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INTRODUCTION
	In this experiment, calorimetry will be used in order to determine the specific heat capacity of a metal, and the enthalpies of both a neutralization and of a solution formation. The energy required to change the temperature can be determined by
q = (m) (c) (ΔT) [5]
where m represents the mass, c represents the specific heat capacity and ΔT represents the change in the temperature. The molar mass of a metal can also be estimated if the specific heat capacity is known by using the equation
(Cmetal)(Mmetal) ≈ 25 J/mol °C [5]
where M represents the molar mass of the metal. Using the result of this equation and the true value, the percent error can be determined as well using
 [6]
Once the amount of heat released in the reaction has been figured out using calculations, the enthalpy of a reaction per mole of substance can then be determined using the equation
 [5]
where X represents the substance and n the amount of moles. qN can be calculated as well by using the original q formula but opposite in sign. Additionally, other formulas may be needed in order to work further with the values determined in the lab such as
-qmetal = qwater [5]
 [7]
 [7]


PROCEDURE
	As described in lab manual.

OBSERVATIONS
Part A: Specific Heat Capacity of a Metal

	
	TRIAL ONE
	TRIAL TWO

	Assigned Metal
	Copper
	Copper

	Mass
	10.97 g
	14.26 g

	Empty Calorimeter Mass
	8.81 g
	8.81 g

	Volume of Water
	20 mL
	20 mL

	Calorimeter & Water Mass
	28.03 g
	28.03 g

	Initial Temperature
	17.4 °C
	14.6 °C

	TEMP:                               @ 30s
	17.4 °C
	14.7 °C

	@ 60s
	17.4 °C
	14.7 °C

	@ 90s
	17.5 °C
	14.6 °C

	@ 120s
	17.3 °C
	14.7 °C

	@ 150s
	17.4 °C
	14.8 °C

	@ 180s
	17.3 °C
	14.7 °C

	Temp. of Boiling Water
	100.0 °C
	100.0 °C

	Time of Mixing
	4:00 Minutes
	4:00 Minutes

	TIMES:                              @ 20s
	18.9 °C
	18.8 °C

	@ 40s
	19.6 °C
	18.7 °C

	@ 60s
	20.2 °C
	18.9 °C

	@ 80s
	19.7 °C
	19.3 °C

	@ 100s
	19.8 °C
	19.4 °C

	@ 120s
	19.0 °C
	18.6 °C

	@ 140s
	19.0 °C
	18.4 °C

	@ 160s
	19.0 °C
	18.5 °C

	@ 180s
	18.6 °C
	18.5 °C

	@ 200s
	18.4 °C
	18.8 °C

	@ 220s
	18.2 °C
	18.7 °C

	@ 240s
	18.0 °C
	18.7 °C

	Mass At End
	38.95 g
	42.82 g



· Copper balls and copper shavings with a brown-like colour.
· Water colour changed slightly to a bronze-like colour.
· The inside of the calorimeter was stained afterwards with the light brown colour.
· Fairly constant climb, plateau, and drop in temperature.
· The more the mass, the higher the temperature climbed.

Part B: Enthalpy of a Neutralization

	
	TRIAL ONE
	TRIAL TWO
	TRIAL THREE
	TRIAL FOUR

	Acid Used
	HCl
	HCl
	HNO3
	HNO3

	Volume of Acid
	50 mL
	50 mL
	50 mL
	50 mL

	Concentration of Acid
	1.1 M
	1.1 M
	1.1 M
	1.1 M

	Volume of NaOH
	50 mL
	50 mL
	50 mL
	50 mL

	Concentration of NaOH
	1 M
	1 M
	1 M
	1 M

	Initial Temperature
	18.4 °C
	18.8 °C
	14.9 °C
	17.9 °C

	TEMP:                                          @ 30s
	18.7 °C
	18.8 °C
	15.0 °C
	18.2 °C

	@ 60s
	18.6 °C
	18.8 °C
	15.1 °C
	18.4 °C

	@ 90s
	18.5 °C
	18.9 °C
	15.2 °C
	18.6 °C

	@ 120s
	18.6 °C
	18.8 °C
	15.3 °C
	18.8 °C

	@ 150s
	18.7 °C
	18.9 °C
	15.4 °C
	18.9 °C

	@ 180s
	18.7 °C
	18.8 °C
	15.5 °C
	19.1 °C

	Mixing Time
	4:00 Min
	4:00 Min
	4:00 Min
	4:00 Min

	TEMP:                                          @ 20s
	24.9 °C
	25.4 °C
	22.2 °C
	25.8 °C

	@ 40s
	25.1 °C
	25.5 °C
	22.3 °C
	25.9 °C

	@ 60s
	25.0 °C
	25.4 °C
	22.6 °C
	25.9 °C

	@ 80s
	25.0 °C
	25.4 °C
	23.0 °C
	25.9 °C

	@ 100s
	24.9 °C
	25.4 °C
	22.8 °C
	25.8 °C

	@ 120s
	24.9 °C
	25.3 °C
	22.9 °C
	25.8 °C

	@ 140s
	24.9 °C
	25.3 °C
	22.9 °C
	25.8 °C

	@ 160s
	24.9 °C
	24.8 °C
	22.8 °C
	25.7 °C

	@ 180s
	24.9 °C
	24.7 °C
	22.9 °C
	25.7 °C

	@ 200s
	24.8 °C
	24.7 °C
	22.9 °C
	25.7 °C

	@ 220s
	24.9 °C
	24.7 °C
	23.0 °C
	25.7 °C

	@ 240s
	24.8 °C
	24.7 °C
	23.0 °C
	25.7 °C

	Mass at End
	107.89 g
	109.47 g
	111.30 g
	112.82 g



· Acid and base are clear.
· Slight bubbling when mixed, with a little bit of misting.
· Obvious jump in temperature before leveling off.
· Faint smell coming from mixture.
· Warmer to the touch when holding calorimeter.


Part C: Enthalpy of a Solution

	
	TRIAL ONE
	TRIAL TWO

	Assigned Salt
	A
	A

	Mass
	1.52 g
	1.49 g

	Empty Calorimeter Mass
	8.8 g
	8.8 g

	Water Added
	20 mL
	20 mL

	Calorimeter & Water Mass
	28.01 g
	28.01 g

	Initial Temperature
	14.1 °C
	14.2 °C

	TEMP:                               @ 30s
	14.1 °C
	14.0 °C

	@ 60s
	14.0 °C
	14.1 °C

	@ 90s
	13.9 °C
	14.3 °C

	@ 120s
	13.7 °C
	14.3 °C

	@ 150s
	13.7 °C
	14.1 °C

	@ 180s
	13.7 °C
	14.1 °C

	Mixing Time
	4:00 Minutes
	4:00 Minutes

	TEMP:                               @ 20s
	13.0 °C
	12.2 °C

	@ 40s
	12.5 °C
	10.1 °C

	@ 60s
	12.4 °C
	10.1 °C

	@ 80s
	12.3 °C
	10.3 °C

	@ 100s
	12.4 °C
	10.4 °C

	@ 120s
	12.3 °C
	10.6 °C

	@ 140s
	12.4 °C
	10.7 °C

	@ 160s
	12.2 °C
	10.8 °C

	@ 180s
	12.0 °C
	11.0 °C

	@ 200s
	11.8 °C
	11.1 °C

	@ 220s
	11.4 °C
	11.3 °C

	@ 240s
	11.2 °C
	11.6 °C

	@ 260s
	10.8 °C
	11.8 °C

	@ 280s
	10.5 °C
	12.1 °C

	@ 300s
	10.2 °C
	12.3 °C

	Mass at End
	29.14 g
	29.86 g



· Trial One was not stirred until part way through. Then noticeable drop was observed.
· The salt must therefore absorb heat, and would mean the reaction is endergonic.
· Trial Two was stirred right from the start. Drop was seen immediately.
· Water turned clouded when salt was added, until it all dissolved into the water.

CALCULATIONS
PART A
	
	Trial 1
	Trial 2

	
	0.600
	4

	
	48.2 J
	321 J

	
	-82.1
	-81.3

	
	0.0535 J/g
	0.277 J/g

	
	467 g/mol
	90.3 g/mol


Calculations:

















PART B
	
	Trial 1 [HCl]
	Trial 2 [HCl]
	Trial 3 [HNO3]
	Trial 4 [HNO3]

	
	6.1
	5.9
	7.5
	6.6

	
	100 mL
	100 mL
	100 mL
	100 mL

	
	100 g
	100 g
	100 g
	100 g

	
	-2787 J
	-2702 J
	-3136 J
	-2759 J

	
	0.05 mol
	0.05 mol
	0.05 mol
	0.05 mol

	
	0.05 mol
	0.05 mol
	0.05 mol
	0.05 mol

	
	-55.74 kJ/mol
	-54.04 kJ/mol
	-62.72 kJ/mol
	-55.18 kJ/mol


Calculations:


















PART C
	
	Trial 1
	Trial 2

	
	-3.5
	-1.8

	
	278 J
	142 J

	
	0.02 mol
	0.02 mol

	
	13.9 KJ/mol
	71.0 KJ/mol


Calculations:



















DISCUSSION
	Studying the reactions and their specific enthalpies are important in chemistry so as to fully understand the natures of reactions. We can determine exothermicity and endothermicity using enthalpies, and we are capable of predicting the results of reactions using these important values. Reactions can be chosen specifically for their resulting enthalpies. Calorimetry is an extremely important tool and technique because it helps with testing thermodynamics without any need for complexities. It can be simply done so as to determine enthalpies and the measurements of heat changes[4].
	The value obtained for the specific heat capacity of the metallic copper is reasonable when comparing it to the theoretical value for the specific heat capacity; the initial temperature was lower than 25°C (the Standard Ambient Temperature and Pressure value for temperature at which the literary specific heat capacity of 0.385 J/g°C was recorded[1]), and so it would make sense that as a result, the experimental value was skewed by a slight bit. The molar mass of copper was also similarly close with the difference likely due to the temperature difference because of the relationship in the formula . The two values have 20-40% error differences, thus meaning they are very close.
	As for the enthalpies, the ones obtained through the two trials were close for both HCl and for HNO3, with about 4% differences noted with the values. The enthalpy of neutralization for strong acids and bases is the energy released with the formation a single mole of water, and thus is always around the value of 57 kJ/mol[2].
	The unknown salt in this case was Potassium Chloride (KCl), determined by the molar mass (given in manual). When one mole of the solute is dissolved in water, the enthalpy change is 17.22 kJ/mol[4]; the experimental values differ between the two experiments with one being similar to the theoretical value and the other being far off. There were errors in both the trials with stirring and ensuring the consistency of collisions, thus altering the final results. Due to these problems, the end value has a logical difference with that of the literary value.
	The sources of error are mostly resulting from human actions in all three parts of the experiment with incorrect readings of the scales or thermometer and improper mixing. With part A, the first trial had results that were in no way similar to the theoretical values and most likely had clear errors with the procedure, whether due to mechanisms or due to the interpretations of the measurements. As another clear example, the third experiment had altered results as the stirring of the mixture was not properly done (the first three minutes had no stirring) for the first trial and may have been done too well (a continuous and aggressive swirling was used) in the second. The enthalpy would be altered either way: lower if the solution was not fully reacted because it was not stirred properly or higher if the opposite. Additionally, there may have been errors with the technology used to take the readings. The thermometer was initially set to record only digits prior to the decimal place, and had it been recorded as such, the results would have been significantly altered.
CONCLUSION
	The specific heat capacity of copper was found to be around 0.277 J/g°C (the first trial is ignored due to error in the procedure) with a percent error of 28% with the theoretical value; the molar mass of copper was determined as 90.3 g/mol and had a 42% error. The enthalpy change of neutralization for HCl and NaOH, on average between the two experiments, -54.89 kJ/mol and had a percent error of 4%. As for the HNO3 and the NaOH, the enthalpy was -58.95 kJ/mol on average and resulted in a percent error of 3%. Finally, the enthalpy of the dissolution of potassium chloride had a value of 13.9 kJ/mol (if you were to ignore the second trial that had values largely different from theory) and was endothermic with a 20% percent error.
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