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[Inorganic and Analytical Chemistry: Standard]

Answer the problems (1) and (2).

(1) Answer the following problems (a) through (d) concerning inorganic reactions.
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In the following reaction, answer which reactant acts as the acid and which reactant acts as the
base. In addition, briefly explain the reason for your answer based on the Lewis definition of
acids and bases.

L + |- — I3

Draw the stereostructure of product A in the following ligand exchange reaction.
[Pt(NH3)4)>* + 2HCI — A + 2NH,

A ligand exchange reaction from metal complex ML,X to ML,Y proceeds by the dissociative
mechanism, where M, L, X, Y, and n are a metal ion, ligand, leaving group, entering group, and
number of L, respectively. When the bond formation of M-Y is the rate-determining step, draw
the energy diagram of this reaction as shown in the example of Figure 1. In addition, answer the
chemical species of the intermediate observed in this reaction.
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Potential energy
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A J

Reaction coordinate
Figure 1. Example of a reaction energy diagram

Several spectroscopic methods are used for the analysis of chemical reactions. Choose two
methods from the following [Spectroscopy] and briefly explain their measurement principle,
respectively. Note that you must use the most appropriate word of [Group A] and the most
appropriate word of [Group B] in the respective explanations.

[Spectroscopy]
Nuclear magnetic resonance spectroscopy

Microwave spectroscopy
Phosphorescence spectroscopy



[Group A] Typical wavelength ranges of electromagnetic wave in measurement
1-5nm, 20-100 nm, 200-800nm, 1-10pm, 0.1-100mm, 0.3-1m

[Group B] Phenomena concerning measurement principles
Intersystem crossing, Photoelectric effect, Molecular rotation,
Molecular vibration, Raman scattering, Zeeman effect

(2) Answer the following problems (e) through (h) concerning the crystal structure of sodium chloride
(NaCl) shown in Figure 2.
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Figure 2. Crystal structure of NaCl

The following series is the Madelung constant of the crystal structure of NaCl. Fill blanks
and . Note that the second and third terms of the series are the terms regarding the second and
third nearest neighboring ions from the central ion. The closest atomic distance between Na* and

Cl™ is assumed to be 1.
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Draw figures of the Shottky defect and the Frenkel defect in the crystal structure of NaCl and
explain the both defects. You may use two-dimensional figures.

When powder X-ray diffraction pattern of NaCl was measured using an X-ray with a
wavelength of 1.54 A, first-order diffraction from the (200) plane was observed at 26 = 31.6°.
Calculate lattice lengths a, b, and ¢ of NaCl with two significant figures. Use the following
values, if necessary: sin 31.6° = 0.523, sin 15.8° = 0.272, cos 31.6° = 0.852, cos 15.8° = 0.962.

After the experiment of problem (g), color of the NaCl crystals changed. Briefly explain the
cause of this color change.



