2-3 Atomic packing for indirectional
bond with different size atoms

o Ionic bond is the representative indirectional bond.

o Ionic bond is due to the attractive interaction between
the positive and negative ions.

o Those ions have same electron configuration as the inert
atoms.

o So, the bonds have indirectional spherical symmetry.

o Because the size of the 1ions are different, the
coordination number (CN)of each ion could be
various.

o The coordination number of a central atom in a
molecule or crystal is the number of its nearest
neighbours.
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For example, if the coordination number is “4”, we can
calculate the critical radius ratio by using Fig. 2-9. As
shown in fig. 2-9, ions A and B touched internally each

other,
1
ratrs _ E(ﬁa) _\3 (2-2)
s I w/:?_
>
® . == .
If the radius ratio is less than this,
Y lon A and B are not stable because
A they are separated much more
. than the equilibrium distance.
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o For another example, if the coordination number is “6”,
we can calculate the critical radius ratio by using Fig. 2-
10. As shown in Fig. 2-10, ions A and B touched
internally each other,

(2-3)

If the radius ratio is less than this,
ion A and B are not stable because
they are separated much more
than the equilibrium distance.
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Possible coordination number
- The possible coordination numbers (CN) of ion ‘A’ in
crystal are ‘1, 2, 3, 4, 6, 8 and 12’.
- Table 2-1 shows the range of stable radius ratio for each

coordination number.
o 9 % W 7 v
CNy=1 Fyfrg = D~m0
CN,=2 rafrg = 0~
CNy=3 ra/rg = 0.155~
CN, =4 ra/rg = 0.255~
CNo=6 ra/rg = 0414~
CN,=8 rafrg = 0732~
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The range of stable radius ratio
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- Again, the possible coordination numbers (CN) of ion ‘B’
in crystal are ‘1, 2, 3, 4, 6, 8 and 12’.

- Table 2-2 shows the range of stable radius ratio for each
coordination number and each ion A and B.

o 9 rg/ra B9 rafrs B

CNg=1 rg/ra = 0~ rafrg = 0~
CNg =2 rg/ra = 0~ rafrg = 0~
CNg=3 rg/ra = 0.155~ rafrg = 0~645
CNg =4 rg/ra = 0255~ rafrg = 0~4.44
CNg =6 rg/ra = 0.414~c rafre = 0~241
CNg =8 rg/ra = 0.732~0 ryfrg = 0~137
CNg = 12 rgfra = 1~ Pafrs = 01
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2-3-1 Pauling’s Rule
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2-3-1 Pauling’s Rule

o Linus Pauling studied crystal structures and the types of
bonding and coordination that occurs within them. His
studies found that crystal structures obey the following
rules, now known as Pauling's Rules.

o Rule 1

o Around every cation, a coordination
polyhedron of anions forms, in which the
cation-anion distance is determined by the
radius sums and the coordination number is
determined by the radius ratio.

o This rule simply sets out what we have discussed above,
stating that the different types of coordination polyhedra
are determined by the radius ratio, Rx/Rz, of the cation
to the anion.



o Rule 2, The Electrostatic Valency Principle

o An ionic structure will be stable to the extent that the
sum of the strengths of the electrostatic bonds that
reach an ion equal the charge on that ion.

o In order to understand this rule we must first define
electrostatic valency, e.v. or electrostatic binding strength.

Z (2-4)
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For example, in NaCl each Na* is

surrounded by 6 Cl- ions. The Na is
thus in 6 fold coordination and C.N.
= 6. Thusewv. =1/6. So 1/6 of a

negative charge reaches the Na ion
from each Cl. So the +1 charge on
the Na ion is balanced by 6*1/6 =1
negative charge from the 6 Cl ions.

Similarly, in the CaF, structure, each
Ca*? ion is surrounded by 8 F-ions in
cubic or 8-fold coordination. The e.v.
reaching the Ca ion from each of the F
ions is thus 1/4. Since there are 8 F
ions, the total charge reaching the Ca
ion is 8*1/4 or 2. So, again the charge
is balanced.




S

o Notice that in NaCl, each Cl ion is also surrounded by 6
Na ions in octahedral coordination. So, again, the 1/6 of
a positive charge from each Na reaches the Cl ion and
thus the Cl ion sees 6*1/6 = 1 positive charge, which
exactly balances the -1 charge on the Cl. In the case of
NaCl the charge is exactly balanced on both the cations
and anions. In such a case, we say that the bonds are of
equal strength from all directions. When this occurs the
bonds are said to be isodesmic.




o Rule 3

o When the polyhedra is binded to pack the
structure, if possible, they prefer to share the
corner, edge and then face. Shared edges, and
particularly faces of two anion polyhedra in a
crystal structure decreases its stability.

o The reason for this is that sharing of only corners of polyhedra
places the positively charged cations at the greatest distance from
each other. In the example shown here, for tetrahedral coordination,
if the distance between the cations in the polyhedrons that share
corners is taken as 1, then sharing edges reduces the distance to 0.58,
and sharing of faces reduces the distance to 0.38.
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o Rule 4

o In a crystal structure containing several cations,
those of high valency and small coordination
number tend not to share polyhedral elements.

o (W57} AE5E, ol 2o) Hap} I4% BAWL 7
312 = F ol A= Holt)

o Sharing of polyhedral elements for cations of high charge
will place cations close enough together that they may
repel one another. Thus, if they do not share polyhedral
elements they can be better shielded from the effects of
other positive charges in the crystal structure.

o Rules 1 through 5 maximize the cation - anion attractions
and minimize the anion-anion and cation-cation
repulsions.




o Rule 5, The Principle of Parsimony

o The number of different kinds of constituents in a
crystal tends to be small.

o (272N T4 L& 5 +E 758 WA Bt
o|t}.)

o This means that there are only a few different types of cation
and anion sites in a crystal. Even though a crystal may have
tetrahedral sites, octahedral sites, and cubic sites, most
crystals will be limited to this small number of sites, although
different elements may occupy similar sites.

o Next time we will see how these principles apply to the silicate
minerals.




