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[Inorganic and Analytical Chemistry: Basic]
Answer the prt;blems (1) through (3).
(1) Answer the following problems (a) through (c) concerning s-block elements.
(a) gLithium directly reacts with molecular nitrogen to form lithium nitride, and o lithium
nitride reacts with molecular hydrogen under high temperature and high pressure

conditions to form lithium amide and lithium hydride. Write equations for the reactions
of underlines @D and @), respectively.

(b) Calculate the lattice enthalpy of potassium chloride KCI (s) using only what is
necessary in the standard enthalpy data shown below. Show the calculation process.
Here s and g mean solid and gas states, respectively.

AH/KI mol™ | AH%T mol™
Sublimation of K (s) +89 Dissociation of Cl, (g) +244
Melting of K (s) +2 Attachment of an - 355
electron to Cl (g) '
Ionization of K (g) +425 Formation of KCl (s) —438

(c) Calcium carbonate CaCO; forms crystal polymorphs such as calcite (ghexagonal
crystal system) and argonite (gorthorhombic crystal system). Show the relationship of

lattice constants (lengths; a, b, ¢, angles; o, B, 7) in each crystal system of underlines
@ and @, respectively, as in the following example.

(Example) Monoclinic crystal system: a # b # ¢, oo = y= 90°, S 90°
(2) Answer the following problems (d) and (¢) conceming p-block elements.
(d) Sodium thiosulfate Na,S,03, which is often used for redox titration, reacts with iodine

I> to form sodium tetrathionate Na,S,0¢. Draw the structure of the teirathionate ion
refemng to this redox reaction.

(e) It is difficult to compare a difference in the acidity of hydrogen 1od1de HI and
hydrogen bromide HBr in water. Briefly explain the reason why it is so difficult. In
addition, explain what kind of solvent is appropriate to evaluate the difference.



(3) Answer the following problems (f) through (h) concerning d-block elements.

(f) Draw the three-dimensional structures of all possible geometric isomers and
enantiomers of an octahedral [CoCly(en)]” complex. In addition, assign A and A to the
enantiomers. Note that en (ethylenediamine = H,NCH,CH,NH,) is sure to form a
five-membered chelate ring. You may show the structure of ethylenediamine as below.

HoN  NHy

(g) Metal complexes with d° configurations such as Pd* and Pt** generally prefer to form

square planar structures. Briefly explain the reason by drawing a crystal field splitting
diagram for a square planar field.

| (h) Choose one analytical method from the following three methods, and briefly explain
the measurement principle and what kind of information on metal complexes can be
obtained from the measurement results, as in the example shown below,

* Cyclic voltammetry
« UV-visible spectroscopy
. Siﬂge—crystal X-ray diffraction

(Example) CHN elemental analysis: The sample of a metal complex is decomposed
and converted into CO,, H;O, and N; to quantify them, and we can estimate the

amounts of C, H, and N atoms included in the ligands and crystal solvents of the
sample.



