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Introduction:
	Experiment 3 focuses on the basic concepts of thermochemistry. Thermochemistry is the science involved in observing and investigating the relationship between a chemical reaction and the change in energy that it experiences. 



	The change in energy can be calculated using a calorimeter system which consists of a calorimeter and thermometer. There are various methods and techniques that can be used to measure an absorption or loss of energy in the chemical system. In this lab the group used a Styrofoam calorimeter and alcohol thermometer to measure the change in temperature of the solutions that experienced thermochemical change. The change in temperature was found using the following formula: [1]. Once the change in temperature is found, it was possible to calculate the change in energy that he system experienced using [2], where “q” is the change in energy, “m” is the mass of the entity being measured, “c” is the heat capacity constant for that entity, and “” is the change in temperature. An exothermic reaction has a negative sign whereas an endothermic reaction has a positive sign. This is because, in an exothermic reaction, the system releases energy, therefore losing it from the reactants and vice versa for an endothermic reaction. It is notable that any energy gained by one part of the system (reactants or reagents) is transferred to the other. This also applies to entities that are introduced to the system, any energy lost is transferred to the other entity.

The equation that follows is used to estimate a metal’s molar mass when given the heat capacity of that metal. [3]This approximation was made by scientists Petit and Dulong in the early 1800s. This proposed that one mole of all metals absorb roughly the same amount of heat. 

Rarely is the heat of an entity given in Joules or Kilojoules per certain mass of the entity. Generally, this information is provided as a molar value, which can be determined using [4].
These thermochemical principles allowed the group to calculate the enthalpies of metal, neutralization, and dissolution of varies entities. 
Procedure:
As described in the laboratory manual. ( What in the World ISN’T Chemistry, Dr. R. Venkateswaran, 2000, Exp. 3, p. 28)
Observations: 
Enthalpy of Metal
Table 1: Data used for determining the specific heat capacity of copper metal.
	
	Trial 1
	Trial 2

	Metal Identity
	Cu
	Cu

	Mass of Metal (g)
	13.3690
	14.6291

	Mass of calorimeter (g)
	6.2040
	6.2040

	Mass of calorimeter with water (g)
	25.7439
	25.0528

	Mass of water (g)
	19.5399
	18.8488

	Boiling water (°C)
	99.9
	99.9



Table 2: Results used for determining the specific heat capacity of copper metal.
	Time (s)
	Trial 1 – Temperature (°C)
	Trial 2 - Temperature (°C)

	0
	23.0
	22.7

	20
	23.0
	22.7

	40
	23.0
	22.7

	60
	24.5
	24.3

	80
	26.7
	26.8

	100
	26.8
	26.7

	120
	26.8
	26.7

	140
	26.8
	26.7

	160
	26.8
	26.7

	180
	26.8
	26.7

	200
	26.8
	26.7

	220
	26.7
	26.7

	240
	26.7
	26.7

	260
	26.7
	26.7

	280
	26.7
	26.7

	300
	26.7
	26.7



No significant observations were made for these trials because of obstructions from the calorimeter. The only observation made was the change in temperature. 



Enthalpy of Neutralization
Table 3: Data used for determining the enthalpy of neutralization.
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	Acid Identity
	HCl
	HCl
	HNO3
	HNO3

	Volume of Acid (mL)
	50
	50
	50
	50

	Concentration of Acid (M)
	1.1
	1.1
	1.1
	1.1

	Volume of NaOH (mL)
	50
	50
	50
	50

	Concentration of NaOH (M)
	1.0
	1.0
	1.0
	1.0

	Mass of calorimeter with solution (g)
	108.2301
	108.1344
	107.5422
	107.9875

	Mass of calorimeter (g)
	6.2040
	6.2040
	6.2040
	6.2040



Table 4: Results used for determining the enthalpy of neutralization.
	Time (s)
	Trial 1 – Temperature (°C)
	Trial 2 – Temperature (°C)
	Trial 3 – Temperature (°C)
	Trial 4 – Temperature (°C)

	0
	22.0
	22.3
	21.9
	22.1

	20
	24.5
	24.9
	26.8
	23.3

	40
	28.9
	28.3
	28.8
	28.8

	60
	28.9
	29.2
	28.8
	28.8

	80
	28.9
	29.2
	28.8
	28.7

	100
	28.8
	29.2
	28.8
	28.7

	120
	28.8
	29.1
	28.8
	28.6

	140
	28.8
	29.1
	28.8
	28.7

	160
	28.8
	29.1
	28.8
	28.7

	180
	28.8
	29.1
	28.8
	28.6

	200
	28.7
	29.1
	28.7
	28.6

	220
	28.7
	29.1
	28.7
	28.6

	240
	28.7
	29.0
	28.7
	28.6

	260
	28.7
	29.0
	28.7
	28.6

	280
	28.7
	29.0
	28.7
	28.6



Similarly to previous observations, no significant observations were made due to calorimeter obstruction. Temperature rose.

Enthalpy of Dissolution
Table 5: Data used for determining the enthalpy of dissolution.
	
	Trial 1
	Trial 2

	Salt Identity
	A
	A

	Mass of salt (g)
	1.5255
	1.4829

	Mass of calorimeter (g)
	6.2040
	6.2040

	Mass of calorimeter with water (g)
	25.4144
	25.2509

	Mass of water (g)
	19.2104
	19.0469



Table 6: Results used for determining the enthalpy of dissolution.
	Time (s)
	Trial 1 – Temperature (°C)
	Trial 2 – Temperature (°C)

	0
	22.4
	22.4

	20
	22.5
	22.4

	40
	22.5
	22.4

	60
	22.5
	22.4

	80
	21.4
	22.0

	100
	21.5
	20.7

	120
	21.4
	19.6

	140
	21.3
	19.4

	160
	20.5
	18.7

	180
	20.5
	18.6

	200
	20.5
	18.5

	220
	20.2
	18.7

	240
	19.6
	18.5

	260
	19.0
	18.7

	280
	18.8
	18.7

	300
	18.8
	18.7



Similarly to both previous portions of the experiment, no significant observations due to obstruction. Temperature descended.




Table 7: Combined values from both group members.
	
	Ilia Kosnevitch
	Ariel Buchler

	Enthalpy of Metal

	Energy gained by water (J)
	310.4
	394.3

	Specific heat capacity of Cu (J/g°C)
	0.318
	0.373

	Molar mass of Cu (g/mol)
	78.69
	67.02

	Percentage error, specific heat capacity (%)
	-17.40
	3.12

	Percentage error, molar mass (%)
	23.84
	5.46

	Enthalpy of Neutralization

	Energy released, HCl (J)
	-2900.0
	-2942.7

	Energy released, HNO3 (J)
	-2922.8
	-2853.3

	Heat of neutralization, HCl (kJ)
	-58
	-58.85

	Heat of neutralization, HNO3 (kJ)
	-58.46
	-57.07

	Difference between acids (kJ)
	0.456
	1.780

	Percent error, HCl (%)
	0.2
	1.78

	Perfect error, HNO3 (%)
	1.6
	0.87

	Enthalpy of Dissolution

	Energy absorbed (J)
	321.2
	283.4

	Enthalpy of dissolution (kJ/mol)
	16.06
	14.17

	Percent error (%)
	-6.74
	17.71



Calculations:
Enthalpy of Metal

1) 



2)
  

 



3)


4)


5)


6)



Enthalpy of Neutralization:

7)
Trial 1 

Trial 3

8)
 Trial 1 

Trial 3 

9)


Trial 1 

Trial 3 

10)
Trial 1 

Trial 3 

11)







12)
 1:1 ratio between OH- and water, therefore 0.05mol H20

13) 




14)


15)



Enthalpy of dissolution

16) 


17)
 

18)
 



19)

Discussion:
The percentage error for the specific heat capacity for copper  for my group is -17.403% and 3.12%. Since specific heat capacity values are generally very small, even the slightest difference can result in a large percent error. The percent error for molar mass of copper is 23.84% and 5.46%, which I believe is a fairly accurate value. There is room for improvement for future similar experiments.
	The enthalpies of the two strong acids are similar – only a difference of 456.13 J/mol. The percent errors for HCl are 0.2%and 1.73% and HNO3 are 1.6% and 0.87%. These values are almost identical to the literature values and therefore I believe are very accurate. Although what is perceived as simple mixing of two solutions is actually the process of creating water from H+ and OH-. This is what creates the exothermic reaction during the neutralization. 
	My group was able to identify the unknown Salt A as KCl. The experimental value is very close to the literature value with only a percent difference of -6.74% and 17.71%. This percentage can be considered accurate because the molar enthalpy of dissolution is a relatively small value. As a result of such a small value, the smallest difference can result in a larger than expected percent error.
This experiment leaves a significant amount of room for error. First, during the first portion of the experiment (Enthalpy of Metal), the copper metal had to be transported from a boiling water bath, through the cooler air, into the calorimeter. This resulted in possible loss of heat to the environment, which led to not all of the heat being transformed into the calorimeter. Second, the calorimeter itself may have absorbed heat during the process. This results, once again, in not all of the energy going into the system. Third, the thermometer may have absorbed some heat while measuring temperature. Fourth, the metal that was used in this experiment consisted of numerous different sized pieces of different shapes and possibly slightly different compositions. This could lead to a slightly different heat capacity.
	For the second portion of the experiment, similar errors are possible – loss of heat to the calorimeter and thermometer. Additionally, when the acids and bases were poured into the calorimeter, it is possible that not all of the measured solution was poured out. It is also possible that the solutions were not poured out quickly enough, resulting in the loss of heat to the environment. In this section of the experiment, “c” constant was assumed to be the same as water which may not be true. This may have changed the final values of the calculations. 
	During the third portion of the experiment, many of the previously mentioned errors arise - loss of heat to the calorimeter and thermometer, not closing the lid quickly enough, and assuming “c” is that of water. Another possible error for this portion is that not all of the measured salt was poured into the calorimeter, which may have altered the final result of the temperature decrease.
Conclusion:
	In this experiment, my group calculated the specific heat capacity of copper to be 0.318 J/g°C and 0.373 J/g°C, which translates to 17.40% and 3.12% error. The molar mass of copper was approximated to be 78.69 g/mol and 67.02 g/mol, which translates to 23.84% and 5.46% error. The enthalpy of neutralization for HCl was found to be -58.0 kJ/mol and -58.9 kJ/mol, which is 0.2% and 1.74% error . As for HNO3, the values found were -58.5 kJ/mol and -57.1kJ/mol, which is 1.6% and 0.87% error. The molar enthalpy of KCl was found to be 16.06 kJ/mol and 14.17 kJ/mol, which translates to       -6.74% and 17.71% error.
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