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MLCT = metal-to-ligand charge transfer
LMCT = Egand-to-metal charge transfer
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Values of €,,,, range from close to zero (a very weak



absorption) to >10 000 dm’ molcm™an intense

absorption).

Selection Rules

The Selection Rules governing transitions between electronic
energy levels of transition metal complexes are:

1. AS =0 The Spin Rule
2. Al =+/- 1 The Orbital Rule (Laporte)

1-Spin Rule

The first rule says that allowed transitions must involve the
promotion of electrons without a change in their spin.
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d® High spin (e.g [Mn(H,O0):]%*
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MAS =0 Forbidden
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LaporteRule:
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and, thus, allowed transitions are s —p. p—d. d — [
forbidden transitions ares —= s, p—=p.d — d, [ — [,
§s—=d, p—[ etc.
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The intensity can be determined from the following
quantum mechanical selection rules that state
whether the transitions are allowed (intense color) or
not allowed (pale color) a) Symmetry forbidden or
Laporte forbidden (A = £1)
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This largely overcomes the Laporte selection
rules, so that tetrahedral complexes tend to
be more intense in color. Thus, we see that
dissolving CoCl, in water produces a pale
pink solution of [Co(H,0).]?*, but on adding
HCI Ytrahedral [CoCl,]? forms, which has a
very in se blue color.
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The 'd-d' transitions in an octahedral [ Nixﬁ}z"' complex are:

| Laporte forbidden but spin allowed
1 Laporte forbidden and spin forbidden
\ Laporte allowed and spin allowed
. Laporte allowed but spin forbidden
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Classification of intensities of electronic transitions

Transition type

Spin forbidden,
Laporte forbidden
[Mn(H,0)]?* 0.1

Spin allowed (octahedral
complex),
Laporte forbidden [Co(H,0)* 1-10

Spin allowed (tetrahedral
complex),

e =
Laporte allowed [CoCl,] 50-150

Spin allowed,
Laporte allowed KMnO, 1000 - 105
e.g. charge transfer bands

Worked example 20.3 Spin-allowed and spin-

forbidden transitions

Explain why an electronic ftransition for high-spin
Mn(H,0),]*" is spin-forbidden, but for [Co(H,0)4]*" is
spin-allowed.

[Mn(H,0)¢]** is high-spin ¢ Mn(II):
+ +-
S
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A transition from a f,, to g, orbital is impossible without
breaking the spin selection rule: AS = (0, which means that
S must remain the same.

[Co(H,0)g]*" is a high-spin &7 Co(IT) complex:
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A transition from a f,, to e, orbital can occur without
violating the spin selection rule.

NB: Transitions in both complexes are Laporte-forbidden.




The molar absorptivity at Amax is minimum for
(A) IMn(H,0)¢] **
(B) [Cr(H20)e] **
(C) [Co(H,0)e] **
(D) [Fe(H,0)] **

References : C. HOUSECROFT AND A. G. SHARPE
Inorganic chemistry, 2™ edition,2005



