Transition Metal and
Coordination Chemistry

Transition Metals vs Main Group Elements:
* Natural Abundance vs importance

Variation in Chemistry: What controls properties and reactivity.

Electron Configurations: Trends and exceptions.
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oxidation states” | 2,34 2345236 2.3 1.2 2
mp, “C 1397 1672 1710 1900 1455 1083 420
Density, g em ™ 300 4.50 6.11 7.4 891 895 714
Hardness! 0 4 o a0 - 28 25
Electrical conductivity® 3 4 & 12 3 93 7

*Each atom has an argon inner-cone
*For the reduction process, M2
“The most important oxddation s
* Hardness values ane on the Mohs scale (see Tal
“Electrical conductivity compared with an arbitrarily assigned value of 100 for silver

rxcept for scandium, where the jon is 5 (ag)] 1

Coordination Chemistry

Mn+ + XLC _) MLXn+XC
Oxidation State vs. Coordination Number

Linear Square planar

Tetrahedral Octahedral

What makes a good ligand?
— Mono- vs polydentate ligands:

TABLE 24.3 Some Common Polydentate Ligands (Chelating Agents)
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“Stability” of Coord. Compounds:

A Thermodynamic Consideration

Formation of coordination compounds can be described as

equilibrium process.

Cumulative vs. Step-wise formation constants
— Impact of large formation constants.

Step-wise

Co”* + NH; = Co(NHz)** K,=98
Co(NH3)** + NH; = Co(NH3),>* K, =32
Co(NH3),** + NH; = Co(NH3)s?* K;=8.5
Co(NH3)s** + NHz = Co(NHj).** K,=4.4
Co(NH3),* + NH; = Co(NH3)s** Ks=1.1
Co(NH3)s?* + NH; = Co(NH3)e®* Kg=0.2
Cumulative

Co”* +6 NHz = Co(NHa3)s"" PBe = 24,500 3

Naming Coordination Compounds

1. Cation first, anion second
2. Ligands before the metal
— Mono vs polyatomic ligands
— Multiple ligands
~ Alphabetical order
3. Oxidation state of metal Name Name Name
Formula  as Ligand Formula as Ligand Formula as Ligand
4. Charged Complexes MNeutral molecules Anions Anions
H.O Aqua F Fluomo S0’ Sulfato
NH; Ammine cl Chloro $,04° Thio
. cO Carbonyl Br Bromo N0y N:
Examples: NO Nitrosy] I lodo ONO™ N
“HyNH;  Methylamine  O? xo SCN I -5.b
* [Cr(Hzo)SBr]BrZ :| |\\ 3 Pyridine :]H T:ydm\u :c'.u Thiocyanato-N-"
CN Cyano
* NaS[CO(CN)G] “If the n — NO,), the designation nitrito-N- s used;
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Isomerism: Structural vs.

Structural Isomerism:
lonization:
Coordination:
Linkage:

Steroeisomerism:
Geometric Isomerism:

Options depend on
coordination number

Optical isomerism (chirality):

Stereoisomers

Isomerism: Structural vs. Stereoisomers

More geometric isomers:

» Naming changes as number of
equivalent substituents change

Optical isomers:
» Enantiomers and chirality
» dand | designations
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Bonding Models for Coord. Chemistry
Valence bond doesn’t work for transition metals!

Crystal Field Theory —based on electrostatic interactions
» Primary goal is to rationalize observable properties (like any theory).

* nd atomic orbitals (in free atoms) have similar energies, but the
properties of coordination compounds imply things are different
when atoms interact with ligands.

Example: octahedral geometry
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Bonding Models for Coord. Chemistry

» Crystal Field Splitting
— Orbital energies “split” — “Crystal Field Splitting”
- WHY?

“~O®mmZEZm

Free metal O¢rahedral complex ion

» Crystal field splitting (size) determines S A
MO filling I
— Strong Field (low spin) versus A
Weak Field (high spin) ’
“Spectrochemical Series” dog da
(large A) CN>NO,>NH;>EDTA . . " N
>H,0>0H>F>CI>Br>l-(small 4) - - -1 T

d,, d,. d,. dy, d,. d,.

Weak field

High-spin complex Low-spin rnmplw‘:
[CoF, |3 [Co(NH,), |**
A<P A=p




Bonding Models for Coord. Chemistry

» Crystal field splitting and other geometries
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Octahedral complex  Square-planar complex
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Bonding Models for Coord. Chemistry

MO Theory and Coordination Compounds J—
« Remember the basics of MO theory ———r'/ L
Hy ” : ® o1 7 N
— Build “new” molecular orbitals h 3\
. . T k-
* Relative energies of metal and 5\\ Lm0 ]
. . 7 AR An
ligand orbitals are key! [ ETRIRRN VIR TR AN
. ) 3d 1y N
— Ligand-Field Theory —based on I — \\‘.‘\ NS
“covalent” interactions W >unu.u.un
1Y \\ Ligand Orbitals
\J 47
! e
Odds and Ends \\mumf/
. . . \ -
« Labile vsinert - Rates of ligand exchange V)
1 ’
» Acidity of aqua complexes !
o ey htp://chemed.chem.purdue.edt i p/ch12/ligand.php

S o o o TS e SN e il [
:;‘r % H. i O, 1, i, Ka _ 10_4
58 9 : 10




