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AP Chemistry Exam

2013

Section I: Multiple Choice - 40 Questions (40 points total, 1 point each)
Section II: Free-response - 3 Questions (30 points total, 10 points each)

A Pencil, eraser, scantron, exam paper, and scratch paper
A Graphing or Scientific Calculator is Permiftted

Complete the multiple choice questions in section I and place the answers
on the scantron provided. Answers in the test booklet or on scratch paper
will not be graded. For section IT questions 1-3, complete the free-response
questionson the exam paper provided.

Be sure to put your name on the scantron, the exam paper, and the test
booklet. When finished, place your scantron in a pile,the exam paper in a
pile, and your test in separate piles. If you use multiple sheets of exam
paper, they should be stapled together. Good luck.
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CHEMISTRY
Section [

Name:

Note: For all questions, assume that the temperature is 298 K, the pressure is 1.00 atmosphere,

and solutions are aqueous unless otherwise specified.

Throughout the test the following symbols have the definitions specified unless otherwise noted.

T = temperature
P =pressure
V' =volume
S =entropy
H = enthalpy
G =free energy
R =molar gas constant
n = number of moles
M =molar
Part A

m = molal

L, mL = liter(y, milliliter()

g = gram(s)

nm = nanometer(s)

atm = atmosphere(s)

J,kJ  =joule(s), kilojoule(s)
vV = voli(s)

mol  =mole(s)

Directions: Each set of lettered choices below refers to the numbered statements immediately
Jfollowing it. Select the one lettered choice that best fits each statement and then blacken the
corresponding space on the answer sheet. A choice may be used once, more than once, or not at

all in each set.

Questions 1-4 refer to the following types of energy.

| (A) Activation energy

(B) Free energy

(C) Ionization energy
(D) Kinetic energy
(E) Lattice energy

C/ /1/ The energy required to convert a ground-state atom in the gas phase to a gaseous positive

( 2/ The energy change that occurs in the conversion of an ionic solid to widely separated

gaseous 10ns

(\:j—; 3 g The energy in a chemical or physical change that is available to do useful work

o

B

4.

The energy required to form the transition state in a chemical reaction
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Questions 5-7 refer to the following molecules.
(A) CO, @ C=°
(B) HO u~ ‘D\:M
(C) CHy " - é‘ B \\ :
(D) CoHy 0 :;\; ’
(E) PH; R \?

y 5. The molecule with only one double bon(il‘! /- TH
B 6. The molecule with the largest dipole moment
F 7. The molecule that has trigonal pyramidal geometry

Questions 8—10 refer to the following gases at 0°C and 1 atm.
(A) Ne ;4
(B) Xe 3}
(C) 0y 57
@) co vh
(E) NO %

I 8. Has the greatest rate of effusion through a pinhole 4muil. 4 +
o 9. Has the greatest density o
,Q 10. Has an average atomic or molecular speed closest to that of N, molecules at 0°C and 1 atm

Questions 11-14

- (A) 1s* 2572p° 35°3p°

(B) 15* 252p° 3s*3p° -

(©) 15> 25°2p{2d2 35°3p°

(D) 1s* 2572p° 3s3p°3d°

(B) 18> 252p° 33p 3 As’
(C_ 11. Animpossible electronic configuration
<2, 12. The ground-state configuration of a negative ion of a halogen \\ bl
v pive

13. The ground-state configuration of a common ion of an alkaline earth element
E 14. The ground-state configuration for the atoms of a transition element
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Part B

Directions: Each of the questions or incomplete statements below is followed by five suggested

answers or completions. Select the one that is best in each case and then fill in the corresponding
oval on the answer sheet.

15. Approximately what mass of CuSO4-5H,0 (250 g mol-!) is required to prepare 250 mL of
0.10 M copper(Il) sulfate solution?

(A) 4.0¢g . o,
62¢ 0. 250 L/ 0.)0m
(C) 34¢g L

(D) 8¢

(E) 140 g

3 Gy — CeHee)

16. What is the standard enthalpy change, AH", for the reaction represented above? (AH 'y of
CoHy(g) is 230 kI mol-l; AR f of C6H6(g) is 83 kJ mol 1) ‘

@y 607k1

(B) —147kJ NN
(C) —19kJ 7% - o ;),,.y -

(D) +19kJ

(B) +T73KJ

17. Of the following molecules, which has the largest dipole moment?

(A) CO |

- (B) CO,
©€) O

(D) HF
(E) F2

18. In the periodic table, as the atomic number increases from 11 to 17, what happens to the
atomic radius?

(A) Tt remains constant.

(B) It increases only.

(C) It increases, then decreases.
((D)\It decreases only.

e

(E) It decreases, then increases.
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o0 0.0 < O

-

NH4NO3) = NoOg) + 2 HyOg)

19. A 0.03 mol sample of NH4sNOs(s) is placed in a 1 L evacuated flask, which is then sealed and
heated. The NH4NOs@ decomposes completely according to the balanced equation above.
The total pressure in the flask measured at 400 K 1s closest to which of the following? (The
value of the gas constant, R, is 0.082 L atm mol” K™.)

@A) 3atm

® 1am puineT g o Lol
) - )T (.0 ) 7,080\ et f vl

© 05atm P-ne T . 0 qm(‘“’ \ 4

(D) 0.1atm f‘;/ L

(E) - 0.03 atm

20. When solid ammonium chloride, NH4Cl(), is added to water at 25°C it dissolves and the
temperature of the solution decreases. Which of the followmg is true for the values of AH

~and AS for the dissolving process? —
AH S sC= SH -T=5
(&) Positive Positive
(B) Positive  Negative L R

(C) Positive Equal to zero
(D) Negative  Positive
(E) Negative  Negative

21. In which of the following processes are covalent bonds broken?

QA{ L — b

(B COx9 — COxp

€5 NaCl — NaClg .
@ C(diamond) —> C(g)

(E) Fer) — Few

H oH
- LisN@ + 2 H00-> Z Li'tag + ZOH (ag) + ... NE

22. When the equation above is balanced and all coefﬁ(nents reduced to lowest whole-number
terms, the coefficient for OH (ag) is

A) 1
B 2

(D) 4
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23.

Potential Energy

V(E) 6

Reaction Canrdinate

The energy diagram for the reaction X + Y — Z is shown above. The addition of a catalyst
to this reaction would cause a change in which of the indicated energy differences?

(A) Ionly

(B) II only

(C) Il only

(©) Tand IT only

(E) L II, and III

24. For which of the following processes would AS® have a negative value?

I 2Fe,0s9 —» 4 Fe +3 Oyp
AD Mg* +2 OH - Mg(OH),( ) Lo (,(1/
@ Hye + CHye — C2H§(g)

(A) Tonly

(B) Iand Il only
(C) Iand I only

(D)) 1T and I only

(E) 1 1L and ITI

25. 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 mass and 37.4 percent Cl by mass. What is the
empirical formula for this compound? “

(A) HICI
(B) HICl,
(CYHICL;
(D) HfCl
(B) HECl

" GO ON TO THE NEXT PAGE
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26. A sample of an ideal gas is cooled from 50. 0°C t0 25.0°C in a sealed container of constant
volume. Which of the following values for the gas will decrease?

X The average molecular mass of the gas
II. The average distance between the molecules
C}’I@The average speed of the molecules
(A) Tonly
(B) II only
(EY 11 only
(D) Tand III
~(E) Tand I

27. Which of the following has the lowest conductivity? B oo fon =
(A) 0.1 MCuSO, “
(B) 0.1 MKOH =
P 0.1 MBaCl, =
0.1 MHF
(E) 0.1 MHNO,

™~

28. If 200. mL of 0.60 M MgClyag is added to 400. mL of distilled water, ‘what is the
concentration of Mg2*(ag) in the resulting solution? (Assume volumes are additive.)

@ 0.20 M Vai 4 {[ P TR ;\\[;; e A
(B) 0.30 M ' =

(C) 0.40 M - M, =M, G
(D) 0.60 M o AN
() 121 (zeotifpsoon) _

29. When solid NH4SCN is mixed with solid Ba(OH), in a closed container, the temperature
drops and a gas is produced. Which of the following indicates the correct signs for AG, AH,
and AS for the process? '

AG  AH  AS

A — - = "
(B). + - =
(C) — + +
W - o -
E -+ — +
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30. Appropriate uses of a Visible—light spectrophotometer include which of the following?

31.

32.

Determining the concentration of a solution of Cu(N O3)2
,I’I./ Measuring the conductivity of a solution of KMnO4

H'{ Determining which ions are present in a solution that may contain Na*, Mg™*, A’

@ I only

(B) I only
(C) Il only
(D) Iand II only
(E) Iand III only
*7 T =)

The melting point of MgO is higher than that of NaF. Explanations for this observation
include which of the following?

I.  Mg* is more positively charged than Na'.
II. O is more negatively charged than F~.
JH" The O ion is smaller than the F jon.
(A) Ionly
(B)1 and 11 only
(C) T and III only
(D) II and IT only

Boiling points of the elements helium, neon, argon, krypton, and xenon increase in that
order. Which of the following statements accounts for this increase?

(A))The London (dispersion) forces increase.
(B) The hydrogen bonding increases.

(C) The dipole-dipole forces increase.

(D) The chemical reactivity increases.

(E) The number of nearest neighbors increases.
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33. Types of hybridization exhibited by the C atoms in propene, CH;CHCH,, include which of
the following?

L sp

T

AL sp’ 2 1 4

aiL sp’ ¢
(A) Tonly Ao - C - =
(B) III only ;
(C) Tand II only 1 H
(D)1 and T only
(E) 1,11, and I1I

Ionization Energies for element X (kJ mol™)
First | Second | Third | Fourth | Fifth
580 1,815 2,740 | 11,600 | 14,800

34. The ionization energies for element X are listed in the table above. On the basis of the data,
element X is most likely to be

(A) Na
(B) Mg
Al
D) Si
E) P

35.. Which of the following techniques is most appropriate for the recovery of solid KNOs from
an aqueous solution of KNO3?

(A) Paper chromatography -
(B) Filtration -

(C) Titration

(D) Electrolysis

@)) Evaporation to dryness..

I
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36. Which of the following represents a pair of isotopes?

Atomic Mass
Number  Number

A L 6 14
1. 7 14
B L 6 7
1L 14 14
© L 6. 14
o IL 14 28
1. 7 13
“ 1L 7 14
E L 8 10
1L 16 20

37. 152 252 2p6 352 3p3

Atoms of an element, X, have the electronic configuration shown above. The compound
most likely formed with magnesium, Mg, is

(A) MgX )
(B) MgyX v 4 X
(C) MgXs

(D) MgX3

" #) ¢ o
EYMgzXo g Z

38. A sample of 3.30 grams of an ideal gas at 150.0°C and 1.25 atmospheres pressure has a
volume of 2.00 liters. What is the molar mass of the gas? The gas constant, R, is 0.0821
(L-atm)/(mol'K). N

(A) 0.0218 gram/mole P VA m p ’Y () C;

(B) 16.2 grams/mole ' |
% 37.0 grams/mole Mo = M S 0T wm s L E AT

-5

&

45.8 grams/mole
(E) 71.6 grams/mole

39. In which of the following groups are the three species isoelectronic; i.e., have the same
nu}nber of electrons?

(@x) S2- K+, CaZt
(B) Sc, Ti, V2*

(C) 02, S, Cl-

(D) Mg2+, Ca?*, Sr2*
(E) Cs, Ba2*, La3*
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40. Lg + 3 Clyg — 2 ICL@

According to the data in the table below, what is the value of AH° for the reaction
represented above?

Bond | Average Bond Energy
(kilojoules/mole)
I-1 149
CI-Cl 239
I-Cl 208
(A) —-860kJ ;r
@)f —382kJ - T E -
(C) +180kJ Ao ol
(D) +450 kJ '_ T AT
(B) +1,248kJ 2 AT LA
V- cHo7) -
(.f‘ VT ! s
1Hq + 3(4/?“9 Q@ J -
,,,,, L
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CHEMISTRY
Section IT

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT
YOUR ANSWERS. It is to your advantage to do this, since you may obtain 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 answers to the questions on the exam paper. Do NOT write your ) o

answers in this test for questions 1 and 2. =y Lt
w = K e f\.{ /\/ \9 \¢ &’\‘*("7 IHK‘:;/\ o \#“/j\
Answer Questions 1, 2, and 3. The questions in section II are worth 10 points each. (s ™ t nol

1. A 0.150 g sample of solid lead(1I) nitrate is added to 125 mL of 0.100 M/ sodium 1odide
solution. Assume no change in volume of the solution. The chemical reaction that takes place is
represented by the following equation.

Pb(NOs)ys) + 2 Nal(ag) > Pbhy +2 NaNO3(aq)
(a) List an appropriate observation that provides evidence of a chemical reaction between

N

the two compounds. V{L 0 Sl Qorf\f\f Cign & AN Wy b o e

f i3 f I iy } i L f:X; j» A'! ;) P N gd"m; <, N [ \,, (a\{ i “3
(b) Calculate the num%er of moles o eac}f?efact/aﬁ rm )L> ¢ | ' 3> Brece, /
// ( ok ( & . CL\ whgl

(c) Identify the limiting reactant. Show calculations to support your identification.

(d) Calculate the molar concentration of NO3 (aq) in the mixture after the reaction is
complete.

(¢) Draw a diagram of the mixture at the molecular level. Explain the reasoning used in
making your ch01ce

/7> 015 1 (\Za;{)&i

»r

4535 . /OAZM{ (e ’/,1

0. 0195 wmot Mal

2 ™
TRAR I ;;h\ I\\) Ci.;i o b A Pé (’A)[/¢>”‘ QEC(‘J\, e C){“
y O, O@,/ a()/x Mea ( MQO,@Q’UJ’/'Z‘\“ O O( DSMUK f‘f‘ﬁ
™ P )
g;};} ;/?;E)(;;’( Les } Y

) U 2
5%l ) m{ 17«/(/\)0) Jmel '”07/) %%i’& L}/\ci @ GO7§M [Jﬂ]
) A, L.

dod Pl
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2. Use principles of atomic structure and/or chemical bonding to answer each of the following.
(a) The radius of the Ca atom is 0.197 nanometer; the radius of the Ca® ion is 0.099 nanometer.
Account for this difference.

(b) The lattice energy of CaOys) is -3,460 kilojoules per mole; the lattice energy for K,O(s) is
-2,240 kilojoules per mole. Account for this difference.

Ionization Energy

(kJ/mol)
First Second

K [419 3,050
Ca {590 1,140
(c) Explain the difference between Ca and K in regard to

(i) their first ionization energies,

(i1) their second ionization energies.

"(d) The first ionization energy of Mg is 738 kilojoules per mole and that of Al is 578 kilojoules
per mole. Account for this difference.

T
A
=
—
-
Y
R
™
NN
7
%
o
P

: 2 - o St T
* . ?‘;"J{"Fi,,.'ﬁ (9&&(%

s
PTG

g/ Cﬁ\ . O’Z *D w -) = _4 Du{ Lo Phe  Chadge 5 Ce O

o Hf\,t £ et I S

\L)r\ 3 Vs Mol € exdi

-+ l < ~Z = ’“2‘ AN S r : AL if\ @;
w ' - o b & Py {,,l:/’»x
Cy [ Calewsn has an Mlc\:iﬁaff\./,«/i Prolom  pwst slebeon Har YT, -

withon '\\“\mf(_, G A py e &j/ [ e ek QL’J t g AN

3 o L
Crotdvdl vliae Dop g
/ . A ) } ’. B
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3. A student is instructed to determine the concentration of a solution of CoCl, based on
absorption of light (spectrometric/colorimetric method). The student is provided with a 0.10
M solution of CoCl, with which to prepare standard solutions with concentrations of 0,020

M, 0.040 M, 0.060 Mand 0.080 M.y 1/, =, V= ZmA) [Ceud)
(o OOM)

= 70w
(8) Describe the procedure for diluting the 0.10 A/ solutmns to a-concentration of 0.020 M using
distilled water, a 100 mL volumetric flask, and a pipet or buret. Include specific amounts

where appropriate. Plo.c¢ ’?czéw( o Cw‘\(‘fﬂ%ﬁLM Solutien L/‘;;*V/ & PPt
Into. the  fo0 emt  peiweetrC ElasE. Bl V0 fo o b Thine ikl

dis by ed  vopber. .
The student takes the 0.10 M solution and determines the percent transmittance and the

absorbance at various wavelengths. The two graphs below represent the data.

100 0.60

= i
3 g T
. 8 so P /‘ //"\
g N Z £ o.40 /
& so M A = P X
% T \\ rd = ©.20 : \
2 4 : ] P - - \\
=4 o, g i

20 o T

2EO 400 440 480 S520 0 S560 600 350 400 440 480 520 560 600
Wavelength (o)

Wavelengath (non)

(b) Identify the optimum wavelength for the analysis.

Pioghe st~ ktsserl b

The student measures the absorbance of the 0.020 M, 0.040 A, 0.060 M, 0.080 M and 0.10 M
solutions. The data are plotted below.

0.60
4 2
Q.50 . ]
= 1 //
5 .40
-g A //
=z 030 —
sl . o
O.20 /_,..
[e g e j + ot + +
G020 0. 040 G.O60 G080 C. 30

Concentration {44

(c) The absorbance of the unknown solution is 0.275. What is the concentration of the solution?

N O O /\2 (,0&[( ot 5fﬁﬂ£\ .
(d) Beer’s Law is an expression that mcludes three factors that determme the amount of light
that passes through a solution. Identify two of these factors.
g N %v’ = 9,/ L Fa . 7,‘/0 Fle /i _<
Lol [ ( ,A.H/\ = Concenbre i/} )(’f S Y

‘ {en x} I
(e) The student h(andles the sample éontalner (e.g., test tube or cuvette) that holds the unknown

solution and leaves fingerprints in the path of the light beam. How will this affect the
calculated concentration of the unknown? Explain your answer.

h (\9’ o Doyat S f\f{X

. [ & -
InNC (e r’v_/’%u’\\&; H“@ Aégof Landce
vy

L A
ol pwice the Celtulete
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