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In publishing answers, “the intent of the questions or multiple or standard examples of answers”

are published for essay-type questions for which no univocal answer can be given.
In addition, one of the correct answers may also be given as an example of a standard answer

for questions other than the essay-type.
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RERE1 (Problem 1) FREFASIZ3 #dh 0 F3 (three sheets for Problem 1)

1. ROMEMOBHBEDET, UTOWEISH L EDL ) 758 WH L0 EIIAE X, LEIEUT, HEAWTHE
v, (Explainhow the compounds in each pair are different with respect to the following properties. Figures may be added if necessary.)

= DR A LA O E O ERE aRART 5, (These questions test basic knowledge of the properties of organic compounds.)
1) BAYERE (acidity) 2) C—N f#&F (C—Nbond length)

F
~LOH  F—h_oOH
F 25 FORSTEET S &~ B U BROISROT0, EOEYITr: C—-N #5EicSE
BTRIWEDIR T v FOBMI, IMERAZELT 20T, AOLEY AR, HOAMITHT C—NREEANEL 725, (Duetoresonance between

NH,
/\/\/\NHQ

DFFHEEEN /25, (The substitution by strongly electron-withdrawing fluorine atoms the lone pair on the nitrogen and the benzene ring, the G-N bond in the compound on the left has
stabilizes the conjugate base, making the compound on the right a stronger acid.) partial double bond character, making it shorter than the G- bond in the compound on the right')
3) IKFALRDHERHE - PN 4) SN2 SUSOEEE (rate of Sx2 reaction) -~ ~~"on -~ "ot

(absolute value of heat of hydrogenation) -

. FEEEN o, L OIZERRHEETHD b T — b Ay 560
HIBEE(V DT, HH SN BKSR(EEOMSHEY, ZOALEBIOTERED {EBHIER, LR KER A A DT 2 EDEEH L ) RsHSE

(L& X /&y, Duetoresonance stabilization, the absolute value of the heat of VY, (The compound on the right, which releases the more stable leaving group tosylate ion
hydmg@aﬁmreleasedissmaﬂerforﬂwommmﬁmﬂwleﬁMforﬁwmmowﬂ due to resonance stabilization, reacts faster than the compound on the left, which releases the
onthe right) Jess stable hydroxide ion.)

2 17T Y TN T a~FFrOVARBI T AT AU TORMWIER L, = FA~e—n
BETHERAIX—F DL %ERT 2L, (Answer the following questions conceming cis- and trans-isomers of 1-chloro-2-
isopropylcyclohexane. When enantiomers exist, draw only one of them.) ZOREEIZ 2 w7 /17w ORFEFHRHETNS . (These questions test basic

knowledge of cycloalkanes.)
1) b7 AMEOE S RIEIRA ABWEE T, 2) VABBIO LTV AGBD EH ORMER X VRED, T

(Draw the most stable chair-conformation for T, BEOLCT, BERAWNTH IV, (Explain which is more stable,
the #rans-isomer.) cis-isomer or trans-isomer. Figures may be added if necessary.)
H
cl FIUARETY, TODBRER L bIZTs T MY TR EDE Z ERTEDN, VART,
P b LhDBBEAWT LY FRERT X1 ¥ MR DD, ARG E Y B35,
H (In the trans-isomer, both substituents can occupy equatorial positions, whereas in the cis-isomer, one of the

substituents must occupy the less stable axial position, making the cis-isomer more stable.)

3) VAEE N URERIZENENF P U AT bRy FET S ) — TR SR DIV AIBERIS O AR O
YR EHET, (Draw the structural formula of the major organic products obtained from the elimination reactions of the cis- and #rans-
isomers with sodium ethoxide in ethanol, respectively.)

T AK (cis-isomer) kT AR (trans-isomer)

3. ROFISOILAYA b B oL Hix, SHREREOBBZHAT L, HEIGCT, HeAnThiny, =7
L F Ao N AR AT DR Z &, (Draw the structural formula of compounds A and B in the following reactions,
and explain the reason for stereoselectivity of the following reaction. Figures may be added if necessary. When enantiomers are formed,
draw only one of them.) ZoffEITE o7k vRLOEREYAMEARR D, (These questions test basic knowledge of hydroboration.)

@CHS BH3 H,0,/NaOH aq A: ':"“CHa B: E:E\‘CHS
A B
o i
BH, CH

F AR R R REILT D £ 91, anti-Markovnikov BIHIZHE D 723, (Because the reaction proceeds via a -t
concerted syn addition, following anti-Markovnikov otientation to avoid steric hindrance in the four-centered transition state --ﬂéHz

WS AT 5 & & bl AT & 5 I OOBRIREE OIS 28T, BRI C‘ Hs
and to stabilize the partial positive charge generated on the carbon, as shown on the right) VIS
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R 1 (Problem 1) #tZ (Continued)

4. ROISICBIT 2 EMOTARY A RSt KEISUT, MREFRS»L X375, =7 Fid~
—ERT ARSI DAETRTZ L, (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.) = ORFREIIAREE RO EREHARRZH D o
(These questions test basic knowledge of organic synthesis.)

1) 3) SN2 reaction
HOOCIH Br, Q Q
H” “COOH CH, NS Ch,
4 CH,OH oM
2
OO 4 NaH Oy CHe 1CH3MgBr
XTI W*( H_{
2. CHy
2.H
3. H,0 20
7 8) Intramolecular aldol condensation
COOCH; " OH
< + T A \@[COOC s 0 l z © excess Brz Br Br
00CH,8 COOCH,3
Br
0 1
) ) ¢ o OCH;, £00C,H;
AICI;, 8 @/ 2 CH:,ONa ©/ Ph3P—CHCOOC2H5

5. BRUREMEAEA T, 7=/ b o7 BET ) -V EBIRIICERRT DS AT — LR TER S X BU
K2 RN T720 . (Complete areaction scheme for the selective synthesis of o-bromophenol from phenol using suitable inorganic
reagents. It is not necessary to show the reaction mechanism.) = (ORI IIFEIR(LAMIOSUGIZ DO\ TERER AR Z R D, (This
question tests basic knowledge about reactions of aromatic compounds.)

OH OH OH OH
H2304 HO5S Bry HO3S Br ©/Br
Hzo
SO4H SOzH

6 ~ITEI—ADSTEZ—HVERT DM TS Y, BT ROBE 2R ERAERRE L AV TR, (Draw
the mechanism using curved arrows, which show the movement of electron pairs, for the production of acetal from acid-catalyzed reaction
ofhemiacetal) = DORREIIE TS OBNE /R HERFEREUEOEFE %/ 5 . (This question tests the understanding of the curved

arrows that show the movement of electron pairs.)

" RGH\ ROT—[\
CH ROG—H \
| CHs | =H,0 || R CHj R CHj CHy || CHg
H 4/ N N . +{ —
RO OH =—=——=| RO-0 —_ e} o—¢ === | RO 5\ == | RO OR
CH, o, M CHs CHj eh, R CH,

T8I (acetal)
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RidE1 (Problem 1) %X (Continued)

7. AFEH10,000, 20,000, FLUN30000 DRFEEENVTORE LILETD, ZORGMOEEI Y TREM, BEEV
By TR My, BLUSHBUELZEIET 2HTCRD L, (The molecules with molecular weights of 10,000, 20,000, and 30,000
were mixed in equal molar amounts. Calculate the number-average molecular weight M, weight-average molecular weight M, and
polydispersity of this mixture to two significant figures.) =R FROBAZER S, (These questions test the understanding of the average molecular weight)
M=20x10"

My=23x10*
Z4YRREE (polydispersity) = 1.2

8. ~"FYAFLUIT I ET OV MEDEMEICLY, 66T 0 hMEOND, OISOV TELTORVNZE
% X, (6,6-Nylon is obtained from the polycondensation of hexamethylenediamine and adipic acid. Answer the following questions on
this reaction)) = ORREITENFAOREEAREZE 5, (These questions test the basic knowledge of polycondenstaion.)
DNABADANFFRAFLUIT I & NgBADT VELEE (NyNe=r,Na<Ne,0<r<1) ZRVTEMRAIZLY 66-71
OUERRLIELE, ~FFAFLUITIVORINENp 0<p<1) Tholcl D, ZOLEIDERKRY v—DET
BIEATE xo B HAREL r & UGS p 2V TERTEEF, (When a 6,6-nylon was synthesized by polycondensation from Na
mol of hexamethylenediamine and Mz mol of adipic acid (Wa/Ns = 7, Na < N, 0 <r < 1), the degree of the reaction of the
hexamethylenediamine was assumed as p (0 <p < 1). Derive the equation indicating the number-average degree of polymerization x, of
the resulting polymer by using » and p.)

FIEAE /<= —43F#X (initial number of monomer molecules): Na + N =Na(1 + 1/r)

FUSEE p (2386 52453 7K (number of molecules at degree of the reaction p): Na(1 —p) + (Vs — Nap) = Na(1 — p) + (Na/r — Nap) =
Na(1—p+ Ur—p)=Na[2(1 —p)+ Vr—1]=Nal2(1 —p) + (1 )]

e AT/ < —23F¥X (initial number of monomer molecules) B Na(1+1/) N 1+r

" RUSEE p \CIIT ARSI TEK (umber ofmolecukes at degreeofthereactionz)  Nal2(1—-p)+(1-rr] — 2n(1-p)+(1-7)

2) DIZEANT, BSTFED 6671 0 #4351 DINERSEMEE D, HiFkEE Titt, (femize two requirements to
obtain a high molecular-weight 6,6-nylon based on 1).)

p & VITEST 5, RIGER EiF5, Bringp closerto 1, or increase the degree of the reaction.)

r & VISESIT3, BT v—DHAREEZE L 5, Bringr closerto 1, or feed both monomers in equimolar amounts.)

3) ~NEYAFLUVT I ET VEVENS T A 0 AEVERT DROSREME, 66T u kT A a LAY
AFIEEFIE L, (Drawthereaction equation in which nylon salt is produced from hexamethylenediamine and adipic acid, and explain
the advantage of synthesizing 6,6-nylon from nylon salt.)

FUG, (reaction equation): NHy(CH2)NHz  + HOCO(CHo4COOH  —  [HaNY(CH2)sNHs][ OCO(CH24COO ]

FUR (advantage): ~F YA F LU VT I LT UV BEEICEENMEALZ L3 TE D, (Hexamethylenediamine and
adipic acid can be fed in equal molar amounts.)

9. LTFOEMMREISC X 0 AERT 2R Y ~—D(LEE R T, (Draw the structural formulas of the polymers obtained from
the following polyaddition reactions. ) = ORFREIZEFINOEHEETEZ R 9, (These questions test the basic knowledge of polyaddition.)

D 2) O

HN-R—NH, .
= by,
: N-R-N-C-N-R -N-—C)—- Orone c”J\:\f"“ H{) %&

OCN—-R'-NCO
O
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M2 (Problem?2) [MREFANL2 ¥dbv =9  (two sheets for Problem 2)

ROBF BT D3 RIS L, (Explain briefly the following terms related to thermodynamics.)

{ ”LL IDFEE (Intent of the question): A A1 ZIZ 3517
understanding of the fundamentals of thermodynamics.)

1) BhEE— (ﬁrst law of thermodynamics)

ASER DR ETHD, M EEIEHL TR
F—FEdEhD » f fl.ﬁ A w, RICHE LB
TgLThE, R0 JI"'l%’-'l'l‘L‘Ef%ib:‘%’“*’fﬁiiﬂfl AU, Ali=g+w L1
%, (Theinternal energy of an isolated system is constant. Heat and work are
both forms of energy transfer. If the work done on the system is w and the
heat transferred to the system is g, the change in the intemal energy of the
system AU is given by Al/=¢g +w.)

IL_.’_J

% HAHIE |

1% ek & BRAE AR 9, (Testing knowledge and

2) v ) —¥A 7 ) (Camot cycle)

ﬁ'l’ru‘h@] 7] ( ‘u’\:;!hmst\ AL LV IR EET
PRAFIF LT, SRR :

i T A O A 4 0B by ljh?,m( sha, fu
TP IIND "\J‘U/J!nnliﬁ’ TR E D, (Atheoretical cycle for examining how to
cﬁxc;emls generate power from flel. It utilizes high-emperature and lou-mnpemun
heat sources and consists of four consecutive changes: sothermal reversible expansion,
adiabatic reversible expansion, isothermal TL’VI.‘}'SH)IL‘ compression, and  adiabatic
reversible compression. Maximum efficiency is determined solely by the temperature of

heat input and output )

3) AT %L (chemical potential) 4) =H (triple point)
f“.l D E BT A TN T AN —D T b, 455 ) Ofsh W ORAL ) 3 FASERE L gl s SRR L FEhD - b
T2 MEEA LI, |3 DRSO o 2 _=l’f’f \L ; ,Lfmi; ﬁ;j:A\#J ,\Lﬁ‘llg 1,@4;%@ Ly.},g;{._ e
ATARNE—ON) | OURRAAE L 105, MIETGIEL, EAFT A pL% FES - WETEZD, ZNLOREEEZ A" LT TE?

llllill Bl

—F0b@, (Thisrefars ial molar Gibbs enerzy of the substances contained in &
mhﬁ:m tﬂkdg}:f:ﬂmﬁ:;ﬁ%mdnm?m‘igg\xﬁif O Lcnmcmwx. and pressure a{ which three different phases of a substance coexist in
of the Giibs enerey of the svstem mlhcmmfuul‘mmum (06 equilibrium, In a phase diagram, this refers to the point where three boundary lines
J when the pressure, temperature, and anmounts of other components jo= (5{)’ . intersect. The triple point of a pure substance occurs af a fixed pressure and temperature

are kept constant For pure substances, itis the molar Gibbs energy ftself) for each substance, and these conditions cannot be changed )

2. 125g DEADAZ J—v (ENER 320 gmol™) % 100 kPa, 298 K 7% 300 kPa, 366K (AL &R & EDT L H L
E—EARRE L, ZHODRFTICRNT, A% ) —/UTEARREL RE L, OB L EEEABER CnlTZh
400791 gem™ & 81.1JK  mol! T—E & 45, (Calculate the change in enthalpy when 125 g of liquid methanol (molar mass, 32.0
g mol™) initially at 100 kPa and 298 K undergoes a change of state to 300 kPa and 366 K. Under these conditions, methanol is assumed to
be in a liquid state, and its density and specific molar heat capacity at constant pressure, Cpm, remain unchanged at 0.791 g cm™ and
81.1 J K™ mol™, respectively.)

HHEEOFE] (Intent of the question):  REE & FE/IMFEIRHTZN L L 7= L X ORRDx L 2 )L 232 B 5 B
Zfi19, (Testing understanding of the enthalpy change of a liquid when temperature and pressure change simultaneously.)

Ans. 21.6kl

3. T7HLY (RVEE 128gmol!) &7V hTEY (BAEE 178gmol) DIEEWI80g B~ 400g (AR
B &, ZORBEOEERL, MlEe~ 2o OBER Q79K) L9 6 070K 8L 2o, ~uBr OBEEG FEkk K
Z51Kkgmo! & LT, BEWNIEENDT 74 Lo OBEERFHFH L, (When 8.0 g of a mixture of naphthalene (molar
mass, 128 g mol™) and anthracene (molar mass, 178 g mol™") was dissolved in 400 g of benzene, the freezing point of the solvent was 0.70
K lower than that of pure benzene (279 K). Calculate the mass of naphthalene in the mixture, given that the freezing-point constant, K, for
benzene is 5.1 K kg mol™.)

HROTEIA (Intentofthe question): JR—THEE] T 2 BHEIAFE T L IRSWIOPIE R & ORYFRIZ OV TERiRA
(Testing understanding of the relationship between the colligative property of freezing point depression and the amount ol
substance in a mixture.)

Ans. 45¢g
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2 (Problem?2) Hi% (Continued)

4.

BRI AL TOMV AL &, 72751, T 7E80T 6,626 X 103 s, TAHRIRERIE 6022108 mol, BF

OBEI 9.109 x 107! kg, BLREEIT 1.602 x 1079 C, HOFHEIE 2998 x 10° m s* 3D, (Answer the following questions
related to the quantum theory. Use the following constants, if needed: Planck constant, 6.626 x 103 J's; Avogadro constant, 6.022 x 10
mol™; mass of an electron, 9.109 x 107! kg; elementary charge, 1.602 x 10 C; speed of Tight, 2.998 x 108 m s

1)

2)

3)

4

5)

b AHEBOHEEER 230eV THD, ZOBITIR 400nm DY ES L7z, (The work finction of a certain metal is
230eV, Light with wavelength of 400 nm is irradiated to this metal.)

@ AFDT + b 1 EN7ZY DT FRAF—ERD X, (Caloulate the energy of one photon.)

(b) HHENBNBETFORSER TRV —%3RKD L, (Calculate the maximum kinetic energy of the photoelectron.)

@497 x107°J=3.10eV
(b)8.00 % 1071 eV =128 X107 ]

EET LN 150 eV OFEFOFE L N« 7oA HR%ERD K, (Calculate the speed and de Broglie wavelength of an
electron with kinetic energy of 150 eV.)

727 %108 ms™
1.00x 10 m

BT OAED 100 pm DTHENE THh>TNWD ET5, TOETOEEEDIRESOp)D TIRZRO L, (Suppose
an electron’s position is measured within an uncertainty of 100 pm, calculate the minimum uncertainty in momentum (Ap).)

528 % 10 5 kgm:s™.

£X 1.00 nm @ 1RTEOFEOTICETHHIAD SN TS, FEKIEL 8 2 FHDRBOT L F—ZaRKD L,
(Calculate the energy gap between the second excited state and the ground state of an electron in a one-dimensional box with length of
1.00 nm.)

301eV

Ay F-ORES H TSN 7 & 72 L, FIOEES00Nm % FAV vCRECRRR & 5 | iR RIBD = r L F—2 2 KD X,
(Consider the bond in H, molecule as a harmonic oscillator. Using a force constant of 500 N m™, calculate the energy gap between
the first excited state and the ground state.)

8.19x 1072].

HIBEOEE : B Tamc B 23R & IS % 1 5, (Measures basic knowledge and application skills of quantum
theory.)
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HEBELE | TR (FFRE 1) AT N
Subject Applied Chemistry | Program

FEFIEE TRE
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A—=M JR=yay
(Smart Innovation)

fild 3 (Problem3) RAEAMKI2 ¥V =3 (twosheets for Problem 3)

1. 2. EEFE LU B 2 5 asg 21
1. RO [] AORIED 5 5, BWTRHL LD
WO 230, 72, O, @Iz oW Tl 2Rk,
(Answer the questions by selecting the correct answer from the
alternatives given in parentheses [ ]. The correct answer should be
given in the answer column. Describe the reasons for (D) and (2).)

@ [SFs, IFs] FEEADREZVMESHE (Which has larger bond
angle?)

@ [0, 0] FEGHEEEN R MEHE (Which has larger bond
length?)

@ MgALOs, MgO, Mg(OHY] Mg A AV 13 b/ N & 74
A AR EROLEZ HNAEAY (Which compound is
assumed to have the smallest ionic radius for Mg** ?)

@ [Ga, Ge, As] B—A A AL RNAF—DFH/INEWE
# (Which has the smallest first ionization energy?)

® [Si, P 8] EFHMAA B/ NSV (Which has the
smallest electron affinity?)

© [S*, CI, KT, Ca¥*] ALV TReh A ARk
T A A (Which has the largest ionic radius with the
coordination number of 6.)

@ [Co*(LS), Co*(HS), Co™(HS)] 1EA L IAREELS) £ /1%
EAEAREEHS) 2 Z B LA, \EFENL R TR
HA ALNFRRDOKE A A (In an octahedral coordination,
which has the largest ionic radius? Consider the difference between
low spin (LS) and high spin (HS) configurations.)

[O.ENe] =Ly R« naunBEREMEE LK
ZU L (Which has the largest electronegativity determined by
Allred and Rochow?)

@ [3s, 3do-y, 3d2 | iAol BALAFTFHGE (Which
atomic orbital has nodal surface consisting of flat planes?)

[Fe*, Co*', Ni¥'] @A B OIEAENAZH T, ik
BEET AN —CRORELRRENEZIT B4
(In a tetrahedral high spin configuration, which ion is the most
stabilized by obtaining a crystal field stabilization energy?)

@ [Na', Mg¥, AP AKFic LW IRkbEERLT B A A
(Which ion is the most stabilized by hydration?)

JEEAFZO—, (a part of periodic table of the elements)

Na [ Mg Al | & | P

K |C|S |Ti |V |Cr [Mn|Fe |Co|Ni |Cu|[Zn [Ga | Ge| As
Rb| S | Y [Zr |[Nb |[Mo|Te |Ru|Rh |[Pd |[Ag |Cd |[In Sn | Sb
Cs | Ba Hf |Ta |W |[Re |Os |Ir | Pt [Au [Hg |TI Pb | Bi

) IR, Questions testing basic knowledge of inorganic and analytical chemistry.

FREEHR (Answers)
@
& (Answer) | ZBH (Reason) 7
SFe IF5 11 {847 lone paii: DRV VZEf A ]"il\/i{)
Z L CIES I HER, + STORGEF
Mok n/h&E<L f;:é SFs [ ZIE\ AR TH
D, wEEAI30
@
% (Answer) | EEHH (Reason)
B Oy 1% Oy DG (?HMEPM [ 2 1L 751
ﬂ' i) .|} 55 fa !L | i' Liu.’i BN, 'fm 1 u’\j.)(
15 LY ST R 22D,
© @ ® ® @
MgALO; Ga P §? Co*'(HS)
@ @
Ne 361’_&;3—}'3 CO3 i 5&13 §

2. IROFERZHIARE J, (Explain the following terms.)
1) BB XM (intrinsic defects)

AP B R T T EET D KR
2) 7=/ I (Fermi level)

B MEICEWT, BV HEREICE
TEFOEAREEN 12 LA LF—,

3) % U OEKFEMERE (Mulliken electronegativity)

A A AL RN — L BT ﬁ&fnnw{ﬁﬁu L e LC
Mulliken 23EZ L7-EBSEMEO = &,

4) 7 VESIKE) (gel electrophoresis)
T b (BRE "3*’//\'/'{{@“) %, A

MLz Fa A Lchofihs
LT,
5) JRT-HJBEEE (atomic force microscope (AFM))

RIS THRE

FetHEAE ﬁ{_‘ilﬂhqﬁfi TARHIA U A58 & FmR T
”i’“ﬁ 516 LSIEEFEAICL Y, RBERmOMGEZE
ﬁ'j!ET-{
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HERELE | SRR (EMRR 1D =TT (App%édﬁﬁé]?? ) ZERE S
Subject Applied Chemistry T Program sy //\?_11;5;13 Examinee’s Number | M
(Smart Innovation)
fHRE3 (Problem3) FREAMNE2 bV E two sheets for Problem 3

1. 2. 2SR UM LA RE S A EaRskmsA i 5 A, Questions testing basic knowledge of inorganic and analytical chemistry.

1. ROFEHL [1 AOBRBD S 5, BWTRDDbDZE
BURRE TR, E£/2, ©, @2 oW TRl 2t~ &,
(Answer the questions by selecting the correct answer from the
alternatives given in parentheses [ ]. The comrect answer should be
given in the answer column. Describe the reasons for (D and 2))

D [SFs, IFs] fEAAHRKEMEFFE (Which has larger bond
angle?)

@ [0y, 0r7] FEATEEES R MEFE (Which has larger bond
length?)

® [MgALOs, MgO, Mg(OH),] Mg A A v 03 b/ & 7oA
AR EROLEZ LILHLEY (Which compound is
assumed to have the smallest ionic radius for Mg?*" ?)

@ [Ga, Ge, As] B—A A ALTRAF—DEH/NSWIT
3 (Which has the smallest first ionization energy?)

® [Si, B, S] ETHAS M EH/NS VI (Which has the
smallest electron affinity?)

® [S*, CI', K*, Ca?] ANV The b A A A4EDK
X U A A2 (Which has the largest onic radius with the
coordination number of 6.)

@ [Co*(LS), Co*(HS), Co**(HS)] 1A L ARRELS) £ 7213
EA P IRREHS) 2R UT-EA, \EABNLTIRY VT
B A A AEEDOK XA A (In an octahedral coordination,
which has the largest ionic radius? Consider the difference between
low spin (LS) and high spin (HS) configurations.)

[O,ENe] AL |+ b ayOEKEHERR bR
X\ Ji# (Which has the largest electronegativity determined by
Alired and Rochow?)

@ [3s, 3dkay2, 3de | ERIASFERH HALD IR FHEE (Which
atomic orbital has nodal surface consisting of flat planes?)

[Fe*, Co?", Ni?*] A B OUEAENLZH - T, Fdd
BRETANF—CRORERREERIT DA A
(In a tetrahedral high spin configuration, which ion is the most
stabilized by obtaining a crystal field stabilization energy?)

@ [Nat, Mg, AP AKFIIC X D b RET 214 4
(Which ion is the most stabilized by hydration?)

JEIEAERD—EF (apart of periodic table of the elements)

Na | Mg Al |silp
K (Ca|S [Ti |V |Cr |Mn{Fe |Co|Ni |Cu|Zn {Ga | Ge|As
Rbi{S |Y |Zr I[Nb |[Mo|Te |Ru |Rh | Pd [Ag |Cd {In Sn | Sb
Cs { Ba Hf [Ta |W |[Re |Os |Ir [Pt |Au {Hg |TI | Pb | Bi

fFEHN (Answers)
@
% (Answer) | BEH (Reason)
SFe 1Fs is distorted square pyramidal since it has a lone
pair that occupies larger space than bonding pair.
Bond angle of SFs equals exact 90°
@
% (Answer) | B (Reason)
Oy Because Oy is generated by adding one electron
to an antibonding orbital (2p*) of O..
©) @ ® ® @
MgAbLO4 Ga P s+ Co*(HS)
©) ® @
Ne 3dx2—y2 COZ+ Al'%

2. WOFEMZHIAE X, (Explain the following terms.)

1) EE XM (intrinsic defects)
Defects that inevitably exist in a thermodynamic equilibrium
state within a crystal.

2) 7 /LI MENL (Fermi level)
The energy level at which the electron occupancy probability
is 1/2 in the thermodynamic equilibrium state of a solid's band
structure.

3) <V L OBESKPRMEE (Mulliken electronegativity)

The electronegativity defined by Mulliken as the arithmetic
mean of ionization energy and electron affinity.

4) FNESVKE (gel electrophoresis)
A technique for separating charged molecules (such as nucleic
acids and proteins) based on differences in their mobility
within a hydrogel under an applied electric field.

5) JEFE/I9#48S (atomic force microscope (AFM))

A measurement technique for observing the surface structure
of a sample by utilizing attractive or repulsive forces between
a probe and surface atoms as the probe approaches the sample
surface.
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&3 (Problem3) %tZx (Continued)

3. ROSCEEFA, LATFD 1)& 2)DORWTEZ L. (Read
the following text and answer questions of 1) and 2).)

FrEZTRIAINMAR( O YTHEITVE=T N
AR @ YTHBERILVWN @ WA LiAewTh
D, ( @ YOCCER%E B-NREECTEIMIAHEE
&%, (Ammonia borane is a compound formed with ammonia,
whichactsasaLewis( (D ),and borane, which acts as a Lewis
( @ )bythe( @ )bond.Ithasan isostructure in which the
C—Cbondof( @ )isreplaced by aB-N bond.)

1) XEFODO~DIZH TITE DRI RFFNEE L
(Answer the most appropriate word that fits each of inthe
fext)

@ #HE (base) @ B (acid)

® Er (coordination) @ x> (ethane)
2) 7rE=TART O B-H AL N-H aDREE
el &, EHLRRVONNIOWVT, TOXIITRHE
HE &bz 2 X, (Answer which bond is longer, the B-H
bond or the N—H bond in ammonia borane, along with the reason.)
B-N (- CRRGS ST T 5 & B PEERFEH0, N SEBRE#U5, ZORE HE
DIEFES L BEET, N IEEETRE L0 & It BINEETHR LY
BIEFHIL 2D, FORE, BHESGOEIBRN-HFEELVEL 2D,
{When a coordinate bond is formed between B and N, B acquires a negative charge while N acquires a
positive charge. As a tesult, when forming a covalent band with H, N tends to atract the shared electron
petir miore easily, whereas B tends to attract the shared electron pair less easily. Consequently, the B-H
bond becomes longer then the N-Fbond.)

(HREDRE] (Lba e B DB R 2,

[Intention of problem} s intended to check the understanding of chemical bonding, etc.

4. RO ay~)ALEMD 5D, BB L72>T0D
TREET LAY E T TR, (Ofthe following compounds
ayj), answer all the compounds that contain element(s) with
oxidation number of +3.)

a)AlF;  b)GaCh c)PbBr d)Tlh

MmO; ) SITaON
9LaTION hKMnOs i)[PICL(NHs),]  j)Fey[Fe(CN)eh
[HREDE) TEROB IR B D3R A TR 5,
[Intention of problem] Itis imtended to check the undesstanding of the oxidation states of elements.

a, b) e, g, J

5. ZuX(Cr) (Z=24)D 4s BFIHT B EEER Za)
EAL—F—RIc X o THER X, (Calculate the effective
nuclear charge (Zeg) for the 4s electron(s) of chromium (Cr) (Z =

24) using Slater’s rules.)
Cr DEFSRIEOETFEIENL (15729 2pYB3sfGpf3dy@ds)
7D, Za=240—(035x0+085x13+10x10)=295
(The ground state electron configuration of Cris  (IsP(2sP(2pYB3sF(3pf(3d)(ds).
Therefore, Zg=24.0 - (035%0+0.85x13 + 1.0x10)=295)
[HREDER] FeROBTFEE 2 O A MEER RO BT DR A REET B,
[Intenion of problem] It is infended to check the understanding of how to detenmine the electron
configuration and effective mclear charge of elements.

dm 2355, 1.0 x 108 mol D HA Z¥AfR S8 7-BAMVAIR
(T LT DR ZIMA THE Lic, BRERED 1.0 %102
cm® CEALEZEEZO pH £k X, 72720, BEITHK
HFDA]=50x 108 mol dm>® THEL D HD LT 5, (A
monochromatic indicator, HA, which is a weak acid with an acid
dissociation constant Kuga = 2.0 x 10%moldm™, is used. A
quantity of 1.0 x 10" mol of HA is dissolved in an acidic solution,
and the solution is titrated by adding a base. Calculate the pH at the
point when the solution changes color, given that the total volume
is 1.0 x 10% cm’. Assume that the color change occurs when the
concentration of A~ in the solution reaches 5.0 x 109 mol dm™.)

pH9.7

HIRERIX : pH HEREEDIFUE L SN B3 5 By 0%
Z 75 D HAR BE % ) % (Testing the understanding of the
principles and equilibrium concepts behind pH indicators.)

7 EFERIE HXERREEE Kux=2.0x 10~ mol dm)id:
[XVHX]OEDS 0.1~10 OFEFAE & 5 & &, IRPO pHIZ
5 CTEMR & T T 5, ZORBRE pH OfETRE,
(A dichromatic indicator HX (acid dissociation constant Kyx=2.0
x 107* mol dm™) gradually changes color depending on the pH of
the solution when the ratio X J[HX] is in the range of 0.1 to 10.
Answer the pH range over which this color change occurs.)

27=pH=47
HIBEEI - pH FRBE R & SN2 B84 A AN 28

Z 5 D PR FE % H) % (Testing the understanding of the
principles and equilibrium concepts behind pH indicators.)
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MERE1 (Problem 1) FSRERNNII3 #dh ¥ £3  (three sheets for Problem 1)

1. _RUPUEFHBEMELE LT, UTOAMEART ASEFER S X, (Complete the reaction schemes for the
following compounds, using benzene as a starting material.) = o5 ABORISII B4 5, (This quesion ess knowledge o the raction of aromafc compounds)

D C2H5COCI Zn/H Fuming HySO, SO.H
: /\D/ 3
© i HCl

AICl,

2) ;

© _HNOg ©N02 SnCl, NH; 2 QNHzNaNoz K
H2804 @ NaHCO3| |

2. TILENEEDEN 5L D RIS OVT, LFORIWZE R X, (Answerthe following questions about the reactions involving
rearrangement of alkyl groups.) = oRREL7 /L3 BOlEiR k> FISOREE 5. (This question tests knowledge of e reactions involving alkyl group reamangement)

) S a~Fi ) UINEREERL DRISTe- 71T 7 NATEBRENDRIGOWEE ., BT OB 2R HRAR
SR BV THET, (Draw the mechanism using curved arrows, which show the movement of electron pairs, for the reaction from

cyclohexanone and perbenzoic acid to e-caprolactone.)

—H+ Q O Q —_—
Q +H* -PhcO,O
Q — He J\Ph : W/ ? o
R 0@
H-9 N

2) TEFAT YR (CHCONy) DIIBREERARIT, DI, TREFAT YV RBAFIA YT F—F (CHNCO) T4
XA RSOBES, BFrI0BhE 2R SRAIERGIEL VY THET, (Draw the resonance form of acetyl azide (CH;CONG).
Draw the mechanism using curved arrows, which show the movement of electron pairs, for the reaction from acetyl azide to methyl

isocyanate (CHINCO).)
e (resonance form) UK (reaction mechanism)
N=N=N N—N=N > EN -N
\ﬂ/ @0 JO ® \n/ —2. “N=C=0
0] o) 0]

3. UFIChTEES, HFR CHio TRENALAYOBEREHIT, = FAv—2MHET BRI DORETR
4Z &, (Draw the structural formula of the compound with the molecular formula of CsHio that corresponds to each following
information. When enantiomers exist, draw only one of them.) =Bz ASOHRERECRTT AR ),

1) NEAEEZ TR EEY (optically active compound(s))  (Tris question ests knowiedsge of stuciural ideificaion of oganic componds)

2) HNMR (28T TRk 7 MEZTRH LAY (compounds giving the following chemical shifts in the 'HNMR)

(@ 'HNMR: 6= 1.51 (10H, s) ppm () 'THNMR: 6=5.19 (1H, g), 1.68 (3H, 5), 1.60 (3H, s), 1.56 (3H, d) ppm
D 2@ L)

& O g
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fRE1 (Problem 1) $i% (Continued)
4. FROBER-EB-2Y) a—h v 7V VRIS L H—BRETF T = OERITHOVT, ELFORIWNZE R X, 723,

RIIBHE, Xidvsy, LEERE HI2RVENLF LT D, (Answer the following questions regarding the synthesis of
the mono-substituted bithiophene using the Kumada—Tamao—Corriu cross-coupling reaction shown below. “R” is a substituent, “X” is a
halogen, “L.” is a ligand having no formal charge.)

v o [Hx ——— 1 at = ORGS0 AT 7Y Y RIEORRERS
S - g N (These questions test knowledge of cross-coupling reactions.)

1) O~@n_ NI bEgI A ERATA L, SFORMBY 1 7 VAFREEE, ¥z, a~c® () PITRTITA
OFRER(E, A~C D [ ] NICBBOSDEEENZET,  (Complete the catalytic cycle of the reaction shown below
by drawing a structural formula in the square blanks (D). Give the formal oxidation states of nickel and the name of elementary reactions

in the parentheses a—c and square brackets A—C, respectively.)

@wg @H D
[C SETTHOR ] L,Pd [A B{urfthn ]
® o~ (o) @
fo )| L b e )
LnNi\X

S [B rSYAXS AL ]

@ ©)
MgBrX | N MgBr
-

2) NaFACTF AT = OBSEE R BT AFNEE = N AEOSE, EROIEENSEDITE S HO5E), B
& EBIZE % L, (Whenthe substituent R of halogenated thiophene is an alkyl group or anitrile group, which case yields a higher product
yield? Also explain the reason.)

B (substituent) : 7 /LS5 /L2 (alkyl group)

P (reason) : = U AEDBE, A~ R0 MEAWH= N Y NVEERIZHR T DRIRISHEZ D,  (In the case of
nitrile groups, the organomagnesium compound attacks the nitrile group nucleophilically.)

3) 2) CARRMIOIEINEL 725 L EZ DNDEEITIVT, ARWONEL [ LS 5720 THREZ 1 -7, Bz
fRIZERBAE &, (Inthe case where the product yield is expected to be lower in 2), propose one modification to the reaction or reaction
conditions that could improve the product yield. Also explain the reason briefly.)

TR (modification) . HH~ 7R U MEEWEAHHEEMEEMITER %, (Change the organomagnesium compound to an
organozinc compound.)

PR (reason) : AREHENMEAMIIER~ 73 U MEEY L O KEEESEL, = MU AZTREEER LI <25,
(Organozinc compounds are less nucleophilic than organomagnesium compounds and are less likely to attack the nitrile group
nucleophilically.)

4 N ACFFT 2Dy X B33 VREEROKE, ERMONENIER DI ELLOEE), Bl b
&% X, (When the halogen X of halogenated thiophene is an iodine atom or a chlorine atom, which case yields a higher product yield?
Also explain the reason.)

"1/ (halogen) . = V3 (iodine)

FER (reason) C- FEADFHR C-ClFEA X VI, 3 U{tiE AV 0 LT ASE T L0y, (Since the CHI
bond is weaker than the C-Cl bond, oxidative addition is more likely to proceed with iodide.)
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f3RE1 (Problem 1) #¢% (Continued)

5. AFLUOEAIZOVT, LATORVNZEZ L, (Answer the following questions on the polymerization of styrene.)

1) BERE LTT Y ERA YT Fu= kY (AIBN) ZRVVERATF L OERIZIIT DBEARIG & RIS DRISE
HiF, (Draw the initiation and propagation reaction equations in the potymerization of styrene using azobis(isobutyronitrile) (AIBN) as an
initiator,) ZOREILT DANEEDRICHEHIEIZEET 55R% R 5, (This question tests knowledge of the reaction mechanism of radical polymerization.)

BALAIUL (initiation reaction) Ak (propagation reaction)

N X —» o NC_ 4+ N, NC mf\ NC ) ~ 0 .
SNTCN ot N Sy — NS . -
R AT X +
$AENT2 < CH T (Curved arrows are not necessary.) O O

2) UFDOAF L OERITY B 7WNHETT D, £ OEMAAERIZHIAE X, (The following polymerization of styrene
proceeds in a living manner. Briefly explain the reason.) ZORERITY v/ BT AR A T 5,
(This question tests understanding of living polymerization.)

. Br N A
R— > MEPTHNIEEREIC Y,
. —_— Bry/Li
Cu(lBriLigand + 6 ~—> CulnBrpligand + 6 O b FOBENIEEEL BIE R HIZ HRBT0,

(Ligand : B3{ZF) (This is because the dormant species reversibly transforms into the active species,
maintaining an extremely low concentration and thereby suppressing side reactions.)

3) k52 & QOEEICOWT, ADZF7 1) 2 ¢
)& 22, FRENAF LU ORISR (r o 3 m g
) (TR LTAERT BRI AF LDy RE - ® 8
S o S o
TROBREZMT, Oraw the relationship ) = DE=
between the conversion of styrene and the w g P 8
molecular weight of the resulting polystyrene for 2 b 2 b
< © =)
the above polymerizations 1) and 2) in graphs 1) ﬁ 2 ;ﬁ 2
and 2) on the right, respectively.) ﬁ g ﬁ g
ZORRETY b BT REMRA RO, s ZFL Y ORIGE % AF L > DORIGE
E (conversion of styrene) E (conversion of styrene)

(This question tests understanding of living polymerization.)
4) LI )R QDEAIT 14 PR BUERINLE & AT B RO OB E RITGE~ X, (Briefly
describe the structural characteristics of the polymer obtained when 1,4-divinylbenzene is added to the above polymerizations in 1) and 2).)

T ORI FOBEC BT 2 aRE R O, SSIRESIERE L H T 5.
(This question tests knowledge of polymer structure.) (The polymer has branched and cross-linked structures.)

5) LIFDE 7 <=—nDenpd, FE 1) & NTRTES & ERROBE CIIEMES Lianb0r ZoE0, OTHY, (Select
two monomers from the list below that cannot undergo homopolymerization by similar mechanisms used in the above polymerizations 1)
and 2) and circle them.)

O
3? :}_ :? Y Z ORIEE )+ — DT A EE ORI 5 SRR,
O): o LN (This question tests knowledge of monomer reactivity in radical polymerization.)
O

NH,

6. BT TR EFND TREEET 2 HEEENEI—27 DT &, (Giveonemethod formeasuring the absolute
molecular weight and one method for measuring the relative molecular weight of polymers.)

#ox4y 1B (absolute molecular weight) FEXRF5r B (relative molecular weight)
NMR, FHHDCHEL (static light scattering), MALDI-MS, A ZPgs v~ + 7T 7 4 — (size exclusion chromatography, SEC),
BABE (osmometry) FEE (viscometry), BIFUERKEL (dynamic light scattering)

Z ORREIES T OSFROBEFEC BT 55584 5, (This question tests knowledge of methods for determining the molecular weight of polymers.)
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2 (Problem2) FREHIMEIE3 #d Y F3 (three sheets for Problem 2)

1. HHHRRUSH, 300K TIE24 43T, 380K TX20 0T, THEN25%5E 715, ZORISOEH LT R LF—
ZROL, 12720, HERF A TR L 5T —EThHY, TREE R=831JK ' mol! &%, (A decomposition reaction
is 25 % complete in 24 min at 300 K and in 2.0 min at 380 K. Estimate the activation energy of the decomposition reaction. The
frequency factor 4 is constant in any temperature. Use the gas constant R=8.31 J K™ mol™, if needed.)

[f7245] [Example answer])
29 kJ mol™

(D] [Intention of the question]
AREOERE, 7 L= AORCESWTUEEREEZ R TE TV EMERIWEZ L Th A,
The intention of this question is to see understanding chemical reactions based on Arrhenius equation.

2. BUE (A+B — P) 320505 (A, BICKT D0GKEILE BIC1) Tha, HIETA]=0.060 mol dm & HHEHE
[B] =0.090 mol dm= DIEGERZ UG STz, 1.0 RifiE, A OBEEA 0010 mol dn i) LT, ()2 OFUSOEEE
HEOIFERE A B5L0B O RD L, (Areaction, A +B — P, is second-order kinetics. Both the reactants A and
B have a partial order of 1. The mixture of initial concentrations of [A] = 0.060 mol dm™ and [B] = 0.090 mol dm was reacted. A fer
1.0 h, the concentration of A decreased to 0.010 mol dm™. Estimate (a) the rate constant and (b) the half-life time of reactants A and B.)

[F#A] [Example answer)
(a)
9.1 x 103 dm’mol™' 57!

(b)
n(A)=1.1%10s
H1a(B)=25x%10%s

[HiEDFEH] [Intention of the question)
2 FOWED 2 REISEERE IR L T OSHEHI S = L Th A,
The intention of this question is to see understanding second-order kinetics for two different substances.
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f&E2 (Problem?2) #iZ (Continued)

3. EFERICEIT AL T osEAI 2 HBU AR L, (Explain the following terms related to the quantum theory clearly.)
1) BLEITEL (orbital approximation)
2) 237V OPHtEIE (Pauli exclusion principle)
3) EFHUN/) (electron affinity)
fEs

) #EFHRESOEEE EELTWAEEZ B LICES T, BRI SV TORBMRE LB EONOLRETHZE, (A
reasonable first approximation to the exact wavefimction is obtained by assuming that each electron occupies its own orbital.)

2) HBEEII2 DIV ENETFHINETE T, bL2ODOBETH | DOEEE HHT 50, ZHODOAL AIRTATIC 8-> T Ve TUdebiz
V", (No more than two electrons may occupy any given orbital, and if two do occupy one orbital, then their spins must be anti-paraliel.)

3) BFEFNL, MHIRTFH 1 EOBTFESHT BB MHHSN A =R —EHE T, 72U, S F-PERREI L CHOREROBESEL T
FSIATEDND,  (Electron affinity generally refers to the energy released when an atom gains one electron. However, the term can also be applied to
molecules and solid surfaces in a broader context.)

HEEEE

AN TFHREED TR RN R B TR BAFRE OV, TOENE ELEEL COA) 2 HER T2,

(It is intended to check the understanding of basic terms in quantum theory that are essential for understanding molecular structure.)
4. UTFoRZ: BFES, a: R—T¥48 (5292x 101 m), r: T OETETOMRE TREINOKREF T OKE
BIET) D 1s WEBEOREREL (ps) (T DLLTORMNNCEREGT 3 HTTEZ L. (Answer the following questions to three
significant figures reganding the wavefunction of the 1s orbital (y1s) of a hydrogen-like (hydrogenic) atom, given by the following equation.
Here, Z is the atomic number, ap is the Bohr radius (5.292 x 10! m), and r is the distance of the electron from the nucleus.)

3 \1/2
= Z_ e—Zr/aO
Yis nag?

WL FORES AR E FVTh IV Y, (Use the following integral formula, if needed.)

ni
n,—ax —
f x"e dx—a"“

0
1) PRV TE T BN DHERIGE CR BN AT T-D O ERESE) D3BRIED 50 %l72 ¥ EERE R L, (For F¥, answer
the radius at which the electron probability density (i.¢., the probability per unit volume) is 50 % of its maximum value.)

2) LD YRR (K B HRRHI) %52 I (Answer the mean radius (i.e., the expectation value of the radius) of Li*".)

fEEH
1)2.04 % 1072 [m] =2.04 [pm]

2)2.65 x 1071 [m] =26.5 [pm]

HEEE ]

Sy TSR TR 5 ORI, KFRIR T 1s BLRBICET D EE R (FERE R - D) [T OV TOEYR-FHE
TR T Do

(It is intended to check the understanding and calculation skills regarding key quantities (probability density and mean radius) of the 1s
orbital in hydrogen-like (hydrogenic) atoms, which are fundamental to understanding molecular structure.)
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REEH2 (Problem?2) #iZx (Continued)

5. BTLFEHEIC LV ASFOVEREL A THESUTOL SIBoN, R 1 KT ORTAIER (Table 1

% 1 CIRTRIEE, R 2 AN THRE IR SR TREORIREn, | Nuder oo ofwaer moeco
CVVB, SIFORRNCHRBICE % &, (Theequilibrium siruchureandmolecularorbils ot 5% R e)

of water molecule were obtained by quantum chemical calculation. Tables 1 and 2 show the 0 00 0.0 127
nuclear coordinates and the coefficients of atomic orbitals for each molecular orbital, Ha 00 758 508
Hp 00 758 -508

respectively. Answer the following questions briefly.)
# 2 Ko+ OoFEE ((pr(py) FHERR S BT EE DIREK (Table 2 Coefficients of atomic orbitals for molecular

orbitals (¢ — @) of water molecule)

B JFFEuE ® @ @3 A ®s P @7

(atom)  (atomicorbital)  (-202514)  (-1.2577) (<0.5942) (—0.4596) (03926 0.5822) (0.69350)
0 Is 099421 —023375 0.00000 —0.10404 0.00000 ~0.12593 0.00000
0 2 0.02586 0.84425 0.00000 053822 0.00000 082123 0.00000
0 2px 0.00000 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000
0 2py 0.00000 0.00000 061259 0.00000 0.00000 0.00000 0.96030
0 2p- —000417 —0.12298 0.00000 0.75620 0.00000 —0.76327 0.00000
Ha Is —0.00559 0.15565 044916 —029482 0.00000 —0.76964 ~0.81506
Hs Is —0.00559 0.15565 044916 —029482 0.00000 —0.76964 0.81506

7 v AOPIEGETAAX— (Hartree), (Orbital energies (Hartroe) are in parentheses.)
TKSEET(Ha, Ha)l 158 1 OFFAEEE T 5, (The hydrogen atoms (Ha and Ha) correspond to the nuclear coordinates in Table 1)
HIEEDER « /3 THEEOEERI OV TR D
Purpose of problem: Problem to ask the basic understanding of molecular orbital method.
D) KATFOLTHEQ, ~0)D 5 b, EEthEEEHOMO) & BERZSHBECUMON T DHIEZE X &, (Answer the
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) in the molecular orbitals (@1 — ¢7) of

water molecule.)
HOMO ( 95 ) LUMO ( ¢ )

2) Koopmans DEBUZ LB &, A A ALRT L% /UIP)iZ HOMO D=FAX—D#ffE, P = -EHOMO) TRIH
B, KSFOPEV)ZEERE X, 728, 1Hartree=2721eV &35, (According to the Koopmans’ theorem, ionization potential
(IP) is defined by the reverse sign of energy of HOMO, IP = -E(HOMO). Calculate the IP (€V) of water molecule. Use 1 Hartree =27.21
eV, if needed. )

10.68eV
3) Y 7 Mk VR E LSS FINEE TIORT, ST 20 Tl ~e) &AL, 2B, SFHEL O+,
—IARDEY VEF T, (Bach molecular orbital visualized by a drawing software is given below. Answer the corresponding molecular
orbitals (¢; — @;). The +and —signs near molecular orbitals indicate the difference in phase.)

+ +\ . e + — +

+

,A J 2 J
ks i + 2

(%) () (¥s ) (?2) (7)) (?3) ( ¢5)
4) FKEYFIE Cu BECOYEES NG, FEIEREE HITHE, DTS THE 3R 3Gy DIRfFEER (Table3 Character table of C)
OXIFMEERE % X, (Water molecule is categorized as Cy group. Answer the Cov E CD) _ olm) oy

symmetry of following molecular orbitals based on the character table (Table 3).) jl i i i i
, ., _

1

1

P2 (@) @ () @(@ ) s (bi) o o0
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i3 (Problem3) RHREBHGL3 #4d V) F9~  (Three sheets for Problem 3)
HEATEEERREORRR A 9 [HRE, Questions testing knowledge of basic crystal structures.

1. E1iXZnS D TASIiE & HREREE R LTNWD, KT
EHIY, a=0382nm,c=0.626nm TH5D, ROMIZEZ X, (Figure
shows the crystal structure of a hexagonal polymorph of zinc sulfide ZnS. The
lattice constants are a=0.382 nm, ¢ = 0.626 nm. Answer the questions below.)

1) S FFOREIIH HREFSHEE BB bivs, £OREDA
AiiZ&7& % L. (The lattice of S atom is correlated with a close packing structure.
Answer the name of the close packing structure.)

ANITECETCIEMGE  hexagonal close packing

2) ZOREREOAFIAEZ L, (Answer the name of crystal structure of
this polymorph of ZnS.)

TGRS wurtzite structure
3) ZOREaRIE Gl SAMELEAILE Zt i hHT5, 3T . T ——
DIWEHILD 5 5 Ze R EE LT ABEEE % L. (2 occupy 1. ZnS D— DB

tetrahedral holes formed by S*". Answer the ratio of tetrahedral holes whichare ~ (Figure 1. Crystal structure of a polymorph of ZnS.)

occupied by Zn**.) g s 2

4) ZO ZnS FEGOEEA Y X, Zn, S OBNERITFN I 654,32.1 gmol™ &%, (Caleulate the density of this ZnS
crystal. Molar masses of Zn and S are 65.4 and 32.1 g mol™, respectively.)

409gcm™

5) CuKa (BR0.154nm) ZMVTIO ZnS FEOMR X SEPTERET S L&, #5002 BLU 110 DEHTOTZ >
75 0 ZFHEE L, (When X-ray powder diffraction pattern of the ZnS crystal is measured by using Cu Ka radiation (wavelength 0.154
nm), calculate the Bragg angles € for the reflections with indices 002 and 110.)

002 (22T, f=142deg 110 IZ2VWT, #=238deg .
For002,6=142deg. For110,0=23.8 deg.

Y ST BT 2 B A O R
Questions testing basic knowledge about analysis of samples containing inorganic moieties,

2. ARGy L WA E ST ES BRI 7 N R A SRR SR IRER  (IG-DTA) T Lick 25, BRI
Dt RRS, HEERD A D REEIS, EEAbA DR RESENBIHIS L, b 3 DOBIRDEZSD
fERaab~L, 72721, MEFFEROMEA A L L CRRZER A V2 &%, (When an amorphous metal oxide gel sample
containing organic moieties and adsorbed water was measured with thermogravimetry-differential thermal analysis (TG-DTA), an
endothermic event with a mass decrease, an exothermic event with a mass decrease, and an exothermic event without mass change were
observed. Describe possible interpretations for these three events. Assume that dry air was used as the flow gas.)

BRI 2R ) WIS - WK O, BRI DA D RIS « RO ORRE,
Z

ERE( LR DR JERSRES: | IEREI ORI, ERERTE S,

Possible interpretations are as follows:
the endothermic event with a mass decrease : desorption of water molecules, the exothermic event with a mass decrease :

combustion of organic moieties, and the exothermic event without mass change: crystallization of amorphous moieties.
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&3 (Problem3) #E& (Continued)

3. KoMnOy & KMnOy i3 ENEFURTRKER L BREEEDKIZSIS2BRCTH 5, KoMnOy ZIKICIRD YT LSRN E 725,
COWRICBEMZD L EDOL I RBAEBEZ 202 HBAT L, 2770, EEBLEMNE E° L LT,
MnO; +e — MnOZ :E°=+0.56V, MnOgZ +4H'+2¢~ — MnOy+2H,0: EP=+226V 73, (KoMnO4 and KMnQy are
solids that are easily soluble in water, and dark green and deep purple, respectively. When KsMnOQs is dissolved in water, it forms a green
solution. Predict what phenomena will occur when an acid is added to this solution. MnOs~ + &~ — MnO4#™ : E° = +0.56 V,
MnOg# +4H'+2e~ — MnOp+2H;0 : E°=+2.26 V, where E° is standard reduction potential.)
MnOy +& — MnO# %D, MaO# +4H" +2e — MnOp+ 2HO 2@L4 5 L, BRUSRTEN P AEICAS G THISESE,, P AEChS ORI E SEs R et
B, BENICHE, ABEPOMIOS D5 h, —FHEMO ISR SN TEH PR, 0 I MOCEbEh, EiRORISTRERIZEDS,
(If“MnQy +e& — MnO# ™ is designated as reaction (1) and “MnQ¢ +4H* +2¢ — MnOy+ 2H:0" is designated as reaction (2), then in reaction (2), where the standard reduction potential £ is significantly positive,
the reaction proceeds to the right. In contrast, in reaction (1), where /°is slightly positive, the reaction proceeds to the left and undergoes dispropartionation. Specifically, in the aqueous solution, some of the MnQ? isreduced
10 MnOy, resulfing in the precipitation of solid, while the remained MO is oxidized to MOy, causing the color of he solution to change to redklish-purple:)

[HiEEOEE] HAsBemirofiid b Lic, BEETUSOETAHERN 2 = Lo\ TOBRBEEA R T 5,

[intention of problem] 1tis intended to check the understanding of predicting the progression of redon reactions based on the vahues of tandard reduction potentials,

4. KD a), YOAHOSEAT T ) \ﬁﬁ:ﬁﬁ&ﬁﬁ%ﬁ?&; %, FIVENRE Y 9 5 2 S>ORMEOSI RS IR L,
B ROFEREZO~@©h 51%~, (The complexes named in a) and b) both have an octahedral six-coordination structure, lustrate the

stereostructures of the two isomers for each and select the type of isomer from 0—®).)
© A A AFEE (onization isomer) @ H{AIFMEMA (geometrical isomer) @ BN (coordination isomer)
@ HEA BRI (linkage isomer) ® SRR (enantiomer) ® AFnEE (hydration isomer)

a) XA TIv= R hasyr M) gt (pczmmunmtooobalt(ﬂl) sulfate)

N"° T2+ 2+
) Oy0
N g NHs b pag' 5
Co SO Co SO,2-
HaN/ ™ NHs HSN/ I ~ NHs
NHs NHa
L i S - BEMHEORBIA (type of isomer): @

Ci Cl
\clo 4 4 \(':Io A
HN—" | Nei HsN AT l ol
NHs ci

(IR Bl =51 2 SRR\ T OB A TR 5, EMAROFES (type of isomer): @
[intention of problem] Tt s intended to check the understanding of isomers in coordination complexes,

5. TVAHVRBTHD Li & K OZNTNEBERIFET (22 LRt CRBESE5 L A3 M0) ZARK
LRt &I RAHITER Y (MOy) ALV, @A ARLSLTVDIX LI & K OWTRTHEINEEZ
KXo FTo, TOTNAY SRHFR L 0 B E AR Lo\ BB Z R X, (When alkali metals, Li and K, bum in the
presence of O under dry conditions, one forms a metal oxide (A>0) and the other forms a metal superoxide (MO5). Answer which alkali metal,
Lior K, preferably forms a superoxide. In addition, explain the reason why that alkali metal is more likely to form a superoxide than an oxide.)
K AT s KOy AR LTV, Tk U SRk LBSRORIS Cll ), Bk, BB AR LT i A AU e L — LR T Ao Tl
THTRAN—F b—F LI E, L)ZAINF—OREBIKENE ) ThE, OTNbEL A b R BDIUERT N30 07> OO T B, KEBAFA TS KA
O-LASREERTHEE, 14 MREEISE< 20, BT L DR INF—ORHIRE <RV, ZHEOHTN0 & O DREEABESET O AR ADICLE T
FNA—EHNUIBRTERY Y Lo TK KOG 2RV

(K readily forms the superoxide KO,. When considering the reaction of alkali metals with axygen, the ease of fonming oxides, peroxides, or superoxides depends on the total energy required for ionization and the energy
gained from stabilizing the crysta ltfice. The energzy required for each ion to form from O moleculles follows the order: 02> 07> O, When the large cation K- forms 2 crysial with O, the inferionic distance incresses,
srdﬂwem'gygmﬁmIameﬁxmmBnr.tsd:aan'alT&mn&ﬁdﬂﬂymh&emmmm&b«dthmmﬂnfhmwm&.meﬂy

IWI T Y &Rz T, R UhDER Lo & A T ORI R 203 RER 5,
lintention of problem] Htis intended to check whesher the ease of superoxide formation in alkali metals can be explained based on energy.
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RE3 (Problem3) ft& (Continued)

6. HALAWHA 13, BERIHA) & HETA) TR DN ARIRIN AR SV, EATFORVMZE Z &, (A compound
HA exhibits different ultraviolet-visible absorption spectra between its acidic form (HA) and basic form (A”). Answer the following
questions.)

1) B HA 133 507 nm \ZBE— DI e —2 7R L, BORE 4 W HRE C UG U TROEL R LI, ZOT7—2b, &K
INTHRIEIC L VBB A=axC+b DFE a,b ZRD L, FHEIITFROSEREZ ATV, (The acidic form HA shows
a single absorption peak at wavelength of 507 nm, and its absorbance 4 varies with concentration C as shown in the table. Based on these
data, determine the coefficients a and b of the calibration curve A = a x C + b by the least-squares method. Use the reference equations

below, if needed.)
(concentration)  (absorbance) Coy) (=1,2, ..., ) BEIRFFEREZ R LT RO X
/ pmol dm (the formulas to calculate the linear regression line from data
2.00 0.100 points (xi, yz) (l = 15 2’ sy ﬂ))
00 0189 _nZxy-Zx%y Sy-axx
6.00 0279 C=EISeoo?r T,
10.0 0.461

a=0.0452, b= 0.00887

2) FREBREIOBOIEEDS 0290 Th-o7 b &, 1) TROIREMRE FAVTREE KD I, (When the absorbance of an unknown
sample was measured to be 0.290, calculate its concentration using the calibration curve obtained in 1).)

6.22 ymol dm3

3)pH 2L S TRET 5 LWINAY MABEE LTINS, R 470 nm (31T DRI —EThH o7, T OWRIHAT
EMEINA DY, F£io, TNABMISNZ SITRICBW TR ERT 203 &L PO OB GBI K, (The
absorption spectra measured at different pH values showed no change in absorbance at wavelength of 470 nm. What is this wavelength
called? Explain what the observation of this feature implies in terms of chemical equilibrium in the system.)
SR A, B L SR DR T — IR OSSR,V 3L TV VB, (Isosbestic point: A first-order equilibrium exists
between the acidic and basic forms.)
4) ZDAEMOBER 420nm (2B BRI, 1B pH T 00382, +43iCEV Y pH T 0203 ER Lz, HEIZR pH
3.50 TIHOLEIL0.138 £72Y, Z& BT LIFEADSE L T0D, ZNDODEND, ZOLEYIOMIFHETE pK. &
RO L, 7238, (LAMDOEEIL10.0 umol dm™, YRR 1.00 cm TéH D, (The absorbance of the compound at wavelength of
420 nm was 0.0382 at enough low pH and 0.203 at enough high pH. At intermediate pH 3.50, the absorbance was 0.138, indicating the
coexistence of the acidic and basic forms. Based on these values, determine the acid dissociation exponent pK, of the compound. The
concentration is constant at 10.0 pmol dm 3, and the light path length is 1.00 cm.)

3.32
HEEER (Purpose of the questions)
(b & S ERIEIZ BT B At b O BRSO

(To assess basic understanding of analytical chemistry related to chemical equilibrium and
spectroscopic measurements.)





