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Chemical Bonding - 1
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Process

Involves:

Three basic bond types:

lonic Bonding

Characteristics of ionic compounds:

Examples:

Sodium chloride: example
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[image: image7.jpg]Electron-dot diagrams for other ionic compounds:

Li2O

AICI3

Na3N

AlO3

lonic bonding is always exothermic.

Explanation of ionic properties:
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Electron-sharing

Characteristics of covalent compounds:

Chemical Bonding - 2
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[image: image11.jpg]Covalent compounds are composed of molecules:

molecule (definition):

Simplest covalent compounds: diatomic molecules of elements:

Diatomic elements’ electron-dot notations

Ho

Clz

02

N2

Formulas of covalent compounds



[image: image12.jpg]Bond energy: bond formation always involves energy

Chemical Bonding - 3
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Determine electron-dot structure for ozone, Os:

Demonstrating resonance in formulas:
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[image: image18.jpg]Molecular Shapes (Geometry) and Hybridization
Molecular geometry: arrangement of atoms in molecules. Depends on

1.

Chemical Bonding - 5



[image: image19.jpg]Valence electrons of the central atoms in molecules occupy "hybridized orbitals”

Example: methane, CH4

Example: formaldehyde, HoCO: carbon in center



[image: image20.jpg]Chemical Bonding - 6



[image: image21.jpg]


[image: image22.jpg]Example: acetylene (ethyne), CoHs

Covalent bonds are of two types

Nonpolar:



[image: image23.jpg]clectronegativity and Bond Types

Electronegativity (definition):

Polar

Chemical Bonding - 7
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[image: image25.jpg]Ex: Hydrogen fluoride, HF:

(8+) H—F (8-) : sometimes indicated as H +»F

Determining bond types: steps:

Molecular Polarities:
Polarity of entire molecules
Depend on

Bond polarities:




[image: image26.jpg]Shape of molecules:

General rule: molecular polarities are the same as the bond polarities of a molecule’s
bonded atoms.

Chemical Bonding - 8
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[image: image28.jpg]Polar bonds may be found in nonpolar molecules: bond types and molecular polarities may
“disagree” if:

Example: CO, vs. HO

Relevance: molecular polarities affect solubilities...”like dissolves like.....”



[image: image29.jpg]Emulsifiers/Emulsifying Agents

Purpose/actions of emulsifiers
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Chemical Bonding - 9
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[image: image32.jpg]Emulsifiers have polar and nonpolar parts that are somewhat isolated. Each part is attracted
to similar-polarity molecules

Emulsifiers may used to suspend insoluble substances in one another

Groups of covalently bonded atoms that carry an ionic charge. . .

Examples
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Hydrogen Bonding

An intermolecular force of attraction between compounds containing

Example: HF has very strong hydrogen bonds.





[image: image34.jpg]Chemical Bonding - 10
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[image: image36.jpg]Hydrogen bonding influences chemical and physical properties of compounds....

Strength of hydrogen bonds:

Network Covalent Bonding

Large three-dimensional array of atoms that shares electrons between neighboring atoms.

Covalent bonding provides the binding forces that extend in all directions.

Characteristics of such molecules:

Examples: diamond, graphite, silicon carbide, quartz, etc.
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[image: image40.jpg]‘letallic Bonding

Metals' valence electrons are free to move around all of the metal atoms in a sample: result

Diagram

Influences properties of metals
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[image: image58.jpg]The Arrangment of lons in a Crystal of NaC]

(A) A sodium ion and the six chloride ions that surround
it in the crystal.

(B) A larger chunk of a sodium chloride crystal.

(C) Another way of depicting the sodium chloride crystal.

A) (B) Cy sodium

chloride ion

= chloride jon
O = sodium ion
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[image: image60.jpg]Electron-dot Formula Worksheet
Develop electron dot formulas for compounds of:

1. Sodium and nitrogen

2. Calcium and chlorine

3. Aluminum and phosphorus

4. Cesium and oxygen

5. Zinc and iodine

6. Magnesium and phosphorus

9. CClLF»

10. NoHg
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11. H3PO,4

12. C4Hg
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(a) From a comparison of the bond enerqies of Hop, Na, 02, and 012, which is
the most stable molecule? (b) Which is the least stable molecule?

(a) Which gaseous elements have diatomic molecules? (b)) Which ones have
monatomic molecules? <(c) MWrite the symbols or formulas for each of the
elements in <(a) and {(b).

What electronegativity difference is there between atoms which form (&) ionic
bonds; (b) polar covalent bonds; and (c¢) bonds with no ionic character (i.e.:
nonpalar covalent bonds)?



[image: image65.jpg]CHEMISTRY QUESTIONS: Chemical Bonding

1

14,

(a) What part of the atom is involved in the production of a chemical bond?
(b) How are such bonds formed?

(a) UWhat are the types of chemical bonding? (b) What types of particles
result from each type of bonding?

(a) UWhat kind of outer electron shell does an atom usually attain when it
combines with other atoms? (b) Why is this arrangement chemically stable?

(a) What is a chemical formula? (b) Distinquish between an empirical formula
and a molecular one.

Which type of formula is used to represent the composition of (a) an ionic
compound? (b) a covalent compound?

Draw an electron-dot symbol for (a) a potassium atom; (b) a potassium ion.
Draw an electron-dot symbol for (a) a sulfur atom; (b) a sulfide ion.
Using electron-dot symbols, represent a compound of potassium and sulfur.
(a) State the general definition for oxidationj (b) for reduction.

(a) Why is a substance which undergoes oxidation called a reducing agent? (b)
Why may a substance which undergoes reduction be considered an oxidizing agent?

Explain: A barium atom is larger than a calcium atom.
Explain: A bromide ion is larger than a chloride ion.

For a fluorine molecule,: draw: <(a) its orbital notation; (b) its
electron-dot formula; (c) its molecular formula.

Dictinguish between an atom and a molecule.

What is the difference between a symbol and a formula?
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19
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31.

What is the oxidation number of each element in the following compounds: (a)
MnOp, a dioxide; (b) HzPOs; () HNDg; (d) Py0yq; (e) NaOH?

Draw the orbital notation for (a) a calcium atom; (b) a calcium ion.
Repeat Question #21 for fluorine and fluoride.

Using orbital notation, show how an ionic compound of calcium and fluorine are
formed.

Explain why a calcium atom is smaller than a potassium atom.
Explain why a sulfide ion is larger than a chloride ion.

For a hydrogen bromide molecule, HBr, draw: <{a) its orbital notation; (b) its
electron-dot formula.

Oxygen atoms form a triatomic molecule, O3, called ozone. <(a) Draw an
electron-dot structure for this molecule which follows the octet rule. (b) Is
this the only formula you can draw for this molecule which follows the octet
rule? <(c) What is the explanation for the actual structure for ozone <(Ozone
has bonds of equal strength—-—-why?)?

(a) From the consideration of the electron-dot notation of phosphorus, what is.
the shape of the PH3 molecule? (b) Consider sulfur and Hz8 in the came manner.

What is the oxidation state of manganese in: (a) potassium permanganate,
KMWU4; (b) manganese (I1) sulfate, MHBD4? {c) 1f manganese (II) sulfate is
one of the products of a reaction in which potassium permanganate was one of the
reactants, what Kind of change has manganese undergone? (d) What name is given
to manganese in this particular process?

The four oxyacids of chlorine are: hypochlorous acid, HC10; chlorous acid,
HC105; chloric acid, HC103;5 and perchioric acid, HC104. What is the oxidation
number of chlorine in each acid of this series?

What is the oxidation number of each element in the following polyatomic ions?
(a) 804775 (b)Y 803773 (o) NOpTj (d) COg27; (e) Cr0,2.
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Hydrogen Bonding and Boiling Point

Date

The boiling point of a substance is related to the strength of the
attractive forces between its molecules: the stronger the attrac-

tion, the higher the boiling point.

On the two grids below, graph the boiling points of the hydrogen
compounds listed versus the molecular masses of the com-
pounds. In the first group, the combining elements have six va-
lence electrons. In the second group, they have seven valence
electrons. Then answer the questions that follow.

Substance
H,0

HyS

HaSe
HyTe

Substance

Molecular

Mass (u)
18.0
34.1
81.0
129.6

Molecular
Mass (u)

Boiling
point
100°C
—62°C
-42°C
=-2°C

Boiling
point

100
80
60
40
20

—-80
-100

20

40

60 80
Molecular mass (u)

100

120

140



[image: image72.jpg]Class

Copyright by Allyn and Bacon, Inc.
Reproduction of this master is teslicled to duplication for classroom use only.

(=]

80

[=]
o

100
60
40

—-20

© ©
< ©
I I

(Do) utod duijiog

19°C
—-84°C
—-67°C
-35°C

20.0

HCl 36.5
80.9

127.9

HF
HBr
HlI

(=}
®
|

—-100

Review Activity





	
	
	[image: image73.jpg]20 40 60 80 100 120 140
Molecular mass (u)

15-4 CHEMISTRY
The Studv of Matter





	Name
	
	
	Date
	
	
	Per

	
	
	WORKSHEET: Chemical Bonding – Ionic & Covalent!

	REMEMBER…
	
	
	
	
	

	Ionic Bond
	between a Metal and Non-Metal
	(M + NM)

	Covalent Bond
	between a Non-Metal and Non-Metal
	(NM + NM)
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PART 1: Determine if the elements in the following compounds are metals or non-metals. Describe the type of bonding that occurs in the compound.

	Compound
	Element 1
	Element 2
	Bond Type

	
	(metal or non-metal?)
	(metal or non-metal?)
	

	NO2
	N = non-metal
	O = non-metal
	covalent

	
	
	
	

	NaCl
	
	
	

	
	
	
	

	SO2
	
	
	

	
	
	
	

	PI3
	
	
	

	
	
	
	

	MgBr2
	
	
	

	
	
	
	

	CaO
	
	
	

	
	
	
	

	H2O
	
	
	

	
	
	
	

	K2O
	
	
	

	
	
	
	

	AlF3
	
	
	

	
	
	
	

	O2
	
	
	

	
	
	
	

	CuCl2
	
	
	

	
	
	
	

	NO2
	
	
	

	
	
	
	

	CO2
	
	
	

	
	
	
	

	HF
	
	
	

	
	
	
	

	Rb2S
	
	
	

	
	
	
	

	NBr3
	
	
	

	
	
	
	

	Fe2O3
	
	
	

	
	
	
	

	CCl4
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b. Account for this trend. b

According to this trend, what boiling 2a.
point would you have expected for
H,0?

b What boiling point would you have b.
expected for HF?

c. Account for the fact that the boiling c.

points of these substances do not follow
the trend.

Review Activity 15-5
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Hydrogen Bonding and Boiling Point (Continued)

1. a. What trend do you observe in the boil-
ing points of H,S, H,Se, and H,Te, and
in the boiling points of HCIl, HBr, and
HI?

CHEMISTRY
The Study of Matter

1a.

Date
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[image: image78.jpg]Polarity Worksheet Name
Version A

A. Determine the type of polarities (polar, ionic, or nonpolar) for the bonds listed below

1. O-F 7. C-N
2. Na-Br Ca-Br
3. C-H 9. O-H
4. F-Cl 10. N-H
1-Br 11. N-8
Xe-F 12. H-Br

B. Draw electron dot formulas for the following compounds (choose proper central atoms
for molecules):

13. HF 20. CH3NBro
14. CH3ClI 21. CsHyo
15. CoH2Brs 22. CH3COOH

16. NF3 23. NaF



[image: image79.jpg]. CgHsF
17. HoS O3 24. CsHs

19. H2S 26. H3PO4
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[image: image83.jpg]C. Determine the molecular shapes from B above (formulas are listed below for your
convenience). Draw sketches if necessary for combination shapes:

13. HF 20. CH3NBra
14. CHsCl 21. CsHio

15. CaH2Bra 22. CH3COOH
16. NF3 23. NaF

17. HoSOg 24. CgHgF

18. O3 25. P3ls

19. HS 26. H3POg4

D. Determine the molecular polarities of the molecules #13-26 above.
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Answer the following questions completely.

Identify each of the following compounds as ionic, nonpolar covalent, or polar
covalent:

a., HF b. NaBr ¢ C2Hg d. Ko e. Brp

£ 1, g. Lil he Clg i, HC) i 0y

2. Draw electron dot diagrams for each of the compounds in problem 1. <{Use
different symbols, such as * or x, for electrons from different elements.)

3. What molecular polarity do the following compounds have?

CFy b. CHpClo Al,04
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€O,

Ho0



[image: image88.jpg]netted a water strider during
containing stream water that
sank directly to the bottom of
walking....



[image: image89.jpg]


[image: image90.jpg]Supplementary Chemical Bonding Worksheet

1. What is resonance? Draw an/some electron-dot structure(s) that demonstrate resonance

2. Draw the electron-dot formulas for the following polyatomic ions

a. sulfate, SO4 2- c. chlorate, CiOg 1-

b. acetate, CoHz05 1- d. phosphate, PO43-

3. Why does H20 have a much higher boiling and freezing point than HoS ?

4. Explain the following observation. A water strider is an insect that is able to “walk” on the surface of
water found in streams, ponds, and lakes and is one of the favorite foods of gamefish. A student
a stream study field experience and placed it in a styrofoam cup
was previously rinsed out with a detergent solution. The water strider
the cup after it was netted off of the surface of the stream on which it was

5. Why is diamond so hard and strong in three dimensions while graphite is strong in two dimensions but
weak in the third dimension?

6. Determine the molecular shapes and polarities of the following compounds:

a. CSs c. CCla e. CoFs

b. NF3 d. HCO f. HoCO
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[image: image93.jpg]/. Determine the hybrid orbitals found around the central atoms in #6.

8. Determine the hybrid orbitals found around the central atom(s) of the following compounds:
a. PClg

b. I3~ (central atom may exceed octet rule)
c. SClg

d. SO42-

e. XeFy4

HH
[ [

f. CH3-CH2-COCH3 ( H-Cl-q- H s the skeleton of the structure)
H H
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h. CH3-C-C-CH-CH>
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"QUEST": CHEMICAL BONDING CHAPTER

t e materi hich
w be tested. ease t eff le h
S exercise i1s last rev ew on this S

What part of the atom is involved in the formation of chemical
bonds?

"Valence electron” is an important term in the chapter we just
finished. What is meant by this term?

Discuss the two methods by which atoms bond with each other to
form compounds. Name them, define them, and give
characteristics of both types of bonding.

Metals and nonmetals form bonds;
nonmetals bond with each other in

bonds. Fill in the correct

Determine the dot diagrams for compounds of the materials
below. Compare and contrast the two different types of dot
diagrams indicating the two different types of chemical bonding
discussed in this chapter.

the difference(s) and similarity(ies) of ionic
electron-~-dot diagrams:
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a. A compound of sodium (Na) and oxygen (O):

5

b. A compound of phosphorus (P) and hydrogen (H):

¢ Discussion on
vs. covalent
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PART 1: Use Lewis dot structures to show the ionic bonding in the following pairs of elements. Show the transfer of electrons using arrows. Write the correct chemical formula for the ionic compound that forms.

1) barium oxide (Ba and O)
2) calcium chloride (Ca and Cl)

Formula:_________________



Formula:_________________

3) aluminum oxide (Al and O)



4) sodium oxide (Na and O)

Formula:___________________



Formula:_________________

5) sodium nitride (Na and N)



6) magnesium phosphide (Mg and P)
	Formula:
	
	
	Formula:
	
	


PART 2: Use Lewis dot structures to show the covalent bonding in the following pairs of elements. Once you have determined the structure for the molecule, write its structural formula in the space provided; use a line to represent a shared pair of electrons, and dots to show unshared electrons.

1) nitrogen triiodide (NI3)
Final Answer:

[image: image100.jpg]



Show work here…HINT: nitrogen is in the middle!

[image: image101.jpg]12.

13.

What type of bond is found in oxygen in #11 above?

Determine the dot diagrams the following compounds:

a. PBr3 C. CO9

Nitrogen?



2) carbon tetrabromide (CBr4)

Show work here…HINT: carbon is in the middle!

3) dihydrogen monoxide (H2O)

[image: image102.jpg]Which of the bond types has a characteristic for the formation
of high freezing and boiling point crystals? Ionic or
covalent?

Show how magnesium and chlorine would ionically bond with
electron-dot diagrams.

Is a calcium ion larger or smaller than a calcium atom?

Explain your answer.

Compare the relative sizes of a sulfur atom and a sulfide (s2-)
ion.

List the eight diatomic elements found naturally on earth.
How many are gases? liquids? solids?

Draw the electron-dot and structural formulas for H2, O2, and
N2.

Dot diagrams:

Structural formulas:




Show work here..HINT: oxygen is in the middle!
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Ionic Bonds Practice

1. Fill in the missing information on the chart.

	Element
	# of Protons
	# of Electrons
	# of Valence Electrons

	Sodium
	
	
	

	Chlorine
	
	
	

	Beryllium
	
	
	

	Fluorine
	
	
	

	Lithium
	
	
	

	Oxygen
	
	
	

	Phosphorus
	
	
	


2. For each of the following ionic bonds:

· Write the symbols for each element.

· Draw a Lewis Dot structure for the valence shell of each element.

· Draw an arrow (or more if needed) to show the transfer of electrons to the new element.

· Write the resulting chemical formula.

· Write the electron configurations for each ion that is formed. Ex. H1+ = 1s2  

a) Sodium + Chlorine

b) Magnesium + Iodine

c) Sodium + Oxygen

d) Calcium + Chlorine

e) Aluminum + Chlorine

Covalent Bond Practice

[image: image104.jpg]



1. Fill in the missing information on the chart.

	Element
	# of Protons
	# of Electrons
	# of Valence Electrons
	# of electrons to fill outer shell.

	Carbon
	
	
	
	

	Hydrogen
	
	
	
	

	Chlorine
	
	
	
	

	Helium
	
	
	
	

	Phosphorus
	
	
	
	

	Oxygen
	
	
	
	

	Sulfur
	
	
	
	

	Nitrogen
	
	
	
	


2. For each of the following covalent bonds:

· Write the symbols for each element.

· Draw a Lewis Dot structure for the valence shell of each element.

· Rearrange the electrons to pair up electrons from each atom.

· Use lines to show the sharing of electrons between each pair of atoms

· Write the chemical formula for each molecule.

a) Hydrogen + Hydrogen

b) Chlorine + Chlorine

c) Hydrogen + Chlorine

d) Hydrogen + Oxygen

e) Nitrogen + Hydrogen

f) Carbon + Hydrogen

[image: image105.jpg]14.

15.

il6.

17.

20.

b. C2Hs d. Bas

What is meant by the term "resonance"? The molecules of 03
and/or SO3 have this property; use one of these molecules to
demonstrate the meaning of this term.

Calculate the electronegativity difference for NaF. Does this
molecule have a nonpolar covalent bond, a polar covalent bond,
or an ionic bond?

What range of electronegativity differences (numbers) occurs
between atoms which are bonded with polar covalent bonds?
nonpolar covalent bonds?

What type(s) of bends are found in NH3? polar or nonpolar

Repeat Question 17 with CO3.

What two things affect the shape of a molecule?

Determine the shapes of the following molecules:

a. Hj b. NH3 c. CClg d. H2S e. CS2
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[image: image107.jpg]21. When is the only time that bond polarity and molecular
polarity do not agree? What conditions must occur for a
molecule that is constructed of polar bonds to have a nonpolar
molecular polarity?

22. Determine the molecular polarities for the molecules of
Question 20.
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[image: image109.jpg]Chemical Bonding Chapter
Review Activity

1. Determine the electron dot diagrams for compounds of the following elements:

a. Sodium and oxygen d. Gallium and oxygen
b. Aluminum and nitrogen e. Potassium and phosphorus
c. Magnesium and suilfur f. Calcium and chlorine

2. Concerning ionic compounds: Why....(a) do they dissolve so well in water? (b) are they brittle?
(c) do they conduct electricity when in aqueous solutions and insulate when in the solid phase?

3. Determine the electron dot formulas for the following compounds:

a. HCN e. CaHg
b. CaHsg f. KCZ

c. NBrs g. SiCl4
d. HoCOs3 h. H3PO4

4. Draw the structural formulas for the compounds of #3.

Review Activity Chemical Bonding - Page 1
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VSEPR Rules: Table of Molecular Geometry,    Molecular Polarity Problems (with 3D
solutions!).



VSEPR Rules:
Electron and Molecular Geometry On Central Atom. Click for Print View.



Electron Regions, shape,
& hybridization



Bonding
Regions



Lone
Pairs



Electron Region
Geometry



Molecular
Geometry Examples



2      sp 2 0 linear linear BeF2, CO2



1 1 linear CO, N2
:N≡≡N:
:C≡≡O:



3      sp2 3 0 trigonal planar trigonal 
planar BF3, CO3



2-



2 1 bent O3, SO2



1 2 linear O2



4      sp3
4 0 tetrahedral tetrahedral CH4, SO4



2-



3 1 trigonal
pyramidal NH3, H3O+



2 2 bent H2O, ICl2+



1 3 linear HF, OH-



5      sp3d
5 0 trigonal



bipyramidal
trigonal



bipyramidal
PF5



4 1 seesaw
SF4, TeCl4,



IF4
+



3 2 T-shaped ClF3



2 3 linear I3
-, XeF2



6      sp3d2
6 0 octahedral octahedral



SF6, PF6
-,



SiF6
2-










VSEPR Rules: Table of Molecular Geometry,    Molecular Polarity Problems (with 3D

solutions!).

VSEPR Rules:

Electron and Molecular Geometry On Central Atom.

 Click for Print View.

Electron Regions, shape,

& hybridization

Bonding

Regions

Lone

Pairs

Electron Region

Geometry

Molecular

Geometry

Examples

2       sp 2 0 linear linear

BeF

2

, CO

2

1 1 linear

CO, N

2

:N

ºº

N:

:C

ºº

O:

3

       sp

2

3 0 trigonal planar

trigonal 

planar

BF

3

, CO

3

2-

2 1 bent

O

3

, SO

2

1 2 linear

O

2

4       sp

3

4 0 tetrahedral tetrahedral CH

4

, SO

4

2-

3 1

trigonal

pyramidal

NH

3

, H

3
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Orbitals – 4 types





Represent:





What do they look like?





Why is this a problem??





Chemical Bonding 5








