AP® CHEMISTRY
2013 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
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.

EXAMPLE:

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

(i) Balanced equation:

Mg + 2 AgT —> My*T + 2 Ay

(i) Which substance is oxidized in the reaction?

Mg, ey mo@é.wb

(a) A 20.0 mL sample of 0.10 M potassium phosphate is added to a 30.0 mL sample of 0.10 M calcium

chloride.

(i) 3Ca* + 2P0, — Cay(PO,),

2 points are earned for the correct reactants.

1 point is earned for the correct product.

1 point is earned for the correct balance
of both mass and charge.

(ii) How many moles of product are formed?

VxM = (0.0200 L)(0.10 M) = 0.0020 mol PO43_
VxM = (0.0300 L)(0.10 M) = 0.0030 mol Ca**
Therefore, 0.0010 mole of Ca;(PO,), is formed.

1 point is earned for the
correct number of moles
with mathematical justification.
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Question 4 (continued)

(b) Carbon dioxide gas is bubbled into freshly distilled water.

(i) CO, + H,0 —» H" + HCO;” 1 point is earned for the correct reactants.

OR
CO, + 2H,0 — H;0* + HCO;" 2 points are earned for the correct product(s).

OR 1 point is earned for the correct balance of both
CO, + H,0 — H,CO, mass and charge.

(ii) The pH of the solution decreases as the reaction proceeds. Explain.

The reaction produces an acidic species. The solution pH

. 1 point is earned for a correct explanation.
decreases as [H*] increases. p p

(c) A piece of zinc metal is placed in a 1.0 M solution of hydrochloric acid at 25°C.

1 point is earned for the correct reactants.

: + 2+
@) Zn + 2H" > Zn™ + H, 2 points are earned for the correct products.

1 point is earned for the correct balance of both mass and charge.

(ii)) When a piece of zinc metal is placed in a 1.0 M solution of ethanoic (acetic) acid at 25°C, the rate of
reaction is slower than when 1.0 M hydrochloric acid at 25°C is used. Explain.

Ethanoic acid is a weak acid while HCl is a strong acid, so
[H*] will be less than it would be with HCI. The rate of

reaction depends on [H*], so the rate will be slower in
ethanoic acid than in hydrochloric acid.

1 point is earned for a correct explanation.
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CHEMISTRY
~ PartB
. Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

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

4, For edch of the following three reactions, write a balanced equatjon.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 usé 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(T) nitrate.

(1) Balanced equatlon

ﬁ/g\f 2%@-* — A/Ig.” - 2 A

‘ Whmh substance, is OXJdLZSd in Ihe rsacuon?

M&L fo MMW

bl
(a) A20.0 mL sample of 0.10 M potassium phosphate is added to a 30 0 mL sample of 0.10 M calcium chloride.

} @) Balanced equauon

< - N (or
f 2 POy =+ 3Ca* > Ci@?f-;k?“’\itiz

(ii) How many moles of product are formed?

JAOM = X e\ PO o s oolmqu -IOMC&'L— ‘\m:\ o5mol

D)L ’ ’OBL
062 wnl /9 = 00l ol \?\(‘Dév\,C)T 1 N
Unauthorized copying or reuse of GO ON TO THE NEXT PAG E
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(b) Carbon dioxide gas is bubbled into ﬁeshly distilled water.

(i) Balanced equahon

(ii) The pH of the sohmon decreases as the reaction proceeds. Explain.

Tt p(b(\/u\(/ﬁ» \—Sc C,@z ® o ocid  ecouse o V\OV\M“Y"uic "
"o de & \aeA\u MA&A o weder, Ve ?\ér oes cLoWV\ \se couise
X O(‘UA«\»‘Z}( =< OJ&\A\D

(c) A piece of zinc metal is placed in a 1.0 M solution of hydrochioric acid at 25°C.

(i) Balanced equation:

Za F2HT 2 Ty,

P

(i) Whena f)iece of zinc metal is placcd in a 1.0 M solution of ethanoic (acetic) acid at 25°C, the rate of
reaction is slower than when 1.0 M hydrochloric acid at 25°C is used. Explain.

AU?:\"Q OLCtd KO x~{,&\£&/ acad NMon Lr‘r(/\ @wxé}\ 05 a
oL Cocg WiGihon ok WX Staee -'{ku (&\LLV\TTG\AVOV\ of ’\'\,@_mab—a\f\%’ )
5 \a\r\\u e (‘C&L’hw ‘\7\"0(,.{/(,&9' Mot a\o.lw -

YOUMAY USE THE SPACE'}-BELOW FOR.SCRATCH‘WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE SCORED.

Unauthorized copying or reuse of GO ON TO THE N EXT PAGE
[;parl of this page is illegal. ’ » .
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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 pérccnt.

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. : : .

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

'| () Balanced equation:

Mg+ 2AgT — M%”* + z/‘a»

Ncin) W}uch sitbstance i oxidized in the reaction?

. M@, 2y MAMWG

(a) A 20.0 mL sample o_f 0.10 M potassium phosphate is added to a 30.0 mL sample of 0.10 M calcium chloride.

(i)- Balanced equation:

7P0x~ + Ca™= —> Ca(f02)q

(i) How many moles of product are formed?

_001 mol €a(PO3)3

2 KFH2P0; + CatmeX — 2k + (q(03),

A C :m_.g‘_
K¥o3 "\—52%0_‘ Catla 17355
. , po2™?

calPezy

1 002mo! e 3 .
‘ .ooZmo"l {mol 008 Mo 2 5 BER e
Unauthorized copying ar reusﬂ ’ 2 mo) . “W\Ot GOONTO THE NEXT PAGE.

any part of this page is lllegal.
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(b) Carbon dioxide gas is bubbled into freshly distilled water. . .

(1) Balanced equation:

CO, + HQ_O — coa + 2 HF

(i) . The pH of the solution decreases as the reaction proceeds. Explain.

Tne R?QCI'{‘\O\’\ \ﬁdﬁqgeS e Amount o% H"" s +h€’

Soturon oriing i+ more acidic . pHW

(c) A piece of zinc metal is placed in a 1.0 M solution of hydrochIonc ac:1d at 25°C.

(1) Balanced equatlon

Zn +2HT — 20T+ by

(ii) When a piece of zinc metal is placed in a 1.0 M solution of ethanoic (acetlc) amd at 25°C, the rate of .
reaction is slower than when 1.0 M hydrochlonc acid at 25°C is used. Explain.

HCL IS g S’ma‘aq C‘..ijd <o+ onNizes quuCkeer

M’x@&\n e%‘%«\o&nmg o\c,,;c{

YOU MAY USE THE SPACE BELOW FOR SCRAT Cx:‘{ WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE SCORED.

05 % Gt

Zn + Hi+ 2 —-2ZnCl,

s’ + H

CY\ \'\zmzo O\-«m\
Cn L‘fg_ﬁ OZ Cunsk

Cz H"’roz

7 | Unauthorized copying or reuse of -
any part of this page is illegal. _21 .
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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. ' :

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

. @ Balanced equanon

Mg,+ 2/%5«* — Mg}” 2 Ag

Gi) Whlch substanca is omdlzed in the reaction?- .

M@ ey moévg(w@

(a) A 20.0 mL sample of 0.10 M potassium phosphate is added to a 30.0 mL sample of 0.10 M calcium chloride.

(i) Balanced equation: .

2 16P0 S +Caly —sl)co 60@037

(i) How many moles of product are formed?
OO0 nel Don‘ass/wm phosphade + <063 we) caldunn
C/Y\\OV“RX,{/ (0055 W\O‘B(}\ Ol woles Pr‘od\uf/\L

A7 _
OD§ a4 é > ) m__o\\? QB wno
x 2 3\ L -
o#o b B

¢ 2] oty o «1w\x-03‘*;.o<)’>m
X - L
LO0S
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(b). Carbon dioxide gas is bubbled into freshly distilled water.

(i) Balanced equation:

| - + M " ol ¢

(ii) The pH of the solution decreases as the reaction proceeds. Explain.
Reocones mare. acdic. becase piofons vt
o mvelchaet. Y makas —}%ma\ 5 nor
O &76

g

(c) A piece of zinc metal is placed in a 1.0 M solution of hydrochloric acid at 25°C.

(i) Balanced equation: v ) : : 1".‘ }
L PO > a0 FHy Hals

(i) When a piece of zinc metal is placedina 1.0°M SOhlthIl of ethanoic (acetic) acid at 25°C, the rate of
reaction is slower than when 1.0 M hydrochloric acid at 25°C is used. Explain.

7 DOLs Y Cack a5 we L ww% QC@+QQ&/G\
oS 1F d\O{S wlgf“\ HC/( P)\J_g,"-’)’\@ lh/Hd\, br‘akacz,é
o% bémic, be fseon HOL 1S ecsier +1«cm Aol ad

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

. GO ON TO THE NEXT PAGE.
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Question 4
Overview

This question tested students’ ability to convert the names of substances into chemical formulas, predict
the products from a given set of reactants, and write balanced net-ionic equations. A follow-up question to
each part assessed knowledge and understanding of fundamental concepts from the classroom and
laboratory, namely performing solution stoichiometry calculations, rationalizing changes in solution pH,
and justifying a difference in reaction rate.

Sample: 4A
Score: 15

This response earned the maximum score possible. All equations are correct and balanced, and the
required mathematical work in part (a)(i) is shown clearly. The answer to part (c)(ii) correctly connects the
rate of a chemical reaction to the concentration of a reactant.

Sample: 4B
Score: 11

This response incorrectly describes the phosphate ion as PO; ™ in part (a)(i) and therefore earned 1 of
the 2 reactant points. However, because this error is subsequently applied correctly and consistently,
all 3 remaining points in part (a) were earned. In part (b)(i) the reactant point was earned, but CO;" is

neither carbonate ion nor bicarbonate ion and thus did not earn a product point. H is a correct product
and earned 1 point. The balancing point was not earned because the equation was not balanced for
charge. The response for part (b)(ii) earned 1 point. All 4 points available for part (c)(i) were earned, but
the point in (c)(ii) was not earned because comparing the rates of dissociation of hydrochloric and acetic
acid is not a sufficient explanation of the difference in reaction kinetics.

Sample: 4C
Score: 6

The full molecular equation in part (a)(i) does not follow the instructions to omit formulas for any ions or
molecules that are unchanged by the reaction. The formula and charge of phosphate ion are both incorrect
but are then are applied correctly and consistently in predicting Ca(PO,), as a product. The balancing point

was also earned. The mathematical response to part (a)(ii) begins with a valid calculation of molar amounts of
reactants, but does not arrive at a consistent answer. The equation in part (b)(i) earned 1 point for the correct
reactants and 1 point for balancing, but the formation of CO5 and H, as products is incorrect. In part (b)(ii) the

explanation of the lower solution pH is invalid because no acidic species appear as a product in the reaction
as written. In part (c¢)(i) 1 point was earned for the correct product H, and 1 point was earned for balancing for

mass and charge. Invoking bond strength in (c)(ii) did not earn the point.
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