Unit 5: Bonding & Intermolecular Forces

Multiple Choice Practice
Directions: Each of the questions or incomplete statements below is followed by four suggested answers or completions.  Select the answer that is best in each case and then fill in the corresponding circle on the answer sheet.

Note: For all questions, assume that the temperature is 298K, the pressure is 1.00 atm, and solutions are aqueous unless otherwise specified.
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ACT Passage
[image: ]A chemical bond is the physical phenomenon of chemical substances being held together by attraction of atoms to each other through both sharing and exchanging of electrons or electrostatic forces. Bond energy is a measure of bond strength in a chemical bond. For example, the carbon hydrogen (C–H) bond energy is the energy change involved with breaking up the bond between the carbon and hydrogen atoms. Bonds with a higher energy release more energy when they form, and are considered to be more stable (less reactive). When reacting with nonmetals, hydrogen forms covalent bonds, meaning that the bonded atoms share electrons with each other. Figure 1 shows the bond energies and distances for bonds involving hydrogen and nonmetals (H–X). The chart is arranged by period (rows of periodic table); in addition, the values for group 17 (column 17 on the periodic table) are compared.

Bond length is the distance between two bonded atoms in a molecule. Bond lengths are measured in molecules by means of X-ray diffraction. A set of two atoms sharing a bond is unique going from one molecule to the next. For example, the oxygen to hydrogen bond in water is different from the oxygen to hydrogen bond in alcohol. It is, however, possible to make generalizations when the general structure is the same. Figure 2 relates bond energy to bond length for H–X bonds between hydrogen and nonmetals. The elements in each period or group are connected by a line (with the exception of the first, which contains only hydrogen).
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26 Gallium sulfide (Ga,S,) is a yellow solid with a distinct rotten egg odor that ignites
spontaneously in air. Which of the following is the correct electron dot formula?

A S=Ga—5—Ga=%: (4
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27 Formaldehyde (CH,0) is a toxic compound used to preserve organic tissue. Which of the
following is the correct electron dot structure for the molecule?

:0:
|
A H—C—H
B H—C=0—H

C C—H—H—0

::—T—:\:
QO
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24 Ammonium carbonate is used as a smelling salt, which can revive someone who has fainted.
What is the chemical formula for ammonium carbonate?

A NH,(CO),
B NH,CO,

C (NH),(CO),
D (NH,),CO,
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‘ ‘Which statement accurately describes the formation of a covalent bond?

—=xxom

Protons are shared between atoms.

Electrons are shared between atoms.

Protons are transferred from one atom to another.
Electrons are transferred from one atom to another.
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26 Ammonium fluoride (NH,F) crystals taste salty with a structure very similar to ice. Which of
the following is the correct electron dot formula for this compound?

H
A N—H—H—H—H—F: c H—l!l*—H
h
H
B H—N—lF—H
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Methanol (CH,0H), which is highly toxic to humans, can be used in antifreeze, as a fuel, and
solvent. Which of the following electron dot formulas correctly represents the structure of the
molecule?

H
|
A (CH)*(OH)~ C H—C—H—O0—H
i
B H—C—0—H D C—H—H—H—O0—H
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28 A student made the following list about the nature of metallic bonding.

Metallic Bonding Theory

1. Loosely-held valence electrons can drift freely
throughout the metal.

Metal cations are arranged in a crystalline lattice.

Metallic bonds form from the attraction of the positive
metal ions to the negative valence electrons.

The property of thermal conductivity is explained by which of the above statements?
A1

B 2

Cc 3

D 1and2
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29 Using VSEPR theory, what is the molecular structure of acetylene (C,H,)?
A Trigonal planar
B Bent
C Tetrahedral
D Linear
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2. Apply Concepts Which of the following statements is best explained
by the nature of metallic bonding?

A Electricity from a bolt of lightning travels through salt water.

B The metal handle of a frying pan becomes too hot to touch soon
after it is placed upon a stove.

C Tron rusts in the presence of oxygen.

D Asa solid, calcium phosphate (Ca,(PO,),) forms a crystal pattern.
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11 How many pairs of electrons are shared between
the nitrogen atoms in a molecule of N,?
(15 (3)3
(22 )6

12 A molecule must be nonpolar if the molecule
(1) is linear
(2) is neutral
(3) has ionic and covalent bonding
(4) has a symmetrical charge distribution
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13 Which property is used to determine the degree
of polarity between two bonded atoms?
(1) density (3) pressure
(2) electronegativity (4) temperature
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19 Which term represents an intermolecular force
in a sample of water?
(1) hydrogen bonding
(2) covalent bonding
(3) metallic bonding
(4) ionic bonding
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20 Which sample of matter has particles arranged
in a crystalline structure?

(1) Ne(g) (3) NaCl(aq)
(2) Bry(0) (4) CuSO(s)
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34 What is the chemical name for Na,SO4?

(1) sodium sulfite (3) sodium sulfide
(2) sodium sulfate (4) sodium thiosulfate
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Relation of bond length to bond energy
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30. Suppose a certain experiment calls for a very stable
substance with bond energy greater than 420 kJ/mol.
Which of the following pairs of elements in a compound
would yield a stable enough substance?

F. Hand C
G. Hand O
H. Hand P

J. Hand S
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31. Generally speaking, the higher the bond energy, the
more stable the bond is. The three most stable bonds
shown in Figure 1 are:

A. H-F, H-CL H-Br
B. H-F. H-N, H-H
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32. Which of the following substances would have the high-
est sum of bond energies (for example, HyO has two
H-O bonds) ?

F. H0
G. HpS
H. NH;
J. HyCl
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Based on observations from Figures 1 and 2, which of

the following statements is the best assessment of the

data?

A. Hydrogen H-X bond energies decrease along a
group and bond lengths increase along a group.

B. Hydrogen H-X bond energies increase along a
group and bond lengths increase along a group.

C. Hydrogen H-X bond energies decrease along a
group and bond lengths decrease along a group.

D. Hydrogen H-X bond energies decrease across a
period and increase along a group.
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34. Which of the following is the correct order for increas-
ing bond lengths for bonds between these pairs of
clements: H-O, H-S, H-Se?

F. H-Se > H-S > H-O
G. H-S > H-0 > H-Sc
H. H-S < H-O < H-Sc
J. H-O < H-S < H-Se
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24 Aluminum sulfate is used in water purification and wastewater treatment to take colloids out
of suspension. It is also found in baking powder and in antiperspirants. What is the chemical
formula for aluminum sulfate?

A AlsO,
AlsO,

B
C AlS0,),
D AL(SO),
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25 Astudent is searching for a bottle containing iron(lll) hydroxide. Which formula will be
written on the label of the bottle?

A Fe,(OH),
B FeHO
C Fe,OH
D Fe(OH),
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28 A boron atom has 3 valence electrons. What is the structure of a molecule of boron trichloride
(BCl,) according to VSEPR theory?

A Pyramidal
B Trigonal planar
C Tetrahedral

D Linear
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23 N,0, commonly known as laughing gas, is used in some medical procedures for its anesthetic
and analgesic effects. It is also used as an oxidizer to increase the power output of engines in
car racing. What is the name of the compound with the chemical formula N,0?

A Nitrogen oxide

B Dinitrogen oxide

C Dinitrogen monoxide
D Nitrogen monoxide




