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What we will cover

Four key properties

Ligands & denticity
Complex shapes

Ligand exchange

Why complexes are coloured

Isomerism & stability

transition metals are colourful
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LProperties and complexes

Four key properties

variable oxidation state & {¥ 7% complex ion:
— 3d & 4s close in energy orbitals accef

catalyst {{}57 — more than one coloured £
stable state, vacant d orbitals electrons jum

A transition element i jZ 52 forms ions with
incomplete d orbitals (so Sc and Zn don't count).

ruby
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LProperties and complexes

Ligands and denticity

A ligand fiZ{ix donates a lone
pair 4B F in a dative
bond Fii {7 4E:

N f
« :NH; " ] o = monodentate 5 — 1 bond
\N PN
| (H20, NH3)
monodentate: 1 bond bidentate: 2 bongp
(H20, NH3, CI7) Identate: 2 bongplydentate: many - T
2 3 (“en") (EDTA uses 6) u End;antate Wi — 2 bonds
en

m polydentate %15 — many
(EDTA: 6)
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LProperties and complexes

Complex shapes

The coordination number Fi{i%]
(dative bonds to the metal) sets

_ a9 - @ - O\\rx__g) the shape:
W /\ U [ ) ‘:)/ \() ,
S o o L m 6 — octahedral J\E{&7
inear tetrahedral  square planar  octahedral m 4 — tetrahedral or square
CN 2 CN 4 CN 4 CN 6

planar

m 2 — linear
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LProperties and complexes

Ligand exchange

In ligand exchange Fi{f%5# one
conc. ligand replaces another, often with

[Cu(H20))2* NH: (@G EBAGRO Bk HCl a colour change. Copper(ll): pale
ele il clzap el e blue (water) — deep blue (NH3)

— yellow ([CuCly4]?7).
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L Colour and isomerism

Why complexes are coloured

Ligands split the five
degenerate %3+ d orbitals into
two sets, a gap AFE apart.

octahedral tetrahedral
1 T The complex absorbs light of
-—AFE —AFE
freeion | __ _ freeion | _ _ energy AE; we see the com-
) | ) .
3 lower, 2 higher 2 lower, 3 higher plementary colour E%l\@,
the complex absorbs light of energy AE, so we see the complementary colour Diﬂ-’erent “gands give a dlf—
ferent AE — so the colour
changes.
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Stereoisomerism in complexes

square planar [Pt(NH;),Cl,]
m cis/trans |[ii[z 54 in square
NH; NH, planar (e.g. Pt(NH3)2Cl2) &

| | octahedral complexes
Cl—{z—NH; Cl—i—Cl

| | m optical jE7t &4 in octahedral
cl NH; complexes with bidentate

cis (same side) trans (opposite) ligands
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Stability constants

Kstab: equilibrium for forming a complex

A large stability constant 727 E % %1 means a very stable complex — ligand ex-
change moves towards the larger Kiap.

Use E® values to predict redox feasibility (e.g. MnOZ/FezJr titrations, purple to colourless).
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L Recap

Worked example — a redox titration

25.0 cm® of Fe*T needs 22.0 cm?® of

0.0200 mol dm—3 KMnOQ, (ratio 1 : 5). Find

[Fe2+].
m Moles
KMnO 22 x 0.0200 = 4.40 x 1074
n = . = .
47 7000

m Ratio 1 :5, so moles
Fe?t =5 x4.40 x 1074 =220 x 1073
2.20 x 1073

m [Fe2t] = 220 10

e —0.0880moldm™3
25.0/1000 HoTam

Every titration is the same
three steps: moles of the
known — ratio from the
equation — concentration
of the unknown. KMnQOy4
is self-indicating — the
first permanent pink.
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Topic 28 — key takeaways

0 Properties e Ligands

variable states, catalysts, donate a lone pair;
complexes, colour mono/bi/polydentate

0 Colour o Isomerism
split d orbitals; see the cis/trans & optical; stability

complementary colour constants
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Check yourself

e What does a bidentate ligand form?
e What shape has coordination number 67
e Why are transition complexes coloured?

o A large stability constant means what?

Answers 1. two dative bonds 2. octahedral 3. electrons jump split d orbitals 4. a
very stable complex
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