
Molecular 
Compounds

• All nonmetallic atoms usually leads to all 
covalent bonds, which from molecules. 
These compounds are called molecular 
compounds. 



Periodic Table



Valence 
Electrons

• The valence electrons for each atom 
are the most important electrons in 
the formation of chemical bonds. 

• The number of valence electrons for 
the atoms of each element is equal 
to the element’s A-group number on 
the periodic table. 



Valence Electrons and 
A-Group Numbers



Electron-Dot 
Symbols

• Electron-dot symbols show 
valence electrons.

• The pairs of valence electrons in 
an electron dot symbol are called 
lone pairs.



Drawing 
Electron-dot 
Symbols

• Think of each element symbol as having 
four sides: top, bottom, right, and left. 

• Describe each valence electron with a dot.
• Add one dot to each side. If there are more 

than four valence electrons, pair the 
electrons already added. 



Electron-dot 
Symbol for 
Chlorine

• The electron dot symbol for chlorine 
can have any one of the forms shown 
here. 



Octets of 
Electrons

• The very stable noble gas atoms other than 
helium have eight valence electrons, so there 
must be something stable about having an 
electron-dot symbol with eight dots. 

• For this reason, covalent bonds often form to 
pair unpaired electrons and give the atoms of the 
elements other than hydrogen and boron eight 
valence electrons (an octet of valence electrons) 
around them.



Formation 
of Cl2

• Each chlorine atom has one unpaired valence 
electron, so our guideline suggests that it will form 
one covalent bond, and this bond can be to another 
chlorine atom. 

• The unpaired electrons from the two chlorine atoms 
pair up to form a covalent bond. 

• Note that each chlorine atom now has an octet of 
eight electrons around it. 



Lewis 
Structures

• Lewis structures represent molecules 
using element symbols, lines for bonds, and 
dots for lone pairs.



Bonding for 
Hydrogen

• Hydrogen atoms have only one electron, 
so they form one covalent bond. 

• When a hydrogen atom forms a bond to a 
chlorine atom, they form hydrogen 
chloride, HCl. 

• Note that the chlorine atom has its octet, 
but the hydrogen atom only has two 
electrons total. 



Valence Electrons and 
A-Group Numbers



Bonding for the 
Halogens

• All of the halogens in group 7A have 
seven valence electrons and the following 
electron-dot symbols. 

• We expect them to form one covalent 
bond and have three lone pairs.  



Valence Electrons and 
A-Group Numbers



Bonding for 
Oxygen, Sulfur, 
and Selenium

• O, S, and Se are in group 6A, so their 
atoms have six valence electrons and the 
following electron-dot symbols. 

• We expect them to form two covalent 
bonds and have two lone pairs.  



Valence Electrons and 
A-Group Numbers



Bonding for 
Nitrogen and 
Phosphorus

• Nitrogen and phosphorus in group 5A 
have five valence electrons and the 
following electron-dot symbols. 

• We expect them to form three covalent 
bonds and have one lone pair.  



Valence Electrons and 
A-Group Numbers



Bonding for 
Carbon

• Carbon is in group 4A, so it has four valence 
electrons and the following electron-dot symbol. 

• We expect carbon atoms to form four covalent 
bonds and no lone pairs.  



Most Common Bonding 
Patterns for Nonmetals

Element # Bonds # lone pairs

H 1 0

C 4 0

N, P 3 1

O, S, Se 2 2

F, Cl, Br, I 1 3



Double 
Bonds

• Atoms can share four electrons.
• Because we think of each covalent 

bond as a sharing of two electrons, 
we call this a double bond.

• Double bonds are described with two 
lines in Lewis structures.

• Carbon dioxide, CO2, is an example.



Triple 
Bonds

• Atoms can share six electrons.
• Because we think of each covalent 

bond as a sharing of two electrons, 
we call this a triple bond.

• Triple bonds are described with three 
lines in Lewis structures.

• Nitrogen, N2, is an example.



Drawing Lewis 
Structures

• Chapter 12 describes a long 
procedure for drawing Lewis 
structures for many different 
molecules, but there is a shortcut that 
works quite well for simple molecules.

• Many Lewis structures can be drawn 
by attempting to give each atom in a 
molecule its most common bonding 
pattern. 



Most Common 
Bonding Patterns 
for Nonmetals

https://preparatorychemistry.com/Bishop_periodic_table.pdf



Lewis Structure for 
PH3

• You find the symbol P in the third column from 
the left on the periodic table, which reminds you 
that it usually forms three bonds.

• To get four groups total, phosphorus atoms must 
have one lone pair.

• Therefore, we expect one of the following 
bonding patterns for phosphorus.



Lewis Structure for 
PH3

• Hydrogen atoms form one bond with 
no lone pairs. 

• The following Lewis structure has the 
most common bonding patterns for 
both P and H. 



Most Common 
Bonding Patterns 
for Nonmetals

https://preparatorychemistry.com/Bishop_periodic_table.pdf

HOCl



Lewis Structure for 
HOCl

• You find the symbol O in the second column from 
the left on the periodic table, which reminds you 
that it usually forms two bonds.

• To get four groups total, oxygen atoms must 
have two lone pairs.

• Therefore, we expect one of the following 
bonding patterns for oxygen.



Lewis Structure for 
HOCl

• Hydrogen atoms form one bond with no lone pairs. 
• You find the symbol Cl in the first column from the 

left on the periodic table, which reminds you that it 
usually forms one bond.

• To get four groups total, chlorine atoms must have 
three lone pairs.

• We expect the following bonding pattern for 
chlorine atoms.



Lewis Structure for 
HOCl

• For the oxygen atom to get two 
bonds, it must be in the center of our 
structure.

• The following Lewis structure has the 
most common bonding patterns for 
both H, O, and Cl. 



Most Common 
Bonding Patterns 
for Nonmetals

https://preparatorychemistry.com/Bishop_periodic_table.pdf

CCl3F



Lewis Structure for 
CCl3F

• You find the symbol C in the fourth column from 
the left on the periodic table, which reminds you 
that it usually forms four bonds.

• To get four groups total, carbon atoms must not 
have any lone pairs.

• Therefore, we expect one of the following 
bonding patterns for carbon.



Lewis Structure for 
CCl3F

• You find the symbols for Cl and F in the first 
column from the left on the periodic table, which 
reminds you that their atoms usually forms one 
bond.

• To get four groups total, chlorine and fluorine 
atoms must have three lone pairs.

• We expect the following bonding patterns for these 
atoms.



Lewis Structure for 
CCl3F

• For the carbon atom to get four bonds, it 
must be in the center of our structure.

• The following Lewis structure has the most 
common bonding patterns for both C, Cl, 
and F. 



Lewis Structure for 
C2H2

• You find the symbol C in the fourth column from 
the left on the periodic table, which reminds you 
that it usually forms four bonds.

• To get four groups total, carbon atoms must not 
have any lone pairs.

• Therefore, we expect one of the following 
bonding patterns for carbon.



Lewis Structure for 
C2H2

• Carbon atoms commonly bond to each other, so 
we might start our Lewis structure by bonding the 
two carbon atoms to each other. This is necessary 
because hydrogen atoms only form one bond, so 
they cannot be between the carbon atoms. 

• We could put both hydrogen atoms on the same 
carbon, but it’s often best to arrange your symbols 
in a symmetrical manner. 

• The only way to get four lines for each carbon atom 
is to put a triple bond between the carbon atoms.



Lewis Structure 
for Methane, CH4

• Carbon atoms usually have 4 
bonds and no lone pairs.

• Hydrogen atoms have 1 bond and 
no lone pairs.



Tetrahedral 
Geometry



Methane, 
CH4



Ammonia, 
NH3

• The ammonia molecule has four electron groups 
around the central nitrogen atom: three single bonds 
and one lone pair.  

• Each of the following is considered an electron group.
• Single bond
• Multiple bond (double or triple bond)
• Lone pair



Ammonia, 
NH3

Molecular geometry
(trigonal pyramid)

• Electron group geometry describes the 
arrangement of all of the electron groups, 
including lone pairs.  

• Molecular geometry just describes the 
arrangement of the atoms. 



Ammonia, 
NH3



Water, 
H2O



Water 
Attractions



Liquid Water



Water Animation

https://preparatorychemistry.com/water_Canvas.html
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