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Naotices
(1) There .are ten 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 guestion sheets and answer sheets. Answer the questions in the specified position.
(4) Ifthe space is exhavsted, use the reverse sidé of fhe_ sheet and write down “to be continued” on the last line of the sheet.
(5) Choose two questons and answer them.

(6) Raise your hand if you have any questions.
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FERE1 (Problem ) TOREFERSIY 24050 4 (two sheets forProblem 1)

1. KOFSOEEREROBERITRE L, WEOR UUEERER I U {Zi:{ z%%%ﬁ“a‘*as Lo (Draw the
structural formmidas of the major organic products obtained in the following reactions. The regioselectivity and/or stercochemical
configuration should be taken info consideration in some cases.) '

(a) b
o] O . '
) f ,
PRCOOH . : Q Br,
- _
CHCly : CHL0M
- (© ‘ @
cl 0 _ : _
1) NH; . 1) SOCI,, pyridine
2) NaOH, Bry 2)KCHN
OH "
© - ®
1) 2CH, ] OCHa
2) Ag0, H,0 _ 1) Li, NiH;, EtOH
A 2) HCl aq.
B = —_—
N :
H

2. By AR B DT, ROBREAF — A ZSTER ST L, (Comple’te the following synthetic scheme, by drawing stmqural '
formulas in the brackets.)

C{CHa)g | o
Al ' HoNNH, ' HE
: KOH . —
‘ (HOCH,CHo),0 : .
_ - _ |
1) CHyMgl ‘
2) HaO* i HS04 ) sulfur
‘ A A

3. RSO ROEEL T, (), ) ©BLIT@OI VT, STlEFaIRE L, £, @e@ick
VBRI A S RIS T IV YRR, (Draw the structural formmulas of the major organic products obtained
in the following reactions. For (2), (b), (¢) and (d) the stereochermical configuration must be shown clearly. Also, assign R or .§
configuration o the major organic products obtained by the reactions (¢) and (d).)

@ o | ®
Brn/,,, p Br CHS 7 .
KOEt | ' KOEt
HO 7 B ot 3 FHOH:
A A
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RE L (Problem 1) %é% .(Conﬁnuec'l)A .
(©) ‘ @

H,- ,Cl : CH, £ ‘ )
/< (CHsCH,),CULl : : - {CHaCHZCH,CHo),Culi
HgC ‘ CH2CH2CH3 ather . . H3C CHchECHa ather
(R)-Q-chloropentané (R)-2-chloropentane
@ @

(0] O o
" 1) LDA, THF, -78°C o 1) NEts, DMF, A
2} (CHa)sSiCH ' 2) (CHg)sSiCl
4. 23500 Kt LA BT Vb F LT o ORI BT D B F ORI L K. (Answer the following questions
concerning the Palladium-catatyzed reaction of aryl bromide with olefin)
(&) Jrv = x_%fﬁt%ib YT, o 7 AR SRR SR X ERTIS e E%’S:Hfiﬂ HT &, (Completﬂ the catalytic

cycle of the reacﬁon, by drawing structural formulas in the brackets. The stereochemical configuration should be shown in some
cases.) .

H R*

Ar-Br ‘ r1 R?

oxidative ' ‘ ) .
addition insertion
Pd(0} .

V C-C bond
rotafion

reductive
elimination

/ \ elimination

base-HBr base

() T ORI FRE R, (Give the pencral name of this reaction.)

5. TR0 Wacker @{E@Efnﬁﬁm@%ﬁ%%ﬂ & (Draw the structaral formuta. of the major organic product obtamed in
the Wacker oxidation.)
N

HsCOy,
' i Pdclg, CUC|2

H,0, O;

" CHa
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fiE 2 (Problem 2} FAZARE T 2 JBI% 4 i“ﬁ" (twa sheets for Problemn 2)

208 K ATI3H AR pH W A I DRSS L, 77 Ly ADA AR Ky= 1.0x10™ mol dm’® 2975,
(Answer the foﬂowmg questions related to pH of aqueous solutlons at 298 K. Ion product for water, Ky, 1s 1.0%10™ mol dm®)

1) ¥R C[mol dm™ ]@Fﬁﬂféﬁ& COWTAKERA A BEH R EH TS - TR, (Derive an equation to give
H" concentration, [H'], in an aqueous solution of C fmol dm” ] H,50,.) | ’
2) MT@FM@&@ pH %d‘%?@f Lo (Calculate the pH of following aqueous solutions of HgSO:Q
) 0.05 mol dm™, b) 1.0<10° mol dm™
3) JEEC fmol dm*| DB T 1Y ¥ PR ey YO, [TEEETS f‘_&b@ﬂi:‘ct%#fb‘ L, E’Fﬁ Myﬁ?%ﬁﬁ%{
Vil O ﬂ”é (Derive an equa*uon to give [H'}i ina solution of C [mol e | sodium acetate The dissociafion equilibrium constanit of
acetic acid is &)

2. Xffy‘iﬁlﬁm%% TR AL T ORI AL L, (Answer the fo]lowmg questions related to Xeray photoeledron spectrosoopy)

1) Bl S T RO SR R LT k 5 iﬁhﬂlﬁﬁib‘v’?‘*z@k %%Oﬁﬁﬁﬂﬁ TRERER, TR
el UT, BREICEFIL WS TR R AR (Electrons with kinetic energy of Fj, were observed under
 the irradiation of monochromatized X- -tays of energy I Express the binding eneryzy, £, of the observed electrons Use worls fimetion
as o)

) XBAET LI BT 57 A7 M \_Ob VR BREARE , '(Explam chemical shifts-in X-ray photoelectron

spectroscopy brefly.) ' : '
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FORE 2 (Problem?2) #E&  (continued)

3. B (HA) FHEEE (8) CTEAZEIAAY MR AGEYIE. pk AR pH IREE LTRVBRS,
YEREE 1 00 om VR AT, 54 72 pH G 0.18 mmol dm” DAV TR ALY B E R LENS 530 nm
TELNITRIEE A FITR T, (A compound that shows different absorption spectra in the acidic (HA) and basic (A) forms is
utilized as a pH mdlcator around pK;. The table shows data of absorbance at 530 nm for 0.18 mmol dm” solutions at various pH. The
cell length i5-1.00 cmy) :

= pH FETSEEH 530 om T3 H 6%?5# o pHW v (Table Absorbanoe of aqueous solutions of the plT md1cator at
530 nm as a function of pH) _

PH 1.50 © 200 4.00 5.00. . 550

Absorbance 1.80 . 180 . 0.60 036 0.36

1) WD pH HEFECOL T 530mm T s fuol” dmPor ) &5 VEH I, (Caleulate & [mol” dmPem ] of the pH indicator at 530

am in the acidic form:) : ‘ C

2) &5 pH COTEROBICHE 4 ﬁ%kiﬁ%ﬂ‘ OFNE LTEL RIS, 4 BB o 2RV TEE, (Absorbance, 4, of the

solution at certain pH is composed of those from acidic and basic forms. Express 4 asa function of the degree of dissociation, o)

3) pH 4.00 W33V DFFEEE o 23D X, (Calculate the-degree-of dissociatior; a,at pH 4.00)

4) pKyd pH OEBEAT Ly pH 400 W31 27— 50 pK, #BHE L, (Show the relationship between pK,and pH, and

calénlate the pkG, from the datum at pH 4.00)

5) BHDWECOWHE HpHICFE I E Th ol _@%ﬁﬁﬁﬁﬂ éﬂ%-’@ﬂﬂ PR EIEA L, (Absorbanceata
certain wavelength was mdependent of pH Exp]am the reason of the phenomenon briefly.) '




TRE28 4210 A, FER29 4 AN (October 2016 and April 2017 Admission)
[EEARSEICH R TScRe Laanl (ASER SR A SRR
Gmduate School of Engineering  (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)

FEEE | oA EPRED | | # % FRREEE - | o EBEEE N
Subject Applied Chemistry Il Department | Applied Chemistry Applicant Nurnber
FAZE 3 (Problem3) ERERIEE3HH Y i’@‘ (three sheets for Problem 3)
1. s B A LUT OFF A& TR J: (Explain the followmg texms related to the quantum theory clearly.)

1) }*/5? AR (quantum tunneling)

2) @k (degeneracy)

3) R—AFEF (boson)

4y B - FrwrionA ==L (Bom - Oppenheimer approximation)
5) 77— 4E5 (Coulomb integral)

6) E7: DTESY (overlap integral)
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[GER (Pmblem 3) Bix !Conﬁnued}

2. BFHICET AU TOHERBRCE X L, L, 77/%@5{ 16626%10 3”'Js i‘fg@ﬁ};{m 2998 x 103 mst &5,
~ (Answer the following questions related to the quanturn Theory. Use Planc_k’s constart: 6.626 x 10 J s and speed of light: 2.998 % 108 msl)

1) BEEE 150 kn bl CHES, Eé 142 g DF— VDR -7 A3 &:ﬁ%ﬁ&bi (Est]mate the de Broglie Wavelengﬂl of a ball which flies
ata speed of 150 km hl. Weight of the ball is 142 g.)

2) BE10g 0)3?%@1%?5% 1x10%ms? G’)#if_ TGy \75‘-\0“@ B, FONE i%@ﬂ@%@?ﬁﬁc%#ﬁﬁ’ &, {Bstimate the lower
Yimit of the uncertainty of the positicn of a bullet. Welght of the bullet is l Og and the speed of the buliet is known Wﬂh an accuracy of 1 x
10°msl) .

3) B2 AT OSBRI MO0 FEE 2143 o I BRI S DA R, ZOAF DA
& (A heteronuclear diatormic molechule, carbon monoxide (2C10), has infrared. absorptzon witha Wavenumber of 2143 e’ due to the
harmonic vibration. Estimate the force constant of C1%0 molecule.)
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FARE 3 (Problem3) F£Z (Continued)

3. BT T AT ORI E L, (Answerﬂle following questions related to the quantum theory.)

D) ABEREFOASMVERRL () THRED, ZIC, 7 EERSh ARSIV :

DY, Ry KEETOYa—F~UEE (109677 om 1) RO m BICmIEE yong(S-2) o
CTom =, a2, . OBEEHD, ZOKEFRETOART NVBREO—DI, T4 T e

= R H D, gﬁﬂf\ﬂ BB BAEET 012 nm RIS B, T v RS DR R R AR 3T Ok
i, (Lines in the spectrum of atomic hydrogen can be expressed as eq. (1). Here, ¥ and Ry are wavenumbers of the
observed lines and Rydberg constant. (109677 cm™), respectively. m and (2 = m+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) ARFFNEF O 25 T— Y Z N (Pa0,0) PETEEOMEN B DHEE Y a1/2, -
%’T)ﬁ% Z PRV a ZWTRE, BB, @ NCBOT ZHEFE Y00 = (3; aa) (2 - %) g~Zr/2a (9
a VIR RO DIEEBE T B, (Show the probability
dens;ty of an electron at the mucleus for the 2s orbital (1Y 4 o) of ahydrogemc atom, using Z and & In eq. (2), 7 is an atoraic number, a is -
the Bolir radius, and 7 is the distance from the nucleus.)

DN & Nt DL BT B RN F—% b o LTRCE 512 TR ATREE FaE LTI L,
(Which can be expected to have the higher dissociation energy, N, or Nz* 7 Explain the reason by comparing the bond orders.) |

4 [FAHEETE & THuEEDEOT OV \'C?r{%” CERERE L, (Explam the difference between the Valenoe bond theory and the
malecular orbital theory briefly.)
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f8E 4 (Problem 4) REAERRE 200 £9 (two .shee’fs for Problem 4)

1, RIZATFAOERITET AT ORWNTEZ X, (Answer the following questions on poiyester synthesis.)
@) SNTERETFLVT T UiphLRY FAT AT D EPEEOEE R ETE, (Wilte the chemical equation on the
' synthesis of polyester from bmanedmm acid and ethane-1,2-diol.) .

b  @DEEUCRY VTR TERY w285 DDA R A S T, (Itemjzé the factors to obtain high
molecular-weight polymer in the above reaction (a).) : )

(cy VF J».')"/l/:t FF ROLD) l_cl: Dedi 7“1[1 Z7k /@E%E%ﬁ/—\loob T, F‘aﬂﬁﬁ‘% L URERIGE] E%}iﬂﬁiﬁ”(
W, (Wrtethe chemlcal equations.of 1 uuhatlon and propagation in the ring-opening polymenzailon of ecaprolactone by lithizm
alk()}ﬂde y)

(@) fE AE/\ b HES U CEBEL TR Y TAT AR ERET ARIE R X, (Describe the advantages of ring-opening
polmenzaﬂoa mn polyester synthesis oompared with condensation polymenzaﬁon)

9. PoE Jw—, CHCHX, OMNIESICETS FroSiicEz r, (Answer the bllowing questzons an addition
polymerization of vinyl monomer, CIE=CHX.) _
@ TSAYTFu=bUn, TIAVFOL K—Z7 bR VEERERE LTES ’E"{TOYL m@ﬁtﬁﬁ% J:Uﬁ
BERSECREEUTRY, T 2hE AT S O T A 5D, ﬁﬁ'ﬁ“\i (Write the chemical
equanons of nntlaﬁon and propagation when polymerization is conducted by a.zmsobutyromtnlo buty]hﬂnmn and watet-boron -
triftuoride as an initiator, and descnbe the si.yle of each addition polymeri zation.)"
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(0 AT LVOBEH LEROVTNOREEITRETT AR, ) EL S BATT ) T T AL ORI IR
BT, FOBERPWEENEE O CEREEY &, (Styrene is polymerized by all the initiators described above (a).
However, only butyilifhium cornducts living polymerization of styrene among these initiators. Describe thereason whiy the other
inttiators cannot conduct the living polymerization by the use of chemical equations.) .

© Ve rEEOEENES, EATERLONREEEEE CERE, (Write the definition of hvmg polymetization and
iternize the advantages of living polymerization in polymer syntbesis.)

) BSALEMER D LR T O F L OEAINETT D, TOL S RRATRERAL 2 NGE R
T, AEATENTRES QAT LU RIEES A — T, TORE L RSOV TR L, (Bthylene
-is polymerized under mild conditions by fransition metal catalysts. Wiite the. stylé of this polymerization. Then, raise one
ethylene-based copolymer produced by this poiymenzatlon method and deseribe the Structure and properies of the ra1sed
copolymer) \

3. 1374 VrraEE L CALNA RSO D HIAHANER Y < — ORI A2 TS, ThbhOAFETE,
(Draw the chemical structurai formula of all the possible steteoregular polymers obtained from 1,3-butadiene and write their names.)




