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! | Quick CHECK 124 ac
| a) Determine the oxidation state of S in the following species.
: ; I. SO, il. H,S0, fii. SO iv. 5,0}"
+ Ans. | (i) Oxidation state of SO, (i) Oxidation state of H;504 T e
| 5(0.5)+0(0.5)=0 H(0.5) +5(0.5) + 0(0.5) =0
' X+3(-2)=0 2(1)+X+4(-2)=0
! X-6=0 2+4X-8=0
| X=+6 X =8=2
: So, the oxidation state of S in S0; is + 6. X=46
| So the oxidation state of S in H;S0, Is + ¢,
(iii) Oxidation state of SO~ (iv) Oxidation state of 5073
S(0.S)+0(0.5)=0 ${(0.5) +0(0.5)=0

X+4(=2)=-2 2% +3(-2)=-2

X-8==2 2X-6=-2

X=8-2 2X=6-2

X=+6 2x=4

So the oxidation state of S in SO, is +6. X=4/2=42

So the oxidation state of S in S;07 is + 2,
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i b) Which oxidation states of sulphur are the most common? Explaln your answer with reason.
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Ans. The most common oxidation states of sulfur are =2, +4, and +6.
» =2 isfound in sulfides (e.g., H,S).
e +4inS0; and +6 in H;50,.
Reason: These are common due to sulfur’s ability to gain or lose electrons easily depending on bonding, |
)  Explain the involvement of d orbital in varlable oxidation states of S in its compounds. )
ns. Sulphur has vacant 3d orbitals that allow it to form expanded octets and make multiple bonds |
This helps sulfur to show oxidation states higher than +2, such as +4 and +6, in compounds like S0, ang ;
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REACTIONS OF SULPHUR

Sulphur can combine with many elements to form a wide variety of inorganic and organic compounds]_u'
unreactive to water under normal conditions, dilute non-oxidizing acids, and noble gases. Its ability to catenate
allows it to form ring structures and linear chains. Here are some important reactions of sulphur:

()  Reaction with Air: Sulphur burns in the air to form SO, with a blue colour flame. The other main sulphur

oxide is SO, which requires higher temperature and a catalyst for its formation.
S+ Oat) —>50xy)
250,4) +Oy) -—E—-’ZSO,{”
(ii) Reaction with Nitric Acid: Sulphur can be oxidised by nitric acid to produce NO, and H,S0,.
S(y) +6HNO, ) —>H,50,(,) +6NO,, +2H,0,,)

(i) Reaction with lon Electronegative Element: When sulphur reacts with elements that have lower
electronegativity, it acts as an oxidizing agent and forms thelir sulfides. It tarnishes Ag, Cu, and Zn by
forming a coating of metal sulfide. Sulphur does not react with Au and Pt.

ZAg(,} + 5{'} —Ag, S{!}
He(y) +5(,) — H8S,)
ZCI..I(,J + S(,J —Cuy, S('l

v
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""'"E:;_n_lon with Cyanide: Sulphur converts cyanide into thiocyanate which is also known as pseudohalide. It
s used to analyse Fe’".

KCN(,) +5(,) ——2KSCN,,
Reaction with Halogens: Sulphur reacts directly with F, to form SF, and SF, . Sulphur hexafluoride (SF;) is

agas and is very unreactive. It is used as an insulator gas in electric devices. Sulphur readily reacts with
¢t, to form S,Cf; (yellow liquid) which further reacts with CZ, to form SC, (red liquid).

It

S+ F) —>SFyy
25, 4 Clyy —5,Ct
S(e) +SCLy( —S,C1

HIG)
e

USES OF SULPHUR AND ITS COMPOUNDS

— "
» Vulcanization
Sulphur is used as a cross linker for the rubber molecular chains. This is called
vulcanization and it improves the strength of rubber as shown in Figure.

» Fentilizer
Sulphur is an essential nutrient for plant growth. When soils become
depleted in sulfate, sulphur can be restored in soil by applying sulphur
containing N/P fertilizers, or sulphur-coated fertilizers 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 a fertilizer.

» Gun powder

Gun powder is a coarse blend of 75% potassium nitrate (KNO), 15% wood
charcoal, and 10% sulphur. Charcoal carbon is the main fuel, nitrate is the
oxidiser and sulphur is the additional fuel that burns the powder faster.
The following reaction in burning takes place:

10KNOy,) +3 S, +8C(,) —>2K,CO,) +3K;S0, +6C0y ) + SNy

-———— e e gy e — — — —

j QUICK CHECK 12.5

a) Whatis the function of SO, and sulfite (50"} salt in preserving the food?

Ans. SO; and sulfites act as antimicroblal agents and antioxidants, preventing bacterial/fungal growth and
slowing food discoloration. They inhibit enzyme activity that causes spoilage in dried fruits, wines, and

| processed foods. Sulfites also maintain freshness by preventing oxidation reactions.

ib) Give the reaction of § with HCL and NaOH.

| Ans. With HCL: Sulfur does not react with HCL because it's non-reactive to non-oxidizing acids at normal

1 conditions.
| With NaOH: Sulfur reacts in hot NaOH solution, forming sulfides (Na,S) and sulfites (N3,S0;).
1

Figure: 5-S cross-hnkages
petween polymer chains

ROLE OF SULPHUR IN ORGANIC SYNTHESIS

Carbon-Sulphur bonds are present in a wide range of compounds with biological, pharmaceutical, and material
properties. These bonds form a large number of organic compounds containing a variety of functional groups
such as thiols or mercaptans, thioethers, sulfoxides, sulfones, etc.
° Drugs G
Sulfa drugs are the antibacterial sulfonamides such as penicillins and cephalosporins contain sulphur. The
common drug omeprazole, used In GERD (Gastroesophageal reflux disease) contains sulfoxide group.
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Mixing SO, with water Is not feasible because the reaction Is extremely exothermic and itldm
mist Is produced rather than a liquid solution. Mainly, sulphur trioxide Is dissolved in I't'clr(ulaling
98.5% sulphuric acid. The term fuming sulphuric acid or oleum s used for the mixtures of sulphur Ulonig,
with 100 percent sulphuric acid. -
Oleum undergoes a reaction with water to make a highly concentrated solution of H,50, iy,
concentration can be adjusted.

H,50,4) + SOy, —H,5,0,,, (Oleum)

H,5,0,,, +H,0, ——»2H,50,,,
2 Physical Properties
Sulphuric acid is soluble in water and hygroscopic in nature. It readily absorbs water vapour from the air
Anhydrous H,50, Is a very polar liquid. It Is highly corrosive to various materials, On contacting the skin, i
causes chemical burns. Some physical properties of sulphuric acid are given in Table.
Table: Physical Properties of Sulphuric Acid
Molar mass 98.08 g/mol
Physical appearance colourless viscous liquid M
Odour odourless S
Melting point 10°C B
Boiling point 290°C R
Specific gravity (15°C) 1.83g/cm’
Viscosity 25.24 centipolse i
Vapour pressure (25°C) 0.001 torr
Sulphuric acid is a highly corrosive substance. It can badly burn
cloths, plastic, rubber and injured the human skin, eyes, etc,.
Handle it very carefully.
< Chemical Properties
i Autoprotolysis
It self-ionizes or undergoes autoprotolysis as follows. e
il 1s 1- - -4
HiSO,( + iSO, T=H,S0}{,o) +HSOYi,yy  K=27x10 @ Reck Your Mind!
The equilibrium constant value is greater than that of water which | 19 piscuss Sulphuric acid as dibasic
makes it to be used as a non-aqueous protic solvent, acld,
Sulphuric acid is a strong acid as shown by its pK,, value:
H,50,(,q) ==2H,0(,,, +HSO(,. (PK,; =~2)
But hydrogensulphate [HSO{' ) is a far weaker acid due to a positive pK,, value:
1- B T 1- .
HSO,(,q) +H,0() ¥==H,0(,,, + 50, (pK,; =1.92)
B € xorcise Lt
Q. Discuss sulphuric acid as an oxidizing agent and a dehydrating agent with three reactions for each.

ii.

Sulphuric Acid as Dehydrating Agent

Concentrated sulphuric acid Is a powerful dehydrating agent that removes water from many substances
such as sucrose, starch, wood, and paper to produce carbon, steam, and heat,

It also dehydrates ethyl alcohol to ethene or ethoxyethane depending upon the reaction conditions.

CHeOH,) +HyS0, ) —>CHy ) +H,0( ) +H,S0, .

a3
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Qb Interosting Informatlont

ation of Table Sugar:
common laboratory demanstration is the dehydration of tabile sugar, whare a
ek porous carbon mass called carbon snake protiudes aul of the apparatus
CuHu0yy 0y M50, —12C, + 1IH,0, +H,50,.
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peaction with NaCL
pydrochloric acld (HCL) gas, is formed when sulphuric acid reacts with sodiuem chioride
NaCl(, + H;50,,) ——»NaHS0,, + HC/(,,

geaction with Metals

peactions of sulphuric acid with metals depend upon the metsl, concentration of the acd, and
temperature. Metals that are above hydrogen in electrochemical series such as Fe, AL Zn, Mn, Ni, and Mg
react directly with dilute sulphuric acid to produce hydrogen gas and metal sulfates. But with cold conc.
;504 they liberate SO, and form sulphates,

2y, + W50, —H, v 0[S0,
Zny,) + M50, —»50,, +Fe(l +SO0  +2H,0
sulphuric Acid as Oxidizing Agent
Metals like Cu, Ag, and Hp react with hot conc. H,50, to form metal sulfates. Sulphuric acd s not
regarded as a typical oxidizing ageni due to the stability of SO anion. This anion is weakly oridizing.
However hot concentrated sulphuric acid is a moderately strong oxidizing agent due 1o high temperature,

high concentration of protons (H'), and formation of nascent oxygen. Hot concentrated sulphuric acid
oxldises Cu, as given below:

Cu,) +2H,50,(,) —»S0

L]

+2H,0.,+ Q%0 +CUlL,

)

| i/ | QUICK CHECK 12.7

(S

'3) Write down dehydration reactions of conc. H;504 with starch and oxalic acid.
jm. Starch

l 5
(CeHynOs) 0y, —Lrome 6nCy; + 5nH;0y

|
1 Onxalic acid:
| COOH

Paper and Sugar on rescticn with
cont M50, becomes black dee 12
denydration.

! cant. H.50.

|

"
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"
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COOH ———""" COyig + COy + H;0y |

b)) How does conc. H,50, react with NaCL? What Is the importance of this reaction? '
| ans. Hydrochloric acid (HCL) gas, is formed when sulphuric acid reacts with sodium chloride |
1 L]
| NaCiy, + H,50,, —>NaH50,, + HC/ 1
] L]
[ |
]

|

L]

|
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|

]

|

1

Sulfuric acid displaces the weaker acid (HCL) from its salt. This is important because it is used to prepare
pure HCL gas in laboratories

;tl What is the difference between the oxidizing power of cold and hot sulphuric acid?

Ans,

i- Cold concentrated H,504 mainly acts as a dehydrating acid and shows weak oxidizing ability.

1*  Hot concentrated H;50,4 acts as a strong-oxidizing agent, reacting with metals and nonmetals

|  Forexample:

i Cu+2H,50, —“» CuSO, + 50, +2H,0

Jum 'S heat incroases its raactivity and'helgs relesse SO.gas. ...

v Uses and Industrial Applications of Sulphuric Acid

*  King of Chemicals:
Sulphuric acid is considered a king of chemicals and its consumption is an indicator of the industrial
progress of a country.
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""'_c—_ It converts pollutants like CO, NOx, and Hydrocarbons into harmless gases fike CO3, Ny, and
& H,0, reducing emission and minimizing environmental impact.
/-'"""_; A catalytic convertor is an emission control device to reduce harmful pollutants in exhaust
% S. gases from internal combustion engine.
T"‘ [ It converts pollutants gases into harmless gases: NOx — Nj, CO —», and HC —» CO; + H;0
L—1
i As,0,, +2FeIOH},{,]—-—r2FeAsO,m +3H,0,
9. Ferric arsenite
o= T Sulphuric acid is a strong acid. In an aqueous solution, it completely ionizes to give hydronium
ions and sulphate ions. The dissociation takes place in two steps.
0. | 5@ HySOuaa) + H2010 ——> HiO,;,, + HSO}
Hso:laal + H}Om > soi['ml ¥ H'.'Ol‘laal

o The acld removes water from the sugar molecules, leading to the formatin of carbon, which
. appears black.

434 Chapter 12 ) Nitrogen and sulnhu,
1. Fertilizer Formation: A major portion of the acid Is used in making fertilizers, normally 77.673 i Useq
to digest the phosphate rock contalning calcium phosphate (Ca,(PO,),).
2. Extraction of Metals: It is used in the extraction of metals from ores such as Cu, Ni, steel etc.
3. Asa Catalyst: It is utilized as a catalyst in oil and coal refining, polymers, synthetic rubber, ang Plasy,
industries,
4. It is used in the pulp and paper industry and involved in the production of pesticides, i““!tl'u:ide
herbicides, varnishes, dyes, pharmaceuticals, soaps and detergents. 5
5. Formation of Explosive: It is used for nitration in making explosives such as trinitrotoluene [THT]
nitroglycerine, picric acid, nitrocellulose, etc. y
6. Food Industry: It Is involved in the food industry for making sugar, starch, and corn syrup,
7. Paint Industry: Itis used in the paint industry for making titanium dioxide (T10;) pigment,
8. Dry Gases: It is used to dry gases in industrial processes.
9. Lead Storage Batteries: 35 67% acid is used in lead storage batteries.
10. Laboratory Reagent: It is used as a laboratory reagent.
Even though it is used in various Industries, it is rarely contained in the final product.
[l_-nld You Know?
Fluorapatite (Ca,(PO,),F) to make single superphosphate CalH,PO,), and phosphoric acid
(H,PO,). HPO, Is further used to make double and triple superphosphates and ammanium
phosphalte. Sulphuric acid also reacts with 10 make ar m sulfate fertilizer.
((( Solution File @ Rack Your Brain! )
Sr.# | Option ] Explanation
(i) High bond Energy (941 kJ/mol) (i) Non-Polar Nature of N;
1. 5.Q | (ni) Electronic configuration stability  (iv) Triple bond strength
(v} No permanent dipole
2. Cc PAN causes eye irritation, leading to redness, itching, and tearing due to its oxidizing properties,
3. 8 NO; absorbs light and appears yellow-brown due to its molecular structure and absorﬁjg_;
spectrum,
Conditions for the Formation of Smog:
Following conditions are required for the formation of Smog.
i. There must be sufficient NO, hydrocarbons and volatile organic compounds (VOC) emitted
4 — by the vehicular traffic.
il. There must be sunlight, so that some of the chemical reactions may occur at a rapid rate.
ili. The movement of air mass must be little so that reactions are not disturbed.
There are two types of smog: !
(i) Reducing smog (ii) Oxidizing smog
Reducing Smog (Classical Smog) Oxidizing Smog (Photochemical Smog)
It is formed due to the build 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 automobile and factories.
% %Q it involves smoke and fog. It does not involve smoke and fog.
It mostly occurs in cool humid climate. It occurs In warm, dry and sunny climate.
It has high concentration of SO, and Is | It has high concentration of oxidants like 0; and
therefore reducing in character. therefore is oxidizing in nature.

It causes bronchitis and Irritation le. | It causes irritation In eyes and toxic to plants.

problem in lungs.

(D> Erercise L
- MULTIPLE CHOICE QUESTIONS (MCQs) -

@1 Four choices are given for each question. Select the correct choice.

| Despite being the most abundant gas in the Earth's atmosphere, nitrogen does not readily participate in
combustion reactions because:
a) Itis denser than oxygen.
b) It has a high specific heat capacity.
¢) Breaking the N=N bond requires a large amount of energy.
d) Itis a noble gas.

I Astudent 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 dloxide (CO,) c¢) Ammonia (NH,) d) Sulphur dioxide (SO, )
il. The shape of ammonium (lon) is:
a) pyramidal b) triangular planar c) tetrahedral d) linear

V. In a catalytic converter, the conversion of nitrogen oxides (NO,) into nitrogen gas (N,) and oxygen gas
(0,) is a process of:
a) Oxidatlon b) Reduction c) Combustion d) Neutralization

V. PAN formation starts when reacts with the hydrocarbon.
3} NO b) NO, c) 0, d) HO™

V. Nitrification Is the process by which:
a) Atmospheric nitrogen is converted into ammonia.
b) Nitrate is converted into nitrogen gas.
¢) Ammonia is converted into nitrite and then nitrate.
d) Organic nitrogen Is converted Into ammonla.

VI The most stable species In an acldic environment Is:

2) S0 b) SO, ¢) H,S d)s
Vil Which gas Is used in separating hard water from normal water?
3) so, b) H,S c) NH, d) NO,
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7|8

X. The drug omeprazole contains
a) Thiol

The oxidation state of sulphur in H,50, Is:
a)+1

b) «2

b) Sulfoxide

group.

¢) +4 d)+6

¢) Bisulfide d) Sulfone

XI. Sulphur dioxide (SO,) produced from the combustion of sulphur can be further oxidized 1o sulphy,
trioxide (SO, ) under specific conditions, such as in the presence of a:
a) Catalyst (e.g., vanadium (V) oxide) and high temperature
b) Catalyst (e g., iron) and low temperature.
c) Strong reducing agent and high pressure.
d) Dilute acid and room temperature.

Xil.  Sulphur trioxide (SO;) is not directly dissolved in water to produce sulphuric acid in the Contacy p

because this reaction Is:

3) Too slow.
b) Reversible and would result in a low yield.

focey

€) Highly exothermic and produces a mist of sulphuric acid
d) Requires very high pressures.

Sr.No. | Option|

Answer Key with"Explanations

Explanation

-

-
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s

SHORT ANSWER QUESTIONS

P Attempt the following short-answer questions:
Q

/"ﬁ"""'t;; reasons for the Inertness of N;.
»

s () High Bond Energy: The nitrogen molecule (N;) is inert primarily due to its strong triple covalent bond

(NEN), which has a very high bond dissociation energy of 946 ki/mo! This makes the bond extremely
difficult to break under normal conditions

(il) Non-Polar Nature: N; is nonpolar because both nitrogen atoms have equal electronegativity, reducing
its tendency to react with polar or ionic substances. The absence of lone pair avadability for donation
further contributes to its chemical inertness.

W_ls nitrogen Isolated from air?

Wo_sen is isolated from air through a process called fractional distillation of liquetied air. First, air is
filtered to remove dust and then compressed and cooled to very low temperatures (-200°C) turning it into
a liquid. Since nitrogen has a lower boiling point (=196°C) than oxygen (=183°C), it evaporates first when
the liquid air is gradually warmed. The nitrogen gas is then collected, while the remaining liquid contains
oxygen, argon, and other trace gases. Further purification steps may be applied to obtain high-purity

nitrogen.
L Breaking the N=N bond requires The N=N triple b‘_md has very high bond energy (945 ~ Whyammonia (NH,) Is a weak base?
a large amount of energy kJ/mol), making nitrogen inert in combustion, :'-_____
Heating ammonium salts with alkali produces Ny, Ans. Reasons:
. Ammonia (NH,) which turns damp red litmus blue (basic) and hag , « Partial Dissociation in Water: NH, reacts with water to form NH; and OH", but anly a small fraction
pungent smell dissociates, making it a weak base,
m T NH; has sp? hybridization with 4 bond pairs, result;;;; + Lone Pair Availability: The nitrogen lone pair can accept a proton (H*), but it does so weakly compared
i etrahedral to strong bases like NaOH.
a tetrahedral shape. ; ) ; ‘
. Reduction In catalytic converters, NO, — N; + O; involves s Equilibrium Lies to the L:ft.'-l'lm reaction NH, + H;0 ===== NN, + OH" favors the reactants, resulting
reduction of nitrogen (e.g., NO = N,) in a low concentration of OH" ions.
V. NO, Peroxyacetyl nitrate (PAN) ff_J'ms when NO; reacts with 3. Write down the reactions of photochemical smog formation?
hydrocarbons in photochemical smog. ‘ans. Chemical Reactions:
Wi, Ammonia is converted into Nitrification: NH; — NO, (by Nitrosomonas) —» NO, (by The formation of photochemical smog involves the following chemical reactions.
nitrite and then nitrate Nitrobacter). Ny + 05y —>2NO,
ViL. so- Sulphate (SO} ) is stable in acidic conditions, while INO, . +0. . —»2NO.
H;S/S0, may oxidize further. L L )
vilL. NHs Ammonia precipitates Mg?*/Ca’ as hydroxides, NO, I'"'"“om +0iy
softening hard water. 04,) *05 —O%,)
. 6 In H;504, sulphur has +6 oxidation state (O.N. W : '.
calculation: 2(+1) + x + 4(=2) =0 — x = +6), RCH= CHR ,+0,, —RCO, | “RCH, ——»RC(O)0OOND,
Omeprazole is a PPl that reduces stomach acid by Alternate For the Last Reaction:
X. Sulfoxide irreversibly inhibiting the H*/K'-ATPase enzyme. .Its RCH = CHR + 0y ——» 2RCHO + 0,
activity relies on a sulfoxide group (-5=0), making it 3 RCHO + OH* —» RC(0)O" + H:0
sulfoxide derivative of benzimidazole. RC(0)O" + NO; —» RC(O)OONO;
X1 vanadium(V) oxide) and high Contact Process:
H temperature SO; —» SO, uses V;0s catalyst at 450°C for optimal yield. . Write down the reactions of photochemical smog formation.
- Directly dissolving SO, in water creates an Ans. Photochemical smog (Los Angeles smog) lonps in the atmosphere from NO, and volatile organic
XIl. |ghfvexgthermicar3d ) uncontrollable mist; instead, SO, is absorbed In conc. compounds (VOCs) in the sunlight. It is oxidizing in nature. Photochemical oxidants, such as NO,,
produces a mist of sulfuric acid HiSO. (oleum). ‘ ozone, and peroxyacyl nitrates (PANs) can react and oxidise specific compounds in the atmosphere.
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Photochemical smog Is becoming more common than classical smog (London smog) due 1o Increg
NO. emissions. The formation of photochemical smog involves the following chemical feactiong,

Ny + Oy —>2NO,)
ZNO‘.‘J + O“” —_— 2"0""

NO,,,, —-»NO, + Oy,
O + O30 =010y
. What s the construction and function of a catalytic converter? Ry -
—

Ans. Construction:
A catalytic converter is a ceramic or metallic monolith with a honeycomb-like structure, 115 inner
channels have a layer of alumina to provide a high surface area. Noble expensive metals such as py
(Platinum), Pd (Palladium), and Rh (Rhodium) are dispersed on the alumina.

Functions:

It functions in two stages:

(1) Reductlon Catalyst (Rh): Converts harmful nitrogen oxides (NO.) into nitrogen (Ny) and oxygen (0,).

(i) Oxidation Catalyst (Pt/Pd): Oxidizes carbon monoxide (CO) and unburned hydrocarbons into Carboy
dioxide (CO;) and water (H,0).

This process significantly reduces the toxicity of exhaust gases.

8- Why sulphur s quite unreactive at room temperature?

Ans. Sulfur is unreactive at room temperature because It exists as cyclic Sa molecules (crown-shaped r 'na_m
together by strong covalent S-S bonds. Breaking these bonds requires significant energy, making sulfyr
Inert under mild 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=14?
Ans.
* AtpH =0 (strongly acidic conditions), sulfur’s most stable oxidation states are:
o +6 (sulfate, SO4*) ~ Dominant due to high thermodynamic stability.
© +4 (sulfur dioxide, SO or sulfite, SO4*-) - Stable but can be oxidized further.
* At pH = 14 (strongly alkaline conditions), the stable forms shift to:
o +6 (sulfate, S043") — Remains stable,
© -2 (sulfide, $*") - Favored in reducing environments,

—
—

i How does sulphur react with halogens?

Ans. Sulfur reacts directly with F; to form SF, and SFe. Sulfur hexafluoride (SFe) 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,cl,
(vellow liquid) which further reacts with CL; to form SCL; (red liquid).

St + 3y =Sk
25, + Clyy, —> S;,CLy

j A Draw the structures of cyclo-octasulphur (Sg) and sulphuric acid.

Ans.

s S
\ s / \S 3 2 1422 P‘g\\\ //’O
/S i H
S D NO
/ \ 97pm| | 157 4 pm
s H
Cyclo-octasulphur, (Ss) crown molecule Structure of HSO«

"
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';‘”—_;;-;_g_; the role of sulphur in the vulcanization of rubber?

ks
—=sulphur Is used as a cross linker for the rubber molecular chains. This 15 called vulcanization and it
improves the strength of rubber.

:”'&;;:_ Is the composition and the chemical reaction of gunpowder combustion?
mwmf Is a coarse blend of 75% potassium nitrate (KNO,), 15% wood eharconl, and 10% sulfur
charcoal carbon Is the main fuel, nitrate Is the oxidiser and sulfur is the additional Tuel that burns the
powder faster. The following reaction In burning takes place;
10KNO ys) + 35¢,) + BCiy ——» 2K3C00,; + 3K,504 # 6CO0 + S
~—What Is the importance of disulfide bridges?

—Disulfide bridges (~5=5-) are covalent bonds between sulfur atoms in cysteine resdues of proteins, They
stabilize protein structures (e.g., keratin in hair, insulin) by linking distant parts of the polypeptide chain,
ensuring proper folding and mechanical strength, Disruption of these bonds (e g, by teducing agents) can
denature proteins.

"'""Gﬁt_e down self-lonization equation of sulphurlc acid and its lonization in water,

ﬁu_—ionlms or undergoes autoprotolysis as follows,

HyS0,) +H,50,,) ==H,S0,.,  +HSO, . K=27-10"

The equilibrium constant value Is greater than that of water which makes it 1o be used as a non-agquecus

protic solvent.

sulphuric acid Is a strong acid as shown by its pK,, value:

H,50,,, ==2H,0,, + 150,

4(aq)

'PK,; "2]
gut hydrogen sulphate (HSO} ) is a far weaker acid due to a positive pK,, value:

SO, +H,0() ==2M,0,, +50,,,, (0K,, =1.92)

o. Glve two examples where sulphuric acid acts as a dehydrating agent,

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

reaction conditions.

CHOH,y + M50, —>CHy, + HO, + H,S0,,,

Dehydration of sugar (sucrose):
€y Hy,0,, + H,SO, —» 12C + 11H,0

p. How does V;0s catalyze the formation of S0,?
Ans. Vanadium pentoxide (V,05) catalyzes the oxidation of SO; to 50, in the Contact Process:
(i) SO, reduces V05 to V,04:

50, + V,0, —» 50, + V,0,
(i) 0, reoxidizes V,04 back to V,04:
2V,0, + 0 —» 2V,0,

g. What is purpose of formation of oleum?

Ans. Oleum (H;5;0;) Is produced to safely transport and store sulfuric acid. Since concentrated H;50, tends to
crystallize, oleum (a solution of SO, in H,S04) prevents this problem. When diluted with water, oleum
releases S0,, which reacts to form additional H,S04:

H,5,0, + H,0—>2H,50,
This ensures high-purity sulfuric acid delivery.
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- DESCRIPTIVE QUESTIONS

Q.3 Explain the preparation and basicity of ammonia. -

Ans. See Page No. (420) e

Q.4 How oxides of nitrogen (NO,) cause the formation of photochemical smog and PAN? Give hsm

Ans. See Page No. (423) o —
Q.5 Give flowsheet diagram and equations Involved In the contact process. s
Ans. See Page No. (430) T

Q.6 Discuss sulphuric acid as an oxidizing agent and a dehydrating agent with three reactions !or_e_ac-h-:-""

Ans. See Page No. (432)

1.

3.

6.

B.

10.

.

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

ADDITIONAL SLOs BASED MCQs

A.S+0; S0, B. H;O + SO; = H;S0, C. H;505 + 03 — H:50s  D. 503 + H,0 —» H,50,
Nitrogen is absorbed by the plants in the form of:

A Ammonium B. Nitrites C. Nitrates D.All

Nitrogen fixation is the conversion of:

A.N;toN B. N; to NH, C. Nz to NOy” D. N; to urea

Sulphur dioxide is an important food preservative. Which property makes sulphur dioxide useful in this rojep
A.Itis agas. B. It is a reducing agent.

C. It reacts with oxygen to form sulphur trioxide. D. It reacts with water to form an acidic solution,
Most modern cars are fitted with three-way catalytic converters in the exhaust system. Which thre,
gases are removed by such a catalytic converter?
A. carbon monoxide, hydrocarbons, nitrogen oxides
C. carbon monoxide, nitrogen oxides, sulphur dioxide
Conversion of nitrates to nitrogen gas is called:
A. Ammonification B. Nitrification C. Nitrogen fixation D. Denitrification

In the Contact process, what Is the nature of the gaseous product and what is the identity of the
catalyst?

B. carbon monoxide, carbon dioxide, nitrogen oxides
D. hydrocarbons, nitrogen oxides, sulphur dioxide

Nature of Catalyst
gaseous product
A. acidle Fe?
B. acidic V:0s
C basic Fey
D. basic Vi0¢

Conversion of nitrites to nitrates is called:

A. Nitrosococcus B Clostridium

Which oxide of nitrogen s released from car engines?
A. Nitrogen dioxide B. Nitric oxide C. Nitrous oxide
Which compound of sulphur is used to bleach wood pulp?

A. Sulphuric Acid B. Sodium sulphate C. Sulphur dioxide

C. Nitrobacter D. Nitrosomonas
D. Nitrogen tetroxide

D. Sodium sulphite

scHOLAE
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Answer K¢y with Explanations

Explanations ~

The Contact process involves the oxidation of sulphur to sulphur dioxide (S0O.), the further
1. A oxidation of SO; to sulphur trioxide (S0,)
[ ] Plants can absorb nitrogen in the form of ammonium (NH.'), nitrites (NO; ), and nitrates
; R D (NOy), although nitrates are the most common form absorbed
_—T—_ | Nitrogen fixation is the process of converting nitrogen gas (N;) from the atmosphere into
3. B ammonia (NH,), which can be used by plants
— Sulphur dioxide acts as a reducing agent and inhibits the growth of bactera and other
4. B microorganisms, making it useful as a food preservative.
L—"] Three-way catalytic converters reduce emissions of carbon monoxide (CO), hydrocarbons (HC),
5. A and nitrogen oxides (NOx) from car exhaust
—1 _ | Denitrification is the process by which nitrates (NOy) are converted to nitrogen gas (M),
6. o typically by bacterla, releasing nitrogen back into the atmosphere.
—1 _ | The gaseous product (SO;) formed in the Contact process is acdic, and the catalyst used is vanadium
7. B | (v) oxide (v:0).
— Nitrobacter bacteria are responsible for converting nitrites (NO;) to nitrates (NOy) in the
8. ¢ nitrification process.
Car engines typically release nitric oxide (NO) as part of the exhaust gases, which can further
9. 8 react to form nitrogen dioxide (NO;).
Sulphur dioxide (SO;) is used in the bleaching of wood pulp because of its reducing
10. ¢ properties, which help in removing lignin from the pulp.
- SHORT ANSWER QUESTIONS -

a1 Whatare the main categories of sources of NO,?

Ans. The main categories of NOx sources are:
« Natural Sources of NO,

Natural sources include lightning, volcanoes, biological decay, forest fires, soil microorganisms, oceans,
etc. NO is produced when N; and O; in the air react during lightning. It is produced by microorgamism
using air N;.

« 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, etc.

Q2
Ans,

Differentiate between nitrification and denitrification.

Denitrification

Nitrification

Ammonia NH, /NH;' Is converted into nitrite
(NO}") and nitrate (NO}).

Nitrite (NOj’) and nitrate (NO)') are converted
back to N; that is released into the atmosphere.

Nitrifying bacterla aerobic conditions, pH65 =
8.0, optimum temperature 20°C-30°C.

Denitrifying bacteria anaerobic conditions, pH 7.0
-9.0, optimum temperature 26 °C - 38 °C.

Q3

What is catalytic converter?

Ans, Catalytic Converter

A catalytic converter is a ceramic or metallic monolith with a honeycomb-like structure. Its inner
channels have a layer of alumina to provide a high surface area.
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Q.4

Write down the natural sourcos of oxides of nitrogen, =

A

. Natural sources include lightning, volcanoes, biological decay, forest fires, soll m"“"';’_!:;:-:,',""'
oceans, elc. NO Is produced when Ny and O, In the alr react during lightning. 1t s producegy b,;
microorganism using ale Ny, :

Q.5

Ammonla s basle In nature, How?

Ans. Ammonia behaves a5 o Lowry-Brgnsted base by accepting a proton (W) from an acid 1 T,

ammonium
NH,y SNHL,

It dissolves In water 1o form ammonlum hydroxde (NH.0H) and equilibrium is established betyeey,
ammania molecules and ammaoniuem lons in the solution

N“ll'-ﬂ ¥ "Jom . SHML 4 OH:."J

]
. "Inl v

Ammonla solutlon 15 & weak base due to the low basicity constant (K,) and the equilibrium POLitigy,
being towards the far left side,

Q.6 Writa down the equatlon for the reaction between conc. H;50, and copper and explain what type o7

reaction Is It

Ans. Reaction between Conc.H;50, and Copper:

e ———

Hot conc, Sulphuric acld reacts with Cu to form Copper Sulphate and 50,
Craidition
—————— e —

o - -4
Cu™ 21, 80, - CuS0, + 21,0450,

Fanchoar eipn
In this reaction, the oxidation state of Cu is changed from “zero” to “2” in CuS04 and thus Cu is oxidizey
The oxidation state of S in H;504 Is +6 whereas in SO, it is +4, This show that sulphur is reduced.
Therefore the reaction is an oxldation reduction

Q.7

Give the advantages of ¢ ct process for the manufacturing of sulphuric acid (H,504).

Ans

+ The advantages of contact process for the manufacture of H,504are given below -
(1) Dy using this process, we can get H,504 of any required concentration.
(1) As no by product Is obtained during this process. So, it Is a environment friendly process,
(1) 1 is used In commercial preparations
(v) The catalyst used Le. V04 is solid. So, it can be handled easily.

L]
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4cHO
/;u—h;mhc acid it forms CO; and CO,

4 COOH

| —Senc W0 e g * €O + H;04, 3
CODHI_.,“
with formic acid, CO is formed,

w10
HCOOH,,) — ~— €O +H,0.,

.
le)

/o';;:-t;ﬂ H,504 acts as an oxidizing agent.

,—-—I’l";a':;ﬁs_as a strong oxidizing agent.
' "i 1 oxidizes C and 5 giving CO; and SOjrespectively.

Cy +24,50,(,,) —>C0, ) 4250, + 2,0,
Sy +2H,50 »350,,) +2H,0,,)

4lan)
] H/S5 s oxidized 10 5.

H:5(0) * Hi504(aa) =55 +50y,) +2H,0,,)
(iil) Reactions of H,504 with HBr and HI produce bromine and lodine respectively,
ZHBI o) + Hi50sq) —2B1ygy) + 50y +2H,0)

ZH!'_“ - H..SO‘MJ _’I:n‘l,] +SON|} *2'“!0[.]

31 virie reactions of Hi50, with NaCliy and NaBri.

s, 2MaClisy + Hi50uuq — Nay50uuq
2NaBry, * Hi500s —> Na;504uq + 2ZHBry

212 Write four physical properties of sulphuric acld.
s, Physical Properties:
1. Pure sulphuric acid 15 a colourless oily liquid without an odour.
s specific gravity is 1.834 at 18°C.
It freezes at 10.5°C.
Its boiling point is 338°C.
It dissolves in water liberating a lot of heat which raises the temperature of the mixture up to 120°C.
H,;504 should always be poured in water in a thin stream to avoid any accident.
6. Pure acid is a nonconductor of electricity but the addition of a little water makes It a good conductor.
7. Itis extremely corrosive to skin and causes very serious burns to all the tissues.

naEp

Q.8 Why Is 50, dissolved In H,504 and not in water? 213 How does H,S0, react with: (i) Zn (i) Cu
Ans. When 50, Is dissolved in 98% H,50,, pyrosulphuric acid (oleum) is obtained. Ans. (1) HiSOuua) # Zngy ——» ZNSOujaqy + Hy

H;50u.g + Souu » H]S]Olm
Oleum can be converted to sulphuric acid of any required concentration. By mixing adequate amount of
walter.

H35:00,+ Hi0yy —— 2H;500.
S0, Is not dissolved in water directly because
(I) The reaction is highly exothermic
(1) SOy is less soluble in H,0 at high temperature
(Hi) A dense fog Is produced which does not easily condense
(iv) Sulphuric acid of required concentration cannot be prepared.

Q.9

H;504 Is dehydrating agent. Write down some chemical equations to prove it.

Ans. Reactlons as a Dehydrating Agent:

H,504 has a great affinity for water, so it acts as dehydraling agent and eliminates water from different
compounds.
o CoHy 0 SN2, 6 4 GH;0

 CH,OH ﬂ_""“?'__, CiHe + H,0
100rC

{Ii]' C\I-u + 1"350«-; ety Cuso.qm + 2H;O|q + 50114
(It is an oxidation-reduction reaction).

014 How Arsenic is removed in contact protess?
Am. Arsenic Purifier:
Arsenic oxide is then removed in the form of Ferric arsenite by passing the dry gases through a chamber
provided with shelves packed with freshly prepared ferric hydroxide,
As,0; + 2Fe(0H); ———— 2FeAsO, + 3H,0
(Ferric arsenite)

Q15 Write four uses of sulphuric acid.
Ans. Uses of Sulphuric Acid (King of Chemicals):
Itis used
{1} Inthe manufacture of fertilizers like ammonium sulphate and calcium superphosphate.
(i) In refining of petroleum to remove nitrogen and sulphur compounds.
(iii) In electrical batteries and storage cells.
(iv) As a dehydrating agent for drying gases.




