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Boron-occurrence, isolation, physicaland chemical properties, borax, boric acid, boron hydrides,
halides (elementary idea of boranes, diborane, borates)- Uees of boron and its compounds.
Carbon-terrestrial abundance and dislTibution, allolropes (graPhiie, dianpnd, elemenlary idea of
tullerenes). Alomic and physical properties, chemical properties, oxides, carbides, halides,
sulphides, uses oJ carbon.

Nitrogen-terrestial abundance and dislribution, dinhrogen-isolallon, alomlc and physical
properties, chemical reaciivity, fixation ol nitrogen-industrial and biological.
Ammonia-induslrial preparation, Haber's process only, lnpoIlanl properlies and reactions.
Oxides of nitrogen---prcparalion, stnrq(ure (skeletalonly), prl - pr bonding. Nilric acid-industrial
production (ostwald process). Uses ol nilrogen and its corrPounds.
Orygen-lerrestrial abundance and distribution. Diorygen-atomlc and physical properties.
chemical reaclivity. Oxides-acidic, basic and amphoteric.
Ozone-preparalion, structure and sorne oxidising properties)aralion, structure and sorne oxidising properties i
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'13.1. General lntlodUclion i,EfiEl:ltitrlr!.::...iti:ilrf-i.i11(ir.L:i,ij:i:i+i:l

What are p-Blmk clem€nts ? Elements in
which the last electron ente.s any of the threcp-or-
bitals of their respective outermost shells are called
p-block elements. Since a p-subshell has three
degenerate (same energy) p-orbitals, each of which
can accommodate two electrons, therefore, in all,
there aresixgroups ofp-block elements, i.e., groups
13, 14,15,16, 17 and 18 (excluding helium). The
atoms of elements ofthese groups receive their last
electrons in 2p, 3p, 4p, 5p and 6p-orbitals.

General chemlcal behavlour. The elements in
the periodic table have been divided into four
groups,i.e., s-, p-, d- and/-. Out ofthese four blocks
of elements,p-block is the only one, of course with
few exceptions, which contain non-metallic ele-
ments. These elements display diverse chemistry
depending on the group to which they belong.

In general,

(i) Non-metals have higher ionization enthal-
pies and higher electronegativities than those of
metals. Therefore, in contrast to metals which
readi$ form cations, non-metals readily form
amons.

(ri) The compounds formed by the union of
metals with non-Detals are generally ionic because
of large differences in their electronegativities. Ob-
viously, compounds resulting from the uuion of
non-metals generally tend to be molecular in na-
ture,

Dilfertnce in chemlcal behaviour offirst ele-
meot of each group. It is interesting to note that fus(
member of each of the groups 13-17 of thep-block
elements differs in many respects from other mcm-
bers of their respective groups. These differences
are quite striking in goups 1i}-16. But, the elements
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r,i group i7, i.e., halogens show much more
sii,iiarity in thei chemical behaviour tha! the ele-
mcnts ofany other group. The main reasorx for the
dilierent chemical behaviour of thefust member ol
a paiticular group of elements in thep-block com-
pared to other members of the same group are
presumably its small size, high electronegativity
and absence of d-orbitals. For example,

(i) First member of each group has only four
valence orbitals (one fu- and there Q-orbitals)
available for bonding and hence at the maximum
can accommodate four pairs or 8 electrons. In
other words, thes€ elements can-not expand their
valence shell and hence seldom form-compounds
in which the coordination number exceeds four.

(ii) Because of smaller size and higher
electronegativity, first member ofeach group shows
greater ability to form pz -pz multiple bonds
either with itself (z.g,C : C, C = C, N = N) or
with other mcmbers of the second row of elements
(e.g., C : O, C : N, C = N, N : O) ascompared
to the subsequent members of thc same group. ln
other words, elements of third and subsequent rows
of the periodic table do not exhibit any strong
tendency for this q?e of multiplc z-bonding.

In this unit, we shall study the chemistry of
boron, catbon, nitrogen atd a1gm, the first mem-
bers ofgroups 13- 16. Among these, carbon forms
the basis of all forms of life on this planet since all,
biotnolccules (i.e., molecules of life) are essentially
made up of carbon, nitrogen and o4/gen.

13.2. Boron

Boron is the first member of group ll} of the
perodic table. It is the only non-metal of this group.
Therefore, the chemistry of boron is quite different
from rest of the members ofthis group. The elechonic
configuration of boron (Z = 51 is fu2 2s2 p] and

thus has three valence electrons. Because of its
sma.ll size (80 pm) and high ionization energy.
(IE, = ggo kI mol-l, IE2 = 24n H mol-l Md
I4 = 3658 kI mol-l; it carnot lose all its three

valence electrons to form 83+ ions. Irstead, be-
causc of its small size, high ionization cnthalpy and
high electronegativitv, boron caa form three
covalent bond.s by sharing iLs three v"alence

electroirs. In this respcct, boron resembles carbon
and silicon of group 14 and differs from other
mcmbers of its own group, i.e., group 13.

Since boron forms three covalent bonds,
iherefore, in the compounds of boron, tlc cenrral
boron atom has only a sextet of electrons and thus

aeeds awo mor: clectrons to complete it$ octet.
CoDsequently, boron compoundg espcciaily thc
hydridcs, arc usually rcferred lo as electon-defi-
cient coitlpoiinds. Ftrtther, trec-".use of thcir
electrol-defi cient nature, boron coinpounds readi-
ly accept electrons from other molecules capable
of donating a pair of electrons. Boron compounds,
thus behave as Zeryis acr'ds. For example, BF, com-

bines with Lewis base NH, to form

H3N : -- BFr.

132,1. Occrrrtcncc of Boroo
Boron occurs in two isotopic forms, !0B

(19%) ad ltn 1er%;. ts abundance in the earth's

crust is very low (0 . 0(I)1% by mass) . Boron mainly
oclurs a.s borates and orthoboric acid. Some im-
portant minerak ofboron are :

(i) Orth ob oic oc i d, H rBO,
(ii) Borc, Nq[B.oj(oH).1 . EH2O

or NarB.O, . 10HrO

(iii) Ke mit e, N arlBlo5 (OH)41

or NqB.O, . 2HrO

(ie) Colemaaite, Ca2[83O1(OH)312 . 2H2O

or Ca.BuOrr.5tlO

Boroa in form of borates is chiefly found in
California (U.SA.) ard T[rrkey. In India, boron
ocrurs as borax in Puga Valley of Ladakh region of
Kasbmir and Sambhar Lake in Rajasthan.

132J. Isoladon ofBoron
Elemental boron is obtained by aay one of the

following methods :

(i) By rcdtction of boric oxide wi t hiihty
electmpositive metdk likc potasrium and mag-
nes an in absence of ah

HGtt
BrO, (s) + 6K(s) -"'-'* 2B(s) + 3KrO(s)

H.{t
Bror(s) + 3Mg(s) ---* zB(s) + 3MgO(s)

Thc product thus obtaincd is boiled with
hydrochloric acid and fiftered whcn IQO or MgO

dis<olves lcaving bchiad clemcntal boron. The
powdered boron thus obtahed is thoroughly
washed with water to free it from hydrochloric acid
and is fmally dried.

(ii) By mhrction of volatile borut halides with
dihydtogen at niPt tunperanre ( 1270 K) ot abealed
tantalum frlament
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r2?0 K
2BCl1@) + 3Hr(g) -----------+ 2fl'6) + 6HCIG)

r2m K
2BBrr@) + 3Hr(g)--'-+ 2B(s) + 6HBr(g)

Boroa of high purity (- 99'9Vo) czt'oe
prepared by this method.

(iii) By electrotytic reduction oIfiLsed borutes ot
other compounds ruch as KBF, (potassium

tetrafluoroborate) in molten KCVKF at 1073 K.

(iv) By thermal ilecompoition ol boron ti'
iodide over ftd hot nngsten frlomen, (van Arkel
mcthod)

w
zB\(g) '-'------'- 2B(s) + 3lr@)

7173 K

(v) By themal decomPosition of boron
hydrides

1173 K
EHo@) ........... 28 (r) + 3H, k)
Diborrrc

1323. Physlcal Propcrties of Boron

(i) Boron is an cxtremely hard solid with melt-
ing point grcater thar 745O K. Its boiling point is
2825 K.

(ri) Elemcntal boron erists in several diffcrent
allotropict forms. At lcast four allotropes of boron
may be obtaincd under different conditions. How-
ever, transition between diffcrent forms is an ex'
trcmely slow proccss. All the four allotropic forms
contaitr Bl2 icosahedral units.. (Fig. 13.1) with

boron atoms at all the 12 corners. The different
allotropic forms differ from one another in the way
the icosahedra are bonded together.

(rrl) Being a non-metal, boron has low electri-
cal condu ctivity which, however, increasc's with rise
in temperature.

132.4. Chemical Prop€rtles of Boron

Chcmlcal inerhess. The chemical reactivity
of boron depends markedly on the state of sub-
division and temperature. At ordinary tempera-
tures, it is relative$ chemically i en. However, at

cts with all notr-metals
gases, all metals excePt
Cd, Hg, Sn, Pb, Sb and

Bi. Some important reactions of boron are
described below :

(t) Action of alr Amorphous boron burns in
ai at 973 K forming boron trioxide (BrOr) and

boron nitride (BN).
vnK

4B(s) + 3Or@) """""- 2 B2O3(s)
yf3K

2B(r) + NrG) """""'' 2 BN(r)

t:l:ii L l,orolr nltnoe (EN, caD aLYJ Dc prePareo oy neaung ooroD !n a curreDt oI ammoDla.

2B + 2NH3 * 2BN+3tI2
It b a white (.yslaliDc posrdc{ with I E p. of 3273 K The structur€ of BN b similar io ltrat of graphite with the only
difrrcncE ttrat ficr€le.troB io graphite 8re cdllpletelydcluliEd ovcr a[ thc €]hr atsrB of the lattice bui the
z€lectrqB in BN arE o y plw deleoliad o!'er boroo atoms lcadi gtoueryal B-N bond lcttgtla.
Rccently, a crlslalline form of boroD nitride called borazotr has been synthesized by application of high
temperature and pressure. This form is eve, hat'det th,an dianond Ntd is usad as ol abrulive

tThc phcnomcnon of exiatcnae ofon clemcnl in two or morc for,ns *'hich ha!,E differcnt phFical propcrtics but identical
chcmical prcp.rtics is callcd allolropy and the diff.rcnt fol'rns arc callcd ollot.op.s.

.rPolyhcdron with 20 faces.

Boron nltrlde (BN) caD alro bc prepared by heating boron in a curreDt ofammonia.
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, I Boron carbide (B4C) is obtaiDed by reducing B2Oj Nith c-ilrbon at 1873 K
1873 K

2BzO3 + 7 C + B1C+6CO

Boron carbide is eveo harder than diamoud and is increasiDgly being used as an abrasive ior polishiDg. It is
uscd for brake lining for cars. Fibres of B4C havc aD cDormous LeDsile strength and arc usad to makc

bu efproof clothing. These fibres are made as follows :

c (fibre) + 4 Bc\ + 6H2 ...* B4c (fibre) + 12 Hcl

(li) Actlon of non-meials. Boron combines
with 02 and N, when heated in air giving boron

trioxide and boron nitride rcspectively as shown
abovc.

It also combines with halogens at high
temperatures to feld covalent trihalides.

Heat
2B(s) + 3Fr@) "".- zBF3@)

IIeat
2B(s) + 3clr(6) 

- 
zBCljG)

Hcat
2B(r) + 3Br2(0 

-Heot
2B(s) .+ 3lr(s) -----------+

Boron trifluoride (BFr) can also be prepared

indnecdy by heating boron trio:ride with calcium
flu.ide and conc. tIzSOl.

B2o3(s) + 3 CaF2(s) + 3H2SO4(D 
g

2 BFr@) + 3 CaSO.(s) + 3HrO(0

All the trihalides of boron are electron-defi-
cient compounds and act as Lcwis acids. For ex-
ample,

BF: + : NH,
kwis acid [rwis basc

BF, + :F:-
IJwis acid

Irc.is basc

The relative acid shength of boron trihalides
follows the order :

BIr> BBr, > BCl3 > BF,
(ili) Action ofactals. Boron does not react with

non-oxidising acids such as hydrochloric acid.
However, it is attacked at high tempcratures by
strong oxidising acids such as a mixture ofhot conc.

HrSOn and HNO3 (2 : 1) forming boric acid

(H3BO3)

Ileat
B(s) + 3HNOr(ag) 

-.r
H3Bo3 @q) + 3NorG)

Boric acid

lleat
2B(s) + 3HrSOr(ad 

-HrBOr(aq) + 3SO2G)

(iy) Action of alkalies. Boron resists the ac-
tion o[ alkalies (NaOH or KOH) upto 773 K but
above this tempcrature, it reacts forming borates
and liberating dihydrogen gas.

> 113K
2B(s) + 6KOH(s) .......- 2KrBo.(s) + 3H2G)

Pot.borate

It also dissolves in fused NarCOr/NaNO, mix-

ture at 1123 K
2B(s) + 3NarCO3 (s) + 3 NaNO, (s)'---.

2 NarBO, (s) + 3 NaNO, (s) + 3 CO, @)

(v) Action of m€tals. Boron combines with
many metals except group 1 and heaiy metals (c.g.

Ag, Au, Cd, Hg, Sn, Pb, Sb, Bi) to form their
corresponding borides which are generally very
hard and high melting solids.

Heat
3Mg(s) + 2B(s) -----'r MgrBr(s)

Mag boride

Heat
B(s) + Cr(s) """""'r CrB(s)

Chromium boridc

(vl) Action of water. Boron is inert towards
water. It Ls not even attacked by steam.

(vii) Reduclng character. Boron is a powerful
reducing agent and thus reduces CO, to C and

SiO2 to Si.

2BBrr(g)

zB\(E)

-""""'+ F:B * NHr

BFa-
Tctra fluorcbo!-atc ion
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48 (r) + 3CO, G)
Heat

2BrO. (r) + 3C (s)

Heat
48 (s) + 3SiO, (s) -------> 28203 (s) + 3Si (s)

132.5. Uses of Boron

(i) Metal borides are used in atomic reactors
as protective shields and control rods because of
the high ability of B-10 GoB) isotope to absorb

neutrons. This special property of l0B isotope to
absorb neutrons is also of current interest in tbe
possible use of boron compounds it cancer
chemothempy.

(ri) Boron fibres are used in naking light,
composite materials for aircrafts.

(r'z) It is used as a semi-conductor for making
electronic devices.

(rv) It is used in steel industry for increasing
the hardness of steel. Boron has virtually rcplaced
o(petrsive metals like Mo, Cr and W in the
manufacture of special steels.

(v) Boron compounds are becoming increas-
ingly important as rocket fuels because oftheir high
enerrylweight ratio.

(r,r) Boron is an essential elemcnt in plant
metabolism.

(rai) Boron carbide fibres are very hard but
lighl 6d hence are used for making buUet-proof
vests.

13.3. Compounds ol Boron ir,*+ir:ri,:+r;r,ir.,i:,1:r.r,,.+rrjii::itrr:j!:i

133,1. Borax, Nar[B1Os(OH)al .8HrO or
NarB.O, . 10HrO

Borax or sodiurn tetraborate decahydrate is
the most important compound of boron. I[ occurs
naturally as rulcal (Suhaga) in dried up lakes of
Notheren India, Tibet, Ceylon and California
(u.s.A.).

Preparation (i) From tincal. Tincal ob-
tained from dried up lakes contains about 507o
borax. It is boiled with rvater and filtered to
remove insoluble impurities ofclay, sand etc. The
filtrate is concentrated when crystals of borax
separate out.

(iD From colemanlte. The mincral
colemanite, (CqBuO,,) is finely powdered and is
boiled with sodium carbonatc solution.

CarB6Olr + 2NarCO, ..........., NazBrOz
Col€manite Borax

+ 2NaB0, + 2CaCO3 
'tr

Sod. flctabomte

The precipitate of calcium carbonate thus
formed is removed by filtratioo. The filtrate is con-
centrated and cooled when crystals of borax
separate out. Sodium metaborate present in the
mother liquor can be converted into borax bypass-
ing a current of carbon dioxide throught it.

4NaBO, + CO,
Sod. mctaborate

3. From boric

...........- NarBoOT
Sod. tetmborarc

I, NazCOl

acid. Borax can also bc
prepared in small amounts by neutralising boric
acid with sodium carbonate.

4 H3BO3 + NarCO3 ....._ NarB.O,

r- 6H2O + CO2

On coolin& crystals of borax, r'.e.,
NarBnOr.loHrO separate out.

Prope les. (i) It is a white crystallinc solid,
less soluble in cold water but morc soluble in hot
water.

(ri) The aqueous sohttion of borax is alkaline
due to hydrolysis. Borax is, therefore, used as a
water softner and cleauing agent.

NqBoO, + 2H2O 

-, 
2 NaOH + HrBoO,

(stone atkal) (ibak ncid,)

H2B1O7 + 5H2O -......| 4H3BO3
Tctraboric.cid Eoric acid

(ni) Actlon of heat-Borax bead test, On
heating, borax loses its water of crystallisation
and swells up to form a puffy mzss. On further
heating it melts into a clear liquid which
sotdilies lo a transparent Elass like bead which
consists of sodium metoborute (NaBO) snd boric
anhydride (B2O).

Hcat
Na.BoO, . l0HrO 

-+ 
Na2BaO, + 10H2O

Heat
NarBrO, 

- 
2NaBO, +

Sod. metabor1re

Bror
Boric.nhrdride

Tmnsparcnl gassy bead
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The
bead arad

detection
Ni2+, co2+, cl+, cu2+, MnZ+ etc. Whenever a

coloured salt containitrg these cations is heated

to form coloured metaboratss. This test is called
bomx b€ad test. Thus,

Hcat
CoSOn """"'- CoO + SO3

Hcat
Coo + B2o3 -"""' Co(Bo),

Cob.tt oxidc Cobalt nctabor.tc("!?)
HcalNio +rlo:........... N(BO,2

Nickcl oxidc Nickcl mctaboratc(roha)
' Hcat

Cr2O3 + 3 BrO, """""' 2 Cr@Or),
Cltromiurn trioxidc Olromium mctaboratccttan)

MnO +
Mangancsc oEde

CUO +
Cupric oxidc

Heat
BzO: .-- Mn(BOr),

Mangancse mctabomte

@;nk viol.t)

BzO: 

- 
Cu(BO2)2

CuPric metaborate(dalt bfu e)

Nu,B4O7 + H2SC)4 + 5H2O --- '
NarS(). + 4H,tsO,

H3B()3 + 3ClzH.OH -.-+ B(OC2H5)3 r-3H2O

Ethyl alcohol Triethylborate

This reaction is used as a test for borate ion in
qualitative analysis.

Uses of Borax. Bora.x is used

(i) in the manufacture of enamels and glazes

for earthen wares i.e., tiles, pottory etc. The glazed

surface is resistant to heat, stains and scratches,

(ii) as a flux in soldering.

(lr) in thepreparation of medicinal soaps due

to its antiseptic properties
(iv) in the manufacture of heat resistant (i.e

very low coefficient ofthermal expansion) borosili
cate glass (pyrex).

(v) to make peroxoborate li.e.,
Nar[(OH)rB(O - O)zB(OH)r1.6 H2Ol- an impor-

tant cleansingand bleachingagent present in wash-

ing powders. They also act as bightnen since they

absorb UV light and emit visible light.

(vi) as a stiffening agent for candle wicks

(vii) to produce a good finish in laundary

(viii) in the laboratory for borax bead test

(ir) in softening of water.

Structurt of Borax and olher borates. Boron

forms strong bonds with orygen. This is supported

by the fact thatboron invariably occurs in nature as

borates. In borates, the basic structural unit may

have one or more boron atoms linked together by

intervening orygen atoms in form ofchains or rings'

Borax itself contains the tetranuclear units, i.c,

[BoO.(OH)n]2-as shown in Fig.13.2. Therefore, its

correct formula is Na2[BaO5(OH)a] . 8HrO.

OH
I

Certah metaborates are reduced to the free
metal by the carbon present in the reducing flame

of the burner. For examPle,

2Cu(BO2)2 + C "'-"""r 2CuBO2

CuProus meteborEtc(co'oYr'Gs)

+ B2O3 + CO

2CuBO, + C -"""-. Cu +B2O3 + CO
Mctal('rd)

(iv) Actlon with sodlum hydroxlde. On addiog
a calculated quantity of sodium hydroxide to borax'

sodium metaborate is formed.

Na.B.O, * 2NaOH "-"""+ 4NaBO2 + H2O

(v) Actlon Mth sulDhuric acld. On adding a
calcutled ouantitv of concentrated sulphuric acid

to a hot conientraied solution of borax, boric acid

Ls produced.
NarBoO, * HrSO. -* NqSOI + H2B1O7

H2B4O7 + 5HrO ----""'t 4H3BO3'
-l
OH
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13.3.::. Ortlioboiic riciri ,,Boir acid/, H.90.
:;r E(OIt),

:n. . .-:/ . .ilL i-r.hll al1e Ci at.; oL().t:
ocld.

Preparation (i) f'rom borax. Boric acid is
obtained by treating a hot concentrated solution of
borurvith hydrochloric acid or sulphuric acid. The
resulting solution on conceDtration and cooliug
gives crystals of boric acid.

Na2BaOT + 2HCl + 5HrO ----......r

4HrBO, + 2NaCl

NarBoO, * H2SO4 + 5H2O ........*

4H3BO3 + NaZSO4

(ii) By hydrolysis of boron compounds.
Boric acid can also be prepared by the hydrolysis
of boron compounds such as halides, hydrides
and nitrides.

BCL + 3H20 -------- H3BO3 + 3HCl

BzH6 + 6H2O .+ 2HrBOr+ 6H,

BN + 3H2O .----+ H3BO, * NH,
(iii) From colemanite. Boric acid is obtained by

passing sulphur dio:ride through the solution of the

carBuo,, + 4so2 + 11H2O -+
Colemanite

ZCa(HSOr), + 6HrBO3
Cat. bisulphite Boric acid

. Properties. (i) It is a whitc crystallinc solitl
with a solt soap), touch.

( ) It is sparingly soluble in coid water but
fairly soluble in hot water.

(iii) Acidic nature. Boric acid behaves as a
weak (K" : 1 x 10 e) monobasic aci<l. It does not
act as a pmton-dono, i.e., proionic ucid but behaves
a Lewis acid i.e.,'ti a(:cepis a pai of clecrrols from
OH- io,r.

,..--.\H:oH -i B(oH)r 

- 
[B(oH)rl- + H+

(iv) Action of heat. Boric acid, on heating,
loses water in three different stages at different
temperatures ultimately giving boron trioxide.

3?0 K
H3BO, -.-. HBO, + H?O

Boric acid Mctaboric acid

410 K
4 HBO2 ----------.)

Metaboric acid -HzO
Rcd hcat

H2B4O7
'l!traboric acid

2B2O3 + H2O
Boron trioxide

(v) Rcaction wlth ethyl alcohol. Orthoboric
acid reacts with ethyl alcohol in presence of conc.
H}SO/- to torm tiehylborste.

Conc. H2SOa
B(OH)3 + 3qH5OH

Orthoboric acid Erhyl alcohol

B(OqH5)3 +3H2O
Tric thly'bordtc

The vapours of triethylborate when ignited
burn wi th a green- e dged llame . Thrs forms the basis
for detecting borates and boric acid in qualitative
analysis.

Uses. Boric acid is used :

(i) in the manufacture of heat resistant
borosilicate glass.

(r'i) as a preservative for milk and food stuffs

(r'r) in the manufacture of enamels and glazes
in pottery.

(iv) The aqueous solution ofboric acid is used
as a m ild antiseptic especially as eye wash under I he
boric lotlon-

Structure of Borlc acld. The ground state
outer electronic configuration of boron is 2s2 el.
ID the excited state, one of the 2s-electrons geLs
promoted to the vacant ?/-orbital. The three h-alf_

Therefore, BO!- (borate) ion has trigonal
planar structure as shosm in Fig. 13.3.

i
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B
(Ground date)

B
(Excited state)

2p, 2py 2pz

SP2.HYBRIOIZATION

illl lt lt li I

,/
FORMS THREE B- O 6- BONOS

o

4BF3.Et2O+3LiAlH.
Boton rrifluoridc

cthcratc

FIGURE 13,3. Trigonal planar sbucture of BO!'unit'

Inboric acid, planar BOI- units are joined by

hydrogen bonds to give alayer structure as shown in
Fig. 13.4.

FIGURE 13.4. Stnrcture of boric acld
(dotted lines represent hydrogen borids).

1333. Boron HYilrldes

(r) B.H,+. (called nido'boranes) such as

BrH, (diborane), BsHe Qrentaborane-9)' B6Hto

(hexaborane- 10), BgHr2 (octabomne',2), BloHt4

(decaborane) etc.

(ii) B,H,*. (called cracftno-boranes) such as

BoHrn (telraborane), BrH,, Qtentaborcne- l1),

B5Hr., (hettborane' t 2), B"Hr, (ocmborane- 14),

BoJJr, (nonabomne or enneoborone) elc'

Notc, It may be noted that wherever two or
more boranes with the samc number of B-atoms
but different number of H-atoms are known (for

rancs, octaboranes
of hYdrogen atoms
the name so as to

distiuguish them from onc another.

Prtparatlon ofDlborane. It riray bc prepared
by the following methods :

(i) By reduction oI boron tritluoide etherate

with lithium aluminium hydride (LiAlH) in diethyl

elhe,l
Dicthyl

cthcr

2B2Hs+ 3LiF + 3 AlF3 + 4 Et2O

(r'i) Laboratory
Diborane is prepared
oxidation of sodium b

iodine in diglyme
(CH3OCHPH2OCHTCHTOCHT) as solvent

Didvrne
2 NaBH. + !L B2H6 + 2NaI + H2

( i) Inrlustrlal prtparadon. On the industrial

scale,'diborane is obtaincd by the reduction of
BF3 with sodium hyddde.

450 K
2 BF3 + 6 NaH --' B2H6 + 6 NaIi

Preparation of hlgher boranes' Higher

boranes (-BnH,o, BrH11, B5H, and BroHrn) are ob-

tained when BrH, is heated at 373-523 K
Properfles. (i) Physlcaf stste. Diborane is a

colourlesi, highly toxic gas with a b'p. of 180 K'

Pratle,,.1:'s Neut Coursc Chem istr4fiffi
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3n - 523K
Brlfo -:-: .- .* BaH16, C5H1, 86H,, etc.

S.olcd tube

temperature, pressurean iudividual boranes can
be

353_363 K
2BrHu ;;;---11- B4Hro + Hz

200 atm,S ht

. (l'it) Combustibility. It catches fire spon_
l.aneously upoo exposure to air. It burns in oxvqen
evolving an enormous amount ofheat. '-

B2H6+302 ....*BzO:+3H2O;

aJf = - 1976 kJ mol-r
Like- diborane, higher boranes also spon_

taneously burn in air.
(iv) Hydrollsis. Boranes are readilv

hydrolysed by water to form boric acid
BzH6 G)+6 H2o (/).....- 2 H:BO: (aO+AHn@)

With methanol, trimethylborate is formed
B2H5 * 6CHrOH.......r 2B(OCH3)3 + 6H,

BrH. * 2 NMe, 
-.r2BHr.NMq

B2H6 + 2CO .--..r 2 BHr. CO

to give a volatile compound called borazine (or
borazole).

n:p,-
n-[

H

'\fizJ--...-il"

"z'\i_zr\,,

H-..,.o:[-"--.-,,

,---l \ "--J--n

. Because of its similarity with benzene,
borazine is also called inorganic benzene,

^ (vii) Formation of complex borohydrides.
Several metal hydrides react with diborur" to fo.rn
telrahydridoborutes commonly known as
borohydrides. AII these contain the tetrahedral
[BHol- ion. For example,

.i fr}." 
+ B'zH5 {3 2Na+[BH1l-

Sod. borohydride

. ..a)H + B2H6 l:g 2Li+[BH4l-
uthiuhhydride - - 

erhcr Lirhiumborchydridc

. .Bojl sodium borohydride and lithium
Dorohydnde are used as reducingageDLs in organic
slmthesis. Ttey also serve as stiti-ng materiil for
many other borohydrides.

- (vll) Rmction with alkalies, Diborane dis_

1i::ii'q"rertl.{:s (NaoHor KoH) to p,oau..
metaborates and dihydrogen gas.

82I{6+2KOH+2H2O

2KBO2 + 6H2
pot. metaborate

I
H

Borazine

I
H

Borazinc

H

I
H

Bcnzene

lrw tenrD.
3 B2H6+6 NH3 ---i 3 lBHz (NH3)21+[BH4l-

413 K
--_.-----, 2 B3N3H6 + 12 H2

Bor.azine
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(er) Actlon of halogen acids. Diborane reacts

with hiogsn acids to give halodiboranes evolving

H, gas. T[e reactivity of halogen acids follows the

halides as catalYst.

323K
BrHu + HI '-""""+ B2H5t + H2

Dibonnc lododiboranc

AlBrl
B2H5BI + H,

lihomodiborane

B2H5CI + H2

o orcdiboraflc

X-Diffraction studies have shown that the

structure of diborane is as shown in Fig 13'5

IIH
H:C :C:H

H;

B2Ho + HBr
Dibolanc

B2H6 + HCI
Dibomne

aor

Thus Cl, reacrs explosively at roorr tempera-

ture, Br2 reacts rapidly at 373 K whilc I, reacts

slowly at still higher tcmPeratures.

29E K

ExPloivE Chlorcdibo.nc

Structure of dlborane (BrH)' The struc-

ture of
diborane,
electrons
boron for
hvdrocen atoms, then there are no elcctrons

lJft wlth boron atom for sharing with other

ethane as shown below :

HH
n:i t i:n

In this structure, therc are two tyPes cf

molecules.
(i)

covulent
bond is

tween B
centre elcc'tron palr bonds or two centre two'

etectron bond (2c -2e).

bonds.

HH

D"'
q:

No elcctron6 for B-B bond formatior

FIGIIRE 13.5. Slrucrure of a diborane molerule'
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whereas the third half-filled hybrid orbital of one
boron atom ard the vacant hybrid orbital of tlre
second boron atom (showo by dottedlines) overlap
simultaaeously with the half-hlled orbital of H-
atom. Thus the electron cloud contains only two
electrons but spreads over ttree atonls (trvo B
atoms and one H-atom). That is why this bond is
called three c€nlre electroo pair bond, Because of
the shape of the electron cloud formed, it is also
called banana bond.

.\
-JH
3c-2e B

Molecules tike BrII5 which do oot have suff-
cient number ofelectrons to form normal covalent
honds (two ceotre-electron pair bonds) are callcd
electron defi cieni molecules.

The structures of boranes were studied in
detailby William Lipsocomb who was awarde<t the
1976 Nobel Prize in Chemistry.
'l3.4. Boto n Ha Iides ;.t i!:,ti:irl:iir:;i:r,:iiir::rliii;1,j:iii::iij,iir:r|']lti,::: i::ir. I

Due to small size and hieh electronesativitv
boron forns covalent trihafides of the g"enerai
forms, BX, (where X = i Cl, Br or I)

The covalent character of these trihalides is
supported by the following facts

(i) They do not condtd elcciicity in the liEtid
state.

,o 'il?#f !;ii;
m

Pnparaflon. (a) BF, is prepared by eithcr of
the following three rnethods

5B

(Grcund Slatc)

sB

\Excitcd Statc)

b

E

(l) By heating a mixture of boron oxide or
bor:u with calcium fluoride and conc. HrSOn

BrO, * 3CaF, + 3 H2SO4 Gonc.'1!
Boron oxide

2BF. * 3 CaSOo + 3HrO

Na2BaC)7 + 6 CaF, * 8 HrSOo (conc.) -1
Borax

4 BF3 + 2 NaHSOa + 6 CaSOn + THrO
In the abovc reactioD-s, HF may be used in-

stead of CaF, i.e.

d
B?O3 + 6HF + 3H2SO4 

-Boron oxide

2BF3 + 3H2SO4.H2O

Na2BaOT + lZHn + ZHTSO. .a
Borax

2NaHSOo+4BF3+7H2O

(ii) By heating a mixture of bomn oride ond
,11 antmon iun t, le trafluorob ora le

\H
(iii) B2O3 * 6 NHoBFo .-.----r

8BF3+6NH3+3H2o
Pure BF, can, however, be prepared in the

Iaboratory by thermal decomposition of ben-
zenediazonium tetrafl uoroborate.

A
C6H5N2BF. ....- CoHrF* N2 + BFj

(D) BCl, and BBr, are obtained by passing
Cl2 orB12 on a heated mixture ofboron trioxide and
porvdered chiucoal.

TBK
B2O3 + 3C + 3Ct .+ 2BCl3+3CO

T73K
B2O3 + 3C * 3Br, 

---r 
2BBr. + 3CO

BCl, can also be prepared by heating boron
trioxidc rvitb phosphorus pentachlorirle in a sealcd
tube.

A
BzO3 + 3PClj ......- ?BC\+ 3 pOCl3

(c) BI, can be prcpared by reduction of BCl,
wirh HI

BCL +3HI 
-rBIr+3HCl

tI
,p3 - Hpriai""tion

\,.&",,/
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Structurt. The trihalide of boron are plarar

pounds.

As a result of ptt-ptt back donation and

resonance, the electron deficiency of B decreases

and thus BF, is the weakest Lewis acid' As the size

to BBr, to BIr. 7rl s, the relative acid stenglh of the

borcn tihalides Iollows the sequence :

BFi<BCl3<BBrr<BIr.
(a) Physical properties. (i) All the boron

tihalides exist ss monomeic covolenl species' They

do nol ilimeize like BH, s tce lhe lone pairs on the

halogens can interact with the vacant p'otbiaal ia
pn : pn back-borrding as discussed above.

(ii) BF3 (m.p. 145 9 I! b.p. 172 K) and BCl,
(m.o. 166 K b.o. 285'5 K) are colourless gases at

ioo, t"-p"rrtut.. BBr, is a colourless liquid (m p'

227 K"h.p.364 K) while BI, is a white solid (m'p'

422.9K).
(rD BF3 is extremely soluble in water and is,

therefcre, collected over mercury.

(iii) BF, forms two hydrates, BF, . HrO and

BF3 . 2 H2O.

(D) Chemical ProP€rties. (i) Hydrolysis' All
the boron trihalides are hydrolysed by water'

B\ is tlydrolysed slot ly and incomPletely to

lonnlhtoboic acitl This is because HF Frst formed

reacts with H3B03.

BF3 + 3H2O 
- 

H:BOr+3HFlx 4

4 HF + H3Bo3 ""'- HBFr + 3 H2ol x 3

4BP3 + 3HzO 
- 

HrBOr + 3 HBF4
Fluoboric acid

The other tihalides ue hydtolysed completely

to give boic acid ond the corresponding halogen acid

BX3+3 H2O """'' H3BOr+3 HX (X:Cl, Br or I)

Due to formatioo of hydrogen halides as a

result of hydrolysis , boron trihalides lttme in sir

' i' ptcung 13.6. Stucture oI boron trthalldes
' ']::,.: :.;' : :]l

Retative acid str€ngth of boron trlhalides'
The boron atom in all the boron trihalides has only

six electrons in its valence shell and hence need's

two more electroas to comPlete its octet' There-

fore, all the boron trihalides behave aslen'is acids'

The relative strength of the various boron
trihalides increases in the order :

BF3<BCl3<BBrr<BIr.
This order canbe easily explained on &e baru

ol the tendency ol the hqlogen atom lo bock don0te

iis lont pai oi electrons to the empty p-otbital oI the

b;;;" A;^ ihroush p,t - pn- boidins (Fig' 13'7)'

Since the size of the vacant ?-orbital of B and the

2r-orbital of F containing a lone pair of electrons

a're atmost identical, therefore, the lone pair of

electrons on F is donated towards the B atom'

Further, due to back donation by three F atoms,

BF, can be represented as a resonance hltrid of

the following three structures (Fig' li} 8)'

l),-. .--* )"-,.*')'-'
FIGURE 1g.8. Resonance stuctures of BF3

molecule invofuing back bonding'



SON/E p-BLOCK ELEMENTS 13/13

Bx3 + NR3 ---- xjB .-NR3
structures. Some of these complexes of BF, are
shown below :

Boron taifluoridc-
ammonia complex

F. OEt2 F M:
\u/ \"r,

o,,'\o "/ 
\o

Borc,l trifluoridc
cthctatc

or TbtoJlaorcboruc
ion

( r) Reactlon wlth Grlgnard rcagrnts and or.
ganolithlum reagcnts, Boron halides react with
Grignard reageats and other organolithium
reagents to form trialkyl or triarylboranes.

BF3 + 3qHjMgBr ......} B(9Hs)r + 3MgBrF
Tricthrtboraac

Uses, (i) Due to greater resistance of BF, to
hydrolpis as compared to BClr, BBr, and BIr,
BF, is *tensively useil os cstalyst in fuied.l-&afis
allElalion and aqlotion re actions.

BFr
C6H6 + CHICH2F -- C.H5 - CHTCH3 + HF

Eth}'lbcnzcnc

BFr
C6I++CH3CH2OH.-.........)C6H,CH2CH3 + HzO

(ir) BF, is also used as a catalyst ia esterili-

BFr
RCOOH + R'OH -.--+ RCOOR'+ H2O

cation and polymerization reactions used to
prepare polyisobutylenc and butadiene-styrcne
polymrers.

(ur) Bclris used in production of clemental
boron by its reduction with Mg.
13.5. Carbon

Naturally occurring carbon has two stable
isotopes: rzc (98.9Vo) and r3C (t'lVo) in addition
to traces of radioactivc laC isotope with a half life
of 570 years. It is used in radlocarbon datlng to
determine the age of archaeological samples of
organic origin i.e., fallen trees, dead animals etc.
The l2C isotope is assigned a mass number of
12' 00000 units and is used as an international unit
for atomic mass instruments.

135.1. Tbrrcstrial Abundance and Distrlbu.
tion

mqlachite

I. Crystalline, and II. Amorphous

Carbon is the seventeenth most abundant ele-
ment by weight found in the earth,s crust. Never-
theless, it forms more compounds than any other
element except hydrogen.

I. Crystalline allotropic forms of carbon.
Tfuee allotropes of caibon having well dehned
.crystal structures are : -

1. Diamond, 2, Graphite and 3. Fullerenes.

Due to different structures, they have dif-
ferent properties.

13.52. Allotropic forms of Carbon
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1. Dlamond
It occurs in nature. It can also be prepared

artificially but because of the high cost and poor
quality, diamonds are seldom made artifrcially.

Structure. In diamond, carbon is sy'-
hybridized. Each ca
four neighbouring
strong C - C, s1 -
tends in three dimensions (Fig. 13.9) and is very
rigid.

FIGURE 13.9. Sttuctue of dlamond

Propertles. (l) Purity. Dianond is the purest

form of cafion .

(li) Bond length. Because of #-hybridiza-
tion, C- Cbond lengths indiamond are 1.54A (154

pm).
(tll) Hardness. Sinc e diamond sists as 4lhrce'

dimensional neflvork solid it is lhe ho esl substance

lorown with higfi density and melting point
(lv) Conducdvlty. Since all lhe elecoons an

firmly held in C-C, o-botds, there are no free
electrons in a diamond crystal. Therefore, diamond
is a bad conductor of clectricity.

(v) Thansparrncy. Becoure ol its higfi rcfrac-
tive inilu (2.5), dianond con rcIlect dnd relract light.

It is, lherelorc, a tmnsparent fltbstsnce.

Uses. (r) Because of its hardness, diamond is

used for cufting glass, making borers for rock drill-
ing and for making abrasives.

(ri) When diamond is cut and polished, bril-
liant light is refracted from its surfaces. That is whyl
diamond is used for making precious gers aod
jewellery.

(iri) It is used for grinding and polishing of
hard materials.

(iv) Diamond is also used for making dies for
drawing thin wires from metals.

2. Graphite
It occurs in nature and can also be manufac-

tured artihcially by heating coke to 3273 - 3300 K
in an elecric furnace.

Structur.. In graphite, carbon is sp2-

hybndized. Each carbon is thus linked to three
other carbon atoms forming hexagonal rings a-s

shown in Fig. 13.10a. Thus, unlike diamond,
graphite has a rwo-dimensional sheet like (layered)

slmcture crrrsrsting of a number of benzene rings
fused together (Fig. 13.10b). The various sheets or
layers are held together by weak van der Waals'

forces of attraction. The distance between any two
successive layers is f.rlO A (lO pm).

142 pm<.+

o

o

FIGIJRE 13.10. Shucture of graPhlte

Pradeep's
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Propertles, (i) Pttrlty. Like diamond, graphite
is olso the purest fomt of carbon.

(ii atiotl
the c- ( 142
pm).

(lii) Softness. Srzce any two successive ldyers
are held. togelher by weak lorces of attmctio,t, one
layer can slip over the other This makes graphite soft
and, a good htbicoling agenl.

(iv) Conductivity. Srzce only tluee electrons oI
each cdtbon are used in making hetagonal ings in
graphite, foutth ydlence electron of each carbon ;s

hee to move. This makes graphite a good contluctor
of hest and electricity .

(v) Opaqueness. Un like diamon+ gaphite is a
black substonce snd possesses a metallic luslre.

Uses. (i) It is used as a reducing agent it steel
manufacturing.

(ri) It is also used in high-strength composite
materials.

(rii) Graphite is used for making electrodes
for dry cells.

(iu) Graphite marks papcr black and is, there-
fore, calJed black lead. Mixed with desired quan-
tities of wax or clay, graphite is used for making
cores of lead pencils.

(v) lt is used in the manufacture of crucibles
which car with.stand high temperature.

(vi) Graphite is also used as a moderator for
fast moving neutrors itr atomic reactors.

(vri) It is used as a solid lubicaat for heavy
machinery.

3, Fullerrnes
Discovery. B

allotropes of carb
were known. But
lotrope of carbon

entists namely R.E. Smal/ey
University, Houston, Texas
,o of the University of Sus_

sex, Brighton (U.K.). For this discovery, these
scientists shared rhe 1996 Nobel prize in chemistry.

Preparafion and separation. lcu llerenes con-

tion ofgraphite using a powerful laser. However, a
more practicalmethod for production of fullerenes
in macroscopic quantities, involves heating of

graphite in an electric arc in an inert gas such as
helium or argon when a sootymaterial is formed by
the condensation of C, small molecules. The sooty
material so formed mainly con-sists of C* fullerene
with sma.Uer quantity of Qo and traces o[ other
fiIlerenes consisting of even number of carbon
atoms upto 350 or above. The C* and Cro ful-
lerenes can be readily separated from the fullerene
sootby extractionwith benzene or toluene followed
by chromatography oyer alumina.

The complete process of formation and
separation of C, and Cr6 fullerenes from graphite
may be sketched as follows :

Electric arc
Graphite -------------.-- Vapourisedcarbon

He or Ar
Condensatiorl

Fullerene soot
(C6o + tit e C7d

Chromatography
Ceo+go

oveaAl2O3 Fullercne Fulterene

It is interosting to note that unlike graphite or
diamond, the fullerenes dissolve in organic sol-
venls. Asolution ofCa6 in tolueneis purple whereas
that of Cro is orange rcd,.ln fact,Iullerenes are the
ottly pure form of cafton becsuse thE do not hove
daagling edge or surface bonds which attract other
dtorns as is lhe cose of graphite or dianond.

Structurr. Of all the fullerenes, C.o allotrope
is most stable. It looks like a soccer ball and is
sometimes called as bulky ball. It contains 20 six
membered ings and 12 five membered nhgs. Six-
membqred rin&s are fused both to other six-mem-
bered rings and five-membered rines, but the
five-membered rings are connected only to six-
mernbered rings (Fig. 13.11).

This molecule has spherical shape having 60
vertices with a carbon atom at each vertex. Noting
the similarity of this molecule to the geodesii
domes (having hexagou al and pentagonal patterns)
designed and built by the American architect,
Robert Buckminster Fuller, it was named as buck-
minster fullerrrne or sirhply fullerene.

Because all the caibon atoms are equivalent,
the strain caused by the distortion of the bonds
from coplanarity is equally distributed among all
the carboo atoms. ConsequeDtly the molecul-e is
quite stable.
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It contains both singte and doublebonds with
C-C distances of 145'3 and 138'3 pm respec-

tively.

Q9 fullerene, on the other hand, resembles a

rugby ball. /r consis s of 12 five-membercd rings md
2i six- membered rin6s. As in Co6 fullerene, the

pentagons are isolated from each other.

Propcrtls. (i) Fullercnes being cova.lent are

soluble in organic solvents.

ft;) fhey can be reduced electrochemically
and react with group 1 alkali metals, forming solids

such as IqC6o. This compound behaves as a suPer-

conductor below 18 K which means that it carries

electric current with zrro resistance.

(ri) It reacts with OsOn which adds across one

of the double bonds in the cage.

(iv) It also forms platinum complexes'

Uses. At have anY

practical uses that ful-
ierenes may fi I aPPlica-

tions.

II. AmorPhous allotroplc forms o[ carbon

T'ho important amPhorphous allotropic forms
of carbon are :

1. Coke 2. Charcoal 3. Carbon black. These

are all impure forms of graphite or fullerenes.

All the allotropic forms of carborq whether
crystalline or amorphous, burn in excess of orygen
at diftbrent temperatures to form carbon dioxide.
This shows that all the above forms are allotropes
of carbon.

Ft rene (Crd.
ent ard
afe

1. Coke, It is a greyish black hard solid and is

obtained by destructive distillation* (strong heat-

ing in absence of air).

2. Charcoal. It is obtained in the following
four forms, i.e.,

(i) Wood charcoal. It is obtained by strong
heating of wood in a limited supply of air.

(ll) Anlmal charcoal. It is also known as bone

black ar.tl is obtained by destructive distillation of
bones. It consists of approximately 10Vo carbotrest
being calcium phosphate.

(iii) SugBr charcoal' It Ls tho purest form of
amorphous carbon and is obtained by the action of
conc. HrSOo on sucrose or cane sugar.

Conc. H2SOa

Cr2H22Olr (r) .........._ 12 C (s) + 11 H2o (0
sugar charcoal

(lv) Activat€d charcoal. All forms of char-
coal are highly porous substances and can adsorb

of gases. Their
her increased bY

current of super
removes the im-

purities such as residual hydrocarbons, orygen
etc. sticking on the surface and thus blocking the
capillary pores. CharcoaI thus prepared is called
activated charcoal.

(v) Carbon black or lamp black. It is an

petroleum, turpentine oil, acetylene etc. aro

burnt in alimited suppty ofair. The soot obtained
is made to stick on wet blankets hung in a cham-

ber. After drying, the soot is removed from the
blankets. The soot thus collected is called the

lsmp black or carbon black.
A

cH4 + 02 c + 2H2O
Carbon blackLimited supply of air

---G"i'"out ir,.ubjcctpd to dcsttuctivl dirtillstioD for the ma.lufactu& of oil 8at, cokc is lcft 8s Gsiduc in tbc rEtort' At the

samr timc, a thick dcPo6it i5 obiaiocd on thc roof and sid'x of thc trtort' It i' callcd ti gts cttbo[
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, i, I Of all tbe crlstalline allotropic forms of cnrbon, graphite is thermodyDamically rhe most ;ble allotrope. Its
standard enthalpy of formation (qf{) is assigncd a value of zero. The standard enrhalpy of formation

(A/H) of rliamond and C6o fullcrene are 1.98 aDd 38.1 U mol- l respcctively.

iii:t : Graphlte is thermodynamically more stable than diamond since ils free eners/ of formation is 1 .9 kJ mol-l
losrcr al rmm temperature and atmGpheric pressure. Although the conversion of diamoDd into graphite is
thermodynamically favourable, yet is Dormally does not @cur because of high enerry of activation for the
Proccss.
Ifthe enersr of actiration is made available, the cooversion ofdiamond into graphite can occur.

The rwerse process, r'.e., conversion ofgraphite into diamond is thcrmodlnamically not pcsible but can be
done only under forcing co[ditions. Thus, graphite can be corrverted iDto diamond at 1873 K under a prqssure
of 50,000--50,000 atmGphercs.

i::: 3. Dl.mond has the highesl lhermal conduclMty of any known substance (about fiw times that ofC\) although
it is a bad conductor ofelectricity. It is becaur of its high lhermal cooductMty, diamond tipped tools do not
over heat aDd hence are odeDsively used for drilling and cuttiDg purpces.

iJ,, .1. Kohlnoor dieDord. The valuc of diamDo[d is exprcssed in tenru of its wcight and purity. The weighr of
diamond is cxpressed in terms ofcarats (l cardt = 200 mg). The famous Kohlnoor diamond which decorates
the cro n of England's queen at present weighs 108.93 carals, Horever, wheo it was takcD from lndia to
Eogland, it wcighed 181 carats. Tb restore its brillialce and lustre,43 ot its on6nal weight was shed.

, 5 Corbon nanotube6. A nanotube is a structure which looks as though it were formed ry rolling a sbeet of
Braphite like carboo (a flat Detwork of fused benzene rings resemb[flg chickeo wire) ioto the shape of a
cylindrical tube and capping each end with halfofa buckyball (or tullerene like hemispheres). These are also
produced by elcctric arc svaporatioD ofgrapbite.

The discovery of carbon nanotub€s has trig8ered worldwide interest in studyiog the ph),sical propenies of
carbon naDotubes and their potcntial applic-tions in catallsir, nanotechoolosr and electronics.

Nanotubes are very tough-aboul. 100 times as stroog as steel. Besides their poteltial as strengthcners for new
comPcite materials, some nanotubes havc been shown to act as electrical conductors or semiconductors
dependiDg upon their precise size. They are also b€ing used as rips for anab,sisof DNA and proreins by atomic
force microscopy (AFM) or as molecular size test tubes or caFsules for drug delivery.

TABLE 13.1. Atomic and Phl,.sical
Properties of Carbon

Den-
sity G
cm-3)
at 293

K

Mel.
ting

point
(K)

EIe!-
fro-

Ilo8a.
tivity

I II III IV
3 .51 4373 'l't 25 to86 2352 4620 6220

13.53, Atornlc anrl Physlcal Propertles.
(i) Carbon exists in various allotropic forms of

which diomond, gmphite and fullerene are cr]atal-
line while coaf h)oo4 charcoal, oimal charcoal ;

lamp black, coke and gas carbon are amorphous.
The X-ray anal)'sis has revealed that so called
amorphous carbons also have extrcmely fine crys-
tals. Therefore, these allotropes are called
mi c roc rys ta I I ine c atb on s.

Some atomic and physical properties of carb-
on are listed in Thble 13.1.

Cova-
lent

(Pl,,)
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13.5.4. Chemlcal Prop€rtles

one another to Iomt covalent bonds lo form long or
branched chains and ings ol different.rlzes This

However, as we
t-element bond
(355 kJ mol - t),

? kI mol-l and
Sn-Sn (155 kJ mol-1), therefore, the tendency for
catenation decreases in the order :

C>Si > Ge>Sn.
(ii) Multiple bondiag. Due to its small six and

higher electronegatiity, carbon has a strongtendency
to Iorm W - pt muLiple bonds eith€t with iBeU
(C -- C, C = C) ot with othu atoms of similar size

ntch ar orygen (C: O) and nitrogen (C = N C=N).
In vi€w of these two properties, carbon forms

several millions of compounds both naturally oc-
curring and man made.

Some important chemical Propcrties of three
important forms of carbon are described below :

(a) Charcoal. (i) Of all the allotropic fgrmn
ciarcoal is the most reactive. It readily burns in air
to form COr. It reduces conc. HrSOa and conc.

HNO, to SO, and NO, respectivelY.

(ii) It combines with many metals to form the
corresponding carbides, e.g, CaC2, AlaQ etc.

(iii) When heated with sulphur, it forms carb-
on disulphide (CSr).

(i) Dlamond. Chemically, diamond is mmt
resistant towards most of the chemical reagetrts. lt
burns in air at 1173 K to form COz.

(rI) It is slowly oxidised by a mixture of
IQCrrO, + conc. HrSOo at 473 K to give COr.

(iii) It is stable in vacuum upto 1773 K brt
changis into graphite at ?!73 K and more rapidly
at 2/73 K.

(c) Graphlte. (i) Graphite, Iike diamond, is

not atiacked 6y dilutC acids. It is slowly oxidised by
chromic acid (HrCrOn i.e , IlCrrO, * conc.

(ii) It is oxidised by conc. HNO, to give

graphitic acid, C,,HaO5 which is an insoluble yel-

lowish green substance.

(r,r) With alkaline KMnOa, it is oxidised to

oxalic acid and me llitic acid, C5(COOH)5.

'13.6. Oxides ol Carbon

Carbon forms many oxides. T\vo of these

oxides, vrz. carbon monaxide (CO) ar.<l cabon
dioxide (COr) are extremely stable and important.

The three less stable oxides are '. corbon suboxide
(C,OJ, C5O2 and C,rOr. Others which are even

lcss stable include graphite oxides, QO and QOr.
1. Carbon monoxide

Preparation. (i) It is formed by incomplete
combustion of carbon and carbon containing fuels.

2C + Oz ---'-' zCO

This type of incomplete combustion occurs
during burning of petrol or diesel in automobiles
and, therefore, CO is always present in automobile
oxhausts, It is also present in volcanic gases and
gases coming out of furnaces.

(ii) Carbon monoxide can also be prepared by
reduction of oxides of heavy metals with carbon.

ZIO + C """""'. Ztr + CO

and FerO, + 3C ' zFe + 3CO

(iii) In the Iaboratory,pure carbon monoxide
is obtainedby dehydration offormicacid with conc.
HrSOo at 373 K.

H2SO4

HCOOH co + H2o
Irormic acid 371K Cafton llonoxidc

Carbon monoide can also be prepared in the
laboratory by the action of conc. H2SOa on Potas-

sium ferrocyanide.

Ko [Fe(CN)rl + 3 H2SO4 
-

2 K2SO1 + FeSOI + 6HCN

HCN + 2 HzO +HCOOH+NH3l x6
HCOoH '----* H2o + CO I x 6

2 NH3 + H2SOa- (NH1)2SO1I x 3

\[Fe(CN)6] + 6H2So4 * 6H2o -----'r
Pot. fcrrocrEDidc

2K.SO4 +' FeSO, + 3 (NH.)rSO4 + 6COHrSOn) to CO2.
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Commercial preparation. (i) It is mmmer-
cially produced bypassing steam over red hot cokc.
This reaction also produces hydrogen.

413-1273 K
C(s) + HrO COG) + HrG)

Water g'as

A mixture of CC) and H, is called watergas or
synthesis gas.

(r'i) When air is used instead of steam, a mix-
ture of CO and N2 are prdouced. This mixure is
called producer gas.

7273K
2C(s)+02G)+4N2G)............-

Air
2COG)+4NrG)

Producrr gas

CO present in water gas or producer gas can
further undergo combustion forming CO, with
evolution of heat.

zco G) + o,(g) """.zco,(s);
al{' = - 566 kJ mol-r

Thus, water gas and producer gas are two
industrially important fuel gases.

Structure. In CO molecule, both C and O
atoms are sp- hybridized. One sp-hybrid orbital
each of C and O overlap to form a C-O, o-boni
whilc the othersp-orbital on eachatom contairsthe
lone pair of electrons. The two unhybridized p-or-
bitals ofc and O formtvtop -pttbotds. Thus, CO
is a linear molecule.

_+
lonepair ----- : C = O : .- lone pairin

in sp hybrid orbital sp-hybrid oribital.
Due to the presence ofa lotre pair ofelectrons

on the carbor atom ,CO aicts alewis base or a ligond
and can form a coordinate bond with metals

+
(M <-C = O) to form metal carbonyls.

The electron dot structure for CO may be
represented either by formula I or Ia.

In these structures, C has 6 while O has 8
electrons in the valence shell. To complete the octet
arourd C, O donates a pair of electrons as shown
in structure (IIa or IIb or IIc).

or:CSO:
IIc

However, CO is best represented as a
resonance hybrid of the following two structures.

The presence of a triple bond between C and
O is supported by the following evidences :

(i) The carbon-orygen bond length isjust 113
pm which corresponds to a carbon-orygen triple
bond.

(i) The dipole momentof CO is very low due
to back donation of a pair of electrons from the
more electronegative O to the less electronegative
C-atom.

Properties. Some physical properties of CO
are given in Table 13.2.

(i) It s a neutml axide.

(ii) It is a colourless and odourless gas which
is only slightly soluble in water.

(rii) Poisonous naturc. Carbon monoxide is
highly poisonous (toxic) in nature. Its toxic nature
Ls due to its abilig to form a stable complexwiththe
haemoglobin present in the red blood cells to form
cafioxyhoemoglobin as discussed below :

Haemoglobin + CO --r Carboryhaemoglobin
In the lungs, haemoglobin combines with

molecular orygen loosely and reversibly to form
oryhaemoglobin.

Oryhaemoglobin thus formed in the lungs
then travels to all parts of the body through blood
stream aud delivers 02 to the various tissues ofthe
body. However, CO combines with haemoglobin
irreversiby (i.e. forms stronger bonds than O).
Therefore, if CO is present, it will form stable
complex with haemoglobin (i.e. car-
boryhaemoglobin) which destroys the orygen car-
rying capacity of haemoglobin. As a result,
haernoglobin does not take up orygen easily there-
by causing suffocation and ultimately death.

(lv) Reduclng prop€rties. Since CO can be
easily oxidised to COz,ia acts a as powe4ul refurcing
a8€nt. As such it reduces many metal oxides to their
respective metals.

ZnO + CO .---------- Zt * COz

CUO + CO -........+ Cu * COz

++
-:C:::O: or -:C=O:

IIa IIb

'.4i'.-* -'c=J,

: C:: (i: or :C = ii:
IIa
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1273 K
FerO, * 3CO 4 2Fe + 3COz

It also reduces PdClz to Pd ard I2O5 to I2.

PdCl2 + CO + HzO- Pd + CO2 + 2HCl

I2O5 + 5 CO'------ Iz + 5COz

(v) Formatlon of metal carbonyls. It com-
bines with many transition metals such as iron,
cobalt, nickel etc. forming metal carbonyls. For
example,

330-350 K
Ni + 4CO N(co)4

Nickcl carbonyl

473 K 100 atm. prcssurt
Fe + 5Co Fe(CO)5

Iilcn crrtonyl

Nickel carbonyl is volatile. When heated to
,{4O - 450 K, it decomposes to form pure nickel.

450-470 K
Ni(CO)o .................- Ni + 4CO

Therefore, nickel carbonyl is used for
purification of nickelby Mond's process.

(vi) Formation of phosgene. It readily com-
bines with Cl, in presence of sunlight to give car-

bonyl chloride or phosgene which is an extremely
poisonous gas.

hs
Co G) + ctz G) ..._ CoCl, G)

Phosgene

(vii) Absorption. Carbon monoxide is readily
absorbed by a solution of CuCl in conc. HCI or
NH, due to the formation olsoluble complexcs. For

example,

CuCl + NH, + CO._ [Cu(CO)NH3]+ CI-
(Soluble comPlet)

C.Cl + HCI .,- 69 ....* 11+1Cu(CO)Cl2l-
(Sohtble compla)

Uses, (i) it is an important constituent of two
industrial fuels !.e., water qas and producet gas.

(ii) It is used in Mortdtprocess for purification
of nickel via its nickel carbonYl.

(iii) It is used in the manufacturc of methyl

alcohol, acetic acid, synthetic petrol, sodium for-
mate etc.

(iv) In the metallurgy ofrlron as a reducing
agent.

(v) Iron carbonyl is used in the mandlacture

of maletic tapes foiuid"oe, and tupe ,ei6rders.

2. Crrbon dloxldc
Prrparaflon. (i) It is prepared by burnirg

carbon, fossil fuels and other organic comPound.s
in excess of air or oxygen.

c (s) + 02 @) -------. 
coz @)

CsHrz G) + 8 02 @)--"+ 5 CO2 (8) + 6 Hzo G)
(ii) In the laboratory it is prepared by the

action of acids on carbonates.

CaCO3 + 2HCl ' CaCl2 + CO2+HrO
(iii) Commercially, Co, is produced as a by-

product during manufacture of ammonia. The
hydrogen needed for the purpose is obtained by
passing steam over heated CO or CHn.

A
co G) + Hro @)- co, (9 + Hz(s)

A
CHl G) + 2Hzo (g)- coz (9 + 4 Hz(g)

It is also formed during manufacture of lime
or ethyl alcohol by fermentation of glucose or fruc'
tose.

1600 K
CaCO, CaO + CO,
Lirnc6tonc Linc

z-fiie
C6HI2O6 4 ?9HsoH + 2Co2

Gluco6. orFructosc Ethy' alcohol

Structurc. In CO, nolecule, C is sP'

hybridized, it fonns two a-bonds with two o4lgen
atoms and twopz-p, multiple boads. As a result,
COr's a linear, monomeic covalott compound.

The electron dot structure for CO, may be

represented by either formula I or Ia

:ii,,C:,ii' o,,ci=c=ti:
lIa

This structue predicts that both the carbon-
orygen bond lengths in CO, should bc equal and

should hare a typical bond leagh of 122 pm. How'
ever, operimcntally, it has been found that carbon-
orygen bond length in CO, is only 115 pm' This can

be explained, if COz is considered tobe aresonance

hybrid of the following struclures :

-,5\ .4, *, ,fl .41, --
+

:O=C- O:-
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Due to resonatrce, carbon oxygen bond length
acquires some triple bond character and hence the
bond length decreases from 122 pm to 115 pm.

Prop€rtles. The phpical properties of CO,
are quite different from those of CO. Some impor-
tant physical properties of CO and CO, are given

in table Ij|.2.

TABI.E 13.2. Physical properties of CO and CO,

cor

Melting point (K)
BoiliDg poiDt (K)

Deosity (8L-l) at 273 K
C-O bond length (pm)

Heat of formation r'.e. Hf (kJ mol-l)

68

81 5

1.250
r12

-1 10.5

216 4 at 5.2 atm.

$a.5 $ubl aes)

1.977

115

-393.5

(i) lt is a colourless and odourless gas about
1 5 times heavier than air.

(ll) Unlike CO, CO2 is not poisonous. How-

ever, it does not support life in animals and human
beings. However, it can cause soffocation and even-
tually death due to lack of oxygen.

(lll) Non.combusdble nature. Ordinarily
CO, is neither combustible nor a supporter of com-

bustion. However, certain active meta.ls such asNa,
K Mg etc. continue burning in it.

ZMg+ CO, --'t 2MgO + C
(tv) Solubility.It is slightly soluble in water.Its

solubility in water, however, increases with increase
in pressure. Soda water and other aelated soft
drinks are, in fact, solutions of carbon dioxide in
water (containing sugar, somc flavouring and
colouring agents) under prcssure.

(v) Acftllc nature. When CO, dissolves in
water, only some of the molecules react with water
to form carbonic acid (HrCOr) while most of the

dissolved CO, remains loosely hydrated. Carbonic
acrd is a weak dibasic acid. It forms two series of
salts, i.e., the hydrogen carbonates and carbonates
derived from the anions HCOt and CO!-. Thus,

COris the anhydride of cafionic acid.

CO2 G) + HrO (f """+ HrCO, (aq)
Cr6onic acid

H"Co, (oq) + H+ @fi + Hco, (aq)

HCof (aq) + H+ (aq) + col- @q)

Thus, a sohrtion of CO2 in water is actually atr

equilibrium mixturc of CO2, H2CO3, HCO3- and

COr2-. These equilibria are very important itr

HrCOr/HCOI buffer qistem which helps to main-

tain the pH of the human blood between 7.26-
7.42. Rrrthermore, the rate at which CO, comes in
equilibrium with H2CO3 is slow and this is also

important iu the physiology of COr.

(vl) Reactlon wlth llme nater. When CO, is
passe d through lime water, it turns lime water millry
due to the formation of insoluble cakium car-
bonale.

Ca(OH), I CO2 '--+ CaCO, + HrO
Limcsetcr (Insolablc)

However, if CO, is passedfor a longer period,

the turbidity disappears due to the formation of
s oluble calcium b ic arb on nte.

caco3 + H2o + coz

or Ca(OH), + 2CO,
- 

Ca(HCOr),
(Sol!!blc)

-..- ca(HCOr)z
(vil) Photosyothesls, Carbon dioxide is ab-

sorbed by plants. In presetce of chlorophyll (the
green colouring pipent of the leaves) and sun-
light, the absorbed CO, combines with HrO to form
glucose and starch (carbohyd.ratcs) which are used
as food by the plants. This process is called
photosynlhesis.

c,rloroohvll
6CO2 + 6H2O ----i; c6Hr2o6 + 602

sunlighi Cluclsc
(viii) Actlon of arnmonla, When CO, is

rcacted with liquid ammonia at 453 -473 K under
a pressure of 220 atnospheres, it first forms am-
monium canbamate which subsequently decom-
poses to give urea.

co
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,,i t The suboxide, Cr2O9 is also somewhat stable. It is a white solid and is an anhydride of mellitic acid,

c6(cooH)6.

, :,, L Nickel carbonyl, Ni(CO)1 has tetrahedral while iron carbonyl, Fe(CO)i has trigonal bipyramid geometry.

453 - 473 K
2 NH3 + CO2 [NHTCOONHI]

220 atfi Amm. ca.tJamate

-------' NH2CONH2 + H20
Urea

Uses. Carbon dioxide is used :

.(i) in the preparation of aerated waters.

(ii) as a lire ertinguisher because it is a non-
supporter of combustion.

(fi) in the manufacture of washing soda by
Solvay ammonia process.

13,6.1. Dry lce

Dry ice is the name given to solid carbon
dioxide.lt is also called cardlce,Itis obtainedwhen
CO, is cooled under Fessure (50-60 atm.). When

solid carbon dioxide is allowed to evaPorate in uir
ly
a
r-
e.

articles in food industry. Dry ice is also used for
curing local burns and in hospitals for surgical
oPeration of sores.

13,62. Carbonates and blcarbonetes

Being an acidic oxide, CO, readily reacts with

alkalies forming carbonates and bicarbonates
NaOHf COz 

- 
NaHCO3

NaHCO3 + NaOH .-..Na2CO3+ HzO

(iv) Solid carbon dioxide is used as a
refrigerant under the commercial naae dri kold
(see under dry ice).

(v) Supercritical COr* is used as a solvent to

extract organic compounds from their natural sout-
ces such as caffEine from coffee bean^s and per-
fumes from flowers.

(vi) lor anifcial respr'ratioz (for victims of CO
poisoning) as a mixture of 95Vo 02 and 5Vo CO2

under the name cariogvn
(vi) for purification of sugar in sugar industry.

Carbonates and bicarbonates of many metals
are known but the bicarbonates of ony alkali metals
exist in the solid state.

In aqueous solutions, both carbonates and
bicarbonates undergo hydrolysis producing OH-
ions.

HCO| + H2O ---'-'- OH- + H2CO3

co3-+Hro-oH-+HCO3-
Tltus, aqueow solutiow ol both bkarbonates

and cqrbonates are basic in nailre.
Imporlance. Many carbonates such as

NqCOr.l0HrO (washing soda),

KrCOr, CaCO3, NaHCO3 (baking soda) arc
widely used in industry and for domestic Purposes.
F\rther, it is interestingto mention here that bicar-
bonates of calcium and magnesium are responsible
for temporary hardness of water.

Structure. The central carbon atom of
HrCO3, HCO3- and COI- ion is spz-hybridized. It
forms three a-bonds with three orygen atoms. The
unhybridizedp-orbital on the carbon atom is delo-
calized over the p-orbitals of the three olq/gen

atoms to form z-bonds (for details refer to unit 6).
2NaOH + CO, "-"+ 1rl6rq93 + H2o

-.a 
g". .- u" iiq[n"a uilpplyirg prcssurr it ir is bcto\r, its crilical tcmpciaturc. For co2, thc criticat Prcssurc and

tcmperture are ?3 x 1 ,013 x 1d Pa (approx. 72.9 atm) and 3& K rcspecti!'Ely. A substancc abovc its criticll prcssurE is callcd

ip*ctiticol lluid- elnough at this Press;rc, CO2 is a gas, yrt il is very dense and hence can hehave as a solvenl'
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'13.7. Carbides

Compounds o! arbon with elemerts of low* or
about equal elrtronegativity are ullcrl carbidx.

Some important examples arc CaCr,

AloC, , BerC , SiC etc. Thesc are further classified

according to the t)?e of bonding involved in thcm.
1. Ionic or salt like carbides. These are thc

compounds of carbon with strongly electropositive
elements such as Mg, Ca, Al etc. Salt-like carbides
are further classified according to the typc of hy-
drocarbon they give on hydrolysis as shown below:

(l) Methanldes. The carbidcs which give
methane on hydrolysis are called methanides. For
example, beryllium carbide (BcrC) and aluminium

carbide (AlnCr).

Be2C + 4H2O ----------- 2 Be(OH)z + CHr

ALC3+ 12H2O ........- 4Al(0H)' + 3CHn

These carbides contain C- ions.

(i) Acetylides. The carbides which on
hydrolysis give acetylene are called acetylides. For
example, magnesium carbide (MgCr), calcium car-

bide (CaCr), barium carbide (BaCr) etc

Mgq + 2H2O -----------+ Mg(OH), + HC = CH

These carbides contain g- or (C= C)2-
ions.

Some other carbides having similar structurcs
are CyC" , AgrCaetc. Howcver, these carbidcs on

hydrolysis do not give acetylene anrl hence are not
regarded as true carbides.

(iii) Allytides. The carbides which on
hydrolysis give allylene or propyne arc called al-
lylides. For example, magnesium carbide (lragrCr).

Mg,C.+4}{rO --+zMg(OH)2 + CH3C= CH
Ally'cne or propyne

These carbidcs contain Q'- ions.

2. Covalent carbides. These are the com-
pounds of carbon with elerncnts having
electronegativity slightly less than rhat of carbon,
i.e., silicon and boron. For example, SiC, B4C,
84C3 etc.

3. Interstitial carbides, these are the com-
pounds ofcarbon with transition elements. e.6. TiC.
WC, ZrC, VC, VrC, VnC" , FerC (ceraentite) etc.

ln these mmpounds, the carboo atoms occupy
interstitial voids in the close packed lattice of metal
atoms. Carbides of this t)?e are extremelyhard and
electrically conducting.

Preparation. Carbidcs are usually prepared
by heating the clement or its oxide with carbon at a
very high temperature. For example,

(r) Silimn carbide is prepared by hcating
either silicon or silica with carbon.

Si+C
Silicon

sio, + 3c
Silica

2500 K
SiC

Silicon carbide

2273K
SiC + zCO

Silimn carbide

(ii) Calcium carbide is prepared by hcating
CaO with carbon at 2273 K

2n3 K
CaO + 3C -------. CrQ + CO
Lime calciunr carbide

(rii) Aluminium carbide is prepared by heat-
ing Al and C in an electric furnace

Electric furnac€
4Al + 3C ALq

Aluminium cartride

(iv) Beryllium carbide is prepared by heating
BeO with carbon atzzW-?iN K.

2200-23i)0 K2BeO+3C BerC + zCO
Beryllium carbidc

Ho\ ever, BeC, is prepared by heating Be

with ethyne

(v) Magnesium carbide (MgCr) is obtained by
heating magnesium oxide with carbon.

2273K
MgO + 3C -_ Msq + Co

MgQ, however, changes to MgrC, onheating.

Uses. Carbides find extensive applications in
indrrstry.

(i) Calcium carbide is the chief sourcc lbr
acetylene gas.

CaC, + 2HrO --.......- Ca(OH)z + CH = CH
Cal. carbide Acelylenc

Acetylene is the raw metcrial for a number oI
industrially important compounds such as vinyl
plastics, ethyl alcohol acetic acid etc. It is also
employed in uy-acegime llome for welding pur-
p0ses.
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(ii) Silicon carbide (SiC) is very hard and is

used as an abrasive under the name ccrborundum.

(iii) Ttrngsten carbide (WC) is also very hard.
It is used for polishing, drilling and cutting tools.

(i) BoC (boron carbide) which is even harder

than silicon carbide is now increasingly being used
as an abrasive. It is also used as a shield for radioac-
tive radiations and for making bullet'proof vests
('.e., clothing).
'13.8. Halides ot Carbon

Carbon combines with halogens to form both
simple and mixed halides. All the four simple
hulides of carbon, i.e., CFa, CClr, CBra and CI.

are known. The stabitity of these tetrahalides
decreases as the size of the halogen increases, i.e,

CF4 > CCll > CBro > CIo. This is due to the

reason that the bond energies of the carbon-
halogen bonds decrease in order ; C-F > C- Cl
> C-Br > C-I. Amongest the mixed halides,
CFCI3, CF2CI2, CClrBr etc. are quite common.

Preparation. (i) Tetrafluoromethane or carb-
on tetrafluoride (CFo) is prepared as follows :

CO2+SF4 ' CF1 +SO2

SiC + 2 F2 ------ CFr + SiFr

CF2CI2 + F2 ...- CFa + Clz

Freon

(ii) Carbon tetrachloride is prepared by the
action of Cl, on CS, in presence of ferric chloride

as a catalyst.
FeClr,303 K

csz + 3cl2 ccl4 + s2cl2

Feclr,333 K
csz+2s?cl2 ccll +6s
(iii) Freon (CClrFr) is prepared as follows :

sbclt
CCl4 + 2HF , CCI2F2 + 2HCl

sbcl{
3CCll+2SbF3 ....-.-_ CClzFz + 2SbCl3

Properties. (i),41l the tetrahalides arc covalent
contpounds hdving tetralrcdrul shapes-

(ii) T'hey are chenicslly inen, non-Jlammable
c <tntpoLuttls.

(iii) 71rcy orc not hydrolyscd by water under
nomnl conditions since carbon cannot uPand ils
coordinaliot nunrber beyond lour because ol the

ohsence ol d-oftilals.

Howevcr, if sufEcient energy is provided by
using superheated steam thenCClo is hydrolysed to

form a poisonous gas called phosgene or carbonyl
chloride

suDcrhcalcd
ccll + H2o cocl2 + 2HCl

stcam Phosgene

Uses. (i) Carbon tetrachloride is a common
solvent. It is also used as a fire e><tinguisher under
the name Wrene . Carbon tetrachloride is also used
in medicines as anti hook-worm in intestines'

(ri) Mixed halides of flourinc and chlorine are
especially important as coolants or refrigerants be-

cause oI being easily liquefiable go.ses having lot')
b.p.'s and low specifrc heats. For example, CFrCl,

(dichlorodifluoromethane) is widely used as a

refrigerant under the tameireon.

13.9. Sulphides of carbon

Carbon forms three sulPhides, i.e., CS, (carb-
on monosulphide), CS, (Carbon disulphide) and

CrS, (carbon subsulphide) correspondiog to three

oxides, i.a, CO, CO2 and QO2. CS is produced

when CS, is subjected to sunlight. It is also

produced when CS2 is subjected to high frequency

electric charge. CS is unlike CO, and is a highly
reactire radical even at tie temperature of liquid
air.

Howevcr, when electric arc is passed through
CSr, it giws CrSr. Its strudure is

s=c=c=c=S.
Itis ared liquid.Like QOr, it also polyrnerises

slowly.

Of thesc three sulphides, carbon disulphide
(CSr) is the most important and is discussed below :

Pteparatlotr. @ It is prepared directly by
heating sulphur and coke in iron retorts at 1023-

12nI(.
l0n-1273Kc+2s cs2

(ii) Now a days, S
phase reactioa betwe ln
presence of AlrO, or

8%K
cH. + 45 cs2 + 2H2o

Al2o3 or Silicr 8cl

Structurt. C$ is a linear molecule, S = C :S
like CO, in which carbon is sp- hybridized.



SOi,,E p-BLOCK ELEMENTS 13125

Physical Properties : (i) Pure carbon disul-
phide is a colourless, volatile liquid b .p.319.2 K.

(,i) It freez€s at 161 .4 K.

_ (iii) It is iufl"-mable. It has a low flash point
(3O3 K) and it;gnites spontaneously ar 373 K.

(iv) Its vapours are toxic affecting braia and
central nervous system.

Chemical Properties. (r) Highly Inllammable.
CS, is highly inflammable and burns in air to give
CO, and SOr.

CS2 +302 ------ CO2+2SO2

Sunlight changes CS, to CS. That is why CS,
is stored is dark coloured bottles.

(ii) Reactlor yith meaal sulphides. It com-
bines with metal sulphides to give thiocarbonates.

MS + CSz """'e MCS:

where M is a divalent metal.
(ur) Reaction with NaOH. It reacts with

NaOH to give a mixture of NarCO, aad NarCS,
(sodium trithiocarbonate or simplysodium thiocar-
bonate)

3 CS2 + 6 NaOH ----.*

NaL2COr+2NqCSr+3H2O
(iv) Rcacfion wlth ammonla and smlnes, It

reacts with ammonia, primary and secondary
amines to form dithiocarbamates.

NH3 + CSz +
AnlmoDia

(qHs)rNH + CSr.......r
Dl'ethylafiiIe

NH2-C

Amm. dithiocarbamateqt';*-.zt
C=Hr/ \ s-Nr*

Sod. satt ofN, N_
diethy'dithiocarbarDate

(v) Reaction with water. CS, reacts with water
to give thiocarbon dioxide (COS) and HrS at 473 K
and CO, and HrS at higher temperatures.

473 K
CS2 + HrO ----.......r COS + H2S

Throcarbon dioxide

>473 K
COS + H2O 

--.r 
CO, + HrS

IS
\ s-NHo*

MgO, SO, and HSOTCI (chlorosulphonic
acid) all react in a similar manaer to form COS.

MgO + CS2 -.---r COS + MgS

COS+MgO ._ CO, + MgS

(vi) Reactlon vlth ethanol and celtulose. CS,
reacts with ethanol in presence of alkalies to give
xalthates.

cS, + NaOH + qH5oH ......-

,="IoQ'' *",,,\s-N"t
Sod. x3nthate

(S od. etb,l di, hi oe a rb ona te)

Ifin the above reaction, ethanolis replaced by
cellulose, celulose xanthate is formed which dissol-
ves in aqueous alkali to form a viscous solution
called vlscose. When viscose is acidified. cellulose
isregeneraled eitberin form offibres called viscose
rayon (artificial silk) or as a thin film callcd cel-
lophane.

(vri) Reac,tion wlth chlorluc. GS, reacts with
Cl, in preseace of ferric chloride or aluminium
chloride as catalyst to form carbon tetrachloride.

CS2+3CIz ..._CClo + SrCl,

Cq + ECl, ------- CCL + 6 S

(rzit) Reactlon wlth sulphur trloxlde. CS2

combines with SO3 to form thiocarbon dioxide
(or carbonyl sulphide)

Cq + 3So3 ---' COS + 4SO2
Thiocarbon dioxide

([t) Actlon with phosphorus pentachloride.
CS, reacs with PCl, to form thiocarbonyl chloride.

CS, + PCl.- CSCI, + pSCl3

Thiocarbonyl Thiophosphonyl
chloridc chloride

(-r) Actlon with nltric oxide. It forms an ex-
plosive nixtue with nitric oxide.

2CS2 + 10NO......- 2CO + 4SO2 + 5N2 .
(.r) Formatlon of complexcs. CS, is an effr-

cient complexing ageql,and forms complexes more
readily than COr. I t rcts as a biitend ; ligand with
one C atom and one S atom bonded to the metal,
and CS, molecule is bent. For example,
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Pt(PPh3)2C12 + CS

Bis (triphenylphosP ine)
Pt (Il) chloride

ph3p.:._ 
_,,_q = s

PL- I 2 Cl'
o "-/ 

.-"-i'
Y lY' -J

13.'10 Uses ol Ca bon :,j:!ii!:r;i., :::l:iii:la:i :::::a:l'r:ri+lvJi8{i*+ili

ing from - 3 to + 5. Thc common oxidation statcs
ar; -3 (r.&, NH3, MgrNr), +3 (c.g NaNo2) and

+ 5(e.g NrOr , HNO).

13.11.1. Terrestrial Abundance and Dis'
tribution

Dinitrogen occursbothin the freestatc aswell
as in the combined state.

(a) In the fre€ state. Dinitrogen occurs in the

atmospherc to an e*Ler.L otlgVoby volu me. lt is also

presenl in volcanic gases and gascs evolved by thc

burning of coal.
(b) ln combined state. Nitrogen is present in

manycompounds such as potassium n ifi 
^te 

(hdiat
salt ?ene ot sitttply nilreT, sodium nitrate (chile solt

peoi) arrd many ammonium salts (e.g NH.CI

(NH4)2SO4 etc.). Nitrogen is an important con-

stituent ol proteins in plants and animals. Its total

abundance in earth including the atmosPhere is

0 017o by weight.

13.112. Isolation from air - Commercial
preparatlon of dinitrogen.

rom air
When
having
leaving

behind liquid diorygen (b.p. 90 K). Thc dinitrogen

obtaincd irom air contains traces of diorygen and

some of thc noble gases as impurities. World rvide

production of dinitrogen lrom liquid air is morc

than 50 million tonnes Per Year'

13.113. Preparation o[ Dinitrogen

The main source of dinitrogen is ammonia

and its compounds as discussed below :

(a) From ammonia. Dinitrogen can bc ob-

tained from ammonia by the following methods :

(i) By heating with copper oxide. When am-

monia is passed over heated copper oxide,

dinitrogen is obtained.
Heat

3cuo + 2NH3 ----"- Nz + 3cu + 3H2o

(ii) By action on bleaching powder.

3CaOCl, +2NH, ._ 3CaClz + 3H2O +Nz

Bleaching
poeder

(iii) By action on chlorine' Ammonia reacts

vigorously with chlorinc evolving dinitrogen'

2NH3 + 3Cl2 --' 6HCl + N2

(i) Uoal is cncosively used a^s a luel in boilcrs,

cngincs. lurnaccs ctc. lt is also uscd in thc manufac-

turo ol coalgas(CO+H, + CH4 + CO2)producer

gi\s, tvtlet 8a\ or i)?rftrerb go-t (CO + H,) and syn-

thetic Dctrol. Anthracitc is used as a rcducing agent

in mctallurgical processes antl for the manufuclutc
of graphite.

(ii) Cokc is used as a fucl and as a reducing
agent in mctallurgical opcrations.

(iii.) Cl.arcoal.,4clivatcd chucoal is tse(l x an

cxccllcnt absorhcnt in gus masks and for removing

oflcnsive odour from the air used in air-condition-
ing proccsses. ll sing

ag'ont in sugar ind and

other chcmicals 3 also

as a catalysl. lt has also been used in the treatment
o[ drinking rvatcr after chloriuation to adsorb cx-

ccss ol chlorine. Sugar charcoal is used to colour
winc and rvhisties.

(n,) Lamp black. lt is used lor making black

inks. nainrs and shoe-polishcs. black pigments clc'

It is widely uscd as r liller for rubber tyres to mukts

them hard and strong.

lr') Gas cJrbon is a good conductor o[
clcctricitv. lt is used [or making eleclrodes,

(vi) For uses of diamond and graphite refer to
sec. t3.5.2.

of tbur covalent bonds (e.g. NHn+) because of the

abscnce of d-orbitals in the valence shell Like
hvclro(cn and orygen, nitrogen also exisls in its
.i.rn""ntol to.rn ut idiatomic mole cule (N2) Therc-

tbre, it ii also called dinitrogn.lt is a typical non-

meral with a high electronegativity (3 0) next only

to fluorinc (4'd) and orygen (3'5) Ninogen forms

a variety ofcompounds in all oxidation states rang-
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(b) From amrronium compounds.
Dinitrogen is obtained from ammonium com-
pounds a-s follows:

(i) By heating ammotrium nitrite-
l,aboratory method of prtparation. ln the
laboratory, dinitrogen is obtained by heating anr-
monium uitrite. Since ammonium nitrite is aE un-
stable compound, an aqueous solution containing
an equivalent amount of ammonium chloride aud
sodiumnitrite is heated gently in a round-bottomed
flask (Fig. 13.12). Ammonium nitrite is first formed
by double decomposition which subsequently
decomposes to form dinitrogen.

Bu(Nr),
Barium azidc

A
Ba+3N2

13.11,4. Chemical volcano
When a heap of ammonium dichrorrate is

ignited, a spontaneous reaction occurs. Tbe N,
produced quickly rushes out of the heap splashing
green ash of Cr2O, arouad. This phenomenon G

called chemical volcano.

13.115. tuomic and Physlcal Properdes
(a) Physical propertles. (i) Dinitrogen is a

coloutless, odourless and tasteless gas. It has two
stable isotopes : l'N and lsN.

(i) It is slighUy lighter than air ;
its vapour denrity being 14.

(ur) Dinitrogen gas is not
poisonous (i.e. non- toxic) but
animals die in its atmosphere for
want of diorygea.

(iy) It is very slightly soluble in
Hzo watet (23-Z cm3 per litre of water at

273 K under one atmosphere or l bar
pressure).

(u) It is adsorbed by charcoal.

s of atornic
and le 13.3.

'1 .-\Ilt.l.l l -'1. I. ,\tomic and l\Iolecular
i'r'r):)(t ties ol nitr-ogen

13.1 1.6. Chemical Reactivity
Dinitrogen is chemi c"lly inen orunreactive.ln

its molecule, the two nitrogen atoms aro linked by
a triple bond (N=N) with a bond length of 109 8
pm and bond dissociation enerry of 946 kJ mol-l.
The loh, reactiity oI dinitrogen is due to its smsll size

DINITROGEN

BEEHIVE
SH ELF

FIGUBE 13.12. Laboratorv preparation of dinifogen.

NHoCI(aq) + NaNOr(aq)

NHnNOT(ag) + NaCt(aq)

Heat
NH4NOT(aq) .._ NrG) +zHroo

Since dinitrogen is insoluble in water, it is
collected by downward displacement of water.
During this reaction, small amounts of NO and
HNO, are also formed. Thesc impurities can be

easily removed by passing thc gas through aqueous
sulphuric acid containing a small amount of potas-
sium dicbromate.

(ii) By heating ammonium dichromate. Pure
dinitrogen gas can also be prepared iu the
laboratory by heating ammonium dichromate.

(NHa)2Cr2O7 """', CrrO, + N2 + 4H2O
Chromium oxide

(NHo)rCrrO, may be prepared in situ by heat-

ing an equimolar mixture ofpotassium dichromate
and ammonium chloride.

(c) From barium azide. Very pure nitrogen
can be obtained by the thermal decomposition of
sodium or barium azide.

A'I'OMIC
PROPERTIES

MOLECUI-AR
PROPERTIES

IoDizatioDenthal- 1402
py (kJ rnol-l)
Electron gaiD en- 'l

thalpy (kJ mol-l)
ElectronegatMry 3.0
(Pruling scale)

Atomic radius 10
(pn)

Ionic radius 177

(N' ) (pn )

Melting pomt (K)

BoiliDg point (K)

Density CglL) at
S.TP,

Bond length (p,r?)

Bond enerry

(kJ mol-1)

63.2

77.2

1 .L5

109.8

916
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and hig! borut ilissociation ene,&t.However, at high

tempe-ratures, dinitrogen reacts with many active

metals and non- metals.

Some important chcmical propertics of
dinitrogea are discussed below :

1, Action ofllhlus.It is neurral towards litmus'

2. Actlon of metals. Dinitrogen in neither

combustibl
ever, many
on burning
their respective nitrides.

Hcat
6 Li + N, """"+ 2Li3N

Lithium nitridc

13?3K
CaQ f N, ""-r CaCN2 + C

Cal. cstbidc C.st. c,anmidc

Calcium cyanamide reacts with water to form
ammonia,

CaCN2 +3tI2O """' CaCO3 + 2NH3

Cal. cyanamidc

Thirefore, it is used as a fertilizer under the

mme nidolim (CaCN2 + C).

13.11.7. Uscs of Dlnltrogn
In spite is an inert

gas and does withmanY

elements, yet :

(i) It is used in the maiufacture of nilric acid,

ammoni4 calcium cYananide etc.

(ri) Dinitrogen Provides an inert atnosphere
in many uetallurgical operations.

(r'r') Dinitrogen is used in frlling electric bulbs

to reducc the rati of volatilisation of the tungsten

filament.
(iv) Dinitrogen gas-filled thermometers are

used for measuring high temperatues
is used as a refrigerant

to erials, in freezing food

ar

13.12. Fixation of Nitrogen ::i:1;!:i:tEi::+ni:ti.t+l:*lr',ii:r4+ri:t+ilir

Nitroccn is vital to life. Although we live in an

atmospberE which cnnlans 79Vo of N, by volume

vet it cannot be used by plants until it is fned, i e',
'convcrted into biologicilly useful forms such as

ammonia.

artificial.
(r) Natural or Blologlcal llxadon. A large

amourit of atmospheric dinitrogen is brought to the
soil by the following two processes

(a) During lightining N2 and 02 of the atmos-

ohere mmbine to form NO whidr then combines
ivith more O, to form NO2. NO2 thus formed com-

bines with more O, in presenc.e of HrO to form

IINC)3

3300 K
N2 + 02 """""""'' 2 NO

zNO+02 
- 

2NO'

4NO2 + 02 + 2H2O- 4 HNO3

3Mg + MgrNz
Ma& nitridc

carN,
cal. nitridc

Hcal
2Al * N2 """-'+ 2AlN

Aluminium niiridc

3. Action o[non-metals. Dinitrogen also com-

bines with non- metals such as dihydrogen,

diorygen etc. as discussed below :

(i) Acdon of iUhyrlrogen. When a mi:(ure of
dinitrogen and dihydrogen is heated to about 673

K undei a pressure of20o atmospheres, inpresence

of iron as catalyst and molybdenun as promoter,

ammonia is formed.

N2@) + 3H2G) 1r zNHr@);

aF = - 92'2}Jmol-l

This reaction forms the basis of Hsbels
method for lhe manufacture of amnonia.

(il) Actlon of dlorygen. Dinitrogen and

dioxvsen combine to form nitric oxide when the

mixtirie is heated to about 3300 Kin aa electric arc.

N2+02 (.l

HcstNz-
Hcat

3Ca * N2 

-+

2NO ;
Nitric oxidc

AfH'=+135Umol-r
This reaction forms the basis of manufacture

of nitric acid by and Eyde process.

4. Actlon of nitride is
formed.

Al2o3 + 3c +
5. Actlotr of

ryanamidc is formed.

2013 K
Nz '".+ zAlN +3CO

calcium carbide. Calcium
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Nitric acid is carried by rain water to the soil
whereit combines with CaCO, aod MgCO3 present
in the soil to forrn their respective nitrates which
serve as ferti-lizers.

These nitrates are converted into ammonia by
deultri.fylng bact€ria probably through the follow-
lng stages.

Nitrates,------r Nitrites.......r NOz* N2 ------. NH3

roduced is utilized by plants
tei[s aud other nitrogenous
for their growth and other

(D) Organisms such as blue.green algae and
symbiotic bacteria present in the roots of

(ii) Artificial or Industrial fixatlon. A large
amount of atmospheric dinitrogen is lxed in foir
ofNH, in industry by Haber,s process.

(iv) Hydrazine (Rar chig process)
Ao. atkati

2 NH3 + NaOCI--------.......r NrH. + NaCl + tlO
gclatln

NrHn is used as a rocket fuel and for removing
dissolved O, (which causes corrosion) from tI.O
used in boi-lers.

Calcium carbide (Cae) can also be used to
lx the N, of thc atmosphere in form of calcium
ryanamide which is exensively used as a fertilizer.

coQ
Cal. carbidc

13,13. AmrnoniE

1373 K
+ N, ----------r . CaNCN + C

Nirrolinr

It is the most important compound ofnitrogen
13.13.1. Preparatlon of Ammonlat

. Ammonia may be prepared by the following
methods :

(l) By beating ammonium salts. When the
salts of non- volatile acids such as ammonium sul-
phate, a-urmonium sodium hydrogen phosphate or
ammonium phosphate are heated, ammonia Ls
produced.

(i{H4)2s01
Amm. sulphate

2NH3 + H2SOIAmmonia thus produced can be converted
into number of useful compounds such as nitric
acid, urea,tydrazine, ammonium nitrate by chemi-
cal methods :

(i) Nitric acid (Oslwald process)
Pt, 1100 K4NHr+502 4NO+6H2O

NC) thus produced is converted into HNO, by
the reactions listed above.

(ii) Urca
453_473 K

2 NHj+COz 
---. 

[NH2COONH4I
220 atm Amm. carboDate

-r 
NHTCONH, + HrO

Urea
(iii) Amm. nitrate

NH3+HNO3 
- 

NH.NO,
Bothur€aand NHaNO, areused as fertilizers.

A mixture of NH.NO, and frrel oil is used as an
explosive in miaing operations.

N2+3Hz
650-E00 K 200-350 arom

Fe catal,st, Mo prcmotcr
2 NH3

A

ANH4NaHPOT + NapO3 +H2O
Amm. sod. Sod.

hldrogco pho6phrt. mctapho6phatc
A

(NH4)3PO4 .--------r 3NH3 + HpO3 + H2O
Amm. phosphate McEpho6phoric

acid

- (2) By headDgammonlum salts wlth a strong
base such as sodium hydroxide, potassiui
hydroxide or calcium hydroxide either in the solid
state or dissolved in water.

(NH.),SO. + 2NaOH -j* UqSOn

+ 2H2O + 2NH3
A

NH4CI + KOH -...+ KCI + H2O + NH3
Laboratory

monia is prepare
mixture of slaked

rNot included in rhe New C.B.S.E syllabus.
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2NH1CI + Ca(OH),
A

Cacll2 + 2NH3 + 2H2o

A mixture of ammonium chloride and

slaked lime (1 : 3) is heated in a round bottomed
flask. Ammonia thus produced is collected by
downward displacement of air since it is lighter
than air.

(3) By the action ofwater on metal nitrides

MgrN, +6HrO ._ 3Mg(OH), + 2NH3

Mag. nitride

AIN + 3H2O ---""""'' A(OH)3 + NH3
Alumioiun

nitride

e moisture Present
in passing it through
a t CaO. It cannot be

dried by :

(i) Conc. HrSOo since it reacts with it forming

ammollium sulphate.

2NH3 + H2SO4 --""""r (NHo)rSOa

(ii) Anhydrous calcium chloide sir.cc it iorms
a complex having the composition, CaCl2.8NH3.

(iii) Phosphorus pentoide sjd(rce it reacts to
Ibrm ammonium phosphate.

PzOs + 3HzO --"""'* 2HrPOr

3NH3 + H3PO4 -"""""r (NH4)3PO1

13.132. Manufacturle of Ammonia
HabeCs Process (slEthcsis of ammonla)' It

involves direct combination of dinitrogen and
dihydrogen as shown below :

N2G)+3H2G) + 2NH3G)

AF = -92 2 kI mol-r

This reaction is reversible, exotlermic and
occurs with decrease involume. Therefore, accord-
ing to Le Chalelier\ pinciple , the favourable con'
ditions for the manufacture of ammonia are :

(i) Low temperaturt' Since the forward reac-

tion is exothermic, low temPerature will favour the

formation of ammonia. However, at low tempera-
tures, the rate of the reaction will be slow. The

optimum temperature for the reaction has been

found to be around 7fi) IC
(r'f) Iligb prcssurc. Shce the forward reaction

occurs with decrease in volume, high pressure will
favour the formation of ammonia. The reaction is

usually carried out at a pressure of 200 x 1d Pa

(about 200 atm).

(n'i) Catalyst. The rate of reaction is fairly low
around 700 K.It is increased by using finely divided
iron as catalYst ter
(which increases In-

stead of iron, ir of
IlO and AlrO3 can also be used.

Detalls of the process. The plant commonly
used for the manufacture of ammonia Ls shown in
Fig. li|.13.

H2+-

", ,-lRATIO 3 : 'l

PURE ANO ORY
H2:N2
3:'l

N2+H2+NH3 Liquid NH3

FIGLRE 13.13. Flow chart Ior the manufacture oI ammonla'
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A mixture of N, and H2 in the ratio 1 : 3 by
volume _is compressed under a pressure
200 x lot Pa (abo-ut 200 atm). The compressed
gases are passed through soda Iime tower (not
shom in the Fig.) to remove moisture and traces of
carbon dioxide.

The compressed gases are then passed into a
catalyst chamber where the gascs are heated
electrically to about 700 K in preience ofiron oxide
as catalyst alongwith small amounts of KzO and
AtO3 to increase the rate of attainmeot of equi-
librium. The reaction being exothermic ; the heat
evolved maintains the desired temperature and fu r-
ther heating is not required.

The gases which leave the catalyst chamber
containNH, andunreacled N, and Hr. These gases

are cooled by passing through condensing pipes
where NH, gets liquefied and is collected- in ihe

to

it

The annual world production of amraonia
now exceeds 1fi) million tonnes.

13.133. Propcrtles of Ammonla
I. Physical propertis I
I . Ammonia is a colourless gos with a charac_

teristic pungent smell called the ammoniacal smell.
It causes tears in the eyes.

2. It is lighter thau air (density = 0.68 gcm3)
3. It is extremely soluble in water ;one volume

ofwater can dissolve about I000 volumes ofthe gas
at273 K.

. 4. Ammonia caa.be easily Iiquefied bycooling
under pressure. Liquid ammouia boils at 239.7 Ii
and freezes at 198.4K. In the solid and the liquid
states, it undergoes densive intetmolecular H_
bonding (ust as in case of HrO) which accounts for
its higb melting and boiling points.

. 5. When vapourized, Iiquid ammonia causes
urten-se cooliog.

Stru-cturc of ammonla. The nitrol]en atom in
NHj is d-hybridised, therefore, NH, ihoula have
tetrahedral geometry. The tbee of thc four sp3-or_
bitals form three N-H o-bonds while the iourth
cotrtaiDs a lone pair of eledrons. Since the lone
pay-pon{ pair repulsions are stronger than bond
pair-bond pair repulsions, therefore,'ihe H-N_ H

bond angle decreases tiom 109'- 28, to _t07.8.. As
a result, NII, nrclecule hqs plramidal geometry
withN-Hbondlength of l0 t .7 pm untl bond angle
o[ 107 5". (Fig. B.r4).

FIGURE 13.14. Sbuchm of ammonia.

(b) Chemical properties :

1. Basic nature. Ammonia is highly soluble in
water. Its aqueous solution is rveakly basic due to
the formation of OH- ions.
NH3G) +HrOO <=:= NH1+(a{) + OlH- (qq)

Being basic. it turns moist red littttus blue and
neutralises acids in the dry statc as well as in
aq.ueous solutions forming their correspondiog
salts-

NH3+HCl-NHoCl
ZNH4OH * H2SO. ...--...- (NH4)rSO4 + 2HrO

2. Reaction with heavy metal salt solutions.
Ammonium hydroxide reacts with nraoy metallic
salts and precipitates them as hydroxiriei.

FeCl3 +3NH4OH-_ Fe(OH)3 J + 3NH1CI
Brown ppt.

AlCl3 +3NH4OH -_ AI(OH), I +3NH1CI
Whire ppt.

CrCl. +3NH.OH.-----+ Cr(OH)3 i +3NH4CI
creen ppr.

. This property is made use of in precipitating
these metals as their hydroxides in the group UI oi
qualitative analysis.

3_. Oxidation. (a) // is oxidisedto nilrogen when
possed oyet lrcsted copper oide.

Heal
2NH, * 3Cu0 ._ 3Cu+3HzO+N2

iq, mixed with qn ejcess of uia,
latinunt gauze st I 100 K, it is
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Pt, 1100 K
4NH3 + 5O2 '"-""- 4 {o + 6H2o

This reaction forms the basis for manufacture
of nitric acid by OstwolC's process

4. As a t ew s base. Due to the presence of a

lone pair of electrons ou the nitrogen atom, ant'
monia acts as a Lewis base. Consequently, it can

easily donate its electron pair to form co-ordinatr.:
boni with electron-deficient moleculcs (such rs
BFr) or transitionmetal cations havingvacant d-or-

bitals to form complexes. For example,

NH3 + BF3 + H3N +BF3

eg+ @q) + 2 NH, (ag)

[Ag(NH)J+ (oq)

Cuz+ (aq) + 4NH, (a4)

ICu(NHr)ol2+ (a4)

Cd2+ (aq) + 4NH3 (ry)

[Cd(NHr)ol'?+ (aa)

Due to the formation of complex ions, white
oot. of silver ct loride dissolves in excess of am-

moniu to form a comPlex comPound

tAg(NH)rlCl, diamrninesilver (I) chloride'

Similarly, copper sulphate dissolves in excess of
ammonia to form soluble deep blue coloured com-

p'lex [Cu(NH3)a]Soa, tetrammine copper (lI) sul-

phate.

AgCl +2NHaOH -' [ag(NH)2]Cl + ?HzO
Diamnrinesih"er (I)

chlori e

CuSo4 * 4NH4OH 
-+ 

[Cu(NH)al SOa

,:.[T#'&::rffiii)

+4H2O

These reactions are used s tests for these

cations in qualitative analYsis.

5. Action of halogens. Halogens react with

ammonia as follows :

With excess NH, :

8NH3 + 3Cl2 + 6NH4CI + N2

Wrth excess Cl :

NH3 + 3C12 ' NCl3 + 3HCl

With Br, :

8NH, * 3Br, + 6NH1Br + N2

With I,:
2NH, *3I, """""* NH,.NI3 + 3HI

Nitrogen tri-iodide
anrmoniate (brown PPt )

When NHr.NIr, in the dry state, is either

rubbed or struck against a surface, it explodcs with
noise liberating vapours of iodine.

8 NH3.NI3 + 5N2 + 9I2 + 6NH4I

Thus, it is a mild and harmless exPlosive.

6. Reaction with carbon dioxid€. When
gaseous CO, is reacted with liquid NH. ul 45t - 473

K under a pressure of 220 atmaspheres, it first
forms ammonium ciubamate which subsequently

decomposes to give urea.
453 - 473K

2 NH3 + CO2 [NH2COONH4]
220 atm. Amm. carbamatc

_-' NHzCONH2 + H2C)

Urca

Urea is widely used as a fertilizer since it
slowly decomposes in soil to give NH, and COr.

NH2CONH2 * HrO -""""'r 2 NH3 + CO2

It has a very high nitrogen content (467o)

7. Action of metats. Ammonia when passed

over molten sodium or potassium metal at 575 K
form correspon<Iing amides with the liberation of
dihydrogen.

5?5 K
2Na*2NH, + 2NaNH2+H2

Sodamide

575 K
2K+ 2NH3 ..........- 2 KNH2 * H2

Pot. aflide

8. Reaction with Nessler's reagent. with
Nessler's reagent (an alkaline solution of KrHgI,)'

ammonia or ammonium slats givc a brown

precipitate due to the formation of iodide of
Millon's base.

ZK"rHgln + NH3 + 3KOH ...._
N_esslc/s rcagent

HrN - Hg- O - Hg - I + 7Kl + 2H2O

lodide of Millon's base
(btowt PPt.)

9. R€action with sodium hypochlorite' When

a large excess treated with
sodirim hypo of glue or

gelatine, it get
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2 NH, + NaOCI-- NI{2.NH2+NaCI+H2O
Hydrszinc

Actually thc reaction proceeds in two steps :

(r) NH: + NaOCI--------------' NaOH + NHrCI
Chloraninc

(Fast reaction)

(ri) NHrCI + 2 NHj 
--- 

NH2.NH2 + NH4CI

(Slow reaction)
Glue or gclatine catalyses the slow reaction

and inhibits the secondary reactioq i.a,

NzH4 + 2 NH,CI ----------.-.-- Nz + 2 NH.CI

10. Llquld ammonla as a solvent Just like
watei, ammonia also undergoes selfianisation n
liquid state.

2 NH3 + NH1+ + NHt
(ci. 2HrO-: H3O+ + OH-)

Therefore,liquid ammonia is used for dissolv-
ing many polar compounds and also for carrying
out many reactions in rte non- aqueous medium.

13,13.4. Uses ot Ammonia
Some important uses of ammonia are :

(r) ln the formation of various dtrogenous
fertilizers such as urea, ammonium nitrate, am-
monium sulphatg ammonium phosphate, calcium
ammonium nitrate (CAN) etc.

(ri) In the manufacture of nitric acid by the
Ostwald's process and in the manufacture ofsodium
carbonate by the So lvqls process .

(ra) Liquid ammonia is used ris a refrigerant
in ice-faclories and cold storages.

. (iv) As a cleansing agent for removing grease
etc.

(v) As a laboratory reagent.
13,135. Tbsts of Ammonla
(i) It turns moist red litmus paper blue and

moist turmeric paper brown.
(ri) It gives brown precipitate with Nessler,s

reagent.

(,,r) With a drop of HCl, it produces dense
white fumes of ammonium chloride.

(iv) With copper sulphate solution, it gives a
deep blue solution.

(v) It gives a yellow precipitate with chloro-
platinic acid.

H2PtCI6 +2 NH!
Chloroplstinic

.cid

13.14. Oxides of Nitrogen

-.-r (NH)rPtClo
Amm, chloropletinarc

OEllo*, ppl)

Nitrogen forms a number of oxides in which
the oxidation state of nitrogen varies from + I to
+5.

Some important characteristics of the oxides
ofnitrogen are given in Table 13.4.

TABLE 13.4. Ondes of nitrogen

1 NzO

2. NO

3. N2O3

4. (a) No,
(b) N2O4

5. N2O5

Dinitrogen nronoxide or Nitrous oxide

Nitrogen monoxide or Nitric odde
DinitrogeD trioxide

Nitrogen dioxidc

Dinitrogen tetroxide

DinitrogeD pentoride

+l
+2
+3

+4

+4

Colourless gas, rather unreactive

Colourless gas, re€ctive, paramagDetic

Dark blue in the liquid or the solid
state, unstable in the gas phasc.

Brown gas

Colourless, qists in equilibrium with
NO2 both iD rhe gaseous and liquid
state.

UDstable as gas, io the solid state qists
as [NO2l+ [No3]-

1. Dinitrogen monoxiile or Nitrous oxide
(NrO) is prepared by heating ammonium nitrate or
by the action ofnitrous acid on hydroxylamine.

Hcat
NHaNO, --...r

NH2OH + HONO 
---+

N2O + 2H2O

N2O + 2H2O

Formula Name Oxidation
State ofN

Properties
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It is also calted /aag,ftirtggas because it catrses

hvsterical Iaughtcr or euphoria. ln small amr:unts,

it also acts aian anacslhetic agcnt particularly in

dentistrv. However, its largest use is as a propcllant

ror whipped icc cream because it has no taste and

is non-toxic.
It is a neutral oxide and reacts with sodamide

to form sodium azidc (NaN)

N2o + 2NaNHz ._ NaNl*NH.+NaoH
N2O does not burn itselfbut decomposes on heat-

ing to producc O2 which supports combustion

8?3 K
2N2O --"""") 2N2 + ()2

A
S + 2N2O 

- 
SOr+2N,

A
Mg+NrO....-..r MgO + Nz

Structure. The simplest electronic structure

of NrO in which both nitrogen and orygen atoms

have complete octets is shown below :

: N::: N: O; or

113 Pm 1'19 Pm
N-N --------+O or :N-N-O:-
Thus NrO is a linear molecule and is expected

to have a large dipole moment. However, its dipole

momenl is iety 1ow, i.e., 0'17D, therefore, it is

regarded as a resonance hybrid olthefollowing two

structures:

,ni-4: ........

2. Nltric oxiite (NO). PreParation' It is

prepared by catalytic oxidation of ammonia at 1100

K in presence of Pt as catalyst.
Pt

4NHj + 5O2 ' 4No + 6Hzo
1100 K

In thelaboratory, NO is prepared eitherby.the

action of dil. HNO, on copper metal or by reduc-

tion of HNO, bY I- ions,

3 Cu + 8 HNO3 (dil.) ------

3 Cu(NOr), + 2NO + 4H2O

2HNO2 + 21- I 211+ "-"">

2NO+12+2H2O

Like NrO, NO is also aneutral oide'

Structutr. Nitric oxide is regarded as a
resonance hybrid of the following two structures, I
ANd II

-+
:N::O:= :N = O:

115 Pm
It Resonance h)'b d

+
N O-. '

I
Thus the resooance hybrid contains a double

bond as well as a three electron bond betweelr
nitroplen and orygen atoms.

2NO ---------- o=N-N=O
SYmmctrical dimcr

The asvrnmetrical dimer (Fig' 13.5) has been

observed to'beformed as a redsolid in thepresence

of HCI or Lewis acids.

FIGURE 13.15. Sbucture of nitric
oxide in liquid and solid states'

Properties. (i) Since odd electron molecules

ur" ,.roliy highly teactive, therefore, NO instantly

reacts witl O, to give NO, and Cl, to give nitrosyl

chloride (NOCI)
2NO+C)2-_2NO,
2NO + Clz '--+ 2 NOCI

wirh
with

rvhich is responsible for the colour in thebrown-ing
test for nitrates (refer co page 13142).

(iii) It is thermodynamically unstable and

decomposes irrto its elements at high temperatures
(1373 - 1.413 K).

1373 - 1413K
2NoG)----------------_NrG)+orG)

Therefore, it suPports combustion at high

tcmperatures,

*- - - -2!8!t - - - 6
I lett9ll=A- - - - - - - - - - N- LOOSE DIMER

:N=N=O:
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1373 - 1413 K
Mg + 2NO MgO + N,

In spite of its reactive and harmful nature,
NO occurs in biological systems iu traces. It acts
as a neurotraDsmitter and plays a sigoificant role
in controlling blood pressure by relaxing blood
vessels. It also provides protection from bacterial
infections.

3, Dinltrogen trioxide (N2O) is prepared by
cooling an equimolar mixture of nitric oxide and
nitrogen dioxide below 253 K

< 53K
NoG)+Noz@) 

- 
Nzork)

Structurr. This oxide exists in two different
forms which can be interconverted by iradiation
with ligbt of appropriate wavelength

"j5 
o=*\orr*=o

Symmodcal brm

The asr/mmetrical form may also be regarded
as a resonance hybrid of the following two canoDi-
cal structures.

Propertles. (i) NrO, condenses to a blue
coloured liquid below 243 K.

(ii) It is an acidic oxide and dissolves in water
to form nitrous acid.

NzO3 + H2O --.-.. 2HNO2

Therefore, it is regarded as an anhydride of
nitrous acid.

(rrr) It reacts with alkalies forming cor-
responding nitrites.

2NaOH + N2O3 """.) 2NaNO2 + ItrO
Sod. oitritc

(iy) It reacts with c.ocentrated acids forming
nitrosyl salts.

N2O3 + HOO. ".-.- 2NO[ClOol + HrO
Pcrchloricrcid Nirrosylpcrchlorate

N2O3 + I{2Sq ------- 2NO[HSorl + Hzo
Nirrc6rl hydrogcn sulphate

4, Nltrogen dloxide (NOr) is prepared either
by heating nitrates of heavy metals such as
Pb(NO), or by the action of conc. HNO3 on cop-
per, silver, lead etc.

2Pb(NO3)2
Heat

2PbO + 4NO2 + C)2

Cu + 4HNO3(coxc

Cu(NOr), + 2HzO + 2NO2

Str[cture. The NO, molecule is angular with
a bond angle of 134'and N- O bond length of 120
pm.

NO2, BROWN GAS (PARAMAGNETIC)

\
N+d

/

-N
<--

rO'

N

/
..o..

'iz
/"'-,1:

ov,-
- 07 l34o ro

RESONANCE HYERID
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Because of the presence of an unpaired
electron on N atom, NO, undergoes dimerization

at low temperature to form NrOo.

X-ray diffraction on solid NzOa suggests that

it is planar. The N-N bond length is abnormally
long (175 pm).

2NO, + 2NaOH '-r
NaNOrfNaNOr*HrO

(v) The NO2 - N2Oa system is a strong oxidis-

ing agent. NO, reacts with F2 and Cl2 forming nitryl

flouride and nitryl chloride respectively

2NO2 + F2 '-""' 2NO2F
Nitrrl fluoridc

2NO2 + Clz """'' 2NO2CI
Nitryt chloridc

It also oxidises HCI to Ct and CO to CO2

4HCl + 2No2 """' 2NoCl + clz + zt{zo

NO2 + CO I NO+COz

Uses. Liquid NrOo is used as an oxidiser for

rocket fuels in missiles and space vehiclos.

Both nitric oxide and nitrogen dioxide are

used in the manufacture of nitric acid and nitrate

fertilizers. However, oxides of nitrogen (NO and

NOr) are emitted into the atmosphere during the

smog (for details, refer to unit 18).

5. Dinltrogen pentotdde (NrO) is prepared

by dehydration ofnitric acid with phosphorus pen-

toxide (PoO,o)

4HNo3 +P1oro """- 2 N2o5 + 4HPo3
MctaphcPhoric

Thus, NrO, is regarded x an anhYdide of

ninic acid-

Prop€r'tl$. (i) Below 273 I( NzO5 exists a's a

colourless solid. X'ray dillraction shows that solid

N2oj is ionic (No2+ No3-)

K the

colo decom-

posi

2NrO, """-' 4 NO2 + 02

At 303 K crystals melt giving a yellow liquid
which decomposes at 313 K giving brown NOr'

(ii) It acts as a Jrrozg oxitlislng agent and oides
I, to Ir0, and Na to NaNO3

o

-i #NI
\

\*-d,.."
o
ll201, coLouRLEss,

OIAMAGNETIC
(RESONANCE HYBRIO)

Properdes. (r) NO2 is a reddish brown

poisonous gas. On cooling (294 K), it turns into a

liquid and a solid at 261 '8 K.
(ri) It is an odd electron molecule (23

electrons) and isparanr sgnelic aadwt'!rcacli'te. At
low temperaturei, it dimerises to form NrOo which

is colourless and dianagn elic.

Thus NO, exists in equilibrium with N2O1 and

thc equilibrium is temPerature dePendent.

N2O1 <---r 2NO2
(Colowlas) (R .Uish btoet)

o

In thc solid statc, i( consists of only N2O4 nolecules

the gas aonsists of only NOz molcculG.

(iii) It dissolves in water forming a mixture of
nitrous acid and nitric acid.

2l.IO2 + HzO ""+ HNO2 + HNO3

Therefore, it is reg arded as a mixed anhydride

of HNO2 and HNO3'

(iv) It reacts with alkalies to form a mixture of
nitrites and dtrates.
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I2+5N2O5.+IzOs+10NO2
Na+N2O5....-NaNOr+NO,

(rr) It also reacts with H2SC)4 to form
nitronium ion and NaCl to form niryl chloride.

N2o5 + 3H2SO4 ....-

2NO2++H3O++3HSO;
NrO, * NaCl ------- NaNO: + NO2CI

Structure. NrO, is considered to bc a

resonance hybrid ofthe following two Lewis struc-
tures:

.:di o .li-

um at a tempera-
(9 bar) pressure
ic oxide.

pr. Rll
4NH3 G) + so, @) ..._ aNo @)+6Hro @);lr00x

AH= -90.0 kJ
Since the reaction is exothermic, the heat of

perature of the
required. About

(ii) Oxidatlon chamber, The gases coming out
of the catalyst tower are cooled below 420 K when
the utrreacted oxygen in air reacts with NO to give
Noz.

< 4mK
2NOG)+OzG).....--......' 2NO2G)

(ili) Absorption tower. Nitrogen dioxidc from
oxidation chamber is introduced at the bottom of
an absorption tower packed with acid- proof flint
or- quartz picces. Water is sprayed from the top of
this tower. Nitrogen dioxide dissolves in watci to
give nitric acid and NO which is recycled.
3 NO2 G) + HrO (/)------r 2 HNor (rq) + NO (S)

(iv) Conceutration of tbe acid. Dilute nitric

tion to about 9896 is achiev€d by dehydration with
corc. HrSOn. Fnrz ing nitric acid is obtained by dis_
solving an excess of NO, in conc. HNOa . It is biown
in colour.

\.o,*
"-\t/"
,o/

>",h,-ti._

- - 
Nitric acid is prepared commercially ex-

clusively bv the catalrtic
oxidation ' of ammo'nia "[Xt]]Eu

RESONANCE HYBRID

Nitric acid (HNO3) is the most stable and
most important oxy-acid of nitrogen. Another im-
portant ory-acid is nitrous acid (HNOr). It is, how-
ever, quite unstable and exists only in wry dilute
solutions.

13.15.1. Manufacturc of Nitrlc acld

OXIOATION
(Ostrrald process). The flow-
sheet diagram of the plant
employed is given in Fig.
13.16.

The process involves the
following steps :

2NO + o.
I

2NO2

FOR
R ECYC LING

(i) Converter. Ammonia
obtained by Haber's process
is mixed with dust free air in
the ratio 1 : 10 by volume and
the mixture is passed through
a converter made up of steel
and packed with a metal

(1 10)

gauze made of pure platinum
FIGURE 13. f 5. Manufacture of HNO3 l_.y Ost.rald s process.
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I-aboratory prtparatlon of nlHc acid' Nitric
acitl is oreparid in Lhe laboratory by heating

sodium or potassium nitrate with conc' H2SC)4 at

423 - 473 K in a glass retort.

NaNo3 + H2So4 "'--'.. NaHSon + HNo'

Anlrydrous nitic ocid is obtained by distilla-

tion of conc. HNO3 with PlOlo

13.152. Physlcal Propertlcs of Nitrlc acld

1. Pure nitric acid is a colourless/zrzizg liquid
with ounc;nt odour. However, impure acid is yel-

low iue-to the presence of dissolved oxides of
nitrogen in it.

2. It forms a constant boiling (393'5 K) mix-

ture i.e, azeotrope with water containing about

68.5% of nitric acid.

3. It has a corrosive action on skin and

produces painfu I blisters.

4.It boils at355.6 K and freezes to a white solid

at 231.4 K. Its density at 298 K is 1 504 g cm-3'

13.153. Chemlcal Propertles of Nitrlc acld*

1. Decomposltlon. It decomposes on heating

giving nitrogen peroxide, o:rygen and water'
hcat

4 HNO3 (aq) -; 4NO, G)+O, G)+2 H2O o
2. Acftllc nature. Nitric acid is a strong

monobasic acid. ln aqueous solution, it ionizes as :

HNo3(aq) +H2o(D ' H:o+(aq) +Nol(aq)

Being a monobasic acid, it reacls with metallic

oxides, hydroxides, carbonates and bicarbonates

giving only one series of salts called nirra'es'

CaO + 2HNO3 ........... Ca(NO:)z + HzO

NaHCO3 +HNO3- NaNO3 +CO2 +H2O

Na2Co3 +2HNO3"""'-'' 2NaNo3 +Co2 +H2o

3. O)ddlsing agcnt. Nitric acid is a very strong

oxidising agent since it readily gives nasent orygen

both in ihe conctntrated as well as in the dilute form

2HNO, (cozc.)- H2O + 2NO2 + [OI

2HNO3 (drr.) """'-' HrO + 2NO + 3[o]

Therefore, nitric acid oxidises many non-me-

tals and comPounds.

A. Oxidadon ofnon'metsls. Dilute nihic acid

has no action onnon-metals. However, conc nitric
acid oxidiscs many noa-metals such os catbon,

sulohttr iodine aod metalloids like arsenic, un'
tittiozy etc.to their corresponding oxy-acids while

nitric acid itself is reduced to nitrogen dioxide'
For example,

(i) torbon is oxidised to carbonic acid

(H2CO).
2HNo3 --""'* H2o + 2No2 + [ol x 2

C + 2[O] + H2O-----"' H2CO3_
C + 4HNO3 ...._ H2CO3 +

(ii) Sulphur is oxidised

H2O + 4NO2 I
to sulphuic ocid

(H2SOi.
2HNO3 .-.......... H2O + 2NO2+[o] x24

s8 + 24[Ol + 8H2O

58 + /8HNo3 """"'-' 8H2So4 +'ENo2 +16H2o

(iii) Iodine is oidized to iodic acid (HIO,)'

2HNO, "---""'r H2O + 2Noz + lol x 5

I, + 5[ol ....-'.-lzOs

12+ 10HNO3 .....--_2HIO3 + 10NO2+4H2O

(iv) Phosphorus is oidised to phosphoric acid
(H3PO4)

2HNO, =-'r H2O + 2NO2 + [o] x 10

P4 + 10[Ol ....-} PrOro

Pa +20HNO3 ....._

(v) Arsenic is

(H rAsO o)

2HNO3 

-2As + s[O]

4H3PO4 + 20NO2 +4H2O

oidised to arscnic acid

H2O + 2NO2+[o] x 5

._ AsrOs

AszOs + 3HzO 

- 
2H3AsO4

za.+ ro UNO, -' 
2H:AsOq +2H2O+10 NO2

or As+5 HNO, ---"'r H3Aso4 + H2o+5No2
Arsenic acid

SimilarlY,

Sb+5HNOr- H3SbOl + H2O+ 5NO2

Antimonic acid

B. Oxidation ofcompounrls. Dilute as well as

concentrated nitric acid oxidiscs a number of com-

pounds. For example,

(i) Hydrogen sulphide is oidised to sulphur

(a) With conc. HNO, :

2HNO, -.'......- HrO + 2NO2+[OI
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2HNO3 .._ H2O+2N()+3[Ol
SO2 + H2O + lOl --| H2SO1 ] x 3

3SO2 + 2HNO3 + ZH2O'- 3H2SO4 + 2NO

, (iii\ Fenous sulplrute is oidised to fenic sul_
l'llol.'

(a) With conc. HNO, ;

2HNO, -----) H2O + 2NO2 + [Ol
2FeSO. *HrSOo +tol ......"..- Fer(SOo), + HrO

2FeSOa + 2HNO3 + H2SOa .-
Fer(SOo), + 2H2O + 2NO2

(b) wth dit. HNO. :

2HNO3 .......-.- H2O + 2NO + 3[Ol
2FeSO4+H2SOa +[O] -+ Fer(SOa)3 +H2Olx3

6FeSOa + 2HNO3 + 3HrSOo.._

3 Fer(SOo), + 4H2O + zNO

_ _ 
Nitric oxide evolved combincs with ferrous

sulFhate to form a darkbrown addition 
"ornporia,FeSOa.NO, nitroso-ferrous sulphate. This reaction

fbrrns the basis of the nag /est for nitrates.

- A. R€actiotr with metals which ar€ more
electroDositlye.th{n hydrogen (Na. X, Ca, fvfg. ai
Mn, Zn, Cr, Cd,.Fe, Co,Ni,Sn,pb,Sb etc). inis

csse, nasce hydmgm is libe,zted which ludhet,educes nitric
Metal + HNO3 .---...r Metal nitrate + H

HNO3 + H -...- Reduction product + H2O
acid giing a variety of reduction products such as

ryO2 , NO, NH3, NH4NO3 and N2O as
shown below :

+H +2H +ju[INo3 
-* Nq -= No -i;-Hro -Hro -Hzo

HNOI a
NHINO3 -.....+ N2O

-2H2O

(l) Yery dllute nltrlc acld. Magnesium ond
?slwesc .are the only metals which produc€
hydrogcn with very diute (t_2%) nitric acid.

Mg + 2HNO3 -...+ Mg (NOr), + H,
Mn + 2HNO, ..-..+ Mn (NOr), + H,

... (ll) Cold dllute nltric scld. More active metals
like lagnesium, zing tin and ircn react with cold
dil. HNO, to form ao.monium nitrate.

zn + 2HNO3 

-. 
zn(NO3)2 + zlPtl x 4

IINOs + 8H --+ NH, + 3HrO

HrS + [ol .........- H20+s
H2S + 2HNo3 ---..' 2H2O+2NO2+sl

(b) wirh dir. HNo, :

2HNOr-------+ H2O + 2NO + 3[Ol
H2S + [OJ .......* HzO+Slx3

3H2S + 2HNO3 ----.-..- 4HzO + 2NO + 35 I
. . (ii) Sulphur dioxide is oidised to sulphuic

acid
(a) With conc. HNO, :

2HNO, ----.......r H2O + 2NO2 + [Ol
SO2+H2O+[Ol ........- HzSOr

so2 + 2HNO, .._-...r

(b) with dil. HNO, :

H2SO4 + 2NO2

NH3 + HNO3 -...* NHlNO3
4Zn + r0 HNO3 -..-..-4 h(Nd-)-

+ 3H2O + NH4NO3

simirarry, 4 Sn + l0HNo, , 
Amm nitiate

4 Sn(NOr), + 3H2O + NH4NOJ
4Fe + 10HNO, 

-......r
4Fe(NOr)2 + 3H2O+ NH4NO3

Leod, under similat conditions gives nitic
u:ide instead of amnnnium nitrute.

Pb + 2HNO3 -..- pb(NO3)2 + 2HI x 3

Itro:- T - 
No+2Hrolx2

3Pb + 8rrNo3 ..-..* r ru6or;,
+4H2O + 2NO

Nitricdidc
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nitric acid. with hot

dilu m nitrate thus formed

und to form nitrous oxide

(Nzo)'

zn + 2HNo3 _-' Zn(No:)z + 2}{l Y 4

HNO3+8H + 3HzO+ NH3

NH3 + HNO3 -* NHrNO:

NHINO, + NzO+ 2H2O

4 Zn + 10 HNO3 -'-----'

4 Zn(NOr), + 5H2O + N2O

similarty, 4Mg + 10 HNO, 
Nitrous oxide

4Mg(NO3), + 5H2O + N2O

(iy) With conc. nitric aciil' with conc' HNOr'

metals like zinc, magnesium, bismuth, lead etc'

form nitrogen dioxide (NO).

Zn+ 2HNO, ' Zn(NO3)2+ 2H

HNO3+ H + HzO+NO2l x2

Zn + 4HNO3

Zn(NOr)r+2H2O+2NO2

Simirarry, Mg + 4HNt\ 
Nitroscn dioride

Mg(NOr), + 2H2O+ 2NO2

Bi + 6HNO3 -' B(NO3)3 + 3H2O + 3No2

Pb+ 4 HNo3---""' Pb(No3)2 + 2H2o + 2No2

Exception. Tin, however, reacts with conc'

HNO3 to form meta-stannc acid (HrSnOr) and

nitrogen dioxide.

2HNO3 .......-- H2O + 2NO2 + Olx2

Sn + 2[Ol * HrO--"r HrSnO,

Sn+ 4HNO, ..-.+ HrSnO3
Meta stannic acid

+ 4NO2 + HzO

Passivity. When dipped in conc' HNO3, me-

For example, in case of iron, a protective layer

of ierrosoferrii oxide, FeO.Fero, is formed on the

surface of iron
B, Rescdon wlth metals whlch are less

electroposltlw than hydrogsn (Cu, Ag, Hg etc')'

Metal + HNo, """a 14ghl 6xids { No'
or NO + H2O

Metal oxide + HNo3'-"' Metal nirate + Hzo

The metal oxide thus formed reacls further

with cxcess ofniric acid to form the corresponding

metal nitrate and water. Fot example,

(i) Wth conc. HNO,, niffogen diaxide (NO)

is fomed.
2HNO3 ..-..... H2O+2NO2+[Ol

Cu + [O] "-"""] Cuo

CuO + 2HNO, -""{ Cu(NO3)2 + H2O

Cu +4HNO3- Cu(NOr)z + 2H2O + 2NO2

SimilarlY,

Ag + 2HNO3-"-'AgNO3 + H2O + NO2

Hg+4HNO3 -""'+ Hg(NO3)2 + 2H2O + 2NO2

( ,) ,ltrrr dil HNO3 , nittic oide is evolved'

2HNO3 .......-* H2O+2NO+3[Ol

Cu + [ol '-""'+ Cuo lx3
CuO+2HNO3- Cu(NO3)2 + H2Ol x3

3 cu+8HNo3 ""'- I cu(Nor)z +4H2o+2No

SimilarlY,

3Ag + 4HNO3"'-) 3AgNO3 + 2H2O + NO

6Hg + 8HNo3'--r3 Hg2(No3)2 +4H2o+2No

C. Reactlon wlth noble mctals' Noble metals

like sold atrd platinum do not react with conc'

uUdr. However, these metals dissolve in a4ua

/"grd (3 pa s of mnc. HCI + 1 part conc' HNO3)

forming their respective chlorides'

HCI first reacts with HNO3 to produce nas-

cent chlorine which then reacts vith noble metals

formiag their respective chlorides'..



SOME P.BLOCK ELEMENTS
13141

T}ese chlorides subsequentJy dissolve ia ex_
cess of HCI forming their corresponding soluble
complexes. Thus,

. AuCl3 + HCI H[AuClnl
Auric chloridc Aurtrhloric acid

_ . ftgt, + 2HCl -----r HrtPtcl6l
Platinic chloridc ctbroplatiric acid

5. Action of organic compounds

. -. 
(i).Oxidation. Many organic compounds are

oxidised by conc. HNOr. Foi example,tane sugar
on oxidation gives oxalic acid.

COOH
C12H22O +_18[o] ...-+ 6 I +5HrO

Crne sugar from nitric COOHacid oElic acid
(ll) Nltratlon. A mixture of conc. HNO, and

conc. H2SO. (ako called nitrating rn irrnre) is used
for introducing one or more - NO, (nitro) groups
into the benzene ring. This process is called nitra.
tion. For example,

+ 3Hro
Similarly phenol reacts with a mixture ofconc.

HNO3 + conc. HrSOo to form 2, 4, 6- trinitro_
pherol Qticic acid), albeit in low feld.

of glyceryl tinitrate and glyceryl dinitrute absorbed
over kieselguhr (a kind of porous earth).

Nitric acid also reacts with proteins giving a
yellow compound called xonthoprorein It is be-
cause of this reason that ntiric acid turns the skin as
well as wool yellow.

13.15.4. Uses ofNitrlc acld

The important uses of nitric acid are :

(i) In the manufacture of ammonium nitrate
and basic calcium nitrate [CaO.Ca(NOr)rl which
are used as fertilizers.

(ii) In the manufacture of explosives such as
guu cotton, nitroglycerine, triaitrotoluene (TN.T),
picric acid etc.

. . -(l,r) Io the preparation of nitro compounds
which are used as perfumes, dyes and mediiines.

(iu) In the manufacture of artificial silk.
(v) For purification of gold and silver.

- (rr) For pickling ofskmless steel trul etching
of metals.

(vii) As an o:<idiser in rocket fuels.
(vr'il) As a reagent in the laboratory.

13.155. Structurc of Nitrlc acid

Spectroscopic studies have shown that in the
gaseous state, nitric acid has a planar structure as
shown in Fig. 13.17.

The above structure ofnitric acid is, in fact, a
resonance hybrid of the following two structures.

3HCl + HNO3.-...., NOCI + 2H2O + zcl
Nascent
chlorineAqua regia

Pr+4cl-

HN()3
(conc.)

Nitrobenzene

+ 3HNO3
(conc.)

Nitroryl
chloride

Conc. H2 SOa

330 K

NO:

AuCl3
Auric chloridc

PtCl4
PlatiDic cbloride

o.
+ H2O

Conc. HrSOn

+ 3H2O
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+
HO_N

o:

13.15.6. Structure of Nltratc lon

Like nitric acid' nitrate ion also has a planar

structurc. The nitrogen atom is spz'hybridized and

hiice the O - N - O-bond angle is 12Oo as shown in

Fig. 13.18.

FIGUnE 13.17. Shuclwe of nitrlc acld In
the gascotE state.

13.15.7. Rlng lbst for Nltrate ion

In oualitative analysis, the presence oI nitrate

ion is detected bv inr 'Jt.ln this test, a freshly

oreoared solution of firrous sulphate is added to

ih"'uor"out solution of a nitrate. Pure conc'

HrSOn is then added carefully dropwise along the

walls of the test tube. The aPpearsnce of a dark

brown ring at lhe junction ol lhe two ltyen indicates

the presence oI a nitrate ion .

The brown ring is due to the formation of a

brovor comDlcx befween nitric oxide (formed as a

result of re-<luction of the nitrate ion by the Fe'-
ions) and Fe2+ ions.

2 HNOr'-""'r FIzO + 2NO + O

NO!(cq) + 3Pe2+ (aq) + 4I{+ (aq) -""""'+

NOG) + 3Fe3+(a4) + 2H2o(11
Nirric otidc

Fez+ (aq) + NOG) + 5H2O(r) -------'-

IFe(HrO)rNo+]2+(aq)
Pcntaquanitrosoniumiron (l)

(Btowi cofiPld)

The colour of the complex, is actually due to

chorye tmndu i.e., an electron is transferred from

NO"to Fe2i' As a result, this complex formally

cootains iron in the +1 state and NO+' Conse'

q comPlexshould be

D and not Pentaa'
q NOF*'

ii:,::::,:lilxi:i::ili:i:'iiii:i'ii:;1i'.il:liii:ilxir:i::i:::!lli:ii:::iii:Iiii;i.i:

Ktrl Scheele, the Swedish chemist, was the

first to prepare orygen by heating mercuric oxide

in t72. He recogniied it as one of the major con-

stituents of air and naned il as frre air or vital air'

loseoh Ptiestlev,the English che mist, also prepared

oryien in tTi by focussing the sun's rays with the

heii of a lens on mercuric oxide' lls elemental

natlre was, however, established by the French

chemkt, Lavoisier.

n
>?
Y1

\

*/'
.---- ro-*\o,

FIGURE 13.18. Stmchne of nlFale lon

Itr fact, nitrate ion (NO3-) is a resonance

hytrid of three structures (Fig' 13 19) :

As a result of resonance, all the tbree N - C)

bond lengths arc equal and are 218 pm [ong'

T:6:sI .T .llI n:i /*\aj:i.'
FIGI BE 13.f 9. Resonatir'g stmctures of NO3- ion

RESONANCE HYBBID
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The electronic-conhguration of orygen in the
ground state is 1s2 2sz Ut2pt, ?p]. Orygen has
three naturally occurring isotopes, i.e. 1610

(99.762Vo), t78o (0.038%) arl,J 1t8o (o,zoovo).
Out of these three isotopes, l8.C) is radi oactiye and
hence is widely used in studlng the mechanlsm of
organic reactions and in other tracer techniques.
Like hydrogen, orygen also exists in the elemeatal
form as a diatomic molecule (Or) and is, therefore,
referred to as dioxygen. An itrteresting point about
diorygen is that although itsmolecule contains even
number of electrons (16), it has two unpaired
electrons and hence s paramagnetic io, nattie.

,^. Ory, gerr has two allotropes, r'.e., diorygen
(Or) and triorygen or ozone (Or).

13.16.1. Ibrrestlal Abundsnce and Dlsh:Ibu_
tion

Just as hydrogenis the most abundant element
in the cosmos, diorygen is the most abundant ele_
ment on the surface of the earth. It occurs both in
the free as well as in the combined state. It con-
stitutes about 507o byweight ofthe earth, bodies of
wateraEdatmosphere.In
in alr ao an efte\a of ZlVa
weight. In the combined s

ight. In the earth,s crust,
of silicates, aluminates,
metals. Almost all the
is believed to have been

produced by photosynlhesis taking place in green
plants in the presence of chlorophyll lrenritize4
and sunlight

Suolicht
.rCO, + .rHrO :l= (CHTOL + rork)

chlorophyll csrbohydratc

13.162. Prcparatlon of Dloxygen
l. By decomposluon of o:r5gen-rich . 

com-
pounds, Certain compounds containing large
amounts of orygen such as KClOr, KMnOo,
KNO, etc. give dioxygen on strong heating.

Hcat
2 KMnOo ----------r IQMnOa + MnO, *O,

Pot. Pemangana(c Pot. msnganatc

Hcat
zKCl + 3O2

Pot. chloride

Hcat---.. 2KNO2 + ()2
Pot. nitrite

2KClO3
Pot. cNoratc

2KN03
Pot- riitratc

HcstZBaO, 2BaO * Oz
Barium pcExidc Badum oridc

Laboratorl method of prtparatlon (a) Ther.
mal decomposltion of potasslum chtorate. ln the

is produced by heating a mix_
orate and manganese dioxide
4 : I in a hard glass test tube

Mno2
2KCIor(s) -11 2KC(s) + 3oz@)

4nK
The gas is collected by downward tlisplace_

metrt ol water as shown in Fig. lii.2O.
In the absence of MnO2, the thermal decom_

position of KCIO, occurs slowly at 670-7m K.
Therelore, MnOracts as a catal1st. It nol only lota,en
the tempemture of decomposition of KCIO, fronr
670 - 720 K to 420 K but also accelerates the rute of
decomposition .

KCI-Or + MnOz

FIGURE 13.2O. preparation of dioxygen in the laboratory.
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(b) B oxide'

Diorygen orY bY

the action

2Naro2(s) + 2HroO -""""' 4 NaoH(aq) + or(g)

For thispurpose, sodium peroxide is placed in

a flat-bottomi<l flask fitted with a dropping funnel

2 Ag2O

Silvcr oxidc

Heat
3Mn02

Manganese dioxide

4Ag + O,
Silvet

Mn3Oa * Oz

Trimanganic
tetroxide

Heai

Diorygen can also be prepared by the action

of acidifieJ potassium permanganate on sodium

peroxide.

2 KMnOa + 3 H2SO4 --"""-''

IISO4 + 2 MnSOo + 3 H2O + 5 [O]

Na2O2 + H'SO4 ......* NqSOo + H2O2 lx5
H2O2 + [O] + H2O+02 lx5

2KMnOa * 5Na2O2 + 8H2SO4 """""''

IQSO. + 2MnSOo * 5 NarSOn + 8H2O + 5O2

2. Bv thermal decomposition ofmetal oxides'

The oxides of certain healy metals such as Hg, Pb,

Ag etc. onheating decompose to liberate diorygen'

lleat
2HgO

Mcrcuric oxide

Heat
2 Pb3o4

Red lead

13.163. Pur€ Dioxrgen from Barlum
hydroxide

Pure diorygen canbe prepared by electrolysis

of a solution oi Ba(oH), using nickel or platinurn

electrodes.

13.16.4. Isolatlon of Dlo:rYgen

The main sources for large scale preparation

of diorygen are (i) air and (ii) water'

aving
K) in

(ii) trtom be

prepared by the ng a

small amount of
ElcctrolvEis

zIJrO({) : 2H2@)+ O2@,)

Diorygen is collected at the anode while

dihyrtrogen is liberated at the cathode'

The world's total production of diorygen is

over 100 million tonnes Per Year.

13.165. Atomic and Physical Properties

I. Physical proPerttes (i) Diorygen is a

colourless, odourless atd tasteless gas '

ganic wastes in water bodies.

(iii) tt cau be liquefied to a pale blue liquid at

qo z k.'When cool;d with liquid dihydrogen, it
freezes to a buish white solid melting at 54'4 K'

The important phlnical proPerties of atomic

and molecular o:rygen aie given in 'Ihble lll'5'

zHg * Oz
l\{ercury

6PbO + 02
Lthatge

BEEHIVE
SHE LF
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I'ABLE 13,5. Atomlc and molccular propertlcs of oxlgcn

Meltirg point (K) 54 4

Boilin8 piDt (K) 90 2

Density (9,/L) at S.TP 1.129

Bond length (pm) l2o 1

BoorJ eoergy (kJ mol-l) 493 4

Ionisation enthalpy (kJ mol-l) 1310

Electron gcirr enthalpy (kJ nrol-l) 140

Electronegativity 3 50

Atomic radius (pnr) 73

lonic radius (o2-) (pm) 140

13,13.6. Chemlcal Rcactlvlty

The bond dissociation enerry of diorygen is
high and hence the reactions of diorygen require
initiation by exernf [s3ting. However, when the
reaction starts, it continues of its owD- This is due
to the reason that the chemical reactions of
diorygen are exothermic atrd the heat liberated
during the reaction is sufhcient to carry on the
reactions.

Some important chemical properties arc dis-
cussed below :

l. Actlon of lltmus. Diorygen is nantol to
litmus.

2. Supporter of combustion. DioDEen k nol
conbustible bul is a supporter oI combustion.When
a glowing wooden splinter is brought in an atmos-
phere of diorygen, it burss out into a flame.

3. Oxldatlon, Dio:rygen is a powerful oxidising
agent andhence can oxidise metals, non-meta.ls and
other compouads to their respective oxidcs.

(a) Reaction wlth metals. Diorygen directly
combines with most of the metals (except some of
the less reactive metals such as gold and platinum)
to form their respective oxides. For example,

(i) Active metals li*e sodium, calcium etc.
react at room temperature forming theirrespective
oxides.

4Na (r) + Oz G) ...........r 2 NarO (s)

2Ca(s) + OzG) 

- 
2CaO(s)

However, sodiun also reacts with dio:rygen at
575 K to form sodium peroxide.

575 K
2 Na (s) + Oz@) 

- 
Na.O, (s)

(ii) Magnesiunt burns in diorygen to form
magnesium oxide.

Heat
2Mg(s) + OzG) ._ 2MgO (s)

(iii) Aluminium and uoz. When heated in air
form their respective oxides.

aAl(s)+3or@)
Heat

2 AlrO, (s)

Hcat
4 Fe (s) + 3 O, (8) ----.-.. 2 FerO, (s)

(iv) Less active metak like gold ond platinunt
do not rcact with diorygen.

(b) Re{cdon wltt Don-metals. Diorygen com-
bines with many tron-metals except noble gases

forming their corresponding oxides. For example,

(i) With tlihylmgen :

1073 K
zHz@) + oz (s) 2 Hzo (B)

water

(ii) With dinibogen I

3300 K
N2 0r) + 02 G) ...- zNo G)

Nilric oxide

(iii) With sulphur :

Hcat
soz G)

Sulphur dioxide

Heat
zco G)

Carbon monoxid€

Ileat
co' G)

Carbon dioxide

(v) Wtlt phosphorus :

IIeat
Pa (s) + 5 O, @) """""'+ PaOr. (.t)

(aice$) Phosphorus pcntoxide

(c) Reactioo with compounds
(i) With sulphur dloxlde. Dioxygen reacts with

sulphur dioxide at 723 K under a pressure of2 atom-
spheres ernd in prescnce of platinum or vanadium

fientoxide as catal)st to form sulphur trioxide
723 K.2 atnl

2SO2@) + OrG) sOrG)
Pl or V2O5

orElEctric dischar8e

S(s)+or@)

(iv) With cafton :

2C(s) + or@)
(limited)

C(s)+ o.@)
(*er')

ATOMIC PROPERTIES MOLECUT"\R PROPERTIFS
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'Ihis reaction forms the basis of Contact

prccess for the fianulacture of sulphuric acid.
(ri) Wth ammonia. Diorygen oxidises am_

monia to nitric-oxide in presence 5f plat;num gauz.
as catalyst at 5fi) K.

500 K t\4NH3G) + 5or0t) -__-__)
4NOk) + 6Hro(s)

This reaction forms the bdsis of Ostwqld
prucess for the manutacture of nitric acid.

, . (lll) Hydrogen chloride. Diorygen oxidises
hydrogen chloride to chlorine in preseice o[cupric
chloride as catalysr at 700 K.

?00 K. CuCl,
4 HCIG) + oz@) 

-*"'zHroG) 
+ Ctr(s)

This reaction forms the basis of Dzcort,s
process for the manufacturc of chlorine.

. . _ 
(r'r,) Wth carbon disulphide. Carbon rlisul_

phidc burns in diorygen to form carbon dioxide and
sulphur dioxide.

Hcar
Cq(8)+ 3or@) ..-.---- c'or6)+2sor6)

0) wl
phides such
high temper
dioxide.

[Icar
zZnS (s) + 3O2 @) 

- 
zZnO g) + 2SO, (g)

IIcat
2HgS (s) + 3(), G) '- 2Hgr) (s) + 2So2 k)

(vi) With hydrocarbons. Both saturated and
unsaturated hydrocarbons burn in excess of air or
diorygen to form carbon dioxide and rvater.

CHo G) + 2Or(g)- Co2 G) + Hzo G) ;
Methane

A.H" : _ 890 kJ mol-r
CH, = 911, @1 * roz @) 

-
Ethyrcnc 2CO2 @) + ?HrO (g) ;

A"H" = - 1411 kJ mol-r
2CH=CHG)+50,G)-'

Accry'cnc 4c(rz k) + 2HzO G) i
AcHo = - 13fi) kJ mol-l

These reactions arc called combustion reac.
tlons and are highly exothermic in natrre. That is
why hydrocarbons are userl as fuels.

. 4. Acllon of silent electric discharge. Under
the adion ofsilent electric dlscharge, d.iai"*yg..

gets converted into ozone which is an allotropic
torm oI oxygcn.

30,
Dior(ygcn

Silclt clectric dischaagE

13.17. Oxides i{i..:.r1ii1rl:ij:ririii:tt::;iil!!itii::iiir:ini;rti:rriii:1:itii:t:i:ilit:i:L:tir:i::ii:,.,ii

13.16.7. Uses ol Dlo:rygen
(i) Diorygen is use d n ory-hydrosen and oh)-

acety.tene aot&es which are uleci for"cutting aid
weldiug of metals.

(i).lt.is used n metallu@cal processe; to
remove t-he impurities of those metals and non_me_
tals which form volatile oxides.

_. ^ 
(yi).lt is also used in large scale production of

TiO, and synthcsis gas (CO + Hr).

20t
Ozone

-\

13146
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NEo(r) + Hro(/) 

- 
2NaOH(aS)

MgO(s) + Hro(/) 
-.' 

Ms(OH)r(aq)
FerO.(s) + 3HrO(t) 

- 
zFe(OH)r(aq)

The basic oxides react with acids to form salts
and water.

Nazo(.r) + zHcl(aq) -----------+

zNaCt(aq) + H2O(/)

FerOr(s) 4 3 H2SOo(a4) ---.......-

Fer(SOo)r(ar1) + 3H2O(t)

(ii) Acidic oxld€s..4a rxide which combines
teith water to Iomt an acid ir called an acid.ic oxide.
The oxides ofnon- metals are acidic in nature, For
example.

COz@) + Hro(/) -------* Hzco3?q)
Carbonic acid

So3G) + HrO(/) ...* HrSO.(aq)

PnO,o(s) + 6H2O(/) ._ 4H.POn@q)
Phosphonc acid

N2o5 (/) + HrO (/) 

- 
2 HNO3 (aq)

Cl2o1G) + HrO(/) -.._ zHClOo@q)
Perchloric acrd

These acidic oxides react with bases to form
salts and water. For example,

SOrG) + 2NaOH(aq) ........_

NarSOr(aq) + HrOo
PnO,o(s) + 12 NaOH(a4) ------.----

4NarPO.(aq) + 6H2O(/)

(n) Amphoteric oxides. Oxrdes whiclt teact
with bolh acids and bases are cdlled qmptntetic
oides.These are generallyformed by elements that
are on theborder line between metals and non-me-
tals, i.e., elements (Al, Zn, Sn, Pb etc.) which lie in
the centre of the periodic table. For example,

Al2o3(r) + 6Hcl(o(i 

-(Basic)

zAtc\(aq) + 3H2o(/)
A!Or(s) + 6NaOH(aq) + 3HrO(/)

(Acidic)
_----_-_+ 2Nar[Al(oH).l(a4)

Sod. hcxaaquaalunlinalc

C)ther examples of ampboteric oxirles arc :

ZnO, PbO, SnO.

(ir) Neutral oxides . Oxides which neither react
wilh ocidr nor with bases are called neutral acides.
For example, HrO , NzO , NO , CO etc.

Tiflds ln Acid-base behavlour of oxldes ln
lhe Periodtc table.

a given
e oxides
throu&

NarO MgO AIzOr SiO2
slrcngly basic tsasic erpiotJ;" wcakty acidic

PlOro soz clzot
Stronglyacidic Strcngvacidic VcryEtronglyacidic

(ii) Amon4st .r-block elcments, on moving
down a group, the basic chdracter of the oxides in-
creases. For example

LtTO NuzO X;O
Weakly basic Basic Morc stmngly bs6ic

RbrO, CEO
Vcry strcngly basic

(iii)
down lhe
decreases
example, in group 13, the acidic character of oxides
decreases as :

Bzo: Al2o3 Garo,
WeaklybasicAcidic Amphoteiic

In O, TLO,
Basic Strongtybasic

(iv) Amongst non-metallic oides, the acid,ic
choracler incleases os the oidation stale oI the non-
ntetal i creoses. For example,

+1
NrO

Ncutml
+4

+2
NO

Neutrdl

+5

+3
Nzo:
Acidic

NrOo NrO,
Stmngty acidic Very 6trongly acidi.

Mixed Oxides.
two simple metal oxi
oxid,ation states are
mixed oxides show the properties of both the metal
oxides simultaneously. For example,

Pb3O1 + 4 HNO3 
--* 

Pbo2
Red lead crom tcad. djoxid.)

+ 2Pb (NO3)2 + 2H2O
(tdn Ld Nid.)
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Thus, red lead is cons'dered to be a mixture
of two oxides - lead dioxide (PbOr) and lead oxidc

(PbO) and is givcn the formula, PbO, . 2 PbO.

Similarly, magnetic oxide or ferrosoferric
oxide (FerOo) is considered tobe a mixture offerric

oxide (FerOr) and ferrous oxide (FeO) and is given

the formula, FerO, . FeO. Consequently, it gives a

mixture of ferric and ferrous salts on treatment with
acids,

Fe.O, . FeO+8HCl+ 2 FeCl3+FeClz+ 4 HzO

Likewise, trimatrganese tetroxide, Mn3Oa

(2 MnO . MnOr) is coosidered to be a mixed oxide

of manganous oxide (MnO) and manganese

dioxide (MnOr).

EXAMPLE 13.1. Classily the following into
ucidic, basic or
equations for th
acids or akalies. SO, ZnO, BaO.

Solution. (i) SO, is an acidic oxide since its

reaction with water produces sulphurous acid.

soz G) + Hzo (0 , 2H+ @fl + sQ' @q)

(r'r) ZnO is an anphoteric oxide since it dis-

solvcs in an acid to iorm Zn2+ ions aad in a-o alkali
to form IZI(OH)1]2+ ion.

ZnO (s) + 2Il+ (aq) ' Ztz+ (aq) + HrO (l)

ZnO (s) + zoH- (aq) + H2O (/) 
-

lzn(oH).1?+ (aq)

(ni) Bao is a basic oxide since it reacts with
watcr to form an alkaline solution of Ba(OH),

Bao (s) + Hro (0 <------\ Ba(oH)2

1 3. l 8, Ozone :i:lii:;::i::!:iii;i:,:rllili:ij:ilii+:a;l:i::l:l:iiiri:ilr:i;rll:l:il'l:i1i+ili:;lii:;i:ii:

Elemental orygen exists in two molecular al-

lotropic forms, i.e., O, and Or. The triatomic

molecule, i.e., O, is called oioxygen or ozone.

the uPPer atmosPhere
face of the earth) where
f ultraviolet (UU radia-

tions on dio:<ygen.
UV ligit

3Oa@) """'------' 2O3(g)

Ozone absorbs ultraviolet radiations (220 -
290 ru7.\ aruJ thus protects the earth and its in-
habitants from the harmfut radiations ofthe sun.If

there werc no ozone layer, more ultraviolet radia-
tions will reach the surfac-e of the earth causing
much damage to plant and animal life.

Ozone layer in the stratosphere is depleted by
(a) nitric oxide, (b) atomic orygen and (c) reactive
hydroryl radicals which are also present in the
atmosphere due to bio-mass burning.

(a) or G) + No G)-'-+ Noz G) + o, G)

(b) 03 G) + o (s)-.--+ o, (s) + o, (B)

(c) or G) + Ho G) "'-". o. (6) + Hoo @);

Hoo G) + o G)"""- Ho G) + oz G)

Flights of supersonic aeroplanes and nuclear
explosions and lightningrelease NO into the atmos-
phere.

Ozone layer is also depleted by man-made

chlorofluorocarbons (CFC's) which have been

used since long as aerosol propellants and as

refrigerants (CFrClr, freon). Chlorofluorocarbons

are long lived molccules and diffuse into the strato-
sphere where they undergo photochemical dis-

sociation to produce chlorine atoms. These

chlorhe atomsreact with ozone thereby decreasing

the concentration of ozone at a rate much faster

thatr its formatior from 02.

ht
ClrCF, G) -- 'Cl G) + 'CCIF, G)

.cl G) + 03 G) ' clo. (9 + oz@)

clo. G) + 'o G) * 'cl G) + 02 G)

Volcanic eruptions also release chlorine
atoms into the atmospbere' Due to the hazardorls

effecs of CFC's on the ozone layer, U.S.A' has

banned the use of CFC's in spray cans.

Three scientists namely P.J. Crutzen, MJ.
Molina and F.S. Rowland rec€ived 1995 Nobel
Prize in Chemistry for their pioneering work ia this
area. As a result oftheir wor\ there is a world'wide
concern about the depletion of the ozone layer in
the stratosphere and serious efforts are being made

to hnd alternatives for CFC's and to liadl ths smis-
sions of oxides of nitrogen (NO), into the strato-

sphere.

13.18.1. Pr€paratlon of Ozone (IHo)r)?€n)

Ozone is prepared by pass*g silent elecfiic
dischorye thrott{t pure, cold and dry dicxygen in a
specially designed apparatus called the ozoniser.
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Silcnt eleclric dischargE

zotk);
aH,,, = * 142'7 kJ mol-r

The reaction is thus endothermic awJ 742.7
kJ ofenergy is absorbed when one mole ofozone is
formed from diorygen.

A silent electric discharge (spa*less electric
discharye) is used since it produces less heat. This
prevents the local rise in temperat'Jre which may
decompose ozone back to diorygen.

Ozone is prepared in the laboratory by the
following two types of ozonizers : (i) Siemen's
Onnizer and (ii) Brodie's Ozonizer.The description
of Siemen's ozonizer is givcn in Fig. 13.22.

T*-
ozoNtsEo
OXYGEN

FIGURE 13.22. Seimm's Ozoniser.

It consists of two co-axial glass tubes sealed at
one end. The inner surface of the inner tube and
the outer surface ofthe outer tube are covereri with
tin foils. The inner and outer coatings oftin foil are
connected to the terminals of an induction coil.
One end of the coaxial tubes has an inlet for pure
and dry diorygen and the other end has an outlet
for the ozonised orygen.

A slow stream of purc, dry and cold diorygen
is passed through the annular space between the
concentric tubes and subjected to the silent electric
discharge when some of the diorygen gets con-
verted into ozone. The product which actually
comes out of the outlet is a mixure of O, and Or.

It is called ozonis e d orryen and conlqins sbout 10-
157o ozone.

The leld of ozonised orygen can be increased
by rrsing (i) pure and dry diorygen, (ii) dry ozoniser
(iii) avoidingspa*ingand (iv) main ainingfoi ylow
tempemturc (about 273 K)

Prcp[ration of pure ozone. In order to
prepare purc omne, the ozonlsed orygen is cooled
with liquid airwhen ozone (b.p. 161.2K) condenses
in preference to oxygen (b.p. m.2 K). The liquid
ozone thus formed still contains some dissolved
dioxygen which can be easily rernoved by lractional
distillation.

13.182. Structurc of Ozone

The central orygen atom in ozone is sp2-
hybridized. Thus, it has an angular structure as
shown in Fig. 13.2j. The O - O - O bond angle is
116.8' and both the orygen-o4tgen bond lengths
are equal i.e. 127.8 pm. This bond length lies in
between O - O single bond length of 1rB pm and
o = O double bond length of 110 pm.

In order to explain the oxygen-orygen bond
length in ozone, it is considered to be a resonance
hytrid of the follorving two resonating structures
(Fig. 13.2a).

Because of resonance, both the orygen-
orygen bonds have partial double bond character.
In other words, both tho orygen-orygen bonds are
equal (127.8 pm) and lie in between those of
orygen-orygen double bond len6h of 110 pm and
orygen-orygen single bond length of 148 pm.

30z@)

INDUCTION

AESONANCE HYBRIDJCTURES

FIGURE 13.23. Structure of ozonc.
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13.1E3. Properties of Ozone
(a) Physlcal properties. (i) Ozonc is a pale

blue gas having a strong characteristic smell.

(ri) When cooled i liquid air, thc ozone
present in ozonized o:rygen condelses to a deep
blue liquid ft.p. 161'2K) and thon (o aviolet-black
solid (m.p. 80 6 K).

(iii) lt is about 1 67 times heavier than air
bccause its vapour density (VD.) is Z while that of
air is 14.4.

(iv) It is slightly soluble in water but readily
dissolves in organic solvcnts such as turPenthe oil,
cinnamon oil, cerbon tetrachloride, glacial acetic
acid etc.

(v) Ozone is diamagnetic whilc dioxygen is
paramagnetic.

(b) Chcmlcal properlles l. Neutral character.
Ozone (trio:r1gen) is ncutral to litmus.

2. Decomposltion, Ozone is not a very stable
compound. Even at ordinary temperature, it
decomposes slowly to give diorygen. Horvever,
when heated to 473 K or in thc presence of a cat al)'st
such as manganasc dioxide, platinum black or cop-
per oxide, the decomposition takes place very
rapidly.

473 K ot c3tal,6t
aot(B) 

- 

3oz(s)
Oronc Diox)tscn

3. Oxldlslng agurt, Ozone is a poweful atidk-
ing agent much stmnger thon ilioxygen. This is due to
the rcason that ozone has higher energy content
than diorygen and hence decomposes to give
dioxygcn and atomic oxlgen.

orG)- ozB) + oG)
ozonc DitxYgcn Atomic oryBcn

Th€ atomir Aygen thus liberated brings about
the oxidatioa drhile molecular otf/gen is set free.
Some important oxidation reactions of ozonc arc
discussed below :

(a) Oxldation of conrpounds

(i) Ozone axidises block lead sulphide to ririte
lead sttlphale.

o:(c)-o.G)+ o G)l x4
Pbs (s)-r 40 @) 

- 
Pbson (s)

PbS (s) + 2K)3 @) 

-' 
PbSOo (s)r'4O, @)

Similarly, ozone oxidises sulplrides of Cu, Ztr
and Cd to their r€spective sulphates.

cus (r) +4o3 G) 

- 
cuSOr (j) + 4(t2 @)

ZnS (.r) + +tl: G) .....---} ZnSor (s) + 4Oz q)

Cds (r) + 4O3 G) ----""' Cdsoa (s) + 4o2 U)

(ii) Ozone oxidiser halogen ocids lo cor'
rcsponding lrulogens

o:G) ----_ orG) +oG)
2Hcl(aq)+o (g) 

- 
Cl, @ + HrO (0

zHCl (a(i+o3G\ ---.C12 k) + Hzo (t) + OzG)

Similarly, HBr is oxidised to Br2 and HI to 12.

(iii) Ozone o-ridkes ,tilites to nilrotes

OrG).--......* o2@)+o(B)
KNO, (a4) + O G) """""'r KNO, (aq)

KNO, (aq) + 0r G) ......_ KNO, (c4) + Oz G)

(iv) Ozone aridises moi:t potassitttrt iodide to
iodinc

orG)- ()2G)+oG)

2K (oq)+H2o (t)+O G)"-"'.zKOH (aq)+12$)

zKt (oq) + Hzo (0 + O, G)

---' 2KoH (a{) + 12 (,r) + o, G)

This reaction is used for quantitive estimation
of ozone,

(v) Ozone axidises acidified ferrotts solts to

lenic sal*.
o:G) 

- 
orG)+ oG)

2FeSOa (ag) + H2SO4 @4 + o
Fer(SOn), (aq) + HrO (/)

2FeSOa (aq) + H2SOa (dq) + ()3 G) .....-.....'

Fer(Soo), @q) + Hro O + Oz G)

(vi) Ozone oxidises potossiunt ferrogrunide lo
p o I fl s s i un t f c rri q'sni de

orG)- ozb)+o(8)
2K,1[Fe(cr.!61 @q) + }{2o (l) + t) @) -...-.".-

2Kr[Fe (CN)61 @q) + ZKOH (aq)

2\[rc(CN).1 (aq) + H2o (/) + or G)-
2K, [Fe (CN)ol (aq) + 2 KoH (aq) + o, (s)

(vii) Ozone otidises potassium mangonate

Gteat) to potsssimt pennongonate (pink)
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osG)------- or(B)+oG)
2K2lt{n()a @d +H2o O + o G)'---------+

?_\Y:9,_\,9 !L\9!1!!)
zKrMnOo @Q + Hzo (/) + 03 G) -----'

ZKNtnOn @q) + zKoH (aq) + O, (g)

(b) Oxldatton of non-m€tals. Ozone oxidises
non-metals like iodine, sulphur and phosphorus to
their corresponding oryacids. For example,
(i) Ozone oxidises moist iodine to iodic acid
(Hro)

()3G)------_orG)+oG)lx5
12 (r) + 50 G) .._ Izos (r)

zHlO.' (aq) + 5i), G)
(ii) Ozone oidises moist sulphur to sulphuic

acid (HrSO).

orG) ._ o,G)+oG)l x3
58 (r) + 24o G) ...._ E So3 k)
SO3 k) + HrO (/) '----"' H2So1 (aq)l x 8

S, (s) + 24O3 @) + 8I{rO (0
---- 8HrSO. (aq) + 2e, (S)

(iii) Ozone oxidises moist phosphorlls to plos-
phoric acid (HfO).

orG)-orG)+oG)lxt0
P. (s) + 10 O @) -- P.O,o (s)

__PlO,. (r)-

Pa (s) + 1003 G) + 6H2o (/) --+4HrPOa@fi+ 10orG)
(c) ffidadon olmetolloftls. Uke non-metals,

ozone also oxidises metalloids like arsenic and an-
timony to their corresponding ory acids. For ex-
ample,

(i) Ozone oxidises moist ssenic to onotic acid
(HrAsOr)

or@)-------.ozG)+oG)l x5
2As (s) + 50 G) --------, Asros (s)

(ii) Ozone oidiseti moist anti,nony to an-
titnonic ocid (H rSbOo)

o,k)- o,G)+oG)l x5
2Sb (s) + 5t) G) '-----+ SbrO, (s)

SbrO, (s) +3H2O O ----------- 2H:SbOr (aq)

2Sb (s) + 5o3 G) + 3H,o O -----,
zH3SbOa (aq) + 5O2 G)

(d) Oxidatton of metals. Ozone also oxidises
certain metals like silvcr, mercury, copper etc. to
their corrcsponding oxidcs. For example,

(i) Silver is oitlised to silver oxide (AgrO)

o:G) ._-...* or@)+oG)
2Ag (r) + o G) --------' AgrO (s)

2As (r) + oj G) ---------' A&o G) ;-o, G)
(i) Mercury h oidised lo mercumus oxide

(Hgzo)

()3 @) -----'--+ oz8) + o (s)

2HgO+ok)...*Hg,o(s)
zHs (t) + o: G) 

...........r Hg,o (s) + o, (6)

The mercurous oxide thus formed dissolr,s in
meranry. As a result, mercury loses its menisos and
starts stickirg to the gless. This is cdled tdllry d
memny. The menhcus carq however, be restorcd by
shaking it with water which dissohas merctmus cride.

(e) Exceptlonal bchaviour. In all the oxidation
reactions discusse is brought
aboxt by the atom nis always
evolved. Howevet; of SO, to
SO, and ocidifed SnClrto SnAothe ozone is utitized
as a whole and dioxygen is not evolved. Thtlrs,

(,) 3sorG) +o:G) -_l sor(oc)
Sulphur dioxide Sltphur ttiqidc

(,r) 3 SnCl, (s) + 6HCl (aq) + Or G)
Stannous chloride

SnCl (oq) + 3HzO o
Stannic chloridc

(Q Bleaching actioln, Because of its axidisiag
action, omne octs as o mild bleuching agent and
bleaches veget oble colouing matter.

Vegetable colouring matter + 01 -----.--+

Colourlcss oxidised matter + 02

_ As such ozone blcaches indigo, ivory litmuq
delicate fabrics like silk, wool etc.

ot (aq)

JH2u (r) 
--..-.

2HrAsO. (aq) +5O2@)

I, (s) + 50, (g) + HrO (0 ......._

+ 5O3 G) + 3H2O (42As (s)
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4. Reduclng agcnt. Although ozone is an ex-

tremely powerful oxidising agent yet in some reac-
tions, it acts as a weak reducing agent. For example,
it reduces peroxides such as hydrogen peroidc,
bariurn peroxide etc. liberating diorygen.

HrO, (ur) + ()3 @) 
--r 

H2O (l) + zoz @)

BaO2 (s) + O, G) ._-..' BaO (s) + 2O, @)

5. Formation ofozonides -addltlon rcactlon

When ozone is bubbed through the solution of
an alkene in an inert solvent such as

CH2Ct , CHCI3 , CCll etc. at 196 K it adds across

the double bond forming an ozonide'

CH, 116 K
ll +os 

-CHz ccl4

Ethylene

CHr-CH=CH,
ProPylene

,'-o\
cH3 - cH CH,

tlo-o
Propylcnc ozonidc

Q. t. why doc! rot bor form Bl+ lons?

Ars. Boron tra! threc clcctrons lD the valcDce shell. Bec.use of itll $rsll rizc 8od high 3um of thc first thre! ionizs tion

enthalpiq (ir., IEI + tq + Iq), boron doeE not locc all it! wlenc! electronr to form Bl+ lons'

e.2. Although borlc acld B(OH!, cmtalns tlu-c hydruryl grutpd )t! ft Msvt3 sr s monobadc odd. Eqlsltr t?ty ?

An& Becaure of tlle small slzc of boron atom and pres€nce of onty six ?lcctroB in its valcnce shell in B(OH)r, it

accDpts a lone psir of clertrons from the oxygen atom of the H2O mole,cule to form a hydrated rPc€ier'

,,o,,fio<X * *.,,u-QX - B(oH)r-+H+

Hydiatcd rpccic.

Thc +vc chargc on thc o-atom, iD tum, pulls the o€lc4lroDs,of thc o-H bond lou,ards itlclf, th€reby

facilitating the ;?kssc of a proton. A.e a resuit, B1o ny aca a wcak molI,o|Fsic Lswit acd and thur rcacb with

NqOH rolution to form rodium metaborate.

//,CH2- c)

t'--..-a*r-f,
Ethy'cnc ozonide

196 K*os
cctl

13.1E.4, Uses ol Ozone (IHo:qgen)

(i) Because of its oxidising nature, it is used as

a disinfectant and as a germicide for sterilizing
water.

(ii) It is used for bleaching delicate fabrics,
oils, starch, ivory etc.

(nr) It is used for purifying air in crowded
places such as cinema halls, underground railway
stations, tunnels, mincs, slaughter houses etc,

(fv) It is used in industryduring the manufac-
ture of artificial silk, synthetic camphor, Potassium
permanganate etc.

(r,) It is used as a reagent in Organic Chemistry
for carrying out ozonollsls and other oxidation
reactions.

13.185, Tbsts of Ozone

(i) If turtrs alcoholic solution of benzidine
brown.

(ii) In presence of Or, mercury loses meniscus

and starts sticking t o f,ass (tailing of mercury)

(rit) It turns moist starch-iodide paper blue.

(rv) Omne does not reduce acidilied solution
of KMn0. and IQCrrOr.

B(OH)3 + NaoH 
- 

Y2+F1oH1.1 or Na+Bot + 2H2o
Sod. mctaboBtc

e. 3. Dlarnond k covllctrg Ft lt'br r hlSh m.ltlng PolnL vyhy ?

Ans Diamond har three-dimensional Det-work structure invoMng rtrong C-{ bond!. Hcncr dlamond hr6 hlSh

melting polnt insPite of ils cor,Elcnl nature.
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Q. 4. Whlch oddC of crrbo! ls en lrhydrftlc of cartonlc acld ?

Ans. SiDcc carbonic acid decompc€s to Sivc CO2 and HzO, thercffic, CO2 ir rcgardcd as an ontt dridc ofcarbonic
acid H2CO3 r H2O + CO2

Q. 5. Carbotr moEoddc b rcadlly atcorbcd by rtEDonhcd cuprour chlorld. lohaloE but ctrboE dloddc k not
ExphlD.

Ar& Due to tlre prcactrcc of a lo,te palr oF cleclron! on carbon in CO, aqs a! I La9L, bNc (q ligand) and ahrs
formr a lolublc compl. with ammooiacal cupros cllbrldc solutlon.

CuCt +NHr+CO * [Cu(CO)NH3l+Ct-
Solublc conplcx

On the other hand, CO2 do6 not act. ar a lrei, Darc siDc€ it dG harc a lonc pafu of clcclrons oo thc carboD
atom and hcncc does not dissoly€ in ammoniacal cuprous chloride loluton.

Q. 6. Slls[c. rrc lcr' lE [umb.r vhcEar alkrtr.s ar! lo]gG lD rumbcr. Erplaln
h Carbon has the m4imum tcodeocy fff carenation due to stroogcr C--{ (355 kJ mol-l; bonds. Ar a result,

It form! I Iargc numbcr ofallaner.

Sllicon, on the othcr hand, duc io w€akct sl-Si (200 t I mol - t 
) bonds has much lerscr tcndcncy for catcnstion

and henc€ formr only I fa[, rilaDc..

Q. 7 , Ctr!f,lly thG lollowlDg hto (D lonlg c@lbDt rrd lltlrttltlal cartldcg :
(r) slc (ir) vc (rr) wc (ry) Al.g

ADA (i) co/alcnt, (ii) and (iu) interstitial and (iv) ionic.

Q E $tltr balanccd cqurtlon lor th. hydrolFb ofHcot and co3- to!6.

AIt'. HCOs- + H2O il H2CO3 + OH-

ol- + Hro <-r Hco3- + oH-
Q. 9. Glvc onc ErctloD lD t'hlch oDlloEh octs 6s I rcduclng ogctrL

A!s, When NH3 is passcd over heated cupric Gidc, metallic mpper is formed

3 CrO + 2NH3 I1l gCu+Nz*gHzO

In this reaclion, NH3 acts a reducing agent and thur redu@s CuO tometallic copper, whilc it itsctf b ddircd
to N2 gas.

Q. 10. Corc. HNO, turn. ycllorv ln sor llghL Wty ?

An& ln prc&ncc of aun li8ht, HNO, Partislly decomposes to produce NO2 wiic,l thcD dissohg in HNO! to imp6n
ycllow colour to it.

4 HNo, 
s'n li6l 

4 No2 + 02 + 2 rLo
Q. I l AluDlnluE coEtrlDcr! can bG us.d for ctorhg conc. HNO,. Erplsll.
Arr. In prclcnce of conc. HNO3, Al bccomcspar,l,vc, ia , a thh protecriv? lErcr of 1l, ddc (Al2O, ir formcd on

iE surface which Prc,vcntt the further adion bctwEcn the mctal 8nd thc acid. Thcrcforc Al co[taincn cgn bc
uscd for storing cono. [INO3.

e. 12. BurnlDg m8g[c.lum contlDua to bom vhllc bur.ttlng ulph[' i.lr ddDgELi.d rt r dropEod hto irrrol
nltrtc oddc. Erphln

Ara Hcat €votvcd durlng bumlng of M! l, qultc cnough to deroorporc No !o N2 and 02. Thc 02 thus produccd
supporb comburtion of M& In molrasq thQ hcat Foduccd orlng bumiag, d s b lor quitc rufficirnt to
demmpce NO. Ar a r6ult, rulphur rtop6 bumlng.

e l-1 N8DG str loE whlch lr bo.l.ctrotrlc rlth DltrEtr I n,WLrtL rhrf ?
Arr. Not im ir hchdlonbwlrh co3- ion sirr borh conEin 32 cbcrm!. r.& No3- h, coi- kx lr arro plaoar.



Pradeep's
13154

Q.14.

Ans.

llorv will you prepure u sample of ND, ?

Bv the action of heavy water on nlagnesium nitride.

2 MgrN, + 6 D2O + 3Mg(OD)2 + 2ND,

:,; ry thort-'Answer Quesliong iri6^ - --i;;r:;---

e. 1 What happens when a bornx solutlon is acidlfleil ? !\bite a halanced equation for the reaction.
(,\.('.1r. R.'l:t

Ans. Boric acicl is fornred, NarBoO, + 2HCl + 5HrO .......- 2NaCl + 4I{rBO,

Q. 2. Ry means of a halanced equation show how B(oH)3 hehaves as nn acid in water.

Ar.. B16H;, + 2 Holi+ [B(oH)4]- + Hro+

Q. 3. \Yhut happens when boric ncid is heated ?

3?0 K 410 K Red heat
Ans. 4l{rBO, ' 4HBO2 ------ I-I2B4O7 

- 

2BrO, + HrO
-4H2O -HzO

Q. 4, Why do boron halides form addition compounds with amines e ('\l( '' 1:' 1( ll ;

Ans. Boron hali<tes are Lewis acids and hence accept a pair of electrons ftom amines to form addition compounds.

Q. 5. \{rite the structtrre ofdiborane.

Ans. Ilefer to Fig. 13.5 on page 13/10.

Q, 6. Why do boron halides behave as l,elvis acids ?

Ans. Boron halides behave as Lewis acids since the boron atom in them has only six electrons in the valence shell

and needs two more electrons to ccmplete its octet.

Q. 7. What are boranes ?

Ans. Stable covalent boron hydrides like BrHu , B4fIl0 , BrH, etc. on analogy with alkanes are called boranes.

Q. ll. How is diborane prepnred ?

Drv ether
Ans. Bl', + 3LiBHo 2BrHu + 3LiF

Q, 9. Wrat is the correct structurnl formula of borax (NarBaO7.10Il2O)

Ans. Na, [B4O5(OH)4] .8H2O'

Q. 10, Why does horon not form 83+ ions ?

Ans. Because of very high lirst three ionization energies.

Q. 11. What is dry icc ? Why is itso called ?

Ans. Solid CO, ; it does not wet the surface when it melLs.

Q. 12. What is carborundum ? V[hat is its common use ?

rtns. Silicon carbide (SC). It is used as an abrasive.

Q. 13, Whnt is the chemical name of freon ?

Ans, Dichlorodifl uoromethane.

Q, 14. What is catenation ?

Ans. Property of selfJinking of atoms to form chains is called catenation.

Q, 15. What is water gas ? How is it prepared ?

Ans. An equinrolar mixture of CO with H, is called water gas. It is obtained by passing steam ovet red hot coke.

1273K
C (r) + HzO (g) + CO (8) + H2 G)

the above reaction.

Ans. C-aCO3 + CO, + H2O -* Ca(HCO3)2

(N.C.E.R.T)

w.c.ta.R.'f,)

(N.C,I!,R.7:)

(N.C:D.R7l)
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Q. 17. What ls the oxldrtior stat ofcnrbotr in each of the follorvign compouEds ?
(a) CO (r) IICN (c) H2Co, (d) C:rC2.

Ans (a) + 2(h) + 2 (c) + 4 (d) -1.
Q. lt. Wrlte resolsrce structures of CO3- and IICO! ion.

9" -o- A.os. H-O-C:-'-
Yot --- o

@.cE.nr,)

(N.C.E.EI)

(N.c.E.ET,)

(N.C.E.R T)

Resonance struotures of HCO' ion.

&"?T- -.-.4 
--o_c

--o\o
ResonaDce structures of Cojz- ion.

Q. 19. What is the state ofhybridization olcartron in

(a) CO!- (r) HCN (c) diahord (d) ersphite,
Ans- (a) spz (b)spG1sp3 1d1ryz.

Q. 20. DeterEitre the oxidstlo[ number ofrltrogeD in
(@) N2O (r) No2 (c) HNo3 (d) NII3.

A.rs. (a) + I (b) + 4 (c) + 5 (d) -3.
Q.2l ' wtite balol,ccd equatlon for the preparotion ofelcmcDtrl boror by r.drcttoD ofBBt,tth. tydroglD.

A.rls, 2 BBr3 G) +3H7@)+28(t)+6HBrG)
Q. 22. Hot" iB dlnltrogen pFpared in the laboretory ?

A.Ds. By heating a solution of NH.CI + NaNOr.

Q. 23. cile exsmples ofcompounds in which Ditrogen exhibits oxidstiotr stat€s of (i) --J, (i, + 3 oDd (ni) + s.

t \,.t .1.:.It ! i

Ans. (i) NH, (i) NF, (iii) N2Or.

Q.24. Glv-e one cxample ofa rcactior itr rdhich dinitrogen acts an oxldising agent0 0 +2 -3
Ans. 3 Mg + N, ...- Mg, Nr.

ln this reactioD, N2 oxidises Mg to Mgz+ and is it.sclf reduced lo Nt.
Q. 25. Give otle example ofindustrial fixation ofnitrogen.

673 K
Ans. Nz + 3 H2 -+ 2 NIl3 (Haber's process).

200 atnl

Q. 26, What is Nessler,s reagellt ? What is its use ?

tu* An alkaline solutioo of K2tIgIa is called Nessler's reagenr. It is used for dercction of NHJ and NHa+ MlLs.

Q. 27. Why do€s nitroger fail to forh p€Dt{halide ?

Ans. Due to abseDce of d'orbilals rn the valence shcll and also due ro high encrsr required for promotioo of
2.r-electron to 3 r{rbital.

Q.2t. ExPIair why reddish hrown niirogen peroxide on cooling undcrgoec dlmerftndon to glve colourlc6s
dlnltrcgetr tetroxidag

Ans. Because of the presence of ao unpaired electron on N, NO2 utrdergcs dimerization oD cooling to form

colourless NzO4. Z NO, -...- OzN-NO2

Q.29. Name the oxide ofniirogen which is parnmagnetic in the gsseorE 6tate ord diamsgredc i|l thc liquid or the
solid state.

(N.C.E.RT.)
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AIls. Nitric oxidc (NO).

Q, 30, lvhat ls laughlog gas ? llorY is it PrePared ?

Ars. NzO. It is preparcd try heating NllaNO3

Nll4Nor a N2or2rlzo

Q. 31. Name a [itrogen contoining ion which is isoelectronic with ctrhonote ion' ! hot is its shaPe ?

Ans, NO! is isoelectronic with CO3- since both coDtain 32 electrons. Like CO32-, NOt is also Planar'

Q, 32, Whot hoppe[s when concentrflted ritric ocid rcscts with cane sugar ?

Ans. Oxalic acid is formed.

CrzHzzO + 36 HNO3 * 6 (COOH)2 + 36 NO2 + 23 H2O

oxalic acid

Q, 33, Wrlte the formrtla ofthe brown comPlex formed during rlng test ofnltrntes'

Ans. IFe(H2O)5NO+]2+ pentaaquanitrosoniumiron (l).

Q. 34. NAme n nitrogen containing lon whlch is isoelectronlc wlth CO2 ? lvhat ls its shaPe ?

Ans. C.vanamide ion (cN 1-) is isoelccrronic with CO2 sincc both contain 22 electrons. Like CO2, CN; - is also linear.

Q. 35. lvhot happens wher lroD ls dipPed ln concentrated nitric scld.

Ans. Iron is rendered passive due to thc formation of a thin protectivc layer of ferrosoferric oxide, FeO . Fe2C)3, on

its surface whicb preven6 further action.

Q. 36, Give ttvo reoctlons ofozo[e in whlch dioryEen is llot libereted ?

Ans. (i)3soz + o:....3So: 0j) 3 sncl? + 6Hcl + 03-3sDcla + 3H2o

Q. 3?. Whst ls totling ofmercury ? Horv can it he remorcd ?

Ans, 03 oxirlises Hg to Hg2O. The tlg2o thus tormed dissolves in mercury. ds a result, H8 lGes its meniscus aDd

startssticking to theglass. This is called tsillng ofmercury The meDiscuscan, however, be restored bysbakinS

it with H2O which dissolves [1g2O

Q. 3lt. Writc the resontrnce structures ol N2O thot will sstisfy the octet rulr/ , 1l I 9s i , .1r. /.. !.11. ,1/ tn hfit rl i )91 :

*.. ,rt fi4, -*;" = fi = o'

e. 39. Wtot hnppers wheD nqueoos ornmorla ls Ildded drop*lse to a solutlon ofcopPer sulphntc until lt ls ir
excess ?

Ans. 'Ib begin with a bluish white ppt. of Cu(OH)2 is obtained which di$solves in excess of ammonia to form a deep

blue solurion due to tbe formation ofa deeP blue ccrDplex, [cu(NH3).lso1. itt.l te,\-

Q. ,m. Gold ls dlssolved ln squo rr8ln. Glv! cqustlon.

Ars. Au +3HNO3 +4HCI* HAuCll +3NOz+ 3H2O tlJt.t. ttutnhi t99rt

Q. 41. Write the reactlon oforonised ox,?Gn wlth cthylenc'

ADs. Ethylene ozonide is formed. Coosult the text for rcaction'

Q. 42. What are ftlllerenes ? How inony Pentasonll trrld hexagolal rings are present ln C6o molecule ?

Ans. Fullerenes constitutea new familyofcarbon allotropes consisting oflarge spheroidal nlolecules of compGsition

qr (where'l z 3O). C6o fullerene contains 20 hexagonal aDd '12 
PentaSoDal rings
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Src l-l I 1. How does boroD oc{ur ? How is it extracted ?
t(, l-1 l.

2. Describe briefly how elemenhl boroD can be obtained ? @,C,E.R.X)
3. Why does boron rescmble more with silicon than with aluminium I
4. Why are boron haridcs and diborane referred to as electro[ deticicnt compouods ? (N.c.D.R.r)
5. Write balanccd equattons for thc reactio[ of elemental borcr with etementai chlorine, oxygen aDd

ritrogen at high temperatures. @.CE.R.T)
6. Explain the chemistry of borax bead !est.
7. Write thc structure of diborane and explain the flature of bolldillg in it. (N.C.E,R.T)
t. How are boron tnhahdes prepared ?

9. Discuss the structure of boro[ trihalides.

10. Why do boron trihalides behave as Ler*,is acid.s ? Discuss their rclative acid strengih.
l1'Describethesbap€sofBF3andBH4-.whattypeofhybridizationcanweassigntoboronineachof

these compounds ? @.C.E.R-T)
12. Lisr some uses o[ boron and its mmpounds.

srr I-t 5 t3. What is allotropy ? Name two elements which exhibit allotropy.
14. ExplaiD the differenc€s in the properties of diamoDd and graphite oD the basis of their structures.

(NC.E.R.T)
15. Account for rhe following:

(, Dtamond is hard bur graphite is soft.
(r'i) Graphite is a good conduclor ofelectricity bur diuntond is nor.
(irr) Diamond is used in jeweltery

(iv) Graphite is used as a lubricant but diaDond is used as an abrasive.
16. What are fullerenes ? I{ow are they prepared ? Discuss their structure. W,C.E.R,I)
17. What is catenation ? How does it exptairl huge numbcr otcarbon compounds.

sr( l-r o. lt. What is dry ice ? Why is it so called ? Give tts one use.

19, Account for the todc Dature o[carbon mo[(xide.
20. Write equations for the production of water gas and producet g8s fiom coke.
21. ExPlain the following : (i) Carbon dioxide turns lime waier milky. Bur if it passed for a long time, the

solution becomes clear again.
(r'l) CCla is resisranr to hydrol)sis. (ifi) Frcofl is used as a refrigeraDt.

22" Give equations for the follo\ying :

(i) Preparation of carbon dicxide (r'j) Basic properties of Eodium carbooate solution
(iri) Formation of aceryleoe.

23. Why carboDates and bicarbonatcs ofalkali metals b€have as weak bases in their aqueous solutions ?
24. What are carbides ? Name the different typcs of carbides. cive one o.ample oreach typ€.
25. Give equations for the PreParation ofacttytene ftom calcium carbidc and methane from aluminium

carbide.

26. Ho\P is carbon disulphide prepared from naturalgas I How is cellulose converted iDto (i)viscse rayon(ii) c€llophane ?

27. Discuss the structures of CO and CO2.

2t. Write equadoDs for the following :

(i) Carbon disulphide reacts with qH5OH in prescnc€ of NaOH.

MARKS
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0i) CsrboD disulphide reacts with Cl2 in prcsence oiierric clllondc as catalyst.

(iri) Malonic acid is trested with P1olo.

29. Wtite balanc€d equations for the following reaclions.

(4) Combustion of CaHlo in a limited supply of rxygen to form carboo monoxide.

iltint. 2 CaH10 G) + e oz G)+4 CO (g) + l0 HzO (f ;

(A) The reaction otcalcium carbide \rlth water to form acatylene.

(c) Tbe preparation ofcalqum clananricle from caloiunr carbide and nitrogen.

(d) Formation of hydrogcn clanide fron] methone and ammonia. (N.C.E.R.T\

lHinr. cH4 G) + NHr (g) L'1"8t hcN (q) + 3 lr2 G)l
1500 K

30. What is freon ? How is it prepared froDr CCl4 ? Writc its impoflant uses.

s!c.ll.ll 3l, Hon,willyou prepare diniirogen in ihc laboratory ? Why is dinitrogen someNhat inert in nature'l
lr, l-1.12.

32. Discxss ooe method each for biological and industrial fixation of dinilrogen.
scc.l-1.1-1. 33. Briefly discuss the manufacture of ammonia by Haber's proc€ss. Explain clearly the effect of

t€mperature and pressure on the process

34. Discuss thc coDditions required in thc Haber process for the lnanufacture of ammonia. (i{CE..R.I)
35, Explain

(i) Ammonia is a gmd complcxing a8ent (ii) Shape of ammonia molccule.
src ll.lJ. !(. List the odde,s ofnitrogen and give oddation numbcr ofnitro8en rn each oxide- Give their structures
l(, 13.15. and us€s.

37. Illustrate hot Ditrogen compounds provide g(x)d examples of multiple boDdiDg aod resoDance.

(N.C.E.R.T)

3& r'kitc tbe resonaDc€ Lewis srructures for N2O, NO2 and NOt. N.C.E.R-T\
39. HoI is nitric acid manufacturod ftom ammonia ?

40. Wtite balanc€d equation(s) for tbe manufacturc of nitric acid by the oxi(lation of ammonia.
(N.C.E.R.T,)

41, Oive three reactions to show lhat nitric acid acts as an oxidising a8ont.

42. What is the actioD of coDc. nitric acid on :

(a) acidified ferrous sulphate solution (D) PhNphorus (c) copp€r'l

43. What happcns when dilute Ditric acid reacB with copp€r ?

44. What happcDs when ammolia gas mixcd with oxygen is passed over heatcd platinum catallNl I what
is the utility of this reaction in iDdustry ?

45. What is ihe structurc of oitric acid ?

46 Illustrate how a metallikecoppcr csn give different productswith nitric acid. Give balanced equations.

47. Desaf,ibe the u6es of ammonia and nitricacid. (rt{Cr'.R?)
,18. Identify the products of lhe following reactiom. Give balaDced equatioDs :

(i) MB3N2 + H2O 
- 

(ii) 12 + HNO3 (conc.; .- (iii) Cu + HNo3 (conc.) 

-(iv) Li + N2 + (v) HNO3 + PoO16..- (N.C.E.R.T)
scc l.r.l6. 49. (o) Give one laboratory method for the preparation of dioxygen 8as.
t,) ll.l7.

(6) Why is MnO2 added to potassium chlorate for getting diorygen ?

(c) What is tbe action ofwater on sodium peroxide?

50. Ho is dioxygen obtained fiom liquid air I
51. How does diqygen react with sulphur dior(ide, anmoDia, hydrGhloric acid and nitric oxide ? Staie

the conditioDs uDder which thesc reactioDs take Plac€-
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52. cive at least four uses ofdioxygen.
53. Classify differcnt oxides on ihe basis of their acid.base character.
54. Classi$, the follo ing q.,mpounds into acidic, basic and amphotcric oxictes :

SrO, Si02, Al2Oj, N2O5, SO2, P1O6, Ct2O7

\*tite balanced equations for the reactioo ofcach of these compounds with watsr, a base or thc acid
as the case may bc. d.C.E.R.T.)

[Ans. Basic: SrO, Amphoteric: AlzO3 ; AcirJic : N2O5, SO2, p4O6. C12O7]
55. How would rou convert diGygen into ozonis€d qygen ?

56. what is the shape of ozone mor€qrre ? write Lewis dot structure(s) for ozone morecure and exprain
why O-O distanc€s iD ozone are equal. W.C.E.R.T.)

57' Give an account of the struc.ture of ozone ? Give reasons for rhe folrowing. IJ.)th o-() bonds in
03 have same length.

5E. Hor/ does ozone react with KI and lead sulphide?
59. Give at least two uscs ofozoDe.
60. What is the importance of ozone for plaDt and animal life on earrh ? d.C.E.R.T)
61. Give two chemicar properries of ozone whish show that it is a more powerfur oxidising ageDt than

ory8en.

CARRYING 5 oi moro MARKS

t.

Sec.l3.6
to 13.10

4.

5.

I

6.

t.

Ho'p does boroo occur io Dature ? How is it €xtraclcd from boric uide and boron harides ? Give its
r',clioDs with air, halogeDs, concentmted nitric ac.id, coflcentrated sulphuric acid and fused alkali.
MeDtion a few important uses of boron and its mmpounds.
Giye thc preparatbo of borfi ftom thc mincral colcrnanite. Briefly describe its properties aDd us€s,
Explain thc differcnces in propertiEs ofdiamond and graphite ba;d upon rheir structures.

Name tlvo ides ofcarbon. Disc.uss briefly their preparation, properties and uscs.
What are carbides ? Ho aro they chssified ? Discuss one metbod ofpreparation, two propcrtics and
two uscs of eaci tyPe

Discuss the methods of prcparation, properties aDd uses of halides of carboD,
Hof, is carboa disulphide prepared ? Discuss its importaDt prop€rties and uses.
Holtr, is dinitrogen prepared ? D€sqibe irs propcrtii anO uies.'

Ho$, is ammonia obtained by Habcr,s process ? Whar are the optimum condilioDs to obtain its
muimum yield ? Give bahncEd clEmical eguations for its reactioos with halogens and orygen.
Describe ostwald procers ior tb€ rDaDufBcture of nirric acid. Descrite its action on metals with rhe
help of balanced chemical cquatims.
Name the various oxid€6 of nitrogen. Give thcir oxidation states and draw thetr strucrures.
Dis€-trss briefly the methods of prEparatjon, proppniEs and uses of dioxygen_

Hof,, are the didcs ctassified ? Give two eEmples of eact type.
H-ow h done prepared ? Disanss bric0y its qidising propcnies. Also comment upon the structure
of szooe moleqrle.

Scc.l3. t I
to l -1.15

10.

11.
Sc(-13.I6. 12.
lo 13.17.

13.

14,

9.
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1. sodium borohydrtrte, Na[BHa] is obtained by heatin8 sodium hydride with diborane'

2 NaH + B2H6 
j' 

Z NuSHo

NaBHa is a mild reducing agent and is extensii'Ely used io organic chemistry for the reduction of aldehydes and

ketones to the corresponding alcohoh and also for the reduction ofcyaDides (R-{ = N) to 1'amiDes (R-NH2)'

2. Carbon suboxlde

Carbon subodde (ca02) is preParcd by dehydratioo of malonic acid with P4Ol0

Pooto

HO-CO-CH2-CO-OH 

-
Malonic acid

Properttes' (i) Carbon subsxide is a linear molecule

(ii) it is a foul smelling 8as, b.p. 279 K At roonl temPerature, the 8as Polymerises to a yellow solid' and at

higher len]pertures to red and purPle solids'

(ir.j) Ii rcacts with H2o to rorm malonic acid, with Hcl ro form malonyl chloride and with NH3 to forn]

maloDamide.
qO2+H2O .- CHr(COOH)z

Malonic scid

qoz+2HCl * CH:(COCI)z
Malonyl chloridc

qo2+2NH3 .- CHz(CONH2)2

Malonamide

3. Carbon-nltrogeD cotEpounds. (i) CalciuE cyan-am-ide' Ore of the most important:T,!3:l1t^t-:Ht::E
both carbon and nitroigen is cilcium cyaDamidc, CaCN2 [t is obtained by the reaction ot calclum catDloe wltn

nitrogen at 1373 K

caq (r) + N2 G) '3"{ cuNCN(')*c(')

CalciumcySnamideisusedasalertilizer.ItisalsousedforthemanufactuleofmelamingplasticDeededfor
makinS rron- breakable olbckery.

[i; Soaiuur cya ad., Sodium syanide is formed when calcium cyanan]ide is fused with carboo and sodium

carbonate.

o-c=c=c-o+2H2O
Carbon subo{dc

FULlN.FO,Rh/

l3/60



SOME P.BLOCK ELEMENTS -t3161

ADDtnONAL USEFUL TNFORMATTON c o n19a.

Crciq+C+N%CO3 *, 
-^O, * rn"Oa

Sodium cl'aaire b us€d fu lhc crtrdi)tr of td ad sih/er from thcir o.Es.
(lli) HydrocFoic acftL HG{ B.produced vbcn sslum c}.ar*lc b rrEaaed q,iah stIoog scirs HCN b acohurl€ss gas altd bebari€s as arEat rid in aqu€ous solutim (px.'_ 9.o)- Idufihly. HcN b".brabJt;i.,

olamDodia m r tatre ar high tcDpcrafur.

cH.6) + NH3e) ++ HcNG) + 3s2c)
lJflI K

tead - 'I}letr ingqstlon or inhata]ioo (:an

used polymers and adiponitrile which Ls

rial for rrylon{5.
tion of HCN by 02 io the prcsence of silver as a catal)lst or

by the oxidation of CN by Cr2*
A

4tlCN +()2 ...- 2(CN)2 + 2 2()

2Cuz+ +4CN- < 2CuCN + (CN)2

. lt b a linear molecule- Cyatrogen resembles halogeos inr'p For example. in basicmedium,likc halogeDs,ir undirgoesdisp

(cN)2 + 2OH- + CN- + OCN- + H2O
(v) cl''rtrmide, H2N.N. liea.,ent or caNCN with warer giles cyanamide which b a sorid with m.p. 3 r8 K.

CaNCN + H2O ...- CeO + II2NCN
It b ussd iD tbe prepar?tion d guaiidirE ar,)d ,hi.a.no-
4' Nitrous acid (HNo2) a{rs as a srroot Gidbing ageDt sioce it can bc easiry reduced to qides of Ditrogen.

lD cootrast, Ititrous acid (H Noz) call be ei6er reduced to nitric olide (No) or otrdlsed to nitric acid and hence it
acls both as an oxidising os wcll as a rEdtrciDg sgcnt

2 HNO2 
- 

2NO+H2O+[Ol
HNO2 + Iol ...- HNO:

(!) misirg prop€rti€s. It qidis€s tl2s to s, H2so3 ro H2so+ sncr2 in HCI to sacl., ac.idi-6ed Fesoa to
Fe2(SOdr3 aod md$ KI ro Iz.

H2S + 2 HNO2 
- 

S+2H2O+2NO e
H2SO3 + 2HNO2 -+ HrSOr+H2O+2NO

SnC! + 2HO + 2HNO2 -.- SDCta + 2HzO + 2NO
2 FCSO. + H2So. + 2 HNO2 ...- Fe2(soth+2H2O+2NO

2KI + 2HNO2 
- 

2KOH+12+2NO
(b) Reduci[* proFrties. It reduces acidified KMno., acidified t<2cr207, barogens to harogen acrds and

H2O2 ro H2O.

2 KMDor + 3 H2soa + 5 HNo2 .* Iqsoa + 2 Mnsor + 3 lt2o + i HNo3
l9Ct2O7 + 4 H2SOI + 3 HNO2 ..- IqSOI + Cr2(SO1t + 4H2O + 3HNO3

Cl2 + HzO+ HNO2 
- 

2HCl + HNO3

H2O2 + HNO2 _H2O+ [INO,
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Q. l. Boric ocid crn be titrated ogritrst sodiuE
hydroxide uslng methyl orong. ss lndlcrtor oEly

ln the presence of polyhydrcry comPounds like
catechol, msn[itol et.. ErQlain.

B(OH)3 reacts t'ith NaOH to form sodium

metaborate.

B(OH)3 + NaOII .- Na+BO; + 2H2O

The end point during the titration ofH3BO3 with

NaoH is oot sharP si[c'e NaBoz undergoes ex-

cessive hydrobdis lo Eive backH3BOrand NaOH

NaBO2 + 2 H2O <+ B(OH)3 + NaoH

However, wben certain Potyhydrory compouDds

such as catechol, glycarol, mannitol or sugaB are

added to the titratioD solutioD, the metaborate

ion combiDes with Polyhydrory comPouDd to

form a comPlex.

OH
z (All- + Bo'-

\l\oH ' -2H,o
Catechol

[@:>"<:r@]
Due to ttle formatiol of this comPlex, BOt ion

does not u[dergo hdrolysis. As a rqsult, boric

acid beha\,ts as a stroog monobasic acid and the

end PoiDt can thus be easily detected'

Q.2. Commcrd.et nitro,Son is pass.d through coPPer

driF k.pt ln artmonla to remore oxygem' Bplaln'

ADs. Copper dissolves in ammonia in Presenco ofo2

to form blue cotourcd tetrammine coPP€r (II)
hydroxide.

2Cu + 8NH3 + O2+ZHrO-
2 [Cu(NH3)a] (oHh

As a result, commerical nitroge[ is freed from

traces of 02 Pres€nt in it.

Q.3. (4) lM|rby BFr €tdsts thcncs BH3 doct nof

(r) CorDPore the B-F bood length ln BF, and

Bra.
Ans. l'a) Due lo rrn - p, bck bondinS, the lone Pat of

efia,ont o-f F b denoied io the B{tom' Tbb

deloelizdon reduccs th€ deficiency of eledmo's oD

B thereby iDqeasing the $ability ofBF3 mole€ule'

,r?- n
)B:r; 

-,i/

.. ,ii..- _ ..

-F: 
H )-B-F'" :i//

+

Duc to ahenc€ of lotre pair of electrolr3 on H'
atom, this comPensation does not occxr in BH3'

ID otber words, electron deficiency of B stays and

hence to reduce its electron deficiency, BH!

dimerises tq form B2116.

(D) Be€aus€ of double boDd charact€r of B-F
bonds in BFr, it has a thortcr E-F bond leD8h

than in BF;.

Q.4. Nttrous o de suPpods combustloD Eore YiEo-

rously thsr olr. DQlsln
Atrs N2O dicomPos€s to produce 02 which is about

Hcat
2NrO-2Nr+O,

lR of the volume of gases Produced
(2N2 + 02) while air cootains 02 which is about

U5 of its volume. Due to this greater uygen
content, N2O suPPorts combustion more

vigorously than air.

Q,5. frlt thc cheEtlcal rerctions sssociatcd with- rbrc". rltrg tcst,. (I.I 2000t

Ars. Refcr to PaSc 13/42.

Q. 6. orar ? Glve cheEi-
condltioD$ ltHte
r€octlon wtth HCL

(II.T 2002'

Ans Na2BlOz- 10tI2O + H2SO. (cotrc.)-
Bonx

Na2SOr + H2B.O? + 10 HzO

Tetraboric acid

H2B.O7+5H2O + 4 H3BO3

Boric aci''

:F A-_\u_.tlt, _
,i/

A+l

\
?'l
..1
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Rcd h.lr
2 H,BO, 

- 

B2O3 + 6H2O
Boric didc

A
B2O3 + 3 ttlg * 28+3MgO

For strudurc of ll2tl6, rcfcr ro page l3llo. With
dry HO, B2H6 cryoh€s H2 gas

\H6+ HC/,11tn 
- 

qH5o + [r,
Q. 7. (l) D6crtbG nlth cqustlior rhst happcrs vhe!

carton ls heoted wlih coac ErSOa i
(Ued BqgoUEE. 2O0J)

(ll) Stste hoti' rvil you cepsratc CO, ard SOz
flom thelr lrixtttr ?

AJrs. (0 H2SO1 oxidises C to CO2 aod itself is reduc€d
to so2

+4 +4
C + 2 H2SO. * CO, +2Se + 2HrO

(n) Sincc the O.N. of C is CO2 is + 4 whiclr is rhe

Ars. (i) Since the gas E formed dens€ white tumcs with
HCl, it nay be NHr-

(r, Since gas E is produc€d whcn a whit€ solid D
mntaining Mg reacts witb HzO, tbcrefore, D
mutl be magnesium ninide.
(4r) Since white solid D i?. magDcsium nirride, is
prod uc€d wteo a colourless gas C reacs wittr Mg,
lhercIorc, C ,flr/-tt be N2-

(iv) Sinc€ a colourless gas C ie. N2 along wirh a

T
chronic oxi.le (C.zO"). All the reactioos invo#
in thc qucstion are :

wben oraDge solution turns green due to reduc.
tioo of Cr2O? - ion to Cd+ ionswhite CO, passes
out unreacted.

Why BBrJ is o stronger Ijwis acld as corhpaEd
ao BFf though lluorine is Eore clechDeg.tive
than chloriDe. (c.8.s.E. PM.t 2004)

AIts. The B atom in BF3 and BBr3 has oDly six
ele{lroDs in its yalence shell and hcnce can ac-
oept a pair of electrons to mmplete its octct.
Therefore, both BF3 aDd BBb act as Lewis
acids. But in BF3, tbe sizes of empty hrbitat

tlrc electon.defrciency of boron decreoses- ln
contrast itl BBr3, the size of sporbiral of Br
containing the lone pair of ekrtrons is much
biggcr rhan the empty 2p-orbilat of B and hencf
doDation oflone pair ofeleckons ofBr to B does

ent. As a result,
much higher in
ence BBr3 is a

strooger Lewis acid than BF!

GnJ:GzOu
Afim. dichrcmatc

A
crro,

Grccn rcsidue,
a

+ N2 + 2H2O
Colourlcss

ga6, C

A
3Mg+N2 

- 
Mg3N2

Ma& nit idc, D
MgrN2 +6H2O 

- 
3Mg(OHt + 2NH3

Ammonia, E
NH3 + HCI .._ NH.O

(Dcn6c whitc tuo6)
Q. l. ColciuE burDs lD Dltrogc! to p.oduce o *hlte

pordcr rtlch dlEsolv.s iD surnclent water to

',1,

I.I.T, UfiAI
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A
Ar.r 3Cs + N2 .* (4Nz

C5l'nitlilc
(jriiElda')

CtN2 + 6H2O + 3Ch(OH)2 +2NH3

@*fte ed ) (A)

C5(OH)Z + CO2 + Cacoi I tl2o
(u,aa@) (o,i[rt.)

25(rC
AE (t) NILNO, + N2O + ZHzO

(A l Nrtt@ Irlqttnl
cidc (B) Gie (c)

(t:i) l0N2O + P4

Nitrut. (ri& (B)
+ lONt + P4Oro

tto+hott' Fntcidc(WabsW't\

er. (i) Sincr clmcat A boms b
iini: cmPoud B' thaefct
nfuid.

'#ffiffi
(iir) Sioce C EG milky dr hrslbs Coz'

(ivl tf C b cahiuE tyotoOOc, ltco A mud be

irfi*um aod B mutt u ('hiutrt Ditrilc (ctN,
A[ the rEacti$ imlt/Ed itr tbe Srcstbl can ocv
E.4hitcdEflbx|l:

A
3(h+N, - 

C.bNz
(A) c.r.'nEi& (B)

CtNz + 6H2O * C8(OHL + anHs

Ca(OH)2+ CO2 * @Oi + UzO

D (M'l6t'tt)

Q. 5. CoEIould X oD lductitlt sith LtAlHa givcs e

brD.tir dY otd irs rc.ctioo tlth rir' Drorr the

stnrctuE ofY. [I.I.I 2N1\

Ail* Sr.p l.Ib.t ramirv tc t futinnlllo utd
tcllrtozd.ryrrd\
I Sitrcs the hdride Y rEaca with air formiDts

Li-, t i"ao",it r+- ,Y ,nufl bc a" N'id' oI
bdc,.
(ii) %H -- 2t "r2% rcivat)
:. %B = l@-21'72 = 7a A%

tiors' H = 1+q, ?!72 = 7'12 21'72 = 1 1 3

... EF. of Y = DHr

sirlcE Eu fuB tfltD tFes of h!,+id€st ic',
Brur+a Filrdq@s) aad BiH'+6 (0ac,F

drtaan t) thcfue, Y mulr b I nilobordDc
sitb n=2 TbB, }fE ofY = 82[16. IfY is B2H6

(dihmc)' thca 13 dtttclurE mrsr E a hlbws :

. Brid[Es E-....H = 133 Pm

Turmimt F-H = 119 lrn

,'^'--{'
-..rr,,'\x

W2.To fudrE tfu ttruz o{ tlu cott'

@L
fu cmpurd Y ia, Bztl6 b lirEcd by rcduc-

fin dcryrdxrfrh LiAlH., $Grefac' X

musr cithcr BC! r BF3.

c6cr
4BF3+ 3tiAtH. ;- 282H6 + 3 LiAlF.

xY
TE cgrralim rcPrEsGotiDE tb raion of Y$ilh
q m, bcYin a6f&]l:

qH6+3O2 
- 

2\O3 + 3tl2o
fliDore,Y Bod t iai'.

ThusX=BPrandY-rfe.
(B) (g (D)
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a Oftbohoric acid when heated to red heat givcs
(4) inctaboric acid (b) reiraboric acid
(c) boroD trifiide (d) bore

3. CarboruDdum is

(c) Boron carbide (6) Silimn carude
(c) Aluminium cart*re (d) Catcium carffie.

_ 4. Dia[xrod aDd graphite are
(a) HqDotogucs (D) A[orropes

l. An aqueous solution of bord is

(a) basic

(c) neutral

(r) N203

(d)No.
lZ Wbct of lte tu[onht mE dE h!&oE! wirh

dil HNq ?

(c) Mt @lzr
(.) Al (d) sn-
Thc cfiipuDihhht givrs offGJtr€n dt [rodcfale
lreatio! b
(s) qrFic circ (6) mcrrrrtu cide(c)zinc'ib ar***r;Tl?rrr.,

14 Tbe boDG prcsqt in N2O5 are_G) hoE crs
5. Whict of rhe folbwing

hwn ?

(4) Graphite

(b) acidic

(4 ampno(cric.

(d) None of the sbotE.
is rhe hardest SlBtancc

(r) CarhtruDdum

(D) CF.

(d) ct+

(3) N?Os

(c) NrO

(a ) only ionic
(c) only coval€nr

(6) orraleDt ard c@rdinate
(d) cotal€ot aDd iqic.

1

& Caibon torms a hrge nuDk of mIulnds bc_
cau6c it has

(a) t6riable valeoc, (D) I-ov elcrtql afriry
(c) High bizaaiD eocrg/
(d) Propcrty of catcnatiorl

9. 'I}lling of me{qrry b duc to the tuDatir d
(a) Mcrorric qirc (D) Merqlrqrs qilc
(c) Merorriq chlorid,c (d) Merqlrqls dtloride.

ro. The qilc whit b smpltorqic b

(c)DbrDood (d) Coke.
Which of Ur ffirring b thc rncr ccrnlm , used
refriFf,ant ?
(4) cFq (r) ccl3Br
(c) CFro (4 szct.
Whii of thc folowing b the h6r $abb caftm
halide ?

(a) COa

(c) CBr.

(a) H2o

(.) Alzor

(D) cao
(d) ct o"_

ll.t.T leE6)
f s. TlE brwn rbt co4a comportrd b formutarcd

I [t(HrO)rNO+Fo.. Thc qitatbn srele ot
iroll N

(o) 1

(.) 3

16. Which of the
colourcd gas ?

(a) Nro (b) No
(c) Nzoa (d) Noz- U.t.L ts87)

17. A,lqltsr te trihalides of niarogen, whirl one is
least lEsic ?
(a) M: (D) Noj
(c) NBr3 (d) NIr. \t.t..t: 1s8T)

ft. Th€ light litrt bolts iD the atnGphere cause the
formation of
(a) No (D) Mr3
(c) NHaOH (4 NII2oH.

U.t.'t: 198E)lt CoDceotratcd HNO! reads sith iodiDe ao gii/E

(b\ 2
(d)4. t I.L'l: t9u7)

fooolving Gides of nitrogen b a

(6) rror
(d) HoIo3. (1.r.1: leEe)

ll. The qide of oitrogeo obtainql by desratin of
oitric aci, bt Clqhqus pcnmide t

(a) HI
('c) HOIO2

Lc 3.0
lL a r3,, 6t

16. d
t d ,.b

l&r 19.c
7. 1t

17. o

/I,TULTIPLE CHOICE UESilOA'S

l.a
ll. d I0. c
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20, Boric acid is PolYmeric due to

(s) lts acidic oature

(b) The prcsenca ofhydrogen bonds

(c) Its nlo[obasic nature

(d) Its geometry. ( (;.E.RT 1990)

21. Which will quickly ab'sorb o,(ygen

((,) Alkaline solution of Pyrogallol

(b) Cooc. H2SOa (c) Lime water

(d) Altaline solution of CuSOo.

(C.B.S E. Mcd. 1992)

passed otr'er heated Cu, it is

(D) NO2

(d) HNOz

( Roorkee 1992)

23. Pure nitrogen can be PrePared from

2t. When formic acid is treated with conc. H2SO4, the

gas evolved is :

22. When ammooia is
oxidised to

(o) Nz

(c) Nro

(a) NHaoH

(c) NH.NO,

c€Pt

(a) HrBOr

(c) B2(CH3)5

(a) H2s

(c) Co

(a) Diamond

(c) Peat

(.,) Cu

(c) Zn

(a) As
(c) Au

(a) CrO,

(c) Cr

.,AERS
25,.1 26..t 27. c

35. D

(6) So2

(d) co2.

(b) Graphite

(d) coal

(b) Fe

(d) Ar.

(r) He
(d) None of these.

(D) Soo2

(d) SiO2. t:.t.T te')6

(D) caiN2

(d) Ba(NO2)2.

(6) B2(cH!)4t12

(d) NaBH4.

t(:.8.5 D. P.J[.T. 199J)

t,ll L,\'R Atlalnbnd i99nt

29. Thermodynamically the moststabb form ofcarbon
s

(,rl l"N'k ' 'llht1nh!1d 
it)')ot

30. The metal which reacts with HNO3 to give five

different products dePending uPon the concentra-

tioD ofthe acid is:

(A.FM.C. )993)

24. All ihe follorving decompose easily on heatinS to

Sive oxygen as tbe onty gaseous Product cT ePt

t'lI I"l'lt ttlltltthtd lt)e('t

31. Which of the followin8 dides is neutml ?

(a) co
(c) ZrrO

32, The test of ozone can be done bY

(a) Lead nitrate (D) Potassium chlorate

(c) Mercuric oride (d) MaDgaD€se dicride'
(D.C.D.E. 1991)

25. Identiry the incorrect statement wilh resPect to

ozone
(a) Ozone is formed in the upper atmcphere by a

photochemical reaction involving dicfiy8en'

. (r) Ozone is more rcactive than diGygen

ic) ozone is diamagnetic while diqygen is

ParamagDctic

26,
is false ?

(4) It scls as a moDobasic acid

(6) It is formed by the hydrolysis of boroo halides

33. Whicb one of the followins has the highest dipole

moment ?

(a) NH,

(c) sbH3

(6) Cr2O3

(d) Cro(o2)

34. Among the followiDg species, identify the isostruc'

turalpairs.

NF3, NOt ' BF3 ' H3O+ ' HN3

(a) [NF3, Notl aDd [BF3, H3o+]

(D) IMr, HN3l and [No3- , BF3]

(c) [NF3, H3o+l and [Not , BF3]

(d) [NF3 , H3o+lard {uN, , BF3}. , ,

35. AmmoDium dichromate is used in some fireworks'

The greeD coloured Powder blo$'n in the air is

(D) PH3

(d) AsHs

l('.ll s.li 1997

2t c 2.9.b

Pradeep's
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(a) Localized on every third carbon
(r) Preseni in anribonding orbirals
(c) Localizcd on eacb carbon atom
(d) Spread out belwceo the structure 4.

t (..8 S,E. t!,tLT 1997)
37. Sodium Ditrate decomposes above - g0O"C to givc

(D) oz

(d) N%O U.r.T tessJ 41.

following does not shou, electrical

(6) craphite
(d) Sodium.

(c.B.s.E. P.M.T t99e) .l&
39. Percenrage of tead in lead pencit is

(b)N
(d)7o.

(c.B.s.D. PM.T 199e\
The correcl struclurc of Fc(CO)s is

(a) Octahedral (r) Tftrahcdral
(c) Square ptanar (d) Tigooat pfamidat.

(c.B.sE. PM.T.2000\
41. Thegeometryand the type ofhybrid orbital presenr

about the c€nrralatom in BF3 is S0.

(a) liliear, sp (D) trigonat ptanar, ,p2
(c) tctrahedrat, rp3 (d) gSamidat, sp3.

42. The mrrect order of incrcasing c--o [lj',:ili;
ofco, cO3-, CO2 i. 

sl.
(c) cor2- < co2 < co (D) co2 < co32- < co
(c) co < col- < co2 (d) co < co2 < co3-

tl.l.7: I s99 )

43. In compounds of rhe rl,pe ECb, where E = B, BAs
or Bi, theangle Ct-E--Clfordifferenr Eare inthe 52.order

(a) B > P =As = Bi (D)B > p > As > Bi
(c)B < P =..\s = Bi (d)B < p < As < Bi

44. on hearing ammonium o,"o.ro,r,::';"";;] s3.
evolved is

(a) oxygen (D) ammonia
(c) nitrous odde (d) niljoger.. t LL t: lg99)

02 molecule is

(4) paramagDetic (D) diamagneric
(c) feromagnctic (d) none of these.

(c.PM.T. 1999)
Io thc OstraEt frcss for the manufacturc of
HNO3, rhe catabsa used is

36. In graphite, elecrroDs are

(c) Nz

(c) Noz
3t. Which of the

conduction ?

(a) Potassium

(c) Diamond

(a) zerc
(.) 80

Which is detecied by Nessler's reagent ?

(D) Moo.-

@oq-.
(M.P C.E.E. 19ee\

Conc. HNO3 is stored in containers made up of
(b)tu
(d) sn.
(HaOana C.E.ll.T 1999)

49. Which of the following leairs lto residue on hea!-
in8 ?

(a) Cu(Nojh

(c) Pb(No3h

(B.H.U. 1994 ; Haryatu C.E.D.T 2000t

ryrffi.ffi bond lensth (deq€€sins) in

(a) 02 > H2O2 > 03 (6) Or > 02 > Hio2
(c) H2O2 > 03 > 02 (d) H2O2 > 02 > 03.

(D.C.8.2000)

A metal X on hcating in nitmgen gas gives y. y on
treatmenr with fLO giv6 a colourl€ss gas which
when posscd through G\SOa solution givE! a bluc
c{lour. Y is
(4) Ms(Nor2

G)Mr
Ammonia can be dried by

(d) Mo
(c) Ni

(a) NHo+

(.)P4-

(o) cx
(c) Al

(a) Conc. H2SOa

(c) CaO

(D) Fe

(d) P..(M. P. C.E. E. r e99)

(6) NaN03

(d) NH.NO3.

(r) Mg3N2

(tr) MgO. @.c.n. zooot

36.
46.

d 37. b
d 47. d

3t. c 39. a
,lE. c 49. d

The hybridizrtion of 
"r"ri. ".bi,"b "rlil:;Jl;;Nor+, Nor- and NHo+ are

(a) rp, sp3 and.rpz respectivety

(b) sp,.rp2 and sp3 respectively

t?s

(D) PlOro
(d) anhydrous C€Ct2

42. a
5Lc50. c 51. b

4tb 4.d 45. a



13/68 Pradeep ;

1c; rp2, rp and sp3 rcsPeaivetY

(d).rp2, spl anrl.rp rcspccrivrly (l.l.T 2000)

54. Among thc follrsiog the elcdrmdcfcicnt corn-
pound is

(a) Co.o

(c) BcCl"

(c.B.s.h:. Pnr.T 2ooo\

55. whicll of thc folbwiog alb6oPic fGrtrs of carboo
is isomorPhous with crr6tallinc silicon ?

(c) N : pyramidal, rp3 ; B : ptanar,.rp2

(.1) N : ryramidal, ryl ; B : tetrahedral, rp3

iI I T: 11!5t 20021

62. Which orle of the folloviDg is atr amPhoteric qide ?

(D.A.M.C.D.T 2001)

The t ?c of trytridizetim of ho in dibtr8[c1s

(a)rpbybridiztioD (6)sp2-hybn-dizatin

(c).rpr-@idbatbf kDtfdz+lybadD5irjg.t
(c.B,s.E. PM.T 1999)

Whrt is lbc prduct fGmod shen @nerdswiih
rDcrqry ?

(r) Hto
(c) Hg2o

(E.A.M.C.D.T 2001)

Wbq! amErmia b pM orcr b€ated coPPEt
qlle, metallic mpper b obtaincd. Ttle reactb
sbors that ammonia b
(a) DefrJdrating a8Bnt (D) AD qidilint 88snt

(c) A reducint agE rt (d) A nilrati4 stcDt
(M.P PE.T 2oo2)

h Nor- ioo, the numb€r of hd Pair atrd lme pair

of clrcalG cr nitrogca atom arc

polyme rs (A.LE.E.E.2ooi)

Ammonia fqms thc compk ioo |C\(NH3LF+
with coppet iolls in alkaline solutioN but oot in
acitic s.rutims. lvhat is reasoo for it ?

(a) Crpper hrdrcdde is ao amPhoteric s.rbstancr
(')to acloic solutbos, hdration protects Cu2+

lons
(c) In acidic solutio$, proiots coordiDate witb am-

mooia moleorlcs formiog NHa+ ions and NH3

molecules arc not available

(d) ID rlk llne solutid\ solublc Cu(OHL is

prccidtated whidl is sofublc in cxcess of any
alkali Q1.1.11 F,1, 200.))

Whici of thc fo[o$,int b ttot 8 Protooic acid ?

(6) Po(oHt
(d) so2(oH)z

(c.B.s.L. M.T 2003)

67. H3BO3 is

(a) MqEhicdld Irwb il
(6) MomBis eod Eak BrqBted Ecit

(c) Mo0oh.et ad lroog t th id
(d) Tiibsic rd rcaf Brctod [(i, Q.I.T 2003)

(b)7-ro

(d) soz
(A.I.E.E.E. )003)

Wbicfi of the folbs,ing molccular sPeci6 has uo-

Fir€d clectron(s) ?

(a) Nz (6) Fz

(.) oi @) o?z-

(IlT lest 2002)
Gmphite b a sofr solid lubricant cxtrEmely diffiqrlt
to melt. The rEmo for thb anomabus beiaviour
b that graphile

(c) has carboD atofls arrall8gd in large Plat€s of
rings of stmngly bouDd carbo[ aroEls vrith PEak
interplate bonds

(D) is a noD-crystalline substanc€

(c) b an albtrwic torrn of carkro

(d) has molerrrles ofvariable molctular massEs like

(a) B(oH)3

(c) so(oHh

(D) PcI5

(r) !,( rj

(6) c,@l

(d) Diamood

(D) Hho2

(d) Hgo2

(6) 3, 1

(d) 4, 0

(b) Noo
(d) Nzor

(a) RzO3

(c) Nazo

(?) (;raphite

(c) Coke

(a)22
(c) 1,3

(a) ClOz

(c) NCl3

a.

(c.B.s.E. P.LLT. 2002)

A mixture of dlccntratcd HCI aDd HNO3 mad€

in3: I ratio cortairB

5r. sFiry rho oqrtmtin 
"*.Stffi'#trjdririiath of N ard B atoos in a 1 : I co.nd6

of BF3 and NH3

(o) N: tetraicdral, rp' ; B : terralrdd, sy'

(D) N : gyrarnithl,sf ; B : PYramiihlf

6ac Aa 65c 6.d e,.t

s7.

K S.
stc 59. d A.h 6l.d 6Lb
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6r. 'fhe element which forn$
sratcs +l ro +v is

6& Which of the tollo$,iDg are isoelectroDic and
isostructural?

NO3-, CO3-, OO3-, SO3

(a) No!, col- (D) so3, No3-

(c) ctoi, c03- (d) co3-, so3

tl l7 )l0l l

cfiid€s is a cidation 75.

71. Shape of O2F2 is similar to rhat of

(.4.1.1.il5.200J)
Mcral rtict dG d form amfird um nitrarc by
rtactbr with dilutc ritric ei, b

(')e
(d) Mc
(Knrrnlaklr ('.F-.7 :

76. Amoug the halogens, the one whici is oxidised by
nitric acil b
(o) fluorine (D) iodinc
(c) chlorin€ (d) brcmioe

77. Which of the following is respoosible for depletion
of the ozone layer io the upper strata of the atmos-
pberE ?

(a) fotytatogcG
(c) FIrIcIln€s

7t. Ozone (O3) dl\solv€s in

(a) turpentine oil (b) acctone

(c) borh (a) and (6) (d) None of th6e
I ll (; I ,l \ \tr:- !i-|

79. OzoDe in stratcphere is depleted by
(a)cFzrl.z (6) QHro
G)c6l+q (d) QFe

M ulAlpl e Ch oi c e @.u eeti o n s

(a) R(oMe).r

(c) Al(oPOl

@)9Fz
G) HzFz

(o) Al
(c) Pb

(D) NaOMc

(d) sn(oHt
(A.l.l.M.s.2oo1

(6) H2O2

(d)ciHz

(6) Ferrcne
(d) FrEoos

rc.B s.l:. I11.1: 2

(a) No3-

(c) NO2

71, The ONO aogle is maximum in

(r) P

(d) Sb t.,t. 1. 1..t 1. 5. 2ott1,

follmring qidc.s of nitrogeD is a

(D) N2O

(d) Nzos

A.ELt.S. 2004)

(6) NO2-

+
(d) No,

\'l !.1..r1.\.20trlt

72* (NHttCr2OT on heating gives a gas E'hich b also

FwD by
(o) Heating NH4NO2 (D) Heating NH.NO3
(c) Mg3N2 + HzO (d) Na (comp.) + II2O2

r I.l. l) 201)1t

73. Which of the follovring imp8rts green cobur to the
burner flame ?

H I NT9,/EXPLANATIOI.I9 to
13, IIeaW metal oxides otr h€diEg giw O, gaw, ie- 29. Graphite k th€IomdrramiD€dly morc ataHe tban

6 diamond ad its free energy of formatiotr is I ,9 kJ
2 Ilgo 

- 
2 Hg + 02. m.r-I t,:s,er *i ,* rFmernrn.F ,n.t ^r.tin,ru

z 
'rBr' 

4 z nE + u7' md-l Io$Er at r@m temperatue and ordinary
17. DUE to high elecrmnegativity, F trills the hoe pair prcssurc-

ofeleclroos on N towardi it.self- A.s a r€sllt, itis Dor 3it. Zncor rEadioordth FINO] under different coodi-
alEilat ls for plorobation. ricErs siiEs rnE diftrcnt Plodudq ia,

24 2 PqNqh ...- 2 Pbo + 4 Nq + 02. N2o, No, Nor, NH! aod NH.Nq.
25. ozotre abEorts {rv radiatiom but not gamma 31, co is Deurral snoz, zrio and sio2 are am-radislions' 

obo{€.ic.
27. CH3 SrouP bcing t i8 @nnot fcrEl a hrid te hetcrem

r*o smau sEed bo{or atoms, " 3?' 'IhiliEg or H8:

J< _c'
74. b 75. d 76. d 77. d6&a 69.o

1t-c 79.o

{
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39.

42"

As we move fion NH3 + Pl{3 + Asll3 +
SbH3, electronegatiyity of the element decreases

arld hence the metal- hydrogen bond becomes less

and lcsr polar, thereby lo*ering thc dipole moment.
'Ihus NI13 has th€ highest dipole moment.

INFI ard H3O+l are pyramidal while [NO; aod

BF3lare planar.

Lead p€ncils mntain gaphite mixed fl/ith clay or
wax but no lead.

The bond order iD co3- is 1.5, in coz it is2while

in CO it is 2.5. Therefore, higher the boDd order,

somllerthe C-O bond length, r|e. CO3- < Co2 <

co.
ln BC13, B is rpz hybridized and henc€ has aD angle

of 120"while in PCL, AsCl3 and BiCL, the elenrents

B As and Bi are ry'-hybridized. Futher, as the
electronegadvity of the element decreases ftom P
to Bi, the bord pairs nro!,c away frolll tbe central
fltom aIId heDce th€ bond angle decreases from P
ro Bi. Thus, optioo (b) h correct.
Al is rend€rcd passive by formarion of a thin im-
pr€vious layer of A.l2O3 on ilssurfacewhen brought

in contacl. with conc. HN03.
Bofld dislances decrcases as bond order increases.
No{, bond order decreases in the order

}{z0z (l)' O 3 ( 5), 02 (2), ie.

H2O2 (148 pm) > o: (127.8 pm) > oz (120 7

Pm). a
51. 3 Mg + N2 * Mg3N2 ;

(x)
Mg3Nt + 6HzO* 3 M8(OH)2 + 2NH3

C\rSo. + 4 NH, 
-*lcu(NH 

j)al soa (6[ie)

Itr NO2+, ie. O = N = O, N is.rp-hybridized. in

No3- it is .rp2-hybridize{t while in NH.+ it is .rp3-

hybridized.

Each silicon atom in crystalline structure olsilicon
is terah€drally suffouDded by four other silicon
atoms. This struclure issimilar to that ofdiamond.

OriBi[alty in NH3, N is p]ramidal (rp3) bu( ro BFr3,

B is plaDar (rp2). But after the bond lorDation, r'.c.,

in thecomplexH3N - B F3, both N aDd B have Iou r

shsred Dairs of electroDs and heDc€ both havc
tctrabedral Gp3) geomctry, ie., option (a) is LUr-
rest.

No. of elcctrons iD NOr- = 7 + 8 x3 + 1=32

Both NO3- anrJ CO!- have saore number of
electrqrs aDd hence arc isostructural (triSoral
planar).

61,43.

4E.

50.

)t1:

The followirg qucstlons consist of two steteErents eoch, pdnted os Ass€rtion and Reason. While onswering
thes. questlotrg you arc r€quiEd to choose any one of the follovlng four responses.

(d) Ifhoth Ass€rtlor sod ReosoE are arue md the Reason is a correct explanatlon ofthe Assertio[.
(r) lf botb Ass.rtiotr ond Reoson are true but Reosor is not a ctrrcct exPl.nation of the Assertion.

(c) If Aseniotr ls truc but the Rcason ls false.

(d) Ilboth Asertlon and RessoE ere fals.-

Assertlon Resson

t. Although PFs, PClj and PBr3 aro knotm, the pen-

tahalides of nitroSen havc not beetr obscrved.

Thc bond angle of PBr3 is Sreater than that of
PH3 but the botld angle of NBr3 is l€ss than ihat

of NH3.

Diamond does Dot retlect or rcfract li8ht.

Gmphite is a good mDductor of heat and
ehctridty.

Phosphorus has low€r electronegativity thaD nitrogen.
(I.r.T 1995)

The size of bromine is less than that of hydrogcrl.

6.r.r.M.s. r997)

Diamond has low refractive index.

Graphite has all the electrons firmly held in C-C, o-
bonds.

3.

4.

Ah*tTtoNA{, guEST/oN
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Assertion

5, Carbon moDodde is highly tor:ic (porsonous) in
nature.

6' Carbides containinj tj- u,r,,,, l.r u.l.lr(l
acctylides.

7. Amoronium nitrite on heatiD.( rlives NL-)

& Allthe N-O bnnds in NOt are equat.

9. Nitrogen is uoreaclive at roont tcmpcrillure but
becomes reactive at clcvrtcd tcll)pcrittutcs rrr ill
pres€nce of a catalyst.

10. Ozone is a polar moleculc itlthourh tt is
homoatomic.

11. Nitrous acid (HNO2) ntay act as iln oJi(lisrng uri

wdl as a reducing agent.
12. Uquid ammonia is used for refrigeration.
13' NOi is ptanar while NH3 is pyramidal.

l{. [INO3 is a stronger acid than HNO2.

15. The electronic structure of ()3 is

Dinitrogen is chemically unreactive at or(liDarv
temperature and is very stablc.

lriliDg of mercury occurs on p.ssing O, throuL:h

it.

13171

(lirrboD moDoridg forms a stable complex \rith
hflclnt': \'lrrn prr'sL.nl in rec blood cells.
{ tl,(.2 ruli,..9?() tre not trug acetylides b€cause these
on li\'(lrolyjis dc no( pr(xiuc€ acetylene.

NO is aD acidic oxide.

NOi is i! icsoriancc h\hrid ofthree equivalent resonat-
ln8 sttuclurcs-
In nitrogcn ntolccule there is exlensive delocalization of
electro s. (A.LI.M.S. 1996)

It contains a coordinate bond and has a beitt structure.

'Ihe oxidnlion nuBtber cf nitrogeD remains same in all
the contpounds.

It vapourises quickly. (A.I.I.M.S. 1997)

N in i\la)t ,., rpz- hybridized bur in NH3 it is q.p-
hybridized. (A.I.r.M.S. 199n
In HNO, therc are two nirrogenffygen fgds'white in
HNO2 there is only one. - - (t.Lt lggE)

+
o

//-\O': O:- ./o\oo

16.

17.

4,

5.

1.

,.

slruciure is not allowed b€cause octet

around O cannot be expanded. (r.r.T I99E)
'fhe 

bond dissociation energy is 946 U mol-l

@.J.1.M.5. r99E
(A.I.I.M.S. teee)I),-rs 1o oxiclition ofntercurv_

True/Falee Statementg

l.

3.

Schcr rhc fii/€ arl Iokc atementt iro,n the iollow-
a8i
A[ clements give bor b€ad test.

Silicol has diamond like structure.
The tendenc, for catenation is much higher for C
than for Si.

7, Dinitrogen is almost chemicalty unreactiw beqiuse
cf jts high bond dissociation eDerE.

iJ, During ring tesr lor Ditrate ions, fenous ions reduc.e
NOt ro NiJ.

9. [n coppcr sulphale [Entahydrale, all the water
n't' ):eculcs trc attach xl to the Cu2 + ion by mor-
dtilatc covaleot bonds.

Iii. Chlorofluorocitrboos deplete the ozone layer in the
iltnlcsPhcie.

11 . a)xi(le ion is consi(lered as bard too sincc ii canoot
be e;1iil! trolaflze.;t

i2. Nztl and NO arc ncuiraloddes cf oitrogeD.

(I.lll !9931
A aqueous solution of N%CO3 is acidic lL' litmu:J.

Carbon diqide combines with haernogr )bi!.r ,Ji
blood to form carboxyhaemoglobin.

Diamond is barder than graphitc. U.i.i i99ji

Fill ln The Olanks
Of all the boron trihalides, the u,eakesl Lc,!,ls ].iil
is..... .

A cqDpound of fluorine knqvn us .... . .. i.
widely used in refrigeratron and aeros<,rs.

3. The t$'o t Tes of bonds prcsent in Brllo arc

,l ( ,..)- llN(E,(m dctlvdralron \rirh p4or0 gives
(I.I.T. t994\

(Roorkee I 999)

6.



13F2 Pradeep's

10.
lt.

IL

6.

7.
&

ozorle b ...-............ q,tile -............. b paralBgDctic-
b ao acidic qiie wbib SiO2 b aD

...-.-..-.............. cidc.
Aqua rcgia is a mixturc of .......,.-............. .

In gaseous stat€, Ditric Glre b --....-.-...--....-... wl le
in lhe lhuid or $olk, state it b ...-...-..-........ .

col[En-l
l. DiDitrosen tetrcdde

2. Arnmonia

3. Carborundum
,L Colemanite

5. Alotmpes

ASSERTION-REASON TYPE OUESTIONS

Nitric acid coDtaiDing .................-....-. is called
fuming dtric acid-
l-aughing gas is obtained when .....,-..-..,.-., is hcated.
Tbe tailin8 of mercury is due to lhe formatbn of

02 is ahorb€d by ....... -. aod O, is ab6orbed by

,3. Ttle formula of acidic litrogcn hydride is

Watchin7 Ty?atchinO Ty?e G.ueslions
Matdr itcrns of colum[ I with appropriate alom6 of (.olumo II.

a

l.(6) z(d) 3.(4 a. (c)
ra (a) r{ (c) ls. (a) 16. (a)
TRUE/FALSE STATEMENTS

Colomo.Il
(a) Flllererle and diamoDd

(D) Diamond structurc

(c) Boric acid

(d) Complqing ag€Dt

io Krket fuels- {

t.(a) e. (c) r0. (a) 11.(c) 12.(D)s.(o) 6.(a) 7. (d)
17. (o).

l. Fh&c 2. 'Itue 3. 'Iluc a. BEc, hiq 5' Rlc' @ cqnttin6 Eirh ta€moSlotin of bld to torm

dfb $c 6frh @c b omocO to sol- im by l{.bond. lll'Ituc ll.'Ituc duc to slEll dp of Gitc im and

t DcE d- bo b a bard im. l/t'Ituc.
FILL IN THE BLAI'IKS

1. BF3 a frem a @ogtn Hle a tm clcdrqE thrcE ccotrc boods. ( N2Oi t dhmagn€tic, 02 
',

6 NO2 tr CtOT ampboaqb 7. HNOs + 3 HO t. Paramagrtic' diirDstdic t Gib. of dtrof€n
lo amrtrooiEm oitsatc 11, mqluls qirc lZ an alkaliDe solutirl of PyroEatbl, turPcotiDc oil
ra N3H (bldruic aid).
MATCHIN G TYPE OUESTIONS

r. (c) a (4 3. (D). (c) s. (a).

,,:,,::,,,,.

G

:r


