CHEMISTRY
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.
Section I is printed in this examination booklet. Section II is printed in a separatebooklet.
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

This examination contains 75 multiple-choice questions and 5 survey questions. Therefore, please
be careful to fill in only the ovals that are preceded by numbers 1 through 80 on your answer sheet.
NO CALCULATORS
ARE ALLOWED.
General Instructions
DO NOT OPEN THIS BOOKLET UNTIL YOU ARE INSTRUCTED

TO DO SO.

INDICATE ALL YOUR ANSWERS TO QUESTIONS IN SECTION I ON THE SEPARATE ANSWER SHEET.
No credit will be given for anything written in this examination booklet, but you may use the booklet for notes or
scratchwork. After you have decided which of the suggestedanswers is best, COMPLETELY fill in the corresponding
oval on the answer sheet. Give only one answer to each question. If you change an answer, be sure that the previous
mark is erased completely.
Example:
Chicago is a
(A)
(B)
(C)
(D)
(E)

Sample Answer

state
city
country
continent
village

Many candidates wonder whether or not to guessthe answers to questions about which they are not certain. In this
section of the examination, as a correction for haphazard guessing, one-fourth of the number of questions you answer
incorrectly will be subtractedfrom the number of questions you answer correctly. It is improbable, therefore, that mere
guessing will improve your score significantly; it may even lower your score, and it does take time. If, however, you are
not sure of the correct answer but have some knowledge of the question and are able to eliminate one or more of the
answer choices as wrong, your chance of getting the right answer is improved, and it may be to your advantage to answer
such a question.
Use your time effectively, working as rapidly as you can without losing accuracy. Do not spend too much time on
questions that are too difficult. Go on to other questions and come back to the difficult ones later if you have time. It is
not expected that everyone will be able to answer all the multiple-choice questions.
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SECTION I
Time NO CALCULATORS

1 hour and 30 minutes
MAY BE USED WITH SECTION I.

Note: For all questions,assumethat the temperature is 298 K, the pressureis 1.OOatmosphere,and solutionsare
aqueousunless otherwise specified.
Throughout the test the following symbols have the definitions specified unlessotherwise noted.
T =
P=
V=
S=
H=
G=
R=
n =

= molar
M
m
= molal
L, mL = liter(s), milliliter(s)
= gram(s)
g
nm
= nanometer(s)
atm = atmosphere(s)
J, kJ = joule(s), kilojoule(s)
V
= volt(s)
mol = mole(s)

temperature
pressure
volume
entropy
enthalpy
free energy
molar gas constant
number of moles

PartA
Directions: Each set of lettered choices below refers to the numbered statementsimmediately following it. Select
the one lettered choice that best fits each statementand then fill in the correspondingoval on the answer sheet. A
choice may be used once, more than once, or not at all in each set.
Questions l-4 refer to the following types of energy.
(A)
(B)
(C)
(D)
(E)

Activation energy
Free energy
Ionization energy
Kinetic energy
Lattice energy

1. The energy required to convert a ground-stateatom
in the gas phaseto a gaseouspositive ion
2. The energy changethat occurs in the conversion of
an ionic solid to widely separatedgaseousions
3. The energy in a chemical or physical change that is
available to do useful work
4. The energy required to form the transition state in a
chemical reaction
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Questions 5-8 refer to atoms for which the occupied
atomic orbitals are shown below.

5. Representsan atom that is chemically unreactive
6. Representsan atom in an excited state
7. Representsan atom that has four valence electrons
8. Representsan atom of a transition metal

Questions9- 12 refer to aqueoussolutionscontaining
1:1 mole ratios of the following pairs of substances.
Assume all concentrationsare 1 M.

(4

NH, and NH,CI

m

H,PO, and NaH2P0,

(0 HCl and NaCl
(D) NaOH and NH,
(Q NH, and HC,H30, (acetic acid)
9. The solution with the lowest pH
10. The most nearly neutral solution
11. A buffer at a pH > 8
12. A buffer at a pH < 6
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Questions 13- 16 refer to the following descriptionsof
bonding in different types of solids.
(A) Lattice of positive and negative ions held
together by electrostaticforces
(B) Closely packed lattice with delocalized
electrons throughout
(C) Strong single covalent bonds with weak
intermolecular forces
(D) Strong multiple covalent bonds (including
n-bonds) with weak intermolecular forces
(E) Macromolecules held together with strong
polar bonds
13. Cesium chloride, CsCl(s)
14. Gold, Au(s)
15. Carbon dioxide, CO,(s)
16. Methane, CH,(s)

I
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Guestions 17- 18 refer to the following elements.
(A)
(B)
(C)
(D)
(E)

Lithium
Nickel
Bromine
Uranium
Fluorine

17. Is a gas in its standardstate at 298 K
18. Reacts with water to form a strong base

PartB
Directions: Each of the questionsor incomplete statementsbelow is followed by five suggestedanswersor completions. Select the one that is best in each caseand then fill in the correspondingoval on the answer sheet.
19. Which of the following best describesthe role of the spark
from the spark plug in an automobile engine?

@I

m
63

m

m

The spark decreasesthe energy of activation for the slow
step.
The spark increasesthe concentration of the volatile
reactant.
The spark suppliessome of the energy of activation for
the combustion reaction.
The spark provides a more favorable activated complex
for the combustion reaction.
The spark provides the heat of vaporization for the
volatile hydrocarbon.

20. What massof Au is produced when 0.0500 mol of Au,S3 is
reduced completely with excess H, ?
(A)
(B)
(C)
(D)
(E)

9.85 g
19.7 g
24.5 g
39.4 g
48.9 g

21. When a solution of sodium chloride is vaporized in a flame,
the color of the flame is
(A)
(B)
(C)
(D)
(E)

blue
yellow
green
violet
white

22. Of the following reactions, which involves the largest
decreasein entropy?
(A) CaCO,(s) +

CaO(s) + CO,(g)

(B) 2 CO(g) + O,(g) -+ 2 CO,(g)
(C) Pb(NO,),(s)
(D) C&(g)

+ 2 KI(s) +

+ 5 O,(g) +

(E) 4 La(s) + 3 O,(g) +

3 CO,(g) + 4 H,O(g)
2 La,O,(s)
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PbI,(s) + 2 KNO,(s)

I

24. The safestand most effective emergency procedure to treat an acid splashon skin is to do which
of the following immediately?

(4 Dry the affected area with paper towels

m

Sprinkle the affected area with powdered
Na,SO&)
Flush the affected area with water and then
with a dilute NaOH solution
Flush the affected area with water and then
with a dilute NaHC03 solution

cc>
0

03 Flush the affected area with water and then
with a dilute vinegar solution

23. A hot-air balloon, shown above, rises.Which
of the following is the best explanation for this
observation?
(A) The pressureon the walls of the balloon
increaseswith increasingtemperature.
(B) The difference in temperature between the air
inside and outsidethe balloon producesconvection currents.
(C) The cooler air outside the balloon pushesin
on the walls of the balloon.
(D) The rate of diffusion of cooler air is less than
that of warmer air.
(E) The air density inside the balloon is less than
that of the surroundingair.
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Time
25. The cooling curve for a pure substanceas it changesfrom a liquid to a
solid is shown above. The solid and the liquid coexist at
(A)
(B)
(C)
(D)
(E)

point Q only
point R only
all points on the curve between Q and S
all points on the curve between R and T
no point on the curve

. . . C,,H,,O,S(s)

+ . . . O,(g) +

. . . CO,(g) + . . . SO,(g) + . . . H,O(g)

26. When the equation above is balanced and all coefficients are reduced to
their lowest whole-number terms, the coefficient for O,(g) is

(A) 6
(B) 7
(Cl 12
(D) 14
03 28
27. Appropriate usesof a visible-light spectrophotometerinclude which of
the following?
I. Determining the concentrationof a solution of Cu(NO&
II.
III.
(A)
(B)
(C)
(D)
(E)

Measuring the conductivity of a solution of KMnO,
Determining which ions are presentin a solution that may
contain Na+, Mg*+, A13+

I only
II only
III only
I and II only
I and III only
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28. The melting point of MgO is higher than that of NaF. Explanations
for this observation include which of the following?
I.

Mg2+ is more positively charged than Na+.

II.

02- is more negatively charged than F-.

III.

The O”- ion is smaller than the F- ion.

(A)
(B)
(C)
(D)
(E)

II only
I and II only
I and III only
II and III only
I, II, and III

0

II

CH,-C-CH2-CH,
29. The organic compound representedabove is an example of
(A)
(B)
(C)
(D)
(E)

an organic acid
an alcohol
an ether
an aldehyde
a ketone

H$e(g)

+ 4 O,F&)

+

SeF&)

+ 2 HF(g) + 4 O,(g)

30. Which of the following is true regarding the reaction represented
above?
(A)
(B)
(C)
(D)
(E)

The oxidation number of 0 does not change.
The oxidation number of H changesfrom - 1 to + 1.
The oxidation number of F changesfrom +l to - 1.
The oxidation number of Se changesfrom -2 to +6.
It is a disproportionationreaction for F.

3 1. If the temperatureof an aqueoussolution of NaCl is increased from
20°C to 90°C, which of the following statementsis true?
(A)
(B)
(C)
(D)
(E)

The
The
The
The
The
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density of the solution remains unchanged.
molarity of the solution remains unchanged.
molality of the solution remains unchanged.
mole fraction of solute decreases.
mole fraction of solute increases.

Questions34-35 refer to an electrolytic cell that
involves the following half-reaction.

32. Types of hybridization exhibited by the C atoms
in propene, CH,CHCH,, include which of the
following?

AlF6” - + 3 e- +

I. sp
II. sp2
III.
(A)
(B)
(C)
(D)
(E)

34. Which of the following occurs in the reaction?

sp3

(A) AIF,” - is reduced at the cathode.
(B) Al is oxidized at the anode.
(C) Aluminum is converted from the -3 oxidation stateto the 0 oxidation state.
(D) F- acts as a reducing agent.
(E) F- is reduced at the cathode.

I only
III only
I and II only
II and III only
I, II, and III

33. A 1.OL sample of an aqueoussolution contains
0.10 mol of NaCl and 0.10 mol of CaC12. What
is the minimum number of moles of AgNO, that
must be added to the solution in order to precipitate all of the Cl- as AgCl(s) ? (Assume that
AgCl is insoluble.)
(A)
(B)
(C)
(D)
(E)

0.10
0.20
0.30
0.40
0.60

Al + 6 F-

35. A steady current of 10 amperes is passedthrough
an aluminum-production cell for 15 minutes.
Which of the following is the correct expression
for calculating the number of grams of aluminum
produced?( 1 faraday = 96,500 coulombs)
(A) (10) (15) (96,500)
g
(27) (60)

mol
mol
mol
mol
mol

(10) (15) (27)

0% (60) (96,500) g
(0

(IO) (15) (60) (27) g
(96,500) (3)

(D)

(96,500) (27)
(10) (15) (60) (3) g
(27) (3)

(E) (96,500) (10) (15) (60) g

Unauthorized copying or reusing
any part of this page is illegal.

I

24

I

Initial Rate of
Initial [NO]

Initial [02]

Experiment

(mol L- ‘)

(mol L- ‘)

Formation of NO,

1

0.10

0.10

2.5 x 1o-4

2

0.20

0.10

5.0 x 1o-4

3

0.20

0.40

8.0 x 1O-3

(mol L-Y’)

36. The initial-rate data in the table above were obtained for the reaction
representedbelow. What is the experimental rate law for the reaction?

2 NO(g)+ 02(g) -j. NO,(g)
(A) Rate = k[NO][O,]
(B) Rate = k[NO][O,]*
(C) Rate = k[N012[02]
(D) Rate = k[N012 [O, ]*
(E) Rate = k B
2

Ionization Energies for element X (k.l mol-‘)
First

Second

Third

Fourth

Fifth

580

1,815

2,740

11,600

14,800

37. The ionization energies for element X are listed in the table above. On
the basisof the data, element X is most likely to be
(A)
(W
cc>
(D)
(E)

Na
Mg
Al
Si
p

38. A molecule or an ion is classified as a Lewis acid if it
(A)
(B)
(C)
(D)
(E)

acceptsa proton from water
acceptsa pair of electrons to form a bond
donatesa pair of electrons to form a bond
donates a proton to water
has resonanceLewis electron-dot structures
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2 SO,(g) f 2 SO,(g) + 02(g)
41. After the equilibrium representedabove is established, some pure O,(g) is injected into the
reaction vessel at constanttemperature. After
equilibrium is reestablished,which of the following has a lower value compared to its value
at the original equilibrium?
(A) Ke4for the reaction
(B) The total pressurein the reaction vessel

0

(C) The amount of SO, (g) in the reaction vessel
Temperature (“C)

39. The phasediagram for a pure substanceis shown
above. Which point on the diagram corresponds
to the equilibrium between the solid and liquid
phasesat the normal melting point?

(4 A

w

(Cl

m

B

c

D
03 E
40. Of the following molecules, which has the largest
dipole moment?

(4

co

0% CO,
(0 02
CD)HF
03 F2
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(D) The amount of 0, (g) in the reaction vessel
(E) The amount of SO,(g)
vessel

in the reaction

. . . LijN(s)

+ . . . H20(1) -+ . . . Li+(aq) + . . . OH-(aq)

+ . . . NH,(g)

42. When the equation above is balancedand all coefficients reduced to lowest wholenumber terms, the coefficient for OH-(aq) is

1
(W 2
cc>3
m4
m 6
(4

43. A sample of 61.8 g of H,BO,, a weak acid, is dissolved in 1,000 g of water to
make a l.O-molal solution. Which of the following would be the best procedure
to determine the molarity of the solution? (Assume no additional information is
available.)

(4 Titration of the solution with standardacid
(B) Measurement of the pH with a pH meter

cc>Determination of the boiling point of the solution
CD)Measurement of the total volume of the solution
03 Measurement of the specific heat of the solution
44. A rigid metal tank containsoxygen gas. Which of the following applies to the gas
in the tank when additional oxygen is added at constanttemperature?
(A)
(B)
(C)
(D)
(E)

The
The
The
The
The

volume of the gas increases.
pressureof the gas decreases.
average speedof the gas molecules remains the same.
total number of gas molecules remains the same.
average distancebetween the gas molecules increases.

45. What is the H’(aq)

concentrationin 0.05 M HCN(aq) ? (The K, for HCN is

5.0 x lO_‘O.)
(A) 2.5 x lo-”

M

(B) 2.5 x 10-t’ M
(C) 5.0 x lo-lo M
(D) 5.0 x 1O-6 M
(E) 5.0 x 1O-4 M
46. Which of the following occurs when excessconcentrated NH,(aq)
thoroughly with 0.1 M Cu(NO&aq)
(A)
(B)
(C)
(D)
(E)

is mixed

?

A dark red precipitate forms and settlesout.
Separatelayers of immiscible liquids form with a blue layer on top.
The color of the solution turns from light blue to dark blue.
Bubbles of ammonia gas form.
The pH of the solution decreases.
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47. When hafnium metal is heated in an atmosphere
of chlorine gas, the product of the reaction is
found to contain 62.2 percent Hf by massand
37.4 percent Cl by mass.What is the empirical
formula for this compound?
(A) HfCl
(B) HfCl,
(C) HfCl,
(D) HfCl,
(E) Hf,Cl3
48. If 87.5 percent of a sample of pure 13’1 decays in
24 days, what is the half-life of 1311?
(A) 6 days
(B) 8 days
(C) 12 days
(D) 14 days
(E) 21 days
49. Which of the following techniquesis most appropriate for the recovery of solid KNO, from an
aqueoussolution of KNO, ?
(A)
(B)
(C)
(D)
(E)

Paper chromatography
Filtration
Titration
Electrolysis
Evaporation to dryness

50. In the periodic table, as the atomic number
increasesfrom 11 to 17, what happensto the
atomic radius?
(A)
(B)
(C)
(D)
(E)

It
It
It
It
It

remains constant.
increasesonly.
increases,then decreases.
decreasesonly.
decreases,then increases.
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51. Which of the following is a correct interpretation
of the resultsof Rutherford’s experiments in
which gold atoms were bombarded with alpha
particles?
(A) Atoms have equal numbers of positive and
negative charges.
(B) Electrons in atoms are arranged in shells.
(C) Neutrons are at the center of an atom.
(D) Neutrons and protons in atoms have nearly
equal mass.
(E) The positive charge of an atom is concentrated in a small region.
52. Under which of the following setsof conditions
could the most O,(g) be dissolvedin H,O(Z) ?
Pressureof 02(g)
Above H,O( 2)
(atm)
(A)
(B)
(C)
(D)
(E)

5.0
5.0
1.0
1.0
0.5

Temperature
of H,O(Z)
(“C)
80
20
80
20
20

W(g) + X(g) + Y(g) + Z(g)
53. Gases W and X react in a closed, rigid vessel to
form gases Y and 2 according to the equation
above. The initial pressureof W(g) is 1.20 atm
and that of X(g) is 1.60 atm. No Y(g) or Z(g)
is initially present.The experiment is carried out
at constanttemperature.What is the partial pressure of Z(g) when the partial pressureof W(g)
has decreasedto 1.O atm?
(A)
(B)
(C)
(D)
(E)

0.20 atm
0.40 atm
1.0 atm
1.2 atm
I .4 atm

2 NO(g) + O,(g) f

2 NO,(g)

AH < 0

54. Which of the following changesalone would cause a decreasein the value of
for the reaction representedabove?
Kes

(4 Decreasing the temperature
(W Increasing the temperature

(C>Decreasing the volume of the reaction vessel
(D) Increasing the volume of the reaction vessel
(El Adding a catalyst
10 HI + 2 KMn04 + 3 H,SO, +

5 I, + 2 MnSO, + K,SO, + 8 H,O

55. According to the balanced equation above, how many moles of HI would be necessary to produce 2.5 mol of I,, starting with 4.0 mol of KMnO, and 3.0 mol of
H,SO, ?
(A) 20.
(B) 10.
(C) 8.0
(D) 5.0
(E) 2.5

56. A yellow precipitate forms when 0.5 M NaI(aq) is added to a 0.5 M solution of
which of the following ions?

w cro,2-w
CD)so,2-(aq)

m

OH--W

M(s) + 3 Ag+(aq) -+
Ag+(aq)

+ e- +

3 Ag(s) + M3+(aq)
Ag(s)

E” = + 2.46 V

E0 = + 0.80 V

57. According to the information above, what is the standardreduction potential for the
half-reaction M3’(aq)
(A) -1.66 V
(B) -0.06 V
(C)

0.06 V

(D)

1.66 V

(E)

3.26 V
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+ 3 e- +

M(s) ?

58. On a mountaintop, it is observedthat water boils
at 90°C not at 100°C as at sea level. This phenomenon occurs becauseon the mountaintop the
(A) equilibrium water vapor pressureis higher
due to the higher atmosphericpressure
(B) equilibrium water vapor pressureis lower due
to the higher atmosphericpressure
(C) equilibrium water vapor pressureequals the
atmosphericpressureat a lower temperature
(D) water molecules have a higher average
kinetic energy due to the lower atmospheric
pressure
(E) water containsa greater concentration of
dissolved gases
59. A 40.0 mL sample of 0.25 M KOH is added to
60.0 mL of 0.15 A4 Ba(OH&. What is the molar
concentrationof OH-(aq) in the resulting solution? (Assume that the volumes are additive.)
(A)
(B)
(C)
(D)
(E)

O.lOM
0.19M
0.28 M
0.40 M
0.55 M

NH,NO,@> +

60. A 0.03 mol sample of NH,NO,(s) is placed in
a 1 L evacuated flask, which is then sealed and
heated. The NH,NO,(s) decomposescompletely
according to the balanced equation above, The
total pressurein the flask measuredat 400 K is
closest to which of the following? (The value of
the gas constant,R, is 0.082 L atm mol-’ K-l.)
(A)
(B)
(C)
(D)
(E)

3 atm
1 atm
0.5 atm
0.1 atm
0.03 atm

C,H,(g)

+ 3 02(g) -+ 2 Co,(g)

+ 2 H,%)

61. For the reaction of ethylene representedabove,
AH is -1,323 kJ. What is the value of AH if the
combustion produced liquid water H,O(Z), rather
than water vapor H,O(g) ? (AH for the phase
change H,O(g) + H20(Z) is -44 kJ mol-I.)
(A)
(B)
(C)
(D)
(E)
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N,O(g) + 2 H,Otg)

-1,235
-1,279
-1,323
-I ,367
-1,411

kJ
kJ
kJ
kJ
kJ

HC,H,O,(q)

+ CN-(aq) 2 HCNW

+ C&O,-(q)

62. The reaction representedabove has an equilibrium constantequal
to 3.7 x 104. Which of the following can be concluded from this
information?

(4 CN-(aq)

is a strongerbasethan C2H302-(aq).

(B)

HCN(aq)

is a strongeracid than HC,H,O,(aq).

0

The conjugate base of CN-(aq)

is C,H302-(aq).

(W The equilibrium constantwill increasewith an increase in
temperature.

m

The pH of a solution containing equimolar amountsof
CN-(aq)

and HC,H,O,

(aq)

is 7.0.

Time (hours)
63. The graph above shows the resultsof a study of the reaction of X
with a large excessof Y to yield 2. The concentrationsof X and
Y were measuredover a period of time. According to the results,
which of the following can be concludedabout the rate law for the
reaction under the conditions studied?
(A)
(B)
(C)
(D)
(E)

U~uthorizd
copyin
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It is zero order in [Xl.
It is first order in [X].
It is secondorder in [Xl.
It is first order in [ YJ.
The overall order of the reaction is 2.

64. Equal numbers of moles of He(g), Ar(g), and Ne(g) are
placed in a glassvessel at room temperature. If the vessel has
a pinhole-sized leak, which of the following will be true
regarding the relative values of the partial pressuresof the
gasesremaining in the vessel after some of the gas mixture
has effused?
(A) p,,

< P,, < P,,

(B) P,, < P,, < P,,
(C) P,, < P,, < P,,
(D) p,, < P,,
(E) p,,

< P,,

= p,, = p,,

65. Which of the following compoundsis NOT appreciably
soluble in water but is soluble in dilute hydrochloric acid?
(A) Mg(OH),(s)
(B) (NH&CO,(s)
(C) CuSO,(s)
(D) (NHL@O&)
(E) Sr(NO,),(s)
66. When solid ammonium chloride, NH&l(s), is added to
water at 25”C, it dissolvesand the temperature of the
solution decreases.Which of the following is true for the
values of A H and AS for the dissolving process?
AH
(A)
(B)
(C)
(D)
(E)

Positive
Positive
Positive
Negative
Negative

AS
Positive
Negative
Equal to zero
Positive
Negative

67. What is the molar solubility in water of Ag2Cr04 ?
(The Ksp for Ag2Cr04 is 8 x lo-r2.)

(A)

8 x lo-l2 A4

09 2 x lo-l2 M

cc>44 x lo-l2
m

A4

03
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68. In which of the following processesare covalent
bonds broken?
(A) I#)
(B)
(C)
(D)
(E)

+

I&?)

CO#) + CO,(g)
NaCl(s) + NaCl(I)
C(diamond) -+ C(g)
Fe(s) -+ Fe(l)

71. In a qualitative analysisfor the presenceof Pb”+,
Fe*+, and Cu*+ ions in aqueoussolution, which
of the following will allow the separationof Pb”+
from the other ions at room temperature?
(A) Adding dilute Na,S(aq) solution
(B) Adding dilute HCl(aq) solution
(C) Adding dilute NaOH(aq) solution

69. What is the final concentrationof barium ions,
[Ba*‘], in solution when 100. mL of 0.10 A4
BaCl,(aq) is mixed with 100. mL of 0.050 A4
H,SO&q)
(A)
(B)
(C)
(D)
(E)

solution

72 After completing an experiment to determine
gravimetrically the percentageof water in a
hydrate, a studentreported a value of 38 percent.
The correct value for the percentageof water in
the hydrate is 5 1 percent. Which of the following
is the most likely explanation for this difference?

70. When 100 mL of 1.OM Na3P0, is mixed with
100 mL of 1.OM AgNO,, a yellow precipitate
forms and [Ag+] becomes negligibly small.
Which of the following is a correct listing of the
ions remaining in solution in order of increasing
concentration?
< [NO,-]

< [Na+J

(B) [PO,3-] < [Na+J < [NO,-]
(C) [NO,-]

(E) Adding dilute HNO,(aq)

solution

?

0.00 M
0.012 M
0.025 M
0.075 M
O.lOM

(A) [PO,‘-]

(D) Adding dilute NH&q)

< [PO,‘-]

< [Na+]

(D) [Na+] < [NO,-]

< [PO,‘-]

(E) [Na+] < [P0,3-]

< [NO37

Unauthorized copying or reusing
any part of this page is illegal.

(4
(B)

Strong initial heating causedsome of the
hydrate sample to spatter out of the crucible.
The dehydrated sample absorbedmoisture
after heating.
The amount of the hydrate sample used was
too small.
The crucible was not heated to constantmass
before use.
Excess heating causedthe dehydrated sample
to decompose.

cc>
03
(E)

75. Which of the following pairs of liquids forms the
solution that is most ideal (most closely follows
Raoult’s law) ?

73. The volume of distilled water that should be
added to 10.0 mL of 6.00 M HCl(aq) in order
to prepare a 0.500 M HCl(aq) solution is
approximately

(4 C,H,,W andH,W

(A) 50.0 mL
(B) 60.0 mL
(C) 100. mL
(D) 110. mL
(E) 120. mL

(B) CH,CH,CH,OH(Z)

and H,O(Z)

(C) CH,CH,CH,OH(Z)

and CsH,,(Z)

(D) C,H,,(Z)

and C,H,,(Z)

(E) H,SO,(Z) and H,O(Z)
74. Which of the following gasesdeviates most from
ideal behavior?

(B) Ne
0

W,

CD)N,

m

H,

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.

Unauthorized copying or reusing
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AP Chemistry Survey Questions
Time - 2 minutes
Answer the following questionsand fill in the correspondingoval on the answer sheet.These questions
are for researchpurposesonly and will NOT influence the scoringof your examination.
76. For how many years (including your current course) have you taken chemistry in grades9-12 ?
(A)
(B)
(C)
(D)
(E)

None
One-half year (one semester)
One year (two semesters)
One-and-a-half years (three semesters)
Two years or more (four semestersor more)

77. If you have taken an AP Chemistry course, which of the following best describesit? (If you have NOT taken an
AP Chemistry course, please skip to question SO.)
(A)
(B)
(C)
(D)

A
A
A
A

course scheduledfor the full 1998-1999 school year
coursemeeting during the fall 1998 semesteronly
course meeting during the 1999 spring semesteronly
course taken prior to the 199% 1999 school year

78. On the average, how much time per week is scheduledfor your AP Chemistry class?
(A)
(B)
(C)
(D)

Fewer than 200 minutes
Between 200-250 minutes
Between 25 l-300 minutes
More than 300 minutes

79. On the average, how much time do you spendper week in the laboratory for your AP Chemistry course?
(Include extra time before or after school or during lunch or free periods.)
(A)
(B)
(C)
(D)
(E)

30 minutes or less
31 to 45 minutes
46 to 60 minutes
61 to 90 minutes
More than 90 minutes

80. Which of the following best describesthe type of calculator you will be using for Section II, Part A of this
examination?

(4 Simple four-function (+,-,x,f)
(W Scientific (four functions plus log and trig functions), nonprogrammable

cc>Scientific, programmable, no graphing capabilities

(D) Graphing calculator with no stored chemistry equationsor information

m

Graphing calculator with stored chemistry equations and/or information

Unauthorized copying or reusing
any part of this page is illegal.

CHEMISTRY
SECTION II
Time-l

hour and 30 minutes

Percent of total grade-55
Part A: Time-40
minutes CALCULATORS, EXCEPT THOSE WITH TYPEWRITER (QWERTY)
KEYBOARDS ARE ALLOWED. Programmable and graphing calculators may be used. Calculator memories
need not be cleared of programs and data.
Parts B: Time-50

minutes NO CALCULATORS

ARE ALLOWED.

General Instructions
The times for Part A and Part B will be announced separately. You may proceed freely from one question to the
next within each part. Do not spend too much time on any one question.
Pages containing a periodic table, reduction potentials, and lists containing equations and constants are printed
in the green insert and in the pink essay booklet for your use.
You may write your answers with either a pen or a pencil. Be sure to write CLEARLY and LEGIBLY. If you
make an error, you may save time by crossing it out rather than trying to erase it. Write all vour answers in the
space nrovided following each auestion.
When you are told to begin, open your booklet and start work on Part A. When time is called, you must stop
work and put away your calculator as directed. DO NOT start work on Part B until you are told to begin. Then,
open your booklet to Part B and carefully tear out the green insert.
In this section of the examination, there is some choice as to which questions to answer. After you have
completed the examination, you MUST circle the numbers of the questions you have selected in the box below
to ensure that your choices are the questions that will be graded.

Copyright 0 1999 College Entrance Examination Board and Educational Testing Service. All rights reserved.
Certain test materials are copyrighted solely in the name of ETS.

STANDARD REDUCTION

POTENTIALS

IN AQUEOUS SOLUTION AT 25°C

Half-reaction

E”(V)
+

Li( s)

cs+ + e-

*

Ws)

-2.92

K+ + e-

+

K(s)

-2.92

Rb+ + e-

4

Rb(s)

-2.92

Li+ + e-

-3.05

Ba*+ + 2 e-

j

Ba(s)

-2.90

Sr*+ + 2e-

4

Srh)

-2.89

Ca*+ + 2 e-

+

Ca(s)

-2.87

Na+ + e-

+

Mg*+ + 2 e-

+

Na(s)
Mg(s)

-2.37

-2.71

Be*+ + 2 e-

+

Be(s)

-1.70

A13+ + 3 e-

*

Al(s)

-1.66

Mn*+ + 2 e-

+

Mn(s)

-1.18

Zn*+ + 2e-

+

Zn(s)

-0.76

Cr3+ + 3e-

j

Cr(s)

-0.74

Fe*+ + 2e-

j

Cr3+ + e-

j

Fe(s)
Cr*+

-0.4 1

Cd*+ + 2 e-

4

Cd(s)

-0.40

-0.44

Tl+ + e-

+

TVs)

-0.34

co*+ + 2e-

+

Co(s)

-0.28

Ni2+ + 2e-

j

Ni( s)

-0.25

Sn*+ + 2 e-

+

Sri(s)

-0.14

Pb*+ + 2 e-

+

Pb(s)

-0.13

2H+

-_)

H,

S(s) + 2 H+ + 2 e-

+2e-

-_)

H,S (g)

0.14

Sn4+ + 2e-

j

Sn*+

0.15

(d

0.00

Cu*+ + e-

j

cu+

0.15

cu*+ + 2 e-

j

Cu(s)

0.34

Cu+ + e-

-_)

I*(s) + 2 e-

j

Cu(s)
2 I-

0.53

Fe3+ + e-

j

Fe*+

0.77

j

2 HgV)

0.79

A&)
Hg(0

0.80
0.85
0.92

Hg*“+

+

2 e-

Agt + e-

*

Hg*+ + 2 e-

--)

0.52

2 Hg*+ + 2 e-

j

e**+

Br,(l)

+ 2 e-

j

2 Br-

O,(g)

+ 4 Ht + 4 e-

j

2 H,W)

1.23

Cl,(g)

+ 2 e-

j

2 cl-

1.36

_j

Au(s)

1.50

Au3+ + 3e-

1.07

Co3+ + e-

+

co*+

1.82

F,(g) + 2 e-

j

2 F-

2.87

ADVANCED
ATOMIC

PLACEMENT

CHEMISTRY

EQUATIONS

AND CONSTANTS

STRUCTURE

AE = hv
c = hv

E = energy

h =- h
mv

h = wavelength

v = frequency
P = momentum
V = velocity

p = mv
-2.178 x lo-l8 joule

E, =

n = principal quantum number

n2

m = mass
EQUILIBRIUM
Speed of light, c
K, =

Kb =

U-I+1 H-1

Planck’s constant, h

D-W
[OH-] [HB+]

Boltzmann’s constant, k

3.0 x lo8 m s-l
663
. x lO-34 Js
1.38 x lO-23 J K-r

PI

Kw = [OH-] [H+] = 1.0 x lo--t4 @

Avogadro’s number

25°C

= Ku x K,

Electron charge, e

pH = - log [H’],

pOH = - log [OH-]

1 electron volt per atom

6.022 x 102” molecules mol-’
-1.602

x

lo-r9 coulomb

96.5 kJ mol-’

14 = pH + pOH

b-1
pH = PK, + log [HA]
[HB+ 1
pOH = pKh + log [Bl
PKJ = -log&,

(weak acid)
(weak base)

pK, = -log&

(water)
K, = K,(RT)*“,

(gas pressure)

where An = moles product gas - moles reactant gas

(molar concentrations)
So = standardentropy

THERMOCHEMISTRY
11s” =

Ho = standardenthalpy

c

So products -c

c

AH; products -c

AI+;i reactants

AC” = c

AGf” products -c

AG; reactants

AH”

=

Go = standardfree energy

So reactants

E” = standardreduction potential
T = temperature
n = moles
m = mass

AG” = AH” - TAS”

q = heat

= -RT In K = -2.303 RT log K

c = specific heat capacity
C,, = molar heat capacity at constant pressure

= -nY’E”
AG = AG” + RT In Q = AC” + 2.303 RT log Q
4=
cp =

1 faraday 9 = 96,500 coulombs

mcAT
AH
AT

l--=--l

GASES, LIQUIDS,

AND SOLUTIONS
PV = nRT

x X,
PA= eota,

, where X, =

pressure

v=

volume

T=

temperature

to~a~l~o~sn=

Ptotd = PA + PB + PC + . . .
n=-

P=

rf

number of moles

D=

density

m=

mass

v=

velocity

K = “C + 273
u,,

= root-mean-square speed

KE = kinetic energy
t-=
M=

rate of effusion
molar mass

7C= osmotic pressure
1= van’t Hoff factor

KE per molecule = i rnv2

Kr = molal freezing-point depression constant
KE per mole =$RTn
5

-=

r2

Kh = molal boiling-point elevation constant

r

Q=
I =
4=
t=

- M2
M,

molarity, M = moles solute per liter solution
molality = moles solute per kilogram solvent

reaction quotient
current (amperes)
charge (coulombs)
time (seconds)

E” = standard reduction potential
K= equilibrium constant

ATr = iKf X molality
ATb = iKb X molality
nRT .
X.=-l
V

Gas constant, R = 8.31 J mol-’ K-’
= 0.0821 L atm mol-’ K-r
OXIDATION-REDUCTION;

ELECTROCHEMISTRY

= 8.31 volt coulomb mol-r K-r
Boltzmann’s constant, k = 1.38 x 1O-23 J K-’

Q=

[Cl’ Dld
[Al’

where a A + b B +

K.f for H,O

c C + d D

[Bib ’

Kb for H20 = 0.512 K kg mol-’

I =- q
t
E cell

=

G4,

= 1.86 K kg mol-I

STP = O.OOO”Cand 1.000 atm
-

5

In Q = E,“,,,

Faraday’s constant, 9 = 96,500 coulombs per mole

0.0592 log Q @ 25°C
n

of electrons

nE”

log K = 0.0592

1
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CHEMISTRY-SECTION
(Total time-90

II

minutes)

Part A
Time-40 minutes
YOU MAY USE YOUR CALCULATOR

FOR PART A.

CLEARLY SHOW THE METHOD USED AND STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS. It is
to your advantageto do this, becauseyou may earn partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures. Be sure to write all your answersto the questionson the
lined pages following each question in the booklet with the pink cover. Do NOT write your answerson the green
insert.
Answer Question 1 below. The Section II score weighting for this question is 20 percent.

NH&q)

+ H,Q(I)

2

NH,+(aq) + OH -(aq)

1. In aqueoussolution, ammonia reactsas representedabove. In 0.0180 A4 NH&q)

at 25OC,the hydroxide ion

concentration, [OH -1 , is 5.60 x lop4 M. In answering the following, assumethat temperatureis constantat
25°C and that volumes are additive.

Go Write the equilibrium-constantexpressionfor the reaction representedabove.
@I Determine the pH of 0.0180 M NH&q).
Determine the value of the base ionization constant, Kb , for
cc>

NH&q).

(4 Determine the percent ionization of NH, in 0.0180 M NH,(aq).
(e> In an experiment, a 20.0 mL sample of 0.0180 M NH&q)

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.

Part A I
Answer EITHER Question 2 below OR Question 3 on the next page. Only one of these two questionswill be
graded. If you start both questions,be sure to crossout the questionyou do not want graded. The Section II score
weighting for the question you choose is 20 percent.

2. Answer the following questionsregarding light and its interactions with molecules, atoms, and ions.
(a) The longest wavelength of light with enough energy to break the Cl-Cl
(i) Calculate the frequency, in 8,

bond in Cl,(g) is 495 nm.

of the light.

(ii) Calculate the energy, in J, of a photon of the light.
(iii) Calculate the minimum energy, in kJ mol-‘, of the Cl-Cl

w

bond.

A certain line in the spectrumof atomic hydrogen is associatedwith the electronic transition in the H atom
from the sixth energy level (n = 6) to the secondenergy level (n = 2).
(i) Indicate whether the H atom emits energy or whether it absorbsenergy during the transition. Justify
your answer.
(ii) Calculate the wavelength, in nm, of the radiation associatedwith the spectralline.
(iii) Account for the observationthat the amount of energy associatedwith the same electronic transition
(n = 6 to rz= 2) in the He+ ion is greater than that associatedwith the correspondingtransition in
the H atom.

43

2 NO(g) +

Br,(g) +

2 NOBr(g)

3. A rate study of the reaction representedabove was conductedat 25°C. The data that were obtained are shown in
the table below.

Experiment

Initial [NO]

Initial [Br2]

(mol L-r)

(mol L-r)

Initial Rate of
Appearance of
NOBr
(mol L-r s-r)

I

0.0160

0.0120

3.24 x 1O-4

2

0.0160

0.0240

6.38 x 1O-4

3

0.0320

0.0060

6.42 x 1O-4

(a) Calculate the initial rate of disappearanceof Brz(g) in experiment 1.
(b) Determine the order of the reaction with respectto each reactant, Br,(g) and NO(g). In each case,
explain your reasoning.
(c) For the reaction,
(i) write the rate law that is consistentwith the data, and
(ii) calculate the value of the specificrate constant, k, and specify units.
(d) The following mechanismwas proposedfor the reaction:

&tg) + NO(g) -+ NOBr,(g)

slow

NOBr,(g)

fast

+ NO(g) +

2 NOBr(g)

Is this mechanismconsistentwith the given experimental observations?Justifv vour answer.

CHEMISTRY
Part B
Time-50 minutes
NO CALCULATORS

MAY BE USED WITH

PART B.

Answer Question 4 below. The Section II score weighting for this question is 15 percent.

4. Write the formulas to show the reactantsand the productsfor any FIVE of the laboratory situationsdescribed
below. Answers to more than five choices will not be graded. In all casesa reaction occurs. Assume that solutions are aqueousunlessotherwise indicated. Representsubstancesin solution as ions if the substancesare
extensively ionized. Omit formulas for any ions or molecules that are unchangedby the reaction. You need not
balance the equations.
Example: A strip of magnesium is added to a solution of silver nitrate.

5%.

M%+

+

A$

Mt2+

+

A%

(a) Calcium oxide powder is added to distilled water.
(b) Solid ammonium nitrate is heated to temperaturesabove 300°C.
(c) Liquid bromine is shakenwith a 0.5 M sodium iodide solution.
(d) Solid lead(I1) carbonateis added to a 0.5 A4sulfuric acid solution.
(e) A mixture of powdered iron(III) oxide and powdered aluminum metal is heated strongly.
(f) Methylamine gas is bubbled into distilled water.
(g) Carbon dioxide gas is passedover hot, solid sodium oxide.
(h) A 0.2 M barium nitrate solution is added to an alkaline 0.2 M potassiumchromate solution.

I
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Your responsesto the rest of the questionsin this part of the examination will be graded on the basisof the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations
may be included in your responseswhere appropriate. Specific answersare preferable to broad, diffuse responses.
Answer BOTH Question 5 below AND Question 6 on the next page. Both of these questionswill be graded. The
Section II score weighting for these questionsis 30 percent (15 percent each).

Unknown Gas

5. A studentperforrns an experiment to determine the molar mass of an unknown gas. A small amount of the pure
gas is released from a pressurizedcontainer and collected in a graduatedtube over water at room temperature, as
shown in the diagram above. The collection tube containing the gas is allowed to standfor several minutes, and
its depth is adjusteduntil the water levels inside and outside the tube are the same. Assume that:
l

the gas is not appreciably soluble in water

l

the gas collected in the graduatedtube and the water are in thermal equilibrium

l

a barometer, a thermometer, an analytical balance, and a table of the equilibrium vapor pressureof water
at various temperaturesare also available.

(a) Write the equation(s) needed to calculate the molar massof the gas.
(b) List the measurementsthat must be made in order to calculate the molar massof the gas.
(4 Explain the purposeof equalizing the water levels inside and outside the gas collection tube.
(d) The studentdeterminesthe molar massof the gas to be 64 g mol-‘. Write the expression(set-up)
for calculating the percent error in the experimental value, assumingthat the unknown gas is butane
(molar mass58 g mol-‘). Calculations are not required.

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

6. Answer the following questionsin terms of thermodynamic principles and conceptsof kinetic molecular theory.
(a) Consider the reaction representedbelow, which is spontaneousat 298 K.
CO,(g)

+

2 NH,(g) +’ WNH,),W

+ H,W

AH&,

= -134 kJ

(i) For the reaction, indicate whether the standardentropy change, AS&,, is positive, or negative, or zero.
Justify your answer.
(ii) Which factor, the change in enthalpy, AH.&, or the change in entropy, AS&s, provides the principal
driving force for the reaction at 298 K? Explain.
(iii) For the reaction, how is the value of the standardfree energy change, AG” , affected by an increase in
temperature?Explain.
(b) Some reactions that are predicted by their sign of AG” to be spontaneousat room temperature do not
proceed at a measurablerate at room temperature.
(i) Account for this apparent contradiction.
(ii) A suitable catalyst increasesthe rate of sucha reaction. What effect does the catalyst have on AG”
for the reaction? Explain.

I
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AnswerEITHER Question7 OR Question8 below.Only oneof thesetwo questionswill be graded.If you startboth
questions,be sureto crossout thequestionyou do not wantgraded.The SectionII scoreweightingfor the question
you chooseis 15 percent.

0.10 M
NaF

0.10 M
MgCl,

0.10 M
C,H,OH

O.lOM
CH,COOH

7. Answerthe following questions,whichreferto the 100mL samplesof aqueoussolutionsat 25°C in the
stopperedflasksshownabove.
(a) Which solutionhasthe lowestelectricalconductivity?Explain.
(b) Which solutionhasthe lowestfreezingpoint?Explain.
(c) Above which solutionis the pressureof watervaporgreatest?
Explain.
(d) Which solutionhasthe highestpH? Explain.

8. Answerthe following questions
usingprinciplesof chemicalbondingandmolecularstructure.
(a) Considerthe carbondioxidemolecule, CO, , andthe carbonateion, COs2-.
(i) Draw thecompleteLewis electron-dotstructurefor eachspecies.
(ii) Accountfor the factthatthecarbon-oxygen
bondlengthin COj2- is greaterthanthe carbon-oxygen
bondlengthin CO, .
(b) Considerthe moleculesCF, and SF, .
(i) Draw thecompleteLewis electron-dotstructurefor eachmolecule.
(ii) In termsof moleculargeometry,accountfor the fact thatthe CF, moleculeis nonpolar,whereasthe
SF, moleculeis polar.

END OF EXAMINATION

I
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Answers to the 1999
AP ChemistryExamination
H

Examination Overview

n

Section I: Multiple Choice

w

Section II: Free Response
Student Preparation for the Exam

quantitative problems (Question 1 and either Question
2 or Question 3). In Part B which was 50 minutes in
length and for which no calculators were permitted,
students answered Question 4 on predicting products
of chemical reactions, Questions 5 and 6 (one laboratory-based plus one other, both required), and either

Free-Response Questions, Scoring Guidelines,
and Sample Student Responses
Section II, Part A

Question 7 or Question 8.
Both the exam itself and student performance on
the exam were rather typical in 1999. The percent of
students earning an AP score of 3,4, or 5 was also

Section II, Part B

typical at about 65 percent. In general, the examination
is relatively difficult for the population of examinees,

Examination

Overview

The 1999 AI? Ch emistry Examination consisted of two
sections. Section I was made up of 75 multiple-choice
questions worth 45 percent of the final exam grade;
and Section II, worth 55 percent, contained eight freeresponse questions out of which students answered a
total of six.
Section II was divided into two parts. In part A,
which was 40 minutes long and for which students were
allowed the use of a calculator, students worked on two

which in part reflects the difficulty many college
students encounter with this demanding subject.
More detailed information about the difficulty of the
individual multiple-choice and free-response questions
is provided in the following pages.

Section

I: Multiple

Choice

Listed below are the correct answers to the multiple-choice questions and the percentage of Al’ candidates who
answered each question correctly.

Section I Answer

Key and Percent Answering

x

c

3G

90

;
4

3
E
A

2
42
76
82

34
33

24
13

42
48

48

71

D

66
54
85
510

63

5

6G
a2
93
94

69

40

75

B
7
8
’ 3
10

A
C
E
C
E

98
a3
99
82
?
‘t

34
70
96
67
56

86
5%
31
56
42

73
45
81
42
26

42
22
55
26
13.

78
55
83
52
41

,fX

A

70

/ f2

B

63

13
14
$5

A
B
D

34
94
34

46
47
81
a4
8G

2%
33
63
69
72

1s
22
45
52
52

11
14
27
33
EJ

33
35
60
64
65

r6
17
98
18
20

c
E
A
c
B

92
87
a7
85
87

82
82
81
77
77

67
75
75
73
t;t

49
67
61
6%
39

25
13
35
s2
23

61.
70
67
73
55

22
2x
23
24

E
B
E
D

94
46
80
39

90
21
55

:;
67

13

10

20

c

81

77
31
69
18
59

62
26
63

25

89
36
73
24
69

48

3.5

57

, Jzfs
27

C
A

74

28
30

E
D

7
‘7
15
56
26
83

61

0

78
IY
66
32
88

73

28

83
31
74
45
33

3r
32
33
34
35

c
a
C
A
C

3%
73
33
73
80

26
$4
78
54
63

13
37
i:
43

36
37
38

B
C
B
c
D

90
65
68
95
86

:z

2

48
a9
71

39
80
57

65

45

74

11

6

16

45
19
72

33
13
43

53
26
75

x4
23
36
29
29

11
15
13
16
17

21
38
54
42
43

34
20
25
64
33

15
13
20
34
26

42
35
38
71
54

Correctly

Section

II: Free

Student Preparation

Response
for the Exam

Commentary

on Free-Response Question 1

This was a typical first-year college chemistry question
dealing with ionic equilibria in aqueous solution. The

In this section of the examination, students answered

first 5 points were quite fundamental, and are thor-

a total of six free-response questions according to the

oughly covered in the first-year high school chemistry

format shown earlier on page 6. The table below shows

course. Despite this, the mean score was surprisingly

the percentages of students choosing each question and

low (3.43 out of 9), although about 2 percent of the

the mean scoresof the questions.

students earned a perfect score on this question. Many

Student performance on the free-responsequestions
this year was typical. The mean scoreson the questions

students included water in their equilibrium

expression

in part (a). The majority of students calculated the

varied between 34 percent and 55 percent (with an average

correct pH in part (b) and about half found the correct

of 42 percent) of the maximum possiblescores.More

value of Kb in part (c). Many others calculated the

details of student performance are provided with the

correct Kvalue in part (a), but considered it to be Kfl.

opening commentary for each individual question in the

They then used &, to find Kh in part (c). A large

following section.

number of students calculated the correct percent
ionization, but many others found the percent of

Free-Response Questions, Scoring
Guidelines, and Sample Student
Responses with Commentary

ammonia not ionized. Most students were able to
calculate the correct volume of HCl needed to reach the
equivalence point in part (e) i. Not many students

The answerspresented here are actual student responsesto

recognized that in part (e) ii, the titration was halfway

the eight free-responsequestions on the 1999 Al? Chemis-

to the equivalence point. Some of those who did

try Examination. The students gave permission to have

recognize this thought that this meant that the pH had

their work reproduced at the time they took the exam.

to be 7 at the equivalence point. These students divided

These responseswere read and scoredby the leaders and

7 by 2 to get the pH. Part (e) iii was answered more

faculty consultants assignedto each particular question

successfully by the students who attempted it. The most

and were used as sample responsesfor the training of

common mistake seen in the better responseswas the

faculty consultants during the AP Reading in June 1999.

failure to convert moles of H’ to molarity of H’ before

The actual scoresthat thesestudents received, as well as a

finding the pH.

brief explanation of why, are indicated.

Percentages of Students Choosing Each Question
and Mean Scores of Questions

*May not total 100 percent due to students omitting questions.

Scoring Guidelines for Free-Response

Question 1
Question1
(9 points)

IWH- 1
[NH,I

K _
- [NH,+

(4

1Pt

(W

[OH-I = 5.60 x 1O-4 3

(c>

I& =

pOH = 3.252
or
{
[H+] = 1.79 x lo-”

} *

pH = 10.748

(560x 10-4)2
- 1.74x 1O-5 (or 1.80x 10-5)
0.0180 - 5.60x 1O-4 -

1Pt

2 pts

Note: lSf point for [NH,+] = [OH-] = 5.60 x 10e4;2ndpoint for correct answer

W

% ionization =

W

NH, -t. H+ +
(i)

5.60~10-~ xloo %
0.0180

lpt

NH,+

mol NH, = 0.0180 M x 0.0200 L = 3.60 x low4mol = mol H+ needed
vol HCl solution =

(ii)

= 3.11% (or0.0311)

3.60x 10m4mol

= 0.0300 L = 30.0 mL

1Pt

0.0120 A4

mol H+ added = molO.0120 M x 0.0150 L = 1.80 x 10S4mol H+ added
= 1.80 x 10m4mol NH,+ produced
[NH,+] =

1.80~10~ mol
o 0350 L
= 0.005 14 M = [NH,]
.

1Pt

Note: Point earned for 1.80 x 10S4mol, or 0.00514 A4 [NH,] or [NH,+],
or statement “halfway to equivalence point”.

I&, = 1.80 x 1O-5= rNH4+1[oH-1

= [OH-]*

pOH = 4.745 =$ pH = 9.255

w-q

(= 4.759)

(= 1.74 x 10-s)

(iii)

1Pt

(= 9.241)

10.0 mL past equivalence point
0.0100 L x 0.0120 M = 1.20 x 10m4mol H+ in 60.0 mL

[H+] =

0.000120 mol = o oo200 M
0.0600 L

-

pH= - log (2.00 x 10-3) = 2.700
One point deduction for mathematical error (maximum once per question)
One point deduction for error in significant figures* (maximum once per question)
*number of sign@cantfigures mustbe correctwithin +I- one digit (exceptfor pH: +/-two digits)

lpt

Excellent Response(9 points)

Good Response (7 points)

Fair Response(6 points)

Commentary on Free-Response Question 2
This, the less popular of the two optional problems, was
chosen by a little more than one-fourth of the students.
While the subject of this question (the wave nature of
light, and the electronic structure of the H atom) is an
important part of the AI? Chemistry curriculum, it has
not been the focus of an AI? Chemistry free-response
question in many years, so it may have come as a
surprise to some students. The first 3 points were
basic -

involving a single concept and hinged on

applications of appropriate formulas. The latter points
were earned for showing understanding of more subtle
concepts related to the Bohr atomic model. About
2 percent of the students choosing this question earned
a perfect score on it. Surprisingly few students (perhaps
less than 30 percent) were able to correctly convert
wavelength to frequency in part (a) i, primarily because
of being unfamiliar with the nanometers unit. However,
most students were then able to determine the energy of
495 nm light in part (a) ii with the appropriate substitution of the answer from part (a) i. Only about 10

percent of the responsesshowed the ability to convert
the energy/photon from part (a) ii into kJ/mol for part
(a) iii. In part (b), students who understood the atomic
structure of hydrogen performed commendably, though
in part (b) i, a confusion between “absorbing” and
“emitting” and their relationships to energy change was
evident in many responses.Part (b) ii was approached
from all angles. Occasionally the energy transition was
calculated using eV as units, oftentimes only the energy
of either n = 2 or n = 6 was used to subsequently
calculate the wavelength, but most often the calculated
energy difference was followed by some roundabout
solution for determining the wavelength. The signs
(positive vs. negative) of the energies and energy change
for the transition were often confused. In general, the
performance of students on this question underscores
the need for teachers to to continually reinforce understanding and facility with units. Also, students need to
be reminded that an equation by itself or a calculation
without an interpretation does not solelysupport an
argument or an explanation in their response.

Scoring Guidelines for Free-Response

Question 2
Question2
(9 points)

3.00x 1017nm/sec

c

(a>(9

V=R=

495 nm

(or, =

3.00x 10’ m/set
495x lo-‘rn

) = 6.06 x 1014se?

1Pt

(ii)

E = hv = (6.626 x 1O-34J sec)(6.06x 1Ol4see-‘) = 4.02 x lo-l9 J

1Pt

(iii)

(4.02 x 10-l’ J)(6.022x 1O-23mol-l)(O.OOIOO
M/J) = 242 kJ/mol

1Pt

Note: No unitsrequiredif answersarenumericallysameasabove. No penalty
if answersarecorrectwith differentunitsandunitsareexplicitlyindicated
(e.g., for part(ii), 4.02 x 1O-22kJ is acceptable)

(W 0) Energyis emitted.

IPt

The n = 6 stateis at a higherenergythanthe n = 2 state.Goingfrom a high energy
stateto a low energystatemeansthatenergymustbe emitted.

1Pt

Note: The key ideais thatthe energyof the n = 6 stateis higher(moreexcited)than
the lower (lessexcited)n = 2 state. The argumentthat“e- is fartheraway”at
the n = 6 level is not accepted.

(ii) E2 =

-2.178x10-l8 J

= -5.45x10-” J ,

E6 =

-2.178x10-‘*

J

= -6 .05 x 1O-2oJ

62

22

AE = E6 -E, = -6.05~10-~’ J - (-5.45x10-” J) = 4.84x10-r’ J

OR,

1Pt

AE = 2.178 x 10-18(+- $)

J = 2.178 x 1O-‘8 (0.2222)J = 4.84 x lo--l9J

Note: Point earnedfor determiningthe energyof transition.
Negativeenergiesacceptable.

hc

hc

E=T = h=-F
OR,

1Pt

4 84x10-” J
v =-_=
h 6.626x lo-34 Jsec= 7.30x 1014set-l

E

he

Note: Pointearnedfor writingor using E = 7,

or for calculatingthe frequency,v

Scoring Guidelines for Free-Response
(ii)

Question 2 (continued)

continued...

n=C= 3.00x10* msec-’ x- 1 nm = 411nm
v

7.30x lOI set-’

low9m

OR,

IPt
A

=

(6.626~ 1O-34 J sec)(3.OOx
1017nm set-‘)

4.84~10-‘~ J

= 411nm

Note: Point earnedfor correctwavelength;h = 4.11 x 10m7
m accepted.

Negativewavelengthnot accepted.

(iii) The positivechargeholdingthe electronis greaterfor He+,whichhasa 2+ nucleus,
thanfor H with its l+ nucleus.The strongerattractionmeansthatit requiresmoreenergy
for the electronto moveto higherenergylevels. Therefore,transitionsfrom high energy
statesto lower stateswill be moreenergeticfor He+ thanfor H.
Note: Otherargumentsaccepted,suchas,“E is proportionalto 2 2. Since2 = 2 for He+

and 2 = 1 for H, all energylevelsin He + areraised(by a factorof 4).” Otheraccepted
answersmustrefer to the increasedchargeon the He+ nucleus,andNOT the mass.

One pointdeductionfor mathematicalerror(maximumonceper question)
One pointdeductionfor errorin significantfigures*(maximumonceper question)
*numberof signiJcantfigures mustbe correctwithin +I- onedigit

I
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I

IPt

Excellent Response(9 points)

This responseearnedthe full 9 points availablefor this question,In part (a), eachequationaad subs&&n was
correctwith rhe appropriatenumber af significantfigures.In part (b) i, that the transiticminvolvedemissionwas
statedimmediarely,For pan (b) ii the studentprovided a clear analysisand carriedQUPthe substiturioasand
calculationscorrectly arriving at the right amwer. In part (b) iii, the studentdemonstrateda clear understanding
of atomic structureand the reasonfor the &xx-eased
energyassociated
with the transitionin the I-k’ ion.

59

Good Response (7 points)

This response earned 2 of 3 points in part [a), which was missing the necessary use of Avogadro’s number to
coxmxt y/photon

to kJ/mol. Full number of points were earned for the first two parts af part Cb), even though

the final answer fur (b) ii, which was appropriately labeled, was not given in nanometers as requested. Part fb) iii
was nor addressed in this response, which received a total score of7 points.

Fair Response(5 points)

Commentary

on Free-Response Question 3

Almost three-quarters of the students chose this question, which was a traditional kinetics question in which
data were provided on the rate of a specific chemical
reaction under various conditions. Students then had to
draw conclusions about the kinetics and the mechanism
of the reaction. This question has the highest mean
score of the three problems (Questions 1, 2, and 3).
Apparently, many students were more familiar with
certain standard kinetics problems and as a result scored
better on parts (b) and (c) than on parts (a) and (d).
Surprisingly few carried out the straightforward calculation in part (a). In part (b) most students readily found
the order of Br,(g) by directly comparing experiments
1 and 2. However, many found it difficult to determine
the order of NO(g), either making computational errors
or simply ignoring that [Brzllnrtchanged for each
experiment. Students tried to hold [Br,] constant by
doubling entire lines of data in the table to determine
the rate order. In many instances, students already knew
the rate law for this reaction, but made errors in trying
to justify the order of [NO] as 2.

Provided that the rate law stated in part (c) was not
inconsistent with earlier work, students were given full
credit for calculation of units in part (c) and arguments
in part (d) correctly based on the rate law they stated. In
part (c) many students lost credit by incorrectly computing the units for the rate constant. A number of
students wrote equilibrium constant expressions instead
of rate laws. In part (d) students assumed that if the
same chemicals (NO, Br,) appeared in the reaction or
rate law from part (c), consistency occurred. Many
students did not present the rate law from the mechanism as an argument for inconsistency (e.g., [NOI

in

experimental data, but [NO] in slow step).
In general, many students had difficulty correctly
relating stoichiometry to kinetics. As examples, many
failed to recognize relationships of coefficients to
comparative rates change of concentration of species,
many treated the overall reaction as if it were a single
step in the mechanism and assigned orders accordingly,
and a significant number correctly added the reactions
to determine that reactants in the overall equation were
in the rate law, but failed to check the slow step for the
correct order of each reactant.

Scoring Guidelines for Free-Response

Question 3
Question 3
(9 points)

(a)

Rate of Br,(g) lossoccursat l/2 the rate of NOBr(g) formation.
Rate of Br,(g) loss =

3.24~10-~M
2 set

= 1.62 x 10m4Msec-’ (or mol L-’ set-‘)

1Pt

Note: No penaltyfor missingunits;ignore+ or - signs

W

Comparingexperiments1 and 2, [NO] remainsconstant,[Br2] doubles,andrate doubles;
therefore, rate = [BrJ1 *

reactionis first-orderwith respectto [BrJ.

6.38x 10V4 ~ 1 _ k[NO]XIBr,] = k[0.0160]X[0.0240] =
6.42 x 10s4

- k[NOIX[Br2]

k[0.0320]X[0.0060]

ix4=1
0

=+

1 -IX
-_=
*
x = 2 * reactionis second-orderwith respectto [NO]
4 02
Note: One point earnedfor a properset-up,comparingexperiments2 and 3 (as is shownhere)
or experiments1 and3. Secondpoint earnedfor solvingthe ratioscorrectly anddetermining
that the exponent= 2. Also, creditcan be earnedfor a non-mathematicalapproach(e.g., one
point for describingthe changein [Br2] and subsequent
effect on rate, anotherpoint for
describingthe changein [NO] andsubsequent
effect on rate).

(4

(i)

Rate = WJ~12[Br21
Note: Point earnedfor an expressionthat is not inconsistentwith the answerin part (b)

(ii) k =

Rate

IPt

3.24x10-4it4sec-’

= 105 Mm2set-’ (or 105 L2 molW2
set-‘)

2 pts

lpt

2 pts

[NO12[Br2]= (0.0160)2(0.0120)M3
(Using rate of Br,(g) loss= 1.62 x 10e4Msec-’ *

k = 52.7 MS2 set-’ is also correct.)

Note: One point for solvingfor the valueof the rate constantconsistentwith the
rate-law expressionfoundin part (b) or statedin part (c); one point for the correct
unitsconsistentwith the rate-law expressionfoundin part (b) or statedin part (c).

(4

No, it is not consistentwith the given experimentalobservations.

IPt

This mechanismgivesa reactionthat is first-orderin [NO], andfirst-orderin [Br2], as
thoseare the two reactantsin the rate-determiningstep. Kinetic data showthe reaction
is second-orderin [NO] (and first-orderin [Br2]), sothis cannotbe the mechanism.
Note: One point earnedfor “No” [or for “Yes” if rate = k[NO][Br,] in part (b)].
One point earnedfor justifying why this mechanismis inconsistentwith
the observedrate-law [or consistentwith rate law statedearlier in response].
One point deductionfor mathematicalerror (maximumonceper question)
One point deductionfor error in significantfigures* (maximumonceper question)
*numberof significantfigures mustbe correctwithin +/-one digit

lpt

Excellent Response(9 points)

r--=-l

Good Response(7 points)

Commentaryon Response
Part (a), though indicating an appropriate relationship to use, did not provide a complete calculation, Despite
the incorrect reason initially cited in part (b), full credit was earned for this part because of the detailed accmmt
for the orders provided in part (c). A point is lost in part (c> for a math error (neglecting to square the [NUf
value), and both points are earned for part (d). The totag score earned was 7 points.

Fair Response (5 points)

Commentary

on Free-Response Question 4

This was the traditional “reactions” question. In this
question, students are given a description of a chemical
situation (e.g. “sodium oxide is added to water” or
“ethene gas is burned in air”) and required to give the
chemical formula(s) for the reactant(s) and to predict,
and give the chemical formula(s), for the product(s).
They are required to answer 5 of the 8 choices.
As in previous years, this question revealed how
difficult equation-writing

is for many students.

The mean score was 6.36 out of a possible 15 points.
Many students wasted time by balancing the equations
and by including the phase symbols. Common errors
resulted from students’ incomplete knowledge of
monatomic and polyatomic ions and their charges.
Some students failed to distinguish between reactions
that occurred in aqueous solutions and those that did
not, resulting in the prediction of ions in solution where
no solution existed.

It is important for AI? Chemistry students to learn
the skills of writing chemical formulas (given the names
of substances) and predicting the chemistry that occurs
when the substances react. These skills can be mastered
by frequent practice in writing net-ionic equations for
reactions. Also important is experience in the laboratory, where students can observe and understand the
descriptive chemistry needed to predict the products of
reactions. Teachers can help students prepare for this
question by reminding them about common patterns
in the types of chemical reactions (such as acid-base,
precipitation, oxidation-reduction,

etc.). Also, a mastery

of solubility characteristics is essential, as is a knowledge
of the formulas and charges of common polyatomic
ions. Students should also be aware that they have
accessto both a periodic table and a table of standard
reduction potentials as they answer this question.

Scoring Guidelines for Free-Response

Question 4
Question4
(15 points)

Studentschoosefive of the eightreactions.Only the answersin the boxesaregraded(unlessclearly
markedotherwise).Eachcorrectanswerearns3 points,1 pointfor reactantsand2 pointsfor products.
All productsmustbe correctto earnbothproductpoints. Equationsdo not needto be balancedand
phasesneednot be indicated.Any spectatorionson the reactantsidenullify the 1 possiblereactantpoint,
but if theyappearagainon the productside,thereis no product-pointpenalty. A fully molecularequation
(whenit shouldbe ionic) earnsa maximumof onepoint. Ion chargesmustbe correct.

CaO + H,O + Ca(OH),

(a>
0

No penaltyfor thesetof products{Cd’,

OH-, and Ca(OI$, )

NH,N03 + N, + 0, + H,O

00

OR
NH,NO, + N,O + H,O
0
0

pointsearnedfor NH,No, + N2 + H,O
No penaltyfor otheroxidesof nitrogen(e.g.,NO, NOz, N203,N204- butnotNJO,-)
Two

(c)

Br, + I- -+ Br- + I,

(d)

PbCO, + H+ + HS04- (or SOd2-) + PbSO, + CO, + H,O (or HCO,- )
0
l

(e>
l

No reactantpoint earnedfor Hs04
No productpoint earnedfor H,CO,
Fe,O, + Al + AlsO + Fe
No penaltyfor thesetofproducts( FeO, Fe, andA1203]
CH,NH, + H,O -+ CH,NH,+ + OH-

(0
0

Two pointsearnedfor MeNH, + H,O + iMeNH3’ + OH-

(g)

CO, + Na,O + Na2C0,

0-O

Ba2++ CrO4 2- + BaCrO4

I

68

I

Excellent Response (15

points)

Good Response(12 points)

Fair Response(7 points)

a rotal of 7 prims. Only the reactanrpoint wasamed in (a) and in (b). I+,& credit was
This responseearned
earnedfor the equatim in (e), aad one af the two possiblereactantpuintswere earned in eachof (~1and @.

Commentary on Free-Response Question 5
This was the first year that AI? students and teachers
knew that one of the mandatory essayswould be a
laboratory-based question. The goal of the laboratorybased question is to determine whether students
understand how an experiment works, as well as the
chemistry behind it. The mean score on this question
was 3.33. The most difficult point to earn was the point
for the mass of the gas in part (b) -

many students

mentioned “mass of the gas” but did not include
which measurements were needed to obtain it.
Frequently, when indicating how to determine the mass
of the gas, many students considered the collection
apparatus rather than the pressurized container. The
second most difficult point to earn occurred in part (c).
Many students had difftculty in recognizing that the
water levels were equalized inside and outside the
collection tube so that thepresszlrein the tube was equal
to atmospheric pressure. Some examples of phrases that
were not accepted in part (c) were “constant,” “stable,”
“equilibrium,”

or “correct” pressure. In part (e), many

students had difficulty in handling the explanation
of why the calculated molar mass would be too low.
Incorrect explanations varied, revealing no single most
common misconception.
Overall, the performance of students on this question
was good. Based on the responsesto part (e), it is
advisable for teachers to emphasize the importance
of error analysis associated with laboratory. In discussions of error analysis it would be valuable to include
how different errors in measurements affect the final
results, the difference between percent error and percent
yield, and the distinction between measured and
calculated quantities.

Scoring Guidelines for Free-Response

Question 5
Question 5
(8 points)

G-9 PV=nRT
W

AND

n=G,

OR

mRT
molarmass = ,
PV

OR

A4=?

temperature, atmospheric pressure,volume of the gas, and mass of gas (mass of
pressurizedcontainer before and after releasing the gas)

1Pt
3 pts

Note: 1 point earned for any two of the above, 2 points earned for any three of them.
“The massof the gas” is acceptable as a “measurement” for the lSt or 2ndpoint.
Extraneous measurements(e.g., density, volume of liquid, etc.) are ignored. To
earn 3’d point, “mass of pressurizedcontainer before and after releasing the gas”,
or “change in massof container” must be indicated.

w

to equalize internal pressurewith room pressure(atmospheric pressure), or the pressure(s)
will be the same.

1Pt

(4

% error =

1Pt

(64-58)gX100%
58g

(or -SC x1004 0, or

58

’

58)

Note: No points earned for generic response(e.g., I (expt. - theor.) 1 x 1o. ) ,
theor.
6
or for Z x 100 % . No penalty if “X 100%” is absentor if value (10%)
is not calculated.

(e> Pressurewill be larger, therefore number of moles will be larger
mass

molar mass= , therefore calculated molar masswill be smaller
moles

OR,

), and the denominator, PV, will be too large.

1Pt
1Pt

2 pts

mRT
Therefore, the value of the molar mass( = or -DRT ) will be too small.
PV
P
- Pwater)
OR, The pressureis larger, or the number of moles is larger, or since Protal = (Punknown
we know that

Ptotnl
> PunknOwn
-

Note: If n = f$ is missing in part (a) but present in part (e), 1 point is earned for part (a).

73

1 pt only

Excellent Response(8 points)

GoodResponse(6 points)

I

75

I

Fair Response(4 points)

Commentary

on Free-Response Question

I

frequent error was failure to phrase the justification
in terms of the negative sign of AS” and claim that

This question dealt with the two fundamental topics
that control chemical reactivity, thermodynamics and

a negative AH0 was sufficient to drive the reaction.
In part (b) i, students were required to recognize the

kinetics. While fundamental, these topics are often
taught at different times of the year in the AP course,
and many students seemed to have difficulty switching
gears from one topic to the other. The mean score on
this question was 3.2, and the most common (modal)

distinction between spontaneity and rate and to justify
the fact that spontaneous reaction may occur quite
slowly. Most papers effectively separated the concepts of
spontaneity and rate; however, many papers did not
present a sufficient justification. The phrase “thermody-

score 2.

namics does not imply kinetics,” or “a spontaneous

For part (a) i, a frequently seen error was students
reversing “cause and effect” and reasoning that since the
reaction was spontaneous, AS” must be positive. In part
(a) ii, one point was earned for identifying AH” as the

reaction may proceed quite slowly” was a common
restatement of the question and did not earn the point
here. In part (b) ii, due to the common confusion
among the concepts of E,,, AH’,

driving force, with a second point earned for a valid

and AGO, many

students made the erroneous claim that a more sponta-

justification. Most responsesthat answered part (a) i

neous reaction must have a more negative value of AC.

correctly also earned at least one point here, but a

77

Scoring Guidelines for Free-Response

Question 6
Question 6
(8 points)

(a) (i) AS” is negative (-)

OR

A27’c 0 OR entropy is decreasing.

3 moles of gaseousparticles are convertedto 2 moles of solid/liquid.
l
l
l

1Pt
1Pt

Onepoint earnedfor correct identi&ation of (-) sign of AS”
Onepoint earnedfor correct explanation (mentionofphases is crucialfor point)
No point earned if incorrect AF sign is obtainedfiom thepresumedvalue of AG”

(ii) A.W drives the reaction.

1Pt

The decreasein entropy (A#’ c 0) cannot drive the reaction, so the decreasein enthalpy
(AW < 0) MUST drive the reaction.
OR

1Pl

AG” = AH’ - TW; for a spontaneousreaction AG” c 0, and a negative value of AP causes
a positive AGO.
l
l
l

One point earnedfor identtfiing m as theprincipaldrivingforce for the reaction
One point earnedfor correctjustification
Justificationpoint earned by mentioningthe eflectsof changesin entropyand enthalpy on the
spontaneityof the reaction OR by a mathematicalargument usingthe Gibbs-Helmholtz equation
and someimplication about the comparisonbetweenthe effectsof ds” and 0

(iii) Given that AG” = AF’ - Ths” and AP’ c 0, an increasein temperaturecausesan increasein
the value of AG” (AGObecomeslessnegative).
Onepoint earnedfor the descriptionof the effectof an increasein temperatureon ds” and
consequentlyon AG”
No point earnedfor an argument basedon Le Chatelier s principle
The reaction rate dependson the reaction kinetics, which is determinedby the value of the
activation energy, EaCt.If the activation energy is large, a reaction that is thermodynamically
spontaneousmay proceed very slowly (if at all).
Onepoint earnedfor linking the rate of the reaction to the activation energy, which may be
explainedverbally or shown on a reactionproJle diagram
The catalyst has no effect on the value of AGO.
The catalystreducesthe value of EoCt,increasingthe rate of reaction, but has no effect on the
values of A.W and AS”, so it cannot affect the thermodynamicsof the reaction.
0

l

Onepoint earnedfor indicating no change in the value of AG”
Onepoint earnedfor indicating (verbally, or with a reaction-procfilediagram) that the
catalyst affectsthe activation energy

I
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I

Excellent Response(8 points)

GoodResponse(7 points)

Fair Response(5 points)

/

J
/

Commentary

on Free-Response Question 7

Only about 14 percent of the students chose to answer
this question, which dealt with basic topics covered in
both the first-year high school chemistry course and the
AI? course. In part (a) and part (c), the students were
asked to demonstrate knowledge of ions and their effect
on conductivity and vapor pressure in solutions. Part (b)
allowed them to expressknowledge of colligative

substance. A significant number of responsesshowed
a confusion regarding the effect of the volatile solute
C,H50H

on the vapor pressure of the water above the

solution. All too frequently, students misinterpreted the
last part of the question, thinking that the highest pH
meant the highest H+ concentration.
In general, the responsesindicated that teachers

properties and the relationship to freezing-point

should advise their students to give complete explana-

depression. Part (d) asked the students to understand
and communicate about salt hydrolysis. Performance
on this question was the weakest among all the freeresponse questions. The mean score was only 2.7 points
(34%).
Errors that were commonly made included stating
that C,H,OH

tors despite the given fact that all four flasks contained
0.1 it4 solutions, hence each contained a soluble

was a strong base and its solution had

tions. Quite often students offered reasons such as
“organic compounds do not conduct” and “NaF is a
basic salt.” Students need to provide the reason “why,”
since such statements of fact are rarely acceptable as
explanations. Also, if students are not sure of an answer,
it is to their advantage to make a qualified guesseven
though they may not be sure of the explanation. Finally,

the highest pH. Teachers need to make clear to their
students that the presence of an OH group in a formula
does not always indicate the substance is a strong base.
Many students used the terms “insoluble” and “immiscible” to describe why solutions were not good conduc-

teachers should tell students to be as clear as possible
when stating their answers and giving explanations,
either answering the parts sequentially or making sure
that they are plainly labeled.

l--=--l

Scoring Guidelines for Free-Response

Question 7
Question 7
(8 points)

(a)

C,H,OH

(Flask #3)

1Pt

Ethanol, a nonelectrolyte, does not break up or dissociatein solution.
l
l
l

l

(b)

One point earnedfor identl>ing C,H,OH

Onepoint earnedfor thecorrectexplanation.
Explanationpoint earnedfora descriptionof a nonelectrolyte
(e.g.,something
that doesnot breakup or doesnotdissociate.)
Nopoint earnedfordescribingCf150H as organic,or as thecompoundthat
containsthe mosthydrogens.

M&l,

(Flask#2)

1Pt

The freezing-point depressionis proportional to the concentration of solute particles.
All solutesare at the same concentration, but the van’t Hoff factor (i) is largest
for MgCl,.

(c)

1Pt

l

Onepoint earnedforident@ng MgCI, .

l

Onepoint earnedforthecorrectexplanation.

C,HSOH (Flask #3)

1Pt

1Pt

The lowering of vapor pressureof water is directly proportional to the concentration
of solute particles in solution. C,H,OH is the only nonelectrolyte, so it will have the

1Pt

fewest solute particles in solution.
l

Onepoint earnedfor identlfiingC,H,OH.

l

One point earnedfor thecorrectexplanation.

(d)

NaF (Flask#l)

1Pt

The F- ion, generated upon dissolution of NaF, is a weak base.
It is the only solution with pH > 7.
l
l

Onepoint earnedfor identlBingNaF.
Onepoint earnedfor thecorrectexplanation.

j

83

1Pt

Excellent Response(8 points)

Fair Response (4

points)

Commentary

on Free-Response Question 8

This question, chosen by the great majority of students,
required the students to draw and interpret Lewis
electron-dot diagrams for some simple non-metal
compounds. Half of the 8 points could be earned for
drawing the electron-dot diagrams, a basic skill covered
in both the first year high school chemistry course and
in the Al? Chemistry course. The students did well, with
a mean score of 4.38 out of 8 points (55%). Overall,

the student responsesseemed to

a good under-

standing of Lewis structures but were weaker in their
explanation of resonance and polarity due to molecular
geometry. Common errors included mistakes in drawing the proper numbers or configurations of electrons
in the Lewis structures for C03*-,

CO,, or SF4. Also,

many responsesshowed confusion regarding the
distinction between pi bonds and double bonds, or
they failed to relate molecular geometry to polarity.

Scoring Guidelines for Free-Response

Question
Question 8
(8 points)
2 pts

GO (9

Onepoint earnedfor eachLewiselectron-dotstructure
Indicationof lonepairs of electronsare requiredon eachstructure
Resonance
forms of COj2- are not required
(ii) In CO,, the C-O interactionsare doublebonds,OR, in C03*- the C-O interactions
are resonanceforms (or figuresbelow.)
'0'
II
//\
\O,

1Pt

IOI
I

-

/o&Cl'
0

$1

$1

The carbon-oxygenbondlengthis greaterin the resonanceformsthanin the doublebonds.

1Pt

I”’ point earnedfor indicatingdoublebondsarepresentin CO2 OR resonanceoccursin COj2.Yd point earnedforBOTH of the aboveAND indicatingthe relativelengthsof the bondtypes
2 pts

W (9
IFI

IFI

I

lr;-c-~l
-

I&&-_I

I
l-FI

I
I

IFI

Onepoint earnedfor eachLewiselectron-dotstructure
Lonepairs of electronsare requiredon eachstructure
(ii) CF, hasa tetrahedralgeometry,so the bonddipolescancel,leadingto a nonpolarmolecule.

1Pt

With five pairsof electronsaroundthe centralS atom,SF, exhibitsa trigonalbipyramidal
electronicgeometry,with the lone pair of electrons.In thisconfiguration,the bonddipoles
do not cancel,andthe moleculeis polar.

1Pt

F “““F

F

F

F

I

I
FL

F

Onepoint earnedfor eachmoleculefor proper geometryand explanation

I

Excellent Response(8 points)

L

..

J

Good Response(6 points)

--.
-

-\
-

I

+r

Fair Response(4 points)

