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The Graduate School Entrance Examination
Chemistry
(Applicants for the Department of Materials Engineering)
9:00 am—12:00 pm

GENERAL INSTRUCTIONS .

Answers should be written in Japanese or English.

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 booklet.

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

7. 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.






Problem 1  Basic Physical Chemistry

I. A piston-cylinder device is filled with 1 mol of an ideal gas as shown in Figure 1.1.
This device is a closed system and changes reversibly. Answer the following
questions. Here for the gas, p is pressure, V is volume, and T is temperature. The gas

constant R is 8.31 J K™! mol™!. Use the following values if necessary.
In2=0.693, In3=1.10, h5$=1.61, Inl0=230

o cylinder

- piston

o]

ideal gas —}— p,V,T

Figure 1.1

1. Show the ideal gas equation. Also, when ¥ =100 L and 7 = 300 K, calculate
the pressure p (kPa). Here, 1 kPa=1J L™\

2. When the pressure p increases from 200 kPa to 400 kPa at 7= 300 K,
calculate the change in work AW (kJ) done on the ideal gas and the change in
entropy AS (J X™! mol™). .

3. The heat capacity at constant pressure is Cp and the heat capacity at constant
volume is Cv. Derive the relation between Cp and C.

4. When the temperature increases from 7 to 7%, the changes in entropy at
constant pressure and at constant volume are AS, and ASy, respectively.

Express ASp / ASy using Cp and Cv. Also, show the steps leading to the answer.

II. A particie is confined to a one-dimensional infinite potential well with a length of L
as shown in Figure 1.2. Answer the following questions. Here, U is potential energy,

yAx) is the wavefunction, % is Planck’s constant, and = h / 2.



Figure 1.2

1. Express the total energy £ of the particle, using the mass of the particle m and
the momentum of the particle p. ‘
2. Express the Schrédinger equation Hy(x) = Ey(x) using m, ki, x, and y(x).

Here, A is the Hamiltonian opérator, and p= —ih% is the momentum

operator.

nmx
3. The eigenfunction y,(x) = Csin—L— is obtained by solving the Schrédinger

equation. Here, # is the quantum number (n =1, 2, 3, ...), and C is a constant.
Sketch the graph of the eigenfunction y1(x) when the quantum number n = 1:
Also, when the potential energy barrier is finite, sketch its eigenfunction y(x)

and explain how the eigenfunction y(x) differs from that of the infinite
potential well. '



Problem 2  Basic Ihorganic Chemistry

I. Give the oxidation number of the atoms in the underlined part of the following
substances.

(a) Ha (b) Cu0  (c) KoCrOs  (dyH:0:  (e) FesOs  (f) KBH,

II. When hydrogen peroxide is reacted with potassium permanganate under neutral
conditions, write the equations for the half-reactions and the overall reaction.

III. Answer the following questions on an oxidation reaction of copper based on the
following half-reactions,

Oa(g) -+ 4H"(aq) + 4~ — 2H,0()
Cu**(aq) + 2e — Cu(s)

1. Write the equation for the overall reaction.

2. Briefly explain the relationship between the oxidation reaction of copper and
pH.

3. Briefly explain the reason why the described reaction does not actually occur
for a roof made of copper.

IV. Answer the following questions on nitrogen oxides.
1. Draw the energy levels of the molecular orbitals in NO along with the
electron configuration. |
2. Give the bond orders of NO and NO".
3. Briefly explain the magnetic properties of NO and NO*.

V. Answer the following questions on halides.
1. Arrange HF, HC], HBr, and HI in descending order of boiling point, and
briefly explain the reason.
2. Arrange HF, HCI, HBr, and HI in ascending order of pH in the aqueous
solution at the same concentration, and briefly explain the reason.

VI. Answer the following questions on substituted oxoacids.
1. Briefly explain the reason why the acidity of fluorosulfuric acid O;SF(OH) is
stronger than that of sulfuric acid Q2S{OH)x.



2. Briefly explain the reason why the acidity of sulfamic acid O2S(NH2)(OH) is
weaker than that of sulfuric acid Q:S(OH)a.



Problem 3  Basic Organic Chemistry

I. Draw the structural formulas of the following common organic solvents.

(a) acetone (b) diethyl ether (c) tetrahydrofuran
(d) dimethy! sulfoxide (e) N,N-dimethylformamide

II. Arrange the underlined three hydrogen atoms (Ha, Ha, Hc) in order of decreasing
pKa. Also, explain the reason.

Cl ’ F H
0 o 0
Vi Iy | 4
Cl—C—C F—clz—C' H-—C|:~—C\‘
¢ O—Ha F O—Hp H  O—Hc

II. Assign R/S configurations to the chiral centers of the following three molecules.

(2) (b) (c)
llar Cl‘:Ha CH»,CH3
|
\I‘C ' \|"'C B “u-C
He o HY ~co,H "¢ chcH
Cl/ CH3 HS A H ( 3)2

IV. Arrange the following three molecules in order of decreasing reactivity toward
electrophilic aromatic substitution. Also, explain the reason.

O _OH
V. Draw the structural formulas of the major products (2)—(g) in the following

reactions.

0

HoN =NH,
——> | (a)
KOH




'i. BBI’3
—> | (b)
2. Hz0*"

i SOCl,
O)\OH — (c)

'AlCly
_— (d)

cl O

_  1.LiAlH,
O | (9
° 2.H,0*

| H,80, polymerization
— | (@ > | (g)

VI. Polymerization of acrylamide in the presence of sodium tert-butoxide at 100 °C
gave poly(B-alanine). Show the reaction mechanism.

ﬁ.
HaN 100°C '



