CHAPTER 2

Atomic Bonding

The scanning tunneling microscope (Section
4.7) allows the imaging of individual atoms
bonded to a material surface. In this case, the
microscope was also used to manipulate the
atoms into a simple pattern. Four lead atoms
are shown forming a rectangle on the surface
of a copper crystal. (From G. Meyer and K. H.
Rieder, MRS Bulletin 23 28 [1998].)
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Figure 2-1 Schematic of the planetary model of a
12¢ atom.
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Periodic table of the elements indicating atomic number and atomic mass (in amu).
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Figure 2-3 Energy-level diagram for the orbital electrons in a > C atom.
Notice the sign convention. An attractive energy is negative. The Is elec-
trons are closer to the nucleus (see Figure 2—1) and more strongly bound
(binding energy = —283.9 eV). The outer orbital electrons have a bind-
ing energy of only —6.5 eV. The zero level of binding energy corresponds
to an electron completely removed from the attractive potential of the
nucleus.
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Figure 2-4 ITonic bonding between sodium
and chlorine atoms. Electron transfer from
Na to Cl creates a cation (Na*) and an
anion (CI™). The ionic bond is due to the
coulombic attraction between the ions of
opposite charge.



AN

CI”

Na*t

AN

Figure 2-5 Regular stacking of Na*
and CI™ ions in solid NaCl. This
is indicative of the nondirectional
nature of ionic bonding.
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Figure 2-6 Plot of the coulombic force (Equation 2.1) for a Na*—
CIl™ pair.
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Figure 2-7 Net bonding force curve for a Na*—CI~ pair showing an equi-
librium bond length of ag = 0.28 nm.
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Figure 2-6 Comparison of the bonding force curve
and the bonding energy curve for a Nat—CI~
pair. Since I = dE /da, the equilibrium bond
length (ag) occurs where F = 0 and E is a mini-
mum (see Equation 2.5).
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Figure 229 Comparison of (a) a plane-
tary model of a Nat —CI™ pair with
(b) a hard-sphere model and (c) a
soft-sphere model.
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Figure 2-10 Formation of an ionic bond between sodium and chlorine in
which the effect of ionization on atomic radius is illustrated. The cation
(Na*) becomes smaller than the neutral atom (Na), while the anion
(CIl™ ) becomes larger than the neutral atom (Cl).



CN =1 possible CN =2 possible CN = 3 maximum CN =4 unstable

Figure 2-11° The largest number of ions of radius R that can coordinate an atom of radius r is 3 when the ra-
dius ratio, r/ R = 0.2. (Note: The instability for CN = 4 can be reduced but not eliminated by allowing a
three-dimensional, rather than a coplanar, stacking of the larger ions.)
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Figure 212 The minimum radius ratio, r/ R,
that can produce threefold coordination
is 0.155.
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Figure 2-13 The covalent bond in
a molecule of chlorine gas, Cly,
is illustrated with (a) a plane-
tary model compared with (b)
the actual electron density and
(c) an “electron-dot” schematic
and (d) a “bond-line” schematic.
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Figure 2-14 (a) An ethylene molecule (CoHy) is compared
with (b) a polyethylene molecule +C, H 4~ ,, that re-
sults from the conversion of the C=C double bond into
two C—C single bonds.
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Figure 2-15 Two-dimensional schematic representation of the “spaghettilike” structure of
solid polyethylene.
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Figure 2-16 Three-dimensional structure of bond-
ing in the covalent solid, carbon (diamond).
Each carbon atom (C) has four covalent bonds
to four other carbon atoms. (This geometry can
be compared with the “diamond cubic” struc-
ture of Figure 3-23.) In this illustration, the “bond-
line” schematic of covalent bonding is given
a perspective view to emphasize the spatial ar-
rangement of bonded carbon atoms.



Figure 2-17 The Sin_ tetrahedron
represented as a cluster of ions. In
fact, the Si—QO bond exhibits both
ionic and covalent character.
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Figure 2-18 The general shape of the bond energy curve as well as
associated terminology applies to covalent as well as ionic bond-
ing. (The same is true of metallic and secondary bonding.)
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Figure 219 Tetrahedral configuration of covalent
bonds with carbon. The bond angle is 109.5°.
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Electron cloud from valence electrons

Cu’* ion core
(cutaway view)

Figure 2-20 Metallic bond consisting of an electron cloud, or gas. An imaginary
slice is shown through the front face of the crystal structure of copper, reveal-

ing Cu®* ion cores bonded by the delocalized valence electrons.
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Figure 2-21 The electronegativities of the elements. (After Linus Pauling, The Nature of the Chemical Bond
and the Structure of Molecules and Crystals; An Introduction to Modern Structural Chemistry, 3rd ed.,
Cornell University Press, Ithaca, New York, 1960)
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Figure 2-22 Development of induced dipoles in adjacent argon atoms leading to a weak, secondary bond. The de-
gree of charge distortion shown here is greatly exaggerated.
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Figure 2-23 “Hydrogen bridge.” This secondary bond is formed
between two permanent dipoles in adjacent water molecules.
(From W. G. Moffatt, G. W. Pearsall, and J. Wulff, The
Structure and Properties of Materials, Vol. 1: Structures,
John Wiley & Sons, Inc., New York, 1964.)
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Figure 2-24  Tetrahedron representing the relative contri-
bution of different bond types to the four fundamental
categories of engineering materials (the three structural
types plus semiconductors).
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