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VALENCE BOND THEORY
Tn the valence bond ('VB) theory, proposed in large part by the fimerican
scientisls Tinus Pauling and John (. Slater, bonding is accounted for in terms
of hybridized orbitals of the... The bagiy of VB theory is the Tewis concept of the

According to the valence bond theory,
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History of valence bond theory :
%WWMWWbeMMm the formation
of chemical bonds, filso, WMMMWM (or
VSEPR theory) had limited applications (andaa'/aIMiaﬂngk
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thelr overlapping) and the hybridization of these atomic orbitals. Chemical
bonds are formed fiom the overlapping of alomic orbitals wherein the electrons
are localized in the correspending bend region.

The valence bond theory also goes on to explain the electronic structure of the
molecules formed by this overlapping of atomic orbitals. I alse emphasizes
that the nucleus of one alom in a melecule is attracted te tie electrons of the
olher atoms.

Postulates of Valence Bond Theory
The important postulates of the valence bond theory : are listed
below.

Covalent bends are formed when twe valence orbitals (halffilled) belonging lo
two different atoms overlap on each other. The electron densily in the area
between the ltwo bonding aloms increases as a resull of this overlapping,
thereby increasing the stabilify of the resulting molecule.

The presence of many unpaired electrons in the oalence shell of an atom enables
i to form mulliple bonds with other atoms. The paired electrons present in the
oalence ahell do nof take participate in the formation of chemical bonds as per
bhe valence bond theory.

Lovalen! chemical bonds are directional and are also parallel to the region
corresponding to the alomic orbilals that are overlapping.

Sigma bonds and pi bonds differ in the pattern that the alomic orbitals overlap
in, Le. pl bonds are formed/frem sidewise sveriapping whereas the sverlapping
along the avls conlaining the nuclel of the two aloms leads to the formation of

Sigma bonds.



Formation of Sigma and Pi Bonds —
Valence Bond Theory (VBT)

Jormation of sigma and pi bonds is illustrated below.

ﬂmkmmmmmmmw@wy
alemic orbilals whiereas pi bendis invelve parallel sveriapping.

Number of orbitals and types of hybridization :

fecording lo VBT theory the metal atom or ion ander the influence of ligands
can use lls (n-1)d, na, np, or ns, ip, nd ortilals for fybridization lo gield a set of
egquivalent ortitals of definite geometry such as octahedral, tetrahedral

Manar and so an. These hyybrid erbitals are allowed lo overlap with ligand
orbitals that can donate electron paird for bonding.
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1) 12 melecule:

BONDING T UOLCUIES EXPLINED BY VAIEMCE BOND THEDRY

* Tlie electronic con/iguration of hydrogen atom in the ground siate s WL

* tn the farmation of hydregen molecule, two half filled 1s orbitals o hydrogen
ma{uwammmmwmdmw}mﬂw ov¢ bond.

S22 molecule
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|'s orbital 1s orbital o, , bond

2) L2 molecule:

* The electronic configuration of Q atom in the ground state s [Ne/32 3pa2
3oy Spzl.

* The two half filled Spz atomic orbilals of twe chiorine

(el + <) — el

3p, orbital G, bond

alomy overiap along the inler-nuclear avis and thus by forming a op-p
bond.c2 molecule .

3) HQ melecule:
* I the ground state, the electronic configuration of hydrogen atom &s Ial,

* rind the ground state electrenic configuration of Q atem is [Ne/3a2 Spx2
3y2 o2l
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tsorbital 3p, orbital Oyp bond

4. N2 molecule:

* The ground state electronic configuration of ¥ ls [He] 242 2px] 2pyl 2l

* 1 op-p bond is formed between lwo nilrogen atoms due lo overlapping of
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lateral overlapping. Thus a triple bond (one and twe) i formed between two
nltrogen aloma.
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14p hybridization ;

* Intermiving of ene 3°and ene p’orbitals of almost equal energy to glve two
Identical and degenerate hybrid orbitals & called ap’hybridization.

¢ These 4p-hybrid orbilals are arranged linearly at by making 1800 of angle.

* They possess 50% & and 50% jp’ character.
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)

s orbital p orbital sp hybrid orbitals

2.4p2 hybridézation ;

* fnlermiting of one &’ and two ' orbitals of almost equal energy lo glve three
Identical and degenerate hybrid orbitals is known as 8p2 hybridization.

¢ The three 4p2 hybrid orbilals are oriented in trigonal planar symmetry af
angles of 1200 le each ottier.
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s orbital px Otbital py orbital sp” hybrid orbitals

* The 4p2 hybrid orbitals have 33.3% &' character and 66.6% ' character.
3.sp3 hybridization :

* 9 4p3 hybridization, one 4’ and three p’ orbitals of almost equal energy
inlermik lo give four identical and degenerale hybrid orbitals.

* These four 4p3 hybrid orbilals are oriented in letrahedral symmetry with
109028’ angle with each olfier.

* The 4p3 hygbrid ortitals have 25% ' character and 75% p’character.
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sorbital p, orbital  p, orbital P Orbital sp’ hybrid orbitals

4.495d hybridization :



* T ap3a hylridization, one & three p’and one o ortitals of atmest equa
energy inlermix to give five identical and degenerate hybrid orbitals, which are

rimong them, three are arranged in trigonal plane and the remaining two
ortitals are present above and below the trigonal plane a right angles.

* The 8p3d hybrid orbitals have 20% s, 60% p’ and 20% o characters.

sp’d hybrid orbitals

Applications of Valence Bond Theory :

o The mavimum overlap condition thich is described by the valence bond
theory can egplain the formation of covalen! bonds in several molecules.

o Thisis ene of ils most impertant applications. for example, the difference
in the length and strength of the chemical bonds in 112 and 72 molecules
can be explained by the difference in the overlapping orbilals in these
molecules.

o The covalent bond (n an H#¥ molecule i4 formed from the sverlap of the ls
orbilal of the hydrogen atom and a 2p orbilal belonging lo the fluorine
atlom, which s explained by the valence bond theory.

Limitations of valence bond theory:

o e shorfcomings of the valence bond theory include

o failure lo explain the telravalency evhibited by carbon.



Mo insight offered on the energles of the electron
Wmvwmwmmhmwmwkm

7 does not give a quantitative interpretation of the thermodynamic or
Kinetic stabilities of coordination compounds.

Mo distinction between weak and strong ligands.

No explanation for the colowr exhibited by coordination compounds.
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