THE ANGULAR FORM OF PERIODIC TABLE
Introduction

The complete periodic table consists of two circles-Principal circle and auxiliary circle.  The principal circle consists of seven tracks (periods) and eighteen sectors (groups).  The auxiliary circle consists of only two tracks- Inner track and Outer track.  There is no division of sectors in auxiliary circle.


The principal circle and auxiliary circle are joined to each other between 50° to 90° of principal circle and 320° to 0°/360° and 0°/360° to 40° of auxiliary circle.  The radii of both the circles are so adjusted that the arc of principal circle from 50° to 90° is exactly equal to the arc of auxiliary circle from 320º to 0°/360° and 0°/360° to 40° in ratio of 13:7.


The principal circle contains three blocks of elements, i.e. s-block from 10° to 50° with two sectors, p-block from 250° to 0°/360° and 0°/360° to 10° with six sectors and d-block from 50° to 250° with ten sectors.


Auxiliary circle contains only one block of elements, i.e. f-block from 40° to 320° without any sector.

KEY FEATURES OF ANGULAR FORM OF PERIODIC TABLE
i)
Hydrogen is singly placed at the centre of periodic table by considering it as a parent element and so it is called core element.

i)
Inner transition elements (Lanthanides and Actinides) are also joined to main body of the period table.

iii)
Helium is placed with other inert gases and it also comes in contact with other s-block element.

iv)
A special weightage is given to inert gases by placing them at 0°/360° and by measuring the position of all other groups with respect to these gases.

v)
d-block is placed between s-block and p-block but still, they are joined to each other. 

vi)
All non transition elements are grouped together.

vii)
It gives a clear distinction between metals and non metals. 

viii)
We can find the quantum numbers for every electron in each element.

ix)
Position of every element is ascertained not only qualitatively but also quantitatively.

x)
It gives the proper filling of electrons according to Aufbau principle.

xi)
Numbering of different periods (tracks) and groups (sectors) is more logical.

xii)
It is based on new periodic law.

xiii)
It is related to structure of atom.

xiv)
Since it is easier to study and compare elements in angular form of table, we can easily find the relative size of atom in a group (sector) just by observing the table.  It is also very useful to explain shielding effect, ionization potential, electron affinity, etc.

xv)
The distinction, distribution and designation of different groups of elements are very clear. 

   Name of Group
Distribution
Designation
• s-block
10° to 50°
20° and 40° groups.

• p-block
250° to 360°/0°
260°, 280°, 300°, 320°


and 360°/0°to 10°
340° and 360°/0° groups

• d-block
50° to 250°
60°, 80°, 100°, 120°, 140°



160°, 180°, 200°, 220° and



240° groups.

• f-block
40° to 320° in
60° group

 
auxiliary circle

• Non-transition
230° to 360°/0°
240°, 260°, 280°, 300°

  elements or Main
and 360°/0° to
320°, 340°, 360°/0°,

  group elements
50°
20° and 40° groups.

• Noble gases
350° to 360°/0°
360° or 0° group.


and 360°/0°to 10°

• Representative
10° to 50° and
20°, 40°, 260°, 280°

   elements
250° to 350°
300°, 320° and 340° groups.

• Transition elements
50° to 230°
60°, 80°, 100°, 120°, 140°,



160°, 180°, 200° and 220°



groups.

• Inner transition
40° to 320° in
60° group

  elements
auxiliary circle

• Alkali metals
10° to 30°
20° group

• Alkaline earth metals
30° to 50°
40° group

• Chalcogens
310° to 330°
320° group

• Halogens
330° to 350°
340° group

STUDY OF PERIODS (TRACKS) AND GROUPS (SECTORS)
Periods

These are circular tracks. Angular form of periodic table consists of seven periods.

i)
First period or K-period (n=1) 

This period is also called core period. It has two elements viz. H1 and He2. H spreads from 10° to 350° in this period and thus it is called core element. We can not place the H in a single group because it shows the properties of metals as well as non-metals (properties of alkali metals and properties of halogens) due to the resemblance of electronic configuration with both.  So it is placed at the centre of periodic table. Placement of H at the centre of periodic table is also justified by considering it as parent element.  He occupies only 20° of this period from 350° to 360°/0° and 360°/ 0° to 10°.

ii)
Second period or L - Period (n=2) 

This period has eight elements viz. Li3 to Ne10.  There is a blank space in this period from 50° to 250° which indicates the absence of d-orbitals in second shell of atom.

iii)
Third period or M-Period (n=3)  


This period also has eight elements viz. Na11 to Ar18.  Here an unoccupied space from 50° to 250° indicates that 3d orbitals are filled after the filling of 4s orbitals.

Second and third periods are called short periods.
iv)
Forth period or N-period (n=4) 

This period has eighteen elements viz. K19 to Kr36 
v)
Fifth period or O-period (n=5)  


This period also has eighteen elements viz Rb37 to Xe54. Forth and fifth periods are called long periods.

vi)
Sixth period or P-period (n=6) 


This period has 32 elements viz. Cs55 to Rn86. This track of principal circle is linked to inner track of auxiliary circle.  Actually inner track of auxiliary circle is an extension of sixth track of principal circle to accommodate fourteen 4f-elements (lanthanides).

vii)
Seventh period or Q-period (n=7)  


This period is incomplete.  At present it has 29 elements viz. Fr87 to Uuo118 (The identity of elements Uut113 Uup115 and Uus177 is yet to be established).  As sixth period this track of principal circle is linked to outer track of auxiliary circle.  Actually outer track of auxiliary circle is an extension of seventh track of principal circle to accommodate fourteen 5f-elements (Actinides).

Sixth and Seventh periods are called very long periods.

Groups
These are angular sectors. Angular form of periodic table consists of eighteen groups.

i)  First group or 20° group 


It spreads from 10° to 30° and lies at 20° (if we measure the position 

of all groups in clockwise direction with respect to inert gases which lie at 0°/360°).  It has six elements viz. Li3, Na11, K19, Rb37, Cs55 and  Fr87.  These elements are called alkali metals.  

ii)
Second group or 40° group  


It spreads from 30° to 50° and lies at 40°. It also has six elements viz.  Be4, Mg12, Ca20, Sr38,  Ba56 and Ra88.  These elements are called alkaline earth metals.

iii)
Third group or 60° group  


It spreads from 50° to 70° and lies at 60°. It is very important group because it has maximum number of elements.  It has 32 elements viz. Sc21, Y39, La57 and Ac89 in d-block, 14 Lanthanides (atomic number 58 to 71) and 14 Actinides (atomic number 90 to 103) in f-block (auxiliary circle).  The cause of such large number of elements in this group is that extension of sixth and seventh tracks of principal circle takes place here.  

iv)
Forth group or 80° group  


It spreads from 70° to 90° and lies at 80°.  It has four elements viz. Ti22, Zr40, Hf72 and Rf104.  This group is also linked to auxiliary circle to indicate the filling of electrons between different elements (elements of d and f blocks).

v)
Fifth group or 100° group 


It spreads from 90° to 110° and lies at 100°.  It has four elements 

viz. V23, Nb41, Ta73 and Db105.

vi)
Sixth group or 120° group  


It spreads from 110° to 130° and lies at 120°.  It has four elements viz. Cr24,  Mo42, W74 and Sg106.

vii)
Seventh group or 140º group

It spreads from 130° to 150° and lies at 140°.  It has four elements viz. Mn25, Tc43, Re75 and Bh107.

viii)
Eighth group or 160° group

It spreads from 150° to 170° and lies at 160°.  It has four elements viz. Fe26, Ru44, Os76 and Hs108.

ix)
Ninth group or 180° group 


It spreads from 170° to 190° and lies at 180°. It has four elements viz. Co27, Rh45, Ir77 and Mt109.

x)
Tenth group or 200° group  


It spreads from 190° to 210° and lies at 200°.  It has four elements viz. Ni28  Pd46, Pt78 and Ds110.

xi)
Eleventh group or 220° group  


It spreads from 210° to 230° and lies at 220°.  It has four elements viz. Cu29, Ag47, Au79 and Rg111.

xii)
Twelfth group or 240° group

 It spreads from 230° to 250° and lies at 240°.  It has four elements viz. Zn30, Cd48, Hg80 and Uub112.

xiii)
Thirteenth group or 260° group

It spreads from 250° to 270° and lies at 260°.  It has five elements 

viz. B5, Al13, Ga31, In49 and Tl81.  The identity of element Uut113  is yet to be established. 

xiv)
Fourteenth group or 280° group

It spreads from 270° to 290° and lies at 280°.  It has six elements viz. C6, Si14, Ge32, Sn50, Pb82 and Uuq114.

xv)
Fifteenth group or 300° group  


It spreads from 290° to 310° and lies at 300°. It has five elements viz.  N7, P15, As33, Sb51, and Bi83.  The identity of element Uup115  is yet to be established. 

xvi)
Sixteenth group or 320° group 


It spreads from 310° to 330° and lies at 320°.  It has six elements viz. O8, S16 ,Se34, Te52, Po84 and Uuh116. These elements are called chalcogens.

xvii)
Seventeenth group or 340° group 


It spreads from 330° to 350° and lies at 340°.  It has five elements viz.  F9,  Cl17, Br35, I53, and At85. These elements are called halogens. The identity of element Uus117  is yet to be established.  

xviii)  Eighteenth group or Zero group or 360° group or 0° group

It spreads from 350° to 360°/0° and 360°/0° to 10° and lies at     0°/360°.  It has seven elements viz. He2, Ne10, Ar18, Kr36, Xe54, Rn86 and Uuo118. Elements of this group are called inert gases or noble gases or aerogens.

Electronic ConfiguratioN of the elements and the building up of the periodic table

While building up the periodic table from hydrogen onwards it is imagined that the next higher atom has essentially the same inner configuration as the preceding one and thus electronic configuration of the next element is determined by adding one electron to the inner configuration of the preceding atom.

i)
First period or K-period (n=1)

The single electron in H-atom enters the 1s-orbital, giving 1s1 electronic configuration to H-atom.  Second electron in He-atom also enters 1s-orbital to give 1s2 configuration to He-atom. Thus at He, K-shell is completely filled in atom and K-track or Core track is completely filled in periodic table.

ii)
Second period or L-period (n=2) 

At Li3 the filling up of 2s-orbital starts and is completed at Be4. Similarly at B5 2p- orbitals start filling and these are completed at Ne10 which is the end of second period to give 1s2, 2s2 2p6 configuration to Ne.  Thus at Ne, K and L shells are completely filled in atom and K-track and L-track are completely filled in periodic table.  A blank space from 50° to 250° in L-track indicates the absence of d-orbitals in this shell of atom.

iii)
Third period or M-period (n=3):  
In this period 3s- ad 3p-orbitals are being occupied and are completely filled at Ar18 whose complete configuration is, therefore, 1s2, 2s2 2p6, 3s2 3p6 which shows that at Ar  M-shell whose maximum capacity to contain the electron is 18 is not completely filled, since 3d-orbitals of M-shell are still vacant.  Vacant 3d-orbitals of M-shell are indicated by an unoccupied space from 50° to 250° in M-track of periodic table.

iv) 
Forth Period or N-Period (n=4) 

Since 4s-orbital is of lower energy than 3d-orbitals it will be filled first. Thus the configuration of K19 and Ca20 are [Ar]4s1 and [Ar]4s2 respectively.


In the next element, Sc21, the additional electron enters 3d-orbital and this process ends at Zn30 where 3d-orbitals are completely filled. Thus the configuration of Sc21 and Zn30 are [Ar]3d1 4s2 and [Ar]3d104s2 respectively. There are certain irregularities in the filling of 3d-orbitals, e.g., Cr24 and Cu29 have the valence shell configurations, 3d5, 4s1 and 3d10, 4s1 and not the expected ones 3d4, 4s2 and 3d9, 4s2. This is due to the fact that the half-filled (d5 in Cr24) and fully filled (d10 in Cu29) sub-shells are more stable than partially filled sub-shells.


At Ga31, 4p-orbitals start to fill up and are completely filled at Kr36.  Evidently 4s-, 3d-, and 4p-orbitals are completely filled at the end of this period. It is also clear by N-track of the periodic table.

v)
Fifth Period or O-Period (n=5)

As forth period the 5s-orbital is filled first than 4d-orbitals to give [Kr]5s1  and [Kr]5s2 configurations to Rb37 and Sr38 respectively.


At  Y39 the 4d-orbitals start to fill up and are completely filled at 

Cd48  to give [Kr]4d1, 5s2 and [Kr]4d10, 5s2 configurations respectively. In this series of 10 elements (Y39  to Cd48) also the unpairing of 5s-electrons takes place at Nb41, Mo42, Ru44 ,  Rh45, Pd46 and Ag47 to give stable configurations. At In49 5p-orbitals start to fill up and are completely filled at Xe54. Evidently 5s-, 4d- and 5p-orbitals are completely filled at the end of this period. It is also clear by O-track of the periodic table.

vi) Sixth Period or P-Period (n=6)


 The next two electrons enter 6s-orbital at Cs55 and at Ba56 to give [Xe]6s1 and [Xe]6s2 configurations respectively. Now according to Aufbau principle the next electron (57th electron) must enter 4f-orbitals but exceptionally it goes to 5d-orbitals to give [Xe]5d16s2 configuration to La57. After that the filling of 4f-orbitals starts and continues from Ce58 to Lu71. This abnormal behaviour is settled by forming an auxiliary circle in periodic table to accommodate these elements. Thus, in sixth period we have an extra series of 14 elements (Ce58 to Lu71). These 14 elements are called Lanthanides. Lanthanides are placed in inner track of auxiliary circle which is an extension of sixth track of principal circle. In these elements the filling up of 4f-orbitals is not entirely regular at certain places. For example, configuration of (Gd64). 


Now at Hf72, 5d-orbitals again start to fill up and is completely filled at Hg80.

6p-orbitals are filled from Tl81 to Rn86. Evidently at the end of this period 6s-, 4f-, 5d- and 6p-orbitals are completely filled. It is also clear 

by P-track of the periodic table.

vii)
Seventh Period or Q-Period (n=7) 

As sixth period the next two electrons enter 7s-orbital at Fr87 and at Ra88 to give [Rn]7s1 and [Rn]7s2 configuration respectively. Again exceptionally the next electron (89th electron) goes to 6d-orbital instead of 5f-orbital. After that the filling of 5f-orbitals start and continue from Th 90 to Lr103. This abnormal behaviour is again settled with the help of auxiliary circle. Thus,in seventh period we again have an extra series of 14 elements     (Th90 to Lr103).  These 14 elements are called Actinides. Actinides are placed in outer track of auxiiary circle which is an extension of seventh track of principal circle. Now at Rh104, 6d-orbitals again start to fill up and is completely filled at Uub112.


7p-orbitals are filled from Uut113 to Uuo118  (The identity of element  Uut113, Uup115 and Uus117 is yet to be established).  It is also clear by Q- Track of the periodic table.
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