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The Graduate School Entrance Examination
Chemistry 2 (Inorganic Chemistry)
Problem Number C2

Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not look at the Problems until the start of the examination has been announced.
2. Use 5 Answer Sheets and 1 Draft Sheet.
3. Do not use the back faces of the Answer Sheets or the Draft Sheet.

4. Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheet.

S. Answers must be written in Japanese or English.
6. Answers must be marked within the solid frame on the Answer Sheets.

7. Any Answer Sheet with marks or symbols irrelevant to your answers is considered to
be invalid.

8. The Problems are described in Japanese on pages 5-8 and in English on pages 9-12.

9. Scrolling, expansion and reduction of the Problems are permitted. Keyboard
operation is prohibited.

Continue the answer even if network trouble occurs.
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Chemistry 2 (Inorganic Chemistry)

Answer all Questions I, II, III, and IV.

I. Answer the following questions on polonium. If necessary, the following values

can be used.
logi02 = 0.30, logi03 = 0.48, logi05 = 0.70

1. Give the name of the Bravais lattice to which the polonium crystal shown in
Figure 2.1 belongs.

2. Give the Miller index (%4 k ) of Plane A, colored in gray, shown in Figure 2.1.

3. Polonium produces a particles and lead through a decay. Give the numbers
of protons and neutrons in an a particle.

4. The a decay of polonium-210 proceeds as the first order reaction, and the
half-life is 138 days. Calculate the number of days required for 99.9% of

polonium-210 to change to lead.

Figure 2.1

Continued on the next page.




II.  Answer the following questions on the Daniel cell shown in Figure 2.2. If necessary,
the following values can be used.
atomic weights: O, 16.0; S, 32.1; Cu, 63.5; Zn, 65.4
Faraday constant: = 9.65 x 10* C mol!

1. Express separately the anode and cathode half-reactions.

2. The weight of the cathode increased when a current of 0.965 A was flowed
for 10 minutes. Calculate the increased weight.

3. By increasing the concentration of either ZnSO4 or CuSOs4 in an aqueous
solution, it is possible to discharge for a longer time. Select which compound is
effective for the longer-time discharge. Also, explain the reason for your

selection briefly.

Voltmeter
h
W)
Zn Cu
ZnS0Oy4 CuSOq4

T

Porous Barrier

Figure 2.2

Continued on the next page.
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III.  Answer the following questions on aqueous solutions of metal complexes. If
necessary, the following values can be used.

atomic numbers: Cr, 24; Co, 27

1. Briefly explain the mechanism of the electronic transition that is responsible
for the color of [Cr(OH2)s]*".

2. Briefly explain the mechanism of the electronic transition that is responsible
for the color of [CrO4]*.

3. The molar extinction coefficient of the absorption of light that is responsible
for the color of [CrO4]*" is larger than that of [Cr(OH2)s]**. Explain the reason
for this briefly.

4. In the reduction reaction of [Co(NH3)sX]*" (X =F, Cl, Br, I) by [Cr(OH2)s]*",
the reaction rate decreases in the order of X =1> Br > CI > F. Explain the reason

for this briefly.

Continued on the next page.
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IV. Answer the following questions on the organometallic complexes shown in
Figure 2.3. If necessary, the following values can be used.
atomic numbers: Zr, 40; Ir, 77; Pt, 78

1. Give the number of valence electrons of the metals for the complexes A, B,

C, and D.

2. In comparison between complexes A and B, which C=C bond distance of
coordinated ethylene is longer? Briefly explain the reason for your answer by
illustrating the Dewar—Chat—Duncanson model.

3. Complex C activates molecular hydrogen in a different reaction mechanism
than complex D. Briefly explain the reason why this difference occurs by

illustrating each reaction mechanism.
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