Advanced Placement Chemistry
Practice Exam |1

Three hours are allotted for this examination. One hour and 30 minutes are allotted for Section I, which
consists of multiple-choice questions. For Section II, Part A, 40 minutes are allotted; for Section II, Part B,
50 minutes are allotted.

NO CALCULATORS MAY BE USED IN THIS SECTION OF THE EXAMINATION.

SECTION I
Time—1 hour and 30 minutes
Number of questions—75

Percent of total grade—45

Note: For all questions, assume that the temperature is 298 K, the pressure is 1.00 atmosphere and solutions are
aqueous unless otherwise noted.

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

T = temperature M = molar
P = pressure m =molal
V =volume L,mL = liter(s), milliliter(s)
S =entropy g = gram(s)
H = enthalpy nm = nanometer(s)
G = free energy atm = atmosphere(s)
R = molar gas constant J, KkJ = joule(s), kilojoule(s)
n = number of moles A% = volt(s)

mol = mole(s)

Part A

Directions: Each set of lettered choices below refers to the numbered statements immediately following it.
Select the one lettered choice that best answers each question or best fits each statement and then fill in the
corresponding oval on the answer sheet. A choice may be used once, more than once, or not at all in each set.



Question 1-4 refer to atoms for which the occupied atomic orbitals shown below.
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1. Represents an atom that forms a basic solution when reacted with water.
2. Represents an atom that forms colored aqueous solutions.
3. Represents an atom that readily forms four sp> hybrid orbitals.

4. Represents an atom that is not in its ground state.

Questions 5-8 refer to the following descriptions of bonding in different types of solids.

(A) Regular arrangement of positive and negative ions held together by Coulombic forces.
(B) Positive ions with delocalized electrons throughout.

(C) Strong single covalent bonds with weak intermolecular forces.

(D) Strong multiple covalent bonds with weak intermolecular forces.

(E) Macromolecules held together with strong polar bonds.

Strontium fluoride, SrF;(s)
Copper, Cu(s)

Nitrogen, Nx(g)

Ethane, C,Hs (g)

o N



Questions 9 - 11
(A)Cl
(B)I
(C) Mg
(D) Ne
(E)P
9. Forms monatomic ions with 2+ charge in solutions.

10. Forms a compound having the formula K3XOy4,

11. Exists as a diatomic gas in its standard state.

Use these answers for questions 12 - 15
(A) Na
(B) Mn
(C)Cr
(D) Zn
(E) Ag
12. Which element reacts exothermically with cold water to form basic solutions?
13. Which element exhibits the greatest number of different oxidation states?

14. Which element has the lowest electronegativity?

15. Which element has no unpaired electrons in its ground state?



Use these answers for questions 16 - 18.

(A) a solution with a pH less than 7 that is not a buffer solution
(B) a buffer solution with a pH between 4 and 7

(C) a buffer solution with a pH between 7 and 10

(D) a solution with a pH greater than 7 that is not a buffer solution
(E) a solution with a pH of 7

Tonization Constants

Benzoic acid = 6.4 x 10>
Aniline=3.8 x 107"°

Oxalic acid, HyC,04; K; = 6.5 x 102
H,C,04;, Ko =6.1 x 107°

16. A solution prepared to be initially 1 M in KBr and 1 M in KOH
17. A solution prepared to be initially 1 M in sodium benzoate and 1 M in sodium oxalate
18. A solution prepared to be initially 0.5 M in benzoic acid and 1 M in sodium benzoate

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

19. When %> U decays, the emission consists consecutively of a beta particle, then two alpha
particles, and finally another beta particle. The resulting stable nucleus is

(A) 51 Pa
(B) %} Pa
(C) *5Th
(D) *5Th
(E) *HAc

20. Which of the following actions would decrease the boiling point of a sample of water in an open
container?

I. Adding 15g of solid calcium chloride
II. Removing some of the liquid in the container
II1. Moving the container and water to a higher altitude

(A) T only

(B) II only

(C) IIT only

(D) II and III only
(E) I, 11, and 111



21. H,COs +2 H,0 &—= 2 H;0" + COs*

Carbonic acid, H,COs, is a diprotic acid with K; =5 x 10 7 and K, = 5 x 10", Which of the following is equal
to the equilibrium constant for the reaction represented above?

(A)2.5%x 107"
(B)5x 107"
(C)5x10"
(D)2.5x107°
(E)5x 1077

22. A hydrocarbon gas with an empirical formula CH; has a density of 1.3 grams per liter at 0 °C and 1.00
atmosphere. A possible formula for the hydrocarbon is

(A) CHy

(B) C,H,
(C) CsHg
(D) C4Hy
(E) CsHiyo

23. How many milliliters of 12-molar HCI must be diluted to obtain 2.0 liters of 3.0-molar HCI?

(A) 0.500 mL
(B) 0.800 mL
(C) 250 mL
(D) 500 mL
(E) 800 mL

24. Which of the following solutions has the highest boiling point?

(A) 0.10 m oxalic acid, HyC,04

(B) 0.10 m sodium chloride, NaCl

(C) 0.10 m ammonium nitrate, NHsNO;
(D) 0.10 m sucrose, C12H20q4

(E) 0.10 m magnesium nitrate, Mg(NOs),

25. The melting point of CasS is higher than that of KCI. Explanations for this observation include which of
the following?

I. Ca®" is more positively charged than K
I1. $* is less electronegative than CI~
III. The S* ion is smaller than the CI™ ion

(A) I only

(B) IT only

(C) I and III only
(D) II and III only
(E) L I, and IIT
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26. The organic compound represented above is an example of

(A) an organic acid
(B) an alcohol

(C) an ether

(D) an aldehyde
(E) a ketone

27. For which of the following molecules are resonance structures necessary to describe the bonding
satisfactorily?

(A) HoO
(B) SO;
(C) CoH,
(D) SiF,
(E) NH;

28. 6 H' +2MnO; +5ClOs” > 2Mn*" +3 H,0 +5 ClOs”
Which species acts as a reducing agent in the reaction represented above?

(A) H,0
(B) ClO4~
(C) ClO5~
(D) Mn**
(E) MnO,~

29. What is the molar solubility in water of Pbl,? (The K, for Pbl is 3.2 x 1078.)

A)32x10°M
B)8.0x 10°M

C) 1.6 x 107
D) 1.6 x 10°°

E)2x10°M



30.

31.

32.

For which of the following processes would AS have a positive value?
I. MgCOs(s) 2 MgO(s) + COx(g)

IL. Ba®" + SO4” > BaS04(s)

1L Cly(g) + C3He(g) = C3HeCly(g)

(A) T only

(B) Iand II only
(C) I and III only
(D) II and III only
(E) I, 11, and 111

Which of the following systems would NOT experience a change in the number of moles of the
substances present at equilibrium when the volume of the system is changed at constant temperature?

(A) SO(g) + NO(g) = SO(g) + 1/2 Na(g)
(B) Oa2(g) + 2 Ha(g) = 2 H,0(g)

(C) Na(g) +2 Oa(g) =2 2 NO2(g)

(D) N2O4(g) = 2 NOx(g)

(E) CHa(g) +2 Ox(g) = COx(g) +2 H20(g)

What is the maximum mass of zinc that could be plated out by electrolyzing aqueous ZnCl, for 10.0
hours at a constant current of 2.00 amperes? (1 faraday = 96,500 coulombs)

(10)(60)(65)
(2)(96,500)
®) (96,500)(65)
(2)(10)(60) (60)
o (10(60)(€0)(53)(2)
(2)(96,500)
10)(60)(60
®) (2()( )(><9)6( so)o>

ey (E0)(60)(65)

(10)(96,500)

(A)




33. H,PO4 + H,O — H;0" + HPO,>

In the equilibrium represented above, the species that act as acids include which of the following?

I. H,PO,~
1. H,O
I11. HPO,*

(A) I only
(B) IIT only
(CO)land I
(D) Iand III
(E) II and 11T

34. The balanced equation for the reaction of nitrogen dioxide and fluorine is
2NO; + F, 2 2NO,F
The proposed mechanism for the reaction is
Step 1: NO, +F, > NO,F + F  Slow
Step2: F + NO, = NO,F Fast
Which of the following are correct?

I. The mechanism supports an experimentally determined rate law of
Rate = K[NO,]*[Fa]

II. F is an intermediate

III. The reaction is first order in F,

(A) I only

(B) I .and IT only
(C) I and III only
(D) II and III only
(E) I, IT and IIT



Potential Energy

v

Reaction Coordinate
35. The potential energy diagram for the reaction A + B = C is shown above. The addition of a catalyst to
this reaction would cause a change in which of the indicated energy differences?

(A) T only

(B) II only

(C) IIT only

(D) I and II only
(E) L, 11, and 1T

36. Which of the following is the correct equilibrium expression for the hydrolysis of C,04% ?

(A)K =[HC,04 1/ ([C204 ][H;07])
(B)K =([H C04 ] [OH])/[C,04"]
(C)K =([C04* ][OH])/[H C,04 ]
(D) K =[C,04* ]/ ([CO,] [OH ]*)
(E)K = ([C204" ][H;07])/[H C,047]

37. _ MnO, + e+ H' > Mn+  HO(®)

When the equation for the half reaction above is balanced with the lowest whole-number coefficients, the
coefficient for H,O is

(A)2
(B) 4
©) 6
(D)8
(E) 12

38. Which of the following molecules has the highest bond energy?

(AN,
(B) O,
O CL
(D) BI‘2
(E) Hz



39. For the reaction 2W(g) = 2X(g) + Y(g), the equilibrium constant, K,,, is 8 x 10° at 298K. A mixture of

the three gases at 298K is placed in a rigid metal cylinder and the initial pressures are Px = 1
atmosphere, Py = 0.8 atmosphere, and Pw = 2 atmosphere. At the instant of mixing, which of the
following is true for the reaction as written?

(A) more product will form
(B) more reactant will form
(C)AS=0

(D) AG®°=0

(E) AG°>0

40. (CH3);CBr(aq) + OH - (CH3);COH(aq) + Br
For the reaction represented above, the experimental rate law is given as follows.
Rate = k [(CH3);CBr]

If some solid potassium hydroxide is added to a solution that is 0.050-molar in (CH3)3;CBr and 0.50-molar in
KOH, which of the following is true? (Assume the temperature and volumes remain constant.)

(A) Both the reaction rate and k increase.

(B) Both the reaction rate and k decrease.

(C) Both the reaction rate and k remain the same.

(D) The reaction rate increases but k remains the same.
(E) The reaction rate decreases but k remains the same.

41. Types of hybridization exhibited by the C atoms in ethene, CH,CH,, include which of the following?

L sp
IL. sp2
I1L. sp’

(A) IT only

(B) III only

(C) Iand IT only
(D) II and III only
(E) L, 11, and 1T



42.
Step I: X* + Y > X*"+Y**
Step 2: X" + Y > X+ Y*
Step3: Y +2" > 727 +Y¥

The proposed steps for a catalyzed reaction between X* and Z" are represented above. The catalyst in this
process is

( A) X4+
(B) X3+
(C) Y4+
(D) Y2+
(B)Z'

CaCO; (s) == CaO (s) + CO, (g)

43. After the equilibrium represented above is established, some pure CO; (g) is added to the reaction vessel
at constant temperature. After equilibrium is reestablished, all of the following will happen EXCEPT

(A) K, for the reaction will increase.

(B) K, for the reaction will remain the same.

(C) The concentration of CaCOs in the reaction vessel remains constant.
(D) The concentration of CaO in the reaction vessel remains constant.
(E) AG will become less negative.

44. Zn(s) + Cu>™ > Zn*" + Cu(s)

An electrolytic cell based on the reaction represented above was constructed from zinc and copper half-cells.
The observed voltage was found to be 1.20 volt instead of the standard cell potential, E°, of 1.10 volts. Which
of the following could correctly account for this observation?

(A) The zinc electrode contained more mass than the copper electrode.

(B) The Zn*" electrolyte was 0.5M Zn(NOs),, while the Cu?* electrolyte was 1.0M Cu(NOs),.
(C) The Zn*" solution was colorless while the Cu®" solution was blue.

(D) The solutions in the half-cells began at different temperatures.

(E) The salt bridge contained NaBr as the electrolyte.



45. The radioactive decay of "I to'};Xe occurs by the process of

(A) beta particle emission
(B) alpha particle emission
(C) positron emission

(D) electron capture

(E) neutron capture

46. SF4(g) + Fa(g) > SFs(g)

The reaction indicated above is thermodynamically spontaneous at 298 K, but becomes nonspontaneous at
higher temperatures. Which of the following is true at 298 K?

(A) AG, AH, and AS are all positive.
(B) AG, AH, and AS are all negative.
(C) AG and AH are negative, but AS is positive.
(D) AG and AS are negative, but AH is positive.
(E) AG and AH are positive, but AS is negative.

47. What volume of 0.50-molar HCl is required to neutralize 100.0 millilters of 0.10-molar Mg(OH),?

(A)20.0 mL
(B) 30 0 mL
(C) 40.0 mL
(D) 60.0 mL
(E) 80.0 mL

48. The O—N—O0 bond angle in the NO3" ion is

(A) 90°

(B) 105°
(C) 109°
(D) 120°
(E) 180°

Na(g) + 3 Ha(g) = 2 NHs(g) AH=-92kJ

49. Which of the following changes alone would cause a decrease in the value of K4 for the reaction
represented above?

A) Decreasing the temperature

B) Increasing the temperature

C) Adding an inert gas such as argon

D) Adding more hydrogen gas at constant temperature
E) Adding a catalyst



50. One of the outermost electrons in a calcium atom in the ground state can be described by which of the
following sets of four quantum numbers?

(A)4,2,0,%
(B)4, 1,1, Y%
(C)4,1,0,%
(D) 4,0,1,%
(E)4,0,0, %

51. Concentrations of colored substances are commonly measured by means of a spectrophotometer. Which
of the following would ensure that correct values are obtained for the measured absorbance?

I. The solution must be saturated.
II. Rinsing the cuvette with a small portion of the sample before filling it.
II1. Removing all fingerprints from the outside of the cuvette.

(A) I only

(B) IT only

(C) Iand IT only
(D) II and III only
(E) L I, and IIT

52. Which of the following aqueous solutions has the lowest freezing point?

(A) 0.10 m acetic acid, CH;COOH

(B) 0.10 m aluminum chloride, AICl3

(C) 0.10 m ammonium sulfate, (NH4),SO4
(D) 0.10 m calcium chloride, CaCl,

(E) 0.20 m ethanol, C;HsOH

53. 2S0,(g) + 0x(g) = 2 SOx(g) AH =-198 kJ

Consider the equilibrium above. Which of the following changes will increase the concentration of SO,(g)?

(A) Increasing the concentration of O,

(B) Increasing the pressure in the reactant vessel at constant temperature
(C) Increasing the mass of SO; present

(D) Adding a catalyst

(E) Decreasing the temperature



54. 1f 30. grams of Na,COs (molar mass 106. grams per mole) is dissolved in enough water to make 100.
milliliters of solution, what are the concentrations of the calcium and the carbonate ions?

| |Na] [COs™]
(A) 028 M 0.28 M
(B) 0.56 M 0.28 M
(C) 28M 2.8M
(D) 5.6 M 2.8M
(E) 2.8M 5.6 M

55. The mass of element X found in 1.00 mole of each of four different compounds is 28.0 grams,
42.0 grams, 56.0 grams, and 70 grams, respectively. A possible atomic weight of X is

(A) 8.00
(B) 14.0
(C) 28.0
(D) 38.0
(E) 42.0

[
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56. The phase diagram for a pure substance is shown above. Which point on the diagram corresponds to the
equilibrium between the liquid and vapor phases at the normal boiling point?

(A) A
(B)B
©C
(D)D
(E)E



Na(g) + 2 Ox(g) 2 N2O4(g)

57. The reaction above takes place in a closed, rigid vessel. The initial pressure of N»(g) is 1.0 atm and that
of Oy(g) is 1.5 atm. No N,O4(g) is initially present. The experiment is carried out at constant
temperature. What is total pressure in the container when the partial pressure of N,O4(g) reaches 0.75
atm?

A) 0.25 atm
B) 0.75 atm
C) 1.0 atm
D) 2.5 atm
E) 3.3 atm

58. CaCOj;(s) = CaO(s) + COx(g)

A 0.33 mol sample of CaCOs(s) is placed in a 1 L evacuated flask, which is then sealed and heated. The
CaCOs(s) decomposes completely according to the balanced equation above. The total pressure in the flask
measured at 300. K is closest to which of the following? (The value of the gas constant, R, is 0.082 L- atm/
mol - K™)

(A) 2.0 atm
(B) 4.1atm
(C) 8.1 atm
(D) 16 atm
(E) 18 atm

59. H,0(1) > H,0(s)

When water freezes at its normal freezing point, 0°C and 1 atmosphere, which of the following is true for the
process shown above?

(A)AH<0,AS>0,AV >0
(B)AH<0,AS<0,AV >0
(C)AH>0,AS<0,AV<0
(D)AH>0,AS>0,AV>0
(E)AH>0,AS>0,AV <0

60. Of the following molecules, which has the smallest dipole moment?

(A)NO
(B) NO;
(ON,
(D) NH;3
(E) N0,



61. Equal numbers of moles of CO,(g), N2(g), and NHs(g) are placed in a sealed vessel at room temperature.
If the vessel has a pinhole-sized leak, which of the following will be true after some of the gas mixture
has effused?

I. The mole fraction of CO; in the sample will increase.
II. The N, will effuse the fastest since it is the lightest.
III. All gases will effuse at the same rate since the temperature is held constant.

A) I only

B) III only

C)land II

D) II and III

E) I, Il and III

62.

‘ Compound ‘Normal Boiling Point, °C
| H,0 | +100
| H,S | - 60
| H,Se | - 45
| H,Te | -5.0

Liquefied samples of these compounds have the normal boiling points given above. The relatively high boiling
point of water can be correctly explained by which of the following?

(A) H,O has the lowest specific heat.

(B) H,O is amphoteric.

(C) Hz0 has polar bonds.

(D) H»0 tends to form hydrogen bonds.

(E) H2O has the highest boiling point elevation constant.

63. When a sample of carbon dioxide gas in a closed container of constant volume at 0.5 atm and 200K is
heated until its temperature reaches 400K, its new pressure is closest to

(A) 0.25 atm
(B) 0.50 atm
(C) 1.0 atm
(D) 1.5 atm
(E) 2.0 atm



64.

65.

66.

Correct procedures for a titration include which of the following?

I. Rinsing a pipet with distilled water just before measuring the liquid sample to be titrated.
II. Baking the solid acid sample in a drying oven prior to measuring its mass.
III. Rinsing the tip of the buret with distilled water frequently during the titration.

(A) I only

(B) I only

(C) I and III only
(D) II and III only
(E) L I, and IIT

A sample of 8.0 grams of magnesium metal is added to an excess of hydrochloric acid. The volume of
hydrogen gas produced at standard temperature and pressure is

(A) 3.74 liters
(B) 5.60 liters
(C) 7.46 liters
(D) 11.2 liters
(E) 22.4 liters

Under which of the following sets of conditions could the least amount of CO,(g) be dissolved in
H,O(1)?

Pressure of COx(g) Temperature

Above H,O(1) of HO(1)
(atm) °(©)
A) 0.10 25
B) 0.10 60
0) 0.50 25
D) 1.0 25
E) 1.0 60

16 HCI + 2 K,CrO; + C,HsOH = 4 CrCl; + 4 KCl1 + 11 H,O +2 CO,

67.

According to the balanced equation above, how many moles of HCI would be necessary to produce 4.0
mol of CO,, starting with 6.0 mol of K,CrO; and 5.0 mol of C,HsOH?

A) 8
B) 16
C) 32
D) 48
E) 80



68. If the temperature of an aqueous solution of 0.10 M KNOj is increased from 25 °C to 40 °C, which of
the following statements is true?

(A) The density of the solution increases.

(B) The rate of evaporation of the solution decreases.
(C) The mole fraction of solute increases.

(D) The molality of the solution is unaffected.

(E) The molarity of the solution is unaffected.

69.
. Acid Dissociation
Acid Constant, K,
H3As04 5% 107
H,AsO4~ 8x10°
HAsO,* 6x 107"

On the basis of the information above, a buffer with a pH = 11 can best be made by using

(A) pure NaH;AsO4

(B) H3ASO4 + HzASO4_
(C) H,AsO4 + AsO4>~
(D) HAsO,; + HAsO4*
(E) HAsO4* + AsO4>~

70. In which of the following compounds is the mass ratio of element x to oxygen closest to 2.5 to 1.0?
(Molar mass of element x is 40.0 grams per mole)

(A) XO
(B) XO,
(C) XOs
(D) X0
(E) X503

71. A 50.0-milliliter sample of 0.500-molar KI solution is added to 50.0 milliliters of 0.200-molar Pb(NOs),
solution. A precipitate forms. The concentration of iodide ion, I, in solution after reaction is

(A) 0.025 M
(B) 0.050 M
(C) 0.100 M
(D) 0.150 M
(E) 0.300 M



72. Calcium iodide, Cal,, has a AH®,, of — 104 kJ per mole. Which of the following is probably true
when calcium iodide is dissolved in water?

(A) The entropy of the solution decreases.

(B) As the solute dissolves, the temperature of the solution decreases.
(C) The resulting solution has a high vapor pressure.

(D) Heating the solution causes precipitation.

(E) Cooling the solution causes precipitation.

73. The pH of 0.1-molar acetic acid is approximately

(A) 1
(B) 4
(€7
(D) 11
(E) 14

Questions 74 - 75
BrO; +5Br +6 H = 3 Br, + 3 H,O

The oxidation of bromide ions by bromate ions in acidic aqueous solution occurs according to the stoichiometry
shown above. The experimental rate law of the reaction is:

Rate =k [BrO;] [Br ] [H']
74. What is the order of the reaction with respect to Br ?

(A)1
(B)2
©)3
(D)5
(E) 6

75. According to the rate law for the reaction, an increase in the concentration of hydrogen ion has what
effect on this reaction?

(A) The rate of reaction increases.

(B) The rate of reaction decreases.

(C) The value of the equilibrium constant increases.

(D) The value of the equilibrium constant decreases.

(E) Neither the rate nor the value of the equilibrium constant is changed.



