AP® CHEMISTRY
2010 SCORING GUIDELINES

Question 4
(15 points)

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

EXAMPLE:

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

(i) Balanced equation:
Mg + 2/4@-* —> Mg*" + 2 Ay

(i1) Which substance is oxidized in the reaction?

Mg, ey mo@é,w(/

(@ A 0.2 M potassium hydroxide solution is titrated with a 0.1 M nitric acid solution.

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

+ —
HO"+OH™ — 2H,0 One point is earned for the correct product.

OR One point is earned for correctly balancing (mass
H*+OH™ — H,0 and charge) the equation.

(if) What would be observed if the solution wasttitrated well past the equivalence point using bromthymol
blue as the indicator? (Bromthymol blue is yellow in acidic solution and blue in basic solution.)

The solution would appear yellow. One point is earned for the correct description of the solution.
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Question 4 (continued)

(b) Propaneis burned completely in excess oxygen gas.

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

Two points are earned for the correct products.
CsHg+50, - 3CO,+4H,0

One point is earned for correctly balancing the equation.

(if) When the products of the reaction are bubbled through distilled water, is the resulting solution neutral,
acidic, or basic? Explain.

The resulting solution would be acidic because CO, One point is earned for the correct choice with
reacts with water as aweak acid. justification.

(c) A solution of hydrogen peroxideis heated, and agasis produced.

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

Two points are earned for the correct products.

One point is earned for correctly balancing the equation.

(ii) Identify the oxidation state of oxygen in hydrogen peroxide.

The oxidation state of O in H,0, is —1. One point is earned for the correct oxidation state.
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CHEMISTRY L'[ A !
PartB
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 for the reaction in part (i) and answer the
question about the reaction 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 scored.

AsmPofmagnwxmnmetallsadiedtoasolqunofsﬂvetﬂ)nmatc

(')Balxncedequanun. o

Mé-r 2/?3-* —> Mg.” - 2 A%

(a AO2M potaésium hydroxide solution is titrated with a 0.1 M nitric acid solution.
e — e

@) Balance&'gquaﬁon:

OHZq)+ "{'lt(ﬂc(‘}“’9 K2 0(L)

(ii) What would be observed if the solution was titrated well past the equivalence point using bromthymol
blue as the indicator? (Bmmthymol blue is yellow in acidic solution and blue in basic solution.)

-18- GO ON TO THE NEXT PAGE.
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(b) Propane is burned completely in excess oxygen gas.

(i) Balanced equation:
Calig gy 502U ™ 2Coxp)+ Ynanly)

(ii) When the products of the reaction are bubbled through distilled water, is the rwulnng solution neutral,
acidic, or basic? Explain. '

_&M_z&mx asid, H200s

(c) A solution of hydrogen peroxide is heated, and a gas is produced.

(i) Balanced equation:

2H2 02({gy 7 2H200)+ 0 4(,)

(i) Identify the oxidation state of oxygen in hydrogen peroxide.

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

-19- ' GO ON TO THE NEXT PAGE.
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PartB

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 for the reaction in part (i) and answer the
question about the reaction 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 scored.

(a) A 02 M potassium hydroxide solution is titrated with a 0.1 M nitric acid solution,
%oc\v" 4 VANRTT S w30+ L ree3”

(i) Balanced equation:
ot ~+ ¥ — nao

(ii) What would be observed if the solution was titrated well past the equivalence point using bromthymol
blue as the indicator? (Bromthymol blue is yellow in acidic solution and blue in basic solution.)

TT WOULD RE NEWOW AL Mot HNO3 T3 avoeg

@EMONO EBIN.T1) TWEC GEORE mAawdInbt AN ALZO (e

-18- GO ON TO THE NEXT PAGE.
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(b) Propane is burned completely in excess oxygen gas.

(i) Balanced equation:
Cavy 350, —y 2" 5.0 +2CO 5

(ii) When the products of the reaction are bubbled ﬂlmughdisﬁﬂedwatcr,istﬁer&m&ng solution neutral,
acidic; or basic? Explain.
NewTeay — Ng o8~ oe WY zerst W3 0TS0t E

(c) A solution of hydrogen peroxide is heated, and a gas is produced.

(i) Balanced equation:
HaOs — w3 ¥ O3

(ii) Idenﬁfytﬁeoxidationstateof oxygen.inhydmgen peroxide.
oxNMbEN = \—

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE SCORED.
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Part B '
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 for the reaction in part (i) and answer the
question about the reaction 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 scored.

~Aslnpofmagnmmnmetahsaddedtoasoh1ﬁonofsi]ver(l)mtrate

(')Balamed on:
equmMg'l'ZA'ﬂ‘r'%Mﬂ'zf A‘ﬂﬂ

nce ls ox:d:zqd in fhereacum?

(a) A 0.2 M potassium hydroxide solution is titrated with a 0.1 M nitric acid solution.

(i) Balanced equation: O™ A v 3 o Secoan

e e 1

(ii) What would be observed if the solution was titrated well past the equivalence point using bromthymol
blue as the indicator? (Bromthymol blue is yellow in acidic solution and blue in basic solution.)

N mmm_mm_}:t_%a&- Ohoe,

-18- GO ON TO THE NEXT PAGE.
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/"\
(b) Propane is burned completely in excess oxygen gas. - Q\

(i) Balanced equation:
Gy Y 202z —2 2Oz LHQ,O

(ii) When the products of the reaction are bubbled through distilled water, is the msulung solution neutral,
acidic, or basic? Explain.

3 . YN CE ST AN

ANV

(c) A solution of hydrogen peroxide is heated, and a gas is produced.

(i) Balanced equation:
VW2 O2 VYo —

@ii) Identify the oxidation state of oxygen in hydro: n peroxide.
Oy \S A —i A OO+ HraoSe.,

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE SCORED.
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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 possible points: 4 points for part (a)(i), 1 point for part (a)(ii), 4 points for part
(b)), 1 point for part (b)(ii), 4 points for part (c)(i), and 1 point for part (c)(ii).

Sample: 4B
Score: 12

In this response b points were earned for part (a). The response earned 3 of the possible b points in part (b).
The reactant point was not earned because the formula for propane is incorrect. Both product points and
the balancing point were earned. In part (b)(ii) the point was not earned because the solution is acidic, not
neutral. In part (c) the response earned 4 of the possible b points. The response earned the reactant point
but only 1 of the 2 product points for identifying O, but not H,0O. The response earned 1 point for the

balanced equation. The response earned the point in part (c)(ii) for the correct oxidation number for
oxygen in peroxide.

Sample: 4C
Score: 9

In part (a) this response earned 4 of the possible b points. The response did not earn the point in part (a)(ii)
because the color of the solution is given as blue. The response earned 3 of the possible b points for part
(b). In part (b)(i) the reactant point was not earned because the formula for propane is incorrect. Both
product points and the balancing point were earned. In part (c) the response earned 2 of the possible 5
points. In part (c)(i) the reactant point was earned. No products were written so no points were earned for
products or for balancing the equation. In part (c)(ii) the point was earned for giving the oxidation number

of oxygen as —1.
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