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ZER EDFEEIA
(1) RIEAGAEE T ORRESH 8 HH V £7,
Q) ZOFRMEGLT X CORERGRERRIC, RESETIALTIIESNY,
() ZAUIRTEAR S ARSI A M SN2 b O T, MERIHEE SHIZEIMSGEA LT IEEV,
@) fRENEZERRVWE XL, RIUAROEGEZAHA L COEOWETA, 72770, TOEAT B RELE
ISR L7 2 ERmnD Kol LT 2 &,
(5) ERITRE L2V,
6) BHSNHBEMERZHFEHA L THELIZAR,
(7) BB DVNIRIAZ 08B DA T T 2T TS,

Notices
(1) There are 8 problem and answer sheets including this front sheet.
(2) Fill in 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 positions.
(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) Answer all the problems.
(6) Youmay use the provided calculator if you need.
(7) Raise your hand if you have any questions.
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FEE1 (Problem 1) FIERRIZ3 #d Y £9 (three sheets for Problem 1)

1. D 1)~6) ODEUNIXIL, EHLDEEMDRIEEN XV E oz s (~XI) TRil, BRI L,
MBS UT, K& VT E KU, (Which compound in each pair is more reactive for the reactions 1)—6)? Answer with the compound
number (I-XII) and explain the reasons briefly. Figures may be added if necessary.)

1) VIS5 i (solvolysis)
BT >|/ o
1 1I

FH= (number):
B (reason):

4) k%1t (hydrogenation)
NS NN
VII VIII

% (number):
PR (reason):

2) S\2KIts (SN2 reaction)
\/\/OH \/\/6H
111 v

FH (number):
PHE (reason):

5) HBr& OKE 11N
(electrophilic addition with HBr)

N \0/\
IX X

Z7 (number):
P (reason):

3) C-CHt & ¥)—fi#Z¢ (C-C bond homolysis)

A NN A N
\" VI

¥ (number):
PHE (reason):

6) Hlv ™ & ODiels-Alder 5
(Diels-Alder reaction with dienophile)
AN
XI X1I

¥ (number):
PHH (reason):

2. LFDEEMNZHONT, b LERW TR, KRR T b3~ T 2 &, 72, (LEWD IUPAC 4 27~
(Draw the most stable chair-conformation of the following compound. All hydrogen atoms should be shown. Give the IUPAC name of the

compound.)

F

.

Br

IUPAC 44 (IUPAC name):

3. AFNATFH U ERATINT =V INEIEI sp? Ak & sp? RAREFF ORI A3 &, MBS U T, KA VT
# VY, (Explain the reason why methyl cation and methyl anion possess sp and sp® hybridization, respectively. Figures may be added if

necessary.)
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&1 (Problem1) #i& (Continued)

4. WTRTZODIEEND 56 EH LDENRNNE TH L0 LS (A £721EB) Titl, RIS
~L, BEHZFIE 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, & A (answer):
HsC~ CHj PR (reason):
A
)cj)\
HiC” CH,
B

5. WD 1)~16) OEINZEBIT DAOTERM AL Ort, MBS UT, SN b Eoicdazl, =
F T A —DERT DA DA AT Z &, (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.).

1) 2) 3)
_ KMnO, /\)\ _DBHs 1) LIAIH,
—_—
- 2) H,O,/OH™
H,O/OH ) HyOs 0"
4) 5) OH 6)
+
k/ PBr, s o HBr
Ho CHs t-BuOOt-Bu
OH
(o}
K ® 2 1
RA @ #CO0CH; M\ HaC™ Cl
2) HyO,/HCO,H S AlCl,
10) N,* 1) NH,NHPh 12) _OH
D.PO 16} N Beckmann
Acid catalyst rearrangement
— . Ao — °
O O polyphosphoric
CHj3 acid
13) 14)
O HOCH,CH,0OH HO OH excess SOCl,
Br —_— ! _ >
CHs H30
15 16
) ) CN
\)OI\ 1) 2 CH3CH,MgBr 1) LiAlH,
N " - .
0 2) Hy0 [ ] 2) H,0
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&1 (Problem1) #i& (Continued)

6. T vl 66 DREEIZET HLLT O/ NIE 2 L. (Answer the following questions on the production of nylon 66.)
1) A v AGns A r 66 ZaaT D0 A 7", (Draw the chemical equation for the synthesis of nylon 66 from
the nylon salt.)

2) A v tEERENE T AB 2RO, (Describe the reason why the nylon salt is used as a starting material.)

3) FA I ARE LBV BROFFENINENDS, A 1 66 ORI AEFROREIZBR~X, (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. RV ZATNVOERKIZET 2 LU T ORIV NI 2 K. (Answer the following questions on the synthesis of polyester.)

) MEEEA EHEY) ICELDEDTEATHE, TR AT AOHFARY 7 2 RICNES TRAMEHIUZ N,
HOOCHCHy)-OH 75 7R U = AT V& BT AL G E VT, ZOFH %3 K. (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-(CH,), -OH.)

2) MREESUANDTIETERSILTWDRY T AT VOB Z—ZEFAHELT & & bIZ, ZOERE VTR
IO E VTR L. (Give an example of polyester which is synthesized by a method other than condensation
polymerization and explain the synthetic method using chemical equations.)

8. RNV 7L AT HIRONTE 2 L. (Answer the following questions on polypropylene.)
1) RV 7L T, YA AT VEOHMECEIZ L Y U7 AT LA~—IMFET D, 7a Ly Z#Hf-OUT A
T VA~ —%T_XTURL, ZIHDO4FZ R, (Polypropylene possesses diastereomers depending on the configuration of
neighboring methyl groups. Draw all the diastereomers of propylene triad and give their names.)

2) WDOEZOENL72HR) 7 LrdH b, THEMCRBEERLOILEND, £72, TOBEHIZ OV TR,
(Indicate the industrially most important polypropylene among those composed of the structures drawn in 1) and explain the reasons.)
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2 (Problem?2) [HREAIARIZ2 & YD £3 (two sheets for Problem 2)
1. ROBS AT 2580 2 3 X, (Explain briefly the following technical terms related to thermodynamics.)

1) BY)755—1EH (first law of thermodynamics) 2) A TR —FEH X (root mean square speed of
gaseous molecule)
3) AFHEA R L A L B — (standard enthalpy of 4) {LZART 2% b (chemical potential)
formation)

5) IEEAFREL (activity coefficient)

2. ~YULIA 300mol & 298K, FME 1.00x 10*°kPa —7ET 10.0dm’ 7>5 60.0dm’ F CHE CHERIIZRSE, Z0
KRNI 2508 E g, (HFw, W=V —Z{VLEAU, = ZVE—2{EAH, = b r E—Z{LEAS, ~L
LIV BT F—CEA, 7 XHHT L F—ZEBAG, BE WD b v B2 EEA S (T < By,
72120, ~Y U NIGERLIRE UTHRDES 0L L, KIFNERR=8314JK 'mol” &7°%, (3.00mol of helium 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 of 60.0 dm”. Calculate the heart quantity (), the work (w), and the changes in internal energy (AU), in enthalpy (AH), in entropy(AS),
in Helmholtz energy (AA4), in Gibbs energy (AG), and in entropy of the surroundings (AS«r). Assume a perfect gas behavior for the helium
gas, and use the gas constant R =8.314 J K- mol ™, if needed.)

3. NHy(@DEEHEARY 7 A= —E, 298 KIZBWT-165kImol! ThD, N, Ho, NH; (W Fhbieekiie 3
) DRENENET, 500%10% 1.00x10% 6.00x10°kPa T2 & &, MIGF T AT NF—aRdL, £z, 208
A, BREARRISOEIIE 27250, 12121, KR EH R=8314TK 'mol! &35, (The standard Gibbs energy of formation
of NHs(g) is —16.5 kJ mol ! at 298 K. Calculate the reaction Gibbs energy when the partial pressures of the Na, Hp, and NHj (treated as
perfect gases) are 5.00 x 107, 1.00 x 107 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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&2 (Problem?2) #ix (Continued)

4. BB DU TOMWNIE A &, 7220, 7078803 6.626 < 10 Ts, 7ARARRERIE 6.022% 107 mol !, &
DEEIT 9.109 x 103! kg, TBEEEIL 1.602 x 107 C, HOHHEE 2998 x 108 ms' &35, (Answer the following questions
related to the quantum theory. Use the following constants, if needed: Planck constant, 6.626 x 10* J s; Avogadro constant, 6.022 x 10?3
mol'; mass of an electron, 9.109 x 107! kg; elementary charge, 1.602 x 107" C; speed of light, 2.998 x 10°*m ..

1)

2)

3)

4

5)

W 300nm D7 4 K 1EDN 7Y DL F—%FHEAE L, (Calculate the energy per photon for radiation of wavelength
of 300 nm.)

FrIREBICHDE A 100V OEMATIE L2 ED N T u— A HEZFHHEYE X, (Calculate the de Broglie
wavelength of an electron accelerated from rest through a potential difference of 1.00 V.)

BCl 531 OYRENDS, FIOEHA k=329 N m OFfifHRE- L ¥l TH 5 &35 &, ZONFORBOF [T F/LF—
1IN BAFHER L, (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.)

LIADRESHL O 1 RITTOFDOHFTEFE n = 4 OIRREIZH DRF3—F L SAHET DALEIZE 2727~ (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.)

IKFIFF-DRART RN F—IRIBIZ S DB ORI L, LLTORNTHOEDIND, r (T H DIEHET, ao 1T
Bohr - Cé %, (The wavefunction of an electron in the lowest energy state of a hydrogen atom is expressed by the following
equation where » and ap represent the distance from the nucleus and Bohr radius, respectively.)

Y = (1/\/ nao3) e T/
S D FE - F COMR IR <>12 23R8 X, LETHIUILLTORZE AL, (Calculate the root mean
square distance <>>'? of the electron from the nucleus in the state of lowest energy. Use the following equation, if needed.)

[ee]

n,-bx — n!
fx e = /bn+1
0
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FEE3 (Problem3) FIEHRII2 #Y £9 (two sheets for Problem 3)
1. ROFENNOACEMOMAEOEOHNG, RIVTR  f#Z% (Answer column)

% bORBONEIIC IR, 7z, DE@ICU VTR D

1Ak~ X, (Answer the questions by selecting the correct
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 @).)

ZZ{(Answer) PEHH(Reason)

@ (K,Ca,Sc) F_A A AT RF—Df b KEV Ik

(Which has the largest second ionization energy?)

@ (LiF, LiL, L)) #hife HIRY W/E (Which has the lowest
boiling point?)

® (In*, Ga*, Ge*" ) DI H RE VA A (Which has

Z(Answer) | PHH(Reason)

the largest ionic radius?) ® @ ® ® @

@ (N NO) A A b= R F—D K& VL%
(Which has larger ionization energy?)

(® (NaF,NaCl, AlBrs) @iz i HIEVE (Which has the © ) ®

lowest melting point?)
© (Y*, L™, Hf* ) Feb A AL RO S VA 4

(Which has the smallest ionic radius?) 9. WOFAEBIELY.  (Explain the followi
. . . A G . plain the following terms.)
CH, SFe, BF3 ) fitia A —F R & 22t F& (Which h
O (CH, SF BEs) £+ fIES#3L (Which bas 1) [EA KM (intrinsic defect)

the largest bond angle?)

(BaSO4, MgSO4, MgO ) /K~DERMERED e b\ MEA
(Which has the highest solubility in water?)

@ (Fe*, Co®', Ni*") IR U NERE I T —r - 75
—E %73 A A4 (Which ion shows Jahn-Teller distortion 2) [EAEME  (solid electrolyte)
in an octahedral low-spin configuration ?)

(B, Fe¥, Co™)  miA U M ARL L RA E N
HARENL D T DR & Tl & bV % —(CFSE) &
1545 A2 (Select an ion of which the crystal field stabilization
energy (CFSE) in octahedral low-spin configuration is larger than
that in tetrahedral high-spin configuration.)

@ Br,CLNe) A—/L'L o N + 1 ayOEXIEMEE RS
/INEUNJTSE (Which has the lowest electronegativity determined
by Allred and Rochow?) 4 HAZwv~ 27 Z 74—k (gas chromatography
@ (ZrOy, GaN, CaF, ) R E TN Hfh% & 5% method)

(Which has a cubic structure at ambient temperature and pressure?)

3) FEEHME  (linkage isomerism)

JEIZE DT (a part of periodic table of the elements)

Na | Mg Alsi | 5) AV ({5 7 M(chemical shift)

K |C |S|Ti |V |C |[Mn|Fe |Co|N | Cu|Zn | Ga| Ge

Ro|[ St | Y |Zr |Nb|Mo|Tc |Ru|[Rh|Pd|Ag| Cd| In | Sn

Cs | Ba H | Ta | W [ Re | Os | Ir Pt | Au | Hg | Tl | Pb
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83 (Problem3) fix (Continued)

3. 1/&D Na,K,Rb & 2 1D Mg, Ca, Sr D5 — 150/
LTI D &, WIS 2 IRDOIGREDIE D DV NE
VMEE & D, EOEEH A~ J, (Comparing the first electron
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. TNT TN, FOER R CICHNORTE
WE T 5, IRDRINTE Z X, (Prussian blue isa compound
that has been used for blue pigments, etc. Answer the following
questions.)

) ZOWBEDRIE, ~FHT TSI TH 2,
T E b TEHE, (Another name for this compound is
iron(IT) hexacyanoferrate(Il). Give the chemical formula.)

2) ZOWED X DI, — oA TR T B [F]
T3 5270 DR LI OIRAED & DHNEIE L T DAL
B A L MRS 2 K, (Answer the name of the group
of compounds which contain an element having more than one
oxidation state, as in this compound.)

5. —fAYediRds L ONEEROERIRER LIREEORR
ZPRL, DX DR LM 2~ X, (Depict the
relationships between electrical conductivity and temperature for both
common metals and semiconductors, and explain the reasons.)

high

Electrical conductivity

owW|
low high
Temperature

6. 100 mL OKEKEFREE LT, Mg Ca¥' A A&
BEIEA T DR BN 2L 2 A, FEalLl, Z0
TRIIZ 20 mM @ EDTA (ethylenediaminetetraacetate) ¥4
T FL7CE 25, 14mL THRIRITIEGICR D ifkm L iao Tz,
F7z, [FEOAKEKIZ Ca?' & BRI EEER T DA+
STREINA, AR L— MEEZIT->72L 25 10mL T
L 7poT-, LIFORIWNIE % 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) & L — NMEEDFEE A BIZF B X (Explain the
principle of the chelate titration.)

2) AERAT D Ca¥* A A8 (mol) 2R X, (Calculate

the amount (mol) of Ca?" ions in the sample solution.)

AEREIRHP DO Mg A A& (mol) %R L, (Calculate

the amount (mol) of Mg?" ions in the sample solution.)

3

~—~





