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The periodic table that Dmitri Mendeleev first 

published in 1869 was based on the 

organization of elements according to atomic 

weight. In 1871, he developed it in a new form 

with groups of elements arranged in columns.  

The columns numbered I to VIII corresponds 

with the element’s oxidation state.

The modern periodic table was developed in 1923 by Horace Groves Deming with 

elements now arranged according to atomic number, which is equal to the number 

of electrons. With the advent of quantum mechanics, it then became apparent that 

each period in the table corresponds to the filling of shells of electrons.



GroupsGroupsGroupsGroups

Elements of the same group exhibit similar 

chemical characteristics because they have the 

same number of electrons in their outermost 

shell.

Alkali metals (1A) for example all have one 

electron on the outermost � – subshell.  Alkaline 

Earth elements (2A) all have two electrons on 

the outermost � – subshell.  Noble gases* (8A) 

have � – subshells filled with 6 electrons. 

Halogens (7A) have outermost � – subshells 

filled with 5 electrons.

The outermost subshell of transition metals is a � – subshells (hence the 10 

columns). The 14 elements in each rare earth period have outermost � –

subshells.

* Except Helium



Noble GasesNoble GasesNoble GasesNoble Gases

Elements in Group 8A are called noble gases because they are inert, that is non-

reactive.  The reason for this is that charge distribution in a subshell that is filled 

out with electrons become spherical and therefore more compact.  The electrical 

interaction between the nucleus and the outermost electrons becomes stronger. 

The atom will therefore end up in a higher energy state if it either accepts 

another electron or give up one.  Helium has a completely filled � – subshell 

while the other noble elements have completely filled � – subshells.

Ionization energy is the 

negative of binding energy



The Alkali and the HalogensThe Alkali and the HalogensThe Alkali and the HalogensThe Alkali and the Halogens

Group 1A elements are called Alkali 

metals, and Group VIIA are called 

Halogens.

Both group are one step away from the 

inert gases, Alkali metals having one 

electrons more than closed � – subshells, 

while Halogens are short of one electron to 

form a closed � – subshell.

By giving away its extra electron, Alkali metals would dip to a much lower energy 

level (or higher ionization energy).  Likewise, Halogens goes to a lower energy 

state if they gain an extra electron.  It is for this reason that both groups are the 

most reactive elements on the Table.

By shedding an electron, Alkali metals become positive ions.  By gaining an extra 

electron, Halogens become negative ions.  It is therefore quite common to see 

Alkali metals bonding with Halogens to form neutral Alkali Halide molecules.  The 

bonds between two ions are called Ionic Bonds.
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In [hydrogen 5], we have shown that the average distance of an electron from 

the nucleus is 

� =
3	
 − �(� + 1) 

2�
��

Thus, within one period (row, with fixed 	), the atomic radius decreases as we 

move right since the electrons occupy higher � states as we move to the right, 

and the atomic number � likewise go higher as we move to the right.

minus

denominator

Within one group (column), atomic 

radius increases as we go down from 

one period to the next. 

Electron affinity and ionization energy 

are inversely related to atomic size 

since the electrical interaction between 

the nucleus and an outermost electron 

is weaker with larger distances.
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As one goes down the periodic table, the atomic 

radius increases.  For Alkali metals, this means 

that the lone electron in the outermost shell has a 

weaker bond with the nucleus.  As such, chemical 

elements become more reactive as we go down 

the periods.  While Sodium seethes and boils 

when in contact with water, Potassium ignites, 

while Rubidium and Cesium explode.

Halogens on the other hand become more reactive 

as we go up the periods. This is because the atom 

“gains more” binding energy (binding energy 

becomes more negative) when a smaller atom 

takes in the additional electron.  
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The Alkaline Earth elements of Group 2A are less reactive than the Group 1A 

Alakali metals.  Not only is it because the Alkalines are smaller, but it is also 

because they have filled �-shells.

Electron-electron interaction becomes more important as the number of 

electrons increases.  This interaction consists of two parts – the electrical 

(Coulomb) interaction which is repulsive, and an attractive component due to 

spins. As a rule, electrons with the same spin orientation attract each other more 

than those with opposite orientation

Because there are only two electrons in 

the �-shells, electron-electron binding is 

quite weak, so Alkaline Earths are still 

quite reactive even with filled �-shells.

There is therefore an impetus for 

electrons in the �-shells, to interact 

quite strongly with electrons in the �-

shells, forming octaves (8 states) 



The The The The � BlockBlockBlockBlock

Among the orbital blocks of the periodic 

table, the �-block is the most diverse in 

its characteristics, and this may be 

explained by the way the �-states are 

filled up.  The block is divided into three 

sections through a diagonal band.  

Elements above this band are non-

metals, and those below are metals.  

Those in the middle are metalloids.

The chemical behavior is governed by two things – the atomic radius and the 

electrons in the �-states.  Elements below the metalloids have large atomic 

radii and low number of � −electrons.  The electrons are thus lightly bound to 

the nucleus, and these elements share similar characteristics as the metals to 

their left.

The elements above the metalloids have smaller atomic radii and are therefore 

more reactive.  The �-states however lack more than one electron.  As more 

electrons are needed, the chance of getting them is smaller.
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The solution to the “dilemma” is that instead of 

acquiring, these atoms tend to share electrons 

with other atoms that are similarly situated.  The 

bond formed between such atoms is called 

covalent bond.  In this way, Carbon, Nitrogen, 

Oxygen, Phosphorous and Sulfur easily bonds 

with other atoms, and together with Hydrogen, 

form molecules that are the building blocks of life

Elements of Group IVA are 

special because they have 4 

electrons that can fill the 8 

�� − states. As this is exactly 

half of the states, the 

covalent bonds they form 

with multiple atoms are very 

strong.
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Since Group IIIA elements have only 3 ��-

electrons, it is one less than what is needed to 

form closed shells, an empty space is made 

available for an electron to freely move into.  This 

is called a hole, and is treated as a “positive 

charge” that can move from one atom to the next 

as an electron from the next atom moves in to fill 

the hole.  

In its “pristine” state, that is a solid 

formed by atoms of the same 

element, the material is non-

metallic. But once a small amount of 

atoms to the left or right of Group 

IVA is added, a process called 

doping, free charges are created.

On the other a Group VA element has one electron more than what is needed 

for a closed shell, and this excess electron would be free to move around. 

Under these conditions, the substances behave like metals.
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Because Oxygen has 4 � −

electrons, it requires two more to 

form a closed shell.  But two 

electrons are hard to come by at a 

given time. 

Thus, even as they form molecules through covalent bonding, the molecules have 

empty spaces for electrons.  And when there is an unpaired valence electron, the 

molecule is highly reactive.  An atom, molecule, or ion that has an unpaired 

valence electron is called a free radical.  It is for this reason that oxygen is a 

highly corrosive and flammable material. While radicals are necessary for life, 

they also induce damages of cells.



The The The The � BlockBlockBlockBlock

Elements to the left of the � − block are 

the highly reactive Alkali and Alkaline 

metals. To the right are weakly reacting 

metals of the � − block. As there are 10 

� − states, these transition metals show 

a variety of characteristics depending 

on the number of filled states.

Elements on the tenth column (Group 2B), Zinc, Cadmium and Mercury, have 

completely-filled � − shells, and are therefore non-reactive.  Elements on the 

ninth column (Group 1B) are the coinage metals Copper, Silver, Gold as they 

are highly resistant to corrosion. Elements on the eighth column (Nickel, 

Palladium, Platinum) are excellent catalysts. Elements in the middle of the 

block (Manganese, Iron,  Cobalt)are ferromagnetic materials. Elements on the 

left (Titanium, Vanadium, Chromium, Molybdenum) form durable steel when 

combined with Iron.
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With 9 electrons filling up 10 slots, elements in the ninth column like copper and 

gold have plenty of electrons that can move from one atom to the next, filling up 

the remaining empty spot.  They therefore make very good conductors.

In the middle of the block, the � − shells are half-occupied.  As energy is lower 

when spins are aligned, elements like Iron have strong magnetic moments.

Elements on the left side of the block have few electrons.  But when combined 

with the two � − electrons, Titanium for example has 4 electrons that can bind 

with the 6 electrons of Iron, to form a very strong bond of 10 electrons.


