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Chemistry 2 (Inorganic Chemistry)
Answer all Questions I, II, and III.

I.  Answer the following questions on metal complexes. If necessary, you may answer
by drawing figures. When it is necessary, the following values can be used.
atomic numbers: Cr, 24; Fe, 26; Co, 27

1. Write the chemical formulas of the following complexes A, B, and C. Also,
give the number of d electrons of the central metal ion in each complex.

A. hexacyanidoferrate(Il) ion
B. tetraaquacobalt(II) sulfate
C. diammipetetrakis(thiocyanato-N)chromate(lII) ion

2. Briefly explain the coordination mechanism of NHs to Co*" in [Co(NHa3Js]**
from the viewpoint of acid-base interactions.

3. riefly explain the energy splitting mechanism of d orbitals (dyy, dyz, dx,
dyz_y2, djz) in Co®" by the ligand coordinations in [Co(NHs)s]*" with the

octahedral complex structure.

4. Comparing [Co(NH3)s]Cl3 and K3CoFs, having the same octahedral complex
structure, only K3CoFs exhibits paramagnetism. Briefly explain the reason why
the latter complex exhibits differently from the viewpoint of the ligand field
theory.

Continued on a later page.
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II.  Answer the following questions on the ionic crystals with the sodium chloride
(NaCl)-type structure shown in Figure 2.1. When it is necessary, the following values
can be used.

VZ =141, ¥3 =173, = =3.14

clementary charge: e = 1.60x107"° C

dielectric constant of vacuum: £, = 8.85%1072F m™
Avogadro’s constant: Ny = 6.02x10%* mol™

unit conversion: ] = C2 F!

Figure 2.1

Magnesium oxide (MgO) is an ionic crystal with the NaCl-type structure and the
length of the unit cell edge of MgO is 4.21 A.

1. Calculate the effective nuclear charges for the outermost electrons (principal
quantum number: N) of Mg?" and 0% based on the Slater’s rules.
When the principal quantum number of an electron is n, the shielding
constants for the electrons with the principal quantum numbers of n > N + 1,
n=N n= N - 1,and n < N —2 are 0, 0.35, 0.85, and 1, respectively.

2.  Calculate the ionic radii (unit: A) of Mg?* and O with two digits after the
decimal point based on Pauling’s approximation: “For a given noble gas
configuration, the radius ratio of ions is inversely proportional to their effective

nuclear charge ratio.” Assume that each icn is rigid sphere.

Continued on a later page.
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3. The Coulomb energy between the constituent ions in an ionic crystal is Ug.
The proximity repulsion energy between the constituent ions in an ionic crystal
is Ug. The lattice energy U, can be calculated by a summation of U; and Ug.
For a three-dimensional crystal of MgO, calculate the Madelung constant M
with two significant digits using the Coulomb energy up to the third proximity
term. The following Equation (1) is used to calculate the Coulomb energy
between two charges q; and g, separated by distance’ d.

82
= — 4192 ‘ (1)
4dmeyd

4. Calculate the lattice energy Uy of MgO per 1 mol (unit: kJ mol™") with two
significant digits using the following Born—Mayer equation (2) and the value of
the Madeluhg constant M calculated in the previous question.

Note thatt z; and z, are the valencies of positive ion and negative ion,
respectively. d is the nearest neighbor distance of ions. d” is the constant to
express'the ionic repulsion in short distance, and the value is d* = 3.45x107
A in MgO.

- z,7,e? ( d*)
/ - = — —_—— 2
U, =Ug+ Uy MN, dmeyd, 1 4 (2)

5. Arrange the ionic crystals of KCl, NaCl, and MgO in descending order of
lattice energy. Also, briefly explain the reason for the order from the viewpoint

of the characters of the constituent ions.

Continued on a later page.
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[1I.  Answer the following questions on the quantitative analysis method of liquid
sample including inorganic metal ions. When it is necessary, the following values can

be used. -

VZ =141, V3 =173, V5 =224

1. In a conventional titration method for chloride ions, a silver nitrate standard
solution is utilized with potassium chromate as an indicator. It is regarded as the
titration end point when reddish-brown silver chromate precipitation appears.

Answer the following Questions (i), (i), and (iif).

(i) Calculate the silver ion concentrations with two significant digits both
at the equivalent point and at the titration end point in the following
sample liquid. The initial concentration of chloride ion is 1.00x10™" mol
L:', and the concentration of potassium chromate of the indicator is
5.00%1073 mol L. Here, the solubility products of silver chloride and
silver chromate are 3.00x107'% (mol L™)? and 2.50x107'2 (mol L™1?,
respectively.

/(ii) It is important to regulate the concentration of potassium chromate for
reducing the titration error. Briefly explain the reason for this.

(iii)  This titration method needs to be performed under the neutral condition.
Briefly explain the reason for this.

2.  Solvent extraction method is used to concentrate and separate metal ions to
the range suitable for quantitative analysis. In particular, this method is
employed when a sample liquid including a large variety of metal ions is rapidly
processed. Briefly explain the reason based on the principle.
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Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not open the problem booklet until the start of the examination is announced. !

2. Notify your proctor if you find any printing or production errors.

3. The problems are described in Japanese on pages 2-6 and in English on pages 10-14.

4. Answer all questions.

5. 3 answer sheets are given. Use one answer sheet for each Question (I, I1, and I1I). You may

10.

11.

use the reverse side if necessary.
Write the question number (I, II, or ITI) that you answer on the answer sheet in the upper
left box.

Fill in your examineé number in the designated place at the top of each answer sheet.

»

Answers must be written in Japanese or English.

You may use the blank pages of the problem booklet for drafts without detaching them.
Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid.

You may not take the booklet or answer sheets with you after the examination.

Examinee Number | No.

Write your examinee number in the space provided above.
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