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B SN ERER) AT L T EL A 720,

B DRSS AT T 2T TS0,

There are 10 problem and answer sheets including a front sheet.

Fill in your applicant number in the specified positions in this cover and each problem and answer sheet.

This examination booklet consists of problem sheets and answer sheets. Answer the problems in the specified position.

Ifthe space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.

Select and answer one problem among the 3 problems. In addition, mark the problem that you have selected with a circle in the
selection column in the table given below.

You may use the provided calculator if you need.

Raise your hand if you have any questions.

[ il 1 il 2 il 3
Problem Number Problem 1 Problem 2 Problem 3
R
Selection
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fIRE1 (Problem1) MREFIHNIEL 3K D £ (three sheets for Problem 1)

1. ROIFEND 2 BRI G- 2 D BRIEAEZRE X, FBPE I D172 5UGH S, (Giveaselective synthetic
route for the product by use of the starting compound. Appropriate reagents in each step must also be described.)
(a)

OH
Ao e Y

@)

(c) 0 0

2. OISO 2T, (Show the reaction mechanism of the following reactions.)

(a)
OMe 1. Na/NHL/EtOH OMe

2. HyO*

(b)
O @]
A
D :
(0]
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81 (Problem1) fi= (Continued)

3. TFRUIRINT D0 MEZ NZT U =T A R EAHEA G & DOBOSIZOWNTEL T ORWICE 2 X,
(Answer the following questions regarding the Pd-catalyzed reaction using an aryl halide and an organotin compound shown below.)

L,Pd

Ar'-X + RySn-Ar2 Arl—pAr2

(a) ONTHRERZFTOA L, TREOfEY 1 7 V& 5Eak S &, (Complete the catalytic cycle of the reaction shown below by drawing
chemical structures in the square blanks [1.)

| |

WM
W

(b) EFCOfEEYA 7 D [ IZKRIEDLFREET, (Give the name of each elementary reaction in the brackets [ ].)

© LREDMEEDA 70D () 13T V0 AOFAR AT, 723, L) 13TEAER 2R WA &5,
(Give the formal oxidation state of palladium in the parentheses (). “L” is a ligand having no formal charge.)

(d) ZDORULDLFRE ", (Give the name of this reaction.)
(e) ZOFEAEWE AN RONE, A~ 7230 MEGHRoARENM AW %2 T FRROMIEE) S~ TR

REFEATAMEDS I, Z OB ZET, (Give the reason why the reaction using organotin compounds has high finctional group
tolerance compared to the reactions using organomagnesium compounds or organozinc compounds.)
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&1 (Problem1) X (Continued)

4. AX 7 Y EATIUMMA)DEAIZ OV TLL FORMWNNIE 2 X, (Answer the following questions on the polymerization of
methyl methacrylate (MMA).)

(@) 7Y B AL VT F = FYLEBEANZA . MMA OF PhVERBT D6, ERKE, BIOEIRRIGE
b7 ST/, (Show the initiation, propagation, and termination reactions in the radical polymerization of MMA by using
azobisisobutyronitrile as an initiator. )

(b) TCHIVEATBWTEAZ Y B ZHNTH TS A T20I2 ED X 9 0758 0MABE) S, () DR CEESUW TR X,

(What kinds of strategies are necessary to conduct radical polymerizations in a living manner? Explain based on the mechanismin (a).)

© FADTT7IEMMA & AF L o OIEATRIT HIBAR T ) ~—DfRk & 1.0 .

BEYIN AN % 2R Y~ — Ok L OBIREHHDL T2, #IIAYO) & | (A)

FENENT VANES, T=AVES, AFAVEEOVTIUCE S b0 53

B L L HIE X K, (Theright graph displays the relationships between the comonomer E 8 o6l .

composition in feed and that of the obtained copolymers at the early stage of the g E (B)

polymerization. Assign the curves (A)~(C) to radical, anionic, or cationic polymerization, £ % 041 i

and explain the reason.) g £ 02 (C .
B c

| | |
0 02 04 06 08 1.0
Styrene molar fraction in feed

5. ROEG AR RIS ESERR S X, (Complete the following chemical reaction formula for polymer synthesis.)
(a)

H3C@SO3—CH3
GOSN

\_J g

(b)

n W +n COz Etzzn-Hzo
O
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RIRE2 (Problem?2) MREFIHNIE 3K F4 (three sheets for Problem 2)

1. 2% REIGOHEEIE 300 K T 80.0 min Th -7z, {EMALTR/ALF—723700 kI mol ' D&, ZORUED 350 K
(BT DA kO X, 72720, BONET L= 2AORITHE, T L= AT A= 2 — DR TR TE 5
FENSWNERTEL, ST R=831TK  'mol! &9°%, (A first-order reaction shows the half-life time of 80.0 min at 300 K.
When the activation energy of the reaction is 70.0 kJ mol ™, calculate the half-life time of the reaction at 350 K. Assume that the reaction
follows the Arrhenius equation, and the temperature dependence of the Arrhenius parameters is negligibly small. Use the gas constant R
=831 JK ! mol, ifneeded.)

2. M =V OEFERISITONT, RO K D BN RE ST D, TERIRIBIEIA#H LT, CH3Cl DARD
AN v = ks (ki/ka) 2 [CL]? & 7275 Z & %7~ (For the chlorination reaction of vinyl chloride, the following mechanism is
proposed. Applying the steady-state approximation, show that the rate equation for the generation of CoH3Cly is v = k3 (ki/ks) "2 [CL2.)

a kb ooa

Ck + GHCl & L

CHClL: + ChL 3 CHiCL + CI
GHsCly + CGHsCly ka, stable species
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2 (Problem2) X (Continued)

3. UTFDOR(Z: JiFE ;a0 R—7F8E (5292 x 10" m); 2 JRFEEDOEF ETORHE) CRINDHKFIFEFO
Is A—E 2L OIEBIEL (y1s) (2B DLL T ORI ZVEME 3 H1CT& 2 X, (Answer the following questions related
to the wavefunction of the 1s orbital of a hydrogenic atom (i15) expressed as the following equation, where Z, ao, and r are the

atomic number, the Bohr radius (5.292 x 107! m), and the distance of the electron from the nucleus, respectively.
3/2 1/2

VA 1
— - —Zrfay [ ___
Vi =2 (ao) © ! (411')

1) He'® 1s B DR FAZDALEIZ I D% FE A FHRE I, (Calculate the probability density of the electron at the
nucleus for a 1s electron of He".)

2) LiZ" @ 1s A—E XV DOH R A5 H 4 X, (Calculate the mean radius of a 1s orbital of Li*".)

3) Be*" @ 1s A —E XL OEES AR BEE P AEED O 28 % 5 X, (Calculate the radius at which the radial
distribution function of a 1s orbital of Be*" has a maximum value.)
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2 (Problem2) X (Continued)

4. DOEDLFHEORE AR % gt X, (Compare the bond lengths of the following species.)
F)', Fa, Fo

5. sA—EXLL pA—EXLRENETN LITHIS LS TOIUE, sp?IRARA— B X /L(s + 2"p)/3121%, 112
LS TV D Z & &7, (Show that the sp? hybrid orbital (s + 22p)/3"2 is normalized to 1 if the s and p orbitals are
normalized to 1.)
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RIRE 3 (Problem3) MREFHNIEL 3KV £ (three sheets for Problem 3)

1. ShdbE bR 7 35 BN (3PUHSNIIEE (ZEHIE FBm) L 5, #1EHIE, a=0.362nm ToH 2, (Cubicboron
nitride BN has zinc blende structure with space group F43m and lattice constant of @ = 0. 362 nm.)

1) B B IONN OEEAZ 2 &, (Answer the coordination number of B and N.)
B: N:

2) Fcb L B—B R HEEEE S LOHE O B—N R FRHIEEREZZ % . (Answer the shortest B—B interatomic distance
and the shortest B—N interatomic distance.)

B—B: B—N:

3) SO BN OFEZ R X, B, N OFF-RIEZEI 108, 140 L35, (Caleulate the density of cubic BN crystal.
Atomic weights of B and N are 10.8 and 14.0, respectively.)

4)CuKa (R 0.154nm) 2 AT ZOfEEROBIR X BlEHTaET 5 & &, “FRIUERMITEN S B0 X 7 —HE5
BEzZ X, £z, ZOBWIOT T v 7 0 ZiHEA X, (When X-ray powder diffraction of cubic BN is measured by using Cu Ka
radiation (wavelength 0.154 nm), answer the Miller index of the reflection appearing at the second lowest Bragg angle. Calculate the
Bragg angle 6 of this reflection.)

2. WROFEAZ#HIE X, (Explain the following terms.)
1) ¥ = v hF—/K[f (Schottky defect)

2) {bFancs1k: (chemical vapor transport)

3) #&f-%/L¥— (lattice energy)

4) BATA b (zeolite)
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@83 (Problem3) #tZ (Continued)

3. VFUANHUOT VI VAR & TR 2772 E D3, RO a)~c)DFIH L EFH ST, 7 h V&R
2B 5 U T AOFERMEAEFIIIE X, (Lithium differs in many ways from other members of the alkali metals. Explain
peculiarities of lithium with relevance to the following things, a)~c).)

a) HYROWBESEATIE M(7=72 UHERSHT) TORRSE (Combustion of elemental metals in O, atmosphere under the dry condition)

b) Z DK (Generation of nitrides)
o) KEONIENT X 525t (Behavior of hydroxides by heating)

4. 10 mol% IV T (CaOVZZEL N a2 =T (ZiO)d, KA NAREEEF L, ZrogCaiOr EFEHTZ LN TE D, Z0H;
B O x DfEEFER X, Fiz, BRIV a =7 B THI20< 2d D 7hvE R X, (10 mol% calcia (CaO) stabilized
zirconia (ZrO») has a fluorite structure and can be represented as ZrogCao1O,. Calculate the value of x in this case. In addition, calculate

how many oxygen vacancies exist in the unit cell of zirconia.)

5. BOBEAETEH 2 K Fe(CN)]45 J U Fe(H20)6]SO4 13- Fe 3d HUEIZIV TR D ILERIRREDE LB L AT 2, ZhE
NOSERDFLEIRBED Fe 3d WEDE HLE 2Bl 2fit> Ut S BICENENOSEARDRN A % X, (Tron complexes,
K4[Fe(CN)g] and [Fe(H20)s]SO4, have different electron configurations at the Fe 3d orbital in the ground state. Draw the Fe 3d electron
configurations for each complexes in the ground state, as in the example. In addition, answer the magnetism for each complexes.)

{1l (example) K4Fe(CN)q] [Fe(H20)6]SO4

—>
Ll
[

6. FoTK RV ERE SOKE (AEOHFER) & SiO 7 ANBLHYE, ZivbE XSO v
FAHI0T 5 H51E% 7 &, (Explain how to discern single crystal of quartz and SiO; glass with completely same shape and size,
without using X-ray diffraction and/or spectrophotometers.)
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83 (Problem3) fi= (Continued)

7. ZKEK200mL 2k LT, Ca¥ LA ORI E TNTINATo & 25, Rtaa R L, ZORHEA 10.0mM
@ EDTA (ethylenediaminetetraacetic acid) /KIAHE CIHE L7=& 24, KR CIRITHEICZR (L LTz, ITORWIEZ L, (A
tap water of 200 mL was examined as a sample. The sample showed red color after adding sufficient amount of the indicator that forms
a complex with Ca?*. The solution was titrated with a 10.0 mM aqueous EDTA (ethylenediaminetetraacetic acid) solution, and the
color of the solution has changed to blue at the end point of the titration. Answer the following problems.)

1) IREDEERIZONT, &R 1.0 em O 7 A E/V TR 400 nm (28T DWNEZRELT-& 25, 12 ThoTo,
Z DWRATEIT D Ca$BADT MDA A 6000 M e & L7355 0 Ca? & % 2K X, (The red colored solution has an
absorbance (at a wavelength of 400 nm) of 1.2 in a glass cell with an optical path length of 1.0 cm. Determine the concentration of Ca*
in the solution when the molar absorption coefficient of the Ca complex at this wavelength is 6000 M~ cm™'.)

2) EDTA EO T CHROEE b L 7= BRH 23R~ X, (Explain the reason of the change of the color after the titration with the
EDTA solution.)

3) THEERSIZET D DI E 7 EDTA WO T &% >R X, (Determine the amount of the EDTA solution required to reach
the end point of titration.)

4) KHD CalPREZRE TE DI TEE — OB b, ZoOFEARICHAY X, (Mention an instrumental

analytical method that can determine the concentration of Ca?*in a water sample, and explain the principle of the method clearly.)




