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PES & Atomic Sample AP Problems from Recent AP (& Mock) Exams

2014 Released & Mock AP Exam

3. Which of the following correctly identifies which

has the higher first-ionization energy. Cl or Ar,

and supplies the best justification?

{A) CL because of its higher electronegativity

{B) CL because of its higher electron affinity
Ar. because of its completely filled valence

shell
(D) Ar. because of its higher effective nuclear
charge

Relutive Abundunce (%)

51

122 123 124 125 120 127 128 129 130
Mass Number {amu)

1. The elements I and Te have similar average
atomic masses. A sample that was believed to be
a mixture of 1 and Te was run through a mass
spectrometer. resulting in the data above. All of
the following statements are true. Which one
would be the best basis for concluding that the
sample was pure Te?

(A) Te forms ions with a =2 charge, whereas |
forms ions with a =1 charge.
(B) Te is more abundant than 1 in the universe.
@I consists of only one naturally occurring
isotope with 74 neutrons, whereas Te has
more than one isotope.

. First
s - Atomic o
Element I lonization
Radius Eneroy
nergy
Calcium 194 pm 390 kl/mol
. pr
Potassium —.—"J’\SV

N TV 2
NN )

58. Based on periodic trends and the data in the table

above. which of the following are the most
probable values of the atomic radius and the first
ionization energy for potassium. respectively?
(A) 242 pm. 633 kI/mol

(B 242 pm. 419 kJ/mal

{C) 120 pm. 633 kJ/mol

(D) 120 pm. 419 kJ/mol

First » ‘
- lonization Gl
Element I Radius
Energy (pm)
tkJ/imol) pm,
B 801 "85
C 1086 77
N 1400 75
O 1314 73
F 1680 72
Ne 2080 70

12. The table above shows the first ionization energy

and atomic radius of several elements. Which of
the following best helps to explain the deviation
of the first 1onization energy of oxygen from the
overall trend?

{A) The atomic radius of oxygen is greater than
the atomic radius of fluorine.

(B) The atomic radius of oxygen is less than the
atomic radius of nitrogen.

There is repulsion between paired electrons

inoxygen’s 2p orbitals.

{D) There is attraction between paired electrons
in oxygen’s 2p orbitals,

oy than Te

fa®

(D) I has a higher first 1onization ener,
does.
AP® is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. Test Questions are
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z., NaF MO
ES | . Boiling Poi
Z £ | Nitrogen (N) B Nt 605 3600
w2 :
z : Na* [ Mg | F~ | €I | O
T00 6l 500 400 RIS S Tonic Radi
Onic Raarus ; SR :
Binding Fnergy (eV) (.pm}‘ 76 | 72 | 133|181 | 140

54. Based on the data in the tables above, which of the following

! statements provides the best prediction for the boili ot

Oxveen (O ¢ ; o provides the best prediction for the boiling point
T of ~aCi ~

lectrons

. NaCl will have a lower boiling point than NaF because
2 the coulombic attractions are weaker in NaCl than
700 o0 34 400 3K in NaF.
(B) NaCl will have a boiling point between that of NaF and
MgO because the covalent character of the bonds in
NaCl 1s intermediate between that of MgO and NaF.
(C) NaCl will have a higher boiling point than MgO because
the ions are spaced farther apart in NaCl.
(D) NaCl will have a higher boiling point than MgO because
the energy required to transfer electrons from the anion
(A) Nitrogen atoms have a half-filled p subshell.
(B) There are more electron-electron repulsions in

to the cation is farger in NaCl than in MgO.
oW W X
oxygen atoms than in nitrogen atoms. \0‘03)( «\0_\‘. ‘}, X\G(\ b
\&
¥ \}\"3/ WY s ,

of'l

Binding Encrgy (¢V)

43. The photoelectron spectra above show the energy required
to remove a ls electron from a nitrogen atom and from an
oxygen atom. Which of the following statements best
accounts for the peak in the upper spectrum being to the
right of the peak in the lower spectrum?

S
(Cy Electrons in the p subshell of oxygen atoms
provide more shielding than electrons in the p \P & XQ
subshell of nitrogen atoms. o~
(D) Nitrogen atoms have a smaller nuclear charge S
than oxygen atoms. Q: g\
) ‘\'\ S

AU

PPeak X

Intensity

/./V Iy
Peak Y
; ]‘ e .QI\J\Q\\————#———A’\

0 70 60 50 40 30 20 10 0
Binding Encrgy (MJ/moh

31, A sample containing atoms of € and F was analyzed using x-ray photoelectron spectroscopy. The portion of the
spectrum showing the 1s peaks for atoms of the two elements is shown above. Which of the following correctly
identifies the 1y peak for the F atoms and provides an appropriate explanation?

A) Peak X, because F has a smaller first ionization energy than C has.
Peak X, because F has a greater nuclear charge than C has.
(C) Peak Y. because F is more electronegative than C 1s.
(D) Peak Y. because F has a smaller atomic radius than C has,

AP® is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. Test Questions are
Copyright © 1962-2015 by College Entrance Examination Board, Princeton, NJ. All rights reserved. For face-to-face teaching purposes, classroom teachers are
permitted to reproduce the questions. Web or Mass distribution prohibited.



Mrs. Nielsen AP Chemistry
Name Date Period

Isotopes and Mass Spectrometry
Multiple Choice and FRQ Practice

Multiple Choice: (1 point each)
1. Bromine has two major isotopes giving it an atomic mass of 79.904 amu. Based on this
information, which of the following statements can explain the atomic mass value?
. The isotope Bromine-81 is more common than Bromine-79
@ Bromine-79 and Bromine-81 exist in approximately equal proportions.
c. Bromine-78 is about twice as abundant as Bromine-81.
d. The two major isotopes of Bromine have 45 and 46 neutrons

2. i Which is true of the **Am3* ion?
a. 148 protons, 148 electrons, 243 neutrons
b. 95 protons, 98 electrons, 243 neutrons
c. 95 protons, 95 electrons, 148 neutrons
d. 95 protons, 92 electrons, 148 neutrons

Use the following information to answer questions 3-8. The mass spectrum of a natural abundance of
chlorine atoms is shown in the figure. Detailed analysis shows that the two stable isotopes of chlorine have
masses of 34.969 amu and 36.966 amu.

% abundance
3

20 §-
0
34 35 36 37 =
Mass
3. (/ What are the mass numbers of the two isotopes of chlorine?
a. 34.969 amu and 36.966 amu c. 35and 37
b. 34 and 36 d. 17 and 17

4. Q What is the approximate % abundance of the lighter isotope?
a. 20 c. 50
b. 25 d. 75



Mrs. Nielseﬁ AP Chemistry
5. C How many types of molecules with different masses exist in a sample of chlorine gas if the
sample exists entirely as diatomic molecules?
a. 1 e 3
b, 2 d. 4

6. 0" What is the approximate mass of the most abundant naturally occurring Cl, molecule?

a. 70 C: /2
b. 71 ' d. 74
7. d How many neutrons does the less abundant chlorine atom have?
a. 17 c. 19
b. 18 d. 20

8. _t Why are the individual masses of the two isotopes not integers?
a. Atomic mass of an element is the average mass of all isotopes
b. The masses of a proton and a neutron are not integers
c. Atomic mass of an element is the sum of the number of protons and neutrons in an atom
d. Mass number of an element is the average mass of all isotopes

' (4 A compound whose empirical formula is C;HsO has a molar mass that lies between 100 and

9
150 g/mol. What is the molecular formula of the compound?
a. CyH.,O c. CeH1203
b. CiHsO: d. C¢Hq,0;

10. __& Find the empirical formula for a compound only one element of which is a metal. The
compound’s percentage composition by mass is 40.0% metal, 12.0% C, and 48% O.
a. CaCOs; c. NaHCO;
b. N82CO3 d. A|2(CO3)3

| M/C Total ___/10]

Free Response:
1. a. One isotope of sodium has a relative mass of 23 amu.
i. Define, in terms of the fundamental particles present, the meaning of the term
isotopes. (2 points)

otowns é\b\.,l»L.g i, Lt Lt OW‘L("'W‘\*
4= of  rumdvers

ii. Explain why isotopes of the same element have the same chemical properties. (1

Same H pr e

point)

iii. Calculate the mass, in grams, of a single atom of this isotope of sodium. (2 points)

PP |23 na - Lhuo"”?

U (4 0oy eFPoctowns \ L nar N




Mrs. Nielsen AP Chemistry
b. Provide the electron configuration for a sodium atom, include all sublevels. (1 point)

2770 Z(DL'%SL

c. Explain why chromium is placed in the d block of the periodic table. (1 point)

elichrons in = b seblwel + has WPM.
4 ‘MLS tt,.h Hor S Hransihisn meteds P

d. An atom has ha f as many protons as an atom of #Si and also has six fewer neutrons than an
atom of 28Si. Provide the symbol notation for this isotope. (2 points)

1
1 N
3
2. Analysis by mass spectrometry shows that a compound contains 36.5% of sodium and 25.5% sulfur

by mass. The remaining mass is due to oxygen.
a. Use this information to determine the empirical formula of the compound. (Hint: Assume

100g of the compound.) (3 points) 2 :
S . 0795 <
SeSqualtlant, = [5G 701

2550 met * = .79 /0w 7 |
2203 a
3 - a.3s /0195 = 3
b. The molecule from pSh (¥) is treated with excess hydrochloric acid. In a double replacement
; \\ (\‘\' reaction, aqueous sodium chloride is formed and sulfur dioxide gas is evolved. Write an

- W" equation to represent this reaction. (Hint: Sulfur dioxide gas is created from an unstable
\Zom © sk product and there are 3 total products.) (1 point)

A Na, SOz H2HCL —> 2Nal) + SO, ¢ Hy, O
/

3. Use the information provided for multiple choice questions 3-8 to answer the following:
a. Calculate the mass of the chlorine molecule having the largest molecular mass. (2 points)

Q203N = 14 %/mul

b. Calculate the % abundance of the more abundant chlorine isotope. (2 points)

X (gs)-i-' uaL?:’l\) = 35.483
X+ = |

l"’j (-3g}-k 373 33 4s3

25-359+F371y= B esd
e 4D 7 35.95%3 IFRQ Total ___ /20

20 = 0-9%% Q71>

VZ : O-22WS
X = I’O-ZZUS 2 0B ,"1'735");[00




