8.4 The Properties of 1onic Compounds

* lonic solids—
crystalline solids
(regular three-
dimensiona arrays of
stacked ions)

— high melting and
boiling points — very
strong attractions
between the ions (hard
to separate)

— hard and brittle

— some are soluble
(electrolytes)

Covalent Bonds
8.5 From Atomsto Molecules

« Covalent bond —aresult N
of atoms sharing a pair of
electrons (a)

H-+H® H:H

— the negative charge of @/g
the shared pair of & D
attracts the two positive  (P)
nuclei .

— the electron density ]
between the nuclei '
increases © -

8.6 The Octet Ruleand Lewis
Structures

 Octet rule—in covalent bonding atoms share
pairs of electrons until they reach octet (or
duplet) configurations of noble gases
— valence — number of covalent bonds an atom forms
(number of shared € pairs)

— the number of shared e pairs equals the number of
electrons an atom needs in order to complete its
octet (or duplet) structure

:¢1-+-¢1: — @0@ or :('_j'_l—('_j'_l:

» Lewisstructures— diagrams showing the
distribution of electronsin amolecule

— shared (bonding) € pairs— between the atoms
(can be expressed as lines representing bonds)

— lone e pairs— not involved in bonding (not shared)

Example: Write the Lewis structure of HCI

and determine the number of shared and lone
pairs.

H-+-('_3:l: @0@ or H—('_j'_l:

3lonepairsat Cl and 1 bonding (shared) pair

The Structures of Polyatomic Species
8.7 Lewis Structures

— Single bond — a single shared e pair

— Multiple bonds — double or triple bonds (2 or 3

shared € pairs)

— Bond order — number of bonds linking two atoms
Example: Methane, H “*
CH4' H :C: H H—(|:—H

‘C-H H- H H H H

(a) (b)
3 Methane, CHy

* Polyatomic ions

Arrangement of atoms in polyatomic species
(skeleton structure)

— central atom — usually the atom with the lowest |
(often written first in the formula) PClg, SO, ...
—normally H is not acentral atom

—normally the atoms are arranged symmetrically
around the central atom CO, ® OCO, OF, ® FOF

— cations and anions of an ionic compound are
treated separately

— total number of valence € is adjusted for the
charge of theion




* Rulesfor writing Lewis structures

1 write the skeleton structure by placing a single bond
(e pair) between each bonded pair of atoms

2 count the total number of valence electrons, n,, of
all atoms (correct for the charges of ions)

3 count the number of remaining electrons, n,, (total
number of & minus e used in the skeleton structure)

4 count the number of needed electrons, n, . (the &
needed to complete the octet (or duplet) structures
of al atoms)

5 if Npeeg = Ny &d the remaining € aslone pairsto
complete the octets for all atoms, or
if Npeeg > N, @dd multiple bonds (1 bond for each
deficient pair of €) and complete the structure with
lone pairs

Example: Write the Lewis structure of HCN.
1. Cisthecentra atom (lower | than N)

b H-C-N (4 € inthe skeleton structure)

N = 1(H) + 4(C) + 5(N) = 10

Nien =10-4=6

Npeed = O(H) + 4(C) + 6(N) = 10

Npeed > Nrem ~ deficiency of 4 (2 & pairs)
P add 2 more bonds between C and N and
complete the structure with lone pairs

H-CON:

a bk~ wD

Example: Write the Lewis structure of SO,

1. Sisthe central atom (lower | than O)
2. 8 € inthe skeleton structure
Ny = 6(S) + 4 6(0) + 2(charge) = 32
. N =32-8=24
. Ny = 0(S) +47 6(0) =24
5. Npeeg= Nem P cOMplete the structure with lone pairs

W

8.8 Resonancein Lewis Structures

Example: write the Lewis structure of NO;".
1. Nisthecentra atom (lower | than O)
2. 6 € inthe skeleton structure
Ny = 5(N) + 3" 6(0) + L(charge) = 24
3. Ngn=24-6=18
4. Npeeg = 2(N) + 3 6(0)=20
5. Ny ™ Nye deficiency of 2 e (L e pair)
b add 1 more bond between N and one of the Os and
complete the structure with lone pairs
(l) 1= :(”): 1~
O—N—O :O—N—O:

(@) 17~ :(“): 17~
I U
0—?—0 =C__)—?—C__):
O :Q:
HgH —‘_ :é: T_ O -
e e ]
:Q—N—Q: Q=—=N—O: Q—N:O

13 Nitrate ion, NO4~

« All three structures are valid Lewis structures

and differ by the position of the & pairs—

resonance structures

Neither of the resonance structuresis redistic

» Thered structureisablend (resonance hybrid)
of the contributing L ewis structures

» Thethree bonds areidentical (intermediate
between a single and a double bond)

Example: Benzene, C4He.

19 Benzene resonance structure

16 Kekulé structure

« The two structures have equal energies
and contribute equally to the hybrid
structure

* The electrons from the double bonds are
delocalized between al six C atoms

* The six bonds are equivalent to each other

20 Benzene, C;Hg




