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(d) Scarlet phosphorus. Itis prepared by heating mereury with phosphorus tribromide, PBr, y 2451
3Hg + 2PBry—> 3HgBr, + 2P

(Scarlet phosphorus)

It is non-poisonous. It gives phosphine with alkalics.

¢) Violet phosphorus. It is obtained by heating red phos
have rhombohedral structure. It is bad conductor of clectricity anc

2. Allotropy of arsenic. It has two allotropic forms.

(i) Yellow arsenic. Its molecular weight data in CS, solutio
units. It is an unstable plastic substance which is soft like a wax.

(i) Grey arsenic. It exists in the form of puckered sheets of atoms. Here each atom is bonded to .,
neighbouring atoms. Since the sheets are held together by weak forces (than atoms within the sheets) it ;.-
and good conductor like graphite. It has metallic lustre and is stablc form of arsenic.

3. Allotropy of antimony. It has two allotropic forms.

(V) Yellow antimony. It consists of Sby tetrahedral units. It is unstable and has the tendency to cony--

phorus at 530°C in a sealed tube. Its Crysg
| is not oxidised by air. %

nindicates that it consists of As, ts:trahedwj

into stable form.
(if) Silvery grey antimony. Like grey arsenic, it exists in the form of puckered sheets of atoms. Here cz::

atom is bonded to three neighbouring atoms. It is a stable, hard, brittle and metallic variety of antimony.
Difference between nitrogen and other group VA elements. Nitrogen differs from the rest of -
elements of group VA elements in its properties. The difference is mainly due to
(@) its small size (ii) its inability to increase its coordination number beyond four
(iii) its high electronegativity and
(i) its more tendency to form multiple bonds with itself (catenation), carbon and oxygen.

OXYGEN FAMILY

The elements belonging to group VI A or 16 or chalcogens are given in table 3.10.
Table 3.10 Some Physical properties of group VIA elements.

Property | Element Oxygen, » O Sulphur, S Selenium, Se Tellurium, Te Polonium, Fe
Atomic number 8 16 34 52 &
Sﬁgmm [He]? 25220 Ne]©3s%3p* | [Ar®3d"%s%p® | [Ke 4d'%s%sp* [Xe] ™ 4
Sy o 11, (-T) SIL +IV,+VI | (1), +IL+1V,+VI | +1I, +1V, +VI sd s’
Tonisation energies L+
kcal/molelst 326 239 225 208 =
2nd . 683 539 500 427 =
3rd 1097 808 786 706 -
4th 1784 1090 989 8§72 =
5th 2624 1670 1565 1389 .
6th 3170 2020 1878 1661 -
Total 9683 6366 5943 5263 -
Density (solid) gm/ml 127 2.06 4.82 6.25 9.1
Melting point (°C) -218.9 114.5 2 17:; lgO 25
Boiling point (°C) -183 444.5 684.8 1390 962
Electronegativity 3.5 2.5 24 2 1 -
(Payling scale) B
Atomic radii (A%) 0.74 1.04 117 137 164
Tonic radii M2~ (A°) 149 1.84 1.98 221 g

M2+ (Ao) e e = 0.89 102
Atomic weight 16.00 32.06 78.96 127.61 210
Heat of atomisation at 59159 56.9 49.4 -4.6 5 —
25°C (kcal/mole) :

/

*Uncommon oxidation states are given in brackets.
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currence: Oxygen occurs 1n naturc as oxygen gas. Sulphur occurs in nature as H, S, SO Ioki
. gnd sulphate 0res as gypsum, MgSO4 and CaSOy. Sc, Te and Po clements have rare o?;currc::;cs e
ores ;
SENERAL CHARACTERISTICS
1.(a) Physical Propertics. Some physical propertics of group VIA clements arc given in table 3.10. These

fics arc discussed below :
2 : Electror’e configuration. The clectronic configuration of these clements (table 7.11) shows the
resence of six electrons (ns* npy § npy Lnp, 1y in their valence shell.
2 Qadation states. These clements attain incrl gas configuration by the following two different methods:
ks sl alto o Oxygen atoms casily forin doubly charged negative ions (O*”) by the gain of
wo eledro™ s, Se and Tealsoform & few compounds which are more than 50% ionic. The reasons are -
() As we move down the group, the size of clement increascs and attraction of nucleus for the newly

added cloctrons decreascs.

(i) More the negative charge on the ion, more it becomes susceptible to polarisation.

(i) A large sized anion cannot fit well in a lattice of small cations.

o* ions form stable ionig) compounds with strong electropositive metals like Li, Mg and Al eg-
- —_ — . o e .

Li,0,Mg0 and A, 03.5° Se”” and Te2™ ions behave similarly but less effectively.

As we move down the group, there is gradual increase in the atomic radii and gradual decrease in

clectronegativity. As 2 result, the ability of elements to existin + 4 and + 6 oxidation states decreases. Since
the stability of + 4 oxidation states Increases and that of + 6

-

inert pair effect increases down the group,
oxndation states decreases. The oxidation states of various clements of group VI A elements are given below:
Oxidation states -1 —
0, H,0, H,0
Oxidation States 11 0 +1I +11I +IV +V +VI
HS S s,00”  $;0;° H,S0; $:0% SO3~
H,Se Se H,Se03 Se03
H,Te Te TeO,(s) H¢TeOg(s)

(b) By sharing of electrons. All these elements have two unpaired electrons in their valence shell. Thus,
these elements form two covalent bonds by sharing these electrons with electrons of other atoms. For example,
H,0, H,S etc. Compounds like CO are purely covalent because of multiple bonding involved in them.

bcus‘ Metallic and non-metallic character. As we move d e in the values of
electronegativity and  heat of atomisation. As a result, the first four elements are non-metals. The
d tellurium. Polonium is

nonmm]hc nature is strongest in oxygen and sulphur but weaker in selenium an
a H - 4 . « e . - .y 2—‘
radioactive and is markedly metallic, The above trend is indicated from the decrease 1 the stability of M

,increased tendency to form M2+ jons and structure of these elements.

than EE}&’?"" energy. As we move down the group, the screening effect o
Yot 258 tose Tl_;;c nuclear charge. As a result, the energy fequnrcd to remove t L becor
energy of Vl;'& us, lhf: ionisation encrgy goes on decreasing down the group. However, the first xonlsapox;
ereaid S[abiﬁrt OU{; ;:ifimcnts is less .(than expected than VA group clcmepts), It is explained on the basis ;1)
group, the meta Ihyc & Y f ﬁ""_d p-orbitals of VA group elements. Since ionisation encrgy decreases down the
i character increases and ability to act as reducing agent increases.
Itis obSCrv‘::j' ,(nsc It-inkage). The property of catenation in group VIA elements, is only shown by sulphur.

() polysulphonic acid, HSO3 S,S03 H (x = 11012)

) polysulphide, S2~ (x = 6)
(iii) Sulphanes, H, S, (x = 8)

f new shells becomes greater
he valcnce electron becomes
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) Cllorosulphanes, 8y Cly (v can hanve value equal 1o 100) T L

(") Palyonides. Some cxmples are H -0~ 0 - 1, H leenle, Oy 1S due o the ability of g
6. Elemental state, Oxpgen exists us diatomic guseons moleeule, O,

ll“gi,c|J
ith itsell, The Torces holding O, molecules 4re wo.,
NYEen atom - form stable pa = pa multiple bowd with isell, l[‘: h inbe i —
ARA .1\\‘ RN \ NLEN Al e e R
j \ COONVICN AN AN, ) s 3 ]
van der Waal forees, Hene U\ YHU LI A !Ul 7 \ ; |
Sulphur, selenium and tellurium ave solids a;"f o 5 St S S g
existas stageered Ssatom rings or xR cha n:«: S
ltis due to the inability of these kawge sized ulpn\:
1. e tw AL i . ; 3
W have pa = par overlap. 1l\u wo ll“l“l\ ‘ S S 5 s 8 g
electrons af one 8- atom (sav) form two covalen \ /
N .o NG ‘v SN \‘ Ty —‘\*
bonds with other S-atoms, As a result, a discrete 3 §
Sy wolecule is tormed. This molecule has a Fig. 3.24, U T
* ~ N “ N ‘\.
puckered, saw-tooth ring structure { g, 3,.24),

‘ » chemic rties but different phyy; |
7. Allotropy. Varouy formy of same element having same chemical properties Il ull l::!jlt ‘I W physic, ﬁ
{ & AR o D S ¢ QR X % y Y S scleni -
popeies ane calied alloropic formy and the phenomenon iy called allotropy. Oxygen sulphur, sclenium nd
FLERTEIN G CQi & /s J¥
tellurium show allotropy.

. N . e 10 QU L8 A ) 7
(#) Oxygen exasts in two allotropice forms, These are diatomic oxyren (O,) and triatomic oxygen (O3) i.e., ozope _
(it) Sulphur exists in many allotropic forms. These are «
and 3 (or colloidal). The various allotropic forms of sulphur ¢
(@) Homocyclic species. These contain 6 to

sulphur which exists as Sg molecule.

(or rhombic), £ (or monoclinic), y (or pi
an be grouped into lollowing classes.

20 sulphur atoms. One of the examples is th

astc) §

at ol rhombi; ©

(#) Chain polymer species. These cont

ain 2 10 5 sulphur atoms and ¢
small molecules, S, (n =

2105). At temperatures of the order ol 1000 K, th
L Allotropic forms of sulphur. (/) Crystalline forms, There are twa crystalline forms.

(A) Rhombic, Octahedral or a-Sulphur. It is obtained by dissolving roll sulphur in ¢
and then evaporating the solution. It is mos stable form, When slowly heated to 95.5°C, it
monoclinic sulphur,

xist in liquid sulphur as unstabl;
€ Vapours contain S5 molecules,

arbon disulphid:
gets converted o
Structure. It exists as Sg molccules,

these molecules are large sized and nop.

non-polar solvents like GS,. The SSS bon

angle is caused by the repulsion of two lo
(B) Monoclini

On cooling ,
shaped cry

Sg molecules are held together by weak van der Waal forces. Sinc

polar, this sulphur hag low melting point (113°C), and dissolves in .
dangle (108°) is less than tetrahedral angle. The reduction i bowd |
ne pair of electrons on each alom. lts density is 2.7 gm/cc.

¢, Prismatic or g -Sulphur- Formation, Some ordinary sulphur is melted in a china dist :
4 crust is for.m.cd. Alew holes are made in the crust ynd liquid below iy s poured off. Needle *
stals of monoclipic sulphur are lormed,

Properties, It is stable a1 95.5°C. 1 ch
Itis soluble in CS,; but insoluble jn Wi

.

0Ees Lo rhombic form by
ter, Iis melting paing i 12
cules

low 95.5°C
0°C
and 1 conlirmed by X-rays.

are four

called transition temperature

and density is 1.96 gm/cc,
Structure,

It exists as Sg mole
(i) Amorphous forms, There
(A) Plastic or 7-sulphur, I is prep
crystalline because sudden cooling of b
Properties. It is sof ang clastic, Iy
density is 1.96 gm/ce. It changes to rhom
Structure. It exists in the form of |

(B) Colloidal sulphur. It is formeq

amorphous forpy.
:)lill-bd'h‘_\' Ipnurmg boiling ordinary po)| sulphur in cold water, Itis 1!
ormg sulphur sows down the moleculyr molion
S Insoluble in S, 4 well

s asH, O 1 g
bic form on stands N

e 1 . l “.\
N 00 sharp melting. point.
1elical chajpy

mperature.

S conlirmed by X-rays.

ated with difyge hydrochloric acid.
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o It changes O ordinary form on heating on long standing, Some forme ST Ao s
Pr"p“:;"othcrs arc insoluble in G5y,
e S

olub ik of Sulphur. Itis prepared by boiling, ordinary sulphur with milk of lime (ealcium hydrozide)
( h (he calcium pcnl.usulpludc formed with concentrated hydrochloric acid,
ung

andlm“ 3Ca(OH), + 12§ — 2CaS, A+ CinSy O3, O
Calcium pentasulphide
2CaSs + CaS,05 + 6HCl— 3CaCl, 4 3H,0 + 128
) milk of sulphur
propertics: It is a white solid which is insoluble in Hy0 as well as CS,,

) purple sulphur va.p(mr.:;. \A{hcn s':ulp‘hur (Sx? is heated above 250°C, the sulphur chain i,l arts breaking,
ssaresul Sg molecules dl.?‘socmlc into Sg, Sy and Sy molecules, When :;'ulphur vapours containing S, specics
e cooled rapidly to liquid nitrogen temperature (<195°C), a purple sulphur is f ormed. It is paramagnetic like Oy,
5. Allotropy of selenium. Diffcrent allotropic forms of selenium are discussed as follows:
(i) Grey crystalline form. It has a mctallic look and is poor conductor of electricity (conductivity
=52 107¢ ohm ™ cm ). Its conductance increases about 1000 times when exposed Lo light and hence used in
notoelectric cells. When light alls on grey Se, its unshared clectrons get excited into slightly higher energy
levels. These electrons now flow under a potential difference and its conduclivily increascs.

Structure. In this form, cach Se-atom is covalently bonded to two other Se-atoms. The infinite chain of
Se-atoms are arranged spirally around the parallel cdges of the cube.

(if) Red amorphous form. It is obtained in the form of Sc precipitale in agueous solution in a chemical
reaction. It turns black when boiled with water. It is a meta-stable form. It is sparingly solublc in CS, and has

density 4.26 gm/cc. It is a photoconductor. s i :
Structure. It exists as puckered rings of Scg molecules (fig. 3.25). A / N /
So “Se

(iii) Yellow-vapour form. (a) At 900°C, sclenium changes to yellow Se
vapours consisting of Se, molccules. / R
(b) At 2000°C, Se-atoms are formed. 3 SH

3, Allotropy of tellurium. Different allotropic forms of tellurium  Fig. 3.25 Puckered ring structure of
are discussed below :

(i) Crystalline forms. Tt has metallic lustre and is good conductor of electricity. It is quite brittle and its
conductivity increases to some extent when exposed to light radiations. Its density is 6.25 gm/cc.

‘ Structure. This form consists of long zig-zag chains which are [ g--=---==---- \
g‘dckcd parallel to cach other. Each Tc-atom is bonded to two other | " N oeme-- /N
c-atoms by covalent bonds. (fig. 3.26). ,
oF (l_l) Amorphous form. It is preparcd by the reduction of tellurous : \
ci w:th sulphur dioxide. Its specific gravity is 6.02 A
yello (”‘? V'dpﬂur. form. When liquid tellurium boils at 1390°C, golden YA
W vapeurs of Te, molecules are formed. It represcnts vapour formof | A&7 5
Wilheene, ORISR Tl gdieas e o metm T
=Te
8. Atomic radi g . 2— 24+ . . . o
< ius. ionic radius (x*7,x*" ions), atomic weight, =770l T oture o i
electric ¢ ivi e : e i sit, S [ structure of crystalline
=5 ic conductivity, density, melting and boiling points (except Po). Flg:3:25 Sp"?orm of Te.

CS¢ propertics increase as we move down the group.
= &lﬁqf:’rigoxf from oxygen m'polonium, the ult)nltc size shows a regular incrcfusc'. /:x% ,:ctl‘lzlrlltr:tlj:g\;’l:
required (o SCpar-‘;tel?}?g’nrl?{kfcul?s lifcl‘f:znsgurlc;ghullurly. Greater the van der \}Vgul orces, &
M ekiing ot pincy gru‘dlur wi .an melting and boiling po!nts. i part on the basis
that Whereas 0‘{;)' " b“.ll'_"‘g point of sulphur is much higher than oxygen. It is explamnce p
Xygen exists as O, molecules, sulphur exists as Sg molecules.
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Melting and boiling points of polonium are less than that of telluriu(tin.. It xts eﬁl:fii(z ?;Sloli’fol;?zgthat
s-electron pair in polonium is less available than tellurium due to increase lclil?ur nrc):c loss melting and b A
a result, the van der Waal forces among Po molecules will be less than Te and he ing
points. e - ’ .
9. Oxidising property, electronegativity, heat of atomisation and oxidation gfotin;;zﬁéﬁisglsgoe%zrnes
decrease down the group. It is because as we go down the group, the screening € deci1 kel :?es
greater than the cffective nuclear charge. The first ionisation energy decreases an Pertig
show a decreasing trend.

10. Inert nature of oxygen. gO atom (ls2 252 2,05 Zp;, 2p, 1) shares its two unpaired electrons Wi%h
unpaired clectrons of another oxygen atom to form pzr — por multiple bond. xlAs a tLe,s.ult, botl; lg:tit(::g ggtam
neon gas (stable) configuration and form O = O molecule. The bond length is very ong
dissociation energy is very high. Thus : . . 1

(V) At room temperature, strong bonding in O, is not disturbed by collision among O, molecules. Thy
it is not reactive at room temperature. . oy '

(1) At very high temperature, the O, molecules acquire high kinetic energy. The double !)ond in O,
thus gets broken (into atoms) by the collision among molecules. The atoms so formed have high electr.
negativity and exhibit high chemical reactivity. .

(#i7) The formation of most of the oxygen compounds involve endothermic nature. It is also one of the
reasons of inert nature of oxygen. For example,

0

3
N; + O, + 43.2 kcal/mole —— 2 NO ¢ 7
IL. Chemical properties. 1. Hydrides. (i) Covalent nature. As we move down the group, th: size of central £
atom in H,0, H,Se, H,Te and HyPo increases regularly. Thus H—X bond length  increases and .
electronegativity difference between H and X decreases regularly. As a result, the ionic character of H—X
bond decreases and covalent bond character increases.

The increasing trend to covalent nature of H-X bond can also be explained by Fajan’s rule. According

to this rule, greater the size of negative ion, greater is the tendency to form covalent bond. Since the size of |
negative ion increases down the group, the covalent character of H— X bond increases down the group.

(i7) Stability and reducing nature of hydrides. As we go down the group, the size of negative ion
incr«_:gses from Oz_- to Po®~ Thus, the charge gets distributed over larger and larger volume. As a result, the
stability of the hydrides goes on decreasing and reducing nature goes an increasing from H,O to H,Po.

. (i) Volatile nature. O-atom is small sized atom with high electronegativity. Thus, i g
ntermolecular hydrogen bonding in water. Thus water is a
and boiling points. (table 3.10). As we move down the group, the size of the central atom increases while
the electronegativity decreases regularly. Thus, no hydrogen bonding is possible. Thus H,S is a gas and
has high volatility. The volatile nature decreases from H,S to H,Se and to H,Te. It is because of regular
increase in their molecular weight and hence van der Waal forces.
.(iv) Bond angle. As we move down the group, the electrone
bonding electrons in M —H bond of MH, (M = Q, S, Se, Te) are drawn farther and farther away from M. As

a result, bond pair-bond pair repulsion and lone pair-lone pair repulsion d : in
closing up of the bond angles and decreasing order of bondpanglei pereases regularly. This results

H,0 > H,S > H,Se > H,Te.

(v) Acidity of hydrides. Hydrides of group VIA eclements behave as we
solution. For example:

H,S + H,0 == H,0* + Hs-

Conjugate base

gativity of central atom decreases. Thus the |

ak diprotic acids in agueow

»HS™ + H,0 == H,0%" + s2-
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¢ character increases down the group. This effect is reflected in the dissociation constants

and acidi =

ombers -, H,5(1077), HySe, (1.7 X 10 4y and H,Te (2.3 x 1072) at 25°C.
of HzO(l o5, Group VI A or 16 elements form following halides which are given in table 3.11,

2, Hall Table 3.11 Halides of group VIA elements.
m""ﬁ&?ﬁes Chlorides Bromides lodides
%—W CL,0, Cl0,,C,0, CL O; | Br,0, BrO, 1,04, 1,00, 1,05
gu‘;i ' |5yFs SFu ST SaFuo | S:Ch, SCly, STy S, Br, .
lenivm Se,F, SeFy, SeFg Se, Cl,, SeCly Se, Br,, ScBry —~
Tellorium | TeFa, TeoFi10TeFs ';egz’ ;1;684 ;I;cirz’ §CBr4 Tely
w& oCl,, PoCly oBr,, PoBry Pol,

@) Fluorides. Since fluorine is more electronegative than oxygen, the fluorine compounds with oxygen
are called fluorides of oxygen. For example, OF, is called oxygen difluoride and not fluorine oxide. Since

fluorine is @ small sized atom, all elements except oxygen form hexafluorides, i.c., SFg ScFg TcFy PoF,
(ii) Chlorides, bromides and iodides. Cl, Br and I are large sized atoms. The maximum coordination

qumber of group VIA elements decreases with increase in the size of halogen atoms. Thus () hexachlorides
are not known (b) only two tetra-iodides (Tely, Pol,) and (c) three tetrabromides (unstable) arc known.

(iii) Te, Cl, and Po, Cl, are not known. It is because of two reasons:

(a) Te and Po atoms are large sized atoms. Thus Te-Te and Po-Po bonds are longer and hence weak.

(b) Cl-atom is more electronegative than Te or Po atoms. Thus, Cl-atom will withdraw clectrons [rom
Te-Cl and Po-Cl bonds towards itself making Te-Te and Po-Po bonds weaker.

Thermal stability. As the size of halogen atom increases, the M — X bond strength (M =8, Se, Te, Po
and X = halogen) decreases. As a result, the thermal stability of these halides decreases in the order
F>Cl>Br>1L

Stability of tetrabromides increases down the group from SeBr4 to PoBry. It is because as we move
down the group, the polarity of M-Br bond (M = Se, Te, Po) increases and stability of tetrabromides
increases. For example, SeBr, is unstable and forms Se,Br; and Br.

2SeBry,— Se,Br; + 3Brp
SeBr, also undergoes hydrolysis to form HBr and H,SeO; (selenous acid).
SeBr, + 3HOH —— 4HBr + H,5¢0;

i bStability of tetra-iodides increases down the group. S and Se do not form tetra-iodides. Itis because
= T(‘)nd betweer.l large sized I-atom and small sized S and Se atoms, is long and weak. The size of 1-atoms
and Te-atoms being same, Tel, is a stable iodide. Stability of Po I, can be similarly explained.
5 (vii) Hexahalides. All group VIA elements form hexafluorides of the type, MFq (M = $,Se, Te, Po).
% Xygen does not form OF ¢ because of non-availability of vacant d-orbitals of appropriate encrgy in O-atom.
ome M,Fyj is also formed in the reaction mixture. PoFg is volatile.
Reactivity of hexafluorides. As we move down the group, the size of the central atom 25 well as length of

Or(;er rond, (M = §, Se. Te, Po) goes on increasing. Longer the M —F bond, weaker itis. Thus the decreasing
of M—F bond strength is S — F > Se — F > Te — F > Po — F.

Hence the decreasing order of reactivity is PoFg > TeFg > SeFg > SFg.
From above it is clear that SFg is extremely stable and inert due tO high

Co-ordin.
vol tdinately saturated S-atom in SF and lack of polarity in SF. It is used as gaseou
age equipment. °

S—F bond strength,
s insulator in high

[T
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is while SeF, sact readily with water.,
(@) SF, does not undergo hydrolysis while SeF,, and TeF,, react readily et
TceFg + 6Hy O — 6HF + H,, TeQy (Tclluric acid)
(b) Lewis acid nature. TcF acts as Lewis acid because it can accept electrons from Lewig Dases
amines, F~ ) in its vacant d-orbitals. i .
TeF, + F~—> [TeF; | ; TeF; + F~ — [TeFg |
TeF,, + 2 (CHy )3 N: —> [(CH; )3 N |, TcF,

Trimethyl amine

(i |

Structure. Central atom in hexafluorides is sp® ¢ hybridised. The molecules, thus, h

i s [ ing bin: ides (table 3.12).
3. Oxides. All group VIA clements form following binary oxides (tab
G Table 3.12 Oxides of group VIA elements.

ave octahedral structur |

Element Monoxide Dioxide Trioxide Heptoxide\
Sulphur SO SO, SO3 S,04
Selenium — Sc0, SeO, —
Tellurium TeO TeO, TeO, —
Polonium PoO PoO, e =
General trend. (i) Acidic nature, Aswem

ove down the group, the acidic nature of the oxides of group VIA
elements (having same oxidation state) decreases rcgularly in the following order

SOZ > 8602 > TCOZ
strongly acidic Acidic
(it) Stability. As we move down the group,

(a) SO, is more stable than Se0,. (b) SO,

b %

amphoteric

the stability of group VIA oxides decreases.

is more stable\than SeO;3 (c) SO is known but S
(A) Monoxides. Except SeO, all monoxides are known.

(B) Dioxides. These elements burn in 0xygen to form dioxides,

(a) Solubility in water., @) SO, and Se0, are acidic oxides. These react with water to form H,S0;
(Sulphurous acid) and H,S8e0; (Selenous acid) respectively, i

For example :
€0 is not knowr.

g

8]

o 7
monomeric covalent gageqys molecule. Se-atom is not sp? / 8 /125 3 <
hybridised to form Se0, because of its low ele i
diminished ability to form multiple bondg to o

polymeric zig-zag structure (fig. 3.27), Teo
ionic solids.

Xygen. Thus, it has

|
2and PoQ, exist y5 ———-_©
2 S Fig. 3.27 Structure of SeOZ.

=S, Se, Te). SOj; and SeQ; are
is due t ivity and
o G . o low clectmnegatmty an

ains the polymeric nature of TeOs.

‘epared by passing  clectric discharge
480, +30,—, 25,0,

(Sulphyr heptoxide)

nd oxygen,
S dH, SO, + 0,

It reacts with water to form sulphurie acid a
25, 07 +4H, 0
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siALOUS BEHAVIOUR OF OXYGEN
)

is the first member of group VIA elements. Its properties differ from rest of elements in its
Oxygcn

due to its small size and high clectroncgativity, A few differences in properties are :
e
oup &Y

. . 242 2 1
) Co-ordination of oxygen does not exceed four. Oxygen atom (1s° 25“ 2p, 2py " 2p,
(.l |, Thus, it cannot expand its octet to attain coordination number more than four.
d-orgfial's of 10;\7 energy and can expand their octet. For example, the coordination numbe
d-ord! a =

ii) Nature of bonding, The electronegativity of oxygen (3.5)
(‘"her effective nuclear charge than screening effect. Thus, it
e tll:gr elements. Its high electronegativity is responsible for st
:?u?etr. The hydrogen bonding is not possible in large-sized S-ato

(iii) Inert nature of oxygen (see page 88).
(iv) Oxygen exists as O, gas while other members exist as solids (see page 86).

(v) Reactivity. Weaker metals like Cu, Ag, Pb, Hg, Zn

HgS, ZnS etc.) and not oxides. The reason is that the large-sized §2-

positive metalions (Cu”*, Ag*, Pb?* Hg?*, 72+
formed. On the other hand, the small-sized oxide j
is called hard ion and other ions (S?~, Se2

GENERAL CHARACTERISTICS

() Physical properties. Some

etc. occur in nature as sulphides (CuS, Ag, S, PbS,
ion is easily polarized by small-sized
etc). As aresult, a strong M —S bond (M = Cu, Agetc.)is

on O~ is not easily polarised by metal ions. Thus, 0>~ ion
~ etc.) of this group are called soft jons,

physical properties of halogens are given in Table 3.13, These properties
are discussed below.
Table 3.13 Some Physical Properties of Goup 17 Elements {Halogens)
Property | Fluorine (F) Chlorine (CI) Bromine (Br) lodine (I) Astatine (At)
Atomic number 9 17 35 53 85
gff‘mmc, [He]2%2p° | [10Ne] 32 3p° [18A1] [36Kr] 4d1° 552 5p° [s4Xe] 4£14
iguration 10,2,5
A 3d 45" 4p 5410 652 6p5
Oxidation state -1 =1, +1,+3, -1,+1,+3, -1,+1,+3,+7, -
Rela ' +4, +5,+6,+7 +4+5,+6 +7
m‘% atomic 18.998 35.453 79.904 426.95 209.99
lonisation
s 1680 1256 1142 1008 -
( moy ™1y 31
: e radius (pm) 77 99 114 133 =
Omcmdmsx- . 133 184 196 220 e
Ectronegatiyiy 4 3.0 28 2 22
ectron affiniy - & Ry 2.5 -
(keal mol ) o o
ﬁ::: zi :¥d’a‘i°n (K moy ™! 515 381 347 305 ~
. Qissociatin =1 1 2 vl
Meling pojny (g, " (< mol ") 5549 o o Bl
lllng Point (K) 122 266 387 =
cnsity (gom =5 . 85 239 333 458 =
) in liquid stage 1.513 1.655 3.187 3.960 =
Coloyy (85K) (203K) 273
E . (273 K) (493K)
Nthalpy o Vaporisat; pale ycllow Greenish yellow Reddish brown Violet =
AH, (1 g, ) % 654 2041 29.56 41.95 o
Emhalpy of quiOn %
g“f ( moyy 0.51 6.41 10.57 15.52
ond €nthaj -
PY (kI moj ™) 158.8 2426 192.8 151.1 =
—

\

————

l) has no

Other members have
rof Sin SF is six.
is highest in its group due to its small size
s compounds are more ionic as compared

rong hydrogen bonding in its compound,
m. Thus H,0 is a liquid while H,S is a gas.
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i igurali " these elements (‘Table 3,13) sha
. fipuration. The clectronic conliguration of these clen (T ) Wil
1. Electronic configur: ‘

; C N .
COllﬁg\] dt,l' ,. 3 i,. G l.' o Y q ‘ <( ‘l Y .' . A((r! (l‘/“ “l(lll(, ‘. ol l'] o l ,Kl( Hi “"l 'l"tlt(‘

d lectron Lo attain stable noble gas configuration. It has no positive oxidation state because i
as it needs onc clectre ain st

. oy pi6: Ehie A r\?
very high 1onisation encrgy. R 2t ates, These also exist |
(b) Cly, Bry and I, Like fluorine, these also exist in — 1 oxidation states, These also exist in POsitiy,
Y ._‘ &°

idation states (see table 3.13) in oxyanions (e.g., ClO5 , 5 state of CI) and in inter-halogen Compouy,
oxidation states (see table 3.1 ) 2 ' | . o
(e.g., IF;, +7 state of iodine). In ICI, iodine exists as 1", Recently, evidence for the existence of Caliopj,
¢.g., 1y, .
chlorine and bromine has also been reported.

3. Covalent nature of halides. As we go down the group, the size of halide ion (X7) gocs on Increasing

Thus, according to Fajan’s rule, the X ion becomes more and more polarisable. The compound, thy
becomes more and more covalent. Fluorides are, however, ionic but in other halides, the jonic char

dacler
decreases while covalent character increases.

4. Electron affinity. The electron affinity of clements decreases down a group due to the simult
increase in atomic size and nuclear charge. However, the affect of increase in size is gre:
in nuclear charge. As a result, the incomin
electron affinity decreases.

ancou
iter than the increas
g clectron feels less attraction by the larger atom and hence (he

Electronegativity and ionisation potential. All these elemen
ionisation potential. As we move down a group :

(¢) The nuclear charge increases.

(i7) The electrons are added in the new shells. These new shells screen the nucleus appreciably. As a resull:

The effective nuclear charge < Screening effect. Thus, the force of attraction between the nucleus and §
ectron decreases. Hence electronegativity and ionisation potential decreases regularly down

ts have high electronegativity and

charg? also increases down the group,
effective nuclear charge. Hence size of

7. Diatomic nature,

ew orbits. Although the nucles
n of new orbits is more than th
arly down the group,

cules in the form of g
s. Except F,,
s for exceptionally

atom and ion increases regul

7. All the halogens exist as diatomic mole
crystalline states. All these diatomic molecules dissociate into atom

of halogens decreases down the group. Reason
compared to Cly are given below,

e o

ascous, liquid an® §
the bond dissociation enere? £
low bond dissociation energy of Fy ¢

large. As a result, F—F bond dissociates very easily,

’(III? Except 1'72 (havmg no d-orl.)nul), l.hc strength of bond in ofher halogens is more beeause of
possibility of multiple bonding involving availabe d-orbitals, <

8. Hydrides. Halogens combine with 1y
halogens decreases down the group,

For example : (i) F, reacts with H, in the dark o form HF.

ydrogen to form volatile halides, FIX, Their lendency (o react wilh

(i) Cl, reacts with Hy in presence of sun light to form H (Y,
(ifi) Br, react with Hy above 775 X to form HBr ung

(iv) I, reacts with H, only on heating in presence of platinum catalyst to form HI.
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Some ch
1. Physic

ing odour.
hocking O
sharp © in atomic mass of halog

OF s AND p-

aracteristics
al properties. All are colourl

of these hydrides are given below.

ess gases. These do not show acidic character in dry state and give
Except HF, all have low melting and boiling points. The.mclung point§ increase with
ren. The high boiling point of HF is due to high degree of intcrmolecular

incrense e
hydroge” s+ 06— O+ 0— O+ O-
wH = F H - F ... H - F... .
Table 3.14 Some Properties of Hydrogen Halides
Property HF HCI HBr HI
Jencray 566 431 366 299
Bon
-1
Jmol )
Hkg;:]of formation —269 -92.4 -37.2 +26.4
AH,) in kJ mol ) _
fonisfation CODStant in water 7 X 10_7 107 109 1011

2. Covalent natu

re. The bond between hydrogen and the halogen is covalent. It is indicated from the low

elting and boiling points of these hydrides. Pure liquid hydrogen halides are poor conductor of electricity.

The order of electronegativity of halogens is :
F>Cl>Br>1I
So, degree of polarity in H-halogen bond decreases in the order.
HF > HCI > HBr > HI.

3. Heat of formation of hydrogen halides. It increases with increase in atomic mass of the h.alogen
(tzble 3.14). This indicates the corresponding decrease in the quantities of energy released during the
formation of hydrogen halides. Thus, the formation of hydrogen halides should become more difficult while

going down the group. It is in accordance with the experimental facts.
This explains the decrease in the stability of hydrides in the following order
H-F>H-CI>H-Br>H-1
4. Reducing properties. A reducing agent is that which loses electrons easily and gets easily oxidised.
Heat of formation of hydrogen halides show that their stability decreases down the group. For example.
(f) HF and HCl are stable up to 1200°C.
(i) HBr and HI dissociate to 1% and 20% respectively at 440°C.
This indicates that reducing character of hydrogen halides increases down the group.
HI > HBr > HCI > HF.
HIis such a strong reductant that it is casily oxidised by air to I,

4HI + 02 -_— 2H20 + 212

I : v I
N general, the halide ion (X7) which is easily oxidised to X3, is the strongest reductant.

2XT — X2 + 2e”
(Reducing agent)

HF (ie. FT) . . Lran
electrop which is)t: éhc Teexest wh'l_c HI (‘-e-;_l ) is the strongest reducing agent. The reason is that the
Temoved, T, ¢ removed during oxidation is closest to the nucleus in F— and hence difficult to be

us, HF is a poor reduci
Sizeq |~ poor reducing agent. On the other hand. it ; :
: :gd thus HI acts as 4 strong reducing agent , 1L 1s easy to remove an electron from large
- A i

dic stren i cleéar Irom their

10n gth. H d 1 1 1

isa At y rO%en halides act as acids in their aqueous solutions. It is cl f thei
Of constant in wa er (table 3.13). The strength of acid increases in the order

HF<Hc1<HBr<HI

‘ :
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. o in HCL |- - scause of decreqy
Although the positive charge on H-atom in HF is more than that in HCI, HBr, HI (because of deerea, ing

order of electroncgativity),
F>Cl>Br>I HF
it has less tendency (o lose protons 1o waler,

It has been observed that : , oo o Lo mile
“major factor contributing towards the lower acidity of HF is the high bond dissociation encigy of -

Group-18 (Noble Gases)

The credit of the discovery of the monoatomic gascs, hclium (3Fe), neon (joNe), argon (13Ar), kryptoy

(36Kr), xenon (syXe) and radon (ggRn) mainly goes to Ramsay.

ELECTRONIC CONFIGURATION

A : 2 SRS SO NI TR , \meC " the noble gas family have
Except helium which has 15~ clectronic conliguration, all other elements of the noble g y have

nsznp(’ configuration, i.c., these have eight clectrons (complete octet) in their outermost shell, (Table 3.15),
s Table 3.15 Electronic Configuration of Noble Gases

Element Atomic Number Electronic configuration g |
He 2 ]sz
Ne 10 152 252 21)(’
Ax 18 152 2s% 2p° 352 3p°
Kr 36 152 25% 2p° 35 3p° 340 45? 4p"
Xe 54 152 252 2p0 352 3p0 3a'°
45° 4p6 44d'0 552 5[)6
Rn s 86 152 252 2/)6 352 317(’ 3d'°
4s? 4p8 44" 41 552 5p° 5q'0 652 6p°

<
/  TREND IN PROPERTIES

The noble gases possess quite similar physical properties. Some important physical constants of noble

gases are given in table 3.16.
Table 3.16 Some Physical Constants of Nobie Gases

Property He Ne Ar Kr Xe Rn
Van der Waal’s radius, (pm) - 131 174 189 210 215
First Ionisation 2372 2080 1520 1351 1170 1037
Energy (kJ mol"l)
A, . kI mol ™1 ' 0.02 0.33 1.18 1.64 23 29
AH,,, kI mol ™! 0.084 1.77 6.5 9.0 12.6 164

Discussion of Properties

1. Monoz'itoml'c nature. These are colourless, odourless gases and exist in the monoatomic state. These
do not form diatomic molecules due to the absence of unpaired electrons in their valence shell.

2. Ionisation energy, The noble_ gases have high ionisation energies due Lo their highly stable (ns2 1:[76)
configurations. The ionisation encrgics decrease down the group. Down the group, the nuclear charge goes
on increasing but the electrons are i.lddcd in the new shells at each successive step. T’hese electrons screen the
nucleus appreciably. The increase in screening effect being greater than the effect of the increaq;: L A
charge, the force of attraction of the nucleus for the clectrons goes on decreasing, As a resuli the energy
required to remove an electron from the valence shell goes on decreasing. Hence, the first ionisation en cray
of elements goes on decreasing down the group. ’ s
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¢ Blectron alfinity, Bxeept ‘hclm_m which has thg configuration {1s7), all nol?le gases have ns”np
i e clght clectrons i their outermost orbit. Thus, these clements have little tendency to accept

the electron atlinity of noble gases 1s very small.

on do not form noble gas compounds because of the

s > BRTTR H
_afipuration,
Hum and neon, Helium and ne

Jactt

mmpmuuls of he
I
ae high lonisation energies due o their small size.
(@) They cannot increase their covalency beeause of the absence of vacant d-
Howewet, Xenon and krypton form compounds with oxygen, {luorine and (
,‘\5\\11\“-5\;“i\il)‘ of fluorine (0), chlorine (3.0) and oxygen (3.9).
AL TREND OF OXIDATION STATES AND INERT PAIR EFFECT OF

GENER
2.BLOCK ELEMENTS

N \E?\“\‘z“\\“ JRONNYY
H{LN

() Both K
orbitals in their valence shells.

chlorine). [t is duc to the high

1 Oxidation States. The avidation state of an element is the auxillary charge which an atont has or appears
onic configuration of the eiement.

whined with other atoms. 1t can be predicted from the clectr
or lost by an element to attain a closed shell configuration

o have wier con
It corresponds Lo the number of clectrons gained
P - S 2
ol cight clectrons (3™ np D or two electrons (7).

{¢) Elcments of group 1.2, 13 losc one, two and three clectrons respectively and attain stable inert gas
configuration. Henee these clements show +1, + 2, and +3 oxidation states respectively. Thus, the oxidation
2ate of one clement in above groups is equal to the group number.

¢ 2 ¥ . ~ 7 .
() Elements of group 14 arc unable to losc or gain four clectrons to get s~ n S stable configuration

hecause of their very high ionisation encrgy/electron affinity. Hence these share electrons with other atoms

.nd form covalent compounds and exhibit oxidation staic equal to four.
in threc. two and one electron respectively to attain

(¢) Element of group 15, 16, 17 have a tendency to gal
R . \ . L, y
ny~ np” stable configuration. Thus, the elements in these groups show—3, =2 and — 1 oxidation states respectively.
(i) From above it is clear that as one moves along a period, (say third), the oxidation states increase from
+1(Na) 10+ 3 (APT) and then decreases from —3 (P77 ) to — 1 (CI7). (ii) For p-block elements, the
maxsmum oxidation state of an element in a group is equal to sum of its s and p electrons which is the same as
group number. _
(iif) A few p-block clements are such which in addition to usual oxidation state show an oxidation state

which differ by a step of two. For example, thailium (TI) shows + 3 (Tl3+) and + 1 (T17) oxidation states. It

can be explained on the basis of inert pair effect.
2. Inert pair effect. p-block elements with high atomic number (usually with outer clectron configuration

2 1-3 . )
(ns= np' ~°) show variable valency. First of all, these elements lose outer p-subshell electrons.

-¢

Tl = [s;Xe] 4 54" P 6p!  —>  TIY g, Xe] 4™ 54" 657

™ SN SR V2] > raley r D 2 1

o T}‘ns gives one value of valency. For example, ns” electrons which are lcft behind penetrate towards the
cleus to maximum extent. These are, thus, strongly attracted by the nucleus. Hence, both the s clectrons
Ca;cr;.l‘ucamn{ to participate in bonq formation. This pair of ns* electrons is called inert pair and the effect 1
s pl:;;l‘t r];a:: ej]'zcr. Tbl_llg inert pair cffcct increases down the group in the periodic table. For example, the
Upair cffect and stability corresponding to low valent i ; ; 4and 15 e

pa clfccta y p g tions and compounds of 13, 14 and 15 group €€
Table 3.17 Oxidation States of Elements of Group

i

‘ Group 13 Oxidation states Group 14 Oxidation states
i] +3 G
G: +3 Si
i +3,+1 Ge

\ +3,+1 Sn
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group 13 (Inert pair effect) : TI" (Thallous, Z = 81) > In™ (Indium, Z = 49)
group 13 (Stability) : TICl > InCl

e 2+ 7 — 82) > Sn2"* (stannous, Z = 50)
group 14 (Inert pair effect) : Pb™" (plumbous, Z =82 >5n" (¢ ’
group 14 (Stability) : PhCly > SnCl,

3+ :
4 w3t (ot = S =
group 15 (Inert pair effect) Bi** (bismuth, Z = 83) > Sb™" (antimony, Z =51) > As™" (arsenic, Z = 3
> P (Z=15) I L
The above trend is duc to the decrease in the strength of the covalent bond formed by elements lying i,

the lower part of the group. This decrease in bond strength results from lt(:ls§ effective ovclar:fip oi e:lcctr.on
cloud due to large distance between bonded atoms. Thus, the energy released in aqueous solution (hydratio

oy Iy 2) '

energy) due to additional bond formation is not sufficient to excite the lone pair (ns” of electrons. Hence
compounds showing lower valency arc more stable. .

Greater the inert pair effect, greater is the stability of the ion or compound and lesser is the tendency o

lose clectrons or get oxidised. However, ns?- electrons can be removed under drastic conditions to give
another value of valency. The ion so formed is unstable. This will, thus, take upto two electrons from other

atoms to retain its ns>-clectrons. Hence it will behave as an oxidising agent. The oxidising character of high

valent ions increase down the group. For example, gain of ns? electrons and oxidising nature of high valent
ions or compounds of 13, 14 and 15 group elements is in the order :

group 13 (Gain of electrons) : T3 > m**

group 13 (Oxidising agent) : TP* > In3* or TICl; > InCly
group 14 (Gain of electrons) : Pb*t > st

group 14 (Oxidising agent) : PbCl, > SnCl,

group 15 (Gain of electrons) : BT >Sb°T > AT > P
group 15 (Oxidising agent) : BiCls > SbCls > AsCls > PCls .

(Since inert pair effect is maximum in Bi’t and least in P3+, BiCls does not exist but PCl; exists).

In <3>t+hf:r words, in group 13, TP* ion will gain two electrons easily (than 1n3+i011) to form TI'™ ion
Thus, TI"™ is better oxidising agent than In>* and less stable than T1™.
Similarly, we can explain that

! 4+ . .
(i) Pb"" is better oxidant than Sn** and (if) Sb>* is better oxidant than As>*

FIRST AND SECOND ROW ANOMALIES

It has been observed that amon
. ; g p-block elements, the f e .
elements in their characteristics, It is because of its Higifirst cloment in'each,group ditfers from oth

(i) small size and other properties (ionisation i o
B dicrs potential, electron affini - : -
(ii) non-availability of d-orbital. nity etc.) which depend upon sizé
(iii) tendency to form 7-bond by prt-pr-overlap and
(iv) inability to form p 7t—dz multiple bonding,
Let us study the effect of above characteristics on the cherm: e
elements (specially second) in the same group. ¢ chemistry of first element as compared to othe"

(a) Effects because of size dit?'e.rence. () In gr oup 1;1 elements, CO, is a gas but SiO, i lid. C-ato”
is smaller in size as compared to silicon atom. Thus, half filleq 2p-orbital of C-atom : 12 o S'(:hlh. If fille
& overlaps with ha




