Chapter 5 - The Periodic Table

(Lecture Notes)

Russian chemist Mendeleev proposed that properties of elements repeat at regular intervals when they are arranged in order of increasing atomic mass. He is known as the architect of the modern periodic table, showing systematic arrangement of the elements. He arranged the elements by increasing atomic masses and began a new row with an element that repeated the properties of a previous element.
NOBLE GASES
This collection of gaseous elements was referred to as the INERT GASES because they showed no chemical reactivity. They are also known as NOBLE GASES to convey the non-reactivity nature of these gases. Similarly, copper, silver and gold are referred to as Noble metals because of their resistance to chemical reaction.
THE PERIODIC LAW CONCEPT

Mosley, by studying the X-rays emitted from bombarding atomic nuclei with high–energy radiation, discovered that the nuclear charge increased by 1 for each element in the periodic table. He rearranged the elements in order of increasing number of protons, or atomic number. Looking closely, you can see that some elements don’t follow the order of “increasing atomic mass” rule (Cobalt and Nickel, Argon and potassium, Tellurium and Iodine)

GROUPS AND PERIODS OF ELEMENTS

A group (family of elements) is a vertical column in the periodic table.

A period (series) is a horizontal row in the periodic table.

The main group elements in groups IA (1), IIA (2), IIIA (13) through VIIIA (18) are referred to as Representative Elements.

The elements in IIIB (3) through IIB (12) are referred to as Transition Elements
Some groups have been named:

- Group IA (1): ALKALI METALS

- Group IIA (2): ALKALINE EARTH METALS
- Group VIIA (17): HALOGENS

- Group VIIIA (18): NOBLE GASES (INERT GASES)

Some series have been named as well:

· Elements following Lanthanum (Ce - Lu): LANTHANIDES 
· Elements following Actinium (Th - Lr): ACTINIDES

· Lanthanide and Actinides are also known as INNER TRANSITION ELEMENTS.
· Elements Sc, Y, La and (Ce – Lu): RARE EARTH ELEMENTS
· Elements beyond Uranium are called TRANSURANIUM ELEMENTS.

PERIODIC TRENDS

The atomic radius is the distance from the nucleus to the outermost electrons. It is expressed in nanometer (nm) because it is very small:

· As the number of energy levels increases, the distance from the nucleus to the outermost electron increases. The Atomic radius increases down a group
· As the atomic number increases across a period, the number of protons increases, which in turn increases the nuclear charge of the element. This effect pulls electrons closer to the nucleus reducing the size of the atom. The atomic radii decrease across the period from left to right. Transition elements and inner transitions elements show some exceptions to this sequence. 
Metallic character increases down a group: the further the valence electrons are from the nucleus, the weaker the attractive force. This in turn makes them readily available to react, which translates into a stronger metallic character.
PROPERTIES OF ELEMENTS

The trends in the periodic table enable us to predict physical and chemical properties. If we are given the atomic radius and oxide formula of two elements in a group, we can make a reasonable prediction for the atomic radius and oxide formula of another element in the same group.

BLOCKS OF ELEMENT

S-block elements: Groups IA and IIA fill s-sublevels (first 2 groups = 2 s-electrons).
P-block elements: Groups IIIA to VIIIA fill the p-sublevels (last 6 groups = 6 p-electrons). 

D-block elements: Groups IIIB to IIB fill the d-sublevels (middle 10 groups = 10 d-electrons).

f-block of elements: Inner transition elements fill f-sublevels (bottom 14 groups = 14 f-electrons).
We can use the periodic table to help us write the electron configuration of any element. The period number is the same as the energy level. Each “box” in the periodic table represents an electron in the corresponding orbital. For example:

- Hydrogen is in period 1, in the s-block, and in the first “box” with only 1 electron: 1 s1
- Helium is in period 1, in the s-block, and in the second “box” with 2 electrons: 1 s2
Now that level-1 is filled (we’re at the end of the period), we go to level-2 (next period)

- Lithium is in period 2, in the s-block, and in the first “box” with 3 electrons: (1s2) 2s1
- Beryllium is in period 2, in the s-block, and in the second “box” with 4 electrons: (1s2) 2s2
- Boron is in period 2, in the p-block, and in the first “box” with 5 electrons: (1 s2) 2s2 2p1
- Carbon is in period 2, in the p-block, and in the second “box” with 6 electrons: (1 s2) 2s2 2p2
…

- Neon is in period 2, in the p-block, and in the sixth “box” with 10 electrons: (1 s2) 2s2 2p6
Now that level-2 is filled (we’re at the end of the period), we go to level-3 (next period)

- Sodium is in period 3, in the s-block, and in the first “box” with 11 electrons:

(1s2 2s2 2p6) 3s1
- Magnesium is in period 3, in the s-block, and in the second “box” with 12 electrons:

(1s2 2s2 2p6) 3s2
    (core)
valence
Notice that:

- The electrons between parentheses are the core electrons (or innermost electrons), while the valence electrons (or outermost electrons) are outside the parentheses. The reason these electrons are differentiated will become clearer in the next section. 
- The core electrons follow the same configuration as the preceding noble gas:
Helium = 1s2 for elements in period-2

Neon = 1s2 2s2 2p6 for elements in period-3
- We can us a shorthand electron configuration for the core electrons using the symbol of the preceding noble gas. For example, [Ne] represents the core electrons (1s2 2s2 2p6) 
Sodium (Na): (1s2 2s2 2p6) 3s1 

becomes 
[Ne] 3s1 


Chlorine (Cl): (1s2 2s2 2p6) 3s2 3p5 
becomes 
[Ne] 3s2 3p5  
Once done with elements in period-3, we go down to period-4. 

Note that:

- d-block starts filling up in period-4, but it is the 3d sublevel that is filled (remember 4s fills before 3d…). 

- The energy level for d-sublevel is always one less than the period number, while s and p-sublevels have the same number as the period.

- The shorthand configuration for elements in period-4 uses the noble gas Argon [Ar], which accounts for the 18 core electrons.
- Potassium (K) is in period 4, in the s-block, in the first “box” with 19 electrons: [Ar] 4s1
- Calcium (Ca) is in period 4, in the s-block, in the second “box” with 20 electrons: [Ar] 4s2
- Scandium (Sc) is in period 4, in the d-block, in the first “box” with 21 electrons: [Ar] 4s2 3d1
- Titanium (Ti) is in period 4, in the d-block, in the second “box” with 22 electrons: [Ar] 4s2 3d2
Note that:
- Once we start filling the 3d-sublevel, its energy drops bellow the 4s-sublevel:


Scandium (Sc): [Ar] 4s2 3d1 
becomes
[Ar] 3d1 4s2 

Titanium (Ti): [Ar] 4s2 3d2

becomes
[Ar] 3d2 4s2

…


Zinc (Zn): [Ar] 4s2 3d10

becomes
[Ar] 3d10 4s2
- When a transition metal (d-block) starts loosing electrons, it first loses those in the s-sublevel, and then those in the d-sublevel:


Scandium (Sc):

[Ar] 3d1 4s2
Scandium (I) ion (Sc+):
[Ar] 3d1 4s1 


Scandium (II) ion (Sc2+):
[Ar] 3d1 4s0 
or
[Ar] 3d1
Scandium (III) ion (Sc3+):
[Ar] 3d0 4s0
or
[Ar]
VALENCE ELECTRONS

When an atom undergoes a chemical reaction, only the outermost electrons are involved. These electrons are highest in energy, furthest from the nucleus and readily available to react with other atoms. These outermost electrons are called valence electrons.

They can be either exchanged or shared between atoms to form chemical bonds.

They are responsible for the chemical behavior of element.

We will focus on the representative elements, where the number of valence electrons is equal to the total number of electrons in the outermost S and P sublevels. We can predict the number of valence electron by noting the group number in the periodic table.
Group IA count 1 valence electron

Group IIA count 2 valence electrons
Group IIA count 3 valence electrons, etc…
Maximum number of valence electrons is 8 (2s + 6p)
ELECTRON DOT FORMULAS
Electron dot formula is a notation used to keep track of valence electrons. We noted earlier that valence electrons are farthest from nucleus which makes them more accessible.

Electron dot formula are referred to as Lewis structure in honor of G.N Lewis- who conceived the notation of outer electrons.

            Sy:
Sy- core (nucleus+ inner electrons)

: - valence electrons

The first dot is usually placed on the right of the symbol, then beneath, left and above. The remaining electrons will follow the same pattern thereby making the electrons in pairs. For example, phosphorus has 5 valence electrons.

Mg: or .Mg.

IONIZATION ENERGY


Metals lose electrons more easily than nonmetals. Metals undergo chemical reactions by losing one or more valence electrons. Since electrons are negatively charged, metals become positively charged after losing an electron.


Ion- is any atom bearing a charge as a result of losing or gaining electrons.

Ionization energy is the amount of energy necessary to remove electron from a neutral atom in the gaseous state.

Na   Ionization   
 Na+    + e-

The ionization energy increases up a group of elements- as we move up a group, the atomic radii decreases since the valence electron are closer to the nucleus and are more tightly held.

The ionization energy increases from left to right across a period of elements- as we move from left to right in the periodic table, the nuclear charge becomes greater, the energy required to remove an electron increases.

IONIC CHARGES


When metals and nonmetals react, metal tend to lose electrons and nonmetals tend to gain electrons. Iso-electronic is when two or more ions having the same number of electrons. The Na+, F- and Ne atom are said to members of Iso-electronic series.
ELECTRON CONFIGURATION OF IONS


We can predict the ionic charge for a representative element from its group number. Metals lose valence electrons and nonmetals gain electrons in order to obtain a noble gas structure. For example, K is in group IA, and loses 1 valence electron to form K+ . S is in group VIA, and has 6 valence electrons, and gains 2 electrons to form S2-. The resulting K+ and S2- ions each have 18 electrons and are said to be ISOELECTRONIC. To write the electron configuration for an ion, we add or subtract electrons corresponding to the ionic charge. For the magnesium ion.Mg2+ and F- each have 10 electrons, they are iso-electronic and we can write their electron configurations as 1S2 2S2 2P6 or simply in CORE NOTATION as (Ne).
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