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I KRFEEMEZEIBRHNBHROLRKEL, UTRRTKEOBRIRIE
T®H Do

2Hz () + O2(g) — 2H20 (1)
IHREBARIETH D, 298.15 KR ITF 5 BEERIS= ¥ F )L E—IX,
~286 kI mol’' Tdh %, BEI 29815 KRN TWH LREL, BT

DEWVWIKE 2 L, B, FIHFRIIMEL, BEZHKLTUTOE
FAE AR L,

1.1 298 15K BT AEBEELZ VY PR E—

Ha (g) 131 T K mol!
02 (g) _ 205 J K! mol!
H20 (g) - 189 T K'! mol!
H20 (1) 69.9 J K'! mol'!

. (@D BEERILRIGCOEERIGZ Y b —%2RD X,

2. Ho ()OBHERUERISICESAEOTY b —F{E KD &,
3. Hy(g)DEEFERILEIZ X B Ha0 ()0 ARG DEERIE X 7
AT pxpNF—-2RD L, ‘
4, KEBEBB L TARBEBEROEBERBEEHEZRD L, 7777~

EHIE 9.65X10°C mol! &7 3,
5. FEBHEEREL R EARBBEMOBEIIEGL 250, E< 2D
M, £, FOEMAEZBRAL,

II. N20s D4 fER s (2N205(g)—4NO02(g)+02(g)) X, EERMIC— R IL
KRS 2 EREMBNTERY, £ 0iEME{T RNV F —E, 1 103.4 kI mol”!
CThd,El, CORMEIUTRERTERBLYOFERIEA) ~ (4)
DMAELETCRIBEEZLNLTWVE, TNFNORGEEER %
by ~ kb LTUTOMWNVCEZ X, REEH RIE831TK  mol! &
T3,
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N,Os —9 N0, + NO; (1)

NOZ + NO3 -—](2'—>N205 (2)
NO, +NO; —% N0, +0, + NO 3)

NO +N,0s—*_33NO, 4)

1. N20s DRERIEDRETPEE NO & NOs DREICOVWTER
REESEEINE OS> EREL, N20s DBEOCRKREELE R T
RO RIGEENZ BT,

2. FITL1OREREEZA W, R =028 5 N20s DR E (MBRE)
#[N20sly & LT, TOREOCHME(LZRTXNERD L,

3. 367K, 1.0X10°Pa T 1.0 mol ® Nz Z D 80%IZRDETH
WA HEERE L, N, PEBLEAETHILERELEREDOE
BREZRD I, ZFL, N0 EEE/VEAERZIT 20.74 T K mol”!
ET R, A¥EFIT2MEL, YEZSLTUTOEZAY XL,

1.25%%=1.75, '1.25%=1.09, 0.8>°=0.572, 0.8°%=0.915
4, MEBEO NOsH ST No R IL 3 LR USKETEMLAER, E
WAL EMBE CTEOMPOSHEERLEOLICET DN, E

LT AR —CRELLEEEL, TOBMLLbILERL,
el L, ERBEIZBIT A NoOs Do EITERT S,

L — 2 — OM5(676—71)
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DToBWIcEL L, RETHAIE, UTOEZANWL.

=314, V2=141, V3=173, V5 =224, 7 =265

I SFPCEHEFIEETAUTOMWIELZ L,

. KRSFHEEHEZRTSTF (Mo F) L LTERERLEFEET S,
IREF LT~V ULAGTIIEBE, ESE_RTFHF (HafmF)
ELTHBEEYT, BERFLHF (HeoF) L LTHEET S, Z
DEHIZ2WT, BLERERZAVCTERAYE X,

2. ETEE T3 (valence-shell electron-pair repulsion;
VSEPR) EFT NV EZHAWTBChLH & NH: Do TFHEER2 =Y, £,

EHELORFRIVEVWEBEZ b ONEER L L BITHRAL,

I A FVBERICETLUTORMWIE X X

1. ROMBEE A FUREAERBRVIERICERE, BVETHIIT,
UTOBEREBHEEQDELZ AWy X,

Xy = 2.20, ANa — 1.01, Xrp = 4.10, Ac = 2.83
(a) HF (b) HCI (c) NaF (d) NaCl

2, AFVEHEROBRBERX MR, BAA DAL VIZHTS
EELICHHBERITS, —F T, XEBERESOBREEE
ETFOEBRIMIZIEEALEBES TRV, ZOBVRAE L 2EH
oW, BERICHBAY X,

3. NaCl b2 A%, BN 6 THDIREHR A4 &R
Thd, BUKETFHIZBITS Cle N OREBEYFFE X,

4. NaCl DIFERBECB T HRTOEMWAERL, 753@%1$ 2 #7
cEHER R, L, FNENOA FTEAIEEKREEEHTE, B
AT DBRAFT IR THEELITZ052 THDS ¥ L,
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- ! H+
) é * o ~oH —— (a)
d 1. KOH HzN-NH; : |
@) NH —————— b —_— c d
(" e (b) (c) + (d)

NaOH 3
®) ©)L )KQ\ EtOH, H20 (e)

EtOOC._ COOEt NaOEt |
. GCBRE) 1. NaOH
@ — | ® | = | ®
NN 2. HCl, A
Br  4.pph, PhCHO .
(5) Q — (h) S )
2. n-BulLli
0 Zn(Hg)
(6) —_— (D
* HCl
OEt -
7 NH, + /\g, —_— k)
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O/ 2. Me,S ()

1 oF 1. CHaMgBr (2 % )
©) ©)L 2, H 0% ( )

AICl,

(10) @ + )JOH — (n)

L RORE DRSS R,

OH

P H*
1) —_— ©E>—CH3
0
CH
T H* HiC  CH,
@ H;C—C—CH.Br —_—— ‘c=c"
[ Pl
CH; H,C H
(3) —_— +
Hac)kcHa NaOH Hac)J\oNa
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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.

Notify your proctor if you find any printing or production exrors.

Follow instructions in the front page of the problem booklet of “Fundamentals of
Materials™. '

Use one answer sheet for each problem. You may use the reverse side if necessary.
You must not detach the blank sheets of the problem booklet.

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.



Problem 1  Basic Physical Chemistry

I The overall reaction of a fuel cell, in which hydrogen and oxygen are used, is the
oxidation reaction of hydrogen shown below.

2H; (g) + O2(g) — 2H20 ()

This reaction is exothermic, and its standard reaction enthalpy is —286 kJ mol™! at

298.15 K. Supposing that the temperature is maintained at 298.15 K, answer the
following questions. The number of significant digits is three. Use the following
values if necessary.

Table 1.1  Standard molar entropies at 298.15 K

Ha (g) 131 T K! mol?
02(g) 205 T K! mol!
Ha0 (g) 189 7 K mol?
H20 (1) 69.9 J K mol!

1. Calculate the standard entropy of the oxygen-oxidation reaction of H (g).

2. Calculate the entropy change of the surroundings caused by the
oxygen-oxidation reaction of Hz (g). .

3. Calculate the standard Gibbs energy of the generation of H20 (1) by the
oxygen-oxidation reaction of Hz (g). '

4. Calculate the standard electromotive force of the fuel cell which uses
hydrogen fuel. The Faraday constant is 9.65%10* C mol™.

5. Does the voltage of the fuel cell increase or decrease with increasing the
operation temperature? Provide the answer with the reason.

II. It is known that the decomposition reaction of N2Os ( 2N20s5(g) —  4NO; (g) +
02 (g) ) obeys first-order reaction experimentally, and the activation energy £, is
103.4 kJ mol™. Also, it is considered that this reaction is caused by the combination
of the chemical reactions (1) to (4) of nitrogen oxides as shown below. Answer the

following questions using rate constants %, to ks for the reactions (1) to (@D,
respectively. The gas constant R is 8.31 J X! mol™.



N,05—H_3NO, +NO; | (1)

NO; +NO; —2 3N, 0 )
NO, +NO; —5% N0, +0, + NO 3)
NO+N,0s —154——>3N02 @

1. Derive the differential equation indiceiting the temporal change of N2Os
concentration with assuming steady state approximation regarding the
concentrations of the reaction intermediates, NO and NOa.

2. Using the result of Question II. 1, show the temporal change of N2Os
concentration when the initial concentratjon of N2Os at ¢ = 0 is [N20s],,.

3. At367 K and 1.0x10° Pa, 1.0 mol of N2 gas was reversibly and adiabatically
compressed until the volume decreases to 80% of the original volume.
Calculate the final temperature after the compression assuming that N2 is an
ideal gas. Molar heat capacity at constant volume of Ny is 20.74 J K mol™!.
The number of significant digit is two. Use the following values if necessary.

1259 =175, 125%=1.09, 0.8*=0572, 08%“=0915

4. When N> containing a very small amount of N2Os is compressed under the
same condition as Question II. 3, how does the initial decomposition rate
change before and after the compression? Provide the answer with the reason ‘ ‘
with considering the activation energy and the change of the concentration.
The decomposition of N2Os can be ignored during the compression.



Problem2  Basic Inorganic Chemistry

Answer the following questions. Use the following values if necessary. -
T=314, V2=141, v3=173, V5 =2.24, V7 =265
I.  Answer the following questiohs on atoms and molecules.

1. Hydrogen molecules exist as homonuclear diatomic molecules (H;
molecules). In contrast, helium molecules generally exist as monoatomic
molecules (He molecules), not as homonuclear diatomic molecules (Hez
molecules). Explain the reason, based on the orbital correlation diagram.

2. Show the molecular structures of BClz and NH3 based on the valence-shell
electron-pair repulsion (VSEPR) model. Also, state which molecule has a
higher polarity, together with the reason.

II.  Answer the following questions on ionic crystals.

1. Arrange the following substances in the descending order of their degrees of
ionic bonding. Use the following values of electronegativities (y) if necessary.

Xu =220, xna=101, yp=4.10, yq = 2.83
(2) HF (b) HCI (c) NaF (d) NaCl

2. In general, crystal structures of ionic crystals are strongly influenced by the
radius ratio of cationic to anionic ions. On the other hand, crystal structures of
covalent crystals are hardly influenced by the radius ratio of constituent atoms.
Explain the reason for this difference briefly.

3. NaCl is a typical ionic crystal, which has the coordination number of 6.
Draw the positions of CI” and Na* ions in a unit cell.

4. Calculate the atomic packing factor of NaCl crystal, with the two significant
digits. Here, assume that each ion-can be approximated as a rigid sphere, and
that the radius ratio of cationic to anionic ions is 0.52.



-Problem 3 Basic Organic Chemistry

L. Draw the structural formula for the major products (a) to (n) of the following

reactions.
o
H-I-
M ij * HON~"oH ——— (a)
?  1.KoH HN-NH,
2 @[:NH — | (b)) |/ (c) (d)
2. 7"gr ‘
Y .
NaOH
@ ©)L j\@ EtOH, Mo (e)
EtOOC._. COOEt NaOEt
+ (excess) 1. NaOH
@) (f) v (g)
Br” ~~"Br 2. RCL A
Br  1.pPh, PhCHO
(5) E> (h) — (i
2. n-BulLi
Q Zn(Hg)
(8) —_— (D
HCl
@) ©/‘NH2 + & X OEt —_— (k)




8)

0
1. CHgMgBr (2 eq.)
(8) @A OBt (m)

0 QA = | @

1.0
— - ¢)]
2. Mezs

2, Hy0*

AlCI,

IL.  Show the reaction mechanisms for the following reactions.

QOH _ He
o
e — ©f>—CH3
0
CH
[ H* HsC.  CH,
ch'-cl;""cﬂzBr — \c.._.C’
. A
CHS Hac
o) I o)
JL —_— )j\ , + CHl,
H30 CH3 NaOH Hac ONa

III.  Draw the structural formula for the products (A) and (B) for the following reactions,
paying attention to the stereochemistry.

a

H,O0
1. BH,

2. H,0,, OH-




