AP Chemistry
[bookmark: _GoBack]Unit 3 – Thermochemistry and Thermodynamics

Read and Outline Chapters 5 and 19. These outlines will be collected on the day of the Unit 3 Test.
Chapter 5 Problem Set: P. 204-213; 1, 5, 7, 17, 25, 29, 33, 39, 43, 53, 63, 65, 67, 69, 73, 112
Chapter 19 Problem Set: 1, 7, 21, 32, 43, 47, 53, 73, 75, 91

Objectives:
3.1 Classify the transfer of energy as endothermic or exothermic. 
3.2 Distinguish between kinetic energy, potential energy, and internal energy.
3.3 Define heat capacity and specific heat capacity and apply them to calculate 
      quantities in thermochemical processes.
3.4 Use calorimetry to calculate the amount of heat exchanged between the system 
      and the surroundings. 
3.5 Apply Hess’s Law to obtain enthalpy values for related reactions. 
3.6 Apply Hess’s Law to calculate ΔHorxn from known values of ΔHof
3.7 Decide whether a process will be spontaneous or nonspontaneous.
3.8 Calculate thermodynamic quantities of entropy, S, enthalpy, H, and Gibbs free energy, G.
3.9 Apply thermodynamic calculations to descriptions of equilibrium.


** Remember to update your Google Site for your lab reports. I will be scoring your labs during Fall Break so make sure everything is up to date by October 9th!
[image: ]Wrath of an Angry Fire God 1 #apchem #flamingsnowball #exothermic

Twitter Assignment: Take a video or picture of energy being exchanged between the system and the surroundings. Tweet the pic/video to @VRAPChem and tag it with #apchem and #endothermic or #exothermic, depending on your observation. Please make sure it’s clear that your picture is something you actually observed and not something you found on Google or Tumblr. 
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	Big Idea 5: Thermodynamics
	
	

	 
	Achievement Level 3
	Achievement Level 4
	Achievement Level 5

	Nature of Heat and Transfer
	Identifies subsystems involved in a heat transfer process and the type of process occurring in each subsystem, for simple cases.  Articulates that temperature is a measure of average kinetic energy transfer.  Solves simple heat transfer problems, for instance, those involving heat transfer in which no phase changes or reactions occur
	Identifies subsystems for more complex situations, such as situations involving work or reactions occurring in solution.  Solves heat transfer problems that involve phase transitions.  Relates average particle velocities to temperature and mass (e.g., that less-massive particles move faster at a given temperature), including connections to particulate representations.
	Solves heat transfer problems that involve chemical reactions.  Delineates the distribution of kinetic energies present at a given temperature, including connections to particulate representations.

	Nature of Chemical Energy
	States that breaking a bond requires energy.  Uses mathematical relations that relate heat to heat capacity, for simple situations.  Generates and interprets graphical representations, capturing the relative state energies of chemical substances.
	Connects the bond energies of reactants and products to the heat of reaction.  Delineates qualitatively the origins and consequences of substances that have different heat capactities (distinction between heat and temperature).  Explains relative magnitudes of thermodynamic properties in terms of molecular structure of the materials and the strength and nature of chemical bonds and intermolecular forces.  Interprets a graph of energy versus interparticle separation.  Analyzes energy transformations for complex, multicomponent or multistep processes.
	Generates and articulates with diagrams showing energy versus interparticle seperation.  Delineates heat and energy in complex systems, such as those arising in biological systems.

	Free Energy and Work
	States a form of the second law.  Qualitatively ranks the entropy changes associated with various chemical processes.  Calculates free energy for a process given the change in enthalpy and entropy, and identifies the sign of the result as indicating favorability.  Communicates that both enthalpy and entropy must be considered to determine sontaneity.
	Estimates the magnitude of the entropy change associated with a process, using particulate-level reasoning.  From information about the occurrence of an endothermic process, identifies that the entropy must be increasing.  Explains the use of coupled processes to drive unfavorable thermodynamic processes, such as the use of a battery to drive and electrolytic cell.
	Describes how heat is connected to PV work, and that the second law limits the ability to convert hear to work.  Relates the consequences of positive versus negative /\G, for instance, articulates that processes with /\G > 0 may still occur, depending on initial conditions.  Explains the distinction between processes that are thermodynamically unfavorable versus reactions that are to kinetically slow to be observed

	Calorimetry
	States the connection between calorimetry and the law of conservation of energy.  Interprets data from calorimetry experiment to determine the heat liberated by a chemical process.  Explains that the value of /\H is tied to a particular equation and when coefficients are multiplied, the value of /\H is also multiplied and when the equation is reversed, the sign /\H changes.
	Interprets data from a calorimetry experiment to determine heat capacity or heat of fusion.  Uses Hess's law to add together steps of a chemical process to determine overall reaction enthalpy or establish a reaction as endo-/exothermic.
	Interprets data from a calorimetry experiment to determine heat of reaction or dissolution.  Designs and interprets a calorimetry experiment.





Podcast 4.1: Energy
Energy is...





State Function:  
· Energy  
· Enthalpy  
· Work… 

Heat:  

· From the ____________ object to the ______________ one.
Work:   
· 
· energy expended to move an object against a force
Work in Chemical Processes



· Work can be calculated by  
· Units of 
Two Main Forms of Energy
· Kinetic Energy – energy due to ____________
· KE or Ek = 
· Potential Energy – energy that an object possesses by virtue of its _____________ or _______________ relative to other objects.
· PE or Ep = 
Kinetic Energy
A 45 g golf ball is driven off the tee with a velocity of 61 m/s. Calculate the kinetic energy that was transferred from the golfer to the golf ball in this drive.





Potential Energy
The same golf ball achieved a maximum height of only 150m. Calculate the difference in kinetic and potential energy and give a possible explanation for this discrepency.







Internal Energy – sum of  
·   

· Δ E = 

· +Δ E =  

· -Δ E =  

Units for Energy
· SI unit = 
· Other common unit = 
· Calorie:     
· 	1 cal = _________ J
· 	1 Cal = ________ cal 



Podcast 4.2: Endothermic and Exothermic Processes
Thermochemical  Reactions 
· involve a specific amount of matter called the ____________. 
· Everything outside system is called ____________________.
· Energy can be  

The Universe
· 
·  
·  
· 
What’s in a Pre-fix?
· __________________ reactions release energy to the surroundings.
· __________________ reactions absorb energy from the surroundings.
Conservation of Energy
· 1st Law of Thermodynamics –  
· ΔE = 
· w is __________ done on the system
· q is ___________ liberated from system			
Chemical Reactions
· Reactions that give off heat are called _________________
* 
· Reactions that absorb heat are called __________________
* 

Assignment #1
Determine if the following processes are endothermic or exothermic? Then Explain why. 

1. When solid potassium bromide (endo or exo) is dissolved in water (endo or exo), the solution gets colder.


2. Natural gas ( CH4 ) is burned (endo or exo) in a furnace to heat the house (endo or exo). 


3. When concentrated H2SO4 (endo or exo) is added to water (endo or exo), the solution gets very hot. 


4. Water (endo or exo) is boiled in a teakettle while sitting on the stove “element” (endo or exo).


Podcast 4.3: Enthalpy
Enthalpy is a State Function
· The value for a state function depends only on  

· Enthalpy, H, is also a state function
· ___________________ Function
· accounts for  
· H = 
· ΔH = 
· for a gas => work = 
· ΔE = 
· 	SO…
·   ΔH = 
· Change in enthalpy =   

Enthalpies of Rxn 
· ΔH = 
		So…
· ΔH = 
this can also be called the heat of reaction or ΔHrxn
IF…
·   ΔH is -   => __________________________
·   ΔH is +  => __________________________
Thermochemical Equations
·  a chemical reaction that shows 
Example  


Calculations with Enthalpy
· pay attention to __________________!
· the sign of the enthalpy change is ___________________ if the reverse reaction occurs
· Pay attention to the state of matter!
Example Problem
2Mg(s) + O2 (g)  2MgO(s)   ΔH = -1204 kJ
a) Is this reaction exothermic or endothermic?


b) Calculate the amount of heat transferred when 2.4 g of Mg reacts at constant pressure.




c) How many grams of MgO are produced during an enthalpy change of -96.0 kJ?



d) How many kilojoules of heat are absorbed when 7.50 g of MgO is decomposed into Mg and O2 ?

Assignment #2
Stoichiometry and Enthalpy

1. The complete combustion of glucose, C6H12O6 , in oxygen gas, O2, produces carbon dioxide and water. It is a highly exothermic process releasing 1273.02 kJ of heat per mole of glucose. Write the balanced thermochemical equation, using all whole-number coefficients. Also, determine the enthalpy change in burning 250.0 grams of glucose.




2. Large beds of rocks are used in some solar-heated homes to store heat. Assume that the specific heat of the rocks is 0.82 J/gK. Calculate the quantity of heat absorbed by 50 kg of rocks if their temperature increases by 12.0 oC.




3. The reaction represented below is one that contributes significantly to the formation of photochemical smog.		
2 NO(g) + O2(g)  2 NO2(g)	ΔHo = -114.1 kJ, ΔSo = -146.5 J K-1
  
 Calculate the quantity of heat released when 73.1 g of NO(g) is converted to NO2(g).






Energy and Changes in State
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	 in Kinetic Energy
	 in Potential Energy
	 in Kinetic Energy
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	Vaporization  (endothermic)
	

	
	


	Melting  (endothermic)
	
	
	

	Heat (or time that constant amt heat added) in Joules   




Assignment #3
HEATING CURVE CALCULATIONS

	[image: ]
	In the heating and cooling curves tutorial we learned that energy is absorbed by a substance as it warms up, melts (fusion) or boils (vaporization) and energy is released from a substance as it cools down, condenses, or freezes.

Calorimetry (q=mCT) allows us to calculate the energy changes as a substance warms or cools.  (1, 3, & 5)

The energies involved in phase changes (areas 2 & 4) are the Heat of Vaporization (liquid  gas) and the Heat of Fusion (solid  liquid).  These energies will be used as conversion factors.



	Heat of Vaporization or
Heat of Condensation
of water
	Heat of Fusion (melting) or
Heat of Solidification
of water

	
Hvap = 
	
Hfus = 


Joules (J) are energy units.  It takes 4.184 Joules of energy to heat 1 gram of water by 1 C.

	Examples:
Calculate the energy needed to vaporize 10.0 g of water.

10.0 g H2O x = 23,000 J = 23.0 kJ

Calculate the energy released when 10.0 kg of water melts.


10.0 kg H2O x  x  = 3,350,000 J = 3,350 kJ



Do the following calculations.  Show your equation for each problem.  Box your answers.

1.	Calculate the energy needed to vaporize…
	a)	15.0 g of water
	b)	5.75 kg of water
	c)	3.88 moles of water
	This is represented on the Heating Curve as Section ____.
2.	Calculate the mass of water (in grams) that will be vaporized by…
	a)	20.0 kJ of energy
	b)	175 kJ of energy
	c)	135 J of energy

3.	Calculate the energy needed to melt…
	a)	23.0 g of water
	b)	8.75 kg of water
	c)	3.25 moles of water
	This is represented on the Heating Curve as Section ____.

4.	Calculate the mass of water (in grams) that will be melted by…
	a)	30.0 kJ of energy
	b)	7.60 kJ of energy
	c)	133 J of energy

5.	Calculate the energy…
	a)	absorbed by 35.8 g of ice melting
	b)	released as 88.5 g of water vapor condenses
	c)	released as 92.2 g of water freezes
	d)	absorbed as 13.6 g of water vaporizes
	e)	absorbed when 2.25 moles of ice melts
	f)	absorbed when 2.25 moles of water vaporizes

6.	A 25.00 gram sample of ice at 0.0°C melts and then warms up to 20.0°C.  How much energy is absorbed?
	

This problem  is represented on the Heating Curve as Sections ____ & ____.


Podcast 4.4: Calorimetry and Heat Capacity
Calorimetry: Measurement of heat flow for a reaction
· conducted in a ________________
· _____________________ – amount of heat required to raise an objects temperature by 1°C or 1K.
· The greater the heat capacity, the greater  

· Molar Heat Capacity = the heat capacity of ________________ of a substance. 
· Specific Heat =  
· Specific Heat = 


First Law of Thermodynamics 
·  


*Remember that the magnitude of temperature change in K is equal to that in °C.
Constant – pressure Calorimetry: 
· Most effective because ΔH = 
· “_____________________” calorimeter used because the pressure of the system will be the same as the atmospheric pressure.
· Heat produced by the reaction is entirely absorbed by the solution.

            q = 
· qsoln = 

· qrxn < 0  ___________________
· qrxn > 0  ___________________
Bomb Calorimetry – Constant Volume
· used for ___________________ reactions due to pressure changes
· Heat produced by reaction is measured by  
Bomb Calorimeter
(Sketch lab setup)







qrxn = 
· Ccal =   
(Standardized by a known hydrocarbon) 
Ccal  =    
· ΔT of the Calorimeter
· The heat produced in these experiments will be equal to ____________      (volume is constant, work = 0 )


Example 1: 
The specific heat of graphite is 0.71 J/gºC. Calculate the energy needed to raise the temperature of 75 kg of graphite from 294 K to 348 K.











Example 2
A 46.2 g sample of copper is heated to 95.4ºC and then placed in a calorimeter containing 75.0 g of water at 19.6ºC. The final temperature of both the water and the copper is 21.8ºC. What is the specific heat of copper?











Example 3
A 2.200 g sample of quinone (C6H4O2) is burned in a bomb calorimeter whose total heat capacity is 7.854 kJ/oC. The temperature of the calorimeter increases from 23.44 oC to 30.57 oC. What is the heat of combustion per gram of quinone? Per mole of quinone?











Assignment #4
[image: ]
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Assignment #5
Heat Capacity and Calorimetry
[image: ]
1. Calculate the heat capacity of a unknown substance with an initial temperature of 23.3 oC, that was able to absorb 8735 J of energy and its final temperature was 25.7 oC.




2. A 2.50 kg piece of copper metal is heated from 25 0C to 225 0C. How much heat, in kJ, is absorbed by the copper ? The specific heat for copper is 0.384 J / g 0C.




3. An unknown metal, with a mass of 125 grams, is in a beaker of boiling water, at a temperature of 99.87 0C, after a few minutes, the metal IS QUICKLY moved to the calorimeter with 250 milliliters of water at a temperature of 293 K. After a small amount of time has passed, the temperature of the water in the calorimeter changed (and stopped changing) to 297.3 K. What is the specific heat of the metal (with the correct units for specific heat)?





4. In this problem, 157.0 mL of 0.350 M Pb(ClO3)2 and 75.3 mL of 0.220 M CuSO4 are mixed together. First, will this reaction occur? If so what is the NET equation of this reaction? The initial temperature of the solution was 19 0C, and the final temperature was 32.8 0C. Determine the enthalpy, in kJ / mol, for the formation of the product (if there is one ???). The volume of the final solution was 232.3 mL, and it had a density of 1.085 g/mL. The specific heat of water is 4.18 J / g 0C.





5. The specific heat of ice is 2.1 J/gºC. Calculate the energy needed to raise the temperature of 50 kg of ice from 220 K to 273 K.




6. The temperature of a piece of unknown metal with a mass of 18.0 g increases from 25.0C to 40C when the metal absorbs 124.2 J of heat. What is the specific heat of the unknown metal? Compare your answer to the values listed for specific heat of metals in your textbook (or other resource). What is the identity of the unknown metal?


Podcast 4.5: Applications of Hess’s Law
Hess’s Law 
· Used because Enthalpy of a reaction is a _______________________________.
· This law states that if a rxn is carried out in a series of steps, ΔH for the reaction will equal _________________________________________ for the individual steps.
·  


Example 1: Calculate the Enthalpy change for the combustion of CH4  to form CO2 and liquid water.
CH4  (g) + 2O2 (g)  → CO2(g) + 2H2O (g)  		ΔH = -802kJ
								
2H2O (g) → 2H2O (l)   				ΔH = -88 kJ 
								
CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)  		ΔH = ?



							          
Example 2: The enthalpy of combustion of C to CO2 is -393.5 kJ/mol and the enthalpy of combustion of CO to CO2 is -283.0 kJ/mol.
C (s) + O2 (g)  → CO2 (g)              ΔH = -393.5 kJ
CO (g) + ½ O2 (g) → CO2 (g)        ΔH = -283.0 kJ
Using this data, calculate the enthalpy of combustion of C to CO by the reaction C(s) + ½ O2 (g) →  CO(g) 







Assignment #6

Calculations of Enthalpy from Related Reactions

1. Calculate the enthalpy for the following reaction:
[image: ]
2. Calculate the enthalpy for the following reaction:
[image: ]

3. From the following enthalpy changes, calculate the value of ∆H for the reaction of C + O2  CO2

[image: ]

4. From the following enthalpy changes, calculate the value of ∆H for the reaction of PCl3 + Cl2  PCl5

[image: ]

5. From the following enthalpy changes, calculate the value of ∆H for the reaction of 
C2H5OH  CH3OCH3

[image: ]

6. From the following enthalpy changes, calculate the value of ∆H for the reaction of 2C + H2  C2H2
[image: ]
Podcast 4.6: Enthalpy of Formation
Enthalpy of Formation, ΔHf
· ______________________________ involved in the formation of a compound
· Based on Standard State of the substance



· Standard Conditions shown by “ o ”
Standard Enthalpy – enthalpy change when all reactants and products are in their standard state. 
· _____________________________________ –  


Using Appendix C, p. 1123-1125
· ΔH°f  values are published in tables for common reactions
· Values reported are for ________ of a substance at __________
· Values are only reported for ____________, because elements are not formed.  
· ΔH°f = _______   for any element by definition
Values are used along with Hess’s Law
· ΔH°rxn = 


Example 1: What is the standard heat of reaction for the combustion of hydrogen sulfide?
∆Hfo H2S = -20.1 kJ/mol
∆Hfo SO2 = -296.8 kJ/mol
∆Hfo  H2O = -241.8 kJ





Example 2: Calcium carbide (CaC2) reacts with water to form acetylene (C2H2) and Ca(OH)2. 
From the following thermochemical equation and the data in Appendix C, calculate ∆Hfo  for CaC2(s).
CaC2(s) + 2H2O(l)  Ca(OH)2 (s) + C2H2 (g) ∆Ho =-127.2 kJ








Assignment #7
Heat of Formation

1. Determine the standard enthalpy of reaction for the combustion of hydrogen sulfide gas, which proceeds according to the reaction shown below:
[image: ]

2. Use the information shown above to determine the standard enthalpy change for the formation of nitrogen dioxide shown in the reaction below:
[image: ]





3. Use Appendix C in the back of your textbook to calculate ΔHfo in kilojoules for the following reactions.
a. 2NO (g) + O2 (g)  2NO2 (g)



b. NaOH(s) + HCl(g)  NaCl(s) + H2O(g)



4. Use a standard enthalpies of formation table to determine the change in enthalpy, ΔHfo , for each of these reactions.
a. 2CO(g) + O2(g)  2CO2(g)



b. CH4(g) + 2O2(g)  CO2(g) + 2H2O(l)



c. 2H2S(g) + 3O2(g)  2H2O(l) + 2SO2(g)

5. Calculate ΔHfo for these reactions. In each case, state whether the reaction is exothermic or endothermic, rewrite the equation as a thermochemical equation to include the heat term.
a. SO2 + ½ O2(g)  SO3(g)


b. CaO(s) + H2O(l)  Ca(OH)2(s)


c. N2(g) + 3H2(g)  2NH3(g)


d. C6H6(l) + 1 ½ O2(g)  6C(s) + 3H2O(l)


e. NH3(g) + HCl(g)  NH4Cl(s)


6. When a 2.000-gram sample of pure phenol, C6H5OH(s), is completely burned according to the equation above, 64.98 kilojoules of heat is released. Use the information in the table below to answer the questions that follow. 

C6H5OH(s) + 7 O2(g) → 6 CO2(g) + 3H2O(l)

	Substance 
	Standard Heat of Formation, ΔH°f, at 25°C (kJ/mol) 
	Absolute Entropy, S°, at 25°C (J/mol-K) 

	C(graphite)
	0.00
	5.69

	CO2(g)
	-395.5
	213.6

	H2(g)
	0.00
	130.6

	H2O(l)
	-285.85
	69.91

	O2(g)
	0.00
	205.0

	C6H5OH(s)
	?
	144.0



a. Calculate the molar heat of combustion of phenol in kilojoules per mole at 25°C. 


b. Calculate the standard heat of formation, ΔH°f, of phenol in kilojoules per mole at 25°C


Integrated Concept Question 
Propane, C3H8, is a hydrocarbon that is commonly used as fuel for cooking.
7. (a) Write a balanced equation for the complete combustion of propane gas, which yields CO2(g) and H2O(l)
a. The heat of combustion of propane is -2,220.1 kJ/mol. Calculate the heat of formation, H°f, of propane given that H°f of H2O(l) = -285.3 kJ/mol and H°f of CO2(g) = -393.5 kJ/mol.


b. Assuming that all of the heat evolved in burning 30.0 grams of propane is transferred to 8.00 kilograms of water (specific heat = 4.18 J/g · K), calculate the increase in temperature of the water.



Assignment #8
Rally-Coach: Practice with Net Ionic Equations


1) Ethanol, C2H5OH, is burned in oxygen.



2) Chlorine gas is bubbled into a cold, dilute solution of potassium hydroxide.



3) A solution of iron(II) nitrate is exposed to air for an extended period of time.


4) Excess concentrated sulfuric acid is added to solid calcium phosphate.


5) A concentrated solution of ammonia is added to a solution of zinc iodide. 


6) Hydrogen sulfide gas is bubbled into a solution of mercury(II) chloride.


7) Solid calcium hydride is added to distilled water.


8) Solid aluminum oxide is added to a solution of sodium hydroxide.


9) Solid calcium oxide is heated in the presence of sulfur trioxide gas.


10) Equal volumes of 0.1-molar sulfuric acid and 0.1-molar potassium hydroxide are mixed.
1) 
Calcium metal is heated strongly in nitrogen gas.


2) A concentrated solution of hydrochloric acid is added to powdered manganese dioxide and gently heated.


3) A bar of zinc metal is immersed in a solution of copper(II) sulfate.


4) A solution of copper(II) sulfate is added to a solution of barium hydroxide.


5) An excess of sodium hydroxide solution is added to a solution of magnesium nitrate.


6) Solid lithium hydride is added to water.



7) Solutions of ammonia and hydrofluoric acid are mixed.


8) A piece of aluminum metal is added to a solution of silver nitrate.


9) An excess of nitric acid solution is added to a solution of tetraaminecopper(II) sulfate.


10) Carbon dioxide gas is bubbled through water containing a suspension of calcium carbonate.






Thermodynamics: The study of energy relationships (Chapter 19)
Podcast 14.1 Spontaneity
Spontaneous Reactions
·               
favor the formation of ________
· 

*Does NOT:
*_______________ and _______________ have great impacts on spontaneous reactions
Free Energy, ∆G
· Energy available to do __________
· 
· 
· Measure of the __________________ of a system
· Law of Disorder: 


Entropy and Phase of Matter
· Entropy of _______________ is greater than the entropy of a _____________  or ____________
· ______________ entropy is greater than a ______________ entropy
· Entropy for a reaction will _____________ when:
· Entropy also increases when a substance is ____________  ______   ________ .
· Entropy increases when: 

· Temp Increase  = ____________ Increase


The Meaning of the Signs of Thermodynamic Properties













	Property
	Positive (+)
	Negative (-)

	∆H
	
	

	∆S
	
	

	∆G
	
	




	Heat Change, ∆H
	Entropy, ∆S
	Reaction Type

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Example 1:  H2O (s)  H2O (l)
A. When is this process spontaneous?

B. When is this process non-spontaneous?

*It all depends on the _________________________!






Assignment # 9

[image: ]

Podcast 13.2: Calculations in Thermodynamics
____________ measurement of Disorder of a system
· Symbol = 
· Units = 
· Standard Entropy = 
	at 25 oC and 101.3kPa
· A perfect crystal at 0 K would have ∆S=0
· ∆So = ____________ - _____________
Example 2:(use Appendix C p. 558)
H2 (g) + Cl2 (g)  2HCl (g)





Example 3: Calculate the ∆S for both the forward and reverse reactions for the synthesis of water.





Free Energy Calculations
· Gibbs Free Energy Change, _______
· 
· Relates to ________________ AND ______________ changes
· Gibbs Free Energy Change, _______
· Maximum amount of energy that can be coupled to another process to do useful work

∆G = _______ - _________

· If ∆G is negative, the process is______________
· If ∆G is positive, the process is ______________
· If ∆G is 0, the process is ____________________

Example 4: Calculate the Free Energy for the following reaction to determine if it is spontaneous at 25oC
C(s)   +   O2(g)    CO2(g)




Assignment #10

[image: ]

Podcast 13.3 Free Energy and Equilibrium
	∆Go = ∆Ho – T∆ So can be used algebraically to solve for any unknown quantity ∆Ho, T, or ∆ So 
Free energy at                                      Reaction Quotient
 Non-standard		                     (compare to Keq )
 Conditions
Free Energy and Equilibrium Rearrange equation to solve for K

At standard conditions, Q = Keq
∆Go = 
∆Go = 
∆Go = 
∆Go = 

Calculating Enthalpy, ∆H
1. .
2. .
3. .
4. .
Calculating Free Energy, G
1. .
2. .
3. .

Example 5: Calculate ∆H,  ∆S, and ∆Go for the following reaction at 298K: Use the appendix in your book to find the individual values.
2SO2(g) + O2(g)  2SO3(g)





Example 6: Consider the ammonia synthesis reaction:  N2(g) + 3H2(g)  2NH3(g)
where ∆ G = -33.3 kJ/mol of N2 consumed at 25oC. Calculate the value for the equilibrium constant.       
∆Go = - RT lnKeq  




Example 7: Calculate the value of ∆Go for the following reaction at 389K where the [NH3] = 2.0 M,              [H2] = 1.25 M, and [N2] = 3.01 M
N2(g)   +   3H2(g)        2NH3(g)



Assignment #11
THERMODYNAMICS REVIEW
2 Fe (s) + 3/2 O2 (g) → Fe2O3 (s)             ΔH0f = -824 kJ mol-1 
1. Iron reacts with oxygen to produced iron(III) oxide, as represented by the equation above. A 75.0 gram sample of Fe(s) is mixed with 11.5 L of O2 (g) at 2.66 atm and 298 K. 
(a) Calculate the number of moles of each of the following before the reaction begins. 
(i) Fe(s) 
(ii) O2 (g) 
(b) Identify the limiting reactant when the mixture is heated to produce Fe2O3 (s). Support your answer with calculations. 
(c) Calculate the number of moles of Fe2O3 (s) produced when the reaction proceeds to completion. 
(d) The standard free energy of formation, ΔG0f , of Fe2O3 (s) is -740 kJ mol-1 at 298 K.
(i) Calculate the standard entropy of formation, ΔS0f , of Fe2O3 (s) at 298 K, Include units with your    answer. 
(ii) Which is more responsible for the spontaneity of this reaction at 298 K, the standard enthalpy of formation, ΔH0f , or the standard entropy formation, ΔS0f ? Justify your answer. 
The reaction represented below also produces iron(III) oxide. The value of ΔH0 for the reaction is -280 kJ mol-1 of Fe2O3 (s) formed. 
2 FeO (s) + ½ O2 (g) → Fe2O3 (s) 
(e) Calculate the standard enthalpy of formation, ΔH0f , for FeO (s). (Another Hint: Remember, questions like this give information that may be vital in earlier parts… )



2003 FRQ
7. Answer the following questions that relate to the chemistry of nitrogen.

a.	Two nitrogen atoms combine to form a nitrogen molecule, as represented by the following equation

		2 N(g)  N2 (g)

Using the table of average bond energies below, determine the enthalpy change, ΔH, for the reaction.

Bond		Average Bond Energy (kJ mol-1)
N – N		160
N = N		420
N ≡ N		950

b.	The reaction between nitrogen and hydrogen to form ammonia is represented below.

		N2(g) + 3 H2(g)  2 NH3(g)			ΔHo = - 92.2 kJ

Predict the sign of the standard entropy change, ΔSo, for the reaction.  Justify your answer.

c.	The value of ΔGo for the reaction represented in part (b) is negative at low temperatures but positive at high temperatures.  Explain

d.	When N2(g) and H2(g) are placed in a sealed container at a low temperature, no measurable amount of NH3(g) is produced. Explain.

8.	Using the information in the table, answer the following questions about organic compounds.

	Compound Name		Compound Formula		ΔHvapo (kJ mol-1)

	Propane			CH3CH2CH3			19.0
	Propanone			CH3COCH3			32.0
	1-propanol			CH3CH2CH2OH		47.3

	a.	For propanone,

i.	draw the complete structural formula (showing all atoms and bonds)

		ii.	predict the approximate carbon-to-carbon-to-carbon bond angle.

b.	For each pair of compounds below, explain why they do not have the same value for their standard heat of vaporization, ΔHvapo.  (You must include specific information about both compounds in each pair.)

		i.	propane and propanone

		ii.	propanone and 1-propanol

c.	Draw the complete structural formula for an isomer of the molecule you drew in part a. i.

	d.	Given the structural formula for propyne below,

[image: 03fig8.jpg]

i.	indicate the hybridization of the carbon atom indicated by the arrow in the structure above;

ii.	indicate the total number of sigma (σ) bonds and the total number of pi (π) bonds in the molecule.
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AP CHEMISTRY 
 



TOPIC 9: THERMODYNAMICS, PART B,             EXAMPLES, PART II Day 109: 



  Hess�’s law  Enthalpy of Formation  Spontaneity  Entropy  Heat Capacity 



 
HEAT CAPACITY: 



 Heat capacity, Cp , is a measure of how much the temperature of an object is raised when it absorbs heat.  An object 
with a large heat capacity can absorb a lot of heat without undergoing much of a change in temperature,  whereas 
an object with a small heat capacity shows a large increases in temperature even if a small amount of heat is 
absorbed. 



 
 The equation that appears on your AP Chem equation sheet: 



T
HCp     units:    



C
J



0  



Example #1:  Calculate the heat capacity of an unknown substance, with an initial temperature of 23.3 0C, that was able to 
absorb 8735 joules of energy and its final temperature was 25.7 0C. 



 



)3.237.25(
8735



00 CC
J



T
HC p = 3640  J  0C-1 



 
Example #2: . Determine the standard enthalpy of reaction for the combustion of hydrogen sulfide gas, which proceeds 



according to the reaction shown below: 
 



2 H2S (g)  +  3 O2 (g)    2  H2O (l)  +  2 SO2 (g)  
 



 The standard enthalpies for the constituents are as follows: 
 



Formula H0
f   ( kJ mol-1 ) 



H2S (g) - 20 
H2O (l) - 285.8 
SO2 (g) - 296.8 



Answer: 
H0



 rxn  =  n H0
f   (products)  -  m H0



f   (reactants) 
 



H0
 rxn  =  [ ( 2 )( - 285.8 kJ )  +  ( 2 )( - 2896.8 kJ )  ]  -  [ ( 2 )( 20 kJ )  +  0 ]  =  - 1125.2 kJ 



 
Example #3:  Use the information shown above to determine the standard enthalpy change for the formation of nitrogen 



dioxide shown in the reaction below: 
2 NO (g)  +  O2 (g)    2  NO2 (g)  



 
Formula H0



f   ( kJ mol-1 ) 
NO (g) 90.37 
O2 (g) 0 



NO2 (g) 33.84 
Answer: 



H0
 rxn  =  n H0



f   (products)  -  m H0
f   (reactants) 



 
H0



 rxn  =  [ ( 2 )( 33.84 kJ ) ]  -  [ ( 2 )( 90.37 kJ )  +  0 ]  =  - 113.06 kJ  
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Example #4:  Calculate the enthalpy for the following reaction: 
 



N2 (g)  +  2 O2 (g)    2  NO2 (g)  H0 = ??? kJ 
 
Using the following two equations: 
 



N2 (g)  +  O2 (g)    2 NO (g)           H0  =  + 180 kJ 



2  NO2 (g)    2 NO (g)  +  O2 (g)     H0  =  + 112 kJ 
 
 
 
 
 
 
 
 
 
 



Example #5:  Calculate the enthalpy for the following reaction: 
 



2 N2 (g)  +  5 O2 (g)    2 N2O5 (g)   H0 = ??? kJ 
 
Using the following two equations: 
 



H2 (g)  +  
1
2



O2 (g)    H2O (l)           H0  =  - 285.8 kJ 



N2O5 (g)   +  H2O (l)   2 HNO3 (l)     H0  =  - 76.6 kJ 



1
2



 N2 (g)   + 
3
2



 O2 (l) +  
1
2



 H2 (g)    HNO3 (l)     H0  =  - 174.1 kJ 



 
 



Answer 



N2 (g)  +  O2 (g)    2 NO (g)           H0  =  + 180 kJ 



2 NO (g)  +  O2 (g)    2  NO2 (g)         H0  =  - 112 kJ 
 



N2 (g)  +  2 O2 (g)    2  NO2 (g)  H0 =  + 68 kJ 
 



Answer 



2  (  H2O (l)    H2 (g)  +  1
2



O2 (g) )   H0  =  2 ( + 285.8 kJ ) = + 571.6 kJ 



2  ( 2 HNO3 (l)    N2O5 (g)   +  H2O (l) )     H0  =  2 ( + 76.6 kJ ) = + 153.3 kJ 



 4  ( 1
2



 N2 (g)   + 3
2



 O2 (l) +  1
2



 H2 (g)    HNO3 (l) )    H0  =  4 ( - 174.1 kJ ) = - 696.4 kJ 



 



2 N2 (g)  +  5 O2 (g)    2 N2O5 (g)   H0  =  + 28.5 kJ 
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AP CHEMISTRY 
 



TOPIC 9: THERMODYNAMICS, PART B,             EXAMPLES, PART II Day 109: 



  Hess�’s law  Enthalpy of Formation  Spontaneity  Entropy  Heat Capacity 



 
HEAT CAPACITY: 



 Heat capacity, Cp , is a measure of how much the temperature of an object is raised when it absorbs heat.  An object 
with a large heat capacity can absorb a lot of heat without undergoing much of a change in temperature,  whereas 
an object with a small heat capacity shows a large increases in temperature even if a small amount of heat is 
absorbed. 



 
 The equation that appears on your AP Chem equation sheet: 



T
HCp     units:    



C
J



0  



Example #1:  Calculate the heat capacity of an unknown substance, with an initial temperature of 23.3 0C, that was able to 
absorb 8735 joules of energy and its final temperature was 25.7 0C. 



 



)3.237.25(
8735



00 CC
J



T
HC p = 3640  J  0C-1 



 
Example #2: . Determine the standard enthalpy of reaction for the combustion of hydrogen sulfide gas, which proceeds 



according to the reaction shown below: 
 



2 H2S (g)  +  3 O2 (g)    2  H2O (l)  +  2 SO2 (g)  
 



 The standard enthalpies for the constituents are as follows: 
 



Formula H0
f   ( kJ mol-1 ) 



H2S (g) - 20 
H2O (l) - 285.8 
SO2 (g) - 296.8 



Answer: 
H0



 rxn  =  n H0
f   (products)  -  m H0



f   (reactants) 
 



H0
 rxn  =  [ ( 2 )( - 285.8 kJ )  +  ( 2 )( - 2896.8 kJ )  ]  -  [ ( 2 )( 20 kJ )  +  0 ]  =  - 1125.2 kJ 



 
Example #3:  Use the information shown above to determine the standard enthalpy change for the formation of nitrogen 



dioxide shown in the reaction below: 
2 NO (g)  +  O2 (g)    2  NO2 (g)  



 
Formula H0



f   ( kJ mol-1 ) 
NO (g) 90.37 
O2 (g) 0 



NO2 (g) 33.84 
Answer: 



H0
 rxn  =  n H0



f   (products)  -  m H0
f   (reactants) 



 
H0



 rxn  =  [ ( 2 )( 33.84 kJ ) ]  -  [ ( 2 )( 90.37 kJ )  +  0 ]  =  - 113.06 kJ  
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TOPIC 9: THERMODYNAMICS, PART B,             EXAMPLES, PART II Day 109: 



  Hess�’s law  Enthalpy of Formation  Spontaneity  Entropy  Heat Capacity 



 
HEAT CAPACITY: 



 Heat capacity, Cp , is a measure of how much the temperature of an object is raised when it absorbs heat.  An object 
with a large heat capacity can absorb a lot of heat without undergoing much of a change in temperature,  whereas 
an object with a small heat capacity shows a large increases in temperature even if a small amount of heat is 
absorbed. 



 
 The equation that appears on your AP Chem equation sheet: 



T
HCp     units:    



C
J



0  



Example #1:  Calculate the heat capacity of an unknown substance, with an initial temperature of 23.3 0C, that was able to 
absorb 8735 joules of energy and its final temperature was 25.7 0C. 
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dioxide shown in the reaction below: 
2 NO (g)  +  O2 (g)    2  NO2 (g)  



 
Formula H0
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ENTROPY | ST

Entropy Is the degree of randomness in a substance. The symbol for change in
entropy Is AS.

Solids are very ordered and have low entropy. Liquids and aqueous jons have more
entropy because they move about more freely, and gases have an even larger amount
of entropy. According to the Second Law of Thermodynamics, nature is always
proceeding fo a state of higher entropy.

Determine whether the following reactions show an Increase or decrease in entropy.

1. 2KCIO() — 2KCI(s) + 30,

2. HO0 - HO6) -
3. N@) + 3H (@) — 2NH(Q) R —
4. NaClis) — No*(ag) + ClHoq) U
5. KCls) — KCI(

6. COLs) — COLQ)

7. Haq) + CH,0,(@a) — HCHO,D
8. C® + OLQ — COLQ)

9. H (0 + Cl@) — 2HCIQ)

10. Agtaq) + Ciaa) — AgCl(s)

11, 2N,0.(@) — 4NOL@) + OQ)

12, 2AI6) + 31,8 — 2All(s

13. H'(o® + OH(ag) — H,OM

T

14. 2NO@ — Ni@ + OLQ)

15. H,0(Q) — HOM
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GIBBS FREE ENERGY Name

For a reaction to be spontaneous, the sign of AG (Glbbs Free Energy) must be negative,
The mathematical formula for this vaiue Is:

AG = AH -~ TAS
where AH = change in enthalpy or heat of reaction

T = temperature in Kelvin
AS = change In entropy or randomness

Compilete the table for the sign of AG; +, - or
undetermined. When conditions allow for an
undetermined sigh of AG, temperature will
declde spontanelty.

Answer the questions below.

1. The conditions in which AG is always
negative is when AH is
and AS Is

2. The conditions in which AG Is olways positive Is when AH Is and
ASis

3. When the situation Is indeterminate, a low temperature favors the (‘entropy /
enthalpy ) factor, and a high temperature favors the (entropy / enthalpy ) factor.

Answer Problems 4-6 with always, sometimes or never.

4, The reaction; Na(OH), = Na+(aq) + OH-(aa) + energy will
be spontaneous.

5. Thereaction: energy + 2H,(g) + Og) — 2H,0 () wil be
spontaneous.

6. Thereaction: energy + H,O(s) — H,O() will be spontaneous.
7. What Is the value of AG If AH = -32.0 kJ, AS = +25.0 kd/Kand T = 293 K? |

8. Is the reaction in Problem 7 spontaneous?

9. What Is the value of AG If AH = +12.0 kJ, AS = -5.00 kJ/K and T = 290, K?

10. Is the reaction in Problem 9 spontaneous?
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