Chapter 9A. Ammonia
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Solution 1:

Ammonia is found both in free state and in combined state. In free state, it is formed in traces
amount by decaying urine and other organic matter.

In combined state, ammonia is found as ammonium salts mainly as ammonium chloride and
ammonium sulphate.

Solution 2:

1. (i) Liquid ammonia - Compressed ammonia gas at 6 atmospheric pressure. Chemical formula
-NH3

2. (ii) Liquor ammonia - It is saturated solution of ammonia in water. It is very dilute solution of
ammonium hydroxide (NH4OH).

3. A saturated solution of ammonia in water is called liquor ammonia Fortis.

Solution 3:

(i) Ammonium chlorideis heated with calcium hydroxide (an alkali), in ratio of 2: 3
by weight, to produce ammonia.

Reactants should be dry and in grounded state. The reactants are heated to get the
products.

Balanced reaction:
P
IMH4Cl + Ca(OH)y ——=— CaCly 4+ 2Ho0 + 2MHg 1

Key: Laboratory Preparation of Ammonia

(i) Ammonia gasis collectedin an inverted dry gas jar by the downward
displacement of air.

(iii) The substance used for drying ammonia gasis quicklime(calcium
oxide).Concentrated sulphuric acid, anhydrous calcium chloride and phosphorus
pentoxide cannotbe used for drying ammonia gas because ammonia being basic
reacts with them, and the following reaction takes place

Conc. H;504 reacts with ammonia to form ammonium sulphate.

2 NH; + H:SD4|:COFIC..} - [NH4}:SD4

Phosphorus pentoxide reacts with ammonia to form ammonium phosphate.

6 NHz + P05 + 3H0 - 2[NH4}3PD4

Anhydrous calcium chloride combines with ammonia to form addition compound.

4 NH; + CEIC': - CEIC':. dMH;
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Solution 4:

(i} Nitrogen gas

(i} Copper

(i) Nitrogen and water vapour

(iv}) Quicklime (calcium oxide)

(v) Warm water

(vi) Phenolphthalein

(vii) Nitrogen trichloride and hydrogen trichloride
(viii} Liquid ammonia

(ix} Ammonia solution

(x)  Ammonium chloride

(xi) Ammonium chloride

(xii}) Ammonium nitrate

(xiii) HCI + NH; —= NH.CI

(xiv) MgsN2 + 6 H20 -> 3 Mg({OH)z + 2 NH5

Solution 5:

(a) Haber's Process

(b} The reactants nitrogen and hydrogen combine at low temperature and
high pressure in presence of catalyst to form maximum vyield of ammonia.
The balanced equation for the reactionis:

M, +3H, ——=2MH, +Heat

(c) The mixture of dry nitrogen and dry hydrogen is mixed in the ratio of 1 :
3 by volume to produce ammonia.

(d) Source of hydrogen: Hydrogen is generally obtained from water gas by
Bosch process.

Source of nitrogen: Nitrogen is obtained from air by its liquefaction and
fractional distillation.

(2) (i) Finely divided iron acts as catalyst which alters the rate of reaction,
butitself does notundergo any chemical change.

(i) Molybdenum acts as promoter which increase the efficiency of
the catalyst.

(f) The gasesleaving the catalyst chamber are cooled by passing through
condensing pipes where ammonia gets liquefied and is collected in
receiver.

Key: Haber's Process
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Solution 6:

Ammonia is highly soluble in water. This can be demonstrated by Fountain
experiment.

« We take a round bottom flask filled with ammonia gas.

» Theflaskis closed with a two holed rubber stopper, one for the jet tube and
the other for a dropper filled with water.

« Theflask is fixed to the stand in an inverted position.

*« Thefree end of the jet tube is dipped into a beaker containing red litmus
solution.

« When the bulb of dropper is pressed, it is observed thatred litmus solution
rises up and strikes the wall of the flask and spreads in form of fountain,
whichis blue in colour.

Fig. : Fountain experiment

Solution 7:

(i) Action of heat on ammonium chlorideis reversible. When heated, it decomposes
to form ammonia and hydrogen chloride. When the products are cooled, they
recombine to form ammonium chloride.

NH,Cl =——=NH, +HCl
Thisis thermal dissociation reaction.

(i) Ammonium nitrate on heating completely disappears, escaping in the form of
water vapour and nitrous oxide.

NH4N03 L}NED +2H2C|

Thisis thermal dissociation reaction.
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Solution 8:

1. Liquid ammonia is used as refrigerant as:
o It is highly volatile
o It has high specific latent heat of vaporization. 1 mole (17g) of liquid ammonia vaporises
by absorbing 5.7 kcals of heat from the surroundings, which is there by cooled.
o It easily liquefies under pressure at room temperature.
2. Ammonia emulsifies fats and grease. Thus it is used to clean oils, fats and body grease etc.
from clothes.
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3. Liquid hydrogen is dangerous to transport as it is highly combustible. Thus, hydrogen is
converted to liquid ammonia and transported in cylinders. Later it is catalytically converted to
hydrogen.

Key: Uses of ammonia

Solution 9:

{(a) Three uses of ammonium chloride :

1. For cleaning metal surfaces before soldering, tinning, etc.
2. In Leclanchecell and in dry cell.
3. In medicine and dyeing.

(b) Ammonium hydroxide precipitates hydroxides of metals when it is added to
aqueous solution of their salts. The precipitate of metal hydroxides differin colour
and solubility and hence ammonium hydroxideis used in qualitative analysis.

(i) FesSO4 +2NH40H — (NH4)2504 +Fe(0H)3

The colour of precipitate is dirty green, which is insoluble in excess of
ammaonium hydroxide.

(i1} CuSO4 4+ 2NH40H — (NH43550 4 4 Cu{OHYs

The colour of precipitate is bluish white, whichis soluble in excess of ammonium

hydroxide.
Solution 10:
Liquid ammonia Liquid ammonia fortis
1.Itis obtained by compressing ammonia gas at | 1.Itis a saturated solution of
6 atmospheric pressure. ammonia in water.
2.Itis used as refrigerant. 2.Itis used as a laboratory
agent.
Solution 11:

Ammonia is a strong reducing agent. Itis oxidised to nitrogen by removal of
hydrogen, when it react with oxidizing agent.

(1) Reduction of chlorine

8IMH; (excess) + 3C1, — N, +614H, Cl

(ii) Reduction of copper (II) oxide
&

ICUO + 2NH3 — = 3CU + 3Ho0 + Mo

Black Reddish brown

(iii) Reduction of lead (II) oxide

IPhO + 2MHg — 2 3Pb + 3Ho0 + Mo

Yellow Grey

Key: Ammonia is a strong reducing agent.
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Solution 12:

Structure of ammonia

Lone pair of
electrons

Structure of ammonia

The presence of lone pair of electrons on the nitrogen atom makes ammonia basic

innature in its agueous solution. Aqueous solution of ammonia dissociates partially
to produce hydroxyl ion.

NH, +H,0 = NH,0H
NH,OH —— NH} +OH-
Key: Aqueous solution of ammonia is alkaline in nature.

Solution 13:

An aqueous solution of ammonia is prepared by dissolving ammonia in water.
Ammonia is highly soluble in water.,

NH, gas —»

Fig. Funnel arra
of aqueous ammonia solution

The funnel arrangementis used to prepare agueous solution of ammonia. In this
method, ammonia gas is introduced through a funnel tube where the rate of
dissolution of ammonia is faster than it is produced. This creates a partial vacuum,
in delivery tube, resulting in low pressure. Thus, water is forcedin to equalise the
pressure. To overcome this problem of back suction, the funnelis attached to outer
end of the delivery tube and mouth of funnel just dips into the water in the trough.

Two advantages of thismethod:

(i) Prevents back suction of water into the flask.

(i) Provides a larger surface area for the absorption of the gas.

Key: Ammaonia is highly soluble in water.
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Solution 14:

(a) Two fertilizers manufactured from ammonia: Urea, ammonium sulphate,
ammaonium nitrate,

(b) Fertilizer from ammonia: Urea

150°C,150atm

2MH3 +COg NH5COMNHg + Hg0

Key: Ammonia is used in manufacture of fertilizer.

Solution 15:

(i} Oncethereaction starts, furtherheatingis not required because the
reaction is exothermic. The heatevolvedis sufficient to maintain the
optimum temperature.

(i} Ammonium nitrateis explosive in nature and it decomposes to give
nitrous oxide and water. Thus, it is not usedin the laboratory
preparation of ammania.,

(iii} Calcium hydroxideis preferred as it is cheap and not deliquescentlike
NaOH or KOH.

(iv) Liquid ammonia is a polar covalent compound and neutral to litmus.,
Liquor ammonia is solution of ammonia in water, which is weakly basic
innature. It turns red litmus blue.

(v} Presenceof moisture may resultin formation of ammonium hydroxide.

Thus dry N2 and Hz; must be usedin the Haber's process,

(vi} A promoter is a substance thatis added to increase the efficiency of a

catalyst.

{(vii} Aqueous solution of ammonia thatis ammonium hydroxide dissociates

partially to hydroxylions, Thus, it conducts electricity.

NH, + H,0 — NI, CH
NH,OH —— NH! + OH"
{(viii}) Ammonia is highly soluble gas in water and so cannotbe collected
over water.

(ix} Ammonia is formed by decaying urine and other organic matter. Thus
itis presentin sewage water.

(x) Ammonium hydroxide precipitates hydroxides of metals, which differin
colour and solubility in excess of ammonium hydroxide, Thusitis used
inidentification of metal ions.

Solution 16:

(i) 8MHg(excsess) 4+ 3Clo — Mo +BNH4CI

(ii)3CUO +2NH3 —=— 3CU +3Hp0 + Ny
(iii) 4MHg + 305 — 2No + BHoO +Heat
{(iv}MHz +3Clg(excsess) — NClz +3HCI
(v) 2NHg +Ho504 — (NH4)0504

(vi) NH; +H,O=—NH,CH
NH,OH —=NH; +OH"

(vii) 2NH4Cl +CaC03 — (NH4)pCOg +Cacly

(viii) 3Cu0 +2MH4

Get More Learning Materials Here : & m @\ www.studentbro.in

3CuU +3H20 +N2


https://www.flickr.com/photos/155254960@N03/25127837357/in/dateposted-public/
https://www.flickr.com/photos/155254960@N03/39998153571/in/dateposted-public/

Solution 17:

(i) When excess ammonia is mixed with chlorine, ammonium chloride and
nitrogen is formed.

BMNH (exceess) + 30 — N, +6NH,

(ii) When excessammonia is mixed with chlorine, ammonium chloride and
nitrogen is formed.

oNH  (excsess) + 300 — N, +6NH,CI

(iii) The filter paper turnsinto deep pink suggesting thatammonia solution
is alkaline or basic in nature.

(iv) On passing ammonia over heated lead oxide yellow coloured lead
monoxide is reduced to grey coloured lead metal.

3PBO + 2NH, —A—3Pb + 3H,0+ N,

Yellow Grey

(v) Onadding ammonium solution to ferric chloride solution we get
ammonium chloride and reddish brown precipitate of ferric hydroxide
which is insoluble in excess of ammonium solution.

FeCl, +3NH,OH — 3NH, U1+ Fe(OH,

(vi) Initially when ammonium solutionis added to agueous solution of
copper sulphate a bluish precipitate of copper hydroxideis obtained
which dissolvesin excess of ammonium hydroxide.

CuSO, + 2NH ,OH — (NH,),50, + Cu(OH),

Cu(OH), + (NH,), 80, + 2NH,0H —[Cu(NH,), 150, +4H,0

(vii} Ammonia affects the lachrymal glands and brings tears to the eyes,
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Solution 18:

() NH,+H,0——NH,CH
NH,OH —=IH; +0H"

(b) B8NH,(excsess)+3CI, — N, +6NH,CI
(C) 3Cu0 +2NH, —3Cu+3H,0 + N,
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Solution 19:

(i)
Dry ammonia Aqueous ammonia
Dry ammonia is neutral to indicators. | Aqueous ammonia shows
alkaline or basic behaviour
with indicators. It turns red
litmus blue.
(i)
Reaction of excess ammonia with Reaction of ammonia with
chlorine excess chlorine
1 | It forms ammonium chloride and It forms nitrogen trichloride and
nitrogen. hydrogen chloride
BMNH  (excsess) + 30 — N, +6NH T NH, + 301 (exceess) — NCL +3HC
The yellow green colour of chlorine gas MNitrogen trichlorideis a yellow
disappears and white ammonium chloride | coloured highly explosive liquid.
is formed.
(iii)
Aqueous ferrous Ferric sulphate solution
When ammonium solution is added to On adding ammonium solution to ferric sulphate
aqueous solution of ferrous sulphate a solution we get ammonium sulphate and reddish
dirty green precipitate of ferrous brown precipitate of ferric hydroxide which is

hydroxide isobtained which is insoluble | insoluble in excess of ammonium solution.
in excess of ammonium solution.
Hydroxide. Fe,(50,),+6NH,0H —3(NH,),50 +2Fe(OH),

FeSO, + 2NH,CH — (NH, }, 50, +Fe(CH)

Solution 20:

1. (i) Use of Ammonium Chloride
-Used in Leclanche cell and dry cell
(ii) Use of Ammonium Sulphate
-Used as a fertilizer
(iii)use of Ammonium nitrate
-Used in fireworks
(iv) Use of Ammonium Carbonate
-Used in baking powder
2. Test of ammonia and ammonium ions:
o Ammonia gas has a characteristic pungent smell
o A glass rod dipped in concentrated hydrochloric acid and is introduced into the gas
produces thick white fumes of ammonium chloride.
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Solution 21:
NH, + ANC, — NH NG,

(A) (B)
NH, NO, —22- L SN0+ 2H,0
(C) (D)
Solution 22:

(i) Ammonia gas on reacting with agueous solution of zinc chloride produces white
gelatine like precipitate of zinc hydroxide.,

ZnCl + 2NH,OH — NH,Cl+ Zn(CH),

(ii}) Ammonia gas on reacting with aqueous solution of ferrous sulphate produces
dirty green precipitate of ferrous hydroxide.

FeSO, +2NH,OH — (NH,), 50, + Fe(OH),

(iii) Ammonia gas on reacting with agueous solution of ferric chloride produces
reddish brown precipitate of ferric hydroxide.

FoCl, +3NH,OH — 3NH,Cl + Fe(OH),

{iv) Ammonia gas on reacting with agueous solution of lead nitrate produces white
precipitate of lead hydroxide.

Pb (MO, ), + 2NH, OF — 2NH,NC, +Pb(OH),

(v} Ammonia gas on reacting with aqueous solution of copper sulphate produces
bluish white precipitate of cupric hydroxide.

CuSO, + 2NH ,OH — (NH,), 80, +Cu(OH ),

(vi) Ammonia gas on reacting with aqueous solution of Chromium chloride produces
green precipitate of chromium tri hydroxide.

CrCl, +3NH,OH — 3NH,Cl+ Cr(OH),

Solution 1992-1:
Silver chloride

Solution 1992-2:
Ammonia is highly soluble gas in water and so cannot be collected over water.

Solution 1992-3:

Ammonia is the odd one out.

Ammonia forms weakly basic solution when dissolved in water.
The others give acidic solution when dissolved in water.
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Solution 1992-4:

Ammonium chloride on heating with an alkali produces ammonia with other
products.

2NH O+ CalOH ), —2—>CaCl, + 2H,0 + 2NH,

Solution 1992-5:

1. Ammonia is used in the manufacture of fertilisers such as ammonium sulphate, ammonium
nitrate, etc.
2. It is used in the industrial preparation of nitric acid by Ostwald’s process.

Solution 1993-1:

Initially when ammonium solution is added to aqueous solution of copper sulphate a
bluish precipitate of copper hydroxide is obtained which dissolvesin excess of
ammonium hydroxide.

CuSO, + 2NH ,OH — (NH,),50, + Cu(OH),

Cu{OH ), + (WH), 80, + 2NH,O0H —[Cu(NH,), 180, +4H,0
Solution 1993-2:
3Cu0 + 2NH, —2—3Cu + 35,0+ I,
Black Reddish brown

Solution 1994-1:
Magnesium on burning in air produces magnesium nitride.

Mg + N» - —= MgsN;
When this magnesium nitride comes in contact with water ammeonia gas is released.
MgsN, + 6H,0 - —= 3Mg(OH). + 2NH;

Key: Ammonia is formed from metal nitrides

Solution 1994-2:

Name of the Name of the Approximate Approximate

products catalyst temperature pressure
Haber's Ammonia Iron 450 -500°C 200-900
Process atmospheres

Solution 1994-3:
Ammonium chloride on heating with an alkali produces ammonia with other
products.

2 NH Ol + CalOH ), —2—CaCl, + 2H,0 + 2NH,
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Solution 1995-1:

The cation is Cu2t ion. Solution B is copper sulphate. It is bright blue in colour.

Solution 1995-2:
Three ways to identify ammonia gas:

1. It is a pungent smell gas.
2. It gives white precipitate when bubbles through a solution of lead nitrate.
3. It gives a brown colour or precipitate when treated with Nessler’s reagent.

Solution1995-3:

(i) Mg, N, + 6H,0 — 3Mg (OH), + 2NH,
(ii) 2NH, +3Cu0 —3Cu +3H,0+ I,
(iii) 8NH, +3C1, — N, +6NH,Cl

(iv) 4NH, +50, — 6H,0+4MN0 + Heat

Solution 1995-4:
This reaction shows that ammonia is a reducing agent.

Solution 1995-5:
This process is called as Ostwald’s Process .The catalyst used is platinum.

Solution 1995-6:

During laboratory preparation of ammonia, it is passed through a drying tower containing quicklime
(calcium oxide).

Ammonia is collected in an inverted dry gas jar by the downward displacement of air.

Solution 1995-7:
Ammonia gas

Solution 1996-1:
Ammonia forms ammonium hydroxide and turns red litmus blue as it is alkaline in nature.

Solution 1996-2:
NH,Cl +MNalDH —2 = 1all +H,O+ MNH,

Solution 1996-3:

Haber’s process is used in industrial preparation of ammonia.

Gaseous inputs in Haber’s process are dry nitrogen and dry hydrogen gas. They are mixed in the
ratio of 1:3 by volume.

The following conditions favour maximum yield of ammonia:

1. Low temperature
2. High pressure
3. Use of catalyst

The gases after reaction pass through condensing pipes of cooling chamber where ammonia gets
liquefied and is collected in receiver.
Ammonia can also be collected by downward displacement of air.
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Solution 1997-1:

(i} 4MH3 4 305 — 6HoO + 2No +Heat

(i) 4MH,+50, 2SO 6T O+4NO+ Heat
2HNO4+0, = 2M0,

(iii) (a) Catalystusedis Platinum

(b) The catalyst glows red hot as this reaction is an exothermic reaction.

(c) Ostwald’s Process

Solution 1997-2:

(i) When ammonia dissolve in water, it form ammonium hydroxide which
dissociatesinto NH.™ and OH" ion. Therefore it become soluble in water.

(i) (a) Aqueous solution of ammonia turmnsred litmus blue stating that it is having
basicions. (b) It precipitates hydroxides of metals.

(iii) An agueous solution of ammonia i.e. ammonium hydroxide reacts with acid to
produce ammonium salt and water.

2 NH OH + HNO, — NH NO, + H,0

Solution 1998-2:
Ammonium salts are used as fertilizers in fields.

Solution 1998-3:

(a) Magnesium nitride (MgsN2)
(b) MgsN. + 6H.0 — 3Mg(OH)2 + 2NH;
(c) Ammoniais a good reducing agent.

Solution 1998-1:
Dry ammonia are neutral to litmus. An aqueous solution of ammonia turns red litmus blue stating
that it is basic in nature.
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Solution 1998-4:

(i) The reactants nitrogen and hydrogen combine to form ammonia at low
temperature, high pressure in presence of catalyst to for maximum yield of
ammonia. The balanced equation for thereaction is:

M, +3H, —=2NH, +Heat

(ii) Iron acts as catalyst.

(iii) Since the forward reaction occurs with decreasein volume, according to Le
Chatelier’'s principle, high pressure favours the formation of ammonia.

Key: Haber's process
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Solution 1998-5:

Ammonia (vapour density(V.D)=8.5)is less dense than air {vapour density (V.D.)=
14.4)and sois lighter than air.

Fountain experiment proves that ammonia is highly soluble in water.
The balanced equation for the reaction between ammonia and sulphuric acidis

ONH, +H,50, — (NH,),50,

Solution 1991-1:

1. Ammonia
2. Nitrogen

Solution 2001-1:
Ammonia

Solution 2001-2:
(i) 2NH T+ Ca(Ong%CaCEQ + 24,0+ 2N, T

(i) WA, + HCI—2— NH O

Solution2001-3:
aNH +30u0 = 30w + 35,0+ A,

Solution 2001-4:
Aqueous solution is acidic in nature due to presence of hydrogen ion.
Aqueous solution of ammonia is weakly basic in nature due to presence of hydroxyl ion.

Solution 2002-2:
Thermal dissociation.

Solution 2002-1:

Action of heat on ammonium chloride is reversible. When heated, it decomposes to
form ammonia and hydrogen chloride. When the products are cooled, they
recombine to form ammonium chloride.

NH,Cl =——=NH, +HCl

Ammonium nitrate on heating completely disappears, escaping in the form of water
vapour and nitrous oxide.

NH NC, —2 > N,0 +2H,0

Solution 2003-1:
MQ3N3 + 6 H:O - 3 MQ{DH}E + 2 NH3

Solution 2003-2:
Ammonia is collected by downward displacement of air.

Solution 2003-3:
Ammonia is highly soluble in water and so it is not collected over water.

Solution 2003-4:
Quick lime (calcium oxide) is used as a drying agent for ammonia.
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Solution 2004-1:

oNH (excsess) + 3CL — N, + 6 NH T

Solution 2004-4:

(i) The reactants nitrogen and hydrogen combine to form ammonia at low
temperature, high pressure in presence of catalyst to for maximum vyield of
ammonia. The balanced equation for the reaction is:

M, +3H, —— 21H, + Heat

(i) The gases which leave the catalyst chamber contain ammonia and unreacted
nitrogen and hydrogen gas. The gases leaving the catalyst chamber are cooled by

passing through condensing pipes where ammonia getsliquefied andis collected in
receiver.

Solution 2005-1:

(i)This shows that ammonia molecule accept H™ ion from water to form ammonium
ion.

NH, + H,0— NH,CH
MH, OH —= NH; +OH"

(i) When ammonia dissolvesin water, the hydroxylion is also formed.

(iii} The precipitation of metal hydroxides from their aqueous solution confirms
the presence of OH ion in the solution.
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Solution 2005-2:

{i) Ammonium chloride on heating with an slaked lime produces ammonia with
other products.

2NH O+ Cal(OH ), —4—>CaCl, + 2H,0 + 2NH,
(il) AIN+3H,0 — Al(OH), + NH,

Solution 2006-1:

Ammonia gas on reacting with aqueous solution of lead nitrate produces white
precipitate of lead hydroxide, which is insoluble in excess of ammonium hydroxide.

Pb (N0, ), + 2NH, OH — 2NH, NO, + Pb(OH),

Solution 2006-2:

Ammonia gas on reacting with agueous solution of lead nitrate produces white
precipitate of lead hydroxide, which is insoluble in excess of ammonium hydroxide.

Pb (MO, ), + 2NH, OH — 2NH, NC, +Pb(OH),

Solution 2007-1:
By the pungent smell of ammonia gas.
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Solution 2007-2:
(i) 2WH, +30u0 =30+ 35,04+ N,

(i) BNH,(excsess)+3Cl, — N, + 6 NH,C!

Solution 2008-1:
(c) Magnesium nitride
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Chapter 9B. Nitric acid
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Solution 1:

Mitric acid is formed in atmosphere during lightning discharge, Mitrogen in
atmosphere combine with oxygen to form nitric acid.

Solution 2:

(i) Gas produced in air during lightning is Nitric Oxide.

(ii) Hydrogen gasis obtained by treating manganese with 1% nitric acid.

(iii) Salt referred to as Chile saltpeteris NaNOs.

(iv) Salt usedin laboratory to prepare nitric acid is KNO3/NaNQs.

(v) Products obtained by catalytic oxidation of ammonia are NO, water& heat.
(vi) Products obtained by heating concentrated nitric acid are NO;, water & O,.
(wii) Copper nitrateis blue coloured, cobalt nitrateis coloured.

Solution 3:

(a) Aqgua fortis: Itis the other name for nitric acid |, itis also known as ‘strong water’,
It was called s0 because earlier this was the only liquid which could dissolve many
metals including silver,

(b} Aqgua Regia: [tis a mixture of concentrated nitric acid and concentrated
hydrochloric acid in proportionof 1:3(by volume ),

(c)  Fuming nitric acid: It contains NO: dissolved in concentrated HNO; It is obtained
by distilling concentrated HNOs with little starch,

(d) Decrepitation: Itis the breaking of a substance usually accompanied by the
emission of a arackling sound. An example for a substance which decrepitates on
heating is lead nitrate (Ph{NO5):
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Solution 4:

(&)

In laboratory, nitric acid is prepared by heating a mixture of concentrated
sulphuric acid and potassium or sodium nitrate with conc. HaS04 at 200°C,

KMNOz+H5 0= HS Oy +HMNO;

(b)  Concentrated sulphuric acid is non-volatile and produce volatile nitric acid.
(c)  The temperature is maintained at 200°C in the above reaction to awoid
following problems:
e MNitric acid would decompose at high temperature,
« Potassium or sodium sulphate is formed which will stick to the walls of
glass and cannot be removed be easily.
e« The glass apparatus may break at high temperature.

(d) Mo, concentrated HCl cannot be used in the place of concentrated Ha50y
because HCl is more volatile than HNO; and hence nitric add vapours will
carry HCl wvapours.,

Solution 5:
(a). Ostwald process is used for used for the manufacture of nitric acid.
(b,  Reactants required for Ostwald process are ammaonia and oxygen of air,
a3} In ostwald process ammonia gas and air are taken in 1:10 ratio.
(d).  Ptgaugeisused as a catalyst in ostwald process,
(e). Oxygen is the oxidizing agent which converts ammonia to nitric acid.
(). 4NHz +50, ZERmESE  ANG +6H,0 +Heat
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Solution 6:

...........

Catalytic
chamber

Ostwald process-

The nitric acid is manufactured by Ostwald process. In ostwald process ammaonia
gas and air are taken in 1:10 ratio. Pt gauge is used as a catalyst in ostwald
process, Following steps are involved in Ostwald’s process for the manufacture of
nitric add.

1. Cxidation of ammonia in catalytic chamber.

Flatinum pauge

ANHz +50, @0 T ANO +6H,0 +Heat
2, Cxidation of nitric acid in oxidation chamber.

S0

2MO + O, = 2MNO:
3. Absorption of nitrogen dioxide in water,

AMO +05 +2H0 = AHMNO,

Solution 7:

(a) Mitricacid cannot be concentrated bevond 68% by the distillation of a dilute
solution of HMNO; because it forms an azeotropic mixture i.e. at 121°C it boils
without any change in its concentration of the mixture with water,

(b 9% % nitric acid is cbtained by distilling 2% nitric acid with conc, HzS0, under
reduced pressure, The function of H2S0, is to absorb water,
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Solution 8:

Three equations to prove acidic nature of nitric acid are-
(a) Reaction with basic oxide-
Cal +2HNO;— CalNOs)e + HaO
(b)Y Reaction with carbonates and hydrogen carbonates-
MazClz +2HNO: — 2MalND; +H:0(1) +C0;
MaHCo; +HMNC; — MNaMOz +H:0 +C0;
(c) Reaction with metallic sulphites-

NEZSDS +2HND3% 2NEIND3 +SD2 +H2D

Solution 9:

|Uses of nitric acid are-

(i) Mitric acid is used in the purification of silver, gold, platinum etc.
because impurities of other metals are dissdved in it

(i) Mitric acid is used as an oxidiser in rocket fuel because it can supply
large amount of oxygen.

(iii) Mitric acid is used in the manufacture of dyes, perfumes, drugs etc

from ooal tar products since nitrobenzene is one of the raw materials
of it which is manufactured from nitric acid.

Solution 10:

(a) Brown ring test-

Mitric acid in a test tube is taken and then and then freshly prepared
ferrous sulphate solution is added. Concentrated H,S0, is then added
carefully down the sides of the test tube, dark brown ring is formed at the
junction of two layers,

6 FeS 0y +3H50, +2HNO;— 3Fes( S0y ) +2N0 +4H:0
FeSO4 +MNO +5H,0 — [Fe(MNO)(Ho0)5]S 4
Hydrated nitrosoferrous
Sulphate(brown ring)

(b)  Freshly prepared ferrcus sulphate solution is used in the ring test otherwise
Ferrous sulphate undergoes aerial oxidation and converts to ferric sulphate

(c)  If the test tube is disturbed brown ring will disappear because the complex
formed will get dissolved in the layers of the liquid.
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Solution 11:

(a) Inlaboratory preparation of nitric acid all the apparatus including cork should
be made up of glass because nitric acid vapours are highly corrosive in nature
and corrodes cork, rubber etc,

(b) Commerdal nitric acid is yvellow in colour because of presence of nitrogen

dicxide but when itis diluted with water, it turns colourless because nitrogen
dioxide get dissolved in water,

(c) Aluminum does not react with nitric acid of any concentration because of the
formation of extremely thin, unreactive, protective layer of insoluble metallic
oxide on the surface of aluminium which stops further reaction.

(d) Concentrated nitric add renders iron passive because of the formation of

extremely thin, unreactive, protective layer of insoluble metallic oxide on the
surface which stops further reaction.

(el Nitricacid is used in the purification of gold because impurities of other
metals are dissolved in it

(f)

BHCI +HNOg —— 2Ho0 +NOC! +2[Cl]
Gold in Aqua regia:

AU+ HC]—— .ﬁ.uC|3
Platinum in Aqua reqgia;

Pt+ 4[Cl]—— PtCly

{g) Mitric acid usually do not vield hvdrogen gas with metals, instead it reacts
with metals and form respective nitrates |, nitric oxide and water,

(k) Lightning is a blessing as it is the natural source of synthesis of nitric acid.

(i1 Concentrated nitric acid is brown in colour due to the presence of nitrogen
dicxide formed by heating the acid.

(i) Concentrated nitric acid is a stronger oxidizing agent due to nascent oxygen
which it gives on decomposition,

SHMNO; =H.0 + 2MN0, + [O]

(Conc.) nascent oxygen

HNO:—H.0 + 2NO +  3[C]

(Dilute) nascent oxygen
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Solution 12:

Twio tests for nitric acid are-
(i) Brown ring test-

Mitric add in a test tube is taken and then and then freshly prepared
ferrous sulphate sclution is added, Concentrated H:S0y is then added
carefully down the sides of the test tube, dark brown ring is formed at the
junction of two layers,

& FeSly +3H2508 +2HMNO; = 3Fex{S04)s +2N0 +4H:0

FeSO4 +NO +5H,0 — [Fe(NO Y Hs0s]S0,
Hydrated nitrosoferrous
Sulphate(brown ring )

{ii ) Mitric acid on heating gives brown fumes of nitrogen dioxide.

MNDg%EHzo + NG, + Os
Brown fumes

Solution 13:

(a) Action of concentrated nitric acid on copper-

Cu + 4HNC ;= Cu(MNO3)2 +2N0Cs +2H.0
(Conc)

(b)  2AgNOD; —2s 2Ag + Qs + 2 N0

Solution 14:

(a)  When sodium hydrogen carbonate is added to nitric acid, formation of
sodium nifrate, water and carbon dioxide will oocur,

MaHCC; +HMNOz — MNaMNOs +H:0 +C0;

(b)Y When cupric oxide reacts with nitric acid formation of copper nitrate and
wiater will occur.

CuQ + 2HNOs— CulNOs)s +H.0

(c) When @inc reacts with dilute nitric acid formation of zinc nitrate, water and
nitric oxide will ocour,

32 +8HMNO; = 32n{MNOs)e +4H0 +2M0

(d)  When concentrated nitric acid is heated formation of nitrogen dioxide will
OCour-

AHMNOy —22H 0 +4MNDs +05
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Solution 15:

Aqua -regia is a mixture of Conc. Nitric acid and conc. Hydrochloric acid in
1:3.

SHCI+HNO, ——2H,O+MNOCI+2[CI]

Solution 16:
(i) Reddish brown fumes of nitrogen dioxide are cbserved
(i) When hydrogen sulphide is bubbled through conc HNO; formation of

sulphur, nitric oxide and water will occur.

3 H,S +2HNO,—> 35 +2N0 +4H,0

(iii When conc, HNOs drops on the skin of a person it reacts with the
protein of the skin and forms a yellow compound called xanthoproteic
add, hence skin becomes vellow, Excess of conc HNOs causes blisters
on the skin and is highly corrosive,

{iv) When scrap zinc is heated with conc HNOs formation of zing nitrate,
water and nitrogen dioxide will occur,

Zn + 4HNC; #2030, +2H:0 +2MN0;
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Solution 17:

(a) When sulphuris added to hot and conc, HNO; formation of oxide or oxy-acid
willl ocour,

S +eHMNO;— H50 +2H0 +6M0;

(b)  Mitric acid act as oxidizing agent and oxidizes iodide toiodine,
HMNOs+H20 = Hz0" + NO3
KI =17+ K"
20— 1
SHMNO A4HO+ 2KI > NO3 + [2+2 KNOs + HzO"

= Mitric add ionizes in water to form free hydronium ions and nitrate ions.

HN@, e G —— @ E @

(d)  When nitric acid is added to washing soda carbon dioxide will form which
when passed through a freshly prepared lime water, turns lime water millky,
Na,C0s +2HND,—s 2NaNO, +H,0(1) +C0,

CalOH)s +005— Calls +H.0

(e) When limestone reacts with nitric acid-

CaCls +Z2HMD, %CE(ND3JQ+HQD(| j +C0-
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Solution 18:

C +4HNOg — 2Ho0 + 4N0s +C0g
i)
Eiij 2505 +2HNOg +2Hp0 — 3HoS 04 +2NO
(iii) 3Fe+EBHMOs (conc,j—— 3Fe(NO)g 4+ 4Ho0 4 2NO
(iv) Fe504 +NO +8Ho0 ——[Fe(NO)(Hz0)s1504
(v) PEHHNOZ +HCI——PiCly

(vi) 2HNO3+6Fe504 +3H504 —— FFep(504 )3 +2N0+ 4H0
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Solution 19:

]
Dilute nitric acid Dilute hydrochloric acid
1. On treating copper
1. Onreacting copper metal with nitric acid brown metal with HC
fumes of nitrogen dioxide.
Cu + 4HNO; — Cu(NO5): + 2NO; +2H.0 We don’t observe any
reaction.
2. Brown ring test: Nitric acid in a test tube is taken
and then and then freshly prepared ferrous 2. No brown ring testis
sulphate solution is added. Concentrated H,SO.is | observedin the case of
then added carefully down the sides of the test hydrochloric acid.
tube, dark brown ring is formed at the junction of
two layers.

6 FeS04 +3H2504 +2HNO; = 3Fea(S504): +2NO +4H.0
FeS0. +NO +5H,0 — [Fe(NO)(H.0)5]504

Hydrated nitrosoferrous
Sulphate(brown ring)

Solution 1991-1:

Gold will dissolve only in aqua regiai.e., a mixture of conc hydrochloric add and
conc. nitric acid in 1:3 but copper will dissclve in nitric acid.

To separate gold from a mixture of gold and platinum add some nitric acid to the

mixture, gold will remain undissolved hence can be filtered.

Solution 1991-2:

KNO, +H,50, —2FC€ _SKHS O, +HNO,

Solution 1991-3:

Balanced equation: Cu +  4HNO—2— Cul N3 +O2NO, + 2HLO

Word equation:  copper + nitric acid — 2 copper nitrate + hitrogen diozide + water

Solution 1992-1:

In the laboratory preparation of nitric acid, the mixture of concentrated sulphuric
acid and sodium nitrate should not be heated very strongly, above 200°C because a
higher temperature can cause following problems:

1. Mitric acid would decompose to form nitrogen dioxide,

2. Sodium sulphate is formed which may stid< to the glass and cannot be removed
easily

3. The glass apparatus may breal,
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Solution 1992-2:
CU+4HNC13—} CU{NOS}E + ENOE + EHEO

Solution 1992-3:

Commerdal nitric acid is vellow in colour because of presence of nitrogen dioxide
but when it is diluted with water, it turns colourless because nitrogen dioxide gets
dissolved in water,

Brown ring test can be used to test nitric acid.

Brown ring test: Nitric acid in a test tube is taken and then and then freshly
prepared ferrous sulphate solution is added, Concentrated H.SQ, is then added
carefully down the sides of the test tube, dark brown ring is formed at the junction
of two layers,

6 FeS0, +3H250,4 +2HNO; = SFea( SOy )z +2M0 +4H:0

FeS0O4 +MNO +5H,0 = [Fe(NO)(Ho0)5]S0,
Hydrated nitrosoferrous
Sulphate( brown ring)

Solution 1992-4:

Oxidation of ammonia in catalytic chamber,

Flatinum pauge

AMHs +50; e AN +6H0 +Heat

Solution 1994-1:

Copper is heated with nitric acid, they react together to produce nitrogen dioxide,

iy
Cu +  AHNO:—— cu(NDs), + 0 ZNO; + 2HO

Solution1994-2:

A
cu +  4HNOs;—— CuiNDs)2 +  2NOz +  2H0

Solution 1994-3:

The nitric acid is manufactured by Ostwald process. In ostwald process ammonia
gas and air are taken in 1. 10 ratio. Temperature is maintained at 800°C [ the
catalvtic chamber, as the reaction is exothermic so the heat evolved maintains the
temperature in the catalvtic chamber,

Solution 1994-4:

]
KNO, +H,50, —22C sKHSO, +HNC,
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Solution 1995-1:

During a thunderstorm, the rainwater contains nitric acid, The nitric acid is formed
as a result of three dhemical reactions which is described as follows:

1. During lightning discharge , nitrogen in atmosphere combines with oxygen to
form nitric oxide.

N, +0, —lamtning_ o0
2. Mitric oxide is further oxidized to nitrogen dioxide.
ZNC+ 0, ———2NO,
3. Mitrogen dicxide dissolves in moisture or rain water to from nitric acid.

AND, +2H,0+0, — 4HNO,

Solution 1997-1:

Lead nitrate is a soluble salt . On heating lead nitrate the following reaction ocours:

2Pb(MNOs)s (5] —2— 2PbO (5) + 4NO2 (g) + Oz (g)

Preparation of nitric acid from potassium nitrate:

KNGO, +H,50, —22FC SkKHS O, +HNO,
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Solution 1998-1:

Solution 1999-1:
When concentrated nitric acid is added to copper brown fumes of nitrogen dioxide are observed.

Solution 2000-1:

When concentrated nitric acid is added to copper brown fumes of nitrogen dioxide
are observed.

Solution 2001-1:

1. Nitrogen dioxide
2. Ammonia gas

Solution 2001-2:

(i concentrated
(i) S FEHMNO: P HS0 +2H20 +6MN0Os
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Solution 2001-3:

(i) NazCO +2 HNOs ——2 NaNOs + Hz0 + CO,
(i) Cu + 4HNOs—2— Cu(NDs)s  + 2N, + 2H,0

Solution 2002-1:

For laboratory preparation of nitric acid potassium nitrate or sodium nitrate and
conc, Sulphuric acid is required,

Solution 2002-2:

Yellowish brown colour of nitric acid is due to the presence of nitrogen dioxide
formed due to thermal decomposition of nitric acid.

Solution 2002-3:

(i) Cu + 4HNOs—2— Cu(NOgl,  + 2NO, + 2Ha0
(i) CuO + 2HNOs = CU(NOs), +Hs0

Solution 2002-4:
Platinum glaze is used as catalyst in the manufacture for nitric acid

Solution 2003-1:

The apparatus used is made up of glass as nitric acid is highly corrosive in nature.

Solution 2003-2:

u}
KNO, +H,50, —=22C 5KHSQ, +HNO,

Solution 2005-1:
S HEHMNO: = HS0, +2H0 + 68O,

Solution 2005-2:

(i) Dilute nitric acid is generally considered to be a typical acid except for its
reaction with metals, nitric add did not evolve hydrogen gas on reacting
with any metal, other than manganese and magnesium.

(i) Cu + 4HNO;—2— CuND,),  + 2NO, + 2H,0

(i) In a glass apparatus nitric acid gets decomposed by sunlight Yellowish
brown colour of nitric acid is due to the presence of nitrogen dioxide formed
due to thermal decomposition of nitric acid.
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Solution 2006-1:

(i) Mitric acid is highly corrosive in nature and corrodes corls, rubber, etc

(i) Witric acid ionizes in water to form free hydronium ions and nitrate ions, This
shows that nitric acid is aidic in nature.

Solution 2007-1:
(i) A =sulphuric add, B=potassium nitrate , C= nitric acid
(i) AHNO, ———— 40, +2H,0+ 0,

(i)  Cu + 4HNOs—2— Cu(NDy)s  + 2NO, + 2H,.0

Solution 2007-2:

If nitric acid is keptin a bottle for long time then it will become brown in colour,

Solution 2008-1:
AN 4+ ZHD — AICOHY; + MH3

Solution 2008-2:

Mame of Inputs Catalyst Equation for Qutput
process catalysed
reaction
Haber Hydrogen Iron Mz ({qg) + 3Hz | Ammonia
Frocess
+ Fa, &loa0s
2MH3 (9]
ANH3 +505
Ostwald Ammonia Flatinum Platinum gauge . | Mitric acid
process .\ o
ANC +6H 20
Air +Heat

Solution 2009-1:

oxygen gas is evolved on heating sodium nitrate,
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