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P-BLOCK ELEMENTSAND
THEIR COMPOUNDS- |1

You have already studied the chemistry of the elements of Groups 13, 14 and 15. In this
lesson we shall deal with the chemistry of the elements of Groups 16, 17 and 18.

@ Objectives

After reading thislesson you will be ableto:

e classify oxidesinto acidic, basic and amphoteric types,

e  describe the manufacture of sulphuric acid;

e recall the preparation, properties and uses of ozone;

e recall the characteristics of hydrogen halides (HF, HCI);

e |isttheoxidesand oxoacidsof chlorine;

e comparetheacidic behaviour of oxoacids of chlorine;

e writethegeneral molecular formul ae of interhal ogen compounds;
e  discussthe structures of interhal ogen compounds;

e listafew chlorofluoro carbonsand explaintheir usesand their effect on environment;
e  explain the unreactive nature of noble gases;

e recall the preparation of xenon fluorides and oxides, and

e illustrate the structures of XeF,, XeF,, XeF,, XeO, and XeO,.

22.1 Oxygen and Sulphur

Oxygen and sulphur are the first two members of the 16th group of the periodic table.

In this section you will learn about some compounds of oxygen and sulphur including
environmentally important ozoneand industrially important sulphuric acid.
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22.1.1. Classification of Oxides

The binary compounds of oxygen with other elements (metals or non-metals) are called
oxides. An understanding of the nature of an oxide provides a clue to the nature of the
element which forms the oxide. Depending upon the acid-base behaviour of the oxides,
they can be classified into the following categories.

(1) Acidicoxides

(2) Basic oxides

(3) Amphoteric oxides
(4) Neutral oxides

(1) Acidic Oxides : Acidic oxides are generally formed by non-metallic elements and
some metals in higher oxidation states. Examples of some acidic oxides are CO,, SO,,

N.O,, P,O,,, Cl,0,, Mn,O,, etc. These oxides combine with water to form acids whereas

with alkaliesthey form salt and water.
SO, + H,O —> H,SO,
SO, + 2NaOH ——> Na SO, + H,0

2

However, certain acidic oxides do not form acids on reacting with water. But they react
with alkaliesto form salt and water, e.g., SO,

SiO2 + 2 NaOH HNaZSiO3 + HZO
Sodium silicate

(2) Basic oxides : Metals combine with oxygen to form basic oxides. The basic oxides
react with acids to form salt and water.

FeO + H,S0, —> FeSO, + H,0
Cu0 + 2HNO, —> Cu(NO), + H,0

The oxides of the metalsof Groups 1 and 2 react with water to form hydroxidesknown as
alkalies.

NaO + HO ——> 2NaOH

(3) Amphoteric oxides: Almost all metallic oxides are basic oxides. But some metallic
oxides show the characteristics of both acidic aswell asbasic oxides, i.e., they react with
both acids as well as bases to form salt and water. Such oxides are called amphoteric
oxides. The oxides of zinc, aluminium, lead and tin are amphoteric in nature.

Zn0 + HSO, —— ZnSO, + H,O

Zn0 + 2NaOH ——> Na22n02 + HZO
Sodium zincate

ALO, + 6HCI —> 2AICI, + 3H,0

A|203 + 2NaOH —— 2NaAIO2 + HZO
Sodium aluminate
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(4) Neutral oxides : These oxides are neither acidic nor basic. Examples are carbon
monoxide, (CO), nitric oxide (NO), nitrous oxide (N, O) , etc.

2. Classify thefollowing oxidesinto acidic, basic or amphoteric oxides: K, O, SO, SO,,
FeO, AlLO,, ZnO, CrO,.

273

4. Name the compound formed when the oxide of an element of Group 1 or 2 reactswith
acid?

22.2 Ozone

Ozoneisan allotrope of oxygen. You must have learnt through the mediathat ozone layer
depletion inthe upper atmosphereis causing agreat environmental concern. Wewill now
study the preparation, properties, importance and uses of ozone.

Ozoneisformed around high voltage el ectrical installations. Traces of ozoneareformedin
forests by decay of organic matter. Ozone is prepared industrially by Siemen’s ozonizer.

Siemens ozonizer : In this apparatus metal electrodes are used to produce an electric
field. Two coaxia glasstubesare fused together at one end. The outer tube hasaninlet for
oxygen or air and an outlet for ozone (with oxygen or air). Theinner side of theinner tube
and the outer side of the outer tube are coated with tinfoil (T). These are connected to the
terminals of an induction coil or high voltage transformer.

) 8zonised
= e Xygen
: - \Oxg
i A — T
Cacium Q\ & T
Chloride “—f
Induction
Coil

Fig. 22.1: Siemen’s Ozonizer

Pure, dry and cold oxygen or air is passed through the inlet in a slow current. Electrical
energy is absorbed and about 5 to 10 percent of oxygen is converted into ozone.

All rubber and cork fittings are avoided because of the corrosive action of ozone on these
materials.
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Sructure of Ozone: Ozone forms aV-shaped molecule. The central O atom uses sp?
hybrid orbitalsfor bonding. The structure of ozone can be explained asaresonance hybrid
of the following two structures, (oxygen — oxygen bond length 128 pm and bond angle

1)

o N

Properties of Ozone

(a) Physical : Ozoneis a pale blue gas which turnsinto blue liquid at 161K. At 80K it
freezesto aviolet black solid. It isten times as soluble in water as oxygen.

(b) Chemical : The chief characteristic of ozone is that it is unstable and that it gives
energy loaded nascent oxygen. Itsreactions are closely paralleled to the reactions of
hydrogen peroxide.

1. Catalytic decomposition : Ozonein aqueous sol ution decomposes on standing. Above
373K ozone decomposes very rapidly. Even at ordinary temperature it decomposesin
the presence of chlorine, bromine, nitrogen pentoxide and other acidic oxides and
oxidesof transition metals.

20, - 30,

2. Oxidizing properties : In the presence of reducing agents ozone furnishes active
atom of oxygen according to the equation.

o, - 0O, + O
In most of thereactions, oxygen gasis|liberated as the reduction product from ozone.
(i) Itoxidizesblack lead sulphideto whitelead sulphate

40, + PbS — PbSO, + 40,
(i) Ozoneoxidizesacidified ferrous sulphateto ferric sulphate

O, + 2FeSO, + H,S0, — Fe(SO,), + H,O + O,

(i) Ozone oxidizes moist sulphur to sulphuric acid and phosphorus to phosphoric
acid.
30,+S+H,0— H,SO, + 30,

50, + 2P + 3H,0 — 2H,PO, + 50,

(iv) Ozonetailsmercury. Normally mercury does not stick to glassbut if exposed to
ozone it loses its convex meniscus and leaves a “tail’ or trail of minute droplets on
aglasssurface. Thisis supposed to be dueto the formation of stray molecul es of
mercurous oxide which affect the surface only.

O, + 2Hg — Hg,0 + O,
The “tailing’ effect can be removed by washing with dilute acid.

(v) Ozone oxidizes stannous chloride to stannic chloride. Note that no oxygen is
produced in thisreaction.

0, + 3SnCl, + 6HCI — 3SnCl, + 3H,0

Chemistry of Elements

Notes
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Chemistry of Elements | 3 ozonides: All unsaturated organic compounds combine with ozone to form unstable
compounds called ozonides, e.g.

CH,—/ O
CH, |
I +0,—> O
CH, |
Ethylene  ozone CHZ— O

Ethylene ozonide
The ozonides are hydrolysed by water to give aldehydes or ketones or both.

CH,— O
l
0

|
CH,—— O

+H,0 — 2HCHO +H,0,

Thistechniqueiscalled ozonolysisand iswidely used to locate the position of double
bond in organic compounds.

Uses of Ozone

Some of its applications are given below :

1. Water purification : Small ozone-air plantsfunction as part of the water purification
set up. Ozone is a powerful germicide and it can purify a water spray effectively; it
does not produce the unwanted by-products that other sterilizing agents do.

N

. Air purification : Ozone is aso used to purify air in tunnels, wells and crowded
subways and cinema halls.

w

Refining oils: Vegetable oil and ghee go rancid when stored for along time. Thisis
caused by bacterial growth in the small water content present in them. If ozone is
bubbled through ail, all such growing organisms are destroyed and we get purified oil.

»

Dry bleach : Ozoneis aso used to bleach waxes, flour, sugar and starch. Hydrogen
peroxide, which produceswater and other agentswhich act only in solution, cannot be
used in these cases.

o

In Industry and in the Laboratory : It iswidely used in certain organic preparation.
Its use in ozonolyses has aready been mentioned.

Y
S"f_.- Intext Questions 22.2

1. What are ozonides? What happens when an ozonideis hydrolysed?

2. Writethereactionswhich occur when ozonereactswith (i) ferrous sulphate (i) stannous
chloride
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3. Whichismoresolublein water, oxygen or ozone? Chemistry of Elements

Notes

22.3 Sulphuric Acid

The most important compound of sulphur is sulphuric acid. Sulphuric acid or the “oil of
Vitriol’ was known to the alchemists and their predecessors. Before the coming of Chamber
process in the last century, it was obtained by heating hydrated sul phates.

Manufacture: The two main processes used for the manufacture of sulphuric acid are
(1) Lead Chamber process and (2) the Contact process. Nowadays sulphuric acid is
mostly manufactured by Contact process.

Manufacture of sulphuric acid by Contact Processinvolvesthe following steps:
(i)  Sulphur dioxidegasis produced by burning sulphur inair or by roasting of pyrites.
S+0, ——> SO,
4FeS,+ 110, —> 2Fe0, + 830,

(i)  Sulphur dioxide produced isthen freed from dust and other impurities such asarsenic
compounds.

(iii) Thepurified sulphur dioxideinthen oxidized by atmospheric oxygen to sulphur trioxide
in the presence of a catalyst, vanadium (V) oxide, V,O, heated to 720K.

VZOS
250, + 0, —> 250,
720K

The plant is operated at a pressure of 2 atmosphere and temperature of 720K.

(iv) Thesulphur trioxide gasin then absorbed in conc. H,SO, to form oleum(H,S,0.). If
SO, isdirectly dissolved in water, ahighly corrosive mist of sulphuric acid isformed.

SO, +H,S0, —— H,S,0,
(v) Oleumisthen diluted with water to obtain sulphuric acid of desired strength.
H,S50,+ HO —> 2H,0,
The sulphuric acid obtained from the contact processis about 96-98% pure.
Properties of Sulphuric acid

(i) Physical properties: Pure sulphuric acid isathick colourless oily liquid. Its melting
point is 283.5K. Concentrated sulphuric acid dissolves in water with the liberation of a
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large amount of heat. While preparing dilute H,SO,, water must not be added to conc.
H_SO,. Dilute sulphuric acid is prepared by adding conc. H,SO, slowly and with constant
stirring to water. If water is added to the acid, the heat produced is so large that it could
throw out drops of sulphuric acid and burn you.

Chemical properties: The most important properties of sulphuric acid areitsoxidizing
and dehydrating properties.

(i) Oxidizing properties: Hot concentrated sulphuric acid acts as an oxidizing agent
and oxidizes metals, non-metal sand compounds.

Oxidation of metals.
Cu+2H,80, —> CuSO, + 2H,0 + SO,
Zn+2H.S0, ——> ZnS0O, + 2H,
Oxidation of non-metals
C+2H,S0, —— CO,+ 280, +2H,0
S+2H,80, —— 350, +2H.,0
Oxidation of compounds
2HBr + H,SO, —— 2H,0+ SO, + Br,
8Hl + H.SO, —— 4H,0+H,S+4l,
3H,S+H,SO0, ——> 4S5S+4H,0

Dehydrating properties: Conc. H,SO, is astrong dehydrating agent. It removes water
of crystallization from copper sulphate (which is blue in colour) and turns it to white
colour.

CuS0O,.5H,0 conc. HpSO4 N CuSsO,
blue —5H20 white

It also removes water from carbohydrates |eaving behind, black mass of carbon.

CH,,0,, _©cH04 & 12C+ 11H,0

Uses of Sulphuric Acid

Sulphuric acid isknown astheking of chemicals. It ispractically used in every industry. It
Is used in the manufacture of fertilizers, paints and pigments, detergents, plastics and
fibres, etc.

Y

h@':‘. I ntext Questions 22.3

1. Wiriteareaction to show the
(1) oxidizing property of sulphuric acid
(i) dehydrating property of sulphuric acid
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2. In the manufacture of sulphuric acid by Contact process, SO, is dissolved in conc.
H,SO, and not in water. Why?

22.4 Fluorine and Chlorine

Fluorine and chlorine are the first two members of Groupl?7. Fluorine is the most
electronegative element. In this section we shall briefly learn about fluorine and chlorine
and study in some detail about the hydrogen halides, oxides and oxoacids of chlorine and
interhal ogen compounds.

Fluorine is extremely difficult to prepare owing to its highly reactive nature. It is the
strongest chemical oxidizing agent hence cannot be prepared by oxidation of fluorideions.
It is prepared by the electrolysis of potassium hydrogen fluoride (KHF,) in anhydrous
hydrogen fluoride. Hydrogen fluoride undergoes el ectrol ytic dissociation.

2HF— F, + H,

The fluorine abtained is contaminated with hydrogen fluoride which may be removed by
passing the gas over solid NaF.

Fluorineisapaeyellow gaswhich fumesinair.
2F, + 2H,0 — 4HF + O,

Fluorineishighly reactive. It combineswith various metal sand non-metal sto formfluorides.
With hydrogen halidesit acts as an oxidizing agent, e.q.

2HX +F,— 2HF + X, (X =Cl, Br or I)

Fluorineiswidely used in the preparation of fluorinated hydrocarbons which in turn find
various usesinindustry.

Chlorineisusually prepared by the oxidation of chloridesby strong oxidizing agents, such
as MnQO,, KMnO,.

MnO, + 2CI- + 4H* — Mn?* + 2H,0 + Cl,

2MnO; +16H* +10CI~ — 2Mn?* +5Cl,, + 8H,0

On alarge scale chlorineisobtained asaby product in the electrolysis of sodiumchloride.

Chlorineisagreenishyellow gasand can beliquified by pressure a one at room temperature,
It is quite reactive and forms chlorides of metals and nonmetal s when reacted with them.
It al so oxidizesammoniato nitrogen

2NH, + 3Cl, — N, + 6HCl

Largequantitiesof chlorineare used in bleachingindustry and inthe manufacture of plastics,
synthetic rubbers, antiseptics and insecticides.

Chemistry of Elements

Notes
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22.4.1 Hydrogen Halides and Hydrohalic Acids

The hydrogen halides under consideration are HF, HCI, HBr and HI. The bond distance
H-X increases with the size of halogen atom. The bond also becomes more covalent and
lessionic. Sincethe bond length increases, the hydrogen halide in aqueous solution |oses
hydrogen ion more easily with increasing size of halogen, and the acid strength increases
in the order HF < HCI < HBr < HI

The aqueous solutions of hydrogen halides are, in general, known as hydrohalic acids or
simply halogen acids (hydrofluoric, hydrochloric hydrobromic, and hydroiodic acids)

Preparation of Hydrogen Halides
Industrially HF is made by heating CaF, with strong H,SO,.
CaF, + H,SO,——> CaSO,+ 2HF
Hydrogen chloride is made by heating a mixture of NaCl and conc. H,SO, at 423 K.

NaCl + H,80,—2—  HCl + NaHSO,

NaCl + NaHSO, __83K , HCI + Na,SO,
High purity HCI is made by the direct combination of the elements (H, and Cl.)

H,+Cl, —— 2HCI
Phosphoric acid is used to make HI

H,PO, + Nal—— HI + NaH,PO,
HBr is made by a similar method. Also we use red phosphorus for making HBr and HI

2P + 3Br, ——> 2PBr,
PBr, + 6H,0—— 6HBr + 2H_PO,
2P+3l, ——2PI,
2PI, + 6H,0—— 6HI + 2H_PO,
Properties of the Halogen Halides

e HFisaliquid at room temperature (b.p. 293 K), whereas HCI, HBr and HI are gases.

e Theboiling point of HF is unexpectedly high as compared to HCI (189K), HBr (206K)
and HI (238K). Thisisdueto theformation of hydrogen bonds between the F atom of
one molecule and the H atom of another molecule (Fig. 22.2).

H H H H . H N H H -

e £ ""F/ F/

Fig. 22.2 : Hydrogen bonded chain in HF
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In the gaseous state, the hydrogen halides are essentially covalent. Inthe aqueoussolutions | Chemistry of Elements

they ionizeto formionsbut HF ionizesto avery small extent
HF+HO —— HO + F
The bond dissociation energy of the hydrogen halidesfollow the order HF>HCI>HBr>Hl.

The stability of hydrogen halides to thermal decomposition therefore decreases in the

order HF > HCl > HBr > HI. The acid strength of the acids increasesin the order HF < Notes
HCI < HBr < HI. The agueous solution known as hydrofluoric acid, hydrochloric acid,

hydrobromic acid and hydroiodic acid possess the usual property of acids, e.g. they react

with bases to form salts and water and with metals to form salts and hydrogen.

Uses of Hydrogen Halides

Hydrogen fluorideis used to prepare certain fluorides mainly fluorocarbonsor freons. Itis
a so used in etching glassand in removing sand from casting. Hydrogen chlorideisprimarily
used for preparing chlorides. Large quantities of hydrochloric acid are used in the
manufacture of anilinedyesand for cleaningiron before gal vani zation. Hydrogen bromide
and hydrogen iodide are used to prepare bromide and iodide salts. Hydrogeniodideisa so
used as areducing agent in organic chemistry.

22.4.2 Oxides and Oxoacids of Halogens

Thereare several compounds contai ning halogen and oxygen. Oxygenislesselectronegative
than fluorine, hence the compounds of oxygen with fluorineare known asoxygen fluorides
(e.g. OF,). Other halogens are | ess el ectronegative than oxygen. Thusthey are known as
hal ogen oxides. Only the oxides of chlorine are important and they are described here.

Oxides of chlorine The main oxides are listed below :
Chlorinemonoxide, Cl,O

Chlorinedioxide, ClO,

Chlorinehexoxide, CI,O,

Chlorineheptoxide, C1,O,

Chlorinemonoxide, Cl,0, isprepared by passing chlorine over freshly prepared mercury
(I1) oxide

2 Cl, + 2HgO—— CI,O + HgO. HgCl,
It is a pale yellow gas which decomposes violently on heating and dissolves in water
forming hypochlorous acid. C1,O + H,O —— 2HOCI
Itisapowerful oxidizing agent.
Chlorine dioxide, ClO,, is prepared by the action of concentrated sulphuric acid on
potassium chlorate

KCIO, + H,S0, —— HCIO, + KHSO,.
chloric acid

3HCIO, —— HCIO, + 2ClO, + H,0
perchloric acid
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It isan orange gas and explosivein nature.

Chlorine hexoxide, Cl.O,, is prepared by the action of ozone on chlorine at low

temperature. Itisared liquid and dissolvesin alkalies producing chlorate and perchlorate
Cl,0,+20H —— CIO3 + ClIO4 +H,O

Chlorine heptoxide, CI,O,, is prepared by the action of phosphorus pentoxide on
anhydrous perchloric acid at 263 K.

P,0,, + 4HCIO,— 4 HPO, + 2CI,0,

4710

Itisacolourless oil which explodeson heating or striking.

The structures of chlorine oxides are asfollows:

-0 Y O O / ©)
>03 Cl X~ AT
P XN Cl Cl
cl 110° 0”7 118 © 0/ \01195// No
CLL,O Clo, ClL0O,

Oxoacids of chlorine

Chlorine forms four oxoacids, HOCI, HOCIO, HOCIO, and HOCIO,
Hypochlorousacid, HOCI isknown only in solution - It is prepared by shaking chlorine
water.

Cl,+H,0 —— HOCI + HCl

Its salt NaOCl is used as a bleaching agent.

Chlorousacid, HOCIOisa so knowninsolution, certain chlorite saltsof akali and alkaline
earth metals are known in solid state, e.g., NaClO,, 3H,0. The acid is prepared by the
action of barium chlorite with sulphuric acid.

Ba (C|02)2 + HZSO4 —_—> 2HCIO2 + BaSO4
barium chlorite

Chloric acid, HOCIO, is prepared by the action of barium chlorate with sulphuric acid.

Ba (CI03)2 + HZSO4 e HCIO2 + Ba,SO4
barium chlorate

Perchloricacid, HOCIO,, isprepared by distilling potassium perchl orate with concentrated
sulphuric acid under reduced pressure

2KCIO, +H,S0, ——2HCIO, + K,SO,
potassium perchlorate

It is a colourless oily liquid and combines vigonously with water forming hydronium
perchlorate (H,0* CIO,). It is one of the strong acids. It is also an oxidizing agent.
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The oxoacids of chlorine arelisted in the following table showing their structures.

Table22.1: Oxoacidsof chlorine

Name Hypochlorous Chlorous Chloric Perchloric
acid (a) acid (b) acid (¢) acid (d)

Formulaof

oxoacid HOd HOCIO HOCIG, HOCI O,

Oxidation state

of chlorine +1 +3 +5 +7

©
© Q
N A9 ©
Sructure CI{ C"{ © |
@ (b) ©
©

The acid strength of the oxoacids of chlorineincreases as the number of O-atoms present
in the acid increases.|t is because oxygen is more electronegative then chlorine. As the
number of O atoms bonded to the Cl atom increases, more electrons will be pulled away
more strongly from the O—H bond. As a result the O—H bond will be weakened. Thus
HOCIO, require the least energy to break the O-H bond and form H*. Thus, HOCl isa
very weak acid whereas HOCI O, isthe strongest acid, thus the acid strength increasesin
the order.

HOCI < HOCIO < HOCIO, < HOCIO,

22.4.3 Chlorofluorocarbons (CFC)

Chlorofluorocarbons are the compounds of carbon where chlorine and fluorine are
substituted for hydrogenin saturated hydrocarbonse.g. CCl,F,, CFCl,, C,F,Cl, etc. These
compounds have very high capacity to retain heat. It isbelieved that the capacity toretain
heat is about 10,000 times more than that of carbon-dioxide. Thus these molecules are

capable of cooling other systems by taking away their heat.

Chlorofluorocarbons are also termed asfreons. About 5 thousand metric tonnes of CFC’s
are still being produced in our country annually. In addition to their usage as aerosols,
solvents, foam blowing agents and refrigerants, they are also knownto cause environmental
hazard. CFCsreact with protective ozonelayer in the stratosphere, thus causing perforation
through which radiations from outer sphere enter our atmosphere and cause damage to
our life systems. The destruction of ozone layer is termed as ozone depletion and it is
creating a ozone hole.

22.4.4 Interhalogen Compounds

The halogens form a series of mixed binary compounds called the interhal ogens. These
compounds are of thetype X X', XX/, XX.', and XX_'. The compounds of the type XX'
areknown for all combinations. Compounds of XX/, and XX_' typesare known for some,

Chemistry of Elements

Notes
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and of XX_" typeonly IF, isknown.
Preparation

The interhal ogen compounds can be prepared by direct reaction between the halogens.
They can also be prepared by the action of a halogen on alower interhal ogen.

Cl, + F, (equal volumes) __473K_, 2CIF
Cl, + 3F, (excess F,) __57K _, 2CIF,
|, +5F, 28K _, 2IF,

523-573K
|,+ 7F, 557K | 2IF,

Fo
.,ke‘_.- I ntext Questions 22.4

1. Namethe most €l ectronegative hal ogen.

22.5 Compounds of Noble Gases

The group 18 of the periodic table consists of six elements — helium, neon, argon, krypton,
xenon and radon. These elements are termed as ‘noble gases’. The name noble gases
implies that they tend to be unreactive and are reluctant to react just like noble metals.
Except helium which has 2 el ectrons and forms acompl ete shell 12, the other elements of
the group have a closed octet of electrons in their outer shell ns? npé. This electronic
configurationisvery stable and theionization energies of the atoms of these elementsare
very high. Therefore, the atoms of noble gases have a little tendency to gain or lose
electrons. Hence these elements exhibit lack of chemical reactivity.

The first compound of noble gases was made by Neil Bartlett in 1962 by the reaction of
xenon with PtF,. Since then several other xenon compounds, mainly with the most
el ectronegative elements (fluorine and oxygen), have been prepared. He, Ne and Ar do
not form any compoundswhereas Kr does form KrF,. Radon is aradioactive element and
al itsisotopes have very short half lives.
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Xenon Compounds Chemistry of Elements

Xenon reacts with fluorine to form binary fluorides, XeF,, XeF, and XeF,. The product
formed depends on the temperature and xenon-fluorineratio. Thus

Xe+ F2 873K, 1bar XeFZ(S)

(2:1ratio) Notes

Xe+ 2F, _8BK.1bx  XeF (s)
(1:5ratio)

Xe+ 3F, __sBK.eobr  XeF_ (s)
(1:20ratio)

XeF,, XeF, and XeF, are all white solids. They readily sublime at 298 K. They differ in
their reactions with water

XeF, dissolvesin water and undergoes slow hydrolysisin water.

2 XeF,+2H,0 —> 2Xe+ 4HF + O,

XeF, and XeF, react with water violently to give xenon trioxide and hydrogen fluoride.

6 XeF, + 12H,0——> 4 Xe + 2Xe0, + 24 HF + 30,

XeF, + 3H,0 ——> XeO, + 6HF

XeF, onpartial hydrolysisgives, xenon oxofluorides.

XeF, + H.O —— XeOF, + 2HF

XeF, + 2H,0 ——> XeO,F,+4HF

The xenon fluorides react with strong Lewis acids to form complexes.
XeF, + PR, —— [XeF]" [PF]"

XeF, + Sb F, —— [XeF]* [SbF]"

XeF, may also act as afluoride accepter from fluoride ion donors to form fluoroxenate
anions.

XeF, + MF —— M'[XeF ] (M = Na, K, Rb, Cs)
XeQ, can be prepared by hydrolysis of XeF,

XeF, + 3H,0 —— XeO, + 6HF
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XeO, can be prepared by the reaction of barium peroxenate with conc. sulphuric acid

Ba,XeO, + 2H,SO, ——> XeO, + 2BaSO, + 2H,0
Structure of Xenon compounds

The structures and shapes of the common xenon fluorides and oxides are shown below.
The shapes of these molecules can be explained in terms of VSEPR theory which you
have aready learnt in chemical bonding.

)

Vezy:
i',‘{gﬂ‘ What You Have L earnt

s

e While sulphur exists as S, molecules oxygen exists as O, molecules. Both these
elementsform divalent anions however sul phur a so shows +4 and +6 oxidation state.
Oxygen and sulphur are non-metal s of group number 16.

e The binary compounds of oxygen with other elements are known as oxides. The
oxides can be classified as : acidic oxides, basic oxides and amphoteric oxides.

e Ozone, an allotrope of oxygen is prepared by Siemen’s ozonizer.

e Sulphuricacid displaysstrong acid character and possesses oxidizing and dehydrating
properties.

e Chlorine forms anumber of oxoacids: HOCI, HCIO,, HCIO, and HCIO,,
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The binary compounds of halogens with one another are called inter halogen | Chemisiry of Elements
compounds.

Hal ogens are placed in group number 17 of the periodic table. All members of the
group are very reactive. They show variable oxidation states. Halogens react with
other halogen forming interhal ogens. Hal ogen (Fluorine) can even react with noble
gases. Halogens react with hydrogen forming hydracids.

Notes
Fluorochlorocarbons are called freons which decompose ozone and are therefore

environmentally hazardous.

Helium, neon, argon, krypton, xenon and radon are the members of Group number
18 and are collectively called noble gases.

Xenonisknown to react with fluorine to form XeF,, XeF, and XeF,.

"ew Terminal Exercises

Which one of the following oxides can react with an acid aswell aswith an alkali :
S0, CaO, ZnO, MgO?

Write two oxides which do not react with either acids or akalies. Which type of
oxides are they?

Is ozone an allotrope of oxygen? Which is more solublein water oxygen or ozone?
What isthe state of hybridization of the central oxygen atomin O, molecule?
Why does ozone tail mercury?

Which property of ozone makesit useful for bleaching?

Writethe conditions which are required to convert SO, to SO, in the manufacture of
sulphuric acid by contact process.

What isoleun?
Why is sulphuric acid known asking of chemicals?
Fluorine never acts as a central atomin any interhalogen compounds. Why?

Draw the structure of BrF, .

Arrange the hydrogen halidesin order of their acid strength in aqueous solution.
Why is F,0O not known as fluorine oxide? Instead it is known as oxygen fluoride,
OF,.

Which isthe strongest acid among the oxoacids of chlorine and why?

What happens when XeF, reacts with SbF.? Write the complete equation for the
reaction.

s Answersto Intext Questions

22.1

1. Basicoxide: Ca0; acidic oxide : SO, ; amphoteric oxide : ZnO.




MODULE -6

Chemistry of Elements

2. Acidicoxide: SO, SO,, CrO,

Basic oxide: K,O, FeO

Amphoteric oxide: Al,O,, ZnO
3. ZnO + H,SO, —— ZnSO, + H,0

ZnO + 2NaOH —— Na,Zn O, + H,0
4. Anoxide of group 1, K,O and of Gr 2 BaO

K,O + 2HCl —— 2KCl + H,0
BaO + H,S0, —— BaSO, + H,0
22.2

When ethene combines with O,, an ozonide is formed, thus

CH,-O-CH,
CH,=CH,+0, —> o — |O
On hydrolysisit givesHCHO,

?HZ—O— T:H2 +H,0 —— 2HCHO + H,0,

O — O
2. (i) 2FeSO, + O, + H,S0, —— Fe,(SO,), + H,0 + O,

(i) 3SnCl, + O, + BHCI —— 3SnCl, + 3H,0

3. Ozoneis 10 times more soluble than O,

(0) O
L0 128m 7 k() 07 o
O 1r O resonance hybrids

5. Mercury loses its convex meniscus and leaves a “tail” or a trail of minute droplets on
a glass surface when exposed to ozone. This is due to the formation of mercurous
oxide. Thetailing effect can be removed by washing the mercury with adilute acid.

22.3
1 (i) Oxidizing property of conc. H,SO,
Cu+ 2H,S0, —— CuS0O, + SO, + 2H.,0
(ii) Dehydrating property : It removes water from sugar

C,H,,0,, + H,S0, — 12C + 11 H,0

12" 22711
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2. A corrosive mist of sulphuric acidisformed. Chemistry of Elements

3. 2S0,+ 0, —52— 250,

22.4

1. Huorine Notes

2. Huorine

3. 2NaCl + 3H,S0, + MnO, —— MnSO, + 2NaHSO, + 2H,0 + Cl,
4. HI >HBr>HCI > HF

5. Chlorofluorocarbons (or freons)




