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ZER EDFEEIE
(1) MRS BRE SR 8 D £1.,
() ZOFREELEZLT N TOREHINHFERIC, ZRES 2 AL TIZINY,
() ZIUIRTER S ARSI A SN2 b 0T, MEIHEE SHIZEIMGEA L TLIEEV,
@) fRENEZZNRNE &L, FIUFROELZFA L COUHEOERA, 72720, TOHAT THIgw ) REd
HEICFEHR L= Z 0D X HIic LT 2k,
(5 2RNTHE L Euy,
6) EH-INEERE (BE) 2HHLTHLELIZR,
(7) BB DWNIRHZ2 SRS H5AIT T 2T TN,

Notices
(1) There are 8 question and answer sheets including a front sheet.
(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of question sheets and answer sheets. Answer the questions in the specified position.
(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 questions.
(6) You may use the provided calculator if you need.
(7) Raise your hand if you have any questions.




2023 4-10 A, 2024 -4 H A (October 2023 and April 2024 Admissions)
TR RS R P TSR AT FEPHE LR ERTY (—iogétk) HR9R B A ABRATE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 -8 H 24 H3) / August 24, 2023)

AR | JSHET: (FFREE 1) ZA=E A7 A iﬁ?élllﬁ? SR
. . . ‘Appli emi L,
Subject Applied Chemistry T Program ( Xgp_ ]e\ y //\,‘_:/SB) Examinee’s Number | M
(Smart Innovation)

FIRE1 (Problem 1) [REFAKIE3 MW £9  (three sheets for Problem 1)

1. ROACEDETAHMEFFOMABEDET, LIFOMEITH L ED L 9 708 b 50t &, SLEITELT,
X2 FH T % LV, (Explain how the compounds or chemical species in each pair are different with respect to the following

properties. Figures may be added, if necessary.)
1) ¥ (boiling point) 2) BAMEEE (acidity)

{ \ * NH;*
No N o NH3 3

3) NIRRT (reaction rate of solvolysis) 4) C=0 fifEtaEEL (C=0 stretching frequency)
g YCI "o ™Moo
HyC HyC
5) 7 U HIVEEN (radical stability) 6) “ZZENE (stability)
L: —

LA

2. 13-Y7uuv o~ T AL TFORMWIZE 2 &L, (Answer the following questions concerning

1,3-dichlorocyclohexane.)
) FTNIRBVHRDTT o FA~—D 5, —ODEEE  2) 7 F T NVIRBEMEOR b2 E sk G

&, RHRBOMIBLEZ R £721LS TRE, (Draw the (Draw the most stable chair-conformation of the achiral
structural formula of an enantiomer of the chiral isomers and assign isomer.)
the absolute configuration of asymmetric carbons as R or S.)

3. NRCRFFCEET LB LB A AR 5 7 v o DAINBOR DB —2Z80TF, SUCHsi A, BSOS R CHEST
T 5P 2 ., (Give an example of addition reactions of alkenes that proceed with retention of configuration leading to cyclic
products. Draw the reaction mechanism and explain the reason for that the reaction proceeds with retention of configuration.)
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@1 (Problem1) #i= (Continued)

4. WOENENDRINZIT DAOFARD G THI T, LIS TT, SRMEFR 0D L9152 &,
T T NERRT D AIT— DA AL Z &, (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.)

1) 3)

excess HBr 1. BH3

—_—

socl,

O*COOH —

2. Hy0,, Hy0
NaOH

2)
(=
4) 6)
PBr, Ha HoNTNH, s
cam L e
7) 9)

D e

NaOH/H,0 N CH,CHyl
CHOH ———>

X | CReCHal
H30+

10) 12)
N, o
Cucl (o) \)j\
e OH
A|C|3 )I\C' —_—
Base
CHj
13) 14) 15)
MgBr NO,
1.co, | CHO OHCH HIO, 1. Sn/HCI
- . 3 3 _
2. Hy0" HsC CH3  H,O/H,SO, 2. OH/H,0

5. ROZNENDALEINOELND, E-HE /= ARz tEE=CCHilT, (Draw the structural formula of the

major mono-nitration product(s) from each compound.)

o}
({ﬂ) (Example) 2)
HN™ “CH,
HNo3 © HNo3 C(NHz HNO,
sto4 sto4 H,SO,
5)
N*(CHg)sCl~ CF3
HNO;, HNO;, NH; HNO;,
H,SO, H,S0, H,SO,
CH,CH, COOH
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1 (Problem 1) %% (Continued)

6. MECEAIZBETALLFORV NI Z X, (Answer the following questions on condensation polymerization.)

) 7 V7 2k LiAEOE TERRES TSN IEEWIE, =F Lo 7 ) a—l, 2 F L7 ) a—LE ) AF
NE—T)b, 7V OWTITHINEZ K, Ez, B T-AROAEFERIEZEHET, (Among ethylene glycol, ethylene
glycol monomethyl ether and glycerin, which compound gives a linear polymer combined with terephthalic acid? Also, draw the
chemical reaction formula of the polymer synthesis.)

ey e
(compound) (chemical reaction formula)

2) 1) ITBWTED FRREFDICOICHE T NE R4 2o, E5&EE Titt, (Itemize two important points to obtain a high
molecular-weight polymer in 1).)

L. 2.
3) DIZBWTECF T8 (M) 2.00 < 10* O FHFFOI, ZORDTOBCHIESGE (@) LEEF TR (M)
EAETHTCRD K, (A polymer with a number average molecular weight of 2.00 x 10* was obtained in 1). Obtain the
number-average polymerization degree and weight-average molecular weight of this polymer to two significant figures.)

4) EHEHRE DN TERIRE T F SRS D, BRiRE O AR 2 5T X, (Cyclic polymers are also formed as
by-products in addition to the linear polymers. Explain the formation mechanism of the cyclic polymers.)

7. =F Ly, Tably, A VTTOERAIZET LU TOMWCEZ L, (Answer the following questions on the
polymerization of ethylene, propylene and isobutene.)

D) BfTESIZENTA VYV E I F v IR ~v—% 52 5F ) ~—32WTNTHLINEZ L, £, ZORY ~v—0fEEX
ZHET, 51T, HObNDMEEE—2TF, 7 A V& 7 F v 7 R Y ~—OA k&L S K, (Which of the monomers
gives an isotactic polymer by coordination polymerization? Also, draw the structural formula of the polymer. Give one of the catalysts
used and explain the isospecific polymerization mechanism.)

/) V— R Y =—OhErER T A VR il
(monomer) (structural formula of polymer) (isospecific polymerization catalyst)
T A VR E AT

(mechanism of isospecific polymerization)
2) FUNNVERBIZL VA FREELGEA5E ) =30 TN THLINEA L, £, HONLHR Y ~—D— RGO
Bz~ J, (Which of the monomers gives a high molecular-weight polymer by radical polymerization? Also, describe the primary
structure of the resulting polymer.)
£/~ R ~—D— A
(monomer) (primary structure of polymer)

3) AFAVEETDHE ) ~v—IIEND, TOMEEMT, £, Mo RIEZLTI2DORM L2 ORI OV TR
~J, (Draw the structural formula of the monomer that undergoes cationic polymerization. Also, describe the condition for obtaining
a high molecular-weight polymer and the reason for it.)

F )~ — Ok Zf & PR

(structural formula of monomer) (condition and reason)
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RIRE 2 (Problem?2) MREHAKIZ2 M £9°  (two sheets for Problem 2)

1. ROBSHEET 2B 2 R ZFE X, (Explain briefly the following terms related to thermodynamics.)

1) 777N —)LZJ5FE (van der Waals equation)

3) 7 71 1 D= (Clapeyron equation)

2) B )55 —=yEH (third law of thermodynamics)

4) RS (azeotrope)

2. KAOEERRC S LOF, 300 K TR % A Z 551 ORI R S A0 3 TR L, 72120, 220D
- 160gmol !, SUATE R=831JK 'mol! &£ 9%, (According to the kinetic theory of gases, calculate the root-mean-square
speed of methane molecules in gas phase at 300 K to three significant figures. Use the molecular weight of methane 16.0 g mol ' and the

gas constant R =831 J K! mol !, if needed.)

3. ENVEFEGER Cun=TR2 O _JFFDFOFEEAE 3.00mol &V, 298K, 2.00x10°kPa 7>5 420K, 8.00 % 102kPa
SRS BT &0 CRD) = hr B2 b AS 3RO L, 72721, KIBREE R=831JK 'mol! &%, (Calculate
the change in entropy AS (for the system) when the state of 3.00 mol diatomic perfect gas molecules, for which a constant-pressure molar
heat capacity Cym= 7R/2, is changed from 298 K and 2.00 x10? kPa to 420 K and 8.00 x 10? kPa. Use the gas constant R =831 J K! mol ™,

if needed.)


aikeda
タイプライターテキスト
5


2023 %10 H, 2024 -4 A% (October 2023 and April 2024 Admissions)
JRR RIS B TRR AT E R LA (—iostk) P98 B AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2023 -8 H 24 H5k / August 24, 2023)

AEREEE | Sy (BRE 1) A=/ AN flﬁedfﬁflll:? S
. : . (Applied Chemistry) N
Subject Applied Chemistry T Program Pyt Examinee’s Number | M
(Smart Innovation)

fE2 (Problem?2) %% (Continued)

4. BEFIBIT DL FOMWNIE R L, 72720, 70 7E8IT 6626 x 10 Ts, 7ARTRHERIE 6.022 % 102 mol !, -
OGN 9.109 x 107! kg, TAEEIT 1.602 x 107° C, JO@EI 2998 x 108 m s &35, (Answer the following questions
related to the quantum theory. Use the following constants, if needed: Planck constant, 6.626 x 10*J s; Avogadro constant, 6.022 x 10?
mol™; mass of an electron, 9.109 x 10! kg; elementary charge, 1.602 x 107 C; speed of light, 2.998 x 10 m s..)

1) HES500nm D7 4~ HEYS7- 0 OV —%35HH K, (Calculate the energy per photon for radiation of wavelength of
500 nm.)

2) WYV UL OIFEFHAEE Z DIEDBIRD L& MEN 564 nm TS, W 500 nm OWART L7 & ST S
NDIEE A DEIHEZ 7L, (The threshold wavelength of light at which photoelectron emission occurs from potassium
is 564 nm. Calculate the maximum velocity of photoelectrons emitted when irradiated with light of wavelength of 500 nm.)

3) 'H¥Cl 5310 3 YOtOERAER 25 2 5, H & ¥Cl OFEHEERIL0.128nm ThH5, fMAiEEhEE14J=0 L J=1D
R ORIDERAT XL X —24 5 EE K, $£72, J=1 THEZL T4 & E0MiEhREORE A4 FHHER L, (Consider
the rotational motion of a "H**Cl molecule in three dimensions. The average bond distance between 'H and *Cl is 0.128 nm. Calculate
the difference in the rotational energy between the levels with the angular momentum quantum numbers /=0 and /= 1. Also, calculate
the magnitude of the angular momentum when rotating at.J=1.)

5. WROEAFmIZPET 2R A BRI X, (Explain briefly the following terms related to the quantum theory.)

1) K 7r—A OBFF (de Broglie relation)
2) ik (degeneracy)
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1. ROFESNNOAFFROMAEDEDID DD, R
TROD b DOZERVEEM G, £, O, ©, Gl
DUNTIIBEH AR I, (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. Answer the reasons for (D, @), and 3).)

@ (Si, TiO,, TIN) B3RS A TH S (Which is white

in powder form?)
@ (MgFa, MgBr) flsi DMKV E (Which has lower
melting point?)

@ (HaS, COy) FEAFAD/INSVMEZFFE (Which has smaller
bond angle?)

@ (He,Ne, Ar) Hi—A A ALTHAF—Dfcb KEV VT
5% (Which has the largest first ionization energy?)

® (Li, Na, K) & #1085 /NS JesE (Which has
the lowest electron affinity?)

® (Na', Mg**, AP \EABNAZIRB W TR b A A2
PROKZVA 4 (In an octahedral coordination, which has
the largest ionic radius?)

@ (S¢*, Ti**, V¥ JNEMAENLIZISW Tl A A2 4%
DR XA > (In an octahedral coordination, which has
the largest ionic radius?)

(Ca*, S, Ba®") J\MEMABINIZIWTlie b A A2 41%
DREVAF > (In an octahedral coordination, which has
the largest ionic radius?)

© (LiF, CsF) /K~OEMEED @V MEAY) (Which has
higher solubility in water?)

(C, Mn¥, Fe™") @& A v o )\ T — -7
7 —FEH%ERTA A (In an octahedral high spin
configuration, which ion shows Jahn-Teller distortion?)

@ (Mn?", Mn*) (A > O )\EABNIZ S > T, fliids
LET RN F—ThR b RERLEEZIT DA A
(In an octahedral low spin configuration, which is more
stabilized ion by obtaining a crystal field stabilization energy ?)
@ (Na, Cs, Si) BE&FMEEDRHAEVJEH (Which has
the highest electronegativity?)

@ (CdL, NiAs, MgB,, h-BN) JE RIS T2V H
(Which does not have a layered structure?)

FZEHH (Answers)

@®
& (Answer) | PEFH (Reason)
@
& (Answer) | FEFH (Reason)
@
% (Answer) | P (Reason)
@ ® © 0
© @ @ (B

2. WROFENZFHVE X, (Explain the following terms.)
1) N2 F K O JEPE A (systematic absence for
face-centered cubic lattice)

2) SMNEMEXRG (extrinsic defect)

3) 7 7 AHI (Fajans’rules)

4) fER (calibration curve)

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

Na | Mg Al | Si

K | Ca Ti |V | C |Mn|Fe | Co|[Ni|Cu|Zn]| Gal|Ge
Sr Zr | Nb | Mo | Tc |Ru|Rh |Pd|Ag | Cd | In | Sn

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

5) A A% (common-ion effect)
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3. Vnaz=y (Zr0y) 1L T, LITOMWIEZ X,
(Answer the following questions related to zirconia (ZrO»).)

1) DNa=7 OFERIIA v N TEERSEL LT
RITRT LT LT, EEATR ORISR OA T2 T
FNEZ L, (The lattice constant of zirconia was changed as
shown in the table below when yttrium was doped in zirconia.
Answer the name of each crystal system before and after doping.)

a/nm | b/nm | ¢/nm | a/° | BI° | 7/°
Pristine
s 0514 | 0521 | 0531 | 900 | 992 | 900
Y-doped | 515 | 0515 | 0515 | 90.0 | 900 | 90.0
710,

2)Zr D20 mol%% Y CEHa L7z a=7—A > ~NU 7T
BRI Zn Y, 0. 12 TEED x, y, z ZENEIVE
Z &o (Answerx,y, and z that apply to the compositional formula
7Z1,Y,0; of zirconia-yttria solid-solution with 20 mol% Zr
substituted by Y.)

3) Va=T—A v b TEERTEREE AR, 2
OMENZEIT D8R v U 7 &% 2 X, (Zirconia-yttria solid-
solution is an electrical conductor. Answer the charge carrier in this
material.)

4. FHTEFREORIEN TELIZT D2 L 972
it % & 5, LT ORINZE % &, (Molecules have structures
that the repulsions between electron pairs are minimized as much
as possible. Answer the following questions.)

1) Z ORI EMEIN DD, EOAMEEZ L,
(Answer the name of this theory.)

2) ZOHERIHESE, IRD a)~d) D53 F- DI ED~@D73
N BENEFIE, (Based on this theory, choose the shape of
each of the following molecules a)—d) from (D), respectively.)

a) XeFs b) BeCl, ¢) SF4 d) PCls

O EHYE (linear) @ =5 (trigonal bipyramid)
@ TFIE (Tshape) @ FAHEE (pentagonal pyramidal)
® R (bent) ® ViU (square planar)

@D >——H (seesaw) @ J\IHAFE (octahedral)

a) b) c) d)

5. NH,OH & NH(Cl % & $1Z 100 mmol dm > O TE
ToAIRIE 100 mL 55, LLTFOMWIER X, 72721,
RIRIT T~ CHEERRE (25°C, 1 &UE) (265 & L, NH,OH
DY FSFEETEE pKo 1 X 474 &35, (Answer the following
questions for 100 mL of an aqueous solution containing NHsOH
and NH.Cl both at a concentration of 100 mmol dm>. Assume that
all solutions are under standard conditions (25 °C, 1 atm). The base
dissociation constant, pKy, for NH4OH is 4.74.)

1) ZOKEEERD pH %Z3Keb X, (Answer pH of this aqueous
solution.)

2) Z ORI 1.00 mol dm™ HCl /K% 1.00 mL #in
L7=%D pH %3k &, (Answer pH after addition of 1.00 mL
of 1.00 mol dm > HCl solution to this aqueous solution.)

3) ZD/KEFIKIZ 1.00 mol dm™ NaOH /K¥EA 2.00 mL ¥
U740 pH %3k X, (Answer pH after addition of 2.00
mL of 1.00 mol dm™> NaOH solution to this aqueous solution.)

6. 2 liO&EA A M*DENLT- L & 1:1 OFSAMLP
T 5 L&, 80 0.100 mol dm > D M* & AT ek
i & 0.100 mol dm™ O L Z &K ZIRA L TR HID

VSN TAFAE S 2 M OJREE (moldm™) A3k L, 72721,
TR~ CTHEEHEIRAE (25°C, 1 &JE) 12D L L, ML
DOEEFRES Ky % 1.00 % 108 mol ' dm® &35, (The divalent
metal ion M?" forms a 1:1 complex [MLJ*" with the ligand L.

Answer the concentration (mol dm ) of MP* present in the solution
obtained by mixing an aqueous solution containing equal amounts
0of 0.100 mol dm > of M?" and 0.100 mol dm of L. Assume that
all solutions are under standard conditions (25 °C, 1 atm). The

complexation constant, Ky, for [MLJ*is 1.00 x 10® mol ' dm?®.)
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