Student Name: David Chiumera
Student #: 7252858
Partner Name and Student #: Tony Pham 7257103
Demonstrator’s Name: Qi Chen


October 4, 2013

Experiment 3. Enthalpy of Various Reactions

Introduction:

The heat released or gained by any material may be determined using the equation q=mc∆t. The value of q will be negative if heat was released from the material and will be positive if the material gains heat.

The enthalpy of a substance is the change in internal energy of such substance plus the change in volume multiplied by the pressure of such substance, it is represented by the equation ∆H= q + p∆V. Since V is constant and ∆V is zero in most cases not involving gasses it is a legitimate assumption that ∆H is equal to qv, where ∆H is the change in enthalpy and qv is heat released or absorbed under constant volume. It should be noted that ∆H is a state function and its value does not depend on the pathway taken.

∆Hreaction is the change in enthalpy for one mole of a reaction. If ∆Hreaction is negative then heat was liberated from the reaction to form its products. If ∆Hreaction is positive then heat was absorbed from the surroundings to produce the products.

In calorimetry the most accurate way to obtain results on the ∆H is by using a bomb calorimeter. Unfortunately because of their expense a coffee cup calorimeter is often used. A coffee cup calorimeter set up can vary depending on who is conducting the experiment but in general a coffee cup calorimeter consists of 1 or 2 coffee cups nested inside each other with a lid with a hole over top to place a thermometer in. The coffee cup calorimeter will contain a certain amount of water to absorb/donate the energy need. The change in the water temperature before and after the reaction may be obtained by the equation ∆t= t2-t1, which then can be used to calculate the heat released or absorbed. In most cases it is assumed that under atmospheric pressure no energy is lost to the surroundings and the reaction within the calorimeter is isolated.

To determine the q released or gained by a substance the specific heat capacity of the substance must be known. The specific heat capacity is an intensive property and is the amount of energy needed to heat 1 gram of a specific substance by 1 ˚C.

When determining the molar mass (mm) of a substance from the specific heat capacity the following equation can be used Cmetal x mmmetal = 25 J/mol ˚C based on the assumption that one mol of metals absorb the same amount of heat.

When calculating the q released by the reaction between an acid and a base the density and specific heat capacity for water is often used as it gives a very good approximation. The reaction between all strong acids and strong bases generally yield a heat of neutralization of around 57.1 kJ/mol.

For the reaction between a salt and H2O there is a exothermic and endothermic part to the reaction and there sum will determine if the overall reaction is exothermic or endothermic. The endothermic part of the reaction is the lattice energy, the energy needed to vaporize 1 mole of salt to gaseous ions. The exothermic part is the hydration energy, which is the energy released 1 mole of gaseous ions is solvated by H2O to form ions in the solution. Even though it is very difficult to determine these two values independently we can obtain ∆sH from the equation ∆sH=q/nsalt where ∆sH is the enthalpy of dissolution, q is the heat absorbed or released and nsalt is the moles of salt.

Procedure: As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi Venkateswaran, 2013, Exp. 3, p. 34-37).

Observations/Data/Results:

· After the submission of the metal into the calorimeter the temperature rose.
· After the acid and base were mixed and had reacted the temperature had risen.
· Salt A was observed to be a very crystalline white powder.
· After the dissolution of Salt A in the coffee cup calorimeter the temperature dropped.















Table #1-a Zinc Trial’s Data

	Data
	Trial #1
	Trial #2

	Metal
	Zinc
	Zinc

	Mass of Metal (g)
	10.08
	10.87

	Mass of Empty Calorimeter (g)
	6.16
	6.19

	Volume of Distilled H2O Transferred (mL)
	20.00
	20.00

	Mass of Calorimeter + H2O (g)
	26.02
	25.96

	T1 H2O (˚C)
	22.10
	22.40

	T2 (˚C)
	25.40
	26.30

	Mass of H2O Determined by Density - X (g)
	20.00
	20.00

	Mass of H2O Determined by Difference - Y (g)
	19.90
	19.79

	Energy Gained by H2O –X (J)
	276
	330

	Energy Gained by H2O – Y (J)
	274
	320

	T1 Zn (˚C)
	99.4
	99.4

	∆T Zn (˚C)
	-74.00
	-73.10

	∆T H2O (˚C)
	3.30
	3.90

	C of Zn – X (J/g ˚C)
	0.3072
	0.4107

	C of Zn – Y (J/g ˚C)
	0.3416
	0.4064

	mm Zn – X (g/mol)
	68
	61

	mm Zn – Y (g/mol)
	73
	62

	% error for mm – X  
	3.277
	6.912

	%error for mm – Y 
	11.64
	5.918

	% error for C – X
	4.59
	5.85

	% error for C – Y 
	12.0
	4.74















Table #1-b Time vs Temp for Zinc and H2O Trial

	Time (s) trial #1
	Temp (˚C) trial #1
	Time (s) trial #2
	Temp (˚C) trial #2

	0
	22.2
	0
	22.2

	30
	22.1
	30
	22.3

	60
	22.1
	60
	22.3

	90
	22.1
	90
	22.3

	120
	22.1
	120
	22.3

	150
	22.1
	150
	22.3

	180
	22.1
	180
	22.3

	220
	25.4
	220
	26.3

	240
	25.4
	240
	26.4

	260
	25.4
	260
	26.4

	280
	25.5
	280
	26.4

	300
	25.5
	300
	26.4

	320
	25.5
	320
	26.4

	340
	25.5
	340
	26.5

	360
	25.5
	360
	26.5

	380
	25.5
	380
	26.5

	400
	25.5
	400
	26.5

	420
	25.5
	420
	26.5

	440
	25.5
	440
	26.5

























Table #2-a Neutralization NaOH + HCl Trial Data

			
	 Data
	Trial #1
	Trial #2

	Volume of HCl (mL)
	60.00
	49.50

	Concentration of HCl (mol/L)
	1.10
	1.10

	Volume NaOH (mL)
	49.50
	50.00

	Concentration NaOH (mol/L)
	1.0
	1.0

	T1 (˚C)
	25.40
	24.10

	T2 (˚C)
	30.90
	29.80

	Final Volume of Solution (mL)
	109.50
	99.50

	Mass of Solution Determined by Density - X (g)
	109.50
	99.5

	Mass of Solution Determined by Difference – Y (g)
	105.33
	100.2

	Energy Released from Neutralization Reaction – X (J)
	-2.52 x 103
	-2.37 x 103

	Energy Released from Neutralization Reaction – Y (J)
	-2.42 x 103
	-2.39 x 103

	Mol of Limiting Reagent (OH-)
	0.05
	0.05

	Mol H2O Formed
	0.05
	0.05

	Heat of Neutralization per mol H2O – X (J)
	-5.09 x 104
	-4.75 x 104

	Heat of Neutralization per mol H2O – Y (J)
	-4.90 x 104
	-4.78 x 104

	% Error – X 
	10.9
	17.0

	% Error – Y
	14.2
	16.3

	∆T (˚C)
	5.50
	5.70

	Mass of Calorimeter, Lids, and Solution (g)
	111.65
	106.50









Table #2-b Time vs Temp for Neutralization Reaction Between NaOH and HCl

	Time (s) trial #1
	Temp (˚C) trial #1
	Time (s) trial #2
	Temp (˚C) trial #2

	0
	25.5
	0
	24.3

	30
	25.5
	30
	24.2

	60
	25.5
	60
	24.2

	90
	25.5
	90
	24.2

	120
	25.4
	120
	24.2

	150
	25.4
	150
	24.2

	180
	25.4
	180
	24.2

	240
	30.9
	240
	29.7

	260
	31.0
	260
	30.0

	280
	31.0
	280
	30.0

	300
	31.0
	300
	30.0

	320
	31.0
	320
	30.0

	340
	31.0
	340
	30.0

	360
	31.0
	360
	29.9

	380
	31.0
	380
	29.9

	400
	31.0
	400
	29.9

	420
	31.0
	420
	29.9

	440
	31.0
	440
	29.9

	460
	31.0
	460
	29.9



Table 3-a Dissolution Salt A Data

	Data
	Trial #1
	Trial #2

	Salt
	A
	A

	Mass of Salt (g)
	2.52
	2.46

	Mass of Empty Calorimeter (g)
	6.32
	6.30

	Volume H2O Transferred to Calorimeter (mL)
	21.0
	20.0

	Mass of H2O + Calorimeter (g)
	26.33
	25.43

	T1 (˚C)
	23.75
	22.40

	T2 (˚C)
	20.50
	20.15

	∆T (˚C)
	-3.25
	-2.25

	Mass of Solution (g)
	20.01
	19.13

	Energy Absorbed by Solution (J)
	2.38 x 102
	1.58 x 102

	Moles of Salt (g/mol)
	0.01518
	0.01482

	Enthalpy of Solution per Mole of Salt (J/mol)
	1.568 x 104
	1.064 x 104

	% Error
	22.82
	47.66


Table 3-b Time vs Temp for Dissolution of Salt A

	Time (s) trial #1
	Temp (˚C) trial #1
	Time (s) trial #2
	Temp (˚C) trial #2

	0
	22.8
	0
	22.4

	30
	22.8
	30
	22.4

	60
	22.8
	60
	22.4

	90
	22.8
	90
	22.4

	120
	22.8
	120
	22.4

	150
	22.8
	150
	22.5

	180
	22.8
	180
	22.5

	220
	20.3
	220
	20.1

	240
	20.4
	240
	20.1

	260
	20.5
	260
	20.2

	280
	20.6
	280
	20.2

	300
	20.7
	300
	20.2

	320
	20.8
	320
	20.2

	340
	20.8
	340
	20.2

	360
	20.8
	360
	20.3

	380
	20.8
	380
	20.3

	400
	20.8
	400
	20.3

	420
	20.8
	420
	20.3

	440
	20.8
	440
	20.3

	460
	20.8
	460
	20.3

	480
	20.8
	480
	20.3

	500
	20.8
	500
	20.3

	520
	20.8
	520
	20.3






















Table #4-a Neutralization NaOH + HNO3 Trial Data

			
	 Data
	Trial #1
	Trial #2

	Volume of HCl (mL)
	50.00
	50.00

	Concentration of HCl (mol/L)
	1.10
	1.10

	Volume NaOH (mL)
	50.00
	50.00

	Concentration NaOH (mol/L)
	1.0
	1.0

	T1 (˚C)
	22.90
	23.40

	T2 (˚C)
	29.00
	29.10

	Final Volume of Solution (mL)
	100.0
	100.0

	Mass of Solution Determined by Density - X (g)
	100
	100

	Energy Released from Neutralization Reaction – X (J)
	-2.55 x 103
	-2.38 x 103

	Mol of Limiting Reagent (OH-)
	0.05
	0.05

	Mol H2O Formed
	0.05
	0.05

	Heat of Neutralization per mol H2O – X (J)
	-5.10 x 104
	-4.77 x 104

	% Error – X 
	10.6
	16.5

	∆T (˚C)
	6.10
	5.70



















Table #4-b Time vs Temp for Neutralization Reaction Between NaOH and HNO3

	Time (s) trial #1
	Temp (˚C) trial #1
	Time (s) trial #2
	Temp (˚C) trial #2

	0
	22.9
	0
	23.3

	30
	22.9
	30
	23.4

	60
	22.9
	60
	23.4

	90
	22.9
	90
	23.4

	120
	22.9
	120
	23.4

	150
	22.9
	150
	23.4

	180
	22.9
	180
	23.4

	220
	29.1
	220
	29.1

	240
	29.1
	240
	29.1

	260
	29.1
	260
	29.1

	280
	29.1
	280
	29.1

	300
	29.0
	300
	29.1

	320
	29.0
	320
	29.1

	340
	28.9
	340
	29.0

	360
	28.9
	360
	28.9

	380
	28.9
	380
	28.9

	400
	28.9
	400
	28.9

	420
	28.9
	420
	28.8

	440
	28.9
	440
	28.8

























Calculations:













































Discussion:

There is a multitude of sources of error in this experiment that will be discussed in the following text.

The assumption made that no heat is lost from the coffee cup calorimeter is a valid one, although this assumption does increase the percent error as it is impossible for no heat to be lost to the surroundings in this type of calorimeter. Heat lost to the surroundings would cause a lower value for the change in temperature, as the final temperature would not be as high if no heat was lost. This would then subsequently cause the change in enthalpy calculated to be less than the true value. This can be seen from the values obtained during the lab, the standard enthalpy of neutralization of any strong acid and base is -57.1 KJ/mol, the values obtained in the experiment were more or less around -50.0 KJ/mol.

Another assumption made was that the acid that was being added to the base was at the exact same temperature as the base. This might be not necessarily be true in all cases and could either cause the change in temperature to be lower or higher causing the value for the enthalpy to not be a true representation.

One source of error with the procedure of the lab was the use of very small quantities of matter. When measuring the temperature the change was very small and the thermometer used only went to one decimal place, therefore any fluctuations past this decimal place could cause an increase in experimental error.

Although all the above mentioned would contribute to an increase in the percent error for the change in enthalpy the values obtained were quite accurate when compared to the actual literature values. This shows that most, if not all, assumptions made and method used was quite accurate.

When comparing the enthalpy of neutralization of the two strong acids used the enthalpies are very close to each other in value. This can be accounted for by looking at the ionic equation. All strong acids completely dissociate in H2O producing H+ ions. Since the formation of H2O in the neutralization reaction is the exothermic part of the reaction it really is irrelevant what acids are used as long as the OH- ions remain the limiting reagent in the reaction.

The Identity of my salt, salt A, was determined to be KI as its molar mass is the same that is given in the table in the experiment 3 document. The literature value of the enthalpy of solution found was 20.33 KJ/mol, this is reasonably close to the values obtained in the experiment, which were 15.7KJ/mol and 10.6 KJ/mol.





Conclusion:

[bookmark: _GoBack]The molar mass of zinc was determined to be 68 g/mol and 73 g/mol, depending on whether using the mass of water determined by difference or by density and volume for trial 1, and 61g/mol and 62 g/mol for trial 2 with percent errors of 3.277%, 11.64%, 6.912%, and 5.918% respectively. The heat of neutralization for HCl  was determined to be -5.09 x 104/ -4.90 x 104 and, -4.75 x 104 / -4.78 x 104, depending on whether using the mass of solution determined by difference or by density and volume for trials 1 and 2 with percent errors of 10.9%/14.2% and 17.0%/16.3% respectively .  For HNO3  -5.10 x 104 and -4.77 x 104 was determined for the heat of neutralization for trial 1 and 2 with percent errors of 10.6% and 16.5% respectively. The unknown salt, salt A, was determined to be KI with an enthalpy of dissolution of 1.568 x 104 for trial 1 and 1.064 x 104 for trial 2 with percent errors of 22.82% and 47.66%.
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