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SR EOTEFIE ,

(1) RERFCSRHZERR)RE S8 HH Y £7.,)

Q) ZOFREE ST TORBERRHRE R, BRESETRALTES Y,

(3) ZIUIREAMR S REAER SN2 b 0T, FEEIHEE INEEIMIGEA LT EELYY,)

@ fREREX IR E &, FUBROERZFIA L TOEOERA, L, 0S8 g | RYLE
R L2 L5 R 9 LTRL 2 L,

(5) SRCARELZREW,

6) B5ENHEHEDTEAL THLELI LRV,

(1) B2 W RR2mRlHABREFEHT RN,

Notices

(1) There are 8 problem and answer sheets including a front sheet.
(2) Fillin your examinee’s number in the specified positions in this cover and each problem and answer sheet.
(3) This exammatlon booklet consists of’ pmblem sheets and answer sheets Answer the pmblems in the spec1ﬁed position.
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RORE1 (Problem 1) REERSI3 HHY i?‘ (three sheets for Problem 1)

1. ROALEMOEAEDRT, UTOEEIZH LED L 37080 IS5 0 R MHICHAY L, BEIGUT, MEAW
T £V, (Explain briefly how the compounds in each combination are different with respect to the following properties. Figures may
be added if necessary.)

1) Friedel-Crafts FOi~DTEM: 2) ¥7 U5 4 (chirality)
(reactivity towards Friedel-Crafts reaction) c o M o H*C_Z_C?CHZ
NG M HC  H HC  H HE
!|/ S
3) BRMERT (acidity) 4) Diels-Alder IS TV & UTORUSRE
. o (reactivity as a diene in Diels-Alder reaction)
e-cac:)Lc‘c}-z3 Hzc/ﬁ\u @ S

2. ROFISOSARERMEOEBRZ R L, RS E R I=EH#< Z &, (Explain the reason for stereoselectivity of the

following reaction. Figure showing the reaction mechanism must be given.)
Br

Bry/H,0 £ H
g Che

H

3. NaF A AL DKBD $2 FUGORIENERY, ROIBIETT 5, BHEEZHIE L, (The nucleophilicity of halide
ions for SN2 reactions in water decreases as follows. Explain the reason.)
I'>Br >CIr>F

4. ROFEHEEEIIFAY X, (Explain the following terms, briefly.)
1)Bredt Bl (Bredtrule) 2) IWEHES3#E (solvolysis)
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RAEE1 " (Problem1) #EX (Continued)

5. ROBUGICR HEMOEERMEFIE TR, BEISUT, SIFUFIO»E )5 L, =Fr I+t
TV:Z')":MZ)fE A= OLFREET T F. Trawthe chemical stmachires of the maior greanic groducts u-‘__g- emistr
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MiRE2 (Problem2) #t& (Continued)
4. BIHRIZBIAUTORWCEZ L. 7251, 08803 6626 x 10%] s, TRFTREEIL 6022 x 1083 mol !, EBX
SEEIT1.602 x 107 C, HoDEENL 2998 x 108 ms™& 92, (Answer the following questions related to the quantum theory. Use the
following constants, if needed: Planck constant, 6.626 x 10-*J s; Avogadro constant, 6.022 x 10% mol™; elementary charge, 1.602 x 107
C; speed of light, 2.998 x 10° ms™.)

1) 1{EDZ+ Fr23 1550 eV D=RNF—EFF0O L &, TOWREFHER L, (Calculate the wave length of one photon with
energy of 1.550 eV)

2) B 1.0 x 10?2 ms TEWVTOWAE R 1.0 x 107 kg DPHEDOR 7 Az KD X, (Estimate the de Broglie wavelength of
a particle which moves at a speed of 1.0 x 102 ms™. Mass of the particle is 1.0 x 10°kg.) )

Y o —E‘\f ety -E -7 7 -8 \aha_ 1 T
e e

©) "N¥0 S FDIRENDFES T F V¥ — (the zero-point energy of vibration of the N0 molecule)
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RARE 3 (Problem3) FHREFAMGIE2 #d Y F9° (two sheets for Problem 3)

1. KOFEIROCFEDEAEDEOHFND, BT fEZEHE (Answers)

kB b ORBOWEMCEY, £, O, @ Gizo ' ' D
WA EIRL, (Answer the questions by selecting the pos : -
correct chemical species from the combinations glven n & (Answer) | FeH (Reason)
parentheses. The ‘correct chemical species should be given in
the answer column. Answer the reasons for D, @),and @)

® (N, 0, F) EFBIfADOKL/INEVITHR (Which has

the lowest electron affinity?) ' D)
@  (0*7, Na', APYR b A AL FEEDORE VA F % (Answer). | ZEF (Reason)
(Which has the largest ionic radius?)

@ (Na,Mg, Al) = 1 A A= RNF—DHRHBREVTT

5& (Which has the largest second ionization energy?) . : B

A~ DERAE SE AN i
@ (LiBr, If;:l)jk 02}42{?%&75 v MEEH (Which has % (Answer) I-gﬁa (Reason)
E7EW " T #
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RI%E3 (Problem3) %t (Continued)

3. NO,NO*BLNOIZBI LT, MATFORMWIZEZ &
(Answer the following questions related to NO, NO",and NO™)

1) F BN AW S % &, (Answer the bond
orders of each chemical species.)

NO : NO* : NO ™ :
2)3-o0HH, N & O DREIREI RO MEFEEZE X

. (Answer which chemical species has the strongest bonding
strength between N and O.)

3)3 ORI TEBMEE TR TIEFEL TR TEL L,

6.208K COFER HA) L ZDF 1) 7 A NaA) 35
TR BT AU T ORIV E 2 &, 72721, HA OF
NREZHAL KDOA A 8% Kw=10 x 10 mol? L7,
HA @ pK& 430 &35, (Answer the following questions
related to an aqueous solution containing weak acid, HA and its
sodium salt, NaA at 208 K. The molar concentration of HA is [HA]
and the ion product for water, Kw, is 1.0 x 10% mol? L and pK,
of HA is 4.30.)

1) HA DES#HEER K% HA BI O ADOT/VREZ AW
TFL, EEO pH 28 430 OEF-EOBAEE o 25RO X,
(Express the acid dissociation constant K, of HA with the molar

SFHA g A b acid fissocin

& O 0 vael wemmiee oI - .--_.__--_A-Aanaﬁb
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SEEDFESEE
() PRERMGRARERRTZ OREEES 1 OBV 7,
Q) ZOFEEETT S TORERIGIRE N, ZRESERAL TS,
() THIUIRTRERR LA S S b0 T, EIHEESZEANCRA L TEE,
@ fEREZENLVEED, RAUBROERZFAL THHEOETA, 72, 2058 BTk hLe
HEICEER L EMaD LT LTRLZEL, .
) 3RIFAE 1 ARRIR LA LR SV, Jeds, BERURTEN, THIORIZOMEM L TRTT B2 L,
©) BE5ENSIEBMEDAFFERAL THELI LRV,
(7 EifBDWIEITFHZRNHDGEETFEET TN,
Notices
(1) There are 10 problem and answer sheets including this front sheet.
(2) Fill inyour examinee’s mimber in the specified positions in this front sheet and all the problem and answer sheets.
(3) This examination booklet consists of problem sheets and answer sheets. Answer the problems in the specified position.
4 Ifthe space is exhausted, use the reverse side of the sheet and write down “to be contimued” on the last line of the sheet.
(3 Select and answer one problem among the three problems. In addition, mark the problem that you have selected with a circle in
the selection column in the table givenbelow. '
(6) Youmay use the provided calculator if you need. -
(7) Raise your hand if you have any questions.

RRERS fefeE 1 Mgz FERES3
Problem Number Problem 1 Problem 2 Problem 3
B
Selection
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REE1 (Problem1) REEERRANZ3 KV £4 (three sheets for Problem 1)

1. ROIAEERT BN — MARET L, FREREN 4 DU TOBHMESY) & B, IR BOTH L
(Provide a synthetic route for the following compounds. You can use any organic compounds with four or less carbon. atoms, inorgaric

reagents, and solvents.)

D
~
2)

o
\/\/LOJ\/\/ Br

NaOH ag.
R.BH H,0, HO »
A, e O e R="Yy'X)
!

2

PhsPMe Br/

Buli

i

0]

3. A8 A IT5TED CHpO THEN, IR AT AT YT 17002000 cm I ZRIR 2815/ 720y, FER 'H NMR

. ]
Ay MF—HETEEND A OEEREFEE, (Compound A has a molecular formula of CeHizO and shows no
absorption in the range of 1700-2000 cm ! in the IR spectram. Provide a chemical structure of compound A given by the following 'H

NMR spectrum )
'HNMR: §=6.46 (1H, dd), 4.17 (1H, dd), 3.96 (1H, dd), 3.68 (2H, 1), 1.61 (2H, m), 1.39 2H, m), 0.94 (3H, t) ppm
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A1 (Problem1) #t¥ (Contimued)

4. FRO=vr AR AN 7 2o SR T AT R RETuEFAT7 =20 DI Rl o7 It
V2T, BLTFORAVNZE 2 X, (Answer the following questions regarding the cross-coupling reaction between phenylmagnesium
bromide and bromothiophene in the presence of a nickel complex as a catalyst shown below.)

MgB 4 7
D[R b s e AL, TR 2 V25 E 8 X, (Complete the catalytic cycle of the reaction
shown below by drawing chemiical structures in the square blanks [__])

2) bEtfgey 2 th, () PIC=wrVOREEMEEEET, 23, L] BFEAERE bl i &5,
(Give the formal oxidation states of Ni into the parentheses () of the catalytic cycle above. “L” is a ligand having no formal charge.)

3) ka0 ] PICEERISOATREET, (Give the name of elementary reaction into the square brackets [ ]
of the catalytic cycle above.)

4) FTRIZEHEEITOWT, LUTFORWIZE X L, (Answer the following questions regarding the compound shown below)
i A OMe
[s C o}

a)y Zokeah%E, o NEI AT DO LSRR LD v Al 7Y TR EAWT, T = L EER S

NP LR LA LTV, AEERIREL, FUSENTHET, (Propose and draw a reaction scheme for the synthesis of this
compound from a thiophene derivative and a benzene derivative via a cross-coupling reaction by a nickel or a palladium catalyst )

b) BV a2 o 7Y v Z RGO EE, (Give the name of the cross-coupling reaction used for this synthesis.)
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RAEE 1 (Problem 1) #%iX (Contimued)

5 s T OB A Z L ABSICET AU TFORWIZE X &, (Answer the following questions on the ring-opening
metathesis polymerization of cyclopentene.)

) TR TR %78, (Draw the propagation reaction starting from the following chemical equation.)

Pﬁ,@

_—

Ru

P = polymer chain, L = ligand
2) #8219 2 BREIIGIZ-OWTRRE,  (Describe possible side-reactions.)

i

3) FEOLSERERO [ | ICHSEE#I L 2 5 LAWE AL, EEBBIREE RIS A E T L. Provide a
compound which acts as a chain transfer reagent in the square blank of the following chemical equation and complete the chemical
equation showing the chain transfer_ reaction.)

i
.l chain transfer reagent
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3. KBFEFO/ N —RFNT, 6565nm, 4863nm, 4342mnm &, Zivh K VEVEREEICIANY MDD, L
TORITEECE 4 HTCEZ L, 7L, 7707 8T 6.626 x 10 15, FOEEEL 2998 x 10° m s 95, (The
hydrogen atom has a Balmer séries lines in the spectrum at 656.5 nm, 486.3 nm, 434.2 nm, and below. Answer the following questions
related to this with four sienificant digits. The Planck constant is 6.626 x 107 J s and the speed of Tight is 2.998 x 10° m s™.)

4. BTRICETAUTORNEMEIHIIE L, (Explain the following terms related to the quantum theory clearly.)
1) Z—n %5 (Coulomb integral)

2) IEFESY (resonance integral)

3) E/2VFE5 (overlap integral)
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[} —

PRES (Problem3) #% (Continved)

3. 13 fR&RITER(M=Al, Ga, In, TH D/~ 7 LAV MXa(X=F, CL B, DIZBE LT, LATDRIMIZE Z &, (Answer the following
questions related to halides of metallic elements in the group 13, MX; (M=Al, Ga, In,and T,; X =E Cl, Br,and I}.)

1) P = ADA BT A ALGD 5B, ARIRLEAS 1291°C ThAHDIZE L, AlCk, AlBr, All?ORSI%200°C &

4. ERIONTRERCBNE OEEBEIC, a~)DKEADS S, [0 o T BV
BRIV TEENICLZRUSRTRTHFRIOETT 260 ET | :
ANTEY, FOREEE XL, (Select all reactions that proceed spontaneously (n | V** + 2¢- — V —-1.18
the direction given) under standard conditions for the reaction equations a) — d), referring to Pb* + 2¢- — Pb 013
the standard reduction potentials £°shown in the table on the right.) -
¢ Cu* + e« — Cu*| +40.16
a) 2Cu" — Q' + Cu b) 2Ag" + Pb — 2Ag + PV Co* + & — Cul| +052
¢ P + 2r — Pb + b d V¥ + Pb — V _+ P L .+2 — 2I | +0.54
Agt + e — Ag| +0.80

5. WITRIBMEMD 5 B, 1)~HIHTUTFE DR HER bDE—D>F A TLH, (Select the one of the most appropriate
oxides that corresponds to each of the sentences 1) — 5) among the following oxides.)

H20, NO, N20, CO, P4Oi, KOz, OF3, CLO, ClOz, SnOy, SiO, TiO, V2Os, ReOs

1) 7y FERLE P—T7 LIRS ERER S L TRV OGNS, ,
(This is an oxide whose thin films doped with flucrine etc. are used as transparent electrodes.)

2) WSRET ORILES R L 725, -
(This is an oxide with the largest oxidation number of oxygen atom.)

3) WD THREMERD® D,
(This is an oxide which is colorless gas and used for anesthesia.)
4) BETEBNRBRISEN 2T,
(This is an oxide which exhibits metallic electrical conductivity at room temperature.)

5) FEREROEE LAV,
(This is an oxide which is used as a white pigment and a photocatalyst.)
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