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Chemistry 1 (Physical Chemistry)

Answer all Questions I, II, and III.

I. Inaclosed vessel as shown in Figure 1.1, whose volume is variable by a
smooth and weightless piston, a liquid of a pure substance and its vapor
coexist in the equilibrium state. Then, the pressure and the temperature are
P and T, respectively. Answer the following questions, assuming that the
gas behaves as an ideal gas. Here, the gas constant is R.

Pressure
P

Figure 1.1

L]

1. Let Gk ;11I1d GS be the Gibbs free energy per 1 mol in the liquid
and the gas phases, respectively. At vapor—liquid equilibrium of a pure
substance, GL and GE are equal. Derive the following Equation (1)
to express the relationship between the entropy change of evaporation
per 1 mol, AS,, and the heat of evaporation per 1 mol, AH,.

_AH,
T

AS, ()

Continued on a later page.
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2. In the gas phase, let the volume per | mol be V£, and the entropy
per 1 mol be S&. Derive the following Equation (2) of the total
derivative of 63, dGS, using that the total derivative of the internal
energy per 1 mol, U is given as dUS = TdSS — PdyS.

dGS = —S8dT + V$dP (2)

3. In Figure 1.1, when the temperature T slightly changes to T +dT,
the pressure P changesto P+ dP to achieve the equilibrium state. At
this time, the Gibbs free energy per 1 mol in both the liquid and gas
phases, GEk + dGY and GS + dGS are equal. Derive the following
Equation (3) to express the temperature dependence of the equilibrium
vapor pressure P. Assume the relationship Y8 » VL, where S and
Vi are the volume of 1 mol of the substance in the gas phase and the
liquid phase, respectively.

dP _ PAH,
dT ~ RT?

(3)

Continued on a later page.

|
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4.

Figure 1.2 shows the relationship between the logarithm of P and
1/T for three kinds of pure substances: hexane, carbon tetrachloride,
and water. In this regard, answer Questions (i) and (ii).

(i) Let Ty, be the boiling point at atmospheric pressure P,. Express
the equilibrium vapor pressure P as a function of temperature
T, using R, AH,, Py, and Ty,

(ii)  Briefly explain the reason why the slope of the line for water in
Figure 1.2 is steeper than those for the other substances from
the viewpoints of the effects of hydrogen bonds.

T Carbon tetrachloride

Figure 1.2

Continued on a later page.
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I1.  Answer the following questions on molecular orbitals.

1. Figure 1.3 schematically shows the molecular orbital diagram of O2.
Explain the reason why O2 is paramagnetic. If necessary, you may

explain by drawing a figure.

energy
A
3o,
’:,_ _\‘\\\\ Tcg
e \‘\ _—
2p = —p 2P
—s 1T
g
20,
‘ 28 =<zl 28
20,
AV
lo,
P et
2 AR
/! 1a fad v -,
Eois —c g s
Icsg

. Figure 1.3

2. The energy level of the orbital 363 is lower than that of the orbital
Iy in Figure 1.3. Explain the reason for this in terms of the shape of
molecular orbitals. If necessary, you may explain by drawing a figure.

Continued on a later page.

— 16 — M6 (451—8T7)



3. The following sentences describe the difference in the molecular
orbital diagram between Nz and Oz. Answer Questions (i) and (ii).

In the molecular orbital diagram of N2z, the order of the energy levels

~of EE and II] is reversed in comparison with the

molecular orbital diagram of Q2. This can be explained as a result of
a large energy shift of the 0rbital-| (a) due to hybridization

between | {(a) | and | (c¢) | in Na.

(i) Answer the names of molecular orbitals appropriate for the
blanks from | (a) |to | (¢) |

(ii)  The amplitude of the energy shift of the orbital, described in the
underlined part of the sentences, decreases monotonically, as
the atomic number of the atom composing a diatomic molecule
increases from Liz to F2. Explain the reason for this in terms'of
the effective nuclear charge and energy levels of atomic orbitals.

4. In Figure 1.3, the destabilization energy A* of the antibonding
orbital 16y comprised of two 1s atomic orbitals is larger than the
stabilization energy A of the bonding orbital 16g. Explain the reason
for this. Here, Eo1s in Figure 1.3 is the energy level of the 1s orbital
when two oxygen atoms are sufficiently separated.

»
.

Continued on a later page.
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III. In the reaction A—B that produces substance B from substance A, the
substance B works as an autocatalyst (self-catalyst). The rate r of this
reaction is proportional to CyxCg, where C, and (g are the
concentrations of substances A and B, respectively. Let the concentrations
of Aand Battime t =0 be (4 and C(yg, respectively, and define Cgp/ Gy
as 8. Answer the following questions.

1. The reaction ratio of A, x(t) is defined by (C’Ao - C'A(t))/CAo. Here,
C,(t) is the concentration of A at time t. Express the concentration of
B at time 't, Cg(t), using x(t), L9, and Cgy.

2.  Assume that the rate constant k of this reaction remains unchanged.
Express the rate r(t) of this reaction at time t, using G, k, x(¢),
and 6. , '

3. For the case 8 = 0.1, calculate the reaction ratio x(t;) of A at'the

time t, when the reaction rate 7(t) becomes the maximum.
4. /For the case € « 1, draw a schematic diagram of x(t) as a function

of t. Note that the behavior of x(t) must be clearly shown in the time
domains of t K ty,, t~ty, and t > &y, respectivély.
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Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not open fhe-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 2-8 and in English on pages 12-18.

4. Answer all questions.

5. 3 answer sheets are given. Use one answer sheet for each Question (1, I1, and III). You may

10.

11.

use the reverse side if necessary.
Write the question number (I, 11, or III) 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.

S

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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