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6) E5HINHERER)ZHH L THELZ A2,
(7) EHHDWNIRHZEN S DHEEIET 2T TSN,

Notices
(1) There are 10 problem and answer sheets including this 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 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) 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.
(6) You may use the provided calculator if you need.
(7) Raise your hand if you have any questions.
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FEE1 (Problem 1) FIEHRRII3 #d Y £9 (three sheets for Problem 1)

1. OIS DZRYE 2DV TEE 238+ &, (Explain the reasons for the selectivity of the following chemical reactions.)
1)

CHj CHj CHs3
)\ H,0 (excess) )\ + )\
thu“"‘ Honu"“ thu--"
H Cl H Ph H OH
69% 31%
2)
Cl,
/k h )\/CI * cl
v
64% 36%

2. ROALEWEAIT 20— MR K, REED ZS>ORB A & EHGEE, T2 iV Th Juy,
(Propose a synthetic route for the following compound. You can use any organic compounds with two carbon atoms, inorganic
reagents, and solvents.)

o

HsC. _CH
3 CHZJ\CH2 3

3. BIFNFRGEEE HWTC, IROBISOE% 7~1, (Show the mechanisms of the following reactions using curved arrows.)

)
)VB:“ ©><
@ AICl
2)
:)CK . ‘0‘“ 1. Na* "OEt/ether ‘0: i
HiC” “CH3  HsC” "OCH,CHy 2. Hy0"H,0 HaC™ “CH; “CHy
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&1 (Problem1) #t& (Continued)
4. TRLO/NT D0 Ml N T V=T A R R EE & ORISR OV TELF DRV A 2 X,

(Answer the following questions regarding the Pd-catalyzed reaction using an aryl halide and an organoboron compound shown
below.)

Ar'=X + Ar2—B(OH), Ar'—Ar2

D[ NicE b AaEER AR L, MU OMBE 1 7 V& 5ak S X,
(Complete the catalytic cycle of the reaction shown below by drawing chemical structures in the square blanks |:|.)

2) [ ] NS, RO FREET, (Give the names of elementary reactions in the brackets [ ].)

3) () PIITV 0 LORE R AET, 7ok, L) 1IEERZ b2 WA &35,
(Give the formal oxidation states of Pd in the parentheses (). “L” is a ligand having no formal charge.)

( > Ar'=X
| ﬁ/ \ |

M-OR

M-OR
Ar2—B(OH), ——>

()

4) ZORIGDAFREET, (Give the name of this reaction.)

5) ZORISIZERIT AR (M-OR) OEEFENZ DWW THIE X, (Explain the role of the base (M—~OR) in this reaction.)
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&1 (Problem1) #t& (Continued)

5. AFLUVEARLBWIY BV BEAICBT 2L FORWTE 2 X,
(Answer the following questions on styrene polymerization and living polymerization.)
1) 7 VANBAGAE— 2T, BRAAEUS & RS AL UG TR,

(Select one initiator for radical polymerization and draw the initiation and propagation reactions by chemical equations.)

2) VEUTHEEDERTIRN, @ -a bOR|EzZ =227 X,
(Write the definition of living polymerization and give its three advantages in polymer synthesis.)

3) AFVAXT VAN, IFAY, TE=AY, WTNOBRECHLEET 50, VBV THAIFIATFLOT =4 H
A TRHNZ N ST, Z OBl %, AR LOYE /) ~—OREEOBLE D ZZH 100 TREE CBEE X,
(Describe the reason why the living polymerization was found first in the anionic polymerization of styrene but not in the radical
or cationic polymerization and not in the polymerization of other monomers from the viewpoints of the polymerization
mechanism and the monomer structure in about 30 words, respectively.)

4 7FNVFTL (1L60M ~FHARK) BLOAFL YV (B/VEE 104.15 gmol!, LEE 0906, @S 306 °C,

W 145 °C) ZANT, B FE1.00 x 100 DRY ZF L2 100 g AR LIV, SOSITERANETT 5 b
DELT, BRI EIRENZNDRISHIOEE 2 AR 3 HiTRd &,
(We would like to synthesize 10.0 g of polystyrene with a number-average molecular weight of 1.00 x 10° using butyllithium
(1.60 M hexane solution) and styrene (molar mass 104.15 g mol ™!, specific gravity 0.906, melting temp. —30.6 °C, boiling temp.
145 °C). Assuming that the reaction proceeds quantitatively, calculate the volume of each reactant necessary for the synthesis with
three significant digits.)
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&2 (Problem?2) [HREAIARIZ3 #& D £4 (three sheets for Problem 2)

1. EIFO &9 OS2I T, Ui A— B 8L TNA — C DIFH b/ =322 50.0 kI mol !, 80.0 kI mol ' T,
HEEEE ki & A 360K THLWEE, hik=100 &720MREEZRD L, 7721, KAEER=8314TK mol! &9
%, (Consider the following reactions, where the activation energies are 50.0 kJ mol ! and 80.0 kJ mol ! for the reactions A — B and A
— C, respectively. Assuming the rate constants, ki and 4, are equal at 360 K, calculate the temperature at which k1/k> = 10.0. Use the

gas constant R =8.314 J K mol ™!, if needed.) k kb
B =— A — C

2. AZLOWEFMUIIE CHi(g)+Cl(g) — CHiCl(2)+ HCl(g) 1ok LT, kDX 5 eRUtdEIER S5, -Cl
& CHs |\ TEFRIETE 21 L C, HCl AEROMERZ R ERIS LU Ch & CHy OREZ VW TEY, (For the
chlorination reaction of methane, the following mechanism is proposed. Applying the steady-state approximation for -Cl and -CHj,
express the rate equation for the formation of HCI using the rate constants, and the concentrations of Cl, and CHa.)

Ch ﬁ’ Cl + -Cl
-Cl + CH4 HCl + -CH;
CH; + Ch, ﬁ» CHCl + -Cl
ki, ko, ks, ks » BRI DIEEETESL (rate constants of elementary reactions)
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il 2 (Problem2) #7¢& (Continued)

3. O ORI OWERIEIE, HAKARY 2 D55 FHE BB TIE L TEI ZENTED, EHILRARY T,
NAEDRFIR A DENZEID 2p BB D 1% 1 IRt 25581, 1 0 FiuEO= X —ENX (1) TH2LI
% (o 7—v 857 fr HIHEY) o ZAUCEET DL FORIWICH R 3 M CEA L, 12721, 777 v 7 B3 6.626
x 10734 Ts, JeOEEIL2.998 x 108 ms™!, FERFEEIL 1.602x10°C &3 %, (The particle-in-a-box wavefunctions can
be used as a crude approximation to the molecular orbitals of conjugated polyenes. For a linear conjugated polyene with each
of N carbon atoms contributing an electron in a 2p orbital, the energies Ex of the resulting ® molecular orbitals are given by
the equation (1), where a and /5 are the Coulomb and resonance integrals, respectively. Answer the following questions related
to this with three significant digits. Use Planck’s constant: 6.626 x 1074 J s, speed of light: 2.998 x 10® m s}, and elementary
charge: 1.602 x 10°'? C, if needed.)

kn _
Ey = a +2f3cos == (*k=1,2,...N) (1)

1) 1,3,5,7-4 22T v7 225155 HOMO 75 LUMO ~0 n—oa* S8/ NRINAHE 32900 cm™ CEHISN-, X (1) %
FIWT, ZOFEBRE)S RAED A HERE ) p OE (AL :eV) Z3RD L, (The n—n* ultraviolet absorption band due to
the transition from the HOMO to the LUMO of 1,3,5,7-octatetraene was observed at 32900 cm™'. Using the equation (1),
calculate the resonance integral £ [unit: eV] estimated from the experimental data.)

D 1357- A7 %7 v 72D o EBFIBENLTRLVTX— (HAL : eV) ZFHHET L, (Calculate the m-electron
delocalization energy [unit: eV] of 1,3,5,7-octatetraene.)

3)1,3,57-47 #7 T D n G AERKRT RV — (AL :eV) Z iR X, (Calculate the n-bond formation energy
[unit: eV] of 1,3,5,7-octatetraene.)
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il 2 (Problem2) #7¢& (Continued)

4. FHESNI A E YT AOEFHEGE .. 4p°5d 1T, FEECREEL Y 25700.56 cm ! & 25703.52 ecm TS T A R L —
TETENE 2AIT, ZoDYE A b0, ZORMIRIBICIT 2 A Y — il v ) o T TERE AT 3 HCE A L
(The configuration ...4p°® 5d' of excited rubidium has two energy levels corresponding to 25700.56 cm ! and 25703.52 cm ™! above the
ground state. Estimate the spin-orbit coupling constant in this excited state with three significant digits.)

5. JEHIEROE 2 AN HOUWTE—A A AL T —DZ LDRHE A IR, Z O A L, (Describe and account
for the variation of first ionization energies along Period 2 of the periodic table.)
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FEE 3 (Problem3) FIEHRII3 #HY £9° (Three sheets for Problem 3)

1. 35 ReOs (X 1) O EH0E, a=0.375 nm Td 5, (The lattice constant
of ReOs (cubic crystal structure, Fig. 1) is a=0. 375 nm.)

1) X1 FOREAREKIE, RS A A& O A AL DELLIEZ L,
(Which of Re®" or O*~ ions do larger spheres in Fig. 1 represent?)

2)Re 3TN0 OENIEAEZ % I, (Answer the coordination number of Re and O.)
Re: O:

) ) 1. ReOs O
3) fx b " Re—ReJFFHIFEAE 36 J O b A " Re—O JEFHIFEREAZZ % I, (Fig 1. Crystal structure of ReOs.)
(Answer the shortest Re—Re interatomic distance and the shortest Re—O interatomic

distance.)

Re—Re: Re—O:

4) ReOs fESH DL 23R X, Re, O OF/VEEIIZEIN LI 186.2, 160 gmol ™! & 9%, (Calculate the density of ReO; crystal.
Molar masses of Re and O are 186.2 and 16.0 g mol !, respectively.)

5) ZORESRORET-DH A 7L P (BEHINI ) T D, CuKa (R 0.154nm) % FV T Z OFSEHOAR X AaiT 2]
YD EE, RAND FHIIRNWOEWTO I 7—HAEE R L £, ZOEHOT T > 7 0 Z 5154 L, (The lattice
type of this crystal structure is P (primitive cubic). When X-ray powder diffraction pattern of ReOs 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 0 of this reflection.)

2. WROFEA)EFBAE X, (Explain the following terms.)

1) KEGRGE  (Hydrothermal synthesis)

2)BET % (BET method)

3) RNEHMEALEY)  (Non-stoichiometric compound)

4) BFEHEL  (Dynamic light scattering)
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il 3 (Problem3) #¢& (Continued)

3. 516 IROREEDOHAS T & L TERIRD Sy FINFIRORKIE FCHETH 2 LB TG, LnL, [FIED
FAFRI T BRIRD Os 3 IR L7V, —T, BERIZ O FINEETH DD, HiHD S 0 FHATFIROKRGE T Tl
TETIER, Os 7018 Sumr FINEINEIVEEITATAE L7V R 23R = I, (In the group 16 elements, it is known that a cyclic
Ss molecule exists as an elementary substance molecule of sulfur at ambient pressure and temperature. However, oxygen normally
does not form cyclic Og molecule. On the other hand, though O, molecule exists stably, S, molecule is not stable at ambient pressure
and temperature. Answer the reasons why Og molecule and S; molecule do not exist stably, respectively.)

4. TVHVEETHD Li & Rb ODZNENEBHRGAE T (7272 LRGSR CRBESHE 5 & I3 e (M0) & 72
0, b O RAHITERY MOy & 70D, B E 72D DIT LI & Ro WTNEER K, £, £OTVH ) EJEHEE
ki & 0 B b % Rk LSo97\ B Z- 3B I, (When alkali metals, Li and Rb, burn in the presence of O, under dry conditions,
one forms metal oxide (A>0) and the other forms metal superoxide (MO,). Answer which alkali metal, Li or Rb, forms oxide. In
addition, explain the reason why that alkali metal is more likely to form oxide than superoxide.)

5. WD D~ HDOHEHRIZHONT, Tp By, ), [pBICH nBUCH720 9 5], HDHWNE A, nHELLTHAR
W OWTHUZH TIIE LD EZ 2 L, (Answer whether the semiconductors listed as 1) ~4) below are “p-type”, “n-type”, “both
p-type and n-type possible”, or “neither p-type nor n-type”, respectively.)

1) RUEIINT A 3 (boron-doped silicon) 2) == NS A $E (germanium-doped silicon)
3) BRI L~=17 A (arsenic-doped germanium) 4) rA ZEINe b VU o 2 (silicon-doped gallium arsenide)

6. [CoCl(NH3)s] DS FMEIRDN MRS A 2 DR L, TN ENZRAEOT 2 BIEADRIOA Tz~ X, (Draw two
possible stereostructures of geometric isomers with the formula [CoCl3(NH;3)s]. In addition, answer the names of types of isomers.)
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EE 3 (Problem3) #i= (Continued)

7. NaxCOs & NaOH DR/ Z 0.10 M Mgl IV CTHFIEE ZAT > 72, 25 1 AR COHE I T 250 mL, 552 #4
STCOMEEIL29.0mL Th-olz, LLFORWIE Z X, 7272 L, NaOH, NayCO; DE/NVE E % 211400, 106 g mol™
& 9%, (Amixed aqueous solution of Na,COs and NaOH was titrated with a 0.10 M hydrochloric acid. Consumed volumes of titrant
were 25.0 mL and 29.0 mL at the first and second end points. Answer following questions. Use molar masses of NaOH and Na,CO; as
40.0 and 106 g mol !, respectively.)

1) 55 1 H&SCTHWD OIS LT pHfER3EA TR, 2 OB 2 fHEA SR I, (Show the pH indicator appropriate for the first
end point, and explain the reason briefly.)

<N

2) 1R BE 2 #R E TS Z 29 FUi %7~ (Represent the reaction between the first and second end points.)

3) 2 KEATCOFRRI SN E EaRe L, (Caleulate the amount of the substance titrated around the second end point.)

4) FADOERIEHIZE £415 NaOH, NayCOs DB % 3K L, (Calculate the masses of NaOH and Na,COjsin the initial solution.)

10




