Purpose

e To show how 1o write Lewis struciures.

The Lewis structure of a molecule shows how the valence electrons are ar-
ranged among the atoms in the molecule. These representations are named after
G. N. Lewis (Fig. 8.13). The rules for writing Lewis structures are based on obser-
vations of thousands of molecules. From experiment, chemists have learned that the
most important requirement for the formation of a stable compound is that the
atoms achieve noble gas electron configurations.

We have already seen that when metals and nonmetals react to form binary ionic
compounds, electrons are transferred and the resulting ions typically have noble gas
electron configurations. An example is the formation of KBr, where the K ion has
the [Ar] electron configuration and the Br™ ion has the [Kr1] electron configuration.
In writing Lewis structures, the rule is that only the valence electrons are included.
Using dots to represent electrons, the Lewis structure for KBr is

K "Brig
1+ 1-
charge charge

No dots are shown on the K™ ion because it has no valence electrons. The Br~ ion
is shown with eight electrons because it has a filled valence shell.

Next we will consider Lewis structures for molecules with covalent bonds, in-
volving elements in the first and second periods. The principle of achieving a noble
gas electron configuration applies to these elements as follows:

Hydrogen forms stable molecules where it shares two electrons. That is, it fol-
lows a duet rule. For example, when two hydrogen atoms, each with one
electron, combine to form the H, molecule, we have

H- ‘H
\ /
H:H

By sharing electrons, each hydrogen in Hy, in effect, has two electronns;. that is,
each hydrogen has a filled valence shell.
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Helium doés not form bonds because its valence orbital is already filled; it is a
noble gas. Helium has the electron configuration 1s* and can be represented by
the Lewis structure

He:

The second-row nonmetals carbon through fluorine form stable molecules when
they are surrounded by enough electrons to fill the valence orbitals, that is, the
25 and the three 2p orbitals. Since eight electrons are required to fill these
orbitals, these elements typically obey the octet rule; they are surrounded by
eight electrons. An example is the F, molecule, which has the following Lewis
structure:

'F- s FIF e -F:
F atom with seven F,
valence electrons molecule

F atom. with seven
valence electrons

Note that each fluorine atom in F; is, in effect, surrounded by eight electrons,
two of which are shared with the other atom. This is a bonding pair of elec-
trons, as discussed earlier. Each fluorine atom also has three pairs of electrons
not involved in 'bonding. These are the lone pairs.

Neon does not form bonds because it already has an octet of valence electrons (it
is a noble gas). The Lewis structure is

:Ne:
Note that only the valence electrons of the neon atom (25%2p%) are represented by
the Lewis structure. The 1s? electrons are core electrons and are not shown.

From the preceding discussion we can formulate the following rules for writing
Lewis structures of molecules containing atoms from the first two periods.

Rules for Weiting Lewis Strociures

* Sum the valence electrons from all the atoms. Do not worry about keeping track
of which electrons come from which atoms. It is the zo1af number of electrons that
is important.

* Use a pair of electrons to form a bond between each pair of bound atoms.
¢ Arrange the remaining electrons to satisfy the duet rule for hydrogen and the octet

rule for the second-row elements.

To see how these rules are applied, we will draw the Lewis structures of a few

molecules. We will first consider the water molecule and follow the rules above.



STERP ¥
We sum the valence electrons for H,O as shown:

1+ 1-+ 6 =28 valence electrons
A2 7
H B O

STEP 2
Using a pair of electrons per bond, we draw in the two O—H single bonds:

H—O—H

Note that a line instead of a pair of dots is used to indicate each pair of bonding
electrons. This is the standard notation.

STEP 3

We distribute the remaining electrons to achieve a noble gas electron configuration
for each atom. Since four electrons have been used in forming the two bonds, four
electrons (8 — 4) remain to be distributed. Hydrogen is satisfied with two electrons
(duet rule), but oxygen needs eight electrons to have a noble gas configuration.
Thus the remaining four electrons are added to oxygen as two lone pairs. Dots are
used to represent the lone pairs:

N
H—O—H Lone pairs

fl.\

This is the comrect Lewis structure for the water molecule. Each hydrogen has two
electrons and the oxygen has eight, as shown below:

280

2e” 8e” 2e”
As a second example, let’s write the Lewis structure for carbon dioxide. Sum-
ming the valence electrons gives

4+6+6=16
77
C 0 O

6+
7
After forming a bond between the carbon and each oxygen,

0—C—0

the remaining electrons are distributed to achieve noble gas configurations on each
atom. In this case we have 12 electrons (16 — 4) remaining after the bonds are
drawn. The distribution of these electrons is determined by a trial-and-error process.
We have 6 pairs of electrons to distribute. Suppose we try 3 pairs on each oxygen to
give . ..

: OIIOIO :

Is this correct? To answer this we need to check two things:

1. The total number of electrons. There are 16 valence electrons in this structure,
which is the correct number.

"2, The octet rule for each atom. Each oxygen has 8 electrons, but the carbon only
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has 4. This cannot be the correct Lewis structure.

How can we arrange the 16 available electrons to achieve an octet for each atom?
Suppose there are 2 shared pairs between the carbon and each oxygen:

7 3“0,

8 ¢lectrons 8 electrons 8 electrons

Now each atom is surrounded by 8 electrons, and the total number of electrons is
16, as required. This is the correct Lewis structure for carbon dioxide, which has
two double bonds and four lone pairs.

Finally, let’s consider the Lewis structure of the CN~ (cyanide) ion. Summing
the valence clectrons, we have

CN7

L

Note that the negative charge means an extra electron must be added. After drawing
a single bond (C~~N), we distribute the remaining electrons to achieve a noble gas
configuration for each atom. Eight electrons remain to be distributed. We can try
various possibilities, for example:

H

This structure is incorrect because C and N have only six electrons each instead of
eight. The correct arrangement is

[C=N:]"

(Satisfy yourself that both carbon and nitrogen have eight electrons.)

Give the Lewis structure for each of the following.

a. HF b. N, ¢. NH; d. CH, e. CF, f. NO*
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In cach case we apply the three rules for writing Lewis structures. Recall that lines
are used to indicate shared electron pairs and that dots are used to indicate nonbond-

L\OGODDQDOOOOQOOOC‘OC‘DQDQGO

ing pairs (lone pairs). We have the following tabulated results;
Calculate Use Remaining '
Total Number of Electrons to .
Valence ~ Draw Single Electrons - Achieve Noble Check Nurahz
Electrons Bonds Remaining Gas Configurations of Rlection s
a. HF P+7=8 H—F 6 H—F: H, 2
. F, 8
b. N, 5+5=10 N—N . 8 ' N=N: N, 8
i
c. NH, 54 3(1) =8 H—N—H | 2 H——I‘I\‘—H H, 2
H H N, 8
i ‘F
d. CH, 4+ 4(1)y=8§ Hw?%H 0 H—C—H H, 2
! C 8
H H
T :‘1'5‘:
c. CFy 444(7) =32 PoeE 2 :ﬁ—cfﬁ#: F, 8
t - )
b :f‘_‘: C 8
f. NO* 546 1=10 N—O 8 [N=0:]* N, 8
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When writing Lewis structures, do not worry about which electrons come from j
which atoms in a molecule. The best way to look at a molecule is to regard it as a
new entity that uses all the avaijlable valence electrons of the atoms to aéhieve the )
lowest possible energy.™* The valence electrons bejong to the molecule, rather than
to the individual atoms. Simply distribute all valence electrons so that the various i

rules are satisfied, without regard for the origin of each particular electron. /




