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[Inorganic and Analytical Chemistry: Standard]

Answer the following problems (1) through (3).

(1) Answer the following problems (a) and (b) concerning metal complexes.

(@) For each of the following D and @), draw the three-dimensional structure of all isomers.

If there is no isomer, write "none."
@ PtBrCI(CO), @ [Ru(ethylenediamine)s]**

(b) Select two analytical methods from (3 through ® to distinguish isomers of metal complexes.
Explain the principle of the method and how isomers can be distinguished in approximately 100

words for each method.

@ Circular dichroism spectroscopy @ Electron spin resonance spectroscopy

(® Infrared spectroscopy (6 Nuclear magnetic resonance spectroscopy

(2) Answer the following problems (¢) and (d) regarding the properties and analytical methods of inorganic

compounds.

2+.

(c) The optical absorption of aqueous MnCl, solution originates from [Mn(H,O)s]*"; a weak optical
absorption is observed in the visible region. The optical absorption of aqueous KMnQy solution
originates from [MnQO4]™; a strong optical absorption is observed in the visible region. Explain the
reason for the difference in the absorption intensity of these compounds based on the electron

transition processes, in approximately 75 words. If needed, you can use a drawing for the explanation.

(d) To accurately determine the position of hydrogen atoms in metal hydrides, it is more appropriate to
use neutron diffraction rather than using X-ray diffraction. Explain the reason for this in

approximately 75 words, citing the characteristics of both methods.

(3) Answer the following problems (e) through (h) concerning the electrical conduction of ZnO.

(e) Stoichiometric ZnO is an insulator, and its single crystal is transparent to visible light. Explain the

reason in approximately 25 words, using the term "band gap."

(f) ZnO crystals show n-type electrical conduction when doped with Al. Explain the reason in

approximately 25 words.

() Explain the changes in the electrical resistivity of the crystal in problem (f) when the temperature is

increased. Also, explain the reason in approximately 25 words.

(h) The electrical resistance R of a ZnO crystal with a square of 1.00 cm on a side and 0.50 cm in
thickness is 1.00 X 10° Q. The electrodes are attached to the top and bottom squares of the crystal.

Calculate the electrical resistivity p (2 cm). Assume that the contact resistance and the measurement



error of R are negligible. Note the significant figures.



