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3.6: Lewis structures of molecules

Lewis symbols of elements

Lewis symbol of element shows the symbol of element with valence electrons shown as dots placed on top, bottom, left, and right
sides of the symbol. Valence electrons up to four are shown as a single dot on either side of the symbol. The 5th, 6th, 7th, and 8th
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valence electron dots are paired with any of the first four dots. For example, represent
hydrogen, beryllium, boron, carbon, nitrogen, fluorine, and neon with 1, 2, 3, 4, 5, 6, 7, and 10 valence electrons, respectively.
Lewis symbols of first twenty elements are shown in section 2.6, Table 1.

Lewis structures of simple molecules
An unpaired dot in the Lewis symbol of an element can make one bond by sharing it with an unpaired dot of another atom. The

shared pair of dots represents a pair of bonding electrons, a covalent bond. For example, as shown below, a Hydrogen atom has one
unpaired valence electron and makes a covalent bond with another hydrogen atom.

H* + *H == HIH
The covalent bond is usually represented by a single line between the bonded atoms, e.g., the H, molecule shown in the above

equation is generally shown as H-H. An example is a reaction between hydrogen having one valence electron and carbon having
four valence electrons react to form CH, molecule.
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Similarly, hydrogen reacts with nitrogen, oxygen, and fluorine to form the following molecules: # ,"2* and " I.°. Each line in
these molecules represents a bonding electron pair, and the pair of dots represent valence electrons that are not involved in
bonding, called lone pair of electrons. The lone pair is usually omitted from the Lewis structure unless it is needed to emphasize

their presence for some reason.

Procedure for writing Lewis structures of molecules

A systematic approach for writing the Lewis structure of molecules is explained with the help of the following example.

v/ Example 3.6.1

Draw the Lewis structures of CH,, PCl;, CO,, and HCN
Solution
Step 1: Add the valence electrons of all the molecules' atoms:

e CH, has 4 valence electrons in C, and 1 in each of the four H: = 4 + 1x4 = 8 valence electrons
o PCl; has 5 valence electros in P and 7 in each of the three Cl: = 5 + 7x3 = 26 valence electrons
e CO, has 4 valence electrons in C and 6 in each of the two O: = 4 + 6x2 = 16 valence electrons
e HCN has 1 valence electron in H, 4 in C, and 5in N: =1 + 4 + 5 = 10 valence electrons

Step 2: Place the element symbol with more valances, i.e., having more unpaired dots in its Lewis structure, in the center and
the rest of the atoms on four sides:

H
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Step 3: Draw a line between the outer atom and the central atom to represent a single covalent bond:

H
H-C-H Cl-P-Cl 0-C-0 H-C-N
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Step 4: Every single bond consumes two valence electrons. Subtract the total number of valence electrons consumed in all the
bonds from the total valence electrons initially present in step 1:

e CHy: 4 bond = 8 electrons consumed. 8 — 8 = 0 electrons left

e PCl;: 3 bond = 6 electrons consumed. 26 — 6 = 20 electrons left
e CO,: 2 bond = 4 electrons consumed. 16 — 4 = 12 electrons left
e HCN: 2 bond = 4 electrons consumed. 10 — 4 = 6 electrons left

Step 5: Distribute the remaining electrons as lone pairs, first to the outer atoms to complete their octet (duet in the case of
hydrogen) and then to the central atom to complete its octet
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Step 6: Check that the octet of each atom is complete (duet for hydrogen). If yes, the Lewis structure is complete, e.g., as in the
cases of CH4 and PClj3 in the present examples. If not, move one of the lone pair of electrons from a neighboring atom to make
a double bond, as shown by the red color arrows in the figure in the previous step. If the octet is still not complete, move one
more lone pair of electrons from a neighboring atom: from the same atom to make a triple bond, as in the case of HCN above,
or from another neighboring atom to make two double bonds, as in the case of CO; above. The result is Lewis structures
shown below.
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To draw the Lewis structure of the most stable form, try to keep covalent bonds with an atom equal to the number of unpaired

g s H- :-F v.O.o -1:]- oCe .
dots in the Lewis symbol of the atoms. For example, = **, **, <+ ,and < haye 1,1, 2, 3, and 4 unpaired electrons. So,

hydrogen makes one, fluorine one, oxygen two, nitrogen 3, and carbon four covalent bonds in the stable molecules. When
pulling a lone pair from neighboring atoms is needed to result in a double or triple bond, it is preferable to keep the resulting
number of covalent bonds equal to the number of unpaired electrons in the Lewis symbol of the atom. For example, in the case
of CO; molecule, if both lone pairs were pulled from the same oxygen in step 6 above, the resulting Lewis structure would
have been 2~ CZ0: which is technically correct Lewis structure but not the most stable form of this molecule. Note that the
latter structure has one covalent bond in one oxygen and three covalent bonds in the other instead of two covalent bonds
needed for oxygen.

Exceptions to the octet rule

The octet rule generally applies in most cases, but there are exceptions in a few cases:

1. Atoms of hydrogen, lithium, and beryllium tend to share, lose, or gain valence electrons to acquire the electron configuration of
the nearest noble gas helium having two valence electrons. This is called the duet rule.

2. Sometimes the atoms may end up in compounds with less than eight valence electrons. This often happens in the case of boron
compounds and aluminum compounds of group 13. For example, boron has three valence electrons resulting in compounds like
BF3 with three covalent bonds and six instead of eight valence electrons around boron.

3. Atoms of elements in period three and beyond sometimes end up in compounds with more than eight valence electrons. For
example, PCl3 has octet complete, but PCls has 10 valence electrons. Similarly, sulfur has its octet complete in H»S but has 12
valence electrons in H,SO4. This happens because atoms in period thee and beyond have larger sizes and they have valence
electrons in d or f orbitals in addition to the valence s and p orbitals. Table 1 lists some examples of exceptions to the octet rule.

Table 1: Some examples of exceptions to the octet rule.
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Structure H:H :CI-Be-Cl:
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Berylli Phosph

Name Hydrogen .ery u,lm Boron trifluoride 0sP oro.us Sulfuric acid
dichloride pentafluoride

Valence electrons on
4 6 10 12

the central atom
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