104 o
7 Ay Sty |
Thus only the 2, orbital of 180717 atom has proper symmetry ang , &

tx

. P
to interact wi 1o orbital of the H-atom, giving one sigma bonding o, TRy
_ with the 1s orbit lecular orbital. The 2p1 and 2 P, Wgnh‘;:ls,

als

orbital and one sigma antibonding o

fluorine yield non-bonding molecular (NB) orbitals at the same energies beca. -
. ' : overlap with 1s orbital. These . Uae g
their symmetry they yield zero : are aetugy,

unchanged atomic orbital of fluorine atorm-
The MO is 6, which is of -symmetry along the internuclear x-axis.
The molecular orbital diagram ¥ shown in Fig. 2.49. The 2p: orbitalg of p

are shown at a relatively lower energy s be‘c?use i v
T difference ‘e’ between AOs -

electronegativi f F. The energy a .
EBHIVICY D ¢ character in HF which

corresponds to the extent of ioni i _ !
depends upon the difference in electronegativities between two

atoms. The covalent character of bond is determined by the
energy difference ‘C’ and would indicate the extent ofj overlap.

The bond order in HF is. 1. Therefore, the MO theory is able to ... M
predict the nature of the chemical bond to be expected from g e 240 rqma“::(zm

molecule.

O § -
i

X?))

¥

Atomic Molecular Atomic
orbitals orbitals orbitals
H F
a
!
E 4 4t

Fig. 2.50 Molecular orbital
diagram for the 1s atomic orbital
of hydrogen and the 2p atomic
orbitals of fluorine in the HF
molecule.

Carbon monoxide Molecule, CO

Nonbonding

1

The electronic configurations of parucipating C and O atoms are:

— .,2 2 o | ) . ~ ! . ) ) "
C=1s% 25%,2p2 2p. 2p! . O = 15‘,{,‘53,2[4,2;,; 9p?
. | -

Evidently CO molecule has 10 valence electrons: four from C atom (2s%p

and .ix from {2s2p%) 4 : e . . v 2
O atom ;23 p*) and therefore, its molecular orbital configuration i3
CO=KK (0y,)* (a3, )%, (x,

.4 ={s 2 ( A
py} - 4-2’0’} ' 0’2.‘1[)

Thus its bond order is equal to 1 (8-2) = 3 showing that C and O atoms

CO molecule are linked together by one sigma (o, and two pi (%) bonds.

A simplified diagram of the molecuylar orbitals derived from the 25 asd #

. g 2.531. The oxygen atomic orbitals are lower ¥
enet oy than those . : xygen atomic orbitals a .
g hose of carbon as a resylt of the greater Z s, but they are close enouEt

ecular orbital diagram similar to th#*©

aton'.~ orbitals is shown below in Fi

in energy that we can construct a mol
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E O asdieiiemmeadt I TR PO s e Y
SUFTN orbitale of one ple, A the molecul gy m- !mn
Wﬁp 'ﬂtmi“"‘bﬁ als _**:f-,nvﬂﬂap ignificy, |
.l derived from both g other elemepy

-

+f the asymmetry of 0, orbitnly ; ‘ -

af ty from the gxyg(;‘-’rttg] energies, the bo::;{;‘;r di“gl‘am ‘;?”Sidm
era derive . o Momic orbitaly wp. '8 Moleeyy,

1als are derived mostly from the cﬂfb(;:ll:;, Wheregg thffﬁfi”"’ﬂals ,
- 4 < »m. 4 11

orbitals whose enere: Nie g ihong;
; " ¢ ehergiog are between th ” m tal inal]y ting
: pitals, oNB_ ape 08¢ of congrily,, > thery
g3 ; to the bondj * honbonding, th,y 5 Womig
. aificantly to the bondip T i 8 that i4

. ggOICATES o B To determine th }, v they ¢
tibonding PAIrs () 8 subtrated from the pumpr s T4 of 00, 4t
jon leading 10 the prediction of 4 triple bond, ;Fhi:n verr q}f'bﬁndi"g P 8;3
M,.z supports this prediction, ¥ high bong energy of

Atomic M ™
O‘m U p
' _ Orbials

e
= . g :
4 4 i
: b/ ¢
| n«——-“- i %
o LNy %

§ Simpithes molecds!
o for the 28 and Jp
i of the CO moletue

;25‘3,,3? and six from O atom (2s°p*). Thus it has the Pllowing

orbital configuration

D2 s 3 b2 BN f’;"‘ { "}(«f ")
‘«G:‘f]s Q{GT*’?i g’ﬁ ! ‘;;:".;A ”idﬁ "ni. R‘

!ﬁhami order equal to (8- 32 = 52 shows that mtrogt;n and éx};?Eﬂl;;x;‘
&re linked together by one o and two n-bonds. 0-bond xz due to ; e ? ;
d molecular orbital a‘z‘zd the two n-bonds are due Lo T, fat ;f;eh sir
% unpaired electron is present in X molecular ark::mli;(:m M.ﬂé
netic character of NO. Thus, NO molecule Las two 2@l

t bond and can therefore be represented as -N L e
»hadmdmxz therelore p JERCIET ¥ M o

v mm well accounts for the lower bond

xred with N, molecale. See Fig in oxides of nitroges: ok
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Molecular i‘;bim 7
es- nerads ;
. In 8 _ule. Indeed MOT forms the bagjg N |
or

a mo e :
propertles of large molecules. Let Ogt

can participate 111
The P, and P.
which have T character
and zero overlap with any
o orbital, will not play &
role in  bonding in the
BeH, molecule.

The 2s of Be can
combine with the two 1s
orbitals of the H atoms to
form bonding and antibonding
MO'’s, as is shown In Fig.

The 2p, orbital of Be also combines with

shown in Fig. 2.52 to form bonding and antibondin
orbitals are out of phase with each other.

The 1m . )
pOI‘tant, points to remember about these four © molecul

as follows:

orbitals. -

2.52.

¢+ Polyatomic molecules

also .be used to develop bong;
- diagrams and the Ol‘bitalmg Sch
a molecular orbital in a Sh“Des i
Polyagq, . beg

Congq

Fig. 2.52 The four ¢ molecular orbitals for the ling
BeH,. The dashed vertical lines are nodal plang
perpendicular to the molecular axis. Those p atoni

orbitals of Be that are perpendicular to the moleculz
axis have nonbonding interactions with the hydrg

1s orbitals.

1 the hydrogen 1g orbitals &
nthese.‘:

g molecular orbitals. I

. i
e and contlnuouts ot

1. In each bonding
adjacent at():nilsn :s,-}iio,' Elec‘tron density is larg
2 g}ijacent peir e the antibonding MO’s there is 2 7
: ectrons in MOs are o
e delocalized over the whole extent O

B .
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ﬁ ﬁ@ ‘ﬂm main Wnﬁmm H i ﬁ’ixwgm M
e ot much lower energy Are that the 1,
T arbital and thay the 400 kdfmol)

?;W ﬁw pomain {‘ﬁtmplmﬂv i p? ﬁﬁd‘ p
- wﬂ""’ they do not oy —y nz:dh inte
m four valence ¢} mmmi? * : finy

“rh H. vccupy oy ang o %w?n?‘t o
s tota

m@ fle - H bonds 1 twe &
W 1% Qqui;\-n“‘ﬂi to saying that tl”mﬂ* e t

analyeis of the molecular orbitals for
m&m,;p prov wes a good introduction to

i which the symmelry of & molocule

,sé’

{ th ’

g {})& ‘ng u,, 3 & hialey J]R' lﬂ'h“g}.‘ i
f."" iy #YRLOTH There are three Symmetry
81 0 s shich transform the k

nuclear
+ ”,ﬁid the waler molecule i8lo selfl For
L Ary oot ataon, Vhete s a
, o u# symenet sy element. The symmetry
it i‘ﬂ! -?d‘ 151’10 Maoaer e are a lwo fugii
wd slptaon L) and two planes of symmelry

: s‘l!lé oy A relsteos of I8 abwoul the (., axie ".i" ."o*/mmctzy elements for “:"
: - the auypen T dews unehanged and interchangos the two hydzwm nucler. A
. shtion through the plane labelied o, leaves all the nuclear pomitions unchanged
i 8 pefllectaon  throug! : iterrhanges the two prolons The symmetry
m &mw‘ra‘;ﬂﬁ Wil 1 ‘.*‘i_frv 8% Hnelly o6 letnenls ct!hﬂ' leave the nudelr

| mstin pachanged of inlerchange 3 unetrcally  equivalent fand hence

W&iﬁm’ nucles Fyvery mioiex ular u‘"l}:'a‘s for the ":U molecule must,

m the e sviimelry © 4r~'a,~u£;:_ e lell ufu;!m:z#d or uﬂdﬁfﬁﬁ o change (o

nah
1106 ympersmi uf the ttxxmn: m‘hl

itw f ‘ 4 t’j " ’ ( t g' ﬁ ¥

”’ﬂ h\drngw; !ugvz’wf with lhetr s
th" primary stomic components of each mninuhh Wtﬁr&k
. Mim to the exact molecular orbitals. Osly ﬂ:?:mwﬁf i
Lo O Yhe sasae way under the symmelry pperations my p_pan

roriital of & given symmetry. The symmetry '“‘ﬁm' 5 value of
arbetaly on pxygen and hydrogen are givesn :29 orbital 8 une
;M erbital in the table m“““m - y operation. |
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i —--VA\,\;”\NI N i 8 7_‘.
108 : / | C QHEMN‘ ji‘ﬁ
; l yties : . Jy
Table: Symmetry Pr Opifﬁm A'toxmc Sm~ - Q
A-—-"a.';f’ Sy ation | orbitals on behavigy, % ;
Atomic |, Symmy r classil H llnder ' Qlassi;‘n M;;‘“.ff
orbitals b:ell:(ii\:: li8e: o 3 | ‘Cau&n}j
_on oxygen : : . \
\f 6y 01 02 /81/ (1s, -‘i-].Sz) +1‘IT“+‘1~\
1s 5 el e /?1/ (1sy —1s5) -m a;\
1 _— Co LT b,
2s + 7 a ' \
1 }
2p +1 +1 +1 /{ IR |
g {1 . i
2p, |-1 y
v / \

8ed)

. 9 orbitals of oxygen are symmetric (ie., unchap,,
The 1s, 2s and 2Pz ations. They are given the Symmetry o, "4

.metry oper k Claggip
respect to all thr}j‘i:lynsl ilﬁse?; possesses & node in the oy plane changeg » 1fic f,
‘ay. The 2p, orbitd, ~lane or when rotated by 180° about the ¢, . W,
reflected through the oy pid 2 axy

- o
classified as by orbital. The 2Py

orbital is antisymmetric with Tespect
g ot : : 0 g
tor and to a reflection through the oy plane. It is labelleq b,.
a d to a retiec: .

i
rotation oper

bitals 'Wheh considered separately are neither unchgy

1s or "
The hydrogen rotation operator or by a reflection through th

: anged in sign by the , € gy
?r(:;tzzd bgdth thesg:i)perations interchange these Orbi_talsj The hydrogen orbital]):z,i
.said to be symmetrically equivalent and when’ <_3ons1dered individually they do g
reflect the symmetry properties of the molecule. However, the tw, lings
combinations (1s; +1sy). and (1s;-1sg) do behave in the required manne The
(1s; +1s,) is symmetrié under all three operations and is of -8y symmetry while t
(1s; —1s2_)"is, antisymmetric with respect to rotation operator .and' to reflecin
through the plane o4 and is of by symmetry. |

Thé.molecula‘r orbital of |

; , | 10
Inner shell 15-4¢, 8Y in HyO should therefore correspond

mic ik T ori
| 41 Symmetry 5nq i iselzll;blltdl Centered on the oxygen. This is the first orblta;a;?
-+, molecular orbjtg) 3 ®led 1a;. Notice that the orbital energy of a

Very simi] :
Ar to 'Fhat for the 1s atomic orhital on oxyge™
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U B AR S () N T it t 1 3 TR Y
is*; j atoms to form the 24 leﬂﬁ}? with the (1, 1:’»\:}1@

o gl Olecular orbitg] an‘dl e inag;

N vom the presence of the go. Nding gy

: f«eft YOI LW { n ¢ - k It'&la-
' @»i‘ﬂf:fﬂfibutimm in HF molecule, 2 ™Olecule jg pqy "M ang

J}g h ~ ) .
¥ ”h‘mgh the three 2p atomic oppy;

Al v (he two protons results in

Q . Y .

gold in tht? Hy0 molecule. The Nonequivalence of tt}i
scule i evidenced by all three Possess; e 2p

a0 M | 2 orbitals will interact to different e

3

i

A

¥ At ﬁ

P BE L el

. €rent
Ol‘bltals in the 03

roj:ons and thejy

ng different Symm
| - : xtents wit
e 0 il iffr:  the p

w LAl

§

| The 2P xorbitnl interacts with the protons and formsv an . i |

. ny overlapping with the (1s, -1 . orbital of b, . !
Nfﬁ?‘r} b_\ 1 52) combmatlons of 1g Orbitals on th o Fou)
o _ 0 the

rbital concentrates

i;@nq and the result is the 1b, mol.ecular orbital. The 1b, o
» rgedensity along each O-H bond axis and draws the nuclej together, Th
r £ 1b orbital binds all the three nucle;. | he charge

:.fg"‘..‘b‘.‘-‘

The 2p, orbital may also overlap with the H 1s orbitals, the (1s, +is ) a
| . o lt s - . , 2/
' ;ohination, and the result is the 3a; molecular orbital. This orbital is concentrated

g the z-axis and churgv p ‘sz |
sty is accumulated 1n o ——3a Energy
'yh the bonded and non -
hded sides of the O
Es S 1 ! R \. . .
Lwdeus. It exerts a binding 1 " —GH,
| - 2p 2 2p [e—h TTYYTTPPTRR PRI et b1 \(o
I ey b} X 7 4 =¥‘ . P .,
im on tl_xe protons and an Ay : A
‘ati-bonding force on the g
 mgen nucleus. N oS
‘B 2p. orbital is not of the x ‘~—ﬂ—sz /
£ 4
[ By KN ) 4
;‘“\" Symmetry to overlap RN ,"
b the hydrogen 1s / Ay I
FE [} 4
;;:}15 The 1b, molecular 25— e s ,:1"
}, - . i " ‘..-.\ a1
g%ic“n be simply a 2p, B
" orbitg] on 2 x Hydrogen
Mm the O, 1 x Oxygen Water | Atomic Orbital
f‘t"m T the plane of Atomic Orbital  Molecular Orbita
;%Q:‘:ﬁe. The electronic f Fig. H,0 Molecule

3 hﬂn Qf the Hf)o ) ]g‘ 2 .
3 . - i 2
| e , 2 1n2 342, 1b¢
. Mdetermined by MOT is: 1a},2ai, 1b2, 381~

eraat
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.
B

| 110 Molccules‘ 8 eral application of
. lana} gen 1 of MO thegy, .
nal P or .
Trigo -mportﬂnt'an md'ng in planar systems. One impopt, . ™ Doby ]
An 1 .1 g bond! ] formula AB R ont g Y
deals with 1o generdt = 3:€.8,, BF.
molecules

Py I‘g 3
.ented so that th 85008 o P

gymmetr | planar sY8 e Satgy 0
' P

) ular or ionic plane coine: i g
these trigond tem an the mOlecd entirely b Ii):he' lnmd?s With the"r%':
coordinate syste 11 be forme y D, atomic Orbitay, Wy,

‘L4 15 ',,'". ]

nd system Wi ¢ then have a node in the zy plane, | Wl
A-B bonds, in agreement with th, regg Ust g, ¢

Sy
h involves overlap that eNcompag Neg, *
es ¢

" equally dispersec ©
Consistent with this,

structure. | 5
There are three 1

toms of ABg:

r"'i
W,
g Ve . Y
Lear combinations of p - atomic orbil | |
We shall not discuss the methods that 0 |

: _ are
combinations, except to point out tha the
have been chosen to provide the begt tOtalese S
orbital of the central atom A, Thege thr:eepr %

peripheral B .a s
deduce these particulalr hr}ear
particular linear combn}a'tlons
overlap with: the atomic P | . '
combinations are termed group orbitals as .Shown in Fig. 254, The ~:,.;
combinations [group orbitals (GO)] r.epref;'ented in the Fjlg. 2.54 arise froy &:_
distinct arrangements of the p, atomic orbital at the vertices of the AB, tr &:

Only one group
-orbital of Fig. 2.54
has non-zero overldp

with the p, atomic ' (@) GOy =p,(1) - p,(2)-p,(3)
orbital = of the
central atom A as -

shown in Fig. 2.55,
The other two -
Interactions" are fon-

bonding (e.g., Moy

and 7y) and the g - y
resultant MY's appear |
In the energy-level
~diagram of Fig.2.56

- With epey
8y that
o nchanged, O

() GOy =p (2) - p (3)

(1) +p,(2) + p,(3)

© GOy = p,

o
v

«
&

&

.

of a Planar - COmbinatioris of P, orbitals from the three ouu;ef o
leads ¢, the . With %nteFEd% mOIeculg_ Each Combination (called @ gmﬂo‘e‘%‘g
| e n the mr-‘d ®ach is constructed to be used as 2 grow nfe
'C orbital of the central atom A, as s

B

. a : » :
2.56hs 17, - R ‘ s
i 825 5 - s show?”
i e 5~_Its antibonding co‘unterpﬁlrt el shoﬁ'n i
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Alpy)

i, 2.55. Diagrams showing

formed in an ABj
(GOy of Fig. 2.54) from the outer atoms B. The MO's themselves

ed from above. The MO's change sign in the molecular plane
bitals from which they are formed. In addition, n; has thre(;

dicular to the molecular plane.

orbitﬂls are
and 8 group orbita@
ot the right, are view
gs do the P, atomic or
nodal planes perpen

For each of the species BFy , CC g,

o NOj, there are only 6 electrons to

y the = molecular orbitals of Fig.

occup
electrons

956 (The other 18 valence
occupy the various O orbitals of the yz
plane). The six n electrons are distributed
es shown in Fig. 2.56. The 4 electrons in
the two degenerate orbitals (ny, and 7y)
neither contribute to nor detract the
stability of the m bond system because they
&e nonbonding, Thus the n-bonding stability
's provided enti;'el'b' t}llc e t')
i the £ ly by the one electron pair

1, molecular orbital. The total 1

bong .
Ogd;er of one is equally distributed over the three equivalent
nd per AB group is onethird. The conclusion here 1s

et o

delocalizeq over three AB pairs.

in

Percens

e

how bonding
molecule using the p, orbital of the central atom A

Thich = What is the form of the wave function that d ‘
*ctron spends 90 per cent of its time in an orbital ¥
Y3 en B in the polar molecule AB?
The wave function is written in the form:

(n;) and antibonding (n]) molecular

1
i
. TEI
p, ortatas Molecular ortitals of P, orbdals
on A atoms A83 on B atoms

m for the p-bond
molecule. The
255

Fig. 2 56. The MO energy-level diagra
system in a planaf, symmetrical ABjy
correspond to those used in Fig.

symbol xy and x}
The nonbonding orbitals m24 and npp are essentially GOy
and GO, of Fig 2.54 .

AB regions 0 that the

that one 7 bond 18

" an A ,nd‘_m |

» ¥
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