Chapter 9. Study of Compounds: Ammonia and Nitric Acid

Ammonia
Molecwar rormula : NH,, Relative molecular mass : 17 s
| Occurrence H-N-H
Free state : in air and in traces in water. I
- Combined state : ammonium chloride, ammonium sulphate etc. 5!

Forms of Ammonia :
Gaseous ammonia : dry ammonia gas
Liquid ammonia ; liquefied dry ammonia.

Liquor ammaonia fortis or 880 ammonia ; saturated solution of ammeonia in water, has a relative
density of 0.880.

Laboratory bench reagent : dil solution of ligour ammonia.

Preparation of Ammonia Gas

Ammonium salt + alkali ——> Salt + Water + Ammonia
2NH,CI + Ca(OH), = |CaCl, + 2H,0 + 2NH,
(NH,),S0, + Ca(OH), > | CaSO, + 2H,0 + 2NH,
Tests for Ammonia Gas and Ammonium ion :

1. Sharp characteristic odor.

2,
3.
4.

5.

Turns moist red litmus blue, moist turmeric paper brown and phenolphthalein solution pink.
It gives dense white fumes of ammonium chloride with conc. Hydrochloric acid.

It forms a blue precipitate with copper sulphate solution and then dissolves it to form a deep
blue colored solution on addition of excess of ammonia solution.

Ammonium salts give brown color precipitate with Nessler's Solution (K,Hgl,).

Laboratory Preparation of Ammonia Gas

—

= W

. From Ammonium Chloride :
. Reactants : Ammonium chloride and calcium hydroxide in the ratio of 2:3

. Reaction : 2NH,CI + Ca(OH),
. Procedure : Finely grinded reactants are taken in a flask, on heating,

. Drying of ammonia gas : gas is passed through a drying tower containing

by weight.

> CaCl,+ 2H,0 + 2NH,

ammonia is evolved.

lumps of quicklime (CaO). Ammonia gas is collected in inverted gas jars
by the downward displacement of air because it is lighter than air and
highly soluble in water and thus can't be collected over water.

Lok =M

. From Metal Nitrides :

. Reactants : Warm water on metal nitrides. Eg. Mg or Al
. Reaction : AIN + 3H,O
. Procedure : Aluminium nitride is kept in a round bottom flask fitted

4.
5.

> AI(OH),+ NH,1

with a thistle funnel and a delivery tube. Warm water is added very
slowly. Ammonia gas is liberated and escapes.

Drying of ammonia gas : gas is passed through quicklime (Ca0) in
a drying tower.

Collection of gas : Ammonia is collected by holding a jar with its
mouth downwards over the delivery tube.

Laboratory Preparation of Aqueous Ammonia
1.
2.

| 3.

Reactant : ammonium chloride and calcium hydroxide.
Reaction : 2NH,CI + Ca(OH), > QCaClL+ HO + NH,
Procedure : Ammonium chloride and calcium hydroxide is taken in a flask and is heated,




Short Questions

Question 1: How liquor ammonia is different from liquid ammonia ?

Answer: A very strong solution of ammonia in water is called liquor ammonia. Ammonia can be
obtained from it by boiling. When ammoniacal liquor is boiled with milk of lime, the ammonia formed
is passed into ice or cold water to form liquor ammonia.

When cooled under pressure, ammonia condenses to a colourless liquid which boils at — 33.4°C. This
is liguid ammonia which when further cooled freezes to a white crystalline snow like solid, which
melts at - 77.7°C. Liquid ammonia is used as a refrigerant because its heat of vaporisation is 5700
calories per gram molecule. Liquid ammonia is liquified ammonia and is available in cylinders.
Laboratory bench reagent is a diluted solution of liquor ammonia.

Question 2: The questions below are related to the manufacture of ammonia.

(i) Name the process.

(ii) In what ratio must the reactants be taken ?

(iii) Name the catalyst used.

(iv) Give the equation for the manufacture of ammonia.

(v) Ammonia can act as a reducing agent — write a relevant equation for such a reaction.

Answer: (i) Haber’s process.

(ii) Nitrogen one part, hydrogen three parts.

(iii_) Iron powder.

(IV) Nz + 3H2 T 2NH3

(v) 2NH; +3CuO—— 3Cu +3H, 0+ N,

copper copper
oxide

Question 3: The following questions are based on the preparation of ammonia gas in the laboratory

(i) Explain why ammonium nitrate is not used in the preparation of ammonia.

(ii) Name the compound normally used as a drying agent during the process.

(iii) How is ammonia gas collected ?

(iv) Explain why it is not collected over water.

(v) Give the name of a hydride of nitrogen.

(vi) Which reactants are used in laboratory preparation of ammonia ?

(vii) What is the vapour density and nature of ammonia ?

(viii) Which feature of the Ammonia molecules leads to the formation of the Ammonium ion when
Ammonia dissolves in water. Name the other ion formed when Ammonia dissolves in water.

Answer: (i) Because ammonium nitrate is explosive in nature and dissociate into nitrous oxide and
water on heating.

(i) Quick lime.

(iii) By downward displacement of air.

(iv) It is highly soluble in water.

(v) Ammonia.

(vi) Ammonium chloride and slaked lime [Ca(OH)>].

(vii) Vapour density of ammonia is 8.5, and it is alkaline in nature.

(viii) In ammonia molecule there is one lone pair of electrons available on nitrogen atom. This lone

pair of electron leads to the formation of ammonium ion. Hydroxide ion (OH™).

Question 4: What are the necessary conditions for getting maximum yield of ammonia ?
Answer: The necessary conditions for getting maximum yield of ammonia are as follows :

(i) Low Temperature : As the reaction is exothermic in nature, so the temperature should be low.
When temperature is lowered, the rate of the reaction slows down and the yield is maximum. It is
found for maximum yield, temperature should be between 450° to 500°C (optimum temperature).

(ii) Catalyst: A catalyst is used to accelerate the reaction at optimum temperature. Following



are the catalysts used:
(a) Finely divided iron, mixed with molybdenum as promoter.

(b) A better catalyst is ferric oxide (Fep03) containing 1% of potassium oxide (K>0) and 3% of
aluminium oxide (Al,03) which acts as promoters.

(iii) High Pressure : When 4 volumes of a mixture of nitrogen and hydrogen are reduced to 2
volumes of ammonia, the pressure drops. In order to have maximum yield the pressure should be
very high. The optimum pressure should be between 200 atmospheres to 900 atmospheres.

Pressure (in atm.) Temperature (in °C) Yield (in %)
200 atms. 400°C 36.3%
1000 atms. 400°C 79.8%

(iv) Purity of Gases : Any kind of impurity tends to slow down the reaction or poisons catalyst. So,
the gases that are to be used should be pure and dry.

Question 5: (i) What are the products formed when ammonia is oxidised with copper oxide ?
(ii) What is the difference between chemical nature of an aqueous solution of hydrogen chloride and
an aqueous solution of ammonia. .

Answer: (i) Nitrogen, copper and water.
(ii) Aqueous solution of HCl is acidic while aqueous solution of ammonia is basic.
Question 6: How would you prepay :

(i) Nitrogen from ammonia. (ii) Ammonia from nitrogen.
(iii) Nitric oxide gas and nitrous oxide gas.

Answer: (i) Ammonia gas bums in the presence of oxygen in a glass jar with a greenish yellow
flame to form nitrogen and steam.

4NH3 + 30 — 2Ny + 6H0

(ii) Nitrogen combines with heated metals; for example, aluminium to form aluminium nitride, which
is readily decomposed by water to form ammonia gas which has a characteristic pungent odour and
aluminium hydroxide is also formed.

ZA] + Nz — M
Aluminium nitride
AIN + 3H,0 —— AlOH); + NH;,

A
hydroxide

(iii) Introduce the given gas in the atmosphere of oxygen and if reddish brown fumes are produced,
then the given sample of gas is nitric oxide and if no brown fumes are produced and the mixture
remains colourless, then the gas is nitrous oxide.

Question 7: Outline the conditions of the synthetic process for producing ammonia gas. Mention
the catalyst used.

Answer: A mixture of nitrogen and hydrogen in the ratio of 1 : 3 by volume is passed over heated
iron at 450°C in the presence of molybdenum, which acts as catalyst (promoter) under 200
atmospheric pressure. The reaction of nitrogen and hydrogen is a reversible reaction hence
ammonia is removed from the reaction vessel from time to time by liquefaction under high pressure,
so that the reaction proceeds in the forward direction.

N, + 3, == 2NH; + 22kcal
Ammonia



Question 8: Name one element in each case, to which the following description would apply.
(i) The burning metal which combines directly with nitrogen.

(ii) Define fixation of nitrogen and state two ways in which fixation of nitrogen occurs, naturally.
(iii) Give two reasons to show that the solution of ammonia in water contains hydroxide ions.

Answer: (i) Magnesium, calcium and aluminium.

(ii) Conversion of atmospheric nitrogen into soluble nitrogenous Compounds which can be easily
absorbed by the roots of the plants.

(@) During thunder and lightning
(b) By symbiotic bacteria

(iii) (@) It turns red litmus solution to blue.

(b) It reacts with adds to form salt and water.

Question 9: (i) Of the two gases, ammonia and hydrogen chloride, which is more dense ? Name the
method of collection of this gas.
(ii) Give one example of a reaction between the above two gases which produces a solid compound.

Answer: (i) HCl collected by upward displacement of air
(ii) NH3 + HClI — NH4CI

Question 10: (i) Does ammonia bum in oxygen ? If yes, give equation.

(ii) What is catalytic oxidation of ammonia ?

(iii) What is the special feature of the apparatus that is used in the laboratory preparation of nitric
acid ?

(iv) Why should the temperature of the reaction mixture of nitric acid not be allowed to rise above
200°C?

Answer: (i) Yes. Ammonia bums in oxygen with a greenish yellow flame producing water vapour
and nitrogen.

4NH3 + 30, — 2Ny + 6H50

(iil) Ammonia, when reacts with oxygen in presence of platinum (as catalyst) at 800°C, ammonia is
oxidised to nitric oxide (NO). This is called catalytic oxidation of ammonia.

(iii) It is an all glass retort.
(iv) Because above 200°C nitric acid will decompose.

Question 11: Oxidation of ammonia under certain conditions is represented by the following
equation.

4NH3 + 50, — 4NO + 6H,0

(i) Give the conditions required for this reaction.
(ii) Briefly describe the importance of this reaction in industry.

Answer: (i) Pure and dry ammonia gas mixed with air in the ratio of 1 : 8 by volume is first
compressed and then passed over heated platinum gauze at 800°C.

(ii) Nitric oxide is obtained by the oxidation of ammonia, which is further oxidised to form nitrogen
dioxide. Nitrogen dioxide is dissolved in water, in the presence of oxygen, to form nitric acid. Thus,
nitric acid can be prepared by the catalytic oxidation of ammonia.

ANH, +50, ——" 5 4NO + 6H0
BO0PC Nitric Oxide
INO+O, —> 2NO,

Nitrogen dioxide

4NO; + 2H2G + O, -_ 4HNO;
Nitric Acid



Question 12: (i) What would you see during burning of ammonia in oxygen.
(ii) Name the catalyst used in the catalytic oxidation of ammonia.
(iii) In the reaction of the catalytic oxidation of ammonia the catalyst glows red hot, Why ?

(iv) What is the name of the industrial process, which starts with the reaction of catalytic oxidation
of ammonia.
(v) How is the temperature maintained in the Ostwald’s process ?

Answer: (i) The bunting of ammonia in oxygen produces a bluish green flame. The reaction is
irreversible and highly exothermic.

(ii) Platinum.

(iii) The catalyst glows red hot without external heating because much heat is liberated during the
reaction.

(iv) Ostwald’s process.

(v) In the Ostwald’s process, the catalytic oxidation of ammonia to nitric oxide is an exothermic
reaction. Once the reaction starts, the heat released maintains the temperature of the catalyst.

Question 13: (i) How would you obtain the compound magnesium nitride ?

(ii) What property of ammonia is illustrated by the reaction between ammonia and copper oxide.
(iii) What important industrial process starts with reaction between ammonia and oxygen. Name the
catalyst uses.

(iv) During laboratory preparation how is ammonia dried and collected ?

Answer: (i) By burning magnesium in the atmosphere of nitrogen by direct combination of
elements.

3Mg + N — MgsN>

(ii) Reducing property of Ammonia, as it reduces CuO to Cu in reaction.

(iii) Ostwald process for the manufacture of nitric acid and the catalyst used is platinum gauze.
(iv) Ammonia is dried by passing it through quick lime (CaO) and is collected by downward
displacement of air.

Question 14: (i) Give the balanced equations for laboratory preparation of nitric acid and describe
the reaction.

(ii) In laboratory preparation of nitric acid, the mixture of potassium nitrate and concentrated
sulphuric add should not be heated above 200°C. Explain ?

Answer: (i) In laboratory, nitric acid is prepared by heating potassium nitrate with concentrated
sulphuric acid at low temperature, potassium hydrogen sulphate and nitric acid are formed, and at a
higher temperature, potassium sulphate and nitric add are formed.

Low temp.
Low temp.
KND} + HESD,;‘ IG_ISDq_ + HND{
High temp.
2KNO; + H,50, K,50, + ZHNO;,
Nitric acid

(ii) In laboratory preparation of nitric acid, the mixture of potassium nitrate and concentrated
sulphuric acid should not be heated above 200°C because at a higher temperature, potassium
sulphate is formed. Potassium sulphate is deposited as a hard, solid mass in the retort, which is
difficult to remove. Moreover, most of the nitric acid decomposes at a higher temperature to form
reddish brown fumes of nitrogen dioxide and the acid acquire a yellow colouration.

Question 15: (i) (a) What compounds are required for the laboratory preparation of nitric acid ?
(b) The first step in the manufacture of nitric acid is the catalytic oxidation of ammonia. What is the
name of the catalyst ?

(ii) (@) How soluble is ammonia in water ?



(b) Give two reasons to show that the solution of ammonia in water contains hydroxide ions.
(c) Name a simple method you would employ to prepare ammonium salts in your laboratory.

Answer: (i) (a) Nitre (Potassium Nitrate) and cone, sulphuric acid.
(b) Platinum.
(ii) (@) Extremely soluble.

(b) Ammonia solution in water turns red litmus blue and phenolphthalein pink. Ferric chloride,
aluminium chloride solutions treated with ammonia solution give precipitates of Fe(OH)3 and
Al(OH)3 respectively.

FeCl; + 3NH,OH Fe(OH); | +3NH,Cl
AICl; + 3NH,OH — Al(OH);} +3NH,Cl

(c) By titration or neutralisation.

Question 16: (i) Among the elements chlorine, nitrogen and sulphur select:
(a) The least reactive. (b) Obtained from the atmosphere.

(ii) Why commercial nitric acid is brown ?

(iii) How can you get ‘liquid air’ ?

Answer: (i) (@) Nitrogen. (b) Nitrogen.
(ii) Commercial nitric acid is brown in colour because it contains dissolved nitrogen dioxide.

(iii) CO> and moisture-free air is passed through a condenser. Finally, this air is compressed, cooled
and suddenly allowed to expand. By repeating this process, the air can be liquified.

Question 17: Give two reactions to show that nitric acid is :
(i) An acid.
(i) An oxidizing agent.

Answer: (i) (a) Dilute nitric acid reacts with magnesium metal to liberate hydrogen gas and
magnesium nitrate is formed.

Mg + 2NHO3 — Mg(NO3)> + Hy 1

(b) Dilute nitric acid reacts with marble pieces to liberate carbon dioxide gas and calcium nitrate is
formed.

CaCO3 + 2HNO3 — Ca(NO3)o + HO + CO3y 1

(ii) (@) When carbon is heated with concentrated nitric acid, it is oxidized to carbonic add and the
acid is reduced to nitrogen dioxide and water.

C + 4HNO3 — HCO3 + 4NO> + H>0

(b) When sulphur is heated with concentrated nitric acid, it is oxidized to sulphuric acid and the
nitric’add is reduced to nitrogen dioxide and water. Carbonic add further decomposes to carbon
dioxide.

S + 6HNO3 (Conc) — HSO04 + 6NO5 + 2H,0



Question 18: In what way does the action of dilute nitric acid on a metal like zinc differ from the
action of dil. sulphuric acid. Or

Dilute Nitric acid is generally considered a typical add except for its reaction with metals. In what
way is dilute Nitric acid different from other acids when it reacts with metals ?

Answer: Nitric add is a strong oxidising agent and oxidises the liberated hydrogen to water and is
itself reduced to nitrogen dioxide. On the other hand dilute sulphuric acid can not oxidise the
liberated hydrogen to water.

Question 19: The reaction of nitric acid with metals depends upon the concentration of the acid.
Give examples, alongwith equations to illustrate the reaction of the add.

Answer: Copper reads differently with nitric add at different concentrations and temperature.

(i) Copper reacts with cold and dilute nitric add to form copper nitrate, water and nitric oxide gas is
liberated.

3Cu + BHND;; T CU{N03}2 + 4H2'D + 2NO

' Nitric Oxide (ji) Copper reacts with hot and
concentrated nitric acid to form copper nitrate, water and nitrogen dioxide.gas, which has reddish
brown fumes and a pungent smell is liberated.

Cu+4HNO; —— Cu(NO;), +2H,0 + 2NO,
Copper nitrate Nitrogen dioxide

Question 20: Answer the questions given below, relating your answer only to compounds given in
the following list:

Tetrammine copper (II) sulphate, Iron (III) chloride, cone. Nitric add, Ammonium hydroxide.

(i) Write name of the colours and action when concentrated nitric acid is heated with copper
turnings ?

(ii) A compound X is dissolved in the ammonia solution to give a deep blue coloured solution, write
the name of the compound having deep blue colours ?

(iii) The concentrated nitric acid produces yellow stains and blisters on skin. Give the reason.

Answer: (i) Brown fumes of nitrogen dioxide are evolved.
(ii) Tetrammine copper (II) sulphate.

(iii) This is due to the chemical reaction that occurs between nitric acid and proteins of skin and
flesh. In this reaction, a complex compound xanthoprotic acid is formed.

Question 21: The action of heat on the blue crystalline solid L gives a reddish brown gas M, a gas
which relights a glowing splint and leaves a black residue. When as N, which has a rotten egg smell,
is passed through a solution of L a black precipitate is formed.

(i) Identify L, M and N (Name or formula).

(ii) Write the equation for the action of heat on L.

(iii) Write the equation for the reaction between the solution of L and the gas N.

Answer: (i) L is copper nitrate.
M is nitrogen dioxide gas.

N is hydrogen sulphide gas.



(ii) 2Cu(NO;),
(iif) Cu (NOs); + H,S

2CuO + 4NG, + O,
Cu$ + 2HNO.,.

Question 22: How will you show that nitric arid contains :
(i) Hydrogen (ii) Nitrogen (iii) Oxygen ?

Answer: (i) Dilute nitric acid reacts with magnesium metal to liberate hydrogen gas which bums
with a pale blue flame and a pop sound and magnesium nitrate is formed.

Mg + 2HNO3 (Dil) — Mg(NO3)2 + Hy 1

(i) Nitric arid when heated with copper turnings, produces brown fumes of nitrogen dioxide, which
are passed over red hot iron filings. The residual gas collected over water is nitrogen.

Ctl + 4HN03 —_— CU(NUJ)Z + ZHzo + ENDZ
6NO, + 8Fe —> 4Fe,0; + 3N, 1

(iii) Nitric arid, when heated alone, is decomposed into a reddish brown coloured gas nitrogen
dioxide, steam and a colourless, odourless gas oxygen, which rekindles a glowing splinter.

4HNO3 — 4NO;y + 2H50 + O
Question 23: What is the ring test for nitric acid ? Briefly describe this test.

Answer: To the nitrate solution, add freshly prepared iron (II) sulphate solution. Filter off the
precipitate if formed. Now carefully add cone. H,SO4 along the sides of the test tube. A dark , brown

ring is formed at junctions of two liquids. Brown ring is due to the formation of nitrosonium
pentaqua iron (I) sulphate [Fet (NO*) (H,0)s] SO4, which is an octahedral complex compound.

Question 24: Gas B turns moist red litmus paper blue.

(i) What is the name of gas B ?
(ii) Write the equation for the reaction that takes place when gas B is passed over- heated copper
oxide.

Answer: (i) Gas B is ammonia.
(ii) 3CuO + 2NH3 — 3Cu + 3H>0 + N> 1

Question 25: (i) Sodium hydroxide solution is added to solution A, a white precipitate is formed
which is soluble in excess of sodium hydroxide. What metal ion is present in A ?

(i) Ammonium hydroxide solution is added to solution B, when a pale blue precipitate is formed.
This pale blue precipitate dissolves in excess of ammonium hydroxide to give inky blue colouration.
Name the cation present in B. Name the probable colour of solution B.

(iii) When an ammonium salt is warmed with sodium hydroxide solution, ammonia gas is evolved.
State three ways in which you can identify the gas.

Answer: (i) Ammonium ion is present in A.
(ii) The cation present in B is copper. Solution B is blue in colour.
(iii) The three ways in which the gas can be identified are as follows :

(a) It gives dense white fumes when a rod dipped in HCl is held in it.



(b) It turns moist red litmus paper blue.

(c) It turns phenolphthalein solution pink.

Figure/Table Based Questions

Question 1:

: E
| Alkaline gas C | + | Nitric oxide }—’ o,
D

rNil.‘mgen dioxide |
[Ammﬂnium salt A l—’ F

| Colour less and Coloured gas |+~—hf'-‘1t1Calcium Nitrate i‘—G-—-{Nitram Acid

(i) Name (a) the ammonium salt A (b) alkaline gas C.

(ii) How the conversion D is carried out ? State all the conditions like temperature, pressure and
catalyst.

(iii) (a) How is C converted to nitric oxide ? Write the equation.

(b) What is the name of the process ?

(c) How is temperature maintained in above process ?

(d) Write the equation for conversion of F and G.

(iv) Name the coloured gas and the colourless gas.

Answer: (i) (a) Ammonium nitrate, NH4NO3
(b) Ammonia.

(ii) D is mixed with hydrogen in the ratio of 1 : 3, compressed to a pressure of 200 to 500
atmosphere and passes over a catalyst (iron) heated to 450 to 500°C.

(iii) (@) By passing the gas with excess of air over platinum gauze heated to 800°C.
4NH3 + 50>, — 4NO + 6H>0
(b) Ostwald process.

(c) The oxidation of ammonia to nitric oxide is exothermic reaction and once the reaction is started
it maintains the temperature of the platinum gauze.

(d) ZNZD +2H,0+ 0O, — 4HND§
Ca(OH), +2HNO; —  Ca(NO,), + 2H,0

(iv) Nitrogen dioxide and oxygen.

Question 2: The diagram shows an experimental set up for the laboratory preparation of a pungent
smelling gas. The gas is alkaline in nature.



Mixture X Gas

(i) Name the gas collected in the jar.

(ii) Write the balanced equation for the above preparation.
(iii) How is the gas being collected ?

(iv) Name the drying agent used.

(v) How will you find that the jar is full of gas ?

Answer: (i) Ammonia.

A
(ii) Ca(OH), + 2NH;Cl—— CaCl, +2H,0 + 2NH;1
Calcium ammonium Calcium
oxide chloride chloride

(iii) By downward displacement of air.
(iv) Quick lime (CaO).

(v) By bringing a wet red litmus paper near the brim (mouth) of the gas jar. When jar is full of gas
litmus will turn blue.

Question 3: Dry ammonia gas is passed over black substance as shown in figure below :

(i) Name the black substance A.

(ii) Name the gas evolved B.

(iii) Write a balanced equation for the reaction of ammonia with A.

(iv) What do you observe when ammonia is passed over copper oxide ?
(v) State the property illustrated in the above reaction (iii).

Answer: (i) Copper II oxide.



(ii) Nitrogen gas.

: A
(iii) 3CuO +2NH; — 3Cu +3H, O+ N,

(iv) The black mass changes t0 reddish powdery mass.
(v) Ammonia is a reducing agent.

Question 4: The figure given below illustrates the apparatus used in the laboratory preparation of
nitric acid.

Glass retort

‘J!EHOH water

semanns R

(i) Name A (a liquid), B (a solid) and C (a liquid). (Do not give the formulae)

(ii) Write an equation to show how nitric acid undergoes decomposition.

(iii) Write the equation for the reaction in which copper is oxidized by concentrated nitric acid.
Answer: (i) A-Conc. Sulphuric acid, B-Potassium nitrate or Sodium nitrate, C-Nitric acid

(ii)) 4HNO3— 2H,0 + 2NO, + O3

(iii) Cu+4HNO;—— Cu(NOs): + 2H,0 + 2NO,

Question 5: (i) Draw a neat sketch for.the manufacture of ammonia by Haber’s process.

(ii) Discuss the principles involved in Haber’s process.

Answer: (i)



Nitrogen Hydrogen
{From liquid air) {By Bosch process)
Compressor
Recirculation pipe
Catalyst chamber
Catalyst (500°C)
Compressor 250 atmospheric
Cooling i
liquid out —— Cooling
y chamber
Uncombined |
gases . Cooling
! liquid in

(ii) The principles involved in Haber’s Process are :
In this process, a mixture of pure, dry nitrogen and hydrogen in the ratio of 1 : 3 is compressed to a
pressure of 200 to 900 atmospheres. The compressed gases are passed over heated catalyst (finally
divided molybdenum, i.e. Fe/Mo) at 450° to 500°C.

N, +3H, =—== 2NH,;; AH=-9238k]

1 vol. 3 vols. 2 vols.

The above reaction is exothermic and reversible. It is accompanied by decrease in volume. Ammonia
formed is immediately removed from the catalytic chamber and allowed to condense to form liquid
ammonia.

Question 6: Study the scheme for dilute nitric acid.

Colourless solution B J

Black Solid Kl (ag.) Dilute Nitric Fe {ﬂj Yellow |
D 4 Acid Solution C |

¢ Copper (II)

Carbonate

Blue solution + Colourless
A gas

(i) Give the name or formula of

(a) Solution A

(b) Solution B

(c) Acation in solution C

(d) Solid D

(ii) What property of nitric acid is shown by its reaction with iron (II) ions and aqueous potassium
iodide solution ?



(iii) Describe one other reaction of dilute nitric acid not shown in the reaction scheme, that is typical
of a strong acid.

Answer: (i) (a) Copper (II) nitrate Cu(NO3)>
(b) Ammonium nitrate

(c) Fe3*

(d) Iodine

(ii) Oxidising property of nitric acid.

(iii) It is a characteristic of strong acids that when dilute, they react with the more electropositive
metals, liberating hydrogen gas.

Zn + 2H*Y — Zn2* + Hy

This reaction can not occur with nitric acid as it is a powerful oxidising agent. Any hydrogen initially
produced is at once oxidised by more of the acid to water. If however very dilute nitric acid is used
(about 1%) with magnesium or manganese, some hydrogen will be produced, escaping oxidation
because of the very dilute condition of the acid.

Mg + 2HNO3 (very di|.) — Mg(NO3)2 + H2

Question 7: Copy and complete the following table relating to the important industrial process.
Output refers to the product of the process and not the intermediate steps.

Name of process Inputs Catalyst Equation fo_r catalyst Output
reaction
Ammonia + air Nitric add
Answer:
Name of pmcess_r Inputs Catalyst Equation for catalyst Output
reaction
Ostwald’s Ammonia + air Platinum Pt. Nitric acid
4NH; + 50,——
PEDCQ‘SE RODC
4NO + 6H,0 + heat

Question 8: Copy and complete the following table relating to important industrial process:

Name of the process Temperature Catalyst Equation for the catalyzed reaction

Haber’s process

Answer:



Name of process | Temperature Catalyst Equation for the catalysed reaction

Haber’s 450° - 500 °C 'Finely divided iron| N2 + 3H; — 2NHj3 + heat

Reasoning based Questions

Question 1: Ammonia cannot be obtained in laboratory from ammonium nitrate and sodium
hydroxide. Why?

Answer: This is because ammonium nitrate on heating decomposes explosively with the formation
of nitrous oxide and water.

Question 2: Why ammonia gas is not collected over water ?
Answer: Ammonia gas Is not collected over water because it is highly soluble in water.
Question 3: Ammonia cannot be dried by bubbling through concentrated sulphuric acid. Why ?

Answer: Ammonia gas cannot be dried by bubbling through concentrated sulphuric acids as it
reacts with sulphuric acid to form ammonium sulphate.

2NH3 + H»SO04 —  (NH4)2SO0q4
Question 4: Quick lime is the only drying agent used for drying ammonia gas. Why ?

Answer: Quick lime is basic in nature and hence does not react with ammonia, which is also basic
in nature, whereas all other drying agents are acidic in nature and hence react with ammonia.

2NH;3 + HyS0; — (NH4)2S0;
{conc.)

CaCl, + BNH3 —— C(CaCly.8NH3
{anhydrous)

6NHj; + P2Os + 3H>O —> 2(NHy4)3.PO4
Phosphorous

pentaoxide

Question 5: Aqueous solution of ammonia gives a pungent smell. Why ?

Answer: Aqueous solution of ammonia gives a pungent smell because it is produced due to
bacterial decomposition of urea (NH>CONH>), present in urine.

Question 6: Ammonia solution is used as laboratory reagent to identify metal ions. Why ?

Answer: Ammonium hydroxide can precipitate insoluble hydroxide of metals from their salt
solutions.
Thus, it is used in analytical analysis of salts in laboratory.

Question 7: Aqueous solution of ammonia turns red litmus blue. Give reason.

Answer: This is because ammonia on dissolving in water furnishes ammonium (NH™) ions and
hydroxyl (OH™) ions. The presence of OH™ ions in the solution turns red litmus blue.

NHs + H,O = NH4* + OH-

Question 8: Ammonia solution is used to remove oil and grease stains from clothes. Give reason.



Answer: When ammonium chloride is heated and rubbed with the metal, the ammonia formed
removes grease, oil, etc. It emulsifies fats, grease, etc.

NH,Cl(s) — NH;(g)+HCl(g)
Ammonium Ammonia  Hydrogen
chloride chloride

The hydrogen chloride formed removes the oxides of metals and thus cleans the metal surfaces
before soldering, tinning, etc.

Question 9: Liquid ammonia is used as refrigerant in ice plants. Give reason.

Answer: Liquid ammonia is a refrigerant as it has high latent heat of vaporisation equal to 5700
cals/mole and a low boiling point. When liquid ammonia evaporates, it takes large amount of heat
from surroundings, resulting in the fall in temperature.

Vapourises
—_—

NH; NH; (gas) — 5700 cals.

Question 10: During the manufacture of nitric acid by Ostwald’s process excess of oxygen is taken.
Give reason.

Answer: Excess of oxygen is taken because each and every step requires oxygen.

Question 11: In the laboratory preparation of nitric acid, it can be obtained below 200°C or above
200°C, but the lower temperature is preferred. Why ?

Answer: The lower temperature is favoured due to the following reasons :
(i) The glass apparatus may break at higher temperature.
(ii) A significant amount of nitric acid gets decomposed at higher temperature.

(iii) At higher temperature, potassium or sodium sulphate are formed, which cannot be easily
removed from the apparatus.

Question 12: Cone. HCl is not used in place of cone. H>SO4 to prepare nitric acid from KNO3. Why
?

Answer: Cone. HCl is not used in place of cone. HySO4 for the preparation of cone. HNO3 from
KNO3 because cone. HCl is volatile and, hence, nitric acid vapours will carry HCI vapours. The
property of cone. HbSO4 used in the preparation of cone. HNOg3 is its lower volatility.

Question 13: Only all-glass apparatus should be used for the preparation of nitric acid. Why ?
Answer: Nitric acid is highly corrosive and hence destroys rubber and cork of the apparatus.
Question 14: Pure nitric acid take on a yellowish-brown colour when exposed to light. Why ?

Answer: When pure HNO3 is exposed to light it decomposes to give a reddish brown NO, gas which
dissolves in undecomposed nitric acid to give yellowish brown colour.

Question 15: Concentrated nitric acid fumes when kept open. Why ?

Answer: Concentrated nitric acid fumes when kept open because it contains considerable amount of
nitrogen dioxide which escapes when exposed.

Question 16: Nitric acid stains the skin yellow. Give reason.



Answer: Dilute nitric acid reacts with the proteins of the skin and forms a yellow compound called
xanthoproteic acid. Hence, the skin becomes yellow. Cone, nitric acid causes blisters on the skin and
is highly corrosive.

Question 17: Iron is rendered passive with fuming nitric acid. Why ?

Answer: This is because of the formation of reddish brown layer of iron oxide which prevents its
further reaction with the acid.

Question 18: In Haber’s process before the gases are allowed to enter the oxidation chamber, the
gases are sufficiently cooled. Why ?

Answer: The gases are cooled so that the complete oxidation of nitric oxide takes place or the rate
of forward reaction increases or to minimize the decomposition of nitrogen dioxide.

Question 19: The mixture of nitrogen and hydrogen gases entering the catalyst chamber must be
pure. Why?

Answer: The mixture of nitrogen and hydrogen gases entering the catalyst chamber must be pure,
because the presence of carbon dioxide, carbon monoxide and traces of sulphur compound poison
the catalyst. Therefore, the removal of these catalyst poison from nitrogen and hydrogen is very
essential.

Question 20: Aluminium does not react with nitric acid of any concentration. Why ?

Answer: Aluminum metal is not attacked by nitric acid of any concentration because of the thin and
unreactive protective layer of aluminum oxide formed on the metallic surface due to the reaction of
aluminium metal with oxygen of air.

Question 21: Nitrogen obtained from air is more dense as compared to nitrogen obtained from
chemicals. Why ?

Answer: Nitrogen obtained from air contains traces of inert gases and therefore, it is more dense as
compared to chemical nitrogen.

Question 22: Burning magnesium continues to-burn in nitric oxide, while burning sulphur is
extinguished. Why ?

Answer: The heat produced by burning of magnesium is quite sufficient to decompose nitric oxide
into nitrogen and oxygen. The oxygen so obtained supports combustion, but the burning of sulphur
does not decompose nitric oxide hence it is extinguished.

Question 23: During a thunder storm, the rain water contains traces of nitric acid. Why ?

Answer: Nitrogen present in atmosphere combines with oxygen to form nitric oxide in the presence
of electric spark due to lightening produced from a thunderstorm. Nitric oxide is further oxidized to
nitrogen dioxide. Nitrogen dioxide dissolves in water in the presence of oxygen of air to form nitric
acid.

NI + Dz . 2”0
2NO+0, —> 2NO,

4N01 + Dz == EHID — 4HND§
Nitric acid

Question 24: Colourless nitric oxide forms brown fumes in air. Give reason.



Answer: Nitric oxide is oxidized by the oxygen of air to form brown coloured nitrogen dioxide :

2NO+0, —= 2NO,
Nitrogen dioxide
Brown colour

Question 25: Nitric oxide gives a black colour with ferrous sulphate solution. Why ?

Answer: Nitric oxide gives a black colour solution, when it is passed through ferrous sulphate
solution because nitric oxide combines with ferrous sulphate to form a black coloured complex
compound known as “Nitroso ferrous sulphate”.

FeSOs+ NO —— [Fe.(NO)] SO,
Nitroso ferrous Sulphate
Question 26: Nitrous oxide supports combustion more vigorously than air does. Give reason.

Answer: The percentage of oxygen present in nitrous oxide is more than air and it readily
decomposes to form oxygen, which supports combustion. Nitrous oxide contains 36-37% of
available oxygen, while air contains 21% of oxygen.

Chemical Tests

Question:

1. Dilute hydrochloric acid and dilute nitric acid.

2. Ammonium ion and hydroxide ion.

3. Nitric oxide gas and nitrous oxide gas.

4. Dilute hydrochloric acid and dilute sulphuric acid.
5. Oxygen gas and nitrous oxide gas.

Answer:

1. Silver nitrate solution when added to dil. hydrochloric acid will give a white ppt. and when added

to dil. nitric acid no change will be observed.

2. When iron (II) sulphate solution is added to ammonium ion, dirty gree precipitate is obtained. No

change will be observed with hydroxide ion.

3.If reddish brown fumes are produced in the atmosphere of oxygen then the given sample of gas is
nitric oxide and if no brown fumes are produced and the mixture remains colourless, then the gas is

nitrous oxide.

4. Dilute sulphuri? acid will give a white precipitate of barium sulphate with barium chloride solution

whereas no visible reaction occurs with dilute hydrochloric acid.

5. Carbon (red hot) burns in oxygen to form carbon dioxide gas only, but in nitrous oxide it forms

carbon dioxide gas and nitrogen.

Balancing/Writing the Chemical Equations

Question 1: Write balanced chemcial equation for the following :

=

. Reaction of Hydrogen chloride with Ammonia.

N

. The preparation of Ammonia from Ammonium chloride and Calcium hydroxide.
3. Magnesium heated in nitrogen.

4. Action of concentrated nitric acid an copper.

ul

. Action of heat on silver nitrate.



6. Reaction of nitric acid with sodium bicarbonate.

7. Laboratory preparation of nitric acid.

8. Chlorine reacts with excess of ammonia.

9. Ferric hydroxide reacts with nitric acid.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34.

35.

Action of heat on Ammonium nitrate.
Dilute nitric acid producing carbon dioxide.
Reaction between copper and concentrated nitric acid.
Burning of ammonia in oxygen.

Catalytic oxidation of ammonia.

Action of heat on ammonium chloride
Copper and concentrated nitric acid.
Copper oxide and dilute nitric acid.

Action of cone. HNO3 on Sulphur.

Action of coftc. HNO3 on Phosphorus.
Action of cone. HNO3 on Carbon.

Action of cone. HNO3 on Iodine.

Dilute nitric add and copper.

Ammonia with lead oxide.

Ammonia with copper oxide.

Ammonia with excess chlorine.

Action of water in magnesium nitride.
Burning of ammonia in oxygen.

Catalytic oxidationof ammmonia.
Aluminium nitride and water.

Potassium nitrate find concentrated sulphuric acid.

Concentrated nitric add and copper.
Action of heat on ammonium nitrate.
Nitrogen monoxide and oxygen.

Dilute nitric add and sodium carbonate.

Decomposition of nitric add.

Answer:



i

HCl+NH, —— NH,CL
2NH,Cl + Ca(OH), — CaCl, + 2NH; + 2H,0

Caldum Ammonda  water

Chloride
3Mg + N3 m— M%Ng
Magnesium nitrite
Cu+4HNO; — Cu(NO3); + 2H,0 + 2NaO, ¢
Sodium nitrate Capper ([l)
nitrate
2AgNO; —2» 2Ag+2NO, + 0,
Silver
NaHCO,; + HNO; —— NaOH + H,0+CO; t
NaNO, + H,80, 2% NaHSO, + HNO.
Sodium Cone, Sodium Mitrie
nitrate hydrogen acid
sulphate
3CL +8NH; —— 6NH,CI + N
' ammonium chiloride

Fe (OH); + 3HNO; — Fe(NOs); + 3H,0
A = Iron (1) nitrate
NHNO, ——— NID + ZHQD

Ammonium Nitrous Water
nitrate oxide

Na,CO; + 2HNO; - —=. 2NaNO; + H,0 + CO, 1

. Carbon dioxide gas
Cu+4HNO; —— Cu(NO;), + 2H,0 + 2NO,
Comne. Nitrogen dioxide
4NH3 + 302 R (}Hzo + 2N2 + Heat
Ammonia Oxygen Water Nitrogen

800°C
4NH; +50, —— 6HO+ 4NO + Heat
4NO+20, = 4NO;1?
(Brown gas)
i A
NH,Cl NH; + HCI
Cu + 4HNO; — Cu(NOs); + 2H,0 + 2NO,
CuQ +2HNQ; — Cu(NQO;); + H,O
{Dil.)
S+ 6H'_ND; — H,504 + 6NO, + 2H;0
2P + T0HNO; —— 2H3;PO4 + 10NO; + 2H,0

C + 4HNO, — HzC‘Dg + 4NDE + HzD
Carbonic acid
I, + 10HNO; —2» 2HIO, + 10NO, + 4H,0
{Conc.) Todic acid

3Cu + 8HNO; —— 3Cu(NOj); +2NO + 4H,0
3PbO +2NH; —— 3Pb+3H,;0+N;

yellow white
3CuO +2NH; —— 3Cu+3H,0 + Nyt
Black Reddish
N]‘Ia + 3{:11 — N‘Cla, + 3HC1
(excess)
nggNz + EFI'PZO T 3ME{DH]2 + 2NH3T
A
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28. 4NH; + 50, T 4NO?T + 6H,O
29, AIN +3H,0 —— AI(OH);} + NH;t
= 200°C
30. KNO; + H;50; —— KHSO,; + HNO;
{cone.}
31. Cu+ 4:I_ING3 — CU{NDS}E + EHEG + NO}T
& {comc ) A
32, NH4NO; —— 2H,0+ N,O
A (Laughing gas)
33. ZNO+0O, —— 2NO>t
34. NapCO; + 2HNO; —— 2NaNO,; + H;0 + CO;t
(dil)
A
35. 4HNO; ——= 4NO, 1 +2H,0 + O,

Sunlight

Question 2: Complete and balance the following equations:

1. Mg;N,+6H,0 e
2. 2NH, +3CuO -
3. 8NH,+3ClL S
4. 4NH,;+50, —
5. NH,OH +H,50, —
6. (NH LSO, + Ca(OH)y ——"
?. NH3 + DZ | —
8. NH; + HCl ="
g, NH; + Cl, 3 —_—
10. NH; + H,50, —
{Cone.)
11.  NHj+ CaCl —
12. NH; + P,Os5 + H,O e
13. MggNg + H,0 —
14. NH;+0; .,
A00°C
15. Cﬂ + Nz —
450°C
16. N2 + H; T
17. NH3 + sto.* —
18. FeCl; + NH,OH —_—
150*C
19. NH; +C0a - —-—-—-m o
20. NH; + Cl; —=
(Excess}
21. NH{DH + HND; —
[Excess)
Pt
22, NH; + 0, —_—
23. Na2C03 + HNO; —
24, C+ HNOg -
{Conc.)
25.  KI+HNO; —
(Conc.)
26. H,5 + HNO; . .
(Conc.)
27. Pb + HNO; —
(Conc.) -
28. HNO; + HCI —
(Conc.) (Cone.)
29, 50, + HNO, —
30. Ag + HNO, —_—

(Conc.)



Answer:

j P MgaN, + 6H,0
2. 2NH; + 3CuO
3 8NH; + 3Cl,
4. 4NH; + 50,
5. 2NH,OH + H;50,
6. (NH,),S0, + Ca(OH),
7. 4NH; + 30,
8. NH; + HCl
9, 8NH; + 3Cl,
10. 2NH; + H,50,
(conc.)
11. 8NH; + CaCl,
12. 6NH; + P,Os + 3H,O
13. MgsN, + 6H,0
14. 4NH, + 50,
15. 3Ca + N,
16. N2 + 3H,
17. 2NH; + H,S04
18. FeCl; + 3NH,OH
19. 2ZNH; + CO,
20. 8NH; + 3Cl,
{Excess)
21. NH,;OH + HNO,
22, 4NH; + 50,
23. NayCO; + 2ZHNO,
24. C + 4HNO,
(Conc.)
25. 2K + aHNO,
{Conc.)
26. H,5 + 2ZHNO,
(Conc.)
Pb + 4HNO,
(Conc.)
28. HNO, + 3HCI
(Conc.) (Cone.)
29, SO, + 2ZHNO,
30. 3Ag + 4HNO
By

NENREY
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150°C

2
g

NS

3Mg(OH), + 2NH; |
Nyt + 3H,0 + 3Cu
6NH,C1 + Ny 1

4NO? + 6H,0
(NH,4),504 + 2H,0
CaSO, + 2NH; + 2H,0
2N, + 6H,0

NH,Cl

6NH,C1 + N,
(NH,4);504

CaCl,.8NH;
2(NH,);PO,
3Mg(OH), + 2NH;(g)

ANO + EFH)_D
CEQNZ

2NH,
(NH,),50,

Fe(OH), | + 3NH,CI
NH,CONH, + H,0
(Urea) '

N, + 6HN4CI
NH;NDE, + H,O

4NO? + 6H,0
ZNENC’g + HzD 4+ CDz
CO, t +4NO, t + 2H,0

2ZKNO; +2NO, 1 + I, 1 +2H,0
2H,O + 2NO; T + 51

Pb(NO;); + 2NO; 1 +2H,0

NOCI + 2 [C1] + 2H,0

Mascent chlorine
H,50, + 2NO; ¢
SﬁgNDS +NO + 2H,0

Question 3: How are the following conversions carried out ? Give equations only.



’ A B*
1. NH; —2»NO —=» NO, —» HNO; —2» Cu(NO,);

Nmou

-

c
NCl; € NH;—-I- NH,CI

TR

3. NaCO; —2s NaNO, —2»0,

A C D E G
4. NH4C ""_T NH; —= NH,OH —— Cu(OH), — CuO .?—: Cu(NO;),

Answer:
1. A 4NH; + 50, —— 4NO + 6H,0
BOO™C
B. 2NO + 0, — 2NO,
C. 4NO, +2H,0 + 0, — 4HNO,
D. CuO + 2ZHNO3; —— Cu(NOs;); + HO
dil.
2. A 8NH; + 3Cl, — 6NH4CI
[ et
Or
NH; + HCl — NH4Cl
B. NHj3 + 3Cl, —> NCl, + 3HCI
; o2
o NH3+ H,0.— NH,OH
D. 4NH; + 30, —> 2N, + 6H,0
Fe/M
E. Nz +3H, =— e 2NH3 + A
M—WC
a 200-1000 Atm.
F. 3Mg + N, — Mg;sN,
Burning
G MgsN, + 6H,0 25 3Mg(OH), + 2NH,
3. A © Na,CO; + 2HNO; —= 2NaNO; + CO, + H,0
B INaNO, —2s 2NaNO, + O,
4- A NH4G + NH.DH _-&"""' NEC!. + Hzc) + NH3
Or
INH,Cl + Ca(OH), —2+ CaCl, + 2H,0 + 2NH,4
B. BNH; + 3Cl; —— EI'NHQ.CI. + Ny
Or
NHj; + HCl —» NH4Cl
G NH3 + HO —— NH40H
D. CuSOy + 2NH4OH — Cu(OH); + (NHg)250,
E. Cu(OH), »_ CuQ + HpO
F. CuO + 2HNO; — Cu(NO3); + H0
dil.
C. 2Cu(NOs), —2+ 2Cu0 +4NO, + O,



