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6.2: Writing Lewis Structures for Covalent Compounds

Draw Lewis structures for covalent compounds.

We have established that molecules form by sharing electrons in covalent bonds. Also, that there are several ways in which these
electrons could be shared. However, there is a little bit involved in determining how electrons are shared in a particular molecule.
We will go through a series of steps in this section which will help determine the correct sharing of electrons in most molecules.
Prior to starting on this section, it is important that you know how to determine the number of valence electrons of any element.

Additional ideas related to Lewis structures for molecules will be discussed in the 2 subsections. We will discuss additional
considerations for some molecules when more than one Lewis structure might be possible. We will also mention some exceptions
to the octet rule.

The following procedure can be used to construct Lewis electron structures for more complex molecules and ions.

1. Determine the total number of valence electrons in the molecule or ion.

Add together the valence electrons from each atom. (Recall that the number of valence electrons is indicated by the position
of the element in the periodic table.)

For OF , for example, the oxygen has 6 electrons and each of the 2 fluorines has 7 electrons for a total of 20 electrons.

If the species is a polyatomic ion, remember to add or subtract the number of electrons necessary to give the total charge on
the ion.

For CO , for example, we add two electrons to the total because of the −2 charge.

2. Arrange the atoms to show specific connections.

To begin with, we will consider molecules that have only one central atom along with 2 or more terminal atoms. When we
say an atom is central in the molecule, that means each of the other atoms is connected to that central atom. When we say
an atom is terminal in the molecule, that means the atom is connected only to the central atom and not to other atoms. (If
the molecule has only 2 atoms in it, the distinction between central and terminal doesn’t mean anything.)
When there is a central atom, chemists usually list this central atom first in the chemical formula (as in CCl  and CO ,
which both have C as the central atom).
Hydrogen is always connected to only one other atom, so it is always terminal rather than central even if it is first in the
formula.

3. Place a bonding pair of electrons between each pair of adjacent atoms to give a single bond.

In H O, for example, there is a bonding pair of electrons between oxygen and each hydrogen.

4. Beginning with the terminal atoms, add enough electrons to each atom to give each atom an octet (two for hydrogen).

These added electrons will usually be lone pairs.
Remember to count the bonding electrons on these terminal atoms while determining if they have enough electrons to
satisfy the octet rule.

5. If any electrons are left over, place them on the central atom.

Determine the number of left over electrons by counting all of the electrons that have already been added (either as lone
pairs or in each of the single bonds) and comparing it to the total number of electrons that you counted in the first step. If
they are the same, then there are no leftover electrons. If you had more electrons in the first step, then you are able to add
the difference between that amount and the amount you have here.
We will explain later that some atoms are able to accommodate more than eight electrons.

6. If the central atom has fewer electrons than an octet, use lone pairs from terminal atoms to form multiple (double or
triple) bonds to the central atom to achieve an octet.

 Learning Objectives

 How-to: Constructing Lewis electron structures
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This will not change the number of electrons on the terminal atoms, as you are moving the electrons when you do this.

7. Final check

Always make sure all valence electrons are accounted for. This means that the number of electrons you counted in step one
is the same as the number of electrons you can count in step six.
Each atom has an octet of electrons, except for hydrogen (with two electrons).

Now let’s apply this procedure to some particular compounds, beginning with one we have already discussed.

Write the Lewis Structure for H O.

Solution

Steps for Writing Lewis Structures Example 

1. Determine the total number of valence electrons in the molecule or
ion.

Each H atom (group 1) has 1 valence electron, and the O atom (group
16) has 6 valence electrons, for a total of 8 valence electrons.

2. Arrange the atoms to show specific connections. H O H
Because H atoms are always terminal, the arrangement within the
molecule must be HOH.

3. Place a bonding pair of electrons between each pair of adjacent
atoms to give a single bond.
4. Beginning with the terminal atoms, add enough electrons to each
atom to give each atom an octet (two for hydrogen).

Placing one bonding pair of electrons between the O atom and each H
atom gives

with 4 electrons left over.
Each H atom has a full valence shell of 2 electrons.

5. If any electrons are left over, place them on the central atom.

Adding the remaining 4 electrons to the oxygen (as two lone pairs)
gives the following structure:

6. If the central atom has fewer electrons than an octet, use lone pairs
from terminal atoms to form multiple (double or triple) bonds to the
central atom to achieve an octet.

Not necessary.

7. Final check. The Lewis structure gives oxygen an octet and each hydrogen 2
electrons.

Write the Lewis structure for the  molecule

Solution

Steps for Writing Lewis Structures Example 

1. Determine the total number of valence electrons in the molecule or
ion.

Each hydrogen atom (group 1) has 1 valence electron, carbon (group
14) has 4 valence electrons, and oxygen (group 16) has 6 valence
electrons, for a total of [(2)(1) + 4 + 6] = 12 valence electrons.

 Example : Water6.2.1
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Steps for Writing Lewis Structures Example 

2. Arrange the atoms to show specific connections.

Because carbon is first in the formula, we make it the central atom.
We are assuming each of the other atoms is a terminal atom
connected to the central carbon.

3. Place a bonding pair of electrons between each pair of adjacent
atoms to give a single bond.

Placing a bonding pair of electrons between each pair of bonded
atoms gives the following:

6 electrons are used, and 6 are left over.

4. Beginning with the terminal atoms, add enough electrons to each
atom to give each atom an octet (two for hydrogen).

Adding all 6 remaining electrons to oxygen (as three lone pairs) gives
the following:

Although oxygen now has an octet and each hydrogen has 2
electrons, carbon has only 6 electrons.

5. If any electrons are left over, place them on the central atom. Not necessary.
There are no electrons left to place on the central atom.

6. If the central atom has fewer electrons than an octet, use lone pairs
from terminal atoms to form multiple (double or triple) bonds to the
central atom to achieve an octet.

To give carbon an octet of electrons, we use one of the lone pairs of
electrons on oxygen to form a carbon–oxygen double bond:

7. Final check

The total number of electrons in the final structure is 12, which
matches the total number of electrons we counted in step one. Both
the oxygen and the carbon now have an octet of electrons, the O has
two bonding pairs and two lone pairs, and C has four bonding pairs.
Because both of these requirements have been met, this is an
acceptable Lewis electron structure.

Write Lewis electron structures for CO  and SCl , a vile-smelling, unstable red liquid that is used in the manufacture of rubber.

Answer CO

.

Answer SCl

.

6.2.2

 Exercise 6.2.1
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Writing Lewis Structures for Polyatomic Ions 

Recall that a polyatomic ion is a group of atoms that are covalently bonded together and which carry an overall electrical charge.
The ammonium ion, , is formed when a hydrogen ion  attaches to the lone pair of an ammonia  molecule in a
coordinate covalent bond.

Figure : The ammonium ion.

When drawing the Lewis structure of a polyatomic ion, the charge of the ion is reflected in the number of total valence electrons in
the structure. In the case of the ammonium ion:

 atom  valence electrons

 atoms  valence electrons

subtract 1 electron for the  charge of the ion

total of 8 valence electrons in the ion

It is customary to put the Lewis structure of a polyatomic ion into a large set of brackets, with the charge of the ion as a superscript
outside of the brackets.

Draw the Lewis electron dot structure for the sulfate ion.

Answer

Summary 
Lewis dot symbols provide a simple rationalization of why elements form compounds with the observed formulas. In Lewis
electron structures, we encounter bonding pairs, which are shared by two atoms, and lone pairs, which are not shared between
atoms. A process for creating the correct Lewis structures involves 2 criteria: (1) making sure the total number of valence electrons
is the same in the molecule as in the sum of the individual atoms which make it up, and (2) making sure that each atom in the
structure follows the octet rule. Lewis structures for polyatomic ions follow the same rules as those for other covalent compounds.

Contributions & Attributions 

This page was constructed from content via the following contributor(s) and edited (topically or extensively) by the LibreTexts
development team to meet platform style, presentation, and quality:
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1 N = 5

4 H = 4 ×1 = 4
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 Exercise 6.2.2
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