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Which species represents a chemical compound?
A) Ny ¢ NHp*t
B) NaHCOs D) Na

What occurs when an atom of chlorine and an atom of
hydrogen become a molecule of hydrogen chloride?

A) A chemical bond is formed and energy is released.
B) A chemical bond is formed and energy is absorbed.
C) A chemical bond is broken and energy is released.
D) A chemical bond is broken and energy is absorbed.

As two chlorine atoms combine to form a molecule, energy
is

A) absorbed
B) released

Which ofthe following atoms has the greatest tendency to
attract electrons?

C) destroyed
D) created

C) barium
D) bromine

A) beryllium
B) boron
Which ofthe following elements has the [east attraction for
electrons in a chemical bond?

C) nitrogen

D) fluorine

A) oxygen
B) chlorine
Which element has atoms with the greatest attraction for
electrons in a chemical bond?

A) oxygen C) beryllium

B) lithium D) fluorine

Based on the Properties of Selected Elements chemistry
reference table, the atoms of which of'these elements have
the strongest attraction for electrons in a chemical bond?
A) Pt C) N

B) Na D) P

Based on the Properties of Selected Elements chemistry
reference table, atoms of which of these elements have the
strongest attraction for the electrons in a chemical bond?
A) P O Al

B) Si D) S

Which type of bond results when one or more valence
electrons are transferred from one atomto another?

A) an ionic bond

B) apolarcovalent bond

C) ahydrogen bond

D) anonpolar covalent bond

Which type of bond is formed when electrons are
transferred from one atomto another?

C) metallic

D) hydrogen

A) covalent
B) ionic

[8))]
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Which formula represents an ionic compound?

A) Hy,O C) Kl
B) CHy D) NH;
Which formula represents an ionic compound?
A) HCI ¢) H,O
B) NaCl D) N;O
Which compound contains ionic bonds?
A) COp C) NO
B) NO, D) CaO

Which type of bond is found in sodium bromide?

A) metallic
B) ionic

C) hydrogen
D) covalent

Which of the following solids has the highest melting
point?

A) COy(s)
B) SO,(s)

C) NayO(s)
D) Hy0(s)
A substance that does nof conduct electricity as a solid but

does conduct electricity when melted is most likely
classified as

A) an ionic compound

B) anonmetal

C) amolecular compound
D) ametal

What is the correct Lewis electron-dot structure for the
compound magnesium fluoride?

A) MgtFs
[ 1]

o[2] wli]

D) Mg+|::.F.::|—

The bonds in the compound MgSQO can be described as

A) neither ionic nor covalent

B) both ionic and covalent

C) covalent, only

D) ionic, only

Which compound contains both ionic and covalent bonds?
A) CH,O C) CaCOs

B) PCl; D) MgF,



20) The data table below represents the properties determined by the analysis of substances 4, B, C, and D,
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Substance Meltipc%)f-’ oI} Boili?o%;?oi nt Conductivity
A -80 -20 none
B 20 190 none
C 320 770 as solid
D 800 1,250 in solution
Which substance is an ionic compound?
A) 4 B) B C C
A chemist performs the same tests on two homogeneous white crystalline solids, 4 and B. The results are shown in the table
below.
Solid A Solid B
Melting Point High, 801°C | -0, decormposes
Solubility in H.O
(grams pz 100.02g Ho0 at 0°C) 35.7 3.2
Electrical Conductivi Good
(in aqueous solution) R Conductor Nonconductor

The results ofthese tests suggest that

A) solid 4 contains only covalent bonds and solid B contains only ionic bonds
B) solid 4 contains only ionic bonds and solid B contains only covalent bonds

C) both solids contain only covalent bonds
D) both solids contain only ionic bonds

A solid substance was tested in the laboratory. The test 25)
results are listed below.

+ dissolves in water

+ is an electrolyte

+ melts at a high temperature
Based on these results, the solid substance could be
A) C6H1206 C) CuBrz
B) C D) Cu 26)
Covalent bonds are formed when electrons are
A) mobile within a metal
B) captured by the nucleus
C) shared between two atoms
D) transferred fromone atomto another
Which type of chemical bond is formed between two atoms
of bromine?
A) hydrogen C) ionic
B) covalent D) metallic

27)

The bond between Br atoms in a Bry molecule is

A) covalent and is formed by the sharing of two valence
electrons

B) covalent and is formed by the transfer of two valence
electrons

C) ionic and is formed by the sharing of two valence
electrons

D) ionic and is formed by the transfer of two valence
electrons

Given the Lewis electron-dot diagram:

H
HICIH
H

Which electrons are represented by all of the dots?

A) the carbon valence electrons, only
B) allofthe carbon and hydrogen electrons

C) the carbon and hydrogen valence electrons
D) the hydrogen valence electrons, only

Which compound contains only covalent bonds?
A) NaOH C) Ca(OH),
B) CH;0H D) Ba(OH),
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Which molecule contains a triple covalent bond?
A) Ch C) O

B) N, D) Hp

What is the total number ofelectrons shared in a double
covalent bond between two atoms?

A) 1 B) 2 C 8

What is the total number of electrons shared in the bonds
between the two carbon atoms in a molecule of

H—C=C—H»
A) 8 B) 6 0 3 D) 2

Which characteristic is a property of molecular substances?

D) 4

A) good heat conductivity

B) high melting point

C) low melting point

D) good electrical conductivity

Which type of bonding is found in all molecular
substances?

A) metallic bonding C) ionic bonding

B) covalent bonding D) hydrogen bonding
The bonds between hydrogen and oxygen in a water
molecule are classified as

C) nonpolar covalent
D) ionic

A) polarcovalent
B) metallic

Which substance is correctly paired with its type of
bonding?

A) Brp — polar covalent

B) HCl— nonpolar covalent
C) NaBr—nonpolar covalent
D) NHj — polar covalent

Which molecule contains a nonpolar covalent bond?

Cl

A) O=C=0 O Cl—é—Cl
o

B) Br—Br D) C=0

Which ofthese formulas contains the most polar bond?

A) H—F C) H—-Br
B) H—I D)y H—Cl
Which bond is least polar?

A) P—Cl O N—L
B) Bi—<(lI D) As—<Cl
Which molecule is nonpolar?

A) NHj C CO,

B) co D) H,0
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45)

46)

47)
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Which formula represents a nonpolar molecule?

A) NHj C) Hd
B) CHy D) H,S
Which formula represents a nonpolar molecule?
A) HO C) CFyq
B) NH; D) HCI

Which type of molecule is CF4?

A) nonpolar, with an asymmetrical distribution of charge
B) polar, with an asymmetrical distribution of charge

C) polar, with a symmetrical distribution of charge

D) nonpolar, with a symmetrical distribution of charge

Which pair of characteristics describes the molecule
illustrated below?

A) asymmetrical and nonpolar
B) symmetrical and nonpolar
C) asymmetrical and polar

D) symmetrical and polar

Which Lewis electron-dot diagram is correct for CO,?
(R J
C)'9 .

xG:0°

A) 10:C1: 0!

o o,
X X . D)' : : :
:C:0; R A

B)

Conductivity in a metal results from the metal atoms having
A) highly mobile protons in the nucleus

B) high ionization energy

C) high electronegativity

D) highly mobile electrons in the valence shell

Metallic bonding occurs between atoms of

A) sulfur C) copper

B) carbon D) fluorine
Which substance contains metallic bonds?

A) NaCl(s) C) CgH;p04(s)
B) Hg(4) D) HyO(1)

Molecules in a sample of NH3(2) are held closely together
by intermolecular forces

A) caused by different numbers of neutrons

B) caused by unequal charge distribution

C) existing between electrons

D) existing between ions
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48)  Which intermolecular force of attraction accounts forthe 52) The strongest forces of attraction occur between molecules
relatively high boiling point of water? of
A) ionic bonding C) hydrogen bonding A) HCI C) HI
B) metallic bonding D) covalent bonding B) HF D) HBr
49) Based on intermolecular forces, which of these substances 53) The table below shows the normal boiling point of four
would have the highest boiling point? compounds.
A) He C) NHy
B) C D) O __Normal
L ) 2 Compound Boiling Point (°C)
50) Which ofthe following compounds has the sighest boiling HF(2) 19.4
int?
N R CHaCl(1) 242
B) oy D) 2 CHaF(D) 786
) ) HCIR) 837
51) Which ofthese substances has the strongest intermolecular
forces? Which compound has the strongest intermolecular forces?
A) HO C) HpSe A) CH3F(2) C) HF(L)
B) HpTe D) HpS B) HCI(2) D) CH;Cl(2)

Questions 73 and 74 refer to the following:

Properties of Selected Elements

— : — 15
Atomic lonization| 0 4. [Melting Boiling | pengity= Atomic g
Number Symbol| Name Energ negativity Point | Point fom? Radius| 2
(kJ/mol) K| K | 9™ | pm) |3
1 H hydrogen 1,312 2.1 14 20 | 0.00009 37
2 He helium 2,372 — 1 4 0.000179 32
3 Li Jithium 520 10 454 1,620 | 0.534 155
4 Be beryllium 900 1.6 1,551 3,243 1.8477 112
5 B boron 801 20 2,573 3,931 2.340 98
6 C carbon 1,086 2.6 3,820 5100 3.513 9N
7 N nitrogen 1,402 3.0 63 77 0.00125 92
8 0] oxygen 1,314 35 55 90 | 0.001429 65
9 F fluofine 1,681 4.0 54 85 | 0.001696 57
/\/ 10 Ne neon 2,081 — 24 27 0.0009 51
16 S sulfur 1,000 2.6 386 718 2.070 127
17 Cl chlorine 1,251 3.2 172 239 0.003214 97
18 Ar argon 1,521 — 84 87 0.001783 88 @
19 K potassium 419 0.8 337 1,047 0.862 235 5
_/\/ 20 Ca calcium 590 1.0 1,112 1,757 1.550 197 ﬁ
31 Ga gallium 579 1.8 303 2,676 5.907 141 &
32 Ge germanium 762 2.0 1,211 3,108 5.323 137 _g
33 As arsenic 944 22 1,090 889 | 5.780 139 5
34 Se selenjum 941 2.6 490 958 4.790 140 %
. 35 Br bromine 1,140 3.0 266 332 | 3.122 112 ﬁ%
51 Sb antimony 831 2.1 904 1,908 6.691 159 %_‘a‘
52 Te tellurium 869 2.1 723 1,263 6.240 142 o
53 | iodine 1,008 2.7 387 4.930 132 |e2
Xe xenon 1,170 2.6 161 166 0.0059 124 138
55 Cs cesium 378 0.8 302 952 1.873 267 |.;
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54) (a) Onthe grid provided, mark an appropriate scale on the axis labeled "Electronegativity" for the data to be graphed in
part (b). An appropriate scale is one that allows a trend to be seen.

(b) On the same grid, plot the electronegativity and atomic number data for fluorine, chlorine, bromine, and iodine fromthe
portion ofthe Properties of Selected Elements chemistry reference table shown. Circle and connect the points.

EXAMPLE:

Electronegativity

10 20 . 30 40 50 60
Atomic Number

55)  Explain, in terms of electronegativity, why an H—F bond is expected to be more polar than an H—I bond.

56) In the boxbelow, draw the electron-dot (Lewis) structure of | 58) In the boxbelow, draw the electron-dot (Lewis) structure of
an atom of calcium, calcium chloride.

57)  Inthe boxbelow, draw the electron-dot (Lewis) structure of | 59) In the box below, draw the electron-dot (Lewis) structure of
an atom of chlorine. calcium oxide (an ionic compound).
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Questions 56 and 57 refer to the following: 63) Inthe boxbelow, draw the electron-dot (Lewis) structure of
carbon dioxide.

Given the balanced equation below:

2Na(s) + Cly(g) — 2NaCl(s)

60) In the boxprovided, draw a Lewis electron-dot diagram for a
molecule of chlorine, Cly.

64) Inthe boxbelow, draw a Lewis electron-dot diagram for a
molecule of phosphorus trichloride, PCls.

61) Explain, in terms of electrons, why the bonding in NaCl is
ionic.

62) In the boxbelow, draw the electron-dot (Lewis) structure of
hydrogen bromide.

65) In the boxes below, draw a correct Lewis electron-dot structure for:

(a) anatomofhydrogen
(b) an atomofnitrogen
(c) amolecule of ammonia (NH3)

{a) hydrogen {b) nitrogen (c) ammonia



Questions 61 through 64 refer to the following:

Each molecule listed below is formed by sharing electrons
between atoms when the atoms within the molecule are bonded
together.

Molecule 4: Cly
Molecule B: CCl
Molecule C: NHj

66) Draw the electron-dot (Lewis) structure for the NH;
molecule in the boxbelow.

67) Explain why CCly is classified as a nonpolar molecule.

68) Explain why NHj has stronger intermolecular forces of
attraction than Cly.

69) Explain how the bonding in KCl is different from the
bonding in molecules 4, B, and C.

Questions 65 through 67 refer to the following:

The electron-dot diagrams of HyS, CO,, and F, are shown below.

70)

71

72)

73)
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Which atom, when bonded as shown in the diagrams, has
the same electron configuration as an atom of argon?

Explain, in terms of structure and/or distribution of charge,
why the CO, electron-dot diagram shown is a nonpolar

molecule.

Explain, in terms of electronegativity, why the C=0 bond in
CO; is more polar than the F—F bond in F; in the diagrams
shown.

Given the equation for the dissolving of sodiumchloride in
water:

NaCl(s) 120 Na*(aq) + Cl(aq)

Explain, in terms of particles, why NaCl(s) does not conduct
electricity.

Questions 69 and 70 refer to the following:

Element X is a solid metal that reacts with chlorine to form a water-
soluble binary compound.

74)

75)

Explain, in terms of particles, why an aqueous solution of
the binary compound described conducts an electric
current.

The binary compound described in the statement consists
of element X and chlorine in a 1:2 molar ratio. What is the
oxidation number of element X in this compound?
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SAMPLE ANSWERS: The difference in electronegativity for an H—F bond is 1.9 and the electronegativity difference for an
H——Ibond is 0.6. The difference for H—F is greater and therefore H—F is more polar. OR H—F is more polar because F is more
electronegative than L.
Cas
%0
:Cl*
.o
A 3 2+ LA - (X ] - 2+ (X ] -
SAMPLE ANSWERS: [Ca]?* and [3Clz]” and [:Cl3] OR [Ca]®" and 2[:CI3]
*0 . L2 ]

e 2 oe [ L)
SANWLEANS“&RSZC82+[:O:] OR Ca—=e08 OR Ca 0

[ X ] (X ) 'Y ) XX
SAMPLE ANSWERS: 3| e Cls ORrR CI-Clx
e o0 (Y] xxx
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o0
SAMPLE ANSWERS: The sodium atom transfers its one valence electron to the chlorine atom. OR N a .27.C |: OR Metal
oo

loses e~ to nonmetal.

[ 1]
HeBrs OR H-Bre
1) ee
® e
SAMPLEANSWERS: ey =C=08¢ OR § 22Ce208
) °

XX L2 ) XX .CI.
xCl: P:Cls sisle
SAMPLE ANSWERS: gx ex xx OR I

ClE iCi-P—Cls

H |
Hae *Ns HENs o” H—N2
L] X |
H H
(a) hydrogen (b) nitrogen (c) ammonia
ee ee [ 1 ]
SAMPLE ANSWERS: HeNeH OR Hﬂ.\LZH OR H—I?I—H
H H H

SAMPLE ANSWERS: The molecule is symmetrical in shape and/or charge. OR Electrons are evenly distributed. OR Allpolar
covalent dipoles cancel — no dipole moments. OR no dipoles

SAMPLE ANSWERS: NHj has polar molecules that attract each other. OR NH; has an unshared pair of electrons around the
center atom. OR NHj is capable ofhydrogen bonding. OR unequal distribution of electrons, in strong attraction

SAMPLE ANSWERS: KCl— ionic bond; 4, B, C — no ionic bonds OR Atoms do not share electrons when bonding. OR There
is a transfer of electrons from K to Cl. OR KCl forms by electrostatic attraction. OR Bonding involves a metal with a nonmetal.

S OR sulfer

SAMPLE ANSWERS: CO;... is symmetrical. OR ...has an even distribution of charge. OR ...is linear with O at each end.

SAMPLE ANSWERS: The electronegativity difference... in a carbon-oxygen bond is greater than the electronegativity difference
in a flurine-fluorine bond. OR ...for C and O is 0.9 and the electronegativity difference for F and Fis 0.

SAMPLE ANSWERS: NaCl(s) ions cannot move (are not mobile). OR no charged particles free to move
SAMPLE ANSWERS: The aqueous solution has mobile ions. OR Charged particles can move in water.

+2 OR 2 OR two
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