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Compounds

Hydrides
All elements form volatile hydrides of the formula MHs. Nitrogen also forms hydrazine,
N2H4 and hydrazoic acid N3H (fig 20)
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Fig.20: Some hydrides of Nitrogen

On moving down the group from NH3 to BiHs, the central atom becomes larger and effective
overlap with the small 1s orbital of hydrogen decreases. Thus the stability of the hydrides
decreases down the group and their reducing power increases. The bond angle decreases
down the group. Some properties of the hydrides are shown in Table 13.

Table 13: Some Properties of Group 15 Hydrides

m.p. (°C) b.p. °C) | Bond energy | Bond Angle | Bond length (pm)
(KJmol™)
NH; -77.8 -34.5 389 107%48° 101.7
PH; -133.5 -87.5 318 93036 141.9
AsH3 -116.3 -62.4 247 91948’ 151.9
ShH; -88.0 -18.4 255 91918’ 170.7

VSEPR theory predicts pyramidal structure (sp® hybridization with lone pair on central
atom).
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Due to the presence of the lone pair, the bond angle is less than the normal tetrahedral bond
angle. On moving down the group, the electronegativity of the central atom decreases, the
bond- pair tends to move away from the central atom, the lone pair is more tightly held
causing greater distortion and is reflected by the decrease in bond angle down the group. The
lone pair on the central atom can be donated and the elements act as Lewis bases. However,
on descending the group, as the lone pair is more tightly held, the donor properties of the
hydrides decreases. Thus phosphine is a much weaker base than ammonia.



Ammonia is one of the most highly- produced inorganic chemicals. The Haber- Bosch
Process manufactures most of it synthetically from nitrogen and hydrogen. A small amount is
obtained during coal gas purification and during production of coke from coal. The
worldwide production in 2004 was 109,000,000 tons, the chief producer being China
followed by India. About 80% or more of the ammonia produced is used for fertilizing
agricultural crops. The main fertilizers manufactured from ammonia are urea, ammonium
nitrate, ammonium phosphate and ammonium sulphate. Ammonia is also used for the
production of many inorganic and organic chemicals, plastics, fibres, explosives and
intermediates for dyes and pharmaceuticals. Synthetic ammonia is the key to the production
of most nitrogen compounds as shown below.
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Hydrazine is prepared by the action of sodium hypochlorite on ammonia in presence of a
small amount of glue or gelatin, which suppresses the side reactions:

NH; + NaOCI e NH,CI + NaCl + H,O

NH; + NH.CI + NaOH ----- ©® NyH4 + NaCl + H,O

Hydrazine
Side reactions:
NoHs + 2NH.CIl ——m»» N> + 2NH4CI
3NH,CI +2NH; ——» N> + 3NH.CI
Oxidation of hydrazine is highly exothermic
NoHs+ O — » N, + 2H,0O AH=—622KJmol!

Advantage has been taken of this reaction in the major use of hydrazine and its methyl
derivative, in rocket fuels. Hydrazine is a convenient reducing agent. It can also act as a
coordinating ligand forming complexes with transition metals. Phosphorous forms an
unstable hydride diphosphine, P2Hs, which has very little similarity with hydrazine.

Hydrogen azide (hydrazoic acid HNz) is an unstable compound, which decomposes on

heating
2HN; ———» H, + 3N,

It is slightly more stable in aqueous solution and behaves as weak acid forming salts known
as azides. Sodium azide is obtained by reaction of sodamide with nitrous oxide.

2NaNH; + N O — »  NaN3 + NaOH + NH3
2NaN3 + H,SO; — ¥ 2HN3 + Na,SO,



The acid and some its salts are explosive in nature. lonic azides are more stable than covalent
azides as a greater number of resonating structures can be drawn for the former.
N=N=N: «—> N=N-N:«— S N-N=N:
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