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the failure of the VB theory in Pre 1 x
the electronic structure.
As already peinte
formed here is a pair
regions lying narallel to t
bond is analogous to the clas
" bona of organic chemistry. The
of N, molecule is shown in Fig. 2.25.
We conclude that every simple double bond consists of

bond and every triple bond contains one o-bond and two n-bonds. ‘

2.14 Hybridization of Orbitals
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Many elements, such as Be, B and C, form compounds whose formation

cannot be explained on the basis of ground-state electronic configuration. Beryllium

whose electronic configuration is 152952 would be inert and forms no bond at all. iz
fact, Be ic not an inert element as it reacts with other elements to form compound
showing its bivalency eg. BeH,, BeCl,. Boron which has the electront
‘ ¢ 20.29,1

configuration 15%2s°2p;, should behave as a monovalent element, but actually B

forms trivaient compounds such as BF;, BCl,. Carbon with electronic configuratios

26,20 10,1 \
1s°2s”2p, 2p, has two unpaired electrons and it should be divalent, but it is founé
to be tetravalent in its compounds such as CH,,.CCl,

Ol'Bit; ;;:‘;fd?nd slater r.esolved this discrepancy by introducing the comePt.Ci
an ator;: 3 fm:a:ion wh“’%‘ involves mixing of different orbitals (say ¢ and p ;
eW hybrid orbitals, before overlapping and bond formeti®”

These hybrid orbj : :
itals are identical in directional character and have the s8%¢ Shéi
5 4%
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. 2tom. A bonding proge Uring the process of bonding and do not exist iB T
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‘atom With 8 pure or hybrid atomic orbita q

: : ﬁs b : mixing of or b?f“ls of an atom of nearly ¢
.:- ;W'd g’ﬂ‘p'ﬂcgrbitﬂzs equal to the number of mixing orbital
L 'ﬂéﬂ‘?e ngigy“’f’""ent is called hybridization",
-vu ,pﬁa”w "bfbiﬁajs are named by indicating the number and ki
W‘W‘h‘?’ 1 . For example, hybridization of one 2s orbital and

f a n()‘,h(n-_

qual energy gi ving rige
B.and having identicql

nd of atomic
ne 2[_1 orbital

0 sp? (iid) sp? (iv) dsp? (v) dsp® (vi) sp®d? or d%sp? (vii sp’d’

i ) Spd-:;ti on (the formation of BeCl,)

| rid! . : ; )

;sﬂ i yb Aiv‘aleﬂcy of Be can be explalned by assuming that one of the 2s electrons

‘ g o vacant 2p orbital to give the configuration 1s?2s! 2pL.The Be atom
b va

.Hromote haif.ﬁlled-orbi.tals which can form two covalent bonds by overlapping
108 ﬁf filled 3p, orbitals of two chlorine atoms. The two Be-Cl bonds thus-
. he DA

b v 1d be nonequivalent, becauslé the Be 2s anq 2p orbitals are not expected
yoed wo.‘é 1 3prorbital,With equal effectiveness. This is contrary to the fact that

woverlﬁllél , nds are equivalent in bond length and bond strength. Thus Be atom
T Be‘.—  imple 25 and 2p orbitals individually, but 2s and 2p orbitals are mixed
ust quivalént orbitals called sp hybrid orbitals. These sp orbitals are

jps 10t USE 57
gform £90 DIEW ¢ o e : ; i :
le of 180°. The sp hybrid orblf,cal has two lobes, one with greater

ted at an angle o ;
‘:;Zisian in space than the'. oj;her.

OB L MGG RiaE

" (round étate- A ‘Excited state Hybridized state

orbital = p- orbital = s-p-orbital two sp hybrid orbitals
 Fig.2.26. Formation of sp hybrid orbitals
"The formation of BeCl, can be visualized as the Qverlap of the 2p, orbitals of ‘

dﬂme at"mﬂi'.Witl;l the two equivalent collinear sp hybrid orbitals of Be atom. The
U=Be- Clbongs must be equivalent and collinear. ‘

5

§.2.27, Bqnd formaticn in BeCl; using sp hy bric orbitals

i, 1 gen ’ 2 2
:f:ly&tomic io:ral, * hybridization occurs at the central atom of 8 .mdeculedéfhe
"y atop, ,Wl:lenever there- are two regions of high electron denSIt.y e The
- 18 king of hybridization is called digonal hybridization: -
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and Belz are similar to that of BeCl, iy

bromides and iodides of Cd and HE #7C 2e0 linear covalent moleculg g

S S o anlecule ) Y
% v tion ( BFs m° ,

(i) ‘p;»iy,:::sz « orbital and two p orbitals on the same atom,

new equivalent hybrid orbitals is r:”;f ag’f‘ hybridization. Thege 4),

orbitals lie in the same plane 47 ® directed towards the thre, o Pgi%“q?

. , : utual angle of 120°. 1t is for this . L
equilateral triangle forming 3 mus S " this reggy,
G-?bitals are also called tl’iﬂ"“’l hybrid, the process being referred 1o g tha

&
hybridization. m"’ﬁ

The electronic confi _ oudy |
unpaired electron, which demands the formation of only one Covalen 7 b:

4 ¢ ¥ . t

Tl‘iv:l]nncv of boren can be ‘,.!phmnd on the hnms of sp~ hyhndxmtion_ Bﬂmﬁ
therefore, exist in the excited state when one s electron is promoted t, p S,
a - A iq H L2 1 ¥ 3 . :“
give the configuration 1s° 2" 2p, 20, Now in the excited boron, we hav ¢ ¥
unpaired orbitals, so 1t can form three covalent bonds. However, not only weu;
predict that two of the bonds would be different from the third Hmnm’,':‘h“
v B . ) » v o 5 * 3
orbitals on B and one 25 orbital on B would be involved), but also we W"%
® could

structures of BeF,, BeBry

0 fop,, |
Mg 1

guration of boron ir 1s%, 24% Qpi. It

account for the observed 1207 bond angles So the evidence in favour of hybr‘.&w ‘
i

i# very strong Therefore, boron utilizes 1ts 25, 2p 2 :
: " o 2p, and 2p orbitals for 5
"‘"1

wese three hybrid orbitals overlap with then
orbitals from three different ¥ atoms 10 form three B-F bonds at an - sf?"
with each other wgle of [

formation of 3sp* hybnd ordutals

’
* * — 2 .
5 Jsp” orbitas
= ip
8. 228 Po 2 ;
8- .28 Formation of three 5p° hybrid orbitals
ﬂ I’.t‘o "
- P, (1)
(@ - bond) ;‘j ‘ ‘
R £ 3\
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: i s _hybridization occurs at the central atom whenever there are

I égm?; ;Egh electron density around the central atom.
O N

v 'idiz‘ation (methane, CH,) |
L gy R . i ;
| s gy . 4 of one s and three p orbitals on a single atom to form four

m;,cz;gb i orbitals is palled sp3 hybridization. The'tetravalencyf&f

| glent S Jained on the basis of sp3 hybridization.
L an be exp '
‘ c

b 00 4 with‘ an electronic configuration 152 25% 2pl 2p} has two unpaired
B car 0 '

e

would form two covalent bonds, ‘but forms four bonds in most of its

| nsand ® has‘b'een explained that one of the two s electrons is promoted to

a ‘elipoun , This orbital giving the excited state a configuration of carbon

| S; empt 2p o1 In the excited state carbon can form four bonds but these would
. = .

In actual practice all the four C-H bonds in CH, are equivalent
09.5°. This has been explainéd by the process of hybridization
d three. 9p orbitals cofnbine to form four equivalent sp? _hybﬁd

3 orbital is composed of s and p orbitals in the ratio of 1:3 and.is .

 gbitels: Bach P lar tetrahedron, forming an angle of 109.5° to

ward the corners of a regu

girected tOWar tvpe of hybridization is called tetrahedral hybridization:
. gchother: This tyP Sp3 :
i 90 2s 2P —
£l I ] A B g
_ =T tate A
Ground state Excited state ~ Hybridized s a' 109051'_, .
£ " K
- S
)
Xy + ' ® .
3% Y. -~ - '’
2 4

qur sp3 hybrid orbitals

Fig. 2.30. Formation of 4sp> hybrid orbitals.
H

. . H

The methane molecule is | |
ﬁ‘ c::td by the overlap of four \ 2.9 e s . 109°28'-
ohi N $p% orbitals with 1s f ' A H
| Mals of £ : H G
Ly, O lour hydrogen atoms. 4% _C : i L
o Muture  of CH, is O H’ H
,“edtetrahedra). (
; sp3-s L. molecule

Fig. 2.31 Tetrahedral shape of CHy
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Hybridization involving d 0F bital® g e a e : \\
There are several types of hybridization involving d "ﬂ!itals, Sines 3
orbitals have s relatively comples shape, we will consider here only 4o :?' .
: portant of these are dsp? hybridiz, b, th

common types, The most UPPO dyt

hiybridization and d?sp® hybridization- o |
ur when \ NH3

(iv) dsp® hybridization, would o€ od on pt

one s orbital, two p orbitals (pg. Py) ® h- X H N/ N,

d orbital (from the next to outermost shell. M3’ H'?

equivalent  Fig. 2.32 Square planar Streutrg o
® 6

d, 2 2) mix together to gve four ;
” [PHNH,) 1

hybrid orbitals. These four hybrid orbitals are |
directed to the corners of a square 30 the xy plane. This gives a 8quare plang

arrangement between them and the hybndization in, therefore, called squar, Plang,
hybridization. Many compounds of nicke! and platinum possess this square plap,
. N T

shape e.g, [PUNH, ), 1 NUCNT
(v} dsp® hybridization would occcur when one » orbatal, 3p orbitals and one did 1,
1%

of the outermost elecironie shell, mix together o give five hybrid orbitals These
hybrid orintals so formed are nol equivalent and conmist of ope group of t;a
equivalent oppositely directed orbitals and a second group of three equivalen

§ s b 3 & ]
orbitals. The five ap’d ar dap” bybnd ortntals are directod toward the corners of
trigonal bipyramid and thi type of hybrsdization is, therefore, called trigonal
bipyramidal hybridization. An example & PCL molecule

.“‘ i J‘
T\ Cl G

Cl
Fig 233 ss | Trigonal bipyramidal struc®
dup® or op4* o dap® bonding configuration
Pror sp°d” hybridization ... i
and 42 2) oy UECUIY when one s, three p and two d orbitals i‘::i

\ X logether 4y . |
hybird orbatals are directed r..:m % equivalent hybrid orbitals. The six ¥°

5% hybrid orbitals are lying iy gq, """ o & regular octahedron. Four 4§
while the remaining two 'am dv’?i: 'I pl‘m” and are inelined to ane another & *
; B : formation of SFy moleculs is un exsnP®
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Octahedra)
: 2
Fig. 2.34 d*sp® bonding configuration el structure

spsds Hybridization (s + P +p + P, +dyy+ dy, +d,, AOs), Mixing of one

343 : .

d” hybriq orbitals which are -
"™ 1 iowards the corners of & pentagonal-bipyramid. Thege are
i:bn'd orbitals. Five of them point towards the verti
¥

© her two are oriented perpendicular (90°) to the plane ¢t
0

.:") ¢ . .
L and three d atomic orbitals gives seven sp

not equivalent
pentagon while
aining the first get of

ces of a regular

- tahybrids. Examples are IF; molecule and XeF; molecule, ‘
F?molecule' The w,]fnce') olucjromlc configuration of iodine atom (central atom) ip, .
i ground state is 558°,5p7 »Opy . 0p,. In order to make available seven singly-
gupied orbitals for sp*d” hybridization one 5s and two 5p electrons are
muttated to the vacant high energy Sd - 5dy, and 5d,, orbitals. These seven
vaic orbitals then hybridize to form seven sp3d? hybrid orbitals all of which are
. . . 0 : .
egyfilled and, therefore overlap with seven singly-occupied P, atomic orbitals of
¢ . 333
#t luorine atoms to form seven I-F o bonds. All these are sp“d =P, 0 bonds and

e g i = ) o
“tmolecule s pentagonal bipyramidal in shape (see Fig)

et S - 5p 2 F_F
guration of t [ttt F

Wm{gmund StﬂtE) F
i“

5 % m

R vy ] 0TI [ |

e 2om gt F F
gy ~ ig. 2.36 Pentagona:
ng N [T [ g e sl
2 F-atom, Fig. 2.85 sp3d3 hybridization IF; molecile.
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94 muatoﬁal I-F distances. This m
am )

Axial I-F distances are not3 t};ehs,brid orbitals. .

nonequivalent nature of sp’d”

. i '

No ot : Bond
0.0

1

’ i ” Angle Examples
electron pairs Hyl_md " Orientation o BoOl, O
in outer shell orbitals _‘—T-r—l;r, 180 2> Yally ;
2 sp e . 120° BFj, Gal, '-
3 so° Tntgrahedral ' 109.5° CH4,CC;$,SiF4
4 Spa Te lanar  90° Pt(NH;)j .-Ni(CN)2~
2 Square P °&90° PC !

4 dSp3 Trigonal planar 120 5 .
” jip 3 ‘Octahedral 90° ?}f‘G;E{C(;ENHa)Bl
6 8 ) _ .Xe |

3p3 Pentagonal bipyramidal 7 6 .:
7. sp d . en ——— ‘

Summary f’f pridisation .+ hybridization are summarized as fol}o.ws:
The important steps in :cite d state which involves unpairing of electron
1. The formation Oftf;’; :f electrons to orbitals of higher energy. The promotjy,
f‘:,um;'ef byspr;H;g 1mke place between orbitals with the same
:uzfnf\inzo:mnbex: n or between orbitals with different n values.

The pure atomic orbitals in the excited state are mixed or hybridized to form
equivalent hybrid orbitals.

These hybrid orbitals have a definite orientations in space,

Principg]
2.

3.
2.15 Molecular Orbital Theory (MOT)

The valence bond theory is based upon the
a molecule involves an interaction between t}
orbitals of participating atoms which
filled) merge into one anothe
responsible for the st
undisturbed,

According to the molecular orbita) theory (de
Huckel), all the valence electrons i mole
concerned. In other words, al] the vale
stability of the molecyle, (Inney. .
bonding but for many simple m
considers that valence.shel] 5
They are replaceqd by
distributions. Theg
and are calleq,
molecule ang 4

assumption that the formation of
e electron waves of only the atomic

are half-filled. These bonding orbitals (half.
F'to give g new

ar orbital of a bigger size which is
ability of the system. All other orbitals on the atoms remain

veloped by Hund, Mulliken and
associated with all the nuclei

ce electrons have an influence on the
ons may also make

cule are

tronic energy level in¢

4 distribution in space is colitd |

.
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o Moleciial UiDlials m
ital

o’ gl . M y | ‘ o

< : : OY the J; _

G ¥ L aic orbitals 0 each atop, ; Bear comy.. .
oo e atomC °TC COmbined matr - the mgp. . binatio
i of % resulting molecular orh;; Sl matl?ematicm Scyle, The R of
Fﬁﬁifof thentrio as in the case of an at: The molecy]g, Orbi:;. Prodye, :ave
%‘M Iﬂ”‘:::al to the number of origj,, al ;:::I.n;l‘he ; UMber of mo] IYCen::iz
it ., these molecular gph: ¢ orbitg)g Olecylgy oy
' “:Md Joctrons 11 : %1 Orbitals are the g . 0ined, :b‘tals
};‘:},étbe ~ he £ h € as for fil) g th €s for
Ve ider the formation of , . s ,‘ € atom;
s consider : : 4 simple homg | i
Inw . : mon

: | A molecule hich two jq ntical ate uclear

g - : ; e . Omj »
By atoms are identical byt oo . are ] ¢ mole
‘;";jmo htptflen ~'H, and Hy, EaChb}I:tdlt will be conVeniég}cktef b cule
Wby wme c 8 " Yydrogen atoms hag g g St0guish {)
ﬂ,ww ihe wave functions for describ; 8 Single ¢ by

ng the two 1s atoms
‘ : mic orhit
:3 rhYdIOEen atoms Hy and Hp. The effective overlg e

, ‘;VB i ke place only if (i) the orbitals have g

; onsiderable ext the
: overlap'w ac ent»'and (iii) orbitals h
ﬁiwndiuons are fulfilled by atomic orbitals of b 2ve the same Symmetry,

; : oth th
" orbital wave function v will be obtaineq by the linifryfjgfﬁ ;tiorps.le}:e
; on o t e

@corbital wave function ¥, and V-

P of the wave functi,

Imilar energy étate (i)

- y=CyV¥a (18 % CpVp (1s)
i 0 end Cgp are mixing coefficients w
Jdent, A. Thus

Cy=Vy (1s) £ A Vg (1s)

(6) .

(7)

insthe relative proportions of W, (1s) and Wg(1s) in the molecular orbital in the .

#1122, Since both H, and Hy are identical, thus atomic orbitals must

ﬁe‘equal contributions to the molecular orbitals so that A2=1 or A=+1. Thus by
#ﬁ}tutmg the values of A in equation (7), two possible molecular orbitals wave
s are obtained, one from the addition.and other from the subtraction ie.,
0 g = W, (19) + () | (8)

w,antibondmg = v, (1s) - yg(1s) . 9)

2smce t?‘e Probability of finding an electron in a particular space is expreés.ed
gM;::“&nng of equations (8) and (9) will give the expression forvth»e probablhij
Mm EI?Ctmn at any point within the molecular orbitals and from this

- forresponding boundary surfaces and also energy levels can be found

2
Y% "‘l’i (ls)_‘2 5 W% (15)2 + 2y, (1s) yg (13)

WQ"&W% (15)% + wz}; (15)2 -2y, (1s) Vg (1s)

. ich are
9y M"y surfaces and the relative energies of two MOQS i 3
“Dg two 1s AQs are shown in F‘.g 2.37.

(11)
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hich may be replaced by single |



