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(3) ZIUIREAMR S REAER SN2 b 0T, FEEIHEE INEEIMIGEA LT EELYY,)
@ fREREX IR E &, FUBROERZFIA L TOEOERA, L, 0S8 g | RYLE
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(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 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 continued” on the last line of the sheet.
«(5) Answer all the problems.
(6) Youmay use the provided calculator if you need.
(7) Raise your hand if you have any questions.
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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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FEEE1  (Problem 1) f&% (Confinued)

5. ROPUGIZET 5 1%@3‘5%52%%:4 bLEEE TRYE, LZ‘%&CFG UT, MMUERID»DEICTHZ L, =Tt
- —WERT DBEEIT—HFDHERTZ &, (Draw the chemical structures of the major organic products. Show the stereochemistry
if necessary. When enantiomers are formed, draw only one of them.)

OH _
" PPhy/CCly 2 Q/ D, ¥ @ CH,CO5H

(catalyst)

: 8
ay Q ) i ) j HCBry/KOC(CH;)

CHZCH,CH-N,*Cl

1.0, NBS . Br NaOCH;
7 8) — 9) ’
2. Hy0,/HCOLH

Br

10) 11 e 12)

N CHyl e 1. NaNOyHCI_

2. H,0 T2cueN

13) oo 14)  OcH;, o

i A 1. AIC, v anHg

HaC=CH; 30 % 2. HOMz0*
oo
‘ L 1. LiAtH, oMo
Bt i 2. HyO/H;0* : 0

(Acid catalyst)

6. L FZ U ATR{KER & UTERFEIZEMENE (pKa=16), ZOEM% D5EHEN) & FEREL AV
TR L, (Cyclopentadiene is unusually acidic as a hydrocarbon. Explain the reason using “aromaticity” and “delocalization™.)

0

H H
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7. T7VMBATN, =FAELT—T ), BLUFEEE = NVOMITESIZ OV T TORMOICEZ X, (Answer the
following questions on addition polymerization of methyl acrylate, ethyl vinyl ether, and vinyl acetate.)

1) &%) <—DOHERA Y, (Draw the stuctural formula of each monomer) '

77 YNLEEATF )V (methyl actylate) TFNEZT—T ) (cthylvinylether)  EHEE =/1 (vinyl acetate)

2) TUANVEATULIES LRVE . v—iZ&nh, £z, TOERICAWD Z LR TE BERE— s, T
7<H, (Indicate the monomer which can be polymerized only by radical polymerization. Draw the rational formula of an initiator which

can polymerize it,)
E ) FRnGH -
(monomer) (initiator)

3) HFAVEE LRTVE/ v—I &N, £, EOESICAVD Z LR TE DEEHE —2biT, %ﬁiﬁ?@‘ﬁi‘q
(Indicate the monomer which can be polymerized by cationic polymerization. Draw the rational formula of an initiator which can

polymerize it)
E) e FREAH -
(monomer) (initiator)

4) F=A U EASLTVE ek s, Ez %@Eﬁ%:ﬁﬁb B ENTEDRMERIE —DbT, THENTRE,
(Indicate the monomer which canbe polymerized by anionic polymerization. Draw the rational fommila of an initiator which can polymerize

it)
T BRbAF -
(monomer) (initiator)

8. BENDVHANK L BL VH—NOFEES EFS) (CETHUTORINCZE X X, (Answer the following questions
on condensation polymerization (polycondensation) of equimolar amounts of a dicarboxylic acid and a diol.)

1) FUGE p EECEESE x DBMREEHE X, (Derive the relation between the extent of polymerization, p, and number-average
polymerization degree, x,..)

2) VIR EEE DA N DRIGHTENTE LT & E DERMOBCTERE x 2R XL, 72721, IR ERE F=
—NINL T AT IVIERRT B RIGOWEEES K 14 4 £7 5, (Calculate the murber-average polymerization degree, x,, of the
product when the reaction of the dicarboxylic acid and the diol reaches equilibriurn. Assume that the equilibrium constant X for the reaction
to produce an ester from a carboxylic acid and an alcohol is 4.)
wG=OH + HO~ == G0 + Hy0
0] : o]
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FA2 (Problem 2) PRRAIEA2 KD 7 (owo sheets for Problem2)

1. WOBSZIZEET AEAEERICHAY X, (Explain clearly the following terms related to thermodynamics.)
1) Va—— MAYEE (Joule-Thomson effect) 2) ~ADEH (Hess’ s law)

3) 77 by 7O7uy b (van't Hoffplot) 4) RV A hO (Nemst equation)

2. BB VN 0K L 30K DR TEESN TS, ROM D)~ PIZERX L 1) IO VU OBRREIERE R

X, 2) EEREVEDDHGEINAEL 1.00 K M7 0 R SNBRAHELRD L, 3) MEIELLIHESBE 1.00 kI %/
D, FRHSERET, [RREFEHDITMATIEE KDL, 4) EEEFENDTL Pr~3 100 kI 285 L&, mhibERic
B AEREVED T e BB TUIREE DT b b &R FNENRD &, (A certain heat engine operates
between 800 K and 300 K. Answer the following questions, 1)~ 4). 1) Calculate the maximum efficiency of the engine. 2) Calculate the
maximumn work that can be done by the engine for éach 1.00 kJ of heat supplied by the hot source. 3) Calculate the heat discharged into
the cold sink in a reversible process for each 1.00 kJ supplied by the hot source. 4) Calculate the changes in the entropies of the hot source

and the cold sink in a reversible process for each 1.00 kI supplied by the hot source. )

3. 300K iZ¥i} DM aE A 3L OB OFREE, I EN 688kPad 821kPa ThD, ZD_D0MEIY, IRHET
HEMTHERRET 5. 300K IZHBWTRICEECH D A & B DIREHEE XD, THFD A DFNLSTEN 0662 Th
B & X DLFRKE L IO A E Y X, (The vapor pressures of pure liquids A and B are 68.8 kPa and 82.1 kPa, respectively, at
300 K. The liquid and gaseouis mixtures of these two compounds are formed ideally. Calculate the total pressure of the vapor and the
composition of the tiquid mixture at 300 K, considering a vapor-liquid equilibrium of the binary mixture in which the mole fraction of A in

the vapor is 0.662.)
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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 ata speed of 1.0 x 102 ms™. Mass of the particle is 1.0 x 10~ kg.)

3) E& 1.0x107%kg DIEFLOFE XA 35000001 ms™ & 350.00000ms ' DFED EZHNTH D Z & HVrhro TS, FDREH,
DABOTHE SO TIRZEER X, (Estimate the lower limit of the uncertainty of the position of a running bullet. Mass of the bullet
is 1.0 x 107 kg that is known to have a speed somewhere between 350.00001 ms™ and 350.00000 ms™.)

4) BEHTRTH T CThHo AR N0 1B 1876 am™ I RFRIREIGHEIC L O ARANRINA R0, 05y F AR REN T
LAREL TIROBEA KD X, (A heteronuclear diatomic molecule, nitrogen monoxide (N0), has infrared absorption at 1876 e
corresponding to stretching vibration. Estimate the following values assuming the *N'%0 molecule as a harmonic oscillator.)

a) UN¥O 4335 () EE (the reduced mass of the *N%0 molecule)

b) “N¥0 43 FDHDTEEK (the force constant of the N0 molecule)

©) "N¥0 S FDIRENDFES T F V¥ — (the zero-point energy of vibration of the N0 molecule)
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RARE 3 (Problem3) FHREAMGIE2 #d Y F9° (two sheets for Problem 3)

1. ROFEIRDCFEEDOESEDEDOT)H, BT
kB b ORBOWEMC Y, £, O, @ Gizo
WA EIRL, (Answer the questions by selecting the
correct chemical species from the combinations glven in
parentheses. The correct chemical species should be given in
the answer column. Answer the reasons for D, @), and @)

® (N, 0, F) BEFBIfADOKL/INEV TR  (Which has
the lowest electron affinity?)

@ (O*7, Na', APYR b A AU ERBDORE NS
(Which has the largest ionic radius?)

@ (Na,Mg, Al) = 1 A A= RNF—DHEHBREV T
5% (Which has the largest second ionization energy?)

@ (LiBr, KCl) 7k~D¥EfEEHE MEEH) (Which has
higher solubility in watet?)

® (La*, C, N&) Fb A T FEEDORE NS F
(Which has the largest ionic radius?)

® (Na', B, Mg?) b A A EBORENVA T
{(Which has the largest ionic radius?)

@ (BeCOs, SICOs) I ARIREEIMEV ' (Which has
lower decomposition temperature?)

(O, M, Fe) NEHEILOIEA & AR CRTRR:
DA A (Which is diamagnetic in an octahedral low spin
configuration?)

© (Fe*, Fe*', F&) mA L VO NERERLIZH>T,
SRR LT RN F—(CFSE) CR bR EREFELE R
T 544> (In an octahedral high spin configuration, which
ion can be more stabilized by obtaining a crystal field
stabilization energy (CFSE)?)

@ (NaF, ALOs;) BLEDEVH'E (Which has higher
melting point?)

@ Mg, Ca, Al) ESEEMEEORLKEUIEHR (Which
has the highest electronegativity?) :

@ (Cl~, BrFy) A A DO/ S VMEEFE (Which has
smaller bond angle?)

@ (KsCoo, NaosWOs, WOs3) N5 ThH¥HE (Which is

a semiconductor?)

JERAERD—E (a part of periodic table of the elements)

FREN (Answers)

% (Answer) | 5 (Rowson)

% (Answer) | FE (Reason)

& (Answer) | M (Reason)

Na | Mg Al | Si

K|l ls|T |V |G |Mi|F |C|N|[C|zZn| G| Ge
Rb|S | Y|Z|No|Mo|T {Ru|Rh|Pd|{Ag| Cd|In | Sn
Cs | Ba H [T |W |Re |Os|F | Pt |Au|Hg| Tl |Pb

-]

2. ROFEFMZFHHE L, (Explain the following terms.)
1) AT OB (systematic absence for body-
centered cubic lattice)

2) BEALYNa=T  (stabilized zirconia)

3) {REBFEEE (density of states)

4) GHFBDOTFNX—3FEEE (energy resolution of a
specirometer)

5) HEHZIIT DIEREE (accuracy in statistics)
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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 DORMTHUMEEZ T I LFELTNTELL
(Answer all chemical species that exhibit the paramagnetic
behavior.)

4. WOXEPOOE@ZHTITE SR GELRFENLE
% &, (Answer the most appropriate word(s) for each of D and
@ in the following sentences.)

UG ABH)NZINT BHB ORI O )

ThY, BEFRREMThD, RNURB) 4_I;$(N)ﬁé‘t;‘c
D:?(C)—ﬁé%(c)#ﬂ‘\}: EFHRICIZRD70, HMkE
IS OIEET B, BIXIE, T E=T—RT7 01
( @ YD CCHEE%E BNRRICBERLIAEL 2D,
(Diborane (BzHs) is an electron—deficient compound and its
B-H-B bond is a { O ) electron bond. Since the boron (B)-
nitrogen (N) bond has the same number of electrons as the carbon
(C)carbon (C) bond, several similar compounds exist. For
example, ammonia—borane has a structure in which the C-C bond
in( @ )isreplaced by the B-N bond.)

@ @

5. N =0 hEFM U GaAs i3, n BIHEEMAE p B
MEKCHRY 9B, EOX Sl Eoalizky, 0
Lol EZ p BUZ2 DDA &, (Geamanium-doped
GaAs can become either an n-type or p-type semiconductor. Explain
when it becomes n—type and when it becomes p-type, respectively.)

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
TFHL, WEO pH 23 4.30 DESOBMBERE o 2R X,
(Express the acid dissociation constant K, of HA with the molar
concentrations of HA and A", and calculate the acid dissociation
constant, o, when pH of the solution is 4.30.)

2)HA % 0.30molL", NaOH % 0.10 mol L' &L e7k¥AiKIZD
W pH 25H8EH L, (Caleulate pH of the solution containing
0.30 mol L™ of HA and 0.10 mol L™ of NaOH.)

3)HA & NaA Z &tk s LTabhTns
2, FORENZDOWTHHEIZFRIAY X, (The mixture of the
aqueous solutions containing HA and NaA is known as a buffer
solution. Explain the function of the buffer solution briefly.)
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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

2. BRABRGEEE AWT, ROBUGOHEEE T, (Show the mechanisms of the following reactions using curved armows.)
D

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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FRE1 (Problem1) #t¥ (Contimied)
4. FRO=v 7 EEEEMERIANE T 2=V SRV Y AT R FETREF AT =20 DI AY 7Y TG

V2T, BLTFORAVNZE % L., (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.)

: LN
S

D[R b @ a AL, UTFOMEY - 2V E25RE 8 X, (Complete the catalytic cycle of the reaction
shown below by drawing chemiical structures in the square blanks [__])

| e
w

2) bEtfgey 2 h, () PIC=wrVOREEMEEEET, 2k, 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) bt s, [ ] PICEERISOAFREET, (Give the name of elementary reaction into the square brackets [ ]
of the catalytic cycle above.)

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

a)y ZofkeahmzE, oA NEI AT DO LSRR LD v Al Y TR EAWT, T = L EER S

NP LRI B AR LIV, AEERIREL, FUSENTHT, (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 EES, (Give the name of the cross-coupling reaction used for this synthesis.)
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RAEE 1 (Problem 1) #%iX (Contimued)

5. 37 aV T oOBRA Xt ABEAKET AL TFOMONIE X L,  (Answer the following questions on the ring-opening
metathesis polymerization of cyclopentene.)

1) TR bERERITET TRERIG% T, (Draw the propagation reaction starting from the following chemical equation.)

PW,Q

Ru

P = polymer chain, L = ligand
2) FZ Y 9 BRIV TR,  (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.)

Pﬁ

k chain transfer reagent
u

-~ \L

P = polymer chain, L = ligand

6. Fubt L rat’LrFdEs FROESICET 2 TROZZMZED L,  (Fill the blanks of the following table on the
polymerization of propylene and propylene oxide.)

el (propylene) - A= (pmpﬂene oxide)
s Bl) ex)
(structural fornmula) S
,C =C Me
H

EEE GRIEHD
(polymerization catalyst (initiator))
BELOMEET)

_ (driving force of polymerization)
SEASHEIER Y <~ — AR
(mechanism of the formation of
stereoregular polymers)
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FREEZ (Problem?2) [JRARNEI3 ko) %9 (thice sheets for Problem2)

1. SHD I HKBOSFERUE 2H - Hy + i, 700 K ChRUWEEES k=550 x 107 dn mol! 57 & ¥ 7= IRBUST
35, F£7 100kPa D HI % 700K [Z{R-o7- & %, & & D HI D 300 %I 5 DI iz OS> D 5035 K X
7170, BOGHIZBOWTHIEERG L LTHD N, [EER=831IJK 'mol” &%, (Thereaction2HI —H,+ 1L is
secork-order kinetics with a rate constant £ = 5.50 x 104 dm® mol! s at 700 K. HI at 100 kPa is maintained at 700 K. How long will it
take to decompose 30.0 % of the original HI ? Assume the gas will not deviate form ideality. Use the gas constant R = 8.31 J K~ mol, if
needed.)

2. bHOHYWEOSREOEEEEN 320K T3.60 x 102 d mol ' s71, 350K T 230 x102dn mol s CThotr, ZORRD
EHE=RAF—E T Loy ARG A—F—5 RO K, SEER R=831TK mol” & 3%, (The rate constant for the
decomposition of a certain substance is 3.60 x 10 do® mol™ s at 320K and 2.30 x 102 du mol™ s at 350 K. Calculate the activation-

energy and the Arrhenius parameter of the reaction. Use the gas constant R =831 JK™! mol™, if needed.)
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RARE2 (Problem?2) %¢% (Continued)

3. KBFEFO/Ie—RFNT, 6565nm, 4863nm, 4342mnm &, Zivh K VEVEREBIIANY MDD, L
FORMNCESET 4 HTTEAL, L, 777 B80T 6626 x 103 T s, JEOEEL 2998 x 100 ms'& 9%, (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 significant digits. The Planck constant is 6.626 x 10 J s and the speed of Tight is 2.998 x 16° ms™)

1) AKEFRTFDY =— P BEOEERD L, (Calculate the value of the Rydberg constant for hydrogen atom.)

2) BEETERDS 8206 nm ICEHAIS N D/ y vz URFIORRERZ RO X, (Calculate the longest wavelength transition of the
Paschen series whose shortest wavelength is observed at §20.6 nm.)
3) FKEEFDEEREED A A AL R NF—E KD X, (Calculate the ionization energy of the ground state of hydrogen atom.)

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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R 2 (Problem2) #ix (Continued)

5. ARICRT A F4E2 5, BRI 2, FBFEIA B &T5. UTORMIC
fERERIZE X 72 &\, (Consider aH, molecule as shown in right figure. The electrons and nuclei
are labeled 1,2 and A, B, respectively. Answer briefly the following questions.)

DH HFOENIN S =T AIBETFEA ARV TOL 312k SN, T2 TRERTREOERIT My &35, ()
TR LIZEOEBR%Z %2 &, (The total Hamiltonian of the H, molecule is written by atomic unit as follows. The mass of the
hydrogen nucleus is labeled My. Answer the meaning of each term ()~(v).)

H=-— 1 A, - 1 AB—flAI'—lA2+L»——-l——L—L—L+L
2My _ My 72 02 Ry R, Ry, Ry Ry 1,
| — JL Y JL Y S - - I;Y_)
_ 6] (D (i) - (iv) )
@ . (1) (1)
® | © |

2) Bom-Oppenheimer (BO) IE{El &3 L, F7-, BOEEIZ L Y o D FOENIN =T AIE I EEHZ B
s~¥, (Explain the Bom-Oppenheimer (BO) approximation. In addition, show the Hamiltonian of the H, molecule with BO
approximation.)

3) Hy HFICHT B A 2 AR EBBEBIILLT O Slater 1THIN TR IS, ZORD Pauli DOHEf R
(PR, D =—¥(1,2)%&-9Z L %~t, (The wavefunction including spin of the H» molecule is written by following Slater
determinant. Show that this determinant is satisfied the Pauli exclusion principle (2, )=-¥(1,2)).) '

1 |p(Ma) o2)a(2)
Y(1,2)=—4=
2 V2lpBM) 9282

4)BO 3Ll A v ¥z Hy 2 F0 Schrodinger SERTRciR < 2 & ritiskrey, Z O &L 36, Iz < FHiko—
D THDLESFEN OV TERIE X, (The Schrodinger equation for the H, molecule using BO approximation cannot be solved
exactly. Answer the reason. In addition, explain the variational principle which is one of the approximations to solve the Schrédinger

equation.)
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PR3 (Problem 1) [ERE/RAEIE3 koD £7 (3 sheets for Problem 3)

1. 32778 CsCL(EU 1 )R FE8XIE, a=04123nm ThD, (Thelattice
constant of CsCl (cubic crystal structure, Fig. 1) is a=0.4123 nm.)

1) Cs BLU Cl DENEEE % L. (Answer the coordination number of
CsandCl)

Cs: Cl:

2) CsClRSER DB EL B L, Cs, Cl DENVERITTNEN 1329,355
gmol™ &7 %, (Calculate the density of CsCl crystal. Molar masses of Cs and
Clare 132.9 and 35.5 g mol ', respectively.)

1. CsCl Dt
Fig. 1. Crystal structure of CsCl

3)CsCl RO F D A THEZ L. CuKa (R 0.154 nm)% AV VT Z OFEROBR X SEHTZRET 58, RHIEA,
—%RB, =&B, WRHIZENDEHOI 7R ENENE L L, Fo, ZLEAENIERDOTZ v 7 6
ZEHER L, (Answer the lattice type of CsCl crystal. When X-ray powder diffraction pattem of CsCl is measured by using Cu Ka
radiation (wavelength 0.154 nm), answer the Miller indices of the reflections appearing at the lowest, the second lowest, the third
lowest, and the fourth lowest Bragg angles. Calculate the lowest Bragg angle § of the reflection.)

2. YEEPABID /S B v TORE SERIETHHEE 1 DL, TOFETRRE TE S8HIZ OV CRIE X,
(Answer one method to measure band gap of a semiconducting material. Describe how the method works to determine the band gap.)
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R9E3 (Problem3) %% (Continued)

3. 13 fR&BITER(M=Al, Ga, In, TH D/~ LAV MXa(X=F, CL B, DIZBE LT, LATDRIMNIZE 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) TR =T ADA AR A ALGD 5, AIFI3ELEAS 1291°C ThB OIS L, AlCh, AlBrs, Al 200°C 5k
L AR DR, ZOBOOEBEERX, (Among the halides of aluminum, the melting point of AIF3 is 1291 °C, whereas AlC;,
AlBr3, and All; have much lower melting points, less than 200 °C. Answer the reason for this difference.)

2) 13 IREBICRD 3 VLB MLD 5 b, LT 5 BT RO DB DML IR SEFIREBEE .5 b DITONT,
SR TROMEE IR LI 5 X TR LFRETY, £, £OL 5 MbaMa T 5B %<, (Answera chemical
formula for the iodide of metallic element in the group 13 that has different electronic state from other Mz in terms of the valence of the
constituent metal element, specifying the valence of the metal element. In addition, answer the reason why such compound is formed.)

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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6. WRPDEEA AT BHNTN OV TEZL L, 7221, BEIZIE 1.0 on DHEEEEOH 5 22L& H0S
HDET B, (Answer following questions related to spectroscopic analysis of metal ioris in a solution. A glass cell of 1.0 cm optical path
length was used.)

1) HAFEOHKT HEEE T LBHE 4 OB ETRL, 4 23 20 OFE0OFEBEAR~L, (Show the equation
between the transmittance, 7, and the absorbance, 4, for a wavelength, and calculate 7"'when 4 is 2.0.)

%) RIS AT BREA AL DREMHITONT, ZOFEEEMRIRRE > B &b TRET L,
(Explain the principle of the colorimetric analysis of metal ion utilizing the chelating reaction including the term molar absorption
coefficient.)

3) HEETLFROEEBIIOWCHEIZRAL, TORELERTLHEL—2biT K, (Explain the effect of the coexisting
elements briefly, and show an example of the method for the reduction of the effect.)

4) HxRREOD DA A RSEREIEINZ T ESRIZOWT, BRERIE R Tole, UUFDTF =4 2T
EBA A BEEROENVBHGFEERD L, 12 LT COERA AU IEEUSEE LTV B &35, (A series of
absorbances was measured for solutions of various concentration of a metal ion with sufficient chelating agent. Calculate the molar
absorption coefficient of the metal chelate by using following data. Assume all of the metal ion formed metal chelate.)

SIESEBILE (mol L™ ~ Blank (0.0) 1.0x107 2.0 x10™
Concentration of metal chelate (mol L™) . | ' _ _ _
: A 0.02 : 0.50 0.98

5) WHAEFIFT DEBEA AL DEESTZOWT, BRI LIStEZRIET 556 LB &, (Explain the method
for quantification of metal ions using fluorescence, and compare the method with that with the photo absorption.)
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