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GENERAL INSTRUCTIONS

1. Do not look at the Problems until the start of the examination has been announced.
2. Use 5 Answer Sheets and 1 Draft Sheet.
3. Do not use the back faces of the Answer Sheets or the Draft Sheet.

4. Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheet.

S. Answers must be written in Japanese or English.
6. Answers must be marked within the solid frame on the Answer Sheets.

7. Any Answer Sheet with marks or symbols irrelevant to your answers is considered to
be invalid.

8. The problems are described in Japanese on pages 5-10 and in English on pages 11-16.

9. Scrolling, expansion and reduction of the Problems are permitted. Keyboard
operation is prohibited.

Continue the answer even if network trouble occurs.
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Chemistry 1 (Physical Chemistry)
Answer all Questions I, II, and III.

I. Real gas behaves differently from ideal gas. Using van der Waals equation of state

shown as Equation (1), the state of 1 mol of real gas can be expressed well.
a
(P+ﬁ)(V—b) = RT (1)

Here, P is pressure, V' is volume, T is temperature, R is the gas constant, and a and b
are the van der Waals constants. Answer the following questions.

1. Answer the physicochemical meanings of the van der Waals constants a and

b, respectively.

Continued on the next page.
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2.

Compressibility factor Z for 1 mol of gas can be described by the following

Equation (2).

PV

- 2

77 )
Figure 1.1 shows the effect of P on Z at 7= 298 K, in which each of g1, g2, and
g3 represents either ideal gas, hydrogen, or methane. By referring to the
measured values of @ and b shown in Table 1.1, answer which gasses correspond
to gl, g2, and g3 in Figure 1.1, respectively. In addition, explain the reason for
your answer briefly.

Table 1.1
a (bar L?> mol?) b (L mol™")
H> 2.45%10"! 2.65X1072
CH4 2.30x10° 431X107
Z /
S
gl .-/
-~ -~ - il I’,’ g2
1 ~ /"
_________ g 3
P
Figure 1.1

Continued on the next page.
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II.  We consider the Carnot cycle using » mol of ideal gas (Figure 1.2). Here, T is
temperature, P is pressure, J'is volume, and R is the gas constant. The temperatures
and volumes of states A, B, C, and D are (71, Va), (T1, VB), (T2, Vc), and (T2, Vb),

respectively.

Figure 1.2

Continued on the next page.
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1. Based on the definition of change in Clausius’s entropy, AS = dgrev/T, derive
an equation that expresses AS as a function of Va, Vs, n, and R, for the isothermal
reversible process A—B. Here, dgrev is the amounts of heat transfer for a
reversible process.

2. Based on the definition of Boltzmann’s entropy, S = kInW, derive an equation
that expresses AS as a function of Va, Vs, n, and R, for the isothermal reversible
process A—B. Here, ¥ is the number of microstates and & is the Boltzmann
constant.

3. In the adiabatic reversible processes B—C and D—A, PV’ is constant. Here,
y is the heat capacity ratio. Derive a relational equation between Vs/Va and
VelVo.

4. We consider a reversible engine based on the Carnot cycle. Show that the
thermal efficiency of the reversible engine depends only on 71 and 7.

5. Derive AS > 0 from the perspective of the work of reversible and irreversible

engines.

Continued on the next page.
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III.

A

Answer the

rag

10

liowing questions on nitrogen oxides. You may use the values shown

in Table 1.2. Standard conditions are 1 bar and 298 K.

.11, 19
140IC 1.2

T~ Standard enthalpy of et
\ formation g “(;-}‘;vu -:1 ‘;;::\‘]:1]’\.1
AH° (kJ mo]fl) o {(Ji& moi )
NO 90.3 o
= 0 205

Continued on the next page.
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1. Show that the reaction in Equation (3) proceeds spontaneously under standard

conditions.

2NO + O,

2NO, 3)

2. The reaction in Equation (3) is a complex reaction consisting of elementary
reactions shown in Equations (4) and (5). We assume that the concentration of
N202 does not change during the reaction. Describe the production rate of NO2,
d[NO:]/dt, by using ki, k2, k3, [NO], and [O2]. Here, [NO] and [O2] are the

concentrations of NO and Oz, respectively.

ky

2NO N,O, 4)

2

N,O, + O, k

2NO, )

(k1, k2, k3: rate constants)

3. We consider to determine which elementary reaction, Equation (4) or (5), is
the rate-limiting process in the reaction in Equation (3) by an experiment.
Answer the appropriate experiment from the following experiments (i) and (ii).
In addition, explain the reason for your answer briefly based on the production
rate equation of NOx.

Experiment (i): Conduct the reaction with changing the concentration of NO.

Experiment (ii): Conduct the reaction with changing the concentration of Ox.
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