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QUICK CHECK 124

50 the oxidation state af S in 5,07} s+ 2,
-

b)  Which exidation states of sulphur are the most commeon? Explain your answer with reason,
+4, and +6.
= =2 isfound in sulfides {e.g., Hy5).
s +din 50; and +6 In H;50,.
Reason: These are common due to sulfur's ability 1o gain or lose electrons easily depending on bonding, I
) Explain the involvement of d orbital in varlable oxidation states of 5 In its compounds, "
s. Sulphur has vacant 3d orbitals that allow it to form expanded octets and make multiple bongs |
This helps sulfur to show oxidation states higher than +2, such as +4 and +6, in compounds like 50; ang’
Sﬂ. respectively, I

|
]

|
la} Determine the cxidation state of § in the following species, !
i L. 50, iL. H,50, iil. 50} iv. 5,0} !
v Ans. | (I} Oxidation state of 50, (i) Oxidation state of H;50, Sl
| 5(0.5)+0[(05) =0 H|D.5) + 5{0.5)+ O[0.5) =0 i
! X+3[-2)=0 2(1) + X +4[-2)=0 |
! X=6=0 2+%=-8=0 E
| X=+5 X =8-2 ;
i 50, the oxidation state of S in 505 is + b. X =46 |
] 50 Ihe oxidation state of § in H:50, Is + ¢, i
(ili) Oxidation state of SO, [iv) Oxidation state of $:07 ]
5{0.5) +0[0.5)=0 505 +0[0S) =0 I
X+4[-2}=-2 N+ 3-2)=-1 i
X=8==3 W=h==2 |
Xug=-2 M=6-2 .
X=+6 k=4 !
So the oxidation state of Sin 507 is + 6. K=af2=42 |
]
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! Ans. The most commaon oxidation states of sulfur are =2,
|
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REACTIONS OF SULPHUR

Sulphur can combine with many elements to form a wide variety of inarganic and organic compounds. It k
unreactive 1o water under normal conditions, dilute non-oxidizing acids, and noble gases. Its ability to calenate
allows it to form ring structures and linear chains. Here are some imporiant reactions of sulphur:

(I} Reaction with Alr: Sulphur burns in the air to form 50, with a blue colour Mlame. The other main sulphur

oxide is 50, which requires higher temperature and a catalyst for its formation,
S + Qs —50uy)

B30y,) + %1
(i} Reaction with Nitric Acid: Sulphur can be oxidised by nitric acid to produce NO, and H,50,.
5[.} + EHHD'{” —l-H,.":ﬂ'm +IEN'D,M +2‘H1D11‘J
(i) Reaction with lon Electronegative Element: When sulphur reacts with elements that have lower

electronegativity, it acts as an oxidizing agent and forms thelr sulfides. It tarnishes Ag, Cu, and In by
forming a coaling of metal sulfide. Sulphur does nat react with Au and Pt.

H‘t"] +5:|j _.A‘J Sm
Hgge) + Sy —>HBS,)
2y, +5,) — 055,

A
—F ISD,m
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""""i-;:;taﬂ with l.'.'ﬁrunide, Sulphur canverts cyanide inta thiocyanate which is also known as pseudohalide. It
j5 used 1o analyse Fe¥

KCHy,) + 5y ——HKSCH,
Reaction with Halogens: Sulphur reacts directly with F, to form SF, and SF, . Sulphur hexaflueride (SF) is
23S and is very unreactive. It is used as an insulator £as in electric devices. Sulphur readily reacts with
¢f, toform 5,Cf (yellow liquid) which further reacts with C!, to form SCI, (red liquid).

S * Iy — 55,
25, +Clyy) —5,Cy
Sy +5C g —5,Cly,

USES OF SULPHUR AND ITS COMPOUNDS

ap— 1
s Vulcanization
Sulphur is used as o cross linker for the rubber malacular chains, This is cafled
yulcanization and it improves the strength of rubber as shown in Figure,

» Faorilizer
sulphur Is an essential nutrient for plant growth, When soils become
deplated in sulfate, sulphur can be restored in soll by applying sulphur
containing NfP fertilizers, or sulphur-coated ferllizers such as sulphur-
coated urea. Soil components and microbes convert elemental sulphur
into soluble forms for the use of plants. Gypsum [CaS0, -2H,0}is also used
as 2 fertilizar

s Gun powder

Gun powder is a coarse blend of 75% potassium nitrate [KNGy), 15% wood
tharcoal, and 10% sulphur. Charcoal carbon is the main fuel, nitrate is the
pudiser and sulphur is the additional fual that burns the powder faster,
The following reaction in burning takes place;

m"ﬂn" +3 5"’ + Ec:” — 2K cﬂ'ﬂ’] +3 K* "l] 1'@“.' 'l'y":h.

- —— —— — — ——— e —

I~ || QuICK CHECK 12.5

I
| 3} What is the function of 50, and sulfite (S0]7) salt in preserving the food?

\ ams, SO0; and sulfites act as antimicroblal agents and antloxidants, preventing bacterialffungal growth and
|

: siowing food discoloration. They inhibit enzyme activity that causes spoilage in dried fruits, wines, and ,
I processed foods, Sulfites also maintain freshness by preventing oxidation reactions, |
b Give the reaction of 5 with HCL and NaOH.

[ Ans. With HCL: Sulfur does not react with HCL because it's nonereactive 1o non-oxiditing acids at normal |
' conditions. 1
| With NaOH: Sulfur reacts in hot NaOH solution, forming sulfides (Na;S) and sulfites [Na:50,). |
. __35+56Na0H— 2N2a;5 + Nag50s + 3H,0 !

- ——— — ——— - ——— —— —

Figure: 5.5 cross-inkages
poiween polymer chans

—— -

ROLE OF SULPHUR IN ORGANIC SYNTHESIS

Carbon-Sulphur bonds are present in a wide range of compounds with biological, pharmaceutical, and material
preperties. These bonds farm a large number of organic compounds containing a variety of functional groups
such as thiols or mercaptans, thioethers, sulfoxides, sullones, ele.
2 Drugs
Sulfa drugs are the antibacterial sulfonamides such as pen]nlhlni and cephalosporing contain sulphur, The
common drug omeprazole, used In GERD (Gastroesophageal reflux disease) contains sulloxide group
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Chapter 12 50 Nitrogen ang Sulphy

—thur
Mixing SO, with water s not feasible because the maction Is extremely exothermic and ackdic vapg,, o

mist Is produced rather than a liquid solution. Malnly, sulphur trioxide i dissolved In recircula
98.5% sulphuric ackd. The term fuming sulphuric acid or olewn Is used for the mixtures of sulphur Wlcarigy
with 100 percent sulphuric ackd

Oleumn undergoes a reaction with waler to make a highly concentrated solution of 1,50, Wil
concentration can be adjusted

H,50,,) + S0, —H,5,0,,)  (Oleum)
;5,00 +Hy0y, —> 2,50,
] ic rties

Sulphuric acid Is soluble in water and hygroscopic In natere. I readily absorbs waler vapour from the 4,
Anhydrous H,50, Is a very polar liquid. It is highly corrosive 1o various materlals. On contacting the gy, it
causes chemical burns. Some physical properties of sulphurie acld are given in Table,

Table: Phyileal Propertiea ol Sulphurie Ackd

Molar mass 98.08 p/maol —
Physical appearance colourless viscous liguid —
Odour odourless i
Melling point mn'ec £
Boiling point 250°C
specific gravity [15°C) 1B3g/fem!
Viscosity 25.24 centipoise 1
Vapour pressure [25°C) 0.001 torr ]
Sulphuric acid is a highly corrosive substance. It can badly burmn
cloths, plastic, rubber and injured the human skin, eyes, elc,.
Handle it very carefully,
= Chemical Properties LF
i Autoprotolysls
It self-ionizes or undergoes autoprotolysis as follows,
—_— 1s 1-
H;S0,) + Hi S0,y ==2H,S0 +MSOL,,)  K=27x10 @ Rack Your Mind!
The equilibrium constant value |s greater than that af water which | 15 piseuss Sulphurie add s diiaic
makes it to be used as a non-agueous protic solvent, el
Sulphuric acid is a strong acid as shown by its pK,, value:
1 ..—_*H,p{'_' +H50:_|'.“| {pK,; ==2}
But hydrogensulphate (HS0] ) is a far weaker acid due 1o a positive pk,; value:
HS0(,q) +Hi0p ==2H,0(,,) +50,  (oK,, =192}
JiExercise LG

0. Discuss sulphuric acid as an oxidizing agent and a dehydrating agent with three reactions for each.

li. Sulphuric Acid as Dehydrating Agent
Concentrated sulphuric acid is a powerlul dehydrating agent that removes water from many substances
such as sucrose, starch, wood, and paper to produce carbon, steam, and heal.
It also dehydrates ethyl alcohol to ethene or ethoxyethane depending upon the reaction conditions.

C3HOHy,) + HySO, ) —CH, | +H,0;, +H,S0,

suth potau carbon mast called carbon wnake prativses oo of the apparatus

proian | mﬂaﬂlu.mlsm? {11} e
Etl Interesting Information! q’ﬁ)
o Tble g # Pack Your Mind!

Hi-""r"“" letimratary demunatration i ihe dehpdration of talls Bugar, wladr g 11 Whes Cone MHA0, comes b

Oy o * MWy — 230, + LING, oW S0, :?r;::'l 3 Hytratn
welth NaCL £) Desiariation ) Gahpiransr
[ wydrochlaric achd [HCL) gas, Is formed when sulphuric atid reacts with sadim chigride
Hdnl-} Al “:m-ru _'“""m-r-u " Hc"ln
n with Metals
W peactio

peactions al sulphuric acld with metals depend upon the metal, concentration of the acsd, and
jemperature. Metals that are above hydrogen in electrochemicsl serins such ag Fo, &L, Zn, Mo, Ni, and I
peact directly with dilute sulphutic acid 1o produce hydrogen gas and metal sulfates But with cold cone
H;50, they liberate 50, and form sulphates

Zny, v M50, ——rHy +T0f, SO0

20y + M50, —»50,,, +Fell +500. + 24,0,
gulphurlc Acid as Oxidizing Agent
petals like Cu, A, and Hp reacl with hot cong. W50, 1o lorm metal wiates. Sulphuric aoid & not
regarded as a typical oridizing agent due 1o the stability of SO anion This anion s weakly axdisng.
However hat concentrated sulphuric acid is a moderately strong ouidizng agent due 1o high tempsrature,
high concentration of protens (H'), and formation of nascent oxygen Hot contentrated sulphuric sod
paldizes Cu, as given bielow

Ciy,,y + ZH,SD*“' _"mn.} +2H,0,, + 500 «Cui

- —— — o — - — - — -

| P quick cHeck 127
il write down dehydration reactions of conc. H,504 with starch and oxalic acid.
IMI. Starch
[CaHmOs]ng — 20, Gy + SnHiOyy
Oxalic acld: Paper and Sugar on feecios with

cong M50, becormes  blach dew 10
deirgdhation

COOH
I

| COOH om0t Mt €0y # Oy + MO

4] How does conc. H,50, react with NaCL? What Is the importance of this reaction?

| ke, Hydrochlorc acid (HCL) gas, is formed when sulphuric acid reacts with sodium chionde

1]

i NaCi,, + H50,,—NaH50,, » HC/

i Sulfuric acid displaces the weaker agid (HCL) from its salt This is imporiant because if is used to prepare
pure HCL gas in laboratories

i:l What is the difference between the oxidizing power of cold and hot sulphuric acid?

Ans.

" Cold concentrated H;50, mainly acts as a dehydrating acid and shows wieak oxrdizing ability.

e A e  m m  w

i*  Hol concentrated H;S0y acts as a strong cxidizing agent, reacting with metals and nonmetals

| Forexample:

IF Cu+2H,50, —=L CuSO, » 50, +2H,0

live 2 N0 IcTROMS IS EREtVRY SO helm TEIRMB SN S, o e e e e
b and industria ns of Sul id

# King of Chemicals:
Sulphuric acid is considered a king of chemicals and its consumption s an indicator of the industrial
progress of a country,
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sr. i | Option

6.
1.
8.
9.
10.

Fertilizer Formation: A major portion of the acid Is used in making fertilizers, normally 77.67% i
to digest the phosphate rack contalning calcium phosphate (Ca,(PO,);).

Extraction of Metals: It is used in the extraction of metals Irom ores such as Cu, Ni, steel ere,

As a Catalyst: It is utilized as a catabyst in oil and coal refining, polymers, synthetic rubber, ang Plagy
industries,

It Is used in the pulp and paper industry and invobeed in the production of pesticides, ‘.““ﬂlzi_h"
herbicides, varnishes, dyes, pharmaceuticals, soaps and detergents.

Formation of Explosive: It is used lor nitration in making explosives such as trinitrotoluens
nitroglycering, picric ackd, nitrocellulose, ate.

Food Industry: 11 Is involved in the food industry for making sugar, starch, and corn syrup,

Paint Industry: It 1s used in the paint industry for making titanium dioxide (Ti0,) pigment.

Dry Gases: |t is used 1o dry gases in industrial processes.

Lead Storage Batteries: 35 677 acid is used in lead storage batteries.

Laboratory Reagent: 1t is used as a laboratory reagent.

Even though it 1s used in various Industries, it is rarely contained in the final product,

[4: Did You Know?
Fluarapatne (Cay(P0,),F) to make single tuperchosphate CaltPO,); and phospharic ackd
MO0 H PO, ia further uied 1o make double and triple superphosphates and ammanium
phosphate. Sulphuric acid alsa rescts with ammonia 1o make ammanium sulfate fertileer.

&

Uiag

i

(v

Solution File @ Rack Your Brain!

Explanation

(i} High bond Energy (941 kJ/mol) (i Non-Polar Nature of N;
1. 5.4 | i) Electronic configuration stability () Triple bond strength
(v} Mo permanent dipole
z c PAN causes eye iritation, leading to redness, itching. and tearing due to its oxidizing properties. |
3 B NO; absorbs light and appears yellow-brown due to its molecular structure and absorptien
spectrum,
Conditions for the Formatlon of Smog: =
Following conditions are required for the formation of Smog.
L. There must be sulficient NO, hydrocarbons and volatile organic compounds (VOC) emitted
% 2 by the vehicular traffic
il. There must be sunlight, so that some af the chemical reactions may ocour at a rapld rate.
ili. The movemant of air mass must be little so that reaclions are not disturbed.
There are two types of smog: '
(i} Reducing smog (] Oxidizing smog
Reducing Smog [Classical Smog) Oxidizing Smog (Photochemical Smog) |
it s formed due to the bulld up of | It is formed due to photochemical reaction of
sulphur dioxide from combustion of | sunlight on the nitrogen oxides and hydrocarbons
Coal. produced by automaoblle and factories.
5 M it involves smoke and fog. It does not invelve smoke and fog.
It masthy occurs in cool humid climate, It occurs In warm, dry and sunny climate.
It has high concentratlon of 50; and is | It has high concentration of oxidants like Oy and
therefore reducing In character, therefore is oxidizing In nature.
It causes bronchitls and Irritallon Le. | It causes irritation In eyes and toxic to plants.
problem in lungs.

yOLAR B CHEMISTRY (11%) 435
— .
¢ It converts pollutants like CO, NOx, and Hydrocarbons into harmiess gases ike CO;, Ny, and
4 H:0, reducing emission and minimizing environmental impact
L= A catalytic convertor is an emission control device to reduce harmiul pollutants in exhaust
. | 84 gases from internal combustion engine
...-i_-""' C It converts pollutants gases into harmless gases: NOx — Ny, CO —», and HC —» CO; + H:0
il . A0y, + 2Fe(OH), , —>2FeAsO, , +3H,0
9. Ferric arsenite
—1 Sulphuric acid is a strong acid. In an aqueous solution, it completely lonizes to give hydronium
ions and sulphate wons, The dissociation takes place in two steps.
n | s HiS0ura + MO ——— Hi0,L,, + HSO[,,
HSOL,, + HiOi——» 504, + HOj,,
o The acld remaves water from the sugar moleculzs, leading to the formatin of carbon, which
u. appears black.
- MULTIPLE CHOICE QUESTIONS (MCQs) -

g1 Feur cholces are given for each question. Select the correct cholce.

AL

Despite being the most abundant gas in the Earth's atmosphere, nltrogen does not readily participate in
combustion reactions because:

a) It is denser than oxygen,

bj it has a high specific heat capacity.

t) Breaking the N=N bond requires a large amount of energy.

d) s a noble gas

A student heats a solid ammonium salt with a solution of a strong alkall. The gas produced turns damp
red litmus paper blue and has a characteristic pungent smell, The gas Is:
a) Hydrogen [H,) b) Carbon dioxide (CO,) c) Ammaonia (NH,)

The shape of ammonlum (lon) ls:

a} pyramidal b} triangular planar c) tetrahedral d) linear

In a catalytic converter, the conversion of nitrogen oxides (NO.) Into nitrogen gas [N} and oxygen gas
[0,) is a process of:

d] Sulphur dioxide (50, )

2) Oxidatlon b) Reduction ) Combustion d) Neutralization
PAN formation starts when reacts with the hydrocarbon.

2} MO b) NO, ) 0, dj HO"
Nitrification Is the process by which:

a) Atmaspheric nitrogen is converted inte ammonia.

bj Mitrate is converted into nitrogen gas.

¢} Ammaonia Is converted into nitrite and then nitrate.

d) Organic nitrogen Is converted Into ammonia.

The most stable species In an acldic environment Is:

1) 50" b) SO, ¢} H;5 d)s
Which gas Is used in separating hard water fram normal water?

3) 50, b) H,5 €} NH, d) KO,
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IX. The oxidation state of sulphur in M504 |
bt b2 W )46 SHORT ANSWER QUESTIONS -
X. The drug omeprazole containg group.
a) Thiol bl Sulfoxide ¢} Bisulfide d) Sulfone i argempt the fellowing shont-answer questions:

¥l Sulphur dioxide (50,) produced from the combustion of sulphur can be further oxidized 1g ilghy, --“m_gmmm tor the Inertness of Ny,
trioxide (S0, ) under specific conditions, such as in the presence of a: L

a) Catalyst (e.g., vanadium (V) oxide) and high temperature ¥ m High Bond Energy: The nitrogen malecule (M) o inert primarily dug 1o its strong trple covalent band

b) Catalyst {e.g., iron) and low temperature. (NEN), which has a very high bond dissociation energy of 945 Wi/mal This makes the bond extremely

) Strong reducing agent and high pressure. difficult ta break under normal conditians

d) Dilute acid and room temperature (il) Nen-Palar Nature: N; is nonpolar because both nitregen atoms have equal electranegativity, reducing
X, Sulphur trioxide (SO,) is not di dissolved in water to produce sulphuric acid In the Contagy its tendency to react with polar or onic substances. The absence of lone pas avalability tor denaton

eIl rection e rectly "oty further contributes 1o its chemical ineriness
3] Too siow. = How is nitrogen Isolated from air?
b) Reversible and would resull in a low yield. -

s, Nitrogen is isolated from air through a process called fractional datillation of liquetied ar Finst. a1
filtered to remove dust and then compressed and cosled to very low temperatures [=200°C) turmng it inlo
a liquid. Since pitrogen has a lower boiling point {=196"C) than oxygen (<183°CY, it evaparates first when
the liquid air is gradually warmed. The nitrogen gas is then collected, while the remaining liqued contains
oxygen, argon, and other trace gases. Further purificatlon steps may be applied to obtain high-purity
nltrogen

¢) Highly exothermic and produces a mist of sulphuric acid
d) Requires very high pressures,

Answer Key it Explanations

Sr.No. | Option | Answer [ Explanation

Breaking the N=N bond requires | « The Nz triple bond has very high bond ener
1 c Y [ﬂs —
a large amount of energy kifmol), making nitrogen inert in combustion, ¢ Whyammonia [NH,) Is a weak base?
& Heating ammonium salts with alkali produces ™ Ans. Rlzasons:
In. c Ammaonia (NH;) which turns damp red himus blue (basic) and has 4 « Partial Dissoclation In Water: NH, reacts with water 10 form MK, and OH", but orly a small fraction
punpgent smell, disscciates, making it a weak base
. c Tetrahedral * N has sp* Iybridization with & ond pairs, resultingin « Lone Pair Availability: The nitrogen lone pair can accept a proton ('), but it does so weakly compared
a tetrahedral shape. lostrong bases like NaOH
W b Ratluction o In catolylic converters, WO, — N; = Q, Imﬁ;? » Equilibrium Lies to the Left: The reaction NH, + H,0 NH; + OH" favors the reactants, resulting
reduction of nitrogen (e.g., NO —» Ny) ina low concentration of OH- lons.
v, b NO; = Peroxyacetyl nitrate (PAN] Torms when NO; reacts wih I_Wl'llt down the reactions of photochemical smog formation?
hydrocarbans in photochemical smog. . Chemical Reactions:
vi. & Ammonia is converted into | «  Nitrilication: NHy =+ NO; (by Mitrosomonas) —» NO; (oy The formation of photochemical smog involves the following chemical reactions.
nitrite and then nitrate Nitrohacter). Wt ke
viL. 5 s » Sulphate (507 is stable in acidic conditions, while =, ®
! H;5/50, may codize further 2NO,, + 0y, —INO,,
Wil g NH, * Ammonia  precipitates  Mg''/Ca™ a5 hydroxides, NO,, _"_,Nn”l VO,
softening hard waler B a
‘0. —s
1. d % * In H;50, sulphur has +6 oxidation stale (OM. Wl ) i
calculation: 2[+1) + x + 4[=1] = 0 —» % = +6). RCH = CHR,\+0,  —RCO;  +RCH, | —RC[O)OOND,
= Omepratole .15 * PPl that lfd'l.:l';!! stomach acid by Alternate For the Last Reaction:
X. B Sulfoxide ;’;;::;5':’:59;"::’:*;‘5“'*‘; H*/K *ﬂ{?:_i;' Eﬂﬂ:'lﬁl- “l: ACH = CHR + 0, ——+ JRCHO + O,
ulfexide group {-5=0), making A "4 Hy
sulfoxide derivative of benzimidazole. :;gﬂ}; E':ﬁ g “;‘?S}'JG:E
1. 2 vanadium{V] oxide) and high | » Contact Process: r—+ RL| 1
lemperature S0; —+ S0, uses V,0, catalyst at 450°C for optimal yield. g Write down the reactions of photochemical smog formation,
Highly exothermic and » Directly dissolving 50, in  waler creates an Ams. Photochemical smog [Los Angeles smog) forms in the atmosphere lrom NO, and volatile organic
X, - foces s mistof sulfiuric a6id uncentrollable mist; instead, 50, is absorbed In cont. compounds {VOCs) in the sunlight. It is oxldizing In nature. Photochemical oxdants, such as NO,y,
H:50, [eleum), orone, and peroxyacyl nitrates (PANs) can react and oxidise specific compounds in the atmosphere
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Photochemical smog is becoming more commeon than classical smog (London smog) due 1;;1:::“"-
NO. emissions. The formation of photochemical smog Invalves the lollowing chemical reactign,

Ny + O — N0,
2ND,, +0,,, —+INOy,
NO,,, —NOy, + O,

O + 05—y
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f.  What is the construction and function of a catalytic converter? =
Ans. Construction: e
A catalytic converter Is a ceramic or metallic manolith with a honeycombr-like structure, ity jpq,,
channels have a layer of alumina to provide a high surface area. Noble expensive metals such 5, "
(Platinum), Pd [Palladium), and Rh (Rhedium) are dispersed on the alumina,
Functions:
It functions in two stages:
(i} Reductlon Catalyst (Rh): Converts harmiul nitrogen oxides (MO.] into nitragen [Na) and oxygen 104).
(1) Oxidation Catalyst (Pt/Pd): Oxidizes carbon monoxide (C0) and unburned hydracarbons inig Cathgn
dioxide (CO;) and water (H,0),
This process significantly reduces the toxicity of exhaust gases.

B Why sulphur Is quite unreactive at room temperature?

Ans. Sulfur is unreactive at room temperature because It exists as eyclic s molecules (crown-shaped rings) held
logether by strong covalent S-§ bonds. Breaking these bonds requires significant energy, making sulfy
Inert under mid conditions. Additionally, the nonpolar nature of Sy reduces its interaction with polar
solvents or reactants.

h.  Which are the most stable oxidation states of sulphur In water at pH = 0 and pH=147
Ans.
= AtpH =0 [strongly acidic conditions), sullur's most stable oxidation states are:
o  +6 (sulfate, 504') = Dominant due to high thermodynamic stability.
©  +d [sulfur dioxide, SOy or sulfite, SO,*) — Stable but can be oxidized further.
* Al pH = 14 (strongly alkaline conditions), the stable forms shift to:
o +6 (sulfate, 50.*) - Remains stable,
o =2 (sulfide, 5*) - Favored in reducing environments,

. How does sulphur react with halogens?

Ans. Sulfur reacts directly with F; to form 5F. and SFe. Sulfur hexafluoride (SFs) Is a gas and is very
unreactive. It Is used as an insulator gas In electric devices, Sulfur readily reacts with Cl; to form S;ct,
(yellow liquid) which further reacts with CL; to form SCL; (red liguld),

Sy + Iy —>5Ky
23y + Clyyy —» 5,Cly

e —

—
——

|- Draw the structures of cyclo-octasulphur (54 and sulphuric acid,

NN

s D/ 0~
/ \ ﬂ?pl!I I 15T & prn
5
Cyclo-octasulphur, [Sa) crown molecule Structure of HiS04
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ﬁs the role af sulphur In the vulcanltation of rubber}

-""'ﬁﬁul' is used as o cross linker for the rubber moleculae chains, This 5 called vuleanieation and it

it improves the strength of rubber

-I'_"""J.._g Is the composition and the chemical reaction of gunpowder combustient

ﬁﬁwu:r Is a coarse blend of 75% potassium niteate (KNOL), 15% wood charcoal, and 109% sulfir
Charcoal carbon i the main Tuel, nitrate is the osdiser and sullue s the adgiional Tusl that burms the
pawder faster, The following reaction in burning takes place

10KNG i + 350 + By ——» 2KC0 5, + $E50 5, + B g » Wy

= ihat s the importance of disulfide bridges?

""""Fm—"!._tﬂml bridges [-5-5-) are covalent bonds between sullur stoms in cysteine resduss of prateins, They
stabllize protein structures (e.g., keratin in bak, insuling by linking distant parts of the galypeptide chan,
ensuring praper folding and mechanical strength. Disruption of these bonds (s g, by reducing agents) can
denature proteins.

= Write down sell-lonizatlon equation of sulphuric acid and Its lonization in water.

ﬁ!l‘ahnlrﬂ or undergoes aulopratolysls as follows,

H,50,) +H,50,, ==2H,S0}_ + H50;

by Xm0

The equilibrium constant value Is greater than that of water which makes |t 1o be used a5 8 nan-agquesus
pfutit solvent.
sulphuric acid is a strong acid as shown by s pk,, value:

HyS0,, . —=H,0/ 4 usul'.“

Pk,
But hydrogen sulphate (HSO, ) is afar weaker acid due to a positive pr,, valie:

HE0L,, +Hi0 ==2H,00,, + 505 oK, =1.92)

...ﬂ

. Give two examples where sulphuric acld acts as a dehydrating agent.

s, Dehydration of Alcohol:
H;50. dehydrates ethyl alcohol to ethene or ethoxyethane (Diethyl ether) depending upon the

reaction conditions.

CHOMy, + M50, —CH, v B0, + W50,

Dehydration of sugar {sucrose):
€My 0y + H50, — 13C + 11H,0

3. How does V;0s catalyze the formation of 50,7
Ans. Vanadium pentoxide (Vo0y) catalyzes the oxlidalion of S04 1o 50, in the Condact Process:
) 50, reduces VyOy to V;04:

50, + WO, — 50, + V|0,
(i1} O reoxidires V;0, back to V,04:
2"!".0. ¥ 0 — 1”,05

g  What Is purpose of formation of aleum?

Ans. Oleum [H;550,) Is produced to safely transport and store sulfuric acld. Since congentrated H,50 tends 1o
erystallize, oleum (a solution of 50, In Hy50.) prevents this prablem,. When diuted with water, obeum
releases 50y, which reacts to form additional H,504:

H,5,0, + H,0— 21,50,
This ensures high-purity sulfuric acid delvery.
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(= DESCRIPTIVE QUESTIONS -
0.3 Explain the preparation and basicity of ammenia S
Ans, See Page No. (420) B

Q4 Mow oxides of nitrogen (NO.) cause the formation of photochemical smog and PAN? Give its m

Ans. See Page No. (423) T
0.5 Give Nlowsheet diagram and equations Involved In the contact process. -
Ans. See Page No. (430) T

Q.6 Discuss sulphuric acid as an oxidizing agent and a dehydrating agent with three reactions for eagh,
Ans. See Page Mo. [432) T —

ADDITIONAL SLOs BASED MCaQs

1. Which equations represent stages in the Contact process for manufacturing sulphuric acid?

A 5+ 0;—+ 50, B. M0 +50; — W50, € M5S0+ 0;—+ Hi50a  0.503+ Hy0 —» Hy50,
2.  Nitrogen Is absorbed by the plants in the form of;

A Ammonium B, Mitrites C. Mitrates DAl
3. Nitrogen flixation is the conversion of:

A NytoN B. Ny 1o NH, C. Ny to NOy 0. Ny to wrea

4. Sulphur dioxide is an important food preservative. Which property makes sulphur dioxide useful in this rolsy
A ltisagas B. It 15 a reducing agsnt
C. It reacts with oxygen to form sulphur trioxide O. It reacts with water Lo form an acidic solution,
3.  Most modern cars are fitted with three-way catalytic converters In the exhaust system. Which theg,
Eases are removed by such a catalytic converter?
A. carbon monowde, hydrocarbons, nitrogen oxides
C. carbon monoxide, nitrogen ousdes, sulphur dioxide
Conversion of nitrates to nitrogen gas is called:
A, ammanification B. Nitrification C. Nitrogen fixation 0. Denitrification
7. In the Contact process, what Is the nature of the gaseous preduct and what s the identity of the

B. carbon monoxide, carbon dioxide, nitrogen oxidas

D. hydrocarbons, nitrogen oxides, sulphur dioxide
B.

catalyst?
Mature of
s profet Catalyst
A, acidic Fa
B acidic Vil
c: basic Fay
0. basic Wiy
8. Converslon of nitrites to nitrates ks called:
A. Nitrosococous B Clostridium C Nitrobacter D. Nitrosomonas
9. Which onide of nitrogen s released from car engines? )
A Nitrogen dionide B. Nitric oxide C. Nitrous oxide D. Nitrogen tetroxide

10. Which compound of sulphur Is used to bleach wood pulp?

A Sulphuric Acid B. Sodiym sulphate C Sulphur diowide 0. Sodium sulphite

oLAR T CHEMISTRY [11™)

ottt 2

Answer Kgywith Explahations ==

Explanations

The Contact process involves the padation of sulphur to sulphur dioside [50,], the further
1. A oxidation of 50; to sulphur triomde (50)
e Planis can absorb nitrogen in the form of ammoniom [NH), niteites (NO; ), and nitrales
7 D | (n0y), although nitrates are the most commion form absorbed
L—=T"_ | Nitrogen fixation is the process of converling nitrogen gas (Ni) from the atmosphere into
3 B ammonia (NH,), which can be used by plants
—T Sulphur dixide acts @3 & reducing agent and inhibais the growih of bactera and ather
4. 8 mieroofganisms, making it uselul as a focd pressrate.
" Three-way Catalylic converters reduce emissions of carbon manaside [C0), hydrocarbans [HC),
5. A and nitrogen oxides {NOx] from car exhaust
" Denitrification is the process by which nitrates [NOy | are converted to nitragen gas (N,
6. 0 typically by bacterla, releasing mitrogen back Inlo the aimosphere
-—-"—'_a The gaseous praduct (50) formed in the Contact process s acidic, and the catalyst used i vanadium
7. (V) oicle [W20s),
Mitrobacter bacteria are responsible for converting nitrites (NO:) to nitrates (ROy) in the
B. c nitrification process.
Car engines typically release nitric oxide (NO) as part of the exhaust pases, which can further
9. 8 react to form nitrogen dioxide (NO;)
Sulphur dioxide {50} is used in the bieaching of wood pulp becsuse of s reducing
10. = properties, which help in removing lignin from the pulp
- SHORT ANSWER QUESTIONS | )

g1 Whatare the main categories of sources of NO,?

e main categories of NO, sources are:

« Matural Sources of NO,
Matural sources include lightning, volcanoes, biological decay, forest fires, soll microorganisms, oceans,
ete. NO is produced when Ny and O; in the air react during lightring, It is produced by rucroorganam
using air N;.

s Man-made Sources of NO,
The main anthropogenic sources of NO, are the combustion of fossil fuels in vehicles and power plants
Other sources include chemical plants, biomass burning, welding, #tc.

@2 Differentiate between nitrification and denitrification.

Ang. Nitrification Denitrification

Ammonia MH, /NH}' 15 converted into nitrite|Nitrite (NO}) and nitrate [NO}') are converted
{NO}"} and nitrate (NOL"). back to N, that s released into the atmaosphere.
Mitritying bacterla aerobic conditions, pHE 5 =
8.0, optimum lemperature 20°C—30°C.

03 What is catalytic converter?

Ans. Catalytic Converter

A catalytic converter is a ceramic or metallic monolith with a honeycombelike structure. Its inner
channels have a layer of alumina to pravide a high surface area.

Ans.

Denitrifying bactenia anaerobic condilions, pH 7.0
=9.0, optimum temperature 26 °C— 38 *C.
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LA Write down the natural sources of oxldos of nitrogen,
Ans. Natural sources include lghtning, volcsnoes, biological decay, forest fires, soll "‘"'"“?nm"“'
veeans, el NO s produced when Ny and O In the alr react during Ightolng. It is produeey h,'«

leroonanism using alr Ny, ;
—

A% Amimonia ls basle In nature, How?
—

A, Ammonla bahaves s o Lowry-Brgnsted base by accepling @ proton (H°) tram an Geid g oo
atrimnnlinm

NH, o Mg =2 NG,
I dissolves In water 1o foom ammonium hydroside (NNOH] and equilibrium is sstablished bty
arvvrrvenia medes wles and gmimanlun lens i he salution
WMy v M0, ot L, +OML, K, =2 810"
Armmianla solution s o weak base due to the low basicity constanm (£) and the equiliinum Positiyy,
Everbrngg tovwarcds Ui Par Dl sioke
Q.6 Write down the equation for the reaction betwesn conc. H,50, and copper and explain what type
reaction le it

Ans. Reactlon between Cone, M50, and Copper!

Hot cone, Sulphunic acid reacts with Cu 1o form Copper Sulphate and S0;.
Fyamlalein

.

LCUIS0, £ 21,04 50,

(LT R
In this reaction, the oxidation state of Cu is changed from “fera” 1o 2% in CuS0s and thus Cu i Onidigeg
This icdation state of S in M504 15 o6 whereas bn S0; (8 15 8, This show that sulphur 15 reduced
Therelore the reaction is an asldation reduction

Q.7 Ghve the advantages of contact process for the manulacturing of sulphuric acld (H;504).
Ans, The sdvantages of contact process for the manufacture of ;50 are given below
(1) Dy using this process, we can get M50, of any requited concentralion
(i) As no by product s obitained during this process, So, it s & environment friendly grooe s
LU 10 bs wredd In commerclal preparations
(i) Thie catalyst used L. VD, iy sobid, S0, it can be handied sasily

*
w0 2N, 810,
——

——
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;’"’ﬂ;;;h_unhc acid it forms CO; and €O

L
COOH
I &' m]m & CD.}‘ Hil'oni
COOM,.,
with formic acid, €O is formed
-,
HEOOM,,,, —=—"=> €O, +H,0

(L]

""r.—;u—lh_“ M504 acls a1 an oxidizing agent.
BE-"‘T—E}“ an @ strong oxidizing agent,
s "i it guidizes © and 5 grang CO; and S0;respectively,
Cm --2."',55“"' —Im"“ ilSﬂ““ ...m‘u‘t,

31+ 2,50,y 350y, * 20y,

i) HiS s oaidized 105
HyS0) + W00y — 53y + 50y, + 20,
() Reactions ol H,504 with HBr and HI produce bromine and lodine respectively,
ZHBE ) + 1,50 ) ——3Bly,) 50, + 2,0,

2l gy + 50,y —2 gy + 50y, + H,0,,,

11 Write reactions al Hy50. with NaCly, and NaBir,,.
T8 :mmu * Wy 50000 — Hi;S.Du,u
B * HiS0 sy ——+ Ny 50y + 2HBry,

712 write four physical properties of sulphuric acid.
Tt Physical Properties:
1. Pure sulphunc acid is a colourless oily liguid without an odowr,
1. Myspecific gravity is 1834 at 18"C.
It freezes at 10.5°C
its bolling point is 338°C
It dlssolves in water liberating & lot ol heat which raises the temperature of the mixture up to 120°C.
H; 500 should always be poured in water in a thin stream to avoid any accident.
Pure acid is a nonconductor of electricity but the addition of a little water makes It a good canductor.
it 15 extremely corrosive 1o skin and caoses very serious burns to all the tissues,

woe e

= -

Q.8 Why ls 50, dissolved In M50 and not n water?

013 How does Hy50 react with:  (IJ2n (1l) Cu

Ans. When 50; s dissobed in 98% M50, pyrosulphunc acid (oleum) s obtained
“le.m * W\ru - H;S.ﬂm.
Cheum cion be converted Lo sulpburic ackd of any required concentration. By micing sdequate amount of
water.

M50 * My ——— 2500y
504 hh not dissolved in waler directly because
{1} The reaction is highly esothermic
(1) 50 is less soluble in M0 at high temperature
() A ddense fog s produced which doet not easily condense
(v} Sulphuric acid of required concentration cannot be prepared

0.9 M504 Is dehydrating agent. Write down some chemical equations to prove it,

Ans, Reactlons as a Debydrating Agent:
H50, has a great affinity for water, o it acts as dehydrating agent and eliminates water from didferen

compounds,
s CHyO, —ZtNY L G GHO
»  CHOH =M ey e WO

100re

‘Eﬂ. 1 M50 * Zny ——s NS0 + H;
(i) Cuwg + 2H 50 b # CuS 0wy + 2H3 00 + 505
1 s an omdation-reduction reaction).

014 How Arsenic Is removed in contact protess?
Am. Arsenic Purifier:
Aryenic oxide i then remowed in the form of Ferric arsenite by passing the dry gases through a chamber
provided with shelves packed with freshly prepared ferric hydroxide.
43,04 + 2Fe[OH]; ———+ 2FeAs0Dy » IH;0
(Ferric arsenite)
Q15 Write four uses of sulphuric acid.
kns. Uses of Sulphuric Acld [King of Chemicals):
s uged
) inthe manulacture of fertilizers like ammonium sulphate and calcium superphosphate,
(5} In refining of petroleum to remove nitrogen and sulphur compounds.
{iii} In electrical batteries and storage cells
(v} &s a detydrating agent for drying gases.




