CHEM-E4130: CHEMISTRY OF ELEMENTS
Exam 15.12.2016

Please answer to a minimum of five questions. You may also answer to all the six questions; in that
casc the five best answers will be taken into account.

1.

Explain shortly the following terms/concepts/phenomena:
a. disproportionation

».  mixed valency

¢. rare carth element

«. critical raw material

Describe shortly the erystal structures and/or chemical bonding of the following materials, and also
the specific properties/application of these materials derived from the crystal structurc/type of
bonding.

a. BN (high-pressure form)

b. BaHe
¢. LaBg
d.  TiHy
¢. LixCoO:

Give a good chemical reason/explanation for the following facts:
a.  Hafnium and zirconium mostly exist in nature in the same minerals.
b, Transition metals have in general higher melting points than alkali and alkaline earth metals.

¢.  For lanthanoids the melting point increases in a lincar manner with increasing atomic number,
but curopium and ytterbium are exceptions. Why and to which direction?

d.  The luminescence emission of Eu** occurs in different compounds at the (cssentially) same
wavelength.

a. Give the clectron configurations for the following elements and answer to the questions given
below (with a short argument!): Sc, Ti, Cu, Y, La, Eu, Gd, Tb, Yb and Lu.

b1. Which of the elements form(s) compounds with oxidation state +IV ?
b2. Which of the clements form(s) compounds with oxidation state +I[?
b3. Which of the elements form(s) compounds with oxidation state +1?

b4. Which of the elements has the largest metal radius?



5.

a.
b.

c.

Sketch the crystal ficld splitting of ¢ orbitals in (i) octahedral and (ii) tetrahedral coordinations.

How many unpaired electrons the following ions have (assume high spin) in (i) octahedral,
and (ii) tetrahedral crystal ficlds: Cr**, Mn?*, Fe?* and Co*?

Which of the following ions is/are colourless and why: Cr**, CrO4%, Mn?*, Fe?*, Fe?*, Co*?

Shortly describe two macroscopically observable phenomena arising from relativistic
effects in the case of hcavy elements.

What major difference in the oxidation states of Au and Ag arises from relativistic effects.
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