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Ch 10.1-10.3

Topic: Lewis Structures for Ionic Compounds

EQ: How do you draw Lewis Dot structures for 

I.C.?
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Ammonia



Compounds

(2 types)

Ionic Covalent (molecular)

Metals & Only nonmetals

Nonmetals

transfer e- share e-



Learning Check

Indicate whether a bond between the 
following would be 1) Ionic 2) covalent 

____ A.    sodium and oxygen

____ B.     nitrogen and oxygen

____ C.     phosphorus and  chlorine

____ D.     calcium and sulfur

____ E.     chlorine and bromine



Solution  

Indicate whether a bond between the 
following would be 1) Ionic 2) covalent 

1 A.    sodium and oxygen

2 B.     nitrogen and oxygen

2 C.     phosphorus and  chlorine

1 D.     calcium and sulfur

2 E.     chlorine and bromine



   

   

   

   

   

   

   

   

 

IONIC COVALENT

Bond 

Formation

Type of 

Structure

Solubility in 

Water

Electrical 

Conductivity

e- are transferred from 
metal to nonmetal

high

yes                        
(solution or liquid)

yes

e- are shared between 
two nonmetals

low

no

usually not

Melting

Point

crystal lattice true molecules

Types of Bonds

Physical 

State
solid liquid or gas

Courtesy Christy Johannesson www.nisd.net/communicationsarts/pages/chem



Properties of Covalent (Molecular) 

Compounds

 Usually gases or liquids at room temperature.

 Molecular compounds tend to have a relatively 
lower melting and boiling point than ionic 
compounds.

Ionic Compound
Molecular 

Compound



Properties of Molecular Compounds

 Do not conduct electricity. They form 
nonelectrolytes in solution.

⚫ Reason:  Molecular compounds do not break 
apart into ions in solutions.



10.2 Representing Valence 

Electrons with Dots 

 In Lewis theory, the val. e- of A 
group elements are represented 
as dots surrounding the symbol of 
the element. 

 The result is called a Lewis 
structure, or dot structure. 

 Remember, the # of val. e- = A 
group #
⚫ except helium, which has 2 val e-



10.2 Representing Valence 

Electrons with Dots 

 Each dot represents a val. e-. The 
dots are placed around the 
element’s symbol with a maximum 
of two dots per side. 

 Fill in the dots singly first and 
then pair them . (Remember 
Hund’s Rule for filling up orbitals!!)



“Lewis Dot structures”:

Examples:

Nitrogen =     Hydrogen =         

Carbon =           

Drawing Valence Electrons

X
2

13

4

7

5

86

N H

C



Electron Dot Diagrams

H

Li

Na

K

Be

Mg

Ca

B

Al

Ga

C

Si

Ge

N

P

As

O

S

Se

F

Cl

Br

Ne

Ar

Kr

He

Group

1A            2A            3A           4A           5A            6A            7A           8A          

= valence electron

s1 s2 s2p2 s2p3 s2p4 s2p5 s2p6s2p1



Ch 10.3 Lewis Structures of Ionic 

Compounds: Electrons Transferred 

 When metals bond with 
nonmetals, e- are transferred from 
the metal to the nonmetal. 

 The metal becomes a cation and the 
nonmetal becomes an anion –
creates an ionic compound. 



10.3 Lewis Structures of Ionic 

Compounds: Electrons Transferred 

 For example, potassium and 
chlorine have the Lewis structures:

 When potassium and chlorine bond, 
potassium transfers its valence 
electron to chlorine.



Examples: Write the Lewis structure 

of the following compounds:

• Mg and O
• Na and S
• Sr and Br
• Ca and N

Write LEFT side



Ch 10.4 

Topic: Molecular Compounds

EQ: How do you draw Lewis Dot 

structures for M.C.?

Fructose

Carbon Dioxide

Water

Ammonia



Ch 10.4 Molecules and Molecular Compounds

 Sharing of electrons – Covalent bond 
or Molecular bond.

 NONMETALS ONLY!! - No metals



Covalent Bonds

Two nonmetal atoms form a covalent 
bond because they have less energy 
after they  bonded

H• + •H H : H     =   H−H    =  H2

hydrogen atoms     Lewis Dot 2 dots = 1 bond

Structures

Name: H2= hydrogen molecule



• ____________ electrons between two atoms in order 

to fill the outer energy level (or shell)

• Each bond involves the sharing of _________of 

electrons. 

Single Bonds= __ e-’s Double Bonds= __ e-’s  Triple 

Bonds=__ e-’s

Sharing

one      pair 

2 4

6



Strength of Covalent Bonds

 Distance between two bonding nuclei is 
bond length

 Bond length - determined by size of the 
atoms & how many electron pairs are 
shared

 As the number of shared electron 
pairs increases, bond length 
decreases

 The shorter the bond, the 
stronger the bond



Bond Length

 One covalent bond is a sigma 
(σ) bond

 Multiple bonds include one 
sigma and at least one pi (π) 
bond



To draw Lewis structures for covalent bonds, use the NAS method:

⚫ N (Needed): # of e- needed to form octets for all 
elements. 
 The # needed is 8. 

 Hydrogen is the exception, it needs only 2.

⚫ A (Available): #of valence electrons available

⚫ S (Shared):  Subtract the two numbers. S= N-A 
 Bond formed with two e-, so divide by two.  This tells 

you how many bonds to draw between the elements.

So…..now your ready to Draw the molecule. 

 Put first atom in formula in the center. 

 H’s are always outside. 

 Draw the bonds, then fill in the rest of the electrons 
(lone pair e-).

⚫ Check to ensure all atoms have a full octet (8 e-).



Practice Lewis Dot Structures

a) H2    

b) Cl2

c) N2

d) NH3

e) CCl2H2

f)CO

Write LEFT side



Practice Lewis Dot Structures

a) NH4
+ 

b) CN -

Write LEFT side



Ch 10.5

Topic: Drawing Molecular Compounds

EQ: What are the exceptions to “NAS”?

Fructose

Carbon Dioxide

Water

Ammonia



Exceptions to the Octet Rule

1) A small group of molecules has an odd 
number of valence electrons and cannot 
form an octet around each atom

-Ex: NO2  

2) Fewer than eight electrons: BORON is 
stable with 6!

- Ex: BH3

H - B - H

H

O
N O



3) Some central atoms have more 
than eight valence electrons

- Referred to as an “expanded” octet

- Explained by d-orbitals

- Extra lone pairs are added to the central atom or 
there are more than four bonding atoms

PCl5 (10 e-) SF6 (12 e-) 



Ch 10.6

Topic: Resonance 

EQ: Can a molecule be drawn with multiple

structures?

Fructose

Carbon Dioxide

Water

Ammonia



Energy Change

 Energy is released when bonds 
form, and must be added to break 
bonds

 Endothermic reactions occur when 
energy is required to form the 
bonds

 Exothermic is when more energy is 
released than is required to break 
the bonds



Ch 10.6 Resonance Structures

 Occurs when more than one valid Lewis 
Structure can be written for a molecule or ion

 Differ only in the position of electron pairs, 
never the atoms positions

 Actual molecule behaves as if it has one 
structure

H C
O

O –

[ ] H C

–O

O[ ]
H C

O –

[ ]O



Question

1) Draw the Lewis Dot structure for 
CO2. 

Write LEFT side



Ch 10.7

Topic: VSEPR

EQ: How can the shape of  molecule be 

determined?

Fructose

Carbon Dioxide

Water

Ammonia



Ch10.7 - Molecular Shape

⚫ Lewis Dot Structures – only 2-D

⚫ To determine the actual shape of molecular, 
you need to focus on the CENTRAL ATOM.

 3-D shape is a result of bonded pairs and lone 
pairs of electrons

⚫ Use VSEPR theory

 Valence-Shell-Electron-Pair Repulsion



Using the VSEPR Model

1. Draw the electron-dot structure

2. Identify the central atom

3. Count the total # of electron pairs around 
central atom

1. # of bonded pairs = ?

2. # of lone pairs = ?

4. Predict the shape of molecule 



..

The VSEPR Model

O OC

Linear

O O
S

Bent
O O

S

O

Trigonal

planar

F
F

F

N

Trigonal

pyramidal

F

F

FP

F

F

Trigonal bipyramidal
Octahedral

F
F

F

S

F

F

F

AB6

SO2

F
F

F

C

F

Tetrahedral



LINEAR

180o

2 Regions of Electron Density

2 Bonds

bonded pair 

of electrons

bonded pair 

of electrons



Carbon dioxide – CO2

O OC

Linear

C OO



TRIGONAL PLANAR

120o

3 Bonds (no L.P.)

3 bonded pairs 

of electrons



B

FF

F

Boron trifluoride - BF3

B
FF

F

120o

Trigonal

planar



TETRAHEDRAL

109.5o

4 Bonds (no L.P.)

4 bonded pairs 

of electrons



Methane CH4

CH

H

H

H

Methane –The first member of the alkane hydrocarbons series. 

C
109.5o

H

HH
H

Tetrahedral geometry



TRIGONAL PYRAMIDAL

107o

3 Bonds & 1 Lone Pair

3 bonded pairs 

of electrons

1 lone pair 

of electrons



Ammonia- NH3

N
H HH

N
107o HH

H

....

H
H

H

N

Trigonal

Pyramidal

geometry

N
H H

H



BENT

105o

2 Bonds & 2 Lone Pairs



O

Water –H2O

H H
O

Bent

geometry

SO2

H H



All of these have 4 regions of 

electron density
(although the number of bonded pairs is different)



C
109.5o

H

HH
H

N
107o HH

H

..

O
104.5o H

H

..

Tetrahedral Pyramidal Bent



TRIGONAL BIPYRAMIDAL

120o & 90o

5 Bonds



OCTAHEDRAL

90o

6 Bonds

SF6



Learning Check 

Determine the molecular geometry:

A.  CCl4

B.  SO2

C.  PCl3





Electronegativity and Polarity

Review Notes 10.8



Electronegativity

 electronegativity – a measure of the ability 
of an atom in a chemical compound to 
attract electrons from another atom in the 
compound

The difference in electronegativity values for 
two atoms will indicate whether the two 
atoms form an ionic bond (e- taken) or a 
polar or nonpolar covalent bond (e-

shared).



Recall Electronegativity…

 Fluorine is the most electronegative 
element

 The metals have low 
electronegativities.



Electronegativity

Electronegativity Trend



Electronegativity Differences
 0.0 to 0.4 nonpolar covalent

 0.5 to 1.9 polar covalent

 2.0 and up ionic

These ranges are flexible, although the 

general rule is a metal and nonmetal will 

form an ionic bond and two nonmetals will 

form a covalent bond.

(Learn these values!)

PS: They are different than your book!



Electronegativity Difference and Bond 

Character

 Identical atoms have a difference 
of zero

⚫Electrons are equally shared = 
nonpolar

⚫Examples:   N2 Br2



Electronegativity Difference and Bond 

Character

 A covalent bond formed between two 
different atoms does not share electrons 
equally

⚫ Due to the difference in electronegativity

⚫ 0-0.4 Nonpolar covalent

 Example: C-H   O- Cl      N-Cl

⚫ 0.41-1.9 Polar covalent

Examples:    O-S C-F

⚫ ~2.0-4.0 Ionic Compound (Metal!!)

 Examples: NaCl KF



Learning Check 

Identify the type of bond between the 
following atoms 

A. K-N

B.   N-O

C.   Cl-Cl



Ionic, Polar Covalent, or Nonpolar 

Covalent?

What kind of bond would each pair form?

1. N and S

2. S and C

3. Mg and Cl

4. C and F

5. Ba and O



Nonpolar Covalent Bond

 Nonpolar covalent bond – a 
covalent bond in which the 
electrons are shared equally

Example:  Cl2

Both chlorines 

have the same 

electronegativity.



Polar Covalent Bonds

 Partial charges occur

⚫ The more electronegative atoms are 
partially       negative

⚫ The less electronegative atoms are 
partially         positive

 Results in a dipole 

⚫ (two poles: a positive and negative 
pole)

d(-)

d(+)



Polar Covalent Bond

 Polar covalent bond – a covalent 
bond in which the electrons are 
shared unequally

Example:  HCl

Which end represents the hydrogen end 

& which end represents the chlorine end?

H       Cl

How do you know this answer? Cl has a higher 

electronegativity



Dipole

 dipole – partial negative or partial 
positive charge formed during 
unequal sharing of electrons (in 
polar bonds only)

 d+ d-

 The direction of a dipole is from the 
dipole’s positive pole to its negative 
pole.



Nonpolar vs. Polar Covalent 

Bond

The dipole is 

drawn over the 

HCl molecule.  

The arrow 

points towards 

the more 

electronegative 

element, Cl.

There is no 

dipole drawn 

over the H2

molecule…

WHY?

There is not an 

uneven 

distribution of 

electrons.



Dipole

Example:  PCl3 has three dipoles 
because there are three polar bonds.

P

Cl     Cl     Cl

What is the more 

electronegative 

element, P or Cl?
(Use your periodic table and the general trend to figure this out.)

So, how would the 

dipoles be drawn? 

These three dipoles are drawn 

beside the bonds, pointing 

towards the more 

electronegative element, Cl.

Each dipole represents a polar covalent bond.



You Try It!

 Draw the Lewis Structures on your 
white board for the following molecules 
(Aha!…they must all be covalent, then!) 
and LABEL ALL THE DIPOLES along 
each bond.

1. CO2

2. HBr

3. NH3



Answers

Did you make CO2

linear?

Did you make NH3

trigonal pyramidal?

Did you show the 
dipoles pointing to 
the more 
electronegative 
element? 



Solubility of Polar Molecules

 Polar molecules dissolve in only polar 
substances

 Non-polar molecules dissolve only in non-
polar molecules

 REMEMBER:“LIKE DISSOLVES LIKE”

 This is why oil and water don’t mix!!!!!

⚫ Water is polar and oil is nonpolar



Polarity of a Molecule

 Polarity of a molecule depends upon two
things
⚫ the polarity of the bonds

⚫ the shape of the molecule

 All molecules with only nonpolar bonds 
are nonpolar molecules.

 Molecules with polar bonds, may or 
may not be polar molecules, 
depending on the shape.



The bond 

is polar

and so is 

the overall 

molecule.

When you have a 

two atom 

molecule, it is 

easy to tell if it is a 

polar molecule.

partially negative end

partially positive end



carbon tetrachloride, CCl4
YES

Is the molecule polar?

NO…the molecule is 

symmetrical and 

does NOT have a 

partial positive end 

and a partial 

negative end.  (The 

center and the 

outside does not 

count as an “end”.)  

Are the bonds 
polar?



Polar or Nonpolar Molecule?

Rule #1:  All molecules with nonpolar 
bonds are always nonpolar 
molecules.

Rule #2:  Molecules with polar bonds, 
will be polar only if they are 
nonsymmetrical (like NH3).



You Try It! #2

Draw the following molecules, including 
the dipoles along each bond.

Determine whether they are polar or 
nonpolar molecules.

CH3Cl SF6 O2

H2S KCl CO

NH3













carbon monoxide, CO

YES

Is the molecule polar? YES…a two atom 

molecule is polar if 

the bond is polar.

Is the bond polar?



ammonia, NH3

YES

Is the molecule polar?

YES…the molecule is 

not symmetrical and 

does have a partial 

positive end and a 

partial negative end.  

You can draw on 

overall dipole.

Are the bonds 
polar?


