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AP Chemistry Concept List – EQUILIBRIUM
All Problems are equilibrium problems because

All problems involve stoichiometry: soluble salts, strong acids, strong bases

Some problems involve equilibrium: “insoluble” salts, weak acids, weak bases

For chemical reactions – Keq, Kc, and Kp are the important quantities

For physical changes – Ka, Kb, Ksp, Kionize, and Kdissocation are the important quantities

Important points

1.
Law of mass action

2.
Kc for molarity for ions and gases

3.
Kp with atm, or mmHg for gases



Relationship / connection between these Kp = Kc (RT)Δn
4.
Shifting equilibrium – Le Chatelier’s Principle


a.
solid


b.
liquid


c.
catalyst


d.
inert gas added

e.
temperature changes (increasing T favors endothermic processes)

f.
only factors in equation constant will affect Keq eg. CaCO3(s) (( CaO(s) + CO2(g)

g.
pressure / volume changes

5.
Orientation of collisions

2003B #1

After a 1.0 mole sample of HI(g) is placed into an evacuated 1.0 L container at 700. K, the reaction represented occurs.  The concentration of HI(g) as a function of time is shown below.


2 HI(g) (( H2(g) + I2(g)
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a.
Write the expression for the equilibrium constant, Kc, for the reaction.

b.
What is [HI] at equilibrium?

c.
Determine the equilibrium concentrations of H2(g) and I2(g).

d.
On the graph above, make a sketch that shows how the concentration of H2(g) changes as a function of time.

e.
Calculate the value of the following equilibrium constants at 700. K.


i.
Kc

ii.
Kp  
f.
At 1,000 K, the value of Kc for the reaction is 2.6 × 10-2.  In an experiment, 0.75 mole of HI(g), 0.10 mole of H2(g), and 0.50 mole of I2(g) are placed in a 1.0 L container and allowed to reach equilibrium at 1,000 K.  Determine whether the equilibrium concentration of HI(g) will be greater than, equal to, or less than the initial concentration of HI(g).  Justify your answer.
2004B #1

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

For the reaction represented above, the value of the equilibrium constant, Kp is 3.1 × 10-4 at 700 K.

a.
Write the expression for the equilibrium constant, Kp, for the reaction.

b.
Assume that the initial partial pressures of the gases are as follows:
P(N2) = 0.411 atm, P(H2) = 0.903 atm, and P(NH3) = 0.224 atm.


i)
Calculate the value of the reaction quotient, Q, at these initial conditions.

ii)
Predict the direction in which the reaction will proceed at 700. K if the initial partial pressures are those given above.  Justify your answer.

c.
Calculate the value of the equilibrium constant, Kc, given that the value of Kp for the reaction at 700. K is 3.1 × 10-4.

d.
The value of Kp for the reaction represented below is 8.3 × 10-3 at 700. K.

NH3(g) + H2S(g) (( NH4HS(g)


Calculate the value of Kp at 700. K for each of the reactions represented below.


i)
NH4HS(g) (( NH3(g) + H2S(g)


ii)
2 H2S(g) + N2(g) + 3 H2(g) (( 2 NH4HS(g)

1988 #6

NH4HS(s) (( NH3(g) + H2S(g)

For this reaction, ΔH° = + 93 kilojoules.  The equilibrium above is established by placing solid NH4HS in an evacuated container at 25 °C. At equilibrium, some solid NH4HS remains in the container. Predict and explain each of the following.
a.
The effect on the equilibrium partial pressure of NH3 gas when additional solid NH4HS is introduced into the container.

b.
The effect on the equilibrium partial pressure of NH3 gas when additional H2S gas is introduced into the container.

c. 
The effect on the mass of solid NH4HS present when the volume of the container is decreased.

d. 
The effect on the mass of solid NH4HS present when the temperature is increased

1980 #6

NH4Cl(s)  (( NH3(g) + HCl(g) for this reaction, ΔH = +42.1 kilocalories
Suppose the substances in the reaction above are at equilibrium at 600 K in volume V and at pressure P. State whether the partial pressure of NH3(g) will have increased, decreased, or remained the same when equilibrium is reestablished after each of the following disturbances of the original system. Some solid NH4Cl remains in the flask at all times. Justify each answer with a one- or two-sentence explanation.

a. 
A small quantity of NH4Cl is added.
b. 
The temperature of the system is increased.
c. 
The volume of the system is increased.
d. 
A quantity of gaseous HCl is added.
e. 
A quantity of gaseous NH3 is added. 

AP Chemistry Concept List – ACID - BASE
pH = - log [H+]
pOH = - log [OH-]
Kw = [H+] [OH-] = 1×10-14 at 25 oC

If you know one quantity, you know the other three
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Definitions

	Acid
	Base
	Theory

	Donates H+
	Donates OH-
	Arrhenius

	Donates protons
	Accepts protons - {anions?}
	Bronsted – Lowry


Conjugate Acid – Base Pairs

1.
HCl + H2O → H3O+ + Cl-
2.
NH3 + H2O (( NH4+ + OH-
3.
HSO4- + H2O (( H3O+ + SO42-
4.
CO32- + H3O+ (( HCO3- + H2O

A.
Ka
Weak Acid
HCN (( H+ + CN-
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What is the ph of a 0.5 M HCN solution?

B.
Kb
Weak base NH3 + H2O (( NH4+ + OH-
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What is the pH of a 0.5 M NH2OH solution?

C.
Ksp
Insoluble Salts

MgF2(s) (( Mg2+ + 2F-

Ksp = [Mg2+] [F-]2 = 6.6 × 10-9

What is the solubility of MgF2 in molarity?

D.
Buffers – a weak acid/base and its soluble salt (conjugate base or acid) mixture
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What is the pH of a 0.5 M HC2H3O2 in 2 M NaC2H3O2 solution?  Ka = 1.8 × 10-5
E.
Salts of Weak Acids and Weak Bases


What is the pH of a 1 M NaC2H3O2 solution?

Titrations and Endpoints


At endpoint: acid moles = base moles or [H+] = [OH-]


Strong acid – strong base
endpoint pH = 7


Strong acid – weak base
endpoint pH < 7


Weak acid – strong base
endpoint pH > 7


The last two are important because of conjugate acid and base pairs

2007 #1

1.
HF(aq) + H2O(l) (( H3O+(aq) + F-(aq)

Ka = 7.2 × 10-4
Hydrofluoric acid, HF(aq), dissociates in water as represented by the equation above.

a.
Write the equilibrium constant expression for the dissociation of HF(aq) in water.

b.
Calculate the molar concentration of H3O+ in a 0.40 M HF(aq) solution.


HF(aq) reacts with NaOH(aq) according to the reaction represented below.

HF(aq) + OH-(aq) (( H2O(l) + F-(aq)

A volume of 15 mL of 0.40 M NaOH(aq) is added to 25 mL of 0.40 M HF(aq) solution.  Assume volumes are additive.

c.
Calculate the number of moles of HF(aq) remaining in the solution.

d.
Calculate the molar concentration of F-(aq) in the solution.

e.
Calculate the pH of the solution.

2005B #1 Ka
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1.
Hypochlorous acid, HOCl, is a weak acid in water.  The Ka expression for HOCl is shown above.

a.
Write a chemical equation showing how HOCl behaves as an acid in water.

b.
Calculate the pH of a 0.175 M solution of HOCl.

c.
Write the net ionic equation for the reaction between the weak acid HOCl(aq) and the strong base NaOH(aq)

d.
In an experiment, 20.00 mL of 0.175 M HOCl(aq) is placed in a flask and titrated with 6.55 mL of 0.435 M NaOH(aq).


i)
Calculate the number of moles of NaOH(aq) added.


ii)
Calculate [H3O+] in the flask after the NaOH(aq) has been added.


iii)
Calculate [OH-] in the flask after the NaOH(aq) has been added.

1999 #1 Kb
NH3(aq) + H2O(l) (( NH4+(aq) + OH-(aq)
In aqueous solution, ammonia reacts as represented above. In 0.0180 M NH3(aq) at 25°C, the hydroxide ion concentration, [OH-] , is 5.60 × 10-4 M. In answering the following, assume that temperature is constant at 25°C and that volumes are additive. 

a.
Write the equilibrium-constant expression for the reaction represented above.

b.
Determine the pH of 0.0180 M NH3(aq).

c.
Determine the value of the base ionization constant, Kb, for NH3(aq).

d.
Determine the percent ionization of NH3 in 0.0180 M NH3(aq).

e.
In an experiment, a 20.0 mL sample of 0.0180 M NH3(aq) was placed in a flask and titrated to the equivalence point and beyond using 0.0120 M HCl(aq). 

i.
Determine the volume of 0.0120 M HCl(aq) that was added to reach the equivalence point. 
ii.
Determine the pH of the solution in the flask after a total of 15.0 mL of 0.0120 M HCl(aq) was added. 
iii.
Determine the pH of the solution in the flask after a total of 40.0 mL of 0.0120 M HCl(aq) was added. 

1996  A/B lab #6

A 0.500-gram sample of a weak, nonvolatile acid, HA, was dissolved in sufficient water to make 50.0 milliliters of solution. The solution was then titrated with a standard NaOH solution. Predict how the calculated molar mass of HA would be affected (too high, too low, or not affected) by the following laboratory procedures. Explain each of your answers.

a. 
After rinsing the buret with distilled water, the buret is filled with the standard NaOH solution; the weak acid HA is titrated to its equivalence point.

b. 
Extra water is added to the 0.500-gram sample of HA.

c. 
An indicator that changes color at pH 5 is used to signal the equivalence point.

2000 #8 A/B Lab

A volume of 30.0 mL of 0.10 M NH3(aq) is titrated with 0.20 M HCl(aq).  The value of the base-dissociation constant, Kb, for NH3 in water is 1.8 × 10-5 at 25 oC.

a.
Write the net-ionic equation for the reaction of NH3(aq) with HCl(aq).

b.
Using the axes provided below, sketch the titration curve that results when a total of 40.0 mL of 0.20 M HCl(aq) is added dropwise to the 30.0 mL volume of 0.10 M NH3(aq).
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c.
From the table below, select the most appropriate indicator for the titration.  Justify your choice

	Indicator
	pKa

	Methyl Red
	5.5

	Bromothymol Blue
	7.1

	Phenolphthalein
	8.7


d.
If equal volumes of 0.10 M NH3(aq) and 0.10 M NH4Cl(aq) are mixed, is the resulting solution acidic, neutral, or basic? Explain

Ksp 1998 #1

Solve the following problem related to the solubility equilibria of some metal hydroxides in aqueous solution. 

a. 
The solubility of Cu(OH)2 is 1.72 × 10-6 gram per 100. mL of solution at 25 °C. 

(i) 
Write the balanced chemical equation for the dissociation of Cu(OH)2(s) in aqueous solution.
(ii) 
Calculate the solubility (in moles per liter) of Cu(OH)2 at 25 °C.
(iii) 
Calculate the value of the solubility-product constant, Ksp, for Cu(OH)2 at 25 °C. 
b. 
The value of the solubility-product constant, Ksp, for Zn(OH)2 is 7.7 × 10-17 at 25°C. 

(i) 
Calculate the solubility (in moles per liter) of Zn(OH)2 at 25°C in a solution with a pH of 9.35.
(ii) 
At 25°C, 50.0 mL of 0.100-molar Zn(NO3)2 is mixed with 50.0 mL of 0.300-molar NaOH. Calculate the molar concentration of Zn2+(aq) in the resulting solution once equilibrium has been established. Assume that volumes are additive. 
2001 Ksp

Answer the following questions relating to the solubility of the chlorides of silver       and lead.

a.
At 10 oC, 8.9 × 10-5 g of AgCl(s) will dissolve in 100. mL of water.

i.
Write the equation for the dissociation of AgCl(s) in water.

ii.
Calculate the solubility, in mol L-1, of AgCl(s) in water at 10 oC.

iii.
Calculate the value of the solubility-product constant, Ksp, for AgCl(s) at 10 oC.

b.
At 25 oC, the value of Ksp for PbCl2(s) is 1.6 × 10-5 and the value of Ksp for AgCl(s) is 1.8 × 10-10.

i.
If 60.0 mL of 0.0400 M NaCl(aq) is added to 60.0 mL of 0.0300 M Pb(NO3)2(aq), will a precipitate form?  Assume that volumes are additive.  Show calculations to support your answer.

ii.
Calculate the equilibrium value of [Pb2+(aq)] in 1.00 L of saturated PbCl2 solution to which 0.250 mole of NaCl(s) has been added.  Assume that no volume change occurs.

iii.
If 0.100 M NaCl(aq) is added slowly to a beaker containing both 0.120 M AgNO3(aq) and 0.150 M Pb(NO3)2(aq) at 25 oC, which will precipitate first, AgCl(s) or PbCl2(s)? Show calculations to support your answer.

AP Chemistry Concepts List - KINETICS
1.
Rate definition

2.
Rate Law – differential versus integrated

3.
Factors affecting rate


a.
[C]


b.
ΔT

c.
catalysis


d.
surface area

e.
nature of reactants – distinguish between homo- and heterogenous 



i.  solids
ii.  Liquids
iii.  gases
iv.  Ions (solutions)

4.
Collision theory – orientation and energy

5.
Mechanism – relationship between ΔT, ΔS, ΔH – catalysis

6.
Energy of activation (Ea) – Arrhenius equation – differentiate from ΔH
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7.
Order


a.
determined by



i.
experimental comparison



ii.
graphing


b.
zero, first, second – determining % remaining and/or % reacted



ex.
Ln (x2/x1) = kt
8.
Rate constants with units (units change with reaction order)


a.
unsuccessful versus effective collisions


b.
orientation and energy

1997 #4

2 A + B → C + D

The following results were obtained when the reaction represented above was studied at 25 °C 

	PRIVATE
Experiment 
	Initial
[A] 
	Initial
[B] 
	Initial Rate
of Formation
of C (mol L-1 min-1) 

	1 
	0.25 
	0.75 
	4.3 × 10-4 

	2 
	0.75 
	0.75 
	1.3 × 10-3 

	3 
	1.50 
	1.50 
	5.3 × 10-3 

	4 
	1.75 
	?? 
	8.0 × 10-3 


a. 
Determine the order of the reaction with respect to A and B. Justify your answer. 

b. 
Write the rate law for the reaction. Calculate the value of the rate constant, specifying units. 

c. 
Determine the initial rate of change of [A] in Experiment 3. 

d. 
Determine the initial value of [B] in Experiment 4. 

e.
 Identify which of the reaction mechanisms represented below is consistent with the rate law developed in part (b). Justify your choice. 

	PRIVATE
1 
	A + B → C + M 
	Fast 

	
	M + A → D 
	Slow 

	
	
	

	2 
	B <===> M 
	Fast equilibrium 

	
	M + A → C + X 
	Slow 

	
	A + X → D 
	Fast 

	
	
	

	3 
	A + B <===> M 
	Fast equilibrium 

	
	M + A → C + X 
	Slow 

	
	X → D 
	Fast 


1999 # 3

2 NO(g) + Br2(g) → 2 NOBr(g)

A rate study of the reaction represented above was conducted at 25°C. The data that were obtained are shown in the table below.

	PRIVATE
Experiment
	Initial [NO]
(mol L-1)
	Initial [Br2]
(mol L-1)
	Initial Rate of Appearance
of NOBr (mol L-1 s-1)

	1
	0.0160
	0.0120
	3.24 × 10-4

	2
	0.0160
	0.0240
	6.38 × 10-4

	3
	0.0320
	0.0060
	6.42 × 10-4


a.
Calculate the initial rate of disappearance of Br2(g) in experiment 1.

b.
Determine the order of the reaction with respect to each reactant, Br2(g) and NO(g). In each case, explain your reasoning.

c.
For the reaction,


i.
write the rate law that is consistent with the data, and

ii.
calculate the value of the specific rate constant, k, and specify units.

d.
The following mechanism was proposed for the reaction:


Br2(g) + NO(g) → NOBr2(g) slow


NOBr2(g) + NO(g) → 2 NOBr(g) fast


Is this mechanism consistent with the given experimental observations? Justify your answer. 
1996 # 8

The reaction between NO and H2 is believed to occur in the following three-step process.

NO + NO <===> N2O2 (fast)
N2O2 + H2 → N2O + H2O (slow)
N2O + H2 → N2 + H2O (fast) 

a.
Write a balanced equation for the overall reaction.

b.
 Identify the intermediates in the reaction. Explain your reasoning.

c.
From the mechanism represented above, a student correctly deduces that the rate law for the reaction is rate = k[NO]2[H2]. The student then concludes that (1) the reaction is third-order and (2) the mechanism involves the simultaneous collision of two NO molecules and an H2 molecule. Are conclusions (1) and (2) correct? Explain.

d.
Explain why an increase in temperature increases the rate constant, k, given the rate law in part c.

1998 #6

 Answer the following questions regarding the kinetics of chemical reactions.

a.
The diagram below at right shows the energy pathway for the reaction                    
O3 + NO → NO2 + O2.


Clearly label the following directly on the diagram.


i.
The activation energy (Ea) for the forward reaction
ii.
The enthalpy change (ΔH) for the reaction

[image: image9.jpg]Potential Energy

0,+NO

NO, +0O,

il

Reaction Coordinate




b.
The reaction 2 N2O5 → 4 NO2 + O2 is first order with respect to N2O5.


i.
Using the axes at right, complete the graph that represents the change in [N2O5] over time as the reaction proceeds.

ii.
Describe how the graph in part i could be used to find the reaction rate at a given time, t.

iii
Considering the rate law and the graph in part i, describe how the value of the rate constant, k, could be determined.

iv.
If more N2O5 were added to the reaction mixture at constant temperature, what would be the effect on the rate constant, k? Explain.

[image: image10.jpg]Initial
[N,04]

Time




c.
Data for the chemical reaction 2A → B + C were collected by measuring the concentration of A at 10-minute intervals for 80 minutes. The following graphs were generated from analysis of data. 
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Use the information in the graphs above to answer the following. 

i.
Write the rate-law expression for the reaction. Justify your answer.   
ii.
 Describe how to determine the value of the rate constant for the reaction. 

AP Chemistry Concepts - ELECTROCHEMISTRY
1.
oxidation / reduction – balancing equations (review)

2.
galvanic cells – {positive, Red Cat}

3.
electrolytic cells

4.
cathode

5.
anode

6.
current, charge, Faradays, (voltage / EMF) (amps, coulombs and volts – unit problem)

7.
cell notation

8.
salt bridge – “balance of charge” not electron balance

9.
Eo and spontaneity

10.
ΔGo = - n F Eo
11.
E = Eo – (0.059 / n) log Kc
2007 #3.
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An external direct-current power supply is connected to two platinum electrodes immersed in a beaker containing 1.0 M CuSO4(aq) at 25oC, as shown in the diagram above.  As the cell operates, copper metal is deposited onto one electrode and O2(g) is produced at the other electrode.  The two reduction half-reactions for the overall reaction that occurs in the cell are shown in the table below.


half-reaction




Eo(V)


O2(g) + 4 H+(aq) + 4 e- ( 2H2O(l)

+1.23


Cu2+(aq) + 2e- ( Cu(s)


+0.34

a.
On the diagram, indicate the direction of electron flow in the wire.

b.
Write a balanced net ionic equation for the electrolysis reaction that occurs in the cell.

c.
Predict the algebraic sign of ΔGo for the reaction.  Justify your prediction.

d.
Calculate the value of  ΔGo for the reaction.

An electric current of 1.50 amps passes through the cell for 40.0 minutes.

e.
Calculate the mass, in grams, of the Cu(s) that is deposited on the electrode.

f.
Calculate the dry volume, in liters measured at 25oC and 1.16 atm, of the O2(g) that is produced.

1997 #3

In an electrolytic cell, a current of 0.250 ampere is passed through a solution of a chloride of iron, producing Fe(s) and Cl2(g). 

a.
Write the equation for the reaction that occurs at the anode. 

b.
When the cell operates for 2.00 hours, 0.521 gram of iron is deposited at one electrode. Determine the formula of the chloride of iron in the original solution. 

c.
Write the balanced equation for the overall reaction that occurs in the cell. 

d.
How many liters of Cl2(g), measured at 25 °C and 750 mmHg, are produced when the cell operates as described in part (b)? 

e.
Calculate the current that would produce chlorine gas at a rate of 3.00 grams per hour.

2000 # 2

2.
Answer the following questions that relate to electrochemical reactions.

a.
Under standard conditions at 25 oC, Zn(s) reacts with Co2+(aq) to produce            Co(s)


i)
Write the balanced equation for the oxidation half reaction.


ii)
Write the balanced net-ionic equation for the overall reaction.

iii)
Calculate the standard potential, Eo, for the overall reaction at 25 oC.

b.
At 25 oC, H2O2 decomposes according to the following equation.



2 H2O2(aq) ( 2 H2O(l) + O2(g)

Eo = 0.55 V

i)
Determine the value of the standard free energy change, ΔGo, for the reaction at 25 oC.

ii)
Determine the value of the equilibrium constant, Keq, for the reaction at 25 oC.

iii)
The standard reduction potential, Eo, for the half reaction O2(g) + 4 H+(aq) + 4e- ( 2 H2O(l) has a value of 1.23 V.  Using this information in addition to the information given above, determine the value of the standard reduction potential, Eo, for the half reaction below.



O2(g) + 2 H+(aq) + 2e- ( H2O2(aq)

c.
In an electrolytic cell, Cu(s) is produced by the electrolysis of CuSO4(aq).  Calculate the maximum mass of Cu(s) that can be deposited by a direct current of 100. amperes passed through 5.00 L of 2.00 M CuSO4(aq) for a period of 1.00 hour.

1996 #7





 Sr(s) + Mg2+ <===> Sr2+ + Mg(s) 

Consider the reaction represented above that occurs at 25°C. All reactants and products are in their standard states. The value of the equilibrium constant, Keq, for the reaction is 4.2 × 1017 at 25°C.

a.
Predict the sign of the standard cell potential, E°, for a cell based on the reaction. Explain your prediction.

b.
Identify the oxidizing agent for the spontaneous reaction.

c.
If the reaction were carried out at 60°C instead of 25°C, how would the cell potential change? Justify your answer.

d.
How would the cell potential change if the reaction were carried out at 25°C with a 1.0 M solution of Mg(NO3)2 and a 0.10 M solution of Sr(NO3)2? Explain.

e.
When the cell reaction in part d reaches equilibrium, what is the cell potential?

1998 #8
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Answer the following questions regarding the electrochemical cell shown above. 

a.
Write the balanced net-ionic equation for the spontaneous reaction that occurs as the cell operates, and determine the cell voltage. 

b.
In which direction do anions flow in the salt bridge as the cell operates? Justify your answer. 

c.
If 10.0 mL of 3.0-molar AgNO3 solution is added to the half-cell on the right, what will happen to the cell voltage? Explain. 

d.
If 1.0 grams of solid NaCl is added to each half-cell, what will happen to the cell voltage? Explain. 

e.
If 20.0 mL of distilled water is added to both half-cells, the cell voltage decreases. Explain. 

2002 # 2

Answer parts (a) through (e) below, which relate to reactions involving silver ion, Ag+.

The reaction between silver ion and solid zinc is represented by the following equation


2 Ag+(aq) + Zn(s) ( Zn2+(aq) + 2 Ag(s)

a.

A 1.50 g sample of Zn is combined with 250. mL of 0.110 M AgNO3 at 25 oC.

i.
Identify the limiting reactant.  Show calculations to support your answer.
ii.
On the basis of the limiting reactant that you identified in part (i), determine the value of [Zn2+] after the reaction is complete.  Assume that volume change is negligible.

b.
Determine the value of the standard potential, Eo, for a galvanic cell based on the reaction between AgNO3(aq) and solid Zn at 25 oC.

Another galvanic cell is based on the reaction between Ag+(aq) and Cu(s), represented by the equation below.  At 25 oC, the standard potential, Eo, for the cell is 0.46 V.

2 Ag+(aq) + Cu(s) ( Cu2+(aq) + 2 Ag(s)

c.
Determine the value of the standard free-energy change, (Go, for the reaction between Ag+(aq) and Cu(s) at 25 oC.

d.
The cell is constructed so that [Cu2+] is 0.045 M and [Ag+] is 0.010 M.  Calculate the value of the potential, E, for the cell.

e.
Under the conditions specified in part (d), is the reaction in the cell spontaneous?  Justify your answer.

2001 # 7

Answer the following questions that refer to the galvanic cell shown in the diagram below.  (A table of standard reduction potentials is printed on the green insert and on page 4 of the booklet with the pink cover.)
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a.
Identify the anode of the cell and write the half-reaction that occurs there.

b.
Write the net ionic equation for the overall reaction that occurs as the cell operates and calculate the value of the standard cell potential, Eocell.

c.
Indicate how the value of Ecell would be affected if the concentration of Ni(NO3)2(aq) was changed from 1.0 M to 0.10 M and the concentration of Zn(NO3)2(aq) remained at 1.0 M.  Justify your answer.

d.
Specify whether the value of Keq for the cell reaction is less than 1, greater than 1, or equal to 1.  Justify your answer.

2003B # 6

Answer the following questions about electrochemistry.

a.
Several different electrochemical cells can be constructed using the materials shown below.  Write the balanced net-ionic equation for the reaction that occurs in the cell that would have the greatest positive value of Ecello.
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b.
Calculate the standard cell potential, Ecello, for the reaction written in part a.

c.
A cell is constructed based on the reaction in part a above.  Label the metal used for the anode on the cell shown in the figure below.
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d.
Of the compounds, NaOH, CuS, and NaNO3, which one is appropriate to use in a salt bridge?  Briefly explain your answer, and for each of the other compounds, include a reason why it is not appropriate.

e.
Another standard cell is based on the following reaction.


Zn + Pb2+ ( Zn2+ + Pb

If the concentration of Zn2+ is decreased from 1.0 M to 0.25 M, what effect does this have on the cell potential?  Justify your answer.

AP Chemistry Concepts - THERMODYNAMICS

1.
∆H0 rxn  = ∑ ∆ Hf 0Products - ∑∆ Hf0 Reactants 

                        = ∑ Bond Energy Reactants - ∑ Bond energy Products

                               ∆Hrxn  -  exothermic            ∆Hrxn  +  endothermic 

2.
∆S0 rxn  =  ∑ Sf0 Products  -  ∑ Sf0 Reactants      

                        ∆S0rxn   - ordered                        ∆S0rxn     + disordered  

3.
∆G0 rxn  =  ∆H0rxn  - T ∆S 0rxn

                  ∆G0rxn    -  spontaneous             ∆G0rxn      +  nonspontaneous  

4.
∆G0rxn  =  - RT ln Q       Q = Keq           free energy and equilibrium    

5.  
∆G0 rxn  =  - nF E0           free energy and electrochemistry

                               F = 96,500 coulombs / mole electrons

                                 Faraday’s constant

 6. 
Phase diagrams 

 7.  
∆H rxn = q =  m  ( c ) ( ∆T )
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 C6H5OH(s) + 7 O2(g) → 6 CO2(g) + 3H2O(l) 

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. 

	PRIVATE
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. 

c.
 Calculate the value of the standard free-energy change, ΔG° for the combustion of phenol at 25°C. 

d.
If the volume of the combustion container is 10.0 liters, calculate the final pressure in the container when the temperature is changed to 110°C. (Assume no oxygen remains unreacted and that all products are gaseous.) 
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 C2H2(g) + 2 H2(g) → C2H6(g) 

Information about the substances

Substance
S° (J/mol K)
ΔH°f (kJ/mol)
Bond
Bond Energy (kJ/mol)

C2H2(g)

200.9

226.7

C-C

347

H2(g)

130.7

0

C=C

611

C2H6(g)

--------

-84.7

C-H

414







H-H

436

a.
If the value of the standard entropy change, ΔS°, for the reaction is -232.7 joules per mole Kelvin, calculate the standard molar entropy, S°, of C2H6 gas.

b.
Calculate the value of the standard free-energy change, ΔG°, for the reaction. What does the sign of ΔG° indicate about the reaction above?

c.
Calculate the value of the equilibrium constant, K, for the reaction at 298 K.

d.
Calculate the value of the C (C bond energy in C2H2 in kilojoules per mole.

1997 #7

For the gaseous equilibrium represented below, it is observed that greater amounts of PCl3 and Cl2 are produced as the temperature is increased. 

PCl5(g) (( PCl3(g) + Cl2(g) 

a.
 What is the sign of ΔS° for the reaction? Explain. 

b.
What change, if any, will occur in ΔG° for the reaction as the temperature is increased. Explain your reasoning in terms of thermodynamic principles. 

c.
If He gas is added to the original reaction mixture at constant volume and temperature, what will happen to the partial pressure of Cl2? Explain. 

d.
If the volume of the original reaction is decreased at constant temperature to half the original volume, what will happen to the number of moles of Cl2 in the reaction vessel? Explain.
1999 # 6

Answer the following questions in terms of thermodynamic principles and concepts of kinetic molecular theory.

a.
Consider the reaction represented below, which is spontaneous at 298 K.


CO2(g) + 2 NH3(g) → CO(NH2)2(s) + H2O(l); ΔH°298 = -134 kJ 

i.
For the reaction, indicate whether the standard entropy change, ΔS°298, is positive, or negative, or zero. Justify your answer. 


ii.
Which factor, the change in enthalpy, ΔH°298, or the change in entropy, ΔS°298, provides the principal driving force for the reaction at 298 K? Explain. 


iii.
For the reaction, how is the value of the standard free energy change, ΔG°, affected by an increase in temperature? Explain. 


b.
Some reactions that are predicted by their sign of ΔG° to be spontaneous at room temperature do not proceed at a measurable rate at room temperature. 


i.
Account for this apparent contradiction. 


ii.
A suitable catalyst increases the rate of such a reaction. What effect does the catalyst have on ΔG° for the reaction? Explain. 
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Carbon (graphite), carbon dioxide, and carbon monoxide form an equilibrium mixture, as represented by the equation

C(s) + CO2(g) ( 2CO(g)

a.
Predict the sign for the change in entropy, (S, for the reaction.  Justify your prediction.

b.
In the table below are data that show the percent of CO in the equilibrium mixture at two different temperatures.  Predict the sign for the change in enthalpy, (H, for the reaction.  Justify your prediction.

Temperature

% CO

700 oC


60

850 oC


94

c.
Appropriate complete the potential energy diagram for the reaction by finishing the curve on the graph below.  Also, clearly indicate (H for the reaction on the graph.
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d.
If the initial amount of C(s) were doubled, what would be the effect on the percent of CO in the equilibrium mixture?  Justify your answer.

AP Chemistry Concepts  - ATOMIC THEORY, BONDING AND INTERMOLECULAR FORCES
1. Quantum Numbers ,electron configurations, Hund’s rule, orbital diagrams

2. ionic bonds

3. Covalent bonds, Lewis structures, geometric shapes, bond polarity, molecular  

Polarity, resonance, hybridization

   4.   Trends of the periodic table   a) size for atoms and ions b) size of ions  

          c) IE, EA, EN

    5.    Effective nuclear charge (Zeff ) increases as more protons added to same                

energy level   Zeff is a comparison tool. 

6. Effective nuclear charge (Zeff ) decreases as more shielding electrons are   

present.

7. Intermolecular Forces (IMF) are between molecules and help explain 

differences in FP, BP, solids, liquids, gases, and solubilities.

a. ion – ion

b. dipole – dipole with H bonding

c. dipole – dipole

d. London dispersion forces ( LDF ) 

8. When students talk about EN differences they are talking about bonds

(with in a molecule) , we need them to talk about IMF (between molecules )

9. Students often talk about atoms “wanting to gain/lose electrons”, being happy,

Full, rather than having a stable octet, complete energy level. 
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Explain each of the following in terms of the electronic structure and/or bonding of the compounds involved.

a.
At ordinary conditions, HF (normal boiling point = 20°C) is a liquid, whereas HCl (normal boiling point = -114°C) is a gas.

b.
 Molecules of AsF3 are polar, whereas molecules of AsF5 are nonpolar.

c.
The N-O bonds in the NO2¯ ion are equal in length, whereas they are unequal in HNO2.

d.
For sulfur, the fluorides SF2, SF4, and SF6 are known to exist, whereas for oxygen only OF2 is known to exist.

1997 #5                                                                    

Consider the molecules PF3 and PF5. 

a.
Draw the Lewis electron-dot structures for PF3 and PF5 and predict the molecular geometry of each. 

b.
Is the PF3 molecular polar, or is it nonpolar? Explain. 

c.
On the basis of bonding principles, predict whether each of the following compounds exists. In each case, explain your prediction. 

i.
 NF5
ii.
AsF5 
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Answer the following questions using principles of chemical bonding and molecular structure. 

a.
Consider the carbon dioxide molecule, CO2 , and the carbonate ion, CO32-.
i.
Draw the complete Lewis electron-dot structure for each species.


ii.
Account for the fact that the carbon-oxygen bond length in CO32- is greater than the carbon-oxygen bond length in CO2. 


b.
Consider the molecules CF4 and SF4.
i.
Draw the complete Lewis electron-dot structure for each molecule.


ii.
In terms of molecular geometry, account for the fact that the CF4 molecule is nonpolar, whereas the SF4 molecule is polar. 

1997 # 6

Explain each of the following observations using principles of atomic structure and/or bonding. 

a.
Potassium has a lower first-ionization energy than lithium. 

b.
The ionic radius of N3- is larger than that of O2-. 

c.
A calcium atom is larger than a zinc atom. 

d.
Boron has a lower first-ionization energy than beryllium. 
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Answer the following questions about the element selenium, Se (atomic number 34).

a.
Samples of natural selenium contain six stable isotopes.  In terms of atomic structure, explain what these isotopes have in common, and how they differ.

b.
Write the complete electron configuration (e.g., 1s2 2s2 … etc.) for a selenium atom in the ground state.  Indicate the number of unpaired electrons in the ground-state atom, and explain your reasoning.

c.
In terms of atomic structure, explain why the first ionization energy of selenium is


i.
less than that of bromine (atomic number 35), and


ii.
greater than that of tellurium (atomic number 52).

d.
Selenium reacts with fluorine to form SeF4.  Draw the complete Lewis electron-dot structure for SeF4 and sketch the molecular structure.  Indicate whether the molecule is polar or nonpolar, and justify your answer.
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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,
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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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First Ionization
Second Ionization
Third Ionization




Energy (kJ mol-1)
Energy (kJ mol-1)
Energy (kJ mol-1)


Element 1

1251


2300


3820


Element 2

496


4560


6910


Element 3

738


1450


7730


Element 4

1000


2250


3360

The table above shows the first three ionization energies for atoms of four elements from the third period of the periodic table.  The elements are numbered randomly.  Use the information in the table to answer the following questions.

a.
Which element is most metallic in character?  Explain your reasoning.

b.
Identify element 3.  Explain your reasoning.

c.
Write the complete electron configuration for an atom of element 3.

d.
What is the expected oxidation state for the most common ion of element 2?

e.
What is the chemical symbol for element 2?

f.
A neutral atom of which of the four elements has the smallest radius?

 AP Chemistry – LABORATORY QUESTIONS
2007 #5

5.
5 Fe2+(aq) + MnO4-(aq) + 8H+(aq) ( 5Fe3+(aq) + Mn2+(aq) + 4H2O(l)

The mass percent of iron in a soluble iron(II) compound is measured using a titration based on the balanced equation above.

a.
What is the oxidation number of manganese in the permanganate ion, MnO4-(aq)?

b.
Identify the reducing agent in the reaction represented above.

The mass of a sample of the iron(II) compound is carefully measured before the sample is dissolved in distilled water.  The resulting solution is acidified with H2SO4(aq).  The solution is then titrated with MnO4-(aq) until the end point is reached.

c.
Describe the color change that occurs in the flask when the end point of the titration has been reached.  Explain why the color of the solution changes at the end point.

d.
Let the variables g, M, and V be defined as follows:


g = the mass, in grams, of the sample of the iron(II) compound


M= the molarity of the MnO4-(aq) used as the titrant


V= the volume, in liters, of MnO4-(aq) added to reach the end point

In terms of these variables, the number of moles of MnO4-(aq) added to reach the end point of the titration is expressed as M x V.  Using the variables defined above, the molar mass of iron (55.85 g mol-1), and the coefficients in the balanced chemical equation, write the expression for each of the following quantities.


i.
The number of moles of iron in the sample


ii.
The mass of iron in the sample, in grams


iii.
The mass percent of iron in the compound

e.
What effect will adding too much titrant have on the experimentally determined value of the mass percent of iron in the compound?  Justify your answer.

2007 B #5

Answer the following questions about laboratory situations involving acids, bases, and buffer solutions.

a.
Lactic acid, HC3H5O3, reacts with water to produce an acidic solution.  Shown below are the complete Lewis structures of the reactants.

[image: image19.jpg]



In the space provided above, complete the equation by drawing the complete Lewis structures of the reaction products.

b.
Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M aqueous solution of NH4Cl (molar mass 53.5 g mol-1).  Include specific amounts and equipment where appropriate.


NH4Cl(s)
50 mL buret

100 mL graduated cylinder
100 mL pipet


Distilled water
100 mL beaker
100 mL volumetric flask
Balance

c.
Two buffer solutions, each containing acetic acid and sodium acetate, are prepared.  A student adds 0.10 mol of HCl to 1.00 L of each of these buffer solutions and to 1.0 L of distilled water.  The table below shows the pH measurements made before and after the 0.10 mol of HCl is added.




pH before

pH after




HCl added

HCl added


Distilled water

7.0


1.0


Buffer 1

4.7


2.7


Buffer 2

4.7


4.3

i.
Write the balanced net ionic equation for the reaction that takes place when the HCl is added to buffer 1 or buffer 2.

ii.
Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCl is added.

iii.
Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCl is added.

1997 # 9
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An experiment is to be performed to determine the mass percent of sulfate in an unknown soluble sulfate salt. The equipment shown above is available for the experiment. A drying oven is also available. 

a.
Briefly list the steps needed to carry out this experiment. 

b.
What experimental data need to be collected to calculate the mass percent of sulfate in the unknown? 

c.
List the calculations necessary to determine the mass percent of sulfate in the unknown. 

d.
Would 0.20 M MgCl2 be an acceptable substitute for the BaCl2 solution provided for this experiment? Explain. 

1998 # 5

An approximately 0.1 M solution of NaOH is to be standardized by titration. Assume that the following materials are available. 

	PRIVATE
Clean, dry 50 mL buret 
	Analytical balance 

	250 mL Erlenmeyer flask 
	Phenolphthalein indicator solution 

	Wash bottle filled with distilled water 
	Potassium hydrogen phthalate, KHP, a pure solid
monoprotic acid (to be used as the primary standard) 


a.
Briefly describe the steps you would take, using materials listed above, to standardize the NaOH solution. 

b.
Describe (i.e., set up) the calculations necessary to determine the concentration of the NaOH solution. 


c.
After the NaOH solution has been standardized, it is used to titrate a weak monoprotic acid, HX. The equivalence point is reached when 25.0 mL of NaOH solution has been added. In the space provided at the right, sketch the titration curve, showing the pH changes that occur as the volume of NaOH solution added increases from 0 to 35.0 mL. Clearly label the equivalence point on the curve. 

[image: image21.jpg]pH

13

11

£ 10 15 2 35 X 2B
Volume of NaOH Solution Added (mL)




d.
Describe how the value of the acid-dissociation constant, Ka, for the weak acid HX could be determined from the titration curve in part (c). 

e.
The graph below shows the results obtained by titrating a different weak acid, H2Y, with the standardized NaOH solution. Identify the negative ion that is present in the highest concentration at the point in the titration represented by the letter A on the curve. 
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A student performs an experiment to determine the molar mass of an unknown gas. A small amount of the pure gas is released from a pressurized container and collected in a graduated tube over water at room temperature, as shown in the diagram above. The collection tube containing the gas is allowed to stand for several minutes, and its depth is adjusted until the water levels inside and outside the tube are the same. Assume that: 

· the gas is not appreciably soluble in water 

· the gas collected in the graduated tube and the water are in thermal equilibrium 

· a barometer, a thermometer, an analytical balance, and a table of the equilibrium vapor pressure of water at various temperatures are also available. 

a.
Write the equation(s) needed to calculate the molar mass of the gas.


b.
List the measurements that must be made in order to calculate the molar mass of the gas.


c.
Explain the purpose of equalizing the water levels inside and outside the gas collection tube.


d.
The student determines the molar mass of the gas to be 64 g mol-1. Write the expression (set-up) for calculating the percent error in the experimental value, assuming that the unknown gas is butane (molar mass 58 g mol-1). Calculations are not required.


e.
If the student fails to use information from the table of the equilibrium vapor pressures of water in the calculation, the calculated value for the molar mass of the unknown gas will be smaller than the actual value. Explain. 

2000 # 5

The molar mass of an unknown solid, which is nonvolatile and a nonelectrolyte, is to be determined by the freezing-point depression method.  The pure solvent used in the experiment freezes at 10 oC and has a known molal freezing-point depression constant, kf.  Assume that the following materials are also available.


Test tubes
stirrer

pipet

thermometer

balance


Beaker

stopwatch
graph paper
hot-water bath

ice

a.
Using the two sets of axes provided below, sketch cooling curves for (i) the pure solvent and for (ii) the solution as each is cooled for 20 oC to 0.0 oC.
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b.
Information from these graphs may be used to determine the molar mass of the unknown solid.

i)
Describe the measurements that must be made to determine the molar mass of the unknown solid by this method.

ii)
Show the setup(s) for the calculation(s) that must be performed to determine the molar mass of the unknown solid from the experimental data.

iii)
Explain how the difference(s) between the two graphs in part a) can be used to obtain information needed to calculate the molar mass of the unknown solid.

c.
Suppose that during the experiment a significant but unknown amount of solvent evaporates from the test tube.  What effect would this have on the calculated value of the molar mass of the solid (i.e., too large, too small, or no effect)?  Justify your answer.

d.
Show the setup for the calculation of the percentage error in a student’s result if the student obtains a value of 126 g mol-1 for the molar mass of the solid when the actual value is 120. g mol-1.
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Answer the following questions that relate to laboratory observations and procedures.

a.
An unknown gas is one of three possible gases: nitrogen, hydrogen, or oxygen.  For each of the three possibilities, describe the result expected when the gas is tested using a glowing splint (a wooden stick with one end that has been ignited and extinguished, but still contains hot, glowing, partially burned wood).

b.
The following three mixtures have been prepared: CaO plus water, SiO2 plus water, and CO2 plus water.  For each mixture, predict whether the pH is less than 7, equal to 7, or greater than 7.  Justify your answers.

c.
Each of three beakers contains a 0.1 M solution of one of the following solutes: potassium chloride, silver nitrate, or sodium sulfide.  The three beakers are labeled randomly as solution 1, solution 2, and solution 3.  Shown below is a partially completed table of observations made of the results of combining small amounts of different pairs of the solutions.

	
	Solution 1
	Solution 2
	Solution 3

	Solution 1
	
	black precipitate
	

	Solution 2
	
	
	no reaction

	Solution 3
	
	
	



i)
Write the chemical formula of the black precipitate.


ii)
Describe the expected results of mixing solution 1 with solution 3.


iii)
Identify each of the solutions 1, 2, and 3.

2005B #5

2 Al(s) + 2 KOH(aq) + 4 H2SO4(aq) + 22 H2O(l) ( 2 KAl(SO4)2·12 H2O + 3 H2(g)

In an experiment, a student synthesizes alum, KAl(SO4)2·12H2O(s), by reacting aluminum metal with potassium hydroxide and sulfuric acid, as represented in the balanced equation above.

a.
In order to synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid.  Describe the procedure for preparing 50.0 mL of 5.0 M H2SO4 using any of the chemicals and equipment listed below.  Indicate specific amounts and equipment where appropriate.



10.0 M H2SO4



50.0 mL volumetric flask



Distilled water



50.0 mL buret



100 mL graduated cylinder

25.0 mL pipet



100 mL beaker


50 mL beaker

b.
Calculate the minimum volume of 5.0 M H2SO4 that the student must use to react completely with 2.7 g of aluminum metal.

c.
As the reaction solution cools, alum crystals precipitate.  The student filters the mixture and dries the crystals, then measures their mass.

i)
If the student weighs the crystals before they are completely dry, would the calculated percent yield be greater than, less than, or equal to the actual percent yield? Explain.

ii)
Cooling the reaction solution in an ice bath improves the percent yield obtained.  Explain.

d.
The student heats crystals of pure alum, KAl(SO4)2·12 H2O(s), in an open crucible to a constant mass.  The mass of the sample after heating is less than the mass before heating. Explain.
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