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Notices
(1) There are 8 problem and answer sheets including a front sheet.
(2)  Fill in 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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FERE 1 (Problom 1) FEERAIRGIZ3 B 7 (fhrooshees for Problem 1)

1. ROAEMDMAHEIET, LIFOMEICH LED LS 2B DI 505 Ht L, LEISUT, REAWThE
V", (Explain how the compounds in each pair are different with respect to the following properties. Figures may be added if necessary.)
1) 7k~DEfiEkE (solubility in water) A~ Q 2) 7KPOEEMEE (acidity in water) ~oH _{__OH

3)C-H S (C-Hbond length) H;c=c(H H—C=C—H 4)S\2 FUGOSEE (rate of S\2 reaction) = "er ‘—}"Bf
W W

) BRI A ORIBIEEIE N Ny O RETFBISUCOEE B Qe
(rate of addition of hydroxide ion) (rate of electrophilic substitution) © ©

2. ROALEMOIIAEERZ AT,  (Draw the resonance structures of the following compounds.)
1) = A £ (uitomethane) (CHNO) DNN-TAFAAILT LK (VNimethylformamide) (HCON(CH:),)

3. vyaranARyy e L b RERUTHT RN F—ERoTND, ZoOBHEFAT X, NEIED
T, REAWTH LV, (Cyclopropane possesses a larger strain energy than cyclohexane. Explain two reasons. Figures may be added
if necessary.)
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[E#E1 (Problem 1) #ix (Continued)

4. ROFGHCEY DO AR, YETRLT, SHMEERSDA L 50T 52 &, =T d
—DVERT DIEEII— DA ETRTZ &, (Draw the structural formula of the major OIgamc product in each reaction. Show the
stereochermsuy if necessary. When enantiomers are formed, draw only one of them.)

2) 3) E1 reaction
HBr 1. 0504 o
/\)\ —— ———— catalytic
2. H,0, H HzS04
NayS0; '“‘"‘—“Hzo -
4) 5) 0
O 1. CHgMgBr dy Hyo! CH,CHg

' : Br.
HaC P Toa 2
:Iag 2. Hy0"1H,0 ij HO - + @ A

7) 8) 9) .
HO. O. _OH QN=C=N O fo) NH,0H
0. (Dce) Ph/LPh Hz0"
A .

NH,
10) L) R 12) 0 o
. 2
e Zn/Hg, HCI 1. HONO, HC ‘ Pn)kOJ\Ph
——- ———
2.KI @ AICIy
13) 14) Claisen condensation 15) Cannizzaro reaction
o  1.NaNH, H.
2CH;COO0H D - KOH
- ' . 2 —_— +
CH;COOH 2, \)koa o
3.H;0"/H,0

5. EEATF VAT & DIVKSIRRISIC & > CE A AR T DEUTHEE, BT OB & S REERmEE A
WNTHELS, (Draw the mechanism using curved arrows, which show: the movement of electron pairs, for the production of acetic acid from
acid-catalyzed hydrolysis of ethyl acetate.)
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R85 1 (Problem 1) ﬁz% (Continued)

6. [NH(CH,)sCOlL DIEEAFF DT 12 6 1220VTC, BLFOR A X &, (Answer the following questions on nylon 6 having
the structure [NH(CHz)sCOJ,.) '
D) A a6 XERGBLUFRESICLV AN TE 2, TN ENOEREIIRIT 5F /v —5EsCChiT, Nyl 6
can be synthesized by polycondensation and ring-opening polymerization. Draw the structural formula of the mionomer for each
polymerization method.)

HEHES (polycondensation) BEEREEA (ring-opening polymerization)

2) LOENFERY =—ER LTV ORERS LRRESO L LOHED, HE L & bITE 2 L, (Whichmethod is
more likely to produce higher molecular weight polymers, polycondensation or ring-opening polymerization? Answer with the reasons.)

7. 13- TV REE U TR OLIVAME - SIEHAMECEU O BRI R ) ——OEERA U E, Zhb 04
Fastt,  (Draw the four structural formulas of the ideal stereo- and regio-regular polymers obtained from 1,3-butadiene and name
them. )

8. BEEANY =T LU LIEEER Y =F LU DLREOE O ERA L, F, ThDOBENSRRDBEIEEHEEOR
WZEESWTELAE K, (Describe the differences in the synthetic methods between high-density” polyethylene and low-density
polyethylene. Explain the reason(s) for their different densities based on the differences in their structures.)

9. YNVEEIaw N T 74—, %ﬁa\?—ﬂ“/filx%ﬁ%‘ﬂ'/f AL THEEL, BINTECHTFESMZFUETD
REWRIETH D, € ONBEFERE IR~ L, (Gel permeation chromatography is a typical method for separating macromolecular
samples by molecular size and evaluating averaged molecular weight and molecular weight distribution. Describe its principle of
separation.)
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2 (Problem2) FHERMIINI2 Bdh 0 Ed (o sheets for Problem 2)
1. RSP B HEEAAERICERIIE Y, Explain briefly the following terms related to thermodynamics.)

1) RS (path function) : 2) hs— b D3RRI (Trouton's nle)
3) HEEESRIA (supercritical fluid) 4y ERGYE/AFEE (partial molar volume)

2. 298K T 180 x 10°kPa 23 A EE 100g DFR A DFHASRERS, (2) LRTFARCL T, ®) SROEH pe=0 1
S B FEIEAIARC L 5T, (©) WEFBIARIC L > T, 1.20dm’ 55 4.80dm® ETHEREIINT 5 & &, ROy b
B2l ASp, SMFROT L b B L ASer, TOEFIOTY M BT L ASw R@ODHEITOVWTEFNTNEIE
o, EEL, RAVEIEEREL LTSHEEILDEL, FAV0ENEER202gmol’, FHEEER=831 K" mol’
&9 %, . (Caleulate the change in the entropy of the system ASgs, the change in the entropy of the sumoundings ASqy, and the total change
in entropy ASi in the cases of (a)~(c), when a sample of neon gas of mass 100 g at 298 K and 1.80 x 10? kPa increases from 1.20 dre’ to
4.80 dm® in (a) an isothermal reversible expansion, (b) an isothermal irreversible expansion against the external pressure pe =0, and (c) an
adiabatic reversible expansion. Assume a pelfe{:t gas behavior for neon gas, and use 20.2 g mol™ as the molar mass of neon and the gas
constant R =831 JK mol™, if needed.)

3. 298K 1236V VT, 2.00mol @ FAT % 300mol DT EBETHE X, WHTFRAX L Awl, ¥7ATH
WA —I AwG, T ZAE—R A, T2 P E—E(E AnS TN THEIEE L, 7221, BIRBEENTHS
B &L, KTAEE R=831TK 'mol? £33, (Calculate the changesin internal energy AL/, Gibbsenergy AuinG, enthalpy Anscl?,
and entropy AmiS, when 2.00 mol toluene is mixed with 3.00 mol benzene at 298 K. Assume the ideal behavior for the solution, and use
the gas constant R = 8.31 JK= mol™, if needed.)
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FIRE2 (Problem?2) #tx (Continued)
4. BFRCBETALITOMWE R L, BEL, 7707 T80T 6626 10% s, 7ARHFRFERIT 6022 % 10Pmol?, BF
DEETY 9.109 < 107 kg, BRGREIL 1.602 x 107 C, FOMEEL 2998 x 10°m 57 &35, (Answer the following questions
related to the quantum theary. Use the following constants, if needed: the Planck constant, 6.626 x 107 I s; the Avogadro constant, 6.022
x 10 mol™; the mass of an electron, 9.109 x 10! kg; the elementary charge, 1.602 x 107° C; the speed of light, 2.998 x 10° m ™)

D 1ED74 3200 eV DTFAF—EHDEE, %@‘%&E ZFHE L, (Caleulate the wavelength of one photon with
energy of 200¢eV))

2) B5E 150km DEFROR—NDF 7o—AFRERD L, 72720, R—NOEEIT 142g THD, (Caculate the de Broglic
wavelength of a baseball ball with the speed of 150 km h™! where the mass of the ball is 142 g)

3) B coskr ANEET dide DEABHE)EAvE, FOBAZEDTEL L, BABROBEIL, TOBRAEE T, (Show

whether the function cos /x is an eigenfimction of the operator d/dx or not with the reason. If it is an eigenfunction, give its eigenvalue.)

4y £X1.00nm O 1 KIEOFOBRDOEF-DEL TR —ZEHER L, (Calculate the zero-point energy of an electron in a one-
dimensional box with length of 1.00nm.)

5) MR ORIFEE LB, REENOD 3 EOTRF—Z R OENORREII B GHIBRA SO TR,
(Consider a particle in a cube. Show the degree of degeneracy of the energy level having three times of the energy of the lowest energy level,
including the derivation process.)

6) BN 233 x 108 kg DRIFHH72Y, NOEEH 155 N ! OFFF BB FOBE T FAX—2EHEE X, (Calculate the
zero-point energy of a harmonic oscillator consisting of a particle with a mass of 2.33 x 10 kg and a force constant of 155Nm™)

7) S ACASRCH D FOEEAL, FRELTOS LET2D 160 pm OFEARCH S HIRT OUEES & 7 d 2 e T
B, DFHTENST CEERL Q0D EEF %, S FOREZRIEY D DI ERFERTr-F—25 5L, (Therotation
of hydrogen iodide ('H''I) molecule can be regarded as the orbital motion of an H atom at a distance of 160 pm from a stationary [ atom.
Assuming that the molecule rotates only in the plane, calculate the minimum energy required to excite the rotation of the molecule.)
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fIRE3 (Problem3) fREFIAHIZ2 7{,’(&) UESE (mo sheets for Problem 3)

. IROFEINOCERBOAEH GR35, BIOT  AZEM (Answers)
3}‘?&5{7 bOEBMNEEICEEY, £, ©, @, @izon v

e

TIXHEEE %ﬂj'\io »(Answer the qt’leStiogs by selec.ting the % (Answer) | 28 (Reason)
correct chemical species from the combinations given
parentheses. The cotrect chemical species should be given in the
answer column. Answer the reasons for (D, @), and @)

@ (02, 02) FREED(H#FE (Which is diamagnetic?)

@ (SFs, ClF3) FEGAANSOEFFE (Which has smaller . @

bond angle?) % (Answer) | HBE (Reason)
@.(Cs", Ba*, L) NEHABMNTR N TReb A A 8D \
K&\ A 2> (In an octahedral coordination, which has the

largest ionic radius?) , (
@ (H',Cu",H", OH") #5723 MEE: (Which is a soft base?) ®

® (Ca, Ga, Rb) B_A A ALTRAX—DRHRE VL | B (Answen) | 2 [Reason)
38 (Which has the largest second ionization energy?) L

® (Na, S, K) H—BFHEAAOR NS ITTE (Which

has the lowest first electron affinity?)

@D (02 No, N) B—A A AL RAF—DF NSV @ ® ® @ | ®
F (Which has the smallest first ionization energy?) .
® (07, F, CI, Br) NEAEAIZRW TR A 4 4%

DNV A (In an octabedral coordination, which has the © © 0 | © ©
smallest ionic radius?) .
© (CsL, RbL Lil) k~DRREN S BV LAY (Which

. . e .
%S ?;nghﬁt ”ﬁ?ﬂl)“mm; attei)@ NGy 2. DOBMABIREL, Explain thefolowing onms)
—ZEAA T A A2 (In an octahedral high spin configuration, 1) ARAER (effective nuclear charge)
which ion shows Jahn-Teller distortion?)

@ vin®, M, Fe?, Fe™) 1A o O \EHRENLZH - T,

R EE LT AN TR b REREELERT DA
7> (In an octahedral low spin configuration, which is the most
stabilized ion by obtaining a crystal field stabilization energy?)

T @ LK A BREMEOR D /ST (Which has the
lowest electronegativity?)

@ (CaFy, ZiOz, LiF, ZnS, NiAs, ReOs, CaTiOs, MoSy) fEikiE  3) FAmatifE (pon-bonding erbitad)
SiEE R B0 55 E (Which can have a layered crtstal

2) 7kEAERL (hydrothermal synthesis)

structure?)
FEIRAFO—5E (a part of periodic table of the elements.) , 4) SIRILA (isosbestic point)
Na | Mg Si o

‘K | C | S |T |V |G M |Fe|C N |CujfZn

Sn

m | 5) BUEA A (zwitterion)

Sr Y |Zr MM [Te |Ru|Rh | Pd} Ag | Cd

a5 Q'E
9

Cs [Ba |In [Hf | Ta | W | Re | Os | I P | Au | Hg
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FIRES3 (Problem3) i (Contiﬁued)

3. UTFORT EROMEEDEIMEET 57 7 71200
T, D3OI NTEZ K, (Regarding the graph showing the
periodic properties of the elements below, answer the following
questions 1)-3).)

{kJ mol™?)
2500

2000 /\/dw/

1500

1000 / \/
500 f

0

10
Atomcc number (Z)

1y 77 7 O MmOfEzE R LT DE L. (Answer
what value the vertical axis of the graph represents.)

2) 77 7IZBNT, abbf, BIUgALhiZhTTI)
OBAEHRF-EF B OIS L CTHIMERIZ 5 3R %
R L, (Explain why the values of 1) tend to increase with
increasing atomic number from a to fand from g to h in the graph.)

3) TITICBCT, bbb e, BIOA DD e ~DRTFES
1)1 N AP N0~ (Vi P BB N s Y s s g Ve g B
AT ~L,  (Explain why the values of 1) slightly decrease with
increasing atomic number from b to ¢ and from d to e n the graph.)

4. TV AQKEEA MR, BIRSH EST O
RIZESW TR~ L, (Explain why ozone (Os) is a polar
molecule based on its charge distribution and molecular shape.)

5. KD D~ LA & BN BB BT OB K
FENENGE, (Answer thie oxidation numbers of the transition
metal elements contained in the following compounds 1)y-4).)

1) [CoqNHE)sCIIC 2)K[Co(COY]
3)AgSCN HTPW,04

6. PhCOs D 298K TOEAFE Sgdm™ EHZEF 241 C
%Hﬂﬂ: 728, PbCOs; D 298K 12XV} DIAFREEE Ko 13

3.30 x 10 mol* dm™®, E/VEEIL 26721 gmol™ &5,
(Calculate the. solublhtv S g dm™, of PbCO; at 298 K to two
slgmﬁcant figures. The solubility product, Ko, of PbCOs at 298 K
is 3.30'x 107 mol® dm™® and its molar mass is 267.21 gmol™.)

298 K BT~ 720 30 LAKERIEREE 0500
mol A0 pH % R &R L &, Ak~ 7R AD
TRBMERE LI U BESIEpH 2B e 2 M CEH X,
298 K 33U BIKDA A58 Ko 13 1.00 x 107 mol® dm'S,
KB~ 7R O LOUGFEEFE 631 x 107 mol® dm™ T S
0D, 1B, WROWHEECIFT DIg A AL D
EITEBE L 72 < TX\, (Calculate the solution pH at which
magnesium hydroxide begins to precipitate when the pH of a
magnesium chloride aqueous solution (concentration of 0.500 mol
dm™) is increased at 298 K to two significant figures. The ion
product of water, Ky, is 1.00 x 107* moF dm™®, and the solubility
product of magnesium hydroxide is 6.31 x 107 mol® dm ™ at 298
K. Note that changes m the solution volume and the effects of
‘coexisting chloride ions do not need to be considered.)



