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There are 11 problem and answer sheets including this front sheet.

Fill in your examinee’s number in the specified positions in this front sheet and all the problem and answer sheets.

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 three 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.
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FEE1 (Problem 1) FIERRIZ3 #d Y £9 (three sheets for Problem 1)

1. ROFEND B2 BRI G2 2 B RGEEHAREEE J, AA B 2381 D172 5UsH S,
(Propose a selective synthetic route for the product from the starting material. Describe the suitable reagents in each step.)

£ B89
(starting material) (product)
2)

3) WOH T \\//\NHZ

2. UTOpTAEBIO IR, 'THNMR DAY ML —2 INHHEE SN ALE ORG24, (Draw the structure of a
compound giving the following molecular formula and spectral data of IR and 'H NMR.)
1) Molecular formula: CoHoBrO»

IR (cm™): 1721

"HNMR 6 (ppm): 7.89 (2H, d), 7.55 (2H, d), 4.36 (2H, q), 1.38 (3H, t)

2) Molecular formula: CsH;0O
IR (cm™): 1718
'HNMR 6 (ppm): 2.58 (1H, sep), 2.14 3H, s), 1.11 (6H, d). sep |TLEHRAEEILT %,  (sep represents septet.)
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fiJEE 1 (Problem 1) %=X (Continued)

3. TRO=v 7/ UMEEM A2 F T~ IRy AT R Re TR HERO s a2 d v T VIR
MNC XD T 2=V TFF 7 = HEEROERITHOWNT, LLFORWNZE 2 &, (Answer the following questions regarding the
synthesis of a phenylthiophene derivative using a cross-coupling reaction between thienylmagnesium bromide and a bromobenzene
derivative in the presence of a nickel complex as a catalyst shown below.)

L,Ni
S S

D[ ISR bEDIZ RS ATIA L, DT 7 v aseik sk, £, () PIC= v 7o E
. 728, TL) I3 2 & 7272V B 1~ & 9%, (Complete the catalytic cycle of the reaction shown below by drawing chemical
structures in the square blanks l:| Give the formal oxidation states of Ni in the parentheses (). “L” is a ligand having no formal

charge.)

BE(ERIT I
oxidative addition

BEITHIGEE

reductive elimination

A ZIXZIIE
transmetalation

2) ZO7a ATy T EO4FEET, (Give the name of this cross-coupling reaction.)

3) kT A RA B AVRIRITIST 5 U2 X" &, (Show the mechanism of the transmetalation reaction.)

4) TEERCEVBEROERIE R M AT BB LG UROYE, R AVKEOEEIT AR TAERDONERI K T
T2, TNENDEGEIZONT, PERME N 5B 23 X, (When R in bromobenzene is ester or iodo group, the yield
of the product would significantly decrease compared to when R is hydrogen. Explain the reason for each case.)

T AT VL (ester group) :

375 (iodo group) :
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i1 (Problem1) %tZ (Continued)

4. AFVUEAIZRBWT, \EEUGNRT VIV, T4 BLOBT AL D D HUT IO CHE T L T D03 13
L7z, ZDOEARITEAA & ATF L LSO ED I 9 70 2 A AURERITE 275, Bl & & HIZE 2 X, (Inthe styrene
polymerization by radical, anionic, or cationic mechanism, what reagent(s) other than the initiator and styrene should be added to the
polymerization system in order to determine the polymerization mechanism? Answer the reagent(s) with the reason.)

(reagent(s))

BEEELEE]

(reason)

5. 7FNVF UL (Buli) EBIAHIE T 5 AT L EAICET DB LOWMEIS AL ERUEATRE, (Draw the
chemical equations of the initiation and propagation reactions in the styrene polymerization initiated by butyllithium (BuLi).)

EELEr U

(initiation reaction)

(propagation reaction)

6. =T, E/v—1 M) LE/~v—2 M) OEEEITIOW TN D LESEOMR @M YdM) 13, &
B/ —ORE (M), [M) L€/ ~—F0EEE () ZHWTR()TREND, ZIUTDWTELFORWNZE 2 K,
(In general, the composition of the copolymer (d[M]/d[M-]) produced at the initial stage in the copolymerization of monomer 1 () and
monomer 2 (M>) can be expressed by the following equation (1) using the concentration of monomers ([M;], [M-]) and the monomer
reactivity ratios (71, 2). Answer the following questions on this feature.)

~Mie o+ M, ﬁ» MM, - ks
diMi] _ [M,] (Tl[M1]+[Mz]> W e Y TR VAL NP Y V8 S
d[M;] M) \[M1] + 72[M,] (where) mpf,e + M, kot o~ MM, b,
My + M L  MoM, - 27 Ty

)1 =0,r=0 ODYFAIZAERT 2 ILEEROBZ DR ZZ 2 K. (Answer the characteristics of the copolymer sequence formed
when 7 =0andr~<0.)

2) T D IEEIRDOMNTE /) ~—tHARE (M)[Ma]) EFIZELL 72D n & nE% 2 X, (Answer i and 7, where
the composition of the produced copolymer is always equal to the monomer feed ratio ([M:]/[M>]).)
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FEE2 (Problem?2) FEEHRIZ 4 %5 £9° (four sheets for Problem 2)

1. 2508 (A—B+C) 1E, 600K THRISHEEH ki =3.50x10"s" 2 b >7c RIS TH D, (LA A Z 600K
T 2.50 RV L 72RRL S, (LE A D 5 B S—&  "VafET 573K &, (Adecomposition reaction, A — B+C, isthe
first-order kinetics with a rate constant k& = 3.50 x 107 s at 600 K. What percentage of compound A is decomposed by heating at 600 K

for 2.50 h?)

2. LB D OALEW E ~DOREIERRAED 4530 1 £TETT 2O, 720K T40043, 770K T200 /3 Tdhd,
ZORIRDIEH LTI NF TN HveRkd L, F7z, 820 K TIORULED 4 53D 1 D358 T T HDITIL ENIZF A
DIRBERDE, T2ZL, BOSET L= ZORITHE, SISO Z N ENOIRE CR—CTh 5 LIUEL,
REHR=831JK 'mol! £ 9%, (Adecomposition reaction, D — E, is a quarter complete of the total composition in 40.0 min at 720
K and in 20.0 min at 770 K. Calculate the activation energy of the reaction. In addition, how long does it take to go to a quarter complete of
the total composition at 820 K? Assume that the reaction follows the Arrhenius equation, and the kinetics of the reaction follows the same

functional form at each temperature. Use the gas constant R =8.31 J K- mol , if needed.)
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M2 (Problem?2) #i& (Continued)

3. ETEmZBIT A LU T ORI NCAEDET 3 HT TE A L, (Answer the following questions related to the quantum theory with three

significant digits.)

1) KBRS OICRFEIZH B E OB ILL T O TEE S, T 2T agld Bohr X Tdh D, (Thewave functionofan
electron in the ground state of a hydrogen atom can be expressed by the following equation, where ao is Bohr radius.)

Y15 = (1/W)3_T/a°

173 Bohr 28 L 0 PRI DRI %67 2 L EEThIUE, LU DR ZE W &2, (Caleulate the percentage of probability
that the electron is inside the Bohr radius. If necessary, use the following formula.)
B 1 B
f x%edx = [E (a?x? — 2ax + Z)e“"]
a

a

2) vranFtl, 13-3 7 anktroy, XUBUINL YT aand oD U2V E—IE, EIERL —120,
232, 206 kI mol! TH %, B OIFELTFLF—%RKD K, (The changes in enthalpies of hydrogenation of
cyclohexene, 1,3-cyclohexadiene, and benzene to cyclohexane are —120, —232, and —206 kJ mol !, respectively. Estimate the
delocalization energy of benzene.)
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&2 (Problem?2) #EZ (Continued)

4. IRAENEOBESZ VT A X Vo1 OREER IS L, (Explain the structure of the methane molecule using the concept of
the orbital hybridization.)

5. K# (H), ik (Ch), €L THIKSE HCD) ORFEMEET X =32 Th 452, 251, 447eV ThD, KHE
BIXOMEROR—Y T OBEXEMNEDOFE% 5 X, (The bond dissociation energies of hydrogen (H), chlorine (Ch), and
hydrogen chloride (HCI) are 4.52, 2.51, and 4.47 eV, respectively. Calculate the difference in the Pauling electronegativity of hydrogen and
chlorine.)
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&2 (Problem?2) #EZ (Continued)

6. toyWEERNTT VLT PNV OE IOV TE %5, (Consider the electronic structures of allyl radical using

Hiickel method.)
H

|
H ~ 1. ,(.:\2 H
C|;1/' N (|33
H H
) 77— 5% o, HERNE B LT D, T UNTVHNOLSTEE KD HAESEREZTRL, HumrrE— (o)
RO L, S DITHEENVXAZHiX, B ilE %7~ (The Coulomb and resonance integrals are shown in o and 3, respectively.
Show the secular determinant to obtain molecular orbital of allyl radical, and answer the orbital energies (¢) of allyl radical by solving

secular determinant. In addition, draw orbital energy level diagram with electronic configurations.)
2) TIUNTTANDERETHEATINF—%4KD L, (Calculate the total n-electron binding energy of allyl radical.)

3) TUNTGIANDGTHEGE (1~ ¢3) TR FHIEBOMBERES (LCAO) & L TLL T TR I415, (The molecular
orbitals (¢, — ¢3) of allyl radical are written in the following equations using linear combination of atomic orbitals (LCAQO).)
@1 =0.50y; +0.71y, + 0.50;
@, =0.71y; —0.71y5
@3 =0.50y; —0.71y, + 0.50x;
@1~ @3 OEIEXZ7~E, (Draw schematics of @; — @3.)
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FEE3 (Problem3) FIEH#RIZ3 # Y £9 (Three sheets for Problem 3)

1. B b F 0 L SIO IS OREEEZ &V, HFERITE, a=0.516nm THD, SO ORSEMEIEL, 7K
BEFDEA A HMED NEIERFLOT X TEGA AL 03 5Tz & 758 %, (The lattice constant of strontium oxide SrO (cubic
crystal structure) is a = 0. 516 nm. The crystal structure of SrO consists of cubic close packed anions with the cations occupying all of the
octahedral holes.)

1) ZORESAEEDARITEE Z K, (Answer the name of this crystal structure.)

2)Sr & O DENIEAZ Z L. (Answer the coordination numbers of Sr and O.)
Sr: O:

3) HbFE Se—Sr U RIREE A Z R Ko FTz, Se—O JUFRIEREED © 5 2 A HITR BEREAZ R Ko (Answer the shortest
Sr—Sr interatomic distance. In addition, answer the second shortest distance of interatomic Sr—O distances.)

4) SrO FESHOBE A FHREE X, St 0 OFE/VERIZZTN LI 87.6,160gmol ! &35, (Calculate the density of SrO crystal.
Molar masses of Sr and O are 87.6 and 16.0 g mol !, respectively.)

5) ZOREERORST- DX A T HEZ L, (Answer the lattice type of this crystal structure.)

6) CuKa (Bf% 0.154nm) Z T Z ORGEHOIAR X BEHT 2 1ET 5 & &, HLEAICHNLETO 7 —FREE A
X, £, 20O TZ > 7 0 ZEHEH XK, (When X-ray powder diffraction pattern of SrO is measured by using Cu Ko radiation
(wavelength 0.154 nm), answer the Miller index of the reflection appearing at the lowest Bragg angle. Calculate the Bragg angle & of this
reflection.)

2. WROFEEFHIE L, (Explain the following terms.)
1) 37 U OHEFEER - (Pauli exclusion principle)

2) JEIREKEE( LY (layered double hydroxide)

3) X MHEE 7576 (X-ray photoelectron spectroscopy, XPS)

4) B\EE3HT  (thermal gravimetric analysis, TG)
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83 (Problem3) fix (Continued)

3. O BT 5 O i, NH: /3 FIZdid D N R L B sp IREE AT D, £07-%, T eho H-0-H
L H-N-H A3 L HIT1095° L7220 Z ENTFRSNDA, FBEOH-O-H f4 & H-N-H fAl3ZN 21 1045, 106.6° &7
Do ZIUHH109.5° LW /INEL 7258 &, H-O-H 1 < H-N-H 4 & 72 58 2583 X, (The O atom in the HyO molecule
and the N atom in the NH; molecule form sp* hybrid orbitals. Therefore, the H-O—H angle and the H-N—H angle are expected to be 109.5°,
but the actual H-O—H angle and H-N—H angle are 104.5° and 106.6°, respectively. Explain the reasons why they are smaller than 109.5°
and why the H-O—H angle is smaller than the H-N—H angle.)

4. Fe RS TG TR A A2 AT, ED X5 RBIGsi Z 27 & HEIRE &, 72721, KSR P OEER T
WA E L LT, Fe*'+2¢ 2Fe:E°=—044V,Sn*" +2¢ 2Sn: E°=—0.14V,Sn* +2¢" 2Sn*": F°=+0.15V, F¥'+e¢ 2
Fe?": E°=+0.77V &%, (Predict what phenomenon will occur when a tin plate is placed in an aqueous solution containing a sufficiently
large amount of Fe**. Fe?" +2¢” @ Fe: E°=—044V,Sn*" +2¢ 2 Sn: F°=—-0.14V,Sn* +2¢” 2 Sn*": E°=+0.15V,F¥' +¢ 2
Fe?*: E°=-0.77 V, where E° is standard reduction potential in aqueous solution.)

5. BN, SRS 7—45200), (110), 31 D)DOKI&EFHZHET, (Draw the lattice planes of the cubic lattice
with Miller indices (2 00), (1 10),and (3 1 1), by following the example.)

¢ c c c
.

example: (11 1) 200) (110) GB11)

6. J\mEREA6 Bifn) D 3d EEAJREENIES L CROVNZZE 2 K, (Answer the following questions about 3d transition metal

complexes in octahedral coordination.)

1) d~ d° OB FEEEZHTLEEDI L, MAL U EEAY OB GOEHEE D 9D bDETXTET L,
(Among d' — d'“metal complexes, answer all the complexes that can have both high-spin and low-spin states.)

2) VDEZD S, FHMELE R H8HARD d BAHE A AREBOMAE IO 2T TET K, (Answer the combination(s) of
the number of d-electron and spin state of the complex that are diamagnetic among the complexes of the answer for 1).)

10
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83 (Problem3) fix (Continued)

7. pH R HA 386G pKa 285D, B (HA) IR (A7) CTHEZRLDEBEZ7RT, pKad4.0 ThoHHHEHA IZ
DUV, Bk 72 pH O 1.0mM OFFHEZTIRLL, A A~Y MVIEEAT T2, PLFORWIE A &, 72721, 500nm
(BT D, HEERIOF VIRSAREL e M em )2 Z4LEH, ea=1000, e5=2000 & L, JIEIZIX 1.0 cm OYEEEAFFO
BT ANV ERAND SO ET %, (ApH indicator, HA, has pKa 4.0 in the color-change interval, and the acid form (HA) and the base
form (A") show different colors. A series of 1.0 mM solutions of the indicator was prepared under the various pH conditions, and their
visible photoabsorption spectra were measured. Answer the following questions. A glass cell of 1.0 cm optical path length was used, and
molar absorption coefficient ¢ (M 'em™) of the acid form and the base form were 4 = 1000 and &5 = 2000.)

1) FETROBFEETHTEI Ka 231, 7272 L HA OF/VEEZ[HA] & 5, (Express the acid dissociation constant Ka of the
indicator. The molar concentration of HA is [HA].)
2) pH & pKa OBRIRIZOUNTHBERE o % VT, (Express the relationship between pH and pKa with the degree of dissociation

a.)
3) 500 nm (ZH3VT DIAIEOWNIE 4 % e, e, o & FHVNTFRA, (Express the absorbance A of the solution at 500 nm using e, €
and a.)

4) pH4.0 TD o %KD, 500 nm (21T DWEE 4 Z3KeD K, (Answer o at pH 4.0, and calculate 4 at 500 nm.)
5) pH3.0 TP a %KD, 500 nm (23T DML 4 23R L, (Answer a at pH 3.0, and calculate 4 at 500 nm.)
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