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Physical properties of Group-15 elements and their ions :



Physical properties of Group-15 elements and their ions :



Where do we utilize these elements?:
↘ The major nonchemical use of nitrogen gas is as an inert atmosphere in

metal processing, petroleum refining, and food processing.
↘ Liq. N2 is important coolant in freezing processes
↘ N-based chemical cyanides/azides used in motor vehicle airbags where

decomposition produces N2 to inflate the airbag (during accident)
↘

↘

P together with N and K is an essential plant nutrient

P crucial constituent of bones and teeth



Where do we utilize these elements?:
ꙮ Arsenic is used as a dopant in solid-state devices such as integrated circuits and lasers as

well as semiconductors. Although As is a well-known poison it is also an essential trace
element in chickens, rats, goats, and pigs, and arsenic deficiency leads to restricted
growth

ꙮ Arsenic compounds are sometimes used as rat poisons and insecticides but their use is
strictly controlled.

ꙮ As a result of its toxicity, arsenic compounds are used in wood preservation
ꙮ Antimony is used in semiconductor technologies to produce infrared detectors and light-

emitting diodes. It is used in alloys, where it leads to stronger and harder products.

ꙮ Sb used in paints, adhesives and plastics, and as a flame retardant

ꙮ Bi used in alloys. BiOCl used in cosmetic products i.e. cream, hair dyes and tints

ꙮ Bi has use in glass, ceramics industry and for catalysts, magnets



N differs from rest of its group elements due to

• small size

• high electronegativity

• high ionization enthalpy

• non-availability of d orbitals

• has potential to form p-p bond with itself and hence inert at room
temperature

•p-d bond formation is rare

• other elements of Group-15 are single bonded only

• maximum covalency is 4 as can not extend its bonding capacity



Chemical reactivity :

• towards Hydrogen (H2):
Forms complexes i.e. EH3 (E= N, P, As, Sb, Bi)

• towards Oxygen (O2):
Forms complexes i.e. E2O3 and E2O5 (E= N, P, As, Sb, Bi)



Hydrides :



Hydride structures :

• central atoms are sp3 hybridised

• one of the positions of the tetrahedron is occupied by lone pair giving
rise to pyramidal structure (three bond pair + 1 lone pair)

• tetrahedron is distorted due to repulsion between bond pairs and lone
pair of electrons

•

LP-LP > LP-BP > BP-BP (repulsion order )



Hydride structures :

Opposite to the
boron hydride
trigonal planar
molecular
geometry as that
did not have lone
pair of electrons

Oxidation state
of N in NH3 = -3

Haber process 
of ammonia
production



Hydride structures : Rationale

• All central atoms have four valence electron pairs

• The expected H-E-H bond angle likely < 109.5° (general Td) due to LP effect

• Distortion arises from the different electronic distribution in E-H bond

• Down the group electronegativity of E decreases

• Bond pairs tend to move away from E , occupying less space in its valence 
shell

• Reduction of repulsion between bonding pairs in the vicinity of E leading to 
decrease in the bond angle



Hydride properties :

• Down the group electronegativity of E decreases

• H-E-H bond angle also decreases reaching ~90°

• Indicates that , E-H bonds consist of almost pure p orbital

• Lone pair resides in almost pure s orbital i.e. in orbital which is more s
type than the sp3 type

• Lone pair in s orbital locates more closer to the nucleus and difficult to
remove

• NH3 is string base and can donate its lone pair of electrons strongly to
form complexes

• So, basicity (lone pair donation capacity) also decreases down the group

All these  trihydrides of Gr-15 elements are strong reducing agents



Time to assess your knowledge 

For answer check next slide





Hydrazine (N2H4) structure : N Oxidation State = -2

• Each nitrogen atom has a lone pair of electrons and either one or both
nitrogen atoms are able to accept protons to give N2H5

+ and the less
stable N2H6

2+

• overall complex has two lone pair of electrons

Gauche form 
predominant and 

stable



Hydrazine structure :

• Derivative of NH3 where one H being replaced with –NH2 group

• Both N atoms are sp2 hybridized, each having a lone pair of electrons in one of the hybrid
orbitals. One hybrid orbital from each N forms the N-N bond; the remaining orbitals are
engaged in N-H bonding. The N-N bond distance is 1.47 Å. The bond energy is estimated at
160 KJ mol-1 assuming the N-H bond energy to be the same as in NH3.

• Both N atoms adopt pyramidal geometry

• bond energy of N-N bond is extremely small due to repulsion of the nonbonding electrons
causing weakening of the N-N bond

• overall complex has two lone pair of electrons

• anomalously low bond dissociation energy due to strong repulsion between the lone pair
of electrons on the adjacent N atoms

• due to small size of N weaker base than NH3

• more electronegative –NH2 has –I effect on LP of N, making less basic for protonation

• may be considered as a derivative of ammonia, one hydrogen atom being
replaced by an —NH2 group



Hydrazine structure :

• it is exclusively present in gauche conformation, the two halves of the molecule being
rotated by 95 along the N-N bond. The HNH bond angles are 108

• It is widely used as Rocket fuel. N2H4 has uses in the agricultural and
plastics industries, and in the removal of O2 from industrial water
boilers to minimize corrosion, used as foam blowing agent

Hydrazine is prepared by the Raschig process, the first step of which involves the
production of chloramine, NH2 Cl. The process can be summarized by the equations



Hydroxylamine (NH2OH) structure : N Oxidation State = -1

• Derivative of NH3 where one H being replaced with –OH group

• weaker base than ammonia

• structure lies between hydrazine and hydrogen peroxide

• N : sp3 (trigonal pyramidal)

• O : sp3 (bent)



Hydroxylamine (NH2OH) structure : N Oxidation State = -1

• Hydroxylamine is derived from ammonia by replacing one hydrogen atom by a
hydroxyl group

• It is prepared by the electrolytic reduction of nitric acid, using a lead cathode

• The bonding corresponds to sp3 hybridised N atom with ne orbital occupied by
a lone pair of electrons. The N-O distance is 1.47Å in conformity with expected

single bond. Two configurational isomers –cis and –trans, are possible with

several intermediate gauche conformations:

Used as an antioxidant
in photographic
developers, in
reduction during
dyeing of acrylic fibres,
as absorbent in
combustion analysis



Hydrazoic acid (HN3)/ Hydrogen azide structure :

❖ The N-N-N group in this structure is linear

Major contributing 
resonance forms

✓ Linear hybridisation
(sp) for central N

✓ trigonal sp2  for 
terminal N atoms

Azide ion 



Hydrazoic acid (HN3) structure :

• The linear azide ion, N3 , can be formed by deprotonation of HN3, and
is symmetrical with two identical N-N bond lengths of 116 pm.

• no resemblance to either ammonia or hydrazine

• increased stability of ionic azides is due to enhanced resonance structural
forms

Hydrazoic acid (HN3) preparation:



Hydrazoic acid (HN3)/ Hydrogen azide structure :



Hydrazoic acid (HN3)/ Hydrogen azide structure / USE:

The azides are particularly useful in explosive
industry. Lead azide is vigorously used in detonators.



Hydrazoic acid (HN3)/ Hydrogen azide structure :



Hydrazoic acid (HN3)/ Hydrogen azide structure :



Halides:

• Group-15 elements have preferrable +3 and +5 oxidation states

• Hence, both of their halide types : trihalides as well as pentahalides are
known

• trihalides are sp3 hybridised with distorted tetrahedral geometry and
pyramidal molecular shape

• pentahalides are sp3d hybridised and are trigonal bipyramidal in shape

• All combination of EX3 type complexes are known (E = N, P, As, Sb, Bi and X=
F, Cl, Br, I)

• Ionic nature of these trihalides increases down the group

• All EX5 complexes are stable except NF5 as N has only four valence orbitals

• Fluoride ligands are able to stabilize the highest oxidation state of the
Group 15 elements.



Halides:

• N has only 4 electrons in its outermost shell (one in s orbital and 3 in p)
which is available for bonging. So, shows maximum covalency of 4

• heavier congeners have vacant d orbital in valence shell to be used for
bonding



Halides:

•EX5 compounds become increasingly oxidizing on going down the group

• Structure of PCl5 :



Structure of PCl5 : 

❖ In gas phase, pentahalide adopts trigonal bipyramidal
structure as expected from VSEPR

❖ In solid state situation complicates due to
characterisation of different phases of PCl5

❖ crystallizes as ionic solid as shown beside

❖ another metastable form : (PCl4
+)2 (PCl6

-) Cl

❖ generally, EX5 act as lewis acids to react with lewis bases
(electron pair donor ligands) to form EX6

- species

❖ PCl5 is a strong Lewis acid and form stable complexes
with amines and ethers

❖ It is an important reagent and made industrially by the
reaction of PCl3 and Cl2

Td,

Oh,



Structure of PCl5 : 



Oxides and oxoacids:

• All Group-15 elements form wide range of oxides : N, P specially

• The  +5 oxides are found, in each case, to be more acidic than the 
corresponding + 3 oxides.



Nitrogen Oxides :

Oxides of nitrogen cover a range of oxidation states, from + 1 to +5, and
in all compounds there is significant N-0 p-p bonding



Nitrogen Oxides :



Nitrogen Oxides :
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Nitrogen Oxides : 



Nitrogen Oxides : 



Nitrogen-Oxygen anions : 



N-oxides: more recapitulation : 



N-oxides: more recapitulation : 



Nitrogen Oxides : 

Linear (Dinitrogen
oxide; N2O)



Nitrogen Oxides : 1. Linear (Dinitrogen oxide; N2O)

• sp hybridisation for both N, sp3 for O
• 16 electron triatomic molecule

(a) (b)



1. Linear (Dinitrogen oxide; N2O)

• Preparation

• The calculated bond orders are N-N: 2.73 and N-O: 1.61

• Dinitrogen monoxide has a faint, sweet odour. It dissolves in water to give a
neutral solution, but does not react to any significant extent.

• One application of N2O is as a general anaesthetic (‘laughing gas’),
but its major use is in the preparation of whipped cream and as
aerosol propellants

• Central N boasts sp hybrid orbital to form two  bonds to N and O on two sides.
The two p orbitals excluded from hybridisation form two  bonds to N ad O in
structure and to N only in structure b in previous slide

Features


