Molecular Orbital Theory (MOT)

W — represents an atomic or molecular orbital wavefunction

N- normalization constant
c — coefficient of wavefnction

Wiam =  (CWa) + cain;)

Wiar = (CWa) + 2000 a¥ey + ciPie)



Overlap of atomic orbitals

s-s overlap




View of overlap of the wavefunctions of the valence AO
(1s)

Constructive
interference

(a) Wave functions combined for o, (b) Bonding probability density

Destructive
interference

(c) Wave functions combined for o (d) Antibonding probability density



S-p mixing
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p-p head-on overlap
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p-p lateral overlap
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p-d mixing
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Energy profile of the BMO and ABMO

distance betwaan aloms



Some of the restricted (or) forbidden overlap




Radial distribution function (RDF) of 1s, 2s and 3s
electrons

Nodes .

Node

1s 2s 3s Is 2s
(a) Electron probability (b) Contour probability

Electron probability (W2r?)

Distance from nucleus (r)
(c) Radial probability



Wave functions of 1s, 3s, 3p and

RDF :
3d orbitals or electrons Radial Nodes
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Construction of MO
No. of AO combined = No. of MO formed
The MO will have the AO character which is close in energy to that MO



MO of homonuclear diatomic molecules of 2" row elements
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Effect of s-p mixing
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2" row elements

Variation of energy levels for atomic orbitals of some elements

H Li Be B C N 0 F
2s Ip
___2p
1s 2s 2p
___Ip
25 __2p
_1s ___2p
_2s _2p
___Ip
_1s _2s
_2s
_1s _2s
_2s
_1s
_1s
1s

1s

Atomic energy levels E in kJ mol-1
of second group elements

Element Ez Eyy  Erp-Exs
-521
-897
-1350 -801 549
-1871  -1022 849
-2470  -1274 1196
-3116  -1524 1592
-3879  -1795 2084
Ne -4680 -2084 2596

HOZAowP



W Effective nuclear charge, Z.¢

B Atomic number, Z

Z, of 2" and 3" row elements
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Heteronuclear
diatomic molecules CO, NO,

No. of AO combined = No. of MO formed HF
The MO will have the AO character which is
close in energy to that MO
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Energy—s

Fig. 2.24 A schematic illustration of the
enengies of the molecular omitals of ICL



Coordination
Chemistry



Topics of Discussion

* Coordination number and geometry
* |somerism in coordination complexes

e Crystal field theory (CFT) and Magnetism



Co. No. and Geometries

Table 19.4 Coondination geometries; each describes the amangement of the donor atms that surround the metal centre, Note that for some ¢odr-
dination numbers, more than one possible amangement of donar atoas exiss,

Conrdination mumber

I

Arrangement of donor atoms around
metal centre

Limezar

Trigonal planar

Tetrahedral; square planar

Trgonal bipyramidal; square-based pyramidal
Octahedral

Pentagonal bipy ramidal

Diodecahedral; square antiprism atic;
hexagonal bipyramidal

Trcapped trigonal prismatc

Less common arrang ements

Trigonal pyramidal

Trigonal prismatic

Monocapped trigonal prismatic; momsc apped
octahedral

Cube; bicapped trigonal prismatic



CO. No. 4

[VO,F, [CrO,J*", [MnO,] -, [FeClJ*", [CoCl >, [NiBr,]*, and [CuBr,]*-

T
o

14 Tetrahedral complex (T)

¢
Oﬂ'\o [RhCI{PPh,) ],
[Ni{CN),J*-, [PACLJ*, [Pt(NH,)},]**, and [AuCl,] .

15 Square-planar complex (D,,)



Trigonal CO. No. 5

Bipyramidal Square
Planar (SP)

;o

TBP
[Ni(CN)5]3‘r [VO(acac),] 18 [CoBrN(CH,CH,NMe,),}*
CO. No. 6

CFQ »

% c

s !

é_‘ >‘
k h

19 Octahedral complex (O,)

20 Trlgonal prism (D,,)

21 [Re(S(CF,)C=C(CF )S),]



CO. No. 7

More common

Less common

23 Capped octahedron

22 Pentagonal bipyramid (D) 24 Capped trigonal prism

[Mo(CNR])_J*, [ZrF,]*, [TaCl (PR} ], and [ReCl,OJ*

More common CO. No. 8 Less common

30 Cube (0,)

Square antiprismatic  Trigonal dodecahedral



CO. No. 9

[ReH,I* (D))

Tricapped trigonal prismatic ML,



Isomerism in coordination mmplmws

/\

Structural isomerism Stereoisomerism
" "
Tonization 1somerism [hastereoisomers
Hydration 1somerism Enantiomers

Coordination 1somernsim
Linkage isomerism



Structural isomerism in coordination complexes

Structural isomers have same molecular formula but the connectivities between the
atoms in a molecule are different

[Co[NH,),BriS0, + Ba™' — 4
lonization isomerism [Co{NH,)sS0,IBr + iRt == Rio seastian

[Co{NH4)BrjSO; + Ag® — No reaction

[ColNHy)sS0,Br + Ag™ —— AgBr(s)

Solvate isomerism

[CriH;0)ICh s [CrH0)IC,

[CrH.0)CICL H,0 2" [Ce{H,0)CIICL,

(Cr(H,0),CLICI 2H,0 —= "% [C{H,0),CIICl,

[CrH;0))Ch  —=+ [CrH0)P* + 3ACi(s)

(Cr(H,0),C11Cl; —— [CrH,0),CN1** + 2AgCl(s) Coordination isomerism

(CriH;0),C1IC! ¥+ [Cr(1,0),CL)* + AgClls)

[Colen), [[CriCN}] and [Crien)q][ColCN )]
[PUNH; )y |[PICl; ] and [PtiNH-),Cl][PtCly]
Pill}  PuIV) PHIV)  PHI)
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Stereoisomerism

Stereoisomers have ™) )
* Same molecular formula r%ﬂﬂﬁ&fﬂ
« Connectivity or bonding between the 0 N
atoms in a molecule are same \H/fm
 Different spatial orientations of atoms or ﬁ —y— M ;ﬁ:.; fif_r_%H
group of atoms in a molecule ﬁ._,y ' '1
They are classified into chiral and Optically inactiVe
achiral stereoisomers stereoisomers gy Meridional
* Chiral isomers are optically active cl NH,
* Achiral isomers are optically inactive oML H;N-.. __L_ AR L__.-«-Cl
HN=" | ™01 =" | ™~
Conditions for a molecule to be chiral | |
* It should not have plane of NHs NH;
symmetry
* It can have molecular plane of e
symmetry _ M- _
. . of denl. i s ] i
* |t should not have inversion Colhen), v N

symmetry, i (S, = C,0,, = i) and also
any other S_ axis of symmetry
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Spatial orientation of d-orbitals
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CFT- Crystal Field Theory

[Ti(OHz)e]**
octahedral
d' ion 34
[Fe(OH.)e]* violet [Co(NH3)g]
octahedral paramagnetic ﬂg[ahedral
d® ion d" ion
green-blue yglluw |
paramagnetic diamagnetic
magnetic
behaviour N
colour stability of ox. states
Crystal Field Theory
/ lattice energies hydration \‘
. enthalpies
[Cu(OHg)sl™ ..
distorted octahedral structures [ZnClL]
d®ion tetrahedral
blue d"%ion
paramagnetic cplnuﬂess |
[Ni(CN)J> diamagnetic
square planar
d®ion
yellow

diamagnetic



Assumptions of CFT

* Both the metal atom/ion and the ligands are considered as
point charges

* Interaction between the M and L is purely electrostatic

Spectrochemical series
weak field ligands
I" <Br <8~ <(Cl” <NOj <F < OH™ < EtOH < oxalate < H,0
< EDTA < (NH; and pyridine) < ethylenediamine < dipyridyl
< o-phenanthroline < NO; < CN™ < CO
‘ strong field ligands



Splitting of d-orbital in octahedral field

Orrhital §
energy
3d 3, SLF:L} :
f’fﬁﬁ
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[legenerate Degenerate The 3d atomic orhitals are
3d atomic orbitals 3d atomic orbitals split into twi levels
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X
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o Ao average energy level
~ 1 T~ " (Baricene)
dy2_,2 d,2
“D."ﬂg
g Table 7.8 Crystal field splittings by various ligands
Average energy Metal ion Complex - Absorption peak
of metal ion in oclahedral '
iﬂm“:ﬂl m {Cm'l:' {umdnl}
field -
[CriCIgp- 13640 163
{Cr"'{H;Dk]:* 17830 213
[C"™(NH,)eP* 21680 259

[Cr(CN)e - 26280 314




Energy

Splitting of d-orbital in tetrahedral field

___Average energy
level (Bari centre)

Average energy Metal ion
of metal ion in tetrahedral
in spherical field

field

i




Energy levels of the d-orbitals in common stereochemistries
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Splitting of d orbitals and their energies in different

ligand field geometries

CHN.  Strucure ds  dap  d, dy dy
| Lincar 514 314 314 057 057
2 Linear 028 —628 —-628 114 .M
3 Trigonnid -321 546 546 -38 -186
4  Teurahedral -267 —267 L8 L7 178
4  Square planard -428 1228 128 -514 -5.14
5  Trgonal bipyramidal® 707 —082 -0 -272 -7
5  Square pyramidal” DB6 904 —-0.86 -—-4357 -—4.57
&  Octahedral 600 600 -4.00 -400 -4.00
6 Trigonal prismatic 09 —3584 -584 536 536
7  Pentagonal bipyramidal 493 28 18 -5B -528
8  Cubic ~-534 —534 356 356 356
8 Sqguire anlipnsmalic -53 —-0859 =039 3.56 3.56
9  [ReHy*" structure (see Fig. 12.40) =225 —038 -0.38 151 1.5

12 Icosahedral 000 000 000 000 000




Table 7.12 CFSE and electronic arrangements in octahedral complexes

Number  Arrangement in weak ligand field Arrangement in strong ligand field

of d
electrons I e, CFSE Spin only tag e, CFSE Spin only

A, magnetic A, magnetic

moment moment

(D) (D)

d' tl I T ]-o4 13 [t [ [ ]-04 1.73

d? it JL ] |-o08 283 [ttt | [ ]-o08 2.83

4 el -2 387 [ttty | |-12 3.87
=-1.2

d* It [t [t ][t | ]+n.-sﬂﬁ 49 [tttll | |-16 2.83
-1.2 -

d* [HEEEG rﬂ'zun 592 [ttt | | |-20 1.73
1.6

o Iullr 1T |H'2n4 400 [HUHH[ ] | -24 0.00
2.0 ' 24

d’ [ttt It ] +1.zﬂrs 387 [T | +06 1.73

= -1.2

24 . -24
d* +12 283 [MIAH][TT] +12 283
- = -1.2

-2.4 . 2.4
d’ [rafed]rd] [ri]t ] +1.8 173 [titdftd] [t4]t ] +1.8 1.73
= —0.6 = 0.6
~2.4 -2.4
d" (ti[ti[td] [t4]1d] '+2:i4 0.00 [t]ti[td][ti]1d] +2.4 0.00
' oo =0.0 = 0.0




Table 7.10 A, crystal field splittings in one group

em™' k] mol™!
[En (NH;)el* 24 800 296
Rh(HH,m” 34000 406
[Ir(NH,)qP* 41000 490




