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ol= HA=0f ofo AE| AT} Zak|D BF K| 7| = oLt UM EF2fE (Nepetalactone)

cataria) Z2E Z2|E |7|SLEZ IL0| H==0 = T, HHEI2ES Ot0| A X2 (iso
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HIHIEF2HE (Nepetalactone) 2| MY

o 5 .
1) NaOEt A 1) HgSO,, Hs0 B LDA c
OFt 2) = CisHigO3  2)A C10H1602 A C1oH140

2 Br
H,
o)
1) 05 1) NaBH, NaOEt
OAc E D o)
2) Me,S C19H2402 2) Ac,0 C7Ho0 PhCHO
4 3
1) NaOH, H,0
2) Nalo,
o)
E G caCl, / A o
C1oH1603 C1oH1603 -H,0 =
1
1.1 2ol H 2 UHEI2ES MM S Ho{ELCt LMStetS D{5HX| 21 A-G 2 XSS 14.0pt
aada}
SIEE:

« StetE A= IRAZEZO0AM 3300 cm—! Ofl A 25t WESH I|3 S JHEICH
« A,B2tF = etT2(0|1, C,D,E QG = 0|&tnz| stgES0lct
o F='H-NMR AHEZN M ~ 9.8 ppm KA StLI2| L{EEH (doublet) 2 7HEICE
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HIDlEtEtES| IS S

[

H DDQ 1) NaOH
B ————————— _—
+
C10H120; 2) H30
o)
1) H,/Pt
1) 180 °C 2
2)0 2) HCI(aq) 0
) Oz 3) Hu/Pt Cl CN
© DDQ :
I J Cl T CN

C1oH1805

MO 2 &40t (enantiopure) U|H|EF2HE 1 9| oF 74X O| 4 EA|0f 2tet 3 7HX| ] BHE S 2| of| A|O|Ct,
=5 (5,6 1t J) = HHUH O 2 UEH = AHEEICEH

-

1.2 52462 2tA|0f CHoll LS 2 OfTH Z4/HS0| AFEQI7F? BOEX| 2lof = B Hol #2000  4.0pt
HA|stoiz}.

DDQ 2+ 1 0| 2t8 2 stof Bo| 2F 0| M=l (highly conjugated) 3tetE H & H M BHCt £33}
(quinone) It FHH2 S 3l0] 2 XH2H0| 226.28 g/mol @1 | S HABICE,

1.3 Ux=tets EAISHH, 12+ ) of f1=E T2}, 6.0pt

o | EYY5t= S0l AEHQ M2| 12| (pericyclic) 2SS 2] &stEtE (0, of ZXHof| 2|et) 0] LOo{LIH 1
2SS0l & 2T 7[M 7 ddEC

=
« J= IRAHEZO|M 3300 2 2500 cm~! AtO[Of| A 25t O{ R W2 D[ 3 E Eelrt.
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H2M S7ZH| (Reactive Intermediate) 2] 0|0}7]
021l (Aryne) S ¥ A S7HHIS S| Sst ZR0IC). of2tel (WXH]) o TXo| Cist HHAT) AEN SHHE & 2
Eot BEATRIS Y| MU 28 (abeling) ol /e ZHE|2ACH.

ot MBOoAM =, 1 H ERATH MM SIRAAQ H4C 2 BEX|El 22 2HIHS AA| L2L|0H0|A KNH, 2F BtS3IRE B
LEINECA M He L2 Lo SRA 0| AN A2 BE HHSIULE o] HHS2 of2tel St D & 2 RotH
go| I|6HE||:|-

o - O - .

2.1 A,B2 Do XSS d2|1 C 2o tatAl S Maf, MC-2EE EtA (5) 2 ZE /X0 8 7.0pt
E (*) 2 BAIBt0izt,

S LIEILAX] o524

OH o
NaNO,
e
A&B .
HySO04aq)
A J
H,N NH,
co, + U - HOzCUNHZ
Ba(OH)ZJ 1
KMnO,
BaCO;
(Batch 1)
HO,C  CO,H HN  NH; 4 5c0,
Ba(OH
2 l (OH),
BaCO;

(Batch 2)
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22  HASZ2 EY UOR olMte STMEL MMHES chol| EotR| flol MES U=t 9.0pt
HAstofzt
ofztolol 4|2 HAHS 2o THIOFAIQt BSAHRKES 240|2-F =& of2tol MMUHH S JHLSIRICE, o] WHES 0]
8tH CsF ZXstof| A HH S =X 3 2 F2t (4) o BHSSI0 E, F 2t G E HAsIC

3 4
« EQHAEM ANtECt2 0 22 YA $2F2 HQCL 1 75.8% Bt 5.8% $4, 18.4% AtA,
« E='H-NMR AHEZ0|A D,0 2 wtE 4= U= LMXIE 7KK 1 UKX| QiCt.
« FE 0|24 stet=Eo|ct
2.3 UM L=t A0 E,F 2t G o 2=E J2{al. 8.0pt

trapping) Al2f0| §l= ZR0=, ofatel2 MAES 0 A [2+2]-HEf 2 I 2|H o] gt A&t
= [2+2+2]-YEHo| 2|Y AEHA|SH (cyclotrimerization) B2 0| KO{LtCt, MeCN A 3 2
O|2XOE 47li2| C}E o A2t} AetH|et MM ES (H-K) O] FMEICE

XIS E= 2 (tra
(cyclodimerization
UT2FO| CsF 2 X 2|5HH

=0 o

« HE & 1ol tEHSO0| AL

~— —~

« 1 E13C-NMR AHEH|M 21 74| A|JHES YO o ATt
o 12t 2F HTEM AHEHM m/z 242 318.1 0|C}.
24  H-K9 #xsg 122l 16pt

2 2O| CsF ZXstof| A 5 2t p-HIEXAE (ketoester) 6 2 80 °C Ol A EISE AL, FMME L 2 H=C} CDCL, of
A ™2 Lol 'H-NMR Z} 13C-NMR H|O|Et= CHS 2} 2Lt

'H-NMR: 6 7.79 (dd, J =7.6, 1.5 Hz, 1H), 7.47-7.33 (m, 2H), 7.25-7.20 (m, 1H), 3.91 (s, 2H), 3.66 (s, 3H), 2.56
(s, 3H) ppm.

13C-NMR: § 201.3,172.0, 137.1, 134.4, 132.8, 132.1, 130.1, 127.5, 51.9, 40.2, 28.8 ppm.

0SO,CF; o o CsF (2 equiv)
- L
@:. ¥ HsCMOCHs MeCN
SiMe;

5 6

25 Lo 7xE1ag. 5.0pt
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2.6 2 2.5 2| BtS0f| A, CsF 2| Htg & 7|=ot EE2? 4.0pt
« CIO|H2HZEALO| = (DMSO) Of| A HF 2t B-AH EX|AE] (ketoester) 6 2| pK, &f2
Zt2} 15 2t 14 O|C},

C}O|OtXtItO| 2 (Diazapyrone) R =M 8 & Lt N2| X E MtEL o R 23 EHS 20|t HL 22| A2
(phenylglyoxylic acid) (7) 222 E{2| 0| A S Pddt= LWiat £IHX| CHE HHS S0l X ¢t 0o S0] of2Hol| 7| == o
UL

« QT = &2 XM 7|H|S0|Ct.

« 02 P& FXO0|MEH (constitutional isomer) O|C}.

« Q= IRAHEZO0M o A| 22 2HEHE|X| Qb=Ct.

« 1Z29/R285°C 2 7}EstH 1 29| HSH F7HH| S E FYotrt

« 2T S2ABOIBSESHHU, QAT I HHEICE

Ph
o O
frn oo 25w =[O
C,HgN,O N o)

Ph CO,H 71181Y2 -HZO 'HZO N DCC

H,C—==—NEt, Ph
(1 equiv) )YO S (2 equiv)
o + P + Q N u + @ + T
Nﬁ/o
Ph 8

)\AONO

COzH  CF4CO,H (cat) 85 °C
o e
NH, \
9 )\/\
OH

Note:
equiv=equivalent

cat= catalyst

27 M-UQ xS aaat 28.0pt
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(£)-2of|F2f|&l (Coerulescine)

YUMoz ATO|=Z (spiro) SHefE2 Ofal I2I9f BfA XN E stLtel 38 #

S5 @YXt (spiroatom) Off 12|E0| HZA
=l f7|=tetE0|Ct ALO| 2 [T E2|El-3,3-S A Q1 F](spiro[pyrrolidin-3,3'-oxindole]) 12| ZH2 RO MEH
X dZ=0| =L HIHMHR S ESO E°*E|01 U= #X0|C}. o] =9 7%’“ ZHESt oS¢l E'_Oﬂ I*._ll'f sAagel
(horsfiline) 2 CiYot WSSt 2t E HO|H OPEH LIEPH B2 2 gheh &~ ULt

O‘Q
[3,3]-A|J0tEZ T (SIgmatroplc) e el LdE 2l S2H0|H (Claisen) XEHE 2 of2e] O 20| H= 241 20| 2|
O[] (allyl vinyl ether) E Eoil 2|3l ﬂE Hol S 2 HH = 2ot BrA-ERA Ao AMut3S0|CL ot =E AE 7t
ggtuff, 22to| M UGS El| 722 L SteHE B 2 HIRICE
Ci2e| 2= 2ol chsll B S2 YXIztst2 n2{stx| Zolzt.
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@[CHO CH,=CHCH,OCH,PPhsCl A 139 °C B
NO, t-BuONa C44H11NO3 C41H11NO3

1) CrOs, H,S0,, H,0
2) H,S0,, EtOH

° NaH D Zn, NH,CI c
N (Boc),0O C44H441NO C43H45NO,
Boc
(@)
NaH
CI)J\O/\
0OsO, (cat. -
E 4( ) _ F |\/|eNH2 HCI _ G
C19H23NO5 Na|O4 C18H21NOG NaBH3CN C17H20N204
Me\ 2.5 M HCI
N
1) NBS 1) n-BuLi H
| = o) -
2) NaOMe, Cul ” 2) LiAlH,4 C12H12N0,
1

o
@]
o
(@)
=0
T,
Z
0 y)
wn
(@)
'Z
@
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3.1 AetBo X E Oz}, 8.0pt
A = 22|27}5%t cis/trans O| &N 28H=0|C}.
B=IRS471 1726 cm! Of| A ZHEHEICE

3.2 C,D,EQFo =& J2{z}. 16.0pt
Je

bicyclic) #Z=0|LCt.

A

3.3 FREEGJHYMEL U ES2 SHIE SN2 LIHS 2

mjo
|l
I
=
o
N
o
©
(s

3.4 GetH 9 7= (S ChAmfo| = stet=E) & J3{2}. 8.0pt

3.5 H— 3024 (1) 2 SHA0IM n-BuLi S M2|YS M $HEl= S2tMel =5 a2t 5.0pt

TR (1) 2 N-bromosuccinimide (NBS) 2 X
xHstoll sodium methoxide 2+ &4 7t st EAE2I

3.6 OrEHQI LS FO{Z TH-NMR H|O|Efet L x|oHe otet= | of ZHE
7.05(d,J=1.4Hz, 1H),6.78 (d, J=8.0 Hz, 1H), 6.72 (dd, J = 8.

-L}ZE (naphthol) o 2210|M (allyl ether) 7t [3,3]-A| 2OEZ T RHEHE  5.0pt
t.'_f%QE':'H OHHSHA 222 4 U= FHMEL 22 E 82t

=2 T MC Too=

/\O
QO —
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Z23t M (Symmetry)!

R7|3tetol|= n2|2 Y MO|AEl (cyclic transition state) £ MK XL = B2 HLSS0| J2H 0|2 Hl2[n2| &
SHLSE (pericyclic reactions) 0|2t tCt, Robert B. Woodward 2t Roald Hoffmann 0| 271t Woodward-

H
Hoffmann #%0| 12| 12| & 522 9| YUA|SHSt (stereochemical aspects) 2t ZA 3} of L X[ of et MHS & st
Ct.

o)
Woodward-Hoffmann %!
Electrocyclic reactions Cycloadditions
Number of Thermal (A) Photochemical Thermal (A) Photochemical
electrons (hv) (hv)
4n s H™ (con) HroH ek ™ Disfavored Favored

(n=1,2,.)

4n+2 S| ™ (dis) sddere| Favored Disfavored
(n=1,2,.)

4.1 EfOEX| HO| BHZ (i)-(iii) 2t 4= 2-5 of CHet S ghdstat: 12.0pt

33RO 7tstt MIZEZE (benzotropone) O| &M 7L XLt O| M AN S 0| F ZF= 22|71 = UK Tt 3,4-
benzotropone (1) 2 22| =l X0| giCt. O|MEA| 1 9| o-quinoidal FZ= 7t #HIH 122 ST XA (sextet electron
system) & CHESHK| QhOtM EQHHSICE.

42  AtHOtHIXZEZE O|MEAN A (13C-NMR O 6 72| A|1'F) 2t B (3C-NMROIM 117 6.0pt
ol A|2g) o & 242t {2l
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4.3 otz 2| tetraene O] &%tst™ (photochemical) ZZ0| A Bt3 et ol Woodward-Hoff-  6.0pt
mann 720 w2t A -5 = (symmetry-allowed) MZHEl 37|9| D2|E 717 MM E
(&) ol Y EICt Eetx|olM SHHE B2 2 otCt 03 2 HAISI2}.

D
= D

o o]
H. Me Me .H h
' B ¥, [2+2]-Cycloaddition
02\ /J%O reaction

Prof. Dr. Aziz Sancar

2015 A =2 35t M2 B 7| A Aziz Sancar, 29IHIQ1 Tomas Lindahl, 0|=¢! Paul Modrich 7t DNA £=2| (repair)
HZ7ILE A2 335 T4SIUCE DNA 9 T|2|0| ¢ H7| (Pyrlmldme bases) = AtE O 2o ZEet uv lof ofsl 2
BIEES (photochemlcal) [2+2]-cycloaddition B8 (2|2 12IS Hotat) & UOH DNA E &4AA IIRAS ]
ghel 2~ UL} Aziz Sancar B+=0[2{8h 37 2| £40f CHE DNA 2| H[7tL| 52 HLSHRULE.

= oTT
Sl (Thymlne T) 2 UV U1t 233t 482 o= H7|E (nucleobases) & StLEOICE | 2| E|2 (free thymine)
S| UV E TSt 2R E 2 EX}

o

4.4 2l #| 3t 8t (stereochemistry) € 2 s 0, S 712 E| 2l (T) EXJI 812 &  16.0pt
f BE IS MMEE o 1 xE d&{al. 7to| 2 M (chiral) ! ¥

2l
S3z2i0 *IAIQ H2 MO0 Y E MY (enantiomer pair) Of| A SfLES] 2xTt 2| ™
C}. 0] Ht20= C=C Zgat ZHofstit= A4S HASI2

T H2tC|2ll (noboradiene, N) 2| Lt et 2 2 XSt R £ A S0| 20| E 0 E[UCL EE|EER - Ha2IC| A (Tribromo-
norbornadiene, C,H;Br,) ofli= 6 7H2| H|F7O|Z A (six achiral (meso)) O| S & A7t ZXHSICE o2 LEE= O] 5 3
7H (6,7, 8) O|C}.
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Br Br Br Br Br
N Br Br Br
6 7 8

45  O|dZA6,7,8 2 PC-NMR AHEZ0|A S 7ol A|'H0| 2HEE 27?7 Betx|2l 4 9.0pt
A0 HoAR.

4.6 EfOtX| Q| HEAO| FO{Zl RS HIEIO 2 6-8 0] OFL! ' 2 LIHX| H|7I0|2 Y EE|EHZRE-  9.0pt
- H2tC 9l (achiral (meso) tribromo-norbornadiene (C;H;Br;), C, D, E) & J2{2}.

o[ 1| 3HEI2 9 o NMR AHEZ S 2F3ICH 12|50 s BE 24 ANSHE S 70| MeO-7|SE CHE #H0 =
TH3HTE. 9o, ChO| i (diphenol 10) £ O ZHEHSE NMR AHER S &0|0] 9! N7tX| E29| 24X} (a, b, ¢ 2
£7|8) B ZXfBIC BE BYHRES| BRSHE A I ChAA0| 11 0f LIERIICE

Ha

4.7 12213 2 13C- 2 'H-NMR AH E RN A 242t & 7o A|ado| ZHEE Zi0171? 8.0pt
(o] OH MsO OMs
(@]
HO ‘ OH MsO O OMs 1l
Ms = Me—ﬁ-%-
(@]
OCH OH @] OH

12 13
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Lot &2, HIER-FLZEL, HIEH A, HE H|A|, A2

Vitamin A

J ‘/ CZDH,OO

Mevlana (Rumi) = 13 M|7|0i| ZL|otof| 24U f{chet LH| =9 X}O| Xt =I| (Sufi) A|I0|Ct, FL|0tet 5tstol ZHY X
2 2AY2 o] = A0 M O] Lizt T2 MitEke| 65% & Satttts Aeld, 22 HE 4= HIEH F StLt (H|EFR

B-7t2EIQ Zaot IZ 2l B-7t=E w20 F2e| MZo| FHMo|Ct, of EXH= AlZS 1t BHU0 M XHAHH
SO

0 Hu T
e rlo
Y
m
ir
i
rlo
I

(=13

o

= stao] 40|11, TZH|ELRI A FH2E| k0| S0|Ch, 0|%E HIERI A 2 HiRI=D), HArxiol 833}
Sk Bof M|, A2 7|50l E4Ho|ct,

B-II2EIS 22 7f Bt @K} OIR01T! SHYE Z2( A2 S JHXIT 9UC, 0|2 BAA0IME Tho| TXHAele, Ere
Z3Ha} 0|3 ZEHS W0} JHX| T QIck. 0|7Ho| Al Ah B4 T (1) 2455 nm O[Ck. C, 3} C,yy ALO[o] 2
S b0l oI 2SO0l I RbI0) Of B 2272 ST EN i) (18 1,

30 uawgageg
A= 2R 2FA0[HE MY

CHEFMO 2 ZALS ot 2XH BHO| =2Ql C-2p, QIS MAIE2 M2 4 X ES ofX| §f11 2X P‘WIZ [E}Ef =
Z0|= A= 71etet. O MAS2 22X 2tofl 7FFR0{™M M 1 XHHQ 2 x S et X0 HQ
Ch mHXtS ol of2{et 4o = 2loh 1 AHal ¥ £of YRzt 22| = 7Hy Ztttet 2

Fotot IEHE FHE X = 1 AH 4XtoM S2]0|= HAte| LAtetE Z2l9f TS g2t of| 4 X[ = CiZ2t 20| =0
x

U, (z)=/%sinnzz  (41])

7| M n & YR, n=1,2,3,4, . 0o, A2|11 L 2 &X}2| ZO[O|Ct,

N
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B, =g (42)

2 XHAOIM, SR YXt2te P%HHI e 1A LSto] o2, ORI 1A iAol o2 LiEr
Ct. 2 XH2 ZAFZEY o Xte| of|LAX| &9l & CHE 2t 20| FO{FICt
Ep,n, = 35 + relldar 3)
o7IM n,, n, = LA0|1 ¥ H0ICH L, L, = 2D 2| x| 37]0| 1, 2k4=0|Ct
51 Of 2¥ & 82 2 2 WE HEA |2 AS HAX[OA Sttt Zot EAIBIAL. 13.0pt

B-7H2El Exte] 40| FHMQI 0|
i) BXE7 |0 ABE 0| JhAI N HHS B4BICE,

Pt

=
ii) IR ZXtE %%HH HOMO —LUMO FO0|7} 2of it}

v) 2X7F 2 0| S A RHIES JHX| 1 /K| 2B 2 UV-7HA &M Y S S0t
S 2 H[HAX0|ZI 5tX| 2 EXte| 2FAI0|MEl 220 MH0o| 1 O 2 o Z2 1 X dAt & X 2o = CHEL}
10 7Pg5HAL 0] B0l &Xte] Z20l= L=1.40Xn (A EHRl) 2 2AK = UCE 7| M n, = 2FAH0|ME 222 B
4 2xte| 240]ct,
o] HHE A3l 24| 5.2-5.6 S HSIA 2.
V= \/= o

0 L
3 2. ZO|7FL N 1 A MXtof| M B-FtZ EIO| Bt HXtZ O|ROT 2F A0 ME XM F20] CHet 2 A

L=

5.2 22709 oluX] E212 XIS J EHRIZ AIMSHAR. 13.0pt

5.3 x &2 SHIEA| EAISI0] (with proper labelling x-axis) 7ta %2 2 7 o[ X| &2/ It 15.0pt
SE+E 2N L.

5.4 AMTHE Z2tH0| LIEHFEE, n=4 7K Ol X| 29| ZHE J2[A. 8.0pt

5.5 =Xt ™A 7 ol X|= J Bel= Eotelo? 12.0pt
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& olHX] &= (HOMO) P Pé =2 HIE R 0[HX] =2/ (LUMO) AtOJoflA X 10.0pt

2 XM AL £ AR Y S AHSSH 8] 5.7-5.8 S B L.

yh

MZ0j| Cie 2% EHA HERQI EtA ARHER FHAH|O|ME 2E0| PHS0{M UCHD 74ABEAL L, =26.0A,L,=3.0A
3715 7HX= 2 XH AARZE ARl M 7 HAe] 283 okEn (2

57 It =2 F% &% (HOMO) 2 7t X2 H|E|] &/ (LUMO ) o| of|LAX| (J EHRl) 0 17.0pt
S OliX] &I AtOol| M 0|7} LOjLt= JIP“ (nm Etel) S 22 AIMSIA L.

,HEoZ A2 =455nm o S EXIt 547 12.0pt
t? (HOMO 2t LUMO 2| &At= 2| 5.7 0| o 718+ A

7}3.0A 92 nXE0f QUL
|8t L, o Zte Acte|Z ¥ot
tzcfo 71N 2.)

reFﬁ




Theory IChO 2020

L) -

Korean (Korea)

7teel @F0M, OlX|2| 22| Col2ey[elo] LSt 22 EhE

fjo
rot

(=3

ByHg(g) + 6 HyO(l) = 2 H;BO,(s) + 6 Hy(g)

S = A2 HyBO,s(s) 71300 K 0| M 2= S|t FHESHAL EHXL 0] & 7|K| 1 =0 of2iof &= (p)-F
(V) =3O|| LIEHH a2t nPH S [at S=2= 0|4l & AITI0| AL, of E AITI0] B tH S2hst il HEE|= LS SHM

lw)
1
o0
w
(@]
(]
n X
_|
Q
k=]
x
Rl
lo
10
of
Im
0z
|u
HU
ne
10
e
I
ire)
Q
i
oz
T
ot
rir
on
rto
N
18
2
h

P A T,> T,
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(1) ByHg(g) + 6 Cl,y(g) = 2 BCl,y(g) + 6 HCl(g) A,H(1)=-1326 kJ mol-!
(2) BCl,(g) + 3H,0(l) = H,BO,(g) +3HCl(g)  A,H(2)=-112.5kJ mol-!
(3) BoHg(g) + 6 HyO(l) = 2 HyBO4(s) + 6 Ho(g) A, H(3)=-493.4 kJ mol-!
(4) 1 Hy(g) + 1 Cly(g) = HCl(g) A, H(4)=-92.3 kJ mol-!
6.1 300 KOl H3BO; 2| 3t 2 AT E kd mol-1 £ 2 A MEHA| L. 5.0pt
6.2  20M FOT Bt2 (2) 9 (4) of CHEHA 300 K Ol Af A U(LHE L X]) £ kd mol—! T2 12.0pt
ALSIA L. (2} BHS0llM 2} 7| M| 4 StetE2 0|4 7|H| 2 AS T 7HYSIAR.)
6.3  FoAZIO| SO HUSY B X (|w|) 8 JHRZE, N2 S|EHIR LEH Z L 6.0pt
(lac]) & J S22 22t A ASHA 2
6.4 20N 7|ETt E AT T2 S A LSIN L. 3.0pt
6.5  EZTIol A—B 2t D—C 2Ho|M AEZT| HZ} (AS) E J K1 THe 2 A LS 2. 6.0pt
6.6  ZAZIOAM A—B 2t D—C Q| LA oL X] #H3t (AG) & J T2 2 AIMSHA 2. 6.0pt
6.7 2310l M A K| &o| ¢3S B XXl AHOZ LHe S AIMSIA L. (EE ¢2: 1 bar) 5.0pt
6.8  Qlzlo| ot H a3te mf 2X|Q| HS0 FO{Z Bt of| W2t SO Hy(g) & ¥E = 3.0pt
CHel 2 AIMSIA 2.

Clo|22ols 2 AR 2 AFESlM S8t S & 4= AL CHo| 22| 12| A4 = Of2fiet ZHT},

B,Hs (g)+ 30, (g) = B,0; (s) + 3H,0 (g)

100 L 2o 87|10l M CHO| 22| Q12| A Hels o2] 20 sty B =4S 7| ECh
8930 K 9005 K
B,Hq(g) 0.38 mol 0.49 mol
H,O 0.20 mol 0.20 mol

| E[A RAIULE O] 7heol RF0M=E ZE 2E0M, A S° A H =2
#5t1, B,0,(s) 2| BE = MEZT (S°) = 0]l et HSFsHA| ¢, 2= 7|K| ot E2 ol e 7 (K2 30”%3f
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10,2 ESPSER2 Z2 o Hotla, S M= FIPHel 27t lrta JHF AL,
6.9  8930K<2t9005 KO K, (AH 22 LIEIH HH &) E AL 2. 8.0pt

6.10 8930 K 2t 9005 K ow HES ol A, G° £ kJ mol~! EH9IZ AMBIAR. (K, S P31 23 6.0pt
CtH, K, (8930 K) =2, K, (9005 K) = 0.5 2 ARSIAI2.)

6.11 298 KO HAHLSO[ A G° (kJ mol~! E+9]), A, H® (kJ mol~! Et¢ I), A, S°(Jmol'K™t  6.0pt
EHel) E 242 AIMUSIMR. (K, E F5HA| Ei‘ilif._, , (8930 K) =2, K, (9005 K) =0.5 &
AHESHAI2.)

ar) O M FO{T 20| M A4 gH80| M =|=X] OFLX| Z2F5H0 Eetxle]  8.0pt

6.12 (1b
= EOl EAISIA 2.

=
= [e] =5
| =

b4
HO|x

6.13  of2l Eofl FO{Zl gt=2 0[83t¢H H,0(g) & A;H (kJ mol ™) @ S°(kI mol* K') & 6.0pt
HMSIN L. (Af =My e S =HE O.ﬂEﬁlll)
(HAO[ A H°2tA, S°E F6K| RFUCHH, AH® = 1000 kJ mol~!, AS°=150 J K mol™
2 AN 2)

A /H (298 K) S° (298 K)
B,H; (g) 36.40 kJ mol ™! 0.23kJ mol t K
0, (g) 0.00 kd mol™! 0.16 kI mol 1 K!
B,0; (s) -1273 kJ mol™! 0.05 kd mol™ Kt
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OS2 ALO]O}:

i:\
N \N =N
/
| NH  HN
—_
\!
NN
1 Emeritus Professor Ozer

Bekaroglu

ZEFZALOIOF (Pc) 0|2t 80{= 12| A0 2 MRS Koh=" LHZE} (naphtha
(cyanine)” Ol M S2HEICt. E{7|0| M 2H&EX} Ozer Bekaroglu = Pc 2f 2tE &l 2t
II-

0
A
rot
=
rm
1=
o
R
T o
rir
>
=)
o
rc

F50| ZeOHA| 982 ZTEZA0|0HH (1, HyPc) 2 eHtAlo] (CgH,N,)  H, o WHFZEO| i 2| ot gh=0|Ct,

7.1 2/ofl LIEHH 2t et= 1(H,Pc) ol M :A| BAIE 2E20= R 71 7- T E

|
2 NS
u ) NosiT N /12N
/ _ N/ N,_ /él\ _ o N 74
JN N / 289 N N
= = = = = = N N
N N N 4 \N%
CuPc TiOPc

SiCl,Pc Ce(Pc),
2 3 4 5
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=Z&-TEI2 0|0t (metallo-phthalocyanines (MPcs)) 2t08tHH 2

7.2 T3 2-5 2X152| 34 0| 29| i e|~E ZX6Io EHetx|e #E 2tstzt. 8.0pt
7.3 2,3,12|11 52Xt 2t % (Cu, Ti, U Ce) 2| A2t+E AFSHY EOHX|o B E gHdstal.  6.0pt
7.4 2 2-5 X159 7|5t = E FHEGIH Hetx|o| £ E ghdstzt. 8.0pt
7.5 21 2-5 2XE2 A7 | ™ EM S ZESH0] Hetx|o| B E 2Hdstzt. 8.0pt
« O|m, &XtM (paramagnetic) € EXAt’p” £ BHXHY (diamagnetic) € 24'd” 2
LIEFLHEE.
7.6 oteh= 4 0l M 124 (Si) 0|22 HEf-2Elf X} XS A1, Of HEE AEHOI[A 2p MXtOI CH  14.0pt
ot B E LAE FofaL.

£0| 2RISR 42 TEFZALO|OLE (1, H,Pc) 2 ety o= TEIZLIO|EE (phthalonitriles) Xt 4| 7H2| 112|3}
8 (cyclotetramerization) 22 N &l Ef HHO)|, HICHA (asymmetric) 0|2t E2|= ME CHE X|2t7| 2 0| R0
PcE2 5 7IX| ME CHE ZTEELI0|EZIS| SA| X 1123} (statistical cyclization) EHS01l 2|3 B A E = QULCL. O]
HE MEfMO| 9l WMER 7tstt 2 E O|HEKNE2 =&=0|LC

o A rz ol

7.7 F 2t G E A2t SA1X n2|at BrSoM MEE £ = JHset MH =S T2t 19.0pt
'F_fcl.*, s-EE'.: trans-M & X0 HEK7t U= AL BI|5t2]

Cl
- F9G = MZ CI2 = 7bx| TEt2LI0|E Y BXHE 22} LIERHALE,
4HE B ol ofa} 12lofl MAIE F, olct.

« J2I9| F, 9t |23t HEHZ LIHX| AHA-I%%% azat,
F
vloc B pals
F
F4
PSSR 7MAZ Y0 2ot 5aAd =2 S SE ASE 71X U0 22 HHE X = (photodynamic
= | 7}X| Z4 A0l Zb2H|, YW O2|n MAaZ2

therapy, PDT) 9| ?:.”'c-,*II (photosensitizers) 2 AF2EICt, PDT = A
MEICL O] 5 LA JHENMO R SM0| gL, SR oZ Alst g3 S UOH AMEE e U= ME
SHE X[, Ef%'%! A4 (singlet oxygen (10,)) 7+ MM =ICt,

(B = (multiplicity)) 'O,
o O|X| Z9[2| CHE = 25+1 2 Fol &Lt
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o DtOF = AmO| I3 (1 1)0|H S=10]|1, F ALlo| A (1 |)0|H,S=00|Ct,
7.8 Chlsh MEfol M 2Xf (10,) o 2X 2|2 (MO) Ctojoj O J2|x, A A+E 4 12.0pt
A
JO-ELJOE'@ Arefoll A g ol 2X| o2 FXt7F giCt,
7.9 MBS MAE ChAS A E SEA|S=0 oot 4o mEo] 1270 nm 2 22, 0] T0|  6.0pt
pEol| He3 oL X[E kJ/mol el 2 AH|Astz2}
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BLE OFEL EV-E'}'"

T4884 AF (NaBH,) 2t 2FZL|0F 22f|Ql (BNH) 2 SHetX =4 Xz SR 2 7He Bo| A7 E SZHO|CH o 2E
iME S ofetd 42 =4 MY SHZ AR = S4 Steh=0] sl 2ot nX} ot}

|AtOI| A ‘Al Abst= &4 #20|Ct NaBH, = H0|0f 3 (Bayer
, 7| =0l A O|Atst 74 (A2[F}) 7t EHS ol &S, 24 &
SO P4 EALE 2telA|AH B e £ QUL o] 3HOM 2E 4= NaBH, HEZ MZHEICt, BtH) ot L|of Eajl¢l
(BNHg) 2 40°C Of| A Zi=3t HIE2ISIO| =2 722 (tetrahydrofuran, THF) &0H3t0| Al NaBH, o 2t 22 52| Ht
SOE e £ UL (TIE: BNH, M2 242 F SHLEE 7HAd 7|H| 7L M= 7] 20 27[7F BEl= & 220N
[e)

X84efOF SITH). NaBH, = 0124 S18t2 0l Bint, ot mL|of Haol2 20|A A%7| K7f A2 (adduct) OlCH.
81 D4 SAIEEE NaBH, S $HAsis TE ol 38 313t uhSAlS Ma}, 3.0pt
82  NaBH, ZHE| 2ELo} H2oI2 SASH= Ta ol 2 313t vt A2 Mz, 3.0pt
83  BH; OI21 BNH, 2Xte| £Xt TS 242t Jafa}. 4.0pt
84  NaBH, 9 BNH, o 44 Si2ts Mz =g (wtv) 2 212t AlMstat. 4.0pt

T oletEo MEE A= A20 M HESHZ05H0| 7t=£238H (hydrolysis) 222 Sdlf WEE 4 UL 7t 26l 8t2
Al, 2Zt2t 1 2| NaBH, 2t BNH, 2| 7t+28 2 4 20 3 22| 4 7|H[7t B-O 20| ZHEl HIEHS A (metaborate)
20|21t ) W= EiC,

85  NaBH, 2 BNH, o 74 2o B0l i3t 23 stet s A2 212t Wz}, 4.0pt
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7t ZHErSHH ehE St S4tH (borates) & StLt= 2 &hst 0|4 (diborane trioxide, B,05) 0| B-O 2gS X &
St= 12| %22 B,0} ot €2 O =Y S0 ddE £k ALt B,0,; = MY 2f°*%§ =1 A 835 S
2 (boric acid, H;BO,) & M-gotct. HiH, 12 12M0| M, B,O, 7t %*E'—IOFQP S-S O Xt x| At SA
(boron nitride) £ 45tH, 0|= B 2k N HXt7t WLH 2 9| X3l SH 2 RAFeH 2 L2 E ot
8.6  Sitn EASHEA0 eHdol oigt # Tol ofstAlS 22t M2t 4.0pt
8.7 B,03 0|2, 84, 12| 2 Kb T T 2 xO| Aot 4 ZAt =& 242 a8zt 6.0pt
BIE: 240l 849 Z2 H0{k 10 7l 0| &42| B ®AHE AHE3HAM 1242t

tEoh Hef|Ql (boranes) 0|2t £2|= B-H St E2 S22 5/ S4 SHefS0|CH 7HE Hhastn b et 22l 2
Cro|=af|Ql (B,H,) OIH, Cto| =22l S E23H (pyrolysis) 5t04 CH¥st H||Q1S M| ZEe 4 QICH CHo|Haf|el2 Z2H
ot 2a0l anst2o| Al ast (metathesis) 2182 Soli &4 = ALt

8.8  BF;2LiBH, o 8t222 C0o| 2|2l S Stz Al 7Y ofst U3 A2 MEt 3.0pt
BIE: R WHE 25 S4 SHHE0|Ct

8.9  LIO|E23Q 2Xt2| 7|5tt=E aeq2t. 2.0pt
SIE: 2X} L{ol| B-B 20| @iCt

BH,(221|¢l) 2 Sergsta #3840 2 EXt0|Ct. kM LRFHI =210 M= BH, HEli= 22| 4 @it J2{Lt, &

Abs} EtA QL HESE f01 Hajjolo| Myt MMEol =Haf|Ql It (borane carbonyl, BH ;CO) et == QHE3HE + QUL

BH,CO 2| gt 2 Eaj|el 2Xte| EX 7HsHE AlAtst= IUI |M 2ai|Ql ststs °“'-_r‘°f" ol Q% A2 oot

8.10 YA MUt ZetE BH,CO 2Xte| F0|A ™ xAlIg A2}, 3.0pt
8.11  BH, 2 CO Atofof| Z2eto| HMEul, BetX|of F0{Zl 8H & CO 2At2| C—0 Zoflt  2.0pt
ofl W= S AS S2F HerX|Q 2 X0l EAISIEL.

22t%l (Borazine) 2 HY 3 0|5 2 S 7HXA|1L = 12[H B—N ©hHel2t 0| S |0 =471 280 2Xt410]

ByN;Hg €1, #lFa 22 X (isostructural) @1 2th=0|CH H2tEl2 ot R0 Mt A9 HSOZRE &

OiX|= LA Rx | AfX|StEl Btz °.:“.'¢ S A (symmetrically trisubstituted chlorine derivative, B;N;H;Cl,)

£ gddt= 2t at, 0] = B;NgH,4Cly £ THF Stoll A LiBH, = SHIAI7|= 28 & Zetdt= 2 T 2Hg oz gde

QICt.

8.12  THF(tetrahydrofuran) Off =0l = G2t R F0A EYSI H2tElo] 2ME[=2 A 4.0pt
2 apdol chot 23 ot BhSAIZ M Ef
°|E THF = M4 = T Sttt FO|A M-H7| MILHME (lewis acid-base adduct) 2
& ystof ‘P_@EMI?_'EL
8.13 HETIo| EXt XLt HAXOo= AX[ehEl HEtEl HA KM E 242 O82} 4.0pt
ZHEESS H2 UK ZEE THAAH BHS £ E 71434 7= SHO|CE H0je M2 UutNo = MMEQ| =
2 (molar amount) 2 &4 Z019| 21} A|Zt] SO LI AAte|= HMEE (turnoverfrequency, TOF)(TOF =4
MNEO| 24/(E0H9 24 x AlZH) ol oJsil ZHEICH BNH, o MEZQI 7k4 23lj= 100.0 mM 2| BNH, 25.0 mg o
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CuPt/C £0 (CuPt &3 Lt AUXt7L X E 712 S, 8.2 wit% Pt HAHE et RE) £ AFSH0 10.0 mL 2| S0i|M =
HEICE 52 S2H67.25 mL | =4 J[H| 7t A= AT

8.14 Z0igtS0| EFE = (1 atm, 273.15 K) Ol Al £+ EICtD Jp-stn, MAE &4 J|H  4.0pt
o 2I|E Hg 2l 7t 23l 2tS 2 Pt fXI2HE 7|EQ R 50 CuPt/C Z0H2]

ot

FYE Cu, Pt, &5 Lte XL (HAHE &2 FE0M #Xtel £ WE 2 S LIEHY) o dMISt 2 24 2, Pt #XI7t
Aleidt (face centered cubic, fcc) T2l MIEZE W MSHH, fec THel Mo 2E Hof| | XITt Pt @IXH7F Cu §XIZ K|
|0 CuPt X|gt &2 Lt AXE Hddt= Aoz A £ QICH ol ME w2t CHs A2 S0l Zotat.

mtrg o

|.|'
1%}
Ral
1°
P
0x
fjo
Y
0
ot
L]

8.15 ¢l Cu,Pt, &20IM xHyE Hot g2 Lt 2.0pt

8.16 TP MZofl ZF EXtQ| X|7F EAIE 9l Cu, Pt, &5 Lt XL 2FO| el MEZE 3242t 2.0pt

8.17 ECIEEI2YIHOZ Cu,Pt; ZYS 7HX| 1 /UCL 0] =0 2AZ| 20|17t 380 pm  4.0pt
2l fcc THel MIEE ZE=Ch2 71gste). o|m, Cu o Pt #Xxt= 27 L |XL Xt2|of| 222
EEDICE Ol g32 R E g/cm? T2l 2 A &StEL
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XA o = 1=P
So= °|§—| ?5' cf'.'_'—'!
2 m4 MEEO F24 0|20 HIEMS 298 K Of| M CH22| tH o2 B MSIFLCT:

Pe 1) o4 M&xE9| 5 7H°| X HAM 10-mL Y A|ZE2 MF St O|F2 100-mL H|FH0|| AACE O =, XMRIHE
0|23t0{ 5 27t XO{FICt.

IHA 2) 100-mL HIF{O|M 10-mL A2 Z x{#[St = XO{F=HM 142 mg 2| Na,S0, £ YO{=LCL 0| A4S 1
HOZI 3 M2 MI|stetdol Do{ELE Pt M (wire) M=, Ag/AgCl (3 M KCl), Pt =¥ (foil) 2 ZfZ AHM T HEEH
=, A= (counter electrode) S 2 AL SHELCE.

]

1 3) M2 ES 7|98t E K| (potentiostat) Ol HZst, 12! 1b o] 2 £ M (horizontal line) 2+ 2+0]-0.50 V
vs. Ag/AgCl 2o AX ot HetS 14 B2SQH 7ISHRILCE 7|CHet M7|2tstiS 0| 2t AR =0 14 22 S2% 222 713

SHRALE.

Potential / V

DEI L] ] ] T L] i
0 2 4 6 8 10 12
Time/min.
JO8l 1, a) ®7|stetdol mAIE; 1) XA (Pt M, Pt wire), 2) E=H = (Ag/AgCl, 3M KCl), 3) At
= (counter electrode, Pt =), 4) A &7 H 5) JH7|52f°““'°| EE,6) A|IZE% 10-mL. b) AlZto]| 2 =t
Mo MYl Hat, y-=: MY/V vs. Ag/AgCl x-Z: A ZH/min.

W8 4) ZR-EZE WIS MES 2,0.1 M H,S0, 4 10-mL 7t S0HUA= MER2 M7|otet Mol M558 E=Ct

3 1.5— JE.':! 1b 9| JIPE.'_“L'.* M (orei e etet A # 7t E7|5._| —‘?'—% 2S¢ o 20| Y= 20.50 Ol M5 E{ +0.50 V 77HX| 41
E.':. H *9-I Z1I0|Ct EH2 0ZL2 HT{EH
t2tst

2a & 0] Az ol 20{%I MK vs
A (Mount Ararat, 12! 2b) X E0|X| &
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35

3.0 4

4.5 4

2.0

g
E 15
@
1.0 4
0.5 A
SLan |
==l
direction
0.0 4
005y
w,
%,
0.5 T T T T 1
LR ] 0.3 -1 1 o3 0.5
Potential (V)

812, a) 0.1 MH,SO, 80N AT I M AZHSIH 2 MTo| MYMIE, 0| AHE HI| M
ol ’E.*?:PS%‘S J31b °| ST M 1 2H0] 10-mL H|4= A| 20| ':*1017(1 -0.50V Q| Y- MAOE RXIUU
S.y-&: MR/uA, x-Z: F/V vs. Ag/AgCl, b) & (Great) OF2t5tAt} OF7| (Little) of2tatAto] A,

IHd 5) 1 1 of| A H| =3t SHO|| A EECHE 10-mL AR E *F[ot0] 24 2 of 2Hd 3 2 A2 Zdstict, M35
ZR4$E MM S 0.1MH,S0, g2
&2 14 23t 7HSIULE 7| Chi gt

=
89 10-mL 7} L= F7|8tet Mo 'Lt CHS O R B30} +0.05V o AR A
H7|gterugo| AR 0| 14 22 3 AZIO 2 HHSIALL,
sta

S

I8 6) 1tN 5 & £8st =, 7|5t 8o 150 °C o 220 Eof AXst DA|7t 2 uf7t x| BOHE SLAIZICH
P 7) 02 3 9l 1 Z2l ethylenediaminetetraacetic acid (EDTA, H,Y) 84 5-mLE 18 6 Oilkl de axof ot
St & =50 molct EDTA 8 1-mL £ 3.85 mg 2| BaCO, ot MZAHMOZ vtgsirct, 1 5 MO pH £ 1022
St 3H2Fo| EDTA £ 0.0010 M E= Ni(NO,), o= W*oH-I SLEMX| BZE Ni(NO,), 8° 9 60 mL 7k &
DEQUCH
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« H,S(g) & ZotEl 88U M [H,S] 2l WA s==0.1M .
« K, (NiS)=4.0 X 102; K, (CuS)=1.0 X 10 36
e K,;(H,S)=9.6 X 105K, (H,S)=1.3 X 1014

Sy E°/V (at 298 K)
2H,0(l) +2e~ = H,(g) + 20H- (aq) -0.83

Ni** (aqg) +2¢~ —> Ni(s) -0.24

2H* (aqg) +2e~ = H, (g) 0.00

Cu?* (aq) +2e~ = Cu(s) +0.34

Ag" (aq) + e — Ag(s) +0.80

0, (g) +4H" (ag) +4e~ — 2H,0(]) +1.23

9.1 ErRMX|of MO S F 12 229 T3 1313 2 0f chS3h= 200] 242 2T ek 5.0pt

X|oilM Ot3Z BEA| 5t2t.

9.2 2 1b 9 A HI|
(o]

-
rm

X
x
>
rot
N
F|0

>2 o

SVoidol-1.2v It 7t S 5.0pt
9_7P EOtXIO M O3 Z BA|

9.3 298 KO|M ¥ T2l 2a ol 224 T (scan rate) 2 mV/s T2 2 A MSta.

8.0pt

ofae| H7|stet ol FRt0] 0.437V = HEE|ALL
Pt,H, (0.92 bar)|HCI(1.50 X 10—2M), AgCl(sat)|Ag

AH|Abstat,
FO: AMUHE BE MAR,

9.4 AgCl(s) + e=— Ag(s) + Cl~ (aq) Q! BtZHt-S0f it 298 K Ol A 2] EZE T

mMetS  16.0pt

9.5 O 2MHOIM U4H 59 FE XS METH AR A2 227 HOtX[o|M OIFE HA|  5.0pt
stat

9.6 ™72 0|2 @MU HAXMH (back-titration) 2™ Q| LNt O] 2 HESAIS EFRHX|0|  6.0pt
Mzt

9.7 X 49| Ni** 5EZ mg/L TH9| 2 HlAkstat.
P
T

25.0pt
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9.8

SOH0|| H,S 7|H|S ETtAI LSHAIZS M Ni2+ 0| 20| &FS7| AIZtSE  30.0pt




	01_1_exam-theory-icho-2020-Q1-korean.pdf
	02_1_exam-theory-icho-2020-Q2-korean.pdf
	03_1_exam-theory-icho-2020-Q3-korean.pdf
	04_1_exam-theory-icho-2020-Q4-korean.pdf
	05_1_exam-theory-icho-2020-Q5-korean.pdf
	06_1_exam-theory-icho-2020-Q6-korean.pdf
	07_1_exam-theory-icho-2020-Q7-korean.pdf
	08_1_exam-theory-icho-2020-Q8-korean.pdf
	09_1_exam-theory-icho-2020-Q9-korean.pdf



