Study of Sulphur Compound - Sulphuric Acid

Solution 1:
Sulphuric acid is found in some of the hot springs.

Solution 2:
The theory of manufacture of sulphuric acid by contact process involves following
steps:

i Production of S0s: 50: is produced by burning sulphur or roasting ircn
pyrites,

S+ 0, — S0,
ar
4FeS, + 110, — 2Fey,05 + 850,

i Catalvtic oxidation of S0z by air to give sulphur trioxide:
250 + O ———= 250 + Heat

ii. Absorption of sulphur tricxide in 98% sulphuric acid to form oleum

S0. +H50, — H5,0,

i, Dilution of cleum to get sulphuric acid of desired concentration:

H,S, 0, +H,0 — 2H,50,

Solution 3:

(i) Constant beoiling mixture: Mixture which boils without any change in
composition is known as constant baoiling mixture.

(il  Hygroscopic substance: The compound which absorbs water vapour
from the atmosphere,

(i) Cleum: Oleum is called pyrosulphuric acid or orthosulphuric acid.
Formula is HaS20-

(iv) Dehydrating agent: The compound which has more affinity for water,
It removes atoms of hydrogen and oxyvgen in the form of water from
the composition of a substance,
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Solution 4:

{a)Products obtained by dissolving sulphur dioxide and chlorine in water are
sulphuric acid and hydrochloric add.

S0, + 2H,0 + Cly — H,50, + 2HCI

(b1Wanadium pentoxide is used as catalyst in contact process,
(c)When SOs is dissolved in 98% sulphuric acd it forms oleum,

S0, +Hy50, — HyS,0,
(d)Zincis treated with Sulphuric acid it forms Zinc sulphate and hydrogen.

ZN+H50, = ZnS0, + H,

(e)When ferrous sulphide is treated with sulphuric add it forms ferrous
sulphate and hydrogen sulphide,

FeS +H,50, — FeS0, + H,5

(f) The precipitate of FbS 0y is formed when lead nitrate is treated with dilute
sulphuric acid.

PE(NOLY, + H50, — PbSO, | +2HNO,

(g)When Balls is treated with sulphuric acid , predpitate of BaS0y4 is formed.

BaCl, + H,S0, — Baso, b +2HCI

(h) When carbon is treated with hot conc, Sulphuric acid then Water, sulphur
dioxide and carbon dioxide are formed.

C +2H,50, — 2H,0+ 250, + CO,

(i1 The property used to prepare HZ and HMNO; from HS0, is that Suphuric
add iz non-volatile acid . So when treated with salts of more volatile acids
and heated, concentrated sulphuric acid displaces the more volatile acids,

KCl+H,50, —29°C ., kHSo, +HC

KMNOg +HyS0, — %€ o kS0, + HNO,
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Solution 5:
(i) When water is dissolved in large scale then sulphuric acid is formed.

S0, +H,0 — Hy50,
(i) When concentrated sulphuric acid is added to egual volume of cold
water it limit down the heat which is released.

(i) wWhen 100 ml of 98% sulphuric add is kept in open it absorbs water
vapours from atmosphere and its level goes up.

(iv)] When hot concentrated sulphuric acid is added to sodium chloride
crystals then white dense fumes are seen if a rod dipped in ammonia
solution is brought near it.

(v Mo visible change is cbserved.,

Solution 6:

(i) In contact process sulphur rricxide formed is dissolved in sulphuric add
and not water because sulphur trioxide when directly dissclved in water
gives highly exothermic reaction.

(iy  Sulphur dioxide gets oxidized when exposed to air to form sulphur
trioxide which reacts with water vapours to form sulphuric acid.

S0, + HyO + 0, = 2H,50,

(iii)  wWhen water iz added to concentrated sulphuric acid the heat evaolved
may be sufficient to raise the temperature of water toits bailing point,
This may throw acid violently cut of the container. Thus concentrated
sulphuric acid is diluted by adding a small amount of sulphuric acid to
large amount of water,

(iv) wWhen concentrated sulphuric acid is exposed to air, it absorbs water
vapours from the atmosphere thus inareasing its volume and becoming
dilute,

()  Sulphuric acid when reacts with sodium chloride it forms sodium
bizulphate and hydrodiloric acid because sulphuric acid when treated
with salts of more volatile adds displaces the mare wolatile acid,

NaCl+H,50, —2€ 4 NaHS0, +HCI

(wi) When barium chloride is added to dilute sulphuric acid a white
precipitate of barium sulphate is

Badl, + H,50, —Baso, | +2Hd

(wii) Hot concentrated sulphuric acid act as a powerful oxidizing agent, Due
to heat it decomposes to form nascent oxygen which helps in oxidation
of carbon to carbon dioxide,

H,50, — H,0 + 50, + [a]
c+2[0] — Coy,

(wili] Ammonia gas being basic in nature cannot be dried by using
concentrated sulphuric add.
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{wiv)

Ammonia gas being basic in nature cannot be dried by using
concentrated sulphuric add.

The carbohydrates contain carbon, hydrogen and oxvgen, The
hydrogen and oxygen are always in ratio of 2.1 which is absorbed by
acid in the form of water, thus leaving carbon behind . This is also called
as charring.

Concentrated sulphuric acid should not be added to oxalic acid or
formic acid as it removes water and forms Carbon monoxide.Carbon
monoxide is harmful for health so this addition must be done in an
open laboratory.

When concentrated sulphuric acid is added to blue crystalline copper
sulphate, it removes water from salt and turns it into powdery white,

Concentrated sulphuric acid must be stored in air ight botdes as it
gains water from air and gets slightly diluted thus resulting in increase
involume

Cotton contains cellulose, When cotton is treated with concentrated
sulphuric acid it removes water from cotton and carbon is left behind
This way cotton dothes get burnt.

(CgHygOy Jo — =220 5(C), + 6(H,0),

Az sulphuric acid is non wolatile, it is used to prepare volatile acids like
HCl and HNO; . Thus these adds cannot be used to prepare sulphuric
acid.
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Solution 7:
(i) Sulphur trioxide to sulphur acid: There is absorption of sulphur trioxide
in 98% sulphuric acid to form oleum.

S0, +H,50, — Hy5,0,
Cilution of oleum to get sulphuric add of desired concentration.

H,S,0, +H,0 — 2H,50,

(i) Sulphur trioxide to oleum:
Absorption of sulphur rioxide in 98% sulphuric add to form oleum.
SO, +H,50, — H,5,0.

(i) Dilute sulphuric add to hydrogen: Dilute sulphuric acid react with
metals above hydrogen in the activity series to form sulphate =alts and
Hydrogen.

Mg +H50, = MQ50, +H,

(iv) Agueous barium chloride to barium sulphate: Dilute sulphuric acid
when added to the aqueous solution of barium form their insoluble

sulphates.

Bacl, +H,50, — Basg, | +2HC

(v)  Agueous lead nitrate to lead sulphate: Dilute sulphuric add when
added to the agueous solution of lead form their insoluble sulphates,

PH(MOLY, + H,S0, — PbS0, | +2HNG,
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(vi)

(il )

(wiii)

Sodium dhloride to hydrogen chloride:  Sulphuric acid when reacts
with sodium chloride it forms sodium bisulphate and hydrochloric add
because sulphuric acid when treated with salts of more volatile acids
displaces more volatile acids.

NaCl+H,50, —2€ ., NaHS0, +HC

Sucrose to sugar charcooal @ Carbohydrates contain carbon | hydron and
oxygen, Thus sulphuric add removes hydrogen and oxygen in form of
water leaving behind carbon.

Gy 0y, — M0 g 2 1 O

Oxalic acid to carbon monoxide: Sulphuric acid is used to remove
moisture from oxalic add.

2CO0H +H,50, — 2C0 +H,50, H,0

Solution 8:

(i)

(i)

(iii)

(iv)

Concentrated sulphuric acid is non- volatile hence it displaces more
volatile acids,

MaCl +H,50, —2¥€ s NaHSO, +HC|

Concentrated sulphuric acid act as dehydrating agent as it removes
wiater of crystallization of hydrated salts and renders them anhydrous.

CUSQ, 5H,0 —%®0 5 CUSQ, +5H,0

Concentrated sulphuric acid is an oxidizing agent as sulphuric acid
decomposes to form nascent oxygen which helps in the oxidation of
suUlphur and carbon,

HyS0, — HyQ + S0, + [O]
c+2[0] — CO,

Concentrated sulphuric acid ionize in two steps . Hence it is dibasic.

HyS0, + Hy0 =—==HS50] +H,0"

H,50, + H,0 50;% +HOt
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Solution 9:

Sulphuric acid is known as king of chemicals because in almost all industries itis
used directly or indirectly,

In 8" century it was obtained by distillation of green vitriol (FeS0s.7H.0). It is
called oil of green vitricl because of its cily appearance and because of the fact that
it was present in vitreous or glassy substances like ferrous sulphate etc,

Solution 10:

(i) In manufacturing of fertilizers sulphuric acid act as an electrolyte,

(i) In chemical industry for the manufacturing of hydrochloric acid & nitric
add it acts as a non-volatile acid.

(i) In petrdeum industry sulphuric acid act as oxidizing agent.

Solution 11:
(i) Difference between dilute HaS04 and Cone, Ha50, ¢

S.Mo. | Dilute sulphuric acid Concentrated sulphuric acid

1 Barium Chloride test: Barium 1. Addition to copper: conc.
chloride is added to dilute sulphuric Sulphuric acid i=s added to
acid white ppt.=s of barium sulphate Copper and heated. Sulphur
i= formed. The precipitate is dioxide , which is colourless
insoluble in dil hydrochlroic acid or gas with the smell of burnt
nitric acid. sulphur is evolved,
B aCl, + H,50, = Basc, | +2HC Cu+2H,50, — CuS0, +2H,0+50,

S05 gas turns KaCrOz paper green.
2. Lead nitrate test: Lead nitrate is Addition of commoan salt: common
added to dil. Sulphuric acid. white salt is added to conc. Sulphuric acid.
ppt. of lead sulphate is formed. The | Hydrogen chloride a colourless

ppt. is insoluble in dil. Hydrochloric | pungent smelling acidic gas is

acid ar nitric acid. evolved. Dense white fumes are seen
Pb(NOy )y +H,50, — bSO, b +2HN G, if arod dipped in ammonia solution
is brought near it.

Macl+H,50, — NaH50, + HCl

Solution 1993-1:

Concentrated sulphuric acid absorbs water vapours from the atmosphere Hence it
should be keptin air tight bottles,
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Solution 1994-1;

Sulphuric acid when treated with sulphites gives sulphate salts, water and sulphur
dioxide gas. Sulphur dioxide turns potassium dichromate solution green.

Thus the negative ion is Sulphite ion,

Solution 1994-2:;

Oxalic add reacts with sulphuric acid to produce carbon monoxide

Solution 1994-3:

(i) The purpose of contact process is to manufacture sulphuric acid.

(i) Two gases that are combined during contact process are sulphur dicxide
and sulphur trioxide,

(iii ) Wanadium pentoxide is the catalyst used in the process,

(iv) Zn+H,50, = ZnS0, +H,

Solution 1995-4;

When crystals of CuS04.5H:0 is placed in concentrated sulphuric add it removes
the water of crystallization of hydrated salt and renders them anhydrous. [ts colour

change to white,
Solution 1995-5:

Balancaed equations for the chemical reactions that take place during the conversion
of sulphur dicxide to sulphuric acid are:

(i) 250, + O, 250, +Heat
(i) S0, + H,50, — H,5,0,
(i) H,%Q, +HO — 2H,S0,

Wanadium pentoxide is used as a catalyst,

Solution 1995-1:

Tw o other acids other than sulphuric acid which can be prepared by using
sulphuric acid are hydrochloric acid and nitric acid.
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Solution 1995-2:
Sulphuric acid is non-volatile., So when itis reated with salts of more volatile acids,

and heated, concentrated sulphuric acid displaces the more volatile acids.

Solution 1995-3:
(i) Hydrogen:
Mg+H,50, — MgQs0, + H,
(i) Carbon dioxide
MaCog + H50, — Na,50, +H,0 + Coy,
Ciii ) Sulphur dioxide

Ma, 505 + H50, = Na,50, + HO + 50,

Solution 1996-1;

When barium chloride solution is added to dilute sulphuric acid a white precipitats
of bariurm sulphate is formed. The precipitate is insoluble in dil. Hydrochloric add.

BaCl, + HyS0, — Baso, L +2HCI

Solution 1998-1.:
Balanced equation for the reaction between iron and dilute sulphuric add is:

Fe +H,50, — Fe50, +H,

Solution 1998-2:
Oxide of sulphur which reacts with water to give sulphuric acid is sulphur dioxide,

S0, + 2H,0 + 0, — 2H,50,
In the contact process Oxide of sulphur react with sulphuric acid to form Cleum.

S0, + H,50, = H,5,0,
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Solution 1998-3:
Balanced equations are:

(i) Copper carbonate:

CUuCOy + H 50, — Cus0, +H,O0+ CO,
(i) Lead nitrate solution:

PENGLYL, +H,50, — PbSO, | +2HMG,
(iii ) Zinc hydroxide:

ZniOHYL + H,50, — ZnS0, + 2H,0

Solution 1999-1:

Sulphuric acid removes water of crystallization from Hydrated copper sulphate.,

Solution 1999-2:
Balanced equation for the reaction between Zinc and dilute sulphuric acid is:

Zn+H,50, = Zns0, +H,

(i) The purpose of contact process is to manufacture sulphuric acid.
(i) Wanadium pentoxide is the catalyst used in the contact process,
(iii ) Balanced equation for the reaction in the contact process which takes

place in the presence of catalyst is .

250, + 0y =250, +Heat

Solution 2000-1:

When concentrated sulphuric acid is added to copper sulphate -Swater ,its colour
change to white,
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Solution 2002-1;

Column 1 Column 2 Column 3
Substance reacted Dilute or concentrated | Gas
with acid sulphuric acid
Metal Dilute sulphuric acid Hy drogen
Carbonate Dilute sulphuric acid Carbon dioxide
Metal chlorides Conc, sulphuric acid 2nly chlorine

Equations are:

(i ZMa0H + Hy50, — NS0, +2H,0
(i) PB(NO, Y, +H,50, — Pbsa, | +2HNC,

Solution 2003-1;

Hot concentrated nitric acid oxidizes sulphur directly into sulphuric acid.

S+ 6HNO, — 23 H,50, + 6N, + 2H,0

The name of the process by which sulphuric add is manufactured is contact

process,

Wanadium pentoxide is the catalyst used during the prooess,

Solution 2003-2:
Less volatile,

Solution 2003-3:

Equations:
(i) Fe +H,50, = FesS0, +H,
(i) CU+H, 50, — CUSO, +H,
(iii ) PB(NG, ), +H, 50, — Pbs0, L +2HNO,

(i) Na,C0y + Hy50, — NaS0, +H,0 + Coy
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Solution 2004-1:

(i) C=VYanadium pentoxide is the catalyst which helps in the conversion of
suUlphur dioxide to sulphur tricxide,
(i) O involves the following two steps:

a) S0, + H,50, —H,5,0,
b) H50 + H0 — 21,50,

(iii ) In stepE, Dilute sulphuric acid will help in the liberation of sulphur
dioxide from sulphites.
(iv) This is the reaction by which sulphur dicxide is converted to sodium

sulphite in step F
2 MNalH + S0y MNa50s + H.O

Solution 2005-3:
Balanced equation .

KHCO, +H,50, — K,50, + 2H,0 + 2C0,

Solution 2005-2:

(i) B
(i) C
(iii ) A

Solution 2006-1;

(&) Contact process is used for the large scale manufacture of sulphuric
add,

(b Sulphuric add has great affinity for water hence it is used as
dehydrating agent.

() Az an oxidizing agent:

H,50, — H,0 + 50, + [0]
C+2[0] = CO,

Lz a non-volatile acid:

NaCl+H,50, —2€ s NaHS0, +HCI
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Solution 2007-1;

Ph(NQ, Y, +H,50, — PbSQ, b +2HNG, Cu+2H,50, — CUSO, +2H,0 + S0y 2NH+ H,80, — (NH,),SC,

Solution 2007-2:

(a) B
(b) D
(c) C
(d) A
(e) A

Solution 2007-3:

(a) HCl has higher boiling point where as sulphuric acid has lower boiling point.

(b)  When barium chloride is added to dilute sulphuric acid, white predpitate of
barium sulphate is formed but with dilute hydrochloric acid no change is
observed,

Solution 2008-1:
Lead nitrate

Solution 2008-2:
(i) Zinc, Dilute sulphuric
Zn+H,50, = ZnS0, + H,

(i) Sodium sulphite, Dilute sulphuric acid
NasSQ, + H,S0, —Na,S0, + H,0+ SO,

(iii) Sodium carbonate, Dilute sulphuric acid
Na,CO, +H,50, —Na,S0, + H,0+ CO,

(iv) Zinc, calcium carbonate, dilute sulphuric acid
n+ HS50,— 7n50,4 + H;
ZnS50, + CuCO:— ,7nCO: + CuS0,

Solution 2009-1;

Hydrogen chloride is a colourless pungent acidic gas produced by the action of
concentrated sulphuric acid on sodium chloride.
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