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Notices
(1) There are 9 question and answer sheets including a front sheet.
(2) Fill in your applicant number in the specified positions in this cover and each questlon and answer sheet.
(3) This E\Bl’].’lll'lathﬂ booklet consists of question sheets and answer sheets. Answer the questlons in the specified position.
(4) Tfthe space is exhausied, use the reverse side of the sheet and write down “to be cortinued” on the Jast line of the sheet.
 (5) Answer all the questions. :
(6) Raise your hand if you have aity questions.
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BeeE 1 - (Problem 1) EEJEHSE 3 420 33 (three sheets for Problem 1)

1. RORSTELN S ERS OIS, J«_’.\Eﬁﬁ BIEE OIS L RT I L, (Pred1ct the major products
formed by the following reactions, and indicate their stereochemistry if necessary.)

(M

= A
3 Ph \//’\H/\/Ph . CHpCN), o Na, (4) -
| EtOH / ,

: A 2 Buli / CuCN
(5) @ + ,/\OJLMG — (8) -
Et.O

O

NHNH, 0 _ :
- : \)J\/ FaX ® A.I(O Prs
. . AcOH CHO iPrOH

o cl

| OC%H _AICh
(%) —_— (10)
. Z CHQCIQ ) PhNOQ

T

(11)

i} NaH (1 equiv)

o O

M . THF
OMe

ii) PhGHBr (1 equiv)

(12) /U\)-l\ OMe

iy NaH (1 equiv)

THF

if} Buli (1. equiv)
iiiy PhCHBr (1 equiv)
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BEE 1 (Problem 1) %% (Continued)

2. fert-BuOH & n-BuOH |2 HCl. HBr. HI #/ER & CHST B 07 AR Gild DSOS B L CEA T O/
W Z 728V, (fert-Butyl and n-butyl hatides are obtained by the reaction of the correspondmg alcohols with hydrogen

halides. Interpret the following facts observed in these reactions.)

(1) tertBuOH 3V v oBs & bR UBEECRIST 5, #U7. n-BuOH ORIGHEET HI > HBr > HCl DIEICA2 5,
= OFREIT-DU TR L7 3V, (Reaction rate of fert-butanol is independent of the kind of hydrogen halides, whereas
orders of decreasing reactivity, HI > HBr > HC), are observed for the reaction of z-butanol. Explain the difference.)

@) tertBuOH & HC) OFEEEL #-BuOH & HCl OIS S B, Ll tert-BuCl DI (19 80%) 1 #-BuCl
DUTER (1 100 %) 1 V&V, = OB E&REEA L7z 81, (Although ferr-butanol reacts with HCl faster than #-butanol, yield
of tert-butyl chloride (ca. 80%) is lower than that of n-buty! chloride (ca. 100%). Explain the reason.)
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FH%E 1 (Problem 1) #iX (Continued)

3. RO 2 ODALEMOTER SN R L7zH, EHLREOEIIREVEETRT Ay EOER B RETERIC
e L7g &V, (Show which compound exhibits enhanced properiies, and explain the reason briefly.)

(1) AA~DEEFEE (sohubility in water)

W
_A B

(3) AF L OBMEE (acidity of methylenc)

(5) Az (nucleophilicity)

NN EtgN

G H

(2) #H. (boiling poiﬁtj

0 0
Me.J\NHg lvie/u\l\JMe2
c D

(4) HEME (basicity)

NN . EtaN

G H
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RUEE 2 (Problem?2) FEREFAHLZ 2#cd v F 4 (two sheets for Problem 2).

1. KON LGHOMAEDEDRNG, BV TRD
Ay D5 BT NRERAI S0, (Answer the questions by selecting
the comect chemical species from the combinations given In
parentheses. The correct chemical species should be gwen n fhe
iable below.)

@ (St,Sc, Zn) B4 ﬁ‘/{bi:m/;’r‘—@%%j(%b\ju

3 (Which has the highest first ionization potential?)
@ (0,07, O BFEINAORLREWLEHE
(Which has the Jargest electron affinity?) .
@ (N, 0, 8) BEREEEDR L REV LR (Which has
the highest electronegativity?)
@ (K, &, Rb") ROEHREV A A (Which has
the Jargest jonic radius’?)

® (Mo, Fe™ ) NEHBPICERA T IRBO & &

VT T DERERTA A (Which fon shows a
Jatm-Teller distortion in an octahedral high spin configuration?)
& ( BaF,, CaCl,, HgCly ) BEROIEY W (Which has the
lowest melting point?)

@( NO, 0, NO" ) D ILFE
diamagnetic?)

(01, 0, O ) FEAEEEEDS B IEL VT (Which
has the shortest bond length?)

@ (KE NaF, CaQ) FLE0OEVE (Which has the lowest
melting point?)

@ ( La(NOs)s, AINO3)s;, MgNOs), ) K T bR
§HE (Which shows thie highest acidity in water?) |

@ (o', ) @A VONEREIZEH T, i
EELT RN —(CFSE) C L W REBREELEZITS
A 7> (In an octahedral high spin configuration, which ion
can be more stabilized by obtaining a crystal field stabilization
energy (CFSE)?)

@ ( TiS,, CdL, SiF, ) BTl %’g (Whlch does
- nothave a layered structure?)

( Which is

3 ( RbE, NaF, KC1) 7Kk~~DOEAfREDEL MbEH (Which

has the highest solubility in water?)

@ ( AgCl, MgCl, TiCL ) &S0y eV & (Which is
an unknown compound?)

{3 (CaTi0s, ReOs, NiO) HHEV \'?é’%{xﬁ:f%fn\—a“%’g
(Which shows the highest electronic conductivity?)

AR O—HT (a part of periodic table of the elements)

FARE (Answers) _
Y, @ @ @ ®

® @ ® | ® | ®

© [ © | © | ® ®

Na | Mg Al

St

K |Ca S | Ti{V|C|{M F; C|N|Cu}|Zn|Ga

Rb [ S | Y |2r ' Ag

BB A A ARG TN, B A LB AL
ToIRRE TR AT CE BT EH A A TlER
£5 &35, ZIUT IR A A A AR T
REARE S, 8EARADA RSN/ D
TRYEARIFEE L, (In idea! ionic structure, cations surround
thernselves with as many anions as possible; keeping contacts
with the anions. This requirement determines a lower limit of
radius ratio of cation / anion. Calculate the lower limit of the
radius ratio 74/ 7_ expected for octahedral coordination.)

3. VSEPR B % IV v ORODA TOSLEEE T L,
( Predict the geometric shape of the following molecules using

VSEPR theory.)

SFy CIEy

4. N,0 DL AOKEER T, (Draw the Lewis structure of
N;O.) '
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RHRE 2 (Problem2) FEZ(Continued)

5. DAVVRITUER 7nS V. TAFBETREOT =40 D
L HEEERONGGE T A BEOIAEE) L
Tk D, FOBSHET- T, (The wurtzte structure of ZnS
is described as “hexagonal close packed anions with the cations
occupying half of the tetragonal holes”. Draw its unit cell.}

6. BIEESATE ZnS (FEFEH a=0.541 nm)DHBEENL, STF
BETFREO T =4 D0 BITEAD¥GE AT A
NESEERRED, ROMICEZ I, (The zinc blende
structure of ZnS (lattice constant @ = 0.541 nm) consists of
cubic close packed anions with the cations occupying half of
the tetragonal holes. Answer the following questions.)

1) O 7nS FREOBERHET L, FFEII 654,
321 ThD, (Caleulate the density of the ZnS crystal. Afomic
weights; Zn: 65.4, S:32.1)

2) CuKe (R 0154 nm)Z VT2 0 ZnS RO X
BERRARE TS & &, KA D 4 BRICHNLDEHTO
TT o T EREE L, '

(When X-ray powder diffraction of the ZnS is measured by
using Cu Ko radiation (wavelength 0.154 nm), calculate the
Bragg angle ¢ for the reflection appearing at the fourth-lowest

Bragg angle.)

7. ROFEETIE L, (Explain the following tenms.)
1) JRFHER (valence control)

2) TEL =T (slabilized zirconia)

3) 7KEEHE  (hydrothermal synthesis)

4) FEhRERT (effective nuclear charge)

5)BET #: (BET method)

6) Vv— 5 (sol-gel method)
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fRE3 (Problem3) FEREFIEE 3Hk 1) 9 (three sheots for Problem 3) .
1. BRI T IR OFEMEERICIERE I, (Explain the following words related to thermodynarmics clearly.)
1) 75020 AOFEE (Clausius inequality)
2) FTAAYLLINY DR, (Gibbs-Helmholtz equation)
3) FV A NOEEHR S B = 1R (Nemst heat theorem and third law of thermodynamics)
4) THEE (phase rule)
5y {EBEART 2 b (chemical potential)

2. TENSRTRERIOMNEE 2L F—, 2 F L=, BLUEY ba B -OZFEROBEF SO TEL L, 277
L, Ridn BNVOEERENLRY, SEEEE R, T BEE o B I UEEELER o lHBEIC L 53—
&9 B, (Derive equations for differences in internal energy, enthalpy, and entropy between different states of a perfect gas of
moles described in the figure. R, ¢y, and ¢, denote gas constant, molar heat capacity at constant volume, and molar heat capaeity at
constant pressure, respectively, assurning that both ¢;-and ¢, are independent of temperature.) '

D) %R () EOWFEA LIREEB  (States A and B on the same isotherm, Ty)

2) RIUHAFE (P OREEC SIKEEA  (States C and A of the same volurne, Vy) N —

=
-
AN

3) FUES () OHRAEC LIKEED (States C and B of the same pressure, 773)
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e 3 (Problem3) #EeE(Continued) -
e s . dink AH® .
3. (L~ OREOREY 7 7 o bRy 705 = a2z VTR X,
208, K : WHES, R -RETER AHO : BT L 2 B 15,
. - L S . . dlnK AHO
(Explain an influence of fernperature on the chemical equilibrivin according to the van’t Hoff equation o = E"E

K: eqtiilibrium constant, R : gas constant, AH® : standard enthalpy change.)

4. BT OV TR L, STOMBIER X, BT 50 S~k hOxd ) —ILROEROBEE
25°CT0914 gom® THB, ZOWHERORDESITMETEIL 174 o’ mol’ T D, T/ —ADES AR
< 57y (Explain the word “partial molar volume™ clearty and answer the following question. The density of the 50 wt% ethanol
aquedus solution is 0.914 g em” at 25 °C. Calculate the partial molar volume of ethanol, assuming the partial molar volume of
wateris 17.4 e’ mol ™)
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WEE3 (Problem3) X (Continued)
5. PITOEWCZE 2 I, (Answerthe following questlons)
D) 2UBRERELTATE M AT ROGEEISICOWT, RO D RHEERRREEN T, [, [CHCO),
[CHse ]} CFERRARIR ISR LT, SRS OEET v = M, "[CH,CHO) %3807, (For the decomposition reaction of
acefaldehyde catalyzed by iodine, the following mechanism is proposed. Applying the steady-state approximation to [I=],
[CH5CO¢] and [CH3], show that the decomposition rate is v=A[L] 1'Q[CH3CHO].)

L-+CHCHO % mi+cHsco-

CHCO- % cHe+CO
CHy+HI & CH,+1e

2) 300 K \o3st) AEERE0ST, Al J - TR b A 0830 mol E T L= 93 &, BEEE 0T o /e
Ahy, L, BERTIAASEOAIE G, KA R=831TK 'mol”’ #7§%, (When the activation energy of

a chernical reaction is reduced 30 k¥ mol™ by a catalyst, estimate the gain of the reaction rate at 300 K. Assume that the frequency
factor is unchanged by the catalyst, and use the gas constant, R=83117 K™ mol™, if needed.)




