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(4) FREPEZEINLNEXZE, RUABOEREZFA L THOEBNERA, 7L, ZOHAT Bk RELE
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(5) ERITRE L7230y,
6) BH5IN-FEMERDEZHER L THELARYY,
(7) ER&HDVIIRAZRERHDGRIIFEET TIEINY,

Notices
(1) There are 8 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 positions.
(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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R 1 (Problem 1) RHREAMKIZ3 &Y i‘?’ (three sheets for Problem 1)

1. RD@)~(d)D73FEI2IA F D Lewis Fﬁﬁ‘i’ﬁﬂ 272 Ho> Tl (Provide the Lewis structure of the molecules or fons (a)
—(d) following the example.)

] (example) : NHy H: N +H
(a) —E{LIRSE (carbon dioxide, CO) (b) FElEA 4> (nitrate ion, NOs")
(c) A (ozone, Os) ) 7AA Z > (azide ion, N3")

2. HOEPIRNT, C TR LIREDHRISIAEEN R ThdH L35, DLk,
ROEERSERBERICBIT 5, CBIUC ORURREOMESHIAEES R 721 S

TEWE, ¥, T OSERMEEIR L EE L 72 HEH 2B L, (On te most stable

stereoisomer of the compound on the right, of which absolute configuration at C! is R, describe the Me——¢C!1
absolute configuration at C? and C* by R or S. Furthermore, provide the reason why such stereoisomer :
is most stable.) -

C? c P (reason)

3. NN-PAFNANLLT 2 K (MeNCHO) @ 'HNMR A7 MVERBTHET S &, ERED oD AFILEDKE
R HFEY T MEERT, ZOEEZ, HEEENE VTR, (Two methyl hydrogens on the nitrogen atom of N, V-
dimethylformamide (Me;NCHO) are observed at dlfferent chemical shifts in the "TH NMR spectrum at room temperature. Provide the
reason using resonance forms.)

HDFRCHs TREND nfEd % LIV EEEROEEREZ 7o, (Provide the structures of five isomers with a
molecular formula of CsHs without -bonds.)
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RRE 1 (Problem 1) #% (Continued)

5. RO 2EBOTAERY#EECTORE, VEORUT, MMEERSHE X 9ITTE 2L, =FrFd~
—NERRT DEAIE— DA ERT Z &, (Draw the structural formula of the major organic product in each reaction. Show the
stereochemistry if necessary. When enantiomers are formed, draw only one of them.)

1)

e

2)

0 1. excess NH,
_—
OH 2. neutralization
Br

4) Sy\2reaction 5) E2 reaction

Q. “CN TOCH;
———=—= , —_——————
I'  CHs Br
7) 8
CH,OH Os_N(CHs),
CrO, 5 LiAIH,
: ————————
10) o 11) o)
3
CH30H O /\)I\CI
: .
AICl,
S0,Cl
13) 14)
0 o
i PhsP=CH, é HO~ O
acid catalyst

6. 77 UDBE 2N CREFIFEHEERIIC TR Z THEZHAT L,

aromatic substitutions primarily at the 2-position.)

O E* OE,O
U —— U -y
LZE

Furan 2-position 3-position

3)
1L
H,C=CHBr ——— =
2.D,0
6
) o
H3PO,
9)
CH;0H

o)
iéq
0
12)

O

15) Nitration
O« OCH,CHj

(Provide the reason why furan undergoes electrophilic

HNO;

———
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EEE 1 (Problem 1) %5 (Continued)

7. fREES @EWE) LEMINIET LU TORMNIEZ X, (Answer the following questions on condensation polymerization
(polycondensation) and polyaddition.)
1) MEESTERINTWDEA T2 DHETAHET L & big, TOEARIGELERIGE TR, (Provideapolymer
synthesized by condensation polymerization with its name, and draw the chemical equation for the polymerization.)
23 a==rinsav
(name) (chemical equation)

2) BAOTARKICET 2MEES L BEMMOL@ER LR R EZBIIE &, (Describe the similarities and differences between
condensation polymerization and polyaddition in polymer synthesis.)

FBA (similarities)

e (differences)

3) MEAEA L BB CESFEBEE AT 57O DILBD R 4 E5E X ThrE, (Itemize the common conditions for
synthesizing high molecular-weight polymers in condensation polymerization and polyaddition.)

8. TUMNVERIZETAHLUTORVNIE Z L, (Answer the following questions on radical polymerization.)
) 7 VNNVEEDORERZ— T, TOAMEEENZFIY, (Providearadical polymerization initiator and draw its name

and structural formula.)
AR g
* (name) (structural formula)

2) bt =)L (ZunxT ) OEEICOWT, BHENKE, BRERL, EIERGEEFERGER TRYE, (Showthe nitiation,
propagation and termination reactions in the polymerization of vinyl chloride (chloroethene) in chemical equations.)

il

(initiation)

&
(propagation)

ik
(termination)

)M & M EDTVHNAEBRTIE, /) ~—HEABRKMYM] & LEAMHA dM)AM] & ORIICES (1) 230 32h,

r, miTE /<M EEINS, nBE nDOEZEFCHE,  (Inthe radical copolymerization of M and My, the relation
between the monomer feed ratio [Mﬂ/[Mz] and the copolymer composition d[M;]/d[M.] is expressed by equation (1), where r and r, are
monomer reactivity ratio. State the definition of 71 and 7».) d[Ml ] B [MI] [ M, ]+[M, ] ) il

dM, | M, ]\ [M,1+7,IM,]

4) AF (M)A (M) EEDE /<~ —[EE, £0Eh n=18, n=002 TH 2, {HHILHELEEGED
BEORIOWTERE, F7r, HABELL 111 TEEEEIT o/ L &, EAVIEICAERT A EESEOMRERD L,
(The monomer reactivity ratios for styrene (M)/vinyl chloride (M>) copolymerization are 71 = 18 and r, = 0.02, respectively. Describe the
structural features of the resulting copolymer. Also, estimate the composition of the copolymer formed at the initial stage of the
copolymerization with an equimolar feed ratio of [Mi}/[M-].)

Y

(features)

* (composition)
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FARE2 (Problem 2) Fn‘ﬂ%ﬂ%lﬂi 28 Y F3 (two sheets for Problem 2)

1. ROBMEFERHFE L, (Explain the following technical terms clearly.)
1) #1258 —JERI (second law of thermodynamics)

2) ~VLIRVY TR LF— (Helmholtz energy)

3) #HX| (phase diagram)

4) 7 7—/LOERI (Raoult's law)

5) FUGIREL (reaction order)

2. HHIRED 280K 1Z31T HIFERRET L L =T 835k mol™ Th D, ZDifEiAK3.00 mol 23 280K, 1.00 x 105Pa TH
FLT-Lx, Bl LTRICBE LIz =L — g, RIZBRINIALFE w, =¥ JVE—ZEL AH, PRS2 AU
FRRE L, 7277L, &USEER=831JK  'mol! &9 5, (A certain liquid has a standard enthalpy of vaporization of 43.5 kJ mol ! at
280 K. Calculate the energy transferred as heat to the systern g, the work done on the system w, the change in enthalpy AH, and the change
in internal energy AU, when 3.00 mol of the liquid is vaporized at 280 K and 1.00 x 10° Pa. Use the gas constant R = 8.31 J K- mol, if
needed.)

3. BUG2A—P A3 2 ROBENHE S, SUSHETEL k=450 x 107 dm® mol™ s Th>7z, A DIREEAS 0.840 mol dm> 7>
5 0.0420 mol dm™ F TEILT B DIZET DRI 2 FHE X, (A reaction 2A — P has a second-order rate with a rate constant & =
4.50 x 10 dm? mol;! s, Calculate the time required for the concentration of A to change from 0.840 mol dm to 0.0420 mol dm™.)
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FERE2 (Problem2) $% (Confinued)

4. KFFEFET DV 2 V=T 1 RO TREIND, 22 TridBFLRACEE LEF
DOifEZ T, LIT ORIV NCERRICZ X X, (The radial part of Schridinger equation for hydrogen atom is written as follows. The
distance between the fixed nucleus and the electron is labeled . Answer the following questions clearly.) ‘

( h2 (0% 20\ e?*) |
{— - (ﬁ + ;§> = 7} (r) =Ep(r)

1) XHFD m, e, MITENEIUTZR L TNDHHE &, (Explainm,e,and # in the equation.)

2 ‘
2) B¥o(r) = Nexp(—ar) (ZZ Ca= —’%—f‘z&bé)ﬁi,_ DV al—F 4 V- HFREXOEREE THD = L AL, [E

me?

BlEZ RS X, NIHEBLEETH S, (Show @(r) = Nexp(—ar), where o= —= is the eigenfunction for this Schrdinger

equation and determirie the eigenvalue. V is normalization constant.)

5. BT oL T ORI ZERICHAE X, (Explain the following technical terms related to the quantum theory clearly.)
1) fEA&M#IE (bonding orbital)

2) IRENEEROIRRL. (normalization of wavefinction)

3) FERRBANYSYTHIGEYE (non-empirical molecular orbital (ab initio) method)
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RIRE 3 (Problem 3) RIREAKIZ2 HIEF) Y 3 (two sheets for Problem 3)

1. KOFEAADILEMORBEDEOTNE, BITR
ODHHDERVEEMIZFEEE., (Answer the following
questions by selecting the correct chemical species: from the
combinations given in parentheses. The correct chemical species
should be given in the answer column.)

@ (Li,Na,K) #F—A A= NF—DRHREV IR
(Which has the largest first ionization energy?)

@ (F,CI,Br ) ¥EOKRH/NEVA A (Which has the
smallest ionic radius?)

@ (T, V¥, CY) NEHENLIZH - T, FRHEEL~
FNF—(CFSE) TR b RE R LELEIT 54 24 (Inan
octahedral coordination, which ion can be more stabilized by
obtaining a crystal field stabilization energy (CFSE)?)

@ (Z, N, Mo™ ) NI AENLICH > T, FEDORD
K&V A A (In an octahedral coordination, which has the
largest ionic radius?)

® (Ba,Ca, Ge ) BERIEMEDR /NI ILE (Which has
the smallest electronegativity?)

©® (C*, Ti*") SLRMEA A2 (Which ion is diamagnetic?)

@ (NOs, NH;) #ERAIVNENA F o E17134>F (Which
has smaller bond angle?) .

(CaCOs, PbCOs3 ) BRI BN MYE (Which has higher
decomposition temperature?)

© ( ZrO,, NaySiO; ) Bl DOIEVW#)'E (Which has lower
melting point?)

@ ( Mg(OH), BaTiOs;, KoNiFs ) EiR#&E T fﬁb‘%g
(Which does not have a layered structure?)

fiFZ5HE (Answer column)

@ - @ @ @ ®

® @ @
JAHAZRD—ER (a part of periodic table of the elements)
Na | Mg 1 ‘ Al | Si
K [Ca |So|Ti|V |C |Mn|Fe|Co|Ni|Cufzn|Gal|Gel|
Ro |8t | Y |Zr| Nb| Mo Ag | cd

2. FEUBINTT L (CaTiOs) 17T, BT
TEEIT a=0390 nm THD, WORNNZEZ L, (Calcium
titanate (CaTiOs) adopts a cubic structure with the lattice parameter
a=0.390 nm. Answer the following questions.)

CaTiOs DffditEE  (Crystal structure of CaTiOs)

DX #E LT CuKa (% 0.154 nm) % FV T CaTios Dy
X MEWTERIE L7254, (1DERS X O00)i#H 5 OEHT
#RD Bragg 3 0 KD X, (When X-ray powder diffraction of
CaTiO; is measured by using CuKa radiation (wavelength 0.154
nm), calculate the Bragg angle 6 for the diffraction from wch of
(111) and (200) planes.)

2) CaTiOs ffH1O Ca, Ti, O DB AE TN TNEZ &,
(Answer the coordination numbers of Ca, Ti, and O in the CaTiOs
crystal.)

Ca:
Ti:

O:
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JERMESE | XEREE

RERE 3 '(Problem 3‘) %% (Continued)

3. LUTIRY 25 COKBERIZ DV TRNZE 2 L, T2
7L, KDOAAFE% Kw=1.0 x 10 mol? dm™® &9,
(Answer the following questions related to aqueous solutions at
25 °C. Ion product for water, Kw, is 1.0 x 10" moP dmS.)

1) 0.20 mol dm= DFEED pH ZF1HEH X, (Calculate pH of
0.20 mol dm™ HCL.)

2) BEET U ¥ KRN COBRAD R PIERI 2T,
(Show an electrical neutrality in an aqueous solution of sodium
acetate.)

3)0.10mol dm=> DEHEET F U 7 2/KAIRD pH ZREER X,
72121, BHED pKa% 4.56 &35, (Calculate pH 0f0.10 mol
dm™ aqueous solution of sodium acetate. Use pK, 0f 4.56 for acetic
acid.)

4. WOFEAZHIE L, (Explain the following terms.)
1) #FT /L% — (lattice energy)

2) FE TS (close packed structure)

3) FEMEE T 7 X~ (ACP)REIE/HT (inductively coupled
plasma atomic emission spectroscopy (ICP - AES))

4) FZiEBE T BHMSE (transmission electron microscope
(TEM))
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ZER FDFEEIE
(1) FREFNGERS IR DFRBREEH 2 DV £7,
Q) ZOREEZSU TN TOREARGRIEERRIC, BESEZTALTIEIN,
() ZAUIRIRERK L RS FES A SN b 0T, REIHEE SNEANSGEAL T EEV,
@) fEENEXEZN W EEL, RUAROERZFFAL TOEOERAL, 727250, TOEAE 1B Y LE
HNCETE L2 BB L HIc L TR Z L,
(5) EREHANIFRHALZENHIEEITFEET TN,

Notices
(1) There are 2 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 positions.
(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) Raise your hand if you have any questions.
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TR (Problem) 2T T - 72 ZE3ERITED BV NIBHEIT - T HHIFEOPNAIT OV T 1,000 FLIN TREdE &, (Describe the:
contents of your graduation thesis at university or current research within 2,000 characters or 400 words.)





