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Department of Materials Engineering

Graduate School of Engineering
The University of Tokyo

Entrance Examination for YR 2021

Fundamentals of Materials

[Problem 1] Thermodynamics, Kinetics

10:00 — 10:45
Tuesday, August 25, 2020

- Attentions -
The examination duration of this problem is 45 minutes.

Fill in your examinee number and name on the answer
sheets.

The answer sheets must be used in the order of sheet 1,
sheet 2, sheet 3, and sheet 4.

Do not write your answer on the back sides of the answer
sheets. However, you may use the back sides as draft
sheets.

Answer in English or Japanese.

After the examination, upload all the answer sheets one by
one according to the direction by the examination officers.

This problem PDF file must be completely deleted after all
the examinations are completed and must never be
distributed or modified.
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[Problem 1] Thermodynamics, Kinetics

The phase diagram of A-B binary system at 1.013x10° Pa is shown in Figure 1, and

the thermodynamic properties of A, B, and AB are given in Table 1. Also, the

following terms are identified.

1) A, Band AB have the constant molar heat capacities independent of temperature.
Also, molar heat capacities of solid and liquid phases are identical for both A
and B.

i1)  When 1 mole of AB is formed from 1 mole of A and 1 mole of B, the exothermic
heat of 7.0x10* J is generated at both 600 K and 1000 K.

ii1) The dependence of melting temperature of A, Tm.a, on pressure, P, d7Tma/dP, is
—4.0x1078 K-Pa~! arround the melting point of A. Molar volumes of liquid and
solid phases of A are 7.6x107° m*-mol~! and 8.8x10~° m3-mol~!, respectively.

Answer the following questions. The gas constant is 8.3 J-mol-'-K-!.

Liquid Tim. AB

3000 T
b

T el

Temperature
(K)
1700
T e,2
A AB B
Xs*
XB
Figure 1



Table 1

Melting
point

(K)

Standard enthalpy
at 300 K
(J-mol™)

Standard entropy
at 300 K
(J-mol K1)

Molar heat
capacity at
constant pressure
(J-molf1 -K*I)

Standard
enthalpy of
fusion

(J-mol™)

3000

0

6.0

22

AnsH® A

1700

0

19

25

5.1x10*

AB

T, AB

H°AB

32

Cp aB

(1

)
3)

4

)

Schematically draw the cooling curve (temperature change against time) when
the A-B liquid with the composition Xs* in Figure 1 is cooled from temperature
T. Describe the existing phase(s) in each temperature zone into the answered
schematic figure.

Obtain the standard enthalpy of AB, H°as, at 300 K.

Consider obtaining the standard enthalpy of fusion of A, AfusH°a, from iii).

(3-1) Derive the relationship between dP/d7Tm and the standard enthalpy of fusion,

AnsH®, from the relationship for differentials of molar Gibbs energies of

solid and liquid phases in equilibrium.

(3-2) Obtain the standard enthalpy of fusion of A, AsusH°a, with two significant

digits.
When 1 mole of solid AB is formed by the reaction of 1 mole of solid A and 1
mole of solid B at 800 K and is adiabatically heated by the reaction heat under
constant pressure, obtain the attained maximum temperature of AB with two
significant digits. Here, AB is assumed to keep a solid state during heating.
Obtain the melting point of AB, T, as, With two significant digits assuming that

A-B liquid behaves as an ideal solution. Use In 2 = 0.69, if necessary.



Reactants C and D were put in large amount of solvent sufficiently stirred in a closed
container that prohibits substances in and out. When the reaction rate to form
compound C:D was examined, change in the concentration of C,D, [C2D], with time,
d[C2D]/dt, in a certain reaction period could be approximated as equation (D using

the concentration of C, [C], and the concentration of D, [D].

d[C,D] _ a[C]?[D]
d — 1+b[C]

Here, a and b are constants (¢>0 and 56>0).

Then, assume two-step reaction in which only CD forms as the intermediate

compound. It is assumed that all components are uniformly dissolved in solvent, and

temperature is kept constant.

(1) Describe the reaction equations of the respective elementary reactions.

(2) Express the change in the concentration of intermediate compound CD, [CD],
with time, d[CD]/d¢, using [C], [D], [CD], and [C2D], with defining the reaction
rate constants for the forward and reverse reactions of respective reactions in
(1).

(3) Assuming that the concentration of CD does not change with time, express the
change in [C2D] with time, d[C2D]/d¢, using [C], [D], [C2D], and the reaction
rate constants defined in (2).

(4) Answer magnitude relationship among reaction rate constants derived by

comparing the result obtained in (3) and equation (D.
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