Coordination Complexes Lectures

a central metal atom or ion to which
ligands are bound by coordinate
covalent bonds

+ coordinate covalent bond:

covalent bond where one atom contributes both
electrons (in olden times called ‘dative’ bond)

+ ligand:
ion or molecule which binds to central atom, contributing
both electrons to a covalent bond

+ coordination number:

how many coordinate covalent bonds around central
atom/ion




[Co(NH3)g] Cls (s) salt of complex ion

[Co(NH3)]Cl3 (s) + H,O —>
[Co(NH3)g]** (aq) + 3CI(aq)

[Co(NH4)g]**  complex ion denoted by [ ]'s

3CI"” counter ions
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[Co(NH;)g]**

Octahedral complex

coordination number =6

Table 23.6 Coordination Num
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bers and Shapes of Some Complex lons

Examples
[CuCL~, [Ag(NH3 )21, [AuCh]

INHCN)J®, [PUCL )
[PUNHy )7, [CU(NH; L)

[CulCNLT . [Zn{NHy), )
[CACL)*™, (MnCLy)?

[TiH20)5]**, [VICN)G]' ™,
[Cr(NH € [Mi(Hy0), )"

|FeClg)’ ", [Coken))’
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given [Co(NH,),] Cl; is salt of octahedral complex
coordination number=6 since octahedral

n=6 since NH; is monodentate ligand

3¥ charge on complex from counterion: 3 CI~

Co’* oxidation state of metal from charge on complex
and zero charge on NH3 ligands

d® d-electrons from aufbau principle FOR CATIONS
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How are the magnetic properties of
transition metal complexes related to
the shape of d-orbitals?

* Why are transition metal complexes
colored?

diamagnetic paramagnetic
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strength of paramagnetism depends on
number of unpaired electrons
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* most electronic excitations in UV
(H1s —» H2p 2=121x10%m)

+ Co%* [Ar3dS — Co3* [Ar]3d24s! (3=75.3 x 109 m) UV
NH5; — NH;* (excited state) (=216 x 109m) UV

Co’* and NH; are colorless !!!

but in coordination complex

* [Co(NH3)g]*" — excited state* (3=430 x 109 m,
absorbs ‘indigo’)

[Co(NH,)g** appears yellow !!

[Co(NH4)g]** is diamagnetic
but

[Co(F)e]*~ is paramagnetic




metal ion d-obitals in octahedral complex
(Silberberg fig. 23.17; Zumdahl fig. 19.21)
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what happens to energies of d-orbitals when ligands bind to metal ion? (fig 23.18)

greater repulsion of dx,_', andd ,
electrons by octahedral ligands

A ()
Inns
1;’ dyz dya_ 2
4

-
] 4
’ A
”
: AR RN
& -
E ”l i\\
o ¥
: LI H
r‘r ) ﬂxpf- aﬂ dxz
DDDDD Average potential energy smaller repulsion of d,, d,, andd,,
of 3d orbitals raised in o
octahedral ligand field  electrons by octahedral ligands

3d orbitals in free jon

would each d-electron

average ligand repulsion
be repelled the same?

for metal d-electrons




d* Weak-field Strong-field d4

ligands ligands
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[Cr(H20)6]** [Cr(CN)el*~

A > (Epairing)
large A favors filling
lowest orbitals first

(Epairing} > A
small A favors filling
maximum unpaired spins

+ [Cr(H,0)g] 2*, d*, weak-field = high spin,
4 unpaired electrons, paramagnetic

« [Cr(CN)g]*, d*, strong-field = low spin,
2 unpaired electrons, paramagnetic




[Fe(H,0)g]?* , d® , weak field, 4 unpaired e’s,
paramagnetic

[Fe(CN)g]*~ . d® | strong field, 0 unpaired e’s,
diamagnetic

each electron behaves as tiny magnet 1 or | (Stern-
Gerlach experiment)

when electrons in a molecule have paired spins the
individual magnets cancel one another 1]

when an atom or molecule has unpaired electrons there
Is a resulting “net-magnetic moment”™ 1 11

atoms with unpaired electrons are attracted by an
[Inhomogeneous] magnetic field

atoms with unpaired electrons are paramagnetic
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