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Hydrogen

UNIT-9
Hydrogen

SECTION-A: NCERT-Intext Questions with Answers

9.1.

Ans.

9.2.

Ans.

9.3.

Ans.

94.

Ans.

Justify the position of hydrogen in the periodic table on the basis of the electronic
configuration.

Hydrogen electron configuration is 1s!. Hydrogen has one vale
metals. Therefore, hydrogen should be placed along with
alkali metals, hydrogen also loses one electron to form H*

electron just like alkali
etals in group 1. Like
like alkali metal ions,

H* ion does not exist freely. Also, to convert H into b halpy is very
high.

Hydrogen is also short of one electron to atta e g5 configuration.
Hydrogen can also be placed along with . Although hydrogen

resembles alkali’s metals and halogens b them also as well. Therefore,
hydrogen has a unique position in the i

Write the names of isotopes of hy ratio of these isotopes.
There are three isotopes of hydfo

(i) Protium,

(i) Deuterium,

as only one valence electron. In order to attain nearest noble gas
configuration elium, it share its one electron with itself and form a single covalent
bond. Hence, hydrogen exist as a diatomic molecule rather than monoatomic

H- + ‘-H —@QOH —H-H

How can the production of dihydrogen, obtained from ‘coal gasification’, be increased?

The production of hydrogen can be increased by absorbing the CO produced in H.O
(steam)
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C(s) + H,0—2°% , cO(g)+H,(g)

(coal)

CO(g) +H,O(g) SL/ELSN CO,(g)+H,(g)

This is called water gas shift reaction.

9.5. Describe the bulk preparation of dihydrogen by electrolytic method. What is the role of
an electrolyte in this process?

Ans. Hydrogen is produced in bulk by the electrolysis of acidifi
electrodes.

water using platinum

Atanode: 2H,O —— Oz + 4H* + 4e-

At cathode: 2H2O + 2e- —— H> + 20H-

Electrolyte HoSO4 helps in the ionization of weak a
9.6. Complete the following reactions:

() Hafg) + MnOn (s) —>

(i) CO(g) + Ha(g) —>

catalyst

(iii) CsHs(g) + 3H20(g) ——
atalys

(iv) Zn(s) + NaOH(aq)

Ans.

at

Catalyst > 2CO®)+7H,(8)

aq)——Na,Zn0O, +H,
sodium zincate

9.7. Discuss the consequences of high enthalpy of H - H bond in terms of chemical reactivity
of dihydrogen.

Ans. The H-H bond dissociation enthalpy is the highest for a single bond between two atoms of
any element. It is because of this factor that the dissociation of H into its atoms is only
0.081% around 2000 K and increases to 95.5% at 5000 K. Because of this high bond
dissociation enthalpy, Hz is relatively inert at room temperature.
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9.8.

Ans.

9.9.

Ans.

Hydrogen
What do you understand by (i) electron-deficient. (ii) electron precise, and (iii) electron
rich compounds of hydrogen? Provide justification with suitable examples.

(i) Electron-deficient hydrides

In these hydrides, the central atom has an incomplete octet, has too few electrons for
writing its conventional Lewis structure.

These hydrides are electron pair acceptors and are called Lewis acids.

Examples: Diborane, Aluminium hydride.

(ii) Electron-precise hydrides

These hydrides have the required number of electrons#
structure.

All elements of group 14 form such compounds C
shape.

(iii) Electron-rich hydrides

Electron -rich hydrides have exces;

HF

Examples: ( (three lone pair)

an electron-deficient hydride with respect to its

B
Ny h

They also react with alkali metal hydride to form mixed hydrides used as reducing agent.
2NaH + BoHs —— 2Na*[BH4]-

LiH + AlH; —— LiAlH4
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9.10.

Ans.

9.11.

Ans.

9.12.

Ans.

9.13.

Ans.

9.14.

Ans.

Hydrogen
Do you expect the carbon hydrides of the type (CnH2n+2) to act as ‘Lewis” acid or base?
Justify your answer.

Carbon hydrides of the type CnHan+2 are called alkanes. Alkanes are electron precise
hydrides. So, they have no tendency to lose electron pair or gain electron pair. Hence,
carbon hydrides of the type CnHan+2 are neither Lewis acids nor Lewis bases.

What do you understand by the term “non-stoichiometric hydrides”? Do you expect this
type of the hydrides to be formed by alkali metals? Justify your answer.

, TiH15-18 etc. In these
atio. These are mainly
do not form non-
he law of

Non-stoichiometric hydrides are deficient in hydrogen like La
hydrides, the metal to hydrogen ratio is not a whole nu
formed by many d-block and f-block elements.
stoichiometric hydrides. Their hydrides are always stoig
constant composition hold good.

als or their alloys can be used to
1lled hydrogen economy.

y dissociation of dihydrogen with the help of an
allowed to recombine on the surface to be welded to

has the most positive charge on it. Hence, the electrostatic attraction between the H of one
HF and F of second H - F molecule is the strongest.
~ F. F F

TN e
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9.15. Saline hydrides are known to react with water violently producing fire. Can COij;lifrgeeﬁ
known fire extinguisher, be used in this case? Explain.

Ans. Saline or ionic hydrides reacts vigorously with water to liberate H> gas

NaH + H, O —— NaOH + H>

CaHz + 2HO —— Ca(OH): + 2H»

These reactions are highly exothermic and Hz evolved catches fire. The fire so produced
cannot be extinguish by CO2 because CO; gets reduced by metal hydride to metal formate.

NaH + CO; —— HCOONa
Hence, CO» cannot be used.
Instead, the sand is used as it is highly stable solid
9.16. Arrange the following:
(i) CaHy, BeH: and TiH; in order of inc

Ans.

tronegativity of metal decreases and the electronegatvity
ases. Hence ionic character increases.

F - F bond is the weakest due to small size and strong repulsions between the lone pair nad
lone pair.

D - D bond is the strongest due to greater nuclear mass, the bond pair in D - D bond is
attracted stronger by the nuclei.

iv) HO < MgH, < NaH

(ionic hydride and can release H> easily)
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9.17.

Ans.

Hydrogen
Compare the structures of HO and H20:.

H>O
O —— sp? hybridised
H>0 is AXzE; type molecule.

H20 has a tetrahedral geometry and is bent shape

0
VRN
H H

The bond angle is 104.6° and not 109° due to lone pair-lone
H20:2
H2O; has a non-planar structure.

Two oxygen atoms are linked to each other
expected due to lone pair-lone pair repulsi

ich is longer than

Each oxygen is single bonded to hydroge bonds are in different planar.

The H>O: has a open book structur

H2O; structure,
auto-protolysis’ of water? What is its significance?

ans self-ioniation of water to give both H* ion or H3O* ion and

That’s why H»O is amphoteric in nature and shows both acidic and basic properties.

HCl + H,O—— H,0" + CI°
aicd  base

And with NH3s. H>O act as an acid.

NH, + H,0 — NH, + OH
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Hydrogen
9.19. Consider the reaction of water with F» and suggest, in terms of oxidation and reduction,
which species are oxidized/reduced.

Ans. Fis a very powerful oxidising agent and oxidizes H>O to O gas.
2F> + 2H,O —— 4HF + Oz

Oxidation state of fluorine is changing from zero in F2 to -1 in HF. Fluorine is gaining
electrons and hence F: is the oxidizing agent.

The oxidation state of oxygen is changing from -2 in H>O to zefo in Oz. This reaction is

called oxidation and hence H>O is a reducing agent.

oxidation
/\
2, + 2H,O0 —— 4HF + O,

\_/"

reduction

Substance oxidized : H,O
Substance reduced: F»

9.20. Complete the following ch

(i) PbS(s) + H:0a(a

Classify the a to (a) hydrolysis (b) redox and (c) hydration reactions.

Ans. (i) PbS(s) +4H,0,(aq)—— PbSO,(s) + 4H,O
) (redox reaction)
(i) 2MnO; (aq) + 5H,0,(aq) +6H" (aq) —> 2Mn** (aq) + 8H,0 + 50, (g)
(redoxreaction)
CaO(s)+H,0(g)——> Ca(OH),(aq)
(hydrolysis reaction)

(i)
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—— Hydrogen
(iv) AlCl,(g)+3H,0(1)—— AI(OH),(s) + 3HCl(aq)
(hydrolysis reaction)
v) Ca,N,(s)+6H,0(1)— 3Ca(OH),(aq)+2NH,(aq)
(hydrolysisreaction)
9.21. Describe the structure of the common form of ice.
Ans. Ice has a highly ordered three-dimensional hydrogen bonded structure. Each oxygen atom
is sp3 hybridised and is surrounded tetrahedrally by four oxygen
Hydrogen bonding gives ice a rather open type structure wit
9.22. What causes the temporary and permanent hardness
Ans. (i) Temporary hardness is due to the presence o
(i) Permanent hardness is due to the prese salts of magresium and calcium
in the form of chlorides and sulphates
9.23. Discuss the principle and method of soft \ ater -. synthetic ion exchange
resins. '
Ans. Synthetic ion-exchange resin

of water. There are two types of ion-
rge molecule with -SOsH group and are water
changed to RNa by treating with NaCl. The resin exchange

ns present in hard water to make the water soft.

(aq) — R,M(s) + 2Na+(aq)
(M =Mg, Ca)

Pure de-miner water free from all soluble mineral salts in obtained by passing water
successively through a cation exchange (in the form of H*) and an anion-exchange (in the
form of OH").

2RH(s) + M?*(aq) —— MRx(s) + 2H*(aq)

In this cation exchange process, H* exchanges for Na*, Ca?* and Mg?* in water. This process
result in proton release and thus makes the water acidic.
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9.24.

Ans.

9.25.

Ans.

Hydrogen
Anion exchange process

R - NHaz(s) + H2O(I) ——= RNH3*OH(s)
RNH3*OH-(s) + X-(aq) —— RNH3*X~(s) + OH-(aq)
OH- exchanges for anions like Cl-, HCO3-, SO4?- present in water.
OH- ions, thus liberated neutralize the H* ions set free in the cation exchange.

H*(aq) + OH-(aq) —— HxO(l)

The exhausted cation and anion exchange resin beds are reger
dilute acid and alkali solutions respectively.

ted by treatment with

Write chemical reactions to show the amphoteric natu

Water has the ability to act as an acid as well as [k i amphoteric
substance.

In the Bronsted sense it acts as an acid with
H>O(l) + NHs(aq) —— NHys*(aq)

acidy base: acid

HxO(l) + HoS(aq) —
acidy bases

Write chemical reacti
as well as reducing

(@) H20; act

(i) H20O: reduced MnO4- to Mn?* in acidic medium

2MnOy- + 5H202 + 6H* —— 2Mn2* + 8H,O + 50,
(ii) H>O, reduces MnOy- to MnO: in basic medium

2MnOqs + 3H202 —— 2MnO» + 2H20 + 20H- + 302
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9.26. What is meant by de-mineralised water and how can it be obtained?
Ans. De-mineralized water is a water which is free from all cations and anions.
Pure de-mineralised or de-ionised water free from all soluble mineral salts is obtained by
passing water successively through a cation exchange (in the form of H*) and an anion
exchange (in the form of OH-) resins.
9.27. Is de-mineralised or distilled water useful for drinking purposes? If not, how can it be
made useful?
Ans. De-mineralised water or distilled water is not useful for drin purposes as it does not
contain any useful minerals. To make it useful for drinkin
added in proper amounts to make water tasteful and pro
9.28. Describe the usefulness of water in biosphere and biolog
Ans. Water has a higher specific heat, thermal conduc’gv
dielectric constant allow water to play a ke
The high heat of vapourisation and hea
climate and body temperature of living bein
0lecules required for plant and
polar molecules even covalent
9.29. olvent? What types of compound can it (i)
Ans.

(i) Water can also hydrolyse number of compounds like hydrides, carbides, salts to give
either acidic or basic solutions.

NaH + H0 O —— NaOH + H»
(basic)

Al (SOy4)3 + 6H2O —— 2A1(OH)s + 6H* + 35032
(acidic)
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9.30.

Ans.

9.31.

Ans.

9.32.

Ans.

9.33.

Ans.

Hydrogen
Knowing the properties of HO and D20, do you think that DO can be used for
drinking purposes?

Heavy water cannot be used for drinking purposes. Heavy water slows down the rates of
reaction in plants and in human beings. Hence, heavy water is injurious to plants, animals
and human beings.

What is the difference between the terms ‘hydrolysis” and ‘hydration’?

Hydrolysis is the reaction of salt with water to form either acidic or basic solution.

NaCOs + 2H2O —— 2Na* + 20H- + N>CO3
(basic solution)

NH4Cl + HHO —— NH4OH + H* + CI-
(acidic solution)

is, if formed by elements of atomic numbers

15,19, 23 and 4 gen? Compare their behavior towards water.

Nature of hydride Behaviour towards water

( Covalent No reaction
Ionic Gives basic solution
(iii) | At.no.23 | VHose Metallic or | No reaction
interstitial

(iv) | At.no.44 | Ruthenium from | — —
group 8 does not
form hydride
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9.34.

Ans.

9.35.
Ans.

9.36.

Ans.

Hydrogen
Do you expect different products in solution when aluminium (III) chloride and
potassium chloride treated separately with (i) normal water (ii) acidified water and (iii)
alkaline water? Write equations wherever necessary.

(i) KClis a salt of strong base and strong acid. It does not undergo hydrolysis in normal
water. It only undergo hydration.

KCl(s) + H2O(l) —— K*(aq) + Cl-(aq)

In acidified or alkaline water, the ions remains unaffected.

(i) AIClsis a salt of weak base and strong acid. It undergo hyd is in normal water

AlCls(s) + HXO(l) —— Al(OH)s(s) + H*(aq) + Cl-(aq),
In acidified water, AICIls exists as AI3* + Cl-

acidified
water

AlCls(s) Al¥*(aq) + 3Cl-(aq)

In alkaline water, AI(OH)s dissolves t

The bleaching action of scent oxygen which it liberates on

decomposition

ydrogenation (iii) syngas (iv) water gas shift reaction

It deals with the production, storage and transportation of energy in the form of liquid acid
gaseous hydrogen to be used as a fuel in motor vehicles, power plants, etc.

(ii) Hydrogenation

It is the addition of hydrogen to alkenes or alkynes in the presence of catalyst to form
alkanes. This hydrogenation is used in the conversion of oil into fats.

Catalyst
Ni or Pt Heat

Vegetable oil + H> saturated fat (ghee)
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(iii) Syngas

The mixture of CO and H: is called water gas. As this mixture of CO and H: in used for the
synthesis of methanol and a number of hydrocarbons, it is also called synthesis gas or syn
gas.

Nowadays, ‘syngas’ is produced from sewage, saw-dust, scrap wood, etc. The process of
producing ‘syngas’ from coal is called coal gasification.

C(s) + H20(g) —27%% 5 CO(g) + Ha(g)

(iv) Water-gas shift reactions

The production of Hz in the

C(s) + H2O(g) — 225 CO(g) + Ha(g)

can be increased by reacting CO of ‘synga
chromate as a catalyst.

e presence of iron

683K

This is called water gas shift r
(v) Fuel cell

Fuel cell converts th ctly into electrical energy.
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