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e spect £ d—orbitals.
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lntrodgroup 13 to 18 of the penn?:t:c ta tronic conﬁguraf e T
metaloids 36 W0 B:tg?wr;;E general V2| esfhtﬁu EIEt‘;’;l nts differ ":m and abSeN°” ~ c=C, N=N)
lock eleme 13-17 0 =4 gy A ectron ga —c, C=C,N=
-.rr::ﬁe;fmember ofesch AT frorg cause of small sizé hig tultiple ponds fostl g the same group.
mbers of their respective groups e ity t0 form prz—-pﬂ one members 2 gmup' P,
e rstmemerof SCLE - ge(a:lel\rIBC*N ) compared O NE 2o moving down 43 to 16 due
g =L - rmi ; ; ups
st E]emem'gff'zw;fd n:::rafci:sk%lement is equal to tth group "gg;omes more S able .-,n gr
e T%hess;;?:h:c; .':ss i;‘lp;l‘! the highest grouP oxidation stage‘ Ein ' cal bon ding
;ﬁf:nr pr;fr effect (reluctance of s-subshell electrons to parttc:lpa

ts : The Halogen Family

up 17 Elemen
& do notoccurs in free state.

Group ;
Occurrence :

All halogens aré

@

very reactive

[Fluorspar (CaFa2)

+ Main Source : or

544 ppm Fluorite

(13 most abundant element) + Another Source : Fluoroapatite [3Ca,(PO,),-CaF,]
(Mainly source of P)

Most abundant compound of Cl: NaCl

n sea water & brine lakes

126 ppm ~
(20" most abundant element)

+ Bromides occurs i

conc. in sea water.

nes
) in Chile salt petre

+ lodides occurs in low
+ Better source : Natural bri
+ Impurities (NalOs & NalOs

(NaNOs)

¢+ Do not occur in nature

Radioactive & has a short half-life

Allotropy :
All the elements of halogen family generally do not show allotropy.

Atomicity :
All halogens exist as diatomic (X,) molecule.
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(Cl>F>Br>=1)

F
l Cl \ Br \ 1
1 =l |
Atomic Mass/g mol 9 l 17 \ = \
: 53
eneral electronic confi z :
Tguration=(ns? np?) | [Hel 2 2 59,8
p°) ]2s® 2p° | [Ne] 3s? 3p° 10,42 [Kr] 4d'°5s?

Covalent Radius Tpm 1 p° | [Ar] 3d'%4s? 4p° Tl e s
(F<Cl<Br<i) 64 99 114
lonic Radius X~/ pm .

F < Ci

( /< Br<I) 133 184 196 220 i
lonization enthalpy / (kJ mor )

EF Gy 1680 1256 1142 1008

+ Due to increase in atomic size, ionisation enthalpy
decreases down the group.
Electron gain enthalpy /(kJ mol™") = i e =325 \ i
« Maximum negative electron gain enthalpy in the
corresponding period. _
alpy of fluorine < chlorine : '
—

+ Negative electron gain enth
Due to small size of fluorine atom. As a result, there are

electronic repulsions in the rela
the extra electron (inc

tively small 2p
oming)

i,
strong inter-
orbitals of fluorine and thus,
: does not experience much attraction.
Distance X -X/pm
8.
(F2<Cla<Br:<1p) 143 199 229 266
- 158.8 242.6 192.8 1514
s Smaller enthalpy of dissociation of F,is due to relatively
ulsion among the lone pairs

Enthalpy of dissociation (Xz)/kJ mo

larger electrons-electrons rep

(F<Cl<Br<l)

9.

(Cl-Cl>Br—>F—-F>I-])
- in F, molecule.

Electronegativity

10. | F>c1>8r>) 4 3.2 3.0 27
Melting point/ K

1. | F<ci<Br<l) _ 172 2658 | 368
Boiling point/ K 239.0 332.5 4582

' Gas Liquid - Solid

31 | 347 L

(State at room temp.)

I

her is the hydration energy.

AnyaH (X7) 1 kJ mol™

13- | F>c1>Br>1)

(F,>Cly > Brz2> 1)

(Order of oxidising power)
n Colour (at room temp.)
n Oxidization state

97V (SRP) ; Xz ()+ 26"~ 2X" (ad)

+ Smaller the ion, hig
2,87 m 1.09 0.54
+ More the value of the SRP, more powerful is the oxidising
Pale gréen Greenish- | Reddish brown Dark violet
; ellow gas liquid
- |+4‘ ) +3|
+5,+1

solid
324005
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(ii)

wit+ 1.+ 3. *5any
ised
>" , are realiseéd main,

bi
. and iodin® exht
ine @M% "4 i0diN® = " | oxygen ato
5 e fluoring an ms
_Being the mogy

he reactivity of

alogens: Fz is the
i SO]id hase. The
n ir standard
2 om thelrs
evident fi i with water to
x n- spontaneous

5 NO >
d with fluorineé.

micﬂl P
Che tate

All the halogens a
ecre:
ction ©

the halogens d
The ready acce
halogen
dising ogen 8 e haloge
ises water to ©

strongest oxl
decreasing oxidi
electrode poten = £
form corresponding hydrohalic an
d by oxygen in a

> 4H*

|-can be oxidise
2F,(g) +2H20(£'}
X,(g)+H, 0 () —— HX(aq)+

41-(aq) + 4H* (@q) + 0,(9)
ndard Reduction Potential (SRP)
Ee= +287V;Cl,+2e- —2 20

> 217

e oxidising agent. Hence the order of oxidising

fo) the rea

rBr)

)
(where X =Cl©

HOX(aq)
320 (s) + 2H,0 (£)

E° = +1.36V

E°= +0.54V
power is

Sta
X, +2e — 2X°
E,+2e — 2F-
Br,+2e — 7 oBr- E°= +1.09V; L+ 2e~
2 -
More the value of the SRP, more powerful is th
g? < Cé;fﬁ';zt;; highest for F, (among all elements of periodic table), it is a strongest oxidising agent.
ince = I
Hydrat!'on st O”t:] hydration energy. | "\
i i is the ri . .
smaler the ion. higher g Br- r _
515 381 347 305 in kJ/mol :
r of fluorine i _ \
ffluorine is due to its small size, highest electronegativity, low F-F bond dissociat'on
hell. Most of the reactions of fluorine are exotheric |
lements). It forms only one oxoacid while other 9

Anomalous behaviou

The anomalous behaviour 0 '

enthalpy, and non availability of d orbitals in vz?leqce s

(due to the small and strong bond formed by it with oth‘_er element .

halogens form @ number of oxoacids. Hydrogen fluoride is liquid (b.p. 293 K) due to strong hydrogen

bonding. Other hydrogen halides are gases.
ey all react with hydrogen to give hydrogen halides but affinity for hydros en

th increasing atomic number. They dissolve in water to form hYdth‘:‘ﬂic

acids increases in the order : HF < HCI < HBr < HI. The stability of hiise

H-X) dissociation enthalpy in the order :

Reactivity towards hydrogen : Th
decreases from fluorine to iodine wi
acids. The acidic strength of these
halides decreases down the group due to decrease in bond (
H-F>H-CI>H-Br>H~I.
Reaqtfvity towards oxygen : Halogens form many oxides with oxygen but mo
Fluorine forms two oxides OF, and O,F,. However, only OF, is the the);yn? ally stable :tt 20; Btr}\(e‘-?hit unsiate,
essentially oxygen fluorides because of the higher electronegativity of flurorine than oxy en' B me i i
fluorinating agents. O,F, oxidises plutonium to PuF, and the reaction is used i ygen . Soth are strong
from spent nuclear fuel. " In removing plutonium as PuF
Chlorine, bromine and iodine form oxides in whi idati
yn:risi t;nf:c;:rgt!zz gildtatlon states of these halogen vary from + 1 to +7.A
o othe generally decreasing order of stability of oxi d
gnher oxides of halogens tend to be more stable than th o
e lower ones.
g agents and tend to explode. Clo,

combination of kinetic and thermod
formed by halogens, | > C| > Br, The hi
O and CI,0, are highly reactive oxidisin
eatment.

lChrorfne oxides, CL0, Clo,, C
IS used i ;
P ;smae if;gggrngrageggr paper pulp and textiles and in water tr
| Qeso : - g C;mo t2,0Br03 are the least stable halogen oxides and exist onl
= ;
_ﬂ'ﬁmﬂw C Qﬂ ear Qj Er E ate Office: CG Tower, 5-46 & 52_. IPIA, Nea = - temperature.
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ements (Halogen & Noble Gases)

p_[}fm'k L
They are very powerful oxidising a
h - gents,
odine oxides, 1,0,,1,0,, 1,0, are insoluble solid m oo
ids and decompose on { ry
heating. 1,0, isve i
1,0, good oxidising

Thel :
agentand is used in the estimation of carp
roon monoxide
gen react wi
ith metals to form metal halides. For e.g., bromine reacts with

Reactivity towards metals -
mggneslum to give magnesi;:agsom,d
ide.
ther halo :
gens : Halogens combine amongst themselves to form a number

Reactivity of halogen towards
o
ogen of the
types AB, AB,, AB, and AB, where Ais a larger size halogen and

of compounds known as interhal

§ (i)

| i

P

i (iv)
B is smaller size halogen

|
| ]
k| ———— Solued Sxamples
[ Ex.1  Althou
| L gh electron gai
s n enthal :
ﬁ)i(;désdr;g! :g??tl than chloﬂne.%ﬁ;'guorme is less negative as compared to chloride, fluorine is a stronger
2 (1) low ent : e
st e h'_';"PY of dissogiation of F—F bond, (ii) high hydration enthalpy of F~ \
uo i , }
rine is 64 pm but the bond length is not equal to 128 pm and thatis 143 pm
to small size of F atomn. '

i | Sol.

] Ex.2
and i
nd bond energy is found to be comparable to 1,

Thi i

is may be attributed to ¢.p — £.p repulsions due

) They have high electron affinity.
t+1, +3,+5and +7 oxidation states

..’ I.'II Sol.
| JI
{ Ex.3 3
! A ‘{h;‘;ﬂ_:_)l(_l:rehhalogens strong oxidising agents ?
{ .' ¢ 2 . y have low bond dissociation energy, (ii
X. luori ibi i
| uorine ex_hsbits only —1 oxidation state whereas other halogens exhibi
|' Y also. Explain.
ol.  Fluorinei i ibi i
rj e '32 Irsb :tg? most electronegative elementand cannot exhibit any positive oxidation state. Other halogens '
s and therefore, can expand their octets and show +1, #3, +5 and +7 oxidation states a0 ~

+ HCl is purified first passed
through H,O then through conc.
H,S0, to remove H0 further

Ca0 & PO

[
CHLORINE (Cl,) :
| Preparation :
: [_S.:.Io. [ Method Process
I ;?33;?;%21" H,S0, + NaCl — HCl + NaHSO4
4HCI + MnO; —> MnO; + 2H,0 + CloT

2. Commercially: | °
¢ fl?'af:_eﬁt;oéfs's INaCl+ 2H;0 — e, oNaOH +Clo+2H,
solution in the 2NaC| —Eectelte , oNa + Cl;
manufacture :
of NaOH
(ii) | Deacon's CuCl, Catalyst | Air is used to oxidize HC
‘_.—-—-—-—'—'_ .
process 4HCI+ O, 440°C 2Cl; + 2H0 + A instead MnO,
+ Reactionis reversible
+ Conversion 65%
(iii) Electrolysis of Reactions:
Brine At Anode : 2c > Clp + 2e”
At cathode : Na' +e — Na

. 2Na + 2H;,0 — 2NaOH + Hz
Side reactions may also occur if the
products mix:

ZNaOH +Clp = NaCl + NaOC'I + Hzo

20H + Cl, = 20CI™ + Ha
(Hypochlorite)
reaction) :

At anode (small extent

40H™ = 0, + 2H,0 + 4e”
® Corporate Office: (;:G Tower, A-46 & 52, IPIA. Near City Mall, Jnalawar Road, Kot (Raj)-324009
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vier than air, | =17
tcﬂh ‘{f_.--

r

: te com ! ;
; infacta clathra Pouy o)
which I$ i Ny, i

ent and $ oils 2 sH. 1 '
arties ©jow g3% Wﬂr iuf?qgl”d which 2 wvin rmufd o ; Q)]
ProP nrsﬁ’-\"e > h-')f’e”’ ¥ ter h@ I
enis wia

1is 39" into 9
liquerie? it forms 8

___»5Na
T%a give pleaching powder,

o
Cacfz +2 H;
 cacl, Ca(OH); 2H:0

cly : cl)

2 . wder is Ca(©@

osition of pleaching P° d HOCI (co!ourleSS_}- HYPOGhlo.-Qu i
dising and bleaching propertiag - |

i ca(OH);*
[ — Ca(CJC-'}z *

g HCI (colourless) an

erties * 5 :
ng & bleaching P?‘é’;’z wateris yellow) gvin o for OXi
Xy!

L Chlorine dissolvesin water 4 gen which is responsib
acid (HOCI) ° formed, gives
i i hat
chlorine. i~ sulphite to sulp
| () It oxidises ferrous to femcc. IIS P Fe,(SO,); * 2 HCI
2 FeSO, +H,S0: T %2 oy 2 Hel
. ——>» Na, SO, +
Na,S0, * Ol 1O b +2HCl 1|
50 +2H20+C"; —— H,S0,
;+26Hzo+50lz—-—-—)2H103+10HCl - )
(b) Itis a;owerfu.' bleaching agent ; bleaching action is due to oxidation. -.
: C.'2+H20_-—-+2HCI+O
bstance + O — Colourless substance : ) '
I?boif;gsgss:egembfe ororganic matterin the presence of moisture. Bleaching effect of chlorine is Permanent
Note: The bleaching action of SO, is temporary
SOZ+2H20-—+H2504 +2H -
S0,*+ Coloured material — SO+ Reduced colourless material.

Reduced Colourless material _92—15"1—) Coloured material.

ascent© ) . . o ;
e sulphur dioxide to sulphuric acid and iodine to iodic aciq

L

pecause it takes place through reduction.

Uses : Cl, is used
1. for bleaching wood pulp (required for the man ufacture of paper and rayon), bleaching cotton and textileg

2, in the manufacture of dyes, drugs and organic compounds such as CCl,, CHCI,, DDT, refrigerants, etc
3 in the extraction of gold and platinum. ik
4. in sterilising drinking water and
5.

preparation of poisonous gases such as phosgene (COCI,), tear
(CICH,CH,SCH,CH,CI). 2): gas (CCILLNO

HYDROGEN CHLORIDE (HCI) :
Preparation :

By heating a halide with concentrated acid (Laborato

NaCl + H,80, —* NaHSO, + HC :

This method is called as salt . NaHSO, + NaCl ‘—9325-% Na, SO, +
HClI cannot be dried overP cake method as it involves th 18,90, +HCI

e formation of N i
Ca0+2H0) — o CsaCiz lﬂL Oq ick hmle since they react with gas che?nically a
) ;

HCl i - ' ==
 ALlis, hence dried by Passing through concentrateqd H soppm e POCI, +3HPO
250, . 3

.mRESDn ® [Corporate Office;
Educating fomﬂﬁﬂgﬁ ™ l'CG Tower,

2) , Mustard gas

ry method) :
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glock Elements (Halogen & Noble Gases)
P operties : N
p It s Z:S‘:i'::‘l‘;;s::;e‘zufc?:rgo?;:ﬁling gases with acidic tastes. :
(il) :: is quite soluble in water, ess liquid (b.p. 189 K) and freezes to a white crystalline solid (f.p. 158 K)
(i) HCl ionises as below: HCl(g) + . ' §
g) + H,0 (£) —» H,0" (ag) + CI (aq); K,=10
t (K,) indicates thatitisa

|t aqueous solution is called i i

I acid In water. hydrochloric acid. High value of dissociation constan

when three parts of con

e e e s centrated HCl and one part of concentrated HNO, are mixed, aqua regia s formed
Im—— ;:\n:lg noble metals, e.g., gold, platinum. ; ‘

. 3Pt+16 H* Oy +4Cr — [AUCL" + NO+2H,0

; It reacts with +4NO; +18 CF —— 3[PICIP-+4NO+8 e

| ith ammonia forming white fumes of NH,Cl :

] NH, + HCl — NH,CI

i ) It decomposes salt of weaker acids.

! Na,CO, + 2HCI — 2NaCl+H,0+CO,

NaHCO, + HCl ——» NaCl+H,0+CO,
Na,SO, + 2HCl ——> 2NaCl +H,0 +80;

Uses :

HCl is used in preparation of Cl chlorides, aqua regia, glucose, (from cort starch), ‘
It is used in medicines, taboratozry as reagents, cleaning metal surfaces before soldering or electroplating.

It is used for extracting glue from bones and purifying bone black .

SRR

BLEACHING POWDER : .
) s : d salt of
Bleaching powder is also called calcium chiorohypoch'.onte pecause it is considered as @ MXe
hydrochloric acid and hypochlorous acid.

), CaCly Ca(OH), 2H.0-

The composition of bleaching powder is ca(oCl

PREPARATION:

Ca(OH), + Cl, —=°— Ca(OCNCl+HO
Properties : d%y, 4
e der. It has a strong smell of chlorine. Itis solublen water buta clear solutionis nev

It is a pale yellow pow

formed due to the presence‘of impurities.

Ca(OH)2 o  CHCh
S/ K

’ S
2 caCl, + Ch (available)
- Fe’
| [+
¢ &
Nz KN03 m \.\

Ca(ClOa)22 * caCly

Bleaching action L

Educating for
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“Godic acid)
HOIOs
(periodic acid)

i
8
¢ imP . uoct=HO
sidnsTW"‘gm pei > HF e > CIO: (A
o e 0;> 10 > ci0
g) ;fsmg P°Wde£ (M B ) Sl § \il
I Br ite ion) 1 : tronegativi
I ns lite elec gauvity th
(0 (,-J;;;;g?s pmﬁoru nato® o - (hypoh? to this fe“iz;gnt compounds, whici \
? ’ v P = tferent elect DnegatLV ? tion of © ° \
ntehlogegen Ao ehoter o1 e \
we KN oms comP! ounds. These 2 B |
halogen =, terhalogen © a0 IF, \
3
AB C‘Fg BrFS l"l
C-'F Bng ]F 5 I'\
BEF ICl, e
- IF __sBK 5 2CIF,
- . 8
2l + 3F, (excess)
preparation - 5) 4K 20IF; cl,*+ 3F, A
lume '
I, +Cl, — 2ICl; 1I":l"'.
A .
{equl'mﬂlﬂf} ’ Y
ter: B (@ *+3F T pOIF, \
Diluted with water - : g \\
|, +3F, o5 20F, \\
—— 2BrF, d ‘ '
\
!

F, is diluted with N,:
Br, + 5F, (EXCGSS)

F,is taken in freon :

Properties : e s
. compounds may be gases, llqglds or solids. | - L
(i) ggg:s 3 CIF‘?BrF, CiF, ; IF;; Liquids : BrF, BrFS.. Sohtds : lcng':ig l;;;(e: ; e oy
(i) Al interhalogens are covalent molecules and are .drszimagne ic in
resent as bonding or non-bonding electrons are paired. o
(i) ﬁhe boiling points increases with the increase in the electronegativity difference be@ween Aand B atoms.
()  Interhalogen compounds are more reactive than the parent r}alogens but less reactive than F.,. .
Hydrolysis : Al these undergo hydrolysis giving halide ion derived from the smaller halogen and a hypohalite
(when AB), halite (when AB,), halate (when AB,), and perhalate (when AB) anion derived from the larger

V)
halogen.
AB + H,0 —> HB + HOA
BrCl + H,0 — HCI + HOBr ; ICl+H,0 — HCI +HIO
2
Qesanan ® Corpqrale Office: CG Tower, A-46 & 52, IPIA, Near City Mall i
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