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B -209.4 -13.5 -8.4 Ne -891.8 -52.5 ~23.1

. BLIOFNEG, 1MOBA A 2RS0T WRA 23 T8,
it,@mﬁﬁ%@4ﬁ/Mm4w%w@w%%zio

II. Bohr EF V& WT, EEM+Ze, B 10D A 4 DN THE
2%, Bohr EF /LTI, B 1.1IWCRT LI EN ”EUJ’@?L'C
BY, 0@, s'}-f ERDOM @ Coulomb J1& 2V H o TS
Fio, TOHEMEHL, (HROSRMEERNT LB B (Bohr »
B 4f), 071 & Coulomb 1DV {5 b\}o;@\ Bohr O & F 41k
%:%}m IANT, QR EG T, BoE I B L T4k
TnWedoH, 2T, Z B - J'U)%Z, e A X ' Hh, v o
’f‘@ﬁf)@ ol E OB OMEE, A Planck T, n: BT ’225( E,: 5
T on 2B AT R VX —HELNT,

hn
myy = — 1
2n ()
)4 2
E,=-¢ _Z 2)
8o h" n”

_ — M5 (790—69)



[11.

He — He' + ¢ (3)
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Cu*(aq) + ¢= — Cu(s) E'=+0.52V (3)
*(aq) + e —> Cu'*(aq) E'=+0.16 V (4)

Ox(g) + 4H"(aq) + 4e” —— 2H,0()) E =+1.23V (5)

1. BOS(6)DEEEEN E' % ?5?), Z O POS DMEHEIREE T H RIS
AT o0, BhE L bitE R &,

2Cu*(aq) —> Cu**(aq) + Cu(s) (6)
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2Cu(s) + Oa(g) + 4H'(aq) — 2Cu**(aq) + 2H,O()) (7)
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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

Answer the following questions on atoms and molecules. If necessary, use

the following values in Table 1.1.

Table 1.1 Energies of atomic orbitals (eV)

Atom Isorbital 2sorbital 2p orbital | Atom s orbital 2s orbital 2p orbital
H -13.6 — — C -308.2 -19.2 -11.8
He -25.0 — — N -425.3 -25.7 -15.4
Li -67.4 -5.3 — O ~-562.4 -33.9 -17.2
Be -128.8 -8.4 — F -717.9 —42.8 -19.9
B -209.4 —-13.5 -8.4 Ne —891.8 -52.5 -23.1

[. From Table 1.1, choose all atoms that tend to become monovalent cations.

In addition, answer the ionization energies (eV) of the chosen atoms.

II.  Consider a cation possessing a nuclear charge of +Ze and one electron by
using the Bohr model. In the Bohr model, the electron undergoes uniform
circular motion as shown in Figure 1.1, and the centrifugal force and the
Coulomb force between the electron and the nucleus counterbalance each
other. In addition, the uniform circular motion needs to meet the condition
in Equation (1) (the Bohr quantum condition). Derive Equation (2) by
taking the counterbalance between the centrifugal force and the Coulomb
force, and the Bohr quantum condition into consideration. Here, Z: number
of protons, e: elementary charge, m: mass of electron, v: velocity of
electron, r: distance between the electron and the nucleus, /: Planck’s
constant, n: quantum number, £,: energy level at a quantum number »n, and

&o: permittivity of vacuum.
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Figure 1.1

[II. Answer each energy (eV) required for reactions (3), (4), and (5). In
addition, answer the electron repulsion energy (eV) in a helium atom.

He ——> He™ + ¢ (3)
He* —— He?" + e 4)
He — He?" + 2e (%)

IV, From Ba, Cy, N2, O2, and F», choose all molecules that are paramagnetic.

Also, explain the reason for choosing them.

V. Which molecule possesses a longer bond length between oxygen atoms,
dioxygen (O2) or hydrogen peroxide (H202)? Provide the answer with the
reason by showing the electron configurations of O; and 0%, Draw the

electron configurations according to the example shown in Figure 1.2.

Electron configuration of dihydrogen (H;)

N 10-u

.

-
-

Figure 1.2

VI.  Consider single molecules of lithium hydride (LiH) and hydrogen fluoride
(HF). Discuss the difference between the characters of hydrogen in LiH and
that in HF by showing the electron configurations of LiH and HF. Draw the
electron configurations according to the example shown in Figure 1.2.



Problem 2 Basic Inorganic Chemistry
Answer the following questions.

I. H3PO4 is dissociated in aqueous solutions according to the following

reactions.
H3PO4 + HQO - H2P04~ + H30+ (l)
H,PO,” + H,0 == HPO,” + H,O" (2)

The pKa values for H3PO4 and H,PO,™ at a certain temperature are 2.0 and
7.0, respectively. At this temperature, answer the concentration ratio
[H3PO,] : [H,PO, ] : [HPO4*] in the aqueous solution with pH = 5.0 in the
formof 1 :x: y.

[I. Figure 2.1 shows a unit cell of TiO: with the rutile structure in the

tetragonal system. Ti** ions occupy the octahedral holes surrounded by six
O~ ions. Answer the following questions.

1. Consider the case that a cation (ionic radius: r.) is ideally 6-coordinated
with surrounding anions (ionic radius: #,). Show that the ionic radius
ratio re/ra is +2 -1.

2. The molar masses of the Tiatom and the O atom are mr; and
mo (g mol™"), respectively, and the lattice constants are « and ¢ (cm).
The Avogadro constant is Na (mol™"). Express the density d (g cm™)
of TiOz by using mti, mo, a, ¢, and Na.

O o @ Ti

Figure 2.1



[I. Consider the following reactions at 298 K. Answer the following
questions using the reduction reactions (3)—(5) and the standard potentials £°.

All substrates are at 1 bar and have unit activity under standard conditions.

Cu*(aq) + ¢ —> Cu(s) E'=40.52V (3)
Cu’*(aq) + e —> Cu*(aq) E ' =+0.16 V (4)

Ox(g) + 4H"(aq) + 4e” — 2H,0()) E =+1.23V (5)

1. Calculate the standard potential £ for reaction (6), and answer with

the reason whether the reaction proceeds spontaneously under standard
conditions.

2Cu’(aq) —> Cu®*'(aq) + Cu(s) (6)

2. Assume reaction (5) in an aqueous solution with pH = x under O»
partial pressure of I bar. Present the equation expressing the pH
dependence of the potential of reaction (5). Use the Faraday constant
F, the gas constant R, and In 10 in the equation, if necessary.

3. Calculate the standard potential £ for reaction (7), and answer with

the reason whether the reaction proceeds spontaneously under standard
conditions.

2Cu(s) + Oax(g) + 4H'(aq) —= 2Cu®*(aq) + 2H,0()) (7)



Problem 3 Basic Organic Chemistry

Answer the following questions.

[. Draw the structural formulas of the major products A-N in the following

reactions.
Bt Mg 1) CO,
/\/\/ - A —— B
2)H*
HBr
AT ——— C
o)
1) HoN-NH,
-~ D
2) KOH, H,0, A
0
s L
+ E
0
/CU)\/OU\ 1) NaOC,Hs . 1) “OH
- e G
-0 0”7 >\ 2) n-C4HoBr 2) H30", A
0
SOCI NH
X OH —2=72 , H — I
P
N
o)
NaCN, HCI HCI, H,0
o)
1) (CH3),CulLi CH50H, H*
- > L — M
2) H30
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II. 2,3,4-Trihydroxypentane has multiple diastereomers. Among them, draw

all the structural formulas of meso isomers.

I1I. In the '"H NMR spectrum of N,N-dimethylformamide, two signals due to

the methyl groups are observed at room temperature. Explain the reason.

IV. Explain the reasons for the following phenomena by showing reaction
mechanisms.

1. When heating (S)-2-phenyl-2-pentanol in formic acid, the
corresponding formate was formed, and the optical rotation of the
solution became 0 degree.

2. When adding sodium bromide to an acetone solution of (R)-2-
bromopentane, the optical rotation of the solution gradually became
0 degree.







