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6.1. General lntroduction-
M o le c u I e s a n d C h e m ic a I Bo n d 1itr+iT.i.iili,ri:r:r.triiriiii::il:

To look into the reasons for the answers to the
above questions, different theories have been put
forward from "-e to time. These are :

1. Kossel-Lewis approach
2. Yalence Shell Electron Pair Repulsion

(VSEPR) theory
3. Valence Bond Theory
4. Molecular Orbital Theory.
In this unit, the first three theories will be

b{:fty described while molecular orbital theory
willbe discussed at +2level
6.2. Why do Atoms Combine

:::::::::::::t:::::::::::::::;l::i::i::::::in

A number of attemfis were made to explain
the formation of chemical bonds in termi of
electrons, but it was only in 1916 when Kossel and

in grving a satisfac-
eory was based on
so it is referred to

as Kossel,s
ganic gsrn-

ainly to or-

The study ofnoble gases, earlier called inert
gases, (Group 18 elemenls) srrggests that neither

Atoms are usually not capable of free exist-
ence but groups of atoms of the same or different
elements exisl" as one species e.g.

H2, (o7, Pa , S3 , HrO.

A group of atonr eristingtoplher as one species and
having characteristic propertia is called i motaute.

Obviously, there must be some forcc which
holds these atoms together within the molecules.

Thisforce vhich hnhls the aloms together within a
mohcule is called a chemical bonil.

A number of questions now arise :

(i) Why do atoms combine ?

(ii) Why are only certain combinations pos_
sible, e.g., hydrogen exists as H, and not as H, ?

(iii) Why do some atoms combine while cer_
tain others do not, e.g. two H-atoms combine to
form H, but two helium atoms do not combine to
form He, ?

. (ir) Why do molecules possess definite
shapes, a.g., COris linear but HrO is tetrahedral ?

Similarly, BF, is planar but NH, is pyramidal.

6tr
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they combine chemically with any other element
nor among themselves. Their electronic configura-
tions are as follows :

Noble gos Atomic No. Electronic
Confrguration

Helium 2 2

Neon 10

Argon 18

Krypton X
Xenon 54

2,8
2,8,8
2, 8, 18, 8

2, 8, 18, 18, 8

Radon 86 2,8, 18,32, 18,8

From the study oI electronic configurations
of thc noble gases, it is clear that thcy are chemi-
cally inactivc because they havc 8 electrons in
thcir outermost orbit except in case of helium
which has 2. Hence, it was sttggcsted that they
possess stable electronic configurations. In case

o[ all other elements, the number of electrons in
their outermost shell is less than 8 and hence they
are chemically reactive. This led to the following
conclusion:

The cloms of ddferent elemcn* combine with
cach other in order to complzte their respective
octels (i.e. 8 elzclrons in their outzrmost shell) or
duplet (i.e., oulermosl shell luving 2 ekclrons)
in case o! H, Li anil Be lo atlain slablg nedrest

noble gus confrguralion.
ri: tlL"! .lo Aio|l]s Cclllr,l.,i i

r i.lories r,;f Ci,,.micrl Llnrnbin::tiL-i'll

As discussed above, atoms combine together
in order to complete their respective octets so as to
acquire the stable inert gas configuration. This can

occur in two ways :

,( By complete tralslercnce of one or ntore

elecions from one atom to qnolhet.This process is

referred to as €lcctro-valcDcy and the chernical

bond formed is termed as €l€ctrovalent bond or
ionic Bond.

2. By shaing of etecrmns. This can occur in two

ways as follows:

bYWh* the shared electrons are confributed

by thitwo combining atoms eEtally hebondformed
is called covalent botd.

6.4. Lewis Symbols :.:i:+:::i:':ri.:ii:r::i::::::-"'-::ri:.r:':i:::ir:',:rr:;:i::i::i:i::'

In the formation of a molecule, only the outer
shell electrons are involved and they are known as

valence electrons."fhe inner shell electrons are well
protected and are generally not involved in the
combination process. It is, therefore, quite
reasonable to consider the outer shell electrons i.e.,
valence shell electrons while discussing chemical
bonds.

G.N. Lewis introduced simple symbols to
denote tle valence shell electrons irl an atom. The
outer shell electrons are shown as dots surrounding
the symbol of the atom. These symbols are known
as Lcwis symbols or electron dot symbols. These
symbols ignore the inner shell electrons. A few
examples are given below :

Signlticance of Iaris symbols. The number
of dots arouad the symbol gives the number of
electrons present in the outermost shell' This num-
ber of electrons helps to calculate the common
valency of the elment. That is why these electroLs
are called vqlence shell elecions -

The common valency of the element is either
equql to the number oI dots in the Lewis symbol (if
these are 3 4) ot Sirinus the number oI dots (ifthese
arc>4)

For example, Li, Be, B and C have valencies
1, 2, 3, and 4 respectively i.e. equal to the number
of dots whereas valencies of N, O, F and Ne are 3,

2, 1 and 0 respectively i.e. 8 minus the number of
dots.

Nowwe shall discuss each type ofbond one by
one.

6.5. Elecirovalent or lonic Bond ..".:'.:.:.": " 
:. 

.' '. '. : :1 ' :' r : ' : ' : r '.:: .

.Li .Be.B. .C.:N.:O :F: :Ne:

Wen a honil is Jormed by completc lransJerence

of electrons Jrom one alorn lo anolher so us lo
complcte lhpit oulcrmost orbits by acquiring E

elcctrons (i.e. octat) or 2 electrons (i.e- dupw) in
case ofhyilrogen, lithium elc. and hence acquire
the slable nearest noble ga-s conliguration, the

boruI formed is cullzil ionic bon.l or electrovale
bond.

X6 wn Explanation of the forna0on o[ ionic bond'

ty by iie of Atoms are electrically neutal Therefore, theypo-s-
jormed is ktt sess equal number of protons and electrons on
dative bond.
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Iosing an electron, an atom becomes positively (2) Formation of calcium fluoride. If cal-
charged since now the number of protons exceeds cium (atomic No : 20, electronic configuration :
the number of electrons. 2, 8, 8,2) loses two electrons, it is converted into

A+ A+ + e,- calcium ion and attains the stable inert electronic
arrangement of argon. On the other hand, fluorine

" 
(atomic.No. : 9, electroni-c conf,rguration : ;,7)

b comesnegative- on gaining one electron forms fluoride ion and
ly charged. acquires the stable confrguration ofneon.

Here, calcium atom loses two electrons and
forrn-s calcium ion with two units of postive charge
and the two electrons are transferred to two
fluorine atoms, which are converted into fluoride
ions, each with one unit charge. These oppositely
charge.d ions are then held together by strong
electrostatic forces of attraction.

2,8
or CaF,

B*e-+B-
The oppositely charged particles formed

above attract each other by electrostatic forces of
attraction. The bond thus formed is known as
elecfiovqlent or ionic bond.

Such a type of bond is formed only when one of
the atoms can easily lose electrons while the other can
gain electrons and thus each acquires the stable
electronic arrangement of the nearest noble gas.

Examples
(1) Formation of sodium chloride. Sodium

(atomic number : 11) has electronic configuration
2, 8, 1. By losing one electron of its outermost shell,
it acquires the inert gas configuration of neon and
changes into ion.

Na- Na+ + e-
2,8,1, 2,8

On the otherhand, chlorine (atomicnumber :
17) having electronic configuration 2, 8, 7 accepts one
electron relea"sed by sodium to complete its octet by
attaining stable configuration of argon. In this
process, chlorine is converted into chloride ion.

Some More Examples of Formation of Ionic
Bonds

(1) Formation of magnesium oxide trom
magnesium and oxygen.

Mc:l:i : _+ t yt l'. [,:i']'-
2,8,2

2.6 2.8

or MgO

(2) Formation of magnesium bromide from
magnesium and bromine.

[,i'] -

I cu l'*
lz,a,s I 

[,i,]_

Now we have rwo species, one is positively
charged sodium ion and the other is negatively
charged chloride ion. As soon as they approacL
each other, they are held together by strong
electrostatic forces of attraction. Thus, formation
of sodium chloride takes place.

:ai. *e--[t-.]r]-
(2,8 7) (2 8,8)

[Na+l + 
[, :: r ] -....-, tN"l* [, :f t]-

Ihe above steps may be represented directly
as fbllows :

,/-\"Naj + .Clt 
--+ 

Na+ :Cl:-

(2,8,7) 12,"5,11 (2,8) rr, ,, ,)

. Sr:

aa

(2,E,2) (2,8, 18, 7)

]'. F - f_

L' ?:'l

L'?:'l

2,8, 18, 18
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(3) Formation ofcalcium sulphide.

cr:---S ! ....- Caz+ f :s:.],- orcosrl.. 288(2,8,8,2) (2.8, r)
2'8'8

(4) Formation of sodium sulPhide.

.. lNult+ - .. 12-
2Na.* Si+ l:S:l or NurS

" 11v'11+ 
L " r

2'8 2' 8' 8

Whcn thc structures of atoms or ions arc writ'
tcn in such u way that the clectrons Presenl in thc
l'ulcrmosl shcll (valence shell) are rcprcscntcd h1

dots (.) around thc symbol ofthe element, as in the

cxarnpics above, these structures are called [,cwis
dot structur.gq.

The numbcr of ckcttons lost or gaincd duing lhe

lormation o! an elzttrowknt linlage is tenned ts
the elearovalency of lhe elgmenl-

For example, sodium and calcium lose 1 and

2 clectrons respcctivcly and so their valencies are 1

and 2. Similariy, chloiine and orygen gain 1 and 2

clcctrons respectively, so they posscss an

clcctrovalcncy of 1 and 2. In other words,volency is

aqudl to the char4e on tlrc ion.

co-ordination number. Thus co-ordination number

o[ Na+ and Cl- iorus in NaCl is 6.

Co-ordinalion nufiber of an ion moy be ilelined as

thc number oI opposileb charged ions presenl

uround thql ion in an ionic crystaL

, rj i-. :.,: ,:,,.-i, li .l ihe
r , ..:t cr . . , -)r jr,-. Band!

Thc formation of ionic bond involvcs

(i) the tormatiotr of a positive ion by loss of
clcctrons from one kind of atoms.

(ii) the formation of a negative ion hy gain of
electrons from another kind oI atom.

(,li) holding thc Positivc and ncgative ions by
electrostatic forces o[ attraction.

The formation of ionic bond depends upon
the following factors :

(i) Ionlsation Enthalpy (lonization Ener5/).

,J the anou of
Iehott ftom thE

ouhr0url shz oJ ttt isol4leil alom in ga.suous

pta-w fl at b corLf,rt il inlo d gaxtt^| posilfue iorL

It is clear that lescr [hq ionisation enerry, easicr

will bc the rcmoval of an clcctroi, i a.,Tofmati on of a

oositive ion ard hencc lrcatcr the chanccs of lbtma-
hon of an ionic bond. I oiisati on e nergr (1.E.) of alliali

of magnesium.

495 kJ mol-1
Na (g) ............... Na+ G) + e-

743 lcl mol - I

Mg (g) .+ Mg+ (f) + e-

ionic bond formation.
Electron Gain EnthalPy (Electron Af'(,,)

finlty)

Elntron @inity oJ

endg 
'ebnseil 

w to

an ilp,,anfd alafi a

fl,lseous negrli$e iort,

614
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negatiye ions is very common, e.g, in case of
chlorioe, electron affinityis + 3zlti H/mole i.e.,

Cl @) + e-.- Cl- + 3zE kJ/mote

or E.A. : + 3rt8 U mol-l
Hence, the halogerrs can form negative ions

easily. On the other hand, elements ofgroup 16 form
divalent ncgative ion-s (by gaining two elections) but
not so ea-sily. This Ls becarxe the semnd electron
iLffrnity in case of these elements is much lcss and is
negative ,.e., energy Ls required to form divalent ions.
Let us discuss the case of orygen. Fifst, oxygen will
add up one electron to lorm monovaletrt ion which is
accomparried by release ofcertain amouot of energy.
But in tle process of addition of second electron io
the monovalent oxygen io4 energ5r is required to
overcome the forcc olrepulsion exerted by the nega-
tively charged monovalent ion to the incoming
clectron.

oG)+e- ...-o-(c),
EA' : 1 142 ;t' -o'-'

o- k) +s- + O'z- @),

E& = -693 kJ mol-r
So electron a fhnity for thc overallprocess will

bc given by
EA = + 142_693

= - 551 kJ mol-l.

rare and trivalent are rarer.
Nole C*rehrlly that the term ued ia ttc above

discussion is Elearon amnity (e). However,
sometimes the term Electron Gfi EothalDv
(AH"r) is used in place of Electror afroity (ii
discussed in unit 4). The two are taken as equal in
magnitude (as AH* is only slightly higt'er Ain.ar;
but opposite in sign. AH", has sarne sign as required
according to thermodytranics l'.e. if eucrgy is
released, it is givc a -ve sign. A. has signs conliary
to thermodynamic conventions.

It may be concluded from the above discus-
sion that etween
the atom and on
the right

ln the
itivcly
d ions

A" + B-_......-A-B-
..'1f4 energ, relcased when ItE rcqaisile nutnber tt!
gnsitive snd negoliye ions ambine to form orc molc
ofthe ion 'compound is calhtl lufrice energ.

of latticc cncrgv o[ the
ihe greator u,ill be tlrc

nd hencc grc.rtcr uill he

Ws know that the force of attraction bctwccn
ths oppositely charged ions is dircctly proportion-
al to the magnitudc of the charges (q,,qr) antl
inversely proportional to thc square o[ the tlis-
tancc (r/) betrvcen thcm. 1.c.,

iltxq)
Force of attraction cf, ---------)

d:
Hencc the value o[ lirttice encrgy dopcrrtls

upon the follorving rwo l:crors I

(a) Charge on the ions. Thc highcr thc charrc
on ths ions, grcater is thc forcc ol attrirction irn(l
hence larger is thc umount ol cnergv r cl!ascd-

$; Size of theions. As hirhlr chrrgecl.l'. r i.s
ure raic, the other factor i.(,.. i-hc'intcrnrrelcal Llis

mes moro intporlitnt.Il
, internuclcar distancr:
altlrcti0n rvill hc lcss

while in case of small ions, intcrnuclcrr rlislancc is
less and so lbrce of attraction is (rcrrtcr.

-Net effect. lI Lut(icc cncrsy I El(ctr(,n .rl-
linity > loriization cnergy, thc nii eflcrIrvillbcrh..
release of energy and hencc an ionic honLl is
formed.

Most ol the ionic compounds rc lil nr, .l l,e .

twccn cations from metals (brcaus r'I Iow ionizu-
tion e ls (bccaL c
of hig rv cornrn n
eXCeP .. il C[tl ll
made liom two non-metallic clemcrrts. A larsc
oumbcr o[ ionic compounds urc known in rrlrich
NHo+ is the cation.

ii-.;',) )i\tl
,rr I l!

Mix Born and Fritz Habcr in l9l9 put lirr-
ward a method bascd on Hess's latv [or the ialcLllrr
tion oflattice encrgy (which could nor bc mcasur-r (l
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directly) and hence for predicting the stability of
the ionic compound formed (h"cause Lrger.is the

negative t,alue for lattice energy' greater is the

stiUitity of tbe compound formed)' The method is

known as Born-Haber cycle' It is briefly described

below taking the example of NaCl (s).

The heat of formation of NaCl (s) is found to

be -411kJ mol-l i.e.

1

Na (s) + lclr($ 
--.* NaCl (s),

AHi=-411kJmol-l
We canimagine that one mole of NaCl (s) can

be prepared by the following series of steps :

(i) Crystalline sodium metal is sublimed to

form gaseous atoms

Na (s)---'-* Na (8),

AH=AHsoblimation:S

(ii) One-half mole of gaseous Cl, molecules is

dissociated to form 1 mole of gaseous atoms

1

i.rrg) - 
cl (8),

o^:+AHar,,o. =)o
(iii) The gaseous Na atoms are ionized to form

gaseous sodium ions

Nu (g) .----- Na+ (g) + "-'
AH = I.E. (Ionization energv)

(lv) The gaseous chlorine atoms are converted

into gaseous chloride ions by adding electrons

Cl (s) + e- + Cl- G),
AH : E.A. (ElectronAfhnitY)

(v) The gaseous Na+ and Cl- ions combine to

form 1 mole of crystalliue sodium chloride

No* (g) + Cl- (s) --- NaCl (s),

AH=U(LatticeEnergy)
The complete process involving the formation

of one mole of NaCl (s) directly and through a

lix \Ill'l.li. Calculote the lattice enthalpy of
MgBrr. Given that

Entlrulpy of formarion of MgBr, : - 524 kJ tttol-l

Stblinration enetgt of Mg : + 148 kJ mol-L

series of steps indirectly may be represented by a
cyclic process as under :

Na (s)

+SJ

Nu G)
+r.E. J/

Nr+ G) cl- G)
t ----1-----_--J

, al{'r
+ )wtr(g) 

-.------* NaCl(s)

*1o l
cl(s)

-E.A.T

Applying Hess's law (according to which the

heat chinge is same whefher one mole of thc com-

pound is formed directly or indirectly through a

number of steps), and using the ;ymbols withottt
proper signs, we have

1

AHi=S+7D+I'E'+E'A'+U

Substituting the values with proper sigrtr (posi-

tive sign if energy is absorbecl and negative sign if
enetg1 is relased), we get for the case of NaC!

-4tL: + 109+ lrrO*+4s6-349+U
2

or U: -789kJ
Thus lattice energy for NaCl (.r) has a large

negative value. This eiplains rvhy lhe compound
NaCl (s) is highly stable.

It may be pointed out that direct detcrmina-
tion of elettron nffinity is also very difficult. Ac-
curate values have been obtained only fbr a few
elements. Hence Born-Haber cycle is used ftlr the

calculation of electron affinity also using the calcu-

latecl values of lattice energy from crystal

parameters.

Some Important Consequences of Lattice
Enthalpies

;frfGreater the lattice enthalpy, more stable is

the ionic compound.

-"(!r)'Greater the lattice enthalpy of an ionic

compound, less is its solubility in water.

Ionizqtiort enargt of Mg : * 2IE7 kJ mol-1

Vupotisarion energt oJ'Br, (/) : + 3I kJ tnol- |

Dissociation energt oJ' Bt, G) : + 193 k! mol- |

Electrott gain enthalpy of Br : - 33 t kJ tttol- |
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Born-Haber cycle for the founation of
one mole of Mgtsr, may be represented as follows :

AFri
Br, (l) -----_ MgBr, (s)Mg (r) +

..J

tvte (s)

.,."J

J ar\"r.

BrrG)

I*o
2Br (s)

,[ z x n.a.

, M8* @) zBr- (s)

-a--u
?:,ft;;@lft, h i E i M,',9,,F,-,O,,R

1. Calculate the lattice enthalpy of KCl. Given that

AHsub of K = * 89 kJ mol-l, AHDi.r. for 1 mole

of Cl, = + ?A.4 kJ n:ol-l, AHionization for K ft') =
+ 425 kI mol-1, AHetectron gain for C| G) = -35S
kJ mo[-l, aH7 (KCl) = --438 kJ mol-l.

[.\rrs. -719 kI mol-11
2. Calculate the lattice enthalpy of Lil given that the

enthalpy of (i) sublimation of Li is 155.2 kJ

mot- 1 
1i4 dissociation of half mole of F2 is 75. 3 kJ

(iii) ionization of Li is 520 kJ mol-1 (iv) electron

HiiilN,T$ FOR DIFFICULT ?R.OE-LEMs

AHi: S + LE.

+AI{"p+D+2xE.A.+U
or LJ = AH"r - (S + I.E. + AHvap

+D+2xE'.A.)
:-524-(148+2187+31

+ L93-2 x 331)

: -524-t897
: -2421IrI mol-r

gain of 1 mol of F (g) is 
-333 kJ mot-l and (v)

AHifor LiF (r) is 
-594. 

1 kJ n:ot-r. (N.C.E.R.T.)

[,\n' -1011 6 kI mol-l]
3. Calculate the lattice enthalpy of CaCl,, given that

the enthalpy of (i) sublimarion of Ca is

121 U mol-l (i) dissociation ol Cl, ro Cl is

242.8kJ mot-l lirl; ionizarion of Ca to Ca2+ is

2422kJ nrol-l 1iv; elecrron gain fbr Cl ro Cl- is

-355 kJ mol-l and (v) ani for CaCl, 6r; is

-795 kJ mol-1.

(N.C.E.R.T.) [ \ns -2tt70.tt 
kJ mol-l]

7. 
^H"t=s 

* jo + I.E. + E.A. + U

- 438 : w * ! (244) + 4zs---3ss + u

or lJ = J19 kJ nrol-l

2. v =^Hi- 
[. 

. ], + r.r. + e.a.]

= -594. 1-(155 .2 + 75.3 + 520-333)

= -1011 
.6 kJ mol-l

3. U : - 795 - ll2l + 242.8 + 2422 - 2 x 355]

= -2870.8 
kJ nrol-l

:''?.{'' ':i chaFcterisl-.tjl. J.nq.u$ not as molecules. These ions arc arrangcd in a

The ionic compouncls possess the following - lggylg p3tlgrq qg&rm a latti.ce'

characteristics: The pattern of arrangement, however,

--I. physical State. These compounds usually depends upon the size and charges of the ions. For

exist in the solid state. -- --..J example, in case of sodium chloride, each sodium

2. crvsta r structure. X-ray analysis or t_h1 :itffi ff :#:"tolJ.'i;l'H',f -"?lir11* i:"1ionic compounds shows that they exist as ions and iir"" il"lr.mal octahedral crystal strucutre. The
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formula of irn ionic compound merelyindicates the
relativc ngmber of ions present.

,.,{rtigh meltingand boiling points. Ionic com-
pounds possess high melting and boiling points.

flis !s _b,gcause ions are tightly held together by
strong elsctrostatic forces of attraction and hence
a huge amount of energy is required to break the
crystal lattice.

4. Solubility. Electrovalent compounds are
soluble in solvents like water which are polar in
nature and have high dielcctric constant. It is due
to the rea.son that the polar solvent interacts with
(he ions of the crystals and further thc high
dielectric constant of the solvent cuts off the force
of attraction between these ions. Furthermore, the
ions may combine with the sotv;;t to liberate ener-
gy called the hydration energt whichis sufficient to
overcome the attractive forces between the ions.

-[on-polar solvents like carbou tetrachloride,
benzcne etc. having lowdielcctric constants are not

- 
cap-able of dissolving ionic soli<h. Hei'iae-r6iic
solid-s are soluble io polar solvents and insoluble in
non-polar solvents.

5. Electrlcal couductivity. Ionic compounds
are good conductors of electrici! in solutioiio-rin
the mollcn state. ln solution or molten statc, their
ions are free to move. As the ions are charged, they
are attracted towards electrodes and thus act as
carriers of electric current.

6. Ionic reactions. The reactions of the ionic
compounds are, in fact, the reactions between thc
ions produced in solution. As the oppositely
charged ions combine quickly, these reactions are.
therefore, quite fast.

[e.& Na+Cl- (a4) + Ag+NO3- (aq)-
AgCl (s) + NaNO. (a4)1.

I 'l hc concept of ionic bond was put forward by Kossel.

: The dielectric constanr of DzO is greater than rh:rr of H2O.

1 variflble electrovalelcy. [o case of transistion n]etals, certain atoms cnn lose difl'ereDt numbr ofelectroDs 1o
acquire a stable configuration. I lence they show variable electrovalency. For example, Fe forms Fe2+ and Fe3+

ions and Cu forms Cu+ and Cuz+ ions. The more stable ioD is the one which has nrore stable core r.e. lhs
confiSuration obtained alter the loss of valence elcctroDs. For example. Fe3+ salts are ntorc stable than
Fe2+ strlts

26Fe = 2,8,14,2

Fe2+ = 2,8,1+ = 1tv.;lo 3 12 3p6.1d lrorrubt. "or") 
'

Fe3+ = 2,8,13 - 1N"]10 3 ,2 3p6 3 d5 (stable core;

Cu2* salts are more stable than Cu+ salts.

2ecu = 2, 8, 18, 1

Cu+ = 2, 8, 18 = [Nelt0 3.jz 3p6 3 r1t0 lstabte core;

Cu2+ = 2, 8, 17 - [Ne]10 3 ,2 3p6 3 d9 (more slabte core)

Grcater stabdity of Cu2* than Cu + is due to the lact that rhe nuclear charge of Cu is Dot sutficienr enough to
hoiaT8EteCtroris of Cu+ ioo present in the outermost shell.

Similarly, rn case of heavier./r-block elements like Sn and Pb with the valence shell configuration ru'2 np2, all
the fou r electrons may be lost giving a valency of +,1 or oolyp-electrons may bc lost giving i valency of +) The
r-electrons rcmaiD attracted by lhe Ducleus due ro poor screening effect of the intervening r/ andl electrons
aod do not take part in bondlog. The effcct is callcd inert pair effect.

-1. For the lbrDlation of iooic bond betwecn two atonN, the electronegativity drfference between then1 should be
> t 9.
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6.9. Covalent Bond-Lewis-Langrnuir C o nc ept i:,ii:i,:

[,angmuir, in 1919 improved the Lewis con-
cept by suggesting that when both the atoms taking
part in a chemical combinatioo are short of
electrons than the nearest noble gas configuration,
they can share their electrons in order to complete
their octets. Each atom contributes thc same num-
ber of electrons to form common pairs which are
then shared by both atoms.

Thc bondfornd betflfrn Ite fiw atorrs bt rwtual
stqh| aI eledtons betneea tlum n u O omphU
thzir ocleE or duplcK h cw o! ehDQnlt h,'ying
onb one sfuA it calbd covalent borul or covdlmt
linkage and the number ql ebctrons contrilud by
eqch atom is laown os cnvalcrw!,

Example to illustrate the formation of
covalent bond. Let us examine the formation of
chlorine molecule. In this case, two chlorine atoms
combine to produce chlorine molecule. Each
chlorine atom is short of one electron to attain
stable configuration of argon. Each of them con-
tributes one electron to form a common shared
pair. By doing so, both of them complete their
orbits and acquire argon structure, The completed
octets are generally represents by enclosing the
dots around the symbol by a circle or elipse. Thus

,/=-).':\
:Cl . + .Ct 3 ........* f;g[\6t:'lor Cl-Cl
z.'i.t z.'i.t \#,

Similarly, in the formation of HCl, H and Cl
contribute one electron each which is then shared
by both so as to complete duplet of hydrogen and
octet of chlorhe

".-r.glr-@or H-cr

Multiple covalent bonds. In the examples
c;ted above, each atom contributes one electron.
Hence the coyalency ofchlorine and hydrogen is
1. The bond formed is called single coval€nt bond
and is representedby single line ( - ) between the
two atoms. Covalent bond may also be formed by
the contribution of two or three electrons by
each of two atoms. The bond then formed ii
called double or triple bond and are represeuted
by a_ double line ( = ) and a triple line (=) respec-
tively.

Some More Examples of Formation of
Covaleut Bonds

(1) Formatiou of Hydrogen molecule

H. + .H....-..-, 66Do, u - H

(2) Formation of Orygen molecule
/a:K;\

: ii : + :,;, _--Q(?i)o. ., ii = ii,
(3) Formation of Nitrogen-molecule

:N! + !N:--, @.,:N=N:
(4) Formation of HrO molecule

" ^-)^, . *.9. . .I{ 
-o0gQ9

- H-O-H

(5) Formation of NH, molecule

,...1...r_@
or H-N-H

I

H
(6) Formation of Metbane (CHa) molecule

H

+

H.+.C. +.H

(7) Formation ofEthylene (CrHn) molecule

H.+ +.H
:c::c: .---.....'

+.H

H
I

H_C_H
I

H+

H

H\ ..'Hor C=C
g-z \g

H.+



6/10 17 r a d e r: p' s N ei tl 
" 
Aa di r it it eh' c m: i stru|ffiI[)

Bond Pairs and Lone Pairs. The shared
pairs of electrons present between the atoms are
called bond paris because they are responsible
for the bonding between thc atoms. On the other
hand, the valence electrons not in-volved in bond-
ing'(i.a., sliaring) [re'shdWn as such and are
called non-6onilig-g €I-ecJrons or lone pairs or
uilshaieil p:airs.

5.10. Lewis Representation of Simple
Molecules and lons (the Lewis StructL!res) i:::::i

As e4plained later in reaction 6.13, Lewis
structures have a number of limitations, yet they are
helpful in understanding the formation and proper-
ties of moleculs to a greater extent. Hence writing
of Lewis dot structures of molecules and ions is very
useful. These structures can be written through the
following steps :

Step 1. Calculate the total number of valence
electrons of the atoms present.

Step 2. If the species is an anion, add number
of electrons equal to the units of - ve charge and if
the speciesis a cation, subtractnumber of electrons
equal to the units of + ve charge. This gives the total
number of electrons to be distributed.

Step 3. Select the central atom (which is

generally the least electronegative atom) and draw
the skeletal structure by intelligent guess to indicate
which atom is linked to which other atom. -4b9-
renemb-qr-.tb*atEqqC*{-Usuqlly_^qgcJp_yterminal

irosition.
--Stqi 4. Put one shared pair of electrons be-
tween every two atoms to represent a single bond
between them. Use the remainingpairs of electrons
either for multiple bonding or to show them as lone
pairs, keeping in mind that octet of each atom is
completed.

EX,tr\{PLE l. Tb draw the Lewis dot structure
of HCN moleaile.

In this structure, duplet of H is complete but
octets of C and N are not complete. Hence multiple
bonding is required between C and N. Octets of C
and N will be complete if there Ls triple bond be-
tween C and N. Thus we have

, l'.li {\11'l ,1r 2. Tb drsw the Lewis dot structure
of CO!- ion.

Step 1. Total number of valence
electrons of CO, : 4 + 3 x 6 : 22

(oC : 2,4, BO :2,6)
Step 2. Total number of electrons to be dis-

tributedinco3- : 22 + 2 : 24

Step 3. The skeletal structure of CO, is

o

oco
Step 4. Putting one shared pair of electrons

between each C and O and completing the octets
of orygen, we have

:o:

In this structure octet of C is not complete.
Hence multiple bonding is required between C and
one of the O-atoms. Drawing a double bond be-
tween C and one O-atom serves the purpose

Altematively, the structure may be obtained
through the following steps :

Step 1. Calculate the total number of valence
electrons (A) after subtracting for the cation or
adding for the anion.

Step 4. Draw the skeletal structure and repre-
sent the shared pairs.

H:C::N or H-C=N

:o: I t,i, l'-....1..1..1
:o:: C ! o! or l9=c-9,.1

the number of electrons (N)
for all the atoms.

shared pair of electrons (S)

by Ni.e. S : N-A.

H: C: N:
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'l

Step 5. Complete the structure by repre-
senting the unshared electrons (U = A S).

EXAMPLES. (, fo draw Lewis sttucture of CO,

Stepl.A = 1x 4(forC) + 2 x 6(forO)
=4+12=16electrons.

Step2.N = t x 8(forC) + 2 x 8 (forO)
= 8 + 16 = 24 electrons.

St€p3.S = N - A = 24 - 16 =8electrons
(shared).

Stcp 4. Drawing skeletal structure with
shared pairs

o:: c:: o
Step5.U:A-S=16-8=8.
. . Complete Lewis structure will he

:O=C=O:

(ii) To dntw the Lewis struchlre of CN- ion

Stepl.A : 1 x 4(forC) + 1 x 5(forN) + 1
(for negative charge) : 10 electrons.

Step2.N = I x 8 (forC) + 1 x 8(forN): 16 electrons.

St€p3.S = N-A = 16 - 10 = 6 electrons

(shared).

. Step 4. Drawing skeletalstructure with shared
parrs

C::N-
Steps. U = A - S = I0 - 6 = 4

.'. Complete Lewi-s structure will be : C !! f.f i
Lewis structures of some typical molecules

and ions are given in the Thble 6.1 below :

TABLE 6.1. L€Iyis structures ofsome t!?ical molecules and ions

CHEMICAL BONDING AND MOLECULAR STRUCTURE

Lerris Lepr6ertation

:C=O:



H-O-N = O :

.. -o,.H-4-Nz'/

'o:

:iLH..t..
H-O-P-O-H.'t..

:o:

=N-ol-)

=N-ii:t..
'9'

o

o-

ot

o

o

o

z-

l+

o

t'

ll

N

o

N

o

o

:

N

I
:

o

s

o

o

i;
H

H:O

H:O

H:O

t:

o

o

t,g

I

l"'
t

(r,,) HNo2
(Nitro'rs acid)

,/fuii) HNor
,// (Niric acid)

(o) H3PO1

(Phosphoric acid)

Not
(Mtdlc ion)

No:-
(Nitrate ion)

(,0 sol-
(Sulphatc ior)

ol-
(Peroidc ion)

(xre) HrO*
. (Hydrcnium ion)

Nerl Course Cheruistrg

II

O:H or

(r)

(r)
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6.11. Formal Charge (EC.) on
an atom in a rnolecule/ion i.qi,slill+rii.-1#.i:.r,illr1lifffil':ir-i:.:

In a molecule, there is no charge on the
molecule as a whole or in a polyatomic ion (e6.
CO32- or NHo+ ion etc.) although the charge

p resent on the ion Ls the charge on the ion as a whole
and not on the individual atoms, yet for some pur-
poses,it is useful to assign a formal charge to each
atom in a molecule or ion,

' The formal charye on an atom in a molecule or
ion is d$ned as the difference between the number
of valence elecoons of thal alom in the ftee sttte and
the number of electons asigned lo lhol alom in the
Lewk sfr1tcfrlte, assuming that h each shand pair of
elecions, the atom has one elecfuon of its own and
the lone pair on it belongs to it completety- TbrJs tt
can be calculated as follows :

I Formal charge (F.C.) on I
I an atom in a molecule/ion 

.l

- I fr"trf no. of shared electronsl
" L @onding electrons; l

Ii\,L\IPLI1 | Cahulate fomal chatge on each
O-atom of Ot mokcule.

Solution. Lewis structure of O, is as follows :

t (.r.tll'f .1.. .:. Calculate the formal charye on
(i) S in HSO, ion (ii) Clin HCIOl

Solution. (i) t ewis structure of HSO. ion is

Applying the formula for calculation offormal
charge.

Formal charge on S=6-0-;(8)
=6'4=+2

(ii) Lewis structure of HCIO. is

:o:
n: o: cr: o:

.\J.

nor-ul.Uu.g. on Cl = 7 - 0 - j tSi = * :

atoms in (i) carbonate ion (ii) nitite ion
(N.C.E.R.T,)

Solution. (i) Lewis structure of CO3- ion is

Formal chargs on C atom

=4-o-i<rl=o
Formal charge on double bonded O atom

=6-4-lrol=n

./--O--.---
: o- ():

2

,,\ ----6 
t-- i,

:o:
H: O: S: O:-

:o:

The atoms have been numbered as 1. 2 and 3.

Formal charge on end O-atom numbered 1

1

=6_4_r(4)=o
Formal charge on central O-atom numbered 2

I
=6_2_;(6)=+t

Formal charge on end O-atom numbered 3
I=6-6-j(z)=-t

Hence ue represent O, alongwith formal

charges as follows ;
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Formal charge on single bonded O atom

1=6-6-)(z):-t
(if) Lewis structure of NO! ion is

Formal charge on N atom

=5-2-)rc1=o
Formal charge on double bonded O atom

=6-4-1r+l=o2"
Formal charge on single bonded O atom

=6_6_|Q>=_'
The main advantage of the calculation of for-

mal charges is that it helps to select the most stable

structure i.e. the one with least energy out of the

different possible--L_ewls StruQtures. The most
stable is the one which has the smallest formal

:l11s:_. onthe at9m,s.

6.1 2. Exceptio ns to Octet R u le i:i:::i:::iii'::iiiti:il:ii:ii:::;::::a:i::::ii:i:::.:::::::llli::..,

Although octet rule is able to explain
the formation of a large number of com-
pounds, there are some exceptions to this
rule as follows :

-/(iY' Formation of compounds involving
hydiogen. As hydrogen atom has only one shell
containing one electron, it needs one more electron
to complete its shell i. e. to acquire the nearest noble
gas configuraf,ion of helium. Hence hydrogen needs

to complete its duplet and not octet, as e:rplained
in the examples above.

(rr) Formation of comPounds like
BeO2 , BF3 , Atcls etc.In each of these molecules,

the central atom (Be, B or Al) has less than 8
electrons i.e. these are electron deficient com-
pounds as shown below :

," t 
d] 

! (Be has 4 electrons arouncl it)

F:B:F, CI:Af:CI

FCI

(B and Al have 6 electrons around them)

Thus octet rule is violated.
(iii) Formation of compounds like PCI'

SF. , IF, etc. In each of these molecules, the central

atom has more than 8 electrons (expanded octects)
as shown below:

3Cl;:Cl:
( 10 e around P)

( L2 e- around S )

( 14 e- around I )

Again the octet rule is violated in thesc
molecules.

(iv) Formation of compounds of noble
gases. Noble gases which have already completed
octets (or duplet in case of helium) should not
form compounds. However, their compounds
like XeFr, XeF' XeF5, KrF, etc. have been ac-

tuallv prepared.
(v) Odd electron bonds/Odd electron

molecules. There are some molecules and ions
in which the bonded atoms contain odd number
of electrons (usually 3) between them. Thc
bonds thus present are called odd electron
bonds and the molecules are called odd
electron ftrolecules. Some common examples
are given below :

: CI:

+

It6=,;-gt-]

F:

F:

oa

:CI:
aa

oa

:CI: P : CI:
ao aa

F:
": F:
F:

:F
:F:

I
:F:

.r
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Molecule/Ion Lewis Represcntalion

., . (i) Nitric odde (No)

(ii) Nitrogen dioxide (N02)

I ., (iii) Oxygeo molecule (O2)

, , (iv) Superoxide ion (ot)

or .N:O.

o
o

N,7
\

N

o

A three elcctron bond is considcred to be
equivalent to half covalent bond.

Lewis - Langmuir concept of covalent bood,
as explained in scc.6.!), has the following limita-
Lions:

(i) It could not explain how ths atoms are held
together in the molecules like Hr, Cl, etc. in which

there are no ions and hence thers are no electros-
tatic lorces of attractioni.e. it could not explain the
formation o[ a covalent bond.

(ii) It could not explain the shapcs o[
molecules containing covalent bonds.

(iil) It could not explain the release of cnergy
during the formation of a covalent bond.

To explain the above limitations, lwu impor-
tant theories called modern theories of covalent
bond formation have been put forward. Thcse are
based on quqntum nrcchonical pirtciples. -fhesc

arc :

(1) Valence Bond (VB) theory

(2) Molecular Orbital (MO) theor),

In the next section, we shall takc up a brief
discussion olValence Bond theoryonly and that too
in a simple manner without entering into the math-
ematical complexity involved. The discussion of
Molccular Orbital theory will be takcn up at t-2
level

e BonC Theory of
nt Bond (Orbital Concept) [,i:

This theory was put forward by Heitler an_d

London in 1927 and further developed by Pauling
and others. Ac.ording to this approach,

d.awlent hond is fonuil b tt& Wt'uil oveitnp ol
firo half-fiUd omic ofiitah conlabtingeMrons
vith opposite spitl.c.

The 'partial overlap' means that a part of the
electron cloud of each of the two half-filled atomic
orbitals becomes common. As a result, the prob-
ability of finding the electrons in the region of
overlap is much more than at other places. Thus,
the two electrons (with opposite spins) although
keep on exchanging position between the two
atoms but are present for maximum time in the
region of overlap and hence are attracted to both
the nuclei simultaneously thereby forming a bond
between thg two atoms.

fhe strength of the bond depends upon the
extetrt of overlapping. Greater the overlapping,
stronger is the bond formed.

To understand the concept more clearly,let us
consider the following examples :

(i) Formation of Hydrogen Molecule :
When two hydrogen atoms having electrons
with opposite spins come close to each other,
their s-orbitals overlap with each other result-
ing in the union of two atoms to form a
molecule (Fig.6.1).

7
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fluorine baving an electron of opposite spin in ?,
orbital, the half-filled orbitals overlap each other
resulting in the formation of a fluorine molecule as

shown in Fig. 6.3.

H-ATOM H-ATOM H2 MOLEC ULE

or in terms ot electron cloud pi.iure

Jl:ttarr,r ^rr:!idsr!i,lffi&*. rr$Emfr*,ii}ffii.'#ffij'''?.ffifJ 'iB..ffiEiI'
''Lt,,-}''i " -)-i'

lg.ATOMtC 1s-ATOMtC OVERLAPPINGTAKES
oRBrrAL oBBrrAL tL6ft5 

""8.t#hEtst
FIGI.JRE 6,1. Fornntion oI hydrogen molecule.

(li) Iormation of Ilydrogen Fluoride
Molecule: In case of formation of hydrogen
fluoride molecule, when one atom of fluorine
(elecronic confrguration | 1s2 bz ?42ptr2p1)
having one unpaired electron in itsp-orbital comes
closer to hydrogen atom with electron of opposite
spin in its tu-orbital, then the two half- hlled orbi-
tals overlap each other and a chemical bond is
formed between the two atoms. Ttis is shown in
Fig.6.2

HF IVOLECULE

FIGUBE 5.2. Formation of HF molecrle.

(lll) Formation of Fluorlne Molecule : Whcn
an atom of fluorine (electronic configuration :

1"'%'2p12ptr2p!) approaches another atom of

rTheirbond strengths are in the order F-F < fI-11 < II-F

F2 MOLECULE

FIGURE 6.3. Formation of Fluorine Molecule.

Difference in the sfiugths o[ bonds in
H2, IIF and F2. As the orbitals involved in the over-

lap arc different, the extcnt of overlap is different
and hence the strength is different.

Existence of only H, and non-exlstence of
spcies like H, Il. etc. This can be easily explaiaed

on the basis of orbital concept. A hydrogen atom
contains only one half-filled atomic orbital (1s)
which can overlap with thehalf-filled atomic orbital
of another hydrogen atom only, forming Hr. No

more half- Frlled atomic orbital is available and so
no more bond can be formed.

Non-formation of Her. This can also be ex-
plained on the basis of orbital concept. A helium
atom contains fully-filled atomic orbital (fu'z) which
cannot overlap with the L orbital ofanother helium
atom because only half-hlled atomic orbitals can
overlap with each other. Thus He, is not formed.

Interpretatlon of orbital overlap ln terms (lf
enerXgr conslderatlon. Thking the example of the
formation of [I, molecule, when the two atoms are

far apart from each other, there is no interaction
between them. When they come clossr to each
other, the new forces come into operation, These
forces are of two tlpes :

F.ATOM F,ATOM

H'ATOM
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thes
lhes
gy of the system.

-$r) The forces of attraction be )een the
nucleus of one atom and elect,bns d the othet afom.
These forces tend to decrease thl energy of the
system.

IN FIN ITE DISTANC E

' NO INTERACT|oN -

H-Aror,,l (lt O

cot\,tE
. CLOSER

.. INTERACTION
. STARTS

H-ATOM (B)

o
FTGURE-6.4. (a) No interactions at large distances

(b) lnteractions start a< atoms im. closr,.

(i) Force of attraction between nucleus o[ A
and electrons of B.

_ (ii) Force of attraction between nucleus of B
and electrons of A.

. (ir'i) Force of repulsion between electrons of
Ihe atonrs-

(iv) Force of repulsion between nuclei of thc
two atoms.

" 
Thc 

. 
diagrammalic representation o[ these

rorces rs grven in Fig.6.5.

INTERNUCLEAR OISTANCE (d)

FIGLJnE 6.5. Polential energy dia$-am showinq
vanation ol energ!, with internuclear

disbn.e behr,€en tlvo H_atoms.

In
amourt a certain

the bon to breat
have to

I . I do= BoND LENGTH
le+l E = BoND ENERGY

POINT OF

o
+ff
lr,
I --rl<
t>

UJF
t!
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i
o(l
l.tlz
trJ

Fz
ul
Fo
0-

NFW FORCES OF ATTRACTION- sHowN av sol-to l-tNes

NFW FORCES OF REPULSION'-siiowN aY sol-to utNes

FTGURE 6.7. New forces of attraction and repulsion
'riiJ.'"*"iti r'r,"iirrn atorns approaching each other

INTERNUCLEAR DISTANCE' d+

FIGURE 6.8. Variation of potential energy
whnn t,," hnlium .toms are_ brought closer'

6.15. fypes ol C
siqly .,,I1 :':trr- i-: '
Dependingupon the t)?e ofoverlapping, the

covalent bonds are mainly of two types ;

. 1. Sigma (o) bonil 
thc
ler'
th4

The overlapping along the internuclear axis

can take place in any one of the Iollowing ways :

fluorine (Fig. 6.10).

He\
ATOM (A)r\
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8?",fF+l1j l?",]:ie+H, o.3-nloolnf#'#,igpo* B?bi,?,..AFAXIS H2 MOLECULE

FIGLJRE 6,9. Formation of H2 molecxje (sr owrlapping).

1S_ORBITAL 2Pz ORBTTAL s-p OVERLAPP|NG |\4OLECULARoF H-AToM oF r-arou ALoNG '''-oh-s"n1j "
INTEBNUoLEAR Axts or rr uble-cure

FIGUBE 6,lO. Formation of HF mole.ule (s,p overlapping)

. 
(iii) p-p overlapping: This type ofoverlap

p-grbital of the other is in case-of fluorinc
1", %,2p12prrzp! (i.e. it has a half-filled [,
overlapping of Q, orbitals of the two fluorine atoms as shown in the Fig. 6.11.

2pz ORBTTAL 2pz OBBTTAL p-p OVEBLAPP|NG MOLECULARoF F-AroM oF F Aror.4 
, ,r.*frt"ort?* *," .;nZTE:tL

FIGURE 6,1 I. Forrnation oI F, molecr.rle (p_p overlapping).
Similarly the formation of Cl Cl and Br Br can be explained.
Summing up, a sigma bond is formed by rwcrlapping of (i) s-s orbitals (il) s-p orbitals (,i) p_p orbitalsalong the internuclear a"ris as representeU in fig. fi'.i2. '

@ O>€ D@€
s-s OVERLAP s-p OVERLAP p.p OVEBLAP

FlGt_rRE 6.12. Representation of s_s. s-p an.l po overlapping forming o bonds

Note. If Z-axis is chosen as thc ioternucle axis, n. overlapping can take place between s andp, orp, orbital orp, andp, orbitals r.e. there is zero overlap (Fig. O.f3j.

I

py

X
+

I

Px

FIGURE 6-13. No ov.rl:phi:rr i. noss,hlp herrppn
l,\ r1,i .-- ' .'' ,,r\italc

I

Pr
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FIGURE 6.14. p-p overlapplng forming a pi bond

A z-bond is seldom formed between atoms

unless accompanied by a o-bond. For example'

shown in Fig. 6.15.

Fig. 6.16.

MOLECULE
1t

(N=N)
1l

N2

O2 MOLECULE
,^ 7r ^.\\J__",

FTGURE 5.15. Formation of oxygen molecule

FtGuRE 6.15. Formation o, nitogen mol€cule'

(iii) In n

two carbon d

one /' bond

case of the formation of a z-bond, sideways over-

lapping takes place which is only to a small exteot'

Hence, z-bond is a weak bond.

For the same reason, the strergth ofthe three

types of o-bonds is in the order
s-s>s-P>P-P

Anoiher imfortant asPect about the o and

z-bonds is that whereas in case of o-bond, the

electron clo inter-
nuclear axis, etrical,

being more ow the

plane of the
Note. Usingthe appropriate signs for thewave

functions of theitomii orbitals, the overlap can be

positive or negative or zero as shown in Fig' 6 17 on

the next page.

TWO HALF.FILLED
p-oRBITALS oF o'AToM

I

TWO HALF-FILLED

N.ATOM N-ATOiI
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FIGURE 6.17. Depiction ofFosilive, negative and zero overlap.

o"r,llJil?ffliiifJsma ard pi Bonds. some importatrt poinrs of difference beueen sigma andpi

SIGMA (o) BOND

(i) Tbis bood
tbeir iDtern

6 }t^:.Llp"o q,overtapping betueen s.s, s_p orp-p orbttals.
(A 

3.:r]lry,o* p ruire largeaDd hence sigma bord is

€lecrroD cloud in this cnse is symmelrical about the
[ne Jotnlng the two Duclei-

!/3,:::.T:9^:l:i:T 9ronry ore eredron croud,slmmetncal aboul the intemuclear axis.
rotation about a o_boDd is p6sible.

(, 
P.i i: ro,m"o oy s6GfG lliilifiEiiiii
(lareral overtapping ).

(r, This is forned by rhe overlap of p-p orbitals onty.

(i4 
-Overlapping 

is to a smallextent. Hence z-bondisa
weak bond.

(iv) Electro[ cloud ofz-bbDd is unsyD]mekical.

Pi (,r) BOND
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b. tt:l.

mean positions.

Thc averoge 'centres of the

rurctei of llw calld its bond

length

In general, for a covalent molecule AB' the

bond lcngth (d) is given bY

d = re* t'y

where r4 and rg represent covalent radii of at'rms

A and B resPectivelY

Factors affecting bond length
The bond length in-

creas size of the atoms' For

exam -X are in the order

HI>HBr>HCl>HF
bond. The bond length

6 iPlicitY of the bond'. Thus

6 "arbon 
bonds are in the

o C<C-C

,IP3c-lH,tP'c-H>sPC-H
The bond lengths of a few common bonds are

given in Thble 6.3 below :

(2) Bonil EnthalPY (

atoms come close together

tion of bond between the

ConverselY, the energY is

bond to get ttre seParated atoms'

Thc anwunl o{encrgt required to break one mole oJ

so os lo sqarak lnem

band dissocislian ene r'

Bond enerry is usually expres-sed in kJ

mol-i. Further, 
-greater 

is the bond dissociation

energJ, stronger is the bond'

For diatomic molecules like H2, Cl2' 02' N2'

HCl, HBr, HI etc., the bond energies ar-e equal to

ln"ii ai..o"iation energies and hince.have. fixed

values. In case of polyatomic mole.c-ules' slnce a

;;;;l.t typ" orui'"d present in different mole-

',.-;i

iAnlf 6.3. Rond length of some common bonds

llond tength (Pm)
Ilond Bond length (Pm) Bond

127

747
161
109
t77
96

H_H
CI_CI
O=O
C_C
C=C
C=C

74
t99
120
154
134
120

H_CI
H-Br
H_I
C_H
C_CI
o-H
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cules (e.&, O-H bond in H_O_H or
CHaO - H e tc.) or even in the same molecule (e.g,
four C- H bonds in CH4) do not possess lhe same
bond energy (due to change in chemica_l environ_
ment), _therefore bond energies are usually the
average values.

The bond encrgies o[ some common boncls
have been given in Tablc -5.I ot Unir -5.

Fattors allecting bond energr
(i) Size of the ato,ns. Greatel the size of the

atoms, grealer.is the bond length and less is the
Dond drssoctatron energy i.e. less is tbc bond
strength.

(i, Multiplicity of bonds. For thc bond be_
tween the same two atoms, greater is fhe multi_
plicity of the bond, greater is the bond dissociation
energy. This is fustly because atoms come closer
and secondly, the number of bonds to be broken is
more.

^ (iiil Nunber of lone ?uirs uI L.lectrons pru:jent.
Greatcr (he number o[ lone pairs of eiectrons
present oD the_bonded aloms, greater is the repul_
sroo bctwecn thc utoms and hence less is thc bond
dissociation r:nergy. For examplc for a few single
bonds. we have

,A
Molecule: H-H O:O N=N C=O
Bond order: 1 Z 3 3

. For odd electron moleculos, as thc three
elcctron bond is considerecl as 

"quivalent to hill
covalent bond, bond order can be fractional also.

For example, Lewis structure of NO is : N I O :
(See page b,l5). Hence its bond or,lcr = 2 ].

2

. it is interesting to observe that isoelcctronic
species have the same bond order e.g.

(i) F, and Ol- have 18lectrons each and each
of them has a bond order = 1.

(ir) Nr, CO and NO+ have 14 elcctrons cach
and each of them has a bond order : 3.

Furthcr, it is also observed that

.,-(i) Greater the bond ordcr, grearcr is the
stability ofthe bond rla greater is the B'ontl enthalpy.

. .(fi) Grcatcr the bond orrlcr, shorter is thc
bond length.

11lll:1 ",e,,:.rii.r .. . .-.

It ionisationenergy o atoms in
their is advity is a
Proper

C-C N-N O-O F-F
l-one pairs
ofelectrons 1 0 I 2 3
on cflch atom 

I
ll(,hd ehcr$/ ] tJ8 Ir,3 I{r, lly
fkJ nol ')

(3) Boud Angle. We know that a bond is
lbrmcd by lhe overlap uf atomic orbitals. Tbe direc-
trrrn rrl overlap gives the direction of the bond.

The tnglz baween thc lirr6 rvFresenting thz direc-
lions of he bonds i.e. l,he otbitals contairrinE th2
bonding electrons Lt caltcd tlw bond anfu.

II is expressed in degrees, minutes and

):...""9: 19. exampte, H _C H bond angtc in
ClH4, H - N- H bond angle in NU., H - il _ H
bond angle iu HrO and F- B-F bond angle in
BF, are shown belorv :

f.
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lxn-x, | =0 102 Vtr

'yherc h, = B.E. (A - B)
B.E. (A - A) + B.E. (B - B)

2

and is expressed in kJ mol-1.
f the excess energY,

A, e electronegativities

of

are given in Thble 6.4.

values acrording to the equation
il

r. = )9.e. + E.A.) = Z 
(1.E. - 

^H,s)
(It may be recollected that EA-and tY,, ""

taken as equal in magnitude but opPosite in sign)

Mulliken's values of electronegativity are

given in brackets in the Thble 6.4

It is interesting to note that Mulliken's values

become equal io Paulins values if j 0.E' + E'A)

values in aV are divided bY 3.17.

+6 -6
H- cl

of reprtscnt.rtive (lcmcnls

GROUP

1

GROUP GROUP

15

GROUP GROUP

16 11

H
2.20
(3.06)

Li
098
(1 28)

Na
0.93
(1 21)

K
o.82
(1.03)

Rb
0.82
(0.ee)

CJ
0.79

Be
1 .51

(1.e8)
Mg
I .31

(1 63)

Ca
100
(1 30)

Sr
095
(1 21)

Ba

B
2.04
(1 83)

AT

1 .61

(1 .3?)

Ga
1.81
(l .34)

In
1.18

(1.30)

TI

C
255
(2.6',1)

si
1 .90

(2 03)

C,e

201
(1.e5)
Sn
196
(1.83)

Pb
2.33

N
304
(3.08)
P
219
(2.3e)
As
2.18
(2.26)
Sb
2.05
(2.06)

Bi
2.02

o
3.U
(3.22)
s
2.58
(2.6s)
Se

255
(2 sl)
Te
2. 10

(2.34)

F
392
(4.43)
cl
3 16

(3.s4)
Br
2.96
(3 21)

I
266
(2 88)

Values without the brackes are on Paulin8 scale

Values in brackcts are on MullikeD's s€le'

rMathematical calculation ot elerlrolleBalrvity bascd on MuUikcn scale -noD-evalualive

Pradcc y's

TAIILE 6.4.

GROUP GROUP

t3 t4
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How electrone{ativity is difrercnt from
electroE afliniry ?

(r) Electron affinity ca-n be measured ex_
pcrimentally whereas electronegativity is onlv a
relative number with respect to fluorine takeri as
4.O.

6.'18. Polar and Non-polai Covalent Bonds ::ir;r.Iti:,,;:,;

1. Non-polar Covalent Bonds. If two similar
atoms come close to each other and form a bond by
sharing their electrons, the shared electrons ari
equally atuacted by the two atoms as tle

tant bond is non-polar (Fig.6.18).

. _The_ 
important characteristic of a non-polar

bond is that the electron cloud is completetyiym_

H 3 Cli or

H:H
l
I

EXACTLY IN
THE CENTRE

FIGURE 6.1a. Non-polar covalenr
bond between H-atoms.

metrical and there is no charge separation at all.
-The examples of some non_polar molecules

are Cl, , O, , N, etc.

FIGURE 6.19. Polar coralent bond in HCI

l
I

MORE
ATTRACTED
TOWAROS Ct

:I
t

9j: ot

MOBE ATTRACTEO
TOWARDS CI

FIGURE 6.20. Polar covalent bond in ICl.

Examples of some other molecules containing
more than one polar bond are shown in Fig. 6.21.

FIGUBE 6.21. Polar molecules containing morp
than one polar pond.

+d -6H_cl

+
H

H-H
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Again, in case of symmetrical molecules like (2) In the catculation of percentag€ ion'c

Uoroni".inuoria" (BF),tethane (CHnj unJ"utU- character. This may be illustrated with the follow-

on tetrachloride (CCln), the molecular dipole mo- rng examPrcs :

of

ll
r case ofBFr, the

resultatrt of two bond moments' being equal rmd y:J
opposite to that of the third, cancels out' - '

6 charactcr would be

: 6'12x 10-18esu'cm
-6lZD

ltottcwca = l 03 D (Given)

'. Eo ionic chatactetil,
ll = 'r"b.'rnrd, t*
It ltionic

-itz ^

t-d LiH is , ,oo*,r1i"!,i!,'::,ii;:i,:,',:!
ak,ttic (lislsnce befiveett Li atd H irt tltc

= 1'9: * too = t6'837o

H*o cl ' txtlecule is I .596 A. Calculotc the percent

FIGLBE 5.25. Dipole moments of zero ,or symmelrical n)olv )e' io ic charactcr oJ lhe molecttlc'- 
Solution' If the molc ctic wcre 100'%

Applications of Dipole Moment : ionic,

lt ion;" = 4 x d

- (1 602 x 10-1e c) x (1 596 x 10-10,7r)

-- 2 557 Y. 10-2e Cm

llot'"n't = I 964 x 10-2e Cm (Givcn)

. . '% ionic charact ,' =t:B'L ' u'o

zero. This is because there is no charge separatlon

rriir"." ri.rJ"il"., q : o. rr,r. al-pole mome nt - 1 964 x 10-1e 9m x 100

"u" 
urro u" o."a to diitinguish between polar and - 2 557 x 10-2' cm

non-polar molecules. = 76.E1%.

?p.f1'f;1|El$},E; R
The obscrved diPolc momcnt for a molecule AB is 1 45 D aDd i(s boDd lenpth is 1 654 A late the

percrnage of ionic character in the bo;: @ihart E c'E' 20N) rs 3%I
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not bc s),mmctrical iI it posscsscs somu molccular
clipolc momcnt as in casc of watcr (rz = 1 .g4 D)
and ammonia (! = | .49 D). But iI a moleculc
contains a numbcr of similar atoms linked to thc
central atom and the overall dipole moment of thc

_ 
molecule is found to be zero,lhis ryill implythat the'moleculc is symmetrical, e.g., in case oiBFl, CHn,
CCln etc.

6.2'l . Ch6r.rcteristics ol Covalent Compounds.r,:,,:,r,

1. Physical State. Unlike ionic compounds
(whlch gencrally exist as solds), the covalent com-
pounds exist in allthe tbree states, viz., solid, liquid
and gaseous.

2. Crystal Structure. The crystal structure of
covalent compounds differs from that ofiooic com-
pounds. They usually consist o[ molecules rather
than ions.

5.'Meltlngand Boiling Points. Covalent com-
podnds have low melting and boiling points be-
cause the moleculcs in covalent compounds are

held together less rigidly (by weak van der Waal's
forces), tban in case of ionic compounds.

. 4,__ Solubillty. Covalent compounds are
generally-soluble in organic (non-po[r or weakly
polar) solvents but insoluble in water anrl cther
polar solvcnts.

5. Ele there are no
free ions to conductelectricity, electricity.
. 6. Non-ionic reactions. Since these com-

pounds are molecular in nature aad not ionic, their
reactions are molecular and procced at a much
slower ral.e than those of ionic compounds.

7. Dlrectlonal characterlstics and
Isomerism. As the atoms in cor/alent compounds
are held together by the shared electrons and not
by the electrostatic force, it i
Hetrce atoms in a molecule
directionaI arrangements an
and stereo-isomerism.

:]
The main points of difference between

electrovalent and covalent ocrnpounds are
summed up in Thble 6.5.

T

(')

(r'r)

(ii)

(r)

(v)

(u)

(r'ii)

0rr'i)

Tley are lbrmed by shariDg ofelecrrons belween the
two atoms.

'1. * .]i, _- :1: jr.:

These conlpounds may be solids or liquids or gases.
Thcy are Dtadc up of nrolecules held together by
$'cak van der Wa.rl,s lbrces of attraction.
They have generally low melting aDd boilitlg poinrs.

ELECTROVAI,ENT OR IONIC COMPOUNDS COYAI.ENT COMPOUNDS
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,,1 t. FeCl, has greater c(rvalent character than Feclz. This is because Fe3 t ion has greater charge and sDaller size

than Fe2+ ion. As a rqsult, Fe3+ ion has greater polarizing pover (Refer to Fajan's rules discussed on page

6/68, 6e).

2 Solubility of alumiDium halides is in the order AlF3 > AlCl3 > AlBr3 > All3 This is because as the size of the

anionincreases,itSetsmoreandn]oreeasilyPolarizedandhenclcovalentcharacterofthen]oleculelncreases
(Refer to Fajan's rules on page 6/68, 69)

::r:a -1. Dipole moment also helps to determine the tbllowlog :

.(i\Todistingtishhetweencisarullransiramerr..Ihisisbascdonthcfacllhalcisison]crusuilllvhushighcr
dipole mome nl than lrans-isom€r '' 

g'

n-" _clI
\H

cis (,L + O) trans ('r = 0)

lii) To dislinguish between onho, meta and para itomers' This is based on the fact that the dipole nloment of

p-iiomer = 0 and thal of ortho is Sreater than lhal ol meta e &
LI

+
CI

Par'a-

Vrriable and moximurn covalency. As covalencJ $ equal to lhe number ofhalf-filled orbitals' therefore if lhe

;;;i;;i;;;i;;L"rr" t r, 
"nipty 

a-orbitals in rhi valence she ll, rhe paired elecrrons from , and/-orbil ls

il;;;;i;;;h;[;"y be uoPai;d du; ; excitation to emptv !'--orbi*ls As a result' number or halr'-ril d

orbitals iDcreases and so is the covalency. For example, I sP = [Ne]10 3 ,2 Pl 3Pi 3P] Then it shows a covalcnca

of3asinPCl3 Inthe excited state, we have l5P = INello311 3p13pi3p]:dl Ttrus itwiltshow a covalcDcy

of 5 as in ,PC-t5AfmfAy, we have SFo and SFu Tlte msimum covalency is equal to the number of electront

preseht in the s ahd P-orbitab of tlrc valence shell in the ground state'
'l.or 

p-Oimettroxy Uenzene, # * 0. Tbis is because the structu re of this comPound is

CH" ,CH,".-,._oJa _o/
\\-/,/

The maximum number of covalgni bonds formed between two atoms is never greater than three'

A r-bood is Dever formed alone. It is formed alongwith a o-bond'

H-atom always forms oDly one d-bond in the covalent compounds'

Shell
This
t940

esPie

'-a-t'

,-8.o

CI
lcl

ol
ortho-

P=2 54D

il

C)IC

CI

-t
Q.,

p=148D

1, 2-Dichloroethene (+- shows

directioD of diPole moment)

Dichlorobenzene

#6.
#7,
ffi{ E.

$ un-

able e lust

simp in the

6.23. Valence Shell Electrcn Palr Bespulslon Theory

I
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in 1957. The basic conccpt of this theory is as

follows :

The central atom is linlted to other atoms by
covalent bonds which are formed by sharing of
electrons. Thus, the central atom is surrounded by
shared pairs (or bond pairs) of electrons and there
may be some lone pairs o[ electroDs also present
(which have not taken part in the formation of
bonds). The stabililv ofthe molecule demands that
it should have minimum energy. I[ the electron
pairs surrouading the central atom are nearer, they
will repel eachother, therebyincreasing the energy
of the molecule. But if the electron pairs are far
apart, the repulsions between them will be less and
so the energy of the molecule will be low. Thus the
main idea of the VSEPR theory is as under :

Tlu elaron pain noarding thc centrul lbm
repel ow atwther aad move so far aparc lmm one
anolher hd there ore nolwther repulsitm between
tham. As a raull, thc moleculz
and ruximum stability.

Since after repulsions between them, the
electron pairs take up definite positions around the
central atom, hence the molecule has a dehnite
s'hdpe or geometry.

The above coricept leads to the following
results (called the basic assumpdons of the
VSEPR thcory) which help to hnd the shape of a
molecule :

(1) The shape of a molecule containing only
two atoms is always linear.

(2) For molecules containing 3 or more atoms,
one of the atoms is called the central atom to which
other atoms are linked.

(3) If the central atom is linked to simiLr
atoms and is surrounded bybond pairs of electrons
only, the repulsions between them are similar. As a
result, the shape of the molecule is sym metricql .and,

the molecule is said. to have a regular geometry.

(a) If the ceutral atom is lirked to different
atoms or is surrounded by bond pairs as well as lone
pairs of electrons, the repulsions between them are
different*. As a result, the molecule has aa.irregular
or distofied geornefiy. The order of repulsions be-
tween electron pairs is as follows :

Lone pair - Lone pair > Lone pair-Bond pair
> Bond pair-Bond pair.

(5) The exact shape of the molecule depends
upon the total number of electron pairs present
around the central atom.

Based on VSEPR theory, the shapes of
molecules containirg 2, 3, 4, 5 or 6 electron pairs
around the central atom, all of which may be bond
pairs only or some of these may be bond pairs and
the remaining may be lone pairs are given in Thble
6.6 on next page alongwith examples of each type.
The detailed discussion of the examples is given in
section 6.25.

6.24. Hybridisation (Valence Bond Approach) :,i:,,i:

No doubt VSEPR theory is able to€dplaiAth;e
shapes of simple molecules but is unable to predict -

_..1&E-efasf shape u-a_!C!Sbe.-9f qaEx. Moreover
talking o[ the direclioa of electron pairs does nol

-G"6-o U" u..y ,"tional. lt was onlywith the advent
'of Valence liond Theory that the shapes of
molecules could be explained more preclsely. As
already explained, according to Valence Bond
thcory, a covalent bond is formed by the overlap of
half-filled atomic orbitals. The direction of overlap
gives the direction of the bond. However in apply-
ing this theory, a diffrculty was faced in a number of
cases as explain below :

As a covalent bond is formed by the overlap
of a half-filled atomic orbital, therefore the
covalency of the element should be equal to the
number ofhalf-ftlled orbitzrls present in an atom of
that element. However, on the basis of this concept,
the formation ofmany compounds such as those of
beryllium, boron and carbon could not be ex-
plained. Now let us have a look at this problem.

The electronic configurations of beryllium,
boron and carbon h the ground state are as follows :

Element Atomic
Number

'Bc 4
B5
C6

Electronic
Conllguratlon..
1"' ,2"'y2,x2,211, iti

1"',%',2p:2pr,
On the basis of these configurations, we may

conclude that berflium, boron and carbon should
possess zero, one and two covalenceis respectively

.because beryllium has no half-filled aromic orbital,
boron has one and carbon has two. But actually
beryllium has a eovalency of two as in the case of

CrnId. a page 6lj5

_._'Itwasthi6imPrc!'Ementwhichgla.sprrt-forrardbyNyholmandCiltespicinlgS?.Thcypointedoutthatthercisanimportant
differcrce bctq,recn lone Pairand bond Pair, Whcrcas the lone pair is locali;ed on the atom,_the bond pair is sharcd between t*n
ato.s. As a Esult, a lonc pair oc""rpias mo. s?acc and hence cau.cs gEatcr tcpursion, giving tbc otncr iplp > lp--+p > bp-np.
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TABLE 6.6. Shapes (Gcometry) ofmolecules containing bond palrs onlyor bond paim and lone pairs.

Ibtal No.
of

electron
psirs

Geometry of the
electron poirs

Bond
poirs

Irne
Pairs

Geometry of the
molecule

Exrmplcs

Lincar

2 0 g=.=g
3e

a,.L

3

JY

3 0

Triangular planar

il
I

u

.l: :I

1

/\
: o: ,9,

l 4 0

Tetrahcdml

3 1

Trigonal prramidal

Triangular planar



\
6/33

CHEMICAL BONDING AND MOLECUI.AR STRUCTURE

TABLE CONTINUED

') 2

Tligonal biPt'rar:liclal

PCls
5

sztd
Trigonal biPYramidal

-5 0

4 l sFn

J 2 ctF3

2 3

B

(,
Linear

XeF,
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TABLE CONTINUEO

L

sfd

--tsL'
d1

,-* ldi''<)rt L_
l'o
lt.,'

Octahedral

6 0 SFu

5

4

1

Square pyramidal

clF5

2

Square planar x
XeFa

Note. In predicting geometry of molecules containing double bond, the double bondis considered
as one electron pair. For example, in case of ozone, its two resonating structures are

'9-o=o -- 6=6-o,
In each structure, the central

as one bond pair), n"o"" it rru, 
" 

t"Xttof,l# 
on" to* pui' 

"oa 
two bond pairs (counting double bond

/
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BeF2, boron has a covalency of thrce as in BF,

whcreas carbon has a covalency of four, e.g, in
CHo, CClo, CO, etc.

To overcome the above problem, it was sug-

g
a

e

case of carbon. Its atomic numbcr is 6 and so its

eonfiguration in the ground state Ls

6c .......... tu' ,zsz Zpt,zpt' (Growd state)

Thus, it has two unpaired electrons in the

ground state. So it should form two bonds only. But

actually carbon shows a covalency of 4. To explain

this, it is suggested that an electron from 2s orbital

iumps to !p orbital and so the configuration of
carbon in the excited state is

6c ........ tu2 ,zt' 2p',2p', ,2p: (Excited state)

Thus now carbon has four unpaired electrons

thereby explaining tetravalent nature of carbon. Its
one s and three p orbitals can overlap with the

half-filled orbitals of reactiug atoms, formiug four
covalent boods. But covalent bond formed by 2s

orbital of carbon should differ in energy from the
bonds obtained by the threep orbitals Houcwq'
experimental data clearly show tlnt all the four
bonds of iarbon are same in energy.,Moreover, the

three bonds formed by 2p orbitals should be at 90'
to each other and the fourth formed from 2r orbital
may have any direction. However, this is actually

not so. Hence a new concrpt was introduccd to

explain this abnormal behaviour of carbon. Ac-
cording to this concePt, all the four orbitals of
cubon having unpaired electrons ald possessing

slightly different energies mix up their energies aad

then redistribute it in four equal quantities thus
giving rise to four new orbitals each h aving the same

amount of energy. This new concept was referred
as hybridisation. Thus

Hybridisttian b dzlitd tt llv t tixirrg of ltg
utomic orbi.hls balonginE lo lhe ffimc attm bul
haing slipfuly tfifereat etwgir n lhol a
reilistribution of energ taha plarz behemt lham
tesulting in thE lot tuion of ncv orbit4ds o! qwl

othit/,ls tfuts

The shape of a hybrid orbital (made from s
ardp orbitals) is like that ofp orbital except that
the two lobes are unequal in size, i.e., there is one

snall lobe opposite to a big lobe on the other side

as shown in Fig. 6.26.

OR
SIMPLY

FIGURE 6.25. Representation oI a hybrid orbital

I .,ftote carefully llra t the encrg requieil lor excita-

ion of ebctrons becoma available when lhe com-
beca*se energt
approach euch

other That Ls why hybrilkation never takcs place

in isol lcd alot Ls but occurs only al tha time of hontl

Iomdion.
Some Important Points about Hybridisation :

(i) Only those orbitals which have ap-

proximately equal energies and belong to thc samc

atom or ion can undergo hybridisation

(ii) Number of hybrid orbitals produccd is

cqual to the number of atomic orbitals mixed

(iii) lt is not necessary that all the half:filled
orbitals must participate in hybridisation. Similarly,
i[ is no[ necessary that only half-filled orbitals
should participate in hybridisation. Even completc-
ly filleLl ,rrbitals with slightly diflercnt energies can

also participate.
(lr,) Hybridisation ncver takes place in iso-

latecl atoms but it occurs only at the time of bond
formation.

(r) flpe of hybridisation indicates the

geometry of molecules. One can tell thc shape of a

molecule b,'- knowing the kind of hybridisation in-
volved.

(,i) The bigger lobe of the h.vbrid orbital al-
ways has +ve sign while the smaller lobe on thc

oppositc side has a -ve sign.

fues of Hybridisation.
1. Diagonal or sp hybridisation.

When one s and one p orhital bebnging to tlD sdme
main shell of an aum mix lagelhzt to form fivo ftete

equivalenl orbitab, tln type ol hybridisation it
calM sp hybriilisation or diagonal hybridkation.
The new orbitrulsJormed are called sp hybid orbi-
,ro'ls.

6/35
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They arc collinear with an angle of ltl0' as

shown in Fig. (r.27.

o.

TWO sp HYB R lD OBB ITALS

FIGURE 5.27' Diagonal or sp hybridization

Each ol thc hybrid orbitals formcd has 5017"

.r-charactcr arr.J 50'h 1t- chaructcr' Thc rcmaining
trr,, p-rrrhilirls rvhich Jrr nrrl particil'atr: irr

hvbriclisation remain as such. ll thcse arc hull-
lillccl, thcy nray lorm bonds with othcr atoms having

hall-llllcd atomic orbitals.

,/daupr,gs. A tcw compounds in rvhich.y.,

hylirldisation is involvetl are

(r) All compounds of beryllium likc BcFr,

BcH, ctc.

(ii) All compouuds ol carbon containing
C=C triplc hond Iike acetylene (CrHr).

Thcsc rvill be discussed later under 'Shapcs of
rnolccttles'.

2. Trigonat or sp2 hybridisati(,n.

l4hen one s and two p orbituls oI lhe sume sfull oI
an u,om mir lo lorm thrw new equivulenr orhitakt,
the qpe olhlhridisatlon is culled ry1 lrybridisalion
ur tiigtial fuhndintiot. The new orbitalsforrned

rc calltd sp2 hlhrid orbltdll,

All the threc hybrid orbitals remain in thc

sumc plunc making an anglc of 120' rvith onc

xnothcr irs rcprcscntcd in Fig. (r.2ll.

Each ol the hybrid orbitals tbrmcd has l/3rd
L-charactcr (33'Z) and 2,i3rdp'charactcr (fi %,). T nc

non-participating /.r-orbitnJ, if halt- trlled, can torm
honcl rvith othcr atorrrs having hzLlf-fillcd orbiturls.

EXAMPLES. A fcw compounds in rvhich

\1r2 hybri(lisation takes placc are:

fi All contpott t ls r,[ boron. cg,, BFr' BH.

clc

Gsb
rnae i sf Hvsnro onituLs

FIGURE 6.2a. Trigonal or sp2 hybridization

(ii1 All compounds of carbon
C-Ctioublchond.

Thcsc arc discussetl latcr undcr

conl aininr.

'Shalrcs r,l
mol, curcs.

-1. Tetrahetlral or sp3 hybridisation.

When one s and three Vorbittls halonging lo lhe
somc shell oI an alom mi-r togclher lo lorm four
ncw equivalenl orbilalt, the lypc oI hyhridisation
is tulktrl s1t! or lelrahcdrul hyhri isation. Tht
nex' orhilals arc culled sp3 or lclruhedral or-
b itu L\.

Thcsc arc clircctocl trrrvards the lirrtr corncrs
ol a regutar tctruhedrctn and mlkc an anqle ol l09'
lS' u,i(h one uno[hcr as rcltrcsentcd in Fig 6 29

sp2 HYBBtDtsA.rtoN

sp3 t-rYB B tD tsarto t't

FOUR SP3 HYBRID ORBITALS

FIGURE 6.29. Tetmhedral or sp:l hybridiz:tion
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Each.rpr hyhrid orbital has 25t/c s-charircrer
aad 7 Sc/o p- character.

EXAMPLES. A few compounds in rvhir:h .r23
hybridisation occurs arc methanc (CHr), cthane
(CrHo) etc., i.e., all compounds ofcarbon conlain-
ing C - C singte bonds only. Thcsc are discusscd in
clctail in thc ncxt sectioo under thc'shupcs ol'
molecules'.

It is interesting to mention here that thc size
of.rp-hyhrid orbital is smallcr than that ofrTr: ht brid
orbital \\,hich in turn is smaller than th:rt ol .vr3
hybrid orbital.

c : _ :iir..cli.nel o-.,nndi6c .. irrnds
and Geornetry or Shapes ol Molecules ;,.iri:ir:j!:iJl

As alrcady discussod, ionic bond is non-direc-
tional. Hence the structur-e_qf an ionic qomgound
is dctormincd by the relative size of the ions. How-
cver a covalcnt bond is directional. This is becruse
a covalent bond is formed by the r-rverlap of half-
filled orbitals (hybridised or unhybridised). The
direction ofoverlapgives the direction ofthe b,,nd.
Furthor, it may be pointed out that a hyl.ridised
orhital has greater directional character thirn l)-or-
bital because p-orbital has equal sized lohcs rvith
equal electron dcnsity in both the lobes whercas a
hybridized orbital has greater electron dcnsitv on

A. SHAPES OT MOLECULES CONTAIN-
ING BOND PAIRS ONLY

(1) Shape of Beryllium lluoride (Bctr'2)

moleculc:
(a) On the basis of hltridlsation
Atomic number of Be = 4
Its electronic configuration in the ground

statc is Lr2 2s2.

The elcctronic cotrfisuralion in the excited
statc is tsz 2rl p].

One 2r a
hybridisation to
bitals which are
overlap with the
atoms to give a linear shape as shown in Fig. 6.30.

(D) On tbe basis ofYSEPR theory, In BeFr,
thc central atom is Be which has two valence
electrons. It shares these electrons with two
fluorine al.oms, r'.e. its Lewis structure is

:F : BC: F:

one side. Thus, in case of molecules
containing three or more atoms, one o[
the atoms is the ceotral a(om and the
othcr atoms are linked to it in tlcfinite
directions.

A partieular Krar.gcncnt obtairud by
bonding a numbet of atont in delinite
.liecliotlr to lhe central dtom of u
molealt is called the geomclry or shape
ofthe mol*ule.

The geometry or shapc o[ a
molecule (as found by experimental
methods) can be explained on the basis
of either of the following :

(i) Volence Shell Electrcn pair Rcpulsion
Theon, (VSEPR Tltcory)

(ii) Hybidisztion

The shapes of a few molecules on the hasis ol
hvbridization as wcll as VSEpR thcory arc brrofly
dcscribcd below :

O.-%,,t'*i,"*db-sp
HYBRIO

ORB ITALS

180o

---D F.-,r- Be-l- F

LINEA R

(2) Slape of Boron trilluoritte (B[.r)
molecule;

(a) On the basis ofhybridisati0n
Atonric numbcr of B : 5

Its e-lcctronic configurulion in thc grrrunrl
stxte is l.r2 lr2 ?,1

Thc elcctronic etlnfiguration in the exeitr:tl
strtc is I r'2 :t' ],1 l,i

FIGURE 6.3O. Formation of sp hybrid orbitils and shape of BeF2
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One 2s and two !p orbitals undergo sp2 hybridisation to form three haH-fill9d sP2-hybrid orbitals

which are planar and oiiented at an angle oi Lz}'to each other. These overlap with half-frlled orbitals of
three fluorine atoms to form BF, whic6, therefore, has triangular planar shape as shown in Fig.6.31.

sp2HYBRlD ORBITALS

F

FIGUBE 5.31. Formation of sp2 hybrid
orbitals and shape of BF3.

(D) On the basis ofVSEPRtheory. In BFr, the

central atom is B which has three valence electrons.
It shares these electrons with three fluorine atoms

i.e. its Lewis structure is

,f ,

B: F:

Thus B atom is surrounded by three bond
pairs which according to VSEPR theory take up

positions at irn angle of 120'with respect to each

other thereby giving it a triangular planar shape as

shown in Fig. 6.31.

(3) Shape of Methane (CH) molecule:

(c) On the basis of hYbridisation.

Atomicnumber of C:6
Its electronic configuration in the ground

state is kz bz 2p'rU',

The electronic configuration in the excited

state is lsz bl zprrzpiui

One 2s and three 2p orbitals undergo sp3

hybridisation to form four sp3 hybrid orbitals which

aie arranged tetrahedrally nt il1 angls of 109" 28'

to each other.

The four sp3 hybrid orbitals overlap with the

half- filled fu orbitals of four'Il-atoms, tbrming
CHo as represented in Fig. 6.32' Thus CHn is a

tetrahedral molecule with each H-C- H angle

equal to L09' ?3' (= 109' 5").

(D) On the basis of VSEPR theory. Ceutral

atom in CHn is C. It has four valence electrons

vrhich are shared with four hydrogen atoms. Thus

there are four bond pairs of electrons present

around the central atom (carbon) as follows :

tI
H:C:H

H

Now according to VSEPR theory, these four

electron pairs will repel each other and thus move

so far apart that there are no further repulsions

between them. The only shape possible is

tetrahedral as shown inFig.6.32.

Some other examples of molecules/ions

having tetrahedral shapes are CCla, SiF4, SiH4,

NHo+, BQ- etc.

F
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HH

FIGURE 6.32. Formation oI CLI4 molecule.

(4) Shape ofEthane (CrH) molecule : In the

formation of ethane rnolecule, each carbon atom
uadergoes sy' hybridisation, thus forming four sp3

hybrid orbitals directed towards the corners of a

tetrahedron and inclined to each other at an atrgle
of 109'28' . one sf hybrid orbital of the Iirst carbon
atom undergoes overlappi.ng with one s1 hybrid
orbital of the sccoEd crrbon atom a-loEg the inter-
nuclear axis, thus forming a o bond between them.
The remaining three sp3 hybrid orbitals of each
carbon atom urdergo overlapping with the half-
filled tu-orbitals of H-atoms, each along the inter-
nuclear axis and hence forming a o bond. Thus the
complete picturc may be represented as shown in
Fig.6.33

Obviously, the nolecule has a regular
geometry.

The various bond parameters are fouad to be
as follows :

(i) C-C bond length : 154 pm

(ii) Each C-H bond length : 110 pm

(ii) Each H-C-C

or H-C-H bond angle = 109'28'

(iv) C-C bond dissociatiotr etrergy

: 3,18 kI mol-r.

H-AfoM

H.ATOM
H.

" /'

/-.-

\,

FIGURE6.33. Formation of elhane molecr.tle.

(5) Shape ofEthylene (C2H.) molecule : The
electronic configuration of C-atom in the excited
state is : uC : b2 2sl U:zp'r 2?:

In the formation- o[ ethyleoe molecule, each
C-atom undergoes spz hybridisation, thus leaving
ooe ?p, orbital in the original state, i.e., in the

unhybridised state. The three{p2 bybrid orbitals of
each C-atom are planar and are inclined to each
other at an angle o[ 120'. One spz hybrid orbital of
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the first C-atom ovorlaps with one spz hybrid
orbital ofthe second C-atom along the internuclear
axis thereby forming one sigma bood between
them. The other two spz hybrid orbitals of each
C-atom ove ap with the half-filled tu-orbitals of
H-atoms along their respective iaternuclear axis
forming o-bonds. The unhybridised !p, orbitat oI
the first C-atom undergoes sideways overlappiag
with the unhybridised 2p, orbital of the second

C-atom, thereby forming az bond between the two
C-atoms. So the formation of ethylene molecule
may be represented as shovm in Fig. 6.34.

Thus the two C-atoms are linked to each other
by one abond and one z bond and each C-atom is
further linked to two H-atoms by o bonds. The
molecule is planar. The various bond parameters
are so follows :

(i) C : C bond length = 134 pm
(ii) Each C-H bond length = 199 Oot
(iii) Each C-C-H or H-C-C bond angles

= 120"
(rv) Total C = C bond dissociation energy =

614 kJ mol-r.
Out of 614 kI, the bond dissociation energy

for obond is 3tB kJ (as alreadymentioned). There-
fore, the bond dissociatioa energy for z bond is
614 - 3.18 : 6kJlmole. Hence z bond is a weaker
bond. This is the reason for high reactivity of com-
pounds containing z bonds.

(6) Shape of Acetylene (C2H2) molecule : In
the formation of acetfene molecule, each C-atom

FIGURE 6.34. Formation of ethene (C2H4) molecule

undergoes sp hybridisation leaving two 4, orbitals
in the original unhybridised state. The two sp
hybrid orbitals of each C-atom are linear, i.e., they
are 180' apart. One sp hybrid of the frrst C-atom
overlaps with one sp hgbid orbital of tbe second
C-atom along the internuclear a:ris thus forming o
bond bctwecn them (Fig. 6.35). Thc second sp
hybrid orbital of each C- atom overlaps with the
half-hlled 1s-orbital of H-atom again along the in-
ternuclear a.:ris and thus forming o bonds,

The un-hybridised 2p, orbital of the hrst C-

atom undergoes sideways overlapping with
the ?, orbital of the second C-atom, there-

by forming a z bond between the two C-
atoms. Similarly, the unhybridised fu.
orbitals overlap sideways forming another
z bond between the two C-atoms. Thus all
the carbon and hydrogen atoms are linear
and there is electron cloud above aadbelow,
in the front aad at theback ofthe C- C axis.
In other words, there is electron cloud all
around the internuclear axis thus giving a
calindrlcal shape as represented in Fig.
6.35.

1l
g-6lIE6-s

L

FIGUBE 6.35. Formation of acetvlene (CeH.r)
molerr.rle (cylindrical shaf e).

The various bond paramcters of acetylene
molecule are as follows :

(i) C = Cbond length = 120 pm

(i/) C-H bond length = 108 pm
( ) H-C-C bond angle - 180'
(iv) Total C=C bond dissociation encrgy

:811 kI mol-1

,r-€o N D

o
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(7) Shape of PF, molecule. In PFr, the

cenl.ral atom, phosphorus, has the ground stale
e lecrronic configur;ton lsz 2s2 2p6 atz qt,q) y!
One of the 3 electron gets promoted to 3d orbital
giving the electronic conhguration 'ts2 2sz 2p6

kt 3p:3pjp: Ut. Thus it involves spJd hybridisa-

tion (rig. 3.ro).

that axial P-F bonds are slightly longer than
equatorial P- F bonds (Bond lengths : P- F axiatl

= L58 pm, P-F equatorial : 153 pm). However
NMR (Nuclear Magnetic Resonaoce) studies show
that all the hve F atom-s are equivalent and can
exchange their positions* and hence all the five
P - F bonds have the same length. The reason for
the difference in the two studies is on account r,i the
fact that electron diffraction gives instantaneous
picture of the molecule whereas NMR takes time
more than the time required for the interchange of
ixial and equatorial F atoms.

Otherexamples. Similar geometry is expected
for PCl, and SbCl, molecules. However in PClr,

axial P-Cl bonds (bond length : 219 pm) are
longer than equatorial P-Cl bonds (bond length
= 204 pm).

(E) Shape of sulphur hexalluoride (SF)' In

EouAloRtAL SF5, the central atom, sulphur, has the ground state

electronic confguration G 2;2 2p6 k2 3p13p1y3pt,

and F has 1"'2.? 2pizpiU:. One of the 3s

elecrtrons as well as 3p electron get promoted to 3d
orbitals giving Ge electronic configuration
'!s2 N2 2p6 kt 3pt,3pt"3p1,ut 3dr. Thus it involves

spry hybridisation. Aiternativety, it has 6 electrons in
the ralence shell. As a result, the c€ntral atom is
surrounded by six bond pairs of electrons in the
valencr shell.

FIGURE 6.36. Trigonal bipyramiCal geometry of PF5

Alteflrutiveb,, the central P-atom has 5 valcncc
electrons. As a result, it is surrounded by five bond
pairs of electrons.

+5

According to VSEPR theory, for PF, to have

minimum energy, the bond pairs of electrons
should be as far apart as possible from each other.
This is possible only if the molecule acquires a

trigonal bipyramidal shape.

In this structure, three of the fluorine atoms
lie in the same plane as phosphorus atom and are called
equatorial fluorine atoms and the bonds formed are
e led equatorial bonds, The other two fluorine atoms
lie at right angle to the plane of equatorial bonds and
are known :s axial fluorine atoms and the bonds
formed by them are called axial bonds.

Bond lengths anil Bond angles in PFr.

Electron diffraction studies of PF, gas show that

the equatorial bonds are at angle of 120" with each
other whereas axialbonds make an angle of 90'with
the equatorial bonds. Further, these studies show

According to VSEPR theory, for SFu to have

minimum enerry, the bond pairs of electrons
should be as far apart as possible from each other.
ThLs is possible only if the molecule acquires a

rtgular octahedral geometry (Fig. 6.37).

IfSFu, four S -Fbonds are in the same plane

at right angles to one another and are directed
towards the four corners of a square. The oth€r two
F atoms lie at right atrgle above and below the plane
of F atoms.

SFu molecule is a symmetrical molecule and,

therefore, is stable and far less reactive.

.F:

F.q

F

?Thc interchange o[ axial and equatorial po6itions is called'pseudorotation'.

F:

F:

.. 'i
F ..

5i: .."f
:S:+6 .F: +
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,,;\
,'i Y
Z--vF

4
,'i

FIGIJRE 6.37. Octahedral geomety oI SF5.

Otherexamples. TeF 6 is also expected tohave
a regular octehedral geometry.

B. SHAPES OF MOLECULES CONTAIN.
ING BOND PAIRS AS WELL AS LONE PAIRS

(9) Shape of Ammonia (NHr) molecule :

Atomic number of N : 7

7N =

Its electronic configuration is

ts, N, zpt, 21, zlt"

One 2s and three Q orbitals undergo qp3
hybridisation formiag four sp3 hybrid orbitals out
of which three contain one electron each and take
part in bond formation and the fourth rp3 hybrid
orbital contains a lone pair of electrors and hence
cannot participate itr the bond formation. The four
.1p3 hybrid orbitals will obviously be directed
towards the corners ofa tetrahedron and hence the
bond angle between any two sp3 hybrid grbitals
would be 109' 28'. Now, when the three spr hybrid
orbitals, each containing one electron only, overlap
with the ls-orbitals of H-atoms to form NHr, the
expected H-N-H bond angle is 109' 28'. But ex-
perimentally, the bond angle in NH, is found to be

107'. The obvious reason for the decrease in angle
is that the lone pair repels the bond pairs. Thus the
formation of NH, molecule may be represented
diagrammatically as shown in Fig. 6.38.

N

1s

@

BONDING
sp3.HYBRID ORBITALS

OR

HH
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Such a shape is known as trigonal (or hian-
gularl pyramid in which thE three H-atoms form
the triangular base of the pyramid with N-atom at
the apex. The same applies to molecules like
PCl3, NF3 and HrO+.

(10) Shape of water (HrO) molecule : The
shape of HrO molecule can be explained exactly in
the same way as in case of NH, molecule.

Atomic number of Orygen : 8

Its electronic configuration is

1s2N2fi2p)zpr,

One 2s and three p orbitals undergo sp3
hybridisation forming four sp3 hybrid orbitals out
of which two contain one electron each and the
other two contain a pair of electrons (i.e., lone-
pair) each. As usual, the four sp3 hybrid orbitals
thus formed are directed towards the corners of a
tetrahedron and hence the bond ang.le between any
two sp3 hybrid orbitals would be 109"28'. Now when
the two sp3 hybrid orbitals containing one electron
each, overlap with the half-filled fu orbitals of
H-atoms to form HrO, the e4pected H-O-Hbond

go=

angle is t09'28' . But e4perimentally the bond angle
is found to be 104. 5". The reason for the still lesser
bond angle inH2O thaninNH, is that in thi5 snss

there are two lone pairs of electrons present which
repel the bond pairs. Thus in this case the repul-
sions are more than those in the case of NH,
molecule. The formation of HrO molecule maybe
represented as shown in Fig. 6.39. Thus water is
Y-shaped or bent molecule.

HF molecule is linear since it has only two
atoms though in this case also, four electron pairs
(one bond pair and three lone pairs) form
tetrahedral geometry.

Some other examples of molecules/ions
having shape similar to that of HrO are SOr, FrO,
NH, , SCI etc.

(11) Shape of SF. molecule. This is an ex-

ample of a molecule in which the effect of lone pair
has a great significance in deciding the shape of the
molecule.

Atomicnumber of the central atom (S) : 16.
Its electronic configuration is

BONDING
sf-HYBRID oRBITALS

N

LONE PAIRS
OF ELECTRONS

FIGURE 6.39. Forrnation of water (F{2o) molecule.
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1s2 2s2 2p6 3s2 3d 3Pry3pt"

or in the excited stat€, it is

Lsz %2 A 3s2 3p1,3ppplY1

It undergoes sp3d hybridisation to form lle

TffI;
ectron

each which are shared with those of F-atoms.

In terms of VSEPR model, in SFa, S atom ha.s

5 electron pairs around it i.a. 4 bond pairs and one
lone pair. Hence their arrangement should be
trigonal hipyramidal.

Depending upon the position occupied by
lone pair, two possible structures of SFo are :

F

o

FF
Lone pair occupying Lone pair occupyhg

axial position equatonal Position
(Less slable) (More stable)

FIGURE 6.4O' Two possible structutes of SF4

repulsiorus at 90'
wh IP-bP rePulsioas

at e and hence the

correct strucfure* . lt is a distotted tetrahedron ol a

folded square or a see-sat4,.

(12) Sfrape of ClF, molecule. This is another

example in which the lone pairs decide the shape

of the molecule. It is isoelcctronic with SFo but it

has two lone pairs and three bond pairs The fol-
lowing three arrangements are possible :

Based on lsions, it
is found that i.c. has

minimum ener ence (a)
is the correct struclwei.e. ithasT-shtpe.

Elf€ct of€lectrotregativity ot the central atom
on the bond angle of similar molecules. For cx-

LONE PAIRS
OF ELECTRONS

FIGURE 5.42. Ilepulsion of bond pairs and lone pairs

Smaller distance {closgr
bond pairs), larger
repulsions.

LONE PAIBS

rAl6o r€membcr that rcpulsion bclween electron paitE dccEascs with incrtisinE bond anglc betutcn thcm. ThcrcfoE

rcpulsioffi bciwecn clcctron Pairi at 120'and 180'rDaybe neglected in comParison to thosc at 9f'
..tn <a),lp - lp = 0, lp - bp = 4,bp - bp = 2

tn (b),lp - tp = t,tp -bp = 3,bp - bp =1 comPared with (b)' (a) has no'p - 
'P 

rePulsions' com-

tn(.),lp - t? =o,lp - up = u,up - op =i Pared with (c)' (a) has less {P - 
'p 

repulsioos'
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Due to smaller size and high electronegativity
of O-atom, the bondpairs are closer to O-atom and
hence therepulsions between them are large. Aswe
move from orygen to tellurium, the size of the atom
increases and electronegativity decreases. As a
result, the bond pairs move away from the central
atom. Hence the repulsions between thebond pairs
decrease and so the bond angle also dccreases.

Similarly, in case of hydrides of group 15 (all
of which have pynamidal shape with one lone pair
of electrons on the central atom), the bond angles
decrease as follows :

NH, PH, AsH, BiHl

107.5'93.4" 91.5' 9t.2'

Conclusion. In similar molaub, as the
elearorugutivily of lhc ccrrtdlatom decre$, und
tlu she innerses,lhe borul anfu dffr?uff$'

Elfect of electronegativity oI the surrounding
atom on the bond angle of similar molecules. For
example, in the trihalides of phosphorus (all of
which have pyramidal shape), thc bond angles in-
crccse as follows :

PFt PCl3

9T 10ff

6.26. Co-ordinate or Dative Bond t:::rrlij:iil::i;i,:i::!:i::i:ii;iii:::::::ir:::

Perkins in 1921, suggested a third possible
way by which atoms cao combine and form a
molecule to account for the sEuctures of certain
compounds such as sulphur trioxide, sulphuric
acid, nitric acid etc.

It was assumed that certain atoms which haye
complete octets can donate their valence electrons
which are not involved in thc bond formation, to
other atom/atoms which are short of electrons.
These donated electrons are, therefore, lone pairs
of electrons and arc shared by both the atoms.

Trm itt thz lottulhn oI d hond, fu ewftrn ,air
(b,e pair) b doaodry ortcdk,i bd *Edb! botk
lhE atoE,J fr ai lo @r,pki ilun odztg tlu botd
[ord it ald u*rdilutc hotil or dative botd

Thus whereas in case ofcovalency, the shared
pair of electrons has equal contribution from both
the combiningatoms, inthis case shared pair comes
from only one atom, and this atom is termed as
donor and the other atom tus acceptor. This bond is
represented by an arrow pointing from the donor
to thc acceptor. Compounds havingthis linkage are
known as co-ordinate compounds. Since this bond
has some polar character,it is also knorcafdative
ii semi-polarbond or co.ionic bond. Some illustra-
tions are given below :

(i) Combination of Ammonia and Boron tri-
fluoride : In case of ammonia, nitrogen has hve
valence electrons. C)ut of these, three electrons are
shared by three hydrogen atoms to form ammonia
molecule while the remaining two electrons form a
lone pair, which can be donated to any electron-
deficient atom or molecule. In BF, molecule,

boron is short of two electrons. So to complete its
octet, it shares the lone pair of nitrogen, forming a
dative bond as shown in Fig. 6.43.

FIGURE 5,43, Formation of a co-ordinate
hond between NH3 and BF3

PBT, PI,

101.5' L02'

This is evidently due to the fact that due to
high electronegativity off,, bond pair ofelectrons is
more attracted towards F i.e. it lies away from the
central atom. As slectrotregativity decreases from
F to I, the bond pairs are closer to ths central atom
and the repulsions between the bond pairs increase
and so the bond angle also increases.

For the same reason, the bond angle in FrO is
smaller than that ir H2O.

AICI, etc.

Similarly, CH4, CCl4, NH4+ etc. all have the same

bond angle viz. 1@?8'.
(ii) Bond angles may vary due to cqtain other

factors also e.g bond angle of NH, is greater than

that of NF, but bond angle of PH, is less than that
of PF, (See Page 6/67).

HFtt
+H-N+B-FltHF

u

Note, (i) For molecuJes or ions having regular
geometry, the change in the electronegativity of the
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(ii) Sulphur Dioxide : Sulphur as well as orygen atorns have six valence electrons and each is short
of two electrrons to complete its octet. In order to comPlete their octets, sulPhur atom and orygen atom,

share two electrons each thus forming a double bond berween them. Sulphur atom still has four unshared
electrons, i.e., two lone pairs to donate. Thus sulphur donates one lone pair to one orygen atom, forming
a co-ordiuate bond between sulphur and orygen and a molecule ofsulphur dioxide. By accepting this lone
pair, octet of oxygen is also completed, as represented in Fig. 6.44.

FIGUBE 5.44. Formation oI sulphur dioxide molecule

(iii) Ammonium ion : In NHr, N atom has ooe lone pair of electrons. It can donate this lonc pair to

H+ ion thus forming a co-ordinate bond as represented in Fig.6.45.

w
H

H:N:
H

+H+

FIGURE 6.45. Formation of ammonium (NHfl ion.

The Lewis structure of HrSOn is as follows :(ir,) Sulphuric acid :

Evidently, S atom has two lone pairs of
electrons which it can donate to fwo O-atoms
forming co-ordinate bonds. Representing co-or-
dintae bouds by arrows, the above structure may
be drawn as under :

o
t

H-O-S-O-H
I
o

Co-orrlinate bond in terms ol
Valence Bond Approach (Orbital concept).

This may be explained with the following ex-

amples :

(i) Formation of ammonium (NHi) ion. As

already explained under the shape of NHa

molecule, N atom in NH. still contaias one hybrid

orbital containing a lone pair of electrons. This
orbital overlaps with the emptys-orbital of H+ ion,
tbrming a co-ordinate bond as shown in Fig. 6.46.

H

H

(ii

)r-![":
H

(as abesly distussed in Section 6.1I, page
a distittct fi is made.

J,.

O: H

:o:
H:O:S:

:o;X/

Actording lo lhc moilern conccplt lhcre k no dis-
tinction betien a cmalcnt bond and a cnardinstz
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electrons. One of these orbitals overlaps with the

empty orbital of H+ ion, forming a co-ordinate
bond as shown in Fig. 6.4?.

LONE PAIRS

EMPTY
s-oR BITAL
OF H+ ION

H3O tON

FIGLRE 5.47. Formation of H3O+ ion (odital concept)'

.o"'--
FIGUBE 6.45. Formation of NH{ion (orbital concept)'

(ii) Formation ofhydrotrium (H3O+) ion'As

already explained under the shape of HrO

molecule, the O-atom in HrO still contaios two

d hybrid orbitals, each containing a lone pair of

w

.o
PAIR

EMPry

CO-ORDINATE BOND
FORMED HERE

NH" MOLECULE

s-ORBITAL
OF H+ ION NH ION

IS

i The dipole moment of ,CO molecule is greater than expected This is because of the presenc€ of a dative

(co-ordinate) bond.

I H2O2 mol€cule is said to have an open- book t)?€ structure as shown iD the Fi8' below :

95 pm

G= 2.1 o)
,l47.5 pm

ir:: 3. The abi.t ryof the bybrid orbitals to overlap is in theorder tt:E.:lj" gcater is theP- character, Sreater

is tbe ability to overlaP.

iii:i a. The bond an8lcs formed by different hybrid orbita.ls are in the order rP (180) >sp2112/|--1','f lfm Slie
8re€Er tbc J{haracler, Sleater is ttle bond augle.

i :ii 5 . The n -bond formed betwecn S aDd O atoms in SO2 molecule is due to overlaP betwecn thet P-orbihlr or

betwee[ p orbital of O-atom with d{rbital of S- atom (calledPz - d,r bonding)

fis = 7 s2 z!2 2P6 3 t2 Z fiZ p\rZ pt,

(Ground state configuration) b

= 1 s2 2 s2 2 P6 3 tt 3 P1, 3 P)3 Pl, 3 d\

(Ercited srate confiSuration)

8o=1s2|sx2rtzP1y2Ptz

S-atom undergoes,rpz hybridlsation leaving one half-

Iilled 3pz orbitaland ooe d-orbitaluotrybridized. Out

of tro half-fllled orbitals of O€torn, oDe is invoh/ed in

formatioD of d-bond with S-atom and the other in

p,r-P,r
bonding

l\-r,'
- o-o-
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6.27. R

This representation is somewhat mldeading be-
cause it suggests that the molecule has two forns, I
ard tr which oscillate back and forth between them.

One can arrive at a better representation of
the hybrid slructure by superimposing one struc-
ture upon the other.

The result of this superimposition is shown
below :

This representation indicates that (!) there is
one stable hytrid form, (rt) this form is symmetrical,
(iii) the same length
(inb uble bond) and(rr) rangement inter-
mediate befween the two resonating structures
drawn earlier.

Thus the structure of O, molecule may be
written a,s

The resonance structures are arbitrary and
imaginary and have no physical reality since neither
of the two ozore structures, can be prepared in the
laboratory.

o-
,.,/ \,,. \\..-./ \

"9' , 'P

ii
.'i ...- oB:9 ..o..

6... oR

/"t,
where each orygen atom has an octet of
electrons. But this structure is unsatisfactory be-
cause it depicts the central O atom to be bonded
to one O atom by a double bond and the other O
atom by a single bond. Since double boud is
shorter than single bond, the two bond lengths in
this molecule should be unequal (O-O single
bond length :lr8pm, O = O double bond
length : 121pm). But experimental evidence not
only shows that the bond lengths are equal but
also shows that the bonds are intermediate be-
tween single and double bonds (equal to 128 pm).
Hence for molecule like Or, a single Lewis struc-
ture is unable lo explain the observed facts.
Hence an alternate Lewis structure can be writ-
ten in which the double and single bonds are
interchangcd.

,/'\
Neither of the above two structures can ex-

plain all the properties of Or. Hence the actual
structure is intermediate between the two Lewis
structures and is said to be resonance hybrid.

-- _ The phenomenon is represented by drawing
all the probable Lewis structure andputting doubl;
headed arrows between them*. The actuil struc-
tures is intermediate between these. Thus O,
molecule is represented as

,/o\
,/\

.../ \\...o.. ..o.

For example, the structure of ozone can be

.Thc designation 

- 
must be carefully distinguished from lhe dcsignation

teaction The double hcaded arrow does not have aDy ijFamic significance iit mercly implies that the molecule or ior is better
represcrtcd by both shrctures than byone of them alonc.
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Page 6111...SrructuEs lll lo V put tofi,ard bv Dcqar
ontriburing structurEs are I and Ir i""r f^;j::Eh:nelong6ond 

and hcnce arc less stable i.c ha!'E hiSher cner$r. Hcnce lhe
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Since there are matry molecures rike o, whose behaviour cannot be explained by a single Lewisstructur€' there is a need for this concept. The resonance conceDt finds extensive use in expla'ining thebehaviour of unsaturated organic compounds,

",r"fi:"".U$:1ilrt 
fiIHl:r structuns : tt is of interest here ro note that the different resonaring

o-same poitions of atoms (ii\ sone number of shared an d unshared electrons (iii) almost equal energt.
They differ only in the arrangement of electrons in different resonating forms.
Examples of resonanc€ structures ofsome more molecules and ions are given below:(i) Carbon Dioxide (COr)*

!O=C=O: <+ !O=C_O: €+ lO-C=Oi

III

That the actual structure ofco, is a resonancc hybrid ofthe above tfuee structures is again supported
both the bond leogths is same (i.e. 115 pm) which
C = O triple bond (f10 pm).

:o:

:o!
I

C

:o:
il

C

: o':
I

Cz
I

o
III

-r"\-:o: :o: \ I:o:

:o:
t
S

:o:
il

S

,9t:o:

:o:
t
S

,:1,

Dewar structures

main contriburing structurei are I and II(put fo;;6I";;i'").
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(v) Nitrate Ion (NOf)

CONTRIBUTING
STRUCTURES

(CANONICAL FORMS)
III

II

I

FIGURE 6.48. Concept of resonance energy

The
and
lzust enagl| is cal@ rtsonance energf,

existence.

:o:

{ii ) As a rcsult o[ resonancc, the bond lengths

in lr'molecule become cqual eg O-O bond

lengths in ozonc or C - O bond lengths in COj -

ion.
(iil) The resonance hybrid has lowcr encrgv

ond hen.e grcuter slability than uny of the con-

tributing structures

(iv) Greater is the resonancc energy, greater

is the stabiliw of the molecule.

(v) Greater is the number of canonical forms

"rp".iutty 
with nearly same energy' greater is the

stability of the molecule.

Clarilication about certain misconceptions

in Resonance
real existence

l'"'"hTi:iil:
presented bY a

sirgle Lewis structure.

2. As canonical fofms do not have real exist-

ence, it should be clear in mhd t-hat

(i) the molecule does not exisl in onc caloru-

""r 
fJ#io, tor. time and in other forms at dif-

ferent times.
(ii) there is no cquilibrium between dif-

f.renlcanonicut forms si;ilar to the one we have

i"'i'il-i""i"ritic forms (keto and enol) in

tautomerism.

o
ilC_

o-
t

:o:
I

N..._
/ --'-

:o- :o:

:o:
ll
N

",,- \ -tgt ,9,

t
N

\- -o:

(,
(!
UJz
L!

.: l. The boDd order changes in case of moleculcs or ions exhibiting resonance lt is calculated as follows:

Bondorder = gstructu.e"

o-

RESONANCE
ENERGY

nesorueNcE XVAnto

o-
I

e.g. (i) ln case ofcarbooaie ion, /C\

"/ 
\' ,/\ \
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ADO TO YOUR KN OWLEDGE,CO N-rD.
Lookrng at bonds of c-arom wirh a narricurar oxygeD atom (say rhe one Iinked on the retr) the bonds are 2. tand I respecriverv in rhe rhree srruciurcs aro nuiriu", or ioool,i"g 

"iir.i,iil. ,, l,.. Bood order = ?j-l_1-.1 = 1= I .33

(/i) In case of benzene, O ._ [3 , uo'oo'661 =1i2=rs

6151

+d -d +t -d +t -d

. (ii) Tlrc size olthe dectonegotiv( utont Jlt()4ld
be ynall. The smaller the size, the grcater is thu
erectrostaUc attraction.

. Thus, only f; O and N atoms can form
hydrogen bonds, as tlese atoms are small in size
and have high electrooegativities.

.. . Chlorine haviog the same electronegativitv as
that ol nitrogen does not form hydrogen iond ducto its large size.

3. Examples ofhydrogen bonding:

,ing

rhc
for

H- X -___ H_X _____ H_X

" 
2.. Condltio,ns for hydrogen bondlns : In therormalron ot hj/drogen bond, the followiig condi-hoDs must be fu.lfill;d :

gP',*
F-d

-..t9,<-\
1400 H-j ,,-,,..'\,*

i-r
.Not incl

The observed varue is, however, not exacfly equar to r .5 due to some other conrributing structures

C_O bond leDgths are differerlt but in formare ion

nd lengths are equaldue to resoDance.
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(ii) Water (HrO): Water molecule contains highly electronegative oxygen atom linked to hydrogen

atom.rhusorysenatom 
.' ' "--L -^:-":'of :r":111t--::",T1tli'**:lt]:,*':.lTiJil.'til'J.'#,Pli:fl::'lfi1T- ir"'"i'e""-t'* "'a 

ot one mole"ule attracts the positive

;"d:'iil;;i;;;;Jry ace as shown berow:

+5 FE

IJ. ,H
\:0,/

.Lr.

" ! lllDm+o +b

'\ru/"
)Q ee Pm

(iii) Ammonia (NHr) : It contains the highly electonegative atom N linked to H-atoms Hence'

hydro'g;bonding takes piace as follows 
'

H*6
\

:---------iij,':
,//-

H+o

(iv) Alc acids In casc of HR H'?O' NH" ROH etc ' the

(RCO()H) highly hvdrogcn bondins causes the association of many

clecrronegati --oni il;;""i* hut in"carhorylic acids, the hydrogen

hence form a : bonding is limited to the association of two

P R molecules onlY

1l
11 R

ALCOHOLS

-d +d -d

H.. Fbond dissociation energy is 41 8kJmol-t'

H . O bond dissociation energyis 29 3 kJ mol-1

H. N bond dissociation energyis 12 6 kJ mol-1
u-n \r

Thc force \r'hich
€l in a molcculat

crlstal arc knolrrl asva^d"t.*-11lll1*I""iJli;t";ffi>;ila.; on.l > r?n.rerwaal's forces- Eleatrostatlc lorce
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mal
ing.: Hydrogen bond helps in explaioing tie alnoi_
mal physrcal properLies in serveral cases. Some nfmal physical properLies in serveral cases. Some oI
the properties affected by H-bond are given below:

6153

b"lorj: 
,rn *n"" b"tween Hydrogen bond and Covalent bond. The maia points of difference are given

6.. Elfects or Consequences ofhydrogen bond-
Hydrogen bond helps in explaioins the abnor_

I
o-

Fz
o-
o-
oz
tr
LIJ

t50
I

lo
a
: -50
Fz
p -roo

Z -tso
o6l

-200 |

rro
FIGURE 6.49, The abnormally hjgh m.p. and b.p. of H2q NH3 End HF.*

o

COVALENT BOND
(i) lt i[volve6 dipole-dipole attraitive interactions.-
(i4 It is formed b€tween a hydrogen arom and a highty

electronegative atorn such as E O and N.

(rii) The strcngth of this boDd is very smatt. e.g. boDd
streDgth cf H..........F bond is 41.8 kJ mof-r.

It invohrs shariog of 
"l"ct.o^. 

-It. is. formed between two electronegativc atoms
wiich may be of the same elcmeor oi of differeDt
elemeDts.

The bond strengh of this bond is sutficieotly high
e-&, bond strength of H-H bond is 433 kI mol-r.

(4
(rr)

(iii)
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HrS, HrSe and HrTe

(c) NH. has ligher boilirtg point thsn PH3 '

This is again tecause there is hydrogen bonding in

NH3 hut
(,1) ling Point-jho.n

diethyl et ogen b-onding,in

thc form nbonding in thc

latter.

It is interestiflg to nole that a slronger H-bonl exists

i-iii tt 
"""in 

H2o, let watet boils at higJur

kmDeralure thtn Hn fi is pmbsbb due to lhcldct-iii 
iiu Jor^, t"o H-bonds as compared to one

in HF.

s

t
i
van dcr Waals forces also increase

BR
-l

,,lo-...ri

I.E

+d
H

'--a6./'o'
I

H*6

Similarly, ammonia (NHr) is soluble in water

because of hydrogen bonding as represented

below :

I
+d

(v) Yola lving

hyd.;;"il;; *T-
termolecular

The enthalPics
same trend as

4e(")

q

5
zI
t2
d,

o

TL
o
0-

EFzr!

H 
-o. \g

+6 -2n

FIGIIBE 6-49(c). Variation of enthalpies of vaporisation
'iii"A-"r urJl,va;des of elcments of periods 2 to 5'

PERIOD 
-}

FIGIJBE 6.5O. Cage like stmcture oI
HzO in the ice.



CHEMICAL BONDING AND MOLECULAR STRUCTUHE 6/ss

FIGUIF .51. F-ach H2O molecule linked
to toor HzO molecul€s tetrahedrally.

Obviously, the m sely
packcd as rhey are in ice
melts, this cage like s the
molecules come closer the
same mass of water, the volume decreases and
hence density increases, Therefore ice has lower
density than watei at 273 K. That is whv ice floats
on water.

NotA thot each arygen dtom it liakeil ro lour H-qbmt, two b! covalcnt bond.r and *o by H-boadr.
Eoth woter mobcuh it ti an h jo* *uo
ntu&€1tks tet4fu&ally hl E-bodds"

- -Tbus 
tbe importance of hydrogen bond lies ia

the fact that it can explain thi various abnormal
physical properties.

7. I}pos ofHydrogen bonding: There are two
typres of hydrogen bonding :

group contains a H- atom linked to an
electronegative atom and other group contains a
bighly electronegative alom lir*ed to a lesscr
electronegative atom. The bond is formed be-

group with the more
e otber group. A few
molecular hydrogen

OH
it^\ar'

-./i'*o-r9,"tu

o

lla 
-

:

.)-Nitrophcnol Salirylic acid

hydrogen
be satisfied

(ii) The molecule should be planar.

- (iri) The hydrogen bonding shoultl lead to the
lormatron of a six membered ring including the H
atom.

r hydrogen bonding.
bondiog prevents ai_
a contraction of sizc

t
\
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of the molecules and hence decreases its surface

;;t* Cu*equently, the effect cf intramole-cular

hrd.osen bonding'on physical properties of sub-

.'o"""?it to lower-their rnelting and boiling points'

.l""r"or" their solubility and increase their vapour

;;;;;, iuit oppotit"io what happens as a result

tf iot"t*ol"culai hydrogen bonding'

(I{C.E.R.T)

rO =2,6,02- =2,8

rzMg = 2,8,2,M{+ =)"$

7N = 2,5, N3- = 2, B

.'. Lewis sYmbol

.'. Lewis sYmbot = Mg2t

.'. Lewissvmbol=!N3'-, ..

=!O12-

Q 1 Is CaF, linear or bent or neither of the two ? Justify'

CaFrisneitherlinearnorbentmoleculebecauseitisionicconrpoundandionicbondisnon-directional'
What is co-ordination number of Na+ antl Cl- ions in NaCl ?

Eachhasaco-ordinationnumberof6i.e.eachiorrissurroundedbysixoppsitelychargedions.

A,H,V,' ' i :K iNi : L: Pl ,l;

t.TheforcesofattractiorrthatexistamoDgthenon-potarmoleculeslikeH2,Cl2etc.oramongtheatomsofnoble
gaseswhichareduetoinstantaneouspolarisationofonemolecu[ean<ltheDinstantaneousinducedpolarization
in the other are calred ionrlon forcei. These are a typc of van der waa|s force s.

2. The increase in n:elting Points t'lnd boiling points rronr n, to I, or fronr He to Xe is due to increasc in van der

waal,s forces which is turn are tjue to il'rcrease irr the size of the molecules as a result of which the potarisability

of the molecules becomes easter'

Q'l.Writethel.ewisdotsymbolsandpredictthevalenciesyouexpectforthefollowingelements:
Nitrogen, Fluorine and Neon

.tns. :N.(valency =5or8-5 =3) ; :r:(valency =7or8-7 = 1) i 3iie3(valency=0;

Q. Z W.o Lewis rlot symbols for the following ions :

Li+, cl-, o2-, Md+ and N3-

Atrs- 
3Li =2,7,Li* =2,0 .'. Lewissymbol = Li+

lrCl:2,8, 7, Cl- = 2,8,8 "' Lewis symbol = t :l t-

\)

:::::ill;ii:::::ii!:::ii:ii::i:::ii
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'J ": Out ofNaCl and trIgo, which has higher lattice cnersr and why ?

turs, MgO has higher lattlce ener6y because each ion carries two unit charge whereas in NaCl each ioa carries ooe
unit charge.

,1 , Why secood electron nmnity ofan elementis negative or second electron gai[ enthalpy is positive ?

Ans. AIter the additioD ofthe firsr electron, we gef a ne[,ative ioD which has, therefore, a Degative tendency to gain
anothcr electron ie. encrs/ is requircd for adding the second electroD.

. Why NaCl is o hxd (oDductor ofelectricity in the solid state ?

tus' In the solid state, Na+ and Cl- ions are riot free.

t ) s Why N6CI gives a rvhite precipitate with AgNO3 solution but CCla does not ?

Ans. NaCl is an ionio compound and henc€ gives Cl- ioDs iD the solutioD whicb combine with Ag+ ions giveo by
AgNOj to fornr a white precipitate ofAgCl but CCll is a covalent compound and does not give Cl- ions.

..,'r \yhy reaction l)etween NaCl a nd AgNO3 is very fast but reactior between H2 snd Clr is slow ?

Ans. NaCl and A8NO3 are ionic conlporrnds. In solutron, NaCl gives Na+ and Cl- ions and A8NO, gives Ag+

ilnd NOt ions. The oppositely charged Ag+ and Cl- ions combine immcdiately. The reaction between H2

ard Clz involves brcakiog otcovalent bonds which requires eners/.

! Q I o. Deline lstt ce enthelpy. How is it related to the stability o[ an ionic compound. (N.C.E.R.T.)

Ans. Definjrion see page 6/5. Greater the lattice enthalpy ofan ionic compound, greaicr is the stability.

, ) , Drrw the Ler?is struct[res of the following molccules and ions and ions and tell in which case/cases the
octet rule is violated

CO2, SO2, BeCl2, NH3, AICI3, PCls, CO3-

tut' :6::c::o: ' :<i::s:o: :ii: e":di:
., t- .^' -12-

H:ii:H. :'cr :s:bl: 
'ei.i.9p',b'i, l,u,J,alH :cr: :bi:bl: L J

The octet rule is violated in c{se of Beclz, AlCl3 aDd PC15-

(r -t trvhy two hydrogen atoms combine to form H2 but hYo helium atoms do notcombine to form He, ?

Ans, Refer to the text (oD the bass of (i) New forces of attraction aod rePulsion and (ii) orbital ooDcept).

(' , , why free rototion obout r r-bond is not possible?

Ans. The ovcrlapping vanishes arld the boDd break.
i) ll Ortofdand ir-bonds, rvhich one is stroDger ard why ?

Ans. o-bond is srronger. This is bccause o-boDd is formed by head-on overlappiDg ofaion:ic orbitals and therefore
the overlapping is large. JI-bord is formed by sideway overlapping which is small.

Q. I 5. What order of C-II bond lengths do you expect in C2H5 , C2IIa atrd C2H2 nnd why ?

Ans. C-H (C2H6) > C-H (c2H4) > C-H (c2H2). This is b€cause hybrid orbitals of carbon invotved in

overlapping wlth 1,r orbital of hy<lrogen are sp3, ,rpz and sp respectively and their sizcs are in the order

tp3rspz>sp.
,.) ri Arralge the following in order ofdecreosirg bolld sngles

(, cH{, NH3' H2O' BF3' C2H2 (ii) NH3' NH2-' NH{+

ans. (i) C2H2(180) > CH4 (109" 23') > BF3 (120') > NH3 (107") > H2O (104 5')

(it) NH4+ > NH3 > NHt
'llis is because atloftheor iDvolvelf hybndizatiol. The oumber of IoDe pair ofelectrons present on N-atom
are 0, 1 and 2 respectively. Grealer the number of lone pairs, greater are the repulsions on the bond pairs aDd

heoce snaller lS the aDgle.
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() t r' Which of the follordng molecule/molecules will have zeto diPole mometrt ?

CO2, H2O' CCl4, cHCl3, BF3, BeF2, NH3.

ADs. COz , CCla , BF3 aDd BeF2.

Q. lx which bond do you expect to be strotrger iD each ofthe followiDg cases ond why?
(0 H - H, cl-ci, (ii) 02 

' 
N2 (iir) F-4 cr-cl

Ans. (,) H -H is stronger because of smaller size of H-aloms.
(ii) N = N is stronger because it contains a triple bond while 02 contains a double bood (O = O).

(ir'i) Cl-Cl is stroDger because repulsions betweeD the two F-atoms in F2 are larger on accouot of Sreater
electron density around F-atom due to smaller size and helrce greater repulsions between thg iwo F-atoms.

Q I 9. Dellne electronegotivity. How do€s it dilfer from electron allinity ?

tul!. DelinitioD--See paEe6123. DiffeteBce between EN and EA--See paBe 6125.

Q l(l- Arrange the follorving mol.cules in order of increasi[g io[ic character oftheir bonds

Li4 K2O, N2' SO2' ClF3

Ans. N, < SO, < CIF3 < IqO < LiF

Q. 2 I tuTange the followiDg bords in the order of increasing ionic character :

C-H, F-H, Br-H, Na-I, K-F and Li-Cl
An6. C-H < Br-H<F-H<Li--C|<Na-I<K-E

Q. 21. What is the total nurDber of sigma and pi bonds in the following molecules ?

HH
(a) c2H3cl (r) cH2cl, (") H3c-J = J-. = "-,

(N.C.E.R.T.)

(N.C.E.f.T.)

(N.C.E.R.T)

(N.C.D.R.T.)
HH H

,Lns. 1a;isHJ = J-Cr (5 o bonds, onez bond) (6) is H-Lcl
J,

(only 4 o bonds)

HHHttl
(c) is H-C-C = C-C = C,-H ( l0 o bonds, 3 z boncls)

I
H

Q. 2-1. Tokingr-sxis as ahe lnaemuclear axis, which out ofthe followirlg will form d-bond ?
(i)lsandls (ii) lsard2pr Qii) 2pra llp, (ir)lrand2s. (N.C.E.R.T)

Ans. Ailexcept (iii).
(., ll Whot is meant by (bord ordet' according to Lewis concept ? Calculate the bond order of N2, 02 and CO.

(N.C.E.R.T\
Ans, Bond order-Definition s€e page 623.

Molecule: N=N O=O C=O
Bondorder: 3 2 3

Q 2i. Expfoin why dipole moment ofhydrogeD halides decreases ftom HF to Hl. (N.C.E.R.T)
Ans. This is because electronegativity ofhalogen atom dcreases from F to I- Henc€ the polar character decreases

aDd so is the dipole moment.

Q 16. Represe[t diagramaticslly the boDd moments atrd the rcsultlnt dipole moments ln
(i) SO2 (4) cis and tratts fomts ot C2H2CI2

+21*"t"-rli\-,
Resultant

ts
(n) H-=c-o

cJ-n
aran -(/t = 0)

Rcdultallt = 0

+*
01,)H-c-cr

ll HResultant
H-C_CI

F
cis-01 + 0)

(N.C.E.R.t)



CHEMICAL BONDING AND MOLECULAR STBUCTURE 6/s9
(l ll. Predictwhich out ofthe following molecules will htrve hlgher dipole moment oEd why ?

CS2 and OCS

++..i-+-
Ans' s = c = s and o - C = s both are liDear molecules but bond momeDts iD cs2 caDcel out so that net dipole

momenr=0.ButirOCS,bond-.^T:nl9{C=Oisnorequat lo that of C = S. Hence ir has a net dipotemoment- Thus dipole moment of OCS is higher.
Q 23 From eoch ofthe follolding pslrg select ahe Drolecul€ eith highcr value ofthe property mentiotred against

eoch pair :

(Nc.E R.r.)

(N.C.E.R.T)

(NC.E.R.T.)

(i) NIIJ. PI13 : bcnd angte

(iii) IUpo. CllO: hxrdness

(r, Nli, NH3 | dipole momeDt

(iv) HCl, HBr : ionic character
tus. (, NI{3 (,i) NH3 (,,r) MgO (,v) HCt

Q. 19 Write the stt[cture of an anion which is isostructural with BF3 ond the structure of a cAtion which is
isostructural with CH4

Ans. (i) NOr- (liiangular planar) (,i) NH{+ (tetrahedral)
(l .r {!. Dftrw the shnpes of the following hybrid orbitals : sp, spz and sp3
Ans' 

l,oo

sp3

Ans,

Q -rl.

109a 2g',

All the hybrid orbitals have same shape. However their sizes are in the order sp < spz < tf

(i) a carbon-carbon double bond (C = C) (j) a carbon_carbor triple botrd (C = C)
Explain with examples ofethylene and acetyteDe (page 6/39 and 6/10).
Exploil why CHl has tetrahedml geoDetry and rotsquar€ planorwith car.bon atom at the centre anal four
H atoms at the corners ofthe 6quare.

Ans' Thc hybridisation of csDtral c-alom is s1 and not rlrp2 (as no rJ-orbital is available for perticipalion). Hencesquare planar geometry is Dot possible.
i.r,'NnmethetypeofhybridisationofeachC.atomiramoleculeof(j)propylene(propene)(ii)propyne

Ilow mrtny a and r-bonds are preseDt iD each cflse?t2J
Aus. (i) CFI3-CH = CH2 (C-1 is rp3, C-2 and C_3 arc rp2), ,_bonds = 8, z-bonds = 1.123

(n) CHr-C = CH (C-1 is rp3, C-2 aDd C-3 are ry), o-bonds = 6, -bonds = 2.
r_,,: Which hybrid orbitals are used by carbon atoEs in the followitrg molecules ?

(i) cH3_cHo (i, CH!_COOH.

O€Ca(}>-
sp sp2

(.) I I Expl[in how the valence bond theory accounts for
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H.. ,H\l 2./
Ans. (i)H-(l-c\.

l7' - o
c-l is,rr3 hybridised

c-2 is,rf hybridised

H-o\l 2.//
(ii) H 

-C-41 
C-l isrrr hyhridii'cd

H '/ \o-n
,r rr ln SFa molccule, the lonc plirofelectrols occupies irn equttorial Positiol rother thltn oxilrl J'ositioo ill the

oversll trigonal bipyramidal arrsngenrent' lvlly ? (N'C E'R T)

Ans.Thc/p_6PrePulsionsarolessifitoocuPiesequiltorialpositiol]thanifitoccuPiosaxialPositio[..4'saresult,

"nerry 
is l"ss and stability is more (sec pagc 6/44)'

U r' Explain how VIt theory differs from Lewis concepl

Ans. (i) According lo Lewls concepl' il coYalcnl holld is l()rilleJ hy muluul \h;rrin! oI clecltotls whereus accordil1g

to VB theorY a covalenr hond ls lo;nlcll by thc t1\'crh11 ul hrrit'-llllc''l at'rntrc 'irhilills 
conlirlllilrg eleclrons u ilh

opPosite sPin.

0i) VB theory can explain the shaPes ofDrolecules whcreas Le$is concept cannot'

(iii) VB theory can exPlain tbe strength of bonds wheroas Lewis concePt cannot'

Q. -17. D€scribe the change in hybridisotion, ifany

(4) oiAt otom ltr the r€action AICL + Cl- -. Alclr ?

(r) olB ard N stoms in the reaction BF3+NH3 -.- F3B-NI!3? (N.C.E.R.T,)

Ans. (a) No chaoge (remains lP3;

(b) IrI BF3, B is rP2 hybridised and in NI]3' N is ?l hybridiscd AJior lhc rcaction' h]bridtsation o[B changes

to,rp3 but that of N remains unchaDged'

lr,.onthebasisofVSIIPRtheorypredictthesh,lPcsofthefollowingmolecules/ions?

(D SiF{ (ii) NHt (ii, NlI.+ (iv) c2u2 (v) II3O+ (v,P2O (zii) PCl3 (riii) PF5'

Ans.(i)TLtrahedral(i)v.shape(iii)Tetrahedral(iy)qllndrical(f).liigooalPyranridal(vi)v-shape(yii)Tiigonal
pyran]idal (riii) Tiigonal bipyranlrdal'

,.i 1rj tur'trge the following in order ofdecreasing bond {nglc, giYing reoson: NO2'NO2+, NO2-

Ans. Nor+ > NO2 > Not. This is becausc NOI has Do unshared electron and hence it is linear' No2 has one

unshared electron while NOt has one unsharcd elcctron Pair'

Bond angle = 180' Ilond anglc = 132' UoDd a glc = 115'

i,) l'r Why axial bonds ofPcls are lorger thnD cquatorinlbonds ?

Ahs. This is due to greater repulsion on the axial bood pairs by the equatorldl bond pairs of electrolls-

, wlry NF3 is pyramidal h t BF3 is triangular plrnrrr?

Ars. In NF3, N has the hybridisatio[ d with one positiorr occuPled hy lone pair of electroos bu t in BF3' B has the

hYbridisation.tf

'lriWhybordaugleinll2oisnearlyl045'hutthatinII2S'itisrcarly90'?
Ans. Refer to the text (PaEe 6144)-
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i Draw thc str cture ofll2SO4. wlrat is hytrridisation ofS.atom in it ?

o
I

Ans. Il-O-S-O-ll Hybridisarion of S-arru is ri-u3

J
o

Out ofp-orbitfll and sp.h)brid orhital ryhich has greflter directional charflcter and l"hy ?
ars' .tP-orbital has grcitcr dircctlolral character lhan I,-orbital. 'lhis is bccause p-orbital has equal sized lobes with

equal electron dcnsitY in bo(h lhc lobes whcres .tp-hybrid orbiral has greaGr electron den:siry on one side-
Expltin the important aspects ofresonahce r"ith reference to CO3- ion. 

W,C.E.R.T,)
Ans. see resooating srructurcs on pagc 6/,19. ,,\[ the lhree bonds arc exactry idenrical in bond st.cngth and bond

length.

. II3Po3 cnn be rePresented l)v thc strtlctn res I r nd ll shown belorv. Cnn these two structures be taken os the
cnnonical forms ofthe reson:rnce hybrid ot I13pO3. If not. state reason for the sam.

lN.cE"R-T)
A[s. No, these cannot be taken as c€oonical forms becausc the pcitions ofator's have be€n clranged.

(1. ,17 Why HrO ls a liquld trhtle H2S is a gos ?

AnB. In ll2o, there is hydrogen bonding and heDce association of H2o moleqrlcs but in H2S there is no H-bonding.
(.,. .lb Vyhy HF hns hlSher boilitrg poirt then IICI ?
Ans. In HF ttlere is H-bonding and he[ce the molecules are assoc.iated together but in HCI therc is [o H-bonding.

Q 49 VVhy ethyl alcohol ls @hpletely Eis.ible !f,ith woter ?

An3. This is becausc ettryl alcohol forms H-boods with water.
Q io V/hy KHF2 exlsts but I(HCI2 does rot ?

AIls. Due to H.bonding ir HE wc havc H-F-----H_F.-___H_F___--,

This can dissociare to give HFz- ion and hence KHF2 exisrs but there is no H-bondiDg in H--cl. so Hcr2- ion
do€s not exist and hei Je KHCI2 also does Dot exist.

!J s r ' vyhen we .ooye fto'o HF to Hcr, the boirirg poi,'a dmp6 sharply but on movtng nrnher to HBr end HI tho
bolllng pornt l,cre{ses. \thy ? or out of Hrl HCr , HBi nnd til whtch has lowJt bo[r"8 e.r"t ;;;1; t--Ans" 

[.JH:},,X#;itrH"*-H*,],r.'il1fl;'"HH':l{
oc.e HCI has the lowest boiling point.

V il Ethstrol has hlgher boillDg point ttan dlethyl €ther or ethylamlne. Why ?
Ars. ID ethanor, there is H-bonding but in diethyr ether, tbere is no H-bonding (because o-atom is attached toc-atom) and in case of ethyraminc rbe H-boods fom ed try N-atom are wcaler than thme ro.meo ty o-atom.

Q. S-t Why lce hos lower dclrEity thsn woter orwhy ice lloats on the surfece o[voter ?
Ars. See rexl (page 6/54).

e St lvhy sater hos maxiEuEl density at 277 K ?
Ans. Refer to the texr (page 6/5a).

r.,' i5. Horv oany ll.bonds rre fomred by esch II2O molecule and hotr, Eanyrrat r Eolccul6 arc anrch.d to each
lroter molccule strd in rvhet directioD ?

H

II:O:P:O:II II:O:P:O:H
:o: :o:

llt
II

-l
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Ans. Each H2O molecule forms four H'bonds, two with o'atom and two with H-atoms Further' each I'I2C)

molecule is linked to four HzO molecules through H-bonds tetrahedrally'

V 5 ('. Out of..,-nitrophenol ard p-nitroPhenol which hns higher boiling Point nnd why ?

.a.ns, p-nitrophenol has htgher boilinE point because there is internolecular H-bondingwhile iD o-nitrophenol thcrc

is rul ranlolecular I{-boDdinI
(J. 57 Though Cl h{s nerrly same electronegativity as N' yet there is no H-bonding in IICI' r hy ?

Ans. Chlorine atom has a large size-

(J. 5E. why ghrcose, trnctose' sucrose etc' are soluble in water though they are covalent comporlnds ?

Ans. These conlpounds contain frolar -OH groups which can forfll fI-boods with water'

l) 59. Jlenzene ring contEins alr4nste singlc and double l'ondq yet all the C-C honds are ofeq[allength' Why ?

Ans. This is due to resonance io benzene.

r).61) Nitrogen has an atoEric nombcr of7 ond orygen h&s on atomic number ofE' The total n[mber ofelectrolrs

in hitrate ion (NO3- ) is ----' (B.I.T Ranchi 1990)

Ans. Electrons io No; =7 +3xa+1=32'

Q. 6 I . The otomic number of nltroge[ is 7 atld thot of hydrogen is 1 ' IIov many elc'trcrs ore tbere in ammonium

tuls. Covalent bonding.
(l (,-1. ortt ot P-R F-[ S-t' and Cl-F honds, which bond is the least ioric ?

Ans. Ir-E
Q 6l. Why is water a liqnid whereos H2Se is a gas ?

Ans. 'lhcre is hyctrogen bonding in Hzo but no hydrogen bonding in H2Se-

Q. 65- t#hy an ionic bond is formed between tvo elements having large dilference in thGir electronegatiYi8 ?

(Bihdr 1997)

Ans. 'fhe n,]ore electroDegative element will atrract the shared Pair of electrorrs to such a |arge exteDt thaD the othcr

that it will amouDt t6 transfer ofelcctron resulting in the formation of ioDs'

Q. (16. Which ofthe following has maximum bond angle ?

ion, NHa+ ?

ADs' No' of electronsinNllo+ = ? + 4 - 1 = 10'

Q. 62. Sodium metal vaporiscs on heating ond the vsPour wlll

type of boniting is Prcsetrt in thc3' molecules ?

H2O' CO2' NIr3' Ctl..

Ans. COr. 180" (due to lincar structure)

Q.67. wrst angles are associated with the follorving orbitals ?

,rp, .sp2 and sP3

tp = 180", ti2 = 120", qf = 1092a''

Write down thc I-ewis strrctures ofthe following : (i) CO2 (i, CN-

Ans Reler to sec. 6 10, Page 6/10.

(B.l.T Ranchi l99It

have diatomic molecules of sodium (Na2) \}'llrrt
(BITRdnchi 1991)

(B.I.T Ranchi 19921

(I.S.M. Dhanbad l99il

(Bihar 1997)

(B.LT Rdnchi 2000',

(Bihar C.8.E.2003)

Q. 1.

Ans.

Q. 2.

Ans.

Q. 3.

Short inswer Queslions
lvhich electrons t{ke pErt ln bond formation?

ValencE electroDs present io the outermost shell'

Whot chonge in enerEr tskes ploce when a molecule is formed froE its atoDs ?

Lowcring of ellersl takes Plac!.

Whot tJ?e of forces holit the atoms together in :rn ionic compound ?
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Ans. Elcctrostatic forces of attraction.

Q.4. In terDs o[ ionizatioir energy and electron alTDity. whnt tvpc of ntoms conrbine to form an ionic
compound ?

Ans. Metal atom with low LE and a non-metal aront with high E A.
Q. 5. choose the compo.nds conLrinihg ionic, covrlent and co-oralinate bohds out of the folrowing :

MgCl2, CH., CaO, HCt, NH.+, 03

Ans. Ionic = Mgclz, CaC);covalent = CHa, HCI; co-ordinare = NH4+, OJ

Q.6. Whot E?e oforhitals c{ln overlap to form a covoleDt bond ?
Ars, Half-filled atomic orbitals containing electrons with opposire spin.
Q. 7. what orbitals car overlap to [onD a o-bord and which orbitars can ilo so to form a ,.,-bond ?
Ans. s-s, s-p, p-p for o-bond and only p-p for ,-bond.
Q. t. Nah. one cornpound each involvin g ry1 ,.rpz ani! ,tp hyl)ridisation.
ans. .l = CHo , tpz = q[a, sp = C2H2.

Q. 9, Name the shapes of the following molecules : CII4 , C2 H, , C02

Ans. CHa=tetrahedral, qHz =cylindrical COr=ling21.

Q' l0' Name the two co.ditions which must be satislied for hydrogen bonding to tske prace in a horecure.
Ans. (i) The molecule should conlain a highly electronegative aklm linkcd to H_atom.

(li) The size of the electroDegative arom should be small

Q. 11' Itr forhing a coEtPound xY atorns of x lose one electron each while the atoms o[ y acquire one electron
each. Predict the Dature ofthe cornpound.

Ans. The compouDd XY is ionic in mrure
Q. 12. Predict the dipole morn.trt of a molecule of the type AXa *ith square plflnar armrgemcnt ofX atoms.
Ans. zero.

Q. 13. Identlfy the compound/compounds i[ the follorving in which S does not ohev the octet rule.
so2'sF2'sF1,sF6

Ans. SFn , SF5.

Q. 14. You are giveD the €lectroDic conliguration of live neutra I atoms _ A, B, C, D and E.
A-rP * 2p5 3? t-t?,zi,tq6tr, c_t?x?zo,
D -# L? zpi E-ls2 L\2 zp'.
Write the empirical formula for the substance containinp (i) A and D (ii) B and D (rtj) only D
(ie) only E ?

Ans' (i) Empirical formula of the compound formed by A ancl D is AD2 as A has two valence electroos and D has
seven. Atom A transfers iLs lwo electrons to two D atoD]s to complete their octets.
(ii) Empiricalfornrula ofthe comPound formed by B and D is BD as B rransfers rts one elecrron to D.
(r'ii) D2 as both the atoms ofD share one electron each to form a covalent bond.
(iv) Sinc€ it is a noble gas, no compound is formed.

Q. 15. Arrang€ the following in order of itrcreasing bor|d strehgths : f2,N21O2rClz ,ll.l t: ttu llti tt)9.)]
Ars, F2 < Cl2 < 02 < N2.

Q. 16. Arrange the followitrg ih order ofincr-casing strength ofhydrogen bonding I q B S, Ct, N

Ans. cl <s <N < o < E 
(lv l"it'll' 'rthluthal r99't1

Q. 17. what is valence bond approach for the formation ofcovarent bond ard a co-ordinate bond ?
Ans. A co!r'aleot bond is formcd by the overlap of halffilled atooric orbitals whereas a co{rdinate bond is formedby the or'erlap of an entpry orbital with a tully-fillecl orbiral
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Q. 1ll, Name the method Senerntly used lbr the citlcutlrtion oflattice eherP] or electron a[Iinity

Ans, Born-Habcr sycle.

Q. 19. Whtt are SI rrnils ofdiPole moment ?

Ars. Coulonb mcter (Cm).

3.

4.

5.

6.

1

t.
9.

10.

11.

12,

Scc.6.9
nr 6.l5

What do you understand by a chemical bond I

Bricfly explain Kosscl-Lewis aPproach ol chenrical bondinE'

Illustrate the inadequacy of octet rule with two suitabte exan]Ples Give the Lewis sl ructure of thesc

nrolecules.

Why are the noble Bascs pQor chemical reactants?

What happens when two hydrogcn atonls aPproach each othcr 'l

OD the basis ofelectronic theory, brieflyexplain thediffcrent modes ofchcmical colnbination bctwecn

atoms.

Explain the term electrovalqncy.

Briefly explain the factors which influence the formation of the ionic comPounds'

What are the important characteristics of iorlic compounds ?

NaCl is a better conductor of electricity irl a molten condition than in the solid state Explain'

What is an electrovalent bond (or ioDic bond) 'l Explain its formation \vith two sultable examPles

An element A combines with elemcnt B. An atom of A contains two electrons io its outermost shell

,"t 
"i""" 

tt r, ot g h"t six electrons in its outcrmost shell Tho electrons are transterred fiom the aton]

A to the atom B.

(a) What is thc nature of bond between A and B ?

(b) What is the electronic structure of AB ?

(c) What is the electrovalencl otA and that of B ?

13. Name two conditions that are essenlial for two different atoms to forln ionic bond'

14. Define Lattice enerry. On what factors does it clePeDd ? How cloes it help to predict the stability of

the ionic comPound formed ?

15. How caD the electron affidty ofchlorine be determined usiog Born'Haber rycle ? (rVC'Eft'I)

ii, *t 
", 

lr r*n, ty a covaleni boncl ? Explain with three suitable examples what are the condilions

for the formation ofthis tyPc ofbood ?

17. what are l,ewis structures ? Write the Lewis structures of Hz , F2, H2O, NH3 ' qH4 and qHz'

lt. ExPlain the term covalenry.

19, Briefly dNcuss the orbitalconcePt ofcovalent bond formation takin8 suitable examplcs'

20. How is the formal charge olr an atom in ir Dolccule/ion calculated 'l ExPIain taking the exaulple of

ozonc molecule

21. Differeotiate between d and J, bonds

22, Explain how the strength of a bond is relatecl ro (i) extent of overlapping (ii) shape of the orbital

23. What are sigma and pibonds ? Explain the different wals oftheir formation dlagrammatlcally Which

one of them is stronger and why ?

24. Arrange the following according to bond len8th giving reasons :

(t) H-F, H-cl, H-Br, H-l
(ii) C-C, C=C, C=C

(iii) C-H bond lenglh in CH4, qH4 and qH2

25. Arrange lhe following single bonds in order of bond energy Siving reasons :

c-c, N-N, O-O, F-l-

Sec.6.l.
to 6.8.

Scr:.6.16.
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src,, !;. 26. DeliDe the term Electronegativity. Explain itwith onesu(able example.I{ow does it helpin predicting
r , (, l o whether a covalent bond ts polar or non-polar ? Explai[ each case with oDe example.

27. Define'ElcctroneEativity'. I{owisir calculated on (i) Pauling scale (ii) Mulliken scate

IIow are the two values rclatcd to each othcr ?

2E. Which of the following hydrogen halides has the most polar molecules and why 'l

HI, HBr, I{Cl, HE
29. HIr is nrcre polar than IIt. Explain why ?

30, What do you understand by partial ioDic character of covalent bonds?

.11. Define Dipole moment. Draw dipole diagrams of H2O aDd BF3.

32. Explaro : Each cirbon{)ry8en bond in COz nrolecule is polar but the molecule ilself is non-polar.

33. Explain thc ternr Dipole momenl. Name two molecules which have a dipole moment and two
molecules which do not have a dtpole ntontent. What is the sigDificance ofdipole moment ?

34, Explain giving rcasons. which of the follo\ ing molecules have elecrric dipoles

(d) CCta (b) CHCtr (c) CH2C|2 (d) CH3CI (e) CHn.

35. Give reason for tbc following:
(i) lonic conrpounds are soluble in waterNhercas covalent compounds are mostly insolublc in water.
(ii) Ionic compounds have higher rnelting points than the co\"lenr compouDds.

(iii) NaCl solution gives a white ppt with A8NOJ solution but CCl4 or chloroform does not.
s( ( /, l-r J6, What arc the nrain postulaics of Valcncc Shcll Illcctron Pair Rcpulsion (VSEPR) thcory ? What
r,, 6 .l I improvement was Dradc bv Nyholm aod Gillespie ?

37. What ts hybridisation ot orbitals 'l Dra!,, ourline sketches to show the formation of .rp ,y2 and sp3
hybrid orbitals.

3tl. What type of hybridisation is arisociated with thc central atom when the atoms attached to it lbrm
(d) an equrlatsral triangle (r) a regular tetrahedron ?

39, E\plain wh),carbol has a lalenry offour and not two and why are the four C.H bonds in methane
idenlical.

40. Explain thc lcrm Hybridisation taking the exan]ple of metbane.

41. Carbon has electronic configuratron I s2 Ztz 2p2 a\d.lhercforc, should be bivalent. Howwillyou justiry
its tgtravalency irl methane ?

42. DefiDe hybndisatroD. Describe the formation ofd , rpz and sp hybrid orbitals ofcarbon atom. cive
one cxantplc of a molcculc in each case involving these different types of hybridisation.

43, What is valeDce bond approach of covalent bond ? Give two examples to illustrate it.
s.( 6 ti 44. Makrng use of the concept of hybridisattoo. prediot the shape of qH2 molecule.

45. Draw shapes of H2O and C2Ha-

46. Using the valency shell elcctron pair repulsion (VSEPR) model, predict the shapes of the following
nrolccules (i) BeCl2 (ti) BF3.

47. Sug8est the exp€cted shape of NH3,

4t. Draw welllabelled orbitaldiagrams for the followtDg molecules

(,) BeF2 (4) BF3 (x0 CH1 (iu) NH3 (,) QHe.
49. Predict the shapes of the following molecules using the wlence shell electroo pair repulsion model-

(i) BeCl2 (it) siFo (iii) BF, (iv) NH, (v) lJro.

50. Explain the shapes of SF4 and ClF3-

s".r'lr' 51. Whatis a coordinate bond I ExplalDwith two suitable examples. Flowisit diffsrent from a covalent
bond I

\cc o..li 52. What is resonanc€ ? Define ResoDance enerry.
53. Draw thg rcsonating structures o[ CO2 ?
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scL6.2t. 54. What is hydrogeD bonding ? Give three examples of molecules involving hydrogen bondinS. How is

hydrogen bond different from an ionic bond and a covalent bond ?

55. Accounl for lhe followin8:
(i) Water is a liquid while H2S is a gas. (ii) Nfl3 has higher boiling point than PH3.

(nt) Boiling point of HF is lower than that oiwater.

56. What is hydrogeD bonding ? Iri what resp€cts is it different from ionic and covalent bondiDg ?

57, Write a short l1ote on 'l [ydrogen bond'.

stl. tlxplain why ordinarily H2S is a gas while fI2O a liqurd even though both S and O are elements of the

same group in the periodic table and S has a higher atomic olass.

59. \rfttor is a liquid and hydrogen sulphide is a gas, although the molecular mass of hydrogeD sulphide
is almost double lhat ofwater. Explaill.

60. What requirement should a molecule fulfil for the formatioD ofa hydrogen bood I
61. Give one example of intramolecular hydrogcn bond.

62. The bothnE and melting points ofwater are abnormally higher than those of other hybrides ofBroup
16 of the periodic table. Give reasons,

,L q n s 

^:n 

:w 9" f gg. 
-e"r,-e.,gig n g

soc 6.l. 1. What do you mean by a chemical bond 'l I-Io\ry do aroms combine ? How maoy types of bonds are
to 6.tt. there ?

2. What arc essential coDdil ioDs for the fornation oI an ionic boDd t Explain the formation of an ionic
bond between aD atom of Na and Cl.

3. Describe various characteristics of clectrovalent conrpounds.

4. How can thc lattice enrhalpy of aD ionic compound like NaCI be determlend try using Born-Flaber
(rycle'l

Ste.6.9. 5. Explaio the forma(iol ofcovalent boDdon the basis of (i) l-ewis coocept (ii) Valenca Bond lheory,
to o.15. taking at least three surtable examples in each case.

6. Briefly describe Valence Bond Tbeory of covaleot boDd. How cao you iDterpret it in terms o[ enerry
considerations 'l

7. Whar arc sigma and pi bonds ? Explain the different wals of their formatioD diagrammatically. Which
one of them is stronger aDd why I

scc. 6 16. t. Explaio the terms bond length, bond energy and bond angle.

9. Briefly explain quantunr theory of covalent bond formation.
sr!.(,.i1 10. What do you u nderstand by partial ionic character of covalent bond ? How is it calculated I Explain
r,,r,.:o. rakingexampleol HCl,giventhatitsobserveddipolemonrentisI03Dandbondlengthis1275 A

t l. Define dipole moment. Discuss its important applications.

12. Why are some covalent bonds polar ? What is a dipole ? Ho\r, can a Drolecule that has polar bonds be
a non-polar molecule ? How do dipole moments of molecules of CO2, CHa, H2O and NH3 help iD

ascertaining their structure ?

Src.6.2l. 13. Listvanous characteristics ofcovalent conrpounds. DiffereDtiate between electrovalent aDd covalent
1,,6.:1. coD)pounds.

scc.n.2.1. 14. What is meant by hybridisation of atomic orbitals ? How do€s lt explaiD the sbapes of molecules l
t,r 6.25. lllustrale your aDswer with suitable examples.

15. What is VSEPR theory 7 How does rt explain the bond angles observed in CHa, NH, and HrO

molecules?
srr (',-2(, 16. What js a co-ordinato bond ? Explain the formation of a co-ordioate bond. Describe it in orbital

overlap concept taking an exanrple.
sf,- 6.:7. 17. What is Rcsonance ? Explaio with a suitable example. Deline ResoDaDce enerry.
str'6.lli. lE. Whatisa hydrogen bond ? What requiremenl,s should a molecule fulfil for theformation ofhydrogeo

bond ) Explain the formatioo of hydrogen bond in HF and NHI molecules. Discuss intramolecular

hydrogen bond.
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'! 1' co,npuri"oo ofdipore DoEeDts of IyH3 ond NF3 - A typicar case. Both NH3 aDd NF3 molecures have

R:fi.::ilH]Tl:1"_l.l:er-:!y*rons oo N arom. As fluorine is bishry etectroDesarive, it appears thatN-F bond should be more polar and the net dipole momenr oixr, .r,rriJ"*-rr"-rr;;;;i;;#;:i#ir'iir:
However, actually the dipole moment of NF3 (0.24 D or o.8o x ro-s cm) is much sma[er than that of NHj
(vizI,{6Dor4.90xto-30Cm;.TtrisisexplainedoDtiebasisofthefollovingtworealons.

(i) The dipole formcd betw€en the lone pair ard N atom has to be taketr into coosidcration wbich is in ttredirection oftho lone pair.

. (r0 F is mote 
-eleclronegative 

than N, $ercfore direction N is moreelectrooegative than H, tbe direction of thc bond is from H to N (It differcncebetween N and H ia 3.0 - 2.1 = 0.9 and betrun N antl Fie.?.

F Resuftant
of 3 N-F

bonds

Th us Mereas resultaot moment of N_H boDds adds up !o the bond moment of lone pair, that of 3 N_F bondsparrly cancers the resulrant momert of rone pa,r. ner"e tt 
" 

nlt J[i"-,,oir,"iitr.rr, i. i"[ ol"-,iri ir NH, 
*"*

.., 'i 2. Comparison of bond
pl* o, N ;;;;;;;;;; dar io shapo with one rone

ivrr,.". ,t 
" 

o"roprio oi"r""i racted more towards F in

repursions between the boDd pairs in NF, is ress rban iD NH3. Heo"",rr" ron" pui, '"fi'tlff:H,',i #"^lfi,nore thaD it does in NH3. As a result, the bond aogle decreafo to lo2.4.wheress in NH3, it decreases to 107.3.only.

6/67
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ADDITIONAL U9EFUL INFORMATION

Note- PH3 and PF3 are atso pyramidal in shapewith one lone Pair on P. But PF3 has Sreater bond ange tban

pH3 (oppcite to NH3 and NF3). This is due to resonance in PF3 leading to Partialdouble bond character as showrr

belor, :

Asa result, repulsions berween P-Fbondsare largeand hence the boDd angle is large.There isno Possrbihty
for the formatioD ofdouble bonds lrl PH3-

3. Elfect ofthe type ofhybridisation on the directioll ofpolority ofs bond and magnitude ofdipole moment.

For example, thedirection and Dtagnirude ofdipole moment of C-H bond in methaDe and ethylene are as follows :

H
I

c-r-H (in CH1) = i:*fr 1in crHal
1r = 0 30D p=0 40D

4. Sugden's concept ol stnglet llnksgc. Sugden put forward the view that octet rule is Dever violated. He

suggested tiat in case of moleqll; like PClj, SFa etc., some atoms are linked to the c€ntralatom by covalent bonds

wbile others arc linked by singlet bonds.,4 ringkt bond b fomed by one sided sharing of only one electton between

the r,)o o,torns atd is thirefore repesented, by half dnow ( ------t ) pointing from donor to accrptor. Thus we have

It can be s€en that

cl

cl

FiF
\ t,/

S'

It\FIF
F

No. ofsinglet bonds = Tbtal no. of bonds-No. ofelectrons required to complete the octet'

5. PolarlsiDg power and Pols ssblflty (Faien's Rules). Although irl an ionic comPound, the bond is

considered to be 1i6% ionic, actually it has some colralent character. Thus just as covalent bond has some ioDic

character, ionic bonds have somc coval€nt chamcter' This was exPlained by Fajan as follows :
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4D_Drrlo,N4!:.!lqEFU!!ry_EqB!!4ILqN9_o_1id
When a cation appr@chcs an aDron, the eledrco cloud of the adm b attracted to$,ards the cation and hence gets

distorted. The effect is crued pol$isstion of the aDioD. The porver of the catioo to poladse tbe aDioD is called its
polarlshg polder and the leDdency ofthe anioo to 8et pohris€d is called iLs pnlarisabitity The greater is the polarisation
Produc€d, more is the neutralisatioo of the chargcs (ie. charge of the catioo by the clecilon cbud of th€ anion) and
hence the ionic character de.reas€s o. the covaleDt cbaracter incf,eiscs, Tho propertiGlikc melting poinq h€at of
sublimatioq solubility in vater or oon-polar solvents change accordingly. The polarising porver of tha ca6on and ttle
polarisability of the aoion and hence the formation of cotr'alent botrd is hvoured by the following frctoN:

(i) shall size ofthe cltion Smaller the calio4 geaterb its plsititgpolrr. This sxplains why LiCl is more
co\r'alent than KCl.

(il) Irrge slze ol the anioa. l,arget ,he anio4 greoter is itt pobri.sabirry (because the hold on thc electron
cloud by the nucleus decreases). This €xplaiDs why covalent characlcr of lithium halides is in the order

LiI > LiBr > LiCl > LiE
Ttrat is why their melling points are in the order

LiI < LiBr < LiCl < LiF
(446" c) (s47 c) (513. g (&70'c)

(iii) l-arge charge ou the cation or anioo. Larger the chorye on the catio\ gredter is itt polori:ing power
(because the electron cloud of the anion is more easily and strongly attracted by the catioo). Hence covalent
chamcter iDcreases. That is why the covalent. character of rhe chlorides is in the order

Na+cl- < Mg2+cl, < Al3+ctr.
Similarly, grcater the charge oD thc aDion, more easily it gets polarised.
(iv) Elcctronlc corflguration ofthe crtior. If two cations have the samesize and chatge, thenthe one wirh

peudo noble gas configwotioa (with 18 electroDs in the outermGt shell)h os greaer polarising power than the other
withnobh gos configtration (with 8 electrons in the outermct shell). This explainswhy Cu+Cl- is more cotr'alent
than Na+cl-.

6. Applicrtion ofVSEPR ttrdory to cohplex holecules Le. Dot havltrg only otrc crltrsl atorr- Let us explain
ty takinS the emmple of acetic acid. lts Lewis structure is

HO

"_t_J_;,
The first C-atom on the left has 4 bond pairs only, therefore its gcometry is tetrahedml. Ttre second

C-atom (centralC-atom) has 3 bond pairs (countiDg double boDd as one bond pair). So itsgeometry is trigooal
planar. Tbe Dext atom viz o- atom has 2 bond pairs and 2loDe pairs. so ir has a beot geomltry. combining alt
tbese Eeometries, we get the overallgeometry ofac.etic acid as follo*s :

The above structure can also be written on the basis of hybridisatioo. Hybridisation involved will be :
C-atom, sf,2oa C-atom, ,l, Dext O€tom, ,1 (with rwo orbitats containilg tone pairs of electrons).

I

H
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C. B. S. E.' P. lll.T. (,ll AI;US.1 ECIAt

Why is HCI predominsntlycovalent in the gaseous O O
state but ionic in the Aqueous soludon ? /:\ ll, - /;\ ll. 

^
Ans. Thc etectronegatMty difference between cl and H ""'H-q.O)-N-o".'H-o-{(J }-N-(')" "

atorDs is 30-2.r=os. H;"..'H;i-; \:/ \--'l
predominantly covalent io the Saseous slate. Hol '-

6+ 3-
ever, being a polar moler1rle (H-O), when dis-

soh/ed in water, the polar H2O molecul€s ioteract

with HO molecule as follo\ rs:

As a result, the bolld betweeD Hand Cl is brokcn

aDd we get tlydrated H+ and Cl- ions in the
solutioo.

r,vhy PCls exists but Ncls does trot ?

Electronic mnfiguration of rsP is

1 s2 Ztl 2p6 k2 3pl3pry3p:. Thus the 3d orbitals

of ihe valence shell are empty. Hence an electron
from Ir can jump to 3d, gMDS the configuratior

1s2 2:2 2p6 3sr 3p1pl3ptzul . Thus it can ex-

teDd its covaleosy to 5. In cas€ of?N, electronic

configuration X 't? z! ZptrZptrzpl. As there is

oo 2d orbital, it cannot eflcnd its covalency to 5.

Why o-nitrcphenol is volatile in stlsl! butP'
nltrophelol is Eot ?

In o-nitrophenol, thcrc is intramolecular
hydrogen bonding and ttlerofore no further as-

sociation among the molestles InP-nitroPhenol,
there is intermoleqrlar hydmgen bonding and

henco association amoDg the molecules.

pnltrophenol

As a re,sult, boiling point ofo-nitroPhenol is less

and hence is volatile in steam but boilirg Point of
p-nitrophenol is high and hence is not volatile in
steam.

Erplai! horr the valence bond theory exPlains
the existerce ol cia snd trans isomets.

According to valeoce bond theory, a co!,aleDt
bond is formed by c,verlap of half-filled atomic
orbitals. If overlap is along lhe intermolecular
axis, the bond formed is called o-bond aDd if the
overlap is prpeodicular to the interDuclear axis,
the bond formed is called z-bond. In case of
molecules containing C = C double bond with
two different atoms or groups attached to each

doubly bonded C-atoms, they can exist in two
different spatial arralgements, called cit and
toru (or geometrical isomers). For example, for
the molelule CICH = CHCI (1, zdichloro
etbeDe), we have

t\./"'
il
C

crl \rr
cis-l, 2dichloro ethcrre trans-I, 2-dichloroethene

C = C double bolld consists of ooe d bond and
one r bond, As ftee rotadon about a I bond and
hence aboul a double bond is oot possible, the
abor'c two molecules are comPletely different
and one canoot be changed into the other simPly
by rotation. This explaiDs the existenca of cis aod
traDs-isomers.

lJ s NrE€ otrd rcprcseDt the types of bonds pEsent
ln CuSO4 . 5II2O.

Ans CuSO4.5H2O has ionic, coialent, coordinate

and hydrogen bonds as shorn below :

'\./"'
il
C

s/ \c,

Ans.

o-nitrophenol
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Note that four H2O molecules are liDked to

Cu2* cation by co-ordiDate bonds whereas fifth
H2O molecule is linked by hydrogen bonds be-

tween a coordinated H2O molecule aod sulphare

toD.

Give reasons for the followiug :-

(i) Covalent bouds are called directioDal boDils
while ionic bonds are called non-directioual.
(i, Water molecules have beot structure
whereas carboD dioxiile rlloleculca are liEesr.
(iii) Ethylene holecules ore planar,

(I.S.M. Dhanbod 1990)
(i) ln covaleot bond, rhe shared cledron paiN are
localized betu/een the tlro atoms or a coltlent bond
is fomled by ttle overlap ofhalf-fillcd a tomic orbitats
which hale definite dircctions. Henc€ co lent
bond i.s diircctional. In ionic compounG, each ion is
su rrou nded by a Dumbor ofoppcitely charged ions
and there is no defDite directioo.

(r'i) H2O moleculc has a nel dipole montent
whereas dipole mon]cnt of CO2 is found to be

zero. A.lso central atom O in tlrO is .rp3

hybridzed whcreas central atom C in CO2 is

,p-hyrbidized.

(ir,) This is because each C-atom involves,rp2-
hybridisation.

Q.7. Taking carbo! (atomic numbcr 6) as an ex-
ample, explain the meaDing of valcDce
electrons.

(B.LT. Ratchi 1991)
Ans. The electrons present in the outernlGt shell are

called valence electrons because they tell about
the valenry of the atom e.& iu case of C-atont,
E.C. is 2,4. Hence its valency is 4.

Q.8. Frplain the followinS:
(i) AIF, is a high rnelting solid wheres SiFn is a
gas.

(ii) IlrS having high molecullr weight is a g,rs

whereas II2O is a li(ltrid.

(I.S.M. Dhanbad 1992)
ADs, (t) A1F3 is a[ ionic solid due to large drfference in

eleclroncgativties of ,/{ aDd F whereas SiF4 is a
co\ale nt cornpou nd aDd hen@ there arc only weak
van der Mal's forcqs anroDg their nrclecules-

(ii) Therc is hydrogen bondrng in II2O but no

hydrogen boDding in H2S.

Q.6

Q. l

I. S U B]ECT I VE QU ESTIONS

Explaitr the lollowitrg oD the basis of yalence
bond theory
(i) Bf, is planar but NH3 is rot
(ri) CCla atrd Sicla ore tetrah€dral

(n'i) The HSE bord atrgle in H2S is closer to 90"

thon HOH bond angle in II2O

(i) Ir BF3, B-atom undergocs rp2 hybridisation.

Hence BFj is triaDgular planar. In NH3, N-atom

undergoes ,rp3 hybridisation- Hence NH3 has

pyramidal shap€ with one lonc pair oD N-atom.

(.i) Both C in CCta and Si in SiCIa undcrgo.rp3
hybridisatioD. HencE they are tetrahcdral_

(iii) Refer to pa8e 6/,14.

e. i In each of the following pairs of compounds,
ryhich one is hore covalent strd why ?
(,) AgCl, AcI (r) BeCl2, MgCt2

(iii) SnCl2, StrCla (iv) CuO, CuS

Ans. Applying FaJan's rules, tho result cin be obtaiDed
in each case, as follows :

(i) AtI is more covalcnt than AgCl. Thls is be-

cause I- ioD is larger in size than Cl- ion and

hence is more polarized thrn Cl- iLrn.
(ii) Beclz is more covalent rhan Mgclz. This is

bccause Be2r ion is smallcr in,size than Mgz+ ion
and hence has greater polarizing powcr.
(iii) Sncla is more co!-atenr rhaD SnCl2. lhis is

because Sn4+ ion has greater chargc aitd smaller
size than Sn2+ ion and hence has greater polariz-
rns power.

I. r-7. (ALA,AfSJ S FECTA L
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Ans. 'tj = il = o : ** : N = N - ci :-

(iv) CuS is more colalent thaD CuO. This is

becauscs2- ion haslargcr size than 02- ion anJ

hence is more polarized than 02- iol'I.

Givitrg reasons in brief indicate whether the
followilg statemenLs is TRUE or FALSE,

The presence of polar honds in o polyatomic
molccule suggests that the molecule hns holr-
zero dipole moment. (I.r.T tee0)

Ans. False because in synmetrical polyatomic
orolecules like BF3, CII4, CCl4 clc, bonci mo-

nle[ts cancel out aDd thc net dipole mor]cnt is

zeto.

Write trvo resonating structllres of N2O that

s tisfy the octet rule.
(l.I.T 1990, M.L.N R. Alldrubad l99j)

Q&ange tbe follorviDg in order of itrcressitrg
strcngth of hyitrogen bonding (X......'.H-X).

o,4s,cl,N
(I.I.T. 1991, M.L.N-R. Allahabad 1993)

ADs. Cl<S<N<O<E
(l 6 Write two resonance structures ofozone which

satisfy th€ octet rule'

Ans. See page 6/48.

(I.I.T 1991)

lndicate t/hether the following st$tement is

TRUE or FALSE. Justiry your answer in not
more than three lines :

The dipolemomeut ofCII3F isgreaterthan that

ofCH3Cl (r.I.I 1993)

ADs. False because Do doubt C--F boDd is more Polar
than C-Clbond due to greater electro[egativity
of F than Cl but C - F boDd leDgth is much
smaller than C -Cl bond lenglh.

{t ' Usirg the VSEPR theory idertify the tyPe ot
hybridisatiotr and drow the structurc of OF2.

What are oxidation atates of O aDd tr ?

(I.I.T, 19e4)

Ans. Electron dot structure of OF2 is

,rt9x
FFFF

Thus the central atonr (O-atom) has 4 pairs of
electroDs (2 boird Pairs and 2lofle pairs) Herlce

oxygen in OFz is.lf hybridiscd aDd the moleculc

is V-shaped.

Oxidalion state of F=- l, OxldatioD statc of O

i.) 'i) Account for the folloving: (Writc the ns\ver in
forrr sentences onlY.)

'fhe experimcntally determined N-l' hond

length irr NF3 is gre:rter than the sum of the

sinple covalcnt rrtdii ot N .ind l: O.I.T 1995)

Ans,'Ihis is because bolh N aDd !- arc sn'lall aDd heDce

hxve high elcctrofl density. So lhey repel lhe
bo[d pairs thereby n]akiDg the N--F boDd length

larger.

.j r (;ive renson for thc folloving :

The molecule of MgCl2 is linenr while tllat of

staIlhous chloride is aIlgular'
(M.L.N.R. Allahabad I 995)

Ant' E c. of l2Mg is Ltz 2tz 2p6 \'i2 in thc gr(lLlnd

srate. lleDce in thc excitcd stale. iL is

ltz Ztz 2p6 3|t 3d. It ur:clergoes rP-hybriclisa-

tion.'lherafore lhe shaPe of Mgclzrs lincar ll.C.

of SD is IIkl 5r25p]5pj. It undcrgoes 72'
hybridisation. l'he two hall-Iilled hybrid orbitals
form bonds with Cl-atons whilc lhe third is oc-

cupied try a loDe pair. Hcnce SnCl2 is bcnt or

V-shaped.

rJ l1 Explnin why the diPole moment ofNfI3 is more

than thnt ofNF3? (ltoorkee 1995)

Ans. Refer to page 6i'68.

() ll Explain why bond Ilngle of NlI3 is grcater tbflll

thrt otNFa while hond nngle ofPl13 is less thxn

that of P[3.

Ans. Refer to page 6/68,6/69.

Q. r I Interpret the nonJiDear shapc of llrS and non-

planar shtpe ofPCl, usihg valencc shcll clectron

pair repulsion (VSEPR) theory. GI.T 1996)

Ans. H2S

No, of electroD Pairs around S

6+2 8 .=--T=2="
So hybridisation = sp3

i
u -/,2' \. 

(v- shaPed or angular)

y/
PC13

No. of electron pairs around P

5+3 8=--z--1=4

ii
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So hybridisation = sp3

I

ct,7P--- ct 
(Tii8onal f'yramidal shaPe)

ct/
Q. 11. lvhich of thc follorf,irS has larger dipole mo-

mellt ? Explain.
l-Butyne or l-Butene

Ans. Their structures are

(Roo*ee 1999)

HrC-CHr-C=C-H
I -Butync

Each triply booded C-atom is,rp-trybridized

H3C-CHz \ _..-H-C=C

H./ -\H
1-Butcne

Each doubly C-atom is.'f-hybridized.
1-Butyne has larger dipole moment b@ause tbe
electronegativity of .rp-C is more than that of
fP2 - c.

Q. 15, Explein why o-hydroxybenzsldehyde is o liquid
at room temperoturt while p.hydroxy benzal-
dehydc is o high EcltitrE 6olid. (I-I.T 1999)

Ars. In o-hydrory beDzrldehyde, there is iD_
tramolecular hydrogeD bondiog and hence there
is no further association amoDg the molecules r',€.

they exist as siDgle molecules. In case ofp_hydro(y
beD?-aldehyde, there is intermolccular hydrogeD
bondiog and benc€ the molecules are associated
throu gh hydroge[ bondiDg

I
H

o-hydrox] benzatdehyde

IItrantolecular-bondiDg

No association
o ..{O}o-rr...o = c-@o-rr ...

| \.:J | \::-/
HH

p-hydrory beDzaldehyde

Intermolecutar H-bonding
Association througb H_bonding

As a result. o-hydroxy beDzaldehyde rs a liquid
while p-hydrory b€nzatdehyde is a high nreliing
solid.

Ans Io Cl, (Cl-Cl) both atoms have same electro-
Degativity. Henc€ the shared pair of electrons is
attracted e
the c€ntre.
charge. In
H. Hence
tracted towards Cl which, therEfore, acquires
Degative charge while H acquires pGitive charge.

(1. I 7. \trhich one of NF, and NH3 is Eore polar strd

Q. 16 Why HCI is polar while Clt molecule is non-
polar ? (B.I.T Ranchi 2000)

why ? (llbst Benpl J.E.E. 20011
Ahs. The electronegativity diffcrence between N aDd

H and that between N and F is oearly saore, yet
NH3 is more polar thao NF3. Reason discussed

on page 6/68.

Q. It. Using VSEPR theory dpaw the shspes of pclj
and Br\. (I.I.T. 200i)

Ans. (i) In PClr, number of electroDs m the vatence
sbell of the central atom viz. p = 5. These are
shared with 5 Cl atoms. Thus there are 5 bond
pairs and no lone pair on the ceDtral atom-
Therefore, the bybridization is ry3d aDd the
shape is tigonal biryamidaL
In BrF5, number of electroDs in the valence shell
ofthe ceDtralatom viz. Br = 7. Five out ofthese
are shared with 5 Br atoms. Thus there are 5
boDd pairs and otle lone pair. Hence, hybridiza_
tion is rf I and the shaP is square Womidat

ct

ct
(, l') What is the S.I. unitofdipole homent ? Draw the

LEwis dot diagEms of nitric acid. srlphuric acid,
phosphorous acid and hy,pophc;phomus acid,

(West Bengot Jj.E. 2003)
Ars. TheS.L unitofdipole moment is C-oulombmetre

(Cm), 1 Debyc = 3 335 x t0-30 Cm. Lewis dot
structures ofthe given acrds are as follor{s :

' 
r],.. IH-O-N- O: H-O-O-O_H

ll J-O :O:
Nilric acid

Sutphnric acid
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H-O-P-O-H-t
H

,,=,q;7;z^*,*"
urro ={to,,}o^*,,}o "^ 

*
tI

, a -l-o-r,"T

Ans. 
F

F

PhosPhorousacid HyPoPhosPhorou6acid

Q. ill. g";rr* y5O* theory draw the molecular struc'
tures of OStr4 and Xetra indicating the locstion

oflone palr (s) ofelectrons ond hybridisation of
certml atoms. ( I'T 2004)

1.g4 = V1t .!2 + (1.5)2 + 2 (1 .5)2 cos *
or 34a56 - 2'25 + 2 25 + 4 50 cos "
or cost=-02476
or c = 104'20'

lcos (180 - 0) = - cr.)s 0

!:e. cos (180 - 4)=O 24761

I'nthlur 2. Taking the HOH bond angle in HrO

molecule as 105", calculate the chorge on orygen atom'

Given thet the dipole moment of HrO molecule is

1.t4 D and O-H bon<l tlistance is 0 94 A-

Solution.
l_-___--:--

p,ro = ! pLn + af," + 2P$, cos lo5"

:. (1.84)2 -2pLH+zPbHx Q 2588)

3 38s6 = zpbHo -0 2588)

[cos 105" = c.s (180 - 751 = - cos 75'l

= t.qazq (L,
or pzo' = 2 2839

or loH=151 D:151 x10-18esucm'

Butrro-H=CharSo(d)xd

.. l 5l x l0-l8esucm =d x (0 94 x lo-8cm)

or d=1606 xlo-toesu
As O atomacquires charSe = 2d (one d from each

O-ll bond) therefore cbarge on O-atom

=2\1606 x lo-lo esu

= 3.2t2 x lo-10 esu.

t'nfilt'n .l The dipole moment of KCI is

3 336 x 10-29 coulomb metrcwhich indicates thflt it is

a highly polarized molecule. The interatomic distance

between K* and Cl- in this molecrtlc is

2 6 x 10-10 m. Calculate the .liPole moment of KCI

molecule. if there were oPPosite charges of one fun'
dameltal ullit locoted Et each nucleus. Cnlculate the

percenisge ionic charocter ofKCl. (r.r.T 1993)

If there wcre oPposite charges of one

fundamental unitic.4 =7'fi2x 10-le coulombs, then

p_qxd

TiigoDalliprramidal Squareplanar

(rldhybridisation) (,ty'd2hybridisation)
(J 21 State with rcasons

(i) Which is Eore acidic-anhydrous HCI or
oqueous HCI ?

(ii) Which is rDore polar 
-CO2 

or N2O ?

(iii) Tlhlch is uore volatil€'ortho nitroPhenol or
para litroPheuol ? (West Beagdl l'E'E' 2004)

Alrs. (i) Aqueous HCI is more acidic For reasoD see

Ans. to Q. 1,Pa86171.
(ri) NzO is morc polar than CO2 This is because

COz is linear aDd symmetrical. Its net diPole

moment is zero (O = C = O). NzO is linear but

unslmmetrical. It is considered as a resoDance

hybrid of the followirlg two structures

:N=N=O:-,N=N-9,

It has a net dipole moment of0 116 D'
(iii) o-nitroPhenol is more volatile. For reason'

see Ans. to Q. 3, Page 611.
II. PROBI,I'IIS

I'roblun 1 . The observed value of dipole moment

of H2O rtrolecule is found to be l t4 D' Calculata the

H-O-H botrd angle in HrO molecule, giver that the

bond momentof 0-H bond is 1 5 D'

. As diPole mo-
ment of H2O isthe resultalrtof

thetwovectors (o-H boDds),

therefore, if a is the anSle be-
tween the two vectors, then
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= (i sC2 x 10-19 coulombs; x 12.6 x l}-to m)
-- 4 1652 x- lo-29 coulomb metre

Fobscocd = 3 33r x t0 -29 columb metre
.. 7o io[ic chafidet

3 336 I lo-11 x l0o=E0.09%i 1652 x l0-zY

lu-g = 1t)4 2 kcal rnol-1,

[. r=-r,i 6kr:al lnoi-I,

li*.-, = 134 6 kcal mol-r ,M.L.N.R. tgg6)
Sotution. Suppose thc electroncgativlties of[I aod

F irr. .eDr.seoted rs IH and tF. Applying pauling's

iorD'lul,.r

lx{ xrl = o loz \6 when a is in kJ mot-l

^ 
= BE {H _F) _ BE (H -H)-+ BE (F-F)

t04 21-36 6= t'.1 L - __f_ k(at rDol .

LE CHOTCE atrsnoNs
For CEs

and All Other Comp

A p,-.lrr covalent bond $ formed by

fr) lraosference ofone electron
(, ) iranrt?reoce ofoDe or ntore electrons

i./ ih.iring ofone electron
(.i) rh?riog ofoDe or nore electroft\.
Dip,ile rloDteot ofBeFz is

(b) very higb
(d) Dot definite.

= 64.2 kcat mol-l = 26E o kJ mol-l
,. lxu-xrl = o. t1z,/6i8.6 = 1.67

Astp > XH, xF=7.61 +X,H

= 1.67 + 2.1= 3 17 =3 E

/?o6,lz11 5. fuihydrous AlCl3 is covalenL From the
data given below, predictwhethcr itwould rcmain cora ent
or becolne ionic in aqueous sohltion (lonization eneq5/ for
AlCl, = 5137 ld mol-1, Alllya,"ti,n for Al3+ = -4665
kl nrol -1, AIInr^.! for Cl- = -3t1 klmol-I.

(I.I.T t99n
Solution, AlCi3 {rt - aq - A](l: r,r{t 

-
r'J3+ roql .lC| Oqt

'lbral energy releascd on hydrarioD of I mole of
Al3+ ions and 3 moles of Cl- ions

= 4665 + 1x 381 kJ = 5808 kJ mol-l
Energy required for ionizalron = 5137 kJ nrol-1
As energy released is greater than the eDergy re_

quired, hence the mmpound will ionize in aqueous solu-
tion.

(c) orbitals ofsane atom but with widely different
energies

(d) orbitals of different atorns with diffeient encr_
ges

(e) orbitals of the same atom with exactly equal
energies.

5. Which of the followiDg stateme[ts is wrong ?

(a) Covalent compounds are generally soluble in
polar solvents

(b) CovaleDt compounds have low melting and
boiling poiDts

(.) Ionrc solids do nor conduct elecrricily
(d)Ionic conlpounds coDduct electricity in the

fused state.

3. Cir5.r!'t u ethyiene involves the hybridisarion

a) sp3 (b) tpz
it,t )P (/) Done of these.

4. lL hiidisarion involves

l// I ..rr-rrrals of same atoo] with sligh y different
{jIergtes

f/) I rrrl\itals ofdifferent atoms bu t wlth equal energies

(li) very iow
(r) zcro

\tr1o2 is isostructural with (one or more)

Wne"\

Lu 5.a1.d 2.c 3.b

(6) SnCIz
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glqH, (d) No2 0.r.7: ts86)

."/ Dipole moment is po6sessed by (one or more)

(a) l, 4-Dishlorobenzene

Itf,lr 1, 2-Dichloroethene

(c),r.7r 1, 2-Dichloroethene

(d{ffaltt-l,2,Dichloro-2-PeoteDe. Q'I'T I9E6\

t. Which of the following contains both covalcnt and

(D) CaCI2

(d)}{zo.
( Ll.l,-1\".R. A,llal,abad 1994)

9. Wbich of the following contains a coordinate
bond ?

lj'firu{ (b) Bacl2

(c) HCI (d) H2o.

( M.l,.N'R' Alltlubad 1 990)

10. In which of the follo$dDg the central atom does oot

use.d-hvbrid orbitals in its bondint.

_flrro; (6) oHr+

(c) NHt (d) NH3

liil.L.N-/r'. 'l alubfld' I990)

11. The molecule which does not exhibit diPolc mo-

n.)ent is :

(a) NH3

(c) Hro

What is the maximuD number of hydroScn bonds

iD which a water molecule can Participate ?

(b)2

4l+.
iM.I^N.R. A ahahdd 1991,1.1.7. i992,

v.P. c.li P: Ieeg\
'13. The linear structure is assuoled by (one or more)

15. Which one of the
nrent ?

(a) CIF

(")SF+

following has zero diPole mo-

(b) PCl3

(d) cFCb. u.r.r. 1ee3)

(D) BF3

(d) co2 G.PM.T t ee3)ionic bonds ?

(4) CCl4

.I4 NH4cl

(o) I
(c) 3

(a) SnCl2

(c) NOr+

14. The molecules tbat will have dipole moment (one

or nlore)
(d) 2, 2-DimethYl ProPane
p)kaos-2-Pentene

J?lcis-3 -Hexene

(d)2,2,3,3-tefiamethyl butane. (l l1: 1992)

16. Two lone Pairs of electrons and two bond Pairs of
electroDs are present iD

(a) NH,

-+fdao
17, H2O has hiSher boiling point than H2S b€cause

(a) H2o is a smaller molecule and hencE more

closety packed.

(D) the bond angte in H2O is more than iD H2S and

henc! the former molecules are more l.iBhtly

packed.

(pFf intermolecular hydrogen bonding in liquid, H,O

(d) the latent heat of BPorisa on is hiSher for
water than for H2S. U.S.M. Dlunbad, 1994)

1& The central atom assumes r/-hybridisation in

{tC5 (D)so3

(c) BF, (d) Not
( M. L. N. R' AllLhabdd I 9 9 4 )

19. NH3 and BF3 fotm an adduct readily because they

form
(a) an ionic bond (6) a covalent bond

G)a mordioate bond (d) a hydrogen bond.

(M. L.ll'R' Alhlubad l 994)

20. NH3 has a much higher boiling Point than PH3

because

(o) NH3 has larger molecular wsight

(6) N H3 under8oes umhrella inversi()n

Jgy'NH3 
forms hYdrogen bond

(d) NH3 contaiDs ionic tronds whereas PH3 col]-

tains covalent boIrds.
(M.L.N.R. Alldlwbad' I 994i

21. Which of the followiDg has oet diPole moolent ?

(a) CCln (b) BF3

(d) coz.
(Haryam C.E.E.T 1994)

i:i ili, iii:, i: :i;: ir, i:i:i :: ,:i:i i :i::i:,i:ii:iii:l:ii:iijitl

(6) CHC|3

gWct+
(!I.L-N.R. Allahahad I99I I

./p')Nco-

t4r6r. G.I.r. IeeI)

a
6. o,c 7. b'd E'

16. c 11. c lt.

(9INH.

13. bd 14. b,c 15. c9, a 10, c l.l'. .l
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(b) Diethyl ether
(d) 'Dicthyl amine.

61.L.N.R 1995)
23. The Dumber and typ€ ofbonds betweeD two carbon

atoms in Caq are

(a) one sigma (o) and ooe pi (') bond

(6) oDe sigma (d) ard tro pi (z) bonds

(c) oDe si8ma (a) and oDe and a half pi (rr) bond

, l!l) one sigma (o) bond

'-ffini* of rhe following hydrogen halidc is mcr
volatile ?

(a) HF
(c) HBr

25. AmoDg the fo or,/iog speci€s, idendry thc isctruc-
tural pairs NF3 , NO! , BF3 , H3+O , HN3

(a) [NF3 , NO3-] and [BF3 , H3+O]

(6) [NF3 , HN3] and [Not , BF3]

.(rlNF3 , H3+ol and [Not , BF3l

(d) [NF3 , H3+o] and [HN3 , BF3] U.r.T rse6)
26. Arrange the following compounds in order of in-

creasing dipole moment
'Ibluene (I), ,n -dicilorobenzene 0I), o-
dichlorobenzene (III), pdichlorobenzene (w)
(a) I < Iv < II < III ltfIv <l <II <fi|
(c)IV< I < III < II (d)ry < II < I < IlI.

f/KF mmulnes wirh fIF ro form KH
poutrd contains the species

(a) K+ , F- .ind H+ (D) K+ , F- aDd HF

;!p\A+ ana lP,Frl- (d) [KHFI 
+ and F2.

(I.t.T. 1996)
2t. Among tbe following compouDds, thc one that is

polar and has the central atom with sp2 hybridisa-
tioD is

,gfurco,
(c) BF3

(LI.T 1 997, C. P-M-T, 2000)
29. Which conrains both polar and non-polar bonds ?

(d) NHaCI (D) HcN

g+Etharct
(c) Ethyl chloride

30. Wictr one of the
hybridrsatioD ?

(a) coz
(c) Nro

3I' Among Ko2, Alot
electron is pres€nt in

(a) NOr+ and BaO,

;lclAorotrtY

followiug compounds has d

,p4'so,
(d) co. o.r.T 1es7)

, BaO2 and NOr+, unpaired

(6) KO, and AIO'
(d) BaO2 onty.

(1.1.L 199n
32. The cylindrical sbape of aD alkyDe is due to

(c) three sigma C--C bonds

(6) three , C-C bonds

(c) two si8ma C-C bonds aod one ,r C-C bood
(4) One sigma C-C bond and two z C-{ bonds.

(C,B.S.E. PM.T I9g7,I

33. Which one of the followiDg has highest dipole mo-
ment ?

.6*n.
(c) SbH,

Jh)1ict
(4 ril.
(HoD a,ra C. E. D.7: 1996 )

(b) siFl

(d) Hcro2.

(D) PH3

(d) AsH3

t( B.S.E. IlM.l: 1997t

34. In cqstals ofwhich ofthe following ioniccompound
would you expect maxinum distance between the
cenres of cations and anion!,
(a) GF ,.(b c"t
(c) LiI (d)LiF

i( 8..\ l:. l!l|'t 1993i

35, Which of the following statemeDt regarding
covalent bond is not true ?

(4) The electrons are shared between aloms
(r) The bond is non-directional
(c) The srrength of the bond depends upon the

extent of orr'erlaPPing

(d) The bond formed nray or may Dot be polar.
(jl.ll Ptl '[ t998t

36, Hydrogen bonding is not presenr in
(d) Glycerine (D) \lbter

1q/Hyorogen sulpbide (d) Hydrogen fluorido.

i|.P PM.',f t998)
37. The geometry and rhe r),p€ of bybrid orbitals

present about the c€ntral atom in BF3 is)
(a ) linear, rp _lLfirgonal ptanar , q2

l2.a Z3.b 24.b 25.c ZG.b 2i. c ZE.d 29.c 3O.b 31. c,2. d 33. d 34. b 35. b 36. c
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41.

(D) frro
(d) so3.

(A.l.l.M.s. 2000)

42. Atomic orbitals of carboD in carbon dioldde are

{a) rp-hybridised (D) rp3d- hybridised

(c) ,p2-hybridised (d) rP3- hybridised.
(A.t.Liv.,l.2000t

43. The values of electro[egatMty of atoms A and B
. I are 1 80 and 4 0 respectively. The Prcentage of
\ ionic character ot A-B bond is

45. The correcl order of hybridisatioil oi i.ii! !.:r,tlri
atom in the iolloqing sPccics

NH3, IPtcl4l2-, PCI< and BCl3 is

(a) dspz, dtp3 , spz and sp3

!2lsp3, d-tp2, dtp3, tpz

(c) dspz, spz, sp3 , rLtp3

(r) NH3, BF3

(d) PCrs, IO5

(c.B.s.L. M|. l: )001\

47. In\rhich of thc following, bo[d angleis maximun'] I

(o) NH:

(c) PCls

It'tr,rs[
(d) scr2

(c.R.s.D, Pitl.T 2ool)

4t. Which one of lhe fcllowing arlingcnrenls r)l'

molecules is correct o[ the basis of their dipole
moments ?

(a) BF3 > NF3 > NH3 (b)NF3>Bt3>Nl[3

(c) NH, > BF3 > NF3 lrNIJr :- Nl-3 > BI;1

(e) NH, = NF, > BF. lKL th L L.1.. )001)

49. Bond dissociation energies irf H , l{CI and Iltlr
follou the order

(a) HCI > HBr > HF (D) HF > HBi > HCi

cause

(4) Covalent Dolecules have deflnite shape

(D) CcNalent bond is weaker than ioillc bond

(c) Covalent bond is less exothermic

51. Sulphuric acid provides a $imple exanii,irj of

l[4) co'ordiante bonds

(D) non-covalent comPouD(l

(c) covalent ion

(d) non-coir'aleDt ion

(e) oone of these

(c) tetrahedral, rp3 (d) pyramirlal, ,sp3.

(l.Lf, 1991 ; Ha4am C.t').t') Tl

38. The correct order of increasiDg C-O bond len8th

of co, co3- , co2 is

@)cc!-<co2<co
(b) coz < co3- < co

(c) CO < cO32- < co2

-q4fco .co, < cozr- .

Jbf4 electrons

(d) All electrons.

(Ll.l! c.L.E. 1999)

(l.l.T. 19e9) gf*.r,,t ;
(c) co3'?-, so3-39. In a double bond connecting two atoms, there is a

sharing of
(a) 2 electrons

(c) 1 electron

40. Whicb one of the follqwiDg molecules will form a
linear potymeric structure duc to hydrogeD bood-

t(:. R.S 1,. Pll',L 2000\

Which among the following has the largest dipolc
moment ?

,I') NH,

(c) HI

ing ?

(a) HCI

(c) Hro
ffin
QfNtt.

(b)'72.24%

(d) 43%.
(a) so%

(c) 55 3%
(D.C.D I; |i. 20(nt

,14. AmoDgst Hzo, Hzs, H2se and H2'Ib,lhe orewith

the_highest boiling Point is

Lz1 H,o because of hydrogen bonding

(6) H2Te because ofhigher molecular weight

(c) HzS because of bydrogen bondiog

(d) H2Se because oflo\ er molecular weiSht.

0.t.'t 2000\

52. In NOt ion, the number qf bond pairs airo lcne

pairs ofelectrons on nitrogen irtonl are

(Ibryla M.E.E. 2002\

3a. d 39. b 40. d 41. b 42. a
50. d 51, a4A. d 49.

43. b 44. a 45, b
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54. Which of the following has zero dipole moment ?

(D) PCr3

(d) cFct3

(M.P PM.T, 2OO2J

55. In which of the following species is the underliDed

carbon having d-hybridisatioD ?

(4)cH3-cooH f)cH3cH2oH

(c) CHr-CO-CH, (d) CH2 = CH-CH3

(A.I.D.L,L. 2002t

1)f. Wli"t of the following does Dot coDrain co-or-
dinate boDd ?

(a) CIF

9)siF4

(b) NHt

(d) H3o+

(F.ajastha n l! M.T. 2 0t)2)

57, Number ofr-boDds in Naphthalele is

(b) 3

$fr'
(Rojasrhan P.M.T 2002)

\ 5a. Which of the followiog hydrocarbons has the lowesr
dipole nloment ?

H:c \ -.-CHt(a\ Il=C
H.../ ---H

(b) CHrC = CCH,

(c) CHTCHTC = CH

(d) CH, = CH_C = CH U.r.l: 2002)

59. Among the following, the molecule with highest
dipole moment is

46; ncl,
({ same in all

( D. t!tL t 200.11

63. Wbich of the followiDg pair of molecules will have
permanent dipole moment for both members ?

(a) NO2 and COz (Ql NOz and 03

(c) Sifi and CO2 (d) SiF. and NO2

(,r.r.8.t,.E.2003\

Shape of OzFz is similar to that of

( ('.8.5.8. I!,v.T 2002)

53. In OF2, number of bond pairs aDd lone pairs of
electrons are respectively

(I.t.T 200.1)

61. Which of the following sktements is not correct for
sigma aDd pi bouds forDed between two carbon
atoms ?

(4) Sigma bond is stronger than pi bond
,(D') BoDd energies of sigma and pi boDds are of the

order of 264 kJlmol aDd 347 kymol
(c) Free rohtion of atoms about a sigma bond is

allou'ed but noi iE case of a Pi-bond
(d) Sigma bond determines the dircction berween

carbon atoms but a pi boDd has no primary
effecl in this regard. (C.B.S.D. PM.T 2003)

62, Maximum bond angle is prqgnt in case of

(a)2,2
(c) 1,3

(a) 2, o

(c) 2, 10

(r) BHr-

9"q-

(o) 6
(") 4

4cfcarcr
(c) cHcll

(b) 3,1

k44,0

<tJzs
(d)19 @.P.r4T 2oo2)

(b) cH2ct2

(d) cctl g.r.T 200j)

(o)No3-, coe-

G) clot, co3-

(b) so3, Not
(d) co3-, so3

ttln,o,
(d) 9Hz

(A.l.I.LI.S.200J)

(r) No2-

{d}Nor+
(A.I.l.ll.s.2001l

!Q."rt
Qrr,

(a) 9Fz
G) H:Fz

65. The ONO bond angle is maximum io
(a) NO3-

(c) NO2

., ifi The dioote moment is hichesr for
(4) rrans-2-butere (6) l,3dimetbyl benzene

JD ac€tophenorie (d) ethanol
(A.LI.lIS.200J)

60. Which of tbe following are isoeledronic and
isostructural ? NO3-, CO3-, ClO3-, SOr

ofthe folloning is arranged iD the iocreasiog
order ofenthalpy of vaporisation ?

(a) NHr, PHr, AsH, (b)AsH3, PH3, NH3

(c) NH3, dsH3, PH3 (dI?H3, AsH3, NH3

t .l.l L,ll.S 20t).1t

57. d
67. d

52, d 53. b 54. c 55, , 56. c
62. d 63. b 64. b 65. d 66. c

54. h 59. a 60. a 61. b
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(d) Always samo irrespective of iLs hybrld statc

(e) None of above llierah C.l':.li. 200J )

The H - O - O bond an8le is [!2O2 is

@) ln" 28' (6) 10e"28',

(c) 104 5" (d) 106'

(f91' \rrala P\I.T 2c04\(a) HzS < Silla < NH3 < BI-3

(b) NtI3 < H2S < SiH4 < B[r3

(a) sp2 atd ryz 1tfrpz ana ,p3

(tl) sp3 ard ry3
(A.t.h:.E.8.2001\

(c'S sp3 and sp2

DcoreasinB order of C-C bond Iength is

t. qtt4 IL qH2 r1l, c6H6 Iv qFI6

{a)IV > III > I > II (b)I > II > IV > III

thc

(c).r?3d2 hybrid k/) ?3- hybrid

{firyz-hyoria lKtnta Ptt.T 2004t

l. Which of the followiDg is lenst vol tile 'l

J4HF (Dtflcl
(c) HBr (.1) III

l HiD^d n PlI.1: )004)

Which ofthe following is not eleclron delicicnt 'l

{drNrr3 (D) BF3

(c) AlCl3 Gl) BHr(c).ruul3 \4) Drr,
(Haryana PM.T 2004)

If a molecule MX, has zcro dipole moment,

sigma bonding orbiials used by M are

(o\ ip3 d-hyhrid (6) \p-hybrid

qrllonrc raon are- - (r, inveNely Proponional to eEectivc nuc.lear charge

(6) inversely proportional to the square of the et'-

lbctive nuclear charge

(c) directly proportional to ellbctive nuclear charge

(d)directly proportioDal to the square of effcctive
nuclear char8e. l( .b \.1: !1,11 l: )t)itJ 

'nuclear char8e. l( .b \.1: !1,11 l: )t)itJ 
'

69. In BrF3 nloleculc, the looe pairs oosuPy equatorial

position to miDinrize

(a) lone pair - bond pair repulsion only

(D) bond pair - bond pair rcPulsion only

(c) lone pair - lone pair repulsron ard lone pair-
bond pair repulsion

{d) lone pair - lone Pair repulsion only

tL.lj.\.1: I: )ll l:,!i1t)11

73. The decreasing or.lcr of bond aD-tle is

(a) No" > No2+ > Not

(6) NOt > NOz > NO2+

(f) NOzt > NOz > NO;

/,r'\ No-+ > No-- > No-(d) No2+ > Not > No2 \.1 & K c ti.l: )004)

Which carbon is more electronegative 1)

(4) ,rp3 hybridized carboD

(rf ;? hybridzed carboD

(c) rp2 hybridizc(l carbon

H I NT5/EXPLANATIO N 5 I,o M l.Jl1i-i le Choice @.ueel,ione

6t. a
7t. a

69. d 70. c

ferl{2s < NH3 < SiIJ4 < BF3

(d) H2S < NH3 < BFj < S|II4 t,t I.L.E.E )0(tJt

71. The state of hybridisatioD of boron and orygen

(c)II > I > IV > III (d) tV > I > III > II
(Otitsd J-D.8.2001)

78.

I. 2- Dichloro-2-pcntahe

CH" -C-Ctl.t ' Il()-c-cH2cH3 Q.tA)

Irans
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8.

9.

I t,.

t2.

lJ.

r4. cr t,-l'-CH-"t
CIII

cIIs_C_lI

[(Nr]zNt12) .-.- Hl+

BcF; inlotves ry-hybridisariorr of Be-

Each tI2O motecule can fbrnl lruo ,r-*nd.
$t:.ir-f 9--","1 and_ lwo H-h)nds rhrough r$.o
l-t-aton]s (Sce Fig. 6 5l pflge 6/5-s).

IN=C^:.Ol- rnd S = (= Saretinear.cllr

1(c =0
Y
CI

IV
Hencc rhc ordcr is t\/ < I < Il < lll.

?7. KHF2- K+ + HF .

2t. II2CO3 a-J 2II+ r OOj_

Jl. Flectrons prcsenr: NO2+. 7 + 1,_l=22,
BaOr-56a16=72,

?\tot=13+16+1=30
and KO2 = 19 + 16 = 3-5

'Ihus only KO2 is odd clectron spcctes.
32. l orerantplc, H_C = C_l I ( ilcarytcnc). [Jcl\een

Iwo ( '-aton]s, lhcrc is ouc o-hr)nd ancl two i -hr)n(i(
33. Thc N-II troncl is nosr polar. HeDce NH3 has

highcst dipole moDtent.
34" Cs+ ron is largesl cation and I- is largest anioD
35. Colalent bonds are dircctioDal.
38. Thc slructurcs ofthe given specics arc

(,, = 0)

H_c_cH2cl13
cHlct t._c_t r-il

cI13-cH2_c_II
cII3 CH3

(tt + 0)

AL t o).

il('11.,-(:-1-11 
1-lr'

r.t13 a.jJl

I S. SiFa is syulnerriml Dlolecule. flcrce its dipole lno_
nteDt = 0_

lt 
,rP = 1\z L2 2p6 31 3p:34 3p:

- r (. 2_ .,y' hy.r,rirtrsrtron
,J. (h" 

I lll i . so rl rnvoh.es one sigoru lnd t\\o
pi nonds. /

24, Most.vol tilc hydroge[ h{]lidc ts thc onc N.hlih hasIeasl hollrng point vrz llCI
2-5' NI-, auo H:O* rr" pyramidal (rp3 hybrklscd)

whereas NOr- rnd BIr3 arc triaugllar planar 1.rp2
N is tincarl

]I

. , / C'

.CI V
r 11 41.

CI

c=o, , O=C=O.

Thus CO ontains kjpie bond, CO. coarairrs

cl 
",

= I 7r2ril.ls\oi 6(\y

doublc bond $,hile C)O32- contaiDs between single

:nd 
d()ublc hond Hcnce C_O bonrl lengths \!.ill

De |l1 lhe order :

co<co2<co32_
tt (ttz0) = 1 84 D, ir (\Hr) - I .4,., D. I1 andsol are less polar and heDce will h ve less dipolo
moment.

cs is 2.2, rhc

uith sante
are calhd

_f-



isGstrudural. BothXeFzandIF; arolioearsp€ctes

s(xiatioD oner$/ O
t

Il25()4 has tho struclure H-O-_S--O-II

s3, : o:
,,'\- (2 bond Pairs and S lone Pairs)

:I': :r:

otIrl
cll,-C-cH3 cl{2 = C-cH3

spz sP-

s6. co3- i,

'fhere is l,lo co-ordinate bo[d'

t @ 
No ofT-bonds=s-

5t. Ib ) is symmetrical wirh linear structure and therc-
- 

ioi., ritt hr," ,"ro diPole moment'

59.

"\/"
n.+.+'c'<+Rz

*/\,
cH3Ct

(Bond moments
C -H, C-Cl reinfor'e

rc giw rtsultatrt Rl

Res$ltaflt Rz further adds uP)

7r=186D

H/

cHzcl: (Rl is

lcss than R1

of CtIrCl Nct

rcs ltarrt is less)

t. = l'62D

(] _cl

(l

cllcl3 (R2

opposes R1)

t.-1.03D

",. \ctl 'ct
CC14 (synnnetrical)

tt=0
60, No. of olectrons in NOt =? +24 +1=32

No- of elsctrons in C4- = n * 24 + 2 - 32

Hcnce lhey arc isoslectric l\'rlhcr

Total no. ofvalence elcctro[s in NOt

=5+6x3+l=24
'lotal no, oIvalencc electrons in COl-

-lLnx3+2=24
." Hybridization of central aton in both cases rs

,1f . Hencr: tlrey are isostructural also'

61. Bond eDcrg-Y o d is trc-1!cr thallthatfor
"'' il;#'t1'- ' 6'j66 11 is = ra? kJ

i.,of -, ,o.r fo, s = 264 kJ uol-r)-

62. A1l of thcnl arc lriangular planar \aith a bord angle

ot t20". .__ . .-F- tt
6J, nforO=(:=O lnd 

1...-s,\1,
NO, and Oa are beDl nloleculeii uith perna[cDt

diPole rnoment

64. both have oPen book tYPe struc-

/47) They howcver ciilter i[ bond

lengths'

"\

ctla (Symmetrical)

6182

sruclu re.s

Hencc ON 120'
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NOz+ h s no uDshared elecrror and ry hybridisa-

tr('r) Ilulrceshapcisllnear{O = N _ Ci; wrrtr bond

irn$le = lx0.

NOz hts onc unshared electron rr.hereas NO, has
one unsharcd elecfon pair. I{cDce iD NO2-, the
rcpulsx)n on thc bond pcirs are olore and anglc is
Icss

Multiplicjty ofbord (or bood ordcr
I =2, II=3, III - rrL,W = t

Sl::,.", rh." mutripticrty {bond or(tcr) tcss is lhc
oo0d length.

73- Refer ro e 65.
74, :tp 

-hy,btidizcd 
orbital is sntallest in s it_e. Hence sp-

__ 
hybridizcd carboD has highesl elecrrooegativity.

75. H - O - O hond flngle on I IzO: is ncarly 97".

x
I76' 

,rM\ . ,' = 0. Hybndizarron rrf M =.rp2xx
77, HF ts-lcilst voliltrlc duc ILJ sLrong hvdro-ten b( rochng
7& In NIlt. oclcr ol N is contplclc. Ilcn(c rt is not

electron deficicnt

71.

132o

66. nc rs 3 Dcbye which
en compouDds.

67.

B.pr.: NH3 > AEH3 > pH3

6E. Greater the e_ffeclive nuclear charge, greater is thepull un lhe eledron t y the nucleus, smaller is lhe
radtus_

69. Similar ro CtIi, discussed or page 6/44.

70. H2S < NH3 < siH4 < BFI
92.6" tor {w u, 12n"

ADDITIONAL AESTTONS

As s erti on-Re a s o n Ty p e e.u e sii,li o n s
Thequestiotrsgiven belotd coDsist ofan .Assertion, in columnkey to choose the sppropriaie otr6iur r. 2. Use the following
(a) Ifboth assertion and reason sre coRRECT ard reasor is the coRREcr expranalion ofthe assertion.(6) Ifboth assertion a,,d reason are C.RRECT but reason is not ii" a"o**""ar.-rrratioD ofthe asscrtioh.(c) If{ssertion is CORRECT but the reason is INCORRECT.
(d) Ifboth assertion and reason are INCORRECT,

e shared parrs of elect#epel each olhcr wjlh eouatce so rhar al bonds are equidisranr li._.;.;.;;;-",
randon)
nucleus ns ofelectrons arouDd

ces a rra electric dipolc. which
in lhe nearbJ,a(onts.

t.
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3.

Assertion
The nearty tctrah
about the q,rygen

to form hydrogen
bourin! water molecules.
Ttere ire ten valence electrons on sulPhur aiom in

SF4 molecule.

BF3 molecule is planar whlle NF3 is pyramidal'

o-Nitrophenol has a hiSher boiling poiot thaD P-
N itroDhenol.
lonic'compounds tend to be non-volaiile'

The atoms in a covalent molecule are said to share

electrons, yet some c{valent molecules are Polar'

NO3- is planDar while NHr is Plramidal'

10. Tbe bond angle of PBr 3 is Sreater than that of Pl-I3 bu t

bond aogle of NBr3 is less than that of NH3

ln ice, each watsr molccu-le lorms four hydrogen bonds as

each nrolecule is fixed in spaca.

The structure of SF4 molecule is a distorted trigonal

bitryramid.
N atom is sntaller than ll
Intramolecular hydroge[ bonding occurs in p-Nitro-

6.

7.

11. Tbc diPole moment helF to Predict whether a

molecule is Polar or non-Polar.

,2. All F-S-F a;81€s in SF4 8re Srester thar 9e bu t less

thao l8(f.

phe[ol.
The intermolecular forces in these compounds arc weak'

(A.LI.M.S. 1994',)

tn a polar mvalcnt molecule, the shared electrons sPend

more time than average near one ofthc atoms-
(A.I.LM.S. 1996)

N in NOt has ,'P2 and in NFI3 has,ty' hybridizatior'
(A.I.I.M.S. 1997)

Electronegativity of phosphorus atom is less than that ot

nitrogeo. 6.1'I'M'S' 1998)

The diPole n]onlent helps to Predicl the teoDletry of

molecules. Q4 LI M'S' 1999)

'IIe lone pair-lone pair rePulsioD is weaker thaD boDd

pair-bond pair repuliion. 6'I'I'M S' 2004)

True/False ?talements

4,

l.

2.

3.

4,

Selecl lhe trae and fo!.se slatefients lrom the fouow'
ing slateme s :

A group of amms having characteristic ProPerties
is known as a molecule.
The term chemical bond dos not exPress the exist-

enc€ of strong forces of attraction betwee[ the

atorns.
The attractive force resPonsible for molecule for-

mation is the electricalforce between electrons and

nuclei. However, not all clectrons in an atom are

involved in molecule formation.

Lewis symbols do not show inner shell electrons'

The mGt obvious way for ao atom io have aD octet

in itsvalence shellis to acquire additional electrons

Fill ln The
Acaording to electronic theory, atoms combine

with cach other to mmPlete their..........

An ionic bond is formed by ..... , of electroDs-

A co.,6lent bond is formed try............' of electroN'

For an ionic bord to be formed b€tween [wo atoms,

the metal atom should have "" ioDization

eDergr and Don-metal atoDl should have " "
elecfon affinitY.

if it has less than eiSbt valence electroDs or to lose

all its outer electrons.

5. Mary Ph)'sical and chemcial Properties are the

result ofthe shaP that a molecule has.

7. The direction oi the bonds around an atom in a

molecule does not depeud on the total number of
electron Pairs (bondiog as q/ell as non'bonding) in

the r€leDce shell of the atom.
E. Ionic bond is not an e,rtreme case of a covaleot

bond.

9. Molecule of H2O is angular itr sbape

10. Molecule of methaDe is tetrahedral.

11. The presencr of polar boDds iD a Polyabmic
moleauE suSSests that the molecule has Don-zero

dipole momint. (LI'T 1990)

blanks
5. Ionic mmpounds are

............. meltiog PoiDts.

.--.......... in water arld have

6. A double boDd imPlies ....shared pair of clcctrons

7. The two atomicorbitals that overlap to form a bond

must have ....-........ electron/elcctrons each

t. The two electroos that ocriupy a bonding orbital

must have ........ ..

9. The structures represented by electron dots are

oalled....... ...
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.When 
overlapping of half_filled atomrc orbilals

raKes ptace along the internuclear axis- rhe hnn.tthe internuclear axis, the bo;;
21. A double bond is atwals made of a ............. bond

aDd a ............. boDd-
I:.1::l-,: j:loo-,',. .... . oonJ. i r i'' rur", pra""
srocways, the bond formed is ca ed ............. boDd.

22, A co-ordinate bond is formed try.........ofelectrons.
11. SigDra boDd is..._....,.... than pi br nd- 23. For hydrogen bonding to occur, hydrolen atom
12. Elcclroncgalivity is lhc , 'ust 

be li lkcd 1o.......-.... alont.
,r".,........L.,roi.. 

... ..,. power lo ur_ 24. The boiling pomr o[waler is............. than rh olt.]. Frecrr( )negariviry ,:f........... is r H,s because of .............
zcro ror . ........... Darmum and rs 2s. Hi has ... . . . ;;;r;; ^^,^,14. A covalent bond formed is nor 

aJ' .r oas - boiling poiDt lban lrcl because of

atoms have............. electronegal / of ice is ............ rhan that ofwal.erdue
Is. A bond is said to bc ioorc if th€ atlon of..,..........

differeDce bctweeo two atoms is vhich loses electrons acqurres a ......,......
16. Dipole n.tontcDr of a diiltomic Dol

product of...........-. ,ond energy is around.-...........
17. Mixing ol orbirals ol a shell to lorm equilulent (Roorkee l9il9t

r )rhrrals N called ............. 29. rhe hybridisarion,tat e oforygen in*a,"ir.["ri!
llt' whcn2rl 

' 
2flanct2pjortitatsmix ro for lhree new "" I:..^; (Roorkee t9i0i

;:;*,*,,orbitars, 
iiis cailed ..... ... hybrrrrisa_ 

,,. ji:;:fl.:.:::,,;;:ffi:'.:, carboo in sirver

23. For

31. creater stability of an
(I.r.I re90)

ionic compound indicates

(I.I.T 1997)

19. The hybridisatioD inlolved ir BeF2 is..-_-..... The
shape is ............. The bond angle is -............ .

20. Tbe hybridisatio, iouolueo ir'ff, i, ........:..:. . ft" ,r. ::^-1': "l:*
shape is ............. . The bond aDgle is......-...... .

AmongN2O, SO2. IJ+ and 13-, the linearspecres are

Matching Type
aDd

Qlestions
Motch iteDs in column A tdth itcms in column B.
Columl ,1 Columtr B
(i) Me thane molecules (a) cG?lency
(ii) Sharing of eleclrons(r) letrahedrat molecute
(ra) HzO(c) pyramidal molecule

ASSERTION.REASON TYPE OUESTIONS

ColurDn A ColuEn B
(iv) NH3(d) zero dipote momenr
(r) BeF2(e) potar molecute.

(vi) BF3 molecule(F) lioear molecute.

9.o t0.b tl.a ll-cS.b 6.d 7.c &c

Tiue 5. ?ue 6. 
.Ilue 

7. Fblse & Rlse 9. 
,Ilue 

10. Itue ll. Fhlse.

2t.4.2{4 k.t Drof-1 29..tp3 30.tp 3l.targe negarive.32. N2O andli
II4ATCHING TYPE OUESTIONS

(i)- (h), (ia- @), (,,i)_ (e) (ivF (.) (v)_ (b), (i)_ (d).
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