
H>/d?ogen
:lXii 'iEi ' ,.lJ,.*

Unique position in the periodic table, occurrence, isotopes.

i Dihydrogen-preparation (including commercial preparation), properties, reactions and uses.

ii Hydrides-molecular,salineand interstitial.
i: Water : structure and aggregation of water molecules, physical and chemieal properties, hard and r:

ii soft wate4 water softener. Heavy water, hydrogen peroxide. hydrogen economy, use of liquid i
i1 hydrogen as a fuel.

11.2. Unique Position of
Hr.Thatiswhyitisalsoialted,dihydrogen.Itwashrst_ Hydrogen in the Periodic Table:::::::::r:::::::::::::::::::::::::::i:::::::::::::::::

Itiscoveredb$/errry_Q_g-v:f4l1nnLl(fi. Heprepareql Hydrogen is the fust element in the periorlic
it by the acfldn- of ilil. H2SO4 on iron. Its name could not be

eet's periodic
ble because of

The various forms 
'isotopes, allotropes, (i) In some properties, it resembles alkali me-

molecular and ionic forms are hydrogen are given tak. as such, it 
"un 

b" placed in group 1 of the
in the box below : periodic table along with alkali m--e1[l-s:

Erectronic : lsr , -"lij1):,::.:ilil -:i.^::::' " wq' uvLrvvrrvtrtw lf i g oup 17 along with halogens.configurationL(ltllSul dLlull

Isotopes : prorium, IFI r... (irr) fn:oT"y,:tanotherprop,erties,hydrogen

Deuterium, 2H or D I ditfercfrom-both a]kali m-elals and [alqgggg.

Ttirium, 3H or T I - ., lhus'th.1 position of hydrogen in theperiodic
rrrrhnhrnrrnoen a_Lr I table is controveglg!3r orygll$ous, The main

iAltotropes : orthohvdrogen'o-H, I p"ir",..r"r#r#ffihffith"".rffi*: Parahydrogen,p-H, iril;;Ji;l;;;;;;;;t;;fr'y di,Z;.;J betow :

lA]so o-u2,p-Dr, o- I r, p- IrJ 
1. Resemblance with Alkali Metals. Hydrogen

Molecular fornls , Hr, zH, 
1or Dr;, resembles alkali metals, i.e.,Li, Na, K Rb, cs and

3H, 
1or T,). HD. HT erc. Fr of group I of the periodic table in the following

rcspects:

tur
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l. Electronic configurati(,n. Likc alkuli me-
tals. hydiogen also conlains one elcclron in its out-

and thus have one eledron le.ss than the stable

configuration of the nearest inert gas. Hydrogen, on
the other han( has one electron in the outermost
shell and thus has one electron less than the stable
configuration of the nearest inert gas, l'.e., He.

ermost (ualence) shell :

Hydrogen, H
1sl

Sodium, Na

Lithium, Li
"ll zst

Potassium, K
Lt2 zt2 2po 3st L\2 L2 476 7.\2 3p6 4st

2. Electropositive character. Like alkali mc-
tals. hydrogcn also loses its only clectron to lorm
hydrogen ion, i.c., H+ Qrroton).

H+H++r
lrl Iro

H One elcctron less than
Lyl

F ()nc electron less than

1s2 z\2 2ps

Cl One electron less than

Hc
b2
Ne

t"2 %' zpo

Ar

Tltus, hydrogen like alkqli metals Lltltibitli
c le c t rcpos i tiye cha rq cter.

l-.Oxidation slate- Like alhali metals, hydrogen
exhibits an oxidation state of + [ in its compounds.

1s2 zsz 2p6 kz 3ps ltz N2 2p6 k2 3p6.

2. Electronegatiye character. Halogers have a
strong tendeocy to gain one electr'on to form halide
ions. In a similar way, hydrogen shows some tendency
to gain one electron to form hydride (H-) ion.

H + r- ------------) H-
h'l 1.r2

(He gas conliguration)
cl +c- + cl-

Lt2 zr2 2p6 k2 3ps ts2 zt2 2p6 3s2 3p6

(Ar gas cortfiguatiort)
3. Ionization enthalpy. The ionization enthalpy

of hydrogen is quite comparable with those o[
halogens but much higher than those ol alkali metuls.

ElcDlcnt lonizqtion enew
H 1312 k.l mol-1
F 1681kJ mol-r
Cl 12-55 kJ mol-l
Li 520 kJ mol-r
Na 496 kl mol-r
K 419 kJ mol-l

4. Oxidation saate..Iust likc halogen-s, hydrogen
shows an oxidation state of - 1. For exarnple,

llith soditutt: Na+ H- likc Na+ CI-
With calciton : Ca2+ 1H-), like Ca2+(Cl-)2

5. Liberation at the anode. When fused alkali
rnetal hydridcs such as lithium or sodium hydride is
subiected to electrolysis, hydrogen is liberated at thc
anodc. Similarly, halogcns are liberated at the arods
when fuscd alkali metal halides are electrolysed.

At utrcde At cathode
Electrolvsis

2NaH(/) ..................- HzG) + 2Na(/)

Elcctrolysis
2\l('l(/) .+ Cl2G) + 2Na(/)

Na
ls' 2sz 2p6 !s1

Na+ + s-
1s2 2$2 zp5

H+ cl- Na+ Cl- K+ Br-
Hydrogen chloridc Sodium chlodde Potassium broDide

4. Combination with electmn€gative elements
ornon-meia.ls. Like alkali metats, hydrogen combines
with electronegative elements (non-rncrals) such zr^s

orygen, halogens and sulphur forming their oxides,
halides .rnd sulphides raspectively. For example,

Oide : HrO likc NarO , KrO etc.

Halid.es : HCI like NaCl, KCI etc.

Sulphide : HrS like NqS , IlS etc.

5, Liberatlon at th€ cathode. When an
aqueo[s solution of HCI is electrolysed, H, is

liberated at the cathode in the samc way as alkali
metals are liberated at the cathode during tho
electrolysis of their fused halides.

Atcqthode At anode
Electrol,sisZHCl(aqt H2G) +

Electroh,sis
2NaCl(/) --------:- 2Na(/) +

6. Reducing character. Like alkali metals,
hydrogen afso acts as a strong reducing ogent. For
example,

Hcat
Fe3O1 + 4H2 .+ 3Fe+ 4HzO

Heat
B2O3+6K ........- 28 + 3IgO

II. Resemblance with Halogens. Hydrogen
resembles halogens, r'.e. f;, Cl, Br and I ofgroup 17
of the periodic table in the following respects :

1. Elcdonic configuration : All the halogens
haw seltn electrons in their respedive outcrmost shells

ctz@)

ctz?)
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6. Atomicity and non-metallic character. Just
likc halogens, hydrogen also exists as a diatomic
nrolecule : Hz,F2 , C\, Br2 etc. Furthcr, like

halogens, hydrogen Ls also a tlpical non-ruetal.

7. Combination with metals. Hydrogen com-
bines with highly electropositive alkali trnd alkalirc
carth metals to form metallic hydrides. In a similar
way, halogens combine with these metals to form
metallic halides.

Wth alkali metals

zNa + t! -._ 2NaH

2Na + Clz + 2NaCl

With qlkaline earth metals

Ca + H2 
-+ 

CaI{2

Ca + Cl2 
--r 

CaCL

ll. Formation of coval€nt compounds. Lile
halogens, hydrogen readily combhes with non-mo-
tals such as carbon, silicon, nitrogen etc. to form
covalent compounds.

With hydrogen : CH4
Methane

siH4 NH:
Silane Ammonia

With halogens : CCl4 SiCl4 NCl3
Ca6on Silicon Nitrogen

letrachloide tetrachlondc trichloridc

9, Replacement or Substitution reactions. ln
many compounds of carbon, hydrogen can bc
rcplaced by halogens and halogens can be replaced
by hydrogen. For example,

Diffuscd sunlight
+ cl2 ---------------- cH3cl + HCI

Mcth,l
chloride

cHl + HCI
Merhane

rutcleus and only one electron in tlu extravcleor
Paft.

3. Nature of oxides. The oature of oxides of
alkali metals, halogens and hydrogen is quite dif-
ferenl. The oxides of alkali metalt qre basic while
those of halogens are a.ci.lic but the ox(,lc of
nyarogei, i.e., Ft ,o is neutral. Thus,

HzO , LirO , NarO . K2( ) etc , Cl2( )7

Na&al 

--- 

--v- Acidic
Bosic

4. Absence of unshared pairs of elc,Ltrons.
The hydrogen atoms in hydrogen molecule do not
possess ary unshared pairs of electrons whereas
halogen atoms in halogen molecule possess three
unshared pairs of electrons as shown below :

5. Nature of compounds. The compounds oI
hydrogen with halogans, i.e. hydrogen halides (Hf,
HCl, HBr, Hl) arc low boilirtg covqlent cotnounds
whereas alkati metal halidcs (Lif; NaCl, KBr, CsI)
arc high melting ionic soli^.

6. Size of ions. The size of H+ ions
( - 1 -5 x lO-3 pm) is much smallor than those of
alkali metals. Similarly, thc sizc o[ H- ions (220
pm) is much smaller as compared to halide ions.

7. Structure of hydrates, H+ ion sxists in
aqueous solution as hydraled pruton having the
formula. IHe( )ol+ in which four Hr( ) molecules are

tetrahedrally arrangcd around the H+ ion. How-
ever, it is generally rvritten as [H.o+l and called

hydronium ion. Alkali metal cations also exist as

hydrates but the extent of hydration decreatses as

the size of alkali metal cation increases. Thus

._Ht

lL(Hro)61+
f,ilhium hcxahldrate catlofl

Halide ion-s, also exist in aqueous solutions as
hydrated ions but their structures are not well es-
tablished. That is why, they are usually represented
as X-(ag) where X =F,Cl,Brorl.

Conclusion. From the above discussion, it fol
lows that hydrogen is unique in its bchaviour be-
cause it not only resembles alkali metals and

HH CI CI

cHl
Mcthane

Sn/HCl
cH3cl + 2[Hl ....._
Methyl or Z^/HCI

chloride

lII. Difference from Alkali Metals and
Halogens. Hydrogen differs from both alkali metals
irnd halogens in the following respects :

t. Hydrogen is comparatively less electropo:;i-
tive thqn qlkqli ,netals and less electronegative thdn
hologens.For example, hydrogen has less tendsncy
to form H+ ions as compare dto alkali metalswhich
rcadily fbrm monovalent cations. Similarly,
hydrogen has less tendency to form H- ions as

compared to halogens which readily form halide
(X-) ions.

2. Unlike lulogens attd alkali metals, lrydrogen
contains otb) one proton (bfi no rtetLtrons) in its

o
H

H
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halogens in certain properties but at the same time
it differs from both of themin certain other proper-
ties. Therefore, it is not justified to include
hydrogen either along with alkali metals ol Wup I ot
halogens of group 17 In other words, /r e position ol
hydrogen in the peiodic table is qnomalous or con-
fioversiol. That is why hydrogen is sometimes
referred to as a 'ro8u e element'.

1 1 3. Occurrence of Hydrogen :':r:.": :::1:. :

Hydrogen is the most abundant elementin the
univerce (70Vo of the total mass of the universe).
The giant planets such as Jupiter and Saturn con-
tain mostly hydrogen. Hydrogetr mnstitutes about
half of the mass of the sun and stars.

The extremely high temperature of the sun
brings about fusion of hydrogen atoms liberating
large amount of energy

4 lH ------* lHe + z\e + Energy
Helium Positon

It is the third most abundant element on the
surface of the globe. In the combined form, it con-
stitutes 15 47o of the earth's crust and the oceans.
However, on the earth, it, is the Dinth element in
order of abundarce and forms 0.97o of the earth's
crust by weight. In the crustal rocks, it is 10th in
order of abundance approx. 0 l1Vo by wei$i.
Hydrogen is also the essential constituent ofwatcr,
coal, petroleum, clay and all animal and vegetable
matter.

Earth does not possess enough gravitational
pull to retain the light H, molecules, therefore, it is

not found in our atmosphere.

1 1.4. lsotopes of Hydrogen iiii::ri:i::i:i:i:,i1i::::.,,:i:!rri:r:: i:,:, i

ure sdfie ele-
number bul

Hydrogen has three isotopes. These are called
protium, d€uterium and tritium.

Represenlation. The isotopes of an clement
are usually represented byputting the atomic num-
ber as the subscript and their mass number as the
superscript on the symbol ofthe element. Thus, the
three isotopes of hydrogen are reprcsented as

lu, ]u or o and fH or T,

Occurrence. The most abundant isotope of
hydrogeu is protium. This occurs in natural
hydrogen to an extert of99 9844Vo;the remaining
0.0156% being deuterium mostly in form of HD.

Tiitium being unstable because of its radioactive
nature occurs only in traces (one in l0l8 parts) i.e.
the natural abundanccs of lH, lH.andfH arc in the

ratio of1:1.56 x 10-2: I x 10-18.

Some importalt characteristics of thesc
isotopes are giveD io Table 11.1.

TAIILE 1Lf. Atomic I)toperties

')f lsotr)prs rrl H.r,rlrogen

Electronic structure.All the three isotopes of
hydrogen have the same atomic number (Z = 1),
therefore, all have only one electron in thcir only
shell (i.e., K-shell) and one proton in the nucleus.
Since the mass numbers of the three isotopcs are
different, therefore, they differ from one another in
the number of neutrons in the nucleus as shown in
Fig. 11.1.

(i) Protium or ordinary hydrog€n [lH]. This

is the most abundant isotope ofhydrogen. Since its
atomic number is 1a-nd mass number is also 1, its
nucleus has only one prolon (but no ,rcutron) a\d
one electron is revolving around the nucleus in its
only shell, i.e. K-shell.

(ii) Deuterium or heavy hydrogen t fH or Dl,
Its natural abundance is 0.O756% . It is usually
prepared by the electrolysis of heary water (DrO).

Since its atomic number is 1 and its mass number is

II I

Relative
atomic mass

Nuclear spin
quantum
number

Radioactive
stability

1 .007825

NoD-radio-
active stable

2.014l(D

1

NoD-radio-
active stable

3 016049

1t2

Iladioactive,
emits low
energyP-
particlcs,

tr,tz= 12 33Y

HYDROGEN
OR PROTIUM

(lxl
DEUTERIUM

(fx or o1

TRITIUM

(fH or 1d i,ffe r ent m.as s n umb e r s.

Property I)

FIGURE I l.l. Isotopes of Hydrogen
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2, therefore, its nucleus has one ptoton snd one
neutron w[)le on,e electron is present in the K-shell.
It is generally denoted by the symbol D.

Qii) Thitium tfH or q. It is the least abun-

dart (Lo-167o) of all the isotopes of hydrogen and
is forrned in the upper atmosphere by reactions
induced by cosmic rays.ltisrodioactive with a short
halfJife of 12.33years.It decays byB-emission with
no 7-radiations

?H ------ lHe + _[e

It is prepared artificially by the bombardment
of nitrogen or an isotope oflithium with neutrons:

]aN + ln _.....- lrc + iH
jI-i + &, ----------- lne + fn

Since its mass number is 3 and atomicnumber
is l, its nucleus has one proton ond two neutrons
while one electron is present in the K-shell. It is
usually represented by the symbol T.

nMs, the tlvee isotopes of hydrogen differfrom
one another only in the numbet of neutrons i,t the
nucleus.

TABLI

Properties- lsotope Elfect. Since the thrce
isotopes ofhydrogen have the same atomic number
and electronic configuration (Lrl), they have
similar chemical properties. But owing to their dif-
lerent masses, the rates or equilibrium constants of
thesc reactions aie different, For example, reaction
between protium and chlorine is 13.4 times faster
lhcn bclween deuterium and chlorinc : protium is
adsorbed more rapidlythan deuterium on activated
charcoal. Similarly, electrolysis of ordinary water
(HrO) occurs more rapidly than thaI ofheary water

(Dzo).

Thit ttpeolilifrerenceifiprary h dw todlfferenra
in atomic mds.scs is cal*d lsotope tffect.

Further, due to different masses, the physical
propertics of these isotopes are quite different.

Some common physical properties of H,
(dihydrogcn), D, (dideuterium) and T2 (ditritium)
are given in Table 11.2.

I. From water. Dihydrogen may be obtained
from water by any of the following method.s :

1. By the action ofwater on metals
(i) Cold water Very active metaLs, l'.e., alkali

and certain alkaline earth metals like Na, K Ca etc.
react with water at room temperature evolving
dihydrogon.

Uses of Thitium. Tiitium is used to make ther-
monuclear devices and fbr carrying out researches
in lusion reactions as a means ofproducing energy.
Tritium gas is usually stored by making UTr, which

on heating to 673 K releases Tr.

671K
zuT, 

- 
2u +3'f2

It is widely used as a radioactive tacer si\ce ia

is relatively cheap and easy to work with.

i 1 t n!^Drralron or Dihydroggn

The important sources of dihydrogen are
water, alkalies arrd acids.

Ca * 2HrO ......._ Ca(OH)z + Hz

The reaction with alkali metals is so vigorous
and exothermic that the hydrogen evolved catches

2Na + 2H2O ......._

2K + 2HrO -----------+

2NaOH * H,
2KOH + H2

PRO PI'R'fY IIz Dz T2

Molecular mass (a.m.u.)

Me ltiDg point (K)
Boiling point (K)

llnthalpy of fusion (kJ mol-1)

Enthalpy of vaporization (kJ lnol - r)

Enthalpy ofdissociation (kJ nrol-t at 298 2 K)

Inlernuclear distance (!.D)

2 016

11.957

?i.39

0 ll7
0 904

435 88

14.14

4.028

18.73

23.67

o.197

1.226

443.35

74.14

603
20.63

25 .00

0 250

1 393

446.9
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llrc. I n ordcr to slow down the reaction, amalgams
(alloys with mercury) of these metals are generrlly
usctl. In thcse rmalgams, orrly a small surfacc area
oI ths mctal comes in contact with water and, there-
fore, the reaction is slowed down.

With calcium, thc rcaction is not so vigorous
and hcnce cun he casily controlled.

(ii) Boilitrg woter Less active metals like Zn,
Mg, Al ctc. rleconrpose boiling water liberating
clihydrogcn.

IIcat
Zt* HrO 

- 

ZIO+H2
tleat

Mg + Hr() -----------+ MgO + Hz

Heat
2Al+3H2() ...........+ AlzOr + 3Hz

(iii) Steom. Still less reactive metals likc Fc,
Sn, Ni etc. dccompose steam at high temperatures
evolving dihydrogcn.

3Fe+ 4H2() .....-.-.- FerOo * 4H,
(Stea,n) Magnetic oxide

2. Byelectrolysis ofwater, Dihydrogen of high
purity is usually obtaincd by the electrolysis of
watcr in presencc o[ small amount of an acid or a

hasc. f)uring electrolysis, dihydrogen is collected at
cathode while diorygen is liberated at anodc as

shorvn bslow:
Electrol!{is

2 HrO(t) J 2H2@) + OzG)

Pure water is only weakly ionized (i.e. is a bad
conductor oI elcctricity) but in presence of an acid
or u base, the degrec of ionization increases.

H2t)(/) ---------"r H+ (aq) + OH- (aq)

Atcothode: H+(aq) + c- 
- 

H
FI, + .H 

- 

HZG)

Atanode: OH @q) + OH+e
2H2O(t) + O2@)

Although dihydrogen prepared by this
mcthod is of bigh purity, yet this method is not
commercially viable since it is quite expensive.
However, where elcctricity is cheap, this method
can be used.

lI. From Alkalies. Metals like beryllium, zinc,
tin and aluminium etc. roact with boiling alkali
solutions liberating dihydrogen.

Hcal
Bc * 2NaOH ..........- NarBeC), +H,

Sod L)eryllute

Zn + 2NaOlt
Ilcat

Na2ZnO2 + H2
Sod. zincale

FIcat
Sn + 2NaOH ----------- NazSnO: * H,

Sod. stanritc

2Al + 2NaOH * 2H1O 

- 

2NaAlO" +3H2
Sod

nreta-alunrinate

Ill, I-rom Acids. Mctals which ars rnorc
elcctropositive than hydrogen i.c., lio above
hydrogcn in the electrochemical series) such as

zinc, iron, magnesium etc. reuct with dilute mineral
acids (dil HCI anrl HrSOo) to liberate clihydrogen

gus.

Zn + H2SO1 

-Fe + 2HCl -----------+

ZnSO4 + H2

FeCl, * H2

MgCl, + H,Mg + 2HCl -----------

Metals like copper, silver, mercury etc. which
are less electropmitive than hydrogen (i.e., lie
below hydrogen in the electrochemical series) do
not liberate dihydrogen from acids.

115.1. Laboratory PreParation of
Dihydrogen

In the laboratory, dihydrogen is prepared by
action ofdil. H2SO1 on graDulated zinc.

Zn * HrSO. (dil.) """""- ZnSOn * H,

Granulated pieces of zinc are placed in a

Woulfe's bottle and are covered with water. The
bottle is fitted with a thisde funnel and a delivery
tube as shown in Fig. 11.2.

FIGURE 1 1,2, Preparation of dihydrog"n
gac in thP laboratory

Conc. HrSOo is poured slorvlv through thc

tlrislle funnel. As thc acid falls in thq Wbulte's
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bottle, it gets diluted and then reacts with zinc
evolving dihydrogen gas. It is collected by
downward displacemetrt of water.

It has been observed that sometimes the bub-
blas of dihydrogen produced stick to the surface of
the zinc metal preventing the further reaction ofthe
acid on the metal. Such a situation car, however, be
avoided by adding a few crystals ofcopper sulphate
to the reaction mixture.

Notes, The following points must be noted
wbile preparing dihydrogen gas in the laboratory.

l. Pure zinc is not used tot the preparation of
gas becouse it reads very owly with dil- HrSO o. The

presotce of impuities, howeve4 increases the rdte oI
reaction due to tlu fomution ol electrochemical
couples.

2. Conceniated sulphuic acid is not used for
the pepamtion ol dihydrogen gas becouse zinc reacts
wilh concentrated acid lo Iom SO, gos instead of
Hzgas.

7i + 2H2SO1--"- ZnSOr+SO2+2H2O
(conc)

Preparatlon of pure dibydrogen gas. In case
very pure dihydrogen (> V) 95Vo) gas Ls required it
may be obtained as follows :

(i) By the action of pure dilute sulphuric acid
on magnesium ribbon.

Mg + HrSOn (dil.) ......._ MgSOn + H,
(ii) By the electronlysis of a warm solution cf

barium hydroxide using platinum or nickel
electrodes.

(lii) Bythe action ofwater on sodiumhydride.

NaH + HzO -'-'- NaC)H * Hz

(iv) By the action of KOH on scrap aluminium
(Uyeno's method),

This method is used for military purposes.

2 Al + 2KOH + ZH|O --+ 2KAIO2+3H2

1152. Commerclal preparation or Manu-
facturc of Dlhydrogen

Dihydrogen can be prepared on a commercial
scale by the following methods :

(l) From ratcr grs. When supcr heated steam
is passed ovcr red hot cok€ at 1270 K a mixture of
carbon monoxide (CO) and dihydrogen (Hr) called

water gas is produced.

l2',t,K
c(, + HroG) -""""'- coG) + HrG) -t2t'3u

Water gas

Dihydrogen is removed from water gas hy any
one of the following two methods :

(i) Liquefaction Pmcess. Carbon monoxide li-
quefies at 83 K while dihydrogen at 42 K. Thus,
when water gas is cooled under pressure, CO li-
quefies while H, passes out.

(ii) By Bosch Process,ln this precess, water
gas is mixed with twic€ its volume of steam. The
mixture is then passed over a heated catzrlyst (con-
tainiag oxidas of iron, chromiun and cob alt) at773
K when a mixture ofcarbon dioxide and dihydrogen
is produced.

FczOy'c'rlOl

. coG) + H2G) + H2OG)t v ---J ",3 K
Watcr gas

COz@) + 2H2(E)

Carbon dioxide is removed by dissolving it in
water under pressure (20-25 atmospheres) and the
dihydrogen left behind is collected.

2. From steam and uDt€r gas - Lane's
Prrxcss. Dihydrogsn is manufactured by passing
alternate currents of steam and water gas over red
hot iron. The method, in fact, consisls of two stages.

(i) Ondation sra8e. Super heated steam is
passed over iron filings heated to aboua 1:02i - IO73
K when hydrogen is formed and magnetic oxide of
iron is left behind (Fig. r1.3).

OIHYDBOGEN GAS

POBOUS IRON t

i- t llryl -i
@2 + H2O

STEAM

I

t
WATER GAS

I
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(ii) Reduction rrsge. When the whole of iron
has been oxidised, the steam supply is cut off and a
stream ofwater gas (H, * CO) is passed to reduce
FerOo back to iron.

Fe3Oa + 4H2-3Fe*4HzO
FerOo + 4CO -..........r 3Fe + 4COz

Thus by pa-ssing steam and watcr gas alter-
nately over heated iron, dihydrogen gas can be
manufactured from a small quantity of iron.

3. By the electroysls ofwaten This is rhe best

tlihytlrr:gen involves cither partial oxidation of
hydrocarbons obtained from petroleum or thermal
cracking of natural gas.

(i) Partial oxidation nfhydrocarbons or coke.
A_mixture of hydrocarbons (say irude naphtha) is
mixed with steam and pa.ssed over a heated Ni-Cr
catalyst at 1270 K.

Ni-Cr
+ nH2O

Steanr 12'70 K
nCO + (2n + 1)H,

ln this process, instead of crude naphtha,
natural gas may also be used.

Ni_Cr
CH4 G) + Hr() (q)' -......_ Co G) + 3H, G)

C^Hzn*z
Naphtha

FIGURE 11.4. Eectrolysis of water for commerciat
prcparation of dihydrogen.

ln this cell, iron sheet is used as a cathode
while nickel plated iron sheet acts as anode.

NaOH solutionis used for electrolysis, the decom-
position of water takes place as follows :

H2O -.........- H+ + OH-

Natumlgas St€am

Similarly,

QH, G) + 3 H2o G) -.........- 3 co (s) + 7 itr(S)
1270K
127C K

C(s) + HrO C(s) + H,@)
CO is converted to CO, by passing the gases

and steam over an iron oxide or cobalt oxide
catalyst at 673 K resulting in the generation of more
H2.

FcrO, or CrrO,
co + H2o . co2+H2

673 K
This is called the water gas shlft rraction.

-Relatively 
small amounts of dihydrogen (l -l7 m3h-r) are obtained by passing a 1 :-1 molar

mixture of vapourised methanol and water over a
base-metal chromite q.pe catsl',st at 673 K. Thc
mixture of hydrogen aud carbon monoxide thus
obtained is made to react with steam to give CO,
and more dihydrogen

673 K
CH3OH--.............* CO + H2

Catallst

673K
CO + H2O ....-........r COz+Hz

Catatyst

5. As ! by-product. Large quaotities.of
dihydrogen are obtained as a by-product in various
industries. For example,

O From petroleum cracking planls,
(ii) Manufacture of sodium hydroxide by brine
electrolysis, (iri) From coke oven gas.

(u) Ttermal cracking of natural gas.
Dihydrogen mayalsobe obtained by thermal crrck-
ing of natural gas.

tz70 K

Ni- Cr

DIOXYGEN<-

20% NaOH
SOLUTION

.---} DIHYDROGENtr
I

ASBESTOS
DIAPHRAGIV

At cathode,

H+* e- ........-.-

At anode,

4OH- +
4OH +

H.
H2

4OH + 4e-
2 HzO + 02

4. From hydrocarbons. One of the most
recent methods developed for manufacture of

:lt
=-_
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lnoK
CH1 """""""'- C+ zHz

catallst

Presently above 77Va of the industrial
hydrogen is produced from petrochernicals, 187o
from coal, 4Vo from electtolysis of aqueous solu-
tions and l7o from other sources.

1 1.6. Properties ot Dihydrogen

(d) Physical propertles. l. lt k a colour-
less, tosteless and odourless gas

2. It is the lighest substarre known. For ex-
ample, one litre of dihydrogen at N.TP weighs
0'0899 g. Its densityis approx. U14 th ofthat ofair.

3. It is slightly soluble in water since its
molecules are non- polar.

4. It can be liquefied uDder low temperature
and high pressure.

Some important physical constants of
dihydrogen alongwith dideuterium aud ditritium
are given in Thble 11.2.

ortho ard Para Hydrogen, Dihydrogen has two nuclear spin isomers called onho and paiOitryorogen.
when two hydrogen atoms combine to form a molecule ofdihydrogeD, the two electrons arways spin in the
opposite d irections (Part li \ uclution principle) as orhenrise the moteiute wrri not ue sta6e. How&er, the spins
of the protoDs (nuclei) may either be in the same direction or in the opposite direction.

Wen the spiw of the nuclei are in
the same direction (pnallel spiru ),
dilEdrogen it called ortho
hydtogen and when the spins ore
in rc oppoite dircctioru (at-
tipdrallal ipiw), difudrogen it
cal/ed psra hydrogen.
'lle two forms ofdihydrogcn are
sho$,n in Fig. 11.5.

Conversion of one isomer into the
other is a slow process. Para
isomer with lo$i/ ener$/ is
favoured at low temperatures.

ORTHO HYOROGEN
(Patallel nucleat spins i lolal
nuclearspin = + f + 1= 11

PARA HYDROGEN

lAnt i parcl I el nucl e at spi ns ; lolal
nucl€arspn'++- +=0)

At room temperature, ordinary dihydrogen contains
d, rhe percentage of
at about 20K i( is
o 400 K or abovc, ah

7). Thus, it b postible ,o obtoin Ftre Wa hyboge bu,
The phlrical-p_rop€rties ofdihydrogen are llot greatly affected by nuclcar spin isomcrism, Howcver, some of
the Dotable differences are :

(i) Thermalconducruty of p-Hzts 50% Erearer ihan rhat ofo-FI2 and
(fi) The meldDg point ofp-Hz.is O. 15 K tower than thar of hydroge n @naaining,tsVo o-H2.

(D) Chemlcal propertles. Some important
chemical properties of dihydrogen are dlscussed
below :

1. Neutral character, It is neutral to litmus.
2. Combustlblllty. It s aht$ly combus tib k gas

and burns in air or dio4tgen with a pale blue flame
to form water. However, it is not a supporter of
combustion.

nzg) + or{g)-.-+ za"O(t)
o its high bond dis-

socia mol-l), dihydrogen
is qui mposition of H2 into
its atoms occurs only above 2n00 K (0. 081% which
increases to 95. 57o at 5000 K)

5000 K
H2@) '--------r zH(E)

%.5%
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4, Action vlth metals. Dihydrogen reacts with

strongly electropositive metals like sodium, potas-

sium, calcium etc. to form salt-like (e/ectrovalent or
rozrc) metal hydrides, in which the oxidation state

of hydrogen is - 1. For examPle,
573K

2Na + H2 -""""'' 2 Na+H-
Sod. hydride

573 K
Ca + Hi """""'' Ca2+1H-;,

cal. l4idridc

5. Actlon with non.metats. Because of iLs high

bonJ dissociation energy (435'88 kJ mol-r),

i:
Et

or motecular hydridcs. For example,

@ lmth diorygen,llrforms HrO. The reaction

is strongly exothermic
9?0 K

PbO + H,

Fe3Oa + 4Hz

lleat
--.-.---..' Pb + H2O

IIeatr 3Fe + 4H2O

The uides ol strongly electroPoitive metals
such as those of alkdli and alkol E es,th metsls are

not reduced by lhis method.

Dihydrogen also reduces some metal ions in
aqueous solutions. For cxamPle,

P&+ (aq) + Hz G) 
- 

Pd (,s) + 2 H+ (4q)

?. Ilydrogenation of unsaturated hydrocar'
bons, Unsaturated hydrocarbons such as alkenes

and alkynes add dihydrogen in presence of a

catalyst to form saturated hydrocarbons.
Ni or Pt or Pd

CH, = gg, * H, 
--------:+ 

CH3-CH]
Ethcnc 413K Ethanc

Ni or Pt ot Pd

HC = CH + 2Hz CH3 - CH3
Accqdene 473K Ethanc

Hydrogenation of uDsaturated organic com-
poundi ir presence of heterogenou's and

Lomogeneous iatab'sts is used in many industrial
processes. For example,

(i) Hydroformylatlon of olefins. Olefins react
with carbon monoxide and dihydrogen in presence

of octacarbonyl dicobalt as catalyst under high
temperature and Pressure to form aldehydes.

ICo (Co)412

RCH=CHz+H2+Co
High temp., plessurc

RCH2CH2CHO
AldehYdc

This reaction is called hyrlroformylation or
the oxo-process. The aldehydes thus obtained on

subsequent catalytic reduction give alcohols.

RCH2CH2CHO + H2 ----) RCH2CH2CH2OH

Aldehydc Alcohol

avoid this, double bonds are reduced. For this pur-

pose, dihydrogen is bubbled through edible oils in
presence of finely divided nickel oI473 K when the

oils are converted into solid fats

2H2@) + O2@) 2H2O(r)
or Elcciric discharge

(ii) With halogem. Dihydrogen ombineswith
halogens ()lr) to form halogen halid s

H: (.c) + &G) -'--r2HX(8)
(x: !'Cl,Br,t)

The reactivity of halogens towards dihydro-
gen decrea es in the order:

Fz> Cl2> Br, > Ir.
Thus, flourine re. cts in dark, chlorine in

presence of diffused sunlight, while the reaction

with bromine and iodine occurs on heating in
presence of a catalyst.

(vi) Wittt ditttrcgen, it forms ammonia.
673K 200 atm.

NrG) + 3HrG)- 2NH3G);
Ft, Mo Ammonia

AH = - 92'6 kJ mol-r

This eaction is u ed for the anufacture o[
ammonia.

6. Reduction of meial oxides and ions'
DihydroRen octs as s reducing ag t and hcncc

rctluces oxides otcertain less elecl.roposil.ive metals

such as those of Cu, Zn, Pb, Fe etc. to the cor'
responding metals. For examPle,

Heat
CuO + H2 Cu + HzC)

Heat
ZtO t H, Zt I{rO
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Ni.473 K
Edible oil + Hz .............* Edible fat(,iqtiA gohd)
This process is called hydrogenation or har-

dening of oils and is used in the manufacture of
vegetable ghee likc Dalda, Gagan, Rath etc. from
vegelahle oils. It may, howevcr, be noted that
h,yd.rogenation reduces the number of double bontls
but does not completely eliminale then.
1 1.7. Uses of Dihydrogen ,,:.r

(iv) in the manufacturc hydrogen chloride

hv
H, G) + cl, G) 

- 
2HCt(8)

(v) in the manufacture of meta.l hvdrides
(refer to scc 11.7).

(vi) in metallurg to reduc€ heavy metal
oxides to metals.

(vri) in the atomic hydngen (produces
temperatures around 4000 K) ad ory-hydmgen
lorcier (producqs temperature betwe en 2270-2770
K) for cutting and welding. Dihydrogen is dis-
sociatcd with the help of an electric arc and the
hydrogen thus obtai-oed are allowed to recombine
on the surface to be welded. ds a temperature of
around ,1000 K is generated.

(uii) Liquid hydrogen (mixed wirh liquid
orygen) is used as a rocket fuel in space research.
It is also uscd in fuel cells and in bubble chambers
for study of high encrg5r particles.

Dihydrogen is usecl

(i) in the
Habcr's process)
oIvarious Iertilize
calcium ammoniu

(l) in the hydrogenation of vegetable oils to
lbrm solid fats, i.c., Vanaspati Ghce.

(ir'i) in the manufacturc o[ bulk chemicals such
as methanol

700 K 200 atm.
co G) + 2H2@) cH3oH (/)

Coball calalvsl

Dihydrogen combines with a number o[ ele-
ments to fornr binary compounds called hydides.
Their general formula being MI{, wherc M repre-
seots the elem€nt and .r the number of hydrogen
atons. The yarious elements which form hydrides
are :

_ (D All the main group elements except those
of noble gases and probably indium and th-allium.

(ri) All lanthanides and actinides.
(iri) Tiansition metafs-Sc, Y, La, Ac, Tc, Zr,

Hf, Pd and to a lesser erent Y Nb, Th, Cr, Cu and
Zn.

S; l. Hydrogen unde r very high pressure is expcted to behavc like a melal.

ff,g z. Tlc Dame dibydrogen is commonly used tor H2 molecule, but while referring to the isolopic mixture with

Depcnding upon the physical and chemical
properties, the hydrides have been divided into the
following thrce broad categories :

l. Ionic or Salrlikc or Saline hydride,s
2. Metallic or lnterstitial hydndet
3. Molecular or Covalent hydrides

polymeric structures.



Net4 Course
11112

Properties' Some important ProPerties of
ionic hydrides are listed below :

(,
fiot t th
contqin
hydtide,

(ii) T'hese are white crystalline solids and their'

cryStal strucfiires consisl of ions.

thcse hydrides decrease progressively as the-size oI
the meial cation increases from Li+ to Cs+. In a

similar way, the stabilities of hydrides of alkaline
earth metals decrease in the order :

CaH2>SrH2>BaH2.

those
isbec
ol lhe metal without disto ing ahe metal lqttice'

(iv) Tlrcy hne high melting snd boiling Points
atd conduct ekctricity in the rttsed state' libersling
dihydtogen at he anode.

At anode :2H- (l) '------> HzG) + 2e-

At cqthode:Na+ O + e- ""-'' Na (l)

(v) They have high heats of fotmation and are

always stoichionetric.
(vi) Except LiH, they bum in air o', strong

heuting (675-775 K) rfue to heir decomposttion

into hydmgen which is inllammable
615_TEK

CalI, """""""" 91 a 1q

(vil) rmthe

correspon tion ol
dihydroge

NaH (s) + HzO (/) ...- NaOH (aq) + H2 G)

CaH2 (s) + 2H2o (l) "+
Ca(OH), (aq) + ZHz@)

Because 6f the exothsrmic nature of the reac-

tion,(he evolved H, catches fire. The frres so

produccd cannot be extinguished by CO, because

it gets reduced by the hot metal hydride- However,

sand is useful since it 3 fiighly stable solid.

(iii) Thq arc powerful reducing agenls, espe'

cidlly at high temPemtwes

2CO + NaH I HCOONa + C

SiClo + 4NaH --"- SiHr + 4 NaCl

PbSOa + 2CaH, + PbS + Ca(OH),

Howeve4 their reactivity towards HzO limits

their usefulness as reducing ogents in aqtteous solu'
lions,

(i:t) They fortn comples:es fltcll ss litliunt
oluntinium hydide (LiAlH 4\ and sodiunt

borotrydide (NaBH) which are widely used us

rcduc ing agents in orgonic synthesis.

4LiH + Alclr 'LiAlH4 + 3 Licl

4 NaH + B(OCH)I* NaBHr + 3 CHTONa

2. Metallic or lntentitial hydrides. d-Block
La,
and
eat-
oul)

LaH3,TiH2,Z.rHz, HfH2, vH, VH2, NbH, NbH2,

TaH. T have ProPerties
similar t als and hence are

called these hYdrides,

#iii:
called

lnterstitial hydrldes.

These interstitial hydrides rnay also be
olid solu-
it is trot
in the in-
ions with

delocalized electrons.

Propcrties. Somo imPortant Properties of
these hydrides are listed below :

(i) They are hard, hove a metallic lustre, cott'
&rct etectricity and have magnetic properties.

(ii) The thon

those of mela e the

crystal lottice

(r,r) These hYdrides are often nll
stolchiometrlc (ZrH, where X : 1 30- 1'7-5,

TiH, where X = 18-2 0, ZrH,.o, Pdll6.7,

VHr.6, LaH2.sz, YbHr'55, CeH2.z) Further the
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rotio of H-atoms tothe metal atoms in these hvdides
is not frxed but vuies with the temperature ;nd the
Ptefsure.

Uses. Due to interstitial hydride formation,
these metals absorb large volumis of hydrogen ori
their suytace- This propeny of adsorption of igas by
u tnetol ir known as occlusion.

occluded depends
te of the metal, r..e.,

nt > plalinunt >

If red hot Pd is cooled in Hr, it absorbs or
occludes about 935 times its own volume ofH, gas.
This may be used to separate H, or D, from He and
olher gases, However, on strong heating, the oc-
cluded hydrogen is liberated. Further meials which
can clissolve varying amounts of hydrogen in this
way can acl us catalysls for hydrogenal.ion reac_
lions. Metallic hydrides can also be used as
hydrogen storage media.

3.lVlolecular or Covalent hydrides. These are
mainly formed byp-block elements and some r-
block eloments (Be and Mg) primarily due to the
reason that the electronogativity difference be_
tweeo these elements and the hydrogen atom is
quite small. Their general formuia is-either XH,
(for s-block elements) or XHr_, (forp-block ele-
ments) where n is the number of electrons in
valence shell.
crete covqlent
wcak van der
are cqlled covalent or molecular hydrldes.

Nom€nclaturc. The systematic names of
molecular hydrides are usually derived from the
name of the element and the suflu-ane. For ex-
ample, phosphane for PHr, oxidane for HrO and
azane for NHr. However, common names like
phosphinc, water and ammonia are more common_
ly used.

_ Preparation. These are preparcd bya number
ot ditterent methods:

(i) By direct combin&tion of elements with
th lty drogen. For example,

673 K 200 almN2k)+3HzB) ......................-2NH3 k)
Fe, Mo

Electric discharye
zH2@) + ozE) ---------------,--........- zHzo (s)

713 K
Hr(g)+S(/) 

- 

HrS (g)

Dark,little moisture
H2G) + F2@) HF(0

23K
(ii) By reduction of a suitable halide with

LiAlHoin dry ether

4 BCl3 + 3 LiAlHl -....t 2BrHu + 3 AlCl3+3 LiCl
SiCla + LiAlHa------- SiH4 + AlCl3 + LiCl

(iii) By action of acids on suitable binary com_
poun^.

2 MgrB2 + 4 H3PO. .......;

Mag. boride BoH,o + 2 Mgr(POo), + H,
ALq + 12HCt......- 3 CH4 + 4 AtCl3

Aluminium
carbide

FeS+HrSOo._HrS+FeSOn
Ca3Pz + 3 H2SO4 ----- 2 pH3 + 3CaSOa

Cal. phosphide

(iv) By reduction of an oxoucid with NaBHnin
aqueous solution

4 HrAsO, + 3 NaBH, ------->

4 AsH3 + 3 H3BO3 + 3 NaOH

_ _ Classilication. Depending upoa the number
ol electron-s and bon& preseot in their Lewis struc_
tures, molecular hydrides have been classified as
elecfon-dqcient, elecffon-exact and electron ich
hy*ides.

_Properties, Some important properties of
covalent hydrides are discussed below : 

-

(r) ually volatile com-pounds ioiiing points and
also do

(ii) Hydrides of gruup lj (i.e. BH,,AW, etc.).
do ,tot have sufrcient number of ekclrons to Iomt
normsl covalent bonds and hence are cslled
electron-defi cient hydrides. They geoerally exist io
polyneric forms such as Brtlu, noH,o, 1ntfury, e tc.

_ (.i0 Hybides tl group t4 0.e.
CHn, SiHn, GeHo, SnH4, PbHi have exa{t number
of electrons to lonn nonlal covalent bonds and

cise hydrides. All th ese
shapes. Their bond

to PbH, as the size of
the element increases from C to pb.
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(iv\ Hydndes ol goup 15, 16 ond 17 (i'c 
'

NH3,'PH3, HzO, HzS, HE HCI etc') have ntote

elechons lhutt requircd to foml nomnl coyolenl

borrds ond hence ire called electron'rich hydrides'

associated molecules as shown below :

l,z[ii RrIi: R=[i:
\H- \H- -H--

'. ?i- E* '. d- 6* \ i,- 6*
.........:o-i.........:o-H......... io--.H.. ... ..

ot(- o.( ^'(.
6* 6- 6+ 6- 6* 6-

..,......H-F H-F H-F "

Gronp l5 Group 17

b.p.

o()

NIr3

PH:

AH:
sbI-I3

2i8.5

185 5

210 6

254 6

Hzo

HzS

Hrse

HrTe

373

213

23'l

270 8

HF

HCI

HBr

HI

2v2.4

188.0

205.9

?31.5

etc.), followe<l by nitrogen (N.Ho, NHr), orygen

(Hror, Hror) and sulphru (HrS, whetex = 2-6)'

Bcsides three main cateSories ofhldrides, i e , iooic rtain hydrides are better kDowD

as potymeric hydrides and comPlsx hydrides For e 
in rhe range I . 40 _ 2 . 0. Thsse
held together io two or tbres

ples are :

@cH)o, (AlH3)6' (InH3)n, (GaH3),,, (siHa), etc'

These arc amorphous solids whicb dcaomP6e above 523 K to evolve H2 8a-s'

Shucture- Bery'lium hldride exists in the Polymeric form invoM[g three-ceDtre-two electron bonds as sbown

below :

Groutr l6
,lv-

dridc
l).t,
(K)

Irv"
dride

b-p.
(K)

tlv-
dridc



HYDFIOGEN
1111s

OccurrEnce. Water is essential to all forms
of life but distribution of water over the carth,s
surface Ls not uniform. Whereas deserts have oo
permaDent surface water, oceans cover vast areas
(l .61 x 108 kmz), i.e.,78Vo oI the earth's surface.
Of the lotal-eslimated global supply of about
1.4 x 10e km3, the oceani and the lniand saline
water bodies hold 97.3Vo and the fresh water
amounts to less thar.2.TVo.Most of the freshwater
(2.5-2'9 x 107 km3) is locked up in Antartica
and Artica glaciers. Fresh watcr lakes contain
I .25 x 105 km3 of water, more than half of which
is in the.,tbur largest-lakes : Baikal (26000 km3),
Tirnganlka (2IlC0 km3), Nayassa ( 13000 km3; aod
Superior (12000 km3). Other major sourceso[lresh
water are : ground water, springs and rivers. Tbc
fraction of fresh water readily available for human
use is only 0.0067" ofthe totalglobal water supply.

In nature, water is found is all the three
phases, r'.e. solid, liquid and gas.

11.9.1. Structurc of \f,hter Molecute and its
Aggregates

In HrO molecule, the orygen is sp3-
hybridized and hencehas four s1y'-hybridized orbi-
tals. T\yo of these sd-orbitals are half-Iilled antl
hence 

-overlap with fu-orbitals of hydrogen to firm
two.rp3-s, O -H, o-bonds while the othJ, to,o con-
Lain a lone-pair of electrons each. Since the oxgyen
atom is s23-hybridized, therefore, the geometfi of
HrO molecule should be tetrahedAl and the
ZHOH bond angle should be 109.-5.. But ex-
perimentally, it hasbeen determined that theactual
LHOH bond angle is 104.-5.. This maybe explained
a.s follows :

In HrO, the oxgyen atom is surroundedbytwo
shared pairs, and two Ione pairs of clectrons. But
according to VSEPR (Valence Shell Electron pair

O -H bond has a bond len6h of 95.? pm.
In the cretemolecules HrO

molecule in
Fis tl.idt. asrn

, . . The elecrronegativity oforygen (3.5) is much
trBtrer (uext only to fluorine) thaa thal ofhydrogen

*/\*
oo

Î P=' too

/,\HO-H

FI ga. Fha"a

ec.tre.

(2.1) and hence the shared pairs of electrons in the

polar molecule. Its actual dipole moment is l.g4 D
(Fig. 11.6(c).

Hyrlrogeo bonding in water and ice. In the
liquid state, tbe HzO molecules are held together by

molecufes as shown in Fig. 11.7(a). Thus in the
liquid state, H2O exists as an associated liquid.

tn8-

Ice, the solid form of water. can exist in nine

tures, it conde$es to cubic form. In the nornral
hexagonal 

!9e,9ach or(ygen atom is terahetiraifi
surounded by four other oxygen atoms,..s.. rhere

LONE PAIRS

HH

c6-
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----./

.,/I.H

words, the density of liquid water at 273 K is higher

than that ofice and hetceicelloau over liquidwater'

As the temPeratur
273 I( more and more
quently more and more

277 K.

even during sevcre cold weather.

11.92. ProPerties of Water

(a) Phlsical Pr
properties of water
H-bonding between
physical constants o

deuterium analogue, i.e., heat'y water (D2O) are

listed in Table 11.4.

.t
VACANT SPACES

ltzzp-

,\

H/

Some ofthe important physical properties are

FIGUBE 11 er in the
liquid state ement

ol

intemolect at hydrogen bonding in HrO molecules

which is, howevet absent afiiottg tlrc molecules of
HzS , H2Se, HzTe etc'

(iii) Waterbec constant

Q|'3b)'hr.s the ab the inor-

gonic ('ionic) comP rcSatded
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TABLE 11.4. Some ph,sical constants ofII2O and D2O.

PROPI]ITTY IltO D20

Molecular r]ass (g mol-l)
Meltnrg poiDt (K)
Boiling point (K)
'len]perirture of ma,xintum density (g/cm3)

Ma\rnrun] densiry (293 K) (g/cm3)

DeDsity (298 K) G/cm3)

Enthalpy oI fbrD]arrol.1, AfI/" (kJ mot- I)

Enthalpy ofvaporisarion (373 K) (kJ mot-r)
EDthalpy of fusion (kJ nrot-l)
Specific heat (Jg-1 K-r)
lonisarion coDsrant [H+ j IoH-] (molz L-1
Diclectric constant

Viscosit)'at 293 K (rn centipoise)

Electrical coDductivity (293 K/obm-l cm-l)

18.015

273.0
3'73.O

216.9a

1.ffto

1 .0000

-2A5 9

40 66

6.0 t

4 17',1

I 00tl x lO-la
'7A.39

0.8903

5.7 x 10-8

20.0276

2't6.8
374 4

2f'4.2

1106

1.10-59

-294.6

41.6t

62A

.9-5 x l0-l-5
78.06

1.107

aJ a universal solvent. Whereas solubiliN of ionic
compounds takes place due to ion- dlpoie lntera-
tions. (i-e. solvation of ions), ahe solubility of
covalent compounds such as alcohols, amines,
urea, glucose, sugar etc. takes place due to the
tendency of these molecules to form hydrogen
bonds with water.

Qii) Heavy warer (DzO) has slightly higher
values of physical constants because of its higher
molecular mass as compared to that of ordiiary
water (HrO).

wide
base,
ions. Some ofthese properties are discussed below:

f. Stabillty. Due to high oegarive heat of for-
mation (AH/ = 245.9 kl rnol-l), water is quite

decomposes
erature. The
not appreci-

1500 K
zHzo(s) 

-> 
zHz(d + o2@)

- Water also decomposes into its elements,
wheu 

_electricity is pa-ssed through it in pr".erc" oi
a small amount of an acid or an alkali. 

-

Electric current2H2o(t) 2H2G) + o2@)
(At cathode) (At o ode)

2. Acid.base character - Amphoteric charac-
ter. Water is a weak electroll,te, i.e., it undergoes
ionizatiol to a small extent to givc HrO+ (aq) aoci

OH-(aq) ions. As a result,pure wster lrus very low
e I ec ti c o I c on du ctiv i ty.

HrOO + Hro(/) 
-. 

H3()+ (qq) + OH- (aq) |

K- = 1.0 x 10-14 mol2 L-2 at 298 K.

nu$, wqter qcts both as an acid qnd as a base
und hctlce is liaid to be omphoteic in character Fot
examplc, it can ac[ as an acid towards NH, and as

a base torvards HrS :

HrO O + NH3 (arl) --' NHo+ (ar!) + OH- (aq)
Acid Basc Acid Base

H2o (1) + HrS (aq) ..* H{)+ (aq) + HS- (aq)
Base Acrd .\cid Base

In general, wqler cqn act a5 u base towards
qcidt slronger lhsn self and as an acid lowards a
bqse sltonger than it. 'fhns, in terrn_s of its am_
photcric nalurc, auto-protolysis of water may be
rcpresented as follows :

HrO (i) + HrO O == H.O+ (aq) + OH- (aq)
Acid Basc Acid2 Basc2
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3. Oxidation-reduction or Rcdox rtactions.
Besides, acid-ba-se reactions, water also undergoes

oxidation-reduction reactions.
(i) As an oxldistng agent. Water reacts with

number of active metals like Na, Ca etc. whose

electrode potential is less than -0.83 V liberating
di\drogen gas.

[2H2O(l) + 2e- '-"""'.zOH- (aq) + Hz@) i

' E : -0 83V1

zNa(.r) + 2Hro(D -""""' 2NaoH(aq) +H2(a)
(Redtcta ) @xid@tt)

Sirrilarly, when steam is Passed over red hot
coke (1273 K), water gas is formed.

C(s) + Hrtxg)
(Rcdtaonr) 66tron11

1273 K.-+ co@) + n@)

Water Bas

ln all these reaction s,water acts ar an oidisittg
agent ond lrcnce ilself Sels raducedto dihydrogen 8a\.

(ii) As a reducing agent. Water reacts with
highly electronegative eleme nts like fluorine whosc

el;ctrode poteotial is higher than + I '23 V liberat-
ing dioxygen and triorygen.

lOzG) + 4H+ (aq) * 4e- a
Eo=

2F2@) + zHro(t) 
->(Ondait) (Redl/ctant)

or(g) + 4}{+ (aq)

or 3Fr(g) + 3H2O0) 
-+ 

O3k)

ht these rcactions, wqter acts as areducingsgenl
urttl hence ilself gets oxidised to cither O, or Or'

Similarly, during photosyntbesis, water is oxidised

to diorygen.
Sunlight

rCO, + yHrO q(HrO)) + xO2
ChhroPhyll

4. Hydrollic reactions. Water can hydrolyse

many oxides (metallic and non-metallic), hydrides,

carbides, niLrides, phosphides and other salts. In

these reactions, H+ and C)H- ions ofwater interact
with thc anions and cations of the compouotl
rcspcctively leading to the formatioD of an acid or
a hrsc or both as shown below :

Cao(s) + Hro(/) ...-..-.- Ca(oH)r(aq)

SOrG) + Hr{)(l) .....* H2SO3(44)

SulphuroLrs acid

PoO,o (s) + 6 HrO (/).* 4HrP()o(aq)
PhosPhoric acid

CaHr(s) + 2HrO(t) .........- Ca(OH)r(aq)
carciunr hydddc + 2Hr(g)

SiCt4(/) + 4H2O(/) .......- SiOr.2 HrO(s)

or Si(OH)a + aHCl (aq)

AlCl3 (.r) + 6 H2o (/) ....-

lA(oHr)5f+ @Q +3ct- (aq)

cacr(s) + 2H2oO 

- 
ca(oH)z@q)

Calcium carbidc * 
":;,fi*G)

Alocj(l) + tzHz()U)
Aluminium carbidc

aAl(OH)r(aq) + 3CH40i)

Ca3N2(s) + 6H2O(/) 

- 

Merhanc

Calcil'nl nitride

3ca({'tH)r(aq) + 2NH3G)
Anrmonra

AIN(s) + 3H2o(/) -"""""' Al(OH)r(aq)
Alunrinium nitidc

carPr(.r) + 6Hro(/) '+ 
NH'G)

Calciunr phosphide

3Ca(OH)r(uq) + 2PH3G)

NarCt\(s) + z}.zo(l) 

- 

Pho{sPhir€

2NaOH(a4) + HzCO3@q)

Since the hydrolysis of NarCC). produces a

strong base (NaOH) and a weak acid (H2C()3),

therefore, an uqueous solution oJ NarCO. is

ulkoline in nature.

In contrast, the hydrolysis o{ CuSOo produces

a weak base i.c., Cu(OH)2 and a strong acid

(HrSOo), therefore, an uqueous soltrtion of CUSO o

is acidic in nahue.

CuSOo(s) + 2H2OO =_ Cu(t)H)r(a4)

+ HrSO.(ari)

5. Hydrate formation' Many ionic compounds

crystallise from water with one or more molecules

oi water associated with them. For example,

zHro(t);
+ 1 23Vl

+ 4E- (oq)

+ 6F- (oq)

+ 6H+ (aq)

BaClr.?HrO, CuSOo.5HrO, FeSOa.7H2O,



HYDROGEN 'I 1/19

NarSOr.l0HrO etc. nis w(!tct ut contbinatk)tl witll
ionic ,\olts i.t cdlled water of cD,stalli,tatiort (lnd su.clt
ctystuh arc called h\rdruted soht ot.sitttply hydrstes.
Thcse hydrates can be classified into the following
threo categories ;

(i) Water ntolea es ore coordiwted to the
ccn|'.!l nrcta I ion lo Iot|tt compl.x ions. For example,
in nickel nitrate hexahydrate, and lithium chloride
hexahydrate, the six water molecules are Iinked to
the central ion Ni2+, Fe3+ or Cd+ ion by coor-
dinate bonds.

lNi(oHr612+(NOt)2, IFe(OHr)6f + 3 Cl-,
ICr(OHr)6]3+ 3 Cl-

(ii) ll'ater nrclacules are lirkad to sonu o4,gen
contaii q ankttr by hydrogen bonding. For ex_
amplc, in copper sulpbate pentahydrate,
CLrSOo.-5HrO, four HrO molecnles are linked to the
central Cu2+ iou by coor.dinate bonds while the
Iifth H2O molccule is linked to thc sulphate
(S{)02-) ion by H-bon<ling.

(iii) W'(tter nnlecules dt.{ prese t itl interstitial
:;ilq or wtitls irt the crystal lafiicc. For example, in
bariun chloride dihydrate, BaClr.2HrO, the two
HrO molecules occupy the voids in thc crystal la!
tice.

11.10. Hard and Soft Water

Natural water contains dissolved salts.
Dcpentling upon its behaviour towards soap solu-
tion rrrl. llther lornlation, water may be classified
,):,.ttlt h)olt t J,nd lk)t'd h otct.

S oftw aer, Wate I th a t producc s I a tlrcr wit It soLp
rcudilf is called solt palsr: Examples of soft water
arc : rair. wator, distilled watcr and demineralised
water.

Hard water. V/qtet whicll does not produca
lotlter witll soap rcttdtb, i.t called ha wqtir A feyt
oxamples ofhard water are : sea water, river water,
spring rvater, lake rvater.and well water.

Cause of Hardness of Water. It has been es_
tablished that hardnes.s of water is (lue to tl.rc
presarce oJ bicarbonotes, cltlorides and.\ulpltotes ol
calututt artd ntagusiun fu it. }Ja:lJ. water does noi
prodrrcr lirther rvith soap readily. This may hc ex_
plainetl us under:

Soirp is rodirrm or lotassiunt salt ol cerluin
highe r frt t; acids s uth rsstruic .t, id. pdlmitic qcid,
oleic acid ctc.When hard water is tre ated with soap
solution, Ca2+ and Mg2 + ions present in hard water

react with the anions of fatty acids prescnt in soaps
to form curdy white precipitates. As a result, haid
watcr does not produce lal.hor with soap immedi-
ately.

2C,rH..rCOO- Na+ + CaCl2
Sodhrm stearalc

(soa (C,.rH35COO)rCa J + 2NaCl
Calciunr steamte
(culdt vthirc ppi)

2Cr7H3,C()O- Na+ + MgS()o -.*
Sodium stcarate

(\oop)

(C,,HrrCOO)rMg J + NazSO4
Magnesiunl s!earate
(Cu b, whiu ppt.)

However, rvhen all the Ca2+ ancl Mg2+ ions

woter.

U.I{).1. Thes nf Hardness of Water
Ilardness ofwater is oI two types :

(a) Tentpornry hardnesl and
(b) Petnrunent hadnes:-
(a) Temporary hardness. Temporary harl-

ncss ofwater is due to the presence of l)icarbonatcs
of calcium and magnesium, Le. Ca(HCOr), ancl
Mg(HCOr)r. It is called temporary hardness sinco
it can be easily removed by simply hoiling anrJ
Iillcring the water. Termporary hardncss ii also
called carbonate hardness.

(b) Permanent hardness, Permanent hard-
ness of water is due to the l)resence of soluble
chlorides and sulphates oIcalciunr anrl magncsiunr,
i.e., CaCl, , CaSO. , MgCl, and MgSO4. This rypc
of hardness is called permancnt hardncss since it
cannot be removed simply by boiling the water.
Permanent hardness is also called non-carbonate
hardness.

11.102. Methods of Removing Hardness of
Water- Softening of Hard Water
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I. For temporary hard water. The temporary
hardness of water is due to the presence of bicar-
bonates of calcium and magnesium. It can be

removed by any one of the following methods :

1. By boiling. W r is
boiled, bicarbonates um

decompose to form ag-

nesium carbonates resPectivelY.
A

Ca(HCOr), """'-"' CaCo3 I + CO2 + H2O

(Tixnponryhadrrcss) Cal.carbonate
A

Mg(HCO3)2 """"".r MgCO: I + CO2 +H2O
(Tempotury ha n $) Mag. carbonatc

These insoluble carbonates are removed by

hltration and the water is rendered soft.

2, By Clark's Process. This process is used on

a commircial scale. In this process, calculated
quantity The bicarbonates
presenti terreact withl.ime
io form magnesium car-

bonates which can be easi.ly filtered off.

CaO(s) +HrO ...........r Ca(OH),

1. Lime-soda process. This method is

employed for
contains both t
In this method,
Ca(OH), and sodium carbonate are used. Where-

as, slaked lime removes temporary hardness,

sodium carbonate removes permanent hardness.

Ca(HCO3)2 + Ca(oH)z-ZCaCot I +2H2o

CaCl2 + Na2CO3 
---- 

CaCO: J + 2NaCl

MgSOa + Na2CO3 +MgCO3tr * Na2SO4

2. Ion exchange method. Tbis is the most

modem method for softening ofhard water. In this

method, the Caz+ and Mg2+ions present in hard
water are exchanged by those present in complex

inorganic and organic compounds called ion ex-

changers.lon exchangers are mainly of two types :

(a) Inorganic ion exchangers - Fermutit
methoil. Compelx inorganic salts like hydrated
sodium aluminium silicates, NarAlrSlO*. xHro
have the interesting proPerty of exchanging Ca2+

silica (Sior). The fused mass is washed with water

the Porous mass
Both zeolite and

't'h;e;neral 
for-

The zeolite or permutit is loosely packed over

layers of gravel and sand in a big tank (Fig. 11.8).

Quick lime Slaked linre

Ca(HCOr), + Ca(OH), .....-
2CaCOrI + ZH..O

Mg(HCOr), + Ca(OH), .....-
CaCo3 J + Mgco3l + 2Hzo

Howeve,4, if excess of lime is added, watet will
again become hard dte to absorption of COrfum

the atmosphere by unused slaketl lime lo form
s olub le calciwn bicatbonate.

Ca(OH), + 2CO2 """-'r Ca(HCOr),

II. For permanent hard water. The following
methods are used for the removal of permanent

hardness ofwater.
Washlng soda prmess. In this process, hard

water is treated with a calculated amount of wash-

ing soda (NarCOr) when chlorides and sulphates

of calcium and magn€sium prosent in hard water
get precipitated as insoluble calcium and mag-
-nesium 

cirbonates which can be easily filtered off
The water thus becomes soft.

Cacl, I NqCo3 --"""' Caco3 J + zNacl

MgSOo + Na2CO3 ...........r MgCO3l + NqSOo

III. For both temporarJ and p€tman€nthard
waters. The foltowing methods are used.

NaCl
SOLUTION

HARD
WATER

ZEOLITE

GRAVEL
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Hard water is introduced from the top into the base
of the tank. From the bottom, water dses up
through the gavel and sand layers and finally per-
colates through the bed ofthe permutit. During the
process, the Ca2+ and Mg2+ ions are exchanged by
sodium ions in the permutit.

Na2Z + CaCl2
Sodiumzeolite (Frcm hord woter)

CaZ + 2NaCl
Calcium zcolite
(lelt in ,hc tar*)

where z = Al2SrrOE .rtI2O.
Similarly,

N'arZ + MgCt MgZ
sod. zeorite (Fion hotdwatet) 

Wnfr:ili"
+ 2 NaCl

.{s a result, Ca2+ and Mgz+ ions get attached
to the zeolite and the water which rises above the
permutit layer is reasonably soft. The softened
water still contains sodium salts. But these sodium
salts do not precipitate soap and hence do not
prevent the lather formation.

After some time, the whole of permutit gets
exchausted due to the conversion ofsodium zeolite
into calcium and magnesium zeolite. It can, how-
ever, be regenerated by passing a 107o solution of
NaCl through it.

CaZ +2NaCI ........- NurZ + CaCr2(Exhaurle! (Repzratcd
Pa?nuttt) pemuttit)

MeZ + 2NaCl ...........+ NazZ + MgCl2
(Exchausted (Regfierated
pctmuut I ponutit)

The soluble calcium and magnesiumsalts thus
formed are rvashed away by water and the
regenerated permutit can be used again.

Advantages of th€ Permutit Process
(i) It is an efhcient process.

(i) This is a very cheap process since during
the process only sodium chloride is consumed
which is quite cheap.

(rii) It can be used to remove both temporary
and permanent hardness completely.

(b) Organic ion exchangers. One ofthe major
drawbar:ks of the inorganic ion exchangers (per-
mutit process) is that these can remove only Ca2+
and Mg2+ ions present in hard water. However,
recently it has been found that certain synthetic
organic exchangers also called lon exchange resins

are even superior to zeolites since they can remove
not only all types of catiotrs but also anions present
in hard water. The resulting rvater is called
demineralised water or deionised rater and is as
good as distilled water.

Ion exchange resins are giant organic
molecules of high molecular masses. These are
essentially of two f,?es :

(i) Catlon exchange resins. These resins con-
sist of giant hydrocarbon framework attached to
acidic groups such as - COOH (carboryl) or
-SO,OH (sulplrcnic ocid) groups. They may be

represented by the general formula R - COOH or
R- SO2OH where R represents the giant
hydrocarbon framework.

Since these resins can exchange H+ ions with
cations such as Caz+ and Mf+ ions present in hard,
wttei they are called cation exchange resins or
simply cation exchangers.

( ) Anion exchange resins. These resins con-
sist of giant hydrocarbon framework attached to
basic groups such as OH- (hydroxide) ions usually
in form of substituted amoonium hvdroxides.
These may be reprsented by thc generai formula,

+
R - NHTOH- where R denotes the giant
hydrocarbon [ramework- Since these resins can ex-
chonge OH- ions with anions such os Cl- and
SOf,- ion^t ptesent in hard water, lhey qre called
anion exchang€ resins or timpl), anion exchangers.

Let u-s nowexplain the working ofthese resins
in demineralization of hard water.

First ofall, hard water is passed though a tank
packed with cation exchange resins supported over
gravel (Fig. 10.13). All the cations present in hard
water will exchange with H+ ions furnished by
resins as shown below :

2 R-COO-H+ + CaCl,
(Cation exchar.ge resin) (From hard water)

-----------' (RCOO)2Ca + 2}{+ + ZCt-
(Exchoustcd rcsin)

2R-COO-H+ + MgSO4
(Cation cx.hange resin) (hom hord wat r)

-----------' (RCOO)2M! + zH+ + SO?-
(Exlousted rcsin)

Thus, the water which comes out from the
bottom of the first tank is richer in H+ ions. This
water is then passed through a second tank which
is packed with anion exchange resins supported

)
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ovor gravel (Fig. 11.9). Here, the Cl- and SOo2-

ions present in hard water exchange with OH- ions
of the esins.

+
R-NH3OH- + Cl-

(A ion ercharqc resin) An water)

+
R-NH3CI-

(Exhoustcd tctin)
+

zR-NHTOH- + SO?-
(A io dchangercsii) (in wato)

+
(R-NH3)2So?- +

(Ethausted rcsit)

Simultaneously, the Ht ioos coming from the
hrst tank combine with OH- ions liberated in the
sccond tank to form water.

Hr+ OH- + HrO

Thus, the water obtained by this method is

frce lrom all types of cations as well as anions.
Therefore, this method is particularly useful for
obtaining drinking water from sea water and also
for obtaining pure water for laboratory Purposes.

Regeneralion of rcsins. The exhausterl resin in
the iirst tank is regenerated by treatment with
noderately concentrated HrSOo or HCl.

ca(oocR), + 2H+ Cl-
(Dxhausted. resin)

zRcoo-H+ + Caz+ + 2Cl-
(Regenenrcd ru\in)

Similarly, the exchausted resin in the second
tank is rcgenerated by treatment with moderately
strong NaOH solution.

+
R-NH3CI- + Na+ oH- ..........*

(E.rchausted rcsin)
+

R-NH3oH- + Na+ + Cl-
(Rcqenera4.t ftlitt)

Thus, the cation and anion cxchangers can be
used over again and again. lt makes this proccss
both efficient and cheap.

3. Calgon process (reqttcsrrurion). In this
process, Ca2 + and Mg3+ ions present in hard water
are rendered ineffective (sequestrated) by treat-
ment $/ith sodium polymetaphosphate, (NaPOr),

where x is as high as 100, or more commonly with
sodium hexametaphosphate. Nar[Na.(Pt\)61. Thc

trade name lor sodium hexametaphosphate is cal'
gon (which means calcium gone).

When calgon is added to hard water, the
Caz+ and Mg3r ions present in it combinc with
sodium hoxametaphosphate to form soluble com-
plex of calcium and magnesium salts.

zCaCl.- + Na2[Na4(PO3)6]

(Ftonhadwoler) Sod.hcxanlelaphosphatc

Nar[Car(POr)61 + 4NaCl
ComPlcx salt(.roIublc)

2MgSOo + NarlNao(POr)61
(Fromhatdwalet) Sod.hexaoletaphosphale

NarIMgr(POr)o] + 2NarSOo
Complcx salt(rotuble)

+ oH-

z(JH-

HARD WATER

DIL. HCIOR
H2 SOa--.--
FOR

EXCHANGE
RESIN

GRAVEL

DlL. NaOH
FOR

REGEN ERATION
REGENERATION

CATION ,/ANloN
EXCHANGE

RESIN

Pradeep's

FIGURE 11.9. Ion exchange process involvingorganic resins
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_ 
The complex calcium and magnesium ions do not form any precipitate with soap and hence reaclily

produce lather with soap solution.
ess can be used for laundry and household washing purposes
n is also used in rynthetic detergents to check the wistige of
rcmoing boiler scoles.

ExtdMPLE. one liffe oI o ro,nple of hlnd baler conroin\ I mg of coct, aad t mg of Mgcl, Find oul the totol
hordness in terms of parts of CaCO , pr I d partt of troter by marr.

Solution. (i) Mol. ntass of Caclz = I 1l

Now, lllgof CaCl2 = lffigof CaCO:

.. I mg of CaCt2 = jf; x r mg of CaCO: = 0.9 mg of CaCO:

(ii) Mol. mass of MgCl2 = 95

Now 95I of MgCl2 = l0og of CaCOt

.r t mg ot MgC[ = S x I mg oi CaCO] = r .0s mg of CaCO:

Thus, I litreofhardwatercontaios =0 90 + I 05 = t.95 mgoICaCo3

ODe litre of watcr = I 03 g = 166 ,.r.r,
.. Degree ofhardDess = I .95 ppnr.

liill 2. Estimntion of to Ca2+ and Mg2+ ionvolumetrically. solutionofpH tbis tilra
solution of ED salt) using'Eriochrome
under these conditions, ca2+ and Mg2+ rons form complexes with EDTA. when allthe ca2 + and Mg2+ ions
are cor$umed. The next drop of EDTA chaDges the colour of the i[dicator tiom wine red ro blue.

1 I .1 1 , Heavy Water i:ii:t.:r:iti:i:i:,:lii::.:-liir:t::r:i:::::i::i.::.ii.;r:tl::;itiili:iii::li:it:

Chemically heavy water is deuterium oxide
(DrO). It was discovered by Urey, an American
Chemist in 1932. He showed that ordinary water
contaiEs traces (1 part in 6000 parts) of DrO.

11.11.1. Preparatlon of Heavy llhter
Heavywater is rnainly prepared from ordinary

water either by exhaustive electrolysis or by frac-
tional distillation.

l. By exhaustive electrolJrcis. This method is
hased upon the principle that when ordinarywater
is electrolysed, protium (or hydrogen) is liberated
much morereadily than deuterium (Dr) because of
the following reasons :

(i) Being smaller in size, H+ ions have gruater
mobility (or speed) as compared to D+ ions.

(ii) Becarce oI lowu dischage potenlial, H+
iorc on dischatged at thc cahode more easity than
D+ ions.

(iii) Hydmgen atoms combine much more
rqpidly to form moleculor hydrogen thoa do
deuteium atoms to Iom D7.

29,000 litres of nrater must be electrolysed to get
one litre of 97o pure DzO.

rEil r. Degre€ of hardtwis defined ar he mwber of parts of cokium catbonate or equivolant to voriour calcium and
magnesiwn sahs preseht in a nihon Frtt of wuer by mast. It ir eqressetl in ppn
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The electrollic cell designed by Brown, Deg-
get and Urey for the preparation of heary water is
shown in Fig. 11.10.

It consists of a steel cell (45 cm. long and L0

cm. in diameter) which acts as a cathode. Thc
anode is a cylindrical sheet ofnickel with a number
of holes punched in it. In actual practice a large
number of such celts are employed for electrolSis
of water in a number of stages. The gases obtained
from each stage areburnt separately and water thus
produced is returned to the previous stage. As a
result, the concentration of heary water goes on
increasing slowly in the residual water' Generally,
the whole process is carried out in five stages as

described below :

is carried out for nearlyT2 hours. Thegases evolved
(protium and orygen) in this stage are discarded.
After the fust stage, the charge is reduc.€d to about
15 litres and contains about 2 5 per c€nt heavy

water.

Second Stage. In this stage, the residue ftom
the hrst stage is electrolysed in a battery of six cells.
The electrolpis is continued till heavy water con-
tent trcreases to about 12 per cent. The gases ob-
tained areburnt and returned to the cells inthefirst
stage.

Third Stage- The residue obtaioed in the
second stage is further electrolysed to raise the
heavy water content in it to about 60 Per cent. The

gases evolved are burnt and returned to the cells in
the second stage.

Fourth Stuge.'fhe tesidue from the third stage
is electrolysed again in order to increase its heavy

water content to about 99 per cent. The gases

evolved are burnt as usual and sent to cells in the
third stage.

Fifth Stage. ^fhe heavy water obtaincd as above
is contaminated with impurities of alkali and ordi-
oary water. It is subjected to distillation and the
distillate Ls electrolysed when pure deuterium is
obtained. This is burnt separatelywith orygenwhen
100 per cent pure D2o is obtained.

A flow sheet diagram for the preparation of
heavy water by this method is given in Fig 11.U.

FIGURE 1 I .l l. Flow sheet diagram for the
oreoaration of heaw water hv continuous' ind prolonged efectrolysls'of wat"r.

In India, hearywater is manulhctured at Nan-
gal in Punjab and at Bhabha Atomic Research
Centre (BARC), TrombaY in BombaY
(Maharashtra) by electrolysis of ordinary water.

2. Byfractlonal
pheric pressure, the
heavy water are 373
This small differenc
the basis of preparation of hearywater byfractional
distllation of ordinary water. In actual practice,
fractionating columns of the order of about 12

metres height are employed.

ORDINARY

SECOND STAGE
(6 CELLS)
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11.112. Properties of lleavy Water
(a) Physical Properties. It is a colourless,

odourless and tasteless mobile Iquid heavier than
water. Because of higher molecular ma^ss, there is a
marked difference in physical properties of ordi-
nary water and heavy water as shown in Thble 11.4.

Further since dielectric constant of DrO is

lower than that of HrO, therefore, ionic com-
pounds are less soluble iu DrO than in HrO.

(b) Chemical Properfies. the chemical
properdes of healywater are quite similar to those
of ordinary water. However, the reactions ofheavy
water with most of the substances proceed at a
much slower rate as compared to ordinary water.
Some important chemical properties of heary
water are described below :

7. Electrclysis. When heavy water is
electrolysed, deuterium is obtained at the cathode.

zDrO 
- 

ZDz +Oz
Deuterium

2.Action with alkali and alkaline eatth metak.
Heary water reacts slowly with alkali and alkaline
earth metals producing deuterium.

2 Na + 2 DrO -.--- 2 NaOD + Dz
Sodium dcutcroxide

Ca*2DrO .......' Ca(OD), +Dz
Calcium dcutcroxidc

3. Action *,ith metallic oides. The oxides of
active metals like sodium and calcium react slowly
with heavy water to form their respective
deuteroxides.

NqO + DrO -------' 2 NaOD

CaO + DrO ------.r Ca(OH)z

4.Action with non-metalic oides. Non-metal-
Iic oides such as phosphorus peotoxide (P2O5),

sulphur troxide (SOr) etc. readily dissolve in heavy

water forming their corresponding deuteroacids.
P2O5 + 3 D2O -* D3PO1

Deutercpho+horic acid

SO3 + D2O -* D2SO4

Deutercsulphuric acid

5. Action with metallic caftides. Heavy water
reacts with metallic carbides forming
deuterohydrocarbons.

AloQ + lzDzo------.
Aluminium Carbide

4 A(oD)i * 
,.,,.SRi,n"n.

CUQ +ZDrO 
- 

Ca(OD)2
Calcium carbide

+ DC=CD
Deuteroacetylene

6.Action with,netsllic nitrides, phosphides and
arsenides. Heavy water reacts with metallic nitrides,
phosphides and arsenides liberating deuteroam-
monia, deuterophosphine and deuteroarsino
respectively.

Mg3N2 + 6DrO -------r 3 Mg(OD),
C.l. tritride

+ 2 ND3
Deuteroammonia

CarP, + 6D2O -------r 3 Ca(OD)z
Cal. phosphide

+ 2PD3
Der.rterophosphine

NarAs +3DrO.._3NaOD+ AsD,
Sod. arsenide Deuteroarsine

7. Formation of deuterates. Like ordinary
water, heavy water also combines with many com-
pounds as heavy water of crystallization. The heavy
hydrates thus obtained are called, d,euterates. For
example, CuSOo . 5 DrO ; NqSOo . 10 DrO ;

MgSOn. 7 DrO, NiCl, . 6 DrO, Coclr. 6 D2O etc.

t. Exchange reqctions. When treated with
heavy water, many compounds exchange Lheir ac-
tive hydrogen atoms either partially or completely
with deuterium. Some of these exchange reactions
are given below :

HCI + DzO + DCI + HOD

NaOH + D2O i-- NaOD + HOD

cHCl3 + DzO : CDCI3 + HOD
Chloroform Deuterochloroform

NHICI + D2O + NH3DCI.+ HOD

NH3DCI + D2O +- NH2D2CI + HOD
NH2D2CI + DzO i-' NHD3CI + HOD

NHD3CI + D2O i- ND4CI + HOD

9. Biological propefties. Heary water is in-
jurous to human beings, plants and animals since it
slows down the rates ofreactions occurring in them.
Thu-s heavy water does not support life sowell as
does ordinary water.

11.113. Uses of Heayy Wat€r

1. As a moderator. Heary water is extensively
used a.s a moderator in nuclear reactiorx since it
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,vs down the fast moving neutrons a-nd thus helps
:, rrnlrolling thc nuclear rcactions.

2. As a tracecompound. Heavy water is widely
,ic<l rrs a tracer compound for studfng the
rcihanism of many reactions, For example, when
r,,n1-phosphorus acid (H,PO) is heated with
, o. only one H-atom is found to exchange with

deuterium. ThLs suggests that H3PO, has only one

ionizable H-atom ar.<lhence it is a ntonobqsic acid-
. 3. For thc preparatlon of deuterium. Heavy

hydrogen or deuterium is produced by the
electrolysis of heavy water or by its decomposition
by Na metal.

iU L l)euterium peroxide is prePared by the action of D2SO4 dissolved in HzO on BaOz

BaO2 + D2SOa .- BaSOr + DzOz

ir, 2. I)eutcrium chloride may be preParcd by any oDe of the following methods :

2AgCl +D2 +2AE+2DCl
2 NaCl + DzSOa 

- 
1'IarSOa + 2DCl

SoCl2 + 2Dzo 
- 

D2SO3 +2DCl

11.12. Hydrogen Peroxide . Ba{)2.8H2O (.r) + H2SO4 @d 
-Hydrogen peroxide was discovered by "^ilt:"]::-,,-li.'neh chemist !.L. Thenqrd in 1818, Irs Danumpcroxroe--

,r, . ular lbrmula is HrC)r. 
-" 

BaSoo (s) + Hro, (aq) + 8H2o o
Hyd rogen peroxide

! l.l2.l. Prcparation of Hydrogen Peroxide

i. l.rom sodium peroxide (Merck's method).
L- rl:rtcd tmount ofsodium peroxide (NarOr) is
, .rrrllv added to an icc-cold solution of 207,
..s)I

Nr2o, + H2Soa ...........t NarSOo + Hro,
S, drum Hydrogen
r.roridc Pcroxide
r pLrn cooling, crystals of NarSOo.l0HrO

. ,,:,Lrtc orr[ and the'resulting solution contains
: '.,r \Otli, HrOr. The solution also contains some

-. , r ivcrl NarSOo but it does oot interfere with the

.,.,r ,ns o[ HrOr. A pure sample of HrO, may,

. . r, bc prcpared by vacuum distillation.

2. [r'om barium peroxide- Laboratory
, .!troJ of preparation. Hvdrogcn peroxide is
,,,. i, rrcd from barium peroxide by the following
, t irrrils :

(tt ) By tlte ctction of d,ilute sulpltuic acid. A thin
,irsl'r oI hydrated barium peroxide (BaO2.8HrO) is

l,r.prLled in ice-cold water and then added slowly
,l icc-oold solution of 2096 HzSOr.

The white precipitate ofBaSoo is removed by

liltration leaving behind a dilute solution (5%) of
HrOr. In dais metho4 utthydrour barium peroxide

cannot be used since the precipitated BaSO oforms a

protective layer oround unredcted boiurn peroxide
thereby prcventing the firdter reaction .

Llmltatlon. Hydrogen peroxide Prepared by
this method contains appreciable quantities of
Ba2+ ions (ia the form of dissolved barium persul-
phate) which catalyse the decomposition of HrOr.

Therefore, [IrO, prepared by this method cannot

be stored for a loag time.

Further, HrSOo also acts as a catalyst for de-

composition of HrO, therefore, the use of weaker

acids such as COr( or HrCOr) and HrPOo are

preferred to H,SO..

(b) By the action of carbon dioxide or carbonic
acid. When a rapid stream of CO, is bubbled

through a thin paste of BaO, in ice-cold water,

HrO, and BaCO, are produced :

BaO2 + H2O + CO, """'r BaCO, J *H2O2
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The insoluble bariunr carhrrnrrl c is r tnrovcd bv
liltration leaving behind a dilute solulion ol I-l,Or.

(c) By the action ofpltoslthoric trcirl Hl,clrogen
peroxide can also be prepared hy thc action of
phosphoric acid on barium peroxiclo :

3BaO2 + 2H3PO4 

- Bur(POo), J + 3HzO2

This method has thc advuntilgs over
BaO, - HrSOo mcthod sincs almost all thc hcary
netal (s.& Pb ctc.) impuritics prescnt iu BaO, and
which catalyse the clecon.rposition oI H,O, are

removed as insoluble phosphates. As a rcsult, thc
resulting solution of H2O2 has good keeping

properties.
11.12.2. Manufacture of Hydrogen Peroxide

I. By electrolysis of 507o. HrSOa. Hydrogen
peroxide is manufactured by the elcctrolysis o[ a

col<l 50'k solution of H2SO4 in an electrolyic cell

using platinum as anode and graphitu us cathode.
Thc reactions taking placc arc :

2HrSOo 

- 

2H+ + 2HSO;

Atcotlutde'.2H+

At unode i ZHSO;

+ 22- + Hzt
H.S2O8 + 24-

Pcruxodisrlphuric
acrd

Peroxvdisulphuric acid formed around anode
is withdrawn and then distilled with rvatcr under
reduccd pressure. The low boiling HrO, clistils over
along with water leaving bchincl high hoiling
HrSOo which is recovered and recl,cled.

H2S2Os + H2O --...* H2SO5

Pcroxod isu I phu ric Pc rorio nKnrcs u lph u ric
acid ,ri{l

+ H-SO4

H2SO5 * HrO.+ H2SO4 + HzO2
Peroxonronosulphuric

acid

Modificatio[. Recently, it has bcen observed
that if instead oI -504lo HrSOo, an equirnolar mixture
of H2SOa and ammonium sulphate is elcctrolysed,
a more concentrated solution of H"O, is obtained.
The reactions taking place are :

(NII4)2SO4 * H2SO. 
---+ 

2NH4HS01
Anini hldrogcrr

sulDbate

2NH1HSO1 

- 
2H+ + 2NH1SO4-

At cathode :2H+ + 2c-- }J,zi

At anode : 2NHoSOt ------+ (NH4)2S2Os + 2z -
Amln. per6ulphate

Ammoniuni persulphate formed around
anode is withdrawn and distilled with water to give
Hzoz'

(NH1)2S2O' + ZH'O .----------+

2NH1HSO4 + H2O2

This process is now used only for the
laboratory preparation of D2O2, i.e. ;

IqS2O8 + 2 DrO-+ 2 KDSO4 + D2()2

2. By autoxidatlon of 2.ethylanthraqulnol.
This is a new method and is widely used in U.S.A.
In this process, air is bubbled through a lOVo solt-
tion of 2-ethylanthraquinol in benzene and
cyclohexane when z-ethylanthraquinol is oxidised
to 2-ethylanthraquinone and HrO, is formed ac-

cording to the following equation.

+ H2O2

o
2- Eth,'lanthraquinonc

The HrO, thus formed (about t%) is ex-

tracted with water and the aqueous solution is con-
centrated by distillation under reduced pressure to
glve 3OVo (by weight) HrO, solution.

2-Ethylanthraquinone formed in the process
is reduced with H, in presence ofPd catal),st to give
back 2-ethylanthraquinol which is used again.
Thus, in this process, onlyatmospheric orygen and
hydrogen are used up which are ioexpensive.
Therefore, this method is quite cheap and is widely
used for the manufacture of H2O2.

C.H.
o2

HlPd
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11.123. Concentration of Hydrogen hroxide
solution

Hydrogen peroxide prepared by any of the
above methods is in the form of di.lute aqueous
solution. Quite often for a large number of reac-
tions, we need a concentrated solution of HrOr. It
cannot be concentrated simply by distillation since
it decomposes much below its boiling point to give
HrO and O,

2HrO2 
-""t 

2H2o + 02

Further, the process of decomposition is
catalysed by presence ofheary metalion impurities,
dust rurd rough surfaces. In view of thcse difficul-
ties, concentration of HrO, is carried out carefully

in a number of stages as follows :

(r) Evaporation on a water bath. The dilute
aqueous solution of hydrogen peroxide is taken in
a large shallow evaporating dish and is heated on a
water bath. Slow evaporation of water continues
until the solutioa contains about 5OVo hydrogerr
peroxide. Further concentration of hydrogen
peroxide by this method Ls not possible since it
tends to decompose.

(ii) Dehydratlon ln a vacuum desiccator.50Ta
solution of HrO2 as obtained above is taken in a

dish and placed in a vacuum desiccator containing
conc. HrSOo as shown in Fig. 11.12.

TO VACUUM
P UMP

(tll) Dlstlllation under reduced pressurt. The
907" solution of hydrogen peroxide as obtained
above Ls subjected to distillation under reduced
pressure (10- 15 mm). During this proces-s, water
distils over between 303-313 K leaving behind
almost pure (99%) hydrogen peroxide.

(ly) Removal of last trac€s (,fwater. The last
traces of water in hydrogen peroxide are removed
by freezing it in a lreezing mixture consisting ofdy
ice (solid carbon dioxide) and ether when crystals
of hydrogen peroxide separate out. These crystals
are removed, dried and melted to give pure
hydrogen peroxide.

Storage of hydrog€n peroxide. The following
precautions are taken while storing hydrogen
peroxide solution.

(i) Hydrogen peroxide cannot be stored in
glass bottles since the rough surface of glass, alkali
oxides present in it, and exposure to light catalyse
its decomposition. Therefore, Hro, Ls usually

stored in coloured paffin wax coated plostic or
tellon boules.

(ii) To further check the decomposition of
HrOr, some stabilizer or negative catalyst* such as

glycerine, acetanilide, phosphoric acid etc. must
also be added.

11.12.4, Strength of Hydrogen Peroxide solu-
tion

The strength of an aqueous solution of
hydrogen peroxide is usually expressed in the fol-
lowing two ways :

(a) Percentage strength. It expresses the
amount of HrO, by weight present in 100 ml of the

solution. For example, a 307o aqueous solution
(Vv) of H.O, implies that 30 grams of H2O2 are

present in 100 ml of the solution.
(b) Volume strength. The most common

method of expressing the strength of an aqueous
solution of hydrogen peroxide is in terns of the
volume (tu ml) ol orygen liberated at N.TP by the
decomposition ol I ml of that sample of hydrogen
penxiile. Thts, the aqueous solutions of hydrogen
peroxide sold in the market are labelled as /0
volume, 20 volume, i0 volume, 100 volume etc. A
solution ol hydrogen peroxide labelled as 10 volume
actually means that 1 ml of such a solulion of
hydrogen peruxide on decomPosition by heat
produces 10 ml of orygen ol N-TIP

VACUUM
DESICCATOH

CONC.llasO.

FtGLriE If.12. Vacuum Deslccator.

Pres(irre inside the desiccator is reduced by
connecting it to a vacuum pump. As a result of low
pressure, water'readily evaporates and the water
vapours thus produced are absorbed by conc.

HrSOo. In this way, hydrogen Peroxide of about

9070 concentration is Produced.

+A negative catallst retards or decreascs thc ratc of a chcmical leaction.
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Sinriarly, 1ml of20 volume, i|volume and 100
volume HrO, solutions produce Z) ml, 30 ml and
100 trll of oxygen at N.TR respectively.

Let us now calculate the percentage stlength
of a 10 volume H.O, solution.

Hydrogen peroxide decomposes on heating
according to the equation :

2HrOr"""+2HrO + 02
2 x 34 g 22.4li!Igs ar N,T.p.

or 24{D crn3 at N.T,p.
From the equation,
22.4 \tres of O, at N.TP are obtained from

2 x 34 or 68 g of tI2O2.

By definition, 1 litre of 20 volume HrO, solu-
tion on decomposition gives 20 Iitres of orygen at
N,T,P

Consider the chemical equation,
zHzOz "--------- 2HzO * Oz

2xy=6EE

. . 10 ml of C)2 at N.TP will be obtained from
6R

ffix 10sof Hro2

But 10 ml of 02 at N.T.P are produced from
7 ml of l0 volume HrO, solution

Thus, 1 ml of 10 volume HrO, solution con-

tuio. ffi x 10gof HrO,

. . 100 ml of l0 volume HrO, solution will

.68 10
contarn fffi x i x I00 = 3.035c

Thts, a l|volume H,O, solution is approx. 37a

Nowwe knowthat, Normalitv - strength'' - Eq. *n.
60;7=i=t'st

Hence the normality of 20 volume HrO, solu-
tion = 3.57 N

Solution. We know that strength

=-N-rilaliry x Eq. wt.
and Eq. wt. of H2O2 = 17

.. Strength of 1.6 N HrC), solution

=l.6xL7C
Now 68 g of HrO, gives 22,100 ml O, at N.Tp
.'. 1.6 x 17 g of H2O, will give

2241n

68 x 1.6 x 17 =8960 ml of O, at N.T.p

But 1.6 x 17 gof HrO, are pre sent in 1000 ml
of HrO, solution.

Hence 1000 ml of HrO, solution gives 8960 ml

.. 1 ml of HrO, solution will give = 99
1000

= 8 96 ml of Oz at N.Tp

from

#rt= lTpartsbywt. of HrO,

N t-.-FRQE_U..n\i,,9r9il* rrcsrnr,\u(;rH()r..
H.lI)t,t( )(;tr\ l,t,_tioXIDL SOLUTIONS

t..\t\tpll,tIl.l. Calculate the nomolity ol20 ... Eq.Et.of H2O2 = 17
volume hydrogen peroxide solution.

step t. Tb catculate the strcngth t, ,ro)]ifrl;*.catc 
ate the nomatirv of 20 votume

Bll e H2ozsolution.

22.4lkres at N.T.P.

Now 22.4 litres of 02 at N.TP will be obtained
from H2O, = 69 *

.'. 20 litres of 01 at N.T.P. will be obtaircd from

s"or= 9# E= Go.7c

Thus, the strength of Z) volume HrO, solution

= @.7 cl
_ Step 2, To cakulak the equivalent wciglt ol
H,O,

Consider the chernical equation,
2H2Oz '-----'- ZH2O * Oz

6E parrs by Eight 32 porir b, srighr
From the above equation,
32 parts by wt. of oxygeE rre obtained from 6g

parts by wt. of IIrO.
.. 8 parts by wt. of orygen will be obtained of 02 at N'TP
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Hence the volume strength of 1'6 N H2O2

solution :E 96 volume

Irf{Nl PLIt 1 1.-3. Calculate the volume strength

of s 3Eo solution of HzO2.

SteP 1. Io cdlculate the omount of
HrOrpresent in one litre ol 3o/o soltuion.

100 mt of HrO, solution contain HzO2

=3c
. . 1000 ml of HrO, solution will contairr

?
HrOr=ffix1000=309

Step 2. To calculate the volume strength

Consider the chemical equation,

2I{2o, 
-"+ 

/ llr1l I 02
2xy=6Ag 22 4litrc. at N.T.P.

Now 68 g of HrO, give 02 at N.TP

= 22'4litues
. . 30 g of HrO2 will give 02 at N.TP

= 
21.4 ,30 : 9'88 titres

68

= 9880 ml.

But 30 g of HrO, are present in 1ff)0 ml of

Hzor'

Heuce 1000 m[ of HrO, solutioin gives 0, at

N.T.P = 9880 ml
. . L ml of HrO, solution will give O, at

p1p=2!!9=e.88rnl.
1000

Hence the volume slrength of 3Vo HrO, soht'

tion : 9 88

II)LAXIPI-E 11.4. What is the mass of hydrogert
on ? Calculqte
upon complete
ve solution.

Solution. SteP 1. fo calculste the moss of
H2 of 2M solution.

Molecular mass of H2O2 = 2 x 1+ 2 x 16

:34amu
By definitiotr, 1 litre of 1M HrO, contains 34

g of HrO,

.'. 1 litre of 2M H2O, will contain HrC),

:34x2=68C

Step 2. Tb culculste the volwne of Ozliberated

ot STP fiom 100 nn! of 2M solution.

1 titre of 2M HrO, solution contaios H2O2

= 689

. . l(X) cm3 of 2M HrO2 solution will contain

Hzoz

=**"100=6.88
1000

The cquation rcpresenting thc decomposition
of HrO, is

zH.Oz 
- 

ZH|O * Oz

2 x 3.1 = 6ti g 22400 cml ar STP

Now 68 g of HrO, at STP give O,

: 22400 cml

. . 6.8 g of HrO, at STP will evolve O,

- z24oo x 6.8 -- 2z4o cm3
6u

= Z24litres
EXAMPLE 11'5' 30 ml o[ a H rO rsolution ofter

acidifcatnn required 30 ml ol NII0 KMnO4solution

Iot conlplctc o.\idation- Colculate tlu percentage a,td
voluruc sttungth ol H20, solution.

Solution. SteP l. Tb determine the non tolity
tf n. Fronr the given data,

For H"C)., Vr = 30 ml, Nr = ?

Fctr li|tnOo,Y, = lQ 1| Nz = N/10

Applyirg normality equation, N1V1 = NrV,

i.c.,30x Nr = 30 x 1/10

''' Nr=o lN
Thus, thc normality of HrO, solution = 0' 1 N'

SaeD 2 . To detennine lhe Percentage strengtlt oI
HzOzsolulbn,

Wo know that, Hro z- 2H+ + oz + 2 e-

.. Eq $t. of HrOz = 34/2 = 17

Hcncc strength of HrO, solution

= Normality x Eq. Et.

=01xL7=l'7g1itre
l 7x 100.. "/o Strength of H2O, = ffi

= ll lflo.

Pradeep's
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Step 3. 1"o detcmtine tl& volunrc strcngth oI
HzO2;ohttion.

Consider the chemical equation,
2 H2O, -"+ lltr1l I O,

689 22400 nl a! N.T.P

Now 68 g of HrO, give O, at N.TP
: 22400 ml

. . 1 7 g of HrO, will give O,

=T"1.7 = 560mt

But 1.7 g of HrO, are present in t00() rri
HrO, solution.

Hence Lff)0 ml of HrO, solution give :. -ir,it

of O, at N.TP

. . I ml of HrO, solution will give

=ffi=o s6ml ofo' at NTP

. . Volume strength of HrO, solution

= 0.56.

-r -'j
Problems oD perccntage strength, norDality, molariry and volume srrengrh of Hro, canE easily sotrL .t 1..

the applicalion of the following relations.

l. volrme strensth = s.6 x Normlrfiy = s.r, uHHHiffi*, * ro

1. Calculate thc concentration in gram/4itre of a 20
v(rume II2O2 solution. | 60 Tpltl

2. Find the volunte strcngth of 2N H2O2 solution.

[ 11.2 volumel

3. Calculate the Dormality of a solutioD o[ I tr ,.

hydrogeo p€roxide labelled 30 voluores.

I S i:.
4. C-alculate the antount per litre of I0 ntlolr sr,

of hydrogen peroxide labellcd 20 volull]cs.

I 60-- j

11.12.5. Properties of Hydrogen kroxide
(a) Physical properties.

.. .1. i!." hydrogen peroxide is a thick syrupy
liquid with pale blue colour.

2. It has a bitter taste.

1. Hydrogen peroxide is more deose (L.rl4
g/cmr) and more viscous than water. This is due to
the reason that the molecules of HrO, are even
more highly associated through H-bonds than
HrO molecules.

5. It is completely miscible with water, alcohol
and ether in all proportions.

6. The dipole moment of HrO, is littlc rl
(2. l D) than rhat of Hro (l .84 D).

TABLE 11.5. Some Phlsical
Characteristics of HrOr.

Melting poiDt
(K)

Boiling poiDt
(cxtrapolared)
(K)

Pr9SSUre at
298 K(nm Hg)

Density (solid
ar 268.5)
(gcm ")

2',12.4

42i

1.9

t.6434

Density (Lquid
ar 298 K)

(8 cnr ')
Viscosity at
294 K
(Centipoire)

Dielectric con-
stant of 298 K ,

Electrical coD-
ducriviry ar 298'

K (a-l cm-t;

15.'l x l()

"RO7LEM7 
FOR.,P,RAC,. I.CE r' '
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(b) Chemical properties. 1. Decomposition.
Pure hydrogen peroxide is an unstable liquid and
decomposes into water and orygen on long stand-
ing or hcating.

2l120r- 2H2O + Oz;AH=-196.0kJ
It is an example of quto-oxidotiotl ar,cl outo-

tcduclion.
The decomposition is further accelerated by

the presence of cerlain metalions (e.6 Fe2+), metal
powdurs (Co, Au, Ag, Pt etc), and metal oxides (c.g
MnOr). Evcn carbon, rough surfaces and light also

catalyse its deconrposition.

2. Acidic nature. Pure hydrogcn peroxide
tlJrnshhtc litmusrel,, but its dilute solution\sneutral
k) /irrxrr. I t thus hehaves as aweak acid Its dissocia-
tion constant is 1 .55 x 10-l2at2g3Kwhichisonly
slightlv highcr than that of water (1.0 x 10-11).
Tlurs, lrydrogatr pcroxide is or y a .ilightly rtonger
ucid tltotl leoter. Since hydrogen peroxide has two
ktrti:ubic H- olotn.r, it forms two serics of salts, i,e.,
I\rltrtltcroxidcs (qcidic ta :i) anclpenxides (nonttal
t0lts ).

H2O2 .- H+ + HOt (hydroperoide ion)

I-12o, ...,' 2I'l+ + ()3- Qteroxide ion)

Thc acidic nature of hydrogcn peroxide is
shorvn by il.s neutralization reactions with
hydroxidcs ancl carbonates.

NUOH + H2Oz ..._ NaHO, + H2O
Sod lrydroperoxide

2NaOH + H2O-r"--'+ NarO2 + z}1zo
Sod peroxidc

Ba(OH), + H2O2 ----------+ BaO, * 2HrO

3. Oxidising and reducing character.
Hydrogcn peroxide bshaves as an oxidising as well
as a reducing agent in both acidic and alkaline
solutions. Thc oxidation state of oxygen in
hydrogen peroide is - 1. It can be oxidised to O,
(zero oxidation state) or reduced to H2O or OH-
(-2 oidation state for orygen). However,
It.yrlrrryart peroxide is a powerful oxidisingagent bul a
tftak rcducin? sgenl.

(a) Oxidising character. Hydrogen peroxide
acts irs an oxidising agent both in acidic as well as
in alkaline medium.

Itt ucitlic ntcd un,

HzOz+2|J+*2e- 
- 

ZHzO

In basic mediwn,
H2O2+ OH- + 2c- ....- 3oH-
Some important reactions in which hydrogen

peroxide acts as anoxidising agcnt are givcn bclow:
l. Oxidising action in acidic medium.
(i) It oxidises acidifi ed fetolts s lphqte tofenic

,tulplurte

H2O, ---------r H2O + [Oi
2FeSOo +HrSOu +[O] + Fe,(SO{)r + H2o

2FeSOo +HrSOo +H2O2 *Fe2(SO4)3 +2H2o

or 2Fe2+ + H2o2 + 2H+ 
- 

2Fe3+ + zHzo
(ii) It oxidises acidihed potassiunt fer-

rocyonide to poto ssium feqicyanide
HzOz-H2O+[Ol

2Ko[Fe(CN).] + H2SO. + [O] ----'----+

2Kr[Fe(CN)o] + K2SO4 + H2O

2Ko[Fe(CN). + H2So4 + H2o2 -------'

2K.[Fe(CN)5] + K,SO4 + 2H2O

or 2[Fe(CN)6]a- + H2oz + 2}l+ 

-2Fe(CN):- + 2H2O

(iii) It tiberates iodinc from ocidified potas-
situtr iodide solutiott

HzOz .-_....rH2O + [OI
2KI+H2SO4 +[O] 

- 
K2SO4 + 12 + H2O

2KI + H2SO4 *H1(), "-""+ K,SO1 +1, +2H2o

or 2I- + H.rO2 + 2H+ -------.Iz + 2H2O

(iv) Hydrogen peroxitle oxidi.tes icc-cold
o c i dif ed potas s ium di c ltorno t e s o h r li ot t ( c ont q ini try
ether) to chromium pentoide which dissolves in
etlter producing a blue colowalion.

HzOz 

- 
HrO + [O] x4

tlCrro' + H,SO4 + 4[O] -------i

I!SO. + 2CrO, * Hro

IqCr2OT + H2SO. * 4H2O2 ...._
K2SO4 + 2CtO5 +5H2o

Chlonriu pentoxidc
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Chromium pentoxide is actually a peroxideo-- .,o
having the structure I )Cr(o'' ll \o

o
(u) Hydrogen peroitle oidises leud sulphidc

b lectd sltlplute
Hz()z 

- 

HrO + [O] x 4

Pbs + 4[ol -----------' PbSoa

Pbs + 4H2O2 -------r PbSOn + 4HrO
bad^sulPhide t ad sutphare(Black) 

lwhiicl
This reaction is used in restoring the white

colour of lead paintings which have blackened due
to ths formation of lead sulphide by the action of
HrS present in the air. On treatment with H2O2,

lead sulphide (black) changes into lead sulphate
(white) a.od thus the colour of lead paintings is
restored,

(vi) Hydrogen percide oidises HzS to sul-
phw dnd sltlphurous acid lo ntlphuic acid.

H2S + H2O2 """"-- 2 H2O + S

H2SO3 G) + H2O2 @O -----r

HrSOo (aq) + H2O o
(vir) It oxidises mercwy to mercuic oide in

acidic medium
Dil. It2so4

Hg * HrO, HgO + H.O

2. Orddising actlon in alkaline medlum
(i) It oxidises rulpt ites, nitrites and srsenites to

sulphates, nitrstes and a.,renates respectively in
alkaline medium.

NarSO, +HrO, --- Na2SO4 +H2O
Sod. sulphite Sod. sulphatc

KNO2 + H2O2 ----------- KNO3 + H2O
Pot. nitrite Pot. nitiatc

NarAsO, +HrO2 + Na3AsOa +H2O
Sod. arsenite Sod. aEenate

(ii) lt oidises manganese salts to mqngqnese
dioxide irt alkaline medium.

MnSOa + HzOz + 2NaOH
Mangauese sulphate

........_ NarSOo + MnO2 + 2H2O
Manganese dioxide

or Mn2+ + H2O2 + 2 OH- -----------r

Mrr0z + 2H2O
(iii) It oxidises cftro mium salts kt chroinates in

alkaline medium.

Crr(SOn), + 3H2O2 + 1ONaOH
Chromiunr sulphate

__ 2 NECTOI + 3Na2SOa +8H2O
Sod. chromatc

or 2Ct'+ +3Hzo+ looH-
2CrO?- + 8H2O

(iv) It oxidises/ozfl aldehyde to formic acid
HCHO + HzOz 

- 
HCOOH + H2O

Formaldehydc F_onnic acid

(v) It oxidises benzene to phenol bt alkaline
medium

C6H6 + H2o2 
-.-.-' C6H5OH + H2O

Benzene phenol

(b) Reduclng char8ct€n In presence ofstrong
oxidising agenLs, hydrogen peroxide behaves as a
reducing agent both in acidic as well as alkaline
medium. In all these reactions, molecular orygeo is
always produced by the combination of HzO2 with
the orygen atom released by the strong oxidising
agent :

H2O2 + IOI --------.--r HrO +O,
fmm oxidising

agent

Acidic medium,

HzOz ..........- ZH+ + or+ 2e-
Alkaline medium

HzOz +2OH- .+ZHzO +Oz +2e-
Some important reactions in which hydrogen

peroxide behaves as a reducing agent are given
below :

1. Reduclng action lo acidic medium
(i\ It reduces .ocidified potassium perrnon-

ganate solution. As a result of this reaclu,on, the pink
colour of KMnO n solution is discharyed

2 KMnOo * 3 HrSOo 

-K2SO4 + 2 MnSO4 + 3 H2O + 5[Ol
H2O2 + [Ol ......--. HzO + 02] x5

2KMnOn + 3 H2SO4 + 5H2O2 
--'IISO. + 2 MnSOo + 8H2O + 5C)2
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or 2MnOf, + 6H+ + 5Hr0, ----"''
zMrf+ + 8H2o+502

(ii) It reduces acidified potassium dichromate
solution. As a result of this reaction, the orange

colour of KrCrrO, changes to green due to the |ormu'
tiotl ol chrotnium salt.

IlCrrO7 + 4 H2SOa .-...._

IqSO4 + Crr(SOo), +4HrO+3[0]
Hro2 + [Ol '--------- H2o + 02] x 3

(ii) It ruduces fenic salts to lenous solts in
olkaline medim't

2Fe3+ (aq) + HrO, (ar) + 2 OH- (aq) 
-2Fe2+ (aq) + ozG) + 2H2O (t)

(iii) It reducer alkaline potassium fenicyanide
t o p ot o s sium feno cyanide

2 Kr[Fe(CN)r] + 2 KOH -----""'+

2 Kr[Fe(CN)u] + H2O + [o]
H2O2+ [O] + H2O + Oz

IlCrrO7 * 4 H2SO2 + 3HrO, 

-I!SO. + Crr(SOo)3 + TH2O+3Oz

or CrrO]- + 8H+ + 3H2O2 

-*zcf+ +7H2o+3,.J2

Qii) It reduces monganese dioxide to rnan'
ganese sulphqte in presence of dil H2SOo.

MnO2+ H2SO1 ......-MnS()n + H2O + [O]

H2O2+[Ol 

-H2O*02MnO, * HrSOo + HzO2 ......._

MnSOn * 2H2O+ 02

(iv) It reduces ozone to diorygen
O: ...........' Or+ [O]

Hro2+ [Ol .-.-- Hzo * oz

H2C)2 + ()3 
--- 

HzO + 2O2

(v) Chloine and bromine arc reduced to HCI
and HBr respectivel). This property is called An-

tichkrr.
Cl2 + H2o + zHCl + [O]

HrO, + [O] ---""""' HzO + Oz

HrO2 + Clr._ 2 HCI + 02

and LIrO2 * Br, ..-..._ 2HBr + O,

(vi) It reduces hypoholorts dcid to hqlide ioa itl
ucidic medirm

HOCI (aq) + HrO, (aq) 
-HrO+ (aq) + Cl- (aq) + <)r@)

2. Reducing action in alkaline medium

(i) It reduces potassium permangsnqte to ntqn'
ganelte dioxide in alkalitrc medium.

2 KMnOo @q) + 3HrO, (rq) .......' 2 MnO2 (r)

+ 2KoH (aq) + 3or(g) + 2H2o o

2 \[Fe(CN)61 + 2KoH + Hzo2
Pot. ferricyanidc

----, 2 rqlFe(cN)61 + 2H2O + O'
Pot. ferrocyanid€

or 2 [Fg(CN)5]3- + 2 oH- * H2O2 ------'
2 [Fe(CN)uf - + 2H2o + {)2

(iv) lt r edtces meta I oxides to metals, i.e., silver
oside to silverin the alkqline medium. Howeve4 leud
dioxide is reduced to lead monoxide.

AgrO * HrO, ----2Ag + H2O + Oz

PbOz + HzOz ._ PbO
Lead dioxide lJad monodde

+ H2O + 02

(v) lt red,uces hypohalites to halides in alksline
nrediunt

NaOBr +H2O2 + NaBr + H2O + C)2

Sod h,?obromite

CaOCl2 + H2O2 

-+ 
CaCl2 +H2O+O2

Illcaching powder

4. Bleaching action. The bleaching action of
hydrogen peroxide is due to the noscent orygen
which it liberates on decomposition.

HzOz ' H2O + [O]
The nasceut oxygen combines with colouring

matrer which, in turn, gets oxidised. Thus, rhe

bleaching oction ol HrO, is due to the oidation of
colouingmattet by nqscent ollgen.It is used for the
bleaching of delicate materials like ivory, feather,
silk, wool etc.

Colouring matter + tOl ....".......- Colourless matter

5. Addition reactions, Hydrogen peroide
rcacts with olkenes to form glycols.

cH, cH2oH
ll +Hro, 

- 
IcHz cH2oH

Ethylene Ethyle nc glyml

4s
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11.12.6. Uscs of Hydrogen Peroxide

(i) The most important irdustrial use of
HrC), is as a bleaching agent for delicate materials

like textiles (silk, wool), paper pulp, straw, leather,
ivory, oils and fats.

(r'i) Domestically, it is used as a hair bleach
and as a mild disinfectant.

(rr) It is extensively used to manufacture iaor-
ganic chemicals like sodium perborate andpercar-
bonate which are important constituents of good
quality detergeDts.

(iv) It is used in the production of epoxides,
proplyene oxide and polyurethanes.

(v) HrO, is also used in the synthesis of hydro-

quinone, pharmaceuticals like cephalosoporin and
food producs like tartaric acid.

(vi) HrO, is increasiagly being used in en-

vironmental cheElstry to control pollution by
(i) treatment of domestic and industrial effluents
(ii) oxidation of cyanides and restoration ofaerobic
ca[ditioD.s to sewage wastes.

(ur) It is used as an antiseptic under the name
perhydrol for washing wounds, teeth and ears.

(vi ) It is used for restoring the colour of lead
paintings which have blackened due to the action
of HrS present in the air oo lead paints.

(rr) It is used io the laboratory for detecting
the presencr of ckomiun, titaoium and vanadium
salts with which it yields peroxides of characteristic
colours.

(x) 93Vo HrO, so\ttion is used as an oxidant
for rocket fuel and as a propellant for torpedoes
and submarines.

(xr) It is used as antichlor (to remove Clr) in
texti-le industry to remove cxcess of chlorine after
bleaching operations.

U.12.7. Tbsts of Hydrogen hroxldc
(i) H2Oz on treatnent with atr acidifed solu-

tion of titanium salt gives a yellow or organc colour
due to the formation of pertitanic acid (H2TiO4)

Ti(SO4)2 + H2O2 + 2 HzO ------ HzTiOl
+ 2 H2SO1

(li) It liberates iodine from KI solutionwhich,
in turn, gives blue colour with starch solution,

(r'ii) When an ethereal solution of HrO, is

shaken with acidified solution of IQCrrOr, blue
colour appears in the ethereal layer due to the
formation of chromium pentoxide (CrOr)

(iv) When brought ir contact with H2O2 solu-

tion, a filter paper with black stain of PbS turns white.

(v) It decolourizes acidified KMnOo solution.

1 Peroxides. Melallic 6ides which on reatment with dihue acid|; prod,uce hydrogen peroide are called peroider.
For fiample, NEO2and Ba02. lD lhese peroxides, the two oxygen atoms are linked hy a single bond and each

oxygen atom has aD oxidation state of-1. In other words, all peroxides crl)tain a peroxide ion ( O3-) haviDg

the structure -: O-O :-. In lhis structure, all the electrons are paired and hence all peroxides are diam{rP.

netic
'fhere are certaiD other oxides like PbO2 and MD02 which may be mistaken as peroxides. These con'tpouDds,

however, do not Sive H2O2 on treatment wilh dilute acids. As such these contpounds do Dot clDtain a peroride

ion (o1-) and hence they cannot be called as peroxides. Actually in these compouDds the rwo oxygen aroms
are linked to the metal atom by a double bond and henc€ are called dioxides, i.e., O = Pb = O (lead dioxide)
and O = Mo = O (mangenses dioxide). In dioxides, rhe oxidation state ofeach oxygen atont is -2.

: Superoxides, Bcsides peroxides, alkah metals also form higher oxides callcd supcroxides. For example,
Potassium superoxide (Ko2), rubidium supcroxide (Rbo2), c.esium supero(ide (csoz) etc. All rhese supcr-

oxi(les mnl ain a suPeroxide ion, l. e. Ot havrng rhe structure, , O-O , -. Thus all supe roxides contai[ an ocld

numb€r of eEctrons (ia 13) and hence are paramagrctic.
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lil 3 
o the tbllowing types :

mber of tbe elemcnt (M) can be deduced fronl the

orygeo as-2 aro callcd normaloxides For cxaDrPle,

HzO, NazO, MgO Al2O3, CO2 etc. All these oxides contairr M-O bonds'

(iD poly;xues. .Ihese oxides colrtai|r morc oxygen than \pould be expecred from thc oxidation number ortbe

ilcmeni ltrl;. mese trave becn further classifierl into Peroxides, aDd superoxides'

ll.l23.Structur€ofHydrogenhroxirle.Thereareseveraladvantagesofhydrogen

nitrogen that are responsible for acid rain, 
-nor

COr Ihat is responsible for the green house effect,

nor carcinogenic hydrocarbon's, nor lead com-

Pounds.
H oweve

achievins the
peroxide in the gas pha.se and the crystalline state is to find"out a
are shown in Fig. 11.13. tionof H2.TW

i01.5. \----:i----l:---

nroducts are hvdrogcn and orygcn while all other
,pccies are recycled. Clne such thermochemical
reaction cycle is

175 K
3 FcCl2+4 H2O-Fe3O4 +6HCl + Hzll< Z

475 K
2 Fcaoa + 12 HCI + 3 Cl2 

-6FeClr+6H2O+Oz
7L5 K

2 FeCl, .-..._ zFsclz+Clzl x3

cvcle. The first method is not
ect.rnomicallv viable since the
cost of proiuction of H, bY

electrolysis of H2O is so high

that almost all H, is obtained

from natural gas which itself is
in short supplY. The other
method involves series of ther-
mochemical reactions in which
the only things consumed are
water and heat and the onlY

90 2"

H

oo

The coal and oetroleum reserves ofthe world
arc limited and ari fast dwindling. Therefore, the

economy.
2112() 

- 
zHz+ Oz

are : electrolysis of water and
the thermochemical reaction
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Whether any of the methods listed above can
produce H2 cheaply enough to make its use prac-

ticable is a most distant possibili(y. The other prob-
lem is to hnd out an effective means of stroring
Hr. The gaseous H2, because of its bulk, is difficult
to store, but liquid H2 can be stored relatively easily

and safely in cryogenic tanks (already in use for
space programme in U.S.A.). It is also feasible to
transport liquid H, by road or rail tankers of20,000

US gallons capacity. It can also be stored in under-
ground tanks and transported by pipelines. How-
ever, it may not be convenient to store liquid H, in
a home or a car since the boiling point of H, is very

low (20.4 K) In either case (gaseous orliquid form)
H, must be kept out of contact with o4gen or air
with which it forms explosive mixtures. The only
alternative left is to store H, in a metal or in an alloy
(such as iron-titanium alloy, LaNir, Mg-MgHr,
Ti-TiH, etc.) as interstitial hydride.

The gas can then be released on mild heatinq.
ln an automobile, for example, this storage system
would replace the gasoline tank. The heat required
to release H, from the metal hydride could come

hom the exhaust gases from the engine.

Ifthe problems discussed above can be solved,
not only can H, be used to substitute gasoline as a

fuel for transportation, but it could also replace
natural gas for space heating. Moreover, because
H, is a good reducing agent, it could replace carbon

(as coal or coke) in many metallurgical processes.
And, ofcourse, itwouldbe abundantly available for
reaction with N, to produce NH, for fertilizer
manufacture and other use'. Hydrogen can also be
used as a direct substitute for electricity which can
be generated by wide spread use of fi.rel cells. The

fuel cells are rountinely used as power source on
spacecraft. A 4 5 megawatt fuel cell power plant
(with conversion efficiency of 70-85%) has been
established in Tokyo. Unfortunately such fuel cells
are too expensive to be used in consumer oriented
applications in developing countries like India.

The combination of all these potential uses of
hydrogen could bring a fundamental change in our
way of life, giving rise to what is called hydrogen
economy.

1 1 .'14. Use of Liquid Hydrogen as a Fuel ::l:, :i: I 
, i i i ,:i r i::i

Use of hydrogen as an automobile fuel has
many advantages :

(i) First the heat of combustion of H2 is by far

the largest, i.e., 115 megajoules per kilogram
(MJ/kg) as against 43 MJ/kg for a typical unleaded
gasoline, 39 MJ/kg for ethanol and Z) MJ/kg for
methanol. Thus, an automobile engine is ?5 - 50Vo
more efficient when it uses H2 rather than gasoline.

(i) The exhaust is free from pollutants like
CO, CO2, Nq, SO2, hydrocarbons, aldehydes and

lead compounds.

(iii) Combustion product is water with some
traces of 'ritrogen oxides.

(iv) Internal combustion engine can be easily
modihed for use of hydrogen as fuel.

The most cffective means ofstoring hydrogcn
is in the liquid form. The liquid H, is widely used

as a rocket fuel since it gives higher thursts than
most of the other frrels.

The range of supersonic aircraft could be in-
creased if the aircraft used liquid H, as a fuel.
Further hlpersonic aircrafts would also become
pqssible if liquid H, is used as a fuel.

t.r I lVhich isotope o[hydrogen is used as a tracer in orpxnic renctions.
Ans. H)'drogen has three isotopes, qz. H, D and T Due to dittereDce in masses, the rate constants ofthqse isolopes

with the saore substratc are differeDl. ln orher worcls, both D andT shw irotope effecl But since T is not only
raclioactive but is also least ahundant hydrogeD isotope, therefore, D is used as a tracer to study the mechanism
oforganic reactions.

1.; I Name one examPle of a reaction in which dihydropen xcts (i) rls nn oxidising agent nnd (il) os a reduclng
agent.

Ans. (i) In rhe reaction ofdihydrogen with merals ro forD] n.tcral hydrides, it acts as an oxidisiDg agent.

2 Na (,) + H, r<,Ia 2 Na+ H - rrl

c'?*ne,entaa,|*Aue.-q*i,p,ns.,
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Ilere, Na has been oxidised to Na+ while <JihyrJrogen has been reduced to hydride (H-) ion.
(ii) In the reaction of heated cupric oxide with dihydrogen to form Hro antl copper n:etal, dihydrogen acts as
a reducing agent.

cuo (.r) + H2 ('r) '"ul au (r) + H2o E)
Here, CuO is reduced to Cu while dihydrogen is oxidised to HrO

Q'-1' Hydrogen forms three types of bonds in its compounds. Describe each type of bonrling using suitnbleexamples. - 
W.C.E.R.T.)

Ans. Hydrogen forms compounds in three different ways:

(i) by loss of electront as in the reactions of tI2 with metal oxides, le., heated CuO and FerOo.

cuo (s) +H2G) '"ul 
", 

(r) + rr2o (g) ;

FerOo (s) + 4 HzG) 
H"': 

3 Fe trr; + 4 .HzO 
(g)

(ii) by goin of elech.ons as in the reactioDs of H, with metals.

Heat
Na 1s1 + Hz@) :::- 2 Na+H- 1.r; ;

Ca (r) + Hz@ Y ca2+ (H- )z
(iii) by .rhaing of electrow as in the reactions of H2 with halogens :

HzG) + F2G) -IIL 2H-F(/) ;
23K

Hz@) +",, G; ry*l zH-ct G)
sunlight

Q. 4. Conc. H2SO4 cannot be used tor drying IIr, Why ?

Ans. Conc. H2SO4 on absorbing HrO from moist I{, produces so much heat that hydrogen catches fire.

Q. 5. Why is diorygen paramagnetic ?

Ans. M.O. diagranr shows that O, has two unpaired elecfirtny and thus shows paramagnetism.

Q. (r. Can marine species live in distilled wnter ?

Ans. No, because distilled HrO does not contain dissolvecl Or.

Q. 7. A sample of hard water is allowed to pass through an anion exchanger, WII it produce lather will soap
eaSily ?

*t' 
Io.._9'+ and Mg2+ ions are still prese nt and these will react with soap to form curdy white ppt. Therefore,
it will not produce lather with soap easily.

Q. tt. Can dlstilled water he called as deionised water ?
Ans. Yes. Distilled water does not contain any cations and anions and hence can be called as deionized water.
Q. 9. Explain why oxide ion is called a hard ion ?

Ans' Oxide ion is very small in size and thus cannot be easity polarized and hence it is called a hard ion.
{). I{1. Anhydrous BaO, is not used for preparing HrOr. \ilhy ?

Ans. Anhydrous BaO, is not used because the BaSO4 formed during the reaction forms a protective layer around
unreacted BaO, and the reaction stops after sonte tlnte.

fr
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Q. l. Which isotopc of hydrogen (i) does not contflin neutrons, (ii) contslns equol number of pmtons end
Deutrons, (ii) is radioactive.

Ahs. (i) proliunr Gl) deuterium (iii) tritiuD.
- 

Q. 2. Why is dlhydrog.n Dot prefered in hatloons these days ?

Ahs. Dihydrogen is highly combustible and hence rs likely to cstch fire in presence of exce$s ofair
Q. 3. Name one compound each in which hydrogen exists in (i) +I and (ii) -1 oxidation stote.

ADs. (i) HClor H2O or NH3 ( )NaHorCaH

Q, 4. What is the importahce ofheflr] wat.r ]yith reg.rd to nuclear power generation ?

Ans. It is used as a moderator to slow down the neutrons produced as a result of fission and thus belps to coDtrol
the nuclear reactioos.

Q. 5. How is heaq vater produced from ordinary wnter ?

Ans, lr is obtained by repeated elecrrolysis of ordlnary warer contaiDing 3% NaOH.

Q. 6. WhAt do you mean by 15 yolume HzO2 solution ?

' Ans. 1cm3 ofa 15 volume HzOz solutioo gives 15 n)lofOz ar NTP.

Q. 7. Namc two compounds which rettrrd the decomposition ofH2O2 solution.

Ans, Ac€tanilide, glycerol.

Q. E. Colculste the smount ofH2O2 present in l0 ml of25 yolume H2O2 solution.

Ans. 10 ml of 25 volunre H2O2 liberate O2 = to x 25 = 250 nrl at NTP

2H2O2 
- 

zHzO+ 1;2

6Eg 22400 ml at NTP

. . Anrount of Hzo2 lhat ,.!lll hberate 250 nrl of oz at NTP = \ff = o lsl z

Q.9. Hydrogen peroxide is used to restore the colour ofold oilpaiIltings contoining leod oxlde. Write a balarced
equotiotr ofthe resction that tokes plnce in this proc;ss.

Ans. Refer to Ans. to Q. 2. of C.B.S.E.-PM.T (MAINS) SPECTA! on pa8e l1l4?.

Q. 10. 10 ml ofa given solution ofH2O2 contains 0 9l g ofHrOr, Express its strength ln volume.
- Ans. 689 of H2O2 produce 02 = 2200 mlai NTP

''. 0 91gof H2O2will produce 02 - 22400.,\ 0 et 
=300nrlatNTP

. volume strength = 199 = ro

Q. 11. What is the cherDicol composition ofzeolite ?

Ansr Hydrated sodium alumiDium silicate, NqAIrSirO, .xllrO. \ 
.

. Q. 12. Whot is water gos ? How is it prcpered ?

Ans. An equimolar nlixture of CO aDd II2 is called water gfls. Itisprepared by passing steam over red hot coke,

c(') + Hro (s) 1215 
co 6; + n2 e)

Q. 13. Name one example ofa reoction in lyhich dihydrogen acts (i) asan oxidising agent (ii) asa reducihgsgenL
Ars. OxidisiDg ageDt : 2Na + H2 -....... 2Na+ Il-

Heat
Reducing agent : CuO + II, 

- 
Cu + HzO.

Q. 14. What happeDs !f,hen heavJ wster is added to calcium carbide ?

ar
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Ans, Deuleroace9ene is formed, (hq + 2D2O 

- 
Ca(OD)z t DC = CD

Q. 15. Whnt is deminerolized wnter ? IIow is it obt.nillcd ?

Ans. Water which docs not contirio cations and anions is called den'rineralized waler. 11 is obtained by PassiDg

ordinary water through ion exchange reslns.

Q. 16. The hoil ing point of H2O is higher thfln that of fI2S. ExPlain.

Ans. Due to extensive iDternlolccLr lirr i I -bondiDS irl I l2 o, I hc b.p, of H2c) is ntuch hiSher thaD that of H2s.

Q. 17. Whnt is hydrolith ? Hotd is it prePared ?
A

Ans. C-a + Hz ...* CaHz (hydrolith).

e. I t. Write the structures of trvo complex metot hydrides \rhich nre rlsed ns reducing agent tu organic synthesls.

Ans, LiAjHa and NaBHa.

Q, 19. Whet type ofelements form interstitisl hydrides ?

Ans. d- and/-block elelneDts,

Q. 20. Writc tr?o uses ofibterstitial hydrides'

Ans. (i) Storing H2 aDd (ii) catalysts for hydrogenation reactions

Q. 21. rrYhrt happens when chloroforD is trerted with hexry water ir Presence of$n slklli ?

Ans, Deuterochloroforn (cDCl3) is fornled. CFICI3 + D2o-....- cDcl3 + DoH'

Q. 22. Why is sodiurD chloride less sol hle in heary water than in ordinary\vater ?

Ans. Due to lower dielectric constant of D2O over I'12O, NaCl is less soluble in DzO thao iD H2O'

Q, 23. Explain why heryllium forms a covalent hydride while calcium forms sll ionic hydride'

Ars. Because of higher electronegativity (E N = I 5), Be forms covirlent hydride while due to lower

electronegativity (E.N. = I 0) Ca lbrDrs ionic hydride.

Q, 24. Give two ndvantages ofusibg hydrogen ns a ftlel over Snsoline'

Ans. High heat ofcon]bustioo and no Pollutants Iike S02' NO2,COrelc'

Q, 25, Explnin why electrolysis of ordinrtry water occnrs fnster thnn hear? wnter ?

Ans. Due to lower bond dissociarion ene rgy of protium bonds in H-o-I{ thaD dsuterium bonds iD D-o-D,
electrolysis of Hzo occurs much tilster lhan that of D2o

Q.26. What is rneant by autoprotolysis ofwater ? (\:( /tk /l)

Ans, Autoprotol,,sis of water means that two molecules of water react with each other t hrough Proton transfer ie.

one acts as the acid whrle the other dcts as the base. Thc molecule which accePts a Proton is coDverted into

H3O+ while that which loses a protou is convcrted tnto OH- ion'

Thus, H2O (l) + HzO (l) HrOt 1aq1 + OH- (aq)

acidl base, acid2 basel

Q. 27. tYhot is understood lry hydrogenfltion ? /'\ r''l- /(' 11)

Ans. Hydrogenation means addition otH2 in Presence ofa catalyst to multiPle bonds to tbrm saturated compounds.

\ior Pr orPd
For example, CH, = gg, + Hz ........-..-................. CH3 - CH3

Ethene 473 K Ethane

Q, 2t, Is it correct to say thot hydrogen can l)chave rs a metal ? stlte the conditions under which such hehaviour

can bc possible ? \:( / li /

Ans. Yes, H2 can act as a metalunder very vcry high pressures'

Q.29.Ionichydridesorcfrequentlyusedtolemovetrlrcesof\YnterfromorgllniccomPouhds.whatisrtnderlyin8
hrsls oithis process ? I \1(''Ir- /l / '

Ans, H- is a strong Bronsted base and hencc reacts $'ith I 12O readily liberatin8 H2 gas

\ al
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H2O (I) + H - (r) -* Hz G) + oH- (aq)

Q. 30, Although D2O re{arDbles H2O, chemiqlly yet lt is o toxic subctance. ExplsiD.

Ans. D2o is toxic siocc, D + reacts ar a much slower rare as comparcd to H+ in en4mc-catallze d reactions.

Q. 31, Give an exomple eBch ofan ionic hydride ond a covaleDt hydrlde.
Ans. IoDtc: NaH or CaH2.

CovaleDr: H2O. BrHu, CIIo etc.

Q. 32. Whnt is the dilference hetween hydrolysis and hydrotion ? r \ r ., /t .r r

Ans. lDteractlon ofH+ and OH- ioos of H2o wth the inrioD and the carion ofa sall respeclively to give the original
acid ard the origiDal base is called hydrolysis. For exan]ple

Na2COl+2HrO _2NaOH + HrCO,
sart Basc Acid

Na+ (oq) + ct- (oq)

CUSOa . 5 H2O
(BIuc)

(N.C.E.R.T)

(t;.('.1: R I:)

Scc. I l.l
to 11,2

5 A cARRytNG 2 or3 MARKS

How will you prepare healy hydrogen is lhe laboratory ?

How many allotropes ofdihydrogeo are known ? What is their importance ?
Cornplete the following reactio,rs :

(i) Cuo (r) + H2 G)..* (i,) co G) + H2@)+
How is dihydrogen obtarned from
(i) water (r'i) dilute acids (ir]) atkalies ?

How does dihydrogen react with

2,
1

S!c. lll 4.
till.1.

5.

1.

t.

9.

10.

11.

icc.l !.3. 12.

to 11.1.

13.

(N.c.E.R.r)

(N.C.E.R.T)

(N.CE.R.T)

r: . Hydrslion, olthe other hand, nleans addition of H2O lo rons or molecules to form hydrated ioDs or hydratcd
salts, For example,

Na+cl- + Hro *
Sslt

CUSOa+5H2O-
<Colourle$)

Discuss the characteristics in which hydrogen resembles halogens.

Discuss two characteristics in which hydrogen rescmbles alkali mctab.
Explain w-hy hydrogen is besi plac€d separatety in thc periodic rable ofelemcnts. (N.C.E,R.T)
flow is dihydrogen prepared (i) from warer by using i reducing agen! (id) in rhe laboraiory in pure
form and (iii) hldrocarboDs ? W.b.E.t.f)
wbat is meant by \mter gas shifr reactio''? Describe its use for the preparation ofdrhydrogcn.

(N.c.B.R.T.)
Describe the industrial applicaiions of hydrogeD depndcnt oo :

(i) the heat liberated when the aloms arE made to combinc on thJ iurfacr of a metal.
(ri) its effect on unsaturated organic slstcms in presence ofa cataly*t.
(ir'i) its abiliry ro combine wirh nitrogen uoder specific cooditioDs . (N.C.E.n.T)
Explain the correct context in which the lbllo\ving terms are uscd.
(i) diprotium (r'i) dihydro8en (i!i) protoo aDd (iy) hydron. N.C.E-L-T/
Name rhe i'otopes ofhydrogen. What is the imponancc of the heavicr isotopcs of hydrogen ?

(i) Blue litnrus soturion (ri) chtorine (ai) flourine (iv) nitrogen (y) sutphur (yi) (arbor
(vii) sodium (vxr) ferric-ferro oxide (mag[etic odde) (E) carbon mooGide ?
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14. Horv is dihydrogen obtained ftom

(4) dilute sulphuric acid (D) sodium hydroxide (c) watcr ? Givc oDc cquation in each case'

Give one method (other than electrolysis) for large scale Preparation of dihydroSen'

Name the different vmys in which hydrogen forms comPounds ? Give oxanlPles

What arc metallidintcritltiat tryOtUi f U*' do t ,y differ from moleorlar hydrides ? (N'C'E'RT')

Hvdrolen forms compounds with elemcDts haYing atomic numbers: 9, 11,12and l7 Whatare their

ctiemi&t rormuue r i)omparc the ir cheorical behiviour. N'C'E'R'T)

lHlnL Hq NaH, MgHz and HCII

19. Namc the class of hydrides to which H2O, BzH6, NaH and LaH3 belons What is understood t'y

hydride gap ? (N'C'E'RT)

20. Distioguish between salt like and covaleDt hydrides'

15.

16.
17.

1t.

Src. I l.tt.

Sec, I1.9.
to 11.11.

21.

24.

Disruss bricfty thevariatioo in boiling Poinls amoog the hydrides otSroups 15, l6 and

What are intersdiial hydrides ? Discuss their iDportant uscs.

Discuss briefly the characteristics ofsalt likc hydridcs.

Explaio whywater has high boiling and melling points as comPared to H2S'

25. kplain the structure of ttle common form of ic.e.

26. HydrogeD fornls three tyPes of boods in ils compounds. Describe each tyPe of bonding usiDg suitable

e*ampies. @'C'E'R'T)

27. Explain the amphoteric nature ofwater. (N'C'E'RT)

2ll, Describe sonre unusual ProPerties of water. (N C'E'R'T')

29. Whar is the difference b€tween hydrolysis and hydration @'C'E'R'T')

30. Why do lakes freeze from toP towards bottom 'l (N'C'E'RT)

31. why is ice less deNe than water aDd what kind ofattractive fotces must be overcome to olelt ice ?

(N.C.E.R.T)

32. Complcte lhe following reaclions:

(r) CJo (r) + H2o (f .... (,,) Na2o (r) + H2o (D- (iii) Fe ('') + Hzo (s)' (N.C.E.RT.)

33. Elcmeots witb atomic numb€rs 17 and 20 form comPounds with hydrogen Write the formulae!f- 
ttr"r" rompounOs aDd coolpare their chemical behaviour in water' q'C'E'R'T')

lIIinL HCl, CaH2l

34, Distinguish bet\ryeen (i) hard and soft water and (ii) temPorary ard permanent hardness'
(N.C.E.R.T.)

35. Discuss the Principle and method of sotlening of hard watcr by organic ion cxchaDge resins'
(N.C.E.R.T)

36. Discuss the importanc! of heavy waier iD nucleat reactors d'C E R T)

3?. Explain : (i) water has maximum density at 277 K (ii) ice tloats over water'

3ll. Describe Permutit procEss for softening of hard water'

39. Discuss brie$y demi[eralisation and deionisation of water by ion excban8e resins'

40. Describe the principle ofsequestration for softeDing ofhard watcr'

41. Calculate the hardnes ofa water sample whioh coDtaiDs 0 OOl mole of MgSOa dissolved per litre of

1'7.

(N.C.E.R.T)

(N.C.E.R.T)

lAns. = 100 pPmI
lhe solutio[.

42- Whai is Lbe action of watcr oo (i) Calcium carbide (ii) Calcium PhcPhidc (iri) Magnesium nitride ?

43. What are the $ts)a in which water molecules are boDded to the anhydrous salt to form hydrate'

44. Wtry is water an o(ccllent solvent for ionic or polar comPounds ?

45. How is heavy water PrePared from normal water ? (N'C'E R T')

46. Discuss the imPorta[ce of heavy water is nuclear reactors (N'CE'R'T')

47, How is heavy water Preparcd ? Compare its phlsical ProPerties with that of ordinary water'
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4t. What is thc action of heaty water on
(i) sodium (ri) sodium hydrqide (rii) ammonium chtoride and (iy) sulphur rriqidc ?

49. N€T: tle follo ingcotpounds and wlite down howcaD $ey bc prepared frorD hesry yatct:1.
(0 cDCl3 GD DCI (rii) D2 (iy) qD2 and (y) CDa.

50. whitc the structures of six varieries of heavy water difteriDg in atomic mass of cfrygen alom and thcir
molecular mass€s.

Scc I L| 2 Sl. Comparc the structures of HzO and H2O2.

5a Compare the chemic€l propertie.s of H2O and tlrOr.
(N.C.E.R.I)

(NC.E.R.t)
53. sho' by propcr chemicar reaqions ho, hydrogen Fr idc can tu[ction boo u an qidiling 8trd I

reducing agent. N.C:E.&O
54. Complete the following equatioos :

(i) PbS (r) + H2Oz@q- (ii) MnO; (aq) + H2O2@q+
What happens when H2O2 is lreated with

(.t) acidified potassium pannangaDare

(b) lead sulphide

(N.C.E.kT)

(c) alkaline potassiu nt ferriryanide
(d) aciditied ferrous sulphare

(?) sulphurous acid ?

(f) sodium arsenire ?

56. What bappens wheo

(r,) Barium peroxide is treated with cold dilute sulphuric acid.
(6) Sodium peroxide is lreated with cold dilute sulphuric acid and the r€sulting mixturc is cmled belown3K
(c) Barium pcrodde is tre€ted with pbosphoric acid
(d) Hydrogen peroxide is treated with sodium carbonate
(e) Hydrogen iodide is added ro hydrogcn peroxide?

57. Write equations for the following rcactions :

(4) A solution of 2."thylanthraquiDol in a nti*ure of benzene and cyclohemnel h ffiidiscd
(b) Ttre organicproduct obrained in (4) is treatedwirh hydrogen in the prescnce ofpaladium cararyst.
(c) Perqydisulphuric acid is hydrollsed
(d) Chlorine ts passed through hydrogen peroxide solution
(d) Sodium hydroxide is treared wirh hydrogen p€ro(idc.

5E, Give ion elcctron equations for the following reactions :_
(a) Oxidation offerrous ions to ferric ions try bydrogeo perqide
(6) Oxidation of iodide ron ro iodiDe by hydrogen p€roxide
(c) Oxidation ofacidified permanganate ion by hydrogen percide
(d) ReductioD ofalkaline ferricJanide ions to ferrocyanidc ions
(e) Oxidation of tbrrocyanrde ions to ferricyanide tons In acidic medium.

59. "HydrogeD peroxide is a strong o\idising agenr borh in acid and alkaline medium.,,Justiry gMng
suitable reactions.

60. How is a solutioD of H2O2 prepared by electrol,,sis of an aqueous solution of ammonium sulphate
and H2so4 ?

61' Ho', is a sorution of H202 concer)rrated ? why cannot ir be conc€Dtrated by disiirario[ a[ ordinary
Pressure ?

62. Justify the statemeDt ,An aqueous solution of h,drogeo percfiide is weakly acidic,,.



11144
Pradeey's tli;Nii4

Scc, ll.l3
to I 1.14

Sec. I l.l.
to I1.4.

Scc. 11.5:
tc I 1.7.

63. In the preparation of hyclrogen peroxicle, the use of PhosPhoric acid has atl aclvantage over dilute

sulphuric acid. ExPIain.

64. Name the conrpound of hydrogen ancl orygen which acts both as an oxidising as well as a rcducing

agent. Give one n:ethod for its preparation.

65. How does HrO, act as a bleaching agent ?

66. . Give three uses of hydrogen peroxide.

67. Explain :

(r) H2O has a higher boiling point than water.

(ii) H2O2 cannot be stored for Prolonged pcriods'

6lt. Hydrogen peroxide is used to restore the colour of old oil paintings containing lead oxide. Write a

tratanceo equation for the reaction which takes place in this process.

eS. Whrt it unierstood by hydrogen econorrly '! (N'C'E'R'T')

70. what are advantages of using hydrogen as a fuel over gasoline or ooal ? (N.C.E.R'T)

71. Give one thermochen:ical cycle of chemical reactiolts depicting the decomPosition of water.

72. Discuss two nrethods tbr storing hydrogen.

73. Discuss the use of liquid hydrogen as a fuel.

Discuss the position of hydrogen in the periodio table'

What are isotopes ? Discuss briefly the structure, properties and uses of isotopes of hydrogen'

How is dihydrogen PrePared fronr :

(i) water (ii) acids and (iii) alkaties. Discuss its vartous uses'

4. How is dihydrogen prepared oD a commercial scale ? Give one convenient method for preparing

dihydrogen in the laboratorY'

Give equations to show the reactions of dihydrogen with : Na, Ca, CO, N, S' Cl and CuO.

What aie hydrides ? Discuss their various types. Ho$'are they formed ?

Discuss briefly the nt types of hYdrides'

what doyou mean diffeient methods used for softening of hard water ?

Briefly otplain the

Discuss the structure of (a) water in the gaseous and liquid states (D) ice. Explain why water exPands

on freezing ?

Give the equation for the auto-oxidation of 2-ethylanthraquinol to produce HrOr. Why is the process

called auto-oxidation ? What is the advantage of this prooess ? Give one example of a reaction with

equation in which ozone acts as an oxidant but no oxySen is produceQ. Which element is a stronger

o*iOant than ozone ? (West BmgalJ.E,E' 2001)

Horry is hydrogen peroride prepared in the laboratory and on a commercial scale ? Giving four

iiactions 6f .udn gie lustiryifre starement that hydrogen peroxide acts both as an o:<idising as well

as a reducing agent.
Write notes on:
(a) Hydrogen economy and (D) Liquid hydrogen as a tuel of the future'

Scc" i l.tt,

S cc. 1 i.9.
to ll.l2.

1.

2,
3.

5.

6.

7.

E.

9.

I ().

11.

t2.
to II.l4
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- .l' Aionlc hJdrogi-lt is Produced wheu molecrrlar hydrogen is pass€d through an electric arc struck betwecntungsteo elccrrodes (377U2i3 K).

Ele.tic ar.,3n3 - 42TjK
2H; AH = 435.9 kJ mol-l

The life time of atomic lrJdrogcn is 0.3 scc.
and hence it immediately gels converted into tbemolec1llarform Iiberating a large aEount ofencr&r which is usedfor welding pur[ns€s in form ofstomic hydroSen torch FIg. If.f+ --- - -

BROKEN IRON PIECE

FIGURE 11.14. Atomic Hydrogen Torch.

Alomic hydrogen isvery reactive and hence it acrsas a powerfur reduciDg agent. lt reduc€s, dides, chrorides,sulphides and surphares or heavy merars and many alkari miral salrs orhcr th; ;hrorioes ano srirftrarei. 
'- '

CuO+2H- Cu+HzO ; AgCt +H_ Ag+HCl
CuzS + 2 H * 2 Cu + H2S ; BaSO4 +8H * BaS+4HzO

It also reduces oddes ofnon-metals. For example,

CO2 + 2H- HCOOH

CO + 2H- HCHO
Paolo+32H 

- 
4pH3+ l0H2O

c

77t45



1'.t148
P r a tl e e p' s, N e' u 6 q s v s 9i',',:, e hE' mi i s;t y gW[D

ADDrriuNAtu_QEr-u-L-!Nr-qBUAf!9|!'--':":',

It combines with Oz, Ag and Hg at tow temperatures to tbrrn their respective hydrides'

Or+2H-HzOz ; Ag*g.--AgH
nract wilh the substance to be reduced Ls called nascenl

chromic and chloride ions respectively'
Zn + HrSOn 

- 
'/1$Qo 1 /fl (na''cent hydrogen)

2MnO! + 6H+ + 10H' 2Mnz+ + 8HrO

Fe3++11 --- F"2++H+

Crrozr- + 8I{+ + 6 H 
- 

2Cr3+ + 7 HrO

ClOl+6H--* CI-+3H2O

Some common sources of nascent hydrogerr are : (i) a urixture of zinc and dil. H2so4, (ii) a mixture of tit't

and conc. HCl, (ii) metallic sodium and absotute alcohol and (iv) ZiDc-copper couple and HrO or alcohol'

The activity of nascent hydrogen may be due to :

(0 ha association with a Part of

chemical it s liberation in form of tiny

bubbles se satisfactory to explain the

behaviour of nascent hYdrogen.

3.ComparisonhetweenAtomicandNascenthytlrogen.Mainpointsofdifferenceare:
(i) Nascent hydrogen can be produced cven at roon'l tentPerature but atomic hydrogen is produced at

elevated temPeratures.

(ii)Nascenthydrogencanneverbeisolateclbutatomichydrogencanbeisolated.
(iii)Reducingpowerofaton:ichydrogenismuchgreaterthanthatofnascenthydrogen.
Ingeneral,thereactivityofthethreeformsofhydrogenincreasesintheorder:
Molecutw lrydrogen (H2) < Narcen! hydrogen < Atomic lrydrogen

4. ained by subjecting a stream of molecular hydrogen at o-rdinary temperatures to

silcnt el 30,fi)0 volts' It is'very reactive in natu.re (half life = 0'33 sec) and conrbines

directlywithPbandStbrmingtheirrespectivehydrides.
5. Heavy hydrogen. It is manufactured by the electrolysis of heavy water containlng a little of HrSoo or

NaOH to make it a good conductor of electricity'

zDz}(l) E""'o'tr',' ZDzG) + oz9)
Heavywater (Atcathode) (Aranode)

ID the laboratory, it can be prepared by the action of heavy water on sodium nreta|.

zDz}(l)+2Na(s) + 2NaoD(ag) +D2G)
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SPECTAL
!1. SuD.llta'11l'li QUES7'10NS (Lot motwith LI.'t:)

Q. l. The proceds 12 H2@) + c- 
- 

H- (B) ls en-
dotherElc (AII = + t5l kJ Eol-l), yetsalr like
hydrides are krowD. Hop do you accourt for
this?

An& It is true thar formarioD ofhydride (H-) ioD is an
endothermic process, yet alkaliand alkaline earth
mctals form salt like hydrides. This is due to the
reason lhat high latdcr enersr released (eDerry
releas€d duri[g tbe formatioo of solid meGl
hy
M
DC

gas.

Q.2. Statues costed withwhitelead or long.xpo6ure
to atmosphere turr black altd the origiDal
colour con be restored on treatDentwith H2O2.

Here, Cf + gets midircd to Cr6+.
ReduciDg lgent I
2 K3lFe(cN)61 + 2 KoH + Hzo2 ..*

2& [FC(CN)5] + 2H2O + c}2

Herc Fe3+ gets reduced to Fe2+.

e. 5. A rvhite solld Is elthcr Nr2O or Ns2Or. A plect
of red lituus pspcr tunr6 rvhite wheo it is dlpped
into I fr€shly mode aqueous solution ol the
whit solid.
(i) Identtly ahe substoncr ond explsln wltlr
balanced cqustion
(ir) ExplaiD rhatrould hrppeD to thc rcd titErs
if thc whitc solid ver€ thc other coDpoutrd.

(LI.T 1999)
tu& (r) NEO2 + 2H2O 

- 
2NaOH + H2O2

H2Oz thus produced turns rcd litmus paperwhite
due to its bleaching astion.

0i) Na2O + H2O 
- 

2NaOH

NaOH thus produc€d will tum red litmus blue.

e. 6. Atr eleDent h86 its tDarlEum sDd EiDimum
+ n s\il -m respccdvely
the possibllity of uDdeBo_

on lu sny of ias coEpolld&
,n?

(We€ Benrat t.E-E. ZN3)
Ars. Hydrogeo hasm imumaod miDimumqidation

states as + I and - 1 respcrtively. Eement! of
goup 14, ie., C, Si, Oc, Sn & pb caD also have
m$dmum and mioimum qidaaiotr slates of + 4
aDd -4 rEspcctilrly. But all these elements u Dder_
go disproportionation reactions in some of their
compounds. For eEmple,

o
il

2 H---C-H + NaOH *
(o.N.ofC=0)

CH3OH + HCOONa
(O.Norc = - 2) (oN'ofC= + 2)

Therefore, the value ofn is l.
Q. 7. (8) Is it pGible to rlEove complcrely by hoilhS

the temporary hsrd[ess due ao Mg(HCOr2 ? 
-

(b) Cstculrte thG molarity strergth of II2O2
solutlor mrrLed j30 volumd.

(tyed Bengat t.E.E. 2004)

whv ? (Roo*ee 1987)
Ahs. On long exposure to atntosphere, $hite lead is

converted into black pbs due ro the adion of
HzS present in the atmosphere. As a result,
statues turn black.

PbO2 + 2ll2s _* PbS + 2H2O

On treatntent of these blackened stalues with
H2O2, the black pbs gets oxidised ro white
PbSOa and the colour is restored.

PbS + 4 H2Oz .+ PbSOr +,1 IIzO

(.r -r A mixture of hydrazine and IlrO2 \yith Cu (II)
catalyst is used as r rocket propellarlt. \yhy ?

ADs. 'Ihe reactioD between hydrazine and H2O2 ts

btghly exothermic and is acrompaned by a larte
tncrease ln lhe volunle olthe productsand hencc
thts ntl{ture is Lised ari a rocket propllant.

. Cu (ll)NH2-NH2 (/) - 2 H20, 111......._

N2G)t+4H2oG),l
,.1 I Ilydrogen peroxide octs both as an oxidising

agent ilDd as a reducing agent in alkaline solu_
tion towards cerlsin lirst rorv traDsition metsl
ions, llllEtrnte both these properties ofH2O2
using chemicnl equotiolls. (l.I.T. 1998)

ADs, Oxidising ag.[t:
2Cr(OH)l + 4 NaOH + 3 H2Oz..---

2NazCrOa+8H2O

.P,
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Ans. (c) Tbmporary hardness of HzO due to

Mg(HCO3)2 can be clmPlatcly renloved by l)oil-

inB because soluble M8(HCOI)2 is c]onverted

into insoluble M8CO3 which can be ren)oved by

filtration
Boil

uglHCo3)z ll Mgco: I + coz t + Hzo

(Solrble) (I soluhle)

(b) Molarity = Volume strength/l1 2

= _19- = z.er u.tlz
D PR( )B1 t':ltls

j'rr,/,lra, I Calculote thc volume of l0 volume

II2O2 solution thnt will resct with 200 IIll of 2 N

KMnOl in acidic nedium :

Solution. Normality of 10 volunlc H2O2

10x68 l0 
^'=D4xrt=Sh^

Applying DormalitY equation,

N1V1 - N2V2

<H zO) (KM no .)

<ixVl=2x200
-. 2x200x56or Vr= ----10-

= 124 cmt,

t'nhlLn ) The degree of hardness of n given

somple of hnrcl wnter is 40 PPm. If the entire hardness

in due to MgSoa, how much ofMgS()4 is present per kg

o[ water ?

solutton. Degree of hardness of H2O is 40 ppm

r'-e., 106 g of water coDtain CaCO3 = 40 g

Since 1 mole of C-aCo3 = 1 mole of MgSOa

.. 100 g of CaCO, = 120IofMgSOa

. . 106I of water contain Mgso4 = 1!+*?9

= 488

or 103 g otwat r will co[tain MgSOa

= 1!I-ld , 1d m,r
100

or 1 kg of water willcootaro M8SO4 = 48 mE

.. I 0 r.,m3 of I{2Oz solution will give

02 =22s4 = '1 48cnr3atNTP

Thus, volume strength ofBiven HzOz solution

= 4.4t.
(l I To a 25 ml II2O2 solution, ex'ess of acidified

solution of potassium iodiile rvas added 'Ihe

ioiline liberated required 20 ml of0 3 N sodium

thiosulphate solutioD' Colculote the volume

strength of H2O2 solution. (l.I.T 1997)

Ans. Step L To (letemine the notmality of Hror:tolu-

lrcn.

Let the normality of the H2O2 solution be Nl

Acrording !o tho question,

25 nrl of Nr Hzoz = 20 nl of 0 3 N Na2s2o3 solution

or 25xNl =20x0 3

or N,=20iro3=uzlrn
Thut, tlrc normaLity ol the given Hzoztolulion

Q L A5 0 cm! solutlon ofH2or lib'rates 0 50tgof

iodine ftom sn scldltled Kl solutlon' Calculate

the strength of H2O2 solution in terms of

Yolumc stEngth at STP

Ars. (4) 2KI + H2SO4 + H2O

2H7O2

2x34-68I

-_ KzSOa + 2H2O + 12

From the above equatioD, tIzO2 = 12

34 g of HrO, e 254 g of I,

., 0 508 B of 12 willbe liberated from

Hror=i*x0 s08=o 068 I
(6) The deomPcition of H2O2 oc{urs as

(I.I.T 199s)

2H2O + Oz

22100 cm3 at NT?

.. 0.068 of H2Oz uPoo decomPositionwill Sivc

o,=ffxo068=224 I

(c) Now 5 0 cm3 of H2O2 solution gives

Oz = 22 4 cm3 at NT?

,ATSJ SPECTAL

=0 24N
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2><34=689 22 4 litres at N.TP.

Step 2. To detetmine the omount of I!2O2in 25 ml
.tolution

1000 nrl of I N H2O2 solutioo contain H2O2

=178
. 25 ml of 0 2,1 N H2O2 solutioo willcontain

H,o,=%t{i#=u rozc

Step 3. 7a deteniine the vofune strengh of
I{rO, tolution

Consider the chentical equation,
ZHrO, 

- 
21116 a g,

2MoO;+5HrOr+6H+...-

2Mnz++502+8H2o
(i, Itr neutral medium,MnOf, cxidiset MnI+ to
MnOr.

MnO; + 2H2O + 3 e- 
- 

MnO? + 4 OH-l x 2

Mn2+ +4OH- 
-MnOz 

+ ZHzO + Ze-l x j

2MnOo +3Mn2++4OH-

MnO2 + 2 H2O

(u) Ir acidic medinm, MnOz oidisel ,todium
qalale lo CO2

MnO, + 4 H+ +Ze-.-Mn+ +ZHrO

9o1- -2c z+ze-

MnOr+CrOo2-+4H+ *
Mn2+ +2COr+2HrO

or 5MnO2 *5qq- +20H+ 
-

5 Mn2+ + l0 CO, + l0 HrO ...(iv)

Fronr the above three balaDc€d equalions, it fol-
lo\rs that

(iv) 5 qo?- = 2 Mno; = 5 H2o2
Saep 

-2. 
'fo determine the numbet of nales oJ.

CrOf,- present in 10 tnl oJ 0.2 M lotlitm oxalate.

No. of nloles ofsodium oxalate

= Molarity x volume tn litres

=o zrffi =2 xlo-3mote

Step 3. To calculale the molatity of HzOz

From Eq. (iy), it fo ows rhat 5 qO?- = 5 H2O2

or 2 x 10-3 mole of CrOo2- = 2 x l0-3 mole
ofH202

Now2 x l0-3moleof H2Oz is present iD 10 ml
ofH2O2

.. Motarity HzO2 - 2 tll-' 
>< rooo

=0.2M

689 of lI2O2 give Oz - 22.4 tjlres a[ N.Tp
0 1029 of H2O2 wrlt give

^ 22.4 x 1000 x 0.102
"2 - ---------88-

= 33.6 nrl at N.TP
Now, 25 ml of H2O2 solurion give

02 = 33 6 ml at N.TP

. 1 ml of H2O2 solution will give 02

336=-i-= t.sqt
n t,t, the vohune ltrengh of the given HaOr,rolu-
tion = 1.344

,., , Hydrogen peroride solution (20 ml) reacts
quantitfltivelywith a solution ofKMnOa (20 ml)
acidilied with dilute H2SOa. The same volume
ofKMnO{ sohrtioh isjust decolourised by l0 ml
of MnSOo in neutrnl medium simultaneously
forming a dork hrown precipitate of hydrated
Mn02, The browh precipitat; is dissolvcd in t0
ml of 0.2 M sodiuh oxalate uhder boiling con.
dition in the presence ofdilute HrSOa, Write the
balflnced equations involved in the reactions
and calcnlate the Inolflrity ofll2Oz.

(I.I.T. 2001)
Ans. Stcp 1. To rrite balonced equatioru for tlrc reac-

Itons inyolved.

(r) In acidic medium , MnO; oxidises Hzozto 02.

H2O2 ...- Or+211+ +2e-lx5
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l. whiob of the followll]g statemenL\ is nlost ap-

plicable to hydrogen 'l It cao act

(c) as a reducing agent

(D) as an oxidsing agent

(c) both as oxidisirg aDd reducrng agents

(d) Deither as ao oxidising Dor as a reducing agent'

Hydrogen contbiDes with other clements by

(a) losin8 an electroo

(b) gaining an electroD

(c) sharing an electron

(d) l6inB, gaining aod sharing ofan electroo'

l. Ttrs tirst ionization ener$/ (kJ mol-l) for H, Li, E
Na has one of ihe followirgvalues: 1681' 520, 1312,

495. Which of these values mrresPonds to that of
hydrogen ?

(a) CaCO,

(c) Caclz

(6) Ca(OH),

(d) Hcl.

In the calgon process of softeniDg ofwater, \r'hich

of the following is used 'l

(.r) Sodium polymetaPhosPhate

(b) Hydrated sodium aluminium silicate

(c) Cation exchaDge resins

(d) Anion exohaoge resins.

Hydrogen will Dot reduce

(d) heated cupic oxide (b) heatcd ferric oxide

(c) heated slannic oxide

(d) beated alunrinium oxide.

Thc oxidation states exhibited by hydrogen in its
various c!n]pounds are

(4) -l only (6) zero only

(c) + 1, -l and zero (d) + 1 oDlY

The oxidation stirtes of the most electrooe8ative

element in the products of the reaction, Ba02 with

(b) -l ard -2
(d) -2 ard + l.

13. 30 volumcs HzO2 meaDs

(o) 3oVo HrO2

(b) 30 cn]3 of the solulion cootains lg of H2O2

(c) I cm3 of the solution hberatcs 30 cm3 of oz at

STP

(d)3(t cnr3 of the solution contain one mole of
Hzor'

14. An oxide worch gNes fl2oz on treatment with

dilute acid is

G,) l,boz (b) Na2oz

(c) MnO, (,1) 
-IlO2.

15, Nascent hydrogeo consists of
(d) Hydrogen atonls with excess encrS/

10.

I t.

4. The correct increasing order of the acidity of CO2'

I{2O and H2O2 is

(n) CO, < II2O2 < HzO

(Ir) H2o < H2O2 < CO2

(c) HzO < HzOz > COz

(d) H2o2 > coz > H2O

5. The volumc of 10 voluole H2O2 solution that

decolourises 200 ml of 2N KMDoa solution in

acidic Dredium is :

(a) 1681

(c) 52o

(a) 112 ml

(c) 200 ml

(o) Zinc
(c) Iroo

(b) t3tz
(d) 4es.

(6) 336 ml

(d)zu mt.

(b) Copper

(d) Magresium.

dil. H2soa are

(4) 0 aDd -1
(c) -2 and 0

which of the followinS meials csnnot be used for

liberating dihydrogen from dilute hydrochloric

acid?

7. Which of the folloering is used as a modctator in

nuclear reacbrs ?

(.r) Hard water (b) Heary waler

(c) Deioniz€d water (d) Mineralwater'

E. The lemporary hardness ofwater due to calcium

bicarbonate can be removed by adding

3.b
13. c

2.d
tz. b

wL-:r<s
6.b 7.b E.'l.c

11. c

9,a 10. d
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(d) Solvated protons.

16. The oxidation nuntberofO io H2O2 is:

(b) Hydro8en mol€cules with excess energy

(c) Hydrogen ions in the excited state

tA.l.l.M.s. l99Jl

(c) H203

24.'ft e hiBh density of waler as corrlparcd to icc is due

to
(4) Hydrogen bonding intcraclrons

(b) Dipoledipole ioteractions

(c) Dipole-induced dipole inleracl ions

(d) Induc€d dipole induced dipole interactions
,,i <I /,1;:

25. The volume strength of 1 5 N ll2o2 solutioD is

\\t I \,.R ttht,,ltul t,),,t
17. The O-o-H bond angle in tl2oz is

(a) -2
(c) +l

(a) 106"

(c) 120"

(D) -l
(d) +2.

(b) lw 28',

(4 e4.r. (a) 4.8
(c) 8.8

(b) s.2
(d) 8.4

It.
I t;\i t\ ) :

Hydrolysis of one mole of peroxodisulphuric acid

produces

(,?) t$o moles of sulPhuric acid

(/r) two moles of peroxomonosulPhuric acid

(u) oDe olole of sulphuric acid and one mole of
peroxomonosulPhu ric acid

(./)ooe nrole of sulphuric acid, one n]ole of
peroxomoDosulphurlc acid and one mole of
hydrogen Peroxide- lt l "'

Which cootains both polar and non-polar bonds ?

(a) NHaCI

(c) Hro,
The critical lenlperature ofwater is higher than that
of ()2 because lhe H2O Dolecule has

(d) F'ewer electrons than oxYgerl

(b) Two covalent bonds (c) V-shaPe

(rJ) Dipole momoot

Anrong KOz, AlOt, BaO2 aDd NOr+, unpaired

elect ron is prcsent iD

(a) Nor+ and Bao, (D) Koz aDd Aloz-

(c) KOz only (d) BaO2 oDlY

Which of the follo\viog stalements is correc, 'f

(n) Hydrogen has saDe ionization Potential as

alkali metals

(D) H- has saore electrooegativity as halogeDs

(c) H- has oxidation number of-l
(d) tl- will Dot be lberated at anode

' \ I i ',r':

What is hea\) water 'l

(,? ) HlEo (b) Hl6o

,Ar s
19, c

i' .t ,,,.1 i'\: I

26. The hydride ion H- is a stronger basc than
hydroxide ion. Which ofthe tollowiug reactions will
occur if sodiunr hydride (Natl) is dissolved iD

$ater'l

(a)H-(nq + H2O(D ..-- ttrO+ 1oq1

(b)H-(@t) + tl2O(D 
- 

oH-(.,rJ) + rl2G)

(c) H- + H2O -..- No reactior'l

(d) None ofthese. "; :.:
27. When a substance A reacts with water, it Ptoduces

a conbustible gas B and 4 solution ofsubstance C

in water. Wben another subslance D reacts with
this solution oI C, it Produces the sanle gas B on

warming but D can producc gas B oo reaclion wlth
dilute sulphuric acid at rooDl teDlperature. A io]-
parts a dseP golden yellow colour to a snlokeless

flanre ofBunseo burner. A, B, C and D resPectively

ate :

(d) Na, H2, NaoH, zll
(b) K, H2, KOH, Al

(.) Ca, H2, Ca(OH)2, Sn

@) Caq, qHz, C.a(oH)2, Fe.

2t. Whlch of the following pairs of su bstaDces on rcilc-
tion will not evolve II? gas I

(a) Fe and H2SOa (aqueous)

(r) Copper and HCI (aqueous)

(c) Sodiunr and ethyl alcohol

(d) lron aDd steam.

(D) HCN

(d) CH4 ttrt t,/-

c-B.s.D. nM.'1: 1re8

29. Acidifled solutioD of chromic acid on treatment
with H2O2 yields

(a) cro3 + I-I2o + Oz (D) Crzo3 + H2o + ()2

wEr<-<
20. t 21. c 22. c 23, d 24. ats. b 16. b

25..1 26. b
11. .l
27, a

It. c
2A. b
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(c) CrOs + H2o (d) HzCtzOl + H2OtOz. (e) Dz

:r1 P( r.I; l99tt

30, Anroogst H2O, HzS, HzSe and H2Tb , the one wih

the highest boilioS Point is

(a) H2O because of hydrogen bonding

(b) H21b because of higber molecular weighr

(c) H2S because of hydroscD booding

(d) HzSe because of lower molecular weight

31. Pora and orlho bydrogen differ in

(a) atomic itumber (b) atomic mass

(c) spins of protons (d) number of [eutrons
t 1 l. :1'1.( :ttl) I )

32. Heavy water is obtained bY

(4) boiling water
(b) fractional dislillation of H2O

(c) prolonged clectrolYsis of H2O

(Ibrula M.E.E. 2002

which oDe of the following processqs will produca
pernlaDent hard water I

(4) Addition of Na2S()4 to water

(b) Saturation ofwaterwith CilCO3

(c) Saturation of water with MgCO3

(d) Saturation ofwater with CaSOa

The reagent commonly used to detern'line hard'
ness ofwater titrimetricilly is

(a) Oxalic acid (b) Disodrum salt of EDTA

(c) Sodium citrate (r.i) sodiunl thiosulphate

The structure of H2Oz is

36.

37.

(4) planar

(c) spherical

(b) non-planar

(d) linear.

solution has a

(d) heanog Hzo2 r.EM.C.2ooI)

33. Polyphosphates are used as water softening agents

because they

(4) form soluble complexes witb anionic species

(b) precipitate anionic sPecies

(c) torm soluble comPlexcs wilh calionic species

(d) precipirare cationic species 
tt r t. .!):j..

34. Action ofwater or dilute mineral acids on metals

caD gNe

(4) Monohydrogen (b) Tiitium

(c) Dihydrogen (d) TiihYdrogen

3. IE of H is n]ore than that ofalkali metals but less

rhan that of E

4. A stronger acid disPlaces a weaker acid from its salts.

BaOz+H2O+CO, 

- 

BaCO3 + H?Oz

Weaker acid
Strongcl acid

5, Retbr to Problem 1 on Page 1U48 for arN'xcr'

10. Al-O bond is very strong -2 -1
12. BaO2 + H2SO4 

- 

SaSOa t fI2O2

15. Hydrogen molecules with excess eDer$/.

NT 5 / EX" LANATIO N 5'co M ul+ci 7l e, Ch oi

H2O2 acts as an oxidising agent iD

(a) Ncutral medium (b) Acidic medium

(c) Alkaline mediunl

(d) Alkaline ard neutral n'ledium

(e) Acidic and alkaline D)ediuDl

39. Comnrercial 1l'2 volunle H2Oz

molarity of
(d) 1 0 (b) 0's
(c) ll 2 (d) l tz
(e) 0 75

lt. HO-SO2-O-O-SO?-OH + HrO ....-*
PeroxodisulPhuric acid

Hoso2oH + HooSo2oH
SulPhuric Permono-

acid sulPhudc acid

H bond is non-polar while O-H bonds are

polar.

K+1-:ij_g:l

25. Multiply normality by 5.6. ie. 5'6 x I 5 = 8 4

19.

A
32. c J3.. -1J. r 35. d29, c 30. 4

39. a
31, c 36. b 37. b 3t. e
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27.2Na+2H2O-H2+2NaOH
ABC

a]Jd Zn+ 2NaOH 

-NEZnOz+Hz
DcB-

Sodiun hexameraphosphare-a polyphosphate,

conbines with cations (ie., Ca2+, Mgz+) to form
soluble complexes.

fr
Which of the follo\*'iDg statemenb are true aDd
which are falsc ?
rilAter can act as an cxidising as well as a reducing
ageot.

Sequestration of Caz+ and Mg2+ ions pres€nt in
hard $ater is cnrried out by using zeolites.
Completc hydrob6is of onc mole of perfiydisul_
phuric acid gives one molc of H2O2 and two moles
of H2SO{.

During electrolysis of aqueous hydrochloric acid,
dihydrogen is liberated at the anodc.

2 Ca2+ + Na2 [Naa (PO3)6] .-

4 Na+ + Naz [(Ca2 (pO3)6]

complcx (solublc)
Saturation of warerwilh CaSOa produces hardness
Molarity = Volunre strength/l I .2

=lt A1l 2-r'O

35.

39.

Aa s e rt;i o n - Re a e on Ty p e e.u e sli o n s
.fhe foUowltrg quectto;;corJit oi t-. stat"tlerk n. Whllc anst erlng
these qu€stions, you arc requlred to choose ony one o
(a) lf both Assertlotr and Rcason sar hue aDd ahe Re{son ls o correct explanaflon of the AssartloD.
(r) If both as.sertion alld Ressotr ore true but ReasoD is Dot a corrcct explanatiotr of the Asserdor"
(c) IfAssertion is true but the Reosor b fclse. (d) fboth Assertior and Ileason are false.

A.sscrtlon
rrlhter is a gmd s6ive-Ef-nt for ionic clmpouDds but
poor for coyalent compounds.

Reason
Hydration e cient enerry to
overcome la rogen bondi in
water while nds interact so
wcakly that even i€n der Uhals,forces between molecules
oIcovalent compounds €nnot be brokeD.
KMnOa oxidises H2Oz to 02.

5.

6.

H2O2 liberates 02 when it reacts with aciditied
KM0O4 solution.

H2O2 has higher boiling point tha[ r,!rter. The dipole moment of H2O2 is lirtle more than that of
Hzo'
The eleclronegativity differcoce betweel Be and H is very
high.
Its degree ofdissociarioD is high.

H2O2 is on ioniccompound. (A.1.1.M.5.2003t

Statemente
5. When tre€tcd with H2O2, lead dicxide is reduced

to lead metal.
6. ID copper sulphare penrabydrate, all the water

molccules arc athched to the C!2+ ion by coor.
dinatc cotalent bonds.

7. Znc hydrqide dissolvcs iD exc€ss of NaOH solu_
tion !o 6,olvc dihr/drogen gas.

t. trad dicidc on readion with dil. H2SOa givcs
Huor'

9. Deutcrium ir an isomer of protium.
10. \l6ter cannot bc us€d to extinguish petrol f,re.

Faleeue/

ADDTTTONAE gUEST|ONS



11154 Neut Coursc Chemixr{fiffi

F i i i l ri -l-'Pr c: r;'' i..: r-l k,z
l. Dihydrogen acts a reducing agent in iis rcaction 6' The chemical formula of permutit is

wrth .................... while it acts as aD oxidisiDg a8eot 7. Hydrogen gas is liberated by the aciion of
in its reaction with ... aluminium with a coDcentrated solution of ...... ... .

2. In rhe reaction of F2 with Hzo' Bater acls as a (I.l-T 1987)

E' The electrolvsis ofmolteD sodium hydride liberaies
3. The bleaching action of hydrogen Pero)dde isdue ....................-. gasat rhe anode. (t.I.T. l9S9)

to.................,......
4. 'Ibmporary hardDess or water is due ro 9' cal8on is the t'ade name of" " """
i. rfiJlog"; p".*ide rurns siarch-pottssium iodide l0' Hydrogen has"""'isotoP€! and"""nuclear isomers'

pap€r blue due to the liberatio[ of............ ......... .

Vlat chinq TY?e G'uestiong
Match iteEs ofcolumn I rvtth aPproprlate items ofcolumn II

Column.lI
(d) Dihydrogen
(6) Nuclear reactors
(c) DzO as waler of crystallizllion

(d) Sod. polymetaPhosPhate
fe) Non stochiometric.
ifl acirJic group such as - CooH and - So3H

AlVSOUEI<S
ASS ERTION.REASON iYPE OUESTIONS

t . (a) 2. (a) 3. (D a. (c) s. (d) 6 (d)

l_194I4!?! llltylll9
f. T 2. F; sod. polyrnetaPhosPhate 3. T 4. E at the c2thode 5' q PbO 6' R four are bonded to Cu2+ by c

oordinate bords while the fifth one is bolrde<l to SOI- ion by H-boDds 7. E Zn(OH), + 2NaOH -....-

N% ZnO2 + 2H2O E. E PbO2 is [tot a Peroxide since it does not mntain -O - o- ion and hence it docs

noi""otu"- UrOrto treatment \f,ith dil. H,SO4, 9. E deuterium is an isolope of protium lo' Being ligher'

Petrol floats over water.

1. heated c\o or Fe3o1 ; Na or Ca' 2. reduciDg agent, 3. nascent orygen. 4. blcarbonatcs of caz+ & M82+

s. I, e. NarAfrslo, . rH2O 7. sodium hydrodde & dihydrogen 9' sodium h€mmeEPhosPhate l0' three

(H, D, T), two (ortho and Para).

Col mn-l

1. Deuterates are salts wilh
2. (htion exchange resios cootain
3. Palladium hydride

4. Zn dissolves in NaOH
5 Calgon
6. Hea\y water

r. (c) 2. (f) 3. (€) 4. (a) s. (d) 6 (b).

tonirr etplanation, tre eiteni of H'uoriding in

H2O2 is higher thar that in H2O.

Con'ccl reoton r The electroflggativity dilfcrencs

betr{cen Bc (1 5) and H (2 1) issmall.
Coftect ossetlion : D2O is called heary water'

Correctreaton: DDe to strooger D-O bonds, ttle

degree ofdissociation of D2O is lower lhan that of

H2O.

Conect avsertion r The O-O bond len8th in

H2O2 is nruch lo[8er than that ofO2F2.

6, Coftecl rea.\on : The lone Pairs of electroos olt thc
O atoms are strongly attracted by ihc electronega-

tive Fatoms. As a re-sult,lone Pair-lone pair rePul-
sion ofthe two ory8en atoms is far less iD.O2F2 tban

in H2O2. As a result, O-O) bond length is O2F2

(1 22A) is nruch shorter than in H2o2 (I 48A)

3.

4.

t

Q.ues'ciongH I NT5/EX P LANATIO Ne t o Aes ert-io n-Rea eon


