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F~ is a weak ligand, the electronic configuration in Iﬁolecul

and ¢, * thcihighcsl in energy. The ¢ .‘"’i e gdiels Ariain
barycentre beca
from [Ile_jr on'gim;If:ncrgy.

g from 3d orbitals are displaced less
entre bccqﬁsc of poorer overtap. The f2g ¢

Y Aokt . ¢ displaced less from fho
orbitals being non bonding in a g-only system, are not displaceq atq
4« The octahedral ligand ficld splitting parame

ter Ao is the 5 and eg * separation.
Eelctrons may now be entered to the molecular orbit

als of the complex.* In case of strong ligang
iri st .
complexes (LS complexes) Ag is high so»thc pairing of electron
complexes Ag is small ie,

a2 fielg
Y.
¢ of com
el g mu{ c.g“orlnmls ar
orbitals takes place after half filling of ¢g * orbitals.

parable cnergy. Thus the pairing of electrong in

When the Ligands are Strong(er) e
P 6 1.2 10,
_Example: [Co(NH;)]*" Codt = 152-252-2p° 357 +3p e
T 1 H 3+ .
There are total of 18 valenge electrons, twelve from six ligands and six from the 3¢ configuration of Co* jop, Singe
NH; is a strong ligand. The electro

. . 2 6 4 6 .
nic configuration in molecular orbitals is ajg, Iy, ez, 13,. (Pairing of electrop,
I+
oceurs due to the presence of strong ligand, Ao high [Co(NH;)s]

is diamagnetic because all electrons are pajreg
e i

I

* the six bonding orbitals accomodate 12 electrons supplied by ligands. The remaining wl'—()niof p
orbitals of metal atom/ion are accommodated in the nonbonding 7, orbitals and the antibonding e * orbitals.
Energy Level Diagram for L.S. Complexes

Example : [Co(NH;)g P, Co*t —3d°

"0' 'I.- .‘u‘
.‘k{- ,-" %
: ﬂoﬁa : 2 ap S’ %
/ A — 5
\DH' \ n,“( ". "‘,n 4|_‘ .“ I“
d\{\“ lqbcxé .‘l. ’.-’"‘ “. i ..l
L‘}'lh \ o gy .;f = “‘ ‘.
4w de —E Y
U ‘\ "| _v-“ C; F‘- . 1
%‘ .\(\" Cgu 1 :“\:\""’ A‘ s . Y .‘.'
3‘, o g d__\"__-. tl ’tz L f‘ ‘\‘ -~ ..1
v . X" =1 4 ‘“‘:\s“*"
g‘.“}‘. 3% € b
1N e
.'ll ‘i 11 , 'l o = 1;"’
VN o o
A W 1 | M { WP
\\ l:t ”"
ay
3+
) Co>* (mctal) [Co(NH,4)6)** 6NH, (ligands)
en the Ligands are Weak(er)
Example: [CoFel™

Co™* - 152252 -2p6 .35 '3p6 .34

: .o Gt
There are total of 18 valence electrons, twelve from F- (ligands) and six from the 3¢® configuration of Co™" iom Sin¢

. F¥
932 be_caﬁ
* orbimls'

ar orbitals in [CoFs]* is afy 1, €g 25
. 3-.
a weak ligand. The complex [CoFg]™ is paramagnetic because there are unpaired electrons in ;g 24 % 1
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[N T NS YK T ANV I UIR ey e sy d l
Thus both Ngand field theory and crystal fleld theory explain mngnetlc and spectral propertles of octahedra

comploxes on the o sets of arbltals ( tyg W ¢y *)separnted by enery gp Ao

I this energy gap is greator than the palring energy (1) low spin complex will he formed but if

the energy gap A, i smaller than pairing enegy, high spin complex will be formed
Energy Level Dingram for llinh Spin Complex
AP [CORQ™ g Ly 3¢

T L’
Am Ilmmllnl, molecular orbils

HOMO

Non bonding moleculor

-
"‘
e

At S, —L—-' orbitals
e N,
RS \‘
\ \
'. Dy O hyu
\ o 12
1} ' ‘‘‘‘‘ .-'5
\ - e Ponding molecular
\ “ " " ,»/" orbitals
‘ll
Co?' [CoF) 6F
n-Bonding

We have considered only metal-ligands o-interactions. If the ligands in a complex have orbitals with local ©
S)'mn-_g}'__\'llh respect to the M-L axis (as two of the p-orbitals of halide ligand have), they may form bonding and
:umbondmﬁ m-molecular “orbitals with the metal orbitals. When ligand n-orbitals are taken into account, the
combinations that can beTonnedfrorn them include SALCS of #,, symmetry. These combinations have net overlap

with- the metu! g orblt'ﬂs which are thgrefore no longer purely non bondmg on the metal atom. Depending on the

relam’e energies of the hgand and metal orbitals, the energies of the tyg molecular orbitals lie above or below the

energles they had as nonbondmg atomlc orbitals so the value of Ao decreased or mcreased respecuvely

n-Donors

n-donor ligand is a ligand that, before any bonding is considered, has filled orbitals of n-symmetry around the M-L

B - Al
axis. The energies of these full n-orbitals are usually close to but some what lower than those of the metal d-orbitals.

¢ ligands of this kind have no low energy vacant n-orbitals. So we consider only the full orbitals when considering
the effects of n-bonding in the complex.@uch ligands include CI', Br and H,0. Because the fuIlE n-orbitals of 7-
donor ligands lie lower in | energy than the partially filled d-orbitals of metal. When they form molecular orbitals with

e e ——

the metal hg orbitals, the bonding molecular orbitals lie lower than the ligand orbitals and antibonding molecular
B s SO

NI
—

orbitals lie above the energy of d-orbitals of the free metal ion. Since the ligand m-orbitals are lower in energy than
e ————

that of the metal d-orbitals, so the electrons supply by the ligands occupy the bonding molecular orbitals and the
— S A ey

Electmns ﬁom metal d (1 g) orbltals oceupy the antibonding | molecu[ar r orbitals. Since the level of e, * orbitals is

Un:c‘tffectcd by n—mtemcnon,
4 is reduced as a result of n-bondmg
‘ L fra<e v"-»ul'v' < l,‘” -‘“f"l t'-yy —
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o Complex Ligand rorbitals

n-Bonded complex

3-
Example: [CoFe) . .
The tzp orbitals of the metal can interact with t,, LGOs constructed from the fluorine 2p-orbitals to form 5.
8 i . . T
e R T i ince fluorine is more electronegative than cobalt, the fluori
bonding and antibonding molecular orbitals. Sllnce 1s more ! _ oball, the fluorine 2.
o‘r)bit:lxlsg lie at a lower energy than the corrcspondmg.metal d-orbitals: Since the 2p-orbitals on the fluoride ligands are
fifled, these electrons will fill the resultant n-bonding (ty, m) molecular Ofb“als'- The electrons from the 3\{ (1)
orbitals of the cobalt are therefore in n-antibonding molecular orbitals (n*) at a higher energy than they would be i
n-Acceptor
P qm»k L L2 ghun

P etc.) is a ligand that has filled n-orbitals at (usually) dowep energies
bitals with the correct symmetry to overlap with the metal £, orbitals

“n-bonding had niot taken-place-—

A m-acceptor ligand (like COJ, CN, R;

than metal 1, orbitals. [t-also-has empty n-or
forming n-bonds. This often described as back bonding. Because the m-acceptor orbitals on most ligands are higher

in energy than the metal f, orb'iﬁil?,ﬁl?y’fonn molecular orbitals in which the bonding #,, orbitals are largely of
metal d-character. These bonding molecular orbitals lie slightly lower in energy than the metal d ( tyg) orbital
interaction. This account for the position of these

.___,___&—ﬁ__’_‘___
themselves. The net result is that A increased by the n-acceptor
ligands as strong field ligands at the right of spectrochemical series.
y JI. .
g
! 8
: PN bet
'l \‘ S — d - b}
[ == =7
d ': 0’ . "' D ﬁ
ez ’ _.,,l___ eg:l
4, | /
fz’_L'l: A, l',
\\\ :l
\\ I
"\ T _‘.' ;‘
|

‘--—l-— -
fzs i .
Ligand s orbitals

o Complex
try for overlap

Example : The n* orbital of CO has its largest amplitude on the C atom and has the correct Symme:
TEY and is largely

with the 5, orbitals of the metal cation. In contrast, the full bonding n-orbital of CO is low in ene
localised on the O atom (becuase that is the more electronegative atom). As a result, the n-donoy character of CO i
. ro is

very low and in most (if not all) d-metal carbonyls complexes CO is a net m-acceptor.
(3) dn-n* (4) dn—o*

Types of n-bonds :
(1) dn-pm - (2) dn—dn
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Metal  Ligand Metal]  Ligand Metal  Ligand Bt L=
® ® (©) N
dj'r-pn ch-dnt dn-n* dr-G*
Description Ligand Examples
dn—pn IDOHatmn of electrons from filled p-orbitals of RO™,RS™, 0% ,F,CI~,Br,I7,R;N™
o 12and to empty d-orbitals of metal.
n—an Donation of electrons from filled d-orbitals of R3P, R3As, R,S
e metal to the empty d-orbitals of ligand.
-7 Donation of electrons from filled d-orbitals of CO CN™ N2,C2H4,RNC C5H N
. metal to empty n-antibonding orbitals of ligand.
dn—o Donation of electrons from filled d-orbitals of | H,, RsP, alkanes
metal to empty o* orbitals of ligand. _

/
Effect on A : It has been concluded that value of A ¢ increasing in order of
n-donar < weak 7r-donar < neither 7t -donar nor Tt -acceptor < weak T -acceptor < strong T -acceptors. Hence, 1-

<Br” <CI"<F"<OH™ <0~ T <H,0 <Py,NH; < en < bpy, phen <NO,~ < PPh; < CH3~, H-<CN~, CO
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