Chapter 2. Atomic Packing
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2-1. Packing of directional bonding atoms
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Directional bond : covalent bond, hydrogen bond, van der
Waals bond

Indirectional bond : ionic bond, metallic bond

For the directional bond, atoms are packed by satisfying the
bonding angle. This bonding angle determines the bonding

polyhedron(Z 3}aA).

For the indirectional bond, bondings are like spherical
symmetry and there is no restriction on the bonding angle.
Generally, the method to pack the spheres in the box can be
thought.
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2-1 Atomic packing for directional bond

o Directional bonds are asymmetric and the number of
bonds and bonding angle for one atom are determined.
Therefore, the atomic array are determined by the the
number of bonds and bonding angle.

o The direction of bonding is determined by the quantum
mechanical state of the electron that contributes to the

bonding.
(ex) s-orbital : no preferred direction
p, d-orbital : preferred direction.




. For the covalent bond, half-filled orbital
will contribute to the bonding, so the
number of half-filled orbitals same as that
of bondings.

. For example, for the atom P(phosphorous),
there are 3-half-filled orbitals. So, each P
atom has 3-bondings to the other P atoms
to make net structure by satisfying the
octet rule.



For IVA family like Si(7t &), Ge(AIEv®), Sn(F4), as
discussed in C(¥t4:), there are 4-mixed bondings like 3sp3,
4sp3, 5sp3 to make a regular tetrahedron as shown in Fig.
2-1(a). Figure 2-(b) shows the 2-dimensional plane figure
of carbonic bond and electron arrays.

(a) (b)

Fig. 2.1 (a) geometrical array of sp3 mixed bond on the surround of C(carbon).
(b)2-dimensional plane figure of carbonic bond and electron arrays.
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.
Body-centered cubic, bece

o For indirectional bonds of atoms, about 2/3 of metal
atoms, they have hcp or fcc structure to get the
minimized binding energy system.

o Otherwise, 1/3 of metal atoms, they have body-
centered cubic (bcce) structure as shown in Fig. 2-6.

o They are the alkali elements including Li, Na, K and
transition metal elements including Fe, Cr, W.
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2-2 Atomic packing for indirectional
bond with same size atoms

For indirectional bond, there are ionic, metallic and van
der Waals bond.

Matallic bond is for the atoms with same size and ionic
bond is for the atoms with different size.

Generally speaking, bonding is made by following the
method to minimize the binding energy per unit volume.

For the metallic bonding, all the atoms are same kind
and same size, so there is no directional dependency.

As discussed in chap. 1 about the metallic bonds, the
binding energy for 1 bonding is ‘negative’, therefore, as
the number of bondings increase, the total binding
energy will be lower.
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o We can suppose that the metal atom is like a hard sphere.
As shown in Fig. 2-3(a), around one sphere, there can be
six spheres for maximum. If we extend to the 3-
dimension, 12 spheres will surround the sphere for
maximum as shown in Fig. 2-3(b).
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Hexagonal close-packing structure

Characteristics shared by HCP

Every atom has twelve nearest neighbors
Stacking sequence: ABABAB...
Stacking direction: c-axis of the hexagonal unit cell

O 0 0 O O

Close-packed planes © basal planes of the unit cell 6 in same
layer, forming a hexagon

o Atomic packing factor(APF) = 74% - maximum packing
efficiency for equal-sized spheres

e Interstices (per cell)

4 trahedral : (o, 0, 3/8), (0,0, 5/8), (2/3,1/3, 1/8), (2/3 ,1/3, 7/8)
2 octahedral : (1/3, 2/3, Va), (1/3, 2/3, 3/4)

o Inideal HCP, with atomic radiusr, a = 2r,c= 4+2/3 r

o Examples: Mg, Ti, Zn, Be, Co, Zr, Cd



Hexagonal cIose—pacEing structure
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For HCP structure, APF(atomic packing factor) can be
calculated as following ;

Aed = -2 =074
B (2r)(2r)sin120° (44273 r) 342 (2-1)
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2l 2-4-1 (a) Second "A" layer (0001). (b) Front view of HCP structure




Cubic close-packing (CCP)

o For another method, if the stacking order is ABCABCABC......,
then this close-packing is called ‘cubic close-packing’.

o As shown in figure 2-5(a), if the close-packing stacking direction
is the diagonal of a cube, then the structure will be face-
centered cubic(fce) structure as shown in Fig. 2-5(b).
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Cubic close-packed (CCP)

Stacking sequence: ABCABC...
Stacking direction: [111] in FCC lattice
- Close-packed planes: {111}
- 4 atoms per unit cell: (o, 0, 0), (1/2,1/2,0), (1/2,0,1/2),
(0,1/2,1/2)
- Interstices (per CCP cell):
- 8 tetrahedral : (1/4,1/4,1/4), (3/4,1/4,1/4), (1/4,3/4,1/4),
(3/4,3/4,1/4), (1/4,1/4,3/4), (3/4,1/4,3/4), (1/4,3/4,3/4),

(3/4,3/4,3/4)

- 4 octahedral : (1/2,1/2,1/2), (1/2,0,0),(0,1/2,0),(0,0,1/2)
- Examples:

y-Fe (high-T form), Al, Ni, Cu, Ag, Pt, Au, Pb



