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There are nine questlon and answer sheets including a front sheet.

Fill in your applicant munber in the specified positions in this cover and each question and answer sheet.

This examination booklet consists of question sheets and answer sheets. Answer the questlons in the specified position.
If the space is exhausted, use the revcrée side of the sheet and write down “to be continued™ cn ﬁe last line of the sheet.
Answer all the questions.

Raise your hand if you have arly questions.
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1. CH:s DILAYI A FAR LRSS WL 05, 2 B0 B ELNL, (LAY A L B OEEL TUPAC £ &3/
(b2 oA X DT, iz, EJ%%%:T L, SE a5 30T, (When compound A (C4Hz) was treated with brormine,
meso-compound B was obtained. Draw the structures of compounds A and B with the stereochenusﬂy give their TUPAC names, and
show the reaction mechanism ) : '

Structure A . ' . B:
TUPAC name A : - ‘ " B:
Reaction mechanism '

2. Q}Cf’){ bADYEDEY \%nﬁﬁ@?’é‘ i (Expiam the difference of the physical properties of the following sets of compounds )

CHsCHO = CHRCOCH, CHsNH, . CH4OH
16.7 19.3 . ) ' . 8.3 C B65.15 °C
pKa Co _ _ . ' bp

N U N
' C{CHz)s . HaC{CHz)2CHy

127 kdfmel 445 Kdimol ~120 kJime! . 361 °C
Heat of hydrogenation - o - 98¢ bp - '

' N 0 o
@ ' : 4718 cm” 1699 cm!

15~ 39 . . .
pKa N IR C=0 streteing frequency
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AL (Problem 1) %, (Contimued) o _ |
3. ROFULOIARIORELET . KBTS TT, 32 bAebRd 2 &, (Draw the structures of the major organic products
of the following reactions. Indicate the stereochemistry, if necessary.) : o

2YH,0./0H L Sy *
s o , Ph 7
@/ s | - ) Nanit,
—_— T
2) H,O/NaOH - R PR e T o >

O : CHaN5 . : : O/ 1) 0,
fv . : ' 2) HOOH

NBS . o : /\ | GHRCOCH
, : , ( B AlCl,
B ! - ! " ) S
. O
= | 1) KNH/A : ‘ NH,0H
. B C —_—
LN 2) H0
SN ) H B |
o J ‘ ', _ - '
@)K/ By - Ph . KMnO4‘
) oH" ) e eh 1 8-crown-6 :
O .
. 1)BuCuli CHsCH:0 PRCHO
plbdiitiatn N —_—
2)H0 - - GHaCH,0 - Pyrrolidine
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%1 (Problem 1) FEZX (Continued) , : , o . :
4, RO R L, FUSOATEEIRERC DV VTR K, (Draw the structures of the major organic products from
the following reactions and explain the region-selectivity.) :

OCH; ' o S CO,Et

o, HNO4
____._____gg_
FeCly

5. e DORIEOEE %5773, (Show the reaction mechanism of the following reactions.)
Photo-Chlorination ! - .

) fiv
CHy £Cly ——3

Wittig Reaction

) Ph3P:CH2
PhCHO ————

Robinson Annulation -

S -
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RIRE2 (Problem?) FEEERTAAE 2 Hd ¥ 3¢ (two sheets for Problem 2).

1. YROFEERNOA S HORRHE DN G, [HNTH
D54 DEFEUEEMIC S, (Answer the questions by
selecting the correct chemical species from the combinations
given in parchtheses. The correct chemical species should be
giver in the table below.)

O &M, T
the largest ionic radius?)

@ (&, O, F) ¥EOFELAX A AL (Which has .

the largest ionic radius?)

@ (N2, O, Zo%) J\ﬁfzt\ﬁﬂﬂfﬂ%;@%%k%b% Z

> (Which has the largest ionic radius in octahedral

coordmation?)

@ (Mg, Al Sr) EXFEMER @%‘Bd\éb.\jﬁﬂa (Which has

the lowest electronegativity?) :

& Mg, AL Si) & %ﬁfﬂj}@ﬁ%d\éb\)ﬁz@

has the lowest electron affinity?)

' @'(Mg, Ca, Zny —A A ALLIF-DFeh/hEN
JLZ  (Which has the smallest first ionization energy?)

@ ©r, cu?t, V¥ KEEfE Ok ETE (Whlch is

'dlarnagnehc'?) '

(Which

4+: V5+) %@%%k%b\/fj_y (WhiCh has

® (KE KBr, AgBr) B bRy Wy (Which has the -

lowest melting point?) _
@ (O, 0y, OF) FEATEBEDF LAY 3+ (Which has
the shortest bord length?)

(O, Fe¥, ) NI TR A L AREED b &
— TG DEKZFE T A (Which lon shows a

Jahn-Teller distortion in an octahedral high spin configuration?) -

@ (V¥ Fe?, Co*y BmA L ONEBENIZE-C, &
AR RN —(CFSEy TR bR & RE (LR E
7B A (In an oetahedral high spin configuration, wiich
ion can be more stabilized by obtaining & crystal field
stabilization energy (CFSE)?)

@ (BeCh, CaCh, HeCL) BAROSHEV W& (Which has

the highest melting peint?) '

@3 (CaCOs, PbCOs, SICOs) SREENZHIEVAE
(Which has the lowest decomposition femperature?)

(CsF, Csl, Lil) Ak~DEMEIZFLEVWELEY
(Which has the lowest solubility in water?)

JERERO—ED (apart of periodic table of the elements)

B (CulNOs), Fe(NO3), CaNOs)) AR T bERMA TS
¥YE  (Which shows the highest acidity in water?)

@ (NHs,-CHy, Il ) FEEAEHREVMEETE (Which
has the largest bond angle?) '

@ (NiO, La;CuOq, YB2:CuzOy) m%mb\ T BRI
THpE (Which shows the highest electronic conductivity?)

® (a-Agl, RbAgls, ZrosCanO1s) ﬁivf A AREMS (Which
1s &n anion cenductorﬁ) :

19 (AlBy, Cdly, [aBg) E:Wf%l_’(‘iib R (Wh]ch does
nothave a layered structure?)

@ (8O, TIO, VO) EiEfER S LTREITWIR WE
(Which is an unknown compeund as a sofid crystalline
compound?) '

- FREAE (Anéwers)

v [ @ ® @ ®
® | @ ° | @
@ @ ® @ ©
® © ol @

" BFs

Na | Mg | : AL S
K Ca [ S| TV Cr | MnjFe | Co Ni Cu. Zn | Ga| Ge
“Rb-|. & v |z | Mo | Te |Ru|Rb|Pd|Ag|Cd|ml |8
Cs | Ba Hf VTa W | Re |Gs | T | Bt | Hg | TH | BB

2. VSEPR IER&#% RV v CURDA A v OB ELEEE
k. SEEHRETHLERRT D D &, (Predict the geometric
shape of the following molecule and ion usihg the VSEPR
theory. Indicate Jone pair(s) in the stracture.)

ICL™
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FHRE 2 (Problem 2) i (Contimued)

3. B OIS TR £ B, B a=
0288 mm T D, (Crmetal adopts body-centered cubic
structure with lattice constant of ¢ = 0.288 nm.)

1) Cr OEAAEFH 1T, (Draw the unit cell of Cr)

2)Cr ODEEEHET L, G ORTEIES20gmol! &5
2, {Calculate the density of Cr crystal. Atormic weight of Cris
52.0 g mol™) ' o

3)CuKa (#F0154m) ZFVTZORROBAX 8
EHERET S & &, (AL 3 BEICERNWAERTOHE

BEBZ L Fo, ZOBHTDT S v 784 6 RRIEE L,

(When X-ray powder diffraction of Cr is measured by using Cu
Ko radiation (waveléngﬂl (0.154 nmy}, answer the Miller index
of the reflection appearing at the third-lowest Bmgg angle.
Calculate the Bragg angle 6 of this reflection.)

1) MR ¢ T 7 5 VP = U, BT
AT BTSRRI TH S, THAEROET

INEAERR e D ERER e DD R B HHA SRR L,

(Electron micrescopy including electron diffraction is a useful
method to characterize crystalline materials. Describe how to
distinguish between polycrystaliine and single crystalline
particles using the method.) '

4. CURETHEZKICEN LIRS YO L 5 IARENR
T AMEREIRY L, 727 L KRR OBEE R B &
LT, Cutte 2 Cu EB=+.16V, Cut +e= 2 Cu: fF°
=H052V & 9D, .
“(Bxplain what will happen when a salt contsining Cu* is
dissolved in water, Cu*+e ¢ Cu': F°=+0.16V, Cu* +
e & Cu: B°=+052 'V, where £ is standard p(_)tential in -
aqueous sohution.)

5. Et@%%&?&ﬁﬁﬁio (Explain the following terms.)
1) B (electron afﬁnity‘)
) 77 TV T AR (ven der Wazls radius) |
3 TR FIZHE (anthanoid contacﬁon)
4 */-é o bR - (Schottky defec{)
5y B-FASF c@-mu@ina)
- 6) IEAE LAY (mixed valence compoud)
7) 7l v ﬁéﬁz 2V 7 (mesoporous silica)r

8) BefirfE S {coordinate bond)
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HRE 3 (Problem 3) PEEREGISHL D =T (three sheets for Problem 3)

1. BT AR %"F"’rﬁ” TERERE- L, (Explam the follomng terms related to thermodynamics clearly,)
1) E&5R (critical point)
2) H—FERAMER & BB/ (perpetual motions of the first kind and the second kind)
3) FRYZE(L (reversible change)
4y FFAEE (maximum work fimetion)
5) X7 XOFHE (Gibbs’ phase rule)

2. SEOEERGTT AL D &, AR \%@*ﬂiﬁﬁzﬁé Le=(RIMP LESID, TIT, RIFFIFE
M TSR, MITRELTOSTEERT, VBT 000 ORTH IR o m s EHZHEEFIHTOR
Wk, 7L SUATEEE R VI 8314 TK mol, A F-& MIE78.11 gmoll &%, (According to akinetic theory of gases, aroot
mean square speed of molecules in a perfect gas can be expressed as ¢ = 3RT/M)', where R denotes a gas constant, 7 is an absolute
ternperature, and M is a weight of the molecufe. Calculate the ¢ value of a benzene molecule at 0 °C to three significant figures. Use £ =
8. 314}'Klmol1 and M="78.11 gmol™)

3. B AEEOENEHEE G, 50K 10384 VT 0580 TR mob TlhoTz, OREECIIT S ZOMEOEA=Y b
T B8, B AR 2HT TR L, 7o LIRS T G FREHRE T =S KA 5 b0 &5, (The molarheat
capacity at constant pressure (Cp) of a solid at 5.0 K was 0.580 JK! mot!, Caleulate the molar entropy of the solid Smat50K otwo
significant figures by assuming that Cp is in proportion to 77 at low temperatures.)
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HRE3 (Problem3)  #EE(Contimied)

4. SHREEERS (DAB2A+B BLTN QA &2 2A OREREN o ThDMOTHEEE R0, OOV TEER
X, (We have two types of gas phase dissociation reactions, (1) AB @ A+B and (2) Az ¢ 2A. When the degree of dissociation is o,

calculate thefr equilibrium constants and discuss the difference between the reactions.)

5. 1367 ‘CITisT 327 o BB LU v~ o OB TN TH 1150 X 10°Pa & 0604 % 10° Pa TH D,
FEe ORGSR SRR L UE LT HTUD;&{#%%KWE/\ZW&@{EJEE%X o

1) 1.013 x 105 Pa 2617 DA 1367 “CLRBIRATRR

2) 1367 ‘TR TR OFESITIE VRS ETHK

(The vapor pressures of chlorobenzene and bromobenzene at 136.7 °C are 1.150 % 10° Pa and 0. 604 % 107 Pa, respectively. Calculate
the compositions of the mixed solutions that satisfy the following conditions. Assume that the mixed solution is an ideal solution. 1) a
mixed solution whose boiling point is 136.7 °C at 1.013 x 10° Pa, 2) a mixed solution which shows an equal vapor pressure for.
chlorobenzene and bromobenzene at 136.7 °C.)
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RAZAS (Problem3) e (Continued)

6. T NFATE FOMERITONT, RO & IREESRER S T D, CHa & CHCO: R Pz EH]

LT, CO DARBEREE ({COYA) 37 b 7T v FIREED 05 IRTH D Z & T, (The mechanism for the deoomposmon
reaction of acetaldehyde is proposed as follows. Show that the productidn rate of CO, d[COVdt, follows the halforder kinetics for the
acetaldehyde concentration on the basis of the: steady-state approximation for -CHs and CHCO-.)

CHiCHO(g) M- -CHy(g) + -CHO(@)

CHi(g) + CHCHO(®) 2~ CHCO:(g) + CHi(g)

CECO () 2-  CHi(@ + CO®

2CHCO- () X CHCOCOCH:,

7. K& (A-> AR TEANTOUNT LS MFE'C&;& Z DR _%a j‘éA OB SRR ¢ DRSS LTEL, 0
AT A T, L, AT b A OFIREE (=010 ARE) AL, SR TR HREZEA
&35, (The reaction, A —» product, has a rate law with one-half order kinetics for A. ‘Express the concentration of A, {A], as a
finction of time, £, and derive the halflife time of the reaction using a rate constant, &, and a concentration of Aatt=0,[Ak.)




