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. y wlecular oatomic- orbitals to fOI'IIlMOS (b) Relatwe energy

. . ) ; : Y :

(a) Combinati®® = = lecule.

of a1, 0rbitals ™ T e additio

rm ~long the inter nuclear axes. Such overlap leqaq, f
rlap he region between the two nuclei, ang W%

:ons 1N t
- reinforcement of the.‘,”ave funf:;:z)n is large between the nuc):le.i, resulting a stry,
the probabilily of fin ding the ebonding molecular orbital (vy,) is in a lower €nerg,
bond between the atoms. : ies of ‘the combining atomic ?rbita.ls. The b°ndin§
state than the average energ;;hibh are formed from 1s atomllc orbitals are denoted
iy orl?itals . th: tyflfé subtraction of the two 1s orbitals, when orbitalg o
as o(1s). Y, is formed by o interfere with each other in the regy,

f - o plaw ve functions 1. )
oppoeits, sign over'eh ta};::i Z?ﬁode is produced. At the node ¥ = 0, and on either sig,

o nuclei : . .
KebRGE IR 2 is also small in the region between the nucle;

f the node v is small, therefore, W3 : . J
of the node ¥ 1 be greater than the attractive forces and therefore,
f higher energy than the averag

Fig. 2.37. n of the two 1s orbitals when i |
¥V, molecular orbital is fo

. orbitals of the same sign ove

The repulsive forces wil

tibonding molecular orbital is at a state of b _ | ‘ .
:ielrgies of%rche component atomic orbitals. The antibonding molecular orbital of this

_type is denoted by o*(1s). Both bonding and antibonding molecular orbitals have
cylindrical symmetry about the internuclear axis, therefore these orbitals are calle
o orbitals and the bonds are called 6 bonds. B : ' :
Conditions for effective combination of atomic orbitals -

There are certain conditions for effective combination of atornic orbitals
which' are described below: ’ N '

(i) The energies of the AO’s ’combihing together must be similar in magnitude
the AO’s should have comparable energies. Thus in case of the formation of?

homonuclear diatomic molecule of A, tYpe,: the 1s,—AO of the atom Aq il

" not combi i ‘ .
ey :Iz l.ne ;Vt:h ‘phe 25, ~AO of another atom A, of the same element
v a ) . . "

a 800 Ay are the two atoms of the molecule A, since there energ®
are not, equal. Similarly g;p e |
A0's is t00 great, they wiy]
heteronuclegy diatomic m
éXpected, '

ce the energy difference between 2s- and 2P’.;
?ISO not combine. But in case of the formation_oev:
Olecule ofA AB type, such combination m# '

5 i E ’ &
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qCB~" ouds of the AQ’s ,
rge Olo.u 9 8 mllst overla_p 0 A
re BOIDE to combine ¢ ne anothe, . o7

: o et e ,

P . "

f”) i’{’they 5 as the principle of n, MO, i Chag o ,

U D pred 10 : axXimum overlap, B Thig POisible, 1.
Ondltiun is

a

a
Perpendicylyy b thlc
lecular ayig is s

.o (eitheT Px™ or py - orbital), since the mo m
gxis & the 2.4,

s of non-formatlonb.clf iVIO’s is that the Symmetry of .
game 85 that O‘fhp- p_r - ai Alter-natively it can be saiq th::
4 neutralized by the + . OVerlap orin other words the + - OVerl+ * overlap g
 ponding contribution from the ++ overlap., : " °Tiap cancels thq
s the following pairs of AO’s will not combine to form any Moy '
8K 15 assumed to be the molecular axig: -  Provided
e '
s P _ ,
H, molecule has two electrons, both in bonding o, orbita] and
nt bond. '

i (b) 5= P, pair (c) p, - P, pair (d) p, - p, pair (e) p, - p, pair
: . b4 2 '

constititue g

P molec (Antibdnding)

Y \
4 AN
TlSL( )Llyls

7
=t
g Atomic /7 Atomic orbital
F|  orbital \ /
& \147 e (Bonding)
: Molecular orbjtals .

Fig 2.3.'8. Moleciﬂar orbital diagram for H, molecule |

In molecular orbital theory, the bond order is defined as one-half the
- tfference between the"'numbers of electrons in bonding: and in antibonding
wleeular orbitals (MOs) in a molecule. '

g ordér'.- No. of electrons in bonding MO- No. of electrons in antibonding MO
. - X 2

| Th&bo'pd orderin Hy molecule = -2_-;2 -

l Bond order indicates whether a bond is single, double, triple (or one-lzfilli,
0 vs, fives halves); whereas Lewis theory and Valence bond theorﬁsr:lhich
"Pair honds, MO theory accounts quite nicely for one-electron bon

tp

1 onn i o 4
i at?011 of MOs for He,, |

S8

each 3 ‘

; . . ¥ ' ' toms,
a COns1d °r the He, molecule which might be formed from two He al0
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P e INORGANIC CHgy,
O.f Which ﬁ‘rnishes two ele!ctrons to | \
thg Molecy]e, Thus He, molecule
Will have four electrons, two in the
0ls b

°nding MO and two in the 0%
antibonding MO. As a result of this,
the Stability gaineq by two electrons
moving to Jow energy 015 bonding
MO would be lost by the other two

electrons moving to the 0>1ks O1s )
antibonding MO. The result is that i bonding
N0 attractive farce between He Fig. 2.39. Diagram for the hypotheticg) for .
* a%oms and go He, does not exist. - He; molecule
ot o 2-2 _ ,
- Bond order in He, = —5—

Second period elements; Homoriuclear diatomic molecules

In the elements of the second period the 1s-orbitals are

the nuclei, and being so small they overlap to only a small 'exteni.:, and contribyt,
very little to the bonding energy. The 2s-orbitals extend over as significant region,
and overlap significantly. Therfore, the - molecular -orbitals" they form play 5

significant role in the energies.of the second period diatomics, We have seen that two
Is-orbital can be combined t6 form two MO : one bonding and one antibonding, T,

sucked very close t,

same is true of two 2s-orbitals.

In the second period diatomicswe' also have to allow for the overlap of the 2p.
orbitals. The combination .of two p orbitals produces different results dependjng on
which p-orbitals are used. If the x-axis is the internuclear axis, then two 2p,
orbitals can overlap properly if they approach each other end to end, to form two
MOs: one 05, bonding orbital with électrqnic charge built up between the nuclei,
and the second Oy, antibonding MO with decreased charge density between the

] g and antibonding MOQsg can be described in terxils of wave
functions ¥}, and V,, respectively, as follows: |

R il Wy =W, (.2Px)+AWb'(2px')fermed ‘as k0'2

wa =Wp (2px) =
Thus W, is a bonding MO an

-2p, o 5 —> eﬂ D<D
Fig. 2.40 Combinatioy, of2p An g T N
. X

Py
Aosto_form'q,MOs. B -

' . 4Dy
¥, (2p,) termeq as oy Ps
d A ivs an antibonding MO.

S O R s
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. and 2P orbitals *Verlap they g

105 which are not gy, P thEY do g0 iy T

i [oﬂﬂ irical combinations are |, l‘;—tncal about the }; filel P

uﬂsyﬂﬁ)eb both are Weake:r than ; efhﬂ; Orbltals for b dJOIgnlng the
£ i eo a .

. fn{jb"ndlntgy Jies away from the OPtimyp, case becaygg se the “Zu n‘* orbity),

A gl tions,
. ps% " 4 pecause there are ty,  pos ere ar Watio
ﬁmi,los of ﬂrphese MOs obtained fm;al;f °de0rb1tals thzﬁ;tz‘; : s ofn’tr; oef
jon- y 80d p, AQs Trangeq i
ﬁal)‘] fﬂt ctions ¥pand ¥, as followsg.. z- 408 an be deScriebecllnin
".waab ation of tW0 Py atomic Orbltale - 4
b |
o 2p.,) term '
v/“" (2p ) -y g(2py ed as ngpy ~ (antibongjng) '
1 igation of two p, atomic orbitg]g -
\U v, (0p,)+VB(2p,) termed as T2, (bonding)
'WA (9p,) -V B(2p;) termed as ﬂg (antibonding)
bond axis
EB/
(a) n bunding (b) n* Antibondig

Fig. 2.41. Combination of 2p AOs to form m Mos Top,

In order to know about the filling of electrons in MOs it is necessary to find

deorder of energy levels or stability of their MOs. |
The order of increasing energy levels are revealed by spectroscopic data for i

' hirough Ny, is as follows:
: | . )
0y <0} < Oy < O < Top, = M2p, <0y, < 1f§py =Ty, <O2p,
However the relative energy of p, and p, orbitals is higher than that of the

T trbital for 02, F, and (hypothetical) Ne2

&
Jand o} MOs actually have some s character,

K
\ we dECIde to use the “one AQ plus one AO yi lelds tas the nuclear charge’

bof s character ir these orbitals decreases e
the 7
&cmss the period. Because of this the o, energy drops below y~ "

wo MOs” simplification.

=
) “\5 f . , A : e the same energy. 1.6,
i'& 'nz"v and T2p, bondir.g and antibonding MOs hav . : |

~therate ' | e

*

- ~ 4
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i " | INORGANIC CHEMg
' - dﬂwﬁnf‘mwh Li atom (At. No. 3) ig 182 941 » m"f
I“i‘ . 'I!}]U Q*](‘Ci rnni‘, ronﬁg‘trﬂtl(“ l gLk Fignies " : A < 18 2,3 i &
shell (K ‘ﬂi‘ll‘ﬁ (‘](‘(;’1 ml'w»nro not involved it the bonding (i.e, as nonbondin

tolr
The valence electrons of the two I 8 ’ ‘
shown in Fig. 2.42. Representing each of the filled 1s orbitals by K (for

) epresented as;
electronic configuration of Lip can beT P "
oLi (152 2" —— Lz (KK (05,)%]
. ao . s much like that of Hy, and the bond order s,
The configuration of Ligp 18 ir

1
alence electrons only, is equal to 5 (2-0), or 1_

: g eltxttnﬂ \
18 are used to populate a new Go. M 8]
‘2% 11() o

A K shell)y,

can be determined from the v RN ity
; ) i icted to exist. Neither liquid noy ¢
ith e » Li, molecule 18 predic . ‘ sl
:?)rits}:s; b?nﬁ-m dmi:ciﬂlezh;utlgiatomic molecules are indeed found in gaseous lith; . !
Bor;d enzrg;;l:ienmlfi is 1b5 kJ mol L. This is lower than in Hy (433 kJ mol™1) e,
¥ 2 )
of the shielding of the nucleus by the rcomplete K shell in each atom.

8
GIEES

E
epz===""""" i 0*2 “‘ ..... ? ----------
025 ¢ 28 ......... e -------- __‘9__,——‘—-':'—/'.2‘8
! 023 .

Fig. 2.42. Formation of MOs for Li,  Fig. 2.43. Molecular energies: By, Cy and N,

Ny Molecule: The electronic configuration of each nitrogen atom (Z = 7) is

1s% 252 2pl Zp} 2p;. The inner shell (K - shell) electrons do not take part in

bonding. Thefefore, two 2s and three 2p electrons from each nitrogen atom are to be

considered in the bonding interactions. The formation of No proceeds according to
the following equation; "

2N - (152 252 2p3) s Nz[KK(O'zs )2(653)2 (Tczpy ) (n2pz ) (csz ¥

The total number of valenc
electrons in antibonding orbital

electrons, which corresponds to a

e electrons in bonding orbitals is eight and the n¢ d |
is two. Thus, N, has a net excess of six bondi®
bond order of 3 (triple bond).

‘Bond order = No.of ¢ in bonding MOs - No. of ¢ in antibonding MOs
W 2 ,
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N s very stable mince it hae the largest excoss of bond
Re hding

: nmr measurementa (nnﬁm‘ that all ok

The mx electront inthe = . or bty
M 2+ Rap, :md ﬁgpj hntals Correspond to the
! ot it the Lewis fiructiure - N N
‘ . ! m » e A%y

0, Molecule. The electrone configuration of cach O atom (7 = g§) i
18

-5 5 -
P T et “§ g ® Dot T .
v B AP 5Py 2 2Py TR Kshell electrons do not take part in bonding.

e  roes 'n“u.

. two 35 and four ,:., o w2 each axygen atom are Lo be consmdersd in the
"2 .i‘v‘_. .‘{

ling interactions The formation of O, proceeds according to the following

‘Ma.

.‘ g | ¥ a4 gras 24 3 2 , s COEE P
) | ‘ 'zf‘ ap + 1) 2% N E T R (DOt (s P Rl § .| ) *{m. Jeir g t
‘ ¥ '}f P a - a s L ip ’ :‘,’ \ ‘Ip.c) T:p"! (7‘2?’)

e Oy melecule contains two elecirons more than N, molecule and these
s must go into the degenerate antibonding f,J (1€ r:‘}p and rz.f_}p‘) molecular
3 2 ¥
.-Mwﬁmgwi!und's rule.

The tota] pmumber of valence electrons 1n bonding erbitals is eight, and the

-

Wﬂ&umﬂ in m!_; x;“g““é wi,..aL 5. !qu I'qus ()z hduﬁ a pet excess Of fﬂ‘ﬂf
Wm) which corresponds to a bond order of 2

,  of 0l
O molecule has two unpaired electrons, even though the total samsber 14 i
%"m Thus the paramagnetism of O 13 explained

mmm bond brder of O, than Ny 18 consistent with the fact th’f“ S ,

~_ energy and a longer bond length than does N M M
| mm theory readily accounts for the observed W‘“’ ol

R L il
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INORGANIC ¢

AT : ' 2 Gém |
R B, |
P e
"ﬁ' -::" ..' y "' Pl '2p5""‘,2pz 2px
zpr zpy.‘?pz.. PRl ay ,o"",, )
....... ﬂy Tcz"‘.‘ R
LI ot o
Ox g
. p——CEEReEane. g .
—-—-—.:::: ::::: 0'3,1 --------- ! 25 m
25 AT ;.
; ‘ Ne
Fig. 2.45. MO energies: Qz, Fy and Neg -

Fig. 2.46 Formation of O, molegy,

F, molecule. The ad
gives the orbital population of
. . Ed
 degenerate antibonding (s, (Le. (M2p,

orbitals are both filled, the bond order in F, -
bond due to the two electrons present 1n the og), MO All the othy,

and 7‘3 pz)_ orbiif'als. Since the antibonding n,

is only 1. The effective F'-F bondipg;,

provided by a ¢

TATEn
H

dition of two more electrons to the O, Conﬁgul’ation'
F2, Note that these two electrons must go into th, by

electrons in bonding MOs are cancelled by those in corresponding antibonding Mo,

The electronic configuration in Fy molecule is; |
| * 2 2k 2k 2
By, [KK (65,)2(05)(02p,) (M2p, ) (Mg, )7 (M2 )" (M5p.)
"Cl, and Bry have analogous structures. Chlorine has its K- and L- -shels
and Bromine has its, K, L and M shells full or non-bonding.

w Would you expect Be, and Ne, exist as stable molecules!

"Solution: A stable diatomic molecule must have an excess of bonding over
antibonding electrons. The electronic configuration of Be, and Ne, are;

Be, : KK (04,)° (03)°

Ne, : KK(623)2(028)2(02px)2(n2py)2(7t2p2)2(n§py)2(ﬂ§pz)2(‘5§px)2

Both Bey and Ney have equal numbers of bonding and antibonding electrons and?,

bond order of zero. They do not exist as stable molecules. Indeed Be, and Ne; e
never been observed | ; |

2.16 HETERONUCLEAR DIATOMIC MOLE(.'JULFSS‘

e 1 ] .' . ¢ ) nE
: Diatomic molecules having different atoms are called heteronucle" irrﬁ
7

d;fferef‘:ce In elef:tr Onegativities in these molecliles causes the MO energy SP4 :
to be different from those in homopyelear dintomics
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4P S he SAIME BYMMetry w1y o e
8 'ﬂ’e ave thels r mo&}’ecux;etly with respect to the x {M) .(W{t,‘rlﬁﬁ 0 Mugg,
e ﬁrlhl:;to:e‘r‘olf““’ ear molecule AR the choice of AOs for ;’J“{fmucienr; axi?{&
P atioﬂ from a.toml(f Spcctl’.os?opb'- The molecular Wav:x ?bméti{m is R‘txiliml
o ombination of 1s-orbitals, on 0t W bty
v = Ca 1sa + Cy 1sp “an be writtar ag;
' ichting coefficient "
the weigh ts are unequal. The o :
Wher™  are of this wave function, lectron distribution i
2 2 2 2 2 c
b w2 = CA(18A)2 + Cglsp)® + ZCACB(lsA)(lsB)
: Ci4 there i ‘ P

o :o greater than Ca € 1s a greater probability of fina:

If pBl ffiom B than in that of atom A, ¥ of finding the electron

#

two dissimilar atomg

pital O | )ly the MO theory t lain th :
5 heor now app ry to explain the bOndln / |
if” LEt :);Zcules such as HF. The electronic COnﬁguration of H g 1n heteronuclear
jc 1 »

and F atoms are:
diatoml H 1s F 1s225%2p° e,

&

binations of the hydrogen 1s orbital with the inner-shell orbital 1s or
9 0 rbital of F' can b.e ruled out, beca}lse the energies of these orbitals of F
10 o low. The 2p. orbl.tals of F have suitable energy and they are involved in
g0y Jtion. Let us consider which of the 2p orbitals is able to overlap more
forr? H (1s) AO so as to form available MO. ‘

The MO are classified:into 6 and = type. The hydrogen 1s orbital is of o type

< of molecular symmetry and so cen combine with the 2p orbital of the F
inthe ?Ont_e take the molecular (internuclear) axis as the x-axis, The 2p, and 2p,
gfom, if we of 1 type, and so do nct take part in the bonding because there are no
ydimtaliﬁibitals of m type except at very high energy. The 2p, atomic orbital of F
hyarog '

.° - with 1s atomic orbital of H to form an effective 6-bond overlap as shown in Fig. 2.47.
(’ﬂnb‘lnes AR 7 RO '4.974 . :
o VI ALT A e -
: ' + R LER0GD N —> + & +
1s ) 2px H-F © . .
H F |

.’ Fig. 2i47 Combination o 1s-orbital of H and 2 P, orbital of F to form HF.

On the other hand, if 2 p, or 2p. orbitals of F overlap with 1s atomic fbittgl
¢H broadside on, the overlap from the positive lobe will be counterbalanced by the

tive lobe as shown in Fig. 2.48. It may be now concluded that only 2p, atemic .

ubital is responsible for the bond formation between HandF.

+
D ¥
W 3 —T Dl
1s
H

Lo fig 248, Vanishing of the overlap by H (1) orbital Wltth(QPy\) R
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