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This print-out should have 35 questions.
Multiple-choice questions may continue on
the next column or page – find all choices
before answering.

001 3.0 points
Rank the following atoms in terms of decreas-
ing atomic radius.

1. Na, N, O, Mg, F

2. F, O, N, Na, Mg

3. F, O, N, Mg, Na

4. Na, Mg, N, O, F correct

5. F, Mg, Na, O, N

Explanation:
As you move down the periodic table

atomic radius increases because the shielding
e!ects of inner electrons reduces the e!ective
nuclear charge experienced by outer shell elec-
trons. As you move across the periodic table
the radius decreases because electrons are be-
ing added to the same electronic shell (and
thus do not add additional shielding e!ects)
while the number of protons increases. Na,
being farthest left and down the table, would
be the largest while F, being farthest right
and up the table, would be the smallest.

002 3.0 points

The predicted geometry of ICl3 would be

1. T-shaped. correct

2. trigonal bipyramidal.

3. trigonal pyramidal.

4. trigonal planar.

5. linear.

Explanation:

I ClCl

Cl

ICl3 has 3 I Cl single bonds and 2 lone
pairs on I. There are 5 regions of HED re-
sulting in a trigonal bipyramidal electronic
geometry and T-shaped molecular geometry.

003 3.0 points
Which of the following best describes the
range of atomic radii?

1. 0.4 to 3 Å correct

2. 1 to 15 Å

3. 0.05 to 1 Å

4. 1 to 100 Å

5. 5 to 10 Å

6. 10 to 30 Å

Explanation:
Atomic radii vary from 30 pm (He) to 300

pm (Fr). 1 Å= 10 !10 m = 100 pm, so the
range of atomic radii is 0.3 to 3 Å.

004 3.0 points
The bond order denotes

1. the order of filling of bonding vs. anti-
bonding orbitals.

2. an estimate of the polarity or dipole mo-
ment of a bond.

3. the order that orbitals are filled in electron
configurations.

4. an estimate of the strength of a bond.
correct

5. the pattern in which Lewis dot structures
of atoms combine to form bonds.

Explanation:
Bond order is an estimate of the stability of
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the bond and hence the strength of the bond.

005 3.0 points
Rank the following atoms and ions

Li+, Be2+, He, H!, B3+

in order of decreasing size.

1. B3+, Be2+, He, Li+, H!

2. B3+, Be2+, Li+, He, H!

3. H!, He, Li+, Be2+, B3+ correct

4. H!, Li+, He, Be2+, B3+

5. He, H!, Li+, Be2+, B3+

Explanation:
We are comparing ions with the same num-

ber of electrons (that have noble gas con-
figurations): 2 total and 2 valence in this
case. The number of protons in the ion is the
biggest determinate of the size when electron
number is constant. Since there are no in-
ner shell electrons to shield the nucleus, the
e!ective nuclear charge is just the charge of
the nucleus. The greater the e!ective nuclear
charge, the stronger the attraction between
the protons and the electrons, and thus the
smaller the radii.

H! > He > Li+ > Be2+ > B3+

006 3.0 points
If the following crystallize in the same type
of structure, which has the highest lattice
energy?

1. KBr

2. LiF correct

3. KCl

4. KF

5. LiCl

Explanation:

Highest charge densities due to small size.

007 3.0 points
What would be the electron geometry of the
nitrogen atom in nitric oxide, N2O?

1. octahedral

2. linear correct

3. trigonal planar

4. trigonal bipyramidal

5. tetrahedral

Explanation:
The central nitrogen atom in N2O has only

2 regions of electron density.

008 3.0 points
How many sigma (!) and pi (") bonds are in
the Lewis structure for CHCCH2COOH?

1. 11 !, 1 "

2. 9 !, 3 " correct

3. 8 !, 2 "

4. 10 !, 2 "

5. 9 !, 2 "

Explanation:

009 3.0 points
Which of the following is the correct Lewis

formula for hydrogen cyanide (HCN)?

1. H C N

2. H C N correct

3. H C N

4. H C N
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5. H C N

6. H C N

7. H C N

8. H C N

9. H C N

10. H C N

Explanation:
The Lewis formula for hydrogen cyanide

(HCN) is H C N

010 (part 1 of 2) 3.0 points
What is the shape of the ClO!

3 ion?

1. trigonal pyramidal correct

2. tetrahedral

3. trigonal planar

4. octahedral

5. square pyramidal

6. trigonal bipyramidal

Explanation:
The resonant Lewis structures are
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The chlorate ion is trigonal pyramidal.

011 (part 2 of 2) 3.0 points

What values are expected for the O!Cl!O
bond angles?

1. 129.5"

2. 109.5" correct

3. 100.5"

4. 145.5"

5. 180.0"

6. 209.5"

Explanation:
All of the oxygen atoms are equivalent (res-

onance forms) so there should be only one
O!Cl!O bond angle value; it is close to
109.5".

012 3.0 points
Which of the following is a radical?

1. BrO correct

2. CH!

3

3. BF!

4

4. CH+
3

Explanation:
Odd valence e! count.

013 (part 1 of 2) 3.0 points
Draw the Lewis structure for ONCl. How

many single bonds, double bonds, triple
bonds, and unshared pairs of electrons are
on the central atom, in that order?

1. 0, 2, 0, 0

2. 0, 1, 1, 0

3. 4, 0, 0, 0

4. None of these

5. 1, 0, 1, 0
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6. 3, 0, 0, 1

7. 2, 1, 0, 0

8. 1, 1, 0, 1 correct

9. 2, 0, 0, 2

10. 0, 0, 1, 1

Explanation:
Lewis structure of ONCl = ?
O has 6 valence electrons, N has 5 va-

lence electrons and Cl has 7 valence electrons.
The total number of valence electrons in the
molecule is

6 + 5 + 7 = 18

The Lewis structure for ONCl is

Cl N O

and the central atom has one single bond, one
double bond, and one lone pair.

014 (part 2 of 2) 3.0 points
Determine the molecular geometry of the
molecule ONCl.

1. bent or angular correct

2. octahedral

3. trigonal-planar

4. None of these

5. tetrahedral

6. linear

7. trigonal-bipyramidal

8. trigonal-pyramidal

Explanation:
moleculargeometry of ONCl = ?
The central atom N has 2 bonding pairs

and 1 lone pair of electrons. The three areas

of high electron density make the electronic
geometry trigonal-planar and the molecular
geometry bent.

N

O Cl

015 3.0 points

Which of the following is the best represen-
tation of the compound potassium sulfide?

1. None is appropriate because potassium
sulfide is a covalent compound.

2. K2+ , 2

'

S

(

!

3. 2K+ ,

'

S

(2!

correct

4. 3K2+ , 2

'

S

(3!

5. K+ ,

'

S

(

!

6. K2+ ,

'

S

(2!

Explanation:
The best drawing will show the valence elec-

trons, the charges, and the appropriate ratio
of ions for K2S.

016 3.0 points
Among the following molecules, which has the
strongest bonds?

1. NO2

2. SO2

3. CO2

4. CH2ClF

5. N2 correct
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6. O3

7. O2

Explanation:
The atoms in N2 are joined by triple bonds.

Triple bonds are the strongest of the covalent
bonds.

017 3.0 points
Classify the molecule SiBr4.

1. nonpolar molecule with nonpolar bonds

2. polar molecule with polar bonds

3. polar molecule with nonpolar bonds

4. nonpolar molecule with polar bonds cor-
rect

Explanation:

018 3.0 points
In which of the following compounds is the
bond the MOST polar?

1. HI

2. HF correct

3. HBr

4. HCl

Explanation:
Calculate the di!erence in the electronega-

tivities ("EN):

"EN
H Br 3.0! 2.2 = 0.8
H Cl 3.2! 2.2 = 1.0
H F 4.0! 2.2 = 1.8
H I 2.7! 2.2 = 0.5

The H F bond is the most polar of these.
Alternate Explanation: Knowing that

the periodic trend for electronegativity in-
creases toward F, and that the polarity of a
bond is determined by "EN, it follows that
H F would form the most polar bond.

019 2.0 points
Which of the following compounds has an
ionic bond?

1. SO3

2. NaCl correct

3. HCl

4. CO2

Explanation:
Ionic bonds form when two elements re-

act that have very di!erent electronegativ-
ity values. Generally this occurs when met-
als (low electronegativity) and non-metals
(higher electronegativity) react with each
other. Sodium chloride (NaCl) is composed
of a metal and non-metal and would have an
ionic bond.

020 3.0 points

The Lewis dot structure of CO2!
3 has how

many total electrons and how many shared
electrons?

1. 24; 6

2. 32; 10

3. 32; 8

4. 24; 8 correct

5. 32; 6

6. 24; 10

Explanation:
The total number of valence electrons is

1" 4 e! (for C) + 3" 6 e! (for O)
+2 e! (from ! 2 charge) = 24 e!

C is the central atom, with the O atoms
arranged around it. C will have an incomplete
octet if we show one shared pair of electrons
(a single bond) with each O, so one double
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bond is necessary:
C OO

O

021 3.0 points
In the molecular orbital representation of ben-
zene, the bonding between each C C pair is
best thought of as

1. one sigma and half a delocalized pi bond.
correct

2. one sigma bond.

3. one pi bond and half a delocalized pi
bond.

4. one sigma and two pi bonds.

5. one sigma and one pi bond.

Explanation:
Six sigma bonding orbitals are formed from

overlap of the 2s atomic orbitals on the six
carbons, and three pi bonding orbitals form a
delocalized bonding system.

022 3.0 points
The MO diagram in this problem is for a
homonuclear diatomic molecule from the 2nd
row of the periodic table.
Consider the following molecular orbital di-

agram:

a

b

c

What are the names of the labeled orbitals,
a, b, and c, respectively?

1. "#

2p, !2p, !
#

2s

2. !#

2p, "2p, !2s correct

3. !#

2p, "2p, !
#

2s

4. "#

2p, !
#

2p, !2s

5. !#

2p, "2p, !
#

1s

Explanation:

023 2.0 points
What is the correct formula and charge for a
nitrate ion?

1. NO!

3 correct

2. NO+
2

3. NO+
3

4. NO!

2

Explanation:
Definition

024 3.0 points

How many resonance forms are possible
for the ethanoate ion? The formula for the
ethanoate ion is CH3COO!.

1. 1

2. 4

3. 3

4. 5

5. 2 correct

Explanation:
The Lewis structures are
!
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025 3.0 points
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The electronic arrangment is the same as the
molecular shape when

1. the number of bonding orbitals equals the
number of anti-bonding orbitals.

2. the atoms are joined by sigma bonds.

3. there are no lone pairs of electrons on the
central atom. correct

4. there are more shared electrons than non-
shared electrons.

5. the molecule is not polar.

Explanation:
The only time that the molecular shape and

electronic arrangement are the same is when
there are no lone pairs of electrons on the
central atom.

026 3.0 points
A molecule with the sp3d hybridization of
the center atom can have how many di!erent
molecular shapes?

1. 2

2. 1

3. 3

4. 5

5. 4 correct

Explanation:

027 3.0 points
Rank the labeled bonds in the molecule

below from least to most polar.

C
c

b

N

H

e

OH a

S
d

S

H

1. c < d < e < a < b

2. d < c < b < e < a

3. c < d < e < b < a

4. c < e < b < a < c

5. d < c < e < b < a correct

Explanation:
Bonds a, b, c, d, and e have a "EN of 1.4,

1.0, 0.5, 0.0, and 0.9, respectively.

028 3.0 points
Which of the following is diamagnetic?

1. O+
2

2. O2!
2 correct

3. O2

4. O!

2

Explanation:
All but O2!

2 are paramagentic (possess un-
paired electrons).

029 0.0 points
If more points are awarded on this assign-
ment, would you like them added to your
score?

1. YES, I would like the points and the
higher score. correct

2. NO, leave my score alone, I prefer the
lower score

Explanation:
This should be a no-brainer. Most students

want higher scores. If you picked yes, you got
credit for the question and you got the extra
points you asked for (if they were granted
by your instructor). If you answered NO,
you also got what you wanted... no points
awarded.

030 3.0 points
Which of the following species is/are param-
agnetic?
I) Li!2
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II) O2

III) H+
2

1. II and III

2. II only

3. I, II and III correct

4. I only

5. I and III

6. III only

7. I and II

Explanation:
Li!2 and H+

2 both have an odd number
of electrons and therefore must be paramag-
netic. O2 has 16 total electrons, the last two
of which must go into separate degenerate "#

anti-bonding orbitals.

031 3.0 points
How many lone pairs are on the central

atom of AsF5?

1. 0 correct

2. 3

3. 1

4. 2

5. 4

Explanation:
The Lewis dot structure for AsF5 is

As

F
F

F
F

F ,

032 3.0 points
How many double bonds are in the compound
CH2CHCH2CHCH2?

1. 1

2. 4

3. 2 correct

4. 0

5. 3

Explanation:
The Lewis dot structure is

H C

H

C

H

C

H

H

C

H

C

H

H

033 3.0 points
The letters in the periodic table are used to
identify four di!erent elements.

A BCD

Based on periodic table trends, which el-
ement is expected to have the GREATEST
tendency to attract a shared pair of electrons?

1. B

2. D

3. A

4. C correct

Explanation:
Electronegativity (the ability to attract a

shared pair of electrons) increases going to
the right and upward in the periodic table.

034 3.0 points
What hybridization would you expect for P
in PO!

3 ?

1. sp3d
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2. p

3. spd

4. sp2 correct

5. sp3

6. sp3d2

7. sp

8. s2p2

Explanation:
This is a resonance structure where P

shares eight electrons with three oxygen
atoms. There are no lone pairs of electrons.
Therefore there are 3 regions of HED and the
hybridization is sp2.

035 3.0 points
Given the elements Cl, Ge, and K and the
values 418, 1255, and 784 kJ/mol of possible
first ionization energies, match the atoms with
their first ionization energies.

1. Cl: 1255 kJ/mol; Ge: 784 kJ/mol; and K:
418 kJ/mol correct

2. Cl: 784 kJ/mol; Ge: 1255 kJ/mol; and K:
418 kJ/mol

3. Cl: 418 kJ/mol, Ge: 1255 kJ/mol; and K:
784 kJ/mol

4. Cl: 418 kJ/mol; Ge: 784 kJ/mol; and K:
1255 kJ/mol

5. Cl: 1255 kJ/mol; Ge: 418 kJ/mol; and K:
784 kJ/mol

Explanation:
Cl is a Group 7 non-metal and will tend

to form a !1 ion, so it will be very reluctant
to give up an electron and will have a very
high first ionization energy. K is a group 1
metal and will readily lose an electron to form
a +1 ion so the first ionization energy will be

very low. Ge will form positive ions and be
intermediate in its first ionization energy.


