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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 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.
(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.



2025 4210 H, 2026 ££4 A A% (October 2025 and April 2026 Admissions)
IR RFR S EE TRR A RHE LR (SR EM8 B AT RRE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2025 £ 8 H 28 HENE / August 28, 2025)

HEELE | oA (EFRE 1) A=Y A7 ( @é&"%" AR
. . . Applied Chemistry) .
Subject Applied Chemistry I Program ;@E— bt JRa Examinee’s Number | M
(Smart Innovation)

PR 1 (Problem 1) FBUTIENE3 B ) 59 (fhres sheets for Problem 1)

1. ROMEBHOMASHET, UTOWEICH LED L ) RE N DBHEIERAT L, HEIGUT, MEANTHE
VY, (Explain how the compounds in each pair are different with respect to the following properties. Figures may be added if necessary.)
1) BAMEE (acidity) —on F-—-T\/OH 2) C—N#%&& (C—Nbond length) NH,
F

/\/\/\NH2

3) KFEERDHERHE 4) SN2 [RUGODIRE (rate of SN2 reaction) -~ ™>~"on -0t

(absolute value of heat of hydrogenation)

2. 1-7 a2 V7N 7 anF POV AEB IO T ARIBEST DL TORWNICE R £, = FA~—i
FHETAEBIT—F DR % R"T I &, (Answer the following questions concerning cis- and #rans-isomers of 1-chloro-2-
isopropylcyclohexane. When enantiomers exist, draw only one of them.)

) NIUREORGRERA AREERHIT, 2) VARBIO NI VR EOEH LORERN IV LED, B

(Draw the most stable chair-conformation for Tk, HEILUT, REZHAWTS LV, (Explain which is more stable,
the frans-isomer.) cis-isomer or frans-isomer. Figures may be added if necessary.)

3) VAL R UAMRIZENENT P Y U AT XY REZ A ) VTG S THR LN A BBERUIG O TR OR
ERAHET, (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.)

A (cis-isomer) kL A K (trans-isomer)

3. WOEEEMA & B OERA#E, SHRBIREOERZHAY L, LEISLT, MEAWTHXY, =)
VI —MVERRT AEAIT— DA E T &, (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.)

O(CHs BH; H,0,/NaOH aq
T A B

A: B:
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fij#E 1 (Problem 1) HiX (Continued)

4. ORISR HEBOF AR S CHET, HEITILRUT, SMMEFESS»5 L0528, = rFg~
—DMVERLT BRI — DR ERT I 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.)

1) 2) 3) Sn2 reaction
HOOC. _H g 5 HCI CN
— HC~N , —
H” ~COOH HaC ! CHs
Dy o 5) 6)  CH,0H
" 1.NaH 0 1. CH3MgBr
; ————— Cr03
2. CHyLi Yj\( 5 10 —
3. H,0 o
7) 8) Intramolecular aldol condensation 9)
COOCH; OH
\i N |l| A M KOH © excess Br,
COOCH, . J o
10) 0 ) o 12)
NO, 0
Cl  AClh CH3ONa PhyP=CHCOOCHs
< / A
NO,

5. BMAAMHEAIES VT, T b oo T OET = ) — VBB T ARG A T — L SEA S L, BUS
BEREA B 3720 ), (Complete a reaction scheme for the selective synthesis of o-bromophenol from phenol using suitable inorganic
reagents. It is not necessary to show the reaction mechanism.)

OH OH
Br

6. ~ITRH—IING T F— LDV AR R, BT R OBE AR TEREERRGEE VTR, (Draw
the mechanism using curved arrows, which show the movement of electron pairs, for the production of acetal from acid-catalyzed reaction
of hemiacetal.)

ROH ROH

. ,
CHs RosH ~H,0

RO OH —— _— = —_—

CHy

THA2—IL (aceid)
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fHRE 1 (Problem 1) %X (Continued)

7. S FEH 10,000, 20,000, 3XTN30,000 DO FEEENVTORELILLTD, ZORESMOET 7 FE M, EEY
By FE My, BXUSHBERZEIEF 2HTRD 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 A, and
polydispersity of this mixture to two significant figures.)

M] =
Mw =
SLAYRUE (polydispersity) =

8. "FYAFLLIT I ET VL LVEREDEMAICLY, 66-T4 0 PMELND, ORI OV TELTORNZE
% & (6,6-Nylon is obtained from the polycondensation of hexamethylenediamine and adipic acid. Answer the following questions on
this reaction.)

DNABADAFHAFLL DT I L NS BADT VB (No/Ne=r,Na<Na,05r<1) ZHWTEMRSIZLY 667
OURBHLIZE X, ~"FYAFLUUTIVORIGERp 0<p<l) Tholeldb, ZDLEDAERRY <—0ECF
WIEAE xy A HAI L r & BUGEE p 2V TF420AE0}, (When a 6,6-nylon was synthesized by polycondensation from Na
mol of hexamethylenediamine and Nz mol of adipic acid (NW/Na = 7, Na < Ns, 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.)

D DICEASNT, EOFED 66-741 0L 2B m DIl E R ba2 D, &5&EE Titt, (temize two requirements to
obtain a high molecular-weight 6,6-nylon based on 1).)

3) ~FHAFLLIT I ET UEUBmNLTA B ARNERT ARG AE, 6671 nr kA LAY
AFE AR X, (Draw the reaction equation in which nylon salt is produced from hexamethylenediamine and adipic acid, and explain
the advantage of synthesizing 6,6-nylon from nylon salt.)

Bt (reaction equation):

FS (advantage):

9. PIFOEMMEC LV AT 5B v—Df LA EE T, (Draw the structural formula of the polymers obtained from
the following polyaddition reactions. )

D 2)
H,N—R~NH, N
+ —_— QCH:CH@CH:CHQ e
=N
OCN—-R'-NCO
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RIE2 (Problem?2) FEREFARIZ2 &Y 9 (two sheets for Problem 2)

1. ROBIHCET A3E0) 2 HERCHIAE K, (Explain briefly the following terms related to thermodynamics.)

1) 7558 (first law of thermodynamics) 2) Jiv)—¥A 7 v (Camotcycle)
3) (AT 3 % /L (chemical potential) 4) =E s (triple point)

2. 125g DIRIED A H J—)b (B/NVEE 320gmol™) % 100kPa, 298 K 735 300kPa, 366 K IZZ( LS To & E D= 41
Vb EEHER L, ZHHORETICBWT, A¥ ) —UNEERKEELE L, TOBE LEEENEEE G iTTh
ZF1,0.791 genr® & 81.1 JK mol! T—E & 9%, (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.)

3. 77Xy (ENVER 128gmot!) LTV TRy (BVEE 178gmol) DEEY80g Bl 400 ITHRES

WAL, FORBOEESL, SR~ P OBES 279K) L9 b 070K KL ootz B OREERE TR Ke
%51 Kkgmol! & LT, IBRAMTICEEND T 77X L OEELZFHEY 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™.)
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[il& 2 (Problem2) #E& (Continued)

4.

BFHICETAUTORMWNIE 2 X, 72720, 7707 E8IT 6.626 x 103 s, TARTRNaEEIL 6.022x 102 mol?, &+

OB 9.109 x 107 kg, BREEIT 1.602 x 107° C, HOBETL 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 % 1034 J s; Avogadro constant, 6.022 x 107
mol™; mass of an electron, 9.109 x 107! kg; elementary charge, 1.602 x 107 C; speed of light, 2.998 x 108 m s7.)

1)

2)

3)

4

S)

B ASBOHEEHNT 230eV TH D, ZOLBIZEE 400nm DY RS L7, (The work function of a certain metal is
230eV. Light with wavelength of 400 nm is irradiated to this metal.)

@) NENDOT + b VAN D RAF—%RD L, (Calculate the energy of one photor.)

(b) I SN A NBEFORSSEBh = R LX—%3KD L, (Calculate the maximum kinetic energy of the photoelectron.)

EEITRLF =Y 150 eV DEBEFOHE L R » T uaA R4 RO X, (Calculate the speed and de Broglie wavelength of an
electron with kinetic energy of 150 eV.)

BT ONEA 100 pm DRHED S ThD > TN 15, TOBETOEERO RN S(Ap)D FHRAERD X, (Suppose
an electron’s position is measured within an uncertainty of 100 pm, calculate the minimum uncertainty in momentum (Ap).)

£X 1.00 m ® 1 KTEOROPIETFRECAD SN TND, KERIEL 5 2 FSRBOT R 1 F 2R 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.)

T 43 T-ORE S & TRREN T £ 572 L, JIOEES00N m & AV CEERRER & 8 1 HERIRIBO - R —2 2RO &,
(Consider the bond in 'H; molecule as a harmonic oscillator. Using a force constant of 560 N m), calculate the energy gap between
the first excited state and the ground state.)
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M3 (Problem 3) [HREFMUE2 £d 0 E9-  (wo sheets for Problem 3)

1. ROFEL [ NOBRED S B, BINTRDDLEDZ  fREH (Answers)
EOWFERICRDE, £72, O, QKW TIEREEZRA~ L, ‘ | D
(Answer the questions by selecting the correct answer from the
alternatives given in parentheses [ ]. The correct answer should be % (Answer) | FEH (Reason)
given in the answer column. Describe the reasons for @ and (2))
(D [SFs, IFs] fiaAMREVMEFFE (Which has larger bond
angle?)
@ [0, O] FEAHEEEIEL MEFFE (Which has larger bond ®
length?) . % (Answer) | PEFH (Reason)
® MgALOs, MgO, Mg(OH)] Mg A A2 i3 b/ & 78 A
AR ERFO LB Z HNDIEEW (Which compound is
assumed to have the smallest ionic radius for Mg?* ?)
@ [Ga, Ge, As] FH—A A AL RNV —DEH/PNSVIT ® @ ® ® @
5% (Which has the smallest first ionization energy?)
® [Si, P, S] ETHAFI/ A /N SV IEHE (Which has the ~ |
smallest electron affinity?) ©) ) @
® [S*, CI, K*, Ca?] ANBLZIBW TR A A DK
X\ A 4 > (Which has the largest ionic radius with the

coordination number of 6.)

@D [Co*(LS), Co*"(HS), Co™(HS)] A B ARRELS) L7
A RS A L, \EHE s R
A A RO RE A F (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 v K mavnER EXUTERIN TR
Z U \JrsE (Which has the largest electronegativity determined by
Allred and Rochow?)

@ [3s, 3day2, 3dp | EEASFEA DR DEFHEE (Which
atomic orbital has nodal surface consisting of flat planes?)
[Fe?, Co¥, NP*] @A E'r OEEABNLZH-> T, i
BRENT RN —CR bR E RREERIT oA A
(In a tetrahedral high spin configuration, which ion is the most
stabilized by obtaining a crystal field stabilization energy?)

@ [Na', Mg, AP] KFNC KV B bRET DA A
(Which ion is the most stabilized by hydration?)

2. WOBEAHIIEL, (Explain the following terms.)
1) B/ (intrinsic defects)

2) 7 =L IUEL (Fermi level)

3) < U v OBESFEMEE (Mulliken electronegativity)

4) 7 /VESVKE) (gel electrophoresis)

5) JFFE71EEEE (atomic force microscope (AFM))

JEHIERD—E (a part of periodic table of the elements)

‘Na | Mg Al | S|P
K |Ca|Sc|Ti |V |Cr |Mn|Fe |Co|Ni|Cu|Zn |Ga | Ge|As
Rb|[S Y |Zrt [Nb {Mo|Tc Ru‘Rh Pd |Ag |Cd [In | Sn | Sb
Cs | Ba o |Ta |W |Re |Os |k [Pt |Au|Hg |T1 | Pb|Bi
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fRE 3 (Problem3) %X (Continued)

3. WROXEAFH, LLTFO 1) E DR NE % &L, (Read
the following text and answer questions of 1) and 2).)
TURZTRTAINA R O YTHDIT E=T &NV
LA @ YTHHERT VI @ MG LALEwTH
v, ( @ YOCCHA% BN RA CTEIMTBEL
&%, (Ammonia borane is a compound formed with ammonia,
whichactsasalLewis( (@ - ), and borane, which acts as a Lewis
( @ )bythe( @ )bond.Ithasan isostructure in which the
C-Chondof( @ )isreplaced by aB-N bond.)

1) CEFODO~DZH TLE B biEdliaain e B2 L
(Answer the most appropriate word that fits each of in the
text.)

@ @

® @

2) TUoESTART PO B-H 5 E N-H fiaDRS %
Hfz L&, EHLBENONICONT, 20X ITRHHE
B & & BIic&z X, (Answer which bond is longer, the B-H
bond or the N-H bond in ammonia borane, along with the reason.)

4. DA~ NHDALEID 55, BEEDH3 LoD
TR A EGTHAY % TR, (Ofthe following compounds
a)j), answer all the compounds that contain element(s) with
oxidation number of +3.)

aAlF;  b)GaCh ¢) Pbe DT MmOy ) SITaON
@) LaTiON  h)KMnOs i) [PtCh(NHsy]  j) FesFe(CN)ehs

5. 7 ACr) (Z=24)D 4s BT T D EINGEM Zs)
AL —F—HNC X > TEHER L, (Calculate the effective
nuclear charge (Zeg) for the 4s electron(s) of chromium (Cr) (Z =
24) using Slater's rules.)

6. FEHEO—EHTER HA (RAFRETEL Kua=2.0 x 107 mol

dm 3035, 1.0 x 10 mol D HA ¥ S 17 FMaik
2t LT DR INA CRE LT, TREEN 1.0 x 102
om® TEELZEEZO pH 23RO L, 7721, BEEITRIK
HFDA]=50x% 105 mol dm™> THELDHD LT D, (A
monochromatic indicator, HA, which is a weak acid with an acid
dissociation constant Kua = 2.0 x 10%moldm™, is used. A
quantity of 1.0 x 107 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 107 mol dm™.)

7. AR HXEAEEE Kax=2.0x 10* mol dm™)iZ
X VHX]OMEA 0.1~10 D&% & 5 & %, YRR pHIZ
i U TR MR 2 (0T 5, ZOFEEE pH OETRYE,
(A dichromatic indicator HX (acid dissociation constant Kxx= 2.0
x 1074 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.)



