Reattivita dei composti di coordinazione

* Reazioni di sostituzione

* Reazioni di trasferimento elettronico (redox)



Substitution Reactions

MX +Y MY + X

» X Is leaving group and Y Is entering group

* One example Is the competition of a ligand, L

for a coordination site with a solvent molecule
such as H,O

[Co(OH,).J** + CI' ——= [CO(OH,).CII* + H,0

* Three types of ligands can be important: ——
— Entering Ligand: Y
— Leaving Ligand: X
— Spectator Ligand
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Reaction mechanisms for substitution reactions

Free energy diagrams are often used to
ustrate the course ol a reaction. They
show the relative energies ol the
reactants, products. intermediates and
transition states as a function of the
reaction coordinate

The reaction coordinate 1s some

variable that changes contimuously

durmg the reaction

L

L

It 15 used as a measure of how far the
reaction between two species has
progressed

It could be a real quannity like distance
between two atoms, but very often is
physical nature 12 not specified and i
should be viewed as just an indicator
of how far the reaction has progressed
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Reaction mechanisms for substitution reactions

e Assoclative
e Dissocilative

* Interchange



Associative - A (2 steps)

ML X +Y —= ML XY —= MLY + X

Pl e Intermediate
H-'Pt“'-.x (Xand Y are both bonded to the metal)
+Y A
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transition state bimolecolare

— aensitivity of rate to entenng group

— Coordination number increaseas in the
intermediate



Substitution of Square Planar Complexes

 substitution of square planar complexes is
almost always A mechanisms
— rate depends on the entering group
— rate determining step is the M-Y bond formation



» Dissociative - D (2 steps)

MLX+Y — ML +X +Y — MLY +X

J ¥
v
A +Y A ’
Y
X ¥ J >

) I
q -
X Intermediate

(X'is not bonded to the metal)

— Bond breaking important in transition state

— aensitivity of rate to leaving group

— Coordination number decreases In
intermediate

Stadio lento
monomolecolare



Rate Determining Step

* associative
— the rate depends heavily on the entering group

[PtCI(dien)]” + I —— [Ptl(dien)]" + CI
[PtCI(dien)]' + Br —— [PtBr(dien)]’ + CI

* dissociative
— the rate is independent of the entering group *

[Ni(OH, ) J** + NH, — [Ni(OH,)(NH,)** + H,0

* But depends on the leaving group

dien = diethylenetriamine



Bidentate Ligand:
H-CH
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| is the most important reaction mechanism
for substitution of O, complexes

7

Octahedral complexes (Point Group Oy)

* Interchange{1 continuous process)

ML X +Y — Y-ML_--X — ML Y + X

l,: Interscambio associativo (interazione M - - L piu
avanzata)
ly: interscambio dissociativo (interazione M - - L poco

pronunciata, legame molto allungato)

Non si osservano intermedi di reazione ben definiti



Summary

There are many possibilities for the replacement
of a leaving group X by a nucleophile Y
— The substitution can occur via an intermediate that has
alrcady largely lost X
» This 1s a so called D (dissociative stoichiometric
mechanism)
— The substitution can occur via an intermediate that
includes both X and Y bonded to the metal
» This 1s a so called A (associative stoichiometric
mechanism)
— There may be no intermediate lving on the reaction
pathway between reactants and products
» Thiss called an | (interchange) stoichiometric
mechanism

XMy

Reattion coordnate



Dissociative: activated state has lower coordination number due to dissociation of the leaving group
Associative: activated state has a higher coordination number due to bonding of the incoming group

G

Dissociative G Interchange Associative
X MY ¢

XMY

X—=MY X —M.Y

XM—Y XM—Y

Reaction coordinate Reaction coordinate Reaction coordinate



Redox Reactions

electron
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Two reaction mechanism

‘Inner sphere*

Outer sphere*

* coordination sphere
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Inner sphere reaction mechanism

Prerequisites

1. One reactant (usually the oxidant) possesses at least
one ligand capable of binding simultaneously to two metal ions.

— Ligands with multiple pairs of electrons to donate
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2. The other reactant is substitutionally labile:
one ligand must be replaced by the bridging ligand.
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The reductant and the oxidant share a ligand in their primary coordination
sphere, the electron being transferred “across” a bridging group.

E - o, 1+
g PN a0
HaY, | O ] TOH : : o
Hﬁv?nﬁrHHﬂ O, - [Cr(H,0),1°* : labile against substitution
| . - Inner sphere mechanism,
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Inner Sphere Reaction Steps

« Formation of Bridged Complex

III[ '

1

ML, MLy —— LsMY'—XM

 Electron Transfer

LMY= xXM L — LM XML

« Decomposition into Final Products

LM XML, —— products LsM™X + M'Ls



Outher sphere reaction mechanism

» Readily identified when no ligand transfer
occurs between the species

» Easier to identify when complexes are inert
with respect to ligand substitution

No new bonds are broken or formed
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1. Formation of precursor complex

(a+1)+ b+ Reg (a+1)+ b+ Precursor lex
M@ I, n M L - IM a+1) Lo M Lvl recursor complex

2. Activation/reorganisation of precursor complex. Electron transfer. Relaxation to successor complex

1\4(51+1)+le!illlll M' b+Ly L IMEHL i M' (b+1)+Lyl Successor complex

3. Dissociation of successor complex

M3+L I M' (b+1)+Ly Kaiss MH+LX n M* |[]3+1)+LV

-

Formation of precursor complex and dissociation of successor complex are fast. Electron transfer slow



A comparison of the reaction rate
between the two mechanisms

The reduction of hexaamminecobalt(lll) by hexaaquochromium(ll) occurs
slowly (k = 103 M-1sec1) by an outer sphere mechanism.
I_I+

[ColNHa)eI™* + [Cr(H,0)1" [CoH, 1™ + [CrH 0% + 6MNH,*
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However, if one ammonia ligand on Co(lll) is substituted by CI- (inner-like
ligand), reaction now occurs with a substantially greater rate (k = 6 x 10> M1
sec?).

[ColNH)CIE + [CriH0)]" L [Co,0) " + [CrH, 0N + 5NH,
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