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6) BESNhIEER (B 2ERLTHLELARY

() BB VETFREDHEHEEITTFEET TSN,

Notices
(1) There are 10 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.
(@) Ithe space is exhausted, use the reverse side of the sheet and write down “Yo be continued™ on the last line of the sheet.
(5) Select and answer one problem among the three problems. In addition, mark the problem that you have selected with a circle in the
selection column in the table given below.
(6) Youmay use the provided calculator if you need.
(7 Raise your hand if you have any questions.
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RARE 1 (Problem 1) [UREFRARIE3 ﬁz&;@ E% (ﬁmreesheetsforProbleml

1. ROFIHNZRNTODOHFIZALHAEEL 2 TFEE, (Provide all the reagents required for each reaction in the square blanks.)

) | | 2) 3)
| 0O

Q
é 65 ZCcoMe* - 9 é/\ NMe, —————— .

COQMe

o)

of

2. ROKUSOHE A REFRTES AV THET, (Draw the mechanisms using curved arows for the following reactions.)

D OS¢ A ——— e N

0 -78 °C e}

OH
N H O
? H N

A d

3. AORISRLE HNMR A2 hUE00 MEZDY 7F 0D, i, Than2-74% /—L O .
DZODRIFAFNEOT T b B T Hy IORB SN D, LITOR AR L. Hy 1
(Signals @ and @ in the following 'H NMR spectrum (400 MHz) can be assigned to two terminal methyl \/\‘
protons H, or Hy, in 2-butanol. Answer the following questions.) _ OH M, JK
) V7D, @it Hy Hy EH507 1 FACRBENSD, BHLEDTRY, (Towhich 1[
protons Ha or Hy, the signals (D) and (2) are assigned? Provide also the reason.) I A
@ @ | 1R Reason) | B M

D) VI NDEQPBETEH v T Y v IR R &, FHEBRLEY, (Provide coupling 22 858
constants involved in signals (D and (2) with the calculation process.)
)

2
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FiRE1 (Problem 1) #t% (Continued)
4. TRONAT VY SRR 0 A T v 7Y VT RIRIC LB BB U DERUTOVWT, BITORZ
Bz L. 2B, RITTU—WEERITAXVE MiT</ XUy LER38ER, X asy, LidEEwELER
VBT £ 95, (Answer the following questions regarding the synthesis of the mono-substituted benzene using a cross-coupling
reaction in the presence of a palladium complex as a camiyst shown below. “Ris an aryl or an alkvl group, “M” is magnesium or zinc, “X’
is ahalogen, and “L”’is a ligand having no formal charge.)

“ LyPd
~Br + XM-R R

1) O~@7__picrhiiisd: L TR EIBERATTAL, UTFOMEY 1 27 VeSSt L, £, a~e® ()
P T DT AT, A~C @ [ ] AIBRREDLHEZNENET, (Complete the catalytic cycle of the
reaction shown below by drawing chemical structures of intermediates in the square blanks (D-®. Give the formal oxidation states of
palladium and the name of elementary reactions in the parentheses a—¢ and square brackets A—-C, respectively.)

DM BT F UL, TEROEEORIGDAT % LN ZHET, -(Give the names of this reaction when M is magnesium and
Zinc.)

M=Mg : M=Zn:
3) ZORINTRWT, —HRRIC, MASEERE Y b/ R T LD L EOFHBRITHETE, EORRINZEN H D>

HEWHT, FOEHAEEZ L, (In this cross-coupling reaction, generally, the reactivity is higher when M is magnesium than when
Mis zinc. Explain the reason including which elementary reaction(s) would be affected.)

4) FEUS C IO, RBT U—NEETAFAEDELLO L&, TRBOIIIELTOD Bl E L HICELL,
(In the elementary reaction C, which R make the reactivity of intermediate ® higher, aryl or alkyl? Answer with reasons.)
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RE1 (Problem 1) %% (Continued)

5. AZ 7 UNBAFIUMMAYD T VHNVERIZOWT, LLIFORNCE X K. (Answerthe following questions on the radical
polymerization of methyl methacrylate (MMA).) ‘

1) BRAEAI L U GREE LA MBPO)Z A2 MMA D7 VIINVERIZISHT DFRRERIG & AR UG %A VERSRTHE
i}, (Draw the initiation and propagation reactions, by chemical reaction formulas, in the radical polymerization of MMA using benzoyl
peroxide (BPO) as an initiator.)

BRAkAEUE: (initiation reaction)

AR (propagation reaction)

2) BHERIL LCT Y EAL YT Fr= b Y HABN)Z AW IES, BPO ZfAVHGE LHEIL TED LS 758 3D
By, BEAGHEhERDELED SRR L, (Describe the differences between BPO and azobisisobutyronitrile (AIBN) as an initiator for the
radical polymerization of MMA in terms of the initiation efficiency.)-

3) LI FOEssEs s AIBN AV MMA DU B2 75 VINVER TRONDENTORERE, RiEs 8 Th
i, Tz, BONAENTFOBEABRIOER~ X, (Draw the chemical structure of the polymer including the terminal groups obtained
in the following living radical polymerization of MMA using the chain transfer agent and AIBN. Also, describe briefly the characteristics
of the resulting polymer.)

SNEBEH (chain transfer agent)

NCX87§/© + NCKN°N><CN +n :é:o —A—>

%H (characteristics)

6. KOBREATERLN BN TOMERAHT, Draw the chemical structures of the polymers obtained in the ring-opening
polymerizations.) '

M 2
1) Mes—N_ _N-Mes ) o ROH
CI:..,;/ Sn{Oct),
™ V= pn o —_
PCy, A
; )
(o]

- Oct=""0
Mes = -- CV=--<:> ’
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FHIRE2 (Problem 2) FREAAGII SV FT (three sheets for Problem 2)

1. A +B — PO 2 SSHEEEHEDS 0250 dm’ mol s TH 5, KHEA & B ZEALT, FHEEMNA]=0.020 mol
RBEIC UL, ()20 B Lb)2 0HEO A DREEZZNENRD L, (The second-order rate

dm?, [B]=0.150 mol dm={Z
Estimate the concentration of A aﬂer (2)20 s and (b) 2 min when the reactants

constant for the reactionA +B — P 1is 0.250 dm?® mol™
are mixed with initial concentrations of [A] = 0.020 mol dm™ and [B] =0.150 mol dm™.)

2. HHNIRKIGOEEL, BEN30K 1H320K ~EFT5E 345725, ZORISDIEMHE—RLF—%RD I,

7L, HERFARRECLOTETHY, JFEHR=831IK mol™ &£9%, (Adecomposition reaction triples in rate
as a rise in temperature from 300 K to 320 K. Estimate the activation energy of the decomposition reaction. The frequency factor 4 is

constant in any temperature. Use the gas constant R =831 J K™ mol™, if needed.)



2024 10 A, 202544 AANF (October 2024 and April 2025 Admissions)
IR RFRFER TR AR A (%R HME B AT RS
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2024 4 8 A 22 HEHE / August 22, 2024)

PRRE [ GRRAD | [Tr55] EREE T S5ES
Subject Applied Chemistry IT ' Program ey ity g Examinee’s Number | M
(Smiart Innovation) ‘

FiEE2 (Problem2) Hex (Confinued)

3. MEIZL->THRIEINAT R T LRI LORIEANT MATZERTHY, 58976 nm & 589.16 nm DG
By ZOTZELDNTELTFORWIE X &, 7721, 7T 78366261 x 103 Ts, JEDHERTL29979 % 108 ms™ &3
Do (Ihe emission spectrum from sodium vapor excited by discharge is a doublet, consisting of lines at 589.76 nm and 589.16 nm. Answer
the following questions regarding this. The Planck constant is 6.6261 x 10 J s and the speed of light is 2.9979 x 10°m s

1) ZEERREDF b U LAEFOEFEE ST, (Show the electronic configuration of a sodium atom in its ground state.)

2) HERIEDT I Y 7 AFEFOLMERESEETH [, £XCVETH S, 2ATHERTH J 2RO, (Determine
the total orbital angular momentum quantum number Z, the total spin quantum number S, and the total angular momentum quantum number
Jfor a sodium atom in its ground state.)

3) F b U o ADFE BRI L CRIRERIEDRE S 2 I LT3 > TREH : °Gy), (Show the possible term symbols for
the first excited configuration of sodium, following the example (Example: >Gy).)

4) 5 MY T AOEFIRRBICBIT DAY BED v TV T EER BT 3 #HTTEZ L, (Answer the spin—orbit
coupling constant in the first excited state of sodium to three significant ﬁgums)
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FEZ (Problom2) 56 (Continued)

4. bayrVETRLNE B OSFEEIIA T TR bD, 22T x i3RFERFO 2p, $EEEL, B
FIERDOREMBIZHST 2, 2L, ZhbOSFEHEIIEHET L —DRVIEIIT e o TN, LIFOR NS
fERIZ& 2 &, (The molecular orbitals () of benzene are written as follows using Hiickel method. The y is the 2p, orbital of carbon
atom anid the subscript number of y corresponds to the position of carbon atom in right figure. These molecular orbitals are not in order of
lowest orbital energy. Answer the following questions briefly.)

@1 =1/V6 (X1 — Xa+ X3~ Xa + X5 — X6)

@2 =1/2(X2+ X3 — X5 — X¢) p 5
@3 =1/V6 (X1 + Xo + X3+ X + X5 + X6)

s =1/N300 —1/2x; ~1/2x3 + xa = 1/2%5 = 1/2%6) 5©3
05 =1/V30+1/2x, —1/2 23— Xa —1/2X5 + 1/2 xe) 4

0s=1/2(X2 — X3 + X5 — Xe)

1) N DA F (906 ) OB L O 2 7H, (Draw schematics of molecular orbitals. (¢, — ) and nodal planes of
benzene.)

2) 3 FEE(p~pe) E BT R F—DEN WRIZH B (=), FEF(QZE AW TIER L, (Rearrange themolecular orbitals (¢, —¢¢)
in order of lowest orbital energy using equality (=) and inequality (<) signs.)

3) y, DETEEERD L, (Caloulate the electronic density of ¥;.)

5. BERRRBIZHIT AEEENFOBTEEIL (0101502505 X020 VT V(s EET B, LAFORINCHRICE X
X, (Theelectronic configurations of oxygen molecule at ground state are written by (05 /(07502 (03 02, Y2 Y3y, )*. Answer
the following questions briefly.)

1) 075, Oap» Tap, MW, DEEEAFRER g (BN EIITu (FHRFHTEX L. (Answer the inversion symmetry of o35, 65p,

Tzp,and 75, by g (gerade symmetry) or u (ungerade symmetry).)

2) BB FOREERE R R &, (Calculate the bond order of oxygen molecule.)
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IR 3 (Problem3) MREFMKIZ3I A £ (three sheets for Problem 3)

1. Y5 ZnS (K1) O+ EHIE a=0.541nm TéH 5, (Thelattice constant
of ZnS (cubic crystal structure shown in Fig. 1) is = 0.541 nm.)

1) ZORGAtEEDLFRE T, (Answer the name of this crystal structure.)

2)Zn BEO S OEHAEZNEIVEZ X, (Answer the coordination numbers
of Znand S.)

/n: S:

1 ZnS DG
3) ZOORROBE AR Y, In BEO'S OBNVERIITNEN 654 B L (Fig. 1 Crystal structure of ZnS.)
W321gmol! &35, (Calculate the density of this crystal. Molar masses of Zn and
S are 65.4 and 32.1 gmol !, respectively.)

4) Z ORGSO DH A T HE 2 K, (Answer the lattice type of the ZnS crystal.)

5) Cu Ka (5 0.154 nm) % FiV T Z OFESROR X e JIET D0, RHIERAICEND O 7 —EEE 2 X,
o, FOTT v 0 ZRHEHE L, (When X-ray powder diffraction patter of the crystal is measured by using Cu Ko radiation
(wavelength 0.154 nm), answer the Miller index of the reflection appearing at the lowest Bragg angle. In addition, calculate the lowest
Bragg angle 6 of the reflection.)

2. F IRAO~ A T whiA- ORPEEIET D kA Bz, FIVENDFIEG B AL O A BRI T X (Answer
two methods to measure diameter of nanoparticles or microparticles. Explain briefly the principles and/or information obtained by each of
the methods.)
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@3 (Problem3) #¢x (Continued)

3. FIUE 14 TR ThIRRC) & 7 FEES)iT L bl \-—@Ef e LT ZERKERSR(COy), B 1 R(Si0) %< %,
LhL, FNENOEEEHTHD L CONRT 7 U TN TV ANk 12 54 \%HE“CE:‘?)E)@ L, S0, (B oy
EThHY, 2L BRIESREEL LD, ZOECHWELSEBEY [SEFE LWV ) EEEZAGCHAEL, Bothcarbon
(C) and silicon (Si), which are elements of Group 14, form dioxides, i.e., carbon dioxide (CO,) and silicon dioxide (Si0,). However, when
focusing on their solid states, CO: is a molecular crystal formed by van der Waals forces, whereas SiO; forms a covalent crystal with a
completely different structure. Explain the reason for this difference using the term "multiple bonds™.)

4. DAFOFI, HERMETE A~G OBEE - e Bk A, BREBECEL TEL o bOTHD, BTFD 1)~3)D
RIVNZZ 2 K, (The table displayed below summarizes the functions / applications, constituent ions, and crystal structures of functional
materials A~G. Answer the following questions 1)-3).)

S8 Mt z:m}ﬁ % 'Fipchs | HaRA 2>~ Constituent ions m ol
A ?ﬁéﬁ ﬁ‘ﬁn | N | a) b) E%; :_Ebfﬁ

B (@) =8 q47°C u{:) Ag' b) 1V BRELAE (147°C i)
. ( @ Yconductor (above 147°C) | Wartzite stucture (below 147 °C)
b N Eggp@hiﬁﬁé{mt @ =color) v v or Eu’* Z/]r;:;sfi”iﬁ

RN S Y 220 O 3

¢ E% ;e‘iﬁtmde n* § |0 £ yaitezs;:;f =

1) #FODO~BIZHTIIEB5EA, )~)CHTEEDA T AONT, FEHBDRBOEZNTNEZ L, (Provide the
most appropriate words or terms for and ions for aj-d) in the table.)

@ @ : ® @ ®
® a) b) ©) d)

2) C DX 5 2 &BRH SR OWT, Ml 2 DI VTR SRR Ko T K 2955 2 LI3ES T
A2V, T OOV SR X B Hy AR b SEBENeFEEZOBT L, 507 L b— DI FHDEETERT
AHFEEAET L, (Itis not easy to obtain H by photocatalytic water splitting using a metal oxide semiconductor like C alone. Provide
two effective methods to improve the H generation efficiency. At least one of these methods should utilize visible light.)

3)F LR UFERMEEE L DERLRE T, BRARTRE ST/ WHEOPAAENGNT— &2 L, (Give a example of a
multiple metal oxide with the same crystal structure as F that does not contain any transition metal elements, in the form of a composition formula.)
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R 3 (Problem3) fix (Continued)

5. ZLVERNIT ==V T T =0T n v U 7p BICHRT 2078802 < G END T2, 280nm O ZRIET
HZETCREAFEITHZ ENTE D, WE, MK 1.0em® 23BN L7t o 7V ORSEEZRIE LTz & 2 A, WEEOHE
13020 &72o72, LATORIWNZZE Z &, (Asproteins contain aromatic groups in phenylalanine and tyrosine, etc., the concentration of
proteins can be determined by measuring absorbance at 280 nm. Here, 1.0 cm® of blood was sampled and absorbance was measured and
the absorbance at 280 nm was 0.20. Answer following questions.)

1) 2 7B A OKEEZFR L, 280 nm OUSEEEE 2R 1.0 cm O L2 VT T T, ZOREREIRDF
IZEEDT, ZORERND A OFMIHFEe)DfEZRD &, (Solutions containing protein A of known concentration were
prepared and measured the absorbances at 280 nm using a quartz cell with a 1.0 cm optical path length, and the results are shown in the
table below. Determine the molar absorption coefficient (¢) of protein A.)

[A]/ mol dm’ 0 20x10° 40x10° 6.0x10° 12x10°

Absorbance@280 nm 0 0.088 0.176 0.264 0.528

2) WOLEERIEIZ I T, WOEES 2.0 28R D8rE, £ DOHIE D EFEHE IR, £ ORIz OV TR &, (Inabsorbance

measurement, if the absorbance is greater than 2.0, the value is unreliable. Explain the reason.)

3) HLIE A DFVEER 68000 gmol ' L5, MHICEEND X LT EINTRTA THLHERELIZE X, M
D X7 EOEEPEE %KD X, (The molar mass of protein A is assumed as 68000 g mol '. Assuming that all the protein in blood
is protein A, determine the weight concentration of proteins in blood.)

4) Z R TEDOGA BRI DFEIOWTHIZ—2Z8, LOFEICOWTIEICHIE &, 72120, /U7 v
~ 7 F7 4 —3Fr<, (Give an example to analyze molecular weight of proteins, excluding gel permeation chromatography, and
explain the principles briefly.)
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