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2R EOTEEIE
(1) FERNCERE R R A s DV X T, _
@) ZOFREEELTTORREANGHEE RIS, SRESATEALTIESN,
() ZHUINREARSSRERRPES AN LOTT, MAEHEESNAEENSEEAL TLEE N,
@) FEEREEENRVE XD, FUAEOEGEZFALTHOVEOERA, 2L, 0BT Bk 2rEE
EmCF# LIz &3 Lot LT T L,
(5) LRNARELRZIV, | _
6) BE&SI/EEE B8 ZERALTLELIIRAAR,
() ERHBVEITHRERD BBREFFLHTTIEE,

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

3) VARSI RORIEHERE (reaction rate of solvolysis) 4) C=0 {#¥HFENEX (C=0 stretching frequency)
Ycr H:C=O HzN)c=o
HsC HiC
5) T AN (radical stability) 6) ZEM: (stability)

\_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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FARE1 (Problem1) %% (Continved)

4. ROFTNENOFURCET SEEOEENM ST, SETSTT, SIEEDRS D LSBTk,
TV F AR T DB DR ER T &, (Dmw the structural formula of the major organic product in each
reaction. Show the 'stereochemisuy,A if necessary. When enantiomers are formed, draw only one of them.)

1) 2)
S0Cl, __ excessHBr
COOH ———+ = —
4) 5)
PBr, He
(Y 2 e
Pd/C
! J ?
OI O/OH NaOH/H,0
CH40OH .
: Hy0* "Gl
10 11
) Ny ) CH, i
Cucl PR Gl
AICI
CH,
13y 14)
MgBr HO OH HIO,
1.¢o -~ 4
2 HC———CH,
2. Hio" HiC CHy  H,OMH,S0,

3)
1. BH,
2, H50,, H0
NaOH
6)
HaN—NH,
Vo
HaO'
)]
O CH3CHal
N
12)
o o)
DU
Cl
Base
15)
WOz 4 snmen
Ej 2. “OH/H0

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
sto,1 H,S0,
N’(CHa)acI CFa
HNO; HNO,
H,S0, H,80,
CH,CHy

2y @
HN” ™ CHg

NHz  HNO,
H,S0,
5)
NHz HNO;

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

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

1) L7 ZMBEMBEDETESERES TR NG AWML, =F LY a—n, =FLl)a—ne/ A5
NT—F N, TRV OO THAIEZ L, Ei, B T-EROFERT AT, (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).)

1 S22

3 DIZBOTEHIHTFE M) 200 < 10' OB TR LN, ZORSFORTIESE (w & EEPISTE 04)
RS HT TR L, (A polymer with a mimber average molecular weight of 2.00 x 10" was obtained in 1), Obtain the
number-average polymerization degree and weight-average molecular weight of this polymer to two significant figrres.)

4) EERESTIINZ TRINESTFIEET 5. BIRESFOERMRZRITE X, (Cyclic polymers are also formed as
by-products in addition to the linear polymers. Explain the formation mechanism of the cyclic polymers.)

7. =F Vv, Tutly, £ VTFUOERICETAUTORMWCCE L X, (Answer the following questions on the
polymerization of ethylene, propylene and isobutene.) _

) BRBEAICIV T AV EIF v IR —%EZDE /v IV T THINER L, £, ZORY ~—OE
T, 01, BO b AREEE— 2T, TA VF 7 F v I R v —OLR S Z R L, (Which of the monomers
gives an isotactic polymer by coordination polymerization? Also, draw the structural formula of the polymer. Give one of the catalysts
used and explain the isospecific polymerization mechanism.)

T R Y ~—OfE T A VARSI
(monomer) (structural formula of polymer) (isospecific polymerization catalyst)
T A iGRETEGHEE

(mechanism of isospecific polymerization)

2) IVANERILVESTREESEALE ) =— i ThTHINER L. £, BOoNDR) =—D—RIEBEDSF
AR~ L., (Which of the monomers gives a high molecular-weight polymer by radical polymerization? Also, describe the primary
structure of the resulting polymer.)

v R ~—O—YiEE
{monomer) {primary structure of polymer)
3) WFAELTEHE ) v —idEndy, FOBERET. £k, BOTEEESESTDORME L FOBBICONTR

~Y, (Draw the structural formula of the monomer that undergoes cationic polymerization. Also, describe the condition for obtaining
a high molecular-weight polymer and the reason for it)

/) —OREER itk &
(structural formula of monomer) (condition and reason)
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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)

4. BEFRICETILTORONCEL L, 2L, 777 B8 6.626 x 10734 s, TRV EENT 6.022 x 108 mol™, EF
OEET 9.109 x 107 kg, EKFEIL 1.602 x 107 C, JEEIE 2998 x 10° m s &35, (Answer the following questions
related to the quantum theory. Use the following constants, if needed: Planck constant, 6.626 x 10 I s; Avogadro constant, 6.022 x 102
mol™; mass of an electron, 9.109 x 107! kg; elementary charge, 1.602 x 107 C; speed of light, 2.998 x 10* ms™.)

1) #FES500nm D7 4 b 1 ENS Y O AX—%FHER X, (Calculate the energy per photon for radiation of wavelength of
500 nm.)

2) BV UIHEONETFHHIE D BHORED LEVVEIL564nm THS, HE 500 nm ONFTRE L7z & XIoHHE
NANEFORFEEZFEY X, (The threshold wavelength of light at which photoelectron emission occurs from potassium
is 564 nm. Calculate the maximum velocity of photoelectrons emitted when irradiated with light of wavelength of 500 nm.)

3) 'WECL4YF0 3 REDOERRER#E X 5, 'H & ¥Cl OPEFEERIL0.128mm Th D, HESHRETHI=0L J=10
R OROERET X —EEHEE L, ¥, J=1 TEEL TS & & OAEHRORE SEFER L, (Consider
the rotational motion of a 'H**Cl molecule in three dimensions. The average bond distance between 'H and **Clis 0.128 nm. Calculate
the difference in the rotational energy between the levels with the angular momentum quantirm sumbers J=0 and J= 1. Also, calculate
the magnitude of the angular momentum when rotating at.J=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)
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RIRES (Problem3) RIREFINZ2 HHVEd  (two sheets for Problem 2)

1. ROFEMAOFEORLEIEORIDD, B
TRHBLOPEVEEMICEEY, £, @ @, Gl
OUWTCHIEEH £ E, (Answer the questions by selecting
the correct chemical species from the combinations given in
parentheses. The comect chemical species should be given in
the answer cohmn. Answer the reasons for 0, @), and @)

@ (Si, TiO,, TIN) S BETHHHE (Which is white
m powder form?)

@ (MgF,, MgBry) BLA OV #E (Which has lowér
meling point?)

@ (H:S, COy) #EAAD/NEVVLFAE (Which has smaller
bond angle?) _

@ (He, Ne, A1) F—A T AC=RAF—OERHREVIE
& (Which has the largest first ionization energy?)

® (Ui, Na, K) BFEFUHORL/NE\IEHR (Which has
the lowest electron affinity?) '

® Na, Mg¥*, AP NEAEALZ BV TR G A A2
BROKE VA A (In an octahedral coordination, which has
the largest ionic radius?)

@ S, T, V) NESENLIZRBV TR b A 4268
DOFKE\A Z> (In an octahedral coordination, which has
the largest ionic radius?)

(Ca", S, Ba?) \HMAERLZIV VTR b A 448
DHKEV A (In an octabedral coordination, which has
the largest ionic radius?)

@ (UF, CsF) K~DOBMEENEVMEEH (Which has
higher soltubility in water?)

@ ", Mn¥, Fe) BA Y ONE@HES Ty —-T
5 —FLEZFRTAA (n dn octabedral high spin
configuration, which ion shows Jahn-Teller distortion?) ‘
@ vin®, M) ER 2o DNEHELL - T, i
BRI AT —TROREREENEZIT DA ZT
(In an octahedral low. spin configuration, which is more
stabilized ion by obtaining a crystal field stabilization energy 7)
@ (Ne, Cs; Si) BERERMEORHHIEV LR (Which has
the highest electronegativity?)

@ (Cd, NiAs, MgB;, hBN) BR#EE RV HE
{Which does not have a layered structure?)

JEHRO—ER (a part of periodic table of the elements)

- FEEHH (Answers)
% (Answer) | M (Reason)
. @
& (Answer) | ¥EPH (Reason)
. ‘ ®
& (Answer) | ¥EMI (Reason)
@ ® ® @
® ® | © @ ®

Ne | Mg Al | si
K |[C |S|{T|{V | |M|F|C|N| |m|G|c
‘BRb | S Y |Z|{N|{M |T |Ru|Re|Pd|Ag|Cd|® | Sn
Cs | Ba Hi [ (W [Re [Os B |t |An|Hg|T | P

2. WOBAEHAL L, (Explain the following terms.)
) mAZFRETFOHEMWEA] (systematic absence for
face-centered cubic lattice)

2) SMEMERRE (extrinsic defect)

3) 77 ¥ ZHl (Fajans’ rules)

4) FREHR (calibration curve)

5) IHEEA A %R (common-ion effect)
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FRE3 (Problem3) Hi¥ (Continued)

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

1) PNa=T OEFERIA » VI TEERSESET
FIOFT L OB U, ERABEORRROARIZTH
PhE& % X, (The lattice constant of zirconia was changed as
shown in the table below when yttrum was doped in zirconia.
Answer the name of each crystal system before and after doping.)

a/nm | b/nm | e/um | a/® | f/° | p/°
Prisine | 514 | 0521 | 0531 | 900 | 992 | 900
edoped
zor . | 0515 | 0515 | 0515 | 900 | 900 | 900

D Zr D2W0mol%% Y CEBHELLIAa=T -y 7T
B DM ZLY,0, i TidE B x, 3z B ZNENE
Z &, (Answerx,y, and z that apply to the compositional formula
75,Y,0O, of zirconia-yttria solid-solution with 20 mol% Zr
substituted by Y.)

3) Vna=7F—A v b TEBEITERCEEYTRY, Z
OMERZ I 2R v U 7 %8 % K, (Zirconia-yttria solid-
solution is an electrical conductor. Answer the charge carrier in this
material.) '

4, FHIETHMEOEFER TE DT 2B L572
WiEE L B, UTFORINE 2 L. (Molecules have structures
that the repulsions between electron pairs are minimized as much
as possible. Answer the following questions.)

) ZOBEGRILTLREEND D, TOAHEELL
(Answer the name of this theory.)

2) ZOHEERIZETE, RO ay~d)DNFDOFEDO~BD72
PINDENENTE, (Based on this theory, choose the shape of
each of the following molecules a)-d) from (D~®), respectively.)

a) XeFs b) BeCl; ¢)SFs d) PCls

@ EXFF (linear) @ =R (trigonal bipyramid)
® TF (Tshape) @ FAFETY (pentagonal pyramidal)
® HNBE (bent) ® FEIAT (square planar)

@ 32— (seesaw) ® N\EIEFE (octahedral)
a) b) c) d)

5. NH:OH & NH/Cl % & H1Z 100 mmol dm™ ORETE
LeTKERIEAS 100 mL 82, DATORWCE R X, 72720,
BRI TIERRIREE (25°C, 1 RHE) 1KH D L L, NHOH
DI HEPEER pks, 14 474 &35, (Answer the following
questions for 100 mL of an aqueous solution containing NH,OH
and NH4C1 both at a concentration of 100 mmol dm >, Assume that
all solutions are under standard conditions (25 °C, 1 atm). The base
dissociation constant, pKs, for NH;OH is 4.74.)

1) ZoKEERD pH 2R K, (Answer pH of this aqueous
solution.)

2) ZO7IAIRIZ 1.00 mol dm™ HCl 7KK % 1.00 mL S0

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

“of 1.00 mol dm™ HCl sohution to this aqueous solution.)

3) Z DOIKIERIZ 1.00 mol dm NaOH /KE K % 2.00 mL ¥s
ML7t8® pH %R L, (Answer pH after addition of 2.00
mL of 1.00 mol dm™ NaOH solution to this aqueous solution.) -

6. 2 iD&EA A MPDENLT L & 1:1 OfStAMLE
ERART B L&, EED 0.100 mol dm™ O M EET kA
& & 0.100 mol dm™ @ L 22 TeKAREIRE L TR LIS

BRI CAET 2 M ORE (moldm™) &SR K, 72771,
W CERBIREE 25°C, 1 KUE) Ith B L L, ML
OEETRES K, % 1.00% 10°mol doe® &35, (The divalent
metal ion M?* forms a 1:1 complex [ML* with the ligand L.

Answer the concentration (mol dm™>) of M** present in the solution
obtained by mixing an aqueous solution containing equal amounts
of 0.100 mol dm™ of M*" and 0.100 mol dm™3 of L. Assume that
all sohifions are under standard conditions (25 °C, 1 atm). The
complexation constant, Ky, for [MLJ'is 1.00 x 10% mol™ dm’)
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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) 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.

= FIRE 1 FelRE 2 - g3
Problem Number Problem 1 Problem 2 Problem 3
R
Selection
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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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PRE1 (Problem1) %% (Continued)

4. BYHLRESEEEMINI N TREOZ 0 A0 v 7Y Y TRIGIEONT, ETFORMWNIER X, 728, L] 13FCE
ZHTROENI T 95, (Answer the following 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.)

R R

e 'b L) s

S

D[ PN b EAEERE AL, LT O 7 V%58 S X, (Complete the catalytic cycle of the reaction shown
below by drawing chemical structures in the square blanks [ h

2) kEeflEA s, () NIC=y oA ER R EET,  (Give the formal oxidation states of Ni in the parentheses
()

3) bEemgt A 2 ah, [ ] NICBRRIGDOAFREEFT, (Givethename of elementary reaction in the square brackets[ )
4) BEER BT VNVETH TGS, RBTAINAVEORGITHAT, ASMORERIIH LT 52K T 50, BHibd

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)

5. BRY =L DT VHNVERIIONT, LITFORWIEZ X, (Answer the following questions on the radical polymerization of
vinyl acetate.)

1) TV HNERERE —DZT, BHERIG & BIRUGEAVFRISETRYE, (Give one initiator for radical polymerization and draw
the initiation and propagation reactions by chemical reaction formula.)

BALARUE (initiation reaction)

FESUS (propagation reaction)

2) FUMNERIL L - TELNAR Y FHEE = /MIILEE 1~3mo%RBEDOHE -G BLUR—E#HE) BNEENT
W5, RS LIS R LFSNTTRYE, (Poly(vinyl acetate) obtained by radical polymerization contains 1 — 3 mol% of
head-to-head (and tail-to-tail) bonds. Draw the chemical formula of the head-to-tail and head-to-head bonds.)

BE—B#E4 (head-to-tail bond) HH—FEfES (head-to-head bond)

3) BE—RAEA O E - BEEE L D AR LTV R Z TR X, (Explain the reason(s) why head-to-tail bonds are easier to be
formed than head-to-head bonds.)

4) 77V BAFADT PHNVEEIZ L > TELNARY 727 VMBAF /NI LE-BEEERNEEN DM, £ OmE—Ta
BOEHRIIR)EFEEC = NVOHE LD bV, D7y, BBl E.L HIZEZ X, (Poly(methyl acrylate) obtained by radical
polymerization of methyl acrylate also contains head-to-head bonds. Is the content of head-to-head bonds in poly(methyl acrylate) higher
or lower than that in poly(vinyl acetate)? Answer with the reason(s).)

6. VAV TF—b OCN-RNCO & V7 I HNR-NH; & DEMAANC &L D A Y JREIVER T D BOG 2 EFROS TR
&, (Draw the chemical reaction formula for the synthesis of polyurea by the polyaddition of diisocyanate OCN-R-NCO and diamine H,N-
R-NH>.)
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RRE2 (Problem?2) FEREFNKIL 3 A F9~ (three sheets for Problem 2)

1. »B50E (A—B) X TKETHD, (LAY A OYIREED 02moldm™ D& X, 4043T 0% LI, Z0

ISR L i ek X, iz, 1bA¥ A OPIREN 04 mol dm™ D & &, 20 % fiFT 2 DIZEY HRiZRD
X (Adecompositionreaction, A — B, is second-order kinetics. 20 % of the original A is decomposed for 40 min, when initial concentration
of A is 0.2 mol dm™. Calculate the rate constant and half-life time of this reaction. In addition, when initial concentration of A is 0.4 mol
i, how long will it take to decompose 20 % of the original A?)

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 FFESar R—T3F (5292x 101 m);r FAFENOETE CTORE TRINIKFHLET Ok
FUETF) O 2s BuEORBIEE (v (CBET DT ORWIEZHET 3 # CE R &, (Answer the following questions to three
significant figures, related to the wavefunction of the 2s orbital (y2s) of a hydrogen-like (hydrogenic) atom expressed as the following
equation, where Z, ao, and r are the atomic number, the Bohr radius (5.292 > 10~ ' m), and the distance of the electron from the nucleus,

respectively.)
2\, z
P _ - —2Zr/2ay
Vs (327ra03) (2 a r) ¢

1) C*0 2s EHRBEDIRIBYBNEE & B (RT4H» 00O 2Z % X, (Answer the position (distance from the nucleus)
where the amplitude of the 2s orbital of C** has a maximum value.)

)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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RRE3 (Problem3) REREFIAKIZ3 #d Y E3  (three sheets for Problem 3)

1. BKD Na 1M IST R F % & 5, BEEHIY, a=0428nm THh 5, (Nametal adopts body-centered cubic structure with
lattice constant of @ = 0.428 nm.)

1) Na DERTE T2 HilY, 7z, Na BTOENEEEZ L, (Draw the unit cell of Na. Answer the coordination number of Na
atom.)

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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RIZE3 (Problem3) #iZ (Continued)

3. FRLERNO)DIIEEED 5 b, FENL Y RENWIDILOWTAZ T v MR T X5, EnEhD/LA A
WA, T, ERTRONA AEETROTERT B GROAER 2T X TEX L, (Draw the Lewis structures for
each of the two resonance structures of nitrous oxide (N20) that satisfy the octet rule and have larger contributions. In addition, answer the
formal charges of each element in each Lewis structure.)

4. RO DN~3)DIEHZOVNT, HSAB FEUCESWTER LB OILR->TNA D, N ENTFRRE L, (Predictthe directions
of the following equilibrium reactions of 1)—3) based on the HSAB principle, respectively:)

1)CdCL + NaNCN = CANCN + 2NaCl
2)2L0° + AgSOs = Li;SO; + 2Ag
3)AIF; + Br = AFBr + F

5. IRD 1)~4) OFERICY TTE B iR E TTHRAL S TENTNE X X, (Answerthe elements with their symbols that correspond
to the each of the descriptions of 1)-4).)
1) BfRH3 2K AT OIRE TSN & FETh 2 BB 2R 2T, S
(A simple substance of this element shows a phenomenon called superfluidity at temperatures below 2 K.)
2) HEOBMRERND 5 AHGRITRORD TR OBE,
(This element has the highest thermal conductivity among any simple substances of metallic elements.)
3) BYRDEETOMANH bW LHBBITRDIENTROBEV
(This element has the highest melting point among any simple substances of metallic elements.)

4) MBYFETHR L LT FOBERIZFe IRV TEL B ENL@8BRE TH D,
(This element is the second most abundant metallic element in the human body after Fe as an essential trace element.)

6, FERLERT DY VB THANET B AN T 4 U VEEBEEREENTND, ZORNVT 1 Y kK
AERIRIL P CITEREMSE A CH Y, BRI P CIISREESER & 2o TWD, 1) BRI, 2) B2 eI o
VT 4 ) BEERD Fe D d BTOEBETEBEZHICMTRIRL, ZRETNEAL LV IMERAE 2 EEZ X, (Hemoglobin,
an iron-containing protein that transports oxygen to the tissues, contains an iron-porphyrin complex. This iron-porphyrin complex is a
paramagnetic complex in venous blood and a diamagnetic complex in arterial blood. Following the example, draw the electron
configurations of the d electrons of Fe in the iron-porphyrin complex in 1) venous blood and 2) arterial blood, respectively, and answer
whether each complex is high-spin or low-spin.)

i (example) 1) AR (in venous blood) 2) BYRIL (in arterial blood)

>
Lacd
3
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fRE3 (Problem3) #%tX (Continued)

7. 1,10-7 =F> ha U Aphen)idvKH TR L EZERSEA AL ERL, RIXAT MUZBW TR 510 nom (258
VRN Z & 073D, ORI 2RI LT Fe? OEESITTAV BILD, ELTFORIVNZZ % &, (1,10-Phenanthroline (phen)
forms stable complex ion with Fe?" in aqueous solutions and the complex ion shows strong absorption at wavelength 6f 510 nm. This
phenomenon is used for quantification of Fe?* in aqueous media. Answer the following questions.)

1) ZO8EA AL HROFS 1ZED L BB D Bh \
(Answer the coordination environment of Fe** in the complex ion.) 1,10-phenanthroline (phen)

2) R 4, NHCOTRE L, FBEEOME 1, TR & (dm® mol cm™), #EDREE ¢ (mol dm™), YREE I(cm),

EUT, WEAR L L T HFAVCEYE, &5IZ, A% gl 2T, (Express absorbance A using I and /. Then
express A4 using &, ¢, and I. Here, Iy and 7 are intensities of incident and transmitted light, respectively. & (dm® mol™ cm™) is the molar
absorption coefficient, ¢ (mol dm™) is the concentration of the compound,  (cm) is the optical path length.)

3) BEANODIREED Fe(phen)® % &1e/KWWRA FeCl, & phen 2 DFEHIL, HEER 10em DBAZRVHEERZRAWT
WHEERRIE LT 25, TORDL D IMERES-, ORI D Fe(pheny® OWR 510 nm (2331} 5T/
e L UTRYRMEERD L, &5, Y THLIEAZERICHIT X, (Aqueous solutions containing known concentrations
of Fe(phen)s** were prepared from FeCl, and phen. Then their absorption spectra were measured with a spectrophotometer and the
results were obtained as listed in the table below. Calculate a plausible value of the molar absorption coefficient & of Fe(phen)?* at
wavelength of 510 nm. Explain briefly
why the answer is plausible.)

Fe(phen):? conc./ 10-° mol dm™ 0 3.0 6.0 9.0 15
Absorbance at 510 nm 0 033 0.66 0.99 12

4) BEFREEA A (ClOs) & ERIED Fe(phen)? ZET/KEEEN G = b~ BT X Y A A 28RN I

L, BHEHEORINAY MVERIET S Clo5 DEREMERIN TV (1], A T Fe(phen)? 13ERE 516 mm
12 e=12x10"dm’ mol” em™ DWINE H-[1,2], FHERDOAEHEI R 5160m 1T 4=036 OPIZR LTz & & DR
FAFROD ClO; DIBER TR L, &5, FEOEH 2RI L, E 1=10m &35, (A quantification method
of perchlorate ion (C1O4") had been proposed: from aqueous solutions containing C1O4™ and excess amount of Fe(phen):*, both kinds
of ions were together extracted into nitrobenzene organic phase selectively, and then absorption spectra of the organic phase were
measured to determine the concentrations of the ClO4[1] Fe(phen)s?* in the organic phase gave absorption at wavelength of 516 nm
with & = 1.2 x 10* dm® mol™* cm™.[1,2] When the organic phase after the extraction procedure shows absorption with 4 = 0.36 at
wavelength of 516 nm, predict the concentration of ClO4™ in the organic phase. Assume / = 1.0 cm. Describe the reason for your
prediction briefly.) [1] 1UAS, /Nt 48, R, AA7EF5E7 85, 869872 (1964). [21 T. Omori et al, J. Radioanal, Nucl. Chem. 220, 37—40 (1997).

REEHH (Answers)
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