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IIb-Bonding

Bonding is a process of combining two or more elements to form a compound. This process usually results in attaining a lower energy for the whole system than previously existed before the combination of the elements. There are several types of bonds, the most important of which (from a mineralogical point of view) are:

1- Ionic bonds: (a.k.a. electrostatic bonds):
· Involves loss of one or more electrons from the atom of the electropositive element to become a cation, and gain of the same electrons by the atom of the electronegative element to become the anion (Fig. 1).

· Importance of the ionization potential and electron affinity values for the combining elements (please pay special attention to the relationship between the atomic number and the first ionization potential as discussed in our last lecture!).
· Ionic bonding takes place (or prevails) when the differences in electronegativities of the two atoms to be bonded are large. The % of ionic character for any bond is therefore determined by the difference in electronegativity values for the two elements in question (Fig. 2). Figure 3 shows the range in bond character observed in common minerals with bonds of “mixed character”.

· For ionic bonding to take place, the attractive forces between the cation and anion should at least neutralize the repulsive forces between like ions (cf. p. 47 of your text, as well as Fig. 4; noting the slight difference!). This means that the sizes of the individual ions play a critical role in controlling this type of bond, as well as the resulting internal structure of the compound. 

· The sizes of the individual ions control the structure of the crystal through determining the “coordination number” for each ion. This will be discussed in more detail later.

· Because the resulting compound has to be electrically neutral (this applies to all compounds regardless of the type of bond), the number of cations must be neutralized by an equal number of anions.

· The ionic bond is non-directional and very strong.

· The shorter the interionic distance, the stronger the bond.

· The higher the charge(s) on the ions, the stronger the bonds.

· Structure is controlled by Pauling’s rules of ionic bonding (to be discussed later).

· Ionic compounds have the following characteristics:

1- They dissociate in polar solvents into their individual ions relatively easily (i.e. they dissolves relatively easily).

2- Moderate hardness and specific gravity

3- Most are brittle.

4- High melting points

5- Poor conductors of heat and electricity

6- High symmetry

2- Covalent bonds: 

SYMBOL 183 \f "Symbol" \s 12 \h
Form when two atoms share an electron pair (one electron from each atom).

· The “strongest” type of bond. 

SYMBOL 183 \f "Symbol" \s 12 \h
Occurs between elements that have similar electronegativities. When the difference in electronegativities of the bonded elements = 0, the bond is 100% covalent.

· Concept of hybridization

· ( and ( bonds: ( bonds involve the overlap between orbitals along their ends; they tend to be highly symmetrical. ( bonds involve the overlap of orbitals along their sides (Figs. 5 & 6).

· The hybrid orbitals are denoted by the orbitals involved in the hybridization. Example: sp2; sp3; dsp2; … etc. (Fig. 7).

· The configuration of the hybrid orbitals along with the “covalent” radii of the atoms involved control the type of structure resulting (e.g. sp: linear; sp3 tetrahedral, …. etc.)

· Graphite and diamond as two examples of hybridization.

SYMBOL 183 \f "Symbol" \s 12 \h
Physical properties of covalent crystals depend on the number of bonds more than the strength of those bonds.

· Covalent compounds have the following properties:

1- They are insoluble in water

2- They have high melting points

3- They are usually poor conductors of electricity, but the bonds are directional, and some compounds may therefore conduct an electric current (e.g. why is graphite a good conductor of electricity when diamond isn’t?).

3- Metallic bonds: 

SYMBOL 183 \f "Symbol" \s 12 \h
Form when the combining atoms have (i) weakly held valence electrons; (ii) several incompletely filled orbitals (usually d or f) in which the electrons can move around freely; and (iii) a metallic character (i.e. are largely electropositive; requiring many electrons to fill their empty orbitals to get them to reach the noble gas configuration.

SYMBOL 183 \f "Symbol" \s 12 \h
Can occur between atoms of the same element. In this case the difference in electronegativity will be zero.

· In metallic bonds, the bonding electrons are delocalized or smeared out among the empty orbitals (Fig. 8).

· Orbitals are spread out into “bands” under the influence of nearby atoms (Fig. 9).

· Spreading of the orbitals produces conduction bands (empty orbitals), and valence bands (ones filled or partially filled with electrons). Hopping of electrons back and forth between valence and conduction bands (or within the empty spaces of a conduction band) produces the metallic bond.
SYMBOL 183 \f "Symbol" \s 12 \h
Unlike covalent bonding, bonding here is by one electron being shared by two atoms, rather than an electron pair. Of course, more than one electron is involved in metallic bonding (cf. your text).
SYMBOL 183 \f "Symbol" \s 12 \h
Delocalization of electrons is responsible for the electrical conductivity, malleability, ductility and plasticity of metals.

· Bonding in Mg and Na as examples (cf. your text and Fig. 9).
· Metallic bonds are non-directional since they are not orbital specific.

· The nature of metallic bonding explains why it is so easy to form many alloys: any electrons from any neighboring metal can participate in this kind of bonding!

· Minerals with significant metallic bonding are characterized by “close packed structures”.

· The structure of a mineral predominated by metallic bonding is controlled by the relative sizes of the radii of the combining atoms (as in the cases of covalent and ionic bonds). However, the metallic radii of an element are different from its ionic or covalent ones.

· Increased pressure brings atoms closer together, allowing for more overlap between valence and conduction bands, hence increasing the chances of metallic bonding. 
· Metallic bonding in graphite: again mixed nature of the bond!

4- Van der Waals bonds:

· Depends on the asymmetric distribution of charges

SYMBOL 183 \f "Symbol" \s 12 \h
Each atom induces a dipole on its neighbor, resulting in a synchronized electron configuration (Fig. 10).

SYMBOL 183 \f "Symbol" \s 12 \h
Occurs in many minerals where it contributes a weak binding force that is also electrostatic.
· Responsible for the excellent cleavage and low hardness developed in graphite, sulfur, and talc.

5- Hydrogen Bonds:

· A weak electrostatic bond that develops through the interaction of a H+ (already involved in some other type of bond) with a negatively charged ion (Fig. 11).

· Stronger than van der Waals bonding.
· Common in hydrous minerals (micas), goethite, and diaspore.
Summary of the rules of bonding:

1- bonding reduces or even achieves minimum energy for the system

2- bonded atoms have a more “stable” electronic configuration than non-bonded ones.

3- the compound has to be electrically neutral.

4- a bond may have a “mixed character” (i.e. is partly ionic and partly covalent).

5- a mineral or compound may have more than one type of bond.

6- type of bond controls many of the physical properties of the minerals, such as cleavage, electrical conductivity, tenacity, melting point, …. etc. (Table 1).
