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SHERESRE 9 BF 00 49 ~12 F5 00 4 (EJ;&minationTlme : From  9:00 to 12:00)

R LOFEEE
(1) R A IR B2 0 ) T4, .
(2) FIREFERORERIED TN T, SRESSEAL T FS L,
() ZHUIRRERR L ARE RS Shs b oo, FREISFEE SN BAMZREA L T 75 &Ly,
(@) FEDEEENRVEXIT, FIUAROEELFE LT LI YERAL L, FOBAIT TEiokE ) Ll
REICIER L -2 &390 3 L 5L T 2 &,
(5) SRMITHRELA2E0y,
(6) KR D NI R0 DB AITFR BT TS0,

Notices
(1) There are nine question and answer sheets including a front sheet.
@ Fillinyomapplicantnmnberinﬂ)especﬂiedposiﬁonsinﬂﬁscoverandmchqmtimandamwasheet
3 ﬂﬁsexmnhﬂbnboddﬂwnsissofquwﬁmsmemmﬂanswam.maﬁmquﬁﬁmsinﬂlespeciﬁedposiﬁon.
4 Ifﬂaespaoeisexlnusled,usemerevasesideofﬂmesheetmﬂmdom‘%obeoonﬁnued”onthelast]meofthesheet
(5) Answerall the questions.
(6) Raise your hand if you have any questions.
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Fﬁﬁl (Problem 1) FRRBAFGIZ 340 3 !ﬂneeshedsfoerblem )

Etﬂ)fﬁﬂ&‘*b’ci"t TERORBIC T &b HASE B R LaWER (~VIII) T&L, BEhrfRcBAaTdL,
,ZELJ" C, M&BWTHEVY (Which compound in each pair is more acidic at the underlined position? Answer
with the compound number (I~VIID and explain the reason briefly. F&gures may be added if necessary.)

D 2)
HsC £ i Y e ™ /22\ - /Hz\
\ﬁz// \'chs g"__-C:Cﬂ '9'2 ™ ! Hz
! i i v
#% (number): #% (number):
e (reason): e (reason):
3) . - 4)
B /léb /Eb\
HC\\ \//CH H?C\ ICHZ CF3CH,0H CH4CH,0H
HC—CH HaC—CHa
v ' Vi il Vil
#%5 (number): &% (number):
i (reason) _ FEH (reason):

2. kD I~V DALABIZ AT, TR 27 M C=0 gD R &\ IRICES 2, HRAHAE I, £
TS U T, KEMAVTH LV, (Arrange the compound numbers I~V in the order of stretching frequenmes of the
C=0 bonds and explain the reason. Figures may be added if neeessary)

o H
M /k /L Se=c=0
H,C NHCH3 H
I 1 it v
B (Order): > > >

i (Reason):
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 [HRE1 (Problem 1) #£% (Continued)

3. RO NEZ L., (Answer the following questions.)

D ko{kem] » 1 OIUPAC 4% & x L, %o, | BICI O ds, rans BEFOTATIUDONT, R HEER
WSS R B, Y LORMAN L W EEN T, (Provide TUPAC names of compounds [ and I Draw the
most stable chair conformation of each of cis- and transisomers of I and II, and indicate which isomer is more

stable.)

: : [UPAC % (IUPAC name): '\O/F " TUPAC 4 (IUPAC name):

I ) 4 i
cis BEE (cisisomer)  trans BAHE (ransisomer)  cis EHE (cisisomer) trans 2HA (transisomer)

9) U HAFHLRL T aTu s k) LRELERERAY L, LEISLT, REAVThEL, (Explain why
cyclohexane is more stable than cyclopropane. Figures may be added if necessary.)

4. A& 2T, ROBUSAF— LR FEREE L, (Complete the following reaction schemes by adding structural

formulas.)
1) ¥F#eo= k a{k (Aromatic nitration)

* OH
HNOy - - -t -H
Ha2S04 —
s ) ' : y ER (product)
9) 54— = HEE (Dieckmann condensation)
& ' i 119
CHaO" (cyclization)
HgCQJ\/\/\'rDCHJ ——— —_—¥
o
-CH O [ } CHZO l } HaO*1H0
T - - - e

R (product)
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RHEE 1 (Problem 1) #iZ (Continued)
5. OSSOSO TARMEH(LETRE, SEISCT, SRS B L DT Bk, =F U TFA A

Kokt B AT — 511 %8 =&, (Draw the structural formula of the major organic product. Show the
stereochemistry if necessary. When enantiomers are formed, draw only one of them.) ‘

9

1 Ph ,H : :
) Raney Nickel
\.C—'C"““\CH:’ KOH % ‘—QSH bt i M

H\\“‘ l \ in ethanol

Br Ph .
Sn2 E /Y E2 £
(Sn2 product) (E2 product)
N(CHg)y* 4 Hal
NaOCH/CH3OH /\/ e *

BERFRI-LHERN AAPERICELERY
(kinetic product) (thermodynamic product)

5) 6
Bry CF3CO3H ) 1) Os
: 2) Zn/Hz0
9
” ; 10
2) H;0,/NaOH/H;0 W eno 2HO

H
;4-0‘-1'?‘_-,”7;"'5_:!& 2 N
1) g 12 ' [j
@ Dimerization) o) 1) PhCH=CHNO;
— S —_—
2) H30*Hz0

15)

13) PhsP=CH, e poc i
PhCHO ——— CHaCOsH + PhCHNH, ——» PhyC=NOH ———
o o

o]

17 : 18)
SN B D OO SucLs,
3

20)

NaOH

19)
CHsCHO ——————

Phic=0 —SFsCOsH
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fEifE 2 (Problem 2) FREEFHEZ 2 #4>D 3~ (two sheets for Problem 2)

1. ROFEIMNOALEHOMAEEORNE, B TR
D5 bOERUSSMCRRE, $7-, © @, @iz
TITEARZR~<IL, (Answer the questions by selecting the
comrect 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))

@ (KBr, AgBr) =RV W (Which has lower melting

point?)

@ (NaF, Lil) K~DEARELE LAY

(Which has higher solubility in water?)

@ (La*, Ce*, Pr?*) DR b/INEV o A2 (Which has

e smallest ionic radius?) B

D (Na', S, APY) HEORH /S A2 (Which has

the smallest ionic radius?)

® (@, 8, ") ¥BOB /S A F> (Which has

the smallest ionic radius?)

® (PbCOs, CaCOs, BaCOs) Sy ARIREEASE: b (KL VIR

(Which has the lowest decomposition temperature?)

@ (CaO, SrO, BaO) s HIEY WIE (Which has the

lowest melting point?)

(Mn*, Fe*, Co™) \EMHEI LR &L thEE TRk

DA A (Which is diamagnetic in an octahedral low spin

configuration?) ‘

© Mn?, Fe*, Co™) B R B DB 3T,

B EELTRNVY—(CFSE) TR b kX hEEbE S

{754 4>~ (In a tetrahedral high spin configuration, which

ion can’ be most stabilized by obtaining a crystal field
abilization energy (CFSE)?)

D H, Li, Cs) BFBRADRYL KX\ GEFE  (Which has

the highest electron affinity?)

@ (N, Ne, Ar) H—A FALTFNAE—DF L K& T

38 (Which has the largest first ionization energy?)

@ (S, Al Si) ESEEEDRH AKXV \TTHE (Which has

the highest electronegativity?)

@ (NO,™, SCN™, NO;*) EMYE T2\ ML3FE (Which

does not have the linear molecular geometry?)

@ (CFy, SFy, IFy) it { ¥l (Which has a planar

molecular structure?)

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

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

@® (PCls, B:Hs, AL(CHs)) BT RELAH T\ WE
(Which is not an electron-deficient compound?)

@ (PbsOs, Fex0s, GaCl) IRAR Tl &4 ¢\ Wl
(Which is not a mixed valence compound?)

@ (WOs, ReOs, IO, TiOy) iR TR BS M4
T &BBE{LY (Which metal oxide shows metallic

electrical conductivity at room temperature?)
FRZEHH (Answer column)
' @
% (Answer) | P (Reason)
@
& (Answer) | HH (Reason)
; ©)
% (Answer) | 3 (Reason)
@ ® ® @
® ® @ @ @
@ ® @® @ ®@

Na | Mg

K

g
g
£

Ag | Cd

Ca
Rb[S |Y |[Zr | Nb| M| Te
Ba

Cs

F| ¥ @ @

2. FEEASEH & N 2 QR THROBRRE TR 2 Hik%
—DOEZ X, EOFEOREE Rk —oP o,
(Answer one method to measure composition of metal elements in
inorganic solid samples. Describe one advantageous point and one
disadvantageous point of the method.)




k30 10 A, FAR31454 AN (October 2018 and April 2019 Admission)
ERRFRF LRI HE LA (AR HFIR B AR
Graduate School of Engineering (Master’s Programs) , Hiroshima University
Entrance Examination Booklet (General Selection)

ABELE | ISAEE (FRRE D H ¥ s == P (= XHES M
Subject Applied Chemistry | Department | Applied Chemistry | Applicant Number

2 (Problem2) #E% (Continued)

3. CaF; [THATMES (M8 Fmdm) 2L 5, BTE
#3, a=0.546nm TH 5, (CaF; adopts fluorite structure
with space group Fm3m and lattice constant of a=0. 546 nm.)
1)Ca 3 L U'F DEEE % % X, (Answer the coordination
‘number of Ca and F.)

Ca: F:
2) By Ca—Ca FRFMEERE ISLUBBME S F—F
FRFHEEREA % % L. (Answer the shortest Ca—Ca
interatomnic  distance and the shortest F—F interatomic
distance.)

Ca—Ca: F—F:

3) CaF, DEFEZFHEY X, Ca, F OIFFRIZZFHZH40.1,
190 £4°%, (Calculate the density of CaF; crystal. Atomic
weights of Caand F are 40.1 and 19.0, respectively.)

4)CuKa # (B 0.154 nm) % U \T CaF, s lisk X
PEHTERRIES S L &, —FEfIcRh 2 EROEES
BEX L, £, ZOEROTS v IH 0 REERL,
(When X-ray powder diffraction of CaF, is measured by using
Cu Ka radiation (wavelength 0.154 nm), answer the Miller
index of the reflection appearing at the lowest Bragg angle.
Calculate the Bragg angle 6 of this reflection.)

4. RO NZEZ X, (Answer the following questions.)
1) KFE 53 FH) DFIC _ 0
HBoT, ZyRBTFE) s + "','j:—'— 1s
DEERRED T 3 /L% — _H;,a g
T EEE, TR " y
BUEBEEZ L, . H,

(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.) ‘

——T

DHy Ho', Hr, No, O, . D 5 b, HRED (D& <ThE
e, THOAEREE T IEBLR<L,

(Which are paramagnetic species in Hy, Hy', Hs~, Na, Oy, and F?
In addition, explain the reason why those are paramagnetic.)

3)Hy' & Hy ICBITAREDEESIIR 2> T3, &b
LRL VR DEER L L bR,

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

5. ROFEAZEFHIATE X, (Explain the following terms.)
1) A0 (Effective nuclear charge)

2) éﬁ%ﬁiﬁ%“é (Non-bonding orbital)

3) EHREEK (Substitutional solid solution)
4) ARG (Dispmpmﬁonaﬁomeacﬁoﬁ)
5) Eofirsdt (ACoordinau'on isomerism)

6) ¥ ——T7 7 —%hE (Jahn-Teller effect)




T304 10 B, 3144 AA% (October 2018 and April 2019 Admission)
IEBRFRFEE LFFAHELIREamy (B SP9RE A Eans
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)

HEBEE | ISAMEE (EPIRIE 1) B TJI SR ZES M
Subject Applied Chemistry I Applied Chemistry | Applicant Number

&3 (Problem3) REREMfRII3fch 0 4 §ﬂneesheetsforProblem32

1. ROBIVPHTBET BB a5 MRICHEAE X, (Explain clearly the following technical terms related to thermodynamics.)
1) /::_-—11~ k2 B8R (Joule-Thomson effect) 2) F/LERT7OER (Kirchhoffs low)

3) BYIFEE =LA (Third law of thermodynamics) 4) hA— b D3RI (Trouton’s rule)

5) ¥ A~V LAY DR, (Gibbs-Helmholtz equation)

B m&ﬁa——fw)mﬁﬁﬁﬂwmol’2400KL’CSOOkPaUDEJJ'(‘EﬁL«1&?‘)f' ES1% 800 kPa |24 5 L&k
R CRAR S5, ﬁmiﬂgkﬁﬁkﬁfiﬁ‘{iiéﬁ%&blo IEL, fETES R=8311K mol! &35, (1.00
molofaperfeammﬂn&nheatcapacltyatcmmnvolmnecv—ililsconﬁnedmderapnmstn-eSOOkPaatMKmepmswem
released to 80.0 kPa and the gas expands adiabatically. Calculate the final temperature of the gas and the work done by the system. Use
the gas constant R = 831 J K mol", if needed.)

3. HHIEIT VAT 150°CHE 0.0°CORITHEI< . 2.00 kI DA S5 7= bI-BEH Woblad EBERY HERITHh
(T2 B7R B AR X, (A steam engine operates between 150°C and 40.0°C. Calculate minimum heat w1ﬂ1d1awa1 from heat
source to yield 2.00 kJ of work.) ,
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fE#H 3 (Problem3) %% (Continued)

4. 300 K 7K 1.00 mol & 380 K ™7k 1.00 mol 2NBX Y, WlESOT CRAMEIMGEL., “DL &0z hoy
—ELAS ZRD X, =1L, KOENVEFREE Go.m=80.0J K™ mol™ 1, IREEITH&AT L7\ V&35, (Calculate the entropy
change AS when 1.00 mol of water at 300 K is mixed with 1.00 mol of water at 380 K and the system comes to equilibrium in adiabatic
enclosure, assuming that the molar heat capacity of water at constant pressure, Com=80.0J K mol, is independent of temperature.)

5. BEifdis A= A+B2C f;éﬁm:iau VO, EAfERE~D A, B ORAER L UWRAERER ORI <
TR D0, Rl C OB 5 OBEEEIZ EEEM Ch DA DRISEREAZ MY, Derive the rate
equation of the following reaction in the presence of solid catalyst, A+ B 22 C, assmmngﬂm(l)adsorpumofAmdBonthecatalyst
surface and the surface reaction between adsorbed species are rapid, establishing equilibriums, and (2) the desorption of the product C

from the catalyst surface is the rate-determining step.)
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ffE3 (Problem3) #E% (Continued)

6. B A 3L U'B 2 1 EUSRNZHE N ENAERM C 352 DU TOMTRIG S £ 2 5 GlERE kn ko) A FS
L U'B OYBRRE (Al (0), [Bl G2V T, C OMEE [C] 25Ul OBKY LTRE, -1, C OaE [Ch
& 0L L, WG ISER C& 5 L 4%, (Consider the parallel reactions in which the product C is formed from both reactants, A and
B, following a first-order kinetics for A and B with rate constants, kx and ks, respectively. Express the concentration of C, [C], as a
function of reaction time # using initial concentrations, [AJo 0) and [B]o (%0). Assume that the initial concentration of C, [Clo, is 0 and
reverse reactions are negligible.) :

7. B 3R—P i3, RIEOWT 3ROBBERINCAE S, = OBISOMHERS0 0.10 dn® mol? minr!, R (MRS 0.70
mol dm3 D& %, R DA% KD L, (A reaction 3R — P follows a third-order kinetics for R. Calculate the half-life time of R,
assuming that the rate constant of the reaction is 0.10 dm® mol min™! and the initial concentration of R is 0.70 mol dm> )




