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II- Atomic Structure: A Review

Definitions
All minerals have a specific chemical composition, and are thus made of one or more elements. 

An element is a substance in which all atoms are the same (i.e. have the same nuclear charge). Each element therefore has unique physical and chemical properties, defined by the structure of its atoms. 

An atom, the building block of the element, is the smallest part of matter that still retains the characteristics of this element. 

A compound is a combination of different atoms (elements). Not all compounds qualify for the definition of a mineral. 

Bonding is the process by which compounds (and hence minerals) form; i.e. the process of combination of elements. It is controlled by the characteristics of the combining elements which is in turn controlled by the internal structure of the atom.

The atomic structure and elements
The atom consists of neutral neutrons and positively charged protons (which form a dense nucleus) surrounded by negatively charged electrons. The number of protons of each atom is known as the atomic number (Z) whereas the total number of protons and neutrons is known as the mass number (A). In each atom, electrons rotate around the nucleus in orbits (or shells). Different shells with different energies occur at different distances from the nucleus. These shells, also known as energy levels, are labeled K, L, M, N, ….. etc., with the K shell being that closest to the nucleus, and is characterized by the lowest energy (Fig. 1). Electrons occurring within each one of these shells occupy different "orbitals", defined as mathematical quantities that describe the energy state of an electron. These "orbitals" may be of different shapes, orientations and energies (Fig. 2). The "behavior" and "character" of any electron within an orbital are therefore fully described by four quantum numbers:


(1) the principal quantum number "n" which determines the energy and overall size of the “shell” or “energy level”.


(2) the orbital quantum number, "l" which determines the angular momentum of orbital electrons and configuration of the orbital (l specifies the number of orbitals of different energies within the same shell or energy level).


(3) the magnetic quantum number, "m" which describes the shape and orientation of the orbital in an externally applied magnetic field. It also determines the total # of orbitals that are degenerate (i.e. having the same energies) for a given value of l (cf. Table 1).

(4) the spin quantum number "s" which determines the direction of spin of an electron within this orbital (Fig. 3), and hence the total # of electrons in a shell (knowing that no single orbital can host more than 2 electrons). 
Some notes on the Quantum numbers:

SYMBOL 183 \f "Symbol" \s 12 \h
Each energy level or shell has a unique principal quantum number: for shell K, n = 1, for L, n = 2, ... etc. 

SYMBOL 183 \f "Symbol" \s 12 \h
n is related to the orbital number l by the relation: n SYMBOL 179 \f "Symbol" l + 1. Thus for n = 2, l = 0 or 1, ... etc. 

SYMBOL 183 \f "Symbol" \s 12 \h
The orbitals s, p, d and f, correspond to the l values 0, 1, 2, and 3 respectively, with the s orbitals having the lowest energies, and the f ones the highest. The maximum number of orbitals in a given shell is equal to n2
SYMBOL 183 \f "Symbol" \s 12 \h
For each value of l, the number of orbitals is given by the relationship: 2l+1. Orbitals which have the same value of l have the same "energy level", and are therefore considered degenerate, even though they have different values of m which describe their different shapes and orientations (Fig. 1). 

· Orbitals are labeled according to their shell (principal quantum number, n) and type (whether s, p, d or f). For example, an s orbital in the M shell is labeled 3s, a p orbital in the L shell is labeled 2p. Because all p orbitals are degenerate, it is not necessary to make the distinction between a px, py, or pz when distributing the electrons among the orbitals.
SYMBOL 183 \f "Symbol" \s 12 \h
The fourth quantum number "s" has a value of 1/2 or -1/2, representing the direction of spin (or rotation) of an electron around itself in a given orbital. 

SYMBOL 183 \f "Symbol" \s 12 \h
The maximum # of electrons in a shell = 2n2
Distribution of electrons in orbitals (Electronic configurations):

Electrons will tend to occupy the lower energy shells and orbitals before the higher energy ones. Fig. 4 shows the arrangement of the orbitals according to their energy levels, with the arrows showing the order of filling these orbitals (lower energy orbitals are filled first). Note that the energy level of a 4s orbital is lower than that of the 3d one, which means that 4s will fill with electrons before 3d. Overall, two main rules are followed for determining the electronic configuration of an atom. These are known as Pauli’s exclusion principle, and the Aufbau principle.

Pauli's Exclusion Principle: "No two electrons can be described by exactly the same set of quantum numbers" Therefore, when two electrons share the same orbital (i.e. n, l, and m are the same), they must have different directions of spin (i.e. different s). Because the maximum number of electrons in any orbital is 2, every electron in an atom will have a unique set of quantum number values. 

The Aufbau Principle: Electrons will tend to occupy the lower energy shells and orbitals before the higher energy ones. Therefore, the orbitals are filled in the order s, p, d then f in one shell before going to the next shell and following the same order. However, it was found that the energy value of 4s is less than that of 3d. Similarly, 5s < 4d, ... and so on. So the sequence of filling up orbitals will be: 1s<2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<6s .....and so on. Fig. 2 shows the arrangement of the orbitals according to their energy levels, with the arrows showing the order of filling these orbitals (lower energy orbitals are filled first). 

Summary of electronic configuration of an atom:

1- Lower energy level orbitals fill first (Fig. 4).

2- The maximum number of electrons in any orbital is 2, the maximum number of electrons in any shell or energy level will therefore be equal to the maximum number of orbitals in that shell multiplied by 2 (Table 2). 

3- The maximum number of electrons in an energy level (shell) is given by 2n2, where n is the principal quantum number.

4- When an orbital has two electrons (i.e. is completely full), each electron will have a different spin.

5- When filling a set of degenerate orbitals (e.g. px, py, and pz), each orbital at first is filled with one electron only. Pairing of electrons is the next step, as it requires more energy.

6- Atoms are more stable when their orbitals are completely full, half full, or completely empty.

Valence: Valence (or valency) of an element is generally a measure of its ability to combine with another element. Electrons in shells that are not completely full are known as the valence electrons. From the above discussion, the last or outermost shells of an atom are usually (but not always) the ones that are not completely full. Valence electrons play a crucial role in determining the chemical properties of most elements. Elements in which all orbitals are completely filled with electrons are the most inert or stable from a chemical point of view (e.g. the inert gases He, Ne, Ar, ... etc.). Atoms of all other elements will be chemically reactive, and will attempt to reach the stable configuration of the inert gas with the atomic number closest to its own. They do so either by transfer of electrons to the orbitals of another atom, resulting in ionic valency, or by modification of shapes of orbitals and sharing electrons between two atoms (covalency). The type of valency is determined by the ionization potentials, electron affinities and electronegativities of the atoms. 

Ionization potential: Is the energy (in eV) required to cause any atom to lose an electron and thus become a cation. Ionization potentials for all atoms are always positive (Table 2). 

Electron affinity: Is the energy required to convert an atom to an anion. Electron affinities may be positive or negative. 

Oxidation state: Is the charge (positive or negative) on an ion. This is also known as the valency of that ion.

Electronegativity, as defined by Nobel prize winner Linus Pauling, is a measure of the ability of an atom in a molecule to attract electrons to itself. Pauling devised an empirical scale for the electronegativities of elements, where Cs, the most electropositive element, was assigned a value of 0.7, whereas F, the most electronegative element, was given a value of 4. Table 2 lists the electronegativity values of Pauling for some elements. A similar scale can be derived based on the relationship (Mulliken, 1934):

Electronegativity = 1/2 (Ionization potential + Electron affinity).

The difference between the values of electronegativities of two elements (regardless of which scale you use) will determine the type of bond that these two elements will form in a compound.

The Periodic Table:

Elements are arranged in the periodic table in groups (columns with Roman numerals) and periods (rows with Arabic numerals). They are arranged in order of increasing atomic number (Z). Five groups of elements are immediately recognized: metals, non-metals, noble (inert gases), transition elements, and the rare earth elements. Can you find out the relationship between this kind of arrangement and the valency of the element on one hand, and its number of shells (n) on the other? 

Why is there a “problem” with your synthesis and the transition elements?

Why do ions of transition elements have more than one oxidation state? 

