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BRI - 13 B30 9~15 85004  (Examination Time : From 13:30 to 15:00)

2B EOFEEIE :

(1) GRS A SRR S 10 h ) 7,

(2) FREFRERUREERBDTN TS, SRESLEAL TS,

(3) TAUIRTEAEL AR D A SN b0 T, MREIHEESNEFRMCRA LTS Eau,

(@) AREDEE SN LS, FUAROBEZFM L THBOEREA, 25L, TOBAIT Bk &L
EECEH LS L9 a Lot LTti 2L,

(5) 2 FAZBRIR LARE L7a SV, IR L7 RSV v CUA F @RI - ORI i e &,

6) HildH D\ NITH LD H DBAIFEET T &N,

Notices
(1) There are ten question and answer sheets including a front sheet.
(2_) Fillinyourapplicantnmnba-inﬂnspeciﬂedposiﬁonsmﬂaiscowandwchqmﬁonand'mwersheet
(3) This examination booklet consists of question sheets and answer sheets. Answer the questions in the specified position.
(4) If the 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 two questions and answer them. Mark selected question number with circles in the table given below.
(6) Raise your hand if you have any questions. :

e
Question Number

=R

Selection
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fEE1 (Problem 1) I2##H Y =4 (two sheets for Problem 1

1. ROBISOELFBERMOBEELHTE L, LEIIE U CAEERMES JUSHM L2 L Z8 T 5 - &, (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) 2)

O HI (excess) i EOH PPh,, CCl,

0

- 1. HB '
: {O) \

D, P 2 H,0, NaOH, H,0 ' O CHBrs, KOt-Bu

nBu H

5) - CO,H 1. Na/NH, EtOH 6)

2. H30* conc. HySO,
: 40 °C

7) 8)
n-BuOH CO,H 1. 2tBuli

@ Ha0* (catalyst) | 2. H;O*

9) 10)

CO,Me ‘ —
E( - ' <C ’
COQM@ e




TRk 304F 10 A, ¥k 3144 A A% (October 2018 and April 2019 Admission)
INBRFRF LR RRIEATY (B P96 B A SRS
Graduate School of Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)
' (CERK30 45 8 H 23 A3EHE / August 23, 2018)

RRAE SR GRAED | [ ® % TSR TREE o
Subject Applied Chemistry 11 Department | Applied Chemistry Applicant Number

fE#E 1 (Problem 1) #t& (Continued) :
2. IV BERCHBUNCBET B LIFOR M Z L. (Answer the following questions concerning the reaction of a

carboxylic acid.)
D[] PICARE2 97t L. (Draw the structural formulas of the organic products in brackets.)
9 SOCl, CHoN, |
o o,
A

Stk (gas)
2) A DD BHVERCT D NARIGDEF% 58, (Give the name for transformation of A o B)

3. =vTIPET X 5B N S A & RSBSOS AIORUSC B AL T O B 2 L, (Answer the following
questions concerning the nickel-catalyzed reaction of an organic halide with an organozinc reagent.)
1) A1 7 L% 5 & L. (Complete the catalytic cycle of the reaction.)

R-X

LaNiX5 \

stl;; L'J:" | . B . _ / R=ZnX
T | s o

]

2) ZONABBUSDAFEFEE, (Give the name of this reaction.)

3) Stk A-CIZBIT 5= IV OfifiZ%E % X. (Answer the oxidation state of nickel in complexes A-C.)
A: B: C: .
4)step a TR HHHLEYZ IR, (Draw the organic product obtained in step a.)
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il 2 (Problem2) FEREFEMKIZ 2#dh 0 E3 (two sheets for Problem 2)

1. EfRF Y 0L LEBRE ST/ASIRICEIT AU TORMNCE X X, 7771, BT Y AL EEROHSALRE,
LN Caa [mol L, Cuia[mol L], KDA A% Kw= 1.0x10™ mol L?, BHEED pK, % 4.76 3%, (Answer the
following questions related to an aqueous solution containing sodium acetate and acetic acid. Feed concentrations of sodium acetate
and acetic acid are Crea[mol L] and Ciua[mol L), respectively. lon product for water, Kw, is 1.0x10“mol L2 and pK, of acetic
acid is 4.76.)

1) VRO T o AR K UOWR R T > A% L, ¥ pH %R B Z 8 F, - (Show the conditions of
charge and mass balance in the solution, and derive an equation to give pH of the solution.) _

2) S (Chaa=0.10mol L, Cia=020mol L')izov T, pH ZFH8H L, (Calculate pH of the solution S (Crea =0.10
mol L, Cua=0.20 mol L), -‘

3) 1 00 mol L > HCI /KFS 1.00 mL Z¥¥E S 1.00 L 10z 7454 & 268K 1.00 LIS 74540 pH. EHERE L, 72

, HCIH SR DEIN & 5 AR LI #4835, (Two solutions were prepared by adding a 1.00 mL of 1.00 mol L aqueous

HCI solution to 1.00 L of the solution S and 1.00 L of distilled water. Compare pH values between the two solutions. Note that the
volume change of the solution is negligible with the addition of HCI solution.)
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filEE2 (Problem2) #& (continued)

2. WMEBALGRA 4V VBRICEITXOEMZ D &, BA T AT T 4 MXZ 2R L, BE 500
nm DFETH L COERINETR LT, @BA A LB FORE/VIBE S 240 pmol L I -7- 5 %, 4P EAH TR
& LI OV TRBERIE AT > 7o & 2 5, MM + [X)AS 025 D4 CRONDIEILEE 048 %787 (Addition
of ligand (X) to a colorless and transparent aqueous solution of metal ion (M?*) resulted in complete formation of complex ion MX;*,
and the solution showed light absorption at the wavelength of 500 nm. Mixed solutions of metal ion and ligand were prepared with
the various molar fractions while maintaining the sum of molar concentration to 240 pmol L, and the maximum absorbance of 0.48
was obtained with the solution that has [M2*J([M2*] + [X]) = 025.)

1) BA A EBIFOREEHn %R L, (Derive the binding ratio 7 between the metal ion and the ligand.)

2) SRR LTSEA A MX2 OEMBHEREL [em? mol! L)&sRdH L, =L, BBV =B ER 1.0 on &35,
(Calculate the molar absorption coefficient [cm™ mol”! L] of the formed metal complex ion MX,?*. Note that the cell length used for
measurement was 1.0 cm.)

3) $84 A MX2 B AT, EDTA (eﬂlylerndlmmneteu'aacetate)?k?’é-“(&’%ﬁé REWFLEZE 25, BIEEE
BRI 7272, EDTA DU & 0 L Z o 7 SUSIZoV T £8E X, (Addition of adequate amount of aqueous EDTA (ethylene-
diaminetetraacetate) solution has made the solution of the metal complex ion MX:2* colorless and transparent. Describe the reaction
that was taken place with the addition of EDTA.)
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fil#83 (Problem 3) FEREFEMEGIL 24 Y =4 (two sheets for Problem 3)

L. BB ALUTORBRRAICEZ2E\, 2L, 7T 78I 6626 x 10% ) s, TRANaESIE 6.022 x 102
mol”, EFOREEL 9.109 x 10° kg, FOHEIT 2,998 x 108 ms! &5, (Answer the following questions related to the quantum
theory. Use Planck’s constant : 6.626 x 10 J s, Avogadro constant: 6.022 x 102 mol!, mass of an electron: 9,109 x 10! kg, and speed
of light : 2.998 x 108 m s™")

1)1.0em mﬁﬁ%oﬁ%ﬁﬁ%ﬁﬁﬁ'& (Calculate the speed of the electron having a wavelength of 1.0 cm.)

2) NI LT T LD ER 58.4 nm DSR2 TN OREIEERTHEE, BFH 1.59 Mm s OFEEETHiHENS, 2
VT Do DAF AT FRNF—ZEHAE L, (When ultraviolet light with a wavelength of 58.4 nm emitted from the helium lamp shines
krypton, electrons are emitted with a speed of 1.59 Mm s, Calculate the ionization energy of krypton.)

3) &S L O—RTDOFEDPDE ERLFORERARIZ OUT, SEBIED 2 F( p? ) OIARHEZ RO L, (Estimate the expectation
value of the square of momentum ( 7* ) for the ground state of free particle in a one-dimensional box with length of L.)

) 2IRFFTHD 7 LR PBrF 11, BH380 em™ IZARINRUREAF O, O FA TR T LR LT- %D, D%y
FOODES%E KD L, (A heteronuclear diatomic molecule, bromine monofluoride (Br'°F), has infrared absorption with a
wavenumber of 380 cm™ due to the harmonic vibration. Estimate the force constant of the Br'*F molecule.)
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filEH 3 (Problem 3) #t& (Continued)

2. = b)—==TF v 7 DDOLDSEDE I (HF-SCF) DFEFETOVT Ne BT A BB X, (Explain the Hartee-
Fock self-consistent field (HF-SCF) procedure, using Ne atom as an example.)

3. REFFDI/—a K% o, IBEIELLL, Eavr/UEEEAWTIZ-TH U0 rnBB (HOMO 76
LUMO ~D88) = A¥—5RDL, 228, nA— 5/ UIHFEIZER C2p A E X NLO—RIES (LCAO) &L
TH&Y, (Estimate the 7* transition (transition from HOMO to LUMO) energy of 1,3-butadiene using Hiickel approximation, assuming
that the Coulomb integral and the resonance integral of carbon atom are a and /3, respectively. Here, the 7t orbitals are expressed as linear
combination of atomic orbitals (LCAO) of C 2p that lie perpendicular to the molecular plane.)
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e 4 (Problem 4) RAREFRHEIL 3#d Y F4 (three sheets for Problem 4)

1. RY7 I FIZB B FOR L L, (Answer the following questions on polyamides.)

D NFFAFLLDT IV LAV BPLRY T IR (F4 846,100 2ERTAEERIGRA Y, (Daw the
chemical equation on the synthesis of polyamide (Nylon-6,10) from hexane-1,6-diamine and decanédioic acid.)

2)  DOERICROTESFRARY v— 2857004 %E — o, EEIECHESES Citt,  (temize the factors to
obtain high molecular-weight polymer in the reaction 1) in order of importance.)

3)  DICBNTEAV ORI LT VUL BE RS T 1266 MBLND, 7 016,10 L FA 116608
% Hol 7= FROZEMZ B> TH X, (If you use adipic acid in place of decanedioic acid in the reaction 1), you can
obtain Nylon-6,6. Fill in the blanks of Table 1 which compares the properties of Nylon-6,10 and Nylon-6,6.)

#1 FA 1610 &FA OL66 DYRERE

(Table 1 Comparison of the properties between Nylon-6,10 and Nylon-6,6)

THH F4 126,10 >h < | FLArr66
(Item) (Nylon-6,10) (> or <) | (Nylon-6,6)
Ex) #YRUB{IO5F# (Molecular weight of repeat unit) | 71 & 2%6,10 > FAaL66
| . (Density) . F4 146,10 FA 166
s, (Melting temperature) +A4 12246,10 FA 066
Worki® (Water absorbability) | FABi6,10 FAa66
5|8k Y 38 (Tensile strength) FA 84,10 FA{ o 66
BT =3ET* (Elongation at break) T4 226,10 FL 66

D FTAB66 T B610 L YR - BHRELH I DR T I FORIRET, TORRRELFERIEE A
CEHE &, (Describe an example of polyamide which possesses higher heat resistance and higher mechanical strength than
Nylon-6,6 and Nylon-6,10, and explain its synthetic procedure by using a chemical equation.)
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R4 (Problem4) #E% (Continued)

2. TI7IMEAFN, -7 FAE=ZAT—F)N, Fubly, 7ol rdd s ROBERICET 2 FiRO&RIcE s
&, (Answer the following questions on the polymerization of methyl acrylate, 1<vinyloxy)butane, propene and
2-methyloxirane.)

) ENENDEMOMER LT, REGRITFET S BEIIIH¥ELEZET 52 &, (Draw the structural

formula of each compound. Consider the stereochemistry if the stereoisomers are present)

2) :‘75}%@@5@#6{5@%&%& 157y | S JV%ﬁﬁ?ﬁﬁUL"?‘%ﬁ (Bt - BiR: - 1R LE) Z{EERUE
#UTHCH, (Select the compound which s suitable for radical polymerization, and draw the polymerization process by benzoic
peroxyanhydride as an initiator (initiation, propagation and termination) in chemical equations.) )

{54 (compound) :
HEAMEE  (polymerization process)

3) AFAVESIGETHEAMERD, b IAAT RS LR R R BRI T A EEE (ks - e - 80
BE) Z(EFULFUTICE, (Select the compound which is suitable for cationic polymerization, and draw the polymerization
process by trifluoromethanesulfonic acid as an initiator (initiation, propagation and chain transfer) in chemical equations.)

{549 (compound) :

HEFE  (polymerization process)




