AP® CHEMISTRY
2008 SCORING GUIDELINES (Form B)

Question 4

For each of the following three reactions, in part (i) write a balanced equation for the reaction and in part (ii)
answer the question about the reaction. 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.

(a) Chlorine gas, an oxidizing agent, is bubbled into a solution of potassium bromide at 25°C.

(1) Balanced equation: One point is earned for the correct reactants.
Cl, + 2B~ — 2CI" + Br, Two points are earned for the correct products.

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

(i1) Predict the sign of AS° for the reaction at 25°C. Justify your prediction.

The sign of AS° is negative. One of the reactants,

Cl,, is a gas at 25°C, but there are no gaseous .
One point is earned for a correct answer

products. Gases have high entropies, so the entropy involving entropy of a gas

of the reactants is greater than the entropy of the
products, making AS° negative.

(b) Solid strontium hydroxide is added to a solution of nitric acid.

(1) Balanced equation: One point is earned for the correct reactants.
Sr(OH), + 2H* — Sr2* + 2H,0 Two points are earned for the correct products.

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

(i1)) How many moles of strontium hydroxide would react completely with 500. mL of 0.40 M nitric acid?

There is 0.20 mol of H* in 500. mL of 0.40 M nitric

acid. Because there are two moles of OH™ in each
mole of Sr(OH), , 0.10 mol of Sr(OH), is needed to

react completely.

One point is earned for the correct answer.
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Question 4 (continued)

(c) A solution of barium chloride is added drop by drop to a solution of sodium carbonate, causing a precipitate
to form.

(1) Balanced equation: One point is earned for the correct reactants.

Ba2+ + CO32— — BaCo, Two points are earned for the correct product.

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

(i) What happens to the pH of the sodium carbonate solution as the barium chloride is added to it?

A solution of sodium carbonate is basic. When One point is earned for the correct answer (no
carbonate precipitates out, this decreases the pH. explanation is required).
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. CHEMISTRY L{ ,A\
Part B S

Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

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

4. For each of the following three reactions, in part (i) write a balanced equation for the reaction and in part (ii)
answer the question about the reaction. 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(T) nitrate.

-+ (1) Balanced e;gu‘ation:

Mo+ 2 AgT —> My®" + 2 A%

(ii) Which substance is oxidized in the reaction?

| M?. Y md»y&uﬂ

(a) Chlorine gas, an oxidizing agent, is bubbled into a solution of potassium bromide at 25°C.

(i) Balanced equation:

CL, * 18,7 — 2CL 4 T))rJ_Cl)

(ii) Predict the sign of AS® for the reaction at 25°C. Justify your prediction.

T : |
oo, 1 gow b \Q}w;)bof)ﬁt, deemoe n AS’

-18- _ GO ON TO THE NEXT PAGE.
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(b) Solid strontium hydroxide is added to a solution of nitric acid. L\\ A 9«

(i) Balanced equation:

2,
Cilom), D+ 287 — G 4 2 H,0

(ii) How many moles of strontium hydroxide would react completely with 500. mL of 0.40 M nitric acid?

-~
' ~ ot .

aerd - D\‘Mt_a:)_ﬁm__m_w

usekh cl.GOnJ_ A D O-4o M ke, adid .

(c) A solution of barium chloride is added drop by drop to a solution of sodium carbonate, causing a precipitate
to form.

(i) Balanced equation:

2
6o + CO,

—>  Bac0, ()

(ii) What happens to the pH of the sodium carbonate solution as the barium chloride is added to it?

the
Merde e addd Y Y.

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

(L, « k8 — Kt + Br,
O, 24408, = 27 0T+ Ry \

(L, + 2B > 2CU 4 B,
Se 0"); TIHNOB\-A - 5r@és),_ + )_-H‘G.’
2 v
SeCou), 42173 ooy = sr’HM‘ + 24,0

or @;0). + 20 — qfl’r L 2 H, 0. o 2oy M
, —— 0.0 2 , .
CaC\, . 7 '\Jaal'czc)5 — | 80(03 + 2N (|

0 -
6 24 l- );( MY N e 8.‘ CO 4 2” 4 l{
¢ + + o 4 (O, — o > - GO ON TO THE NEXT PAGE.
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Answer Question 4 below. The Section II score weighting for this question is 10 percent.

4. For each of the following three reactions, in part (i) write a balanced equation for the reaction and in part (ii)
answer the question about the reaction. 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:

Mgt 2A3T —> My*" + 2/4%-

(ii) Which substance is oxidized in the reaction?

Mo o 720,25 Y250

(a) Chlorine gas, an oxidizing agent, is bubbled into a solution of potassium bromide at 25°C.

(i) Balanced equation:

Cla 4+ 2B¢ 5 >C\T4Bn

(ii) Predict the sign of AS°® for the reaction at 25°C. Justify your prediction.

<

LG = AH-TS

-18- GO ON TO THE NEXT PAGE.
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{(b) Solid strontium hydroxide is added to a solution of nitric acid.

(i) Balanced equanon

GEE 2.0 Hupt SW 4 2N up? 2H 0l S \—@;Q‘NO Jog)

(ii) How many moles of strontium hydroxide would react completely with 500. mL of 0.40 M nitric acid?
9\’(0“0; e f 2LOW Qer Mole. . 31!3 e gnol m—l"‘f"] cc Cr (oH) . o ¢ +e be
Ywce al puch as ANO3.
s Sr(om-z. 3 O3 M > O‘SLXb §M =0, 4\«\,\@\

(} %Ci +* l}d kQ@ 3
{c) A solution of bariumn chloride is added drop by drop to a solution of sodium carbonate, causing a precipitate
to form,

(ij Balanced equation:
Bom-2Cient 2N ol €O 3ty 2NaCl (4) +Bo.CO3LS)

(il) What happens to the pH of the sodium carbonate solution as the barium chioride is added to it?
The NozCO> sulubion 16 acidic  because  HLO3 £4545, When
Eo\z’ 18 added, e con” SN\ peecifecte oand che )

will re

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

-18- GO ON TO THE NEXT PAGE.
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Answer Question 4 below. The Section II score weighting for this question is 10 percent.

4.. For each of the following three reactions, in part (i) write a balanced equation for the reaction and in part (ii)
answer the question about the reaction. 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.

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

(i) Balanced equation: _
Mg + 2 AgT —> Mg*" + 2 Ay

(i) Which substance is oxidized in the reaction?

Méal. ey mdvy&w

(a) Chlorine gas, an oxidizing agent, is bubbled into a solution of potassium bromide at 25°C.

(i) Balanced equation:

Camt k™ — 217 +2&

(ii) Predict the sign of AS° for the reaction at 25°C. Justify your prediction.
AS’ willlee, wiastive locauee Haone will ke (o
ORI, Thene wie |l e qr e B venctants ot wo
wwles vy s A HAL pYDfUMJh

-18- GO ON TO THE NEXT PAGE.
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(b) Solid strontium hydroxide is added to a solution of nitric acid.

(i) Balanced equation:

Sr(oMd, + 20z — 2H,0 ¥ S+ 2NHy

(ii) How many moles of strontium hydroxide would react completely with 500.. mL of 0.40 M nitric acid?
CoLYC4MY = 0.2 M pivhcaud-
[ O wol S/ oMy

(c) A solution of barium chloride is added drop by drop to a solution of sodium carbonate, causing a precipitate
to form.

(i) Balanced equation:

RBacly + NaCo, —3 Nacl + BaCcoy),

(ii) What happens to the pH of the sodium carbonate solution as the barium chloride is added to it?

'\ﬂﬁ’\M\/\% bocause . Salty Ao ot et Fho ,p/-/-

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

Sv(bR)y, +PNHy = 260+ ST 4 2oy

Backh * NaC0y —  Nacl~ Ba(cogl

-19- GO ON TO THE NEXT PAGE.

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® CHEMISTRY
2008 SCORING COMMENTARY (Form B)

Question 4

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)(i) 1 point was earned for correct reactants, 2 points were earned for correct products, and 1 point was
earned for balancing the equation. The point was not earned in part (a)(ii). In part (b)(i) the reactant point was not
earned because Sr(OH), is shown as ions in solution instead of as a solid. The product points and the balancing point

were earned. The point was not earned in part (b)(ii). In part (c)(i) the reactant point was not earned because of the
inclusion of spectator ions. The product points and the balancing point were earned. The point was not earned in part

(©)(ii).

Sample: 4C
Score: 5

In part (a)(i) 1 point was earned for ClI~ as a product, but the other product point and the reactant point were not
earned. The balancing point was not earned because the equation is not balanced for charge. The point was earned in
part (a)(ii). In part (b)(i) 2 points were earned for the products, but the reactant point and balancing point were not
earned. The point was earned in part (b)(ii). No points were earned in part (c).
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