AP® CHEMISTRY
2009 SCORING GUIDELINES

Question 4 (15 points)

(@ A sample of solidiron(l11) oxide is reduced completely with solid carbon.

(i) Balanced equation: One point is earned for both correct reactants.

Two points are earned for the correct products
2 F9203 +3C —»> 4Fe + 3 C02 (1 p0|nt each).

OR I .
Fe,0, + 3C — 2Fe + 3CO One point is earned for correctly balancing

(mass and charge) the equation.

(ii) What is the oxidation number of carbon before the reaction, and what is the oxidation number of
carbon after the reaction is complete?

The oxidation number of C before the reaction is 0, One point is earned for both oxidation
and the oxidation number of C after the reaction is +4. numbers consistent with part (i).

(b) Equal volumes of equimolar solutions of ammoniaand hydrochloric acid are combined.

(i) Balanced equation: Two points are earned for the correct reactants.

NH; + H* — NH,* One point is earned for the correct product(s).
OR One point is earned for correctly balancing (mass
NH; + H,0* - NH,* + H,0 and charge) the equation.

(i) Indicate whether the resulting solution is acidic, basic, or neutral. Explain.

The resulting solution is acidic because of the
hydrolysis of the NH,* ion, which reacts with water

to form NH; and H*. One point is earned for a correct
OR answer consistent with part (i).

The mixing of a strong acid and a weak base results
in an acidic solution.
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Question 4 (continued)

(c) Solid mercury(Il) oxide decomposes asit is heated in an open test tube in afume hood.

(i) Balanced equation: One point is earned for the correct reactant.

Two points are earned for the correct products
2HgO — 2Hg + O, (1 point each).

One point is earned for correctly balancing
(mass and charge) the equation.

(ii) After thereaction is complete, isthe mass of the material in the test tube greater than, less than, or
equal to the mass of the original sample? Explain.

The mass of the contents of the test tube will decrease One point is 9arned f_or a corrc_act
owing to the loss of O, gas to the atmosphere. answer consistent with part (i).
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CHEMISTRY 4A
Part B 1of2
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below. The Section II score weighting for this question is 10 percent.

4. For each of the following three reactions, write a balanced equation in part (i) and answer the question in
part (ii). In part (i), coefficients should be in terms of lowest whole numbers. Assume that solutions are aqueous
unless otherwise indicated. Represent substances in solutions as ions if the substances are extensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction. You may use the empty space at the
bottom of the next page for scratch work, but only equations that are written in the answer boxes provided will
be graded.

EXAMPLE:
A strip of magnesium metal is added to a solution of silver(I) nitrate.

(i) Balanced equation:

Mg + 2 AgT —> My*T + 24y

(ii) Which substance is oxidized in the reaction?

Mo s opoliyesl

(a) A sample of solid iron(III) oxide is reduced completely with solid carbon.

(i) Balanced equation:

HYFe, t 3(0
2. e, Oy & ?’Ctsa__? ‘) 2 )

(ii) What is the oxidation number of carbon before the reaction, and what is the oxidation number of
carbon after the reaction is complete?

Cu‘.rbm: L-C’F"r\! rtacd en | O
QFI(/ ﬂ&t4:th +""
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(b) Equal volumes of equimolar solutions of ammonia and hydrochloric acid are combined. 20f2

(i) Balanced equation:
4
- NH,

+
NH; oy T ey “t)

(ii) Indicate whether the resulting solution is acidic, basic, or neutral. Explain.
ﬁt.-‘ﬂ'-‘f-_, all  ammenia il he  cenvected Ao NHI{““)’]‘ Thea
NHS n ek wed, il rtluce s it of T imte fle selutin,

[

(ansmg T o ke acidic
4

(c) Solid mercury(Il) oxide decomposes as it is heated in an open test tube in a fume hood.

(i) Balanced equation:

lHj‘%; —% ZHM) T Opuy)

(ii) After the reaction is complete, is the mass of the material in the test tube greater than, less than, or
equal to the mass of the original sample? Explain.

{-ES; 'Hun 1‘& u;,r],,‘._( malsj, q,“emj ﬁ; esuﬁ.u m'f- '{4 Gy

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE GRADED.

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



B BBBBBBBBBDBBIBB

CHEMISTRY 4B
Part B 1of2
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below. The Section II score weighting for this question is 10 percent.

4. For each of the following three reactions, write a balanced equation in part (i) and answer the question in
part (ii). In part (i), coefficients should be in terms of lowest whole numbers. Assume that solutions are aqueous
unless otherwise indicated. Represent substances in solutions as ions if the substances are extensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction. You may use the empty space at the
bottom of the next page for scratch work, but only equations that are written in the answer boxes provided will
be graded.

EXAMPLE:

A strip of magnesium metal is added to a solution of silver(I) nitrate.

(1) Balanced equation:
Mg + 2 AgT — My*" + 244
(ii) Which substance is oxidized in the reaction?

(a) A sample of solid iron(III) oxide is reduced completely with solid carbon.

(i) Balanced equation: '
F&#p™+ ¢, »200, + Fe

(ii) What is the oxidation number of carbon before the reaction, and what is the oxidation number of
carbon after the rela(;tion is complete?

B{»I, A he N xd Aot '“-".C ](aff« ﬂu‘v hﬂj a 1‘7{(-‘;!'1 rbl;l‘;
/] i Cha ]

4 4 . Al Aad A e

"l
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(b) Equal volumes of equimolar solutions of ammonia and hydrochloric acid are combined.

[ —

(i) Balanced equation:, : >

It tHCL > Nt €l

(ii) Indicate whether the resulting solution is acidic, basic, or neutral. Explain.
' |
il

4B
20of2

(c) Solid mercury(Il) oxide decomposes as it is heated in an open test tube in a fume hood.

(i) Balanced equation:

QHg 0’52H_9 “ OQ

(i1) After the reaction is complete, is the mass of the material in the test tube greater than, less than, or
equal to the mass of the original sample? Explain.
- ) r | . r! : »
1 1€

L Mmags w9} i Py G
i I

. , v Ll T
e gasegus Pr&dtx{ij would diffuce gut of Ahe fod

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE GRADED.

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



B BBBBBBBBIBDBBBB

CHEMISTRY 4C
Part B 1of2
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below. The Section II score weighting for this question is 10 percent.

4. For each of the following three reactions, write a balanced equation in part (i) and answer the question in
part (ii). In part (i), coefficients should be in terms of lowest whole numbers. Assume that solutions are aqueous
unless otherwise indicated. Represent substances in solutions as ions if the substances are extensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction. You may use the empty space at the
bottom of the next page for scratch work, but only equations that are written in the answer boxes provided will

be graded.

EXAMPLE:

A strip of magnesium metal is added to a solution of silver(I) nitrate.

(i) Balanced equation:

Mg+ 2 AgT —> My®T + 2 A%
(ii) Which substance is oxidized in the reaction?

(a) A sample of solid iron(IIT) oxide is reduced completely with solid carbon.

(i) Balanced equation:

Fe,05 t ¢ — C0p + Fe™

(ii) What is the oxidation number of carbon before the reaction, and what is the oxidation number of
carbon after the reaction is complete?

_Ppfore: O
Aftoe : +4
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20f2
(b) Equal volumes of equimolar solutions of ammonia and hydrochloric acid are combined.

(i) Balanced equation:

NM, + HCl— Nhq + OF

(ii) Indicate whether the resulting solution is acidic, basic, or neutral. Explain.

Pose ecause NH4 6 peeduced and HCL 15 beoken apaet

(c) Solid mercury(Il) oxide decomposes as it is heated in an open test tube in a fume hood.

(i) Balanced equation:

M Hgo+ 0°— Hg™+ O,

(ii) After the reaction is complete, is the mass of the material in the test tube greater than, less than, or
equal to the mass of the original sample? Explain.

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE GRADED.
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Question 4
Overview

This question assessed students’ ability to communicate their knowledge of chemical processes. Important skills
tested included writing chemical formulas for substances and balancing equations. Additional aspects of the
problem evaluated general understanding of chemical concepts presented to students in both the classroom and
the laboratory.

Sample: 4A
Score: 15

This response earned all 15 points: 4 for part (a)(i), 1 for part (a)(ii), 4 for part (b)(i), 1 for part (b)(ii), 4 for
part (c)(i), and 1 for part (c)(ii).

Sample: 4B
Score: 10

In part (a) the student earned 2 of the possible 5 points. The student did not earn the reactant point because the
formulas for iron(111) oxide and carbon are incorrect. The student earned both product points for the correct
product formulas. The balancing point was not earned because the charge is not balanced. In part (a)(ii) the point
was not earned because the oxidation number given for carbon after the reaction is incorrect. In part (b) the
student earned 3 of the possible 5 points. There are 2 reactant points and 1 product point available in part (b)(i).
The formula for ammonia is correct, but hydrochloric acid is not shown as being extensively ionized, so only 1 of
the 2 reactant points was earned. The product point was earned because “NH, ™ is correct and the inclusion of

“CI™ is consistent with the reactants given. Because the equation is both charge and mass balanced, the student
earned the balancing point. In part (b)(ii) the point was not earned because there is no explanation for why the
solution is acidic. The student earned all 5 points in part (c). The student earned the point in part (c)(ii) by
indicating that there would be a loss of mass owing to the gas leaving the test tube.

Sample: 4C
Score: 5

The student earned 3 of the possible 5 points in part (a). One of the 2 product points was not earned because
“Fe*3” is not a correct product, and the balancing point was not earned because the charge is not balanced. In
part (b) the student earned 1 of the 5 points. The formula for ammonia is correct, but the HCI is not shown as
being extensively ionized, so only 1 of the 2 reactant points was earned. The product point was not earned
because the ammonium ion is shown without a charge. The balancing point was not earned because the charges
are not balanced. The point was not earned in part (b)(ii). In part (c) the student earned 1 of the 5 points. The
reactant point was not earned because an extra reactant is included. Only 1 of the 2 product points was earned
because mercury in the +2 state is incorrect. The balancing point was not earned because the equation is not mass
or charge balanced. The point was not earned in part (c)(ii).
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