After studying this Unit, you will be
able to

7.1 Group 15

appreciate general trends in the
chemistry of elements of groups
15,16,17 and 18;

learn the preparation, properties
and wuses of dinitrogen and
phosphorus and some of their
important compounds;

describe the preparation,
properties and uses of dioxygen
and ozone and chemistry of some
simple oxides;

know allotropic forms of sulphur,
chemistry of its important
compounds and the structures of
its oxoacids;

describe the preparation,
properties and uses of chlorine
and hydrochloric acid;

know the chemistry of
interhalogens and structures of
oxoacids of halogens;
enumerate the uses of noble

gases;
appreciate the importance of
these elements and  their

compounds in our day to day life.

Clements

7.1.1 Occurrence

Hihe p-Plock
tlements

Diversity in chemistry is the hallmarik of p-block elements manifested
in their ability to react with the elements of s—, d- and f~blocks as
well as with their own.

In Class XI, you have learnt that the p-block elements
are placed in groups 13 to 18 of the periodic table.
Their valence shell electronic configuration is ns’np'™®
(except He which has 1s® configuration). The properties
of p-block elements like that of others are greatly
influenced by atomic sizes, ionisation enthalpy, electron
gain enthalpy and electronegativity. The absence of d-
orbitals in second period and presence of d or d and f
orbitals in heavier elements (starting from third period
onwards) have significant effects on the properties of
elements. In addition, the presence of all the three types
of elements; metals, metalloids and non-metals bring
diversification in chemistry of these elements.

Having learnt the chemistry of elements of Groups
13 and 14 of the p-block of periodic table in Class XI,
you will learn the chemistry of the elements of
subsequent groups in this Unit.

Group 15 includes nitrogen, phosphorus, arsenic, antimony and
bismuth. As we go down the group, there is a shift from non-metallic
to metallic through metalloidic character. Nitrogen and phosphorus

are non-metals, arsenic and antimony metalloids and bismuth is a

typical metal.

Molecular nitrogen comprises 78% by volume of the atmosphere.

In the earth’s crust, it occurs as sodium nitrate, NaNO, (called Chile
saltpetre) and potassium nitrate (Indian saltpetre). It is found in the
form of proteins in plants and animals. Phosphorus occurs in minerals



of the apatite family, Cay(PO,)s. CaX, (X = F, Cl or OH) (e.g., fluorapatite
Cag (PO,)s. CaF,) which are the main components of phosphate rocks.
Phosphorus is an essential constituent of animal and plant matter. It
is present in bones as well as in living cells. Phosphoproteins are present
in milk and eggs. Arsenic, antimony and bismuth are found mainly as
sulphide minerals.

The important atomic and physical properties of this group elements
along with their electronic configurations are given in Table 7.1.

Table 7.1: Atomic and Physical Properties of Group 15 Elements

Atomic number

Atomic mass/g mol”
Electronic configuration

Ionisation enthalpy

(AH/(kJ mol™)

Electronegativity

Covalent radius/pm®

Ionic radius/pm
Melting point/K
Boiling point/K

Density/[g cm (298 K)]

(

7 15 33 51 83 |
14.01 30.97 74.92 121.75 208.98
[He]2s*2p° | [Ne]3s°3p° | [Ar]3d'%4s°4p° [Krl4d'°5s°5p’ | [Xel4f'5d°6s°6p’

I | 1402 1012 | 947 834 703

I | 2856 1903 1798 1595 | 1610

Il 4577 2910 | 2736 | 2443 2466
3.0 2.1 | 2.0 1.9 1.9
70 | 110 121 | 141 148
171° 212° 222" 76¢ 103°
63* 317¢ 1089° | 904 544

| 77.2* 554¢ 888' 1860 1837
0.879¢ | 1.823 5.778" 6.697 9.808

o g" single bond (E = element); b EF: ¢ E%: 4 White phosphorus; ¢ Grey a-form at 38.6 atm; J Sublimation temperature;
9 At 63 K; "Grey a-form; * Molecular N.,.

7.1.2 Electronic

Configuration

7.1.3 Atomic and
Ionic Radii

7.1.4 Ionisation
Enthalpy
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Trends of some of the atomic, physical and chemical properties of the
group are discussed below.

The valence shell electronic configuration of these elements is ns’np’.
The s orbital in these elements is completely filled and p orbitals are
half-filled, making their electronic configuration extra stable.

Covalent and ionic (in a particular state) radii increase in size
down the group. There is a considerable increase in covalent radius
from N to P. However, from As to Bi only a small increase in
covalent radius is observed. This is due to the presence of
completely filled d and/or f orbitals in heavier members.

Ionisation enthalpy decreases down the group due to gradual increase
in atomic size. Because of the extra stable half-filled p orbitals electronic
configuration and smaller size, the ionisation enthalpy of the group 15
elements is much greater than that of group 14 elements in the
corresponding periods. The order of successive ionisation enthalpies,
as expected is AH, < AH, < AH; (Table 7.1).



7.1.5
Electronegativity

7.1.6 Physical
Properties

7.1.7 Chemical
Properties

The electronegativity value, in general, decreases down the group with
increasing atomic size. However, amongst the heavier elements, the
difference is not that much pronounced.

All the elements of this group are polyatomic. Dinitrogen is a diatomic gas
while all others are solids. Metallic character increases down the group.
Nitrogen and phosphorus are non-metals, arsenic and antimony metalloids
and bismuth is a metal. This is due to decrease in ionisation enthalpy and
increase in atomic size. The boiling points, in general, increase from top to
bottom in the group but the melting point increases upto arsenic and then
decreases upto bismuth. Except nitrogen, all the elements show allotropy.

Oxidation states and trends in chemical reactivity

The common oxidation states of these elements are -3, +3 and +5.
The tendency to exhibit -3 oxidation state decreases down the group due
to increase in size and metallic character. In fact last member of the group,
bismuth hardly forms any compound in -3 oxidation state. The stability
of +5 oxidation state decreases down the group. The only well characterised
Bi (V) compound is BiF;. The stability of +5 oxidation state decreases and
that of +3 state increases (due to inert pair effect) down the group. Nitrogen
exhibits + 1, + 2, + 4 oxidation states also when it reacts with oxygen.
Phosphorus also shows +1 and +4 oxidation states in some oxoacids.

In the case of nitrogen, all oxidation states from +1 to +4 tend to
disproportionate in acid solution. For example,

3HNO, —» HNO, + H,0 + 2NO

Similarly, in case of phosphorus nearly all intermediate oxidation
states disproportionate into +5 and -3 both in alkali and acid. However
+3 oxidation state in case of arsenic, antimony and bismuth becomes
increasingly stable with respect to disproportionation.

Nitrogen is restricted to a maximum covalency of 4 since only four
(one s and three p) orbitals are available for bonding. The heavier elements
have vacant d orbitals in the outermost shell which can be used for
bonding (covalency) and hence, expand their covalence as in PFg.

Anomalous properties of nitrogen

Nitrogen differs from the rest of the members of this group due to
its small size, high electronegativity, high ionisation enthalpy and
non-availability of d orbitals. Nitrogen has unique ability to form
pr-pr multiple bonds with itself and with other elements having
small size and high electronegativity (e.g., C, O). Heavier elements of
this group do not form prz-pr bonds as their atomic orbitals are so
large and diffuse that they cannot have effective overlapping.
Thus, nitrogen exists as a diatomic molecule with a triple bond (one
s and two p) between the two atoms. Consequently, its bond enthalpy
(941.4 kJ mol™) is very high. On the contrary, phosphorus, arsenic
and antimony form single bonds as P-P, As-As and Sb-Sb while
bismuth forms metallic bonds in elemental state. However, the single
N-N bond is weaker than the single P-P bond because of high
interelectronic repulsion of the non-bonding electrons, owing to the
small bond length. As a result the catenation tendency is weaker in
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nitrogen. Another factor which affects the chemistry of nitrogen is
the absence of d orbitals in its valence shell. Besides restricting its
covalency to four, nitrogen cannot form dz-pz bond as the heavier
elements can e.g., R;P = O or R;P = CH, (R = alkyl group). Phosphorus
and arsenic can form dz-dz bond also with transition metals when
their compounds like P(C,H;); and As(Cg¢Hs); act as ligands.

(i)

Reactivity towards hydrogen: All the elements of Group 15
form hydrides of the type EH; where E = N, P, As, Sb or Bi.
Some of the properties of these hydrides are shown in Table
7.2. The hydrides show regular gradation in their properties.
The stability of hydrides decreases from NH; to BiH; which can
be observed from their bond dissociation enthalpy.
Consequently, the reducing character of the hydrides increases.
Ammonia is only a mild reducing agent while BiH; is the
strongest reducing agent amongst all the hydrides. Basicity also
decreases in the order NH; > PH; > AsH; > SbH; > BiHs.

Table 7.2: Properties of Hydrides of Group 15 Elements

» W a A\‘*v

Melting point/K 195.2 139.5 156.7 185 -

Boiling point/K 238.5 185.5 210.6 254.6 290

(E-H) Distance/pm | 101.7 141.9 | 151.9 170.7 -

HEH angle (°) 107.8 | 93.6 91.8 91.3 -
A;H?/kJ mol™ -46.1 13.4 66.4 145.1 278
AussH°(E-H)/kJ mol" | 389 322 297 255 -

(ii)

(iii)

(iv)

Reactivity towards oxygen: All these elements form two types
of oxides: E,O; and E,Os. The oxide in the higher oxidation state
of the element is more acidic than that of lower oxidation state.
Their acidic character decreases down the group. The oxides of
the type E,O; of nitrogen and phosphorus are purely acidic,
that of arsenic and antimony amphoteric and those of bismuth
predominantly basic.

Reactivity towards halogens: These elements react to form two
series of halides: EX; and EX;. Nitrogen does not form
pentahalide due to non-availability of the d orbitals in its valence
shell. Pentahalides are more covalent than trihalides. All the
trihalides of these elements except those of nitrogen are stable.
In case of nitrogen, only NF; is known to be stable. Trihalides
except BiF; are predominantly covalent in nature.

Reactivity towards metals: All these elements react with metals
to form their binary compounds exhibiting -3 oxidation state,
such as, CasN, (calcium nitride) CasP, (calcium phosphide),
Na;As, (sodium arsenide), Zn;Sb, (zinc antimonide) and Mg;Bi,
(magnesium bismuthide).



Though nitrogen exhibits +5 oxidation state, it does not form
pentahalide. Give reason.

Nitrogen with n = 2, has s and p orbitals only. It does not have d
orbitals to expand its covalence beyond four. That is why it does not
form pentahalide.

PH; has lower boiling point than NH;. Why?

Unlike NH;, PH; molecules are not associated through hydrogen bonding
in liquid state. That is why the boiling point of PH; is lower than NH.

Solution

Solution

Intext Questions
7.1 Why are pentahalides more covalent than trihalides ? <

7.2 Why is BiH; the strongest reducing agent amongst all the hydrides of
Group 15 elements ?

7.2 Dinitrogen

Preparation
Dinitrogen is produced commercially by the liquefaction and fractional
distillation of air. Liquid dinitrogen (b.p. 77.2 K) distils out first leaving
behind liquid oxygen (b.p. 90 K).
In the laboratory, dinitrogen is prepared by treating an aqueous
solution of ammonium chloride with sodium nitrite.
NH,CI(aq) + NaNO,(aq) — N,(g) + 2H,0(l) + NaCl (aq)

Small amounts of NO and HNO, are also formed in this reaction;
these impurities can be removed by passing the gas through aqueous
sulphuric acid containing potassium dichromate. It can also be obtained
by the thermal decomposition of ammonium dichromate.

(NH4)2cr207 %) NZ + 4H20 + Cr203

Very pure nitrogen can be obtained by the thermal decomposition
of sodium or barium azide.

Ba(N;), > Ba + 3N,

Properties

Dinitrogen is a colourless, odourless, tasteless and non-toxic gas.
Nitrogen atom has two stable isotopes: "“N and '°N. It has a very low
solubility in water (23.2 cm® per litre of water at 273 K and 1 bar
pressure) and low freezing and boiling points (Table 7.1).

Dinitrogen is rather inert at room temperature because of the high
bond enthalpy of N=N bond. Reactivity, however, increases rapidly with
rise in temperature. At higher temperatures, it directly combines with
some metals to form predominantly ionic nitrides and with non-metals,
covalent nitrides. A few typical reactions are:

6Li + N, —Heat 5 913 N

SMg + N2 %) Mg3N2
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It combines with hydrogen at about 773 K in the presence of a
catalyst (Haber’s Process) to form ammonia:

Ny(g) + 3Hy(g "%  2NH,(g): AH® = -46.1 kJmol '

Dinitrogen combines with dioxygen only at very high temperature
(at about 2000 K) to form nitric oxide, NO.

N, + O,(g) Heat 2NO(g)

Uses: The main use of dinitrogen is in the manufacture of ammonia and other
industrial chemicals containing nitrogen, (e.g., calcium cyanamide). It also
finds use where an inert atmosphere is required (e.g., in iron and steel industry,
inert diluent for reactive chemicals). Liquid dinitrogen is used as a refrigerant
to preserve biological materials, food items and in cryosurgery.

Example /-3 Write the reaction of thermal decomposition of sodium azide.

Solution Thermal decomposition of sodium azide gives dinitrogen gas.
2NaN; — 2Na + 3N,

s
Intext Question
\ 7.3 Why is N, less reactive at room temperature?

7.3 HAmmonia Preparation

Ammonia is present in small quantities in air and soil where it is
formed by the decay of nitrogenous organic matter e.g., urea.

NH,CONH, + 2H,0 — (NH, ),CO; = 2NH, + H,0 + CO,

On a small scale ammonia is obtained from ammonium salts which
decompose when treated with caustic soda or calcium hydroxide.

2NH,CI + Ca(OH), — 2NH, + 2H,0 + CaCl,
(NH,), SO, + 2NaOH — 2NH, + 2H,0 + Na,SO,

On a large scale, ammonia is manufactured by Haber’s process.
N,(g) + 3H,(g) = 2NH,(g); A/H® = - 46.1 kJ mol™

In accordance with Le Chatelier’s principle, high pressure would
favour the formation of ammonia. The optimum conditions for the
production of ammonia are a pressure of 200 x 10° Pa (about 200
atm), a temperature of ~ 700 K and the use of a catalyst such as iron
oxide with small amounts of K,0O and Al,O, to increase the rate of
attainment of equilibrium. The flow chart for the production of ammonia
is shown in Fig. 7.1. Earlier, iron was used as a catalyst with
molybdenum as a promoter.
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Fig. 7.1

Flow chart for the
manufacture of
ammonia

«— D

H,—
—
1 l Pump
N,—* J Compressor
20 MPa
l N,+H, T
at Catalyst
iron oxide
700 K AlLO, Cﬁ
R

(N, + H, + NH,)  liquid NH,

Properties
Ammonia is a colourless gas with a pungent odour. Its freezing and
boiling points are 198.4 and 239.7 K respectively. In the solid and
liquid states, it is associated through hydrogen bonds as in the case
of water and that accounts for its higher melting and boiling points
than expected on the basis of its molecular mass. The ammonia molecule
is trigonal pyramidal with the nitrogen atom at the apex. It has three
bond pairs and one lone pair of electrons as shown in the structure.
Ammonia gas is highly soluble in water. Its aqueous solution is
weakly basic due to the formation of OH ions.

NH,(g) + H,O(l) = NH," (aq) + OH (aq)

It forms ammonium salts with acids, e.g., NH,Cl, (NH,), SO,, etc. As
a weak base, it precipitates the hydroxides (hydrated oxides in case of
some metals) of many metals from their salt solutions. For example,

ZnS0, (aq) + 2NH,OH(aq) - Zn(OH), (s) + (NH, ), SO, (aq)
(white ppt)

FeCl, ag NH,OH aq Fe,0;.xH,0 s NH,CI aq
brown ppt

The presence of a lone pair of electrons on the nitrogen atom of
the ammonia molecule makes it a Lewis base. It donates the electron
pair and forms linkage with metal ions and the formation of such
complex compounds finds applications in detection of metal ions
such as Cu®, Ag":

cu™ (aq) + 4 NH;(aq) = [CU(NH3)4]2+(aq)
(blue) (deep blue)

Ag'(aq) + CI (aq) > AgCl(s)

(colourless) (white ppt)

AgCl(s) + 2NH, (aq) — [ Ag(NH, ), |Cl(aq)
(white ppt) (colourless)
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Uses: Ammonia is used to produce various nitrogenous fertilisers
(ammonium nitrate, urea, ammonium phosphate and ammonium sulphate)
and in the manufacture of some inorganic nitrogen compounds, the most
important one being nitric acid. Liquid ammonia is also used as a refrigerant.

((J‘xample /4 Why does NH; act as a Lewis base ?

Solution Nitrogen atom in NH; has one lone pair of electrons which
is available for donation. Therefore, it acts as a Lewis base.

Intext Questions

7.4 Mention the conditions required to maximise the yield of ammonia.

7.5 How does ammonia react with a solution of Cu*"?

Nitrogen forms a number of oxides in different oxidation states. The
names, formulas, preparation and physical appearance of these oxides
are given in Table 7.3.

7.4 Okxides of
Nitrogen

Table 7.3: Oxides of Nitrogen

Formula Oxidation Common Physical
state of methods of appearance and
nitrogen preparation chemical nature

o ) NH,NO, —"2

Dinitrogen oxide N,O + 1 N,O + 2H,0 colourless gas,
[Nitrogen(I) oxide] neutral
Nitrogen monoxide NO + 2 2NaNO, + 2FeSO, + 3H,SO, | colourless gas,
[Nitrogen(II) oxide] — Fe, (S0,), + 2NaHSO, neutral

+2H,0 +2NO
Dinitrogen trioxide | N,O, + 3 2NO + N,0,—2% _ 2N,0, | blue solid,
[Nitrogen(IIl) oxide] acidic

2Pb NO, , %
Nitrogen dioxide NO, + 4 4NO, 2PbO O, brown gas,
[Nitrogen(IV) oxide] acidic
Dinitrogen tetroxide | N,O, + 4 2NO, Ii::i N,O, colourless solid/
[Nitrogen(IV) oxide] liquid, acidic

| Dinitrogen pentoxide,| N,Os +5 4HNO; +P,0,4 colourless solid,

[Nitrogen(V) oxide] — 4HPO; +2N,0;4 acidic
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Lewis dot main resonance structures and bond parameters of oxides
are given in Table 7.4.

Table 7.4: Structures of Oxides of Nitrogen

Formula Resonance Structures Bond Parameters
N,O N=N=6 HINEN—.C.): N—N—O
B B ” 113 pm 119 pm
Linear
NO :N='(:):<—>:1'\T=6: N — O
115 pm
0 ‘0. O ‘0 O_ 105° 0
No. | T 27 TN a 2, N\ e
28 N —N <> N —N Y'OO]N 86_ N )130°
. . 186 pm
O/ 'o% 117°?o
121 pm
Planar
N > N
NO, - \\ - % A /\./\1‘20 pm
© e} ©. 0. O 132° O
Angular
o) KX o) Kok o) o)
N,O ~N - AN s N 17spm LS
24 N —N <> N —N 135°( N —
g N 7 NS S AN
O/ \O 0 \O' O Planar o
<
‘O - O O . ~(‘)-. le) 6&9& \\g? 0O
AN oL 7" ~ o_ N o Y/
N,O, N~ \N\ «—> N/~-\N\ /I\E\N ) 1340
07" o. A Ng| o7 o
o ' : Planar

Why does NO, dimerise ?

NO, contains odd number of valence electrons. It behaves as a typical Solution
odd molecule. On dimerisation, it is converted to stable N,O, molecule
with even number of electrons.

Intext Question

7.6 What is the covalence of nitrogen in N,O5 ?

7.5 Vitrie: Acid Nitrogen forms oxoacids such as H,N,O, (hyponitrous acid), HNO,

(nitrous acid) and HNOj; (nitric acid). Amongst them HNO; is the
most important.
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Preparation

In the laboratory, nitric acid is prepared by heating KNO; or NaNO;,
and concentrated H,SO, in a glass retort.

NaNO, + H,SO, — NaHSO, + HNO,
On a large scale it is prepared mainly by Ostwald’s process.
This method is based upon catalytic oxidation of NH; by atmospheric
oxygen.

4NH, (g)+ 50, (g) —/Rhsueccaalst , ANO(g)+6H,0(g)

500K, 9bar

(from air)
Nitric oxide thus formed combines with oxygen giving NO,.
2NO(g)+0,(g) = 2NO, (g)
Nitrogen dioxide so formed, dissolves in water to give HNOj.
3NO, (g)+H,0(1) » 2HNO; (aq) + NO(g)
NO thus formed is recycled and the aqueous HNO,; can be
concentrated by distillation upto ~ 68% by mass. Further

concentration to 98% can be achieved by dehydration with
concentrated H,S0O,.

Properties
It is a colourless liquid (f.p. 231.4 K and b.p. 355.6 K). Laboratory

O grade nitric acid contains ~ 68% of the HNO; by mass and has a

specific gravity of 1.504.

130° In the gaseous state, HNOj exists as a planar molecule

with the structure as shown.

0 In aqueous solution, nitric acid behaves as a strong acid giving

hydronium and nitrate ions.
HNOs(aq) + H,O() - H;0%(aq) + NO; (aq)

Concentrated nitric acid is a strong oxidising agent and attacks
most metals except noble metals such as gold and platinum. The
products of oxidation depend upon the concentration of the acid,
temperature and the nature of the material undergoing oxidation.

3Cu + 8 HNO,(dilute) —» 3Cu(NO;), + 2NO + 4H,0

Cu + 4HNO,(conc.) —» Cu(NO;), + 2NO, + 2H,0
Zinc reacts with dilute nitric acid to give N,O and with concentrated
acid to give NO.,.
4Zn + 10HNO;(dilute) — 4 Zn (NO), + 5H,0 + N,O
Zn + 4HNO;s(conc.) — Zn (NOj), + 2H,0 + 2NO,

Some metals (e.g., Cr, Al) do not dissolve in concentrated nitric
acid because of the formation of a passive film of oxide on the surface.

Concentrated nitric acid also oxidises non-metals and their
compounds. lodine is oxidised to iodic acid, carbon to carbon dioxide,
sulphur to H,SO,, and phosphorus to phosphoric acid.



I, + 10HNO, — 2HIO, + 10NO, + 4H,0
C + 4HNO, — CO, + 2H,0 + 4NO,

Sg + 48HNO, — 8H,SO, + 48NO, + 16H,0
P, + 20HNO, — 4H,PO, + 20NO, + 4H,0

Brown Ring Test: The familiar brown ring test for nitrates depends
on the ability of Fe** to reduce nitrates to nitric oxide, which reacts
with Fe** to form a brown coloured complex. The test is usually carried
out by adding dilute ferrous sulphate solution to an aqueous solution
containing nitrate ion, and then carefully adding concentrated sulphuric
acid along the sides of the test tube. A brown ring at the interface
between the solution and sulphuric acid layers indicates the presence
of nitrate ion in solution.

NO, + 3Fe* + 4H" - NO + 3Fe* + 2H,0
[Fe (H,0)g]** + NO — [Fe (H,0)s (NO)]*" + H,O

(brown)

Uses: The major use of nitric acid is in the manufacture of ammonium nitrate
for fertilisers and other nitrates for use in explosives and pyrotechnics. It is
also used for the preparation of nitroglycerin, trinitrotoluene and other organic
nitro compounds. Other major uses are in the pickling of stainless steel,
etching of metals and as an oxidiser in rocket fuels.

76 phosphoms — Phosphorus is found in many allotropic forms, the important ones

Hllotropic being white, red and black.
Lorms White phosphorus is a translucent white waxy solid. It is poisonous,
insoluble in water but soluble in carbon disulphide and glows in dark
(chemiluminescence). It dissolves in boiling NaOH solution in an inert

atmosphere giving PHs.
P, + 3NaOH + 3H,0 — PH, + 3NaH,PO,
(sodium hypophosphite)

P White phosphorus is less stable and therefore, more reactive than

Fig. 7.2
White phosphorus

the other solid phases under normal conditions because of angular
strain in the P, molecule where the angles are only 60°. It readily
catches fire in air to give dense white fumes of P,O,,.

P, +50, - P,0,,

It consists of discrete tetrahedral P, molecule as shown in Fig. 7.2.

Red phosphorus is obtained by heating white phosphorus at 573K
in an inert atmosphere for several days. When red phosphorus is heated
under high pressure, a series of phases of black phosphorus is formed.
Red phosphorus possesses iron grey lustre. It is odourless, non-
poisonous and insoluble in water as well as in carbon disulphide.
Chemically, red phosphorus is much less reactive than white
phosphorus. It does not glow in the dark.
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P It is polymeric, consisting of chains of P,

/ \ / \ / /\ tetrahedra linked together in the manner as shown
in Fig. 7.3.

- P& B& Y| W Black phosphorus has two forms o-black

P/ N \P/ phosphorus and pB-black phosphorus. a-Black

4 4 d phosphorus is formed when red phosphorus is

Fig.7.3: Red phosphorus heated in a sealed tube at 803K. It can be sublimed

7.7 Dhosphine

in air and has opaque monoclinic or rhombohedral
crystals. It does not oxidise in air. -Black phosphorus is prepared by
heating white phosphorus at 473 K under high pressure. It does not
burn in air upto 673 K.

Preparation

Phosphine is prepared by the reaction of calcium phosphide with water
or dilute HCI.

CasP, + 6H,0 —» 3Ca(OH), + 2PH;
Ca,P, + 6HCI —» 3CaCl, + 2PH;

In the laboratory, it is prepared by heating white phosphorus with
concentrated NaOH solution in an inert atmosphere of CO,.

P, + 3NaOH + 3H,0 — PH, + 3NaH,PO,
(sodium hypophosphite)

When pure, it is non inflammable but becomes inflammable owing
to the presence of P,H, or P, vapours. To purify it from the impurities,
it is absorbed in HI to form phosphonium iodide (PH,I) which on treating
with KOH gives off phosphine.

PH,] KOH KI H,0 PH,

Properties

It is a colourless gas with rotten fish smell and is highly poisonous.
It explodes in contact with traces of oxidising agents like HNO;, Cl, and
Br, vapours.

It is slightly soluble in water. The solution of PH; in water decomposes
in presence of light giving red phosphorus and H,. When absorbed in
copper sulphate or mercuric chloride solution, the corresponding
phosphides are obtained.

3CuS0, +2PH, — Cu,P, + 3H,S0,
3HgCl, + 2PH, — Hg,P, + 6HCI

Phosphine is weakly basic and like ammonia, gives phosphonium
compounds with acids e.g.,

PH, + HBr - PH,Br

Uses: The spontaneous combustion of phosphine is technically used in Holme’s
signals. Containers containing calcium carbide and calcium phosphide are
pierced and thrown in the sea when the gases evolved burn and serve as a
signal. It is also used in smoke screens.
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In what way can it be proved that PH; is basic in nature? Cxalnp[e 7.()

PH; reacts with acids like HI to form PH,I which shows that Solution
it is basic in nature.

PH,; + HI - PH,I

Due to lone pair on phosphorus atom, PHj; is acting as a
Lewis base in the above reaction.

Intext Questions

7.7 Bond angle in PH," is higher than that in PH;. Why?

7.8 What happens when white phosphorus is heated with concentrated NaOH
solution in an inert atmosphere of CO, ? ‘(

78 phosphorus Hal ides Phosphorus forms two types of halides, PX; (X = F, Cl, Br, I) and

7.8.1 Phosphorus
Trichloride

7

Cl

WT’@

a

Cl

7.8.2 Phosphorus
Pentachloride

PX; (X = F, Cl, Br).
Preparation

It is obtained by passing dry chlorine over heated white phosphorus.
P, + 6Cl, — 4PCl,

It is also obtained by the action of thionyl chloride with white
phosphorus.

P, + 8SOCl, — 4PCl, +4S0,, +2S,Cl,

Properties

It is a colourless oily liquid and hydrolyses in the presence of moisture.
PCl, +3H,0 -»H,PO, + 3HCl

It reacts with organic compounds containing -OH group such as
CH;COOH, C,H;OH.

3CH,COOH + PCl, — 3CH,COCI + H,PO,
3C,H,OH + PCl, -» 3C,H,Cl + H,PO,

It has a pyramidal shape as shown, in which phosphorus is sp’
hybridised.

Preparation

Phosphorus pentachloride is prepared by the reaction of white
phosphorus with excess of dry chlorine.

P, +10Cl, — 4PCl,

It can also be prepared by the action of SO,Cl, on phosphorus.
P, +10S0,Cl, — 4PCl; +10SO,

Properties

PCl; is a yellowish white powder and in moist air, it hydrolyses to
POCI; and finally gets converted to phosphoric acid.

PCI, + H,0 — POCI, +2HCI
POCI, + 3H,0 — H,PO, +3HCI
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When heated, it sublimes but decomposes on stronger heating.

PCl, —* 5, pCl, +Cl,

It reacts with organic compounds containing -OH group converting
them to chloro derivatives.

C,H,OH + PCl, — C,H,Cl + POCI, + HCI
CH,COOH + PCl, — CH,COCI + POCl,+HClI

Finely divided metals on heating with PCl; give corresponding
chlorides.

2Ag + PCly; — 2AgCl + PCl,
Sn + 2PCl; — SnCl, +2PCl,

It is used in the synthesis of some organic
compounds, e.g., C,H;Cl, CH;COCI.

In gaseous and liquid phases, it has a trigonal
/ bipyramidal structure as shown. The three equatorial

R P-C1 bonds are equivalent, while the two axial bonds are

longer than equatorial bonds. This is due to the fact that
the axial bond pairs suffer more repulsion as compared
to equatorial bond pairs.

In the solid state it exists as an ionic solid,
[PCLI[PClg]” in which the cation, [PCl,]" is tetrahedral
and the anion, [PClg] octahedral.

Cxalnple /./ Why does PCl; fume in moisture ?

Solution PCl, hydrolyses in the presence of moisture giving fumes of HCL
PCl, + 3H,0 -H,PO, + 3HCl

anlnple 7.8 Are all the five bonds in PCl; molecule equivalent? Justify your answer.

Solution PCl; has a trigonal bipyramidal structure and the three equatorial
P-Cl bonds are equivalent, while the two axial bonds are different and
longer than equatorial bonds.

Intext. Questions

7.9 What happens when PCl; is heated?
7.10 Write a balanced equation for the hydrolytic reaction of PCl; in heavy water.

7.9 Oxoacids of Phosphorus forms a number of oxoacids. The important oxoacids of
p]wsphorus phosphorus with their formulas, methods of preparation and the
~~ presence of some characteristic bonds in their structures are given
in Table 7.5.

Chemistry %8





























































































