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[Inorganic and analytical chemistry: basic]

Answer the following problems (1) and (2).

(1) Answer the following problems (a) through (c).

(@)

(b)

(©)

At room temperature, oxides CaO and MgO are soluble in dilute hydrochloric
acid, but one of them is almost insoluble in neutral water. Answer which oxide
has the lower solubility and explain the reason in approximately 75 words.

Arrange H20, [Co(H20)s]**, and [Co(H20)s]?" in descending order of Bransted
acidity using an inequality sign (>), and explain the reason in approximately 75
words.

Answer a method for determining the ratio of Fe'' and Fe'' in an aqueous
solution containing both Fe'' and Fe'' at room temperature under anaerobic
conditions, and explain the principle in approximately 75 words.

(2) As shown in Fig. 1 on the next page, Ni'' has various coordination structures such
as tetrahedral, square planar, and octahedral geometries. Answer the following
problems (d) through (i).

(d)

(€)

(f)

9)

Atomic number of Ni is 28. Show the electron configuration of Ni'"' following
the example.
Example: The electron configuration of C is 1s22s?2p?.

[NiCls]* has a tetrahedral geometry (Fig. 1(A)). Schematically illustrate the
d-orbital splitting diagram and the electron configuration based on Hund’s rule.

The d-orbital splitting energy in problem (e) is defined as 4t. Answer the crystal
field stabilization energy of [NiCls]*>" using 4r. Also show the calculation
process.

[Ni(CN)4]* has a square planar geometry (Fig. 1(B)). Schematically illustrate
the d-orbital splitting diagram and the electron configuration based on Hund’s
rule.



(h) Based on the electron configurations of problems (e) and (g), answer whether
[NiCls]> and [Ni(CN)4]*> are paramagnetic or diamagnetic, and explain the
reason in approximately 50 words.

(i) Comparing the optical absorption spectra of [Ni(H20)s]** (Fig. 1(C)) and
[Ni(NH3)s]** (Fig. 1(D)) with octahedral geometry, answer which Ni'' complex
exhibits longer wavelength absorption originating from d-d transition. Explain
the reason in approximately 50 words.
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Fig 1. (A) Structure of [NiCls]>. (B) Structure of [Ni(CN)s]>. (C) Structure of
[Ni(H20)6]?*. (D) Structure of [Ni(NH3)s]?*.



