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% abundance elements

>10 O, Si

10–1 Al, Fe, Ca, Na, K, Mg

1-10–1 H, Ti, Cl, P

10–1-10–2 Mn, F, Ba, Sr, S, C, N, Zr, V, Cr

10–2-10–3 Rb, Ni, Zn, Ce, Cu, Y, La, Nd, Co, Sc, Li, Nb, Ga, Pb, Th, B

10–3-10–4 Pr, Br, Sm, Gd, Ar, Yb, Cs, Dy, Hf, Er, Be, Xe, Ta, Sn, U, As, W, Mo, Ge, Ho, Eu

10–4-10–5 Tb, I, Tl, Tm, Lu, Sb, Cd, Bi, In

10–5-10–6 Hg, Ag, Se, Ru, Te, Pd, Pt

10–6-10–7 Rh, Os, Ne, He, Au, Re, Ir

10–7-10–9 Kr

10–9-10–20 Ra, Pa, Ac, Po, Rn, Np, Pu, Pm

< 10–20 Fr, At, transplutonium elements

 In general, 1st row TMs are more abundant than 2nd or 3rd row TMs.

Abundances of the elements in the earth’s crust:

(Note: significant differences between the core and mantle)
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Blue = 1st row TM, Red = 2nd row TM, Green = 3rd row TM



Metal Principal minerals Method of recovery

Titanium Ilmenite, FeTiO3

Rutile, TiO2

TiO2 + 2C + 2Cl2  TiCl4 + 2CO
followed by reduction of TiCl4 with Na or Mg

Vanadium Vanadinite, Pb5(VO4)3Cl

Chromium Chromite, FeCr2O4 FeCr2O4 + 4C  Fe + 2Cr + 4CO

Molybdenum Molybdenite, MoS2 2MoS2 + 7 O2  2MoO3 + 4SO2

followed by either:
MoO3 + 2Fe  Mo + Fe2O3 or
MoO3 + 3H2  Mo + 3H2O

Tungsten Scheelite, CaWO4

Wolfamite, FeMn(WO4)2

CaWO4 + 2HCl  WO3 + CaCl2 + H2O
followed by 2WO3 + 6H2  2W + 6H2O

Manganese Pyrolusite, MnO2 MnO2 + C  Mn + CO2

Iron Hematite, Fe2O3

Magnetite, Fe3O4

Limonite, FeO(OH)

Fe2O3 + 3CO  2Fe + 3CO2

Cobalt Cobaltite, CoAsS
Smaltite, CoAs2

Linnaeite, Co3S4

byproduct of copper and nickel production

Nickel Pentlandite, (Fe,Ni)6S8 2NiS + 2O2  2Ni + 2SO2

Copper Chalcopyrite, CuFeS2

Chalcocite, Cu2S
2CuFeS2 + 2SiO2 + 5O2  2Cu + 2FeSiO3 + 4SO2

 Oxides preferred for 1st row and early TMs  Sulfides preferred for 2nd/3rd row and late TMs

Mineral sources and methods of recovery for some commercially important d-block metals:
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 Many transition metals exhibit a wide range of oxidation states (remember that oxidation

states imply an exaggeration of ionic character)

Common oxidation states for transition metal coordination complexes:

 the most important/common oxidation states are highlighted in bold

Sc Ti V Cr Mn Fe Co Ni Cu Zn
0 0 0 0 0 0 0 0

1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4

5 5 5
6 6 6

7

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
0 0 0 0 0

1 1 1

2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3

4 4 4 4 4 4 4
5 5 5 5 5

6 6 6 6
7 7

8

Lu Hf Ta W Re Os Ir Pt Au Hg
0 0 0 0 0 0

1 1 1 1
2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3
4 4 4 4 4 4 4

5 5 5 5 5 5
6 6 6 6 6

7 7
8

Oxidation States



Boundary Surface Diagrams
1s-orbital (g) 2p-orbitals (u)

 The dz2 and dx2-y2 orbitals are 
called AXIAL orbitals because 
they lie along the x/y/z-axes.

 The dxy, dxz and dyz orbitals are 
named INTER-AXIAL orbitals 
because they lie between the 
x/y/z-axes

g = gerade (German)
u = ungerade (German)

g and u indicate parity, which is the symmetry 
of an object with respect to inversion.

g = inversion centre
u = no inversion centre

3d-orbitals (g)

4f-orbitals (u)



Electron Configuration

 The result is that TM cations always have the electronic configuration: ns0(n-1)dx.

 The ability to work out the number of d-electrons is crucial to understanding the behaviour of 
transition metal complexes, so is crucial for Chemistry 3840 and 4000! Therefore, you should take 
the time to practice working out the electronic configuration of transition metal ions such as TiII, 
FeIII, ZnII, RuVII, PtII, MoIII, TiIV, VIV, RhI, PtIV etc.

Examples:

 All valence electrons are in (n-1)d orbitals
 There are no electrons in ns orbitals

THIS IS
VERY IMPORTANT

For transition metal cations or transition metal complexes, electron configuration is more 
simple than for the bulk metal:


