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Physical constants and equations
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In these tasks, we assume the activities of all aqueous species to be well approximated by their

respective concentration in mol L. To further simplify formulas and expressions, the standard

concentration ¢® = 1 mol L-! is omitted.

Avogadro's constant:
Universal gas constant:
Standard pressure:
Atmospheric pressure:
Zero of the Celsius scale:
Faraday constant:

Watt:

Kilowatt hour:

Planck constant:

Speed of light in vacuum:
Elementary charge:
Electron-volt

Electrical power:

Power efficiency:
Planck-Einstein relation:
Ideal gas equation:

Gibbs free energy:

Reaction quotient Q for a reaction
aA(aq) + bB(aq) = cC(aq) + dD(aq):

Henderson-Hasselbalch equation:

Nernst-Peterson equation:

where Qis the reaction quotient
of the reduction half-reaction
Beer—Lambert law:

Rate laws in integrated form:
- Zero order:

- First order:

- Second order:

Half-life for a first order process:

Number average molar mass Ma:
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Na =6.022-10% mol™!
R =8.314 ] mol! K!
p°=1bar=10°Pa

Pim=1atm=1.013 bar =1.013-10° Pa

273.15 K
F=9.6485-10* C mol™!
1W=1]s!

1 kWh =3.6-10°]
h=6.6261-103]s
c=2.998-108 m s!
e=1.6022-100° C
1eV=1.6022-10"]
P=AExT
17 = Pobrained/ Papplied
E=hdA= hv
pV=nRT
G=H-TS
AG = -RTInK"
AG = -n F Feen®
AG=A:G + RTInQ

o _ [yl
[A]2[B]®
[A7]
[AH]
E=F —<InQ

pH =pK, +log

at T=298 K, R—; 1n10 ~ 0.059 V
A= ¢elc
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. N: M2
Mass average molar mass M M, = 2i Ny M7
%N M;
o My,
Polydispersity index : I, = ﬁn
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Periodic table

1 18
1 2
H 2 13 14 15 16 17 | He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B|C|N|O|F|Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na |Mg| 3 4 5 6 7 8 9 10 11 12 |Al|Si| P S | Cl | Ar
2299 2431 26.98 28.09 30.97 32.06 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 | 4496 | 47.87 | 5094 | 52.00 | 5494 | 5585 | 5893 | 58.69 | 6355 | 6538 | 69.72 | 7263 | 7492 | 7897 | 7990 | 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr | Y |Zr Nb| Mo|Tc | Ru|Rh|Pd Ag|Cd|In |Sn|Sb |Te| I |Xe
8547 | 87.62 | 8891 | 91.22 9291 95.95 - 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba|s77n| Hf | Ta| W | Re |Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn
1329 | 1373 1785 180.9 183.8 186.2 | 190.2 | 1922 195.1 197.0 | 200.6 | 2044 | 2072 | 209.0 - - -

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr [Ra |}, | Rf |[Db| Sg |Bh|Hs |Mt| Ds|Rg Cn |Nh| Fl |[Mc|Lv|Ts |Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La|Ce|Pr |Nd|Pm|Sm|Eu|Gd|Tb | Dy |Ho| Er |Tm| Yb | Lu
1389 | 140.1 1409 | 1442 - 1504 | 1520 | 1573 | 1589 | 1625 | 1649 | 1673 | 1689 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

- 2320 | 231.0 | 238.0 - - - - - - - - - - -
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H NMR

Chemical shifts of hydrogen (in ppm / TMS)

phenols:

alcohols:

- aldehydes o
aromatics: m

carboxyhc ac1ds

amlnes

amide NH—COR: m

bgnzylic QHD—;C6I'I;52
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ali<ynés: - CHs—CRs .

R—CHZ_OR,
CH3—SIR3 B

11.0 10.0 9.0 8.0 7.0

H-H coupling constants (in Hz)

6.0

4.0 3.0 2.0 1.0 0.0

Hydrogen type

| o] (Hz)

RZCHaHb

4-20

R2H.C—CR2H»

2-12
if free rotation: 6-8
ax-ax (cyclohexane): 8-12
ax-eq or eq-eq (cyclohexane): 2-5

R2H.C—CR2—CR2Hb»

if free rotation: < 0.1
otherwise (rigid): 1-8

RH.C=CRHy

cis. 7-12
trans: 12-18

R2C=CHaHo

0.5-3

Ha(CO)—CRzHs

1-3

RH.C=CR—CR2H»

0.5-25

51st IChO — Theoretical Exam

eq = equatorial, ax = axial



IR spectroscopy table
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Vibrational mode o (cm™) Intensity
alcohol O—H (stretching) 3600-3200 strong
carboxylic acid O—H (stretching) 3600-2500 strong
N—H (stretching) 3500-3350 strong
=C—H (stretching) 3300 strong
:C_H (Stretching) 3100'3000 Weak
C=N (stretching) 2250 strong

C=C (stretching) 2260-2100 variable
aldehyde C=O (stretching) 1740-1720 strong

anhydride C=O (stretching) 1840-1800; 1780-1740 weak; strong

ester C=0 (stretching) 1750-1720 strong
ketone C=O (stretching) 1745-1715 strong
amide C=0O (stretching) 1700-1500 strong
alkene C=C (stretching) 1680-1600 weak
aromatic C=C (stretching) 1600-1400 weak

CH: (bending) 1480-1440 medium

CHs (bending) 1465-1440; 1390-1365 medium
C—O—C (stretching) 1250-1050 strong
C—OH (stretc.hlng) 1200-1020 strong
NO:z (stretching) 1600-1500; 1400-1300 strong
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Problem Question | 1 |2 |3 | 4|56 |7 | 8| 9 |10]| 11 | Total

T1 Points 3 14|42 |3|2 )2 \|45(25| 3 | 3 33
6%

Score

593965 T1. MLsEME mOIM S 3EGHoogho

0@o-1,3-000gbol dmemgzes bdomo ofjgmqds CH, = CH — CH = CH,, 96003530 ©5 063og0
03900l Imbs330gMd0m. 0bgo350 530S, oL JodoMO Mg5J300LBIMOBMBdS 53 5CHgMsLs
56 9995053905 S T JergdEBHMMmbgdo M39m 500(9Mg00sb 500 L8 dBISL FMOL Yobsfowgdoom.

C—=—=C=—=—=C=—==C

1 2 3 4

LobGgds 99odEgds IMPIXPOMGOME0 0gml, MMAMOE JOMmYbbMIogdosbo 1D gmmo

(9.0 MLl MOIM), LOWSE 9 9JBHOMBIOO 3M0E Msz30LWBsO. gEg]BHO™bOL 9bgGyos
2p2

MBobOIEM MmGINdo LogMdom L, sGob E;, = %, Los3 N 5oL BBy IgBHO YOO

dogo GoEbzo.

1. 99Lfogzeowos mMo Lbgsolbgs dmgwo. ©s0@Ebg Mommgmmo dmgmolsczol
90603199 Lodo yz9wsBg 0o 969693030 ©mbg Tglsdsdol osaMsds®y, sB3969

MO 256bb353W0Y3056 FoMPMBOMO gbgMygBH03Mo EMbygdo dmgerol dogboo s
9990l dmMob.

0 d 24 3d 0 d 2d  3d

0m©go 1 (,em3s5obgdn®mo*) ™ gugdBHOmbgdo  dmEyo 2 (»009EM 35 0BYOMHO)

e

M350HYOMOO 5MH0sD M6 9JuEHMGIo M BBsBY S JIIBHOMBIVO YW MIIWODYIYHO 9B Torge
93099300L 3960300l MG Bbgoolbgs MLslOwm  dmEg3Esdo ©s 93merw3osl  goboisol 9o

3m®9630m® m®Imdo Log®doo d. MbSLOMM 3mGHIBE0MO mMImdo LogMdoom 3d .
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2. 305053L9m T 9 gdBHH™bgd0 IgEoLsm30L 1 {obsdgdsmg Osa®d530 S 3sdmlisbgom
©53m3000909gds dmEgeool 1 T-LolLEgdolb domosbo gbgMA0s, MMam®E A, me ©s d-b

a3Mbd30o.

E(1)=

3. 305053Lgm T G gdBHO™bId0 FMYEOLMZ0L 2 [F0bsWIIIMG OS50 S 33dmbsbgom
©53M3009dgds dmEgwol 2 mT-LoLEgdol dmwosbo gbgMA0s, MMamOE A, m. ©> d-ob

B6gdi0o.

39790 gdol 9bgMa0s ML GodEoemo m-bobEgdol xs3ME 9bgeyosl godm3wrgd o
9009gbol I3 gdol 9bgey0gdolL X530, GMIgEoa 990393l 03539 MoMm©abmdom

9IIOOHIL.

4. 2500babgm 3935000960l FgMmEgdol 9bgeyos AL, Gmym®E A, me 5 d-0b gmbJsos

AE, =

990 1 s 2 dseosb 250563H0398w90s. sbowo dmEgo §39dmm @M 0gbgds
Domdmeggbocro.
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5. 298mbabgom d4)Ee09bol Lodo bbgs HBMbBLYEo LEHMMIEHMGS, obol dobgzom.

CH,
HZCN

030LsmM30L, MMI  2530m35¢olfobmm  BsbJoMdool  sEHMIgdoL  bmdgdo, Impgero 2
3mEoB0E0MEs Ingedo 3 999gabsoma:

-3l sboeo bogMdg 560 L s 0dyma3gds sdlEobs®g 0-bs s L-U dméob;

-65Hd0EMBIOL 5BHMTGOO Q9B MBO G106 sBLEOLYdBY L/8; 3L/8; 5L/8 cos 7L/8.

00MMYI0 EMBOLIMZOL N, T FOWOWMEOHO BbIE0s SOOU:
2 mmx
ll)n(X) = \/;sm (T)

@5 T 9egd@G®mmbgdolb LodzzMogg N T gargdBHOMbosbo LolEgdoLamzol sGob:

N/2

p() = 2 ) (I
i=1

QB mobo  T-Gowewemo  gMbJgos, OMIgwog  dggbsdsdgds  T-LoLEGgIol  IMerg3MEME
O30SO, 459mbobME0s J39dmo (M9gmes)
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Y1(0) =
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9. 9mEyeol 3 dglsdsdolbo hgcgo
30g0sMmMd9ddo 0, L/4 s L/2

m-90gdBHO™bydol  Lod3zzMogzol 360dzbgermds

p(0) =
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10. absBy - gangdBHOMBIdOL LodzMm0gzg 0-bs s L-b mGob.

i T
T o Homata
2
0 4---mm-- —¢ s = W e
£, & 5L e
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Problem
T2
7%

Question

10

Total

Points

34

Score

59m 39565 T2: {jgoe0dsol Ho®mdmgds {igwrols sdemoom

dmbs3gdgdo:
BogPono Ha(g) | H20() H20(g) | OA(g)
AEP (3% 8eaemo™) 0 | -2858 | -2418 | 0
Sn° (¢ dmewo ' K1) | 130.6 69.9 188.7 205.2
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6. 095@3l5gm  dBoL  BMEHMOBIdOL  Bogool  bosffoero,  OHMIgarlsg  Igderos
65H935650BHoMgo0L  5dBHogsgos TiO2, CdS, Si. dmsbobgm sb@EHmegdol Ebso Laboom
RIS 5 5839690 godmm3zwgddo gsdmygbgdmwo ghHmgmwgdo.

399930

SbUBs / @odmmgzgs:

3d05bMmgdomO
Bofoero

TiO2

%

CdS

%

Si

%

6569356593500l 5J3H035305L 80345350100 HBY306O 3:MEgb30sol IMOB0353059©Y
obg, O™ 030 89330dw0s sbgobowmm, Gmym®E bbgsolibzs 3m@gbioswols ddmby mMo

I9JEHOMO.
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7. 350m0ygabgo  65b.2-Bg 65396900 Bmbs3gdgdo, Bm3gdmee  Bsdmbsmgzgsrdo  soMBogom
Bobg3962593HoM(90)0, MMIWGILS3 Fo9d@0IMgdoL 8909y  99mdE0500 0055dmb, Gmymes3
53Bm©Ob, 0l 3500MEOL Mo Fywol sdwsdo.

OzrO2 O ZnO O TiO2 OWOs
OcCds O Fe20s O CdSe O Si

8. hadgm bsbg356M98@M0, MMIJoiE 39dmygbgdmwo 0dbgds, OHMAMOE JoMMEO
OMAMO3 BMm©o s dmbowmbywo 0dbgds y39esbg 9839dGHO0 fyerol dbol Lobsmeroom
@5E0LsL.

H2 @o O2-0b 259mymgs, GmEs 6593060900300 ssbbogql dmgwro®mgdwmwo dbol bogom
T=125°C-%9 ©5 pam-Bg 5bnsbobl ogm dglfogerowo. P=1.0 33¢ 92 Loddgsgzmol Lobsmerols
bbogol o BmAHMIwgdBHOmEol S=1609F DbgsdoMom, godmygbgdoom V= 0.37 133
§om3mddbogro Ha(y) 2oBmdowo odbs M9od300L sfiggdosb Az=1 lo-ob 89dwgy.

9. 3500mM35¢9M A5(I5JI6OL 8.d.3 7direct.

250mm3egdo:

direct = (o}
%

029 396 35020935¢0Y0 Mdirect, 303560L ®BIbOEr bspoendo dggoderoso gsdroygbero
3603269085 ndirect = 10%
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50335650, dgbodEgdgE0s  d935056MMmm  dBol  9bgMooL  Fyswdsdo  QoMsgddbol ™GO
3900Mm©O:  30MI30M0  BMEMZOGHIODO 5 00000  BMEHMIWIJGHOMEODBO, GMIJGEOo3
59605690L BMEHMY9dGHOME 3569 9egdGHOHMEOBYIOM. doBIOBY BME MW 9GO0
39690l 95399dGIMOMds 5GHOL J0bEIMgd0m pancis = 20%.

10. 39505090 58 ™60 Mol 0.d.3. Mdiect OS5 Tfindirecr, OMES  JE9JEHOMEODOLIMNZOL
399myg9bqdmeos Fe20s s Pt gargdBHemgodo.

39dMm3Wwgd0:

D T)direct > Tindirect D T)direct = TJindirect D T]direct < T]indirect
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Problem | Question | 1 | 2 | 3 | 4 | 5|6 | 7 | 8|9 |10]| 11 | 12 | Total
T3 Points 1 (3133|427 |2]2|31]4]¢6 40
5% Score

5303965 T3: 39MHEbarols JonmMogols Gglabgd

dmbs3gdg00 298 K-by:

pKs1(AgCl) =9.7; pK2(AgeCrOs) = 12

3003 9dLob Foedmddbols 3006LE9bES [Ag(NH3)n]*: fn = 1072

303963050 BEBOBIM GO FYsedIEOL 9gdEHBM©OL B0dsMo:

LB9BIOGHMO 3mBGHIbzoswo Agt/Ag(s): £ (Ag/Ag(s)) =0.80V

300Md0m0  3m@gbioswo (Apparent potencial) O2(aq)/HO-(aq) (Be30L §goedo):
E(O2(aq)/HO(aq)) = 0.75 V

Bsfoero A: 303353900 ol xMmBgB 390-clss 3ol Jodools 5339070¢0b

93900 Bsdmm3zwomo 30GsGJO0 ol xmbgx 39go-lszol Jodool 4533900006
(365630 Jodozmbo s xgobozmlo, 1778-1850) 9bgds 39GEbOL JewmMool BmyoghHom
30L90sb.

BOGdBS A: “09 sbaws 30L590MYd 39O LEOL JurmMoEOL Fglsbgd, GMdgero MIoLRIMO MYNHMO
39560 603009M9ds5. 0L 5©30oE FJ0oPYdS FoMm0T535L BollbTom 39MiEberols bodMmadol
Dgoblbs®do.

GOGdAS B: “58 35M0l 5605 533l 299, Moysb ol Mblbsos.”

GOBHSC: “gb bogdomo  LOWwos MbLlbosos L3oMEdo ©s 845390003 30, 296G
3063963009390 JoM0dg930L5, HMIGE0E 5030o@ bl dob.

GGG D: “99megl IbG0g, 39HHoL Jurm®oOo 356Mys© blboos 5805300 figswblbs®do.”
GOoGdHS E: “0900093, 3903barol  Jerm®mool  §o®dmddbs olgg  gladangdgeros 055300
©5353H900m, MMIGE03 Mgo0M9dL 530030056.”

GOOHH F: “ov 0d396 998m0ygbgdm 3963Ebeol  FmFIgel dsowrosbo bezol fgwol
SBOMOMNJgdms, 8000900 dJobscnzqdol d98339w boGMowmdol Jarm®ol, dgMgmenls
6HIoLGIO-09gM Igo® b03mM0gMHGOL6.”

1. godsde A: fh9Mgm AgCl(s)-ob Foedmddbols 35056506900 Jodow®mo Ememds.

2. 305G B: go0mmgsmmgom AgCl(s)-ob blbsmds s fyswdo 298K-bg dmeno et gMogrengddo.

3o0mm3gdo:
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5= dmo !

3. 30BdGS C: Jomoe 3:mb6396GH®0MGdME Jerm®oombgdol blbs®do {o®mdmoddbgds bmli@s
39bLsBO3zOMEo  3m33gdio  BEgdomdgBHMoom 1:2. dJggdmo dmEgdmee  M30LMdGO]
0963y (pCl 0BOHEYds ToMbbosb T 3603), 2obsmaglgm 39MEbwol d99339w0
Bofoaszol mommgmwo m®ds, GMIgos 309MA0bsBEGHWM0s (56 SMLGOMBL, dysto
603009693900bm300L). pCl 3608369 MdGOOL sFIMS 56 5GOL LoFoMHM.

pCl = —log[Cl—]

GoBdHS D: Omglsg 590030 99539ds 39630l JarmGoEL, (o®dmoddbgds 30md3wgdbo n
DML F9BLEBOZOMO bBgJomdg@Eooo.

4. MgMgm 2ombsdMYOMWO GHMEWMdS, MMIgEoE dggLsdsdgds 3m33wgduol [Ag(NHs)a]*
LobgBL  39MEbEOL  JWMOHOOH s 23dMMNZsWgm  FLsdsTobo  FrbolifmGOMdOL

9v©d039.

AMMd:

39dMm3Wwgd0:

K=

029 290 35002093¢700 K-b, 50033560L 0s5trh9b60¢v bspoerdo 89300¢0500 3592099600 89900980
dbodz69¢crmds: K = 103
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5. 500530 995&gds 0.1 dme 39MEbOL Jum®oEl 1 @ §yse8o 0458, 300009 56O goJMgds
degoem 3godo bsfoerszo. 50 dmdgb@do [NHs] = 1.78 dmero el 35bLsBmzmgm 3033¢gduols
LG9gJomAgEE0s. Y gdILgs30m 4oB6B39d0L o3wgbos.

3o0mm3gdo:

6. H9MID 35056506900 JoToMO BHMEWMdS, HMIgerog dgglsdsdgds goGs@s E-b.

7. Bsm3owmgm, MHmd B30l igoemb od3b 8300 BB 909, 80IM0S bAdIWOm @
39603bwl  99mdwos  500Y0bmlL  sbadso 98 30MMdY0T0. ©FIHYD  A90bIdOGOMO
JodoMMHo  GHmmds, Mmdgewoi dggbsdsdgds godsds F-8o bsbligbgdo dgs®o bogmogmgdols
§o3gdbob. g96ad500bm30l s0mgm LEgdomdg@cmonwo 3gR0309bGOo 1. 358mmgsmmgom dolo
D@bslHmO™dOL 3:mbLEBES 298K-by.

AHMEMd:

390Mm3w9d0:
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Bsfogwo B: Bmtols 9gomeo

dmMob dgommo gudbgds Cl- 0mbgdol 3mewmModg@Ome go¢o@3Mel AgH-00 35¢0wdols
JO™I5E0L 05bsmdOLLL (2K*, CrO42-). Lsdo i3gomo (0.5 ) K2CrOs-ol blibo®o ssbermgdom
7.76-1073 8o ol Gombmdom  9ds@gds  Mbmdo  3mbagb@®oegool  Ca Bo@GMowmdols
Jwmmool Vo =20.00 dew blibs®l. 9939 gl bLbsMo 0@0GHMGds 3963berol boGmsdom (Ag,
NO3") Cag=0.050 dmero ¢!, M™Igenbsg 9580639 00394egz5000  dgodo A bogmogmgdols
§o608gabslimsb. foomgwo Boargdo (390 BogmogMgds B) o®Bmoddbgds, Gremss Vag = 4.30 de.

8. hatgm 9Jl3gMH0TIBEHOL MM F0dE0bsMg MO MJoJ300l FomsbIdMYPIMWO BHMEIMDdS.
25000335¢90 Fgl5d530L0 Hmbolfieadmdol 3mbliEsbEgdo.

K1 =

K=

9. 33bl5BW3MIm Iysm0 B0309MYdYdO.

dgo6o bogmogMgds A:

dgo6o bogmogMgds B:

10. 250mm35¢2gm Jerm®o 0mbgdol MiEbmdo 3mbi3gb@®msgos Ca bs®®owdol JarmMool
blbsedo.
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3o0mm3gdo:

Ca= dmeo !

029 396 35002033¢700 (i, 503560 sHB9boCr0 bsfocrolimzol gsdmoygbyor 8bodz69cmmBs
Ca = 0.010 8eagmo ¢!

11. 25800035¢090) F0b60ToOO dME™mdS Vag(min), HMIol;mzolsg s0wgdgds AgCl(s).

39dmm3wgdo:

Vag(min) = dqo

12. 25000035090 JermMoE 0mbgdol sMRgbowo 30mb9:396EHM5305 [Cl ]res, HMIOL OMLYE

3963b0L JOH MA@ 0 ©o0{YgdlL gd3sL. Mo 360369 MdOL I9sMIOO0M IBMMG
0¥) GoGHMd 5MoL CrO+4~ 35630 060035GHMOM0 35E0GHIMOL Lodmemm faMEowobmob.

390Mmm3egdo:
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[C1 Jres =

CrO4* is a good titration endpoint indicator because:

Candidate: GEO-1

9o ¢!
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Problem Question 1 2 3 4 5 6 7 8 Total
T4 Points 6 9 8 5 6 2 2 12 50

7% Score

50m 3965 T4: ©9bm0sb MOl s0dmBgbsdoY

39-19 Lo396990 BMLbATs Agfoedgd B. Courtois-d o0y boGHMs@ol A §odmgds (Ma(NOs)m),
OIgoi 299m0Yygbgdms ©gbmolm3zol. 53006 bEgdms sH00H 033MmO G0, bmerm
9990099 A 0fo63mgdm©s boG®Ms@owsbd B (Me(NOs)a) d08m33¢ol Hgodaool asdmyabgdom C
B59m0396, HMIgero Joowgdmes d(3569 FysedEgbs®ggdosb.

1. 03m39m A 5 B 6o@®5@9d0b 3m®m3mgdo o) 360mdowos, Hm3 obobo 560l GM@g ©s GBI
dofjo 3939 gdol (Ma s Ms) Mfgem Bs60wqd0. 900-9OHm0 bo@®Mo@o 8903930 s®9dg@ gl 1%
(BsLom) 96539gE O dobsMg3L, bergwm Igmeg dg03o3L 9 + 3% (AsLom) dobs0g3L. bodmdgddo
Ma ©s Me 39¢omgdol 999339emds 560l 38.4 % s 224 % (Fsboom), Fglodsdobs.

055QBEAMMIM 13960 3sbbo godmmzwgdom.
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A-b 9obomgds© 262.2 3 dysro bsgMmo C sgds@s blbo®l, MHmIgwros dgoEsgs 442.8 g B-U.
3bmdoos, HMI B 56001 F9M0© 509d)wo. M95d300L 999y Ho®dmoddbs 190.0 o ogmeo
Boemgdo D, ®Gm3gwoE dmEom©s 3ogow@G3M0m. BowGHMmOG0 55mOmMJwgl ©s 300gdITo
9950 66930 E goobmégl 95653, Lobsd Bodmdol Tsbs (Gmdgeroi 9903s3s dbmem
6oGH®0@gdl NO27) 56 49bs 39903030. 9O5EION0 50650 3OM©YJE0 0gm 55680s000: 60.48

@ 0°C-Bg 5 1 5¢3-DY (7956205000 903 gds BS0MZ5¢Ml 0O 35HS).

2. 35000035¢090 H50M30L E d9009960¢mds (3sbweo %) 009 0934903900, Gmd Bobgzo 99o3ogL
dbmem© A s B 659000906 5 56 890393L Bbgs 80bs69390L s B C 603m09gMgds 5©09dw0s

bLYBDS Mfywm ZmGIom.

oMo % A: > B
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3. 296LsBM3Mgm C s D Bsgmgdol 3m™Iwegdo s sfgmgm B s C-b dmemol dodobstg
959300L 2505650MGOME0 FHMEMDS.

695J305 B @05 C-b dmGol

1811 Ggaol 3G3969 §yoedEgbstggdol bogotr®g 98omdobsls Courtois-d 8959Rbos G™I

b309gbdob FMOHFgeo (33090M©s B39MEgdMH03DY MBGOM dogng. Lobsd ol 53 ggbmdgbL
UHo3emd©s, dobo  3sBo 893000  odMMOGMEM0580 ©5  ©9J30s  3b3gbGHMOMmgdwo
3MP0MA535 2odmITMowo  9oed396509900L BogseBg. FMMFwosb 8580639 @odmoym
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00bBIOO0 MOMJo (1, 2MmA0METso35 5MOL Tgsb9530): sdmBybowo odbs omo (I2)! omo
039305 130 gbdol 3MOMBOSL (2). M35, 0MEOL LEdgEOE0bM dmygbgdol ysdm Courtois-
d ©o0flgm dobo LsdMgh3gwrm Fomdmgds (i9gowd3gbodggd®y Jarm®ol (3) dmddgwgdoo.
©EILEOIMBOM 0MmEO F00EGds BbZsaLlbgs M9sy9gbEgd0sb (NOs-, I-, H*) (4) 56 (1037, I, HY)
5).

4. 39Mgm 1-5 9594309000 gomsbsdMYdMO EBHMEMdGdO.

1

000l blibsmds goedo 560l doe0sb sdswo, Mdi3s 360d369wm3bsw 0HBM©Yds 0Mm©OE
00bg00L ©sTsEHdolL Jgdmbgzg35d0. 0lobo ghHms Fo®dmgdbosb GHMmoomol, Is

I"(aq) + I2(aq) = Is-(aq) (6)

P 0bsLmfOMds (6) dg0dergds dglfogerowo ogmb I2-0l odwm®mmdgmsboo gdudMoggoom. I s
I3 o6 oblbgds mEYbmar  asdblbgwgddo, bmem I oblbgds.  ©oJwm®Igmsboo
939G 5306000 LSL 0MPOL 3MBEIBE S0 15-%9M 50gds@gds fgoewdo dob 3MbEIbEHGMsE30.

Bo@odo 89990  9Jdu3gModgb@o. ULsfiyolbo blbseoL  dmbsdBogdws dgsMo  omEol
65009b0dg LBMS 3OHOLEBMO 2oblibal 50.0 A 35¢0mdol 0MPOEOL Fyswblbs®do (0.1112 ).
3990099 ©5535¢3)9L 50.0 8¢ oMo s 656930 de0gMo© Tgobx MOgL Hmbolfim®mmadol
900(93599. B3BYOOL oyma30l 999, MOMMIME0 BB J9GHOGHMIL 16.20 dew (Msbeo
Robs) s 8.00 I (Fywol gsbs) BoGMomdol mombviegs@ol 396@s30Msdol (14.9080 g
1.000 ¢ bLbsdo) LEGHBIOGHMO  [Yoeblbo®oom  Lobsdgdeol  Mobsmdobsl.  3MHmEglo

1905 oMLobme0s J39dmon:
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- dd
82032 a
2 4 starch 6 titration
until near \uritil end
phase endpoint 8
s +CH,Cl, separation | @4
initial _ 1
solution
org 9
5,052 add
3 ) L 7 titrgtion
until near until end
endpoint

LI 1 {1 11 4
‘ Blue Dark Brown Yellowish Yello- "CLess
Brown ) [ Pink | Blue [ DK purplg Dk Purple CLess [ Pink wish Closs

a b c d e f g h i

CLess = coulourless Dk = dark

5. 030390 dqLs053obmds bggdol 9@o3gdL (1-9) s Bdgds@¥e LMoL (a—i) MGl HMPgwos
3o 2odmbobogls.

9393900 LYOHsMYdO
1

O (O IN NWU | WIN

6. ©amgm mMo Jgbsderm JodoEo M95J300L RomsbsdMYdMEOo  BHMEMds,  MHMIYos
9080065M9M3L 4ol gsBTo 25EH0G3M0L 3Mrm396d0 0MmEOL bsfows3gdl s bod®omdols
00mbYgBSEL JmOob.

7. 35000359 0ol dobs,  OHMIgos  3odmygbgdmwmo  oym  Lofiyobo  blbsols
9bodBHIIWS.
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8. 3500035¢9m (6) ©g5d300L FMbLHMOHMdOL 3:mbLEBEGS K°
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Problem Question 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | Total
T5 Points 3 4 4 2 5 5 4 3 5 2 2 2 41

8% Score

59m3sbs  T5: sBmdPbmwo - P-3o3emogduB®mobol  3m33ergdugdo
6563564565500L fo@dmgaboliogols

B56m3sbgobgdo oMol B3N SBsddEggdo, MOmIgeroi  bedMoegdsl  0darg3s
3905094365l 9bgMA00L Fysem® b56Mm-0dmsmdsTo s 35dM0Yghgds Fodwgdol gosdsbsdo.
39633929000 M50 96Mds 636MBsbgs69d0 0y9b69396 ILLOZgd0M 0boEOMGdME sDM bsgBmgdol
(R-N=N-R’) 0D™3g6H0bs3osl.

1. 9690 5BMdGEB Mol (HsCs—N=N-CsHs) 1i96M900Dm39601900 5 355390 boBHo y39wmsdy
53O0 6 BsHT0MBSE ™AL FrM0ob. 89505090 gl FsbI0GdO (dirans QO dis).

trans cis
80@«')6)860: C{trans Cicis
NH;
NH,
COOH
e /[j
/ \\N_Q N\, 0
HOOC COOH
" O
"N
N o a

bsb. 1 — dgbsdarer 958969980 M 60300090980 oboygboliorzob.

2. M 890dgds 30090 0465l M6 BEoos© 3sMGH030 ©9539639000sb (bsb.1). Ggo@bogm
990m0535H909  ©95396G9dL (N-sb Q-000g) dm®ol obobo, GmIgwms 4s9mygbgdoma
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d9L5dgdgEos M-ol  8oEgds  doe0sh  Foowro  MYRoMbYgd@oIOMdom.  bo@modol
Bo@®odo (NaNO2) 9s60¢dg5356 (303 §9oeblbotdo gsd9moygnbgds M9gogab@o Lobmgbol
30639 LogggbrODbY.

95396¢39d0: Qo

312305300 30BLESBESL Ki goblisbrg®o

B-303wmgdu@®obo (C, be. 2) 6oL de3mBol 393300960, MLy 89dwos sBm
Bogrmgdmob  Fo0dmddbsl  BoGoremo  3m33egdLgdo.  ©o35gdgddo  3-sb  6-0,
13994 BHOMLIM300L  LETMOEGOOm  Fob3LIBMIMOZ0 SBMEFOMYOOL  3MBLEAEHBEGN K HMIgeros
399L5059905 B 30093 gJLll CMirans, HMYMOE 2odMLobI0s b5b.2-Bg.

K,
N _._...
\\ ~
H()OC

vllrzms C‘\Itrans
65b. 2 — CMuans Bs0029¢00 300329760 f563802906s.

6509b0dg bLbsMo dMmIbss C 5 Mirans-0l goblbbgzeggdmeo 3HM3MmME00m dgemgzom,
GH0Iol EOH™Lsg Joomgds blbsMgdo Lohgolo 3mbi396GHMs30930m [Clo S [Merans]o. [Miranso
0©9YbGHEM05 y3zgms blbsMobmzol, bmwm [Clo 033wgds. odloMdmw Goweol boa™Md) by
Bo309Mgm mommgme BLbsMLs s LBMBMS Merans-0l blbsGOL  Joboddgdl dmMol AA
396Lb353900L (339¢905@Mds. B5306086900 F9bmJdol dmermEo 393030963900 CMirans QS
Mirans, &cMrans QOO &Mirans, 39L50590L5Q0. L 5G>0l Bodwddo Lbogol gogerol dsbdogro. C(ec)-b domsbodds

293LILJOILOYMGBO0S.

3.08396900 3 AA= & [CMerans] ©©5 35800L5bgm a 36000 30BLE6EH(9d) o

©9dmbLEBHMOMGDd:
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4. 5839690 O™, Bra35 C 5MHOL 193605 F5O100 Mirans-5b Igs6gdom (z.e. [Clo >> [Mirans)o), C-0b
306339635305 890degds dokbymero ogml dvwdogsq, [C] = [Clo.

©93mbLEMOM9dS:

5. 88396900 ®™3, Hm35 C 5GHOL 39305 MROM FsOO0 Mirans-056 9905019000 (dsg. [Clo >> [Mirans)o),

M=a L9 s asBmlisbgm B 30BLEBEGR)L @ bsfyobo  30B596EGa0(9d)ol

1+K¢[Clo
L53v)oEGOO.

©90mbLEMOM9d.:
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6. 296L5BM3BYM K: F999a0 9Ju3gMH0TYBEHW0 IHOL dmygbgdoom (bob.3).

20

18

16

14

12

10

1/AA

Z (1000, 17.2)—

'.l

TNY (100, 4.2)

I ] I ' 1 L 1 v I
200 400 600 800 1000
1/[C], (L/mol)
Fig. 3 - A Geageaco 1//Clo-ols 3r9bgpos

390mm3Wgd0:
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_KE:

3LmE0s3ooL 3mbLESBEOL g5BLs B3 K.

©535qdsdo  7-sb  9-009, 30693H03mMo  dglfegerom  2ob3LsbPzmegm  sbimosgools
3MbBLEHBGL Ke, MMIgaro G9qLsdsdgds BosMmwo 3ma3wgdbol Fomdmddbols Meis-Uo 5 CMeis -
096. 6099990, H©™IgwoE 8903936 I MO Mirans-ls 5608 ©oLb03dMW0, 5333505 Fo0rdmddbols
3bmdoo  Mom©gbmdOL Mois-lbd ©0 [Maslo-b. Meds  (m930Lvgsewo  Lobom 96 Bs@ormew
3033w9dudo)  0gMINWs©  0BMIIOOHBPIdS  Mimms-do. C-bL 9O sOLYOMIOL O™,
0DMIgH0Bs30s bgds 30603900 MHogol 30bgEo3olb dobgwzom Lobds®ol 3mblEbEHom 4.
3003w 9duHomBmgdbol  yzgas [mbslfmemmds g™  LHMsxgos, 30067 0BMIgHoBs3o0L
36398900. 59 9JL39M0896¢ oL gbsdsdolio 3069¢03M0 bdgds HoMdm®ygbowos bob.4-by.

\ «'
=, X
¢ / N S N
O COOH

N

C Mis M cis
K:
C+ Nlci; =3 CM;q
k | /(:
K
C + Mipans - CMans

65b. 4 — Mess -0l 0 D890 bsgool 30699032960 Uglgds C-b 035650280L5b.
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39054dbols LoBJorg 1 Meis-0l  LogOomm  MomYbmdOLM30L  (Msgzobgswo  Lsbom  ©s
30033e9du30) 2o60LsBPZMYdS MMYMO3
r= ki[Mais] + k2[CMeis]

99b3960896@ Mo, 193w gbl Bomers godmbobmw 3oM3gwo Hoyol 3069@0350,
P 0bobFO™MdOL 3mbLE6E00Y kobs:

r= ](obs([Mcis] + [CMcis])

7. 38396900 O™ ks = %kz[c[](:] ©0 2590bbgm ) s & 36MBOEO 3:mBLEEE(d)ob bsdmswgdoo.

B39b9ds:

8. 5068090 MHMIJ 300:Md(9d)d0 990dgdS kobs-0l TglodsdoL0 65H935MIAWS f112 Fodmolobmls
OMYOMOF ty/p = 1;:—2 (1 + K.[C]p). 8m3gd0s, Gd [Clo >> [Meisjo. @oslssdmmgm mgzgbo
39Lbo Fo093oE03MS.

O Mais -0l doen05b ©sd5¢00 0bmIgHoBs0s (3030MmEgduGMobol gotywgddo
O 0530Lv85¢0 Mis -0 doe0sb B0 0BMIGOHODs30s

(| CMeis o006 bEodowy®o

O CMirans d5¢0056 LEod0ewMo

©93mbLEGHMOMYOS:
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9. Bosmzowgm O3 3060md(90)0 09-8 ©o35¢09d580 ©3054MB0EGIM0s. blsBM3tgm K-
P6Ox030 MgaMgboom J3gdmm ImEgdmwo dmbsi39dgdol dobgwz00. 8ga0dw0sm AsdmoYgbmm

393995 EGHMO0 56 IbsBM® 4M553030.

[Clo (mol L) t (s) [Clo (mol L) ti2 (s)
0 3.0 3.0-103 5.9
1.0-10* 3.2 5.0-103 7.7
5.0-10+4 3.6 7.5-103 9.9
1.0-103 4.1 1.0-102 12.6
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D6H5030 G9aMgbool 56EMEgds:

_K:::
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656m356956900L FordmJdbs

",

", azobenzene (trans)

*  azobenzene (cis)

bsb. 5 — 50896 Baero-30,3¢7097AG0b0 Bsr0rrycm0 3003em97bol gsbemghs, 3sdmprgaro @Jbbogg—
8009 06030698290 0YMGIHO YOO, HGMEIeroz 0deng35 bsmgbtob (bsztobggto beygtrerndo)

3503960l bsF95¢0985b

bbgo sDBmdIBBMEol Boghmo (HmIgeolmgobsg Ko << Ki), @dsbsfyolbdo H®sbl gm™dsdo,
303596 M ©obgMy0w0s Lo oE0dol omJloEBY (bsb.5). LoeroEowdol omdlowol
RMOI00  F93b90Mos  BsgdMHom  (HMEsdob B, bsg®obxzgho bgghmgdo bsb.5). C-U
05353900, Bsroneo 3nd3egdlo FomBmogdbgds, HmIgEoE derm3sgl BMEOL s sHYbL
L5©gdMOL godmymBol 36939630sL.

10. s06Bogom Y439wsby dgbogg@olbo 3oOHMmds (FbmemE ghHmo) OHMEs 19306 BMMHYdO
003905 C-U 0565030l s alboggdom Ggodwgds godmoyml bowgdseo.

Ki>>1
Ki>>1and Kc<< 1
K/ K<<1
K:>>1and Kc >> 1
Ko<<1

OoooOoono

9 5DBMBBBMo-Lowoiomdol  omdbool  gbgzbowo,  WiGHZMHDMWO  LsYdSMO!,
dm5m53LgL 309939G0L 3Mmbgdo (bsb. 6) oby MHMI gl gbgboero 396 dMdMsMdL bLbsMdo.
1b360o EosBOZGL A1 BoEol LogMdoo 0dolsmzol Hmd dmgbobs BMMGO0IL LomgdsGol
399mygmazol  0bogo®mgds  (bsb.5). o3  2sdmygmxzol  dmbodMmMobaolmzol  sdLMEOD30IO
1399 GHOMLIM300m, B93BMIG0 blbsMOL FNbMJTs FHowrmols LogMdgbg A2
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270 nm 330 nm 550 nm

hv, . o !

h\"l / /

e

-

300 350 400 450 500 550 600 650
2.(nm)

65b. 6 — Js636965: 996396089bH 0 FerfigmBogerds, Gadgeros 83000996985 bsgdtob
33002900L J2b0H260bg0b020b; Js63¢3965: HE5bL-5YB2896Deacmols Jorsbods («1f939¢90
bsb0), 3ob-sb@B96Baero (F9mBoermz560 bsbo) @s Hmpsdob B (Fy39¢90¢ro bsbo)

11. a5BLsbmzBgo L.

A= nm

12. 256L5bmzMgom L.

A= nm
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Problem Question 1 2 3 4 5 6 7 8 9 Total
T6 Points 4 4 5 3 10 2 9 6 5 48
8% Score

59t 3565 T6: 3¢ 3-0056530¢r0dgM9gdoL EsbILS0IYDS

B M3-mobs3modgMgdo, MHmIgeog doomgds  Lbgsslbzs  3m@wodgMgdol  (derm3qdol)
90690056 535380609300, BILOsMYd0E b0 MO M30L939d000 GMAMOOE SMOL
9525W0MOQ© 03000-5(4MdMOS. dm390me» 59m 396580 dm390mE0s sbgomo
95360 M3m 93290l LobmgHBo s sbsliosmgds.

306390 dgm3ols Jglffogems

0
HZN/\’< \/>OCH3
n
1

306039  bofoedo  sbgobowsgm  fysewdo bBLbs  3mBMm3me0dgdl 1 (a-0g0mduo-c-

5006m3m@0gmowgbyo3meo).
Bsg@ool 1 H 336 L3gd&™o (DMSO-ds, 60 °C, 500 MHz) dmo3s3l 9990099 bogboengdl:

Index 8 (ppm) Peak Area
a 2.7* 0.6
b 3.3 0.9
c 3.4 0.6
d 35 133.7

sb®ocro 1, * D:0-0b 0956556l9880L ol bogbsero 2.7 ppm J6598s.

1.891505890m 3bGodo 1 Im3gdmero H 36 Logbswgdo (a, b, ¢, d) dgLsdsdol 3GmEGHMbYdL.

o o o ob

H H H H H D
[ H—\ O%k)OXH
/ " ]
H
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2. 2530bobge  30dgH0obogool  Lsdveem  bsGobbo (average degree) n  HmAMO
3968906905000 BMmEgdol 83O 30308 AoczHs FoMMMOOLS s TGOl KAROL dIG 3030L
Aoctz BoOHDMO0L 3bJ30s. 3500M035¢0go n.

029 396 35002033¢000 n-U, Gs90b n = 100
36033690735 3590496900 8900820 355635(00989800.

©03M3-005653m¢r0dgMols Iglfogams

05653m0dgMHol Igmeg derm3ol LobmgBo dobbmM309w s BogMmol 1 MOMogMmddggdom
Bogmmb 2 (e-(096BD0MmdLo3oMmdMbO)-obob  N-350:dMJL0sb30EMOEO).  Mgsgzool
390939 3000905 dM3-msbadmeodgho 3.

b0
N o)
DU TG o' Nt
N NH\H/O g
oﬂ\o 4
o)

2: C15H,N,05, 306.3 g mol! 3

NHCbz
1
Cha. ©/\o s‘e

3. ghgm M95J300L 0bGHIMIg0sE0, Bmdgwoi Hs®dmoddbgds bsgMmol 1 bogeombyg 2
5353 900LsL 306039 LoxgqgbMHBY. d94s60BAol Tgmeg LoggbEOl Jogysgzs®o obBol G
§o6mH3mgdbsdg. shgtgom dobo biGMwdGwes

N NH o\/©
HzN/\’<O\/>\OCH3 + O:<NI\/\/ \ﬂ/ e ?
1 n o o , o
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4. obgmsfoomge (IR) gobmdzgdl 93909396 BogMHmgdol @abslosmgdolsmzol. 8gMbsdsdgo
9m 39990 bsdo IR L3gd@®o boghomgoLbl, 2 s 3.

100,
80 Bogmogdo:
e 60
= a0 o1 02 0O3
20
4000 3500 3000 2500 2000 1500 1000

o ((‘llfI )

100

65901900
80| U
60/
e O 1 0O2 O3
=" 40!
20!
4000 3500 3000 2500 2000 1500 1000
o (cm . )
100 . -
an B9 9d0:
. 60
= O 1 0O2 O3
=" a0}
20
4000 3500 3000 2500 2000 1500 1000
alem™)

5. 05653m¢0dgHol 3 H 336 L3gddmo (DMSO-ds, 60 °C, 500 MHz) fo6dmoygbowos bmé. 1-
9. BM0gHmo 56 yzges 33O Loaboeol 453mygbgdom, MMIgEms FoMmEMOJOO dM(39d )0
3HO. 2, 458mm35¢g0 dobo Lodwmogm dmery®o dobs M, 39-2 3ombgol n-ol dbgogLo.
399630600900L5m30L  G9dmbsBgm  SGHMIMS XFMNB(9)0 OMIgwlsg 094gbgdm mdzgb s
0003703690 dgLsdsdolo Loddmenm(gd)o (o, P...).
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£
*
*
B 5
5 (ppm) ‘

b9d.1 - 350320053000 5¢0b0dbrycmo bogbsergdo dggbsbsdgds
350blibgemls s fyserl.

sb®ocro 2
Peak | Area
ot 224
i 119
\% 23.8
) 47.6
€ 622
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M = kg mol™!
3sbgbo dmoygzsbgo d9oligo LodMLEo.

Boghronoll 1 »m0gMddggdom boghommsb 2 40 °C-Bg doowgds msbsdmerodgmado 3a
20 Losmob d98gy, 3b 25 Losmol 8999y s 3¢ 30 Lss0olL 899y. 3ILIOMISGMYMSBOWO
56se0obol (SEC) 990093900 dm393¢005 Lryeomby 2.

. Sovin 3 PRt = "
3 B X Lo le IR 1 s ).f 3
} : : Lo .
A % : LY gl (Y
a b LY |
g T T > e 7
! - 'l "._ L]
. N . M . or . v :.‘ pa ' .-' ' . -
. ' 3 B 1 :
- - -
5 . 1 . 3
; e R N 4 2 ‘.
D ; 20 F e Jea e
izt Liriat g g SRR S
LA
3 T ; bogrseed

o

6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7
V. (mL)

by, 2. - 3a, 3b o 3¢ -U SEC 6502059028 30980 6023203 3590293630 dmageycnmdols
R9693005, Ve.

6. 995505390 LIS 2-0L LobsgdO Msbs3ME0TgMYdL 3a, 3b s 3c.

3a: Ox avy Oz
3b: Ox avy Oz
3c: Ox avy Oz

JOMBo@GmyMsdol  3oer0dMoMmgdol dobbom bmdoo Tsbigdol ddmbg (3, 30, 130, 700 o
7000 kg mol) 3m@0dgcHgdol bGsbosd@wo bsgzo 0dbs dglfogwowo (L. 3).
MO0 JoLOL WMYPSM0To BLOOEY A59MOMY3b30L dmMEMdOL §FOHR0Z0 BB, Ve.
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A
SR

30 35 40 45 50 55 6.0 6.5 7.0
V, (mL)

bg6s. 3- bhsbostheyemo bs930L SEC J60859 38 (53305

7. 5965000 2 o 3-Bg dm3gdmewo SEC 36053039008 dobg30m goblaBmz®gom dmeodg@ob Ve,
Omdgroi T9gbodsdgds X gMoxo3l s godmoyggbgo ogo dgmeg derm3zol 3meodgobsools
bodolbolb m  go569000900Lsm30L.  IM0Y356900  IGHIWIOHO o IMES(305.  FJRO0AW0S™
39900949bmm 3o 3MEsG™m®mo 56 obsbmm aMsxgo3o

Ve = mL
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G®0dM3 05653me0dgHols Lobomgbo

d0MEMP0OHO 35dMmygbgdol JobBbom, GMmIgwog dmoEsg3L doEgEgdol Fo®dmgdbsl, GMmodwrmy

05653003960 9 9g0dgds 0gbsls LobmgBoMgdMEo oM dEMm30s6 B, dmbmdgmols
5 g98myqbgdoo.

O

catalyst
Hsc/o‘é/\o%H + p 5 —_— H3C/O\4/\O>GJ\/\/\/O>\H
n 110 °C n p
4: A 6: A-B

MsCI/NEt NaN Pd/C, H
3 3 2 7 M2 8§ + me

o) g CaHsNH>
CF3COOH/HBr H3C\O</\/O>.€H/\/\/\O>JJ\/\/\/NWN>H
8 n 0 p-1 e} H'm
9: A-B-C
MsCI: C':l
’ O:§:O
CH;
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8. 90 H59HMYdOL 5, 7 s 8 LAMIEBHIOIEO BMOTMEIOO.

5 (Go0©gds Ibmwme 6: A-B)

7 (§o6H3m0gdbgds gobo 30639 Loggbybyg)

9. 5080800 dEXM33ME0TIMHJO0, OMAMEMOE SMOL dsgswoms 9: A-B-C, dglisdwrgdgwos
399myg9b90mwo 0465l LodgoEobm JoBbom 30b50@sb dsm Fgdargdm Mbsdo Fysedo (pH =7)
0300 5fymds do3gegdol Fo@dmddbom, MHMIgwor msz0l FbMog FoMdmoygbl §odwrols
3900593)5bg0L.  05653M¢0dgHol  MomMgME dErm3l 80530369  glsdsdolo  ™M30LYds.

5§99 dbMmE 4 3meodgHvyero BmbBbol 998(339w0 doEgs.

A: U30060mg3mew60 0 30OHmz0m6o
B: H3000mg3mew60 H306mg0wv®o
C: H30@6mgmema®o O 30OH®mgzom6o

A \\WW\ B s cC ---

-
N
“71

oW
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59m3965 T7: [2]35¢3)965680 dotmgols d¢rmbgs

Candidate: GEO-1

Problem
T7
6%

Question 2 4 5 10 | 11 | Total
Points 12 2 2 5 5 54
Score

2016 g, bmdgeol 369305 Jodosdo dogbo s x.-3. Lemggoxol, Ly X.53 LAMIOGL s d.ev.
B9O06Q0L 093290 Gs67456980 LobogBols ©s @0 Bs060Ls030L°. 530L Dodde0m0d

[2]3596960, dmeng399es MH®IgEoE dmo3egl 9Mmdsbgmmsb s3s380M9de M dommgl. 50
LobBHgdsdo, gOHMO TFo3MME03eo 903938 9JOMIMY™3sb B9BBEHMMEOobol (d0IbESE0)
@0 5bL, beeem dgmeg - 6 woysbol: 39bmbEMMEObL s GHgHdoMoobL (BHM0WIbEG0).
1B30¢gbdol 0mbo  3MMOPOBoMBMWOos JM  ORBEPMD  MoMmgM  Fo3MME03wdo.

130¢96dob (+1 56 +II) 59633000 bsIOLLBY I J0YI GO0 F00MJdS MO 3MbBOYMMSE30s
(L 1).

9530m 30300l LobmgHBO J0dEObsMYMBL F9dgy0 Lgdol Jobgwzom:

0

L. 1- [2]359960630 806B30b w9 Hobhs8oerentrmds.

0
N N7 2'-DA_ 2 oquny THPO OTHP 2
P |N\ “ (2 equiv.) [ B ] (2 equiv.) E
=
A
MsCl LiBr
(2 equiv.) F (2 equiv.)
EtsN Ca3H27N306S
MsCl = H,C-$-Cl THP = 7{@ LDA =
1. @sf9Ggom B-b LEGHGMJGHMOMEO GMOTMES.
B
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2. s96gm E, F s G-b bG6Ovd@ermero gmemdwmegdo.

Candidate: GEO-1

E

3. Bs3mm3mowo Mg5daool 30039006 dgoMBogm gMmo 96 Msdgbody GMIgwos

399L5850905 D-qsb E -5 doemgodsb:

O H+ H0

O OH-, H:0

O NaBH4, CH3OH
O H», Pd/C, THF

4. LobMYgBOL LGMOGJA05d0 MsCl 59mygbgd TS MIMYMM(3:

O §o8bgergeo %080
0 ©s8339¢0 X080
O ©95d¢035300b X050
O 80335603900 X3MB0
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5. G 3000905 F-bs o LiBr-ob v6009604d9090000 5393™bdo. gb G195d30s 560U:

999 BHOMBOEMOH0 5OMIdE 0 Bobo33wgds

B3 gmzommemo s6OHMIsd o Bsboizargds
Snl

Sn2

OoOooad

6. fahge F — G 6gsgdgool LoBdsmol 85¢r0do@o6mgdguo bGe@ool goMsdsgswo
9™ ds6mds 3D g9mdgEHMool B396900m. s©0bodbgm Fbmerm ghmo Mgsgsool 39bGHMo.
d06M05©0 bsHI0MBIEMZ560 BMbRbo F980dw050 2odmLobmo MHmam®3 R xawmao.

2960059535000 8YMIMYMdY:

[2]353)96560L L LobmgHdo 59mygbgdwgaros bdowgbdol 3033egdlol MoMymwro 9x39d@o:

7. 3hatgm Cu(0)-ol OO gugdBHBMbIwo 3mbROYMOE0s doMoMs© FYMTMYMdST0
(ground state). ©s{gMgon Cu-ol gobagomo bosGobbo 3md3wgdldo J. ©sfghgo Cu-ol
99dAHOMbMwo 3065303965305 530L9Bw 0mbTo, HMIGEo 9glodsdgds J-b.

‘ Cu(0)-b 99dEHOMbMo 3mbgoyMGE0s:
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Cu-ob gsby30mo Gogbgo J-do:

Cu 9e09d@HeHmbmeo 3mbgogm@sgos J-8o:

8. 83560Bogm L-do L3oghdol ombol ggmdg@Mos. Bsmgzswgm, MM 13owgbdol 336GMOL
3560 399m 0gs6d0 560 00YSW MO MG ©0s. MY d MGmBOGIWIdOL gergd@Hmbrwo
©™bg900  3OOLEHIWMO  39eMb  BodoMmgdsdo (subject to the crystal field). 8gsglgoo
MOO0GSWOL 0G5, Igdgo  L3obol (5  Fogduodogro  860d36gmds  sd
3083w 9dLbolsmzol

L-3o Cu-ob 49m393H®0s 560b:

O ojdegeeaeo

L $ooO06wo

O 335005¢ e 3esbstrvyeo

O GOogmbogrn® 303065300

d 305 gd0ol dobarghs s 993Lgde:

9. Bs3mm»3e0wo Bsghmgdosb s0M®hogm gMmo 96 Modgbody, MmIgulsg dgmdeos L-sb
130egbdol 0MboL FM(30¢dS s M530LXRS0 [2]353 96560l Fo®dmJdbs.

NH,
[0 CHsCN

[0 NH4PFs

0 KCN H2N/\/N\/\NH2
O tren tren

[2]35¢3)9656d0 L 1L30egbdol ombo dgodegds s6gdmdEgL Mo 35633000 bsGolboo (+1) 56 (+11I)
5 O0MOMYMWo o060 53wgbL goblbgoggdwer LszmmMmEObsgom bggOml (Fglsdsdolo
A9IAH®5- 96 39630~ 300mOHOboMgdYO)
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Cu'lNg

bsb. 2- [2] 3569965600 L dcogmds908980

Cu(I) 3m33agdbgdol  LEMDOWMOMdS  dgodwgds  Fgxuslgl  dosmo  gargd@®mmbyero
LEAHOYIGHMOIOOL FIIMYOIOM 39000 TMOOE (069MEMEO) FoBMIB.

10. 8953190 259 FH ™39O 5HO OO 30BOJO0M 56 IMb0IZzbgd00m:

Cu!N4 3m83¢9dl 5943l ... 9w9dBHOM™bBIdo IgBswol Lszmm®mobszom bggHhmdo.
CuNs 3m33¢9db o43b ... 909dGHO™bgd0 Ig@Esol LogmmMobszom LggHmdo.
Cu'Ns 333¢gdlbo s@ob [ dg@s / O bsgangdo da®mowo 3omg Cu'Ns 3m33ergdbo.

11. 3953L9m 959390 bsBobL IJmbg »xMgd0 bob. 2-Bg Im 399 30003¢9dLugdol s©0bodzbgd0m
@5 §Y3930wbsB0osb Mx69gddo Bsfgmgo LolEgdol gugd@®mmdodon®o 3mb@mmeo d90wga0

50b03d3690000: @ (06rmbgs); +e 5 —e.

,,,,,,,,,,,,,

Cu'N, —

,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,
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Problem | Question | 1 |2 |3 |4 |5 |6|7 8|9 10|11 12|13 |14 | 15 | Total
T8 Points |2 |6 |2 |2|11|2|4|3|4|2 |68 |2]|6]| 4| 64

6% Score

59m 3565 T8: 0bmBoEHMgdol 000g6EH0E803530s ©s Lobmybo

§0obodgdsmy s9m3sbsdo, B39b Mbws 89300M8sgmm “BD LEAGOWIAMMS” ©s “39ML3gdG oo

BOOIMWS” OGO 3 6583969000 B-430Dol BogswombBg 999y LvMemBy.
OH

o OH
HO HO 0
. . HO OH
HO' ‘OH OH
OH
3D structure perspective formula

06mBoGHMWgdo 56006 3033m3gdueb-1,2,3,4,5,6-39dumengdo. bmyoghmo qb 6-(93m0sb0
39MdM(3030, 3o FmMoL Jom-06mBOGHMEO3, d0MEMY0H 3MrM3gLT0 5M06 BsGombo.

300-060mBo@memols LEHGIEHM™S
1. @s§gtgom 0bmrBo@megdols bGOHvdGOMEo BmMIMwgdo bEAIMgmJodool gocmgdy.

dm939gdol gl mxsbo dmoisgl 9 Lbgo@olibgs  bGgMgmobmdghl  9bgb@EHomdgMgdol
Boogaroom.

2. (190900 Y39ws Mm33H032IM5® 59GH0MO 439w BEGHIMIMODMIGMHOL 3D LEGHMWMJGHMES.

9399mm 560l sbbow o 1393080MEO 0bmbBoGHMEOl LGHMMIGHMGS, HMIJWLE 9him©gds
d0m-0bmbBo@meo. dolo bogs@deol 3MbEMOIGMId06 TbMEME gHmo MOl MI0bI6EO,

0ol LAHOMIGHWOS Fgodwgds gobolsbwgzmml TH 336-13gd@mom. J3gdmm dmEgdwwo
139JAHM0 PsfgMowos 600 3-bg D20-8o. 53 BogMmob b3gd@®do bbgs Logbswgdo 56 3er0bwgds.

Logbogdol dmbs399900 dofigMowos J3gdmo dmygzsbow L3gd@®do.
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4.054
4.049
4.044

3626

~3.610

\3.594

3.281

—3.265

\3.250

/
i

4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2
O (ppm)

3. MigM9m ©M30bsbGHO bogMmol Imwg3MEMEo RO, OMIGEoE 59 Fogowomdo
§oM0m0ddbgds dom-06mBOoGHMWoEb s MMIGElLsg 9Jal  H 836 b3gdGol dglsdsdolo
0 9od500900l Bom©9bmds.

4. 36BHM™Mbgdol Logbsergdol MoEbgzgdby s 0bG Mmool 3603369 mdgdbg oyMbmdom
5H9gM9g0 59 IMe939esdo sOBYOdMEo LodgBHMOol LodMEHY(9d)oL MoM©IbMdS.

5. ©@3sGMEgom J39dmom dmyzs60¢0 Jom-06mBo@EMmEol 439w sBy Mmoo 30bxzMOIGMHOL
LEAHOMIGVIOMXO BOTNWS S MOMNMIO {95050 FgMLsdsdgm Bgdmo dmyzsboen TH
33M-L39dBHMBY IMEgdME 5©0bodzb90dL (a, b, ¢ s d). 3GMmEHMbo a Mbws ogml 65HTJoMdsEDY a.
©5h9M90 dobo 3D LEGHOMIGHMIOVIXO BEOTMES.

3D LG9 EHmeo:
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06mBo@GHMemgdol Lobamgbo

L539O0bM  458mYygbgdol M35 LsBMOLom, 360d3bgermgsbos BmyogMmo 0bmBoEmeol
73mbgsGgdol LobmgBo LsdGMgfiggerm dsbd@sdom. Bz9b gsbz0boErsgm 0bmBoEmeol 2
LobMYHBL BOMIPOMOSH 1.

OH Br OH
HO,, _~_.OH OH HO._~_.OH
L, — — L
-—— —_—

HO” ™~ ~OH OH HO” ™~ ~OH
OH OH
2 1 3

9bodbgom LHim®o LEGHOMIGHIOMEO EsTIM 0O (9d)0 b5gMMGAL 2 s 3 FMMOU.

6.

O 9696¢0m3g6m9d0

O 930396900

O @o0sbGHgtmgmdgehgdo
O 5¢®m3m0bmdgmhgdo

06mBoGMmwo 2 990dwgds do0gdwyeo 0gbsl 659000@sb 1 930 Logggbwymosbo goModdboom.

______________________________

| HO. |

4 i E i o
OH p-TsOH CHyCl, o

1 | p-TsOH: Oé_OH E

1 1 |

| O :
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Bn-OH, BF3+OEt BusSnH, AIBN ©
n-OH, . n-BusSnH,
5 8 2> C16H1gBrO4 3 - ><
R BnO™ 0
-10°C THF =
6 OH
7
OH
0OsO4, NMO HCI (aq) A HO,, A OH
7 > 8 9 —>»
Acetone / H,O EtOH, 25°C HO"™ ~~ “OH
e OH
2
H\ /H 0

O
",
Z
9
<
Z\
z
>
o)
Z
/N
Z®
/

7. 3j9®g0 Bogemob 4 3D LGOI GHYIOMXO BNOIMES.

4

8. 09594305, BTgbog 80349350 BogMmsdg 5 4963060MdGdMW0s MmMTsy 335Bg Foowo
99dAHOMbMwo Lod33m030L SOLYIMOOM. 43193350, HMA HBgdmom dm3gdmeo 1-36Gmad-1,3-
303™399b509gb0L LEOMJEHWMS FoMdMoygbl bogO®mol 4 J3guEBHMJBHML.  8gdmbsbgom

M350 835 Y39moby Fomoo gargdBHambowmo 1od33M030m. (3539 LEOVIEHMOYIODY
0o08mB0bgm dGIMTOL 5EHMToL sOBYOMB00 45dM[39MI0 Y39ws 9gdGHO™bMwo 989dGo.

Br

9. 96gm bsgHMOL 5 M0G0 OLLEIMYIMIGHOL 3D LEBHMVIEHMOS

5
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10. @sfgMgem 9bsbGHomIgH s  bygms  boghmo  1-sb  BoghHomo  5-ob  Jowgdolsl
§oM3mddbogo dgladem bGHgMgmobmIgMHgdol HoiEbzo.

11. bogggbyHOLMZoL 52 6 SBY39 IgledwgdYE0s 08539 IMEY3YOHO BMOTMOol dJmby bbgs
36dEoL  (50b0dbmmo 6°) [omdmddbs. @sfghgm 6 s 6-ob 3D LEHO®YIGHMOWwOo
ROHIN9dO0.

12. @s§96gm 8 s 9-0b 130653 glo oslBYMIMIgMgdol 3D LEGHMYIGMM9dO.

13..80603690 2-0l dobomgds M195d300ol bim®o 3ommdgdol bs36M9d0.

H», Pd/C
K2COs, HF
HCOOH, H20
BFs-OEt2

oOooad

14. 009 3™l 56 903936 BogMmo 1, BogMnBg 2 ©TFo3HJool ML Fgodegds Fo@dmoddbaols
Lbgs BEGYIOIMOBMIYMOE. 939350, T M9od30900L LEIMIMLYEgJE0IOMDS 53 LobomgbTos
B930S M(33egeo s 999ymdo Loggbymado dmoiegl basgMmolomgol 2 943035 9b@gdol
00539 050 96m0d5L. sfigMgo bEYMHgMobBmIgeol 3D bEHYIEwes s 50bodbgo dobo 3sgdo®mo
Bo9g0nmb 2.

51st IChO — Theoretical Exam 63




Candidate: GEO-1

9656@0mIgM9d0
930996900
©03LGYMHgMBgM00
5GHMHM3M0BMIGM900

oooa

15. bsgM»osb 1 Boghomols 2 Lobogbol ML dmbodbgom sd3s30 96 doddseranggero

X 31B900L Bsdmblbol Loggbwm®(9d)o.

1-4
4—-5
556
6—-7
7—8
8—-9
9 -2

ooooOooOoond
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Problem | Question | 1 | 2 | 3|4 5| 6 |7 |8 |9]|10|11 | 12| 13 | Total
T9 Points 2124|132 (17|1 |12 4|2]|2]2 44
7% Score

593365 T9. 0g3md303535060L Loborgbo

Bsfogwo 1.

M35 M0 Losbgliogbom bsdmsegds 849303535060 (3009MH 00 ILObYEIds Fo03>0b0)
d900UL dbmgom X sbs330ol MmEmRB0BsE00l 99000350963 700L Bsdmbsmgsedo. dombgsgzs
0doby, ®mI s95¢00 ©EIL A5TM0Ygbgds M5390sGHwo bsmgzol Lsbom gm@s bbol fob
50dmBbs, GMI 39303535060l 9B 9bsbEGHOMIgMO - 9g3MdY303535060, M0l Bogergdo
390©0mGHMJL03MOO s  FgLodsdolo, MBOM  MBIBOMbM 30O  M(39TGH0.  YIM-
03035350600 LobmMgHo Fgodergds gobbm®mEoger gl dBxdMH030 530bMIzs3s L-cwobobosb.

+

clr- W™

+ 0]
H3N/\/\/\H/
0]

L-Lysine hydrochloride

1. L-g00o%obol 3000Mmmdwm®odo gsblsBmgmgo bGg®gmagbmemo 39bGHMolL sdLbmErwEMMo
3065025300 5 3056039 Bs3bs33w9dwgdl Fglsdsdolo 3M0MMmOEGYE900.

3bx0aMM30s: 36GomMoBgBHo 1>2 >3 > 4:

gg g{\/\/NHg,*CI— «,{NH; a{ooo‘ «,{H
[] [ ] L] [ ]

2. L-gwo%bobdo 3Mgxz0dbo L 801000090l 3sG@Md0m 3mbxgogmMsgost. 8mbodbgo yzgws
YOO GeOHIN0MGOS.

[ yg39es 86906030 L 5306038553900 56056 s3bbog 8sd6mbgdgero.

[] 396906030 L 530603553900 890demgds 0y3b69b dotbbog s 3563603 3s0Mmbgdgeo.
L] yg39s 86906030 L 5906Mm03553900 5096 (S) 3mbg0aw®s3oob.

L] yg39s 06906030 R 5906Mm33553900 06 (S) 3mbx0awGs3000.

bdo6o© 3330M©Yds, MM Mg5g305d0 d9309L L- c0Bobol dbmemo gMmo sdobm xamao.
Cu? 356H0@gdl 35600 {fywosbo 30OHMmdLlooL MsbsmdoLLL dgwdwosm Fgbowdmb ghmo
5806m Xam3z30. 3033gduols Fotdmddbol 999y Mgodiosdo dgol Fbmermeo 3ma3wgdlols

RmOIoMgdsdo 99mlgzegero s80bm xamao.

3. 53350, OMI L-cwobobo ©95J305d0 dgol OHmam®3 30w9gbGEo@wemo woysboo ©s L-
@0oDBobol MO0 dmeng329s 30MOHEOBoMHgAL gMom Cu? -ob 0Mmbmsb.
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3Md39dbo

L509b0IMOME g3Md303535060L LOBMYHBOL WML, HMIgEoE BB3gbgd0s J390mm, AbS3LO
996b93000005 (LY 9dGHOOMdS) 9906086905 Cu? -0l 0mbgdol Msbsmdob ocqdgs.

NH3*
R . 1) 1 eq. LiOH 1) NaOH, Cbz-Cl B

8 2) 1 eq. PhCHO 2) diluted HCI C14H20N204

L-Lysine 0 3) aqueous buffer
hydrochloride pH 6.2

NaNO,, NaOAc C NH, D 1) KoCO3, Hy,O E
AcOH C16H21NOg DCC 2) TsCl, NEt3 C29H34N206S
| AcO = CH3COO |
NH
H,, Pd/C reagent H "N "
- > F — ———> Levobupivacaine
o NEts C1HpsN,O
Cp1H2gN20,4S G 81128772

reactive intermediate

0
A %
chzcl= @O “ bcc- TsCl = /©/ 0
N=C=N

(benzyloxycarbonyl chloride)  (N,N'-dicyclohexylcarbodiimide) (p-toluenesulfonyl chloride)
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4. ©ghgm  bogmomol A LAHOMIGHMOMO  BMEOTMES

3omM35¢oLobgdom.
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dgLodsdolo  LGgMgmdodool

A

5. L-@00%B0bob gotsddbs A 65960080 56101 (506B0gom Fglisdsdolio 3sbb(9d)o):

L] 9656@0mbgegd@omdo Ggogsos.
L] @0sb@gtmgmbyegd@omemo Mgodazos.
L] ®9300L9wgdGHom@o Ggodisos.

6. ©gMgo bogmmgdol B-F LGB mo g3m®mdnewgdo, dgbsdsdolo LEgmgmgodool

3om35¢0Lobgdom:
B C14H20N204 C CisH21NOs
D E Ca9H3:sN206S
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F C21H2s8N204S

7. 65 560 DCC-ob Mmoo 490msddbsdo C>D?

[] 58060 %0530l 83390 XS0

[ 3o6magbool X380l ©933)wo Xo030-
L[] 58006M0 330 {o®dmdabol go355JEH03909w0 396¢3)0.

8. TsCl LobmyHAo godmoygbgds by dgfymdolomgols:

5306mx 30l 630 gmz0wmEo Bsbszwgds.
5306mxM30L 9egdGOMBoMEOO Bsbs33egds.
30Mmgbowol X530l b3mmgmaom®o Bsboggwrgds.
30MHMglowol XyMB30l gegdGHOmzow Mo Bsbozmgds.

Oooof

9. 9mbodbgm yzgms Jglsdarm  Mgoa9b@0, OMIgEog 99odwgds  godmygbadmewo  0gbsls
095396¢s0 H:

O 996%s390eo HC1 0 Zn/HC1

O K2COs O H2SOs4

O 996%03999¢00 KMnOs4 O 2496%s3909¢00 NaOH
O SOCL O PCls

10. @sf9cgom wg3md303535060L LEAHOWMIGHWOMo GMEIMWs Fgbsdsdolo LbEGHgMgmgmadool
3om35¢0Lobgdoom.

©930091303535060 CisH2sN20
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Bsfogmo Il

©930091303535060L  Lobmgbo  LoFoMmgdls  9bsbGHomIgh e  byxgoms  L-cwobobols
399mygqbgdsl. 5306mIz539900L 9656EH0MIGHo LolKBMOz0L IYHIHOL BMYsO FgoMPOS
om0 256 oddbs 5d0gddo IMdgemol dx530L (0bogom (S) 0BmIgHol LGMYIEIOs J390mm)
39dmyabgdoo.

0, CFy
HO._ X

(S)
0

(S)-Mosher's acid

11. sfigcgod sdool LEGHOMIGIOMEO BMOTMEs, GMIYEToi L-eroBobol a-sdobm x50
2996d300b5¢0BgOMwos  (IM035EH0DIOWMos) (S)-0m8gaol Tgs300. bsomws  sB3969m
00MMYI0 JoMSMMO 396GO0L bGgMgmdodos.

12. 650960 36OHm©MJ@o 890degds (omdmoddbsl 9bsbEomdgmmmam sGebvgms wobobols
@9 (5)-0m89gMHob d5530L O09MHNJdggd0m (©sYdz30m, HI WoDobol a-5d0bm Xm0 sGOL

©96035¢ 0D (9M5Jdbowo))?

™60 osLEGIOIMoBMIgEO.
Mmbo ©o0sLEGHYHYNO0DMIgHo.
™60 96563H0MmIgMHoL Mo3gdeo babggzo.

Ooof

mmbo bsgMmo: mOO 96563 0mI M0 s OO OILEIMGMODBMIGMO.

13. 9gomBogom  dgommE(gd)o, MHmIgwoi  9godegds  0dbsl  asdmoygbgds  wobobols
9696GH0MIgH o LobBmegzgol  MoMmEYbmdMmogz0  4obLsbLzmOLsM3zoL  dolo  (S)-dmdgMols

35353000 ©9M0353H0B300L 89009,

[ ] 336 L3gdBHOHMLb3M30s.
[] 093935000 JOMB5EMYM05300.
L[] 9sbb39gdEHOmdgE@os.

L] 990-L39dBHO™IgEHe0s.
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