2022 410 A, 202344 A A% (October 2022 and April 2023 Admission)
IRBREFRF SR T AR R REaT (RS BP9 B AFRERE
Graduate School of Advanced Science and Engineeting (Master’s Course), Hiroshima University
’ Entrance Examination Booklet (General Selection)
(2022 45 8 H 25 HZEHE / August 25, 2022)

HRFE | LT BERED | [ 70754 iR | e
Subject Applied Chemistry | Program (;‘:gli’l‘ﬁ S&Tﬁ) Examinee’s N@&r M
' (Smart Innovation)

SREARSRT : 9 BF00 0~12FF004)  (Examination Time : From 9:00 to 12:00)

SR EOTEFIE ,
(1) RERFCSRHZERR)RE S8 HH Y £7.,)
Q) ZOFRME ST TORBERHRE R, BRESERALTES Y,
(3) ZIUIREAMR S REAERSMEN 2 b 0T, FEEIHEE INEEIMIGEA LT EELYY,)
@ fREREX IR E &, FUBROERZFA L TOEOERA, L, 0S8 g | RYLE
R L2 L5 R 9 LTRL 2 L,
(5) SRRCARELZREW,
6) B5ESNHEHEDTEAL THLELI LRV,
(1) B2 W FRR2mRlHABREFEHT RN,

Notices
(1) There are 8 problem and answer sheets including a front sheet.
(2) Fillin 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.
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RORE1 (Problem 1) REERSI3 HHY i?‘ (three sheets for Problem 1)

1. ROALEMOEAEDRT, UTOEEIZH LED L 37080 IS5 0 R MHICHAY L, BEIGUT, MEAW
T £V, (Explain briefly how the compounds in each combination are different with respect to the following properties. Figures may
be added if necessary.)

1) Friedel-Crafts FOi~DTEM: 2) ¥7UF 4 (chirality)
(reactivity towards Friedel-Crafts reaction) c e M o H*C_Z_C?CHZ
NG M HC  H HC f H HE W
!|/ S
3) BRMERL (acidity) 4) Diels-Alder SIS TOY 2 & UTORUSRE
. o (reactivity as a diene in Diels-Alder reaction)
e-cac:)Lc‘c}-z3 Hzc/ﬁ\u @ S

2. ROFISEOSAFERMEOEBRZHT L, RS E R I=EH#< Z &, (Explain the reason for stereoselectivity of the

following reaction. Figure showing the reaction mechanism must be given.)
Br

Bry/H,0 £ H
g Che

H

3. NaF A AL DOKBD $2 FUGORIENERY, ROIBIETT 5, BEEZHIEL, (The nucleophilicity of halide
ions for Sn2 reactions in water decreases as follows. Explain the reason.)
I'>Br >CIr>F

4. ROFEHEEEIZFHAY X, (Explain the following terms, briefly.)
1)Bredt Bl (Bredtrule) 2) IWEHES3#E (solvolysis)
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FEEE1  (Problem 1) f&% (Confinued)

5. ROPUGIZET 5 1%@3‘5%52%%:4 bLEEE TRYE, LZ‘%&CFG UT, MMHMUERID»DEICTHZ L, =Tt
- —WERT DBEEIT—HFDHERTZ &, (Draw the chemical structures of the major organic products. Show the stereochemistry
if necessary. When enantiomers are formed, draw only one of them.)

OH _
1) PPhy/CCly 2 Q/ D, ¥ @ CH,CO3H

(catalyst)

: 8
ay Q ) i ) j HCBry/KOC(CH;)

CHZCH,CH-N,*Cl

1.04 NBS . Br NaOCH;
7 8) — 9) ’
2. Hy0,/HCOLH

Br

10) 11 e 12)

N CHyl e 1. NaNOyHCI_

2. H,0 T2cueN

13) oo 14)  OcH;, o

i A 1. AICL, v anHg

HaC=CH; 30 % 2. HOMz0*
oo
‘ L 1. LiAtH, oMo
Bt i 2. H0H;0* : 0

(Acid catalyst)

6. Iy Z VT ANR(IWKERE UTIRFEIZEMR Y (pKa=16), ZOEM%ET DEEEE & FEREL 2HAv
TR L, (Cyclopentadiene is unusually acidic as a hydrocarbon. Explain the reason using “aromaticity” and “delocalization™.)

0

H H
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7. T7VMBATN, =FAELT—T ), BLUFEEE = NVOMITESIZ OV T TORMOICEZ X, (Answer the
following questions on addition polymerization of methyl acrylate, ethyl vinyl ether, and vinyl acetate.)

1) &%) <—DOHERA T, (Draw the stuctural formula of each monomer) '

77 YNLEEATF )V (methyl actylate) TFNEZT—T ) (cthylvinylether) — EHEE =/1 (vinyl acetate)

2) TUANVEATULIEES LRVE . v—ix&nh, £z, TOERICAWD Z LR TE HBERE— s, T
7<¥, (Indicate the monomer which can be polymerized only by radical polymerization. Draw the rational formula of an initiator which

can polymerize it,)
E ) FRnGH -
(monomer) (initiator)

3) HFAVEE URTVE/ v—Z &N, £, EOESICAVD Z LR TE DEEHE —2biT, %ﬁiﬁ?@‘ﬁi‘q
(Indicate the monomer which can be polymerized by cationic polymerization. Draw the rational formula of an initiator which can

polymerize it)
E)e— FREAH -
(monomer) (initiator)

4) F=A U EASLTVE ek e, E s, %@Eﬁ%:ﬁﬁb B ENTEDREMERE—DbT, THENTRE,
(Indicate the monomer which canbe polymerized by anionic polymerization. Draw the rational fommila of an initiator which can polymerize

it)
T BRGAF -
(monomer) (initiator)

8. BENDVHANK L BL VH—NOREES EFS) WETHUTORINCZE X X, (Answer the following questions
on condensation polymerization (polycondensation) of equimolar amounts of a dicarboxylic acid and a diol.)

1) FUGE p EECEES S x DBREEHE X, (Derive the relation between the extent of polymerization, p, and number-average
polymerization degree, x,..)

2) VIR EEE DA N DRIGHTENTE LT & E DERMOBCTERE x 2R XL, 72721, IR ERE F=
—NINL T AT IVIERRT B RIGOWEEES K 14 4 £7 5, (Calculate the murber-average polymerization degree, x,, of the
product when the reaction of the dicarboxylic acid and the diol reaches equilibriurn. Assume that the equilibrium constant X for the reaction
to produce an ester from a carboxylic acid and an alcohol is 4.)
wG=OH + HO~ == G0 + Hy0
0] : o]
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FA2 (Problem 2) PRRAIEA2 KD 7 (owo sheets for Problem2)

1. WOBSZIZEET AEAEERICHAY X, (Explain clearly the following terms related to thermodynamics.)
1) Va—— MAYEE (Joule-Thomson effect) 2) ~ADEH (Hess’ s law)

3) 77 by 7 D7uy b (van't Hoffplot) 4) RV A hO (Nemst equation)

2. BB VN 0K L 30K DRI TEESN TS, ROM D)~ PIZERX L 1) IO VU OBRREIERE KD

X, 2) FRREVEDDHEINAEL 1.00 K M7 0 R SNARAHELRD L, 3) BEIEDLIHESBE 1.00 kI %4/
D, FRHSERET, [RREFEHDITMATIEE KDL, 4) EEEFENDTL Pr~3 100 kI 2BE S L&, mhhERic
B AEREVED T e BB TUIREE DT b b AR FNENRD &, (A certain heat engine operates
between 800 K and 300 K. Answer the following questions, 1)~ 4). 1) Calculate the maximum efficiency of the engine. 2) Calculate the
maximumn work that can be done by the engine for each 1.00 kJ of heat supplied by the hot source. 3) Calculate the heat discharged into
the cold sink in a reversible process for each 1.00 kJ supplied by the hot source. 4) Calculate the changes in the entropies of the hot source

and the cold sink in a reversible process for each 1.00 kI supplied by the hot source. )

3. 300K (2§50} DM aE A 3L UB OFREE, FEN 688kPad 821kPa ThD, ZD_D0DMEIY, IRFET
HEMTHERRET 5. 300K IZHBWTRICEECH D A & B DIREHEE XD, THFD A DFNLSTEN 0662 Th
% & X DLFRKE L IO A E Y X, (The vapor pressures of pure liquids A and B are 68.8 kPa and 82.1 kPa, respectively, at
300 K. The liquid and gaseouis mixtures of these two compounds are formed ideally. Calculate the total pressure of the vapor and the
composition of the tiquid mixture at 300 K, considering a vapor-liquid equilibrium of the binary mixture in which the mole fraction of A in

the vapor is 0.662.)
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MiRE2 (Problem2) #t& (Continued)
4. BIHRIZBIAUTORWCEZ L. 7270, I 78803 6626 x 10%] s, TRFTREEIL 6022 x 102 mol !, EBX
SEEIT1.602 x 107 C, DAL 2998 x 108 ms™&92, (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™; elementary charge, 1.602 x 107
C; speed of light, 2.998 x 10° ms™.)

1) 1{EDZ+ k231550 eV D=RNF—EFFO L &, TOWREFHER L, (Calculate the wave length of one photon with
energy of 1.550 eV)

2) B 1.0 x 10?2 ms TEWVTOWAE R 1.0 x 107 kg DPHEOR 7 Az KD X, (Estimate the de Broglie wavelength of
a particle which moves ata speed of 1.0 x 102 ms™. Mass of the particle is 1.0 x 10 kg.)

3) E& 1.0x107%kg DIEFLOFE XA 35000001 ms™ & 350.00000ms ' DFED EZHNTBH D Z & HVrhro WD, FODREH
DABOTHEP SO TIRZEER X, (Estimate the lower limit of the uncertainty of the position of a running bullet. Mass of the bullet
is 1.0 x 107 kg that is known to have a speed somewhere between 350.00001 ms™ and 350.00000 ms™.)

4) BEMTRTH T CTho AR N0 1B 1876 am™ I BFRIREIGIEIC L O ARANRINE R0, 05y F AR REN T
LAREL TIROBEE KD I, (A heteronuclear diatomic molecule, nitrogen monoxide (N0), has infrared absorption at 1876 e
corresponding to stretching vibration. Estimate the following values assuming the "*N'%0 molecule as a harmonic oscillator.)

a) UN¥O 4335 (HAH) EE (the reduced mass of the *N%0 molecule)

b) “N¥0 43 FDHDTEEK (the force constant of the N0 molecule)

©) "N¥0 3 FDIRENDFES = F V¥ — (the zero-point energy of vibration of the N0 molecule)



2022 4E 10 A,

2023 4E 4 A NZF (October 2022 and April 2023 Admission)

JEBREFREG A AR AR LR (R PR A AT SRR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Enirance Examination Booklet (General Selection)

(2022 8 A 25 AEHi / August 25, 2022)

VA= AZSN
Program

IR (EFRE 1)
Applied Chemistry I

HEReLE
Subject

(Applied Chemisty)
A= Jriray
(Smart Innovation)

JRHEEF XBRES

- Examinee’s Number | M

RARE S (Problem3) FHREFAMGIE2 #d Y F9° (two sheets for Problem 3)

1. ROFEMADCFEEDESEDEDOT)H, BT
kB b ORBOWEMCEY, £, ©, @ Gizo
WA EIRL, (Answer the questions by selecting the
correct chemical species from the combinations glven n
parentheses. The correct chemical species should be given in
the answer column. Answer the reasons for D, @), and @)

® (N, 0, F) EFBIfADOKL/INEV TR  (Which has
the lowest electron affinity?)

@  (O*7, Na', APYR b A AU ERBORENA A
(Which has the largest ionic radius?)

@ (Na,Mg, Al) B= 1 A A= RNF—DHEHBREVTT
5% (Which has the largest second ionization energy?)

@ (LiBr, KCl) 7k~D¥EfEEHEMEEH) (Which has
higher solubility in watet?)

® (La*, C, N&) Jb A T EEDORE NS F
(Which has the largest ionic radius?)

® (Na', B, Mg?) b A A EBORENVA T
{(Which has the largest ionic radius?)

@ (BeCOs, SICOs) I ARIREEIMEV ' (Which has
lower decomposition temperature?)

(O, M, Fe) NEHEIL OIS 1 4R C AR
DA A (Which is diamagnetic in an octahedral low spin
configuration?)

© (Fe*, Fe*', F&) mA L VO NERERLIZH>T,
SRR L= RN F—(CFSE) CR bR EREFELE R
T 544> (In an octahedral high spin configuration, which
ion can be more stabilized by obtaining a crystal field
stabilization energy (CFSE)?)

@ (NaF, ALOs;) BLEDEWVH'E (Which has higher
melting point?)

@ Mg, Ca, Al) ESEEMEEORLKEUIEHR (Which
has the highest electronegativity?) :

@ (Cl~, BrFy) A A DO/ S VMEEFE (Which has
smaller bond angle?)

@ (KsCoo, NaosWOs, WOs3) N5 ThH¥HE (Which is

a semiconductor?)

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

FREN (Answers)

% (Answer) | 5 (Rowson)

% (Answer) | B (Reason)

& (Answer) | M (Reason)

Na | Mg Al | Si

K|l ls|T |V |G |Mi|F |C|N|[C|zZn| G| Ge
Rb|S | Y|Z|No|Mo|T {Ru|Rh|Pd|{Ag| Cd|In | Sn
Cs | Ba H [T |W |Re |Os|F | Pt |Au|Hg| Tl |Pb

~

2. ROFFMZFHHE L, (Explain the following terms.)
1) AT OB (systematic absence for body-
centered cubic lattice)

2) BEALYNa=T  (stabilized zirconia)

3) {REBFEEE (density of states)

4) GHFBDOTFNX—3FEEE (energy resolution of a
specirometer)

5) HEHZIIT DIEREE (accuracy in statistics)
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RI%E3 (Problem3) %t (Continued)

3. NO,NO*BLNOIZBI LT, MATFORMWIZEZ &
(Answer the following questions related to NO, NO",and NO™)

1) F BN AW S % &, (Answer the bond
aorders of each chemical species.)

NO : NO' : NO :

2)3-oMHH, N & O DREGIRE RO MEFEEEX
. (Answer which chemical species has the strongest bonding
strength between N and O.)

3)3 DORMTHUMEEZTILFELTNTELL
(Answer all chemical species that exhibit the paramagnetic
behavior.)

4. WOXEPOOE@ZHTTE SR GBS RFENLE
% &, (Answer the most appropriate word(s) for each of D and
@ in the following sentences.)

UG ABH)NZINT BHB ORI O )

ThY, BEFRREThD, RNURB) 4_I;$(N)ﬁé‘t;‘c
D:?(C)—ﬁé%(c)#ﬂ‘\}: EFHERICIZRD70, HUtE
IS OIEET B, BIXIE, TUE=T—RT7 01
( @ YD CCHEE%E BNRRICBERLIAEL 2D,
(Diborane (BzHs) is an electron—deficient compound and its
B-H-B bond is a { O ) electron bond. Since the boron (B)-
nitrogen (N) bond has the same number of electrons as the carbon
(C)-carbon (C) bond, several similar compounds exist. For
example, ammonia—borane has a structure in which the C-C bond
in( @ )isreplaced by the B-N bond.)

@ @

5. N =0 hEFM U GaAs i3, n BIHEEMAE p B
MEKCHRY 9B, EOX Sl Eoalizky, 0
Lol EZ p BUZ2 DDA &, (Geamanium-doped
GaAs can become either an n-type or p-type semiconductor. Explain
when it becomes n—type and when it becomes p-type, respectively.)

6.208K COFER HA) L ZDF 1) 7 A NaA) 35
TR BT AU T ORIV E 2 &, 72721, HA OF
NREZHAL KDA A 8% Kw=1.0 x 10 mol? L7,
HA @ pK& 430 &35, (Answer the following questions
related to an aqueous solution containing weak acid, HA and its
sodium salt, NaA at 208 K. The molar concentration of HA is [HA]
and the ion product for water, Kw, is 1.0 x 10% mol? L and pK,
of HA is 4.30.)

1) HA DES#HEER K% HA BI O ADT/VREZ AW
T, WEO pH 23 4.30 DESOBMBERE o 2RD X,
(Express the acid dissociation constant K, of HA with the molar
concentrations of HA and A", and calculate the acid dissociation
constant, o, when pH of the solution is 4.30.)

2)HA % 0.30molL", NaOH % 0.10 mol L' &L e7k¥AiKIZ D
W pH 25H8EE L, (Caleulate pH of the solution containing
0.30 mol L™ of HA and 0.10 mol L™ of NaOH.)

3)HA & NaA Z &tk s LTabhTns
2, FORENZDOWTHHEIZFRAY X, (The mixture of the
aqueous solutions containing HA and NaA is known as a buffer
solution. Explain the function of the buffer solution briefly.)



