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Bonding: Energy & Electronegativity

1. To break a chemical bond, energy must be

B) absorbed
D) destroyed

A) produced
C) released

2

. Which quantities must be conserved in all
chemical reactions?

A) charge, volume. density
B) charge, volume. energy
C) mass, charge, energy
D) mass, charge, density

(3]

. Which statement describes a chemical change?

A) Water vapor forms snowflakes.

B) Table salt (NaCl) is crushed into powder.

C) Glucose (CsH1206) and oxygen produce CO2
and H>O.

D) Alcohol evaporates.

4. Given the balanced equation representing a
reaction:

Clz » Cl+Cl
What occurs during this reaction?

A) A bond is formed as energy is absorbed.
B) A bond is broken as energy is absorbed
C) A bond 1s formed as energy is released.
D) A bond 1s broken as energy is released.

5. Given the balanced equation representing a
reaction:

Ha(g) + Cl2(g) — 2HCl(g) + energy

Which statement describes the energy changes in

this reaction?

A) Energy is absorbed as bonds are broken, and
energy is released as bonds are formed.

B) Energy is released as bonds are broken. only.

C) Energy is absorbed as bonds are formed. and
energy is released as bonds are broken.

D) Energy is absorbed as bonds are formed, only.

6.

10

11.

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

A) A chemical bond is broken and energy is
absorbed.

B) A chemical bond is formed and energy is
released

C) A chemical bond is formed and energy is
absorbed.

D) A chemical bond is broken and energy is
released.

. In a gaseous system at equilibrium with its

surroundings. as molecules of 4(g) collide with
molecules of B(g) without reacting, the total
energy of the gaseous system

A) decreases B) increases

C) remains the same

. The forces between atoms that create chemical

bonds are the result of interactions between

A) electrons
B) protons and nuclei
C) nuclei

D) protons and electrons

. As energy is released during the formation of a

bond. the stability of the chemical system
generally will

A) decrease B) increase

C) remain the same

. Which particles may be gained, lost, or shared by
an atom when it forms a chemical bond?

B) electrons
D) neutrons

A) protons
C) nucleons
As a chemical bond forms between two hydrogen
atoms the potential energy of the atoms
A) decreases B) increases
C) remains the same
. Which kind of energy is stored in a chemical
bond?
B) activation energy
D) ionization energy

A) potential energy
C) kinetic energy
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Regents Chemistry

Bond Types

1. Which element forms an ionic compound when it
reacts with lithium? AH-Q \

e
2. An 1om£§(ﬁ§md is formed when there is a

reaction between the elements

A) strontium and chlorine
B) nitrogen and oxygen
C) sulfur and oxygen

D) hydrogen and chlorine

™~
3. The bonds in Ba(s‘J are best described as

A) covalent, because valence electrons are shared
@ ionic, because valence electrons are
mansierred
C) ionic, because valence electrons are shared
D) covalent, because valence electrons are
transferred

4. Which compound contains both ionic and covalent
bonds?

A) ammonia
B) methane
C) sodium nitrate
D) potassium chloride
5. When sodium and fluorine combine to produce the

compound NaF, the ions formed have the same
electron configuration as atoms of

—
A) neither argon nor neon

@ neon, only
argon, only
D) both argon and neon

6. Which formula represents an ionic compound?
A) CH30OH B) Ha
C) NH.Cl D) CH4

7. Which sample contains particles in a rigid, fixed,

geometric pattern? S ~Gy —

.
Cl(g) CO( el
G RS

{]_)_HwO(I‘L\ gt

8. Which statement best describes the substance that
results when electrons are transferred from a metal
to a nonmetal?

A) It contains covalent bonds and has a low
melting point.

B) It contains covalent bonds and has a high
melting point.

C) It contains ionic bonds and has a low melting
point.

D) It contains ionic bonds and has a high melting
point.

9. An ionic compound consists of positive and
negative ions each with 10 electrons. Half of these
ions have a charge of 17 and the other half have a
charge of 1-. What is the_formula of this
compound?

A) Na(' C) KF D) Kcl

10. Element X is in Group 2 and element Y is in
Group 17. What happens when a compound is
formed between these two atoms?

A) X gains electrons from ¥ to form a covalent
bond.

B) X loses electrons to ¥ to form a covalent
bond.

C) X gains electrons from ¥ to form an ionic
bond.

D) X loses electrons to ¥ to form an ionic bond.

11. Given the reactions:

2 X(s) + 2 H20(/) - 2 X*(aq) + 2 OH-(aq) +
Ha(g)
2 ¥(s) + 2 H20(/) — 2 Y*(aq) + 2 OH-(aq) +

Ha(g)

The unknowns, X and ¥, are most likely

A) nonmetallic elements in the same period
B) nonmetallic elements in the same group
etallic elements in the same group

D) metallic elements in the same period

12. The bond between which two elements is the
least ionic in character?

A) H-O B) H-Cl C) H-F D) H-I
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Bond Types (Ionic vs. Covalent)

31. Which atoms are most likely to form covalent
bonds?

A) metal atoms that share electrons

B) metal atoms that share protons
1onmetal atoms that share electrons
nonmetal atoms that share protons

32. A substance was found to be a soft,
non-conducting solid at room temperature. The
substance is most likely

A) ametallic solid B) a molecular solid
C) an ionic solid D) anetwork solid

33. The bonding in NH3 is most similar to the
bonding in’ ‘Y - ))of\ e\

A) 10 90‘\"9& B) ke’
NaCl

34. Which statement correctly describes diamond and
graphite, which are different forms of solid
carbon?

A) They differ in their properties, only.

B) They differ in their molecular structure and
properties.

C) They differ in their molecular structure,only.

D) They do not differ in their molecular
structure or properties.

35. Which characteristic is a property of molec
substances? — C.Osro‘ NN ___)ﬂl'

low melting point
B) good electrical conductivity
C) high melting point
D) good heat conductivity

36. 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
" Low, decomposes
Melting Point High, 801°C al 186°C
Solubility in H,O
(grams per 100.0 g H,O at 0°C) B7 A2
Elacirioal Gonchuctiviy Good conductor Nonconductor
{in agqueous solution)

The results of these tests suggest that

A) both solids contain only covalent bonds

B) both solids contain only ionic bonds

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

D) solid A4 contains only covalent bonds and
solid B contains only ionic bonds

37. A solid substance is an excellent conductor of
electricity. The chemical bonds in this substance
are most likely

X ionic, because the valence electrons are
mobile

inetallic, because the valence electrons are
stationary

metallic, because the valence electrons are
nobile

}(i:]l;ic, because the valence electrons are
ed between atoms

38. Which substance contains metallic bonds?
A) CesH1206(s) B) H20(()
C) NaCl(s) D) Hg({)
39. Which element consists of positive ions immersed
in a "sea" of mobile electrons?
AgTalcium B) nitrogen
sulfur D) chlorine
40. Which substance will conduct electricity in both
the solid phase and the liquid phase?

A) AgCl
C) Hz

B) Ag
D) HCl
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Bond Types (Ionic vs. Covalent)
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41.

Base your answer to the following question on
The table below lists the melting points of various
substances.
SUBSTANCE | PHASE CHANGE | MELTING POINT
(solid — liquid) (K)
chlorine Cly(s) — Clp(8) 172
water H,0(s) — H,0(9 273
sodium chloride | NaCl(s) — NaCl(f) 1073
copper Culs) = Culd 1356

(Tricky!) Based on this table, which type of
substance has the highest melting point?
A) metallic
B) nonpolar covalent
C) polar covalent
D) ionic
42. Silicon dioxide (Si0O2) and diamonds are best
described as
A) network solids with ionic bonding

B) molecular substances with coordinate
covalent bonding

C) molecular substances with ionic bonding
D) network solids with covalent bonding

43. A diamond is an example of

A) a metallic substance
B) a network solid

C) asupercooled liquid
D) an ionic compound

44. The table below shows properties of four solids, 4, B, C, and D.

Substance | Melting | Conductivity in | Solubilityin
Point SolidState Water
A high no soluble
B high yes insoluble
C high no insoluble
D low no insoluble

Which substance could represent diamond, a network solid?
A) 4 B) B G D) D
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Practice: Determine the oxidation number of each element and polyatomic ion

within the compounds below. Thatincludes elements within pehyetemic-ions.

Compound Oxidation Numbers
1. NH{C[
NHo=+ | e P cl= —I +1+H-1\%0
2. H:0 e+ | 0--2 ’?('l'”'/':Q:O
3. (NH4)%PO4
NH4 = v B{ PO4 =
4. H,S,0;7 4+ '7'/; - M = O
=1 S=+6 (O=-2
3. BO.3P2
Da =2 r=--3
6. H.0;
H= -/ = -
7. CO; -y
C=+U D= —2
8. NaOH
Na=! i -
9. Al,O3
Al=+3> O=-2
10. NO
‘ 7([ .::—i——’+ O: -2
11. AIPO,
A=+ } P@ =3
12.P,0 +/
o _45 (D-ﬂ 2
13 NClz 2
? X 0L" + | =~
-
15. F2203 ?'C 4-% O
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Naming Tonic Compounds

Write the names for each of the following IONIC compounds. Don't forget
Roman Numerals when dealing with a transition metal.

—

= | o P e s N

10.
11.
12.
13,
14.
15,
16.
17.
18.

Mg50s TN egnesiuw sl fatt 19
J

NH.CI Avamonivm Chloide 20

crPO.Chromi AT QV\OB%% 21,

Ba(OH)Z%M\M\W)ﬂ mx,éz" 22,
PbS Lﬁg&nbuﬁc\i 23.

Na,COs Dot Carbora i 24

BaF, %w\.mf\\f\wf‘if’ 25.
Cu(NOs), Lo 20t A nbate 2
agl S ilve ctedid 2 27.

Niso, Videl T Sollede 28
Zns(POs), Z10CPhoshal€ 29,
NasN éoé‘. o iR d e 30.

Cux0; Coppen T (adoorale_ 31

(NH4),504 fnvhoni Sullete 32.
a0, (o Cononale 33
kol Potasouvh Choride 34

Fes0s Lo (I-So\ede 35
LiBr L(Bf\f\\\\)mbfom"&/f/ 36.

MgClz G402 chlord&
FeCl; ronTl chlord=
NHiNO; Ammonium nitrade
AI(OH)s Al nmhu\clxox 1de
CuC,Hs0: Copp(/lLaCrﬁ-‘mj’C
P50y Lol Sollile
NaClO, Socivm chlos 2
CaCrO, AN rkﬂow‘al’&
NiBrs I0ctel I bropid®
(NH.)sPOs _dumsnonian 2hortie
NaHSO4 5o divin bridlyp, S0l b dE.
H:Cle Neu I chloide
Mg(NO2), Magizsiv nitnle
CuS0, Cbﬁ)fjf L/L—éd l[ﬁ’L@
NaHCO; 505<wﬂ‘«f/vfﬂ Caborge.
Feo don T oxid €

Fe,03 jfﬂf\ﬁ Oﬂ\&e

MgF, /r’L Otf\)\f\ﬁS\UV‘/\ flowd e
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Name of Compound Positive Ion | Negative Ion Formula
Cesium bromide cs ! Br ! CsBr
Calcium iodide e 7! Col
Aluminum chloride A\3+ C\~ /A\[(/\Q_)
Strontium oxide 5r1+ O S ~O
Radium chloride ROEH_ 6( g /Q\C,vcb\
Aluminum phosphide A\gjr ol > A \P
Tin (II) sulfide 5m+.)_ 64\ S
Tin (IV) sulfide %N ) - sﬂgc;\
Barium Chloride 6639‘ C\ Bl l;\
Magnesium sulfide ‘ LN i)/}

Beryllium nitride {}% NE %zﬂl@vg@ Wy

Lead (IV) fluoride é\oﬁ v ?571\4

Sodium oxide /I\)oj’l O/Q:, /\) ﬁ)\@
_ >

Magnesium arsenide

Ay s,
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Naming Covalent (Molecular) Compounds

#of | 1 2 3 4 5 7 - 5
atoms
Prefix | yromo v e | e Pe(\h Vvt \;\2:\ oo
1. €O, faloon diexid€
2. O Co.rbon vionev de
3. 50, so\fv e Qe de
4. BF; Boror Fr floumde
5. N0 dinidrouen monede
6. NO M oaen monerid €
7. N0 divibronen drioale
8. H»S d\\f\v\:\ vo;)ev\ wonogv\d—
9. N,Os dimibrounen tekoad €
10. N,Os el V\\\X(Q%En pt’r\&@c\c&ﬁ
11, PCls (p\\obﬁfvxb ke chlomde
12. PCls 9\\059&\0«15 ptw\%&d\ onde
13. NH; (\\VOO\QV\ %m\f\é A e

ol hexadhlomde

14. SCl

9
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—

X & N oD B @ N

10.

11,

12,
13.
14,
15.
16.
17.
18.
19.
20.

21.

Writing Covalent Compound Formulas

silicon tetrafluoride
iodine pentafluoride
sulfur hexafluoride
chlorine dioxide
tetraphosphorous trisulfide
sulfur tetrafluoride
xenon tetrafluoride
dihydrogen monoxide
carbon disulfide
sulfur dioxide
boron trichloride
carbon difluoride
boron trifluoride
diarsenic pentoxide
phosphorus trichloride
dinitrogen pentoxide
nitrogen trihydride
carbon monoxide
silicon dioxide

bromine pentachloride

sulfur tetrabromide

51?4

— —

J/*/5

5T¢

C\Oa

19>

Sk

XCIQ

HyO

L 5a

S50

Bl 2,

Cta

B2

A5, Os

Pl =

MaP s

O

fD‘\ Oc’\

Brle

56@

10
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IONIC Lewis Dot Bonding
Draw Lewis dot bonding diagrams for the IONIC compounds below.

1 M§}+ éll
Tl
D“@TELECA
Xk PPN
2. Ca + O
-
(] )
40 -3
3. Na + P
) . _
SIANEIN
I
4. Ag + O 1) 2
A 1]
PN
b. Be + S N ) A
13¢) 1]

11
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COVALENT Lewis Dot Bonding
Draw Lewis dot bonding diagrams for the COVALENT compounds below.

July 24, 2023

Cl, CCly .
6« LA «LC \:
Cl- b A
¢ @ e v - ’
B Neay?
OZ . CH4 %\
O;O \
'\ . _ .-\
W™ 5
Y
R o 2
b F-7-%
X A
‘4\ “P.;
NH; HF
B @b/ \/\ ; :
- A-E

12
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Regents Chemistry Bonding: Lewis Structure

1. What is the total number of electron pairs shared 9. Which Lewis electron-dot diagram correctly

between the two atoms in an O2 molecule?
A1l )6 D) 4

. The nitrogen atoms in a molecule of N2 share a
total of

B) 2

A) one pair of electrons
B) one pair of protons

C) three pairs of electrons
D) three pairs of protons

. Base your answer to the following question on

represents a hydroxide ion?

e [:o:H: - = [:O:H::]A
)

{ r—uclTlf

BTl

D) [:0:H]

10. Which electron-dot diagram best represents a

compound that contains both ionic and covalent
bonds?

A) o B) ..
Given the formula of a substance: . QLT H:S:
Cac“ Q:S:0 H
H H H H o
\ (| 7 L
C=C—-C=C
/ N & P 1 ) ) g
H H ) K+|:: |_3_r:] ’ :BriBr:

‘What is the total number of shared electrons in a
molecule of this substance?

. Atoms of which element can bond to each other to
form chains, rings, and networks?

A) carbon
C) hydrogen

B) fluorine
D) oxygen

11. Base your answer to the following question on

A) 9 B)22 C)11 D)6 Given a formula for oxygen:

. Base your answer to the following question on :b = d:
‘What is the total number of electrons shared in the . .
bonds between the two carbon atoms in a the What is the total number of electrons shared
molecule shown below? between the atoms represented in this formula?

H—C=C—H A)1 B2 €8 D4
A) 6 B) 8 O 2 D) 3 12. The bond between Br atoms in a Br> molecule is
5. Which element has atoms that can form single, A) ionic and is formed by the transfer of two
double, and triple covalent bonds with other atoms valence electrons
of the same element? B) covalent and is formed by the transfer of two
A) fluorine B) carbon valence electrons
C) hydrogen D) oxygen C) covalent and is formed by the sharing of two
valence electrons
. Multiple covalent bonds exist in a molecule of
P D) ionic and is formed by the sharing of two

A)H B)F: C)Brz D) N2 valence electrons

. Which is the correct electron-dot formula for a 13. Which molecule contains a triple covalent bond?
hydrogen molecule at STP? .

- " A)N2 B)Cl2 C) O: D) H:
H- H-H ¢ . ‘

o B) ©) = 14. Which molecule will have a double covalent

bond?

A)O: B)Cl2 C)F: DN

13
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Bonding: Lewis Dot Structure
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Base your answers to questions 15 and 16 on the
information below.

In 1864, the Solvay process was developed to
make soda ash. One step in the process is
represented by the balanced equation below.

NaCl + NH3 + CO2 + H20
—NaHCO3 + NH4Cl b
15. In the space draw a Lewis electron-dot diagram jr N — H
for the reactant containing nitrogen in the ( \
equation. J({

16. Write the chemical formula for one compound in
the equation that contains both ionic bonds and \-‘» C l

covalent bonds. 7\) o & L% o~ N

17. What is the total number of electron pairs shared
between the carbon atom and one of the oxygen
atoms in a carbon dioxide molecule? 2 ?OQ 0/

18. Base your answer to the following question on the information below.

Atomic Diagrams of Magnesium and Aluminum

Explain why Lewis electron-dot diagrams are generally more suitable than electron-shell
diagrams for illustrating chemical bonding.

LewiS dolb C\,TD\S&*{\-

Lewis Electron-Dot Electron-Shell
Koy Eloment Diagram Diagram
* = electron .
magnesium Mg:
aluminum Al:

S Woszde veldence &7
Gl e \ese o o Yhan @ Shell c’/:\af?mm S

14
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. Write Lewis structures for each of the following molecules. Indicate any

partial charges that may exist for polar bonds with 8" or . Also indicate
POLAR (P) or NONPOLAR (NP) for the bonding and the molecule.

(a) PCl3 (b) CBry g

A 5

icle P”C.-l'g lais i)
“L C 'L ‘ ‘B( ~

¢” 7
Bonding:?_ Molecule:L Bonding:P_ Molecule:ﬁ
(c) CS; (d) H.O

S G N A v S’

\ ', O:
S5=C=S, v HH@( 3
Bonding:*& Molecule:B]D_ Bonding:i Molecule:i

(&) CH: (o () NHy
5 éu? ¥ : '
\% t B Q\- Jl/
%\%}K . % ST 5k k—‘>7>)1r\
AN \ x
3(\ gl( ’( ¥

Bonding: p Molecule: }‘_’E Bonding: ? Molecule:

15
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Polarity & IMF's

. Which formula represents a polar molecule?

A) CO2 B) CCls C) H2 D) H:0

. Which substance is correctly paired with its type of

bonding?

A) Bra—polar covalent

B) NH3—polar covalent

C) NaBr-nonpolar covalent
D) HCl-nonpolar covalent

. When two atoms form a chemical bond by sharing
electrons, the resulting molecule will be

A) polar, only
B) nonpolar, only
C) either polar or nonpolar

D) neither polar nor nonpolar
. Which molecule is the most polar?

A) H2S B) H:Te

C) HaSe D) H20
. Which of these substances has the strongest
intermolecular forces?

A) H20 B) Ha:Se

C) HaS D) HaTe

. Which compound has hydrogen bonding between
its molecules?

A) KH
C) CH4
. The liquids hexane and water are placed in a test
tube. The test tube is stoppered, shaken, and placed
in a test tube rack. The liquids separate into two
distinct layers because hexane and water have
different

A) pH values

B) molecular polarities

C) specific heais

D) formula masses

B) CaH:
D) NH;

8. Which structural formula represents a nonpolar
symmetrical molecule?
A) H B) N

! F 4

C—H H

| H

H
©)
e O\H

9. Which is the formula of a nonpolar molecule
containing nonpolar bonds?

A) CO: B) H: C) NH: D) H20

H H

D) H—F

10. Two fluorine atoms are held together by a
covalent bond. Which statement correctly
describes this bond?

A) It is polar and forms a polar molecule.

B) It is nonpolar and forms a nonpolar
moiecuie.

C) Itis polar and forms a nonpolar molecule.

D) It is nonpolar and forms a polar molecule.

11. Given the formula representing a molecule:

H-C=C-H

The molecule is

A) symmetrical and polar

B) asymmetrical and nonpolar
C) asymmetrical and polar

D) symmetrical and nonpolar

12. Why is a molecule of CO2 nonpolar even though
the bonds between the carbon atom and the

oxygen atoms are polar?

A) The CO2 molecule has a deficiency of
electrons.

B) The shape of the CO2 molecule is
asymmetrical.

C) The shape of the CO2 molecule is
symmetrical.

D) The CO2 molecule has an excess of
electrons.

16
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Polarity & IMEF's

13.

14.

15.

16.

17

18.

The four single bonds of a carbon atom in CHs
are directed toward the corners of a

A) parallelogram
C) square

B) rectangle
D) tetrahedron

‘Which statement explains why low temperature

and high pressure are required to liquefy chlorine

gas?

A) Chlorine molecules have strong covalent
bonds.

B) Chlorine molecules have weak covalent
bonds.

C) Chlorine molecules have strong
intermolecular forces of attraction.

D) Chlorine molecules have weak
mtermolecular forces of attraction.

At STP, fluorine is a gas and bromine is a liquid
because, compared to fluorine, bromine has

A) weaker covalent bonds

B) weaker intermolecular forces

C) stronger covalent bonds

D) stronger intermolecular forces

Which diagram best represents a polar molecule?

cl, H,
Which of the following compounds has the
highest boiling point?
A) H2O
C) H2S

In a nonpolar covalent bond, electrons are

B) HxTe
D) H:Se

A) shared unequally by two atoms

B) shared equally by two atoms

C) transferred from one atom to another

D) located in a mobile "sea" shared by many
atoms

21

19.

20.

22.

23.

The degree of polarity of a chemical bond in a
molecule of a compound can be predicted by
determining the difference in the

A) densities of the elements in the compound

B) atomic masses of the bonded atoms in a
molecule of the compound

C) melting points of the elements in the
compound

D) electronegativities of the bonded atoms in a
molecule of the compound

Two atoms of element .4 unite to form a molecule
with the formula 42. The bond between the atoms
in the molecule is

A) ionic

B) polar covalent

C) nonpolar covalent
D) electrovalent

. At STP, fluorine is a gas and iodine is a solid.

This observation can be explained by the fact that
fluorine has

A) stronger intermolecular forces of attraction
than iodine

B) lower average kinetic energy than iodine

C) weaker intermolecular forces of attraction
than iodine

D) higher average kinetic energy than iodine

‘Which molecule is polar and contains polar

bonds?

A) N2

C) NH;

B) CCly
D) CO2

The diagram below represents a water molecule.

This molecule is best described as

A) polar with nonpolar covalent bonds

B) polar with polar covalent bonds

C) nonpolar with nonpolar covalent bonds
D) nonpolar with polar covalent bonds

17
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For each of the bonds below, determine the electronegativity difference
(SHOW ALL WORK) and the type of bond that results (ionic, polar covalent,
or nonpolar covalent).

Bond | Electronegativity Difference Bond Type
S ERCR e B g B Polar Cotleqf
e 2L -2(=D Nor polan™ covalerd
ek H.o-0¢=32 donc

N---H 5.0-)2:0% ?b(o\f Covelent
Nerf T o _p.a= 3] Tenc

H-—-H 20— =0 o polas comlent

Draw Lewis Dot Structures for the following compounds. Indicate the type
of bond by using either brackets and charges (ionic) or dashes (covalent).

1. NH; 2. PCls .
- 2=
0 ok
3, Hz 4. CCI4 <,
c\.
Lo iy
l/l_—%K :[\/Q/C‘tf
5. MgCl; 6. KBr
2 - _
o oy
(ha Y le) | [/ G

18
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