Thermochemistry (chapter 5 of text)

Lesson 1: Introduction to heat
Thermochemistry is the study of heat energy transfers in reactions or chemical processes (phase changes, dissolution)

1st Law of Thermodynamics: energy cannot be created or destroyed

Cannot measure heat directly—but can measure heat transferred by monitoring two variables: 

1.

2.

Difference between heat and temperature:

Relationship between temperature and KE:

Why is measuring mass important?

Example from last year:

Draw the LOL chart for the two processes happening when a 5.0-gram ice cube is placed in 100. Grams of water at 25oC.  The ice cube melts and the final temp of water is 23.5oC

Ice Cube:

Water:

Limits of model:

q = mcΔT

System, surroundings, endothermic and exothermic

Energy profile
What is enthalpy?  symbol?
ΔHfo 

ΔHcombo 
Lesson 2: Stoichiometry of a Thermal Reaction and BDE
3H2   + N2  →  2NH3    ΔHrxn =  +42.3 kJ/mol    (balanced thermal chemical equation)
What does the kJ/mol mean in the context of thermal?

Energy involved when:

34.5 grams of hydrogen fully converted to ammonia

4 moles of ammonia formed

.56 grams of nitrogen react

If 21.8 kJ of energy available, how many moles of ammonia formed?

Must know the following endothermic/exothermic processes:


Bond breaking


Bond forming


Combustion


Formation equations


Phase changes

Four different ways of calculating enthalpy of a reaction

1. BDE  (bond dissociation energy)  
Look at all the bonds that are broken and formed:

Example:

3H2   + N2  →  2NH3    

	ingle Bonds
	ΔH°*
	 
	Single Bonds
	ΔH°*
	 
	Multiple Bonds
	ΔH°*

	H–H
	104.2
	
	B–F
	150
	
	C=C
	146

	C–C
	83
	
	B–O
	125
	
	N=N
	109

	N–N
	38.4
	
	C–N
	73
	
	O=O
	119

	O–O
	35
	
	N–CO
	86
	
	C=N
	147

	F–F
	36.6
	
	C–O
	85.5
	
	C=O (CO2)
	192

	Si–Si
	52
	
	O–CO
	110
	
	C=O (aldehyde)
	177

	P–P
	50
	
	C–S
	65
	
	C=O (ketone)
	178

	S–S
	54
	
	C–F
	116
	
	C=O (ester)
	179

	Cl–Cl
	58
	
	C–Cl
	81
	
	C=O (amide)
	179

	Br–Br
	46
	
	C–Br
	68
	
	C=O (halide)
	177

	I–I
	36.
	
	C–I
	51
	
	C=S (CS2)
	138

	H–C
	99
	
	C–B
	90
	
	N=O (HONO)
	143

	H–N
	93
	
	C–Si
	76
	
	P=O (POCl3)
	110

	H–O
	111
	
	C–P
	70
	
	P=S (PSCl3)
	70

	H–F
	135
	
	N–O
	55
	
	S=O (SO2)
	128

	H–Cl
	103
	
	S–O
	87
	
	S=O (DMSO)
	93

	H–Br
	87.5
	
	Si–F
	135
	
	P=P
	84

	H–I
	71
	
	Si–Cl
	90
	
	P≡P
	117

	H–B
	90
	
	Si–O
	110
	
	C≡O
	258

	H–S
	81
	
	P–Cl
	79
	
	C≡C
	200

	H–Si
	75
	
	P–Br
	65
	
	N≡N
	226

	H–P
	77
	
	P–O
	90
	
	C≡N
	213


Practice:
CH4  + 2O2   →  CO2   + 2H2O

C2H2   + Br2  →  C2H2Br2

2C3H7OH   + 9O2  →  6CO2  + 8H2O
Lesson 3:  Hess’ Law and enthalpy of formations
Lesson 3: Hess Law

1: Use the following data to determine the enthalpy (ΔH°) of reaction for:

	NO2(g) + (7/2) H2(g) ---> 2H2O(ℓ) + NH3(g)
	ΔH° = ??? kJ


Using the following two equations:

	2NH3(g) ---> N2(g) + 3H2(g)
	ΔH° = +92 kJ

	(1/2)N2(g) + 2H2O(ℓ) ---> NO2(g) + 2H2(g)
	ΔH° = +170 kJ


2: Calculate the enthapy for the following reaction:

	N2(g) + 2O2(g) ---> 2NO2(g)
	ΔH° = ??? kJ


Using the following two equations:

	N2(g) + O2(g) ---> 2NO(g)
	ΔH° = +180 kJ

	2NO2(g) ---> 2NO(g) + O2(g)
	ΔH° = +112 kJ


3: The compound carbon suboxide, C3O2, is a gas at room temperature. Use the data supplied to calculate the heat of formation of carbon suboxide.

	2CO(g) + C(s) ---> C3O2(g)
	ΔH° = +127.3 kJ

	CO(g)
	ΔH°f = -110.5 kJ


4: Calculate ΔH for this reaction:

ClF(g) + F2(g) ---> ClF3(g)

given:
	2CIF(g) + O2(g) ---> Cl2O(g) + F2O(g)
	ΔH = 167.4 kJ

	2CIF3(g) + 2O2(g) ---> Cl2O(g) + 3F2O(g)
	ΔH = 341.4 kJ

	2F2(g) + O2(g) ----> 2F2O(g)
	ΔH = -43.4 kJ


Lesson 4: the enthalpy equation and heating/cooling curve
Δ Hrxn
= Ʃ Δ Hprod -  Ʃ ΔHrxt     (these are actually Δ Ho )
Calculate the Δ Hrxn  for the following reactions:
2C4H10  +  13O2   →  8CO2   + 10H2O

CaCO3  → CaO + CO2
C2H5OH  + 3O2  → 2CO2  + 3H2O

Energy of a phase change and ΔH

Draw and label the heating curve of water

Calculate q and Δ H of heating 23.4 grams of ice from -15oC  to 120oC
Lesson 5:  Calorimetry and ΔH
Draw and label the pertinent parts of coffee cup calorimeter.

Scenario 1: solid solute in water

Hillary places 100. mL of distilled water in a coffee cup calorimeter. Before adding 2.0 grams of CaCl2 she measures the temp of water at 25oC.  After adding the salt, the water reaches a maximum temperature of 57oC.  Calculate the energy change for this reaction, then calculate the Δ Hrxn
Scenario 2: two solutions 
Donald mixes 50 mL of 1.0M HCl and 50 mL of 1.0M NaOH in a coffee cup calorimeter, the temperature of the resultant solution increased from 21.0oC to 27.5oC. Calculate the enthalpy change for the reaction in kJ/mol HCl, assuming that the calorimeter loses only a negligible quantity of heat, that the total volume of the solution is 100 mL, that its density if 1.0 g/mL and its specific heat is 4.18 J/g .K

Draw and label the pertinent parts of a bomb calorimeter

How is heat capacity different than specific heat?

Constant volume, constant pressure, and internal energy (ΔE)

Methylhydrazine (CH6N2) is used as a liquid rocket fuel.  The combustion of methylhydrazine with oxygen produces N2, CO2, and H2O:


2CH6N2 + 5O2  →  2N2 + 2CO2 + 6H2O

When 4.00 grams of methylhydrazine is combusted in a bomb calorimeter, the temperature of the calorimeter increases from 25.00 oC to 39.50oC. In a separate experiment the heat capacity of the calorimeter is measured to be 7.794 kJ/oC. calculate the heat of reaction for the combustion of a mole of CH6N2
Odds and ends of calorimetry and summary of bulleted thermo concepts
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