structure of Ionic Compounds and
Shapes of Covalent Molecules

Having' gained some familiarity with the nature of the chemical
bonds, we discuss in this Chapter the structure of ionic compounds, and
shapes of simple covalent molecules. It will be shown that for ionic -
compounds the ratio of the radii of the oppositely charged ions is the major
factor that decides a particular ionic structure. Entirely different
considerations apply to covalent molecules. Two models will be described to
help predict the shapes of simple covalent molecules.

6.1.- STRUCTURE OF IONIC COMPOUNDS

6.1.1. Radius Ratios and Preferred Structures of Some Ionic
Compounds. As described in the previous chapter the force of electrostatic
attraction between oppositely charged ions constitutes the ionic bond. Since
such bonds have Coulombic origin, each particular ion will tend to drag as
many oppositely charged ions as possible around itself. The number of
anions that surround a cation is called the coordination number of the
cations and vice versa. Two factors appear important for an ionic structure:

(1) each ion assumes as large a coordination number as possible.

(2) attraction between opposite ions in the limiting case just leads to
cation-anion contact and to anion-anion contact. Any squeezing of the ions
beyond the ‘contact’ positions will break down the structure.

These factors indicate that the size of the ions or better still the ratio of
the radii of the cations and anions is the criterion that can strike a balance
between the above two factors. It is therefore no wonder that similar AB type
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7nS do not crystallise witl? the same
n) in sodium chl(?rnde has ,
hloride ion) in caesium chlorige
(or sulphide ion) in Zine

ionic. compounds like CsCl, NaCl,
structure. Sodium ion (or chloride i0
coordination number six, caesium ion (or ¢hi¢
has a coordination number eight, and zinc 10N
sulphide has a coordination number four.

We now work out the critical radius rat
cation, 7+, and the anion, r-, for the above t

structures. ~ o i chlori |
(@) In sodium chloride (Fig. 6.1) each sodium ion has $ix © oride iong

) ‘30 10nS i limiting case of anion.
as near neighbours. Four of these chloride 10n$ in the i gh 1 on
anion contact, will touch the cation in the plane of the

paper. The fifth and the sixth chloride ions Wi'll be
above and below the plane .of the paper,. again in
contact with the sodium ion. Assuming the ions t9 be
hard spheres, it is easy to Se€ from' the geometry of
the figure that the following relations hqld in the
limiting case of anionfanion contact and anion-cation

io, that is, the ratio of the
hree common ionic crysta]

contact.
Fig. 6.1. A section of AB=BC=2r

NaCl structure show- AC=2r +2r ' -
ing the limiting case Again AC? = AB? + BC2 = (2r‘)2 + (2r_)2 - 8(r‘)2'

of anion anion
contact < AC = 2\/5 r
Sothat 2r +2rt =22 r; .~ 2r*=2\/§_r—2r=2r (\/3— 1)
Whence r/r =2 - 1 = 0.414
So the critical radius ratio at ‘contact’ position for Nqu structure is 0.414.
In order that a ‘safe’ structure may be assumed r*/r- ratio should exceed
0.414 as otherwise the anion will have to be squeezed.
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Fig. 6.2. A section of CsCl structure Fig. 6.3. A section of ZnS structure
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