7. Periodic classification of the chemical elements 
7.1 Introduction 
     The Periodic Table, the most elaborate and complete classification, was proposed in 1869 by the Russian chemist Dimitri Mendeleev. At the time, only 66 chemical elements were known.  Mendeleïev showed that the chemical properties of the elements depended directly on their atomic weight, and were periodic functions of this weight. He classified the elements in ascending order of atomic weight, grouping them together in the same column, so that atoms with similar properties are found one below the other, forming a family. These elements are classified in a periodic table of 7 horizontal rows or periods, and 18 vertical rows or columns, which reflect their fundamental electronic structure. He left some cells empty, to be filled in as and when the corresponding elements were discovered. 
There are currently 118 elements, 92 of which are natural and the rest man-made.
7.2. Principle of construction 
  In the periodic table, elements are arranged from left to right, in ascending order of atomic number (Z), and in accordance with Kleckowski's rule:   
    Each period comprises elements whose outer layer corresponds to the same value of the principal quantum number (n).  It begins with the filling of the sublayer s and always ends with the filling of the corresponding sublayer p (with the exception of the first period), following Klechkowski's rule. When this configuration is reached, the period is complete. The last element described in this way is a rare gas with electronic structure ns2 np6. This configuration constitutes the core configuration of the next period.
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- Each column contains elements with the same valence electronic configuration, forming a family. From a chemical point of view, this gives them equivalent properties. 
The 18 columns of the periodic table are divided into 9 groups, based on the classification of columns whose elements have the same external electronic configuration. 8 of these groups are denoted by the Roman numerals I, II, III, .... and VIII. The Roman numeral represents the number of valence electrons. 
- Group VIIIA is made up of the chemical elements of the rare gases (R.G.) with an electronic configuration of the ns2 np6 peripheral layer. 
- Groups I to VIII are each divided into two subgroups. The first is indexed by the letter A and the second by the letter B. This gives us 16 subgroups: IA, IIA, ...... VIIIA and IB, IIB,...... VIIIB. Each of these subgroups corresponds to a given column. 
The letters A and B indicate the nature of the valence electrons. 
  Group A: Filling of the s or s and p sublayer. 
   Group B: Filling of the s and d sub-layer.
Group VIIIB is made up of three adjacent columns called triads. These elements have similar physico-chemical properties in the horizontal and vertical directions. They play an important role in heterogeneous catalysis.
Notes 
- If we know the position of an element in the classification, we can immediately deduce its electronic configuration (and vice versa). 
- The electronic configuration of the peripheral layer of the elements in : 
* column 11 (Cu, Ag, Au) is d10 s1 and not d9 s2 (d10 completely filled underlayer gives these atoms great stability).  
* column 4 (Cr, Mo, W, Sg) is d5 s1 and not d4 s2 (d5 half-filled underlayer gives these atoms great stability).  
7. 3. Using the periodic table  
- Determining an element's electronic configuration. 
Example: Determine the atomic number of iodine, which is located in column VIIA and in the 5th period:
Column VIIA: i.e. there are 7 valence electrons on the peripheral layer formed by the s and p sublayers. 5th period: i.e. the number of the n layer is equal to 5. 
The electronic configuration of this element will then be :
[image: ]
So Z = 36 + 10 + 2 +5 = 53, a complete electronic configuration:
[image: ]
- Find the atomic number of an element according to its position in the table. 
Example: What is the atomic number of silver, given that it is located in the 5th period and 11th column? 
The first row contains two elements, the 2nd and 3rd rows contain 8 elements, and the 4th contains 18 elements, since it's from this period onwards that we start to fill the ″ d ″ block.  
In these first 4 periods, we therefore arrange: 2 + 2*8 + 18 = 36 elements. 
11th column: i.e. 11 elements after the 36th element ⇒ 36 +11 = 47
Conclusion: Silver is the 47th element in the periodic table. As this classification is based on increasing Z, the atomic number of silver is: Z=47⇒47Ag
- Find an element from its configuration. 
Example: An element has the following electronic configuration:
[image: ]
. What is this element? 
This element has an atomic number Z = 32, because the sum of its electrons is equal to 32.  
The electronic configuration of the peripheral layer is 4s2 4p2, so this element is: 
- in the 4th period, because n = 4, 
- in an A column, as the p sublayer is not yet saturated.  
- IVA because the number of valence electrons is 4 (2 on s and 2 on p). 
- 14th column because the '3d' sub-layer is saturated and the elements in this sub-layer are in period 4 of the periodic table: 10 + 4 = 14.  
In short, this element is located in the 14th column IVA and in period 4 of the periodic table. It corresponds to Germanium.
- The periodic table is divided into 4 blocks according to the elements' external electronic structure:
· Block s: ns1 or ns2; columns 1 and 2.
· Block p: ns2, npx (with: 1 ≤ x ≤ 6); columns 13 to 18.
Note: 
2He (configuration: 1s2) is classified in column 18, due to the similarity of its properties to those of the elements in this column (inert gases). 
· Block d: (n-1)dx, nsy (with: 1 ≤ x ≤ 10 and 0 ≤ y ≤ 2); columns 3 to 12: "transition metals".
· Block f: (n-2)fx, (n-1)dy, ns2 (with n = 6 or 7, 0 ≤ x ≤ 14; y = 0 or 1 or exceptionally 2 for 90Th).
Elements for which n = 6 are called "Lanthanides"; those for which n = 7 are called "Actinides" (the latter are all radioactive).
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7.4. Physical properties of elements.
Three categories:
Metals
- These are located to the left and center of the periodic table: blocks s (except H), d, f and one half of block p (in light blue or light gray on the periodic table figure: e.g. Al, Sn, Pb, Bi, Po ...).
- They are all solid at room temperature (25°C), except for mercury (80Hg), which is liquid.
- They are good conductors of heat and electricity.
Non-metals
- These are located on the right-hand side of the periodic table, in the second half of the p-block (shown in blue-green or dark-gray on the periodic table figure: e.g. F, O, N, C, P ...).
- They are solid or gaseous at 25°C, exceptionally liquid (dibromium, Br2).
- They are poor conductors of heat and electrical insulators. (except for carbon, which is insulating (diamond) or conductive (graphite)).
Semi-metals
On the borderline between the two previous categories, they behave like semiconductors (compounds whose conductivity increases with temperature, e.g. Silicon (14Si) and Germanium (32Ge) used in electronics).
Note: Hydrogen is a special case: it's a molecular gas (H2) at 25°C. It can give a positive ion (H+), but also the hydride ion (H-).
Families (columns)
Column 1: alkalis
The external electronic structure is: ns1
⇒ they yield monovalent cations: Na+, K+ ... and basic oxides: Na2O + H2O → 2 NaOH
Column 2: alkaline earths
The external electronic structure is: ns2 ⇒ they give bivalent cations: Mg2+, Ca2+ ...
⇒ they give basic oxides : CaO + H2O → Ca(OH) 2
Columns 3 to 12: transition metals
Their external electronic structure is: (n-1)dx, ns2 (ns1 or ns0) with 1 ≤ x ≤ 10.
⇒ they give multi-valent cations: Fe2+, Fe3+, Cu+, Cu2+ ...
Column 13: the boron family
The external electronic structure of these elements is: ns2, np1
Column 14: the carbon family
The external electronic structure is: ns2, np2. They mainly form covalent bonds.
Column 15: the nitrogen family
The external electronic structure is: ns2, np3
⇒ they mainly form covalent bonds and acid oxides (N2O3, N2O5, P2O5 ...) : N2O5 + H2O → 2 HNO3
Column 16: the oxygen family or chalcogens
Their external electronic structure is: ns2, np4⇒ they give bivalent anions: O2-, S2- ...
⇒ they give acid oxides (SO2, SO3 ...): SO3 + H2O → H2SO4
Column 17: halogens
Their external electronic structure is ns2, np5⇒ they give monovalent anions: F-, Cl-, Br-...
Column 18: rare gases
The external electronic structure is: ns2, np6, except for He (1 s2) The rare gas configuration corresponds to saturation of the external electronic layer:
⇒ they have high chemical inertia, but their reactivity increases with Z, so Xenon (54Xe) gives stable compounds when combined with highly electronegative atoms like F and O (XeF2, XeF4, XeOF4, XeO3).
7.5. Atomic characteristics and periodicity.
7.5.1.   Ionization energy.
- The energy of first ionization, EI1, is the minimum energy required to extract an electron from an isolated atom, A(g) (gaseous state), according to the reaction :
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- The nth ionization energy EIn corresponds to the reaction :
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Variation of ionization energy EI in the periodic table.
a) In a column, as Z increases (from top to bottom) :
- the number of layers increases,- the distance between the nucleus and peripheral electron increases (atomic radius increases) ⇒ « effet distance »,
- the force of attraction between the nucleus and peripheral e- decreases (e- becomes increasingly free), and ionization energy decreases.
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b) In one period, as Z increases (from left to right) :
- the number of layers is the same, but Z increases (the number of + charges in the nucleus increases) ⇒ "charge effect",
- the force of attraction between the nucleus and peripheral electron increases,
- nucleus - peripheral electron distance decreases (atomic radius decreases) ionization energy increases.
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                   Periodicity of elements' first ionization energy

7.5.2.   Electronic affinity, AE.  Electronic binding energy Efix.
Electronic affinity, AE, is the opposite "in sign" to the binding energy Efix. of an electron on an isolated atom A(g): AE = - Efix.
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 In contrast to ionization energy, electron affinity can be positive or negative. If AE > 0, A-(g) has a lower energy than A(g): the A-(g) ion is more stable than A(g).
7.5.3 Atomic radius (covalent radius) rc.
Definition based on experience.  The atomic radius of an atom is equal to half the distance separating the 2 nuclei of a homonuclear diatomic molecule linked by a single covalent bond.
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Note: To determine the atomic radius of O, take half the distance O-O in H2O2(g) (dO-O = 148 pm) and not in O2(g) (dO=O = 121 pm).
[image: ]
We observe that : 
a) rc decreases in a period (load effect; see 6.4.1.b)) 
b) rc increases in a column (distance effect; see 6.4.1.a))
	
[image: ]
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Figure: Evolution of the radius ρM of the outermost valence OA of atom M
7.5.4 Electronegativity "EN".
This is a quantity that measures an element's ability to attract electrons to itself within a covalent bond ⇒ appearance of partial charges.
A δ+B δ- (B is more electronegative than A)
Electronegativity scales.
1- Mulliken scale.
The electronegativity of an element on the Mulliken scale is equal to the arithmetic mean of the first ionization energy, EI1, and the electron affinity, AE-
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2. Pauling scale 
This scale was the first to be used and is still the most widely used by chemists. In this scale, the difference in electronegativity between two elements is evaluated by the formula :
[image: ]
EAB , EAA and EBB are the energies of the A-B , A-A and B-B bonds, expressed in eV. The reference element is Fluorine, to which Pauling assigned an electronegativity of XF = 4.[image: ]
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