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RE DTSR
(1) RS ISEREER THH Y £,
Q) ZOFRMEZL TN COREREFAERRC, SBRESEZFTALTIIZEN,
(B) THUIRTEERAE L A FEAS AT SN b DT, AEEIMEE SN EANCEEA L T EEV,
@) fREREXERRONE X, FUBEOEEZRH L TOVEOERA, 2L, TORAT Bkl R
ERICEE LI 2 00D LI L TR T L, A
(5) 3 BF25 2 BRBIR UARE LSV, 7ok, BRULEEL THORICOMEMN L TRRTEHI L,
6) BESN-FEH (B 2HERALTHELIRRV,
(7)) BB OIIRARERH DEETTFLEET TSN,

Notices -
(1) There are 7 problem and answer sheets including a front sheet. _
(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of question sheets and answer sheets. Answer the questions 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.
(5) Select and answer two problems among the three problems. In addition, mark the problems that you have selected with a circle
in the selection column in the table given below. '
(6) You may use the provided calculator if you need.
(7) Raise your hand if you have any questions.

PREE S PR 1 s 2 Tt
Problem Number Problem 1 Problem2 |  Problem3
R

Selection
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FIRE1 (Problem 1) FEJ%EH%%E T2 ¥dh W F9 (two sheets for Problem 1)

1. TV 2D cis BB L trans EOWTEEIEZ, BUTR LTKRRETF b EOTHIT, E72, &5 LORRMEER X
WEZENE, BB E L HIZEEE, (Draw chair configurations of cis-decalin and #rans-decalin including the hydrogen atoms shown in
the following figure. Which stereoisomer is more stable? Explain the reason briefly.)
- H

O

H
FThUY
\(deg:alin)
2. DA F2A(a), 0)PD Lewis #EZ U726 > THET,  (Draw the Lewis structures of the ions (a) and (b) following the example.)
%1 (example) : NH; (@ t Re=vU.A1 4 (hydronium ion, H:O") (b) = br=7 LA 4> (nitronium ion, NO;")

H:N:H

3. KD@QDILAIICANT, AFTR Uiz =0 “EREA DRI K E b OhDIEBC R L, Hi
HECE, (Rank the following compounds (a) - (c) in order of decreasing stretching vibration frequencies of the C=O double bonds shown
in bold. Explain the reason briefly.)

@ o0 ® 9 © 0 B (Reason)
Me/c‘”"\"e M-S Me Mo Soci
llléff‘ (Order)

> >

4. WRO@~©)PILEPNTONT, SN2 IR D RIGERENO S DA DIEFICW O 2 L, BHHEE,  (Rank the
following compounds (a) - © in order of decreasing reactivity in an Sx2 reaction. Explain the reason briefly.)

(@ )\/ (b) )\/ (© )\/ocowle I (Reason)

JIEFF: (Order)
> >

5. ®ND(a),[b)D HNMR A~ MV ERT{LEWE, UTOO~@hHRATESTEL L, (Provide the number (D-®)

of compounds giving the following "H NMR spectra (2) and (b).)
(a) 6=247 (s, 12H) ppm.

() 6="7.50 (s, 1), 746 (s, 2H), 1.30 (s, 9H) ppm.
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XBES

Examinee’s Number M

RIRE1 (Problem1) #ix (Continued)

6. KD ISDEINIIT HEDOELEF A FEETHIT, NBEIEUT, MMEFERS»D L5152 8, =
FrFAT—ERT DRI H DR E# Z &, (Draw the chemical structures of the major organic products in the following

reactions 1) — 15). Show the stereochemistry if necessary. When enantiomers are formed, draw only one of them.)

1)
/k/\g

4) NO,

NO,

A~ Ay

ke

7. 0% ACHNCHsCH) DT & B8 JHFAVEURIT N T, BATFORIWNZE % &, (Answer the following problems

HO/\/\OH

Ox.-0
=0

KCN

———
Sn2
reaction

2)

NaOMe

5)

HyO*

AIC

MeONa

A

8)O

O

11)
(o}

O

14)

-

E2 elimination

MeONa

HBr

PR E——

under dark

PhCOgH

1. Me,Culi
2. Ha0*

1. MeMgBr
2. HaO*

about light-induced monochlorination of »-pentane (CHs(CH>);CHs).)

1) AT B EIREMED B DA OEE L & T, =) v F A~ —VERT B ERIIH T OMEL T, (Draw all the

possible products. When enantiomers are formed, draw both configurations.)

2) )T AR HOERILE RO &, BL, 7 PUNIRE /BRI D5 1ok L5 2 BoKROHEMBIS
PRI 3:10 &35, (Provide the ratio of reaction products raised in 1). The relative reactivity ratio of a primary and a secondary hydrogen

in radical-induced monoclorination is 3:10.)

3) 1. Mel
W (excess)
NH, 2. MeONa
Hofmann
elimination
6)
HBr
BuOOBu

S

9)
() =
12) o
1. Melli
2. HyO*

@)

[
Meo/\) A

Diels-Alder
reaction

(CeBHis)
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M2 (Problem2) REAMKIE2 &Y £9° (two sheets for Problem 2)

1. ROFEMZ TR X, (Explain the following technical terms clearly.)
1) A/~ %534i (Boltzmann distribution)

2) 77 0¥ ADAE (Clausius inequality)

3) H—YME (colligative property)

4) X7 ZDOFAfE (Gibbs’ phase rule)

5) EFARAEUTEL (steady-state approximation)

2. BOHERT LV ALS00K 55 323K O CIEET 2, 3.00k) O3 2572 DICBE B HY B3 8 2 5/
DOEGEZRD X, (A steam engine operates between 500 K and 323 K. Calculate the minimum heat withdrawal from the heat source to
yield 3.00 kJ of work.)
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FEE 2 (Problem?2) fiix (Continued)

3. —JEREET2.00 dm® D n-A 7 Z AZHDDHETINY 1.00 x 10° Pa 75 80.0 x 10° Pa ETHIMNL 72 & &, F7 AL
—IAL L BNXT A= bERD L, 72750, ZOENEITBITD n-A 7 2 L OEFEITZE L LW EGE L,
n-AU X OEEEEZ 0703gem>, C & H OJFEFEZZ210120, 1.00 &35, (Calculate the change in the Gibbs energy
and molar Gibbs energy of 2.00 dm® of n-octane when the pressure acting on it is increased from 1.00 < 10° Pa to 80.0 x 10° Pa ata constant
temperature by assuming the volume of n-octane remains unchanged in this pressure change. Use the mass density of 0.703 g cm™ for n-
octane, and the atomic masses of 12.0 and 1.00 for C and H, respectively, if needed.)

4. 600g D CCLEIREEL L, SO 80g ZreIlipfit S0 &, WOREERDY 105K BT L, Zoahot
NVEELFER L, 72770, bAWIECCL T CEEE L2V ED L L, CClL ORISR FER Kr 1330 K kg mol! &%,
(Complete dissolution of 80 g of a compound in 600 g of CCls lowered the freezing point of the solvent by 10.5 K. Calculate the molar
mass of the compound. Assume that the compound dissolved in CCl, is not ionized, and use the freezing point constant of CCly, Kr=30 K
kg mol ™, if needed.)

5. BUSA — BIZHUVT, 298K T A DOIREDS 14moldm™ 725 0.70mol dm™ (24505 &, H4EEIL 3.0min 2> 6.0min
W LTz, ZORIRDINRE & L ER A #H5 J, (When the concentration of A in the reaction A — B was changed from
1.4 mol dm™ to 0.70 mol dm™, the half-life increased from 3.0 min to 6.0 min at 298 K. Calculate the order of the reaction and the rate
constant.)
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RiRE 3 (Pmblem 3) FIREAAEIE2 ¥dh D £3 (two sheets for Problem 3)

1. ROFEIMRNOACFEORAESHEDOFNG, HOTR
D5 b OEROMEMITTEY, (Answer the questions by
selecting the correct chemical species from the combinations given
in parentheses. The correct chemical species should be given in the
answer column.)

@D (Be,B,C) F—A AN A -0 /PSR

(Which element has the lowest first ionization energy?)

@ (HCLKCLAgCl) A A AEEMEN &b B WE (Which

substance has the greatest ionic character?)

® (BHs, CHgs, CsHs ) BT RRALADIEL T 2ME

(Which is an electron deficient compound?)

@ (AlFs, AlCL, AlBrs, All; ) @RS &V E (Which

substance has the highest melting point?)

® (Ca,Co,Ni) B4 IV Bpll&ENnd b MOMEVET

5% (Which element is an essential trace element for humans

included in vitamin By,7?)

® (N*, 0%, F ) Y& /NS (Which has the

smallest ionic radius?)

@ (05,07, 0,0 ) EREKDIE /NS 2L FHE

(Which chemical species has the lowest bond order?)

(Ag, Pt Au, Cu) b EFEMEDEY V&8 (Which metal is

the most ductile metal?)

(CI',NOz", NH3, H;N(CH):NH, ) FEEEL T & 72 BALF

#& (Which chemical species is an ambidentate ligand?)

( SrTiOs, CaWOy, LaTaON; , CHsNH3Pbl; ) 02 720 A
M&EE & Y 272V MEEY) (Which compound cannot have a

perovskite structure?)

fRZHR (Answer column)
) ® ® @ ®

® @ ® ©

JEHAEED—ER (a part of periodic table of the elements)

Be B | C
Mg Al | Si
Ca | S |T |V |C |Mn|Fe|Co|Ni|Cu|Zn|Gal|Ge
St |Y |Zr |No|Mo| T |Ru|Rh|Pd|Ag|[Cd| T | Sa
Ba Bf [Ta |W |Re [Os |l | Pt | Au |Hg| T | Pb

2. TRICRTESETEN B DEE2EBEI, a~d)DK
SR 9 5, EHERIBIZRW T BRI LFERUSEOR S
FHENHEITT B bDOETRTEY, 20RB2Ex1L,

Sgizdaslrl)olmaneac u;nus‘sl;hi B (Reaction) E'IV
the direction given under | S * ¢ = Cu | +0.16
standard conditions for | Cu™ + e 2 ' Cu {. +0.52
%efeactfw@q“aﬂ;ns%— Fe* +e¢ 2 Fe' | +0.77
, referring e = =

standard reduction Fe** + 2¢ & Fe -0.44
potentials F°showninthe | Ni¥” + 2~ 2@ Ni | -0.26
table on the right.) Ce¥* + ¢ 2 Ce¥| +1.74
a) F&'+Qit — F+Qt

b N&+Cu — Ni+CQo

0 F&+Ce* — F+CeH

d) Cu+2F — C'+2F

3. Cr DEEREOEFEEI[ABI) Es) T2 <
[Ar](3d)’(ds)! TH HIEH ZR~ X, (Answer the reason why the
ground state electronic configuration of Cr is [Ar](3d)’(4s)!, not
[Ar](3d)(4s)*)

4. Ge#% F—7L7zGaAs 3, nBH=EAITE, p AEEMK
WZH7RY 55, EDOX I PRI n BTy, EDL 5785
AT p BN /2 B8R X, (GaAs doped with Ge can become
either an n-type or a p-type semiconductor. Explain when it becomes
an n-type semiconductor and when it becomes a p-type
semiconductor.)
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FRE 3 (Problem 3) X (Continued)

5. WIZHITB N~Q)DFEAIN S H, 4 DFBA TENLIUIOVWTHAIE X, (Choose and explain four of the following terms
of 1)—8))

1) AEREKE TSR (spin magnetic quantum number) 2) EHRIEYAR (substitutional solid solution)
3) {RATR LAY (mixed valence compounds) 4) YEESL (quasicrystal)

5) % L— MR (chelate effect) 6) NEMEEFXIZNE (inert-pair effect)

7) 2 7—24% (Clarke number) 8) FHEEHHNE (non-bonding orbital)
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SR EOEEE
() FIERASRIRERIC ORIBESH 2 H Y T,
Q) ZOFEE ST CORERFGRERARC, SRESETRALTIREEN,
() TAUIRRERRR L ARE RS SN b OTY, AERIHEESNZEBANCREAL T AV,
@) FENEBEERRVEEN, FUABOERZFIA L THEOERA, 7FEL, ZO8RA1% BTk P LE
TR L2 05 Koz LT L,
() EEHAOEFRARENRHHEERFEFRTTLEIN,

Notices
(1) There are 2 problem and answer sheets including a front sheet,
(2) Fill in your examinee’s number 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 problem 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.
(5) Raise your hand if you have any questions.
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8 (Problem) RFETIToTZAEIFED B\ MIBTEIT > TV BIFFEDAZIZ OV VT 1,000 FLIN CEREH: L, (Describe the

contents of your graduation thesis at university or current research within 2,000 characters or 400 words.)





