
Chemistry of S and P block elements 

Oxidation state 

• Oxidation states of an element is closely related to the number od valence electrons, which 

means they change periodically with atomic numbers across a period.  

• Positive oxidation state increases and negative oxidation state decreases across a period with 

increasing atomic number. 
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• S-block elements show only one oxidation state.  

• P-block elements are capable of showing more than one oxidation state. 

 For example,  

 Oxidation states of oxygen in different oxides, 

Normal oxides 
CaO, MgO, K2O, H2O etc. 

Superoxides 
KO2, NaO2 

Peroxides 
H2O2, Na2O2 

OF2 

-2 -1/2 -1 +2 

  

 Oxidation states of nitrogen in different species in the nitrogen cycle, 

  

 Oxidation states of chlorine in the following compounds, 

HCl Cl2 ClF3 ClF5 HClO4 

-1 0 +3 +5 +7 

 

• Heavier elements of groups 13 and 14 shows oxidation states lower than their group oxidation 

states, for example: In group 13, B shows only +3 oxidation states; However, In and Tl prefer 

+1 oxidation state. 

Similarly: In group 14, C and Si prefer +4 oxidation state, whereas +2 oxidation state is more 

common for Sn and Pb. 

In group 15, Bi exclusively shows +3 oxidation state. 

 

 

NO3
- NO2 NO2

- NO N2O N2 NH2OH NH3 

+5 +4 +3 +2 +1 0 -1 -3 



Similarities in the Pair, Li and Mg 

1. High polarising power: Compared to the other alkali metal ions (e.g. Na+ =95 pm), Li+ is 

very small in size (60 pm). Because of this fact, it is highly polarising and it has got more 

similarities (compared to other alkali metals) with Mg2+ (65 pm) though Mg2+ is more 

polarising than Li+ (ionic potential, Z/r is more fore Mg2+). It may be noted that Li+ is more 

polarising compared to any other alkali metal ion. This high polarising power is reflected 

in the following properties which are not shown by other alkali metal ions having low 

polarising powers. 

(a) Hydration of salts: The salts having powerful polarising cations get very often 

hydrated; as with increasing ionic potential, ion-dipole interaction of cations 

towards water increases. Some of the hydrates of Li+ and Mg2+ salts are given 

below.  

LiCI.2H2O; LiClO4.3H2O; Li(NO3).3H2O; MgCl2.6H2O; Mg(ClO4)2.6H2O; 

Mg(NO3)2.6H2O 

Here it is worth noting that other alkali metals do not form stable hydrates. 

(b) Thermal instability of the oxy-acid salts: The thermal instability of the NO3
-, CO3

2-

, SO4
2-, BF4

- salts arises due to the polarising behaviour of the cation. The metal 

ions having larger ionic potential values facilitate the electron movement towards 

the metal due to the increased electron withdrawing inductive effect.  

 
Some examples of Li- and Mg-salts are given below. 
 

 
Other alkali metals give much more stable analogous salts 

(c) Covalence of the compounds: According to the Fajans' rule, Li-salts are more 

covalent than the other alkali metal salts., In this point, it has got more similarities 

with the Mg-salts than with other alkali metal salts. This is why, the halides of Li 

and Mg are soluble in some oxygenated organic solvents. 

(d) Complexing power: Because of the high polarising power, Li+ has got a tendency 

to form complexes. In this regard, Li+ fits better with Mg2+ rather than with other 

alkali metal ions. 



(e) Hydration energy: The hydration energy of Li+ is much greater compared to that 

of any other alkali metal ion and in this regard, it is comparable with Mg2+. 

2. Action of H2O: Both of them can decompose H2O to liberate H2. 

 
3. Action of N2: Both of them form nitrides when burnt in nitrogen. The nitrides are 

decomposed by H2O to liberate NH3. 

 
4. Action of Cl2: Both of them form chlorides which form hydrates, i.e. LiCl.2H2O and 

MgCl.6H2O. 

 
5. Action of O2: On burning in oxygen, Li gives its normal oxide Li2O, and Mg gives MgO. 

Other alkali metals can form other types of oxides, such as superoxides (O2
-) and 

peroxides (O2
2-) but such oxides of lithium are unstable. This instability can be explained 

by considering the low r+/r- value. For ionic compounds having a much larger anion than 

cation have ineffective crystal packing and cation anion contact as a result high anion-

anion repulsion. In this regard, Li fits better with Mg rather than with other alkali metals. 

6. Carbide formation: In contrast to the other alkali metals, Li reacts with carbon to form 

an ionic carbide Li2C2, just like MgC2. 

7. Nature of hydroxides: Both the hydroxides of lithium and magnesium are less soluble in 

water and these are also less basic. On heating they form their oxides. 

 
8. Instability of the hydrosulfides: Both LiSH and Mg(SH)2 are unstable compared to their 

respective hydroxides. Both Li+ and Mg2+ being harder prefer the harder base OH- 

compared to the softer one SH-. 

9. Organometallic compounds: Like the Grignard reagent, Li also forms many 

organometallic compounds 

10. Solubility: The halides of both Li and Mg are soluble in many organic solvents. It happens 

so because of the covalency in such salts. Li2CO3, Li3PO4, LiF, and the corresponding salts 

of Mg are insoluble in water. 

  



Similarities in the Pair, Be and Al 

1.  Occurrence and extraction: In nature they occur simultaneously in beryl, 3BeO, 

Al2O3.6SiO2. Both the metals are isolated by electrolysis of their fused salts in the presence 

of fluorides. 

2.  High polarising power: Because of the high polarising power of Be2+ and Al3+ as evidenced 

from the ionic potential value, they form covalent compounds having lower melting 

points and higher solubilities in organic solvents and they form hydrated salts. Because of 

the same ground, they yield high hydration energies in the formation of [Be(H2O)4]2+ and 

[Al(H2O)6]3+ species and their carbonates are thermally unstable. In these properties, Be2+ 

is more comparable with Al3+ rather than with other Gr 2 cations. 

3.  Complexing power: In contrast to other Gr 1 and Gr 2 metals, Be2+ has got a strong 

propensity to form complexes. The complexes of Be2+ and Al3+ are comparable. The 

examples are: [BeF4]2- and [AlF6]3-, [Be(C2O4)2]2- and [Al(C2O4)3]3- . Be(II) gives the 

tetrahedral complexes while Al(III) forms the octahedral complexes. 

4.  Action of HNO3: Both Be and Al are rendered passive by HNO3 due to the formation of 

their inert oxide coatings. 

5.  Action of alkalies: Be forms beryllates while Al forms aluminates. 

 
6. Properties of the oxides and hydroxides: These are amphoteric for both the metals. 

 
Be(OH)2 and Al(OH)3 behave similarly towards the acids and alkalis. 

7.  Properties of the halides: BeCl2 actually forms the polymeric structure through the 

bridging by CI. It can also attain the dimeric form (BeCl2)2 like the dimeric (AICI3)2. 

 
Both the halides are covalent and soluble in organic solvents. They are easily hydrolysed. 

They can also act as Lewis acids. 

8.  Properties of the hydrides: Both of them form polymerised hydrides through hydrogen 

bridge bonds (3c -2e) bonds. 

9.  Properties of the carbides: Both Be2C and Al4C3 yield CH4 on hydrolysis. 



 
 

Similarities in the Pair, B and Si 

1. Occurrence and extraction: B exists as borates while Si exists as silicates. Both of them 

are isolated by reducing their respective oxides by Mg. 

 
2. Physical texture: Both the nonmetals may have both the crystalline and amorphous 

allotropic forms. 

3. Covalency: Because of the high ionic potentials, they form predominantly covalent 

compounds. 

4. Action of alkalies: On fusion, B forms metaborates while Si forms metasilicates 

 
5. Properties of the oxides: On burning in the presence of O2, both B and Si form stable 

oxides. 

 
They react with strong alkalies as follows. 

 
They also react in the same way with HF.  

 
On heating with carbon in an electric furnace, they form carbides, 

 
Both the carbides form the three-dimensional networks. They are inert to hydrolysis. They 

are very hard and used as abrasives.  



On passing N2 over the heated mixture of the oxide and carbon, the corresponding 

nitrides are formed. 

 
Both the nitrides can decompose steam to produce their corresponding oxyacids and NH3. 

 
6. Properties of the halides: The chlorides are formed by passing CI2 over the heated 

mixture of the corresponding oxide and carbon. 

 
The corresponding fluorides are formed in the reaction between the respective oxides 

and HF. 

 
Both the chlorides, i.e. BCl3, and SiCl4, are liquid and are readily hydrolysed to form 

orthoboric acid and orthosilicic acid respectively. 

 
Both the fluorides are colourless gases and are hydrolysed in the same way. 

 
i.e. 

 
 

 
i.e. 

 
Both H3BO3 and H4SiO4 are weak acids. Both BX3 and SiX4 can act as Lewis acids. 

 
Both the halides can be reduced by LiAlH4 to produce their corresponding hydrides. 



 
7. Properties of the hydrides: The hydrides can be prepared by reducing their chlorides by 

LiAIH4. They can also be prepared by using the magnesium boride and silicide respectively. 

 
Here, some higher hydrides are also formed. The hydrides have comparable properties. 

They can easily burn to form their oxides. 

 
They hydrolyse in the same way 

 
8. Complexing power: Both B and Si have tendencies to form complexes, BF4

-, SiF6
2- are 

the halocomplexes. 
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