40
	18.4
	40

	
	17,6
	60
	18.4
	60

	
	17.3
	80
	18.2
	80

	
	17.1
	100
	17.6
	100

	
	17.2
	120
	17.2
	120

	
	17.2
	140
	17.0
	140

	
	17.3
	160
	17.1
	160

	
	17.4
	180
	17.3
	180

	
	17.5
	200
	17.2
	200

	
	17.6
	220
	17.3
	220

	
	17.7
	240
	17.3
	240

	
	17.8
	260
	17.4
	260

	
	17.9
	280
	17.3
	280

	
	18.0
	300
	17.3
	300

	
	18.0
	320
	17.6
	320

	
	18.1
	340
	17.6
	340

	
	18.2
	360
	17.9
	360

	
	18.3
	380
	18.0
	380

	
	18.4
	400
	18.0
	400

	
	18.5
	420
	18.1
	420

	
	18.5
	440
	18.1
	440

	
	18.6
	460
	18.3
	460

	
	18.7
	480
	18.4
	480

	
	18.7
	500
	18.4
	500

	
	18.8
	520
	18.5
	520

	
	18.8
	540
	18.5
	540

	
	18.8
	560
	18.5
	560

	
	18.8
	580
	18.5
	580

	
	18.8
	600
	18.5
	600

	Mass Calorimeter and content (g)
	27.8023
	


Observation: 
The salt was a solid and white. It dissolved in the water after being added in the calorimeter. The temperature decreased for a few minutes and rose back up afterwards. The reaction was endothermic. 

Calculations 

Part 1. Enthalpy of a Metal

1. From your graph, calculate the change in temperature of the water .

Trial 1GIVEN










The change in temperature of the water is .






2. Using the specific heat capacity of water and the mass of water, calculate the energy gained by the water. 
GIVEN

4.18
 = 6.4680g
25.524g
 








The energy gained by the water is .



3. Calculate the change in temperature of the metal, .

GIVEN




 






The change in temperature of copper is .

4. Determine the specific heat capacity of the metal, using the energy gained by the water and the mass of the metal.

GIVEN


10.5950g


 




0.32

The specific heat capacity of the metal is .


5. Approximate the molar mass of the metal using its calculated specific heat capacity. 
GIVEN


 




The molar mass of copper is 78. 

6.  Since you know the identity of the metal, calculate a percent error with respect to the known specific heat capacity AND known molar mass of the metal 
Specific heat capacity




%
Molar mass







The percent error of the specific heat capacity of copper is -17%. The percent error of the molar mass of copper is 23%. 

Part 2. Enthalpy of Neutralization for HCl

7. Determine the change in the temperature of the solution, 

Trial 1GIVEN










The change in the temperature of the solution is 7.2.

8. Calculate the volume of the final solution.
GIVEN
Volume of HCl = 50.0mL
Volume NaOH = 50.0mL




The total volume of the final solution is 100.0mL. 

9. Calculate the mass of the final solution, assuming the final solution to have a density of approximately 1.0g/mL. How does this compare to your measure mass? Which is more accurate?
GIVEN
Total Volume = 100.0mL






Measure mass





The calculated mass is 100g while the measure mass is 101.5380g. The measure mass is more accurate because the calculated mass uses an assumed density.

10. Calculate the energy released, assuming that the specific heat of the final solution is the same as that of water, 4.184J/g.
GIVEN

c = 4.184J/g











The energy release is -3.1KJ.


11. Calculate the no. of moles of the limiting reagent (.
GIVEN







HCl(aq) + NaOH(aq)  H2O(l) + NaClaq)







NaOH is the limiting and it has mols.



12. Calculate the number of moles of water formed in the neutralization reaction. 
GIVEN









The number of moles of water formed in the neutralization reaction is mols.

13. Determine the heat of neutralization per mole of water. 
GIVEN










The heat of neutralization per mole of water is 

Part 2. Enthalpy of Neutralization for HNO3


7. Determine the change in the temperature of the solution, 

Trial 1GIVEN










The change in the temperature of the solution is 6.4.

8. Calculate the volume of the final solution.
GIVEN
Volume of HNO3 = 50.0mL
Volume NaOH = 50.0mL





The total volume of the final solution is 100.0mL. 

9. Calculate the mass of the final solution, assuming the final solution to have a density of approximately 1.0g/mL. How does this compare to your measure mass? Which is more accurate?
GIVEN
Total Volume = 100.0mL








Measure mass





The calculated mass is 100g while the measure mass is 101.8596g The measure mass is more accurate because the calculated mass uses an assumed density. If we measure the exactly density, the calculated mass would have been more accurate. 

10. Calculate the energy released, assuming that the specific heat of the final solution is the same as that of water, 4.184J/g.
GIVEN

c = 4.184J/g











The energy release is -2.7KJ.


11. Calculate the no. of moles of the limiting reagent (.

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

1.1mol/L










5.50x10-2 mol





NaOH is the limiting reagent and it has 5.00-2mols. 

12. Calculate the number of moles of water formed in the neutralization reaction. 

GIVEN

1.0mol/L











The number of moles of water formed in the neutralization reaction was .

13. Determine the heat of neutralization per mole of water. 
GIVEN











The heat of neutralization per mole of water is 

14. Compare the heats of neutralization per mole of water for the 2 strong acids. 

The heat of neutralization per mole of water for HNO3 was . The heat of neutralization per mole of water for HCl was . There was more heat produced in HCl than HNO3 reaction but there values are relatively close.


HNO3 has a larger than heat of neutralization per mole of water than HCl. 

15. Calculate percent errors for the experimental values of the heat of neutralization with respect to literature values. 
GIVEN










GIVEN













The % error for the experiment values of the heat of neutralization of HNO3 and HCl is   -6.46% and -7.18% respectively. 

Part 3. Enthalpy of Dissolution of a Salt

16. Determine the change in temperature of solution, 

Trial 1GIVEN







The change in temperature of the solution is -3.8.

17. Calculate the energy released/absorbed by the solution (q), using its specific heat and mass. 
GIVEN

c = 3.662J/g













The energy absorbed by the solution was J 








18. Calculate the enthalpy of dissolution, 

GIVEN


MM = 










17 KJ/mol

The enthalpy of dissolution of salt is 17KJ/mol

19. Attempt to find a literature value for the enthalpy of dissolution of the salt (but make SURE you are looking for the correct quantity!). If you find a literature value, calculate the percent error
GIVEN
17 KJ/mol 
20.33 KJ/mol












The % error for the enthalpy of dissolution of the salt (KI)  is -16% 











Results
Part 1: Enthalpy of a Metal 
	Data
	Trial 1
	Trial 2 

	Change in Water Temperature)
	3.2
	3.4

	Energy gained by water (J)
	
	2.9

	Change in metal Temperature ()
	
	-76.2

	Experimental Specific Heat of the metal
	0.32

	0.34

	Accepted Specific Heat Capacity of the metal ()
	
	0.387

	Experimental molar mass of the metal )
	
	74

	Accepted molar mass of the metal )
	
	63.55

	Percent error of the specific heat capacity 
	
	-12%

	Percent error of the molar mass
	23%
	16%



Part 2: Enthalpy of Neutralization for HCl
	Data
	Trial 1
	Trial 2 

	Change in the temperature of the solution )
	7.2
	6.6

	Total volume of solution (mL) 
	100.0
	100.0

	Calculated mass of solution (g) 
	100.0
	100.0

	Measured mass (g)
	101.5380
	101.5806

	Heat of neutralization  (KJ)
	-3.1
	-2.8

	Moles of Limiting reagent (mol)
	5.00x102
	5.00x102

	The moles of water formed (mol) 
	5.00x102
	5.00x102

	Heat of neutralization per mole of water 
	
-61
	
-56.1

	Literature value of the heat of neutralization per mole of H2O (
	
-57.1
	
-57.1

	% error of the heat of neutralization per mole H2O 
	
-6.8%
	
-1.8%



Part 2: Enthalpy of Neutralization for HNO3
	Data
	Trial 1
	Trial 2 

	Change in the temperature of the solution )
	6.4
	6.4

	Total volume of solution (mL) 
	100.0
	100.0

	Calculated mass of solution (g) 
	100.0
	100.0

	Measured mass (g)
	101.8596
	102.8494

	Heat of neutralization  (KJ)
	-2.7
	-2.8

	Moles of Limiting reagent (mol)
	5.00x102
	5.00x102

	The moles of water formed (mol) 
	5.00x102
	5.00x102

	Heat of neutralization per mole of water 
	

	
-56

	Literature value of the heat of neutralization per mole of H2O (
	
-57.3
	
-57.3

	% error of the heat of neutralization per mole H2O 
	
-5.8%
	
-2.3%



Part 3. Enthalpy of dissolution of a salt 
	Data
	Trial 1 
	Trial 2 

	Name of salt 
	KI
	KI

	The change in temperature of solution (
	-3.8
	-3.2

	The energy released/absorbed by the solution (J) 
	
	-2.5x102

	Experimental Enthalpy of dissolution per mole of salt (KJ/mol)
	17
	17

	Accepted Enthalpy of dissolution per mol of salt (KJ/mol) 
	20.33
	20.33

	% error  for the enthalpy of dissolution of salt per mole of salt 
	-16%
	-16%



Discussion

Several different experiments were performed; all used with the coffee-cup calorimeter. 
The first experiment was to find the specific heat capacity of a giving metal. The metal given was copper. The copper was place inside a beaker filled with boiling water to allow the copper to come to thermal equilibrium with the water.  This will create an assumption of the temperature of the copper to be 100. After timing and measuring the temperature of the water inside the calorimeter for every 30 second for 3minutes, the copper is then quickly inserted in the coffee-cup calorimeter. The temperature was recorded for every 20 second interval for and at least 4 minutes. The graph shows the change in temperature from the initial temperature of the water inside the calorimeter and the initial temperature of the metal to the final temperature of the water and the metal. There is an increase in temperature of the water inside the calorimeter but a decrease in temperature of the copper metal. This shows that there was a transfer in heat energy. The copper gave its energy to the water, which made water hotter. This reaction is exothermic. Eventually the metal and the water would be at equal temperatures. 
	The second experiment was to calculate the enthalpy of neutralization using two different acids; HNO3 and HCl with a base, NaOH, which as a result form a salt. After measuring and timing the temperature of the salt, the graph shows that the temperature rises, right after the acid was added inside the calorimeter containing the base causing the reaction to be exothermic. This happened for both the HNO3 and the HCl. The reason why acid base neutralization reactions are exothermic is because the reaction involves bonds breaking. H+ in the HCl is bonded with OH on the NaOH to form water, while Na+ on the NaOH is bonded with Cl- on the HCl to form NaCl, which is a salt. 2 of the graphs on this experiment gradually reached the final temperature. This could because at that time there was minimal stirring causing the acid and base to react slowly. 
	The third experiment is to calculate the enthalpy of the solution. An unknown salt given and was added with water inside the calorimeter to be measured and timed for at least 4 minutes of every 20 seconds for the change in temperature. The graph shows that the temperature decreasing right after the unknown salt was added to the calorimeter. The temperature then gradually increases back to normal. This shows that the reaction is endothermic. To allow the salt to dissolve, the salt needed energy and to get that energy, interference between the bonds of the water molecules must be created. The inference gave the salt energy to dissolve and eventually over time, the temperature went back to equilibrium with the surrounding. 
	There are many sources of errors for each experiment. Some of the sources of errors for the first experiment is the extra heat given to the calorimeter from the hot plate. This can explain why the percent error for the specific heat capacity of copper is negative. Another source of error that can be for all the experiments is the hole on the lid of the calorimeter. The hole can let heat escape from the calorimeter, which decreases the temperature. The environment around the calorimeter is also affecting the temperature of the calorimeter. The temperature outside is constantly changing since there are heat sources like the hot plate that could be making the atmosphere in the room warmer, which affects the calorimeter. Heat was also escaping each time the lid of the calorimeter was taken off. This allows a lot of heat to be released into the room. A source of error for the second experiment could be the few drops lost when NaOH was being poured into the calorimeter resulting to more acidic solution. This might cause a higher heat of neutralization. The percent errors for the enthalpy of dissolution were negative for both trials. This could be because there were less salt added to the calorimeter than when the salt was measured. When the salt was being pour into the calorimeter, some of the salt might have still stay on the paper, resulting to a lower enthalpy of dissolution. 
Conclusion 
	In conclusion, for the first experiment, trial 1, the specific heat capacity and the molar mass of copper calculated was 0.32  and 78 with a percent error of -17% and 23% respectively. For the second trial the specific heat capacity and the molar mass of copper calculated was 0.34and 74with a percent error of -12% and 16% respectively. For the second experiment the heat of neutralization per mole of water for HCl is -61 with a percent error of -6.8% for trial 1 and for trial 2 the heat of neutralization per mole of water for HCl is -56 with a percent error of -1.8%. The neutralization per mole of water for trial 1 and 2 for HNO3 is -54 and -56 with a percent error of -5.8% and -2.3% respectively.  Finally for the last experiment, the unknown salt was KI and it had a calculated enthalpy of dissolution per mole of salt of 17KJ/mol with a percent error of -16% for both trials. 
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