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Total Mark, T
Q.1 Encircle the correct apllon, __[;.-:?:';i'
(1} The osldation Stete of S In 5.0‘: Is: e

)

{i)

0o.oea
nitrogen docs not readily Ml‘“ﬂh in

A el . +2

Desplio belng the most abundant gas In the Earth's almosphere,
combustion reactlons becauso:

A I denser than oeyeen

B0t has a high specific heat capacity

C Breaking the Mo N bond requices s litge amnount of cnedgy
0310 is o nobile pas

The shape al ammanium (lan) 15

C +1

A pyrarmadal B triangular planar . tetrahedral 0. linear
(iv)  Mitrilication ls the process by which:
A Avenespheric nitrogen s converted inta ammonia
I Hirrate bs canverted into nitropen gas
C Armmra 14 converted into nitrite and then nitrate
0. Crganie pitragen s carverted inleg ammonia
(v}  The maost stable species In an acidlc environment is;
A S0 B. 50, C. M5 D.5
(vi) Sulphur trioxide (504) Is not directly dissolved In water to produce sulphurie acld In the Contacy Proces,
becauso this reaction ls:
A Toa slow
B, Beversilile and would resall o a low yield,
C. Mighty exathermic and produces & mist of sulphurie scid
0, Requires very high pressures,
Q.2 Write short answers of the following questions, iz xlﬁﬁ?
(I} Wmagnesivm nhbon is ignited and placed in a jar contaiming N,G, it eontinues 1o burn brightly. Exptain thiy
ohservation with reason.
() Why N pas s used in foed packaging?
(H)  Write dewn the reduction and oeidation feactions that aecur in the catalytic comdener in the vehicle srhauss
(i) Wbt i the Basle principle af catalytic canverter? Descrite the fale of catalyst in the catalyte = snverter
{w)  Gowe the reaction af S with NaGi
(v} Write down sell-ionization seuation of sulphurie acid and ity lonization in water.
0.3 CErtensive Questions, (Z7a=8)
{a)  Dizewss sulphurie acid &% an oxidizing agent and a debydrating agent with three reactions for each
()  Hew arides af niteagen (NO,) cause the formation of photochernical smog and PANY Glve its mechanism,

oo
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her studying this chapter, students will be able to:

f B CHEMISTRY (11")

HALOGENS

Student Learning Outcomes

pescribe the calours and the trends in volatilty of chiornine, broming, and ladine [Understanding)
pescribe the trend in bond strength of halogen molecules. (Understanding)

Interpret the volatility of the elements i terms of instantanecus dipole-induced digole Tarees
{understanding)

Describe the relative reactivity of halogen efements as orldizing agents. [Understanding)

pescribe the reactions of elements with hydrogen and esplain their reldte reactivily. in thoge
reactions. (Understanding)

pescribe the relative thermal statolities of hydrogen haldes and sxplan these in térms of bond
strength, (Understanding)

pescribe the relative reéactivity of halide lons as reducing agents. (Understanding)

Explain the reactions of halide jons with agiicous silver nitrate and concentrated sulghunc acid
(Understanding) ]

pescribe the reactions of halides with aqueous silver jons followed by agueous ammania
{Understanding)

Interpret the reaction of Chiorine with cold and hot aqueous sodium hydroxide as disproporion
reactions. (Understanding)

Explain the use of chiorine in water purification, intluding the production of the active species HOCI

and CI0™ which kill bacteria, (Understanding)

frements present in Growp 17 or VILA of the periodic table are termed as halogens

¢ Physical States of Halogens

L]

It includes fluorine (F), chiarine {CL], bromine (Br], iodine (1), astatine (At) and tennessine (Ts)

The halagen elernents form a group of very reactive non-metals and are quite smilar 1o each other in
their chemical properties.

First four elermnents are the common elements of the hatogen family but fast tweo astatine (A1) and
tennessine (Ts) are very rare and radioactive elements,

Halogens exist a4 diatomic malecules (¥, = Fy, CL, Bry, L) In &l

I
R e @ Rack Your Minat

1 w:v}lmm-u-' Fylsgas?

Fluorine (F;) and chiorine [Cf,) are gases of pale yellow and

greenich yellow colours respectively at room temperature and

pressure, @ Rack Your Mind!

- I » e —
Bromine (Br,) isavolatile liquid of reddish-brown colour at room 2 - e
temperature, it has corrosive and towic fumes. mmwurd-ﬂ‘ m'"" o

{8} Crigrane (C1)
[0} hadena 11}

[A] Flagrne |#)

lodine (L) Is shiny greylsh black solid at room temperature, It
1€} Ergrrine (B

sublimes directly from solid 1o a wolet vapour. The colors of

halsgens (X,) darken progressively from chiorine to lodine
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Reason:

The trends of colour changes from chlorine to iodine is due to changes
of electron transitions within the molecules of respective halogens

B

—

in the absarption of light ag 5 sy

Figure: The greenish 'g-llluw l:hl‘.nﬂm{l.h:—, orange a;mmlmudh] and purple lodine {ri‘hﬂ

Q—mdmunm

The name halogen comes from the Gresk words “halss”, meaning “salt”, and "gen”, meaning "t
make.” The first halegen to be olated and recogniced as an elament was chignne, Despite the
fact that chigrine is polsonous, small ameunt i3 essential to buman heaith and lite in the Toren of

chigride
Table: Atomic and Physical properties of the commen halogens.

Element Fluarine Chlarine Bromine loding
Proton number 9 17 15 53
Electron shell structure 17 1,87 2,8.18.7 12,818 137
Outer shell electron configuration 2% '3’ 4s%ap® 55758
Relative atomic mass 19.0 35.5 79.9 1265
Physical state a1 of 20°C E3s gas liquid solid |
Colour pale yellow pale green red-brown darkE
Melting point/"C =220 =101 =7 113
Boiling point/”C —1B8 =35 59 183 |
Enthalpy change of vaporization/ k! mol™ +3.3 +10.2 +15 30
Solubility /g per 100 g of water at 20°C reactsreadily | 0.59 {reacts 36 0.018 |

with water slightly)

-#' CHEMIS ke yaa g
TREND IN VOLATILITY OF THE HALOGENS

447

|
l -"’";,—;;_ non-polar and instantaneous dipole-induced forces play a significant role in determining the

faciors:
4 o The farces depend on factors like molecular size, shape and polarizability, with stronger forces leading
| to lower volatility and higher bolling points.
s Substances with weak id-id forces, smaller and less polarizable molecule have lower bailing points and
higher volatility.
« larger, more polanzable molecules with stronger London dispersion forees have higher boiling paints

VOLATILITY OF CHLORINE, BROMINE AND IODINE

Chiorine being a liguid 15 very volatile at room temparature and it

~ Chlorine:
disperses quickly in the air,
~  Bromine:

Bromine being a liquid is less volatile than chlarine but more volatile
than lodine. Il evaporates readily releasing toxic fumes at room
temperature. lodine is the feast volatile among the three, At room
temperature, its solid states show lower vaolatility as compared to
chlorine and bromine. Generally, volatility decreases from chlorine 1a
indine. This trend is due to the Increasing molecular mass, Increase in
size of outer shell and stronger Intérmolecular forces (London
dispersion forces) as we move down the group in the periodic table,

@ Rock Your Mind!
3. Which of the following halogens &

ofid at room temperature?
AN Fy B] Ci;
€10, ol

{t] Interesting Informationl
Bromine liquid evaporates eatdy al room
smperaturel emitting an orange vapow,
Brormine had a very strong and bed odowr,
It gets fs rame from the Greek wend
“bromas” which means "mench”

and lower volatiity,
volatility 18 inversely related to the boiling point of 2 substance
« Amare volatile substance will have a lower bailing paint.
« Stronger intermelecular forces require more energy to separate the mokecules from the lqued phase ta
the gaseous phase. A summary Is given in Table,
Table: Efect of London forces on physical properties

l size | Polarizabllity | Instantaneous dipole-induced dipole forces | Boiling Palnt | Volatility
{ Smiabl Small Weak Lower Higher
Large High Strong Higher Lower

« The first two halogens, Le., fluorine (colourless or very light green) and chlorine (greenish yellow) are
gases due 1o weaker id-id forces. Bromine is a liquid as its site 15 bigger and it possesses stronger
intermolecular forces than fluorine and chlorine. lodine has the strongest lorces amang the group, sa it
igin solid state at room temperature.

R T T T

| :ﬂj QUICK CHECK 13.1
il Which halogens elements are radioactive?
tjns. Astaline (At} and Tennessine (Ts) are radioactive halogens.
= Astating is the only naturally occurring radioactive halogen, but it's extremely rare.
« Tennessine is artificially produced and is also radioactive.
iy Whatls the reason behind the different colours of halogens?
!m_ The different colours of halogens are due to:
| Electron transitions between energy levels.
i« Aswegodown the group, the energy gap between molecular orbitals decreases, allowing absorption
| of longer wavelengths of visible light.
i Example:
L]
!
|
]

+  Fluorine — pale yellow (absorbs violet light)

« Chlorine — yellow-green

« Bromine — reddish-brown

« lodine = violat
g why chiorine Is more volatile than bromine and iodine?
| Ans. Chlorine is mare volatile because:

® It has weaker intermolecular forces (Londan dispersion forces) due 1o its smaller molacular size and

lower molar mass. !

L]

|

| * Volatility decreases down the group as the halogen molecules gel larger and heavier, increasing the I
I

— e — e — m— —

strength of dispersion forces.
S0, Cly (gas) > Bry (liquid) > Is (solid) in terms of volatllity. |

o — e — S S
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THE BOND STRENGTH OF HALOGEN MOLECULES

¥

Bond strength in halogens decreases as we move down the group from chiarine to iodine. %

Reason:
This Is due to the increase in the alomic size down the group which results in langer bond lengths and wegy,,

bonds. Moving from top to bottom in group 17, the bond energy of halogens decreases gradually fr,,,
chlarine to iodine.

Exceptional Behaviour of Fluarine:

Fluoring is an exception in this group. In the case of fluorine, the bond strength is relatively weak beg,
fluorine atoms are very small. Due to the small size, there is significant electron-glectron repulsion beqy,
thee lane pairs on the fluorine atoms, which weakens the bond despite the high electranegativity of I'qum.,_
The bond energy of halugens is listed in Table.

r:puls-:m Table: Bond energles of halogen molecules

@ @ Halogen Molecule | Bond Energy (kd mol ™)
R 156
g:) F—FD 243

193
Figure: Fy malecule with lone pairs of electrons

151

RELATIVE REACTIVITIES OF THE HALOGENS AS OXIDIZING AGENTS

—

Discuss the relative reactivity of the halogen elements as oxidizing agents. Arrange Fr Tl in
Increasing order of the oxidizing power.

= Allthe free halogens act as oxidizing agents when they react with metals and mast of non-metals,

= ©On forming ionic compounds with metals, the halogens gain electrons and are converted 1o negative
halide ions.

Wy, +Cly, —r2NACL

*  The oxidizing power of halogens decreases down the group
Flugring has the highest oxidizing power and iodine the least.

= The order of decreasing power 35 an oxidizing agent is: A} F B) Br=

F, =Cf, >Br, =1, Qi D Na-matal

= The reactivity of halogens is directly related to their ability 1o acquire an electron and form halide jons |
F ,Ci ,Br and I” ] when they react with other elements.

= Fluorine has the highest tendency to acquire an electron and form fluoride.

*  Flugring molecule can oxidize and displace all the halide igns from thew solutions (C7,Brand ') to
free halogens.

@ Rack Your Mind!

4 Cly eannat oxidize:

=
Pt + CLisa —Fiaqy +Cl 3y
1
Fite) * Bam —* Ry + By
Flf:] Il-nl 'F Iltll

# Chlorine can oxidize and displace Br and 1' Bromine can oxidize and displace [ . lodine cannot oxidize
any hallde ion,

= The axidizing power of halogens can be related to standard electrode potential (E® ) values. Fluaring &
the most reactive halogen and the most powerful osidizing agent. The standard electrode potential
E°[%, fx7) for halogens shown In Table become less positive from fluorine to lodine.

~
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-~ Table: Standard electrode potential €*(X, /%"

Halogen Molecule Standard Reduction
(%,) Potentlal, E*(v)
k +2.87
ol +1.36
Br, +107
l; +0.54

o This shows the decreasing oxidizing power,

5 Factors affecting Oxidizing Power of Halogen:

o The oxidizing power of halogens depends upon various faciors, Le, energy of dissocialion, electron
affinity of atoms, hydration energies of jons, and heats of vaporization (for Br, and |, ). A halogen having
jow energy of dissociation, high etectron affinity and higher hydration energy of its ions, will have a high
oxpdizing power

- — A — — — i — i — T — T — i — T — - — i — T — i — i — i — i — . — i —
-

: [F| QUICK CHECK 13.2 E

I 1) The F—Fband is weaker than CL— CL bond although flucrine is the mast electronegative element, Explain. ! I
Ans. Ye5, despite fluorine being the most electronegative: i
+ The F=F bond Is weaker due to strong repulsion between the lone pairs of electrans on the small |
fluorine atoms. M

« The small atomic radius of fluorine causes the non-bonding electrons to be closer, increasing !
glectran=electron repulsion. I

« Incontrast, CI=CL has a larger bond length, reducing repulsion and making the bond stronger, s

't Isthe reaction between NaCf,, and F, gas possible? !
:

|

L]

I

l§ Give reason whether yes or no.

| ps. Reason:

Y5, the reaction is possible,

# Fluoring is more reactive and has a higher oxidizing power than chlarine
« Therefore, NMuonne can displace chlorine from sodium chloride solution

!I} W yes, write the equation for this reaction.

I'.l.u. Reaction Eguation:

Fap + 2NaCliy — ZNEFH * aﬁm
1;1 ‘What is the relationship between the oxidizing power of halogens and their standard reduction
| potential values?

¢ The pxidizing power of a halogen is directly related to its standard reduction potential (E°).

*  Ahigher E* value means the halogen Is a stronger oxidizing agent {more likely to gain electrons),
Order of oxidizing power [strongest to weakest):

Fi>Cly>Bry> 1y

* Fr+2B7V
* Cl:+136YV
' Bre+l07V
* Iy 4054V

S - — . — — ——— - — e

L]
|
L]
|
L]
| Corresponding E* values (approx.);
i
|
i
|
i
i




REACTIONS OF THE HALOGENS WITH HYDROGEN T ﬁﬂ“" dissociation energy is 431 kJ/mol. Hydrogen bromide (H— Be) bond is weaker than H—F and H
- CL due 1o the larger atomic radius of bremine. There is a reduced overlapping of orbitals Its bond

S —— drssoclation energy s 366 ki/mal,
¥  Hydrogen Halides: P
the commaon hydrogen halides, hydrogen iodide [HI) s the least the I, Atomic radius
drogen halides. AmMong Be ast thermally stable,
»  When halogen elements react with hydrogen, they produce hydroge * otiodine is very large leading to poor orbital averlap due to which hydrogen iodide bond is the weakest
M + X, —IHX Where X, =F,,Cf,.06 and I am-ﬂl'lEH'F- HCL and Hr,
* Hydrogen halides are colourless gases that dissolve in water to form hydrohalic acid. When My . Thebond dissociation energy of hydrogen lodide is 259 kufmal,
down the group from fluorine to lodine, the reactivity of halogens with hydrogen decreases, Table: Bond dissoclation energy of H - X bonds
Fy >Cf, »Br, >l Hydrogen halide (HX) | Bond disseciation energy (k) mal™)
* Atlow temperature and in the dark, fluorine reacts explosively Rack Your Ming H=F 56
& s -
with hydrogen. 5 Maximum bend energy s of, -
Higgy + Py ——2 MR, :I ;E{F.'.L e L =
i o) M
When this gas is dissalved in water, it forms hydrofluoric acid. H - &r 166
tn the presence of UV light or a spark, chiorine reacts readily with bydrogen and produces “‘lﬂwhﬁm H=| 7099
gas which forms hydrachloric acid in water. e m—————— e T T T T e s T e — - — - — - — - —
My +Clyg ——>HCL ) | | QuICK CHECK 133 |
= Hydrogen bromide (HBr] gas is produced when bromine reacts with the hydrogen upon heating, Mg i a) The reaction between H, and F; Is explosive but that between H, and |, ks slow and reversible, Explain why., |
is less reactive than HCL and WF. It forms a strong hydrobromic acid in water. This is an exathen, | 1 Ant: i
reaction, N ! « The H-F bond it very strong and releases a large amount of energy when formed, making the reaction 4
Hya "‘“’:m‘_"z"'a*m I with Fy highly exothermic and explosive. |
= Athigh temperature and in presence of a calalyst, lodine reacts with hydrogen to form h'l"‘“ﬂlmiw@ i « The activation energy for the Hy + Fz reaction is also very low. i
[H1) gas. which forms hydrolodic acid in water. 1 « In contrast, the H-1 band is weaker, the reaction is less exothermic, and it has a higher actovation ,
M+ %zmm | energy, making it slow and reversible. |
3 "
= This is a reversible reaction and occurs very slowly, ib] e e s |
: Explain your answer. z
RELATIVE THERMAL STABILITIES OF HYDROGEN HALIDES IN TERMS of | "'z:-:-*“lm_'mm and Hy,, + By, —2HBr, !
THEIR BOND STRENGTH | Ans. Reaction 1 Is more exothermic. I
— | | Reason: "
e e e e gl |+ THUCLUGS SO e W oo :
en m i
- - . her::!l - > ey TS T e | + Maore energy is released when forming strong H-CL bonds compared to H=Br. |
& Aswe move down | ogen graup from fluorine to 2, rma ithes o rogen halida P i
D) Secreaiedin 5 Baciabsi o bond dlsiodistion energies iegiven in Pable 185 The onteraliacs ; = Also, Cl; has a weaker bond than Bry, requiring less enargy to break. I
stability of HX is as follows: , * 5o, overall energy change is more negatve (exothermic) for the HEL reaction., ‘
HF = HC{ = HBr = HI |¢] How thermal stability of hydrogen halides is related to their bond dissoclation energies? |
# Bond strength between the hydrogen and the halogen atom ! Ans, ;
in the H =X molecule explain this trend. @ Rock Your Mind! ! » Thermal stability of hydrogen halides increases with higher bond dissociation energy. :
= Hydrogen Muoride (HF) is the most thermally stable hydrogen | o wiih of the following hydeoges katds | | | »  Stronger H=X bonds (higher bond energy) are harder to break, so the compound is more stabls under heat. |
halide. Due to the high electronegativity of Nuorine and its i the mast tharmally stable? 1 Trend: '
small :lomr:l ra:::s;: strong overlap of arbitals produces a g:;r ;:; :tl'-l ! HE > HCL > HBr > HI .'!
very strong H — F bond. _—_— . : o ——
s The bond dissoclation energy of H = F (589 kifmol) is the 1ﬂ HF':’ :::d Wﬂ:lﬂﬂﬁdil ta HE::HW! bond ;T:.n;!::n energy and thermal stability., !
highest amang the hydrogen halides. [h most thermally stable hydrogen . Give reasons. |
= Hydrogen chloride (HCL) Is less thermally stable than hydrogen fluoride but more stable thinore | '
hydrogen halides. | * The H=F bond has the highest band dissociation energy among hydrogen halides 1
s Dueto the larger atomic radius of chilorine than fluarine H=CL bond is weaker than H—F bond. itsbexd i = Fluorine Is small and highly electronegative, forming a strong, shart bond with hydrogen. "
dissociation enargy is less than that of H=F. v This makes HF harder to decompase an healing — mast thermally stable. !
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REACTIONS OF HALIDES (X') WITH CONCENTRATED SULFURI

The reactions of different halide lons with concentrated sulfuric acid are different from ane a““lhl‘:‘l'-h-:ﬂ:;:
of the product and nature of reaction changes down the group from flucride to indide.
fumes of hydrogen fluoride gas are produced when concentrated sulfuric acid reacts with NaF. HE i , Wy
reducing agent, therefore, it does not react with H,50, further.

NaF,, +H,50,,, —*NaH50,, + HR
When concentrated sulfuric acid reacts with sodium chioride, fumes of hydrogen chloride gas are Produgey

NaC ,, +H,S0, ,, —sNaHS0,, +HC(,,

Incase of Br*" lon, steamy fumes of hydrogen bromide (HBr) gas and brown fumes of bromine (Br,) are Prodyce
along with the smell of sulfur dioxide (0,). It is a redox reaction, Hydrogen bromide acts as a reducing ageny,
reducing sulfuric acid te sulfur dioxide and (s sell-oxidized to bromine.

Nabr +H,50,,, —+NaH50,, +HBr,,

HBy,, +H,S0, ) —Br , +250,, +IH,0,

When concentrated sulfuric acld reacts with sodium odide, fumes of hydrogen lodide gas, purple fumes of say
lodine |, and smell of H,5 gas produced. Hi acts as a strong reducing agent. It reduces H,50, 1o H,5 and s jygey
oxidized 1o 1,.

Ny, +H,50,, —»NaHSO, ) +Hi,
BHy) +HS0, ) —sdly,) +H; 5y +AH,0,

The trend of increasing reducing power of the halide lons (%) from fueride to lodide, leads to more Comiply
reactions with concentrated sulfuric acid.

REACTIONS OF CHLORINE WITH COLD AND HOT AQUEOUS SODIUM
HYDROXIDE

Disproportionation Reactlon: "

Those reactions in which a single element undergoes both oxidation and
reduction simultaneously are known as disproportionation reactions. @ Rock Your Mind!

i y
‘When chlorine I‘El‘.'lj. with cold and hot “'_"“"“”’ sodium hydroxide i e R Sk
[NaOH), it undergoes disproportion and form different products accarding and Cly in hot state at 70°C.
to the temperature of the reaction.

2 Reaction with Cold Aqueous Sodium Hydroxide

Chlorine undergoes disproportion when it reacts with cold aqueous sodium hydroxide (NaOH) formng
sodium chloride (NaCL) and sadium chlorate (1) (NaClO).

C!m' +INaOH,, 4 —+Ha££:_' +N3CIDM} +H0,
Oxidation states of chiorine in the above reaction are given below:

Sodum chlgrate (1] was prevosly

Chiorine in NaClD = +1 calted sodium hypochlorite.

Chlarine in Cly = 0
Chlarine In Cf, is oxidized from O to +1 in NaOCL Chilorine in Cf, s reduced from 0 to 1 in NaCL

The above reaction shows the simultaneous oxidation and reduction of chlorine and is example of
disproportionation reaction.

Chlorine in NaCL = =1

HOLAR 4 CHEMISTRY (11%)
e on with Hot Aqu Sodium Hydroxi

when chiorine reacts with hot agueous sodium hydroxide (NaOH), it farms sodium chiaride (NaCL) and
sodium chiorate (V) (NaCLD,). it is another example of disproportionation reaction.

3Cf“ ] +ENIGH=“|3 —+NaCt fol * Hictnﬂaﬂ "aﬂlnm

455

Chigrine InCf, =0
chlarine in NaCf =1
Chlorine in MaCiQ, =45
chlorine is oxidized from 0 10 +5 in NaCZO,. Chiorine is reduced from 0 to~1 in NaCL This disproportianation

peaction shows how the temperature of the reaction influences the products formed, demonstrating the
versatility of chlorine in undergaing redox reactions.

2 - — = — — . — — — i — i —

@ QUICK CHECK 13.5

How would Ki react with conc. H,50,. What does this reaction indicate about the reducing power of
jodide?

Ans. When potassium iodide (KI) reacts with concentrated sullunc acid [H,50,). it shows strong reducing
pehavior

Reaction:

-

3

- L]
| :
i :
| !
! !
[ 2Kl + Hy50 — 2HI + KH;50, |
1| Then, HI reduces H:504: '
| BHI + Hi50s —— Hi5 + 41 + 4H:0 E
' pbservation: |
! « Purple indine vapor (l;) appears -
i + Rotten egg smell of hydrogen sulfide (H;5) may be detected |
i Concluslon: i
| » lodide [I7) is a very strong reducing agent E
'i » It reduces sulfur in Hy50, from +6 1o =2 [H;5) I
1h) Show that the reaction of C£, with cold and hot aqueous KOH is a dispropertionation reaction. 1
| Ans. A dispropertionation reacticn is where the same element is both oxidized and reduced. !
i Cold KOH (Cly In cold, dilute alkali): i
1 Cl; + 2KOH — KCL + KCLD + HO i
| s Chiorine (0) — CL™ (=1) — reduced I
|+ Chlorine (0)—s €LO" (+1) —> oxidized I
V Disproportionation "
| Hot KOH (CLs in hot, concentrated alkall): |
i 3CL; + 6KOH = SKCL + KCLO; + 3H;0 i
; «  Cl; (0) = CL™ (1) —> reduced '
|« cly(0)—> CLO; (45) — oxidized |
i ¢}  Hiacts as strong reducing agent. Explain It with chemical reactions, i
y Anz. HI (hydroiodic acid) is a strong reducing agent because lodide lons (17} easily donate electrons. i
| Examples: 1
i 1. Reduction of Fe™ to Fe™: Fe?* + 2I"— 2Fe™ + 1z i
i 1. Reduction of Hz50, to H,5 (a3 in part a): BHI + H250y — H25 = 4l + 4H;0 i
| 3. Reduction of MnOj to Mn®™: 2Mn0} + 101" + 16H* — 2Mn®* + 51z + 8H;0 I
i Conclusion: i
i * Hireduces a variety of substances. i
| * _ltsstrong reducing power is due to the ease of oxidation of I” to 1s. |

i - — S S N —— - —
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USE OF CHLORINE IN WATER PURIFICATION

Clilarine gas 4 vory pobonois. Howover, Inamall quantities, ey are Tadimbess W huma Pt ittty 1) 1l
bacteria which cause dieases Diar 10 18 strong disisfectant properties, chlonme o widely used o the lieay,,,
plarts tor water purification The process invobees adding chlonne o waler, wihare 1 1O0s SE0we speieg jy, hilj
bacteria and other pathogens Water in U seimoning poals i3 also chlorinated with dightly Fibighanr I'-"'"'""l!lul,r.“J,M.HI
ol ehotine becaute there i likely 1o be o bigher concentration of Bactena i the water The eimeey scie Mimniy,

are chiloric (1) ackd or hypochlorous scad (ROCT) and vhe chibarate (1] or Bygpeocblaote dgos (REF ) S0, Ha

relatreely ineapenssse method of water disindectiong

S Chlorine Addition to Watsr
When ehilarine gas (CL) s added b water, it undergoes bgdiolygnis ;
1o fgom g miture of hydroehilane aeid (HEE] and chilonie (1) aeid @ ."i_“"_"'_""“
(HE1O}). w Oasas harmiul otiets ol sy

Cf iy * W0 PHLE . HEAD, —

Chlatic (1] aed [HOCH) is 2 wirak s god partially diasociate fnowatin o form Bigdegen oms (10 ) el i gy g0
(1) ign fOCT )

= i Acliv

HOCL and DCL are ellective dninfectints, but HOCE is more
effectiee due 1o its neutral charge  The neutrel Change of HOCE
allows o penstrate the cell wally of micro-anganmms eaully
Casential cellular components sudh as protemns and hpedy are
amdired by HOCL and OCI, which diseupt the coll function leating
to cell death. HOCH and OCI can osidie gnd inactlivale annyme

T
(V) interesting informarion:

[T T LY s LT T T Rp—"

by E mied TP giel bReah  peewgan a4
i daena e daplealing a0 oWl |ongg,

Piema Fimempy

that are crucial for survival and replication of bagtera T
S Eactors Affecting Disinfection Q@ Rrch Yowr Mind!
b pH ik lh-h L T
e tga ) e atwi P
* At pH around 6 = 75 HOCL prodominates and makey the A Sestegrms o Racesbe B gl b g
disinfection process mare effagtee £} (rie=ue ) Sl g pae
= Athigher pH labowve T 5), OC1 predomanates, ity s offective
bt sl prosacdes dininfection
=  Chorine Douwe
The higher the amount of chlorine, the more eflective the dainfecton Suthiclent ehlonine muet e sided 15
got encugh HOCL and OC1 1o kil bactena
~ Contact Time
Contact Lume ﬂf water willh ohiladire muil be h:lﬁ‘ rnauuh to allgaw the iiunfectanty o pereliale and bl
w1 O o g i g i o - s e s -
I =1 B
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Why HOCL is more effective disinfectant than OC1 o kill bacteria o water?

o HOCL (hypochlioraus acid] is more effective becaute

[hypochlorite n)

s  Once insde the cedl, HOCL can darupt vital ool processes and ooddide cell complnents

Conclusion:

HOCE b B0-100 times mare effectne than OCE in kilbog i oorganmii
- —

|
L]
I
L]
|
L]
* N is neutral and penetrates bacteral orll walls more sasdy than the negatively charged OCE |
Ll
|
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|
1
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——ten,
Sodium hypochlorne which is produced in cold state in the above reaction ﬂm
5.0Q | lorming sodium chloride and sodium chiorate at 70°C.

INACLO . # 2MaCL s + NaCLO iy

Chilonnated water has also some harmiul effects which are discussed below o
1. Mypachlorous acid or chiorine of water reacts with dissolved ammonia ta form ehlarary,
NH,CL, NHCLy and especially NCLy (nitrogen trichlonde). NCL 53 powerful eye iftitany

5.q NHy + IHOCL ———+ NCLy+ 3H,0
The alkaling pH can prevent the lormaticn of chlaramines.

2. if phenal is present in water then chiorinated phencls are formed which have offenss,
odour and taste and are toxic.

Chlorine reacts with water to form hypochlorous acid (HOCI) and h’fﬂ-ﬂ:hhrimw
which are powerful oxiditing agents thal destory microorganisms

[+ 51

V.

wil.

il

IX.

L D> Exercise &L

MULTIPLE CHOICE QUESTIONS (MCQs)

—
Four cholces are given for each question, Select the correct cholce.
Which halogen molecule has the strongest bond?

a) F, b} Br, el |, d) ¢/,

The volatility of the halogens (Group 17) generally 3s you mowve down the group (from Fluerine to odine),
a) Increases b} Decreases ¢} Remains the same d) Fluctuates unpredictap,
Which one of the following halogen molecules has strongest oxidiring power?

a) Br, b) F, ok d) Cf,

The decreasing thermal stability of the halogens down the group is primarily due fo the:
a) Increasing electronegativity of the atoms.

b) Decreasing bond length between the halogen aloms,

t] Increasing atomic radius, leading to @ weaker covalent bond.

d) Increasing strength of van der Waals forces

Which one of the following halides has strongest reducing power?

al F b} cr b} Br” djr
Which statement about the reaction between halogens and hydrogen is correct?
a) lodine reacts most vigorously with hydrogen

b} Chlorine and hydrogen explode in darkness

¢ Fluorine combines explosively with hydrogen even in cold and dark conditions

d) Bromine and hydrogen do not react at all

How does the acidic strength of hydrogen halides change as you move down the group?

a) It remains constant. b) It decreases from HF to HI

¢) It increases from HF to HI, dj It fluctuates erratically

Why Is fluorine the most reactive halogen?

a) Bond length in the halogen molecule by} Bond strength in the halogen molecule

c) Electronegativity of the halogen d] Number of electrons in the halogen molecule

When aguecus silver nitrate Is added to a solutlon contalning bromide lons, a cream precipitate forme
What Is the solubility of this precipitate In ammaonia solution?

a) Soluble in difute ammonia solution b) Partially soluble in dilute ammenia solutian.

¢} Insoluble in dilute ammonia solution. d) Soluble only upon heating with ammonia.

R 2 CHEMISTRY [11™)

= Cancentrated sulturic acid Is added to solid sodium chloride. Whatis the initial abservation?

x al peddish-brown fumes are evalved.
BlA purple vapor is evobred.

¢} steamy white fumes of hydrogen chlonde are evolved
d} & black solid is formed,

Answer Key with Explanations

Answer | Explanation

* Bond strength increases down Group 17 due to greater
orbital overlag (larger atomc size)

E & ts * lodine (1) has the strongest bond
- (bond enargy: Fy < CLy < Bry < 1)

"] 5 Decreases = Volatiity decreases down the group asvan der Waals
L. i forees increase with larger atomie size (F; gas —» |y salid)
— s Fluorine (Fy)is the strongest oudizer dus to its highest

1. b F electronegativity and weak F=F bond (easily bresks 1o

onidize others)
Larger atomic size reduces orbital overlap, weakening the

Increasing atomic radius, |«

. € leading to a weaker X-X band (e, Fs > Cla > Bry > I, stability)
covalent bond
v b It decreases from HEwo Wl | = ' has sirong hydrogen bonding, whiie HI has weak dipele
g forces. Boihing points: HF > HI > Mar > HCL
Electronegativity of the | FUofineis most  reactive due 1o ity highest
Vi € halogen electronegativty (attracts electrons aggressively) and low
bond energy [F—F bond weak)

= Acidic strength order: Hi > HBr = HCL > HF
= Reason: Bond strength decreases down the group (HF has

Vil c It increases from HF ta HI
the strongest H=F bond due to high electronegativity and
small size of F), making HX dissoclation sasier.
. & Fluorine [Fy) is the most reactive halogen because it weal
i, b B::;;L: :ﬁ;l:u:‘ F~F bond (due to lone pair repulsions in small atoms) is
easily broken, facilitating reactions
+ Cream Preclpitate: AgSr |silver bromide)
" b Partially soluble in dilute | « Solubillty: AgBr is partially soluble in dilute NHy junlie
ammaoenia solution AgCL, which dissolves completely, and Agl, which is
insoluble)
= Reaction:
o | o || Tecam—— il 0 a1 el
hed « Dbservation: Steamy white fumes of HCL gas (due to HCL

reacting with maisture in air).
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SHORT ANSWER QUESTIONS

Q.2 Attempt the following short-answer questions:

a. Which halogen Is the least reactive, which s the most reactive? Glve reason.

Oy
N,

Ans. = Most reactive halogen: Fluorine (Fy)
* Least reactive halogen: leding (1;)
Reason: 4
As we go down Group 17 in the penadic 1able
& Atomic skie incréases
# Electronegatnity decreases.
+« Bond energy decreases.

This makes flucrine the most reactive because it attracts electrons strongly, lodine is tha

because its larger atoms hold electrons less tightly

—

leagy Peacy,,

b.  The ionic equation for a reaction is: Br, + 21" —sBr™ +1,
Explain which specles s exidized in this reaction. Why?

i

Ans. The gven reaction is a redox (displacement) reaction:
Bry+ 21" —s 280"+ |,
Observations:
Oxidation: I" — I3 + 2¢” [lodide is oxidized, losing electrons).
Reduction: Bry + 2e” —— 28"
Displacement:
=  Bry (stronger oxidant) displaces I~ from its compound, confirming the trend:
=  Brz is more reactive than Iy In the halogen reactivity series.
In short:
= Spontanecus reaclion {Bry has higher reduction potential than 1),
= Netionic form (spectator ions omitied).
Species is oxidized in this Reaction:
= lodide won (I7) 15 oxidized.
= |t loses electrons and forms iodine (13)
* Oxidation means loss of electrons,
So, indide is oxidized and bromine is reduced

——cc o

. What is role of London dispersion forces in the trend of velatility of halogens?

Ans. Role of London dispersion forces In the trend of volatility of Halogens:
= London dispersion forces are weak forces between molacules.

s Asyou move down the group, alems become larger, so dispersion forces become stronger,

= Stronger forces mean lower volatility [less easily turned to gas).

This is the reason that fluarine (gas) is most velatile and iodine (solid] is least volatile.

d. How does the reactivity of halogens with hydrogen vary?

Ans. Reactivity decreases down the group:;
= Fluorine reacts explosively with hydrogen.
= Chlorine reacts quickhy in light.
* Bromine reacts slowly,
= lodine reacts very slowly and Incompletely
This is due to decreasing bond strength and exidizing power down the group.

oLAR € CHEMISTRY (11"}
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Z= amich halogen Is used as an antiseptic? How does It work?
I Talogen Is used as an Antiseptic
W odine Is used as an antiseptic.
it kills bacteria by oxldizing their cell contents
o Ofen used in the farm of tincture of lodine [iodine + alcahol),
~what Is the calour change when chlorine displaces bromine?
L—Thjorine displaces bromine from a solution of potassiom bromide:
i CL;+ 2xBr — 2KCL + Bry
phservation:
s Colourless solutlon turns reddish-brown due to the formation of Bromine
~aw the halogen acids are lonlzed In water?
wv:n acids lonize in water and farm Halide 1ans and hydronum ions [H,07].
HF + Hy0 === H,0" + F
HCL = H:0 === H,0" + CL
HBr + H:O HiO® = Br-
HI + H;0 HiO" + 1
-"'l Why HF is weaker acid than MCL?
""w HF Is a weaker acld than HCL (Acidic strength = lonization)
A substance which has a tendency to give proton (H') in an = ™
agueous solution is called acid. The strength of an acid is directly JH M
proportional Lo its proton (H') releasing power. P \.a.. v \E'
HF has weak acidic properties In aqueous solubion 1o incomplete F F F
dissociatian of HF molecule in water. In HF, strong hydrogen ﬁ‘/ ™ 1_1"/

ponding 15 present and partially positive hydrogen is entrapped
petween two strong electronegative Muorine atoms. Moregver, HF has a strong polar covalent bound with
mgh bond energy (566 kifmol). So, Hydrogen ions [H') are not released easily
As a result it becomes difficult for proton (H) o be lorized (released) resulting in lower concentration of
hydrogen ions compared Lo stronger acids ke HCL in waler making HF a weaker aod
on the ather hand in HCL dipole-cipole Interaction is present which is weaker than hydrogen bonding,
Therefore proton (H') refeasing power of HCL is more which makes it strong acid.
A Lo 23 b B B

~«H—Cl—H—Cl—H—CI

Therefore, it is not easy for HF to release H' as compared (o HEL It makes HF weaker acid than HCL

—

| Describe asimple chemical test that could be used to distinguish between agueous sclutions of potassium
bromide and potassium lodide. Include the reagents and expected observations,
s, Reagents:
#» Chlorine water
+ Organic solvent (like carbon tetrachlorde or hexane)
Procedure & Observation:
» Add chlorine water to both salutions.
s Then shake with organic solvent,

Solutlon Observatlon Conclusion
KBr Reddish-brown layer | Bry formed
Kl Purplefviolet layer 15 formed

|  Explain the chemical principles behind the use of chlorine as a disinfectant in water purification. Include
relevant chemilcal equations In your explanation. .
hns. Chiorine kills bacteria by forming hypochlorows acld (HOCL):
Cly+ HO HOCL+ H « CL”
HOCL is a strong oxidizing agent. It penatrates and destroys bacterial cells.
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k. Describe one significant disadvantage associated with the use of chiorine in mwnﬂn%

Ans. Disadvantage:
s Chiohine reacts with organic matter in water to form harmful by-products called mhll‘:lr-hﬂhirﬂ
[THMs)

LAR = CHEMISTRY (117)

e —

ADDITIONAL SLOs BASED MCQs

which halogen has greenish yellow colour?

s« These can be carcinogenic (CaNCer-Causingl. AF l B.CL; C Bry Bk
5 bo ist in liguid state?
. What s disproportionation reaction? Give an example. L — 5 which halogen existin m; o "
Ans. A i h ondized and reduced in the same reacpon—— AFs fy by
ns. E:::::u rtionation reacthan is when one glement is both ondi Clign R PO WD P A
H ]_ v - -
Cl; » 20W = CL” « CLO" + W30 AF B.Br . ccr or
Chiorine goes from 0 to <1 (reduced) and 0 1o =1 {ondized) 3 puidizing power of which halogen is highest?
B
m. Chlorine gas reacts differently with sodium hydrowide solution depending on the tumm AFy L C Bry B
concentration. ‘ which is strongest acid?
Ans. Yes It forms different products with cold and hot NaOH — A HF B, HCL C HEr 0. Hi
ct affinity is sh T
n.  Write balanced chemical equations for the reaction of chlorine (C£;) with: S £ R B juw“ - C Br o.cL
1) Cold, dilute sodium hydroxide (NaOH). er } 3 '
i) Hot, concentrated sodium hydroxide (NaDH). 1. Wwhich s the strongest reducing agent
Ans. 1) Cold, dilute NaDH: Cl; + 2NaOH —» NaCl + NaClD + H.0 ey A HF - B. HCL c l-_u D. HBr
i) Hot, concentrated NaOH: 3CL - 5MaOH —» SNaCL + NaCLO, = IH0 g Substance boiling at higher temperature among following is?
B. HF C HCL O HE
o.  Foreach reaction in question 1}, identify the oxidation states of chlorine In the reactant [Cls) m il I lhed: '
of the chlorine-containing products. Use these oxidation states to explain why both reactions are clasyifyy 3 Group Vil-A elements are generally called:
as disproportionation reactions. A halogens B. noble gases C inert gases D. metalioigs
Ans. Cold reaction: T — i The radioactive elerment in halogen group is:
8 Cly{0) =3 CL" [=1] = reduction g A radon B. radium C astatine 0. bromine
Hot reaction:
« Cl,[0) + CL™ (-1} = reduction
»  CLy[0) —» CLO;{+5) = oudation L 8 Chiorine [Cl:) is a gresnish-yellow gas
* Inboth reactions, chlorine i onidized and reduced — a dispropartianation reaction 9 C Bromine (Br;) is the only halogen that exsts as a liquid #1 room tempserature
. lodude () 5 the strongast raducing age=nt among the halds wons dus to is Lrger soe and
- DESCRIPTIVE QUESTIONS - 3 Gvsar Kioization eatgy, mtling it essier 0 donate alaiics
': A Fluorine {F;) has the highest omdizing powsr among the halogens due to 15 high
0.3 Describe and explain the relative thermal stabilities of the halogen hydrides in terms of bonds streng, slectronsgatily Snd siall storic sies
Ans. See Page No. (450 — ;. o Hydrosedic acd (HI) is the strongest aod among the hydrohalc acids due to the weak
z — bornd between hydrogen and iodine, which makes it 2asisr to distociate in waler.
Q.4 Discuss the relative reactivity of the halogen elements as oxiditing agents. Arrange F,,Cf, . Br, | @ o " Electron  affinity, of halogens s F (-322wmol’), € (-388 & mol),
Increasing order ol the oxidizing power. Br (=325 ki mor) and | {255 & mar?)
Ans. SeePage No. [448) 2 = HF, HCI, HBr and M1 act 25 reduting agents in the foligwing order
Q.5 Discuss the reducing power of halide ions with relevant reactions. Also explain the factors affecting it HF < HCl < HBr < HI
Ang, 5ee Page No. (452) i s The boiling points of hydrogen haldes are as follow:
HF = 19.5°C, HO = =85.0°C, HAr = =86.7°C H1 ==353°C
3 " Group VIIA slements are calied the halogens from Greek hals, "salt”™ and gennan, "ta form
or generale”, because they are fterally the sait formers.
1o c Astatine s a rare halogen It ls adcactve and its most stable isotope has a half ife of B3 hrs.
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ADDITIONAL SHORT ANSWER nueaTluHs]

a.a

The reducing power of halide lons decreases In the order: 1” > Br” > CL” > F*. Glve reason, _—-"""'-.,_

Any,

lotide is the best reducing agent due to its large si2e and low electronegativity, making Efi!t_'lr_u'r;'ﬂ"?h\
Fluoride, being small and highly electronegative, holds its electrons Ughtly and resists oxidaygy, sy
increases and electronegativity decreases, the tendency to donate electrons (reducing pawer) ingey,, "

a.z

The thermal stabllity of hydrogen halides decrease down the group, Why? e

Ans.

The thermal stability of hydrogen halides decreases in the order: HF = HCL> HBr > HI o
This I8 because the H=X bond strength decreases down the group

HF has the strongest bond due to the small size of Nuorine, making It more stable 1o heat.

As the size of halogen increases from F (o |, the H=¥ bond becomes weaker and easler (o break gq heay;

Q.3

Baond strength In halogens decreases as we move down the group from chlorine to iudln_l,?""ﬁ'-n.

Ans,

Bond strength in halogens decreases as we move down the group from chlorine to 1ﬁﬂ|ntw
the ingrease in the atomic size down the group which results in lenger bond lengths and weake,

Moving from tap to bottom in group 17, the bond encegy of halogens decreases Bradualiy ¢
chlanne to wdine, b

Q.4

The thermal stability of hydrogen halldes decrease down the group. Why? e

Z

Halagens are non-polar and instantaneous dipole-induced forces play a significant role in ﬁet_u?n'i',:“"
the volatility of halogens, The Torces depend on factors like molecular size, shape and pnl:ri“h-m[
with stronger forces leading to lower volatility and higher bolling points, The first two halogens, |,
fluorne [colourless or very light green) and ehlorine [greenish yellow) are gases due to weaker Id-.;
forces, Bromine is a liguid as s size is bigger and it possesses stronger intermolecular forceg thas

fuorine and chlanne. lodine has the strongest forces among the group, so it is in solid state al rpge,
temperature

Q.5

————

The reactivity of halogens with hydrogen decreases down the group. Why?

Ans,

——

Thee reactivity of halogens with hydrogen decreases down the group: Fa > Cla > Bra > |y,
This is because bond dissoclation energy of H-X decreases and halogens become less electronegative doy,
the group.

Fluorine Torms a strong H=F boand and 1s highly reactive due Lo its small size and high electronegatiy,
As we move down, halogens form weaker H=X bonds and react less readily with hydrogen,

What Is disproportionation reaction?

Ans,

Those reactions in which a single element undergoes both oxidation and reduction simultaneoul
are known as disproporionation reactions. When chlorine reacts with cold and hol aqueous sodum

hydroxide [NaOH), It undergors disproportion and form difierent products according o the
temperature of the reaction

Q.7

The thermal stabllity of hydrogen halldes decrease down the group, Why?

Ans.

Chilorine undergoes disproportion when it reacts with cold agueous sadium hydroxide |NaOH) farming
sodium chionde (MaCt) and sodium chiorate (1) (NaCLO).
Cliy + ZNADH aq —— NaCliy+ NaClOy.q+ H20y
Oxidation states of chlanne in the above reaction are given below:
Chlarine in Cly = 0
Chiarine in NaCl = -1
Chlaorine in NaCLlO = +1

b 4
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ﬁ:ppum when chloring react with water?

.-"'I"'WTE chlorine gas (CL} is added te water, It undergoes hydrolysis 1o form a mixtere of hydrochlonc
gcid (HCL) and chloric (1) acid (HCLO).

Ef!'u “HO — HO |+ HC/D,,,

chloric (1) acld (HOCL) is @ weak aeid and partially dissociate in water 1o form hydrogen lons (H') and
entorate (1) lon (OCL).

E';'"H';_dn pH and chlorine dose atfect the disinfection?
e

Wt pH around 6-7.5, HOCL predominates and makes the disinfection process more effective

at higher pH {above 7.5), OCL" predominates, it is less effective but still provides disinfection.
chorine Dose:

The higher the amount of chiorine, the more effective the disinfection. Sufficient chiorine must be
added to get enough HOCL and OCL” to kil bactena.

contact Time:

contact time of water with chiorine must be long enough, 1o allow the disinfectants to peneteate and
will bacteria, viruses and protozoa.

Wl' reaction of halides with conc. sulphuric acid,

ﬁn_d:s react differently with concentrated sulphuric acid {H;50.) depending on their nature:

fluoride (F") and Chioride (CL7):
act a5 acids only — produce HF or HCL gas.
gxample:

HaCL + Hy50, ~» NaH50, + HCLT
gromide [Br) and lodide (1I7);
Act as reducing agents — reduce H;504 and are oxidized 1o Bry or 1.
Example:
ZHBr + Hy50 — Bry + 50, + IH,0

BHI + HyS500 ——» 415+ Hy5 + 4H,0
Trend: Reducing ability increases from CL" < Br < 1",
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