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DER FDIEEE
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@) IOREEFEL TS CORBEAGHRE AR, SRESETEALTIES
() ZHUINREARSSRERRPES AN LOTT, MAEHEESNAEENSEEAL TLEE N,
@ FERFEENRRNEXL, FUHEOEEEZAMA L TOEOERA, 2L, TOBREE EE Yt
EmCF# LIz &3 Lot LT T L,
(5) LRNARELRZIV, | _
6) BE&SI/EEE B8 ZERALTLELIIRAAR,
(7 BldHI2WITHR2ARE ABRIEFERE T TSy

Notices
(1) Thereare 8 question and answer sheets including a front sheet.
(2) Fill in yout examinee’s 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 shest.
(5 Answer all the questions. -
(6) Youmay usc the provided calculator if you need.
(7) Raise your hand if you have any questions.
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FREE1 (Problem]) REEEATHUIZ3 K'Y i’@‘ (three sheets for Problem 1)

1. ROEABYEIIHEEROBAAIET, UTOREISHL EDL ) B R H L0 EHIE L, LEIDEUT,
EEMAWTH XL, (Explain how the compounds or chemical species in each pair are different with respect to the following
properties. Figures may be added, if necessary.)

1) #843 (boiling point) 2) BEMEEE (acidity)

NH;*

o~ O
O O

an e ;
ki aelis e (C=0 stretching frequency)
HsC” HaC”
5} I UHNEENE (radical stability) 6) LIEHE (stability)
\L_E —

LA

2. 13Vroossund P ol T AL FORBWIERZ L (Answer the following questions conceming
1,3-dichlorocyclohexane.)

1) FIARFMEOTF o Fdv—D2h, —DOMEE  2) TR TARIMEEOR b 2R 2
HE, RAREOWHRAI R R £7/213 S T, (Drawthe (Draw the most s’rable.chalr-confonnanm of the achiral
structural formula of an enantiomer of the chiral isomers and assign isomer.)

the absolute configuration of asymmetric carbons as R or S.)

3. NIRBHECEIT LBRIMEAE LR D7 Ao » ONIRIEOHIE- 285, OSBRI, B R TS
T AMA &AL, (Give an example of addition reactions of alkenes that proceed with retention of configuration leading to cyclic
products. Draw the reaction mechanism and explain the reason for that the reaction proceeds with retention of configuration. )
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[BBRIA | BiE @HED | [FRr/Ta] ISEEE HBE S
I S R _ _ { Araliad MhemictnA - . [N I

4. ROENEOFIHCRT 5 EROTARY LG, YEORCT, SMEEIP5EITT5L,

T AT PBERT AR HFOAERHI T . (DIaw the stmcun'al formula of the major organic product in each

—_— _ -—’ a

— —
. = e v
._‘ ?’
4)

Tam—- S _excass HEr RN
a ‘ 2. H0s, H,0
NaOH
4) 5) 6)
PBry o HaN—-NH,
HO_@ HyO*
PdlC 3
K O ?
0 OH NaOH/H,0 O CH3CHal
CH30H - . —_—
Hy0 Gl N
10 11 12
) N ) CH, i ) o
Cuc! PR CI i \)\0H
AICH ci
3 Base

CH,
13y 14) 15)

MoBr . o HO OH HIO, WOz 4 swmer

02 HC———CH, © :
2 0" HyC CHy  H,OM,S0, 2. "OHH0

5. WOEFNFNDLAEYOEOND, E3E/ = ot E#ENTHIT, (Draw the stuctural formula of the

major mono-hitration product(s) from each compound.)

(WJ) (Example)
HNO, ©/N02 HN03
stq1 H,S0,
N’(CHa)acI CF3
HNO; HNO,
HaS0, H,S0O,
CH,CH3

2y @
HN” ™ CHg

NHz  HNO,

H,80,"

5)

NHz HNO;

H,50,
COOH,
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ffE1 (Problem1) %i& (Continuied)

6. FEEESIZETALITFOMMIEX X, (Answer the following questions on condensation polymerization.) -

1) L7 ZMBEMBEDETESERES TR NG AWML, =F LY a—n, =FLl)a—ne/ A5
NT—F I, 7YY DTN THEIEL L, £t B T-ARO R RT, (Among ethylene glycol, ethylene
glycol monomethyl ether and glycerin, which compound gives a linear polymer combined with terephthalic acid? Also, draw the
chemical reaction formula of the polymer synthesis.)

e LR

{compound) (chemical reaction formula)
21 RNV TESFEEEELODICER T &A%, BEHEE TEE, (temize two important points to obtain a high
molecular-weight polymer in 1).)

L . .2

3 DIZBOTEEISFE 0) 200 x 10° OFAS TR, ZOESTOETYESE (v CEETESTE M)
RAESEEHTTRD X, (A polymer with a mimber avexagc molecular Welght of 2.00 x 104 was obtained in 1). Obtain the

‘ ﬂu—ﬁm:n’iwiﬁ“i ! ﬁff'm-?_
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fiRE2 (Problem?2) FHREFIANII2 #&H D %4 (two sheets for Problem 2)

1. ROBAETEST A 5EML RIS L, (Bxplain briefly the following terms related to thermodynamics.)

1) 77T ATV AHER, (van der Waals equation)

3) 7T~ 1203 (Clapeyron equation)

2) BHFEE =R (third law of thermodynamics)

4) FHEEY) (azeotrope)

2. SEDEERERMC S L3%E, 300K ITB5 A F VST OB _RESAEPEFE 3IHTOROL, 727L, AZLD
S5FE%F 160gmol!, AT R=831JK mol? &3, (According to the kinetic theory of gases, calculate the root-mean-square
speed of methane molecules in gas phase at 300 K to three significant figures. Use the molecular weight of methane 16.0 g mol™ and the

gas constant R =831 JK™ mol™, if needed )

3. BNVEEREER Gn=TR2 O_IFFFOEERMA% 3.00mol £ Y, 298K, 2.00x10°kPa 735 420K, 8.00x 10°kPa
AR E L&D GRD) T b Bk ASTRD L, 775 L, K[EERR=831TK  'mol? &35, (Calculate

the change in entropy AS (for the system) when the state of 3.00 mol diatomic perfect gas moleculés, for which a constant-pressure molar
heat capacity Gym = 7R/2, is changed from 298 K and 2.00 x10? kPa to 420 K and 8.00x 10? kPa. Use the gas constant R =831 JK mol™,

ifneeded.)
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ﬁ:ﬁ?ﬁZ (Problem 2) #tZ (Continued)

1)

5. IROBETFIEET AR ATERICHITE X, Explain briefly the following terms related to the quantum theory.)

1) F 7u—A OBHER (de Broglie relation)
2) #EE (degeneracy)



- M (Answers)

@ -
% (Answer) | ZHR
. @
& (Answer) | ¥EPH (Reason)
. ‘ ®
& (Answer) | ¥EMI (Reason)
@ - ® ®
O, @ @ ®

3)
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FRE3 (Problem3) %t (Confinued)

3. Vna=7 @O CBLT, LTORMWIER X,
(Answer the following questions related to zirconia (7102).)

) VNa=T ORTERIIA v VI TEERSES LT
RITRT LWL Ui, EEAEORRROARIZEN
ZHEZ L, (The lattice constant of Zirconia was changed as

5. NHOH & NH(Cl % & $1Z 100 mmol dm™ DRE TS
LorkERRA 100 mL 35, EAFORVNZE 2 X, 727210

VR~ CEEREE 25°C, 18E) khd L, NH40H
OISR pKy 13 474 &35, (Answer the following

i questlons for IOOmLofanaqueoussolutl wNH‘;OH

=y ‘1

B I Y

| A e e =
—

A

.,

-

Ll

l

M

|

=

B we b

i

e

NI SN

Answer the name of each crystal system before and after doping.)

a/nm | b/nm | ¢/nm al® Bl {vl°
Prisine | 514 | 0521 | 0531 | 900 | 992 | 900
edoped
sdoped 10515 | 0515 | 0515 | 900 | 900 | 900

D Zr D2W0mol%% Y TEBHELLIAa=T—(y 7T
B ZLY,0, e TidE B x, 3z B ZNENE
Z &, (Answerx,y, and z that apply to the compositional formula

all solutions are under standard conditions (25 °C, 1 atm). The base
dissociation constant, pKy, for NH4OH 15 4.74.)

1) ZoKEE®RD pH 2R K, (Answer pH of this aqueous
solution.)

2) ZO7EAIRIZ 1.00 mol dm™ HCl 7KK % 1.00 mL H50

L7 pH &3k X, (Answer pH after addition of 1.00 mL

“of 1.00 mol dm™ HCl sohution to this aqueous solution.)
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SRERRSERS - 13 FF309~15KF 004> (Examination Time : From 13:30 to 15:00)

REX FDAEEIR

() RERSHRE A RREE A1 0DV £,

Q) ZOFREEL TN TORERNGHIFERIC, SRESETLAL TSN,

(B) THIUIRTEF L RS AT SN b0 T, AEIHEE ST EINEAL T EE,

@) FENEZENRNEEE, FCAROEEZAHEL TUVENERA, EL, 20T EE) REe
BERIZEOR L2 E00B LI LTRL Z L,

() 3 Bhas5 1 BHBIR LS LR S, 7238, BERURREY, THORICOMEMALTHRRIDIL,

6) BH5EIN/EEE (B ZEALTLELAR,

(7) BRDHDVEARRZRER S HEEITFEETTIIEINY,

Notices
(1) There are 10 question and answer sheets including a front sheet.
(2) Fill in your examinee’s 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) W‘;H - ’F;: - ["‘ﬂ—"’ mFrW‘sz_'J_M‘- amalers oh e~ '"“"J['I'i‘fi“{-‘ ) PP LA 1 PO 1 Lol Vs
®
O
)
= FIRE 1 FelRE 2 K]
Problem Number Problem 1 Problem 2 Problem 3
R
Selection




20234210 A, 2024 44 AAZ (October 2023 and April 2024 Admissions)
KB RERF A TRAPERHE LR (R®) HFR B AYARRIE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2023 4F-8 A 24 A3 / August 24, 2023)

PEBELE | AR GEFRE ID A=Y/ A7 N JERIEF XERE S
Subject Applied Chemistry IT Program (?pphed Chem]suy) Examinee’s Number | M
=M ) R=yay
{Smart Innovation)

i1 (Problem 1) FEIEEAIARIZ3 #dbV £9 (three sheets for Problem 1)

1. ROFNFNORIGIBT BEMOT AR 248 CfiT,  (Draw the structural formula of the major organic product
in each reaction.)
1 2)

O + CHCl3 )]\CI + NaN; ——> ——»

3) 4)
0 A 0 KOH
_ _ + |2 E——
Pz H,0
5) 6)

o)

Br DA +H,S0,
160 °C

2. AYTRENTNa—VEHRYEE L, EEOREOLERNT, UTOEWEENENWERT 25 EE G
A CHiT, (Draw a synthetic scheme for each of the following compounds, using isopropyl alcohol as a starting material and inorganic
compounds.)

1
DD

2) D

By

D

3. UTFORIZRLEZ HNMR A2 MUS00 MHZ)DY 7 M, el 7)) a—LOH,O7 e MAZRR S
%o Ha & Hy () BEO Ha & He () & DB 7)) I TES R EN TSRO K, FHEIERLFEY, (The signal in the
following "H NMR spectrum (500 MHz) can be assigned to Ha in propylene glycol. Provide coupling constants of Ha with Hp (i)
and H, with He (i), respectively, with the calculation process.)

, Ao
Ao A
1‘} \ 1! .\"\ } \“I I»\\ JHaHb
T e Me H,
S S « (O N
3.62 3.60 ppm OH
(. [ N
2z gg MM Jun
Ao ~ o
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FEEE 1. (Dunledeme1) J#..L(F.('ﬁwmd\ .

I

E

~=

N | N

4. BYRSRHEREMILIAVETROZ a A v Y IRISIOWT, BTORMWNIEZ X, 723, L] 13ER
BHTIROEYLF LT 5, (Answerltkl¥ifollowing questions regarding the cross-coupling reaction in the presence of a transition metal
complex as a catalyst shown below. “L” is a ligand having no formal charge.)

C [SPSUEN R

R

/\
@MgBr 'm \S/ s

S

N

D[ PUNCELEEERE AL, LT O 7 V& 5850 & &, (Complete the catalytic cycle of the reaction shown
below by drawing chemical structures in the square blanks | ])

| E— |
)

() %TTK ()

\_’/

2) bR b, () NIC=y SN OB A&,  (Give the formal oxidation states of Ni in the parentheses
C»

3) bEemgt A 2 ah, [ ] NICBRRIGDOAFREEFT, (Givethename of elementary reaction in the square brackets[ )

4) BHER BT INETHTZHE, RVBTNVINEOREITHAT, ERMONERIFE L5048 T 450, e
L HIZ& % &, (Answer if the yield of the product would increase or decrease when R is an acyl group compared to when R is an
alkyl group. Also, explain the reason.)

5)R BT VY NVEDOERPPINER BN ARUGHEHET,  (Draw anew chemical reaction formula that can increase the yield
of this product with an acyl group as R.)
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fifE1 (Problem1) #t& (Continued)

,.“:7;( IfiArq]’\: N

vinyl acetate.)

1) T VANBIERE—2RT, BbERS & RIS HAVFRIGE TR, (Give one initiator for radical polymerization and draw
the initiation and propagation reactions by chemical reaction formula.)

BRLARUS (initiation reaction)

bf@, 5 fnropagation reactin) J R

2) TUANVERITL->TELNAR BHEE =/UIIEER 13 mol%BEOE -GS BLUR—BHE) BaFEhT
W5, BE—RBHES LTE-EESE{LFUTrRYE, (Poly(vinyl acetate) obtained by radical polymerization contains 1 3 mol% of
head-to-head (and tail-to-tail) bonds. DIWV the chemical formula of the head-to-tail and head-to-head bonds.)

SE—EfES (head-to-tail bond) HH SRS A (head-to-head bond)

4) 77 VABRAFNDT PINVERIZE S THLNARY 77 VUEEAFMIBER—BEREE RS END A, £ OB
A@‘*ﬁ $&;’E'f U EAR T v—/mi'@/—\i U %%b iy, b7gu sy, BB E.L BITE X X, (Poly(methyl acrylate) obtamedbyradlcal

. "f a1 1 1. 1. 111 1 Tl _ L 2 olflbond i Loodlade 200 0 aleafoa. -, ]2&
.
I
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2 (Problem?2) FEREMMNZ3#dH D 3 (three sheets for Problem 2)

1 k7 INAFEETES (4 D 1Y TRk 2 ILAKR A MEITTRREAI AV wanal A3 ML X AN SN AN AUNMET P = m

2. HEMEDOHFEISH TROEEES k #FRE (D) THOZ EMBRIEN =, TOORRIGOTEE L F—L
EERTERDE, 2L, SEERR=831TK 'mol” £33, (Adecomposition reaction was observed to have the following
rate constants at the indicated temperatures. Estimate the activation energy and the frequency factor of the decomposition reaction. Use the
gas constant R =8.31 JK mol™, if needed.)

T/K 300 400 500
k/d’molls?  207x103 446 x 1072 283 %107
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RERE2 (Problem2) #%i¥ (Continued)

3. UTOR Z FFEE; e N7 (5292x 10" m);r EFENLETE TOEN) TRINDOIAEERT (K
d;wm:\,w‘ﬁﬁ% TR S === S Y ey o] = [ TN e, <ol X \@&"ﬂ’“ | S ) q.ﬁ" N A-“-l' ,i" {

—~——

)N D 2s WREOBHREIOME  (RTE 5O 23R X, (Calculate the position (distance from the nucleus) of the radial
node in the 2s orbital of N¢*.)

3) O™ 2s WRBE DB R NIEE b YR A HEY X, (Calculate the radius at which the radial distribution function of a
2s orbital of O”" has a maximum value.)
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RIRE2 (Problem?2) #i¥ . (Continued)

4. vz o VEERWS LT LU OXEFERIIR TR END, Z 2 TeldiE— ¥ —Th 5, LLTOR I

HRIZ& % X, (The secular determinant of ethylene is written as follows using Hiickel method. The ¢ is the orbital energy. Answer the

following questions briefly.)
a—¢& B

B a—s=0

1) KEFERITEENDa L BBENETIUTREIHEZ X, (Answer the names of a and 8 terms in the secular determinant.)

2) KEHFEREME, =F L OMETRNF—BLUE BFREGTI/VT—ZRDO L, (Calculate the orbital energies (¢)
and total r-electron binding energy of ethylene by solving the secular determinant.)

3) TF LV DOTFHGE (@1, @2) HRERTO 20, 808 (x4, x2) PEIGRES L L TELT TR IS, (The molecular orbitals
(@1 and ¢,) of ethylene are written as follows using the linear combination of 2p; orbital of carbon atoms (¥, and x).)

— i +i —‘i _..1._
1= ﬁXl ﬁXz, P2 = ﬁXl ﬁXZ

01 L@ BERLTNDZ L&A, L, nBIUnidERksh, ENCERLTW S 6D LT %, (Show the
orthogonality of ¢, and ¢,.The y, and y, arenormalized and orthogonal to each other:)

HI13-TE VT DL ETHREATRNX—T, da + 448 TEREIND, 13-TH VT D afEGERT RN F—B LU
B b ¥ —%RD X, (The total m-electron binding energy of 1,3-butadiene is given by 4a + 4.484. Calculate the n-bond
formation energy and delocalization energy of 1,3-butadiene.)
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2)Na &BOFEEZEHER X, Na OFTEIT 230gmol? £33, (Calculate the density of Na metal. Atomic weight of Na is
23.0 gmol ™)

3) Cu Ka (&F 1 = 0154 nm) 2V T OFREROBEK X SERTZHIET 5 & &, ROMWIZEZ L, X-ray powder
diffraction pattemn of Na is measured by using Cu Ka radiation (wavelength 4= 0.154 nm). Answer the following questions.)

a) Egt2Rd7 T v 7/ &F0H, (Describe Bragg’s equation, which expresses the conditions of diffractions.)

b) MHROFEREOMIRd % X 7 —H8 k1 B L B TER a TERYE, (Give the expression of distance d between lattice
planes for cubic crystals using Miller indices 4, &, /, and the lattice constant a.)

) HLIEAIERNDEWTOEE X K, £z, ZOEROTT v 7 0 %A X, (Answer the Miller index of the
diffraction appearing at the lowest Bragg angle. Calculate the Bragg angle 6 of this diffraction.)

2. X BERAOCTEEMBOCBERE T 2 EE—2b1F, £ ORI L M MEICHIAE X, (Answer an
analytical method to determine chemical compositions of solid materials by using X-ray. Explain briefly its principles and
characteristics.)
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Fe(phen):? conc./ 10-° mol dm™

0

30

6.0

9.0

15

10



