Lecture 8

Coordination Compounds

The d-block elements (Transition Metals)
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Properties of the Transition Metals

Malleable, ductile, conducting

Scandium, Sc: 38(3)

Iron, Fa; BB(8)

First row transition metals

Titanium, Ti; 4B(d)

i

Gobalt, G 88(9)

Vanadium, V, 5B{5)

)

Nickel, Ni; 8B{10}

. Manganese, Mn; 7B{7)

Chromium, Cr; 6B(6)

Zinc, In; 2B(12)

Copper, Cu; 1B(11)

Higher melting and boiling points than main group metals:
m.p. ~ 1 500°C, b.p. ~2 500°C

Complexes you will meeft...
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Octahedral complex

Six ligands

Coordination number = 6

conc NH,

_—

2+

Ligand exchange reaction

[CO(NH),I2* g

Tetrahedral complex

Four ligands
Coordination number = 4




Ions are formed when a transition metal loses electrons

positive ions = cations

titanium sodium

potassium nickel(ll) nitrate ~ zinc sulfate
oxide chromate

ferricyanide  hexahydrate  heptahydrate

scandium
oxide

vanadyl sulfate manganese(ll) chloride cobalt(ll) chloride
dihydrate tetrahydrate

copper(ll) sulfate
hexahydrate pentahydrate
Transition metal ions form coordination complexes

with useful and interesting properties
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Which orbitals?

The valance electrons in s- and p-block elements occupy s and p-orbitals

z
s-orbitals: =0, m= 0 1 s-orbital per shell orthogonal
p-orbitals: | =1, m=+1,0, -1 3 p-orbitals per shell y
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lie along coordinate axes

Two electrons fill 1 s-orbital = 2 elements in each row of the s-block
Six electrons fill 3 p-orbitals = 6 elements in each row of the p-block




Which orbitals?

The valance electrons occupy d-orbitals in transition metals orthogonal

d-orbitals: =2, m=+2,+1,0, -1, -2

therefore there are 5 d-orbitals
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Ten electrons fill 5 d-orbitals so there are ten elements in each row of the d-block

Electron configurations of transition metal atoms
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The element gains stabilisation from having a filled d-shell [Ar] 4s1 3d10
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Working out numbers of d-electrons from oxidation states:

1st: how many electrons are there in the shell?
- count along the periodic table
e.g. Mn = 7 electrons Cu = 11 electrons

2nd: how many electrons are lost?
- oxidation state
e.g. Mn(VII) = 7 electrons lost Cu(II) = 2 electrons lost

3rd: how many electrons left over?

- subtract
e.g. Mn(VII) = no d-electrons, d° Cu(II) = 9 d-electrons = d°

Rule: The electrons in the s-orbital are the first to be lost

Hence the only valance electrons available in a transition metal ion are d-electrons

Lewis model of bonding
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NH, BF, H H
H,N —> BF,

Each ligand donates both electrons in the bond to the metal centre
L n+

o/—\ coordinate bond
from ligand to metal

— L —I The ligands coordinate to the transition metal ion




Ligands
A ligand is Lewis base which donates an electron pair to a metal ion in a complex

to form a coordinate bond

i o .
Neutral ligands N /AN
H H H H
Anionic ligands OH- CN-
cyano-

Monodentate ligands = "one tooth"
one electron pair to donate
mondentate ligands occupy one coordination site about the metal centre

Denticity = number of donor atoms with which one ligand can coordinate to a
metal centre

Polydentate Ligands

N;, Y
RV :‘ Octahedral complex




