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ZER EDFEEIA

(1) RISV Z OREE SR 8KV £,

() ZOFREEEZLT N TOREHIFNHHERRIC, ZBRES 2 AL TEINY,

(3) ZAUIRIEL L S A SN b 0T, MEIIFEE SH-EITCRRA L T IEE0y,

@) fRENEZENRVWE XL, FUAROEGZFH L TOEWETA, 72720, TOEAT [HIgh<] e
HEIZFGEHR L= Z 00D X HIic LT 2k,

(5) ERITRE LRIV,

6) BEHSNHEHERZHFEH L THELIZAR,

(7) EHHDVNIRHZEN S DHEEIET 2T TSN,

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) You may use the provided calculator if you need.
(7) Raise your hand if you have any questions.
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&1 (Problem 1) RREHIARIE3 Kedr Y £7 (three sheets for Problem 1)
1. ROMHBEDET, FROMEIZOWT LS LRV LGRS (I~VID) Tiil, PRI &,

WENZSUT, KEHAVTH LV, (Which compound in each pair is more acidic at the underlined position? Answer with the
compound number (I~VIII) and explain the reasons briefly. Figures may be added if necessary.)

D ~_OH, ~_NH; 2) HsC—CH, H,C==CH,
1 I III v

7& 75 (number): Z& % (number):

B (reason): PR (reason):

3) 0 0 4) 0 H g
HO.
A, oo o o~ Y-ou

Vo 0 VI ° vi VI
%7 (number): #& 5 (number):
PHE (reason): PHE (reason):

2. WROBNZE 2 &, (Answer the following questions.)
1) LLFDAEEINZONT, ZIENDR b ZEE R\ TG 2, T TOKET- HAME L7202 & (Draw the most
stable chair-conformation of the following compounds. All hydrogen atoms should be included.)

Me Me
Q -
t-Bu Me

2) 7=V U OHIEREE AT CEIS, (Draw all resonance structures of aniline.)
NH,

o —

3. WD SN2 FUSIZHONT, REZH, B, ARERS), ERREROMSEZ R, e 5 & ROSEE 3 E
) ESNET DR & & BT K, (Draw the structures of the nucleophile, leaving group, organic product and
transition state of the following Sn2 reaction and explain how and why the reaction rate changes when the solvent polarity is increased.)

NaOH +  MesSTI™

KIEZH (nucleophile): B (leaving group): FHAERH) (organic product):

ERPIRNE (transition state):

# (explanation):
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(Smart Innovation)

RiJEE 1 (Problem 1) %i=X (Continued)

4. IROBUNZHRT DBEDOFARM AT R, REIIRUT, MMEFR0NLE01cT52 8, =FvFA
~—VERRT BRI DI R Z &, (Draw the structural formula of the major organic products of the following reactions.
Show the stereochemistry if necessary. When the products are chiral, draw only one of the enantiomers.)

1 2
) 1.03 ) Br, in MeOH
2. Me,S
3) + 4) < H
NMe;  NaOMe 1. 2 "BH

7z -,

2. H,0,/NaOH aq

B

5) Diels-Alder 6) 7) o au
reaction HCI (1 eq) o
(Y P LR o — =
EE R ERY hv
Kinetic product 0
8 cook B4 9 10)

il o) _
clectrolysis CHCl (CHa),cuLi oy, D00
slectrolysis. ne .

CH,CI ether H
1) 12) 13)
0 1. NaOEt O (Ph);P=CHCOOCH;
EtO OBt — N
Hooc” "COoH A T 2. ho' x
14) 15) 16)
NH2 1 HoNo, Hl o] LA o b
4
N(CH3) _ Ph _
© 2 MBFa O)\ T ether HNO/CH,COOH

3. A

5. TeWHHEMESFETIIAI T X — DT B X — LV ER L2V D),

from hemiacetals under basic conditions.)

AR X, (Explain why acetals are not formed
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RiJEE 1 (Problem 1) %i=X (Continued)

6. ~"FYVRAFLUUT I LAV UEE (HOOC(CH)sCOOH) & DEEAFAIZL Y, FA 1 610U T X R-6,10)035
HID, ZORISZOWTLEL FORIWINCE 2 L, (Nylon 610 (polyamide-6,10) is obtained from the polycondensation of
hexamethylenediamine and sebacic acid (HOOC(CH2)sCOOH). Answer the following questions on this reaction.)

1) 71 v 610 WERKT DRISEALFRICETAAE, (Draw a chemical equation for the synthesis of nylon 610.)

) NAENDANFYAF L TT Il NgBIADE ST U (Na/Ns=r, Na < Np) 2 IO TEMEAIZE D A 1610 %
B LTIZE X, AP RATF LU DT I VORINER p TholobT 5, ZDEEENRTHRY ~—DECEEEGE 2
A EROGEE p ZHWTERTHAET, (When nylon 610 was synthesized by polycondensation from Na mol of
hexamethylenediamine and Ng mol of sebacic acid (Na/Ns = r, Na < Np), the degree of the reaction of the dicarboxylic acid was
assumed as p. Derive the equation indicating the number-average degree of polymerization of the resulting polymer by using » and p.)

3) ZORINZIWT, r=1.00 Tp=0.99 DEERITERT DR Y ~—OECEE - BA R 2 HITEZ L, 7ok, K
Uil T LT LV, (When 7= 1.00 and p = 0.99 in this reaction, answer the number-average molecular weight of the resulting
polymer with two significant digits. The terminal groups can be ignored in the calculation.)

7. YA—/VHO-R-OH &A1 V77— OCN-R-NCO & DEMIMZL N RY 7 L& R D R EAL RS
A C~E, (Draw a chemical equation for the synthesis of polyurethane by the polyaddition of diol HO-R-OH and diisocyanate
OCN-R-NCO.)

8. WEERY =F L OFPMEERERY =F Lo L0 bEENEVEIHZ, T EORIEDE NI HE W TR
Ko F, @EER) F LU EREERY =F LU OERIEDE N EZIR L, (Explain the reason why high-density
polyethylene has higher density than that of low-density polyethylene, based on the differences in their structures. Describe the
differences in the synthetic method between high-density polyethylene and low-density polyethylene.)
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FEE2 (Problem?2) FIERRII2 #5 Y £9° (two sheets for Problem 2)

1. ROFERZ RSP L, (Explain the following technical terms clearly.)
1) HRAEESEL (State function)

2) Jv /) —HA 7 (Camot cycle)
3) H—AIMHEE (Colligative property)
4) =7 A7 =)LOBRA (Maxwell relation)

5) kb— k> OHHI (Trouton’s rule)

2. 273K T224 dnd® 7> 70.0 dm® IZEHEANAAIZ 2.00 mol DT V3 L ZfE ST & X OEE: g, (T Fw, P11
F—EAE AU BLOT o 2V AH 23R &, 72720, T ATEEKIRE LTHRDES b L, T
I OETFEGR R C,=20.8 JK ! mol ' 35 LORUAEER =831 JK ' mol™ & 9%, (Calculate the heat quantity (¢), the work (w),
the change in internal energy (AU), and the change in enthalpy (AH) when 2.00 mol of argon is expanded isothermally and reversibly
from 22.4 dm’® to 70.0 dm® at 273 K. Assume that argon is a perfect gas. Use the constant-pressure heat capacity C, = 20.8 J K™' mol~

for argon and the gas constant R =8.31 J K mol ™, if needed.)

3. EBNEERR = Cpmf R DHJFT5E45A 3.00 mol % 303 K, 1.00 atm 7>% 413 K, 4.00 atm [Z2YbXE 7, ZD%
DT ko B—ZVE AS %2‘2&54: 72721, SUREE R=831TK  'mol! &35, (Calculate the change in entropy (AS) for
the system when the state of 3.00 mol of a monoatomic perfect gas, for which the molar constant-pressure heat capacity Cp m = %R , 18
changed from 303 K and 1.00 atm to 413 K and 4.00 atm. Use the gas constant R = 8.31 J K-! mol !, if needed.)
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RiJE2 (Problem2) #i=X (Continued)

4. WROFEAZEFEL EPIE L, (Explain the following technical terms in detail.)
1) BEEIBSE DR /L DfFEFR (The Bom interpretation of the wavefunction)

2) HRENEE T AR DY = L—T 1 H—FFE (Schrddinger equation of a particle doing harmonic motion)

5. & VBT AL FORMWNIE 2 L, 72721, 7T 78T 6.626 x 1024 J's, TARFREEENT 6.022 x 107 mol ',

%@WE‘ $9.109 x 107" kg, TEEEERIL 1.602 x 107 C, HDOHEIF 2998 x 10° m s &5, (Answer the following
questions related to the quantum theory. Use Planck’s constant: 6.626 x 10>* J s, Avogadro constant: 6.022 x 10% mol !, mass of an
electron: 9.109 x 107! kg, elementary charge: 1.602x 107" C, and speed of light: 2.998 x 108 ms™, if needed)

1) &lEt s v AOHFERIL2.14 eV TH 5, HE 300 nm DI X > T S A BFOEE = 3 /LF— L IR S 2315
X, (The work function of metallic cesium is 2.14 eV. Calculate the kinetic energy and the speed of the electron ejected by light with
wavelength of 300 nm.)

2) “JRASFCh DR PC0 DEESEEN BT HLL ORI NI OV TEZ L, (Answer the following questions
about rotational motion of a heteronuclear diatomic molecule, carbon monoxide (2C'°0)).

a) — PR 12C10 1T 50.2 e | ZIRHEDBEAEL T = 12 75 J = 13 ~DEHSERIC L DRI 24>, 2 ]
HREEhOEMET— A > F &R I, (Carbon monoxide (*C'°0) shows far-infrared absorption with a wavenumber of 50.2 cm™!
due to the rotation transition from J= 12 to J= 13, where J represents rotation quantum number. Calculate the moment of inertia of the
molecule.)

b) 2O FOfEAEREERD L, (Calculate the bond length of the molecule.)
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i 3 (Problem3) RJEEMIMRIE2 #td Y £7~ (two sheets for Problem 3)

1. ROFEIADEEORIEDED NG, R T FRZEHR (Answers)
RDDHOEROEEM LY, 72, O, @, Gie> D
WCIIBEHE 238~ X, (Answer the questions by selecting the —
correct chemical species from the combinations given in % (Answer) | H (Reason)
parentheses. The correct chemical species should be given in
the answer column. Answer the reasons for (D, @), and ).

@ (T, V¥, ) FEROHHRKEA A (Which has @

the largest ionic radius?) % (Answer) | B (Reason)

@ (0, O,N) F—A F AR NF—Dic b/t

“Fff  (Which has the smallest first ionization energy?)

@ ( CaCOs, MgCOs, CACO3 ) SIfRIRIED i b W/EL ®

(Which has the lowest decomposition temperature?) % (Answer) | PR (Reason)

@ (La¥, s, Lo*" ) FebA A RONE NS A

(Which has the smallest ionic radius?)

® (Mg, AL St ) 1 AALTRLF—DREHRE N @ ® ® @
Jt3%  (Which has the largest first ionization energy?)

©® (CHa, NH;, CIFs ) & AR E 7{L5FE (Which

has the largest bond angle?) © W ©@ )
@ ( RbI, LiCl, Lil ) K~ORBRED T H @ LAY

(Which has the highest solubility in water?)

(LiF, LiCl, LiBr ) RS HIEV WIE (Which has the
lowest melting point?)

© (K, Ge, Br) EFBURIORHARE VI (Which
has the highest electron affinity?)

(Ni?, zn?*, Cu®', Cut) NEHERL CY— - T T —
EAH% A A (Which ion shows Jahn-Teller distortion
in an octahedral coordination ?)

@ (CFF, ', M) EA L ORI H - T,
i 22 E b= L% —(CFSE) Tl b K& 222 b i
%17 %HA A2 (In an octahedral high spin configuration,
which ion can be more stabilized by obtaining a crystal field
stabilization energy (CFSE)?)

@ (Na, P,N) FEXFEMEEOR B RS ILFE (Which has
the highest electronegativity?)

@ ( BFs ", XeFs, XeF ) “Fiai#EEO L AR (Which has a

planar molecular structure?)

JERIEE DT (a part of periodic table of the elements)

Na | Mg Al

Si

K |C |S|T |V Cr

Ro | St | Y | Zr | Nb

Sn

Cs | Ba H | Ta | W | Re [ Os | Ir | Pt | Au | Hg | Tl

Pb

2. WROREMEFHIEX.  (Explain the following terms.)
1) Ay - s~—s3—HA 7/ (Bom-Haber cycle)

2) v—T IV RT Vv (Madelung potential)

3) Y=k (Sol-gel method)

4) /LA A (Lewis acid)

5) SIS (Isosbestic point)
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HRE 3 (Problem3) #i= (Continued)

3. CO & N [ FFHEELAT D01 T, MEOME
EESETHD, Ll @l Co @
Z 9 3E, ZORH 2R J, (CO and N; are molecules
with an isoelectronic structure, and they have very similar
properties. However, the melting point and the boiling point of
CO are higher than those of N». Answer the reason.)

4. ZrabBEa ) 7 AKLCrOy) & 2 VEEHC04)
TRAREMERIR TS LT CO 384T 5, IRDRNT
&% X, (Potassium dichromate (K;Cr,O7) and oxalic acid
(H2C204) react in a sulfuric acid solution to generate CO..
Answer the following questions.)

1) ZORISEALFROGATTEH, (Represent this reaction

as a balanced chemical equation.)

2) ZORUEST 0186 mol D CO, ZFE ST D DITNETR
KoCnOy DEE: (g) Z3RkO L, 72721, KOy DE/VERE
192942 g mot! & 9%, (Calculate the mass (g) of KoCrOy
required to generate 0.186 mol of CO, The molar mass of
KoCr07is 2942 gmol )

5. 7 TN—HEA LI 3 POTORERE B TS
% 14 FEAOZERIE - TH D, ZOHIS THLIESHE)
DMFE L7V BRH 27 X, (Bravais lattice refers to the 14
different 3-dimensional configurations into which atoms can be
arranged in crystals. Answer the reason why there is no
“face-centered tetragonal lattice” in Bravais lattices.)

6. IEMERIBICISIT 5, & %59k HA ORI BR
L7ZLLFORIWNZE 2 K, (Answer the following questions
related to the solvent extraction of a weak acid, HA under the
standard conditions.)

1)HA O pK, 73 5.0 DA, pH 3.0 OISR IT D
BERE 2515 X, (Calceulate the degree of dissociation in an
aqueous solution at pH 3.0 when the pK, of HA is 5.0.)

2) HA D5 EefEL Kp 137KF & R COE/VIREE DL,
[HA)/[HALw CTH-2 5315, Kps 2.0 DYFEIZpH 1.0 D
HA JKEHRI RO AR ARG LT HA ORI
AT 1256 O %KD I, (The distribution constant,
Kp, of HA is given by the ratio of molar concentrations between
aqueous and organic phases, [HA]/[HA]w. Determine the
fraction of extraction when the solvent extraction of HA is
conducted from an aqueous solution of HA at pH 1.0 with the
equivalent volume of organic phase. Kp of HA is 2.0.)

3) Safidkt D 13UKAH A COB/VIRIEEDH T A 5
N2 HA DWW T OfREET A% %, D % Kp 3 L OTH']
% HWTFA, (Distribution ratio, D, is given by the ratio of
molar concentrations between aqueous and organic phases.
Express D with Kp and [H'].)

4) D & Kp HVELL D5z Tik X, (Describe
the condition where D is equivalent to Kp.)
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