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Notices
(1) There are 8 problem and answer sheets including a front sheet.
(2) Fill in your examinee’s number in the specified positions i 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.
(@) 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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FSRE 1 (Problom 1) PEERAIRGIZ3 Bh) 7 (frooshees for Problem 1)

1. ROABMOBBEDET, LIFOMEISH LED L S BRB DS H0EFIT L, LEISUT, KefAvTh i
V", (Explain how the compounds in each pair are different with respect to the following properties. Figures may be added if necessary.)
1) 7k~DEARE (solubility in water) _~_~_ Q 2) AKFROBEIEEE (acidity inwater) _~_~, _|‘°”

)CHEER CHbondlength) "oo! Hocscn  H)SR2RIEOHE (ate of S2reaction) - >er —}—Br
H H

5 KB A OMIBOREE N« N\, O RETFERSUCOEE D
(rate of addition of hydroxide ion) (rate of electrophilic substitution) © @

2. ROALEMOIIAEENZ AT, (Draw the resonance structures of the following compounds.)
1) = hE A £ (niftomethane) (CHNO) DNN-TAFAARILLT 2K (N Nimethylformamide) (HCON(CH:),)

3. vyaraARy s an o L b REDRUT HT AN —ERF O TND, Z2OBHEZHAT X, LEIED
T, RERAWTH LV, (Cyclopropane possesses a larger strain energy than cyclohexane. Explain two reasons. Figures may be added
if necessary.)
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RERELE | ICHRIEE (FFERD A=/ A7 N Apfed%éhii <BEs
‘ i istry I (Applied Chemistry) inee’
Subject Applied Chemistry I~ Program Tl Sty Examinee’s Nurnber M
: (Smart Innovation)
[E#E1 (Problem 1) #ix (Continued)

4. ROFGHCEY DO AR, YETRLT, SHMEERSDA L 50T 52 &, =T d
—DVERT DIEEII— DA ETRTZ &, (Draw the structural formula of the major oxgamc product in each reaction. Show the
stereochermsuy if necessary. When enantiomers are formed, draw only one of them.)

2) 3) E1 reaction
HBr 1. 0504 o
/\)\ —— — catalytic
2. H,0, H HzS04
Na,SO; o
2
4) 5) 6
O 1.CHyMgBr J_}; H0* GH2CHg
HaC + _— + | Bl‘z
?'Ia 2. Hy0"1H,0 HO - A
7 8) @ 9 |
HO -0 Oy _OH N=C=N o NHZOH
0. (DCC)O A H 6"
- . _ [ Ph” Ph X
A NH,
10) L) R 12)
. 2
e Zn/Hg, HCI 1. HONO, HC ‘ Pn)kO)LPh
——- ————
2.KI AICly
13) 14) Claisen condensation 15) Cannizzaro reaction
o  1.NaNH, H._O
2CH,COO00H \)K —_— KOH
GH,COOH 2, \)LOEt 2 —’H o +
2
3.H;0"/H,0

5. EEATF VYT & DIVKORRIGIC & > CE A AR T DR, B0 & S REEmEE A
UNTHELS, (Draw the mechanism using curved arrows, which show.the movement of electron pairs, for the production of acetic acid from
acid-catalyzed hydrolysis of ethyl acetate.)

H

+/

H—Q:

:0: \
J G
.. — ==

Me Q/
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R85 1 (Problem 1) ﬁz% (Continued)

6. [NH(CH,)sCOlL DIEEAFF DT 12 6 1220VTC, BLFOR A X &, (Answer the following questions on nylon 6 having
the structure [NH(CHz)sCOJ,.) '
D) A a6 XERGBLUFRESICLV AN TE 2, TN ENOEREIIRIT 5F /v —5EsCChiT, Nyl 6
can be synthesized by polycondensation and ring-opening polymerization. Draw the structural formula of the mionomer for each
polymerization method.)

HEHES (polycondensation) BEEREEA (ring-opening polymerization)

2) LOENFERY =—ER LTV ORERS LRRESO L LOHED, HE L & bITE 2 L, (Whichmethod is
more likely to produce higher molecular weight polymers, polycondensation or ring-opening polymerization? Answer with the reasons.)

7. 13- TV REE U TR OLIVAME - SIEHAMECEU O BRI R ) ——OEERA U E, Zhb 04
Fastt,  (Draw the four structural formulas of the ideal stereo- and regio-regular polymers obtained from 1,3-butadiene and name
them. )

8. BEHEANY T LU LIEEER Y =F L DLREOE O ERA L, E, T DBENSRR DREEHEEOR
WZEESWTELAE K, (Describe the differences in the synthetic methods between high-density” polyethylene and low-density
polyethylene. Explain the reason(s) for their different densities based on the differences in their structures.)

9. FYNVEEIa<w NI 74—, %ﬁa\?—ﬂ“/filx%ﬁ%‘ﬂ'/f AL THEEL, BINTECHTFESMZFUETD
REWRIETH D, € ONBEFERE IR~ L, (Gel permeation chromatography is a typical method for separating macromolecular
samples by molecular size and evaluating averaged molecular weight and molecular weight distribution. Describe its principle of
separation.)
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2 (Problem2) FHERHIMNI2 Hh 0 E3  (hwo sheets for Problem 2)
1. IROBITH B HEEAAENRCRII Y, (Explain briefly the following terms related to thermodynamics.)

1) FEFEESEL (path function) : 2y b— b FRAN (Trouton's rule)
3) FERESEAE (superaritical fluid) 4y E5yrENAREE (partial molar volume)

2. 298K T 180 x 10°kPa lZH A EE 100g DFR A DFMASRENS, (2) BRTFARIL T, © SFOEA pe=01
ST HEIRIEAWIARIC L 5T, (©) BWENAWHEERIC Lo C, 1.20dm® 225 4.80dm® £ THFEEMT 5 L &, Rz b
2l ASp, SMROT L P E BB ASer, TOEFOTL P BEE ASy F@MODEEITOVTENTNEE
ik, KL, FTAGEREEE LTSHEILDEL, FAVOENVERER 202gmol”, SAEEER=831 K mol?
&%, . (Caleulate the change in the entropy of the system ASgs, the change in the entropy of the sumoundings ASqy, and the total change
in entropy ASi in the cases of (a)(c), when a sample of neon gas of mass 10.0 g at 298 K and 1.80 x 10? kPa increases from 1.20 drr® to
4.80 dm’® in (a) an isothermal reversible expansion, (b) an isothermal irreversible expansion against the external pressure pex =0, and (c) an
adiabatic reversible expansion. Assume a perfeét gas behavior for neon gas, and use 20.2 g mol” as the molar mass of neon and the gas
constant R =831 JK™ mol™, if needed.)

3. 208K 123V VT, 2.00mol @ Mx i 300mol DRUE L LIBET AL &, PP RAE T A, X7 AR
NE—IEHE AG, T ZAE—E Apdd, T2 P E—E(E AgS & THTHEEE L, 7220, BIREEENTHD
BOK¥ L, SEEE R=831TK 'mol! &35, (Calculate the changes in internal energy A/, Gibbsenergy AuG, enthalpy Avsc,
and entropy AmiS, when 2.00 mol toluene is mixed with 3.00 mol benzene at 298 K. Assume the ideal behavior for the solution, and use
the gas constant R = 8.31 JK= mol™, if needed.)
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F'n‘ﬁEEZ (Problem 2) #rx (Continued)

4. EFERHCBTAUTORWNIE 2 L, BFEL, 7707 T 6626 10¥]s, TRV R e T 6.022 10®mol?, &/T
DEEE 9109 x 10 kg, FERERENL 1.602 x 107 C, F0iRENE 2998 x 10° m s 255, (Answer the following questions
related to the quantum theary. Use the following constants, if needed: the Planck constant, 6.626 x 107 I s; the Avogadro constant, 6.022
x 10 mol™; the mass of an electron, 9.109 x 10! kg; the elementary charge, 1.602 x 107° C; the speed of light, 2.998 x 10° m ™)

D 1REDO74 hrdi200 eV DZpAF—EEH DL E, %@‘%&E ZFHE L, (Caleulate the wavelength of one photon with
energy of 200¢eV))

2) FRE 150km OEFEROBR—NO R 7Tu—AFRERD L, 72771, R—AOE&IT 142g THD, (Caculate the de Broglie
wavelength of a baseball ball with the speed of 150 km h™! where the mass of the ball is 142 g)

3) B coshoe ANEET- didx DEABIEDEAE, TOEREZEDTEL L, BRBEEOREEE, TOEATELZ T, (Show

whether the function cos /x is an eigenfimction of the operator d/dx or not with the reason. If it is an eigenfunction, give its eigenvalue.)

4y X 1.00nm @ 1 KFTEDOBOFROEFDBERTFLX—%HEHER L, (Calculate the zero-point energy of an electron in a one-
dimensional box with length of 1.00nm.)

5) SIHEFORIFEE LD, FIEEND 3 HOZFNX—E R OENOFBREIIV < bydk BHERA 50 O,
(Consider a particle in a cube. Show the degree of degeneracy of the energy level having three times of the energy of the lowest energy level,
including the derivation process.)

6) EEH 233 x 108 kg DRIF5H72Y, FOEES 155 N nr! OFFFEEIFOBET FAXF—2EHEE X, (Caleulate the
zero-pomnt energy of a harmonic oscillator consisting of a particle m_th amass of 2.33 x 10 kg and a force constant of 155 Nm™)

D 3 VAR F OGN, BIEL TS L5 160 pm ORRRC b5 HRTOIEESIL 4057 2 LT
B, DFHTENST CEERL QA EE %, S FOREER R D DILUERFEKe - F— 23 HEE X, (Theotation
of hydrogen iodide ('H'™'T) molecule can be regarded as the orbital motion of an H atom at a distance of 160 pm from a stationary [ atom.
Assuming that the mmolecule rotates only in the plane, calculate the minimum energy required to excite the rotation of the molecule.)
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fIRE3 (Problem3) fREFIAHIZ2 7{,’(&) UESE (mo sheets for Problem 3)

1. ROFEINOCEREOMAEDEDIA D, BIOT B (Answers)
KD LOERUFERIEEY, £, O, @, @2 v

e

TIXEEEE %ﬂj'\io »(Answer the qt’leStiogs by selec.ting the % (Answer) | 28 (Reason)
correct chemical species from the combinations given
parentheses. The cotrect chemical species should be given in the
answer column. Answer the reasons for (D, @), and @)

@ (02, 02) FREED(HFE (Which is diamagnetic?)

@ (SFs, CIF3) #EEAMNDEMEEEFE (Which has smaller . @

bond angle?) % (Answer) | HBE (Reason)
@.(Cs", Ba*, L) NEHABMNTR N TReb A A 8D \
K&\ A 2> (In an octahedral coordination, which has the

largest ionic radius?) , (
@ (H',Cu", H", OH") #5723 MEE: (Which is a soft base?) ®

® (Ca, Ga, Rb) B_A A ALTRAX—DRHRE VL | B (Answen) | 2 [Reason)
38 (Which has the largest second ionization energy?) L

® (Na, S, K) H—BFHEAAOR NS ITTE (Which

has the lowest first electron affinity?)

@D (02 No, N) B—A A AL RAF—DF NSV @ ® ® @ | ®
F (Which has the smallest first ionization energy?) .
® (07, F, CI, Br) NEAEAIZRW TR A 4 4%

DNV A (In an octabedral coordination, which has the © © 0 | © ©
smallest ionic radius?) .
© (CsL, RbL Lil) k~DRREN S BV LAY (Which

. . e .
%S ?;nghﬁt ”ﬁ?ﬂl)“mm; attei)@ NGy 2o DOBMABIREL, Explain thefollowing tonms)
—ZEAA T A A2 (In an octahedral high spin configuration, 1) ARAER (effective nuclear charge)
which ion shows Jahn-Teller distortion?)

@ vin®, M, Fe?, Fe™) 1A o O \EHRENLZH - T,

R EE LT AN TR b REREELERT DA
7> (In an octahedral low spin configuration, which is the most
stabilized ion by obtaining a crystal field stabilization energy?)

T @ LK A BREMEORE /ST (Which has the
lowest electronegativity?)

@ (CaFy, ZiOz, LiF, ZnS, NiAs, ReOs, CaTiOs, MoSy) fEiiiE  3) FAmatifiE (pon-bonding erbitad)
SiEE R B0 55 E (Which can have a layered crtstal

2) 7kEAERL (hydrothermal synthesis)

structure?)
FEIRAFO—5E (a part of periodic table of the elements.) , 4) SRS, (isosbestic point)
Na | Mg Si o

‘K | C | S |T |V |G M |Fe|C N |CujfZn

Sn

m | 5) BUEA A (zwitterion)

Sr Y |Zr MM [Te |Ru|Rh | Pd} Ag | Cd

dl5|@|=
&

Cs [Ba |In [Hf | Ta | W | Re | Os | I P | Au | Hg
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FIRES3 (Problem3) i (Contiﬁued}

3. PR TEsROEDRMMECEET 57 7 71200
T, D3OI NTEZ K, (Regarding the graph showing the
periodic properties of the elements below, answer the following
questions 1)-3).)

{kJ mol™?)
2500

2000
1500 /
1000
500 f \/

0

10
Atomu: number (Z)

1y 77 7 OfMmofEE R L T O X L. (Answer
what value the vertical axis of the graph represents.)

2) T 7ITBNT, anb f BLU gL hITNT T
DEAEDNR TS OIS LT iééj][}ftﬁr'] (ZH DM A
R L, (Explain why the values of 1) tend to increase with
increasing atomic number from a to fand from g to h in the graph.)

3) TITTIZBNT, bbb e, BIU DD e ~DRTES
O LT DOEAEDS T DATB T 5B A EhEh
AT ~L,  (Explain why the values of 1) slightly decrease with
increasing atomic number from b to ¢ and from d to e n the graph.)

4. VAR A oM, EBRSH & STOR
HIZESW TR~ L, (Explain why ozone (Os) is a polar
molecule based on its charge distribution and molecular shape.)

5. RO D~ LA E N BB S BITR O Uk
NN, (Answer thie oxidation numbers of the transition
metal elements contained in the following compounds 1)y-4).)

1) [CoqNH)sCIICl 2)K[Co(COY]
3)AgSCN HHPW,040

6. PhCOs @ 298K TOEMRE Sgdm™ A H T 24T
ﬁﬂjﬁ Ko 788, PbCO; D 298K 121 BIARIEIE Ko 13

3.30 x 10 mol* dm™®, E/VEEIL 26721 gmol™ &5,
(Ca]culate the. solublhtv S g dm™, of PbCO; at 298 K to two
slgmﬁcant figures. The solubility product, Ko, of PbCOs at 298 K
is 3.30'x 107 mol® dm™® and its molar mass is 267.21 gmol™.)

298 K BT~ 720 30 LAKERIEQREE 0500
mol A0 pH % ER SR L &, A~ 75 7 AD
TRBEAVERR LIE U BT pH A B R 2 M CEHI I,
298 K AZH3UF BIKDA F L F8 Ko 13 1.00 x 107 mof* dm™,
KB~ 722 T LOERRERRT 631 x 107 mol? dm‘9'f
0D, 1B, WROWHEECIFT DIg A AL D
EITEBE L 72 < TX\, (Calculate the solution pH at which
magnesium hydroxide begins to precipitate when the pH of a
magnesium chloride aqueous solution (concentration of 0.500 mol
dm™) is increased at 298 K to two significant figures. The ion
product of water, Ky, is 1.00 x 107* moF dm™®, and the solubility
product of magnesium hydroxide is 6.31 x 107 mol® dm ™ at 298
K. Note that changes m the solution volume and the effects of

‘coexisting chloride ions do not need to be considered.)
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S FOXEEIR

() RIEAGHRE A R 10H Y 7,

Q) TOFRE ST TOMERMGHEEARC, SRESARALTIEE,

@) ZHUIRERR L AR REN AR SN b O T, EIEE ShZERNCREA L TSNy,

@) FENEZINWOER, FUAEOEREZFHE L THE O EA, 77EL, ZOBRET ER ] 2EEE
R LT B LS LTR D L,

G) 3 M5 1 RERRUME L2EV, 2k, BRLCRHEL TROMCOHZMNLTERRT22L,

6) BEENEER (B 2EALTHLELII RN,

) BiHIVEFRERERH ABEIEFERT TSN,

Notices
(1) Thereare 10 problem and answer sheets including a front sheet.
(2) Fill in your examinee’s 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.
@) Ifthe space is exhausted, use the reverse side of the sheet and write down “Yo be continued™ on the last line of the sheet.
(5) Select and answer one problem among the three problems. In addition, mark the problem that you have selected with a circle in the
selection column in the table given below.
(6) Youmay use the provided calculator if you need.
(7 Raise your hand if you have any questions.

Ei=sE5es MREL .| filRd 2 fuled 3
Problem Number Problem 1 Problem 2 Problem 3
=R '
Selection
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RARE 1 (Problem 1) FEREAR4RIT3 ﬁz&;@ E% (threesheetsforProbleml

1. OGN TODOHRICASREEZ 2 TEEE, (Provide all the reagents required for each reaction in the square blanks.)

) | | 2) 3)
| (@]

Q
é 55 2 CoMe* - 9 é/\ NMe, —————,

COQMe

O

ot

2. ROKUSOHE A REFRETES AV THET, (Draw the mechanisms using curved arows for the following reactions.)

1 o Ha0* H
) YN+ BuAH T N

0 ~78°C 0

OH
N H O
? H N

A d

3. ADORICTLE THNMR A2 FUWE00 MHZ)D Y 7F7UD, @i, #heEn2-7%2/—L O @
DZODRIFAFNEOT T b B T Hy IORB SN D, LITOR AR L. Hy 1
(Signals D and @ in the following 'H NMR spectrum (400 MHz) can be assigned to two terminal methyl \/\‘
protons H, or Hy, in 2-butanol. Answer the following questions.) _ OH M, JK
) 7D, Ok Ha By EHHDTE M ATRBENSD, BALEDTRY, (Towhich | ‘“
protons Ha or Hy, the signals (D) and (2) are assigned? Provide also the reason.) I, A
D @ | RHL Reason) | B M
: ' ; ,2 ‘.mm.,,vr 1.,0 B
. 8 {ppm) .
2) VIINOE@NEET B oY YR &, FEBR LY, (Povide coupling 22 858

constants involved in signals (D and (2) with the calculation process.)
)

2
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RERAH | CRIF GPRED | [Fa77 8] SRR e
; : ; (Applied Chemistry) inee’
qu]ect Applied Chemistry I Program Py Examinee’s Number M
(Smart Innovation) |

FiRE1 (Problem 1) #t% (Continued)
4. TRONAT VY DRI 0 A h v Y VTRIRC LB BB U DERUTOVWT, BITORZ
Bz L, 2B, RITTV—WEERITAXVE MiTv/ XUy LER3ER, X asy, LidEENELR
VBT £ 95, (Answer the following questions regarding the synthesis of the mono-substituted benzene using a cross-coupling
reaction in the presence of a palladium complex as a camiyst shown below. “Ris an aryl or an alkvl group, “M” is magnesium or zinc, “X’
is ahalogen, and “L”’is a ligand having no formal charge.)

“ LyPd
~Br + XM-R R

1) O~ ek L TR EIBERA AL, UTFOMEY 1 27 VeSSt L, £, a~e® ()
P T DT AT, A~C @ [ ] AICBRREDLHEZNENET, (Complete the catalytic cycle of the
reaction shown below by drawing chemical structures of intermediates in the square blanks (D-®. Give the formal oxidation states of
palladium and the name of elementary reactions in the parentheses a—¢ and square brackets A-C, respectively.)

DM BT F DL, TEROEEOFIGDAT % LN ZHET, -(Give the names of this reaction when M is magnesium and
Zinc.)

M=Mg : M=Zn:
3) ZORINTRWT, —HRIC, MASEERE Y by /R T LD L EOHHBRICHETE, EORRINZENH D>

HEHT, FOEHAEEZ L, (In this cross-coupling reaction, generally, the reactivity is higher when M is magnesium than when
Mis zinc. Explain the reason including which elementary reaction(s) would be affected.)

4) FEUS C BT, RBT U—NEETAFAEDELLO L&, TRBOIIRIELTOD Bl E L HICELL,
(In the elementary reaction C, which R make the reactivity of intermediate ® higher, aryl or alkyl? Answer with reasons.)
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RE 1 (Problem 1) %X (Continued)

5. AZ 7 UNBAFIUMMAYD T VHNVERIZOWT, LLIFORNCE X K. (Answerthe following questions on the radical
polymerization of methyl methacrylate (MMA).) ‘

1) BRAEAI L U GREE LA VBPO)E A2 MMA D7 VIINVERIZISHT DFERIG & AR UG %A VERSRTHE
i}, (Draw the initiation and propagation reactions, by chemical reaction formulas, in the radical polymerization of MMA using benzoyl
peroxide (BPO) as an initiator.)

BRAkAEUE: (initiation reaction)

AR (propagation reaction)

2) BHERIL LCT Y AL YT Fr= b Y HABN)ZAWIES, BPO ZfVHGE LHEL TED LS 758 13D
By, BEAGHEhERDELSD SRR L, (Describe the differences between BPO and azobisisobutyronitrile (AIBN) as an initiator for the
radical polymerization of MMA in terms of the initiation efficiency.)-

3) LI FOEssEs s AIBN AV MMA DU B2 75 VINVER TRONDENTORERE, RiEs 8 Th
i, Tz, BONAENTFOREABRIOER~ X, (Draw the chemical structure of the polymer including the terminal groups obtained
in the following living radical polymerization of MMA using the chain transfer agent and AIBN. Also, describe briefly the characteristics
of the resulting polymer.)

SNEBEH (chain transfer agent)

NCX87§/© + NCKN°N><CN +n :é:o —A—>

%H (characteristics)

6. KOBREATERLN BN TOMERAHT, Draw the chemical structures of the polymers obtained in the ring-opening
polymerizations.) :
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FAREEZ (Problem 2) [AREAIAGI3 @Y =T (hree sheets for Problem 2)

1. BUA +B — P)D 2 JIEEEERDS 0250 dm’ mol s TH B, FUTHEA & B RS LT, WHEREHA] = 0.020 mol
dm3, [B]=0.150 moldm? (2725 X 52 L7z, (a)20 Btk & (b) 2 HHED A DREEZIENRD L, (The second-order rate

constant for the reactionA +B — Pis 0.250 dm”® mol™ ™. Estimate the concentration of A after (a) 20 s and (b) 2 min when the reactants
are mixed with initial concentrations of [A] = 0.020 mol dm™ and [B] =0.150 mol dm™)

2. HHNERRIGOBEEY, IBEN30K NH320K ~ERT5HE 3585, ZORIGDIEH bR F—2RKb I,

7L, SEERT A RBECLOTETHY, [IEEER=831JK mol” &35, (Adecomposition reaction triples in rate
as a rise in temperature from 300 K to 320 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 JK™' mol™, if needed.)
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FiEH2 (Problem2) §ix (Confinued)

3. HEILL>TRES =T Y U LERINDDRIEARY MUTTERTHY, 589.76 nm L 589.16 nm DA B2
By ZOZELZDNTELFORWIE X &, 7721, 7T 7 E8iL6.6261 x 103Ts, SEDHERTL29979 % 108 ms™ &3
Do (Ihe emission spectrum from sodium vapor excited by discharge is a doublet, consisting of lines at 389.76 nm and 589.16 nm. Answer
the following questions regarding this. The Planck constant is 6.6261 x 10* J's and the speed of light is 2.9979 x 10° m s7.)

1) AECREEDF b Y 7 AEFOETEIE 47T, (Show the electronic configuration of a sodium atom in its ground state.)

2) HEREEDT MY 7 ARFOSHEAESERTH [, £AUVETH S, 2AFHERETH J 2 ROL, Determine
the total orbital angular momentum quantum number Z, the total spin quantum number S, and the total angular momentum quantum number
Jfor a sodium atom in its ground state.)

3) F U o ADFE BB L CRIAEARIEDRE S 2 HIE LIz A3 > TREMH] 1 °Gl). (Show the possible term symbols for
the first excited configuration of sodium, following the example (Example: >Gy).)

4 F MY T AOEFRRBICBIT A A BED v TV TR BT 3 #TTEZ L, (Answer the spin—orbit
coupling constant in the first excited state of sodium to three significant ﬁgums)
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FREZ (Problom2) Fe% (Comtinued)

4. ba v VETEONI B O FHEEILL T CEA 605, 22T x iUREEFO 2p, B08E2EL, B
FIERDOREMBIZST 2, 2721, ZhbOSFEEIIEET R —DROIEIIL e o TRV, SLIFOR NS
fRIZ& 2 &, (The molecular orbitals (o) of benzene are written as follows using Hiickel method. The y is the 2p, orbital of carbon
atom and the subscript number of y corresponds to the position of carbon atom in right figure. These molecular orbitals are not in order of
lowest orbital energy. Answer the following questions briefly.)

01 =1/V6 (X1 — X2+ X3~ Xa + X5— X6)

@2 =1/20+ X3~ X5 — Xe) . 5
03 =1/V6 (X1 + X2+ X3+ Xa + X5 + Xe)

0 =1/V30t —1/245 = 1/2 x5 + 4 — 1/2 x5 — 1/2 %6) 5©3
05 =130 +1/2x2 = 1/200a = Xa—1/2 25 +1/2 X6) 4

@s=1/2(t2 — X3+ Xs — Xe)

1) A DA FEGE (g, s ) OB L O %7158, (Draw schematics of molecular orbitals. (¢~ ) and nodal planes of
benzene.)

2) B9 ~0e) FHET RN F—DE RICESE), FEFFRLQEAWTIERE, (Rearange themolecular orbitals (¢, ~¢ )
in order of lowest orbital energy using equality (=) and inequality (<) signs.)

3) x PETHEERRD L, (Calculate the electronic density of y;.)

5. BERRREBIZHIT AEENTFOBTEEIL (01501502505 020 Vaap V(s o} EET 5o LAFOR N HRICE X
X, (Theelectronic configurations of oxygen molecule at ground state are written by (0 /(075 ) (02 Y (055 ) (02p Y (T2 (73, ). Answer
the following questions briefly.)

1) 075, Oap» Tap, W, DEEEAFRER g (BRFNEIILu (FHFH TEX L. (Answer the inversion symmetry of o7, 65p,

Tap,and 75, by g (gerade symmetry) or u (ungerade symmetry).)

2) BB FOREERE R &, (Calculate the bond order of oxygen molecule.)
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IR 3 (Problem3) MREFMKIZ3I A £ (three sheets for Problem 3)

1. Y5 ZnS (K1) O+ EHIE a=0.541nm TéH 5, (Thelattice constant
of ZnS (cubic crystal structure shown in Fig. 1) is = 0.541 nm.)

1) ZORGAtEEDLFRE T, (Answer the name of this crystal structure.)

2)Zn BEO S OEHAEZNEIVEZ X, (Answer the coordination numbers
of Znand S.)

/n: S:

1 ZnS DG
3) ZOORROBE AR Y, In BEO'S OBNVERIITNEN 654 B L (Fig. 1 Crystal structure of ZnS.)
W321gmol! &35, (Calculate the density of this crystal. Molar masses of Zn and
S are 65.4 and 32.1 gmol !, respectively.)

4) Z ORGSO DH A T HE 2 K, (Answer the lattice type of the ZnS crystal.)

5) Cu Ka (5 0.154 nm) % FiV T Z OFESROR X e JIET D0, RHIERAICEND O 7 —EEE 2 X,
o, FOTT v 0 ZRHEHE L, (When X-ray powder diffraction patter of the crystal is measured by using Cu Ko radiation
(wavelength 0.154 nm), answer the Miller index of the reflection appearing at the lowest Bragg angle. In addition, calculate the lowest
Bragg angle 6 of the reflection.)

2. F IRAO~ A T whiA- ORPEEIET D kA Bz, FIVENDFIEG B AL O A BRI T X (Answer
two methods to measure diameter of nanoparticles or microparticles. Explain briefly the principles and/or information obtained by each of
the methods.)
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@3 (Problem3) #¢x (Continued)

3. MU 14 TR ThIRRC) & 7 FEEShiT L bl \-—@Ef e LT ZERKERSR(COy), B 1 R(Si0) % 2K %,
LhL, FNENOEEEHTHD L COMRT 7 TN TV A TNk 12 54 \%HE“CE:‘?)E)@ L, S0, (B oy
EThHY, 2L BRRIESMEEL LD, ZOECHWELAEEEY [SEFE) LWV ) EEEZAGCHAEL, Bothcabon
(C) and silicon (Si), which are elements of Group 14, form dioxides, i.e., carbon dioxide (CO,) and silicon dioxide (Si0,). However, when
focusing on their solid states, CO; is a molecular crystal formed by van der Waals forces, whereas SiO; forms a covalent crystal with a
completely different structure. Explain the reason for this difference using the term "multiple bonds™.)

4. PAFDFRL, HEeMAE A~G ORSHE - i KA 4, BRBECEL TELDEbDTHS, LFD 1)~3)D
RIVNZZ 2 &, (The table displayed below summarizes the functions / applications, constituent ions, and crystal structures of functional
materials A~G. Answer the following questions 1)-3).)

S8 Mt z:m}ﬁ % Fipche | HaRA 2> Constituent ions m ool
A ?ﬁéﬁ ﬁ‘ﬁn | N | a) b) E%; :_Ebfﬁ

B (@) =8 q47°C u{:) Ag' b) 1V RELAE (147:°C i)
. ( @ Yconductor (above 147°C) | Wartzite structure (below 147 °C)
b N Eggp@hiﬁﬁé{mt @ =color) v v or Eu’* Z/]r;:;sfi”iﬁ

SRR <A Y 220 N 3

¢ E% ;e‘iﬁtmde n* § |0 £ yaitezs;:;f =

1) #FODO~BIZHTITEB5EA, A~)CHTIEDA T AONT, FEHBDRBOEZNTNEZ L, (Provide the
most appropriate words or terms for and ions for aj-d) in the table.)

@ @ : ® @ ®
® a) b) ©) d)

2) C DX 5 2B SR OWT, Ml 2 DI % VTR SRR K- T B 2955 2 LI3ES T
A2V, T OOV SR X B Hy AR b SEBENeFEEZOBT L, 507 L b— DI FHDEETERT
AHFEEAET L, (Itis not easy to obtain H by photocatalytic water splitting using a metal oxide semiconductor like C alone. Provide
two effective methods to improve the H generation efficiency. At least one of these methods should utilize visible light.)

3)F LR UFERMEEE L DERLRE T, BHARTRES T/ WHEOPAABNGNT— &2 L, (Give an example of a
multiple metal oxide with the same crystal structure as F that does not contain any transition metal elements, in the form of a composition formula.)
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R 3 (Problem3) fix (Continued)

5. ZLVERNIT ==V T T =0T n v U 7p BICHRT 2078802 < G END T2, 280nm O ZRIET
HZETCREAFEITHZ ENTE D, WE, MK 1.0em® 23BN L7t o 7V ORSEEZRIE LTz & 2 A, WEEOHE
13020 &72o72, LATORIWNZZE Z &, (Asproteins contain aromatic groups in phenylalanine and tyrosine, etc., the concentration of
proteins can be determined by measuring absorbance at 280 nm. Here, 1.0 cm® of blood was sampled and absorbance was measured and
the absorbance at 280 nm was 0.20. Answer following questions.)

1) 2 7B A OKEEZFR L, 280 nm OUSEEEE 2R 1.0 cm O L2 VT T T, ZOREREIRDF
IZEEDT, ZORERND A OFMIHFEe)DfEZRD &, (Solutions containing protein A of known concentration were
prepared and measured the absorbances at 280 nm using a quartz cell with a 1.0 cm optical path length, and the results are shown in the
table below. Determine the molar absorption coefficient (¢) of protein A.)

[A]/ mol dm’ 0 20x10° 40x10° 6.0x10° 12x10°

Absorbance@280 nm 0 0.088 0.176 0.264 0.528

2) WOLEERIEIZ I T, WOEES 2.0 28R D8rE, £ DOHIE D EFEHE IR, £ ORIz OV TR &, (Inabsorbance

measurement, if the absorbance is greater than 2.0, the value is unreliable. Explain the reason.)

3) HLIE A DFVEER 68000 gmol ' L5, MHICEEND X LT EINTRTA THLHERELIZE X, M
D X7 EOEEPEE %KD X, (The molar mass of protein A is assumed as 68000 g mol '. Assuming that all the protein in blood
is protein A, determine the weight concentration of proteins in blood.)

4) Z R TEDOGA BRI DFEIOWTHIZ—2Z8, LOFEICOWTIEICHIE &, 72120, /U7 v
~ 7 F7 4 —3Fr<, (Give an example to analyze molecular weight of proteins, excluding gel permeation chromatography, and
explain the principles briefly.)
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