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Q) ZOFREEEL TN TOREAEGIRERNC, ZREFEZTALTIIEINY,
() TAUIREAR S RS E SN2 b O, FREIIRE SNERNCREA L T EEN,
@) fRENREX NV E XL, RUAROEDZFA L COEOERA, 7L, TOHET FEigkE ) P LE
EICFTE L= Z D L2l LT 2 ,
(5) ERNTAFE LRV,
6) B ENHEMESZHEA L THELIZ R
(7) ERHDWNERIAZ2SR S DRI FET TR,

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) Youmay use the provided calculator if you need.
(7) Raise your hand if you have any questions.



2022 44 AN (April 2022 Admission)
JRBREER G R TR R AR AR (R MR A AT RS
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2022 451 H 27 RFEME /January 27, 2022)

AR | e (EFRET) AT A7 N N J;lu;;ﬁélllii ) G iz
. . . ppli emistry o ?
Subject Applied Chemistry I Program Py Examinee’s Number | M
(Smart Innovation)

RERE 1 (Problem 1) RIREENIL3 ¥V £~ (three sheets for Problem 1)

1. OAEWNZIBNT, CI~CY TR LT REEDHERBCEZ R 7213 S TR, (Describe the absolute configuration of carbon
centers depicted as C'—C™ in the following compounds by R or S.)

C-H I CH=CH2 NH2
H S Br.__ 5 .CH,OH OHC__; _.COOH & NH
3C. i —=CH(CH)2 ~c2—=C2 ~c— ~cst
m o, b ]
'6
[Cﬁ OYH OH
"
. \Cm‘é E\c <.<O
. ce N
(?7 ~OH Ph\/ \ﬁ/ H
/_\
c! C? c3 c4 cs C*®
c7 cs ce® c1o ch

2. KD (a) ~ (d) DILEY%, Bilke SN FUSSBTROBENRKEWIRIEOEZ L, £OHA LR, (Rank the
following compounds (a)~(d) by the rate of Sx1 reaction with acetic acid and explain the reasons.)

+ CH +
Ar><CI COOH —— A"“ococH, HCl

(@) (b) (c) (d)
cl /©)<C| /©)<CI ©)<o|
H,C H Me,N

O,N
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RARE1 (Problem 1) #tx (Continued)

3. KOKRCHT HEO AR ZALF R, WEIDEUT, SREFERLDPDLEITTH L, =Tt~
—VERRT AEEIT— DR &Y Z L, (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) Mel 2)
(excess) OH . NaH
oo o
NH, "Br
H ‘BUOK 5) HBr
\O (2 equiv.) AIBN, hv
—— \ R St
B
COzMe
retro-
7) Diels-Alder //
1 m reaction MeO,C
2 Diels-Alder
reaction
9) " 'oct 10) on
OH
H cho _ M0
o ———> oy *
H 2) Hy0* OH
s OH
12) crossed aldol reaction 13)
0] o
y  NaOH Q
+ —_— )k
H,0
14 15
) ) NOs
Br 1) SHCI
—_— —_—
FeBr, 2) OH /H,0

3)
HgSOy,
—_—
H,SO
W 2 4
Z F,0
6)
1) 03
—_—
2) Hy0,
8)
0 —
1)
KCN
CICH,COOH ———
K,CO4/H,0

QN”Z ~H,0

0
16)
HN)kCHa
' NaOH
—_—
H,0

4. T = =)V DA N METREFEHRSIGHEE = - =IO RO #EN AT, (Draw all resonance structures of the
intermediate formed by electrophilic substitution of anisole at the ortho position.)

ocH .,

—

OCH,
—H* E

-
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R 1 (Problem 1) %X (Continued)

5. Figure | [ IERR Y =—D5F R & RUSE & OBfRZAHEC >
£LTWA, UTOBESFIGR 1)~3) BT, KSR (A) yd
AR ) v — D FEOBGRZ R BRECRR L T D b0,
Figure 1 O (A) — (C) b ENEiUE, (Figure 1 shows a
schematic representation of the relationships between the molecular weight
of a generated polymer and the extent of reaction. For the following
polymerization reactions 1) — 3), choose the most appropriate relationship
between the molecular weight and the extent of reaction from (A) — (C) in ~
Figure 1, respectively.) - (C)
) TYVEVBEAFYAF LY VT IVOEME (The £ ‘ : ‘ )
polycondensation of adipic acid and hexamethylenediamine) 0 02 0.4 06 08 L

ﬁ % (answer) L Extent of Reaction
2) SERR(LS A BRI LA 2 2 U B AF D Figure 1. The relation between molecular weight and

4 (The polymerization of methyl methacrylate using benzoyl peroxide extent of reaction.
as an initiator)

FRE (answer)

3) TFNIF T LEBERE L CHVEAT L OEA (THE —78 °C) (The polymerization of styrene using butyllithium as an
initiator (THF, —78 °C))

ML (answer)

— High

Molecular Weight
hY

6. IRDE)<— (@) ~(d) OFT, HFFVEESLLRNBDEED, ZOBEHAZIR~L, (Choose the monomer which does
not cationically polymerize from (a)— (d) and describe the reason.)

() AF LY (styrene), (b) A Y7 FNE=)La—F)L (isobutylvinylether), (¢) 72 U == b U/ (acrylonitrile), (d) -1 >/
7 F 1L (isobutylene)

%/ ~— (monomer):

PR (reason):

7. FA Yy 6T NTHEREAICL VBRSNS, ZORSEEERIGRTTRL, WD Z &R TE SBARIOGI%
—50H, (Nylon 6 is generally synthesized by a ring-opening polymerization. Draw the chemical equation for this reaction and show an
example of the initiator for the reaction. )

Ut (reaction formula):

BALAA (initiator):

8. ¥WEH/nv v T 74— (GPO) 1, B TONTESHFENZTHET ARENRHFETH D, TOFEE
100 “FFEEETHAE X, (Gel permeation chromatography (GPC) is a representative method for evaluating the molecular weight and
molecular weight distribution of polymers. Explain its principle in about 30 words.)
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RAEE2 (Problem?2) ROREFIERIZ2 £ F9~ (two sheets for Problem 2)

1. WROFEAEFERIZHIAY X, (Explain the following technical terms clearly.)
1) BT B A2, (reversible change in thermodynamics)

2) F7ATF)VF— (Gibbs energy)

3) ZEM (triple point)

4) ~> ) —OEA (Henry's law)

5) A A OMSIEENOIER (law of the independent migration of ions)

2. 4.00mol M H0 {ZoVNT, —FEEST 1.00 % 102kPa T 273K Dk b 388K DARRUICA LT 2 L&D br e —&
fpasEEE, 72771, HO )& HO QOEFAREDEY, FHEN 753 TK mol! & 33.6 JK mol T, 1RENIKAF
P LET D, Tz, HO D 23KICRIT HIEHERRT - 2Lt — L& 33K IR DI A V=Y, €
FLEI 6,01 KImol™! & 40.7kImol! T 5, (Calculate the change in entropy of the system when 4.00 mol of ice at 273 K is converted
into water vapor at 388 K at a constant pressure of 1.00 x 10? kPa. The constant-pressure heat capacities of H2O (1) and HO (g) are 75.3 J
K~ mol™ and 33.6 J K™ mol™, respectively, and these values are assumed to be constant over the temperature range involved. Then, the
standard enthalpies of fusion at 273 K and vaporization at 373 K are 6.01 kJ mot™ and 40.7 kJ mol™, respectively.)

3. HHRE S OEEEMINC X AEMMI~OEHSIED I ) ATEH KAt 25 °CT 025 mol dm™ Th-7e, AES O
JEEENR 25°CT 055 mol dm 3 D & &, FUSHEREE v 1L 8.5 % 104 mol dm3s™ Th o7, Z DRSS DRASEIE V23K
¥ X, (The enzyme-catalyzed conversion reaction of a substrate S at 25 °C had a Michaelis constant K of 0.25 mol dm. The rate v of
the reaction was 8.5 x 10~ mol dm™ s™!, when the concentration of S was 0.55 mol dm 2. Calculate the maximum rate v of this reaction.)
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RARE2 (Problem?2) ftX (Continued)
4. BEm ORFD, V= %kx 2D—IRTTHRHREN T DORT 2V VR EER L C0D, B fami B 2 LU T ORIITE
Z & (Consider a particle with mass m confined to a one-dimensional harmonic oscillator potential, V = % kex?. Answer the following

questions related to the quantum theory.)
1) ZOFRONIN =T (H)EEETH, (Write the hamiltonian operator (H) for this system.)

H=

2) T OROEERIEI T BEBIT, 9o = Noexp (— 2k x?) L BEFAS, 97 - OROEHBB TS = & m
L, BAEEARD L, Ny l3HRBILEE CH D, (The ground state wavefinction for this system is written by ¢@o =

Nyexp (— %—E x? ), where N, isanormalization constant. Show ¢, isthe eigenfinction for this system and determine the eigenvalue.)

5. BETAEREATE L S TFENEEDBENIOWTHERICHIE X, (Explain the difference between the valence-bond theory and the
molecular orbital theory clearly.)

6. XEHETEREIToIEZH, WERIpm DT+ NAZE ST, HOFTFOWBR»LETA 569 x 107m s™ OF
STHE &SN, ZOBTFORETINF—2GIBMEINTCTEL L, 2L, 7707 BHIT6.626x1074Ts, St
DFEFEIT 2,998 x 108 m s, BF-OEEIT 9.109 x 103 kg, BRERIL 1.602 x 109 C &9 3, (When an X-ray
photoelectron spectrum was measured, a photon with a wavelength of 121 pm ejected an electron with a speed of 5.69 x 107 m s™ from the
inner shell of an atom. Calculate the binding energy of the electron with three significant digits. Use Planck constant: 6.626 x 1034
T s, speed of light: 2.998 x 108 m s, mass of an electron: 9.109 x 10-3! kg, and elementary charge: 1.602 x 10™° C, if needed.)
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RHRE 3 (Problem3) RREFMEIZ2 £ Y F9 (two sheets for Problem 3)

1. KON LAMOMAEDEDHD D, TR
% b O EIEOFFEMICFE, (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.)

@D (S,CL1) EFHMAEHREVILHR (Which has the
highest electron affinity?)

@ (NaCl, CsCl, AgCl) FHHEA D bRV W2E (Which
has the lowest degree of covalency?)

@ (BF;, SOs, SFs) #BIF 1l A% TiI7aw YWy (Which is

not a hypervalent substance?)
@ (Fe?, Fe¥, N2, Ni) firb A AL RN S A
(Which has the smallest ionic radius?)

® (Zn,Cu, Co,Fe) AFIDEN TOREREDEIZ IO 5~
AE N BITEENDMENZAICE (Which essential
trace element is found in heme proteins that play vital roles in the
transport of oxygen in the human body?)

©® (Si0, SO, Ny ) CO, LEBFMELH T HILFE
(Which is isoelectronic with CO,?)

@ (Au, Pt,Ag,Pd) F/KIZERL 72\ E&4J& (Which noble
metal cannot dissolve in aqua regia?)

(Au,Ag,Cu,Fe) EBTREROELE\ VB (Which has
the highest electrical conductivity?)

@ (NHs, SCN-, OH, CsHsN ) ff&#MEARE < DB F
(Which ligand can form linkage isomers?)

(KOs, OF;, 0o, WOs ) BESRIFLT- DR ED e b R E VW)
& (Which has the largest oxidation number of oxygen atom(s)?)

FEEHA (Answer column)
) @

@ @ ®

@

JEHAERD—H (apart of periodic table of the elements)

2. BRAVBRII IS0, V&R . (ron(Il)
oxidehas the rock salt crystal structure, Answer the following ons)
1) FEEROBRS Iﬁf‘k(ll) AERIRF ORI LY %OD%EEJZJQ
FeosiO~FeposO & 7280 TWD, ZD X 9 IR BHE D
HRCHERE R T Z L OTERMEAMORHEE X
4, (The actual iron(Il) oxide has a compositional formula of
Fep84d0 to FegosO due to the defects of iron atoms. Answer the
general name of the compounds whose compositions cannot be
expressed in a simple ratio of natural numbers as this iron(I)
oxide.)

2) HOBR BRI FeoosO TH Y, ¥ T EE T a=
04301 nm T o7z, AR L TS REBITT Tk
YA FOZEIUZE DD THD L LT, ZORBOEEL
BT ANTORD L B gem™®), 728, Fe,0 DFE
NVEEITZIZEI 5585, 1600 gmol™ &35, (A sample of
iron(Il) oxide has a compositional formula of Feyg:0 and a lattice
constant of @ = 0.4301 nm. Assuming that all defects in the crystal
are due to vacancies in the Fe sites, calculate the density of this
iron(Il) oxide crystal with four significant digits (Unit: g cm™). Molar
masses of Fe and O are 55.85 and 16.00 g mol ™, respectively.)

3. WY U AOWEEIZEET DLL FORMWTEZ L,
=L, TRTORKERIE25°C & L, WilaNY v LAORE
EFE K % 1.0x 10710M?2 & 3°% (Answer the following questions
regarding solubility of barium sulfate at 25 °C. The solubility product
of barium sulfate, K, is 1.0 x 1071 M? at the temperature.)
1) MK SRR ) 7 MO A&/ (M)
THEER X, (Estimate the saturated solubility of barium sulfate for
pure water in molar concentration (M).)
2) LOmMM KifigT b U 0 DAKESIR AR N 7 ORI
FREE 2E VR (M) CHEER X, (Estimate the saturated
solubility of barium sulfate for a 1.0 mM sodium sulfate aqueous
solution in molar concentration (M).)

Na | Mg

Si

K |Ca |[Sc| T Fe Zn

Sr Te | Ru Pd | Ag

Sn

gl 5| gl =

Ba Ta Au
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RAEES3 (Problem3) #ex (Continued)
4. ROFEMEFHAT L, (Explain the following terms.)

1) 7 bRl (Hund’s rules)

2) 7 Ah A MMEE (perovskite structure)

3) (REE 14 FRREE (MRS ORIEYS)  (carbon 14 dating method (radiocarbon dating method))

4) @t (lifetime of fluorescence)

5) % L— MEEICIT 54T (metal indicator in chelatometric or complexometric titration)
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ZEREDFEEE
() FREFRNSERERNL . ORBBEER 2 DV £7.
Q) ZOFREELTNTOREREHAFERRC, BESEZRAL TSN,
() ZHUINTEAR AR A SN b DT, FENIHEE SN CEIMIRRA L TLIZENY,
@) fRENREXENRVEXT, RUBROEGZFIAL T ETA, 1720, ZOBEATT (R RELE
HENCFH L 722 2B K HIC LT 2 &,
() ERH DI EN D DEAITFERTTIIEEY,

Notices
(1) There are 2 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) Raise your hand if you have any questions.
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RHEE (Problem) REETIT T ZE3E-FR8 BV NIBIE T T BEFFEDZIT-OUNT 1,000 FFRAN TR e &, (Describe the
contents of your graduation thesis at university or current research within 2,000 characters or 400 words.)



