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PERIODIC PROPERTIES 

Atomic Radius : There are two common ways in which we can define atomic radius.  

 The covalent radius, rcov, is defined as the half-distance between the nuclei of two 

atoms of the same element joined in a single covalent bond. The figure below 

represents the covalent radii (pm) of a typical group and short period. 

 

The van der Waals radius, rvdw, is defined as the half-distance between the nuclei 

of two atoms of neighboring molecules.   

The next figure shows comparison of the covalent radius, rcov, and the van der 

Waals radius, rvdw. 
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In a period, left to right: 

a- n (number of shells) remain constant.  

b- Z increases (by one unit).         

c- Z* increases (by 0.65 unit).     

d- Atomic radius decreases.  

In a group, top to bottom:    

a- n increases. 

b- Z increases. 

c- No dramatic increase in Z*, almost remains constant  

d- -. Atomic radius increases. 

The next two tables represent, respectively, the Atomic and Ionic Radii in (pm) 

unit, where pm = 10
-12

m. 
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To explain this change in atomic size through a period, we take the example of the 

lithium atom, which has the following atomic arrangement: 

3Li :  1S
2
 2S

1
 

We notice that the outer shell electron)2S
1

 (  is only blocked by the inner shell or 

core electrons)1S
2
(from the total attraction of the three protons present in the 

nucleus of the lithium atom, where the force of attraction of the positive protons 

present in the nucleus to the negative electron is called effective nuclear charge 

)Z *(. 

Let's take another example, which is the beryllium atom, which has the following 

electronic configuration: 

4Be :  1S
2
 2S

2
 

We notice that the last electron in this atom is not only prevented by the inner 

electrons (the two electrons of the 1s2 shell) from attracting the effective charge of 

the nucleus, but it is also prevented by the electron present with it in the same 
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shell, but the shielding caused by the electron present with it is much less than the 

shielding caused by the electrons present in the inner shells. 

Therefore, the last electron in beryllium will feel a higher attraction force from the 

four protons in the nucleus, compared to the attraction force of the three protons of 

lithium, so the atomic radius of beryllium is smaller than the atomic radius of 

lithium. 

Note: In one period from left to right, the shielding decreases, the effective 

charge increases, and the atomic size or radius also decreases. 

Rules Slater’s   

Z* = Z – S 

Z*: effective nuclear charge 

Z :Atomic number  

S: shielding constant 

1. Write the electron configuration of the atom in the following form: 

(1s) (2s, 2p) (3s, 3p) (3d) (4s, 4p) (4d) (4f) (5s, 5p) (5d) 

2. All electrons in orbitals of greater principal quantum number (at n+1) contribute 

zero. 

3.For ns or np valence electrons: 

a. Electrons in the same ns, np group (same principal quantum number) 

contributes (0.35). 



6 
 

b. Electrons in the (n-1) principal group contribute (0.85). 

c. Electrons in the (n-2) or lower groups contribute (1.00). 

4- For nd and nf valence electrons: 

 

Example: Calculate the effective nuclear charge (Z*) of the following: 

a- 2p electron in the 8O atom. 

Ans. 8O : (1S
2
) (2S

2
 2P

4
) = (1S)

2
 (2S 2P)

6
 

S = (2 ˟ 0.85) + (5 ˟ 0.35) = 3.45 

Z* = Z – S = 8 - 3.45= 4.55 

b- 3d electron in the 28Ni atom. 

Ans. 28Ni = (1S
2
) (2S

2
 2p

6
) (3S

2
 3p

6
) (4S

2
) (3d

8
) 

 = (1S)
2
 (2S2p)

8
 (3S 3p)

8
 (3d)

8
 (4S

2
)  

S = [18 ×(1)] + [7 × (0.35)] = 20.45 

Z* = Z – S = 28 – 20.45 = 7.55 
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c- 4s electron in the 28Ni atom. 

Ans. 28Ni = (1S
2
) (2S

2 
2P

6
) (3S

2
 3P

6
) (4S

2
) (3d

8
) 

= (1S2S 2P)
10 

(3S 3P3d)
16

 (4S)
2
 

S =[10 × (1)] + [16 ×(0.85)] + [1 × (0.35)] = 23.95 

Z* = Z – S = 28 – 23.95 = 4.05 

d- 4f electron in the 73Ta atom. 

Ans. 73Ta = [Xe]54 4f
14

 6S
2
 5d

3
  

= [Xe]54 4f
14

 (6S)
2
 (5d)

3
  

S = [54 * (1)] + [13 * (0.35)] = 58.55  

Z* = Z – S = 73 – 58.55 = 14.45 

e- The last electron in 29Cu atom. 

 Ans. 29Cu = (1S
2
) (2S

2 
2P

6
) (3S

2
 3P6) (4S

1
) (3d

10
) 

 = (1S2S 2P)
10

 (3S 3P3d)
18

 (4S)
1
  

S =[10 ×(1)] + [18× (0.85)] + [0 × (0.35)] = 25.30  

Z* = Z – S = 29 – 25.30 = 3.70 

It is clear from the above that in one period from left to right, the effective 

charge of the nucleus increases and the shielding and size decrease. 

Ionization Energy (IE):- also known as the ionization potential, Is the energy 

required to remove an electron from a gaseous atom to form a gaseous cation. The 

losing of an electron is an Endothermic process (require energy). 
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X(g) + energy → X
+
(g) + e

− 

 It became clear from studying the effective charge of the nucleus that the 

electrons of the outer shell are linked by the force of attraction of the protons 

of the positive nucleus of the atom, and therefore to overcome this attractive 

energy the electron must be supplied with energy. 

 The first ionization energy always requires less energy than the second 

ionization energy. The reason is that the second valence electron suffers 

from a higher attractive force(Z* ) than the first valence electron. 

 Ionization energy increases in the period (from left to right) due to the 

increase in the effective charge of the nucleus (Z*)  and decreases in the 

group (from top to bottom) as shown in the table below. 

 

It is noted that the ionization energy of oxygen is less than that of nitrogen, despite 

the increase in ionization energy when moving in one period from left to right. The 

reason for this is that the (2P
3
) orbital in nitrogen has three electrons distributed 
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singly (semi-saturated orbitals are more stable). However, in the case of oxygen 

(2P
4
), the presence of a fourth electron will be added to the semi-saturated orbital, 

which reduces stability and reduces the energy required to extract the electron. 

 It is noted that the ionization energy and the effective nucleus charge (Z*)  

increase in the period (from left to right), which means that there is a direct 

relationship between them, and at the same time there is an inverse 

relationship between the square of the period number (n) and the ionization 

energy, which explains the decrease in ionization energy in the same group 

when descending from top to bottom. The relationship below shows the 

relationship between ionization energy, the effective charge of the nucleus 

and the period number (principal quantum number). 

 

Z* = Effective nuclear charge. 

n = principle quantum number. 

13.6 e.v = The ionization energy of the H atom. 

This value (-13.6 ev)represents the energy of the electron in the hydrogen atom, 

and therefore, to remove the electron from the hydrogen atom, it must be exposed 

to a potential difference (energy) of 13.6 ev. 
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Ex: Calculate the first ionization energy or (potential) of 3Li 

Ans: First we must calculate Effective nuclear charge ( Z*) 

3Li: (1S)
2
 (2S)

1
  

S = [2×(0.85)] + [0× (0.35)] = 1.7  

Z* = Z – S = 3 – 1.7 = 1.3  

So I.E = 13.6 e.v *[(Z*)
2
 / n

2
]  

= 13.6 e.v * [(1.3)
2
/ (2)

2
] 

= 13.6 e.v * [0.4225] = 5.746 e.v 

So, I.E of 3Li in KJ/ mol = [5.746] * [96.485] 

= 554.4 KJ/ mol 
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Electron Affinity (EA): is defined as the amount of energy released when an 

electron is attached to a neutral atom in the gaseous state to form a negative ion.. 

The gaining of an electron is an exothermic process (releasing energy). 

X(g) + e
-
 → X

- 
(g) + Energy 

The energy released when an electron is added to a neutral atom is a measure of 

the strength of the bond between this electron and the atom. The greater the energy 

released, the more strongly the added electron is bound. Since the atomic radius 

decreases in the period, this means that the added electron will be closer to the 

nucleus (i.e. will be more strongly bound) as we move from left to right in the 

period. Therefore, the electron affinity increases in the period from left to right and 

decreases in the group from top to bottom. 

Note1 :that the electron affinity of metals is low and that of non-metals is high. 

Note2: Halogens have a high electron affinity, due to their strong desire to 

gain an electron to fill their outer shell (i.e. until it is filled with eight 

electrons) and become more stable. 

The following table shows the electron affinity values of the elements 

represented in kj/mole. 
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Electronegativity;- Pauling defined electronegativity as the power of an atom in 

a molecule to attract a shared pair of electrons (or electron density) to itself. 

*Other definition 

Electronegativity: is a measure of an atom’s ability to attract electrons from a 

neighboring atom to which it is bonded. 

Note1: All periodic properties are specific to atoms except for negativity, which is 

specific to molecules. 

Note2: The higher the effective charge of the nucleus of an atom within a 

molecule, the more this atom shows a desire to attract electrons towards it. 

Therefore, the electronegativity increases in one period (from left to right) and 

decreases in the group (from top to bottom). 

The table below shows the electronegativity values of a group of representative 

elements. 

 

 


