
At a Glance
Total Time

1 hour, 30 minutes
Number of Questions

50
Percent of Total Score

50%
Writing Instrument

Pencil required
Electronic Device

None allowed

Instructions
Section I of this exam contains 50 multiple-choice questions. Fill in only the circles for
numbers 1 through 50 on your answer sheet. Pages containing a periodic table and lists
containing equations and constants are also printed in this booklet.
Indicate all of your answers to the multiple-choice questions on the answer sheet. No
credit will be given for anything written in this exam booklet, but you may use the booklet
for notes or scratch work. After you have decided which of the suggested answers is best,
completely fill in the corresponding circle on the answer sheet.
Because this section offers only four answer options for each question, do not mark the
(E) answer circle for any question. Give only one answer to each question. If you change
an answer, be sure that the previous mark is erased completely. Here is a sample question
and answer.

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on Section I is based only on the number of questions answered correctly.
Points are not deducted for incorrect answers or unanswered questions.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.
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AP¥ CHEMISTRY EQUATIONS AND CONSTANTS 

Throughout the exam the following symbols have the definitions specified unless otherwise noted. 

L, mL = liter(s), milliliter(s) mm Hg = millimeters of mercury 
g  = gram(s) J, kJ = joule(s), kilojoule(s) 
nm = nanometer(s)  V = volt(s) 
atm = atmosphere(s) mol = mole(s) 

ATOMIC STRUCTURE 

E = hν 
c = λν 

E = energy 
ν = frequency 
λ = wavelength 

 Planck’s constant, h = 6.626 × 10−34 J s 
Speed of light, c = 2.998 × 108 m s−1 

Avogadro’s number = 6.022 × 1023 mol−1 
Electron charge, e = −1.602 × 10−19 coulomb

EQUILIBRIUM 

Kc = [C] [D]

[A] [B]

c d

a b
, where a A + b B R  c C + d D 

Kp = C D

A B

( ) ( )

( ) ( )

c

a

P P

P P

d

b

Ka = [H ][A ]
[HA]

� �

Kb = [OH ][HB ]
[B]

� �

Kw = [H+][OH−] = 1.0 × 10−14 at 25°C
=  Ka × Kb

pH = − log[H+] , pOH = − log[OH−] 

14 = pH + pOH 

pH = pKa + log [A ]
[HA]

�

pKa = − logKa , pKb  = − logKb

Equilibrium Constants 

Kc  (molar concentrations) 
Kp  (gas pressures) 
Ka  (weak acid) 
Kb  (weak base) 
Kw  (water) 

KINETICS 

ln[A] t − ln[A]0 = − kt

> @ > @0A A
1 1

t
�  = kt 

t! = 0.693
k

k = rate constant 
t = time 

t! = half-life
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GASES, LIQUIDS, AND SOLUTIONS 

PV = nRT 

PA =  Ptotal × XA, where XA = moles A
total moles

Ptotal = PA + PB + PC + . . . 

n = m
M

K = °C + 273 

D = m
V

KE per molecule = 1
2

mv2

 Molarity, M = moles of solute per liter of solution 

A = abc 

P =  pressure 
V =  volume 
T =  temperature 
n =  number of moles 
m =  mass 
M =  molar mass 
D =  density 

KE =  kinetic energy 
v =  velocity 
A =  absorbance 
a =  molar absorptivity 
b =  path length 
c =  concentration 

 Gas constant, R =  8.314 J mol−1K−1

=  0.08206 L atm mol−1 K−1

=  62.36 L torr mol−1 K−1 

1 atm  =   760 mm Hg  =  760 torr 

STP  =  273.15 K and 1.0 atm 

THERMODYNAMICS / ELECTROCHEMISTRY 

 q = mc∆T 

∆S° = products reactantsS �Ç D SÇ D

∆H° = products reactantsfHD �Ç ÇD
fHD D

∆G° = products reactantsfGD �Ç ÇD
fGD D

∆G° =  ∆H° − T∆S° 
 =  −RT ln K 

=  − n	 E°

I  = 
q
t

q =  heat 
m =  mass 
c =  specific heat capacity 
T =  temperature 

S° =  standard entropy 
H° =  standard enthalpy 
G° =  standard Gibbs free energy 
n =  number of moles 

E° =  standard reduction potential 
I =  current (amperes) 
q =  charge (coulombs) 
t =  time (seconds) 

Faraday’s constant, 	� =  96,485 coulombs per mole
of electrons

1 volt =
1 joule

1 coulomb
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CHEMISTRY 
Section I 

�0 Questions 
Time—90 minutes 

CALCULATORS ARE NOT ALLOWED FOR SECTION I. 

Note:  For all questions, assume that the temperature is 298 K, the pressure is 1.0 atm, and solutions are aqueous 
unless otherwise specified. 

Directions:  Each of the questions or incomplete statements below is followed by four suggested answers or 
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet. 

Compound Molar Mass 
(grams) 

Na2O 62.0 

MgO 40.3 

K2O 94.2 

CaO 56.1 

1. According to the information in the table above, a
1.00 g sample of which of the following contains
the greatest mass of oxygen?

(A) Na2O
(B) MgO
(C) K2O
(D) CaO

2. Which of the following could be the identity of a
white crystalline solid that exhibits the following
properties?

• It melts at 320∞C.
• It does not conduct electricity as a solid.
• It conducts electricity in an aqueous solution.

(A) C6H12O6(s) 
(B) NaOH(s) 
(C) SiO2(s) 
(D) Cu(s) 

3. Which of the following correctly identifies which
has the higher first-ionization energy, Cl or Ar,
and supplies the best justification?

(A) Cl, because of its higher electronegativity
(B) Cl, because of its higher electron affinity
(C) Ar, because of its completely filled valence

shell 
(D) Ar, because of its higher effective nuclear

charge 



Unauthorized copying or reuse of 
any part of this page is illegal. GO ON TO THE NEXT PAGE. 

-6- 

2 BaO2(s)  Æ̈   2 BaO(s)  +  O2(g)

DH∞ = 162 kJ/molrxn

4. A sealed rigid vessel contains BaO2(s) in
equilibrium with BaO(s) and O2(g) as
represented by the equation above. Which of
the following changes will increase the amount
of BaO2(s) in the vessel?

(A) Removing a small amount of O2(g) 
(B) Removing a small amount of BaO(s) 
(C) Adding He gas to the vessel 
(D) Lowering the temperature 

5. Which of the following best helps to explain
why the value of ΔH° for the dissolving of CaF2
in water is positive?

(A) CaF2(s) is insoluble in water.

(B) CaF2(s) dissolves in water to form CaF2(aq)

particles. 
(C) Ca2+ ions have very strong ion-ion 

interactions with F− ions in the crystal  
lattice. 

(D) Ca2+ ions have very strong ion-dipole 
interactions with water molecules in the 
solution. 
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 6. Under which of the following conditions of  
temperature and pressure will H2 gas be expected 
to behave most like an ideal gas? 

(A)  50 K and 0.10 atm 
(B)  50 K and 5.0 atm 
(C) 500 K and 0.10 atm 
(D) 500 K and 50 atm 

 
 
 

 

 7. The volume of a sample of air in a cylinder with  
a movable piston is 2.0 L at a pressure P1 , as 
shown in the diagram above. The volume is  
increased to 5.0 L as the temperature is held  
constant. The pressure of the air in the cylinder is  
now P2 . What effect do the volume and pressure 
changes have on the average kinetic energy of the 
molecules in the sample? 

 

(A) The average kinetic energy increases. 
(B) The average kinetic energy decreases. 
(C) The average kinetic energy stays the same. 
(D) It cannot be determined how the kinetic 

energy is affected without knowing P1  

and P2 . 
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Questions 8-10 refer to the following. 

M+ is an unknown metal cation with a +1 charge.  
A student dissolves the chloride of the unknown  
metal, MCl, in enough water to make 100.0 mL of  
solution. The student then mixes the solution with  
excess AgNO3 solution, causing AgCl to precipitate. 
The student collects the precipitate by filtration, dries  
it, and records the data shown below. (The molar  
mass of AgCl is 143 g/mol.) 
 
Mass of unknown chloride, MCl 0.74 g  

Mass of filter paper 0.80 g 

Mass of filter paper plus AgCl precipitate 2.23 g  
 
 
 8. What is the identity of the metal chloride? 

(A) NaCl 
(B) KCl 
(C) CuCl 
(D) LiCl 

 
 

 9. During the course of the experiment, which of the 
following happens to the NO3

- ions? 

(A) They are oxidized by Cl- ions. 
(B) They are reduced to NO2

- ions. 
(C) They are decomposed by reacting with  

M+ ions. 
(D) They remain dissolved in the filtrate solution. 
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10. Which of the following diagrams best represents the AgNO3 solution before the reaction occurs? 

Note: water molecules are represented by the symbol   . 

 
 
(A)  (B)  

 
(C)  (D) 
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11. When 200. mL of 2.0 M NaOH(aq) is added to  
500. mL of 1.0 M HCl(aq) , the pH of the 
resulting mixture is closest to 

(A)  1.0 
(B)  3.0  
(C)  7.0  
(D) 13.0  

 
 
 

Element 

First 
Ionization 

Energy 
(kJ/mol) 

Atomic 
Radius 
(pm) 

B 801 85 

C 1086 77 

N 1400 75 

O 1314 73 

F 1680 72 

Ne 2080 70 
 
12. The table above shows the first ionization energy 

and atomic radius of several elements. Which of 
the following best helps to explain the deviation 
of the first ionization energy of oxygen from the 
overall trend? 

(A) The atomic radius of oxygen is greater than 
the atomic radius of fluorine. 

(B) The atomic radius of oxygen is less than the
atomic radius of nitrogen. 

 

(C) There is repulsion between paired electrons 
in oxygen’s 2p orbitals. 

(D) There is attraction between paired electrons 
in oxygen’s 2p orbitals. 

 
 
 

13. Which of the following equations represents a 
reaction for which the standard entropy change is 
positive (DS° > 0) ? 

(A) 3 O2(g)  →  2 O3(g) 

(B) 2 H2(g)  +  O2(g)  →  2 H2O(l) 

(C) CaCO3(s)  →  CaO(s)  +  CO2(g) 

(D) I2(g)  +  2 K(s)  →  2 KI(s) 
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Questions 14-16 refer to the following. 

The table below contains information about 
samples of four different gases at 273 K. The  
samples are in four identical rigid containers 
numbered 1 through 4. 
 

Container Gas Pressure
(atm) 

 Mass of Sample 
(g) 

1 He 2.00 ? 

2 Ne 2.00 ? 

3 ? 2.00 16.0 

4 SO2 1.96 64.1 

 
 
14. On the basis of the data provided above, the gas in 

container 3 could be 

(A) CH4 
(B) O2 
(C) Ar 
(D) CO2 

 
 
 

15. Under the conditions given, consider containers 1, 
2, and 4 only. The average speed of the gas 
particles is  

(A) greatest in container 1 
(B) greatest in container 2 
(C) greatest in container 4 
(D) the same in containers 1, 2, and 4 

 
16. The best explanation for the lower pressure in 

container 4 is that SO2 molecules 

(A) have a larger average speed than the other 
three gases 

(B) occupy a larger portion of the container 
volume than the other three gases 

(C) have stronger intermolecular attractions than 
the other three gases 

(D) contain π bonds, while the other gases 
contain only σ bonds 
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17. The potential energy as a function of internuclear distance for three diatomic molecules, X2, Y2, and Z2, is  
shown in the graph above. Based on the data in the graph, which of the following correctly identifies the 
diatomic molecules, 

 
X2, Y2, and Z2 ? 

X2 Y2 Z2 

(A) H2 N2 O2

(B) H2 O2 N2 

(C) N2 O2 H2 

(D) O2 H2 N2 
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18. A 10. g cube of copper at a temperature T1 is 
placed in an insulated cup containing 10. g of  
water at a temperature T2 . If T1 > T2 , which of  
the following is true of the system when it has 
attained thermal equilibrium? (The specific heat 
of copper is 0.385 J/(g·°C) and the specific heat of 
water is 4.18 J/(g·°C).) 

(A) The temperature of the copper changed more 
than the temperature of the water. 

(B) The temperature of the water changed more 
than the temperature of the copper. 

(C) The temperature of the water and the copper 
changed by the same amount. 

(D) The relative temperature changes of the 
copper and the water cannot be determined 
without knowing T1 and T2 . 

 
19. A solution containing HCl and the weak acid 

HClO2 has a pH of 2.4. Enough KOH(aq) is 
added to the solution to increase the pH to 10.5.  
The amount of which of the following species 
increases as the KOH(aq) is added? 

(A) Cl-(aq) 
(B) H+(aq) 

(C) ClO2
-(aq) 

(D) HClO2(aq) 
 
 
 

2 H2O(l)  Æ̈   H3O+(aq)  +  OH-(aq) 

20. The autoionization of water is represented by  
the equation above. Values of pKw at various 
temperatures are listed in the table below. 

Temperature (∞C) pKw 

0 14.9 

10 14.5 

20 14.2 

30 13.8 

40 13.5 

  Based on the information above, which of the 
following statements is true? 

(A) The dissociation of water is an exothermic 
process. 

(B) The pH of pure water is 7.00 at any 
temperature. 

(C) As the temperature increases, the pH of pure 
water increases. 

(D) As the temperature increases, the pH of pure 
water decreases. 

 
 
 

 



 
 

Unauthorized copying or reuse of 
any part of this page is illegal.   GO ON TO THE NEXT PAGE. 

-14- 

Questions 21-24 refer to the following information. 

 CO(g)  +  2 H2(g)  ¨   CH3OH(g) DH < 0 Æ

The synthesis of CH3OH(g) from CO(g) and H2(g) 

is represented by the equation above. The value of Kc 

for the reaction at 483 K is 14.5. 
 
 
21. Which of the following explains the effect on the  

equilibrium constant, Kc , when the temperature 
of the reaction system is increased to 650 K? 

(A) Kc will increase because the activation 
energy of the forward reaction increases 
more than that of the reverse reaction. 

(B) Kc will increase because there are more 
reactant molecules than product molecules. 

(C) Kc will decrease because the reaction is 
exothermic. 

(D) Kc is constant and will not change. 
 
22. A 1.0 mol sample of CO(g) and a 1.0 mol sample  

of H2(g) are pumped into a rigid, previously 
evacuated 2.0 L reaction vessel at 483 K. Which  
of the following is true at equilibrium? 

(A) [H2] = 2[CO] 
(B) [H2] < [CO] 
(C) [CO] = [CH3OH] < [H2] 
(D) [CO] = [CH3OH] = [H2]  

 
 
 

23. A mixture of CO(g) and H2(g) is pumped into a  
previously evacuated 2.0 L reaction vessel. The  
total pressure of the reaction system is 1.2 atm at  
equilibrium. What will be the total pressure of the  
system if the volume of the reaction vessel is  
reduced to 1.0 L at constant temperature? 

(A) Less than 1.2 atm 
(B) Greater than 1.2 atm but less than 2.4 atm 
(C) 2.4 atm 
(D) Greater than 2.4 atm 

 
24. Which of the following statements is true about 

bond energies in this reaction? 

(A) The energy absorbed as the bonds in the 
reactants are broken is greater than the 
energy released as the bonds in the product 
are formed. 

(B) The energy released as the bonds in the 
reactants are broken is greater than the 
energy absorbed as the bonds in the product 
are formed. 

(C) The energy absorbed as the bonds in the 
reactants are broken is less than the energy 
released as the bonds in the product are 
formed. 

(D) The energy released as the bonds in the 
reactants are broken is less than the energy 
absorbed as the bonds in the product are 
formed. 
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25. A solution is prepared by adding 100 mL of 1.0 M HC2H3O2(aq) to 100 mL of 1.0 M NaC2H3O2(aq) . The 
solution is stirred and its pH is measured to be 4.73. After 3 drops of 1.0 M HCl are added to the solution, the pH  
of the solution is measured and is still 4.73. Which of the following equations represents the chemical reaction  
that accounts for the fact that acid was added but there was no detectable change in pH? 

(A) H3O+(aq)  +  OH−(aq)  Æ  2 H2O(l) 

(B) H3O+(aq)  +  Cl−(aq)  Æ  HCl(g)  +  H2O(l) 

(C) H3O+(aq)  +  C2H3O2
−(aq)  Æ  HC2H3O2(aq)  +  H2O(l) 

(D) H3O+(aq)  +  HC2H3O2(aq)  Æ  H2C2H3O2
+(aq)  +  H2O(l) 
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MnO4
−  +  5 Fe2+  +  8 H+  Æ  Mn2+  +  5 Fe3+  +  4 H2O 

26. In the reaction represented above, the number of MnO4
− ions 

that react must be equal to which of the following?  

(A) One-fifth the number of Fe2+ ions that are consumed  
(B) Eight times the number of H+ ions that are consumed 
(C) Five times the number of Fe3+ ions that are produced  
(D) One-half the number of H2O molecules that are 

produced  
 

 
 
 

 
 

 

27. A student prepared five solutions of CuSO4 with different 
concentrations, and then filled five cuvettes, each containing  
one of the solutions. The cuvettes were placed in a 
spectrophotometer set to the appropriate wavelength for 
maximum absorbance. The absorbance of each solution was 
measured and recorded. The student plotted absorbance 
versus concentration, as shown in the figure above. Which of  
the following is the most likely explanation for the variance 
of the data point for the 0.600 M CuSO4 solution? 

(A) The cuvette into which the 0.600 M solution was placed 
had some water droplets inside. 

(B) The cuvette into which the 0.600 M solution was placed 
was filled slightly more than the other cuvettes. 

(C) The wavelength setting was accidentally moved away 
from that of maximum absorbance. 

(D) The cuvette used for the 0.600 M solution had not been 
wiped clean before being put in the spectrophotometer. 
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X2  +  Y2  Æ  X2Y2  

rate = k[X2]  

28. A reaction and its experimentally determined rate law are represented above. A chemist proposes two different 
possible mechanisms for the reaction, which are given below. 

     Mechanism 1  

X2  Æ  2 X  (slow)

X  +  Y2  Æ  XY2 (fast) 

X  +  XY2  Æ  X2Y2  (fast) 

 

 

  

  Mechanism 2  

X2  Æ  2 X  (slow) 

X  +  Y2  Æ  XY + Y  (fast) 

X  + XY  Æ  X2Y  (fast) 

X2Y  +  Y  Æ  X2Y2  (fast) 

     

    

    

          

  
Based on the information above, which of the following is true? 

(A) Only mechanism 1 is consistent with the rate law.  
(B) Only mechanism 2 is consistent with the rate law. 
(C) Both mechanism 1 and mechanism 2 are consistent with the rate law. 
(D) Neither mechanism 1 nor mechanism 2 is consistent with the rate law.  

 
 
 
 
 
 
 
 FeF2(s)  Æ̈   Fe2+(aq)  +  2 F−(aq) K1 = 2 × 10−6 

F−(aq)  +  H+(aq)  Æ̈   HF(aq) K2 = 1 × 103 

FeF2(s)  +  2 H+(aq)  Æ̈   Fe2+(aq)  +  2 HF(aq) K3 =   ? 

 

 

29. On the basis of the information above, the dissolution of FeF2(s) in acidic solution is 

(A) thermodynamically favorable, because K2 > 1 
(B) thermodynamically favorable, because K3 > 1 
(C) not thermodynamically favorable, because K1 < 1 
(D) not thermodynamically favorable, because K3 < 1 
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30. Thymine and adenine form a base pair in the DNA molecule. These two bases can form a connection between 
two strands of DNA via two hydrogen bonds. Which of the following diagrams shows the correct representation 
of the hydrogen bonding (denoted by dashed lines) between thymine and adenine base pairs? (In each diagram, 
thymine is shown at the left and adenine is shown at the right. The bases are attached to the backbone portion of 
the DNA strands.) 

(A)  

 
(B)  

 
(C)  

 
(D) 
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31. A sample containing atoms of C and F was analyzed using x-ray photoelectron spectroscopy. The portion of the 
spectrum showing the 1s peaks for atoms of the two elements is shown above. Which of the following correctly 
identifies the 1s peak for the F atoms and provides an appropriate explanation? 

(A) Peak X, because F has a smaller first ionization energy than C has. 
(B) Peak X, because F has a greater nuclear charge than C has. 
(C) Peak Y, because F is more electronegative than C is. 
(D) Peak Y, because F has a smaller atomic radius than C has. 
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Questions 32-34 refer to the following. 

5 H2O2(aq)  +  2 MnO4
−(aq)  +  6 H+(aq)  Æ  2 Mn2+(aq)  +  8 H2O(l)  +  5 O2(g) 

In a titration experiment, H2O2(aq) reacts with aqueous MnO4
-(aq) as represented by the equation above. The 

dark purple KMnO4 solution is added from a buret to a colorless, acidified solution of H2O2(aq) in an Erlenmeyer 
flask. (Note: At the end point of the titration, the solution is a pale pink color.) 
 
 
 
32. At a certain time during the titration, the rate of  

appearance of O2(g) was 1.0 ¥ 10-3 mol/(L!s). 

What was the rate of disappearance of MnO4
- at  

the same time? 

(A) 6.0 ¥ 10-3 mol/(L!s) 
(B) 4.0 ¥ 10-3 mol/(L!s) 
(C) 6.0 ¥ 10  mol/(L!s)-4  
(D) 4.0  10  mol/(L!s)¥ -4  

 
33. Which element is being oxidized during the 

titration, and what is the element’s change in 
oxidation number? 

(A) Oxygen, which changes from -1 to 0 
(B) Oxygen, which changes from 0 to -2 
(C) Manganese, which changes from -1 to +2 
(D) Manganese, which changes from +7 to +2 

 
 
 

 
 
34. Which of the following best describes what 

happens to the pH of the H2O2 solution as the 
titration proceeds? 

(A) The +2 charge on the manganese ions 
maintains the acidity of the solution. 

(B) The production of water dilutes the solution, 
making it basic. 

(C) As H+ ions are consumed, the solution 
becomes less acidic and the pH increases. 

(D) As H+ ions are consumed, the solution 
becomes less acidic and the pH decreases. 
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35. The BF3 molecule is nonpolar, whereas the NF3 

molecule is polar. Which of the following 
statements accounts for the difference in polarity 
of the two molecules? 

(A) In NF3, each F is joined to N with multiple 
bonds, whereas in BF3, each F is joined to 

B with single bonds. 
(B) N − F bonds are polar, whereas B − F bonds  

are nonpolar. 
(C) NF3 is an ionic compound, whereas BF3 is a 

molecular compound. 
(D) Unlike BF3, NF3 has a nonplanar geometry 

due to an unshared pair of electrons on the  

N atom. 
 
 
 

PCl3(g)  +  Cl2(g)  Æ   PCl5(g)     Kc = 6.5 ¨

36. At a certain point in time, a 1.00 L rigid reaction  
vessel contains 1.5 mol of PCl3(g) , 1.0 mol of 

Cl2(g) , and 2.5 mol of PCl5(g) . Which of the 
following describes how the measured pressure  
in the reaction vessel will change and why it  
will change that way as the reaction system  
approaches equilibrium at constant temperature?  

(A) The pressure will increase because Q < Kc . 
(B) The pressure will increase because Q > Kc . 
(C) The pressure will decrease because Q < Kc . 
(D) The pressure will decrease because Q > Kc . 

 
 
 

N2(g)  +  3 H2(g)  Æ̈   2 NH3(g) 

298HD D = −92 kJ/molrxn ; 298GD D  = −33 kJ/molrxn 

37. Consider the reaction represented above at 298 K. 

When equal volumes of N2(g) and H2(g), each at 

1 atm, are mixed in a closed container at 298 K, 
no formation of NH3(g) is observed. Which of the 

following best explains the observation? 

(A) The N2(g) and the H2(g) must be mixed in a 
1:3 ratio for a reaction to occur. 

(B) A high activation energy makes the forward  
reaction extremely slow at 298 K. 

(C) The reaction has an extremely small 
equilibrium constant, thus almost no 
product will form. 

(D) The reverse reaction has a lower activation 
energy than the forward reaction, so the 
forward reaction does not occur. 
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38. Data collected during the titration of a 20.0 mL  
sample of a 0.10 M solution of a monoprotic acid  
with a solution of NaOH of unknown  
concentration are plotted in the graph above.  
Based on the data, which of the following are the  
approximate pKa of the acid and the molar 
concentration of the NaOH? 

pKa [NaOH]
(A) 4.7 0.050 M 
(B) 4.7 0.10 M 
(C) 9.3 0.050 M 
(D) 9.3 0.10 M 
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Questions 39-41 refer to the following graph, which shows the heating curve for methane, CH4 . 

 

 
 
 
39. How much energy is required to melt 64 g of 

methane at 90 K? (The molar mass of methane  
is 16 g/mol.) 

(A)  0.24 kJ 
(B)  3.8 kJ 
(C) 33 kJ 
(D) 60. kJ 

 
40. Which of the following best explains why more 

energy is required for the process occurring at  
110 K than for the process occurring at 90 K ? 

(A) Intermolecular attractions are completely 
overcome during vaporization. 

(B) Intermolecular attractions in the solid phase 
are weaker than in the liquid phase. 

(C) Electron clouds of methane molecules are 
less polarizable at lower temperatures. 

(D) Vaporization involves a large increase in 
temperature. 

 

 
 
41. The enthalpy of vaporization of water is  

40.7 kJ/mol. Which of the following best  
explains why the enthalpy of vaporization of 
methane is less than that of water? 

(A) Methane does not exhibit hydrogen bonding, 
but water does. 

(B) Methane has weaker dispersion forces. 
(C) Methane has a smaller molar mass. 
(D) Methane has a much lower density. 
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42. Steel is an alloy consisting of Fe with a small amount of C. Elemental Cr can be added to steel to make the 
steel less likely to rust; Cr atoms react with oxygen in the air to form a nonreactive layer of chromium oxide on 
the surface of the steel, preventing the oxidation of underlying Fe atoms. A sample of steel-chromium alloy 
contains 15 percent Cr by mass. Which of the following diagrams best shows a particle-level view of a surface 
section and an interior section of the alloy represented below at the left? (The atomic radii of the atoms involved 
are given in the table below at the right.) 

 

(A)  

 
(B)  

 
(C)  

 
(D) 
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43. Consider the reaction represented by the equation 

2 X  +  2 Z  Æ  X2Z2. During a reaction in which  

a large excess of reactant X was present, the 
concentration of reactant Z was monitored over 
time. A plot of the natural logarithm of the 
concentration of Z versus time is shown in the 
figure above. The order of the reaction with 
respect to reactant Z is  

(A) zero order 
(B) first order 
(C) second order 
(D) third order 
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Questions 44-46 relate to the following information. 

XY2  →  X  +  Y2 

The equation above represents the decomposition of a compound XY2. The diagram below shows two reaction 
profiles (path one and path two) for the decomposition of XY2.  
 

 

 
 
 
44. Which of the following most likely accounts for 

the difference between reaction path one and 
reaction path two? 

(A) A higher temperature in path one 
(B) A higher temperature in path two 
(C) The presence of a catalyst in path one  
(D) The presence of a catalyst in path two  

 
45. Which of the following best describes the flow of 

heat when 1.0 mol of XY2 decomposes? 

(A) 50 kJ of heat is transferred to the 
surroundings. 

(B) 50 kJ of heat is transferred from the 
surroundings. 

(C) 100 kJ of heat is transferred to the 
surroundings. 

(D) 100 kJ of heat is transferred from the 
surroundings. 

 

 
 
46. The reaction is thermodynamically favorable 

under standard conditions at 298 K. Therefore, the 
value of ΔS° for the reaction must be 

(A) equal to zero 

(B) equal to DH°/298 K 
(C) greater than DH°/298 K 
(D) less than DH°/298 K 

 
 
 



47. Which of the following diagrams best illustrates how a displacement in an ionic crystal results in cleavage and 
brittleness? 

Before Displacement After Displacement 

(A) 

(B) 

  

(C) 

 
 

(D) 
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C3H8(g)  +  4 Cl2(g)  Æ  C3H4Cl4(g)  +  4 HCl(g) 

48. A 6.0 mol sample of C3H8(g) and a 20. mol sample of Cl2(g) 

are placed in a previously evacuated vessel, where they react  
according to the equation above. After one of the reactants  
has been totally consumed, how many moles of HCl(g) have  
been produced? 

(A)  4.0 mol 
(B)  8.0 mol 
(C) 20. mol 
(D) 24 mol 

 
 
 
 

Name Structural Formula  Molar Mass
(g/mol) 

 

Acetone 

 

58.1 

1-propanol 60.1 

Butane 58.1 

 
49. The table above shows the structural formulas and molar 

masses for three different compounds. Which of the following 
is a list of the compounds in order of increasing boiling 
points? 

(A) Butane  <  1-propanol  <  acetone 
(B) Butane  <  acetone  <  1-propanol 
(C) 1-propanol  <  acetone  <  butane 
(D) Acetone  =  butane  <  1-propanol 
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NO(g)  +  NO3(g)  →  2 NO2(g) 

rate = k[NO][NO3] 

50. The reaction represented above occurs in a single  
step that involves the collision between a particle 
of NO and a particle of NO3. A scientist 
correctly calculates the rate of collisions between  
NO and NO3 that have sufficient energy to 
overcome the activation energy. The observed  
reaction rate is only a small fraction of the  
calculated collision rate. Which of the following  
best explains the discrepancy? 

(A) The energy of collisions between two 
reactant particles is frequently absorbed by 
collision with a third particle. 

(B) The two reactant particles must collide with a 
particular orientation in order to react. 

(C) The activation energy for a reaction is 
dependent on the concentrations of the 
reactant particles. 

(D) The activation energy for a reaction is 
dependent on the temperature. 
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S T O P 
END OF SECTION I 

IF YOU FINISH BEFORE TIME IS CALLED,  
YOU MAY CHECK YOUR WORK ON THIS SECTION. 

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO DO SO. 

________________________________ 

MAKE SURE YOU HAVE DONE THE FOLLOWING.  

• PLACED YOUR AP NUMBER LABEL ON YOUR ANSWER SHEET

• WRITTEN AND GRIDDED YOUR AP NUMBER CORRECTLY ON YOUR
ANSWER SHEET

• TAKEN THE AP EXAM LABEL FROM THE FRONT OF THIS BOOKLET
AND PLACED IT ON YOUR ANSWER SHEET.
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This is the free-response section of the 2014 AP exam.  
It includes cover material and other administrative instructions 
to help familiarize students with the mechanics of the exam. 
(Note that future exams may differ in look from the following content.) 



AP® Chemistry Exam 
SECTION II: Free Response 2014 

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.  

At a Glance 
Total Time 

1 hour, 30 minutes 
Number of Questions 

7 
Percent of Total Score 

50% 
Writing Instrument 

Either pencil or pen with
black or dark blue ink 

Electronic Device 
Calculator allowed 

Suggested Time 
Approximately  
20 minutes each for  
questions 1 – 3  and  
7 minutes each for  
questions 4 – 7  

Weight 
Approximate weights: 
Questions 1 – 3 
22% each 

 

Instructions 
The questions for Section II are printed in this booklet. Pages containing a periodic table 
and lists containing equations and constants are also printed in this booklet. 

You may use the pages that the questions are printed on to organize your answers or for 
scratch work, but you must write your answers in the areas designated for each response. 
Only material written in the space provided will be scored. 

Examples and equations may be included in your responses where appropriate. For 
calculations, clearly show the method used and the steps involved in arriving at your 
answers. You must show your work to receive credit for your answer. Pay attention to 
significant figures. 

Write clearly and legibly. Cross out any errors you make; erased or crossed-out work will 
not be scored. 

Manage your time carefully. You may proceed freely from one question to the next. You 
may review your responses if you finish before the end of the exam is announced. 

Questions 4 – 7
9% each 
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AP¥ CHEMISTRY EQUATIONS AND CONSTANTS 

Throughout the exam the following symbols have the definitions specified unless otherwise noted. 

L, mL = liter(s), milliliter(s) mm Hg = millimeters of mercury 
g  = gram(s) J, kJ = joule(s), kilojoule(s) 
nm = nanometer(s)  V = volt(s) 
atm = atmosphere(s) mol = mole(s) 

ATOMIC STRUCTURE 

E = hν 
c = λν 

E = energy 
ν = frequency 
λ = wavelength 

 Planck’s constant, h = 6.626 × 10−34 J s 
Speed of light, c = 2.998 × 108 m s−1 

Avogadro’s number = 6.022 × 1023 mol−1 
Electron charge, e = −1.602 × 10−19 coulomb

EQUILIBRIUM 

Kc = [C] [D]

[A] [B]

c d

a b
, where a A + b B R  c C + d D 

Kp = C D

A B

( ) ( )

( ) ( )

c

a

P P

P P

d

b

Ka = [H ][A ]
[HA]

� �

Kb = [OH ][HB ]
[B]

� �

Kw = [H+][OH−] = 1.0 × 10−14 at 25°C
=  Ka × Kb

pH = − log[H+] , pOH = − log[OH−] 

14 = pH + pOH 

pH = pKa + log [A ]
[HA]

�

pKa = − logKa , pKb  = − logKb

Equilibrium Constants 

Kc  (molar concentrations) 
Kp  (gas pressures) 
Ka  (weak acid) 
Kb  (weak base) 
Kw  (water) 

KINETICS 

ln[A] t − ln[A]0 = − kt

> @ > @0A A
1 1

t
�  = kt 

t! = 0.693
k

k = rate constant 
t = time 

t! = half-life
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GASES, LIQUIDS, AND SOLUTIONS 

PV = nRT 

PA =  Ptotal × XA, where XA = moles A
total moles

Ptotal = PA + PB + PC + . . . 

n = m
M

K = °C + 273 

D = m
V

KE per molecule = 1
2

mv2

 Molarity, M = moles of solute per liter of solution 

A = abc 

P =  pressure 
V =  volume 
T =  temperature 
n =  number of moles 
m =  mass 
M =  molar mass 
D =  density 

KE =  kinetic energy 
v =  velocity 
A =  absorbance 
a =  molar absorptivity 
b =  path length 
c =  concentration 

 Gas constant, R =  8.314 J mol−1K−1

=  0.08206 L atm mol−1 K−1

=  62.36 L torr mol−1 K−1 

1 atm  =   760 mm Hg  =  760 torr 

STP  =  273.15 K and 1.0 atm 

THERMODYNAMICS / ELECTROCHEMISTRY 

 q = mc∆T 

∆S° = products reactantsS �Ç D SÇ D

∆H° = products reactantsfHD �Ç ÇD
fHD D

∆G° = products reactantsfGD �Ç ÇD
fGD D

∆G° =  ∆H° − T∆S° 
 =  −RT ln K 

=  − n	 E°

I  = 
q
t

q =  heat 
m =  mass 
c =  specific heat capacity 
T =  temperature 

S° =  standard entropy 
H° =  standard enthalpy 
G° =  standard Gibbs free energy 
n =  number of moles 

E° =  standard reduction potential 
I =  current (amperes) 
q =  charge (coulombs) 
t =  time (seconds) 

Faraday’s constant, 	� =  96,485 coulombs per mole
of electrons

1 volt =
1 joule

1 coulomb
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CHEMISTRY 
Section II 

7 Questions 
Time—90 minutes

YOU MAY USE YOUR CALCULATOR FOR THIS SECTION. 

Directions: Questions 1–3 are long free-response questions that require about 20 minutes each to answer and are 
worth 10 points each. Questions 4–7 are short free-response questions that require about 7 minutes each to answer 
and are worth 4 points each.  

Write your response in the space provided following each question. Examples and equations may be included in 
your responses where appropriate. For calculations, clearly show the method used and the steps involved in arriving 
at your answers. You must show your work to receive credit for your answer. Pay attention to significant figures.  

Mass of KI tablet 0.425 g 

Mass of thoroughly dried filter paper 1.462 g 

Mass of filter paper + precipitate after first drying 1.775 g 

Mass of filter paper + precipitate after second drying 1.699 g 

Mass of filter paper + precipitate after third drying 1.698 g 

1. A student is given the task of determining the I− content of tablets that contain  KI and an inert, water-soluble
sugar as a filler. A tablet is dissolved in sugar as a filler. A tablet is dissolved in 50.0 mL of distilled water, and an excess of 0.20 M Pb(NO3)2(aq) is is
added to the solution. A yellow precipitate forms, which is then filtered, washed, and dried. The data from the
experiment are shown in the table above.

(a) For the chemical reaction that occurs when the precipitate forms,

(i) write a balanced, net-ionic equation for the reaction, and 

(ii) explain why the reaction is best represented by a net-ionic equation. 

 (i) write a balanced, net-ionic equation for the reaction, and 

 (ii) explain why the reaction is best represented by a net-ionic equation. 

(b) Explain the purpose of drying and weighing the filter paper with the precipitate three times. 

(c) In the filtrate solution, is [K+] greater than, less than, or equal to [NO3
−] ? Justify your answer.

(d) Calculate the number of moles of precipitate that is produced in the experiment. (d) Calculate the number of moles of precipitate that is produced in the experiment. 

(e) Calculate the mass percent of I− in the tablet. 

(f) In another trial, the student dissolves a tablet in 55.0 mL of water instead of 50.0 mL of water. Predict 
whether the experimentally determined mass percent of I− will be greater than, less than, or equal to the  
amount calculated in part (e). Justify your answer. 
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(g) A student in another lab also wants to determine the I− content of a KI tablet but does not have access to  

Pb(NO3)2 .  However, the student does have access to 0.20 M AgNO3, which reacts with I−(aq) to produce 

AgI(s). The value of Ksp for AgI is 8.5  10−17. 

 (i) Will the substitution of AgNO3 for Pb(NO3)2 result in the precipitation of the I− ion from solution?  
Justify your answer. 

 (ii) The student only has access to one KI tablet and a balance that can measure to the nearest 0.01 g.  
Will the student be able to determine the mass of AgI produced to three significant figures? Justify 
your answer. 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1 
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CH3CH2COOH(aq)  +  H2O(l)  Æ̈   CH3CH2COO−(aq)  +  H3O+(aq) 

 2. Propanoic acid, CH3CH2COOH, is a carboxylic acid that reacts with water according to the equation above. At 

25∞C the pH of a 50.0 mL sample of 0.20 M CH3CH2COOH is 2.79. 

(a) Identify a Brønsted-Lowry conjugate acid-base pair in the reaction. Clearly label which is the acid and 
which is the base. 

(b) Determine the value of Ka for propanoic acid at 25∞C. 

(c) For each of the following statements, determine whether the statement is true or false. In each case, explain 
the reasoning that supports your answer. 

 (i) The pH of a solution prepared by mixing the 50.0 mL sample of 0.20 M CH3CH2COOH with a  
50.0 mL sample of 0.20 M NaOH is 7.00. 

 (ii) If the pH of a hydrochloric acid solution is the same as the pH of a propanoic acid solution, then the 
molar concentration of the hydrochloric acid solution must be less than the molar concentration of the 
propanoic acid solution. 

  A student is given the task of determining the concentration of a propanoic acid solution of unknown 
concentration. A 0.173 M NaOH solution is available to use as the titrant. The student uses a 25.00 mL 
volumetric pipet to deliver the propanoic acid solution to a clean, dry flask. After adding an appropriate indicator 
to the flask, the student titrates the solution with the 0.173 M NaOH, reaching the end point after 20.52 mL of 
the base solution has been added. 

(d) Calculate the molarity of the propanoic acid solution. 

(e) The student is asked to redesign the experiment to determine the concentration of a butanoic acid solution  
instead of a propanoic acid solution. For butanoic acid the value of pKa is 4.83. The student claims that a 
different indicator will be required to determine the equivalence point of the titration accurately. Based on  
your response to part (b), do you agree with the student’s claim? Justify your answer. 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2 
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 3. A student is given a standard galvanic cell, represented above, that has a Cu electrode and a Sn electrode.  
As current flows through the cell, the student determines that the Cu electrode increases in mass and the  

Sn electrode decreases in mass. 

(a) Identify the electrode at which oxidation is occurring. Explain your reasoning based on the student’s 
observations. 

(b) As the mass of the Sn electrode decreases, where does the mass go? 

(c) In the expanded view of the center portion of the salt bridge shown in the diagram below, draw and label a 
particle view of what occurs in the salt bridge as the cell begins to operate. Omit solvent molecules and use 
arrows to show the movement of particles. 
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(d) A nonstandard cell is made by replacing the 1.0 M solutions of Cu(NO3)2 and Sn(NO3)2 in the standard cell 
with 0.50 M solutions of Cu(NO3)2 and Sn(NO3)2 . The volumes of solutions in the nonstandard cell are 
identical to those in the standard cell.

(i) Is the cell potential of the nonstandard cell greater than, less than, or equal to the cell potential of the
standard cell? Justify your answer. 

(ii) Both the standard and nonstandard cells can be used to power an electronic device. Would the 
nonstandard cell power the device for the same time, a longer time, or a shorter time as compared with 
the standard cell? Justify your answer. 

(e) In another experiment, the student places a new Sn electrode into a fresh solution of 1.0 M Cu(NO3)2 . 

Half-Reaction E° (V)

Cu+  +  e−  →  Cu(s) 0.52 

Cu2+  +  2 e−  →  Cu(s) 0.34 

Sn4+  +   2 e−  →  Sn2+
 0.15 

Sn2+  +  2 e−  →  Sn(s) −0.14 

(i) Using information from the table above, write a net-ionic equation for the reaction between the  
Sn electrode and the Cu(NO3)2 solution that would be thermodynamically favorable. Justify that 
the reaction is thermodynamically favorable.  

(ii) Calculate the value of DG° for the reaction. Include units with your answer.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Unauthorized copying or reuse of 
any part of this page is illegal.   GO ON TO THE NEXT PAGE. 

-18- 

CaCO3(s)  Æ̈   CaO(s)  +  CO2(g) 

 4. When heated, calcium carbonate decomposes according to the equation above. In a study of the decomposition  
of calcium carbonate, a student added a 50.0 g sample of powdered CaCO3(s) to a 1.00 L rigid container. The 
student sealed the container, pumped out all the gases, then heated the container in an oven at 1100 K. As the  
container was heated, the total pressure of the CO2(g) in the container was measured over time. The data are  
plotted in the graph below. 

 

 

  The student repeated the experiment, but this time the student used a 100.0 g sample of powdered CaCO3(s) . In 
this experiment, the final pressure in the container was 1.04 atm, which was the same final pressure as in the  
first experiment. 

(a) Calculate the number of moles of CO2(g) present in the container after 20 minutes of heating.  

(b) The student claimed that the final pressure in the container in each experiment became constant because  
all of the CaCO3(s) had decomposed. Based on the data in the experiments, do you agree with this claim? 
Explain. 

(c) After 20 minutes some CO2(g) was injected into the container, initially raising the pressure to 1.5 atm. 
Would the final pressure inside the container be less than, greater than, or equal to 1.04 atm? Explain  
your reasoning. 

(d) Are there sufficient data obtained in the experiments to determine the value of the equilibrium constant, Kp , 
for the decomposition of CaCO3(s) at 1100 K? Justify your answer. 
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ADDITIONAL PAGE FOR ANSWERING QUESTION 4 
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Nonmetal C N O Ne Si P S Ar

Formula of 
Compound 

CF4 NF3 OF2 No 
compound 

SiF4 PF3 SF2 No 
compound 

 5. Some binary compounds that form between fluorine and various nonmetals are listed in the table above. A 
student examines the data in the table and poses the following hypothesis: the number of F atoms that will bond 
to a nonmetal is always equal to 8 minus the number of valence electrons in the nonmetal atom. 

(a) Based on the student’s hypothesis, what should be the formula of the compound that forms between chlorine 
and fluorine? 

(b) In an attempt to verify the hypothesis, the student researches the fluoride compounds of the other halogens 
and finds the formula ClF3. In the box below, draw a complete Lewis electron-dot diagram for a molecule 
of ClF3. 

 

(c) Two possible geometric shapes for the ClF3 molecule are trigonal planar and T-shaped. The student does 
some research and learns that the molecule has a dipole moment. Which of the two shapes is consistent with  
the fact that the ClF3 molecule has a dipole moment? Justify your answer in terms of bond polarity and 
molecular structure. 

In an attempt to resolve the existence of the ClF3 molecule with the hypothesis stated above, the student 
researches the compounds that form between halogens and fluorine, and assembles the following list.

Halogen Formula(s)

F F2

Cl  

Br BrF, BrF3 , BrF5 

I IF, IF3 , IF5 , IF7 

(d) Based on concepts of atomic structure and periodicity, propose a modification to the student’s previous 
hypothesis to account for the compounds that form between halogens and fluorine. 
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.
 

Unauthorized copying or reuse of 
any part of this page is illegal.   GO ON TO THE NEXT PAGE. 

-22- 

 6. A student places a mixture of plastic beads consisting of polypropylene (PP) and polyvinyl chloride (PVC) in a 
1.0 L beaker containing distilled water. After stirring the contents of the beaker vigorously, the student observes 
that the beads of one type of plastic sink to the bottom of the beaker and the beads of the other type of plastic 
float on the water. The chemical structures of PP and PVC are represented by the diagrams below, which show 
segments of each polymer. 

 

(a) Given that the spacing between polymer chains in PP and PVC is similar, the beads that sink are made of 
which polymer? Explain. 

PP is synthesized from propene, C3H6, and PVC is synthesized from vinyl chloride, C2H3Cl. The structures of 
the molecules are shown below. 

 

(b) The boiling point of liquid propene (226 K) is lower than the boiling point of liquid vinyl chloride (260 K). 
Account for this difference in terms of the types and strengths of intermolecular forces present in each 
liquid.

  In a separate experiment, the student measures the enthalpies of combustion of propene and vinyl chloride.  
The student determines that the combustion of 2.00 mol of vinyl chloride releases 2300 kJ of energy, according 
to the equation below. 

2 C2H3Cl(g)  +  5 O2(g)  →  4 CO2(g)  +  2 H2O(g)  +  2 HCl(g)  ΔH° = −2300 kJ/molrxn 

(c) Using the table of standard enthalpies of formation below, determine whether the combustion of 2.00 mol
of propene releases more, less, or the same amount of energy that 2.00 mol of vinyl chloride releases. Justify  
your answer with a calculation. The balanced equation for the combustion of 2.00 mol of propene 
is  2 C3H6(g)  +  9 O2(g)  →  6 CO2(g)  +  6 H2O(g)

Substance C2H3Cl(g) C3H6(g) CO2(g) H2O(g) HCl(g) O2(g) 

Standard Enthalpy of 
Formation  (kJ/mol) 

37 21 −394 −242 −92 0 
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 7. The half-life (t1/2) of the catalyzed isomerization of cis-2-butene gas to produce trans-2-butene gas, represented 
above, was measured under various conditions, as shown in the table below.

Trial Number Initial Pcis-2-butene (torr) V (L) T (K) t1/2 (s) 

1 300. 2.00 350. 100.

2 600. 2.00 350. 100.

3 300. 4.00 350. 100.

4 300. 2.00 365 50.

(a) The reaction is first order. Explain how the data in the table are consistent with a first-order reaction. 

(b) Calculate the rate constant, k, for the reaction at 350. K. Include appropriate units with your answer. 

(c) Is the initial rate of the reaction in trial 1 greater than, less than, or equal to the initial rate in trial 2? Justify 
your answer. 

(d) The half-life of the reaction in trial 4 is less than the half-life in trial 1. Explain why, in terms of activation 
energy. 
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S T O P 
END OF EXAM 

IF YOU FINISH BEFORE TIME IS CALLED,  
YOU MAY CHECK YOUR WORK ON THIS SECTION. 

________________________________ 

  THE FOLLOWING INSTRUCTIONS APPLY TO THE COVERS OF THE  
SECTION II BOOKLET.    

   • MAKE SURE YOU HAVE COMPLETED THE IDENTIFICATION  
INFORMATION AS REQUESTED ON THE FRONT AND BACK  
COVERS OF THE SECTION II BOOKLET. 

    
    

•  CHECK TO SEE THAT YOUR AP NUMBER LABEL APPEARS 
IN THE BOX ON THE FRONT COVER. 

 

  • MAKE SURE YOU HAVE USED THE SAME SET OF AP  
NUMBER LABELS ON ALL AP EXAMS YOU HAVE TAKEN  
THIS YEAR. 

   
   

 
 


