CHEM-E4130: CHEMISTRY OF ELEMENTS
Exam 10.12.2020
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1.

Explain the following terms (preferably with your own words):

rare earth element

critical raw material

critical temperature of superconductivity
disproportionation

mixed valence

photoluminescence

upconversion emission

metal-organic framework

I. metal complex
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j. molecular layer deposition

Latimer diagrams for three imaginary elements, A, B and C, are shown below.
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a. Draw the corresponding Frost diagrams for all the three elements.

b. Based on the Frost diagrams, give the most stable species for each of the three elements.
c. Based on the Frost diagrams, judge which (if any) of the species tend(s) to disproportionate.

(i) Explain—based on electron configurations —the following facts concerning melting points:
a. Alkaline earth metals have higher melting points than alkali metals.
b. Cd has lower melting point than transition metals.
c. Yb has lower melting point than most of the lanthanides.

(if) Organize the following elements in the order of atomic radius (assuming same coordination
number); most importantly, justify well your answer: Rb, Ca, Sr, Y, La, Zr, Hf.

(iii) Answer (with short arguments) to the following questions related to the oxidation states of the
elements: Sc, Zr, Cu, Y, La, Eu, Gd and Th.

a.  Which of the elements commonly form(s) compounds with oxidation state +1V ?

Which of the elements commonly form(s) compounds with oxidation state +11?
c.  Which of the elements commonly form(s) compounds with oxidation state +1 ?



4. Let’s consider 3d transition metals and their ions:

a. Show (draw) the relative energies of the different 3d orbitals for a free atom (in gas phase),
and for an atom surrounded by anions or ligands in an octahedral coordination.

b. Show how the electrons of the following ions occupy the 3d orbitals in case of octahedral
coordination (assume high spin): Ti**, Ti¥*, Mn2*, Cr¥*, Fe?*, Fe®*

c. Predict whether the aforementioned ions should be strongly coloured, lightly coloured or
colourless (give a short argument in each case).

5. From the following list of compounds/materials, select the one(s) which show(s) the given
property or characteristics:

Ks[Fe(CN)s], Fe203, Fe304, Hg, BN, BoHe, CaTiOs3, LixC0o02, NaxCoOs,
La,CuOg, (LaoeSro.1)CuO4, MoS;

a. perovskite
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layered crystal structure

metal complex
mixed-valence
superconducting
thermoelectric
antiferromagnetic
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isoelectronic with diamond
i. electron-deficient
J. Dbattery cathode



