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GENERAL INSTRUCTIONS
Answers should be written in English or Japanese.

1. Do not open the problem booklets, whether English or Japanese, until the start of the
examination is announced.

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

3. Follow instructions in the front page of the problem booklet of “Fundamentals of
Materials”.

4. Use one answer sheet for each problem. You may use the reverse side if necessary.
5. You must not detach the blank sheets of the problem booklets.

6. Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid.

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

Examinee Number | No.

Write your examinee number in the space provided above.



Problem 1  Basic Physical Chemistry

I. Consider the following two chemical reactions. Here, assume that Reaction (1)
proceeds as a second-order reaction between Compounds A and B to form
Compound C, and Reaction (2) proceeds as a first-order reaction to form Compound
D from Compound A. Note that [A], [B], [C], and [D] denote the concentrations of
Compounds A, B, C, and D, respectively.

A+B 2 ¢ 1)
k2
ASD @

ki1, k2: the rate constants for the respective reactions

1. Consider only Reaction (1). Express the production rate of Compound C,
d[C)/dt. Here, you may use the reaction time, f, the concentration of
Compound A at =0, [A]o, the concentration of Compound B at ¢ =0, [B]o.

2. Consider only Reaction (1). Sketch the time dependence of [A]}/[A]Jo when
[A]o = [B]o. Also, calculate the half-life period of Compound A and show it in
the figure.

3. Consider only Reaction (2). Sketch the time dependence of [A)/[A]o. Also,
calculate the half-life period of Compound A, and show it in the figure.

4. Consider the situation where Reactions (1) and (2) occur simultaneously.
Answer whether the reaction yield of Compound C increases or decreases
when [A]o increases. Also, explain the reason briefly, assuming that

[Alo = [Blo.



II. Answer the following questions on the phase diagram of the water—phenol binary
system at a constant pressure shown in Figure 1.1. The phase diagram has Regions X
and Y. In Region X, water and phenol are not completely soluble and separated into
two phases, Phases o and . Here, Phase o has a low mass fraction of phenol

compared to Phase f.

1. Calculate the number of the degrees of freedom f of the system in Region X.
Here, fis expressed as follows:

f=c-p+2, €)

where ¢ is the number of components existing in the system, and p is the
number of phases coexisting in the system.

2. Briefly explain the change that occurs when the system at a mass fraction of
phenol of 0.5 and at a temperature of 40°C is heated to 70°C.

3. Consider the system at a mass fraction of phenol of 0.5 and at a temperature
of 40°C. Estimate the mass fractions of phenol of Phases o and B. Also,
estimate the mass ratio of Phase o to Phase f (mass of Phase o : mass of
Phase B).

80
o~ Y
8 60 / \\
e 1/ \
&
g ( X \
5 40 \
20 \
0 0.5 1.0

Mass fraction of phenol in the water-phenol binary system

Figure 1.1



Problem 2  Basic Inorganic Chemistry

Answer the following questions on elements, ionization energies, and chemical bonds.
You may use the periodic table of elements shown in Figure 2.1.

H He
Li | Be B|I|C|N]|]O]F]|Ne
Na | Mg AllSi|]P]S|ClI]Ar

K|Ca|Sc|Ti|V]|Cr|Mn|Fe|Co| Ni|]Cu|Zn|Ga|Ge|As | Se| Br| Kr

Rb|Sr| Y| Zr|Nb|Mo| Tc|Ru|Rh|Pd|Ag|Cd| In |Sn|Sb|Te| I | Xe

Cs|Ba|Ln*| Hf | Ta| W|Re|Os| Ir | Pt | Au|Hg| TI |Pb| Bi | Po | At | Rn

(* lanthanoid)

Figure 2.1

I. Answer the following questions on elements.

1. Give all the elements whose simple substances are liquid at room temperature
and under ordinary pressure.

2. Give the transition metal element whose simple substance has the highest
melting point.

3. Give the metal element that has the highest electric conductivity at room
temperature and under ordinary pressure.

4. Give two examples of allotrope.

5. Choose all the compounds that do not meet the octet rule from the

followings.
NF3, CFs, SFa, SiFs, XeFa

6. Write the electronic configuration in the ground state of each of the following
atoms according to the example.
Example C: 1s%2s?2p?
@Cl (®mZn (c)Sr
7. The electronic configuration of Cr is not [Ar]3d*4s? but [Ar]3d°4s'. Explain
the reason briefly. Note that the electronic configuration of Ar is abbreviated to
[Ar] here.
8. The lanthanoid contraction is the steady decrease in the size of lanthanoid
ions with increasing atomic number. Explain the reason briefly.



II. Answer the following questions on ionization energies.
1. Choose an appropriate word or phrase from the list (i) — (iii) for each blank

below.

(i) increase (ii) decrease (iii) be constant

For the atoms of atomic number 1 — 20, the first ionization energy tends
to [ (a) | with increasing atomic number in the same group of the elements,
and that tends to @ with increasing atomic number in the same period
of the elements.

For the atoms of transition elements, the first ionization energy tends
to m with increasing atomic number in the same period of the elements.

2. Arrange Ca, Mn, and Zn in descending order of the first ionization energy.
Also, explain the reason briefly.

III. The structure of diborane is shown in Figure 2.2. Provide the answer, which is
longer, the bridging B-H bond (a) or the terminal B-H bond (b). Also, briefly
explain the reason in terms of bond order.

(2)

H"’///,, / H\l\ \\\\\\\\H
N T
(b)

Figure 2.2



Problem 3  Basic Organic Chemistry

Answer the following questions.

I. Draw the structural formulas of Compounds (a) — (c) below.
(a) 2-ethyl-1,4-pentadiene
(b) 4,4-dimethylcyclohexanol
(c) 7-ethyl-1-methylnaphthalene

II. Draw the structural formulas of the major products (d)— (o) in the following
reactions. Also, show the stereochemical configurations for Compounds (h) and (i).
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III. p-Nitrophenol can be obtained through the reaction of p-chloronitrobenzene with

hydroxide ion. Answer the following questions.
1. Draw the reaction mechanism, indicating the intermediates and electron

movements of p-chloronitrobenzene with hydroxide ion.
2. The boiling point of p-nitrophenol is higher than that of o-nitrophenol.

Explain the reason briefly.

3. Compared with p-chloronitrobenzene, m-chloronitrobenzene is less reactive

to hydroxide ion. Explain the reason briefly.



