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Notices
(1) There are 8 question and answer sheets including a front sheet.
(2) Fill in your applicant 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) Raise your hand if you have any questions.
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Subject
&1 (Problem 1) RHEEHIMNT 3454V F4 (three sheets for Problem 1)
1. RALEMEFTRSINAIAES 2 VTN, £ 972 2Pl 2R, (Arrange the following compounds using a
sign of inequality in indicated order, and explain the reasons.)
(a) ZEROHHNERE, (Basicity of nitrogen atoms.) (b) KFEDOEEMERE, (Acidity of hydrogen atoms underlined.)
N .R HO,C
RevB N A= HO.C  CO,H
| )|\ \N—/
R R R™OR CO,H

2.100% ee D(R)-3-7 mu-1-77 > & HCl L DOFUST, 2R, 3R)23-2 7 v a7 X L &(28,3R)23-2 7 a7 A 73 70:30
DTN LTz, 7% ED 3-7 mu-1-77 ATHC NS 7o & DA & ZOERIE A A L, s
724, (The reaction of (R)-3-chloro-1-butene (100% ee) with HCI gave (2R, 3R)-2,3-dichlorobutane and (25, 3R)-2,3-dichlorobutane
in 70:30 ratio. Answer the products and their ratio in the reaction of racemic 3-chloro-1-butene with HCI. The structural formulas are

unnecessary.)

3. DO a~"FH LU FEER (A BLOB) 1I2OVWT 200WTEEET, FRFIUIOWT, EEEDUWTIER L

0 LE T A0 ~E, (Draw two chair conformations of cyclohexane derivatives, A and B. Show which is more stable.)
(A) ®)
CHg

CHa
@,CH(CHS)Z .CH(CHg),

&l Cl
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B 1 (Problem 1) fi= (Continued)
4. OISO EI BRI OS2It K, BT U OV EERMES JONAMEE b B85 Z L, (Draw the

structural formulas of the major organic products obtained in the following reactions. The regioselectivity and/or stereochemical

configuration should be taken into consideration if necessary.)

1)
OH  ppp, cci,

O HI (excess)

6]

3) A 4)
CHBr3, KOt-Bu

D: o :D 2. Hy,0,, NaOH, H,0 @

5)  CO,H 1.Na/NH, EtOH
2. HzO* conc. H,SO,
40 °C

7) 8)
CO,H  1.2tBuli

n-BuOH
@ H3O* (catalyst) 2. H;O*
@]

9) 10)
COzMe —

CO,Me
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B 1 (Problem 1) fi= (Continued)
5. NI T I ROERUIZHOWTELFORNIZE 2 L, (Answer the following questions on the synthesis of polyamides.)
(@ 66T A v OERILELFRISA TR, (Show the reaction for the synthesis of 6,6-nylon using chemical
equation.)

(b)  NAELDTINRARE NgELDTT 2 (NalNg =1, Na < No)Z IO CTEEAICE DAY 7 REEk L
L&, DHNVRBDORIEN p Tholzb+5, ZD&EXDEFRY ~—DBEHYESE % % r & p 20
TFETRAEIF, (When a polyamide was synthesized by polycondensation from N mol of dicarboxylic acid and N mol
of diamine (Na/Ng = r, Na < Np), the degree of the reaction of the dicarboxylic acid was p. Derive the equation indicating the
number-averagé degree of polymerization x, of the resulting polymer by using » and p.)

6. RUALT 4 AZDONT, LLFORWNIZE Z L, (Answer the following questions on polyolefins.)

@ TFLCOHMERICE VLN AREER ) =F Lo L @EERY 2 F L UAZOWT, ThENOERIE B]
BEAIFOfE,  SUCST) SIS EORHSA I L, (Explain the synthetic methods (initiator or catalyst, reaction
conditions) and the structural characteristics for each low-density and high-density polyethylene, which is obtained from
homopolymerization of ethylene.)

b AVEIFvIRITRELY (PPETHIF v IR 7T’y @PP)OREEZRL, TIDOMHEDEN
%t J, (Show the structures of isotactic and atactic polypropylenes. Explain the differences in their properties.)

7. FIVRE u= N T T 43, @O TR TR AT 2K TIETH D, T DA 100 5
FREE TR &, (Gel permeation chromatography is a representative method for determining molecular weight and molecular
weight distribution of polymer. Describe its principle in about 30 words.)
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RRE 2 (Problem?2) MEEAIMKIZ2 #d Y 7 (two sheets for Problem 2)

1. BB DIROFE A FEZEHIE &, (Explain the following terms related to thermodynamics clearly.)
1) EfEFA (critical point)
2) KRR & 5 R /AR (perpetual motions of the first kind and the second kind)
3) A2 (reversible change)
4) FRAEE (maximum work function)
5) 7 XD (Gibbs’ phase rule)

2. KUKDEEFRET /LD &, TERKURD 3 F ORI "SI o= GRIIM)? L RS D, T2 T RIFKIKE

B, TITHSHEE, M IR TONFEEZRT, ~EBr im0t 0°0) ORI Fl S c[ms 20T 3HT TR
D&, 72770, KIREFRIL8314TKmol!, /318 M3 78.11 gmol™ &9°%, (According to a kinetic theory of gases, a root
mean square speed of molecules in a perfect gas can be expressed as ¢ = (3RT/M)"?, where R denotes a gas constant, 7is an absolute
temperature, and M is a weight of the molecule. Calculate the ¢ value of a benzene molecule at 0 °C to three significant figures. Use R =
8314 JK ' mol'and M=78.11 gmol ')

3. BHHEKT VAL IS0CING 40.0°CORTEIK, 200 kI DT 2 72DIZBYRN B & B I S 7eidn
1272 57 B AR K, (A steam engine operates between 150°C and 40.0°C. Calculate minimum heat withdrawal from heat
source to yield 2.00 kJ of work.)
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B2 (Problem2) fi= (Continued)

4. KEHRERUE (1)AB2A+B BEUY 2)Ar 2 2A OREFEFEEDS o Tl DIRFONMTELRA KD, W DTN TELE
B, (Wehave two types of gas phase dissociation reactions, (1) AB 2 A+ B and (2) A> 2 2A. When the degree of dissociation is o,
calculate their equilibrium constants and discuss the difference between the reactions.)

5. BAmlIBIT DL FOFRIMBEICE A L, 7272 L, 770 7803 6,626 X 103 ) s, JedEE 2.998 x 10° m s L9472,
(Answer the following questions related to the quantum theory. Use Planck’s constant: 6.626 x 10** J s and speed of light: 2.998 x 108 m
s)

1) 3 150 km h'! TS, HX 142 g DR —/L DR -7 A EARed ., (Estimate the de Broglie wavelength of a ball which
flies at a speed of 150 km h™!. Weight of the ball is 142 g.)

2) B 1.0 gDBHALOESH 1 x 10° m s DFEEETHD > TN, EDNLED AN SD FIRZ AL, (Estimate the lower
limit of the uncertainty of the position of a bullet. Weight of the bullet is 1.0 g and the speed of the bullet is known with an accuracy of 1
x10°ms™)

3) H4% 2 T T Chh R biRSE PC0 1L 2143 e | THRENGIELI LD RINBI AR, 20053 T 1D TES R
» I, (A heteronuclear diatomic moleclule, carbon monoxide (*2C'0), has infrared absorption with a wavenumber of 2143 cm! due
to the harmonic vibration. Estimate the force constant of ’C'°0 molecule.)
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&3 (Problem3) RHBEHIHT 2 #d> Y F3 (two sheets for Problem 3)
1. ROFFNHNALEMDORAE I EOFNE, R TR fifZZ5HH (Answer column)
?Sbé)(%gé g%@ﬁzﬁffilﬁﬂ’@él F7, _ @, b@, 1@&;0&2\ D
;Er&rect cher;cal s;ec(ies S\?ivgn fheczl uz(s)trlr?lrolisnat}i]orslz egl\z:%l iﬁ & (Answer) | FEHf] (Reason)
parentheses. The correct chemical species should be given in
the answer column. Answer the reasons for (D, @), and 3).) 5
@ (KBr, AgBr) BV WY& (Which has lower melting 5 (Answer) | EEFH (Reason)
point?)
@ (NaF, Lil) K~DEFEEDS N MEA)
(Which has higher solubility in water?) ®
@ (La*, C*, Pr) PO H/NE\ A 4 (Which has % (Answer) | PRFEH (Reason)
the smallest ionic radius?)
@ (PbCOs, CaCOs, BaCOs) il 23 e B AR
(Which has the lowest decomposition temperature?) @ ® ® @
® (Ca0, St0, Ba0) filiif HAKV YW/ (Which has the
lowest melting point?)
® Mn*, Fe*, Co™) J\HE{ARELOIRA v RRE TR ©) @ @ ®
MDA A2 (Which is diamagnetic in an octahedral low spin
configuration?)
@ (H, Li, Cs) BRI ORHREIE3&  (Which has 2. WROFEMZEFHIE L,  (Explain the following terms.)
the highest electron affinity?) 1) FH2heZEmr (Effective nuclear charge)
(S, Al, Si) FESFRMEDRHRKE VLR (Which has

the highest electronegativity?)

© (NO», SCN, NOy) [E#HE T2V MEFAE (Which
does not have the linear molecular geometry?)

(CFy, SF4, IRy ) HAEED(FFE (Which has a planar
molecular structure?)

@ (Br, Ca, Co, Ga) b NDIEEMFTLHE THDHLH
(Which is an essential trace element in humans?)

@ (Pb304, F6203, GaClz) /E.I:/El\ﬁ%ﬁﬁ{ K/EI\LF@Tf £V \LJF@%T
(Which is not a mixed valence compound?)

@ (WOs, ReOs, Iny03, TiOy) =il CHURAYRERISE A
T4 JEEE{LY) (Which metal oxide shows metallic
electrical conductivity at room temperature?)

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

Na | Mg Al

Si

K Ca [ Sc| T |V Cr

Rb| S |Y | Zr | Nb

Sn

Pb

2) FEAEAMHLE (Non-bonding orbital)

3) EHRIEA (Substitutional solid solution)

4) FRHBESL (Limit of detection)

5) ZEfEVfREE (Spatial resolution)
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B3 (Problem3) fi= (Continued)

3. 298 K \Z33UF H/KIRIED pH IZRET- B LA F O N
Z &, 72120, KDOA AU FEE Kw=1.0x10" mol? dm®
7%, (Answer the following questions related to pH of
aqueous solutions at 298 K. Ion product for water, Kw, is
1.0x10™mol> dm®.)

1) JRFE C [mol dm| DR ARESRIZ OV NTKFEA A
EHNZH T 257200 52 %E T, (Derive an
equation to give H' concentration, [H'], in an aqueous
solution of C [mol dm?] HoSOx.)

2) LA FORiif/KEERD pH Z515HH &, (Calculate the pH
of following aqueous solutions of H>SO4)
a) 0.05 mol dm™, b) 1.0x10® mol dm?

3) J=EE C [mol dm?|DREET kY w7 L/KERHEIZ DUV T,
[HNZ RN T 572D FRRAE T, 72721, BilgoiE:
fiEBETEE A Ky &5, (Derive an equation to give [H]ina
solution of C [mol dm?] sodium acetate. The dissociation
equilibrium constant of acetic acid is K;.)

4. WORFINZEZ L, (Answer the following questions.)
1) K5 T-(H) Dl s

T, TYEDST 1e _T— + .
y fl 0 . H

(F2) D FEEERAED = X
IV A X,

ST DR YA H,
x.

(Following the example of H, molecule, draw the molecular
orbital energy level diagram of F, molecule in its ground state.
In addition, give its bond order.)

2)Ho, Ho', Hy,No, Oo, , D 5 B, HHEED & D2~ THE
B, £, ENOFERNEZ TR AR X,

(Which are paramagnetic species in Ho, Hy", Ha ", Ny, O, and F>?
In addition, explain the reason why those are paramagnetic.)

MW & Hy IR DEDORSITER->TND, &6
DAL RVDEEIH & & HITRRE,

(The bond lengths of H>"and H; ™ are different. Which do you
expect to be longer? Explain your answer with the reason.)

5. XBOEETTHT 257 I 7 MTOUWTHHE
BIZ i W& X, (Explain chemical shifts in X-ray
photoelectron spectroscopy briefly.)
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ZER ED;FEEIA
(1) MIREAGRIEE R TR 24 I H 0 £7,
(2) FERRE ORERROZNTIUL, SZHRESZIAL T EE0,
(3) ZAUIRIEHIE & SN AT SN2 b 0T, RIHEE SHV-EINCRIA L T 72 &0y,
(@) ENEXEINRVE XL, RIURROEDZFIH L TUOERA, 72770, ZOEAIT Eige ) L
HEIFHE L2 R gmb L olcL Tl Z &,
(5) 1EER LSV,
(6) &M DNIRA NS DGAIT T AT T EE N,

Notices
(1) There are 9 question and answer sheets including a front sheet.
(2) Fill in your applicant 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) Choose 1 question and answer them.
(6) Raise your hand if you have any questions.
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&1 (Problem 1) RHEEHIMNT 3454V F4 (three sheets for Problem 1)
1. ROJFEF&JE S 72 BUCHI D HE W2 BRI 52 DG RIEA TG K. (Give a selective synthetic route for the product
by use of the starting compound and appropriate reagents.)

NO
Br

)

(b)
[ ] é/\Ph

(a)

2. IROBULSDOHHE% 7", (Show the reaction mechanism of the following reactions.)
Wittig Reaction

PhCHO + Ph3P=CH2

Robinson Annulation
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&1 (Problem 1)

%= (Continued)

3. = /UM X DG a7 A &GRSR S DRI ZEE T D LL RO NTE 2 K, (Answer the following
questions concerning the nickel-catalyzed reaction of an organic halide with an organozinc reagent.)
1) fildlitto1 7 VA5 St X, (Complete the catalytic cycle of the reaction.)

L,NiX

.

step a

R-X

—1

LNi
A

/
|

E/][Cl

2) ZONAFIEDAFRE R, (Give the name of this reaction.)

R-ZnX

3) SR A-C 2B D= v 7 Vfiilia% 2 K, (Answer the oxidation state of nickel in complexes A-C.)

4) step a THERT LG8 LEW %I, (Draw the organic product obtained in step a.)
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@1 (Problem1) %= (Continued)
4. AFLUOEAITOWVTLLTORWNIE % X, (Answer the following questions on the polymerization of styrene.)
@ RN A NEBERIC AW AT L DT PIVERRIT HBARIN, ARG, BRI ILERISZAL
FRUSATTRE, (Show the initiation, propagation, and termination reactions in the radical polymerization of styrene by
using benzoyl peroxide as an initiator. )

b) AFLET T VIUEATFNADT o F DIEEREER LI, TUWNVEE, T=AVEE, WTFAVEE
DH B, WITNOESFIEIEY ), FH S HIET 100~200 FHE THiE, (Write the most suitable
polymerization method, among radical, anionic, or cationic polymerization, to obtain random copolymer of
styrene and methyl acrylate together with the reason why you select it in about 50 words.)

5. VBV ZEAIZEETHLLTORIZZE Z L, (Answer the following questions on living polymerization.)
@@ VEUVTEAOERZEN, my A O RZESEE TR, (Write the definition of living polymerization
and itemize the advantages of living polymerization in polymer synthesis.)

b VB ITEGOEEZE OB, LFERICRE AW TESEBREZ I L, (Choose an example of living

polymerization system and explain the polymerization process by chemical equations. )




PR (Mock Examination)
JRERFREAE LT FeR i HaRay (et 5P A AR
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)

R | BEREE 4 GEPTRHE T K S R M
Subject Applied Chemistry I1 Department | Applied Chemistry Applicant Number

&2 (Problem2) RHBEHIHKIT 2 #dH Y F3 (two sheets for Problem 2)
1. 78 F7AT e ROGIESIRITOVNT, RO K S 7 EDER ST, CH; & CHCO- [ HMRABITEL 236
L C.CO DARGERE (d[COY/d) 7 b T /VT & RIBFED 0.5 Ik THhDH Z & %7, (The mechanism for the decomposition
reaction of acetaldehyde is proposed as follows. Show that the production rate of CO, d[CO]/dr, follows the half-order kinetics for the
acetaldehyde concentration on the basis of the steady-state approximation for -CH3z and CH3CO-.)

CH;CHO(e) M~ -CHy(g) + -CHO(2)

CHy(g) + CHCHO(®) %~ CHiCO(g) + CHi(g)

CHCO @ % cmy@ + co

2CH;CO(g) K.  CH;COCOCH;

2. 5t (A— ) 1ZAITOWT LS IRBUG CThH D, ZORINIIIT D A DIRFEZIHR t DRSS LTERL, £D
PRI A RS AATOE, 72720, $EEEE k. A DYRREE (=023 DIRE) Z[Aln. SUGKRHH ¢ 123617 DIREEA[A]
& 3%, (The reaction, A — product, has a rate law with one-half order kinetics for A. Express the concentration of A, [A], as a
function of time, £, and derive the half-life time of the reaction using a rate constant, &, and a concentration of A at =0, [A]o.)
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&2 (Problem2) & (Continued)

3. BRI BT A LLTORINZE % L, (Answer the following questions related to the theory of molecular structure.)

1) RBFFOASTIRIET (1) NTEED, 22T, 7 FBHISHDAI LR 11

DEEL, Ry 1RFFFOY2—R_UEE (109677 cm!) THY, m B my 1388 V= Ry (n—lz - n—zz) 1)
Ty = nitl, m+2, ... ORRDD, ZOKFFRAF DAY MABEED—DIZ, T4

~ RN DD DAY NVHEORFIIRIT 912 nm [ZBIHIES LD, T A ~ RN DERIERE 2 AT 3HT TR
¥, (Lines in the spectrum of atomic hydrogen can be expressed as eq. (1). Here, ¥ and &y are wavenumbers of the
observed lines and Rydberg constant (109677 cm™), respectively. 71 and na (72 = mi+1, m+2, ...) are integers. The Lyman
series is the one of the line groups in the spectrum of atomic hydrogen. The shortest wavelength of the Lyman series is
observed at 91.2 nm. Calculate the longest wavelength transition in the Lyman series to three significant figures.)

2) IR A-D 28 —E XV (h490) DITFHEEONIEIZIST DRt 43 \1/2
B Z BE0 a 2ACTRE, Ak, Q) RISBOT Z 15T Y200 T (ﬁ)
Foa WIR—=T R r (AR5 OREEECH %, (Show the probability

density of an electron at the nucleus for the 2s orbital () o o) of a hydrogenic atom, using Z and a. In eq. (2), Z is an atomic number, a is

the Bohr radius, and 7 is the distance from the nucleus.)

(2 . Z_T) e—Zr/2a ?)

a

Ny & Ny¥ DELLREN =R/ —% H O L TATE 57?2 ZIVENORE UK i U CRHE X,
(Which can be expected to have the higher dissociation energy, N, or N,™ ? Explain the reason by comparing the bond orders.)

4) JRFAMRE AR & oy FRGETEDE NI O CRTERIZHIFTE L, (Explain the difference between the valence-bond theory and the
molecular orbital theory briefly.)
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M3  (Problem3) REEHMRIZ3 Kd Y £7 (three sheets for Problem 3)

I HXOZnS  (LJifh, TR a=0541 nm) OfEEEEEZ S50,
WRORNZE % &, (Answer the following questions with reference to the cubic
crystal structure of ZnS (a = 0.541 nm) shown in Fig. 1.)

1) S AR Dbt ORI A BT 72 b > T, (Describe the
characteristic of a cubic crystal lattice after the following example.)
51 (Example) : 1E /7 (tetragonal) a=b#c,a=B=y=90°

1. ZnS DOHATAE T
(Fig. 1. Unit cell of ZnS)

2) ZOfEEAEEDAFRE R, (Answer the name of this crystal structure.)

3)Zn BIOYS A A DN A FNENE % &, (What are the coordination numbers of Zn and S ions in the ZnS structure?)

4) ZD ZnS GO EA A L, JRTEIXZn =654, S=321 T 5D, (Calculate the density of the ZnS crystal. Atomic
weights: Zn =654, S =32.1)

5) (111)iFs L ON20)H DO #lE d 2§15t &, (Calculate crystal plane distance d for each of (111) and (220) planes.)

6) CuKa (11%:0.154 nm) 2 F TR XBIET 2 0E T 5 & & (200)iHODEHTO Bragg £ 6 % #1451 X, (Calculate the Bragg
angle @ for the reflection of (200) crystal planes in the X-ray powder diffraction using CuKa radiation with a wavelength of 0.154 nm.)
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B3 (Problem3) fi= (Continued)

2. Cu BT EKITEN UG, EOX S BRBIGNEZ 2% Ft &, 72721, Cu¥'+e 2 Cu:E°=+0.16
V. Cu" +e 2 Cu:E°=+052V L35,

(Explain what will happen when a salt containing Cu' is dissolved in water. Cu** +¢ 2 Cu': E°=+0.16V, Cu' +e 2
Cu: °=+).52V)

3. ISR Agl iE, 147°C UL ETiXatl (o-Agl) DOfEEEEINZE Th 5,
(The o-phase crystalline structure of silver iodide, a-Agl, is stable above 147 °C.)

1) a-Agl FERBIZIBUVT, TA AL DiEEZIROO~DD HigE~,

(Which type of lattice system the iodide ions (I") have? Choose the answer from (D~(®)

@© BN S @ RN TtkE @ ANITREANEIE @ M NIITHEE
(® Primitive cubic (@ Body-centered cubic (@ Hexagonal close-packed (@ Face-centered cubic)

2) a-Agl FERRITRBD TR AghA A AREN AR, ZDZ LA A A ARED A T = X WS THRIAE X,
(The a-Agl crystal shows high Ag" ionic conductivity. Explain the reason based on the ionic conduction mechanism.)

4, IROFERZFBAY X, (Explain the following terms.)
1) &EDT x/L I =FR/LF— (Fermi energy of metal)

2) IKENAL (Hydrothermal synthesis)

3) AV AR—T ALY J1 (Mesoporous silica)




T (Mock Examination)
JRERFREAE LT FeR i HaRay (et 5P A AR
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)

AEREHH | RRE R4 GERTRE I CARY'¢ TS SR M
Subject Applied Chemistry 11 Department | Applied Chemistry | Applicant Number

i3 (Problem3) = (Continued)

5. & DHOEMEDOEFRIL 400 nm [ ZRIUBR A RS, 400 nm OYETESGREZAT 9 & 520 nm (TR ZFRF ORI AR |
HIFHIT, FRA TRIREE DOV LT #OREEDRIE AT > TR, 155 S (EEHAL) & AFRIRE C (wmol dm?)
DORNZLL T OBMEAD T 54172, (A fluorescent dye has absorption maximum at 400 nm, and fluorescence measurements carried
out with lights of 400 nm gave fluorescence spectra with the peak at 520 nm. A series of fluorescence measurements for samples with
various concentrations gave the following relationship between signal S (arb. units) and the dye concentration C  (umol dm™).)

S=80C+10

) =T Vb FORERAR FEEEC L0 E R SRR 2 IRE S DB F B A 2 iR X, (Show the law
of Beer-Lambert, and describe two effective methods when determining trace concentration of the dye.)

2) AOERRRIE RO L B A A T T 7 -ay RUFELE WD SEAZED TR X, (Explain the
reason why the wavelength of the fluorescence maximum is different from that of the light for excitation. A term Franck-Condon
principle should be included.)

3) ERERREOREIIEEE L HHEL Y b, #OEIED T A AR B 2 HL R X, (Explain
the reason why the fluorescence measurements are generally effective compared to the transmission measurements when determining
trace concentration of dyes.)

4) 777 (C0) BT HIEZOEERE 0 13 4 DYFET. 30 DEFTISNT D FRRIRE 23Rk I, (Derive the lowest
detectable concentration according to the 3o criterion, where the standard deviation o of the blank (C = 0) signal is 4.)
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