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Compounds and chemical bonding

» Elements combine to form chemical compounds through
the formation of chemical bonds.

* The Octet Rule: in forming chemical bonds, atoms
usually gain, lose or share electrons until they have 8 in
the outer shell to reach the same electronic configuration
of the noble gasses (ns? npf) (except hydrogen, helium
and lithium).

» There are two main types of chemical bonds: ionic bond
and covalent bond.
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atom, the valence electrons of an atom (outer most shell Lewis Dot Representatlon
electrons) are represented by dots.
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lonic (Electrostatic) Bonds

« This type of bond occurs between a metal (left side of the periodic
table) and non-metal (right side of the periodic table).

< Inionic bonding, electrons are completely transferred from the metal
atom, to form positive ion (cation), to the non-metal atom, to form
negative ion (anion).

« The oppositely charged ions are attracted to each other by
electrostatic forces, which are the basis of the bonds (non realistic
bond).
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sodium metal (Na) + chlorine gas (Cl)  table salt (Na*Cl)

Na atom tends to loss its valence electron and form Na* ion to have the same electronic
configuration similar to neon (Ne). Accordingly, chlorine atom would like to have the same
electronic configuration similar to argon (Ar), octet rule. So, Cl atom tends to gain one
electron and form

Covalent Bonds

* non-metals atoms share electrons.
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Determining Lewis Dot Structures

< In order to determine the Lewis dot structure for any molecule,
follow the following steps:

1) Draw skeletal structure of compound showing what atoms are
bonde;j to each other (Put least electronegative element in the
center).

2) Count total number of valence e-. Add 1 for each negative charge.
Subtract 1 for each positive charge.

3) Complete an octet for all atoms (except hydrogen two).

4) If structure contains too many electrons, form double and triple
bonds on central atom as needed.




S =N- A |

S: is the total number of shared electrons

N: is the total number of valence shell electrons
needed to achieve octat.

N = 8 x number of atoms + 2 x number of hydrogen
atoms (if applicable).

A: is the number of valence electrons available.

Note: we add electrons to account for negative
charges and subtract electrons to account for
positive charge

Write the Lewis structure of nitrogen trifluoride (NH;):

< Step 1 — put N in center

Step 2 — Count valence electrons N -5 (2s22p%) and H - 1 (1s)

5+ (3 x 1) = 8 valence electrons
Step 3 — Draw single bonds between N and H atoms and complete
octets on N and H atoms.

Step 4 - Check, are # of e- in structure equal to number of valence e ?

3 single bonds (3x2) + 1 lone pairs (1x2) = 8 valence electrons

Write the Lewis structure of the carbonate ion (CO,4

Step 1 — C is less electronegative than O, put C in center
Step 2 — Count valence electrons C - 4 (2s22p?) and O - 6 (2s22p?)

-2 charge — 2e-

4 + (3 x 6) + 2 = 24 valence electrons

Step 3 — Draw single bonds between C and O atoms and complete

octet on C and O atoms.
Step 4 - Check, are # of e in structure equal to number of valence e-?
3 single bonds (3x2) + 10 lone pairs (10x2) = 26 valence electrons
Step 5 - Too many electrons, form double bond and re-check # of e-

2 single bonds (2x2) = 4
1 double bond = 4
8 lone pairs (8x2) = 16
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An atom’s formal charge is the difference between the
number of valence electrons in an isolated atom and the
number of electrons assigned to that atom in a Lewis
structure.

formal charge total number

total number

on an atom in of valence .
. = . of nonbonding - total number
a Lewis electrons in of bonds
electrons
structure the free atom

The sum of the formal charges of the atoms in a molecule
or ion must equal the charge on the molecule or ion.
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C-4e 2 single bonds (2x2) C-4de 2 single bonds (2x2)
SET=H O-6e 1 double bond = 4 O-6e 1 double bond = 4
2H—-2x1 e 2 lone pairs (2x2) = 4 2H —2x1 e 2 lone pairs (2x2) = 4
12 e Total =12 12 e Total = 12
formal charge total number formal charge total number total number
onanatomin _  of valence total number e on an atom in of valence of nonbonding - fotal number
) = i of nonbonding - L lect 9
a Lewis electrons in clectrons of bonds a Lewis electrons in electrons of bonds
structure the free atom structure the free atom
formalcharge _ , 5 o _ _ formalcharge _ 4, ~ 4 _
onC =4-2-3=-1 onC =4-0-4=0
formalcharge _ ~ 5 o _ formalcharge _ ~ 4 5 _
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A resonance structure is one of two or more Lewis structees:=.

for a single molecule that cannot be represented accurately by
only one Lewis structure.

Formal Charge and Lewis Structures

1. For neutral molecules, a Lewis structure in which there
are no formal charges is preferable to one in which
formal charges are present.

. . What are the resonance structures of the carbonate (CO;%) ion?
2. Lewis structures with large formal charges are less

plausible than those with small formal charges.

3. Among Lewis structures having similar distributions of e 08 08
formal charges, the most plausible structure is the one in (Ll — (|: — (|:
which negative formal charges are placed on the more 197 ot :"4 ~ot 07 ot

electronegative atoms.

Which is the most likely Lewis structure for CH,O?
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Exceptions to the Octet Rule

1) Fewer than 8 valence electrons (incomplete octet)

Be — 2e-
2H —2x1e"

K=—B&—H

Y XS

3 single bonds (3x2) = 6

Exceptions to the Octet Rule

Odd-Electron Molecules

N —5¢e
NO O - 6e

11e

The Expanded Octet (central atom with principal quantum number n > 2)
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Exceptions to the Octet Rule

Draw Lewis structures for the nitrate ion NO;™ and indicate
the resonance structures of the nitrate ion NO;~ and the
formal charge for each atom (Nitrogen atom is the central

atom).
.o oo. e o
H-Be—H <f, ~ /f-' & N . P i Draw Lewis structures for the carbonate ion CO.*
B ':;,> P—C} ..;.>3<'.;.' and indicate the resonance structures of the carbonate ion
| B3 e -] o CO,? and the formal charge for each atom (carbon atom
oE RO <k is the central atom).
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