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() ZIUIRTER S ARSI A SN2 b 0T, MEIHEE SHIZEIMGEA L TLIEEV,

@) fEENEX IV E XL, FIUHROEDZFIH L THUEWEYA, 72720, 205AF TEigh | ek
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(6) 3 MH5 1 MEER UM LSV, 7ods, SR UZEE, THRORICOMZ L TERTH L,

6) BEHSNEERE (EBH) Z2EHALTHZELI RN,

(7) B DVNIRI R DY TF AT T &,

Notices
(I) There are 10 question 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.
(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 three problems. In addition, mark the problem that you have selected with a circle in
the selection column in the table given below.
(6) Youmay use the provided calculator if you need.
(7) Raise your hand if you have any questions.
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FIRE1 (Problem 1) [REFAKIE3 MW £9  (three sheets for Problem 1)

1. ROFNENDRISTIT DO TARM 2 EETHE T,  (Draw the structural formula of the major organic product
in each reaction.)

1) 2)

BUOK 0 A HO0
@ + CHCl3 )]\CI + NaNj - . 2

O KOH

3)
O A
) %
5)
LDA + H,SO
Br —— 277 160 °C

2. AYTRENT NNV ERFWE L L, EROREDOHZNT, UUFOLEME LN ENaRT 2 7EZ G
FUCHiilT, (Draw a synthetic scheme for each of the following compounds, using isopropyl alcohol as a starting material and inorganic

compounds.)

1))
D D

2) D

B

D

3. UTOKIZTR LT ' HNMR A7 U500 MHZ) DY 7 /Ud, 7rE L7 ) a—L@OH, D071 hARESN
%o Ha & Hp (Jra) BED Ha & He (i) £ DH 7" V?‘\ﬁ%{%%h%ﬂ?k&') X, FHEIEFE LR, (The signal in the
following "H NMR spectrum (500 MHz) can be assigned to H, in propylene glycol. Provide coupling constants of H, with Hy (Jizarn)
and H, with He (Jiarie), respectively, with the calculation process.)
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RiJEE 1 (Problem 1) %c=X (Continued)

4. BREESHRAAEN N TRRO 7 v 271 7Y VRN OWT, LFORWNIE R &, 7eds, L) (3080ER
Z TRV &35, (Answer the following questions regarding the cross-coupling reaction in the presence of a transition metal
complex as a catalyst shown below. “L” is a ligand having no formal charge.)

R

SMB+ 7\ L,Ni S [\
W Ib L s

S

D[ TR bEE kR A RO L, L FOfild o 7 L %58 S L, (Complete the catalytic eycle of the reaction shown
below by drawing chemical structures in the square blanks |:|.)

2) bR o, () RIC= v VoA EEET,  (Give the formal oxidation states of Ni in the parentheses
¢ ))

3) Rt 2o, [ ] PICRERIGDOAFRZES, (Give the name of elementary reaction in the square brackets [ ].)
4) BHIER 3T INVEETH TG, RBTIVINVEOGEIZHAT, ARMONERTE 35K T3 %7y, Bif &

EBIZEZ L, (Answer if the yield of the product would increase or decrease when R is an acyl group compared to when R is an
alkyl group. Also, explain the reason.)

5)R D37 INVIEDAERINNER R 55N D G AHH T,  (Draw anew chemical reaction formula that can increase the yield
of this product with an acyl group as R.)
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1 (Problem 1) %% (Continued)

5. FHRE=1LDZ VIVEAIZOWT, ELFORWIZE X L, (Answer the following questions on the radical polymerization of
vinyl acetate.)

1) 7 VHNBAGAVE—DZT, BIGEEUS & R UGZ ARG TRE, (Give one initiator for radical polymerization and draw
the initiation and propagation reactions by chemical reaction formula.)

BRAAREULE (initiation reaction)

Bt (propagation reaction)

2) TUIVERIZE > THRLND A Y FHR =/ U TlE 1~3mol%fE OGS (BLORB—EBHA) »NEaEnT
W5, BE—BAE A LEE—HERE S 25U C/RE,  (Poly(vinyl acetate) obtained by radical polymerization contains 1 — 3 mol% of
head-to-head (and tail-to-tail) bonds. Draw the chemical formula of the head-to-tail and head-to-head bonds.)

HH—2fED (head-to-tail bond) SH—5HfED (head-to-head bond)

3) BE—EAEA O HEE—EARE A L 0 AR Lo B 23 X, (Explain the reason(s) why head-to-tail bonds are easier to be
formed than head-to-head bonds.)

4) 77 VIURAF VDT VIINVERIZE > TELNDLRY 77 V)R A F /U GEE—BEE S E D0, £ DOSE—
BOEERITRYEFHFEE =L OEAE XY 20y, Diavy, B E & HIZE % K, (Poly(methyl acrylate) obtained by radical
polymerization of methyl acrylate also contains head-to-head bonds. Is the content of head-to-head bonds in poly(methyl acrylate) higher
or lower than that in poly(vinyl acetate)? Answer with the reason(s).)

6. PA Y7 =k OCN-RNCO &7 I HN-R-NH, & DEMANZ L0 AR Y JREAVERT 2 SUS 2L RIGA TR
-, (Draw the chemical reaction formula for the synthesis of polyurea by the polyaddition of diisocyanate OCN-R-NCO and diamine H,N-
R-NH>.)
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FEE2 (Problem?2) FERRIZ 3 #d Y £9 (three sheets for Problem 2)

1. 500G (A—B) [T RIETH D, (LAY A DYIRED 02moldm™ D& E, 40 57 T20%H 0L, 20
FOCOEEEE &l 2 skd &, E7e, (LAY A OYIRE 04 mol dm™ D & =, 20 %/nfifd 2 DIZES ik 2k
&, (Adecomposition reaction, A — B, is second-order kinetics. 20 % of the original A is decomposed for 40 min, when initial concentration
of A is 0.2 mol dm™. Calculate the rate constant and half-life time of this reaction. In addition, when initial concentration of A is 0.4 mol
dm3, how long will it take to decompose 20 % of the original A?)

2. HOWEDIRIIED FROWE T k 2455 () ThOZ LBz, ZONMBUGDTEHE L1 —&
BRI 2RO &, 72720, RIAEELR=831TK mol! &£ 9%, (A decomposition reaction was observed to have the following
rate constants at the indicated temperatures. Estimate the activation energy and the frequency factor of the decomposition reaction. Use the
gas constant R =831 J K™ mol ™, if needed.)

T/K 300 400 500
k/dm*mol's?  2.07x103 446 %107 2.83x 10"
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RiJE2 (Problem2) #%i=X (Continued)

3. LUTFORX (2 FFES a0 R—T4F (5292 x 10 m);r JFAEHEFF TOREE) TREINDHAFELEFF Ok
SRR O 2s WEDORERHEL (pos) (2RI DLLTF ORINTHEZET- 3 HTTE 2 &L (Answer the following questions to three
significant figures, related to the wavefunction of the 2s orbital () of a hydrogen-like (hydrogenic) atom expressed as the following
equation, where Z, ao, and r are the atomic number, the Bohr radius (5.292 x 107! m), and the distance of the electron from the nucleus,

respectively.)
22 \"?, z
_ = y R — —7Zr/2aqp
Vas (32na03> ( ag r) ¢

1) C5® 2s B DIRIEA R AKIEE & AAE (RO OFEE 2% % X, (Answer the position (distance from the nucleus)
where the amplitude of the 2s orbital of C** has a maximum value.)

)N D 2s #TEDEWREIONE (R0 5 OfE) % FH5E+H X, (Calculate the position (distance from the nucleus) of the radial
node in the 2s orbital of N°*.)

3) O™ D 2s B DB IATBIED SN Z & D% FHH+H K, (Calculate the radius at which the radial distribution function of a
2s orbital of O has a maximum value.)
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RiJE2 (Problem2) #%i=X (Continued)

4. B oy EERNNWD LT L OKFEHIFERITAATR SN D, 2 2 TelIET R F—Th 5, LLFORV N

B 2 &, (The secular determinant of ethylene is written as follows using Hiickel method. The ¢ is the orbital energy. Answer the

following questions briefly.)
a—c¢ 15

4 a—£=0

1) KFEFRENZE ENDa & BNEINEIUTRIDYE % L, (Answer the names of o and 3 terms in the secular determinant.)

2) KFEFEAEEE, =F LU OET R —B LU B G —%2RKD L, (Calculate the orbital energies ()
and total mt-electron binding energy of ethylene by solving the secular determinant.)

3) TF LD THGE (@1, @p) 1HREFTD2p,8UE (x1, x2) OFIERES & L TLLFTF X415, (The molecular orbitals
(o1 and ¢,) of ethylene are written as follows using the linear combination of 2p, orbital of carbon atoms (y; and y-).)

i, 4L 1, 1
(2} —\/5)(1 ﬁ){z’ P2 —ﬁX1 ﬁXz

@1 EQMMERZL TN Z R, 727120, i BIOY TS, AWVZEARZ LTS B0 L35, (Show the
orthogonality of ¢; and ¢,.The y; and y, are normalized and orthogonal to each other.)

H13-TH T DR EIFEET VT, 4a + 4488 TERIND, 13-TH VLD nfERART R T—B L UYE
JAE b= ¥ —% 3R &, (The total m-electron binding energy of 1,3-butadiene is given by 4a + 4.48. Calculate the n-bond
formation energy and delocalization energy of 1,3-butadiene.)
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RIRE 3 (Problem3) [REHAKIE3 bW £9  (three sheets for Problem 3)

1. BYRD Na 3NS5 & 5, B 7RIS, a=0428nm T 5, (Nametal adopts body-centered cubic structure with
lattice constant of @ = 0.428 nm.)

1) Na OB -2, F£72, Nal R FOBMEEZE % &, (Draw the unit cell of Na. Answer the coordination number of Na
atom.)

2) Na RO A GHA X, Na D&l 23.0gmol”! &35, (Calculate the density of Na metal. Atomic weight of Na is
23.0gmol ')

3) Cu Ka (& 4 = 0154 nm) ZHWTZOFSEROMA X #EHiZ21ET 2 & &, IROMWNIE X L, (X-ray powder
diffraction pattern of Na is measured by using Cu Ko radiation (wavelength 4 = 0.154 nm). Answer the following questions.)

a) M2 ~d 77 » 7 A5G0, (Describe Bragg’s equation, which expresses the conditions of diffractions.)

b) SHRORERIEORING d % X 7 —F5h k 1 B XY B84 a TFH, (Give the expression of distance d between lattice
planes for cubic crystals using Miller indices 4, &, /, and the lattice constant a.)

o) I LIEMAITENDIEHTONSREEZ L, £T2, ZOERTOTZ 7 0 55 L, (Answer the Miller index of the
diffraction appearing at the lowest Bragg angle. Calculate the Bragg angle 8 of this diffraction.)

2. X B MO TER IO R A T 2 HlEZ—obF, ZOFHL L Rz ERIHIIE X, (Answer an
analytical method to determine chemical compositions of solid materials by using X-ray. Explain briefly its principles and
characteristics.)
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HEE 3 (Problem3) #i= (Continued)

3. WL ZSRNO)DIGHEED 5 b, %575 5D KEN"AIZNTHY 7 v NIRRT L5, THENDAA A4
WS, 70, TNENDINA AREEIZIB Y TET 28 e3R8 O 23~ T& 2 K. (Draw the Lewis structures for
each of the two resonance structures of nitrous oxide (N,O) that satisfy the octet rule and have larger contributions. In addition, answer the
formal charges of each element in each Lewis structure.)

4. KD N)~3)DHEAZDUNT, HSAB JFEIZEE SN T EH BITR> TV 70y, EREIVTHIRE L, (Predict the directions
of the following equilibrium reactions of 1)—3) based on the HSAB principle, respectively.)

1) CdCl, + Na,NCN = CdNCN + 2NaCl
2)2LII  + AgSO4 = LibSOs + 2Agl
3)AlFs + Br = AlFsBr + F

5. IRD 1)~4) OFtabiZY TIIFE A ICR A Tekil s CEIEIE 2 L, (Answer the elements with their symbols that correspond
to the each of the descriptions of 1)—4).)
1) HiADS 2 K LU T OIREE T & FE XN 2815 48 29,

(A simple substance of this element shows a phenomenon called superfluidity at temperatures below 2 K.)
2) HADBMRESRN G B HBRmITR DRI Tie bl

(This element has the highest thermal conductivity among any simple substances of metallic elements.)
3) BADHETORURN D bW 5B RITEDRN TR bBEV Y,

(This element has the highest melting point among any simple substances of metallic elements.)

4) WEVETTHE L LCE FOBRNIZ Fe IRWTEL G END BB TETH D,
(This element is the second most abundant metallic element in the human body after Fe as an essential trace element.)

6. MERAENT D85 LB THH~ET B EAUIRLT 1 U VEBERNE EN TN D, TORVT 1 U 5K
VIERRIL I REMSEA TH 1, BRI TIPSR L 7e > TD, 1) FRILT, 2) BIRILPZNZIUTIT 57
VT 4 ) BEHIRD Fe O d B O FEUEE B> TR L, ENEIVEAE L MEAE D vEE % L, (Hemoglobin,
an iron-containing protein that transports oxygen to the tissues, contains an iron-porphyrin complex. This iron-porphyrin complex is a
paramagnetic complex in venous blood and a diamagnetic complex in arterial blood. Following the example, draw the electron
configurations of the d electrons of Fe in the iron-porphyrin complex in 1) venous blood and 2) arterial blood, respectively, and answer
whether each complex is high-spin or low-spin.)

5] (example) 1) FARIMA (in venous blood) 2) BRILA (in arterial blood)
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fE3 (Problem3) %% (Continued)

7. 1,00-7 =F > ha Y Aphen)i 3K T Fe?t LZEE/BEA A HFERLL, WINARY MUZBWTHE 510 nm (258
WA D728, ZOIERIEFIF LT Fe?* OFEEMIAVHILDH, LLFORINIE % &, (1,10-Phenanthroline (phen)
forms stable complex ion with Fe?" in aqueous solutions and the complex ion shows strong absorption at wavelength of 510 nm. This
phenomenon is used for quantification of Fe?* in aqueous media. Answer the following questions.)

Fe*" + 3phen —>» Fe(phen)* / N_¢ N\
=N N=

1) ZOA A D FS (X ED X S ZRENEREEZH DD, _
(Answer the coordination environment of Fe** in the complex ion.) 1,10-phenanthroline (phen)

2) W A, NFPEOTE L, @i tDsfE I, T/ VIRIAREL e (dm’ mol ! em™), WEDIRE ¢ (mol dm™), HiEEE: [(cm),
ELT WHEAZE L) & T 2T, SBIE, 4% ¢c ] ZHTERYE, (Express absorbance 4 using I and 1. Then
express A using &, ¢, and . Here, Iy and I are intensities of incident and transmitted light, respectively. & (dm® mol™' cm™) is the molar
absorption coefficient, ¢ (mol dm™) is the concentration of the compound, / (cm) is the optical path length.)

3) BEEIODIZEED Fe(phen)y®® % &1 e/ % FeCl, & phen 2> DL L, HHEE 1.0ecm O&/VE VR 2 VT
WHEARE Lic b 25, TORD LS 7fERE S, ZORESRD S Fe(phen)® DR 510 nm (Z3681F 2 E/VIEAREL
e & L THMMEERD L, SDIT, 24 THHELH AR ZEIE ., (Aqueous solutions containing known concentrations
of Fe(phen);* were prepared from FeCl, and phen. Then their absorption spectra were measured with a spectrophotometer and the
results were obtained as listed in the table below. Calculate a plausible value of the molar absorption coefficient & of Fe(phen);** at
wavelength of 510 nm. Explain briefly

Fe(phen):** conc. / 10> mol dm™ 0 3.0 6.0 9.0 15
Absorbance at 510 nm 0 033 0.66 0.99 12

4) IEFRIEA A (ClOy) & IEFIED Fe(phen)s®” & HTe/KIEIEN D = b BB IAZ L O A 7 28R b

L, AREFHOWIN AT MARIET D ClOs DOERIEDMERSIVTWA[1], ABEFEH Tl Fe(phen)? 13KE 516 nm
1Ze=12x10"dm’ mol! em™ DWINZ E-0[1,2], FHEOAHFANEE 516nm 12 4=036 OWRINERLT-E EDOHH
FAFRO ClO§ DIRFE % PR X, & 512, PAEOBH 2RI L OEKE 1=1.0ecm &35, (A quantification method
of perchlorate ion (ClO4") had been proposed: from aqueous solutions containing ClO4~ and excess amount of Fe(phen):>", both kinds
of ions were together extracted into nitrobenzene organic phase selectively, and then absorption spectra of the organic phase were
measured to determine the concentrations of the ClO4.[1] Fe(phen)s*" in the organic phase gave absorption at wavelength of 516 nm
with & = 1.2 x 10* dm® mol! cm.[1,2] When the organic phase after the extraction procedure shows absorption with 4 = 0.36 at
wavelength of 516 nm, predict the concentration of ClO4™ in the organic phase. Assume / = 1.0 cm. Describe the reason for your
prediction briefly.) [1] LA, /Nt f8lf, R, AATLZHEE 85,869-872 (1964). [2] T. Omori et al, J. Radioanal. Nucl. Chem. 220, 3740 (1997).

why the answer is plausible.)

fIFZHH (Answers)

10
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