2021 ££4 A A (April 2021 Admission)
JRB KRR T AR A e LaRiEa T (—%R) HPTR B AT ABRE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2021 %1 A 28 HZEHE / Janvary 28, 2021)

REEE | ISAE ERRE 1D TRIT A TSR b SRS M
Subject Applied Chemistry [ Program (Applied Chemistry) | Examinee’s Number

SRERESR - 9 BF 00 45~12 H5 00 43 (Examhation Time: From 9:00 to 12:00)

ZEREDFEERE

(1) FREREHE NI ORIBE A 8 H D £,

Q) ZOFEFT TN TORERMHAFE RS, ZHESEZIRALTIESNY,

() ZAUIRIRERMR L SRR A SN2 b 0T, MERIHERE SNEERMCEA L T 7EZE0Y,

(@) fRENEXZZNRNVE X, RIUAROERZFA L COBOERA, 2L, 205a1E B 2EE
BIECE L 2 £ 0% 5 KO LTI T8, |

(5) ERTRELRIVY,

6) BESNFEEREFRALTHELIZRYY,

(7 Ei&H DI RIRR NS DG RIETEET TLIZ3NY,

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.
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FRE 1 (Problem 1) ROREFEMEII 3 & &V $£3 (three sheets for Problem 1)
1. ROEHEPET, EHLONIVHENE VD ELAEDES (I~1V) Tiol, BEhRZBICHIEX,  (Which
compound in each pair has the higher boiling point? Answer with the compound number (I~IV) and explain the reason briefly.)
H CHj

) 2
1) ~_OH ~NH; 2)  HiOn Cup CHy HaC—G—CHy
H2 H2 CH3
I ‘ 1I ’ ) 111 v
%5 (number): ’ #B (number):
PEH (reason): PEH (reason):

2. IRDFUSONLERS K ONIASEIRNE % SOSHERE B S CRRBTE &, BT U T2 VT b LV, (Explain the regio-
and stereoselectivity of the following reactions based on the reaction mechanisms. Figures may be added if necessary.)
)] CH, CHs

@ BHy  H,0,/NaOH aq d‘HH ,
| “OH

2)

EtONa/EtOH HaCH
_EtONa/EtOH —

3. THCOIERC L BIAERY (CHC) DR & BIAAEE & FURBME ORI R L, FIEBREOMEZ—
22T X, (Draw the structure of the major product (C4HoCl) and the reaction mechanism of the initiation and propagation steps of
photochlorination of butane, and a reaction of the termination step.)

FAERY (majorproduct) | SUGHERE (reaction mechanism) {E 1B (termination step)

4, =hr A& (CHNO,) DOIHIEMEEZ <, (Drawthe 5. trans-12- AF IV 7 O Y U O b BN
resonance structures of nitoromethane (CHsNO,).) Tk % 7RE,  (Draw the most stable chair-conformation of
trams-1,2-dimethylcyclohexane.)

1
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REE1 (Problem 1) #i& (Continued)

6. WRD(LEMNIEERE (O) 7S TRV (X) MERL, TOEMZR~L, (Show whether these compounds are
aromatic (O) or not (non-aromatic and antiaromatic; ). Explain the reasons.)

feem y O & é

Compounds Example
TR o
Aromaticity
Z O FIEEERRK
ThY, +o3xL
e TEY, 6nEFED
Reasons DOTE =y 7V

it 7o, (This
molecule is  cyclic,
planar, and  fully
conjugated and satisfies
Hiickel’s rule because it

has 67 electrons.)

7. RO HEEOT AR A FA TR, BEITETT, SIS D X DITT B L, =T UTFA
BT BT DBERT 2 &, (Draw the structures of the major organic products in the following reactions. Show
the stereochemistry if necessary. When enantiomers are formed, draw one of them.)

1) N 2) 3) Excess

CuBr N& CHal DBr
e O == -
Ho0/ A

NO, Acetone

MgCl
4) 9 5) 0 o @

H,=0 ——— > O e - -
2 - .
2. HiO* AlCly Acid catalyst
7) Haloform reaction 8) Cannizzaro reaction
0Oy, -CHa Oy OH O _H O OK*
1. Base, |3 KOH
—_—— + e +
2. H0" Ho0
9 10)
N=C=
N 0804
—————
CHsCH,COOH + CHgNH H,0
o ST Na,SO;,
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A% 1 (Problem 1) #&& (Continued)

45FBE 2,000 DAY T L 8,000 DAY FDEE/RAINTOWT, S04 T8 M, BEETINTEM, BIUM/M
%rikbb K. (Calculate the number average molecular weight M, weight average molecular weight My, and M/M, of an equimolar
mixture of molecules with molecular weights of 2,000 and 8,000.)

9. AZZ VIERAFI, BREY =L, BLOY V75 v OMNIMEEIZ OV TEITFORTE % £ (Answer the following
questions on addition polymerization of methyl methacrylate, vinyl acetate, and isobutene.)

1) DFAVEANFARERE /< —3 8, Fiz, LUV EABIERIORZ— 3T, (LU TRt (Indicate the -
monomer which can be polymerized by cationic polymerization and describe an example of initiator for the polymerization in
chemical formula.)

£/ ~— (monomer): BREEA (initiator):

2) TRV EANERERSE ) v —ld B, £, FAUCHW S EABIARIOHIE —o%T, (KFFUTRIE, (ndicate the
monomer which can be polymerized by anionic polymerization and describe an example of initiator for the polymerization in chemical
formula.)

£/ <— (monomer): BHAGH (initiator):

3) 5 UMNEE TOHBEESNARELE ) <—I2 8Ny, El, FAUCHV D BEABIERIOR 2 —0%8T, (KT,
(Indicate the monomer which can be polymerized only by radical polymerization and describe an example of initiator for the
polymerization in chemical formula.)

&/ ~— (monomer): : BRBAA (initiator):

10. TAYEIF v B Fa L OGRS BN DS & OIORE, £, TORBIEZIERLE, Draw the
structure of isotactic polypropylene so that the three-dimensional arrangement can be understood. Also, describe its synthesis method.)
i
(structure)

BRIE:
(synthesis method)
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FARE 2 (Problem2) FREFE#EIZ2 MtV £¢ (two sheets for Problem 2)

1. WROFEAEERTHIE X, (Explain the following technical terms clearly.)
1) AR (Maximum work function)

2) AR (Critical point)

3) RO (Bom equation)

4) HHEE (Free expansion)

5) T -t = v 7 /VORERIER (Debye-Hiickel limiting law)

2. 2,00 mol D FFAFHARE 4.5 atm O—EES TRz & 25, BB 270K 525 320K £TEF LI, £
JVEEEGE C, m=294 T K mol! & LT, Bk g, PR3N —B(LBRAUB RO VBB AH 22RO &,
7L, SEEH R=831JK mol! &%, (When 2.00 mol of diatomic perfect gas molecules is heated at a constant pressure of
4.5 atm, its temperature increases from 270 K to 320 K. Calculate the heat quantity (¢), the change in internal energy (AU), and the
change in enthalpy (AH). Assume the constant-pressure heat capacity Cp,m = 294 J K™ mol™. Use the gas constant R =831 ] K
mol™, ifneeded.) ‘

3. KIS AP, A D W%HFIET 2 DI 0 2T 5, 0 ZFVT, A D 99.9% HBEIGTHDICEY B
%34, (A first-order reaction, A — P, requires a time, fo0, to go to 90% completion. Express the time required for the reaction to go
10 99.9% completion using the time #o.) ‘ '
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fEiE2 (Problem2) #i& (Continued)

4. BTHICET AU TFORMNCER X, 1L, 7o E8IE 6626 x 103 s, BT OERIE 9.109 x 10° kg, JDR
FF2.998 x 108 m s &35, (Answer the following questions related to the quantum theory. Use Planck’s constant: 6.626 x 10 J's,
mass of an electron: 9.109 x 103! kg, and speed of light: 2.998 x 10® m s, if needed.)

1) ED 5.0 cm DEFOMES ZFE L2 &V, (Calculate the speed of an electron with a wavelength of 5.0 cm.)

2) FNEES 133 % 102 kg DREFH B2 BTRAHEB AT, BT 5L — YLD 482X 1021 ] T D,
~ OFFHEEF O DOERAFE L2 X\, (For a harmonic oscillator consisting of a particle of an effective mass of 1.33 x 102°
kg, the difference in adjacent energy levels is 4.82 x 102! J. Calculate the force constant of the oscillator.)

3) AN 95 km s DBTHH D, ZOEBEOTRENE% 00010 73— MAHSZ LD &35L, ENIZHOE
OAFE S 28 U HUE 2 5700 W21 L2 &\, (The speed of a certain electron is 995 km s, If the uncertainty in its
momentum is to be reduced to 0.0010 per cent, what uncertainty in its location must be tolerated?)

5. KEEFDAALY MUREED—IZ, T bRFIN DD, ZDANY bVEROBIEIRRIZ 2279 nm (B S LD,
7o NRENTIIT BRI E B, b KEIRF DY 22— R EEL 109677 em™ Z AV, (The Pfund series is the
one of the line groups in the spectrum of atomic hydrogen. The shortest wavelength of the Pfund series is observed at
2279 nm. Show the longest wavelength transition in the Pfund series. Use Rydberg constant: 109677 cm™, if needed.)
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RHRE 3 (Problem3) RREFNNIZ2 #cd W £~ (two sheets for Problem 3)

1. ROFENNDCEMORAE RO, F T
KD B SO EROWEHIECE, (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.)

@ (Cs,K, Ga) BXFEMEDR /NS JE#E (Which has

the smallest electronegativity?)

@ (2%, V*) kA A (Which ion is diamagnetic?)

@ (Ti, Zn?, O ) NERERAZ D DA A B, —r

F 5 — DI A YA A7 (Which ion shows a Jahn-Teller

distortion in an octahedral coordination?)

@ (Rb*, S22, Y**) HEROFHREV A A (Which has

the largest ionic radius?)

® ( Na, Mg ) H—A T ANEZ=FNAF—DORE VTR

(Which has larger first ionization energy?)

® (S, 0%, F ) ROK b/ A (Which has

the smallest ionic radius?)

@D (CO&, It ) FEEAM/INEVA A (Which has the

smaller bond angle?)

( CsCl, CdCh ) JERAERETZ2v B (Which does not

have a layered structure?)

© ( BaCOs, MgCOs ) SRR EVWIE (Which has

higher decomposition temperature?)

(MgO, NaCl ) BlsooE\ W/ (Which has the highest
~ melting point?)

fRERR (Answer column)

) @ ©, @ ®
® @ ©,
JEEAZRD—ED (a part of periodic table of the elements)
Na | Mg Al | Si

K |Ca S |Ti|V |Cr

Ge

Rb|S | Y |Zr| Nb

2. BB A ROCTEHAUEET, HTERIL a=
0658 nm T2, IRDOIITEZ L, (Rubidium Chloride (RbCl)
adopts rock salt structure with the lattice parameter = 0.658 nm).)

1) X #r& LT CuKa (5 0.154 nm) %V YC RbCl DFR X
TERRABIE U4, (L3> HOEH#D Bragg £ 6 %
kb k., (When X-ray powder diffiaction of RbCl is measured by
using CuKa radiation (wavelength 0.154 nm), calculate the Bragg
angle & forthe diffiaction from (113) planes.)

2)RbCHREERFORD & Cl OEEZE 2 X, (Answer the
coordination numbers of Rb and Cl in the RbCl crystal..)

Rb:

Cl:

3. HAEF R DA 100 g % IREE 1.00 M ERB/KIK
2000 mL (SRS CRERETR U, BRET MU
LBV LT b ORI LA BRI TE D LELT, Z
OEE W N w7 SEERD 208 KIZHIT 5 pH 25
HE L 7272 L, AT R YU 7 A&/ VE 1T 82.03 gmol,
CHACOOH DRAfFAEES Kol 3298 KT\ YT 1.7 X 10 mol
dm T 5, (Abuffer solution was prepared by dissolving 10.0
g of sodium acetate in 200.0 mL ofaqueous solution of acetic
acid (1.00 M). Assuming the change in volume when the sodium
acetate is dissolved is negligible, estimate the pH of the acetic
acid/sodium acetate buffer solution at 298 K. The molar mass of
sodium acetate is 82.03 g mol™ and the acid dissociation constant
K. for acetic acid at 298 K is 1.7 x 10 mol dm.)
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RIRE3 (Problem3) #t& (Continued)
4. ROFBEAEHAT X,  (Explain the following terms.)

1) BF#Hf/7 (Electron affinity)

2) = v hE—Khf (Schottky defect)

3) %0t (Flame reaction)

4) # (Coprecipitation)

5) Heta 234 (Colorimetric analysis)
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| SAERRSTS - 13 K530 49~15 15004  (Examination Time: From 13:30 to 15:00)

ZER EDEEEIE
(1) FREFHRRE NI DR EH 2 D D £F
Q) ZOFEZL TN TORERNGHAZERRIC, SRESEZILAL TSV
() TAUIRTEANG & RS A I SN b O T, MREISEE SNEERTCEEA L T TEENY,
@) fRENEZENRNE XY, RIURROEGZFA L THOEOERA, 72721, 2OHEATT ] ”EL
HEICEEER L2 a Lol LT 2,
(5) ERHDOERHRER D DEARIETERTTIEEN,

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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RARE (Problem) KEFTHT -7 ZE3ERIZE 8 DV NIBHEIT > COBRFFEDRZIT DT 1,000 FLAN Tt &, (Describe
the contents of your graduation thesis at university or current research within 2,000 characters or 400 words.)




