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(1) RIERNGHRE R BB EA I H Y £7°,

() MR O OZNZIUL, ZRESETALTIIZEND,

() ZIUIFIER LSRN S M SN b 0T, T SN-EBIMSGEEA L T EEY,

4 fRENEZENRVE XL, RIUAROELZFHE L OO ETA, 72770, TOEAT [EEiK ] rEd
HEIFER L2 Vb Lozl TR T L,

(5) BEITRE LIRS0,

6) BHSNHEERZFHAL THELIZRN,

(7) BMHDVNIRIAZR SN H DT 2T TS0y,

Notices
(1) There are 9 problem and answer sheets including a front sheet.
(2) Fill in your applicant 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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M1 (Problem 1) RIERMEIT 44 Y F3 (four sheets for Problem 1)
1. LAY T ITOWTELTORWTE X X, (Answer the following questions regarding compound 1.) £Bu
(@) {LAEWID TUPAC 4 %t (Give the [IUPAC name of compound 1) "
e
(b) {EBWINT D cis— R E trans—IRIZOUWNT, ENVENDR bEER T TARIEE ET, Compound I

(Draw the most stable chair-conformation of cis- and trans-isomers of compound 1.)

cis-1somer

trans-1somer

2. 7u~Xy (CH:CH=CHy ZHWRUSIZHOWTELTFORVNIE % &, (Answer the following questions regarding reactions
using propene (CH;CH=CH,).)
(2) 7’1~ (CHsCH=CH») @ HBr & ORE UG H15 60 FARMIORE R 2 &, (Draw the chemical structure
of the major product of the electrophilic addition reaction of propene with HBr.)

(b) ZOREFHIISINE, AT NIEAE A X UHITEZ D EE S D, RO SEZiE, ZOREEE S Lo
PRI 23 X, (The electrophilic addition reaction is accelerated by replacing the methyl group of propene by a methoxy group.  Draw

the intermediate structure and explain the reason based on its stability.)

(¢) 7 m & HBr L ORIGIND 1-7 BB NG T DEUGHIFZARE L, RIS K > THERIN 2 D)%
X, (Propose the reaction conditions to obtain 1-bromopropane from propene and HBr and explain why different products are
obtained depending on the conditions.)
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81 (Problem1) fi= (Continued)

3. WOFNTEZ L, (Answer the following questions.)
(@) DT =A > OHIRFEEZFT, (Draw the resonance structures of the anion for the following compounds.)
acetaldehyde (CH;CHO) phenol (C¢HsOH)

(b) (mes0)-CH;CHDCHDCH; @ C2-C3 £451) O anti—33 LY gaushe— = > 7"~ —% Newman #X TR L, EHONEE
7%, (Draw the Newman projection of anti- and gauche-conformers of (meso)-CH;CHDCHDCH3 with respect to the C2-C3 bond
and indicate which isomer is more stable.)

anti gauche

4. WROBUGDERAEROREEZ e X, BEITIE U TEIERIES LU b EE T2 2 &, (Drawa
structural formula of the major organic product obtained from each of the following reactions. The regioselectivity and/or stereochemical
configuration should be taken into consideration if necessary.)

Me Ho Me
) O3 D,/PtO,
—_— —_—
2) HCOOH

Me M
<j/ CF;CO3H <j/ e CH,N,
: EE— .
M
<j/ ® 1)BH,
2) HyOo/NaOH/H,0 _ *
) HoOo/Na 2 nBu H Hg(OAC), HsO"/H,0

A 1) NaNH,
+ | —_— nB——H —m78M
L 2) CHsl
CN
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81 (Problem1) fi= (Continued)

5. OALEWNITFEE (O) 23 5 TR (X) ERL, O Z IR~ X, (Show whether these compounds are aromatic
(O) or not (non-aromatic and antiaromatic; X ). Explain the reasons.)

A /
Sl G RN IS 0e

Example

Jr R o
Aromaticity
Z Do FIE R R
THY, LT
il s BO, 6nEFELD
Reasons 728, (This moleculeis
cyclic, planar, fully
conjugated and has 6n

electrons.)

6. OISO FE/ 2GRN OREE 2B~ X, (Draw a structural formula for the major organic product from each of the
following reactions.)

OCHj 0
o
Hm_< 1. AICI,
+ 0O ———  »
2. H,0/H,0"
CH,COOH NH,
|N\‘ 30% HOOH [ij 1. NaNO,, HCI
“ 2.KI
o)
pr 1-Mg [:IJ\\ 1. LiAIH,
\”/\/\/
0 2.H,0 2. H,0/H,0"
o)
o)
y  PheP=CH, HoN—NH, , KOH
B —
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&1 (Problem1) #¢Z (Continued)

7. MEAES EiES) EEMAINCEET D TREOMIZE 2 L, (Answer the following questions on condensation polymerization
(polycondensation) and polyaddition.)

(@ TVT7 AR AFNETF L 7Y a—hbEdy Faaid DS LRI 5 B T O4 A, (Draw the
chemical equation for the polymer synthesis from dimethyl terephthalate and ethylene glycol (ethane-1,2-diol).)

(b) SIGEE p DEFZIR, p EECPEIEAEE x, ORIRZE X, (Describe the definition of the extent of polymerization, p,
and derive the relation between p and number-average polymerization degree, xx.)

(©) @IZBWTED T ERE1S D T ODOSM A 5 EZ Tt (Itemize the requisites to obtain high-molecular weight polymer in
(a).)

(d) MEAES & ENOIGES EAERZRRIR L,  (Describe the identical and different features between condensation
polymerization (polycondensation) and polyaddition succinctly.)

8. 13-7 ¥V A EAE L TRBLIAONIE « SIABHIME D 72 B0 AR ) = — DA~ T, £hbo
AW FiE,  (Draw all the structural formulas of the ideal stereo- and region-regular polymers obtained from 1,3-butadiene and name
them.)

9. R VRTE/ ~—DEAICEIT DL TORIZZE Z X, (Answer the following questions on the polymerization of the monomers
shown in Table 1.)

@ FNENOE ) ~—OERs%E 1 oZfiicay, FK1(Tablel)

— S
(Draw the structural formula of each monomer in Table 1.) e/ e Eﬁéﬁﬁu
(monomer) (structural formula) (initiator)

(b)) ThENOET/ ~—OHEAITR bIEY DBHAAZ RL,
RMgBr, H:O O b4 % = & 20, % 1 ol | &7 T2 T L

= . o . (prop-1-en-2-ylbenzene)
DO ZFCE, (Select the most suitable initiator for the polymerization
of each monomer among RLi, RMgBr and H>O without reduplication | 727 V=K U L
and indicate in Table 1.) (acrylonitrile)
=T TV IEA
T (methyl 2-
cyanoacrylate)
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FIRE2 (Problem?2) REFHNIEZ 280 £ (two sheets for Problem 2)

1. ROFENZFRCEIE X, (Explain the following technical terms clearly.)
1) 77020 ADOA5E (Clausius inequality)

2) B FHRRAE S R (thermodynamic equation of state)

3) 77 —/VOiEHN (Raoult’s law)

4) VA NOEGER (Nernst heat theorem)

5) 770V A=7 T~A 1D (Clausius-Clapeyron equation)

2. 1.00mol D HEADEFHEEDEIE, G/ K mol™)=25.5+ 146 (T/ K\ ht- TREZA(LT 5, ZORAKDIE
JE% 30°C 725 250 °C £ TEET R SE/ L 0BG g, - Fw, WE= I F—2(bLEAU B LU 20251k
BAH ZRO I, 72771, SEBXURORBEFFEAITNEDY Z & & L, KURTEH R =831 JK ' mol ! & 3%, (The constant-pressure
heat capacity of a certain gas varies with temperature according to the expression G, / (J K™ mol ™) =25.5 + 1.46 (T/ K). Calculate the
heat quantity (g), the work (w), the change in internal energy (AU), and the change in enthalpy (AH) when the temperature is raised
form 30 °C to 250 °C at constant pressure. Assume that the gas follows the equation of state for a perfect gas. Use the gas constant R =
8.31JK ' mol™, ifneeded.)

3. 3.00mol D R/ F5ea5 A% 450 K CTHREVANNANIZ 100 kPa 2> 1000 kPa (ZFEME L 7=, G=29.1TK 'mol! & L
T, ZOZUTHED W= F—Z( bR AU, =2 XV E—Z R AH B L0 hr B2 (LR AS ZRid &, 7272
L, [AEEHR=831TK mol! &35, (3.00 mol of diatomic perfect gas molecules at 450 K is compressed adiabatically and
reversibly from 100 kPa to 1000 kPa. Calculate the change in internal energy (AU), the change in enthalpy (AH) and the change in
entropy (AS). Assume C,=29.1 J K mol™. Use the gas constant R =8.31 J K~' mol ™, if needed.)
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2 (Problem?2) #t= (Continued)

4. BB OLTOMWIEZ K, 72721, 7707803 6.626 x 1074 J s, 7RI REEu T 6.022 x 10% mol ™,
HOHEFE X 2.998 x 103 ms™ &35,  (Answer the following questions related to the quantum theory. Use Planck’s constant: 6.626 x
10 J s, Avogadro constant: 6.022 x 107 mol ™, and speed of light: 2.998 x 10® ms™, if needed)

1) IROFER)Z R X, (Explain the following technical terms clearly.)
a) N7 m—ADEEA (de Broglie relation)
b) 7 =V IR & R— AR~ (fermion and boson)
¢) #Ek (degeneracy)

2) IRD ZHSOEETSZAVEFL x Sl AT/ ELHSER I T3 DA OEA B0 & 5 Dii~e S, ERBEOSE
IEEEME S RkD X,  (Examine whether each of following two functions is an eigenfunction of the linear momentum (parallel to x
axis) operator or not. If the function is an eigenfunction, indicate the eigenvalue.)

a) ek b COs kx

3) IRy ChDH R EEESR N0 13 1.02 x 10" Hz O CIEHEARY MU — 385, 205 T OfsERa R
I, (A diatomic molecule, nitrogen monoxide (“N'®0), shows peaks in the rotational spectrum at intervals of 1.02 x 10'! Hz.
Calculate the bond length of the “N'€0.)
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fIRE 3 (Problem3) MREFHNIEZ 28D £ (two sheets for Problem 3)

1. IROFEMNNLEOMAEIEDOHDG, T

KD b OEBEOWEM G, £, O, ©, @iz>
UWNTIEH AR, (Answer the questions by selecting the
correct chemical species from the combinations given in
parentheses. The correct chemical species should be given in
the answer column. Answer the reasons for (D, @), and (3).)

O MgO, NaCl) @OV #)'E (Which has lower
melting point?)

@ (T, T, Ti*) PRORHRKEVA A (Which has
the largest ionic radius?)

@ (O, N7, F) b A A RO/NE A F
(Which has the smallest ionic radius?)

@ (Csl, Lil, LiF) /K~DEMEEN R S EVEED
(Which has the highest solubility in water?)

® (CaCOs, ZnCOs, StCOs) Fr IR L 23 e ARV VE
(Which has the lowest decomposition temperature?)

© (KF, KBr, AlBrs) filsSoDf b5 WIEL (Which has the
lowest melting point?)

@ Mn*, Fe**, Co*) @A B> OJ\HEAENLIZEH > T,
i 2B =1L —(CFSE) Tl b KX 22 %
=3 %A A2 (In an octahedral high spin configuration,
which ion can be more stabilized by obtaining a crystal field

stabilization energy (CFSE)?)
(C, N, O) BB/ DFcH REV IR (Which has
the highest electron affinity?)

© (Na, K, Mg) %A A AT R F—Dhc b KETT
F  (Which has the largest first ionization energy?)

(Ne, Ar, Kr) BXFRMEEOR SR E VL (Which has
the highest electronegativity?)

@ (H:0, NHs, SO,) A& Aan—&/ 725 (Which
has the smallest bond angle?)

@ (BF, BrFs, XeOs) Vit T/ MEFE (Which does
not have a planar molecular structure?)

@ (Fe*, C2", M2 & A B o D \HEARENT T — - T
T —EH T A A (Which ion shows Jahn-Teller
distortion in an octahedral high spin configuration ?)

JEIAERD—T (a part of periodic table of the elements)

Na | Mg Al | Si

K [Ca|S |Ti |V |C [Mn|Fe |Co|N | Cul|Zn Ge
Rb | S | Y |Zr |Nb|Mo|Tc |Ru|Rh|Pd| Ag| Cd| In | Sn
Cs | Ba Hf | Ta | W | Re | Os | Ir Pt | Au | Hg | Tl | Pb

fRZEAN (Answers)

@

Z{(Answer) | BHHI(Reason)

Z{(Answer) | BHHI(Reason)

Z{(Answer) | BHHI(Reason)

®

2. WROFER) R X,
(1) VSEPR 5 (VSEPR theory)

(Explain the following terms.)

(2) NITHGEFEIE (hexagonal close packing)

(3) FEEUEL (bond order)

@) 72 EEOEEEA (isoelectric point of amino acid)

(5) Y TR EHTE (time-of-flight mass spectrometry)
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83 (Problem3) fi= (Continued)

3. ODEQDA A FI-130 T L FEHEEAT
LI 2 TN — DT T TER, SHITE
DA AEiEZFCE, (Answer the chemical formula and
draw the Lewis structures of the isoelectronic inorganic
molecules for the followingion (D and molecule ©2).)

O N3

@ CgHg (Benzene)

4 . FEA(Cu) DILEIRAE D FEFHEUE I I[Ar](3d) %(4s)! T
R ZID, IRDRPNTZE 2 X, (The electron configuration of
Cu atom in the ground state is written as [Ar](3d)!(4s)".
Answer the following problems.)

1) Cu DB A>T AL P KFEF- (Sc) (Z=21)DHESE
RAEDFEFALEZE X L. (Show the electron configuration
of scandium (Sc) atom (Z = 21) in the ground state, as in the
example of Cu.)

2) Cu OFETHELED[Ar](3dY@sy T72<, [Ar](3d)4s)!
ThHEEH AL, (Answer the reason why the electron
configuration of Cu is [Ar](3d)'%4s)!, not [Ar](3d)’(4s)>.)

5. D 1) & QDTN TANT, Lifs EH DI R
TWATFHIL, ( )NICKEITRYE, (Predict the
directions of the following equilibrium reactions. Fill the
parentheses with arrows.)

) ZnS + CaCh ( ) ZnChL + CaS

2)  Cu(OHj+ Cal ( ) Cu + Ca(OH),

6. LLTOKEBERIZDONT, b TV D EE13%

B X, L, WHRITT~TEYE S L, BEED pK,
134.76 &35, (Answer the questioned values and an equation
related to following aqueous solutions. All of the solutions are
ideal, and pK, of acetic acid is 4.76.)

1) 0.10 mM AR5 pH (pH of a 0.10 mM H,SOssolution)

2) 040 MIEGEAZAZ600mL & 0.50 M 7KL - U o7 IR
400 mL Z{EA L7250 pH (pH of a mixture of 600 mL of
0.40 M HCl solution and 400 mL of 0.50 M NaOH solution)

3) IREE O\ M OFFRESHE & IR G M OYaRERS 2% L
WETETIRA LEEIRIZ OV T OB AT v AR
(Charge balance equation of a mixture of equal volume of a
C1 M solution of acetic acid and a C; M HCl solution)

4)0.100 M ISR 500 mL & 2.00 mM HEREIANE 500 mL
ARG LT pH & WEROMRAEEE (pH and degree
of dissociation of acetic acid in a mixture of 500 mL of 0.100
M acetic acid solution and 500 mL of 2.00 mM HCI solution)

5) 0.200 M FHEZ/KEA#R S00 mL & 0.100 M 7KL R U w7
LRI 500 mL A L7V pH (pH of a mixture
of 500 mL of 0.200 M acetic acid solution and 500 mL of
0.100 M NaOH solution)




