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There are 8 problem and answer sheets including this front sheet.

Fill in your examinee’s number in the specified positions in this front sheet and all the problem and answer sheets.

This examination booklet consists of problem sheets and answer sheets. Answer the problems in the specified positions.
Ifthe space is exhausted, use the reverse side of the sheet and write down “to be continued”” on the last line of the sheet.
Answer all the problems.

‘You may use the provided calculator if you need.

Raise your hand if you have any questions.
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RIRE1 (Problem 1) FEREAIKIE 3 £ T~ (three sheets for Problem 1)
1. RD 1)~6) ODEUKIZH L, EBLOICEMORISHER LY B a2 ES (~XI) Tiol, ERZERICEHIR L,

VBN UTC, AR AVWT S LV, (Which compound in each pair ismorereactive for the reactions 1)—6)? Answer with the compound
number (I-XIT) and explain the reasons briefly. Figures may be added if necessary.)

1) INFEIES## (solvolysis)
B >r o
1 11

%5 (number):
F2H (reason):

4) 7k3E1t (hydrogenation)
P A
VI Vi

%5 (number):
M (reason):

2) SN2/t (S\2 reaction)
N NN
111 v

%% (number):
FEH (reason):

5) HBr& O sR&EF AN
(electrophilic addition with HBr)

N ~
IX X

%+ (number):
HH (reason):

3) C-Cifs &5 #)—##%¢ (C-C bond homolysis)

NN A Y N
\" VI

%5 (number):
B (reason):

6) x> & ODiels-Alder It
(Diels-Alder reaction with dienophile)
NANS
XI XII

%% (number):
M (reason):

2. LIFOALEINTONT, FrbZER TR 2R, KRR T ~THEL 2 &, ETz, (LEHD IUPAC 4 &7,
(Draw the most stable chair-conformation of the following compound. All hydrogen atoms should be shown. Give the IUPAC name of the

compound.)

F

Q

Br

IUPAC 4 (IUPAC name):

3. AFNHFALERAFAT =AU BENTH sp IBEE sp? IBACEFFOBRIR AT X, WEITGUT, KEAWT
&LV, (Explain the reason why methy] cation and methyl anion possess sp? and sp® hybridization, respectively. Figures may be added if

necessary.)
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RA%E1 (Problem 1) #¢X (Continued)

4. RITFT DDA 5 b EBLOEMIR B ThH LN ETLE (A £7/2i3B) Tiil, MHHEROHREE:
=L, EHRZ3E L, (Which compound is more acidic? Answer with the letter (A or B) and explain the reason using resonance
structures of the conjugate bases.)

CH, &% (answer):
Hac/“\CH3 FHH (reason):
A
)O]\
HoC™ CHs
B

5. D 1)~16) DRRAIIT HEBOTARY AR, BBEIGUT, SMEFERI»L L7528, =
FrFFe— WA T ABEIT— DR ERTZ L, (Draw the structural formula of the major organic product in the following
reactions 1)—16). Show the stereochemistry if necessary. When enantiomers are formed, draw only one of them.).

D 2) 3)

O KMnOy4 /\)\ 1) BH, SN 1) LiAIH,
HoO/OH™ 2) H0,/0H™ <o 2)HsO"
“,
H

4) 3) OH 6)
+
k/ PBr, CHs Hy0 O/ HBr
— 3 3 .
Ho CHs ¢-BuOOt-Bu
OH
o]
K ) 2 3.
HsC™ Cl
@ 1) Oy > COOCH; U 3
2) HyOo/HCO,H S AlCly
10) Np* 11) NH,NHPh 12) oM
D.PO o Acid | N Beckmann
cid catalyst rrangement
v, \)k/ foid catalyst rearrang
polyphosphoric
CHjy acid
13) 14)
O HOCH,CH,OH HO OH excess SOCI,
Br _— g —_—
CH, HyO
15 16
) ) CN
\/?l\ 1) 2 CH3CH,MgBr 1) LiAH,
N P
o 2) Ho" [ ] 2) O
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RHRE1 (Problem1) #%¢& (Continued)

6. FA L 66 DEEETEETT A LT ORI MIE 2 X, (Answer the following questions on the production of nylon 66.)

) FA v AFGSLTA v 66 AT AR R, (Draw the chemical equation for the synthesis of nylon 66 from
the nylon salt.)

2) FA AR T ABRR AR, (Describe the reason why the nylon salt is used as a starting material.)

3) FA s L I BOFREIIRINESND, 71 1l 66 DREEZIIT HEFROBEZE~L, (A small amount of
acetic acid is added with the nylon salt. Describe the role of acetic acid in the production of nylon 66.)

7. WY ZZRT)VOERICET B LIT ORI ZE 2 &, (Answer the following questions on the synthesis of polyester.)

D) HAES @RS ICL 2B FARTIE, —MRCRY AT LOERRY 7 I RICh~maFREAIMFLIUZ Y,
HOOC-(CHy)-OH 725K ) = AT N E AT 2RISR AE AW T, £OHEBHZHHE L, (In the condensation
polymerization, high molecular weight polyesters are difficult to be obtained compared to polyamides. Explain the reason using the
chemical equation of the polyester synthesis from HOOC-(CHy), -OH.)

2) MEEEAUSDOFETAREN OB RY ZRATNOBIE—>FTAHELT L& i, TOEMIFARII N
S R W TEHBAR X, (Give an example of polyester which is synthesized by a method other than condensation
polymerization and explain the synthetic method using chemical equations.)

8. AU 7L AT HIRORNE 2 &, (Answer the following questions on polypropylene.)
D BV FEELTE, BYA Y AFVEOHRERBIZE ) VT AT LA~ —MHES 2. 7u E L ZEFOVT R
FlAe—%T_GRL, FNHOAFRETEE, (Polypropylene possesses diastereomers depending on the configuration of
neighboring methyl groups. Draw all the diastereomers of propylene triad and give their names.)

2) DOEZOREENSRHRY Ta L) b, TEMCROEEROILENN £, TOHBIZ OV TIRAL,
(Indicate the industrially most important polypropylene among those composed of the structures drawn in 1) and explain the reasons.)
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FRE 2 (Problem?2) FOREFGIE 2 #cdh ¥ F3~ (two sheets for Problem 2)
1. OB B35 BRI X, (Explain briefly the following technical terms related to thermodynamics.)

1) BUy#EE—Al (first law of thermodynamics) 2) KBS F ORI “FGE S (root mean square speed of
gaseous molecule)
3) AR 4 )L E— (standard enthalpy of 4) {LEART 2% v (chemical potential)
formation)

5) TEEFRER (activity coefficient)

2. ~UAHRZ 3.00mol & 298K, FME 1.00x 10°kPa —7E T 10.0dm* 55 60.0 dm® F THE CH AR S B, 20
WEEES ok A ROEE: g, HEw, PHET=FNVE—ZCRAU, =2 2V —Z{VEAH, = hr E—Z{LRAS, ~V
2AVY BT EBAL, X7 REH BT RV LBAG, BEUYMRO= b B EBASw 13N B,
7121, N T ASESGEE LTRSS b b L, KIFREHR=8314JK mol™ &%, (3.00mol ofhelium gas expands
isothermally and irreversibly at a constant external pressure of 1.00 x 107 kPa and a temperature of 298 K from a volume of 10.0 dm® to a
volume 0f60.0 dm®. Calculate the heart quantity (¢), the work (w), and the changes in internal energy (AU), in enthalpy (AH), in entropy(AS),
in Helmholtz energy (A4), in Gibbs energy (AG), and in entropy of the surroundings (ASsur). Assume a perfect gas behavior for the helium
gas, and use the gas constant R=8.314 J K" mol™, if needed.)

3. NHi(@AEHEAERN Y XT3 ¥—13, 298 KITBWT-165kImol! Thd, Np, Hyy NHy (WFhvbseaifke ¥
B) OBERENEN, 500x10% 1.00x10% 600x 10°kPa THD L&, FUEFTAZRVF—2RD L, £, ZOH
&, BRENRRISOMXITE 97050 72771, KEEE R=8314JK  mol™ &%, (Thestandard Gibbs energy of formation
of NHx(g) is —16.5 kI mol™ at 298 K. Calculate the reaction Gibbs energy when the partial pressures of the Np, Ha, and NH; (treated as
perfect gases) are 5.00 x 10%, 1.00 x 10 and 6.00 x 10* kPa, respectively. What is the spontaneous direction of the reaction in this case?

Use the gas constant R=8.314 J K™ mol™, if needed.)
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RARE2 (Problem2) #tX (Continued)

ETRICEIT AL TORINTE 2 &, 2L, T 080T 6,626 x 1024 Ts, TARK NI 6,022 102 mol™, &F

ORI 9.109 x 107! ke, EAERIT 1,602 x 107 C, HOBHEIL 2998 x 108 m s’ &5, (Answer the following questions
related to the quantum theory. Use the following constants, if needed: Planck constant, 6.626 x 103 J s; Avogadro constant, 6.022 x 107
mol™'; mass of an electron, 9.109 x 10! kg; elementary charge, 1.602 x 107%° C; speed of light, 2.998 x 108 m s™)

)

2)

3)

4

5)

PR 300nm D7 4 F o LEON =) D= NAF—E5HE" X, (Calculate the energy per photon for radiation of wavelength
0f300 nm.)

HBREBICH B ETE 100V OEMETIELIZLEDOF To—AKEZFHEW X, (Calculate the de Broglie
wavelength of an electron accelerated from rest through a potential difference of 1.00 V.)

BCL 4y F-OURENDS, IOEEDS k=329 N m™ OFFHEET- L ZMTHDH L5 &, ZOHFORBIOFRTFNVF—
TR BHAEHER K, (Assuming that the vibrations of a *Cl, molecule are equivalent to those of a harmonic oscillator with a force
constant k=329 N m™, calculate the zero-point energy of vibration of this molecule.)

AOESN L O 1 RITOBDOT TETFE n =4 OREICH DR —F L AHET HMEITE Zh a7, (Indicate
the most likely locations of a particle in a one-dimensional box of length of L in the state corresponding to quantum number 7 =4.)

KEFEFORIETINX IR H HETOWBEELL, UTORThHbbEND, r HRTEDOHEET, a X
Bohr 4% T 5, (The wavefinction of an electron in the lowest energy state of a hydrogen atom is expressed by the following
equation where » and ao represent the distance from the nucleus and Bohr radius, respectively.)

S (1/\/na03) e~/
N BB COES R <> 23T L, NETHIUILLTORZ MWL, (Calculate the root mean
square distance <*>'"? of the electron ffom the nucleus in the state of lowest energy. Use the following equation, if needed.)

[s.2]

n,-bx — n!
fx e = /bn+1
0
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RIRE 3 (Problem3) FHREFEMGII24&d VD F4~ (two sheets for Problem 3)
1. ROFEMNO(LEOMABEIEDF DD, VTR %4 (Answer column)
:.,32 réﬁ @:&otﬁgrﬁi’;ﬁﬁ@cfaﬁﬁ f:,b@) é:l @é;o&ul \'Cbi;;‘i D
U er the questions by selec e COrT

chermtal species (from the comginations gi\}/]en in paregntheses. The |F(Answer) Hifh(Reason)
correct chemical species should be given in the answer column.
Answer the reasons for D and @).)
@ (K,Ca,Sc) B A A ALZFNF—DRBREV TR
(Which has the largest second ionization energy?) @
@ (LiF, LiL, b ) P by WrEE (Which has the lowest |~ AmsWen) | FEHiRoason)
boiling point?)
@ (In*, Ga*, Ge*") FERDFHHREVA A (Which has
the largest ionic radius?) ® @ ® ® ©)
@ (N NO) A AU fb=RrNAF—DREWLER
(Which has larger ionization energy?)
® (NaF,NaCl, AlBrs) filRd B bV VWE  (Which has the ® @ ®
lowest melting point?)
® (Y¥, La*, HfY ) Beb A V2 ERO/PENA T
(Which has the smallest ionic radius?) 2. WOFAHBIE L. (Explain the following terms.)

(@ (CHy, SFe, BFs ) fEE AN —ERE (& (Which has
the largest bond angle?)

(BaSO4, MgSOs, MgO) IK~DISIRE D3 e b i MEAY
(Which has the highest solubility in water?)

@ (Fe, Co*h, Ni*" ) (A v NEE T —2 - 75
—ZB A7~ A 7 (Which ion shows Jahn-Teller distortion
in an octahedral low-spin configuration ?)

(I, Fe*, Co™) A & MR & D IRA &2\
AR TN K X 7kl i B e L= V% —(CFSE) &
185 A A~ (Select an ion of which the crystal field stabilization
enetgy (CFSE) in octahedral low-spin configuration is larger than
that in tetrahedral high-spin configuration.)

@ Br,CLNe) AV v K navOBEBKREE xS
/NEVIEFEE (Which has the lowest electronegativity determined
by Allred and Rochow?)

©@ ( Zt0,, GaN, CaF, ) #IRFECY Héak & H2WE
(Which has a cubic structure at ambient temperature and pressure?)

JERAS0D—ED (a part of periodic table of the elements)

1) EAKM (intrinsic defect)

2) [BEIREME  (solid electrolyte)

3) #&EEM:  (linkage isomerism)

4 HAIVwv<w I 57 1 —iE (gas chromatography
method)

5) 7340 (b5 27 M chemical shift)

Na | Mg Al | Si

K {Ca|S|{T |V |C Mu|Fe|Co|Ni |[Cu|Zn| Gal|Ge
Ro|S |Y|Zr {Nb[Mo|Te |Ru|[Rh|[Pd|Ag | Cd|In |[Sn
Cs | Ba Hf | Ta | W |Re |Os | Ir | Pt | Au| Hg | Tl | Pb
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RIRES3 (Problem3) #tX (Continued)

3. 11D Na,K,Rb & 2 [0 Mg, Ca, Sr DFE—EFHFnS)
EENENELT D L, WD 2 FROIGEDIZ ) 2VHE
VMEE & B, ZOBEHREIRRE, (Comparingthe firstelectron
affinities of Na, K, and Rb of group 1 with those of Mg, Ca, and Sr
of group 2, the group 2 elements have smaller values. Answer the
reason.)

4. INTT TN, FEEER IO TTE
WEChHD, IRODRINTE Z L, (Prussian blue is a compound
that has been used for blue pigments, etc. Answer the following
questions.)

1) ZOWEOREE, ~FHT 7 SADESID TH 5,
ZEAEEFA TR, (Another name for this compound is
iron(IIT) hexacyanoferrate(I). Give the chemical formula.)

2) ZOWED L DI, —OOEEMITIB TR 5 [F]
FEIF 73 5270 DB EEROOIRRED & DANEIE L T A1k
B AT FESNEEZ K, (Answerthe name ofthe group
of compounds which contain an element having more than one
oxidation state, as in this compound.)

5. —fi7eeiEd LUOMSEHADBRIRER L IR E O
AL, TOLIICDEEBER K, [Depict the
relationships between electrical conductivity and temperature for both
common metals and semiconductors, and explain the reasons.)

high|

Electrical conductivity

oW,
low high
Temperature

6. 100 mL D/KEAEEIE LT, Mg?te C2' A&
SRR DRI+ BNz I 2 A, Fa LT, Z0
VRIRIZ 20 mM @ EDTA (ethylenediaminetetraacetate) YAV %
T LEE A, 4ml CHRRITREAIZ R VAL 25Tz,
F7e, REDAKEKIZ Ca?* & IERAY SRR 2385+
SIREMA, e L — MEEEIT>722 25 10mL T
ik leotz, LIFORWNZE X X, (Anexcessamountofa
reagent that complexed with Mg? *and Ca®* ions was added to a
100 mL of tap water, and the solution was colored. When the
solution was titrated with a 20 mM EDTA
(ethylenediaminetetraacetate) solution, the solution finally
discolored at 14 mL. Additionally, similar chelate titration was
carried out to the same amount of the tap water with the selective
reagent for Ca?* ion, and the end point of the titration was at 10 mL.
Answer the following questions.)

1) FL— MEEDORE A HHICHAY L (Explain the
principle of the chelate titration.)

2) ABHAKHP D Ca* A A& (mol) 3R X, (Calculate
the amount (mol) of Ca*" ions in the sample solution.)

3) WERRIRT O Mg 1 A B (mol) 23R X, (Caleulate

the amount (mol) of Mg?* ions in the sample solution.)
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ZEREDFEEIE
(1) RFEFWGHIEENT - OFBEES A1 1B £7,
Q) ZOFRMEEHTNCOMERERIFERRC, SBESETRAL T EEN,
() ZHUIRTERM L SN AT ENT= b 0T, ISR SIVEEMCEEA LT AN,
@) FENEZINRNEXE, FUABROEREZFIHA L TOEOERA, 72770, FOBRAIT BT ZRELH
ECFEE L2 eV KoL TR 2 8,
() 3RIFAD | BHEIR UM LSV, 7ed, BRUAEDL, THORCOEEM L TRRTA L,
(6) BHEENIFBEMERZHFEAL THELZZR,
(7 BRD DI RAZRER S DHEAITTFEZET TSN,

Notices
(1) There are 11 problem and answer sheets including this front sheet.
(2) Fillin your examinee’s number in the specified positions in this front sheet and all the problem and answer sheets.
(3) This examination booklet consists of problem sheets and answer sheets. Answer the problems 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) Select and answer one problem among the three problems. In addition, mark the problem that you have selected with a circle in the
selection column in the table given below.
(6) Youmay use the provided calculator if you need.
(7) Raise your hand if you have any questions.

RiEE= FilRE 1 RiRE 2 filRE 3
Problem Number Problem 1 Problem 2 Problem 3
R
Selection
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FHRE1 (Problem 1) REREFREIE3 #dH F9 (three sheets for Problem 1)

1. ROFEDD BEZBERINC G 2 DB AR &, BRI 272 5USA b,
(Propose a selective synthetic route for the product from the starting material. Describe the suitable reagents in each step.)
TRk =Nzali]
(starting material) {(product)
1y

ST ,,O H ——

e e T N H2

Ry _OH —_—

T \/»\”/O H

™~ -
—— 7 NH,

o=(

2. UTOHFAB IR IR, ' HNMR DA LT —&Z M HHEE SN ALEYMOEE % ", (Draw the structure of a
compound giving the following molecular formula and spectral data of IR and 'H NMR.)
1) Molecular formula: CoHoBrO,

IR (cm™): 1721
'HNMR 6 (ppm): 7.89 (2H, d), 7.55 (2H, d), 4.36 (2H, q), 1.38 (3H, t)

2) Molecular formula: CsHiO
IR (cm™): 1718

"HNMR & (ppm): 2.58 (1H, sep), 2.14 (3H, s), 1.11 (6H, d). sep |&EELREELET D,  (sep represents septet.)
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M1 (Problem 1) #t= (Continued)

3. TRO=v 7R EMEE N e F 2o~ TRV LT R R TR B L FEEOT 0 A0 v T ) T
LD T 2= VFF T = RBEROARIIOWT, PUTFORWIZE 2 K, (Answer the following questions regarding the
synthesis of a phenylthiophene derivative using a cross-coupling reaction between thienylmagnesium bromide and a bromobenzene
derivative in the presence of a nickel complex as a catalyst shown below.)

L,Ni
S S

D[ PIcEbE R RSERATAL, STOfM1 7 VRl sk, £, () M=y 2 Vo ks &
i, 7238, LT ERTA b 7272V N & 45, (Complete the catalytic cycle of the reaction shown below by drawing chemical
structures in the square blanks [__|. Give the formal oxidation states of Ni in the parentheses (). “L” is a ligand having no formal

charge.)

ETTHI R . BEERIT T
reductive efimination LoNi oxidative addition
A SYIXZNIE
transmetalation

2) 207 aAh Y U TRISOATEET, (Give the name of this cross-coupling reaction.)

3) N T VA A ARSIV B SUSHERE A R L, (Show the mechanism of the transmetalation reaction.)

4) TRV HEAOBRE R P ATAREBLOE UROEE, R 2WKEOBEI AN TERDOIERIHET
T Do FIENDFEEITONT, ERME T 2B A3 £, (When R in bromobenzene is ester or iodo group, the yield
of the product would significantly decrease compared to when R is hydrogen. Explain the reason for each case.)

TRTVEE (ester group) :

g 15& (iodo group) :



2021 410 H, 2022 %4 A A (October 2021 and April 2022 Admission)
TR REFR A ERE TREV PR R (—Asdh) HRR A AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2021 4 8 H 26 HZEHE / August 26,2021)

REELE | AT (FR9RE D A= T A7 “ J{uﬁﬁélllﬁ? ) SERE
: : : ppli emistry P
Subject Applied Chemistry 1T Program Ry Examinee’s Number | M
(Smart Innovation)

1 (Problem 1) #tX (Continued)

4, AFVVEAIZBWC, BARUSNT VIV, 7oA BRUHFA LD ) HUTIOBETIET L5753
L7200, ZOEARIBIER & 2T L VBB LD X 9 ZRRERAMAAUTHBICTE D7, Bl & & HITE R X (Inthe styrene
polymerization by radical, anionic, or cationic mechanism, what reagent(s) other than the initiator and styrene should be added to the
polymerization system in order to determine the polymerization mechanism? Answer the reagent(s) with the reason.)

(reagent(s))

P

(reason)

5. 7FNUF A Buli) ZRAEIETHAF L EAITEIT 2BEAR L ORMEG A TS CRE, (Draw the
chemical equations of the initiation and propagation reactions in the styrene polymerization initiated by butyllithium (BuLi).)

PG

(initiation reaction)

(propagation reaction)

6. —MC, /-1 M) LE <2 M) OIREEITBVTHENCAR T DILESEOMR dM)din) 13, &
T o—ORE (M, [M]) &E/ <=L () ZANTEDTREND, ZIUT DO TEITFORGCITE X L,
(In general, the composition of the copolymer (d[M1}/d[M5]) produced at the initial stage in the copolymerization of monomer 1 () and
monomer 2 (M) can be expressed by the following equation (1) using the concentration of monomers ([Mi], [A%]) and the monomer
reactivity ratios (1, 7). Answer the following questions on this feature.)

oMy + My Fle wpguy ki
d{M;] _ [M4] (rl[M1]+[MZ]) @ T M+ M, LTI MM, - "7k,
dM;] (M \[Ma] +72[M,] Where) wwihy- + M, J2e wmanM, oy
My b My 2e sy 27 Ty

1)1 =0,r=0 DFEIERT BILEAEOEFIORFEAE 2 K (Answer the characteristics of the copolymer sequence formed
when 7 =~0andr=0.)

2) AR B HEAEOMENE / ~—tHEARLE (M)[M)]) EHEIZHELL 2D n & nEEZ2 K, (Answer ri and r, where
the composition of the produced copolymer is always equal to the monomer feed ratio ([M1}/[A£]).)
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RIRE 2 (Problem?2) RHREF#KIT4 %D 3 (four sheets for Problem 2)

1. 2505 (A—>B+C) 13, 600K ChUNEETES h=3.50x 10°s" &b o —IREIGTH D, {LEWA % 600K
T 2.50 BBV LT-FEZ, (L& A @ 2 By —t "3of#ET 2 h% K X, (Adecomposition reaction, A— B+C, isthe
first-order kinetics with a rate constant &1 = 3.50 x 10 s at 600 K. What percentage of compound A is decomposed by heating at 600 K

for2.50h?)

2. {LEHD NOLEM E ~OSRISPIEERD 4530 1 £TETTHDIE, 720K T40.047, 770K T20.053THD,
Z OFUSDIEH L RAF DN bhvERd L, £z, 820 K TIORIGD 4 43D 1 A58 1T DO E ERTET R
DINBINERDE, 7221, BONET L= AORE,  FUSOREREN TN ThORE CRI—TH 5 LIEL, X
RES R=831TK  mol™ &%, (Adecomposition reaction, D — E, is a quarter complete of the total composition in 40.0 min at 720
K and in 20.0 min at 770 K. Calculate the activation energy of the reaction. In addition, how long does it take to go to a quarter complete of
the total composition at 820 K? Assume that the reaction follows the Arrhenius equation, and the kinetics of the reaction follows the same

functional form at each temperature. Use the gas constant R = 8.31 J K™ mol™, ifneeded.)
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RiRE2 (Problem2) #iZ (Continued)

3. BT AL FORW AT 3 HT & 2 &, (Answer the following questions related to the quantum theory with three

significant digits.)

1) AEFEFOREERREICH DET ORI TORTEE D, 22T ald Bohr ¥ TH D, (Thewave function ofan
electron in the ground state of a hydrogen atom can be expressed by the following equation, where ao is Bohr radius.)

P, = (1/mag?) e/
TEFAS Bohr 3488 I 0 RO DTERI I %00 2 M THIUE, BLFDARE AV X, (Caleulate the percentage of probability
that the electron is inside the Bohr radius. If necessary, use the following formula.)

B 1 B
f x2e®dx = [EE (a?x? — 2ax + Z)e“"]
a

[74

2) vraaFty, 1327 anF P Uny, NUBUPL Y and i LaokR b 2 e —id, R —120,
232, 206 kI mol! TH 2, PO L=V F—2%3KD &, (The changes in enthalpies of hydrogenation of
cyclohexene, 1,3-cyclohexadiene, and benzene to cyclohexane are —120, —232, and 206 kJ mol !, respectively. Estimate the

delocalization energy of benzene.)
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MRE2 (Problem2) ftx (Continued)

4. REEGEOEESZ VT A X L4 FOREEE IR K, (Explain the structure of the methane molecule using the concept of
the orbital hybridization.)

5. KkFE (), ¥H5E Ch), L THIKE HC) ORAMBETFNF—IZNEN 452, 251, 447eV THD, K&
BIOEROR—) v IS OBLEMEOZELFHEY X, (The bond dissociation energies of hydrogen (Hy), chlorine (Cl), and

hydrogen chloride (HCI) are 4.52, 2.51, and 4.47 eV, respectively. Calculate the difference in the Pauling electronegativity of hydrogen and
chlorine.)



2021 4E 10 H, 202244 A A% (October 2021 and April 2022 Admission)
JRES R RS TRRM RS LERREaTH (o) PR B AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2021 4F 8 A 26 HENE / August 26,2021)

R | SR GEMRE D A=2/A7 N “ J}fé}llﬁ*? ) 4 i
; ; ; ppli emistry oap?
Subject Applied Chemistry TT Program iyl Examinee’s Number | M
(Smart Innovation)

2 (Problem2) #i% (Continued)

6. bavrVEERRANTT VT UHNOBEFHEEI OV TEZ D, (Consider the electronic structures of allyl radical using
Hiickel method.)

) Z—ulREYE o HEESE B ETD, T UNTOANOSFEEERD HAKESERERL, PETRLF— (@)
Rt S OICHREENRIZHE, EFEE 27, (The Coulomb andresonance integrals are shown in wand /3, respectively.
Show the secular determinant to obtain molecular orbital of allyl radical, and answer the orbital energies (g) of allyl radical by solving
secular determinant. In addition, draw orbital energy level diagram with electronic configurations.)

2) TINTVINOE ETfEAETRNF—ERD L, (Calculate the total 1-electron binding energy of allyl radical.)

3) TINATFIHNDSFHGE (o1~ ¢3) MR THERBSOBERES LCAO) & LTLIFTEREND, (The molecular
orbitals (p; — ¢3) of allyl radical are written in the following equations using linear combination of atomic orbitals (LCAO).)
@1 = 0.50y; +0.71y, + 0.50);
@ =071y, — 0.71x;
@3 = 0.50y; — 0.71y, + 050y
@1~ @3 DBIEEZ 7R, (Draw schematics of @1 — ¢3.)
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FHRE 3 (Problem 3) ROREFMEIL 3 #dV F£9~ (Three sheets for Problem 3)

1. B(bA bru T A SO NI hOfEREEY L 0, BFERL a=0.5160m THD, StO ORGEREENL, 7w
TEFHEORA A HMED NEIERILO T CERRA A3 i & A7t %, (The lattice constant of strontium oxide SrO (cubic
crystal structure) is @ = 0. 516 nm. The crystal structure of SrO consists of cubic close packed anions with the cations occupying all of the
octahedral holes.)

1) ZOFERAEEDARTZE X X, (Answer the name of this crystal structure.)

2)Sr & O DENEESZ L, (Answer the coordination numbers of Srand O.)
Sr: O

3) FrbAE Se—Sr F IR A % X, Fiz, SO BT HIEEEED 5 2 FE A BEEAE X Ko (Answer the shortest
Sr—Sr interatomic distance. In addition, answer the second shortest distance of interatomic St—O distances.)

4) StO FEEL AR L, St O OF/VERIIZNEN 876,160 gmol! &35, (Calculate the density of StO crystal.
Molar masses of Sr and O are 87.6 and 16.0 g mol ™, respectively.)

5) ZOREROMT- DX A THEZ K, (Answer the lattice type of this crystal structure.)

6) CuKo (B 0.154nm) % HIC Z OREROMAR X ERTZHIET 2 & &, RebEMAICEns ERFD T —HEEE 2
X, F, ZOERROT T v 7 0 BEHFER X, (When X-ray powder diffraction pattern of SrO is measured by using Cu Ko 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.)

2. WROFEREFHIFE X, (Explain the following terms.)
1) 737 Y OBEFEE  (Pauli exclusion principle)

2) FBIREAE L  (layered double hydroxide)

)X BOLETHIE  (Xeray photoelectron spectroscopy, XPS)

4) BEREHHT  (thermal gravimetric analysis, TG)
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RARE3 (Problem3) #¢X (Continued)

3. |0 BFITEBIT 5 O BT, NH:AFIZHIT 5 NFEFILE b2 sp BB LT T 5, 2010, ThEho H-0-H
f5 & B-N-H AL E HI12109.5° 2725 Z L3 FRENS, O H-O-H A & H-N-H AT 2 104.5°, 106.6° & 72
%, 2781095 L/ e ABAR L, HHO-H A < H-N-H £ & 72 58RH 258 . (The O atom in the HoO molecule
and the N atom in the NH3 molecule form sp® hybrid orbitals. Therefore, the H-O-H angle and the H-N—H angle are expected to be 109.5°,
but the actual H-O—H angle and H-N-H angle are 104.5° and 106.6°, respectively. Explain the reasons why they are smaller than 109.5°
and why the H-O—H angle is smaller than the H-N—H angle.)

4, F a8 Bir ST KEIRIC A AW e ANz, E DX D 7RG 2R &, 72721, KESRh ORISR T
BNEER L LT, F&+2e 2Fe:FP=-044V,Sn%" +2¢" 2Sn: F°=-0.14V,Sn* +2¢ 2Sn*": P=+0.15V, F&'+e 2
Fe*': FP=+0.77V &%, (Predict what phenomenon will occur when atin plate is placed in an aqueous solution containing a sufficiently
large amount of Fe**, Fe?* + 26~ @ Fe: P=—044V, Sn** +2¢” 2Sn: =-0.14 V, Sn*t+2e¢ 2 S EP=+0.15V,Fe¥ +e 2
Fe?*: E°=+0.77 V, where E° is standard reduction potential in aqueous solution.)

5. BT, SEFRFATIT B I T —F54200), (110), 31 1)DEHE AT, (Drawthe lattice planes ofthe cubic lattice
with Miller indices (2 0 0), (1 1 0), and (3 1 1), by following the example.)

¢ c ¢ ¢

example: (1 11) 200) (110) G11)

6. \EAFY 6 BT 3d BREABSEAICE L TROMWNTEZ K. (Answer the following questions about 3d transition metal

complexes in octahedral coordination.)

) d ~ d° OEFEEEZETHHEED S D, BAYV LEALYORGOEFREZ LY 55 bDET~TETF L,
(Among d' — d'metal complexes, answer all the complexes that can have both high-spin and low-spin states.)

2) DOEZDH L, FEEE 72 H8EAD d B e A B REBOMAEDEE X TET &, (Answer the combination(s) of
the number of d-electron and spin state of the complex that are diamagnetic among the complexes of the answer for 1).)

10



2021 10 H, 202244 A A% (October 2021 and April 2022 Admission)
JRERFREFBIER TR ARRHE LR (—i%k) FPTR B AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2021 4 8 J 26 H Ffii / August 26,2021)

RERELR | S EMRE D ZA=E707 SN " @é}gﬁ? ) ZERE
. . . ppli emistry inee’
Subject Applied Chemistry IT Program ety yutyns Examinee’s Number | M
(Smart Innovation)

FHRE3 (Problem3) #&x (Continued)

7. pHARRIE HA 13868007 pKa 245D, 5 (HA) L3RR (A) TRALRLEEZTRT, pKadd 40 ThHIEREHA IZ
DT, #2472 pH O 1.0mM OUSEREFEIL, FHRRIA~Y MVIERAT 72, DTORWTEZ L, 7721, 500nm
ZRT DR, HEEFIOT RIS e M lem™) & ZALEH, 6a=1000, 66 =2000 & L, IFEIZIE 1.0 om DR AR
HI AN ERWD D ET D, (ApH indicator, HA, has pKa 4.0 in the color-change interval, and the acid form (HA) and the base
form (A") show different colors. A series of 1.0 mM solutions of the indicator was prepared under the various pH conditions, and their
visible photoabsorption spectra were measured. Answer the following questions. A glass cell of 1.0 cm optical path length was used, and
molar absorption coefficient & (M 'em ™) of the acid form and the base form were g4 = 1000 and ez =2000.)

1) FEREROMAEEETEES Ka 234, 72720 HA OFVEEZ[HAIE 75, (Expressthe acid dissociation constant Ka of the
indicator. The molar concentration of HA is [HA].)

2) pH & pKa OBHFRITOVNTHREBERE o 2 FAV N TERHE, (Express the relationship between pH and pKa with the degree of dissociation
a.)

3) 500nm (23T BIRIROEINIE A % ea, e, a ZFVVTFRE, (Expressthe absorbance A of the solution at 500 nm usingea, €8
and o)

4) pHA40 TD o 23R, 5001nm (20 DI 4 Z3Rd X, (Answer a at pH 4.0, and calculate A at 500 nm.)

5) pH3.0 TO a 23K, 500nm (23317 DIEE 4 23R K, (Answer o at pH 3.0, and calculate 4 at 500 nm.)

11
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