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2 0 Linear B
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3 0 Planar
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4 0 Tetrahedral
4' : Trigonal
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4 9 Bent,(angular) 0
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5 ] ' (Irregular @
‘ ~ tetrahedral)’
5 9 T-shaped "%
] &,
5 3 Linear D

4 i

y 3 Al

CH,, BF,

NH,,PCl,,
I)I'I";,AHCI;‘ i

H,0, H,S

PCl;, ShCl,

)

SF,, TeCl,

CiF;, Brl,
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edict the geometry of the NOCI molecule

i. The Lewis structure for NOClis 01-N=0O

Soluﬁon:

i The central atom 1s the N atop.
5i.  There are two atoms and one lone pair on the N atom,
valence shell electron pairs.
iv. VSEPR theory predicts trigonal planar geometry for three ale
v. The atoms lie in the same plane but no on the same line,
Alone pair affects the structure more than a double bond, .(I\,B\.
Thus it has angular geometry and the measured angle is 1160 € 1¢

S0 we courd ¢iyyec

ctron pairs

112 Valence Bond Theory

The VSEPR theory is quite successful in explaining and predicting mol‘ecw‘m:‘
sanetry, but does not describe /0w bonding occurs and where bonding occurs. 5
wellas where lone pairs of valence electrons are directed. Also, it does sio? pamnt @
kdiction of bond energies, bond lengths ete. In crder to find the answer to liach
estions, the methods of wave mechanics have been employed. Two approachies
e been used for the purpose of describing the covaient bond and electroni
 Sructures of molecules. Each approach employed quantum mechanics. The ﬁ‘:ﬁl
i?proach, called the valence bond theory and the second called the molecular orbita‘ht»-‘
- Both approaches are based or: the concept of orbitals. £
o, :r::;latince Bond.(VB) theory .is based upon1.1 the a'ssumptior-l Z};‘ll)tt};;: il o
_ ecularorbifa;)f comb1n1ng atoms interact to .Iorm blggel. net\l’;e * tem to be 2 f
o 1 05 These new orbit:als are responsible for making S ofthevalence |

0 : bital to form

b:e atom 'overlaps’ the electron wave of the other bonding Olfblrb;mls are:
T . . y orvs )

od. "the essential conditons for the overlap of electron waves 0t FEE

If-fillea

n 3
Wity 09'. Heitler and London (192!7) proposed that the electron W

™
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Predict the geometry of the NOCI molecy]

e,

i The Lewis structure for NOClis :Ci-N=0O

solutio™
i The central atom is the N atom.
i There are two atoms and one lone pair on

the' N _
hell electron pai e'N atom, o we count -«
valence shell electron pairs, _

«v. VSEPR theory predicts trigonal planar geometry for three electron pair<
¢« The atoms lie in the same plane but no on the same line. AT
A lone pair affects the structure more than a double bond. AL
Thus it has angular geometry and the measured angleis 116° C/\?L

112 Valence Bond Theory

The VSEPR theory is quite successful in explaining and predicting molecti: -
sametry, but does not describe how bonding occurs and where bonding occurs 5
%l as where lone pairs of valence electrons are directed. Also, it does e p2Trt
rediction of bond enérgies, hond lengths etc. In crder teo find the answer te .7
Bestions, the methods of wave mechanics have been employed. Two ﬁppl'“afhf-‘
::ctzeen used for the purpose of describing the covalent bonﬁ and fi;;c:z:ﬁ
a?Droazﬁs 1 molecules. Each approach employed quantum mee amc;ﬂ orbital
o2, called the valence bond theory and the second called the molectiar *

¥ Both approaches are based ori the concept of orbitals.

i¢ :r‘l;ilence Bond (VB) theorry 1s based uPOF the a.ssum o arbitals ¢ all
Ml ﬁs of combining atoms interact to .Iorm bigger - the system tobe
laf  “TMals. These new orbitals are responsible for making =¥ > Lo Calenc

ption that haK’ﬁHEé

a0 Heit rave 0
My Heitler and London (192:7) proposed that the eleco® a0
oy e atom 'overlaps’ the e:lectron wave of the other boD ¢ orbitals are

; entbo ot .- nwa\?eso 4
g nd:"The essential condi tons for the overlap cf electr® ~
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84 | J o F , IN(‘)H(":AN;Q_ 1
. must be valence orbitals, mye b HEy

. o eiinle , Y

1. The two overlapmg f}rbli,'n‘r’s« Al other orbitals on t} Jh“lf’/’iu r,:.{
must retain their iden T the atoy, f’!tm::;

4 . &4 * Y "; F' }
undisturbed. als of the atoms should approac), sieffi " |
THlele |

: + [
7 s e s 1iod valence 0701 . : )
The half filied va s of thet! orbitals in proper alignmens "My ¢
i L

theory explains the formation of H |

2 mr,{%”
R

B

to one another wil h

d
' Tce yon
ot us see how vale ‘ .
. , when tW0 hydrogen atoms are far 4p,
r 80t}

;  We begi! .
starting from H atoms. We b ibed as either s 14 . ‘
’ They are each deser” ther 1sy or 1sy ang it‘el.«k,}"-tm :

interaction occurs. _ .
' t A and elect ron 2 occup1es atom B, the wave function for the pa; o |

occupies atom A ¢ - ® Paip .

( v, (2)

-y (D 1s
v l.SA f B (1
* . Sp o : v . .

Note that the wave functions © parate systems are multiplieq ¢, Prog

tew

ate description when the atoms

ceur o
are lnﬁnitp!,\ |
o

the overall function. This is an 4

separated.
ms approach each other, the electron of gne 4
T Smgg

s the two hydrogen ! :
attract?d to the nuc'lcusgof the other. The' electrostatic attraction increaseg Steady, |
as the distance sho-tens. However, repulSlOr} between elect.ron-elect.ron and “Uc‘le ' |
nucleus also become important. The attractive and rfapulswe forces are bﬂlnncedu‘\.‘
an internuclea: distance of 0074 nm, the actual distance between two hy dmwﬂ:

he.system has its lowest (minimum) Gner;.“

ecule and t
t stable arrangement. The plot of poteny

ato

nuclei in an’ Hy mol
436kJ/mol corresponding to the mos
energy versus internuclear

distance for two hydrogen

atoms is shown in Fig. 2.22.

The valence bond theory ‘
assumes that it is also and
adequate description when
the atoms are at their
equilibrium separation in
‘the  molecule. In the
ejectrostatic analysis, we
treat the electrons . as
distinguishable particles. It

O 00

.

Energy ——»
o
]

turns out. that we really do =436 KJ/mOlf -wem =nnnmmm H, molecule
f";)t l}{n-ow whicn electron is 0.074 nm H - H Distance —
~which i.e., it is impossibl . '
say whether it is lt)alectroi t;) Fig. 2.22, Energy of the H, molecule as a function of.t:;
that is in 1s, and electron 2 diS_tance between the two nuclei. heo:?dws o
in 1spg, or vice vera. When point on the curve: -436 kJ/mol, corresp o
we take this i the internuclear distance observed I =
R g account, molecule, 0.074nm. Energy is compare fich §
fi£618 “Triors ; are given 3 . Oof two separated hydrogen atoms, W
leads to a low[:?dom’ Which| defined as zexro. - ;
: T energy_ In ua ) . fﬂls i
)¢ s , duantum mechanics, t his effect is described ~m tet™
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S ap" e sy .
240l %y electron, 1n effect, is g
9

L papy ad over both b _th.e'm/"e
2) and WYig (1)_18 admi'tted Orbltals.
et Ay B . as an equally v, . “1erefore
4 wave Hript ’

function \ylé
on ' V.

for the q:
b OF the pair of electrong i, th
e Y " . , : [ m(')"p
, ‘Feule

1 s ma. e :
dis writgey, as: s

o) 4 “' . (< > B
o = V1s, (1) Y1y &) “’1sA (2

, mélecule, because of Symmetry' (2)

the wg ‘ i,
mHy T . . © Wave fun¢tioy,
well. The p robability dens;ty of the electrons in the molec

w

. ould contl‘ibute

equall)’ re of the VB wave function:
qare o

ule js Proportiony)

the $9 ' 2 2 . |
) iy WPV P V1 OV 2wy, vy gy
‘yvb’ ! : N lik hE R B' 1»'5;4; 2) wls 2) (3
j an interaction 1 HHOTE LK€ & covaleni bond in whiey 0 ;
aue y between the two atoras, Thg terms WLsA 1) Yy, /ne electron g

gared equal

v represent enhancement of elecir
158

jostrength of the bond int VB theory can be a measure of accumul
jensity 0. the internuclear vegion. The VB approach treats the

avalent. o o o
The valence voud description of H. (an

ation of electron
bond as purely

| d any other diatomic ‘moIecule) could
wimproved by adding terms that permit both electrons to -appear in the same ator

isome extent. A wave function that puls both electrons into Lsy -is Y1s, (1) Vis, @).1¢
kthare in V1sp the wave function contains a‘term Yisy (1). Visp (2). Since both

IH*and H*H  are equally probable the originai valence bond wave function ought
bbe argumented by an ionic contribution; ' :

v, =W13A (1) WlSA (2) + .WISB (1) ‘wlsB' (2) (4)

' ionic
‘The new, improved wave function is therefore ; -

V=Yob (Covalent) * € Yionic- '
trigin ;Nh ere the value ,°f c governs the ext'ent, of ionic character mixed in.to tl;e
X l:i Purely cpvalent v.b. structure. The improvement of the wave functlor; ﬁ
ey Wixture is called jonic-covalent resonance, and t}?e improvement 1
%0 be traced to the extra freedom it gives to the distribution of the electrons.
contribut: 8ctual value of ¢ is about 0.25, which indicates that the ionic ?tr;cturlei
hete‘ronucl about 2 o 0.06 or 6 per cent to the overall structure do. s ;;.cies
likeN&Cl tiar molecules the jonic terms .are much more important, and 11 ?
L fzz Wh‘?lly dominate the vestigial covalent chs.u'acter.»
1 f°llowing ;:atmn of an electron pair covalent_ bond in H2 mo
Bach hys;m\‘ptl‘ 3. | . o
 Sleetpoy %8en atom has a partially ﬁlled 1s atomic orbital, €

lecule 18 basgd or

having 2° ? "
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S Ty , ' _,—'//}mf the eslectrons are mdm,,mm“.%;;m-
B i P

Heitler and jtﬁmdaﬂ {vﬁn s o0 this fact.

B mi!ﬁi L 2 ; 57
bop wegve Function 15 obtained by the linear e
the wav , function W y ﬁ-*mbmat:nn

The molecular @ v ¢ r{)ﬁﬂbnﬂ' (RERTETES the cong epl of re RO g S
i the ‘.ﬂ'; he molecule shonld satisfy the py auliy

2:«11‘“"‘;’ Lrons ahould hmn differont values of Spin
b twe e

" |8

L&

wave func!ons
4 The pairing of e

pranaiple and t
Lergy! 3¢ the result of electron pairing

tnbers
numn f & Ikquﬁ ot
B An a!lm‘tu; oree 3 between the two nucles
. tyon past s focalizes , .
3 The electron § “M“ pave @nular eympetry
T Tie 1“”“5‘5““i . ’ eclap o arty other to an 2 »
» v“e L .
ard energy. The® b OvVeri Lionge
iable extent. U atet L€ OVETIAD SLIONKET :
apprecaty (verlap of 150
' . 'rhu;a :
i x-n‘ i
“'*!l tﬁ" ‘}}fi }“z “ "3 . . f-* k)( ‘n;'} tﬂ H‘;
a4 e N (-'u'» “ gy "“ L “ﬁ’\ht"‘d t- !J" &
he dpnrr,;s tion of the ” o : . g ' A covaleny § bogy
T T—— Seod ewi & g3 of #lsctronzg il }I l";)!)lk.lsl .'1”,»__.

arises from the cxefange [o0

2.13 Sigma (o) and Pi 12} Ponds

5.,’3* i Sl (p vmmisreltrivcl Aol f;‘u' !U‘o‘ h;-'n‘pl "ﬁ’»‘f
&of

< .

A modecular wiala.
s wnir of edexirocs, @ called a au{mu £ mmm‘th m-b‘;

awclet and 18 ocenpied &y o
i0-MO) and the hnkage Lhus estalisdicd i called o sig.nn h‘)ﬂd, A('ﬂs}t;g,u
electrons have freedom witlusn the etilere fog
these eloctrons is greatest between the tmo nucle: on the bowd ags. A Sreigh? hue
Jouning the two nuclel of bonded afoms i3 cv led bond axis, All ﬂnn,,w merchy o

o _ls’ LI T3 PFH:}._IU;U?', y}\ h“““w

& T MEnas ek SV & * f' B N i\“ o1 sl s | j
gma bonds and they sre formed by end toend o fwead on overlap of the atame |
orbitals. A single hond i formed b the covmrlnem of b ‘ ' ‘
bt I R LYY L -+ L FII 55.’.}*',,21 .. th & Ufb’%,d; .&“‘?3

one porpital, o twe 5 erdars s alhiba 2 & I
;ETAR ke shewn in Fig 223 A bond ir which the elutm %

4 F 2

distribution 8 comernleted ol
s called sigma () hond

3
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86 X ! / '
i ondon p()intcd oub :l}-]‘“[“ the clectrons are indi

2. Heitler and London } this fact.,
the wave function must ¢

ion Wi binag:
e funetion Fvb. ZHETIT.
» molecular wave A P . M gf
the mo {he atemiC orbitals using the concepl of resonge, ¢
" ]C i 4 o0

wave fu.n.t‘.‘.iOHS Glf “irons in b e molecule should satisfy the Pauli,
4. The pairing of elect trons should have different values of
principle and the tW¢ electr .
mlmlt?:)fs-t__ force (bond energy) is the result of electron pairing,
An attractive i : .
The ele;tron pair is Jocalized bet,“fee.lf theva el ’
The ;véi*laping orbitals have Sl symn:etry:

i

2 GHE The orbitals overlap each other to an L °
AT BECTES® +he overlap stronger

appreciable extent. Greater © Overlap of 1s orhjt

will be the bon formed. : ' ' Bond .

H, molecule may be gereralized that a covaley
. » . " ]

< betweein ¢ pair of electrons with opposite spin, 1

Stingry;

H}“'h!r. .
'%f‘f?

is obtained by the linear eap,

o

. t_f{rl.m(
§ uh
I)ln (“l:“”!‘ i

i

2

('ll\i In H
{

, The description of the
arises from the exchange foree :
2.13 Sigrﬁa (o) and Pi (1) Bonds
A molecular orbital MO) which is symmetrical about the line joining th t,
_ f electrons, is called a sigma (6) molecular orhj,

nuclei and is occupied by @ pair o | . :
(6-MO) and the linkage thus established is called a sigina bond. Althoug),

electrons have freedom within the entire region of MO, tae probavility of findiy
these electrons is greatest between the two nuclei on the boud axzis. A straight lin
Jjoining the two nuclei of ‘bonded atoms is called bond axis. All single honds 4
sigma bonds and they are formed by end-to-end or head on overlap of the atom:
orbitals. A single bond is formed by the overlap of two s-orbitals, an s-orhitas with
one p-orbitél, or two p orbitals as shown in Fig. 2.23. A bond in which tne electron
distribution is concentrated along the internuclear axis and possesses axial symmet]
is called sigma (o) bond. ‘ o o

ONORNC OREXED

s-s overlap . G_Bond

OO0 (= O
’ e g-p overlap’ ' o Bond
| e ) — CoI><) = &0
g p-p overlap : o Bond .
Flg. 223, Formation of o honds i
h)lfdrogeh fluoride molecule, the half-filled 18 or?;ngd |
l-Glleq 2p, orbital of F atom and this allows P

— : ; ) ' ﬁ
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L B e i
Al o ‘ \_\__\
prm & porid. The electronie .
farttt +
4

R S Y AL AT T ¢

9(}{";{; L. o
guralion of F st M ) 1
- “’dr'fmwi s .
- » &,‘ J}‘;: " § ..
“ 2, gt g
& & - poveriap, g )
9B e ; ‘r-v] 4
& 1 o
2 i !‘j-n'.._,“__*_,. et l’ l’if!‘u“ @ ~§- : .' W
;2}1 i . \d
;; et Aton
;3.?’4*
7 Fluorine molecyls _
ion of Flu 4N be represented ge.
R L
!‘:.

2;),{

Is 2 ‘
O O © ¢

-
- 4 .
v

D ©

” gond: 4 I'mnd rasult'mg fron. ihe Side-wise overlap of two half
' sitals in which the regions of elecirgy, density (cloud) T
').;'murl’t‘a" axis s called ”b(f’"]- The internuclear axis lies in the nodel pIu;:.J '1{:'.
;;Ewalar orbital (.’\.103 thus formed ‘s cqjjed Pi (%) molecular orb;q - e. The
ed that the p orbitais have parallel axes ;nd should be coplan
:»_au!d be noted that:

. Az molecular orbital involves an overlap at both the lobes of the
whereas in & sigma bond the cverlap takes place in a single region
Sigma (6) molecular orbital do not have a nodal plane whi(;h C",m‘“,w the
nuclear axis, whereas a TMQ possesses a nodai plane containing the ﬂ.l'rlvi
and dividing the orbital into two halves. MO possesses 'suusugu-l’ikl,'_r(fg;‘;lli;
parallel to the nodal plane passing througk: the two nuclei. !
Let us take the example of oxygen moleculo. Oxygen atom has the
e configuration 1s% 257 2} 2], 2p?. Evch oxygen atom has two half.lled

yerditals. The two p, orbitals overlap end to end to form a0 bond, The 2p_ orbitals

gy
Hiled, pargly;
“are above and be!

al. Tt should pe
ar (in one plane), It

p-orbitals,

-“‘-‘é.*lap sidewise to form a 72 bond The formation of o ard nbonds in O, molecule is
“wninFig 2,24,

-t bond % hond

¢

o n bond
. Fig.22 4 and n-bonds formation in O, molecule

~lmati,
nof O, molecule baged on VB theory can be represented as:
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