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+ Only write with pen. Your calculator should be non-programmable.

* This theoretical exam booklet contains 63 pages, not including general instructions.
* This examination has 9 problems.

* You will have 5 hours to solve the exam.

* Begin only when the START command is given.

* All results must be written in the appropriate boxes in penin the designated areas on the answer sheets.
Use the back of the exam sheets if you need scratch paper. Remember that answers written outside the
answer boxes will not be graded.

* Write relevant calculations in the appropriate boxes when necessary. Full marks will be given for correct
answers only when your work is shown.

* The invigilator will announce a 30-minute warning before the Stop command.

* You must stop working when the STOP command is given. Failure to stop writing will lead to the nulli-
fication of your exam.

* The official English version of this examination is available on request only for clarification.
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Problems & Grading Information
alajallg Jilweall e Glogleo

% of Total Score Total | Title Problem
Score No
8 24 Two Beauties of Turkey: the Van Cat and the Ankara | 1
Cat
10 77 A Tale of a Reactive Intermediate 2
8 51 (+)-Coerulescine 3
10 66 Symmetry Does Matter! 4
14 100 Konya, Carrot, Beta-Carotene, Vitamin-A, Immune | 5

System, Vision

12 80 Thermodynamics through an Interstellar Journey 6
12 85 Phthalocyanines 7
14 58 Boron Compounds and Hydrogen Storage 8
12 100 Quantification of Heavy Metal Ions 9

100 641 TOTAL
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N, = 6.0221 x 10**mol !

Avogadro's number

kp=1.3807 x 1023JK!

Boltzmann constant

R =8.3145 JK 'mol™! = 0.08205 atm LK 'mol ™"

Universal gas constant

c=2.9979 x 108ms~!

Speed of light

h=6.6261 x 10-34Js

Planck's constant

F =9.6485 x 10*C mol™!

Faraday's constant

m, = 9.1093 x 103! kg

Mass of electron

P =1bar =10°Pa

Standard pressure

P, = 1.01325 x 10° Pa = 760 mmHg = 760 torr

Atmospheric pressure

273.15K

Zero of the Celsius scale

1072 m;1A=10""m

1 picometer (pm)

1079 m

1 nanometer (nm)

l1eV=1.6021 x 1071?]

1cal =4.184]

1amu = 1.6605 x 1027 kg

1.6021 x 10719 C

Charge of an electron

PV =nRT

Ideal gas equation
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H=U+PV

Enthalpy

G=H-TS

Gibbs free energy

A, G = AG° + RTInQ

A,G°=—-RTInK = —nFE°

T cell

AS = %z, where q,., is heat for the reversible process

Entropy change

AS =nRIn 2 (for isothermal expansion of an ideal gas)

Entropy change

E:EO‘FHMM

nk reduction

Nernst equation

E =k Energy of a photon
Integrated rate law
[A] =[A] —kt Zeroth-order

First-order

Second order

Arrhenius equation

Equation of linear calibration curve

Lambert-Beer equation
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1 18
1 atomic number 2
H| 2 Symbol 13 14 15 16 17 | He
1.008 atomic weight 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
1 12 13 14 15 16 17 18
Na|Mg| 3 4 5 6 7 8 9 10 11 12 |A|Si|P |S|Cl|Ar
22.99 | 24.31 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 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 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| | | Xe
85.47 | 87.62 | 88.91 | 91.22 | 9291 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 1124 | 1148 | 118.7 | 121.8 | 1276 | 126.9 | 131.3
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Bafrnn |Hf [Ta| W |[Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At |Rn
1329 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -
87 88 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118

Fr | Ra |se103| Rf I 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
138.9 | 140.1 | 140.9 | 1442 - 1504 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

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

Ac | Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es|Fm|Md |No | Lr

- 232.0 | 231.0 | 238.0 - - - - - - - - - -

Tl - - ’
201 9&‘%};,; @
IYPTE |
Intarnaticnal Year n B m

aof the Periodic Table
of Chamical Elements

Copyright © 2018 International Union of Pure and Applied Chemistry

Reproduced by permission of the International Union of Pure and Applied Chemistry
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Chemical Shifts

I\Ille
aryl NH, aryl NH, Me—SIi-Me
M
amide NH, NH, alkyl NH, NH, (TM;
aryl OH alkyl OH
o) =—H
M _H H
R” O H Yoo I
e = C-H | —C-H
o © - _J/_ >_ [ |
RJL Y=N,0,X|Y=C,O,N
‘ \j
| | | | | | | | | | I
12 11 10 7 6 5 4 3 2 1 0
Chemical shift (5) ppm
Typical Coupling Constants
RS i i
H H H H
vicinal geminal geminal
%)= 6-8 Hz 2J=2-15Hz 2J= 0 Hz
(diastereotopic hydrogens) (homotopic hydrogens)
H \. /
= c—C X—C—C—Y
/ \ H/ \H I I
H H H
trans cis vicinal
3]=12-18 Hz 3)=7-12 Hz 3)=2-12Hz
(depends on dihedral angle)
H N/
\ /c\ \ - H
\_ c=C H C*C\
| 5H VY /M
3/ = 6-9 Hz (ortho) allylic geminal
4/ =1-3 Hz (meta) 3/=3-11Hz 2)=0.5-3 Hz
°J = 0-1 Hz (para) (depends on dihedral angle)
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Chemical Shifts
C=C
aromatic
C=C c—o
C—N
c=o0
c=0 acid C=C CcC—C
aldehyde ester
ketone amide cC—X
| [ [ [ I I [ | | | | [
220 200 180 160 140 120 100 80 60 40 20 0

Chemical shift () ppm
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IR Absorption Frequency Table

Intensity Absorption Frequency | Type of Vibration Functional Group
Region (cm 1)
Alcohol
strong, broad 3600-3200 (stretch, H-bonded) O-H
strong, sharp 3700-3500 (stretch, free)
Cc-0
strong 1150-1050 (stretch)
Alkane
strong 3000-2850 stretch C-H
variable 1480-1350 bending
Alkene
medium 3100-3010 stretch =C-H
strong 1000-675 bending
c=C
variable 1680-1620 stretch
Halide Alkyl
C-F
strong 1400-1000 stretch
c-cl
strong 800-600 stretch
C-Br
strong 600-500 stretch
C-I
strong 500 stretch
Alkyne
C-H
strong, sharp 3300 stretch
c=C
variable, not presentin | 2260-2100 stretch
symmetrical alkynes
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IR Absorption Frequency Table

Amine
N-H
medium (primary | 3500-3300 stretch
amines have two
bands; secondary
amines have one
band, often very weak)
C-N
medium-weak 1360-1080 stretch
N-H
medium 1600 bending
Aromatic
C-H
medium 3100-3000 stretch
Cc=C
medium-weak, multi- | 1600-1400 stretch
ple bands
Carbonyl
C=0
strong 1820-1670 stretch
Acid
C=0
strong 1725-1700 stretch
O-H
strong, very broad 3300-2500 stretch
Cc-0
strong 1320-1210 stretch
Aldehyde
C=0
strong 1740-1720 stretch
C-H
medium, two peaks 2850-2820 & 2750-2720 stretch
Amide
C=0
strong 1690-1640 stretch
unsubstituted have | 3500-3100 stretch N-H
two bands
1640-1550 bending
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IR Absorption Frequency Table

Anhydride
Cc=0
two bands 1830-1800 & 1775-1740 stretch
Ester
Cc=0
strong 1750-1735 stretch
c-0
two bands or more 1300-1000 stretch
Ketone
acyclic
strong 1725-1705 stretch
strong 3-membered - 1850 stretch
i
strong 4-membered - 1780 stretch cycie
strong 5-membered - 1745 stretch
strong 6-membered - 1715 stretch
strong 7-membered - 1705 stretch
o, f-unsaturated
strong 1685-1665 stretch
wavenumbers lower to absorptions moves conjugation
aryl ketone
strong 1700-1680 stretch
Ether
Cc-0
strong 1300-1000 (1150-1070) stretch
Nitrile
C=N
medium 2260-2210 stretch
Nitro
N-O
strong, two bands 1560-1515 & 1385-1345 stretch
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6)dil dhé ,gla dhd LSy go gilioa
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- LS R = R T i R TR

The most beautiful of cats, the Van cat is a pure breed living only in Lake Van basin. Another endemic cat

breed is the Ankara cat. They are called Angora cats. Their most important feature is their two different
eye colors.

dnd AVl ddill bl go .gla 8par Agr b hdd ginel dudi dilw go eaa gla dné hhéll Joal
(el ualito guigl leayal i leajioy bo pal .ljgailll hha payle Glhy g 6dil

Van cat Ankara cat

Just like people, cats can sometimes be stressed and angry. Just as people are made happy by melatonin,
the stress of cats can be reduced and they can be made happy thanks to a natural product. Nepetalactone
is an organic compound isolated from the plant catnip (Nepeta cataria), which acts as a cat attractant.
Nepetalactone is a ten-carbon bicyclic monoterpenoid compound derived from isoprene with two fused
rings: a cyclopentane and a lactone.

, oigitall cuu 83leuwlly jedy gluidl los gluiyl Jio blai wadllg yigill jedi i flal hhall )
sgAc wijo (Nepetalactone) ggidVlini .deyh alaiio dayii elaouw Igighy Il oy g hhdll hen Juléi j4og
(Nepetalactone) ggidV ligi wdjo . hhdll ailas Jogy s3llg (Nepeta cataria) sull glieill diti go yaliimo
gliiglauw 1 uitoro (uidl go gugpVl go (Gidiio Jguys ailjd dpilc gd aldlall @Jlif aginyill galal Gbpo

- Jgisy g
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Cat eating catnip in the garden Cat's dream

)

o
P~

A

Nepetalactone
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Total synthesis of nepetalactone:

:9giSVLinill JolAll apuiill

1 2 1)neoet 1) HgSO,, H;0* ™
O e " o :
OFt 2) = Ci3H1g03  2)A C1oH1602 A C1oH140
2 Br
H, | Pt
O
1) Os E 1) NaBH, NaOEt
OAc D -—
2) Me,S C19H240, 2) Ac,0 Cy7H00 PhCHO
4 3
1) NaOH, H,O
2) Nalo,
O
E G CaCly / A o
C10H1603 C1oH1603 -H,O =
1
14.0pt ) ) 1.1
The above scheme describes the total synthesis of nepetalactone.
Draw structures of A-G, without stereochemical details. )
Hnlai gy A-G Jo Al puyl 1ggisVliyill olAall Aiill oMl hhAall cang
.declyall eliogall
Hints:

» Compound A has strong and sharp band at 3300 cm-1 in the IR spectrum
* A, B, and F are monocyclic, while C, D, E, and G are bicyclic compounds.

* F has one doublet at ~ 9.8 ppm in the 'H-NMR spectrum.

‘augil

IR cath (4 3300cm™" aic 8ala g 30 dod aial A whpoll
.ddlall duilit abibyo G gE ngCUi&p@d,&ﬁleipbiaLgﬁp@aFngA'
'"H-NMR cath gd ~ 9.8 ppm 1ic daclio doja ajal F
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Reactions of nepetalactone:
:ggilVli aMclai

H DDQ 1) NaOH
- _—
2) H,0* CHO ¥
C1oH120; 3
(+)-1 6
O
1)180°C 1) Hy/Pt
e 2) HCI(aq) (@]
) Oz 3) Hy/Pt Cl CN
o DDQ :
| J Cl T CN
C1oH1805

The above scheme includes a few reactions of one of the enantiopure nepetalactone 1 isomers. Three
of the reaction products ( 5, 6, and }) are used as insect repellents in industry.

ailgi go &Mt plaaiwl iy .1 ggidylinil drigall alpogjuVl go aalgl allclai jo gae ollci hihAall Jonis
Jdelinll oa alpnall 6yjlh alayges (J g 6 g 5) Jelaill

4.0pt 1.2
P For the relationship between 5 and 6, which of the following is/are true? Tick

the box next to the correct answer(s) on your answer sheets.
(ablayl gl) diladl Jildo 6jlou] g Sauan il go 1.6 g5 gu dallell dunilly

Reaction of 1 with DDQ gives highly conjugated compound H. Also, thermal reaction of compound H
with p-quinone gives I with molar mass of 226.28 g/mol.

2o I oy p-quinone go H wpall )il Jelaill gl L4 . H @galyill lle wpo gy DDQ go 1 Jclai
226.28 g/mol digo dlia

6.0pt 1.3
P Draw the structures of H, I, and J indicating stereochemistry.

.duelall eliogSll 1o J g Tg H Jal cuslyill pauyl

Hints:

* During the formation of I, sequential pericyclic reactions and an oxidation reaction (due to the presence
of O,) take place, and a well-known gas forms during the reaction.

+J has a strong and very broad band between 3300 and 2500 cm~! in the IR spectrum.
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132 cagjeo jlé ggaitg (gawall 3gag cuun) sl Jelaig deylito dydla ailelai daai, T (gai clifl «
Jelaill elidl

IR deuilll cagh oa 2500 ~'cm g 3300 ~'cm gu aglyii Iaa dygdg dayyc doja Glhi ayal )
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(4.0pt) 1.2
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[]
Enantiomers
drign alibloio
Diastereomers
(Ulgin) drign pé albiloio
O
Identical
Gilhi
O
Stereoisomers
du¢ly aliSlaio
(6.0 pt) 1.3
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Arynes constitute a special class of reactive intermediates. The first experimental evidence for the struc-
ture of an aryne(benzyne) was demonstrated in 1953 via the elegant labeling experiments by John D.
Roberts and coworkers.

iyl eyl i aldl Jai .dlleall dihwgll alidgell go dnla dia (arynes) diphell abibjall JAdui
.04\loj g yuipg).y gga lay pld Gl dagll aldnlall gjlai JUA go 1953 ple o dils (benzyne) sjhell

In one such experiment, chlorobenzene, whose carbon at position 1 was labeled with radioactive *C,
was reacted with KNH, in liquid NH; to give nearly equal amounts of isotopic isomers A and B along with
the inorganic salt C. This reaction proceeds via the formation of aryne intermediate D.

o KNH, go ,guiall™C jniey 1 gagall od digifs prwgi pi M1 .gjiugygls Jelai .ylaill oda gaa] o4
d.chJJI 1Aa piy .C ggaell ¢ alall go B g A dyjillai ulJ.LDgJ.Hd.DLLIJ.CI.I dyglwio aliad heul NH; d.lLuu
D ghugll gjhall aSjall 3187 b oc

» Cl KNH,
—————> A +*+ B * C

NH3(|)

7.0pt 2.1
P Draw the structures of A,B and D ,and provide the formula of C. Indicate the

position(s) of 1“C-labeled carbon(s) with an asterisk (*) whenever applicable.
gl 1C gguAll (gnlgo) grngo oll puil .C doin isl g.D g B gA;uﬁIJ_'l'p.wJI
- Guhill Jild gdgo gl (oa (*) doqill &Ll

Analysis of the 14C-labeled product(s) was achieved via degradation experiments (the “C-labeled carbons
are not shown on the structures). Radioactivities of the intermediates and final products were examined.

o dango puc ' C dogugall ggyall alpd) dat aylad Gupa ge M C ggyallidogugall (Rilgi) Ailill Julai pi
dyilaill ilgillg dyhugll alibpall eclodyl hliill jpad pi (el
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NaNO,
A&B
HZSO4 (aq)

H

H,N NH,
Ba(OH)ZJ 1
KMnO,
BaCO;
(Batch 1)
HO,C  CO,H HN - NH, 4 oco,
Ba(OH
9 l (OH),
BaCO,
(Batch 2)
9.0pt 2.2

Tick the appropriate boxes on the answer sheet for the intermediates and prod-
ucts that you expect to exhibit radioactivity.

oIl Adlgillg dinwgll albpoll dilayl dd)g (oa duuliall aleyjall oa 8jli] g
Licled] UaLii @i gi gdgii

With the aim of facilitating aryne formation, Kobayashi and co-workers developed a fluoride -induced
aryne generation protocol. Using this method, benzene derivative 3 is reacted with furan (4) in the pres-
ence of CsF, resulting in the formation of E, F, and G

plxilwly Lyhc daiwo- aygld whyo Mgil déyh odilojg (suiililigh jgh ,alyhell gighi Ji@wi wdray
G g F g E ugai ll $331 Loo CsF. agags furan (4) gljgall go Jelaiy 3 (pjilll (Gio .ddyhll oda

0SO0,CF, o
/@: + i\ /7 + CF —> E + F + G
MeO SiMes MeCN

3 4

« Combustion analysis of E revealed the following atom content: 75.8% carbon, 5.8% hydrogen, and
18.4% oxygen.

« E does not have a proton that is exchangeable with D,O in 'H-NMR spectroscopy.

* F is an ionic compound.
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1wl 18.4% g ,cuagjaid 5.8% , Jaud 75.8% :ddlill ailjAll ggino e E §lyial Julai @i »
'H-NMR wath o D,0 go Jalill Jld ggigp lc gging M E
gyl whjo F -
8.0pt 2.3

Determine the structures of E, F, and G.(without stereochemical details).
[(duclya cliors Junlai ggn) G g F g E cuuSlji aaa

In the absence of a nucleophile or a trapping agent, arynes can undergo [2+2]-type cyclodimerization or
[2+2+2]-type cyclotrimerization reactions under suitable conditions. The aryne derivative that is obtained
when 3 is treated with one equivalent of CsF in MeCN can give, in principle, four different dimerization
and trimerization products (H-K).

* H has two planes of symmetry.

+ Iis expected to exhibit 21 signals in its 13C-NMR spectrum.

« I and J both exhibit an m/z value of 318.1 in their mass spectra.

-ggi go aldlall (dilif) pauy abphell alelail gt gi ghas alhn| Jolegl Jraglati agag pac dlla o4
ic agle Jgmall piy Al gpheoll (Ghnoll Jaoy .duulio cagih oa [2+2+2] -¢gi aildlall (i) joqlyi gl [2+2]

6)oylyillg 6youall (Jo dalivo Rilgi deyji Jaall éun (o . ghhgy gi MeCN, qd CsF (o aalg caldar 3 dalleo
< . (H-K)

LJ_TLO_TL.J_'E! . GT!AJ H .
BC-NMR wauh aic 8)Liil 21 jalg gi gdgio I -
loaili4 wliho o4 318.1 gglwi m/z doud) gthey JgI -

16pt . 2.4
Determine the structures of H-K.
H-K cui8lyill aan

When 5 is reacted with 3-ketoester 6 in the presence of 2 equivalents of CsF at 80 °C, L is obtained as the
major product. The H-NMR! and *C-NMR data for L, recorded in CDCl,, are as follows:

2iliS L (olc Jgmall piy .dygio dayx 80 aic CsF Jo (uialfo dgag s 6 jiwl gits-liy go 5 Jelaiy loaic
o)

(ollills (a@ CDCl; o dlawall L abjoll C-NMR g 'H-NMR alily

'H-NMR: § 7.79 (dd, /= 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.

OSO,CF, o @] CsF (2 equiv)
» L
@i + H3CMOCH3

SiMe, MeCN
5 6
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5.0pt . 2.5
Determine the structure of L.

L cudyi Aan

4.0pt 2.6
P In the reaction shown in task 2.5, which of the statement(s) in the answer sheet

describe(s) the function of CsF?

SCsF jgy wani dilhl ddjg sa (aljlc) &jlic 6I 2.5 §pdall oa anrgall Jelaill o

* The pK, values ofHF and 6 ketoester 6in dlmethyl sulfoxide (DMSOQO) are about

15 and 14, respectively.

6@ (DMSO) ywigalw Jrito (oilif (o4 6 jiwl giys-liy g HF 1 pK, pud
.dlgill glc 14 g 15 (gllga

Diazapyrone derivative 8 was shown to be a useful reactant for the construction of a variety of cyclic
frameworks. Its preparation from phenylglyoxylic acid (7) and its use in two different reactions are de-
scribed below.

opAni piy éya dudlall qusljill o degiio degono clid 83140 dlelaio 8alo dil 8 ggpuljl sly Gidiall J@h
olial arrgo galas gualito (ulelai ga priiuy g (7) ellwglayly Juisa aoa go
* Q and T are gases under ambient conditions.
* 0 and P are constitutional isomers.
* Q does not have a signal in its IR spectrum.
* Heating 1 mol of R at 85 °C generates 1 mol of reactive intermediate S.
* Reaction of 8 with two equivalents of S gives U, Q, and T.
dhiaoll cagiall ga aljle Tg Q -
dlasa alpogyi Pg O -
IR wathll oa 8jlul apal juul Q
S Jleall ghugll aSpall go Jgo 1 algy dugio daja 85 aic R go Jgo 1 guiwi -
TgQgU gheyS go (uialso go 8 Jelai +
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Ph

(o) 60 °C DCC )YO
P " NGO N N NN
7MgN2 N (0]
Ph™ "COzH -H,0 -H,0 %r DCC
7 Ph 8
H,C—==—NEt, Ph
(1 equiv) )Yo S (2 equiv)
o + P * Q < \ - U + Q@ *+ T
Nﬁ/o
Ph 8

J\/\ONO

COH  CF4CO,H (cat) 85 °C
©: - R —_— S + Q + T
NH,

? )lOH

Note:
equiv= equivalent

cat= catalyst

28.0pt . 2.7
Determine the structures of M-U.
M-U &l aan
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huill ghugll ol d184

(7.0 pt) 2.1
B A
D C

(9.0 pt) 2.2

Considering only B : Considering only A :

Compound 1 Compound 1 O
BaCO, (Batch 1) BaCO, (Batch 1) g
Compound 2 Compound 2 O
BaCO, (Batch 2) BaCO, (Batch 2) O
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(8.0 pt) 2.3

(16.0 pt) 2.4
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(5.0 pt) 2.5
L

(4.0 pt) 2.6
F~ hydrolyzes the trifluoromethanesulfonate (O;SCF,) group of 5. O
F~ attacks the -SiMe; group of 5. O
F~ acts as a base to deprotonate of 6. O

F~ acts as a nucleophile and attacks the ester group of 6. O
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(£)-Coerulescine

A spiro compound is typically an organic compound containing rings linked together by one common
atom (spiroatom) as carbon atom with bold in figure below. The spiro[pyrrolidin-3,3'-oxindole] ring sys-
tem is a structural framework incorporated in several cytostatic alkaloids and unnatural compounds.
Coerulescine (1) and horsfiline are the simplest prototype members of this subfamily that show diverse
biological activity and can be synthesized by the route shown below.

dajimo 8)3 Gub Je laney iyl aldly gle (ggind digac alibpo wlloll ga (spiro) gplull alibjo Jgaf
1 dall plAill ,Jawll dangall déolell Jauall 8ja 2o Jhll ga o4 (spiroatom) guluwull 6)3 (gouud
cytostatic ) dyglall abiglall olunl o Maell oa Aalgiy dutdyi duiy e 8)lic spiro[pyrrolidin-3,3'-oxindole]
woldii il abbjall huyl go (horsfiline) g (' Coerulescine (1) )aiiyall .drephll e alidyall g ( alkaloids

olial gmgoJI Jlall Gupby ge lariuni oy g da9io gaglgy blui ald alibpo @ g odyoll aigoill ellil
G:O

Claisen rearrangement, which is a [3,3]-sigmatropic rearrangement, is a powerful carbon-carbon bond-
forming reaction in which an allyl vinyl ether is converted thermally to an unsaturated carbonyl com-
pound as shown in the Scheme below. When compound A is heated, it undergoes Claisen rearrangement
to give carbonyl compound B.
ellag .[3,3]-sigmatropic rearrangement ggill o wuiji 8alel ggi go Jelai @ il g (Claisen) wuipi éalel
)0 ol Lyl il Jalisa VI Jgaly duny ggups - ggud dhuly Jagad dlMA go piy (sgd Jelai Guyh ge
whyo clhcy ubpo wgiyi dalel ol gy il A wsall gy piy bodic olisf arago ga Los guito ¢ Jiigyls
- B Juigyls

For this entire task, your answers can be given without any stereochemical details.
.daclpall elogdll g Junai gi gga go 6lheo ggii clililal .Jlgudl 1a@ Jai go

yRvE A 0 N
2, —— 7
R? 3 R!
R2
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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
Y
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8.0pt 3.1
P Draw the structures of A and B.

B gA LAl p.uuﬂ
. Ais an inseparable mixture of cis/trans isomers.
. B has IR absorption at 1726cm L.
(cis/trans) alpogjyl (o alna j4og V hild e ojic A -+
1726cm ! aic IR gd olniol dod al B »

16.0pt 3.2
Draw structures for C, D, E, and F.

. D-F have a bicyclic structure.

.(F,E,D,C) cualyi pauyl
ddlll ilif sy ole gini F-D

4.0pt 3.3
P Choose the correct order of steps for the transformation of F to G.

G oIl F Jgai ailghal aanll quyiyill yial

8.0pt 34
P Draw structures for G and H (both spiro compounds).

(gyl alibyo laeion ) H g G c1talyi pauyl

5.0pt 35
P Draw the structure of the intermediate produced by treatment with n-BuLi in

the step H - coerulescine (1).
n-BuLi w4y dalleall e Rilill gl LAjall byl puayl
6ghall gqa

H - coerulescine (1)

Coerulescine (1), on treatment with N-bromosuccinimide (NBS), gives the bromo derivative, which upon
heating with sodium methoxide in the presence of cuprous iodide gives horsfiline (I) in 60% yield.

Ml g gogpll (Gimo elly (e adiy dila N-bromosuccinimide (NBS) w5jally dinlleo ric (1) Coerulescine(
60% 3gajai (I) horsfiline dic Qiiy §Abﬂl wulaill gyl aalgi go pgiagall apwAgito go GuAwill aic

5.0pt 3.6
P Choose the correct structure for compound I consistent with the following se-

lected 'H-NMR data: & 7.05 (d, / = 1.4 Hz, 1H), 6.78 (d, / = 8.0 Hz, 1H), 6.72 (dd, J

=8.0, 1.4 Hz, TH) ppm.

(TH-NMR ) dyllill 8jliaall alilll go Galgy I T Sjall aanll il yiai
:dyl Ll

§7.05(d,/= 1.4 Hz, 1H), 6.78 (d, / = 8.0 Hz, 1H), 6.72 (dd, / = 8.0, 1.4 Hz, 1H) ppm.
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5.0pt 3.7
P When the allyl ether of 2 naphthol is heated a sigmatropic rearrangement is
initiated. Write the structure of major product isolated from this reaction.
loap qyipi 8alel Jelai eny jaay aila (Jgiali 2) 1 yigl Jayl guawi piy losic

Jelaill 3@ (o alje piy M1 guuil ilill )i qisi

A

Co —
—_—
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(£)-Coerulescine
(8.0 pt) 3.1
B
(16.0 pt) 3.2
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(4.0 pt) 3.3

Imine formation, then reduction, then amidation O
( 2oVl (ugai pf, JIFHAYI pF, grogl ggad)

Amidation, then imine formation, then reduction O
( JUHEAYI oF , gVl ggad pf ,apoNl (jugai)

Reduction, then amidation, then imine formation O
( geog¥l ggad pi ,apoll (ughd pi ,JIjiaYI)

(8.0 pt) 3.4

(5.0 pt) 3.5
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IVIe\ Me\ Me\ Me\N
OMe N N N
MeO
o 0 0 O
N N N N
H H OMe
[ ] [ ] [ ] [ ]

(5.0 pt) 3.7
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lado phliill

There are numerous reactions in organic chemistry that proceed through cyclic transition states and
these are classified as pericyclic reactions. Woodward-Hoffmann rules, developed by Robert B. Wood-
ward and Roald Hoffmann, are used to rationalize stereochemical aspects and the activation energy of

pericyclic reactions.

dini & g didly dyldiil adlay jgpall @Guph ge pif il digaell clioibll ga alclaill go aaell cllia
G g lapght oi (odll g (Woodward-Hoffmann) U.Ll|g.ﬂ (pericyclic reactions ) dudla clclay Lail wle
dydlall alelaill hydiill déla g duclyall cliogdll dwlyy gle Ialicl jloaga alg) g 3jlgag ,jipg)

(e}
(Woodward-Hoffmann rules) (jloaga g yjlgag (uilgd
didln alalil Cycloadditions dudlngyisll aMlclai Electrocyclic reactions
Photochemical Thermal (A) Photochemical Thermal (A) Number of
(hv) RYLJEN (hv) sl electrons
gt oiliass " gt (oiliais " aligislyl 3ac
Favored Disfavored Disrotatory Conrotatory (con) 4n
Jrdo Jrdo pé wualeio gljga (n=1,2,.)
drign diiliogs- Jliga- Lylpya-
wMhleio
Disfavored Favored Conrotatory Disrotatory (dis) 4n+2
Jndo it Jndo aljga - Lylp i (n=1,2.)
guSleio yusleio gligs
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12.0pt 4.1
P Fill in the table for reactions (i)-(iii) or products 2-5:

:5 - 2 2lgill gl (iii)-(i) clclaill Jgaall ol

There are three possible benzotropone isomers. Although two of the benzotropone isomers were iso-
lated, 3,4-benzotropone (1) has not been isolated. Its instability is attributed to the o-quinoidal structure
of 1 because it has no sextet electron system in the benzene ring.

VI lalje of ggigpiliipdl alidlaio o uiil gl go ,( benzotropone ) (ngyigjitll dlaino ailiblaio &l elllia

v diV 1 J (o-quinoidal ) JI cuiayi (oJl agey jdiwo ji¢ wdjall ggs ,aljc aiy al (3,4-benzotropone (1)) gl
il ddln oa ggpslyl gwlawll plai al

6.0pt 4.2
P Draw the structures of stable benzotropone isomers A (with 6 signals in its 13C-

NMR) and B (with 11 signals in its 13C-NMR).
) B g (*C-NMR I (aa pja 6 go ) A ugyigjisl 8pdiwall alpogjull cutSIp puyl
(C-NMR™ I (a1 doja 11 go

6.0pt 4.3
P When the following tetraene is reacted under photochemical conditions,

symmetry-allowed product(s) of three different ring sizes can form according

to the Woodward-Hoffmann rules. Tick the correct answer in each row.

adli dic aiiy duigh diiliogd hgpi oa Gl ( tetraene ) glyiill Jelaiy loaic

i ( symmetry-allowed ) dalito dpédla plaal &lil Lliled dagouwwo (Rilgi)
Haw Ji oa danll dilhVl gle §)lal g, ( Woodward-Hoffmanngilgd

D
[ S
= D

(@) O
H. Me Me _H h
h | | N __ ™V _  [2+2]-Cycloaddition
O}\N N /&O reaction

Prof. Dr. Aziz Sancar

The Nobel Prize in Chemistry 2015 was awarded jointly to the Turkish scientist Aziz Sancar, Swedish sci-
entist Tomas Lindahl, and American scientist Paul Modrich for their “mechanistic studies of DNA repair”.
Pyrimidine bases found in DNA may undergo a photochemical [2+2]-cycloaddition reaction (see above
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figure) with UV light that reaches a person'’s skin, causing damage to DNA, which may ultimately lead to
skin cancer. The research by Professor Aziz Sancar focused on the DNA repair mechanism for this type
of damage.

Thymine (T) is one of the nucleobases that can undergo such a photochemical reaction with UV light. Let
us assume that we have a solution of free thymine that was subjected to UV irradiation.

JIil gulogi gxgul pllell g puwilw jije o&41 plloll jluilly 2015 plel cliotll oa (higi 6fila anio
GHaopull aclgd gl gt "diggill yaloadl puoji diatilatel pailwlyy ” le gliyjago Jgr 4upoll pllell g
photochemical diigh diilioys didla dalal Jelaiy oy gl ghoy diggill Jaloadl g bases) Pyrimidine )
ol i il (UV light) diawaigll Gga dewil (elcVl ango ga lod) ( [2+2]-cycloaddition reaction
Ric Jguuagpll alul Al glap od Loaggad quiy A1 g gggill gaoall g jlpbl quwii il g 6pull
JIIl go ¢lgiVl odal ( DNA repair mechanism ) diggill galoaVl aroyi dratilaio olc aijdy puil
odlions Jelail gadd gl Llal gaoy @il ( nucleobases ) digladill aclgdll (o aalg ga (thymine) (T) goglill
(UV)JI aeitll anpei pig )l groglill go Jglao elloi Liil pieil ( UV )JI dedil Guph ge oign

(0]
H\N | Me hy
o)\N
H
T
16.0pt 4.4

Considering stereochemistry, draw the structures of all possible products of
this reaction between two free thymine (T) molecules. Circle the compound(s)
which is/are chiral. Drawing only one enantiomer of an enantiomeric pair is
sufficient. Please note that only C=C bonds participate in this reaction.
Ailgill il paayl [ (stereochemsitry) diclpall cliogall jhicVl grer dAVI go
(ahaspall gle 8yila g all (T)gpoulill aliyja gu Jelaill 13al Lol dloiaall
hia ail hay ,digido diigs aliSlaio agj gl 3alg wign wSloio puyl dyliyall
Jelaill 38 g4 ¢jlii C=C hilgjdhyl)

A broad range of halogenated derivatives of norbornadiene (N) are known in the literature. Tribromo-
norbornadiene (C,H;Br;) has six achiral (meso) isomers. Three of these isomers (6, 7, and 8) are given
below.

Jdsolell §ljgyl o dagjes ( norbornadiene (N) ) gurijgugill laiiala i il aldisiall go gulg Jlao

(8 g7 g 6) ulblaiall oda (o dilli .(gjto) allps ¥ abiblaio cuw (C;H;Bry) dewny (uaijgygigogpill
.oliaf 8lheo
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Br Br—  Br
Lb y jﬁ
/ 7 y U
6 7 8

9.0pt 4.5
P How many signals do you expect from the 13C-NMR spectra of isomers 6, 7, and

8? Fill in the following boxes.
.ddlill aleiyoll Aol $8 g 7 g 6 aabiSlaiall C-NMR I wath o pjall sac pb

9.0pt 4.6
P Draw structures of the remaining achiral (meso) tribromo-norbornadiene

(C,H5Br;) achiral (meso) isomers (C, D, and E) in addition to 6-8 over the given

figures in the boxes.

dony gurijgugigogpill (gjradl) ddipdill abblaioll il bl o)l

dlheall JAmVl olc 6-8 ll dalvyl (E g D g C) ddlpS\ll abbleiall (;C,H;Br)
aleyoll g

The NMR spectrum of ether 9 is complex. Two MeO- groups are different as are all the hydrogen atoms

on the rings. However, diphenol 10 has a very simple NMR spectrum and there are only three types of

protons (marked as a, b, and c). Areasonable average structure responsible for all resonance structures

and its symmetry is shown as 11.

Jaldlall gle guagyaall aljy Ja go Jhall ga o4 glaliai (MeO-) gicgano .adeo 9 jijll ( NMR )]l wath

(¢, b,auq digieo ) aligignll ¢glgil i\t hda xags g hiuy NMR cath cllay (diphenol) 10 Jgiraylall 4l
11 (sa 2igo ga los (symmetry ) yaliill g driipl cuSIpll ge Jgduo Jgido huugio cuyb)i

Ha

8.0pt 4.7
P How many signals do you expect from the '3C- and 'H-NMR spectra of 12 and

13?
13 g 12 wSjall (* H-NMR g C13-)JI dalihy dedgiall pjall 3ac a4
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o) OH
HO ‘ OH
OH OH
12

MsO OMs
(@]
MsO O OMs 1
‘ Ms = Me—ﬁ-g-
(@]

O OH
13
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Matter! Does Symmetry

(12.0 pt) 4.1
A or hv cycloaddition [? + 7] Product Reaction
2 i
3 ii
4 iii
5
(6.0 pt) 4.2
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(6.0 pt) 4.3

(¢
D
S D

',

/\D
\‘\\

O
D

(16.0 pt) 4.4
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8 7 6

Br—  Br Br Br._-Br
Br

Br Br Br

(9.0 pt) 4.6

E D C

d7 | Ay Ay

(8.0 pt) 4.7
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signals in 13C-NMR

signals in tH-NMR

signals in 13C-NMR

signals in tH-NMR

OH OH
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il dclioll jlaa i geoliva .ouigyls-Lin .yjall Lrigs

Mevlana (Rumi) was a great mystic and Sufi poet who lived out his days in Konya in the 13th century. The
indirect relevance of Konya to chemistry is that the city provides 65% of the country’s carrot production,
from which one of the essential vitamins (vitamin A) is obtained.

dpuliall pe dlall pine Gl ghdll oa Ligh oa aolyi yilc laghc haljg liagn el (ogl) Lillaso gls
dpulwil aligoliyall 3 gle Jgaall piy éyn I ga jjall alii] go # 65 yagi digrall i oa clioydlly Liigal

- (Agtolira),
Carrotis animportant source of B-carotene, which gives the vegetable its orange color. This moleculeis a
red-orange pigment naturally found in plants and fruits and is a provitamin A carotenoid. It is converted

to vitamin A, which is essential for normal growth and development, the immune system, and vision
function.

duldipy -clpon dun ga csjall Aa . Glldipll laigl jLaAll ey Allg /B-(uigllall ledwo jano jjall piey
9ag « A guolina o] dhygal ply . Mgikig)ls A (uoliragy gag aslgallg alibill d geub Jady 83gago

digyll dayhhgg «dclioll plhAig . gouhll jghillg gaill (jgpa
B-Carotene has an extended polyene chain of 22 carbon atoms. It is a conjugated T-system, having
alternating single and double bonds. Its experimental maximum absorption wavelength (Amax) is 455
nm. We assume that all the bonds between C1 and C22 are conjugated bonds. There are 22 tt-electrons
in the molecule (Figure 1).

hilg) elliay ,(galyio 1 plAi dil .ggi}s 6)3 22 Jo daclnoll hilgyl 631eio 63ino dlulw B-gLig)la elliog
o gl gajiai 455nm. daydll( Amax )euaill galniolll gago Jgh ondl gly .digliio daclhog 3pdo
(1 Jaddl) egjall (oa T alighiall go 22 aagy .ddaljio hilg) @ €22 g C1 gulo hilgyll
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Figure 1. Ball and stick representation of the structure of B-carotene. The gray and white
spheres represent the carbon and hydrogen atoms, respectively. The numbered carbon atoms
belong to the linear conjugated m-segment of the molecule.

aljy elayllg dnlodl alyall Jiaf dua B-guigyls. wubjil lnellg 8)4ll pladiwly eawagi oy .1 Jadl

il go oAl Galjiall w ejall (@l dadpall ggyall aljl galii . llgill gle . guagjaiallg gguall
To a crude approximation, the electrons in the C-2Pz orbitals, which are perpendicular to the molecular
plane, are assumed to move along the entire molecule, without interacting with each other. They are
like independent particles confined in a molecule moving along the x-axis in one dimension. These char-
acteristics of -electrons make them eligible for being treated by the simplest model called the particle
in one-dimensional box model.

Jah Jol5 (slc . sdujall sgimall go daoleiall C-2Pz, aljlao o ejaii aligyalyl gi gajiay . supdill padill
ole dpiy eja o 8jgnnall dldimall alopwall apii éyay gaeul laney go Jalaill g «alasly egjall
pLn owy adgoi huyl [@iwlal dago laleai m -aligrialy gailnill oAd .aalg a2y od X- jgaoll Jghb

Azl galal (§gain aigoi b

The wave function and the energies of the quantized levels for an electron moving in a one-dimensional
box with infinite potential walls are given as follows:

ddlai ¥ a@a ghjaa go aaull galal (Ggain ga dpiy ggpialy dedll aligiwall aldlhg dagall dly gl
i " il gaill glc

U, (r)=/%sinzmz  (Eq.1)
where n is the quantum number, n=1,2,3,4,.... oo, and L is the box length.
.@g).i.nﬂ dgb L g ® 1121314 =n. ‘5\05.” AASﬂ| g.a n (J.lﬂ

E, =g (Eq2)

In two dimension, within the framework of independent particle approximation, the wavefunction is
expressed as a product of one-dimensional wavefunctions, and the energy is expressed as a sum of
one-dimensional energies. The energy levels of the two dimensional rectangular box is given as follows:

Asyll dnlaf dagall Jlgal ailis dagall dly ge pueill piy dldiwall alopwall oyl plAI gor el od
Jihiwo el gilif Ggainl dalhll aligiue clihc) piy el dplal aldlhl ggonns daliall ge pueill piig
" oLl gaill ole

By =[5+ 212} (Ea3)
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where n,, n, are the quantum numbers and they are positive integers. L,, L, are the dimensions of the

box in the 2D model. They are positive numbers.

pL&Ji g 2D. aigaill (oa Ggarinll Aleyi sal,L, .diagodian alaci o@g doall Alacl @wa@n, n, da
.dingo

13.0pt 5.1
P Which two of the sentences given below are correct? Tick only one answer

which includes correct sentences in your answer sheet. ;
illg hda 6aalg dila] lc doMle g Sdauan olial slheall Joall Jo (pilon
<y dnlAll G4lal dd)g (oa dannll ablaVl goAls

The B-carotene molecule is orange in color because:
1l oJldip aigl JLig)ls-B cja ggiy
i) it absorbs in the visible region of the electromagnetic spectrum.
«suthlioog@4ll cahll go djoll dihioll ga aioy ail
ii) HOMO - LUMO transition occurs by absorption of IR photon.
IR ggiga galniol Giph gc HOMO - LUMO (Jlaiil ¢iang

iii) the spacing between the 22nd and the 23rd energy levels is equal to the energy of the IR photon at
the orange wavelength.

ATl sagall Jghll aic IR ggiga délh ggluy 23 g 22 délhll gygiwo Ju (Gpall
iv) it absorbs green/blue light and it transmits red/yellow color.
JanVl 73Vl gglil @l dlgaig §jjVl / paall egall (aiag dil
v) it absorbs in the UV-Vis region since the molecule has no net dipole moment.
‘aln ahé @dlif pje @il gl egjall i éua UV-Vis Jlaall oé gaiay dil
Although it is highly unrealistic, let us assume that the conjugated segment of the molecule is linear and
treated with the particle in a one-dimensional box model as shown in figure 2. In this case, the length
of the box can be approximated as L=1.40xnC (in A), where nC is the number of carbon atoms in the
conjugated segment.
prwall 23gai plaiiul aiig ohi egjall go Galyiall cjall i yajiai waedlg pe Galiall a gi go peyll
Garinll Jgh gl eupdi Jady jhicl gaoy .dllall oda (oa .2 Jadll od aigo ga Lo raull galal (Ggain oa
.Galyiall cjall (o8 gguall aljd aac ga ng éya (Adaagr) L=1.40xn,, dil olc
Use this information to answer the questions 5.2-5.6.
.5.2-5.6 dliwVl glc dalall alogleoll 0A® padiwl
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Figure 2. Schematic representation of the conjugated line segment made up carbon atoms
of B-carotene in a one-dimensional box of length L.

dgrin d wiglls iy oa gguall aljil @aljioll ghall cjall ghihai Juai .2 JSwull
agh aeull gl

13.0pt L 5.2
Calculate the energies (in J) of the lowest two energy levels

ddlbll gugino isd (813g)) allhll quual

15.0pt 5.3
P Draw the wavefunctions of the lowest two energy levels with proper labelling
the x-axis. .
Jjgaall gle daianll alolell gig go dédlhll Jugimwo yaaill diagall Jigall puyl
X (odtudl
8.0pt 5.4

n = 4 showing the relative spacing
n=4 owwill achill ang

12.0pt 5.5
P What is the total m-energy (in J) of the molecule?

sJgall 6aags egjall dyl4ll 7 dilh Lo

10.0pt 5.6
P Calculate the wavelength (in nm) at which the transition between the highest

occupied and lowest unoccupied energy levels occurs.
ddlh giwo (glcl gu JLEiiNl oaic &y Ml nm éaags sagall Jghll cuual
. .aligyialyl Jgedio ¢ délh ggiwo (ginlg aligyialil Jgeuio

Use the particle in a two-dimensional box model to answer questions 5.7-5.8.
.5.7-5.8 dlill glc diladll alill gilii (Ggrin pAgoi b dorwall padil
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0 L

X

Figure 3. Schematic representation of the conjugated carbon atoms of -carotene in a two-
dimensional box.

Aleill Gilif Ggain b giglls B o ddaljiall gguall alil ghyhal Jiioi 3 Jull

Assume that the conjugated segment is made up of carbon atoms that are all-trans to each other. The
motion of the m-electrons is studied in the two-dimensional rectangular box with the dimensions Lx =
26.0 A, Ly = 3.0 A (Figure 3).

dwljy piy .guilyi gaglly paedl lane go lagion ggal il ggyll aljd go ggaly Galyiall cjall gi gayial
(3 Jauidl) A3.0=Ly. A 26.0 = Lx slayly al2illl ilif Jihiwo Ggrin b aligyialyl @4

17.0pt 5.7
P Calculate the energies (in J) of the highest occupied and the lowest unoccupied

energy levels and the wavelength (in nm) at which the transition between these

energy levels occurs.

Sgiuo Jaaalg aligialyl Jgesio dlh (ggio olcl J 6aags aldlhll wuaal

Aic Jnai il jiogilill 63391 sagall Jghll A4 g ailigpialul Jgasio pé sdlh
Jugivall (pia gulo JLEiivl

12.0pt 5.8
What should be the Lx value (in A) in order for the molecule to absorb light at

the experimental Amax=455 nm if Ly is kept constant at 3.0 A. (Assume that the
quantum numbers for homo and lumo are the same as in the question 5.7.)

455 = Amax aic egall cgjall yaiog &1 A 6aag) Lx dagd ggiy gl qay Al Lo
lumo g homo o Jal pAll alacl gi yajial) 3.0A. aic Lili Ly gle hlaall a7 13] nm
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System, Immune Vitamin-A, Beta-Carotene, Carrot, Konya,

Vision
(13.0 pt) 5.1
d)iandv O c)iandiv O b)iandiii O a)iandii dJ
h) iii and iv O g)iiandv O fiiandiv O e)iiandiii O
k)ivand v O j)iiiandv O
(13.0 pt) 5.2

Calculation:

(15.0 pt) 5.3
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(8.0 pt) 5.4
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(12.0 pt) 5.5
(10.0 pt) 5.6
calculation:

(17.0 pt) 5.7
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calculation:
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(12.0 pt) 5.8
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pgaill gu dlaj pc eiolizagopuill

Part 1

In a hypothetical universe, an unknown amount of diborane participates in the following reaction:
il Jelaill oa diborane (o dlgano diod ojlui . qnljidl pllc o4

B,Hg(g) + 6H,0(l) — 2H;BO4(s) + 6 Hy(g)

Assume that in this hypothetical universe, H;BO,(s) obtained from this reaction was completely sublimed
at 300 K. The necessary energy for sublimation was obtained through work released by one cycle of an
ideal heat engine in which one mole of monoatomic perfect gas flows through the cycle described in the
pressure (p) - volume (V) diagram below:

Jgnall i .galls 300 sic LIS Jelaill 3@ go ailill HyBO,(s) woludy . onlyiadl pllell 132 g4 g ayial
aa joy gllio gjlx dprol 6aalg 65ga (o dilill (work) Joudl dad JUi go golwill dojilll ddlhll glc
:dawll (V) paall - (p) henll ginio o dagpino 6)gy JAA 8)All tﬁg)bi llio jlé go anlg Jgo

* A= B; isothermal reversible expansion receiving 250 | by heat transfer (q,,) at a temperature of 1000 K
(T) from a hot source.

* B D; reversible adiabatic expansion.

* D~ C; isothermal reversible compression at a temperature of 300 K (T.) releasing some amount of heat
(9¢) to a cold sink.

* C- A; reversible adiabatic compression.
.galw jano 3o (g5) 8)lall go 250 Judiwi (T;) 1000 K diili 8jlya daja dic gwugic daoiA-B
.dlll ougic 3aai B D »
Al w@pno @l (g0) 8l 3T (T) 300 K dili 8)lpx dayy aie guigic (pldi:D-C
bl qugic galdi:C-A -

A T.> T
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After heat transfers, the remaining energy is released as work (w). Also, g and g, are related to T, and
Ty as follows:

I@Jl.'mﬁ Ty 9 T 4 dhuiyo qo g gy «daladl (w) Joui Ja le didiioll délall jaiv .6)lall ayldtil ro

|95

lacl

35

The efficiency of the cycle can be found by work released by cycle (w) divided by heat absorbed by cycle
m)-

{qg) 6)g:ll o dnioall &jlll (glc (W) 6)gall o Allill Jeuull dowdr 8)gall 6clad (olc Jgnall 4oy
You are provided with the change in enthalpies of the following reactions at 300 K.
.300 K aic dlill aslclaill allliiyl pei dagji ai

A, H(1) = —1326kJ mol~! (1) ByHg(g) + 6Cly(g) — 2BCls(g) + 6HCI(g)
A H(2) = —1125kJmol™t  (2) BCly(g) + 3H,0(l) — H3BO4(g) + 3HCI(g)
A, H(3) = —493.4kJ mol™* (3) ByHg(g) + 6H,0(l) — 2H3BO45(s) + 6H,(g)
A, H(4) = —92.3kJ mol* (4) $Hy(g) + 1Cly(g) = HCl(g)

5.0pt 6.1
P Calculate the molar enthalpy of sublimation (in k] mol~!) for H;BO, at 300 K.

300 K aic H3BO; gobuwil (k) mol™" 6aag1) yVgall oLyl cuual

12.0pt , _ 6.2
Calculate the A, U (internal energy) in terms of k] mol~! at 300 K for the re-

actions (2) and (4) given above (assume ideal gas behavior for each gaseous
species in each reaction).
6lheall (4) g (2) ailclaill 300 K aic k) mol ~1éaagy (drlalall déliall) AU cual

(Jelad g5 o djlall slgall JAI gllio jlell douh yayisl) oLl

6.0pt 6.3
P Calculate the amount of overall work produced by a heat engine (|w|) in terms

of ] and the amount of overall heat released to the cold sink (| g ) in terms of

J.

8Jlall drosg ) éaagy (|w]) sylall dpall go dailill Yl dlnao dod cual
J 6aag1 (|9 ]) Wl capnall (ol ddlhiall

3.0pt 6.4
P Calculate the efficiency of the heat engine described above.

.olclli wagngall )l dpaoll 6elas quaal
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6.0pt

Calculate the entropy change (AS) for A— B and D C processes in the heat
engine in terms of ] K1
J K 6aagr )l dpall (oa D C g A- B (uitlooll (AS) gdgpiidl pot qual

6.5

6.0pt

Calculate the Gibbs energy change (AG) in terms of | for A~B and D~ C pro-
cesses in the heat engine.

(SNl dpall (04 D~ C g A~ B itlasll ] 6331 (AG) yuua délly péi qunal

6.6

5.0pt

Calculate the ratio of pressure at point A to the pressure at point B in the cycle

(standard pressure: 1 bar).

honll) 6)jgall oa B dhdill yic honll ol A dhdill yic honll dudi wuwaal
i (1 bar :guwilidll

6.7

3.0pt

Calculate the amount of H,(g) (in moles) produced according to the reaction
given at the beginning of the task for one cycle of the engine.

81931 Jlguull dyla1 i (shsall Jelaill go ailill (Jgall 833g1) Hy(g) d1ns quuual
.cljnall Jo 6aalg

6.8

Part 2

Interstellar journeys can be done by using diborane as rocket fuel. Combustion of diborane is shown

below:

ByHg(g) +305(g9) — By03(s) + 3H,0(g)

:olial (o diborane §lyial .ayylgnll agdg4 diborane plaiiwly pif gi pgaill gu aMapll oy

Combustion of diborane is experimented in a 100 L closed container at different temperatures and the
equilibrium conditions were recorded.

IV cagyh i pig dalito &)l alay ic 100 L pan §léo cleg oa Ljai diborane (@ ai

9005 K 8930 K
0.49 mol 0.38 mol B,H4(9)
0.20 mol 0.20 mol H,0

Partial pressure of O,(g) was stabilized to 1 bar and kept constant at all conditions. Assume that in this
hypothetical universe; A, S° and A, H® are independent of temperature, the standard molar entropy (S°) of
B,0,(s) does not change with pressure, all the gas species behave as an ideal gas, and all species remain
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in the same phase, without any further decomposition before or after reaction, at all temperatures then:

ealiayl ggall 138 oa gf yayial .cagyhll groa aic Lli ocléilg 1 bar aic 0,(g) J djall héall cii pi
Jlg Jheally yi) ¥ B,0,(s) 1 (S°) wuulidll s)¥gall gugjiiyl glg ()il dajs ge guléiino A H® g A,S° i
gl J1d gald] Jai s pe go jghll guai @b @dii slgoll gioa glg .dyllio jlé piel dijlell alopwall gioa

Laic djlall alayy J8 aic Jelaill re

8.0pt 6.9
P Calculate K, (pressure based equilibrium constant) at 8930 K and 9005 K.

.9005 K g 8930 K aic (hgenll duwilly gliiyl culi) K, sl

6.0pt 6.10
P Calculate A, G° of the reaction in terms of k] mol~! at 8930 K and 9005 K. (If you

failed to find K, please use K, (8930 K) =2, K,, (9005 K) = 0.5)
Ayl go JAaii p 13]) .9005 K g 8930 K aic kj mol ~*6aag1 Jelaill A, G° wuwal

(K, (9005 K) = 0.5 g K, (8930 K) = 2 pariwl Lilw K,

6.0pt . . 6N
Calculate A G° (in terms of k] mol~1t), A, H°® (in terms of k] mol~!), and A,S° ((in

terms of ] mol~'K™!) of the combustion reaction at 298 K. (If you failed to find

Kp, please use Kp (8930 K) =2, Kp (9005 K) = 0.5)

(Jmol ™t K1 6aaq1) A,S°® g «(kJ mol~* daags) A, H® g (kJmol~! 6aaqy) A, G° cwunl

K, (8930 K) = paiiuil LcuLu.l K, sl go gaoii pal 13]) .298 K aic GlyiaVIl Jclail
.(Kp (9005K)=0.5¢g 2

8.0pt 6.12
P Tick the correct answer in the table by determining whether combustion reac-

tions are favored or not at given T below under standard pressure (1 bar).
@iyl alelai ails 9] saai Gub ge Jgxall oa danll dlayl sic 6Ll ga

(1 bar) gaulidll heall cni slheall &jlpll das Aic U gi dlado

6.0pt L . . ) 6.13
Calculate the AH( k] mol™t) and S°( k] mol™* K™!) of H,0(g) using the values

given in the table below. (A,H = enthalpy of formation, S° = standard entropy)

(If you fail to find A H° and A_S° of the combustion, please use AH® = 1000 kJ
mol-1, AS°= 150 ) K! mol 1)

oddll plaaily H,0(g) J (k) mol™ K™ 6a3gy) S° g (k) mol™ 6a3gy) AfH cuwal

(eulidll oug)iiyl = S° g ugaill oulliil = A;H) . oLl Jgaall a Slhooll

g AH° =1000 k) mol ' padtwl «glyiaVl Jelail A.S° g A H® aladl go JAaii al 13])

(AS°= 150 K mol~!
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S° (298 K) A H (298 K)
0.23 k) mol 1 K ! 36.40 kj mol ! B,H, (9)
0.16 k] mol~t K1 0.00 k] mol! 0, (9)
0.05 k] mol t Kt -1273 k) mol™! B,0; (s)
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(5.0 pt) 6.1

Show your calculation:

(12.0 pt) 6.2

Show your calculation:

(6.0 pt) 6.3




Theory IChO 2020

- 0 n
i L il

AG-2

Arabic (Saudi Arabia)

Show your calculation:

(3.0 pt) 6.4

Show your calculation:

(6.0 pt) 6.5

Show your calculation:




Theory IChO 2020

B R S )
al. L Wl

AG-3

Arabic (Saudi Arabia)

(6.0 pt) 6.6

Show your calculation:

(5.0 pt) 6.7

Show your calculation:

(3.0 pt) 6.8
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Show your calculation:
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(8.0 pt) 6.9

Show your calculation:
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(6.0 pt) 6.10

Show your calculation:

(6.0 pt) 6.11
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Show your calculation:

(8.0 pt) 6.12
Unfavored favored
O O 298 K
O O 8930 K
0O O 9005 K
O O 9100 K

(6.0 pt) 6.13
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Show your calculation:
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gilugllis
s .
N =N
/ N -
@[2 @j S
NN
1 Emeritus Professor Ozer

Bekaroglu

The term phthalocyanine (Pc) takes its origin from the Greek “naphtha”, which means rock oil, and “cya-
nine”, which means dark blue. Turkish scientist Ozer Bekaroglu can be regarded as the pioneer of Pc
chemistry in Turkey.

@iy M guilll” g 4 jganll cyj el il . dailigyl! "Lialill” go dlnl (Pc) guiluwgllia alhno yoiuy
LS oa Pc cliogs g8 Iaily Ozer Bekaroglu il pllell jlicl gaoy .galall @)l

Metal-free phthalocyanine (1, H2Pc) is a large planar macrocyclic compound with the formula

(CsHaNy) Hydunll go s odly abpo ga (1,H2Pc) galeall go (LAl guilywglliall

4.0pt 71
P How many t-electrons are there in the bold region of the H2Pc molecule in

compound 1 shown above?
ipall (oa H2Pc egjal ddolell hghAll g3 Jlaall (qd 83gagall Tt aligialyl sac p4
Sollci angall 1
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SiCl,Pc
4
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Pcs containing one or two metal ions are called metallo-phthalocyanines (MPcs) and they exhibit different
geometries as given above.

JlAdl gheig metallo-phthalocyanines MPcs diiaeall ciligyll o (il gl aalg glc g il Pcs gqouud
.oMcl aigo ga Lo4 dalio duuaia

8.0pt 7.2
P Complete the table in your answer sheet by determining the coordination num-

ber of central ions in 2-5. )
5-2 od d1jSoll aligylll Guliill sac yani Guyb ge elijla) dé)g o Jgaall Josl

6.0pt 7.3
P Complete the table in your answer sheet by determining the oxidation number

of each metal (Cu, Ti, and Ce) in 2, 3, and 5. )
(Ce g Ti g Cu) gago JAl 6amsUl aac aaai Guph ge eligla] ddjg @a Jgaall Josl

593924
8.0pt . . 7.4
Complete the table in your answer sheet by determining the geometry of com-
pounds 2-5.
5-2 abbjoll gwniall Jadldl yaaiy elijla] ddjg o Jgaall Josi
8.0pt 7.5

Complete the table in your answer sheet by determining the magnetic property
of compounds 2-5.
25 alySpall dpuhligoll dolall ypai Gupb ge dila] ddjg od Jgaall Josi
Use the letter "p" for paramagnetic property and letter "d" for a diamag-
netic property.
wle duall "d” wajllg duughliooljldl dunlall (gle dlVsll "p” capll paAiwl
duihligolylall dinlAll

14.0pt 7.6
P Write the ground-state electron configuration of the silicon (Si) ion in the com-

pound 4, and find all the quantum numbers for the 2p electrons in its ground

state.

4 Jhpall ea (Si) ggaslull JaiV bydiwall dllall a8 igralyl quipill sl
Bydiwoll lailla o 2p aligialy dasll slacll groa aagi g

Metal-free phthalocyanine (1, H2Pc) is commonly formed through the cyclotetramerization of phthaloni-
triles. Onthe other hand, Pcs having different substituents are called asymmetric, which can be prepared
by the statistical cyclization of two different phthalonitriles. This method has no selectivity and the prod-
uct is a mixture of all possible isomers.

llyisiglliall jo cetotetramerization JUA (o H2Pc ., 1 gaeall go JAll (uiluwgllia (ugai piy lo 8ale
Gipb gc lapnni ghoy gillg . 8phlito pc¢ dalito alatiwo gle ggind il Pcs (gouud WAl dnli go

gioa 9o aujo g ailillg dyilaiil lal yuyl dauhll oda .dalitall allijiygliiall go iy eilnayl Gl
.di%aall cilpogjl
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19.0pt 7.7
P Draw the possible products that may occur in the statistical cyclization method

by using F and G. If there are any stereoisomers label as cis- or trans-.
.G g F plhaiuwly gdlnayl Ghill dduph ga daad ad il dlainoll Adlgill puyl
trans-. gi cis- digioo diclpa alpogjil i clia gla 13]
F and G represent two different symmetrical phthalonitriles. One of the prod-
ucts is F, as given below. Draw other products similar to the format in F,.
ga Los F, ga 2ilgill aal .dlilaiall alyitiglliall go (ualido gucgi G g F Jioy
Fiod danll dlilao (Al Rilgi puuyl .olial arago

®+®%FF+ .......

Fy4

Pcs are used as photosensitizers in the photodynamic therapy (PDT) of cancer due to their strong ab-
sorption in the visible spectrum and high molar absorption coefficients. PDT consists of three essential
components: photosensitizer, light, and oxygen. None of these is individually toxic, but together they
initiate a photochemical reaction resulting in the generation of cytotoxic singlet oxygen (*0,) that can
destroy cancer cells.

(multiplicity) (*0,)

The multiplicity of an energy level is defined as 25+1 If the two spins are parallel (11), S =1, and if the two
spins are antiparallel (11), S = 0.

o sgdll [@nlniol cyuy (PDT) glopull sSpolipll gdgall ailell o iga huitiad Pes plaiiul pi
cgnllg igall huioll :dpulwl aligho diili go PDT gg4iy .dylle djlgo ynlniol ailloleog (sdjall caghll
334 Liga LiiloyS Alelai 1o glay paro) go gal , g3 J4uy doblu slgall 03a go i piey U .guawsllg

gilapudl BMAI oy g ghay S (10,) LAl pluull oxygen singlet galal JawbYl ALlgi ol

(*0 ,) multiplicity (dyyaei)

1+ 2S dil glc ddlhll ggiwo dirrei cayjei aiy *
0=5.(11) glwlleio gljeall glgall gla 13lg . 1 =S (11) gljlgio lj@all glgall gl& 13] -

12.0pt 7.8
P Draw the molecule orbital (MO) diagram of the lowest energy singlet state of

dioxygen (102) and calculate bond order.
There are no unpaired electrons in that state! «
(102) grawsgVl (Gilid go dyalal dlla ixl (MO) il jlaoll hhio puyl
LAl diiy Qualg
ldllall od& ga 63pdo ailigyial] aagi V) »
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6.0pt 7.9
P If the wavelength of the light needed to excite triplet oxygen into singlet oxy-

gen is 1270 nm, calculate the energy (in k] per mole) needed for this transition

process.

1270 ga 53L3| Juawil gl L Al 8)LY pjilll cgall wagall Jghll gla 13]
.0ia JLlaiivl doel dojilll (Jgo JAI Jga glially) délhll awal auwanl , jiogili
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Phthalocyanines

(4.0pt) 7.1

The number of m-electrons in an H,Pc:

(8.0 pt) 7.2

Cerium ion Silicon ion Titanium ion | Copperion

Central ion

Coordination number

(6.0 pt) 7.3

Metal in compounds

Oxidation number

(8.0pt) 7.4

Compound

Geometry

Octahedral

Square prism

Square pyramidal

Square planar
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(8.0 pt) 7.5
Magnetic property Compound
2
3
4
5
(14.0 pt) 7.6

Electron configuration:

m m; I

S

electrons: 2p for numbers Quantum
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(19.0 pt) 7.7

Products:
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(12.0 pt) 7.8
MO diagram:
Bond order:

(6.0 pt) 7.9
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Show you calculation:
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gragjaall gajiig ggygul alibyo

BLE OFEL EV.[:I};"

Sodium borohydride (NaBH,) and ammonia borane (BNH) are the most studied chemical hydrogen stor-
age materials. In this question, you will explore the chemistry of boron and the use of boron compounds
as hydrogen storage materials.

(_Q\JLLQ_Iﬁ.” Jujaill dwlpy algell i ammonia borane (BNHy) g Sodium borohydride (NaBH,) piei

Gagjnall (jail algas ailiajo pladiulg ggygul cliots duwljyy pgdiw (JIgull Ra oa .gragjyall
Borax (Na,B,0,-nH,0) is a boron mineral that is produced by ETI Mining Company in Turkey. NaBH, can
be synthesized by the reduction of anhydrous borax with metallic sodium under high-pressure hydrogen
gas in the presence of silicon dioxide (silica) at 700 °C, namely the Bayer process. In this process, all
hydrogen is stored in NaBH,. On the other hand, it has been shown that ammonia borane (BNH) can be
synthesized by the reaction of NaBH, and ammonium sulfate in dry tetrahydrofuran (THF) at 40 °C (Hint:
BNH, synthesis must be conducted in a well-ventilated fume-hood because flammable gas is generated
as one of the by-products). While NaBH, is an ionic compound, ammonia borane is a Lewis acid-base
adduct.

NaBH, pani 4oy LA (oa ETI Mining Company J1d o aiiy ggjgd Jawo ga Borax (Na,B,0;:nH,0) I
silicon dioxide (silica) agag go gragjuall jlé jo (ollec hony ani pgiagnll gago go diiloMll Borax Jljiak

g A L ldall ga .NaBH, sa gjidy d._l,_Jg_jA._l_.ﬁ]Jl J5 .diloell oda qa .Bayer diloc gouuig .700 °C aic
tetrahydrofuran (THF) «qa ammonium sulfate go NaBH, Jclaii oppani 9o ammonia borane (BNHg) gl
jle ggaT uuy dygaill 8y )T dilj ea gy gl wag BNHg yani taygid) 40 °C 6jlja daya aic calyll

Adoo ammonia borane pioy «sigil W0 NaBH, piey gua ga (digilill 2ilgill go Aalgd Jleivill ils
ouygl Bacli-yaan dals)

3.0pt
P Write a balanced chemical equation for the synthesis of NaBH, from anhydrous

borax.

.duiloMll borax (o NaBH, pnil digjgo diiliais dlaleo il
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3.0pt 8.2
P Write a balanced chemical equation for the synthesis of ammonia borane from

NaBH,.
.NaBH, (o ammonia borane p1nil digjgo diiliais dlaleo will

4.0pt . ) 8.3
Draw the molecular geometries of the BH; ion and BNH; molecule.

BNH; csja g BH; gauV odyjall uaiall Jasdil gyl

4.0pt 8.4
P Calculate the hydrogen content of NaBH, and BNH, as a percentage by mass

(Wt%).
(wt%) dulis duuid BNHg g NaBH, od Jiagjnall gginoe cuunal

The hydrogen stored in both compounds can be released via hydrolysis reactions in the presence of
a suitable catalyst at room temperature. Upon the hydrolysis reactions, 4 and 3 moles of H, gas are
released from the hydrolysis of 1 mole of NaBH, and BNHg, respectively, along with metaborate anion
including B-O bonds.

daJy (o qwlio jlan agagy gdlall Jaill allelai pe alesidl go gudjell ia a gjdall gragjaall oy
BNH, g NaBH, go Jgo 1 Jilail o guagjyall jlé o cillgo 3 g 4 ciouiy dlb.ll” Allclafi aic .dapell )l
.B-O hilgj (oniy gl metaborate 2o «uijill olc

4.0pt 8.5
P Write the balanced chemical equations for the hydrolysis of NaBH, and BNH.

.BNH; g NaBH, (il digjgo diiltoud cilaleo wibl

One of the simplest stable borates is diboron trioxide (B,O;) . Higher borates such as B;03~ having cyclic
structures containing B-O-bonds can be formed. Since B,O; is an acidic compound, it is easily reacted
with water to produce boric acid (H;BO,). On the other hand, the high temperature and high-pressure
reaction of B,O, with ammonia yields two-dimensional boron nitride, which consists of planar graphite-
like sheets of alternating B and N atoms.

ald B,O3 Jio dyllc borates (gaii i g4ay g diboron trioxide (B,0; ga 6)diuoll borates lhuui o aalg
boric (ugail clall go dgauy Jelai) grran ubjo ga B,0; (i Loy .B-O huylg) le diginall dudlall cuslyill
dyilif nitride boron aiif Liigollg B,O, gu (ollell hanllg dillell sjlall Jelai ardill le .acid (HyB0,)

.dlaliio N g B aljd (o digiog graphite b day digiwo pilan lc $sgini il AleyVl

4.0pt 8.6
P Write the balanced chemical equations for the synthesis of boric acid and boron

nitride.

.boron nitride g boric acid pAail digjgo diiliord allclai wisl
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6.0pt 8.7
P Draw the molecular structures of the B;O3~ ion, boric acid, and a single two-

dimensional boron nitride sheet. Hint: show at least 10 B atoms in the boron
nitride structure.
boron nitride o 8aalg datang Jboric acid g .B;03 gguV duiyjall sl puyl

.boron nitride cs)i oa ggygr aljd 10 JaVl olc j@hl :aagii aleaVl dyilii

Furthermore, B-H compounds, called boranes, are an important class of boron compounds. The simplest
stable borane is diborane (B,H;) and many of the higher boranes can be prepared by the pyrolysis of
diborane. Diborane can be synthesized via metathesis of a boron halide and a hydride source.

dibo- ga 6}diuoll borane huyi .gjgdl ailibpo Jo dodo dia boranes gowi B-H ailibjo pioi.dalnyl
diloo) diborane pAai (jg4y .diborane J Sl JIailly dilell boranes dI go yaell pand g wrane (B, HG)
.hydride jano g boron halide (ju metathesis

3.0pt 8.8
P Write a balanced chemical equation for the synthesis of diborane from the re-

action of BF; and LiBH,. Hint: both products are boron compounds.
:6jlwa] .LiBH, go BF; Jclai o diborane jnnail digjgo duilioyd dlaleo wiSl
09jgl glsjo laa glailill

2.0pt 8.9
P Draw the molecular geometry of the diborane molecule. Hint: there is no B-B

bond in the molecule.
o B-B dyly avagiV augii .diborane cjal olijall owniall Jad! oyl
el

BH; (borane) is an unstable and highly reactive molecule. Therefore, it is not possible to isolate it as BH,
under ordinary conditions. However, it can be stabilized via its reaction with carbon monoxide to yield
borane carbonyl (BH,CO) compound, which is an adduct of borane. The preparation of BH;CO plays an
important role in exploring the chemistry of boranes as it indicates the likely existence of the borane
molecule.

Jal .dulell wagihll oa BH;y 4 dljc gaoy ¥ quudl hal . Jelaill yyaiug pdiwo pc egja BH; (borane) picy
dala| adeo piey All.borane carbonyl (BH;CO) whjo aiill carbon monoxide go alclai, |J.CLLLLLO dlea j40y
.borane cja aalgi duildol dijlity boranes cliotd duwl)y oa loawo Tjga BH,CO juani wely .borane J

3.0pt 8.10
P Sketch the Lewis dot structure of BH;CO molecule by showing the formal

charges.
Al aliaodl jlah] go BH;CO csjal (ohdill juigl )i panyl
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2.0pt 8.11
P Which of the statements given in the answer sheet is observed in the C—O bond

of a CO molecule upon the bond formation between BH; and CO
Tick the correct box.
(HgAT dic CO egjal C-0 dhily oa Ay dilal ddjg (oa Slagall aljliell o le
CO g BH,; gu dhilj
auanll gipall Aic dollc gia

Borazine consists of single and double bonded cyclic B—N units and hydrogen atoms attached to these
atoms with the molecular formula B;N;H,; and is isostructural to benzene. Borazine can be synthesized
by using a two-step procedure including the synthesis of symmetrically trisubstituted chlorine deriva-
tives of borazine (B;N;H,4Cl;) from the reaction of ammonium chloride and boron trichloride, and then
reduction of B;N;H,Cl,; with LiBH, in THF.

downy .aljdll oda go dhiijo guagjaa aljd go dudly B-N alangl duilifg dialal hylgy o borazine (jgAti
sym- pani Jonii Jrigha ald ddyhy borazine pnai aiy .benzene go digluwio walyig BsNgH, diiija
2o ammonium chloride Jclai ;jo metrically trisubstituted chlorine derivatives of borazine (B;N;H;Cls)

THF (o LiBH, dhuwlgy B;N;H,Cly JIjiAl af Jog .boron trichloride

4.0pt 8.12
P Write the balanced chemical equations for the two-step synthesis of borazine

starting from ammonium chloride in THF (tetrahydrofuran). Hint: THF stabi-
lizes one of the products by forming a lewis acid-base adduct.

ammonium (o zlaiyl borazine panai qighil digjgall diilioiall avaleall sl
dhulgs Adlgill ani jlpdtwl THF ogdy :6jLui] .THF (tetrahydrofuran) a chloride

pagl 8aclé-pon dal] ago e8]

4.0pt 8.13
P Draw the molecular structures of borazine and its symmetrically trisubstituted

chlorine derivative.
dio LiMf Jaiwall jglall olilaill (§idtall g borazine 1 diiyjall cuSlill puyl
.symmetrically trisubstituted chlorine derivative

Catalysts are substances that accelerate the rate of reactions by allowing them to proceed in a lower
energy pathway. The catalytic activity of the catalysts is generally determined by the turnover frequency
(TOF), which is calculated by dividing the molar amount of the product to the mole of active catalyst and
the time (TOF = mole product/(mole catalyst x time)). A typical hydrolysis of BNH, was carried outin 10.0
mL of water by using 100.0 mM BNH; and 5.0 mg of CuPt/C catalyst (CuPt alloy nanoparticles supported
on carbon black containing 8.2 wt% Pt atom).67.25 mL of hydrogen gas was generated in 5 minutes.

ole JAsy jlaall hlii ge pey .Jdl ddlh g3 jluo sl (Guph ge alelaill Jaeo Jo gpuialgo @ aljlaall
jlaall adgo (sle Qilill algo dioh dowd @Guph gc oalayl ghay Al turnover frequency (TOF) dhuwlg
Jgo 10.0 mL (sa BNH; 1 (saigai JAil clja] poi (TOF = mole product/(mole catalyst x time)) (ojllg Jleall
wle d.ogc;oJI CuPt d4um Jgo duigilill alapwall) CuPt/C jlaall o 5.0 mg g 100.0 mM BNH¢ plaaiwl clall

5 minutes sd guagjyall jlé go 67.25 mL adi (8.2 wt% Pt atom (slc cl,!g.u.oJI carbon black
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4.0pt

Assuming the catalytic reaction is performed in standard conditions (1

atm and 273.15 K), calculatethe TOF (min—!) of the CuPt/C catalyst

in terms of only Pt atoms in the hydrolysis of BNH4 by considering the volume

of the hydrogen gas generated. .

ol (273.15 K g 1 atm) duwlidll cagphall ga o gjanll Jelaill gl gapa odc

go BNHg Jihil a Pt alyd héa pladiwl CuPt/C jlaall (min—! 6aagi) TOF
) 20l uagiagall jlé pan duwlyy JAla

8.14

As a result of detailed crystal analysis of a synthesized Cu,Pt, alloy nanoparticle (the subscripts indicate
molar percentages of the atoms in the alloy structure), it was determined that the face centered cubic(fcc)
unit cell was formed by Pt atoms and the Pt atoms on the face of the fcc unit cell are supposed to be
replaced with Cu atoms to form Cu,,Pt, displacement alloy nanoparticles. According to this information,
answer the following questions.

dygioll cill ole iy g X cun) Bpanall Cu,Pt, d&il dvgilill alogwall Jndo jgl Julai Jua go
Pt ail)d Jlatiwl pig Pt al)d dihwlgy i fee duAll 8ang i aliiiwl o (d4uudl widyi o aljdll dyVgall
odd (glc liy . Cu,Pt, dyiwoll alogwall digili dayw (ugail Cu aljh dhwlgs fee diA 8aag 0gag (oa
Adlil dliwdl gle wal .aliheall

2.0pt

Determine the composition of the alloy nanoparticles by finding x and y in the
Cu,Pt, alloy composition.
.Cu,Pt, daiiw by ay g x Akl Gupb e dannll dyigilill alopwall cudyi aaa

8.15

2.0pt

Sketch the shape of the described crystal unit cell of Cu, Pt alloy nanoparticles
by showing the placement of atoms on the unit cell.
gc Cu,Pt, dapul dyigilill alopwall dagngall dygldl diall 6aag Jad pauyl

Alall 831g o aljll glio yaaT Guyb

8.16

4.0pt

Another alloy has a Cu,Pt, composition. Assume that this alloy also has an fcc
unit cell with an edge length of 380 pm, but the Cu and Pt atoms are randomly
distributed in the atomic positions. Calculate the density of this alloy in g/cm3.

Jgh go fcc duld 6aag dauwll odal gi yajial .Cu,Pt; wwibyill lal Al d4uw

dalis wwaal .aljill galol o (odlgoie Jauuy dcjgo Pt g Cu alji g4l 380 pm gla
.g/cm? 6aagy dauwll oda

8.17
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GHagjaall gujiaig ggygul abibyo

(3.0 pt) 8.1

(3.0 pt) 8.2

(4.0 pt) 8.3

(4.0 pt) 8.4
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(4.0 pt) 8.5

(4.0 pt) 8.6

(6.0 pt) 8.7

Boron nitride

Boric acid

B;0%"
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(3.0 pt) 8.8

(2.0 pt) 8.9

(3.0 pt) 8.10
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(2.0 pt) 8.11
It gets longer because there will be 7-back donation from BH, to CO. O
It gets longer because CO donates 7-bonding electrons to BH, O
No or slight change on it because CO donates its mainly non-bonding electrons to BH, O
It gets shorter because CO donates =* anti-bonding electrons to BH;. O
(4.0 pt) 8.12
(4.0 pt) 8.13

(4.0 pt) 8.14
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(2.0 pt) 8.15

(2.0 pt) 8.16

(4.0 pt) 8.17
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dlydill galeall aligil) o048 Ayani

For the quantitative analysis of heavy metal ions in a factory’ wastewate pool, the following steps have
been applied by an analyzer at 298 K:

298 aic dylill alghAll Guhi of .ginall od ganll w@mnll olio (oa dldill Jaleall aligsV eoall Julaill

galla
Step 1) 10-mL samples of each were obtained from five different regions in a wastewater pool, mixed in
a 100-mL beaker, and then stirred for 5 minutes using a magnetic stirrer.

wapnll olbo gronil dalito (Ghlio yuod jo jill lto-10 laio Y4 dew alilc gle Jgnall pi (1 dghall
Mbhszobﬂaplmh(QJLmSoA.oJu.llmleJpJ d.01OOGSLUJL}u|5(_g\.GLa.|Q.b‘QJ wsanll

Step 2) 10-mL of sample solution was taken from the 100-mL beaker and 142 mg of Na,SO, was added
while stirring, followed by transfer to a three-electrode cell as seen in Figure 1a. In this electrochemical
cell, Pt wire, Ag/AgCl (3 M KCI), and Pt foil served as the working, reference, and counter electrodes,
respectively.

alijd go pao 142 lal capal g Jo 100 dew (uléll g4 1gagall disell Jglao (o Jo 10 Al ai (2 6ghall
duAll od@ oa .1a Jaul o4 ango ga los alhdVl dgiui dla ol laldiy leguio elypill elifl pgiagnll
wolc 8alrog .dieajo Ldlole ulhdld diliay Pt ddldy g Ag/AgCl (3 M KCl) ,guidull o ellu, diiliotbgpaAll

Jlgill
Step 3) These electrodes were connected to a potentiostat and a constant potential of -0.50 V vs. Ag/AgCl

for 14 minutes was applied as seen in Figure 1b (horizontal line). It is assumed that 14 min. is sufficient
to complete the expected electrochemical reactions.

Ag/AGCl ilédo cilga -0.50 ojlado A@1 Guhi aig culi x@qy dyilyasll ulhalll oda Jungi pi (3 6ghall
allclaill JloSY oaaT ddwds 14 gapidall go . ( edall hall ) 1b Jadll aa adgo ga lod ddyds 14 6aal
. dedgioll diilioydg@4ll

r
i
0.5 :
-
=
-
&
[=]
(=™
0.5 T T T T T T »
0 2 q [ B 10 12

Time/min.

Figure 1. a) Electrochemical cell design; 1) Working electrod (Pt wire), 2) reference electrode (Ag/AgCl,
3M KCI), 3) counter electrode (Pt foil), 4) cell tap, 5) electrochemical cell, 6) 10-mL of sample solution.
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b) Potential change of working electrode as a function of time. y-axis: potential/V vs Ag/AgCl, x-axis:
time/min.

(3. (Ag/AgCl, 3M KCl) g2aj0 uhd (2, (Pt wire) Jole uhd (1, diilioidgpasll dUAll proni @ a.1 Jadll
il o b . Jglhall dise Jo Jo 10 (6, diiliondgyas dula (5, dulall jguin (4 (Pt foil) alho odbjas whd

min / gojll qitwll X jgaollg V/ aaall galnll Yjgaoll . gojll dllag Jolell uhdéll Joinoll
Step 4) The electrodes were rinsed with distilled water, placed into another electrochemical cell including
10-mL of 0.1 M H,SO, solution, and potential was scanned between -0.50 and +0.50 V as seen in Figure

1b (downward sloping line in 2 min). Current vs. potential data for this step are presented in Figure 2a,
which is like an excellent view of Mount Ararat (Agr1 Dagr), the highest mountain in Turkey (Figure 2b).

Jo Jo 10 ggini sl driliogdgy@s da b laengg , fhiall clally diljadll ulhdll Jwe oi (4 6ghall
bAll) 1b Jauwll oa anigo ga Las alga +0.50 g -0.50 gy raall auwo aig, 0.1 M liypall jaoa Jglao
sllg, 2a J4udl’ od 8ghall odal dlaiall alibull Jildo dylall ailill gaye piy (2 min JUA Jawll jaaioll

(2b Jauill) LSy od Jia olel, alji Jial ljlioo Ijhio Jioy

15
]

3.0

15 4
-
-
TE. 15
£

(a) 3
1.0 4 ey
SLan
==l
direction
0.0
005 WV
-.
%,
0.5 T r v T
LR 0.3 -0.1 [ Lk 0.5
Potential [V)

Figure 2. a) Potential scan of the working electrode as a function of current in 0.1 M H,SO, solution
after keeping it constant at a potential of -0.50 V in 10-mL of wastewater sample as seen in Figure 1b
(horizontal line). y-axis: current/uA, x-axis: potential/V vs Ag/AgCl, b) A view of Great and Little Ararat
peaks.

~0.50 A&3 Aic dili l@ildy) a1 0.1 M H,S0, Jolio ad jLill dlias Jolell whill Jaito auo :a . 2 J4dll

Juill : alall jgaall (edall hall) 1b Jauil oé ango ga los eanll wapnll olo dirc go Jo 10 oé V
i i i " Ag/AgCl Jildio aanll ¢ gitwll jgaallg
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Step 5) Another 10-mL of the sample solution prepared in step 7 was taken and the processes explained
in steps 2 and 3 were applied in that order. The electrodes were rinsed with distilled water and placed
into 10-mL of 0.1 M H,SO, solution. Then the potential of the working electrode was kept constant at
+0.05 V for 14 min. It is assumed that 14 minutes is sufficient to complete the expected electrochemical
reactions.

dangall alaell Guhi aig 1 6ghall o4 opaai ai Al direll Jglio (o gyl Jo 10 Al ai (5 éghall
Jglao go Jo 10 aa laengg phdall clolly dilpasdll alhdll cahdg of . quijill 13ay 3 g 2 guighill ga
Jo . ddrds 14 630l V 0.05 + aic Jolell uhadll a@y glc blaall pi elld aoy .elyignall gaoa go M 0.1 ojiayi

. dedgiall diiliogag@all ailclaill JloAy drals ddagds 14 i gayiaall
Step 6) After step 5 was performed, the solution in the electrochemical cell was placed in a suitable oven
to evaporate at 150 °C until dry solid was obtained.

dic iy Al quulio gpa o avng pf diilioidgasll duAll ga Jglaall . 5 8ghall ALaii o) (6 6ghaill
daly diln 6alo (glc Jgnall iy (odn digio dajy 150

Step 7) 5-mL of ethylenediaminetetraacetic acid (EDTA, H,Y) (Figure 3) solution was added to the solid
obtained in step 6 and it was shaken to dissolve. It is known that 1-mL of EDTA solution is equivalent to
3.85 mg/mL BaCO, . Then, pH of the solution was adjusted to 10.0. Excess EDTA was titrated with stan-
dard 0.0010 M Ni(NO;), solution and it was observed that 95.60 mL of Ni(NO;), solution was consumed
up to the endpoint.

8aloll o] (3 JAcul) (EDTA, H,Y) eliipljii cuol (gls guliiyl yaon Jglao go Jo 5 daln)] cioi (7 sghall

Jaley EDTA Jglao (o Jo 1 i cagpeall go . ugdi qin LA pdg 6 6ghAll sa layle Jgnall pi (il dunll
Jglho go EDTA (o ypailall 6pleo ciai . 10.0 oJl alirei ol (_JngJ.LI pH .l a9y BaCO, o mg/mL 3.85
dylaill dhdi oia elaiwl Ni(NO;), Jglaall o (slio 95.60 gl Aaglg M 0.0010 oju4yi Ni(NO,), (o owlid

0
o ’)LOH
HOJJ\/N\/\N/YOH

HO @)
Figure 3. Chemical structure of EDTA (H,Y).

In water saturated with H,S, equilibrium concentration of [H,S]is 0.1 M.

M 0.1 ga [H,S] J gjlgill j1ayi, H,S u guiall cloll ga
K,,(NiS) =4.0 x 10729; K_ (CuS) = 1.0 x 10736
K,1(Hy,S)=9.6 x10°%; K, (H,S)=1.3x 104
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E°/V (at 298 K) Reaction
-0.83 2H,0(1)+2e~ - H,(g)+20H" (aq)

-0.24 Ni?* (ag)+2e~ - Ni(s)

0.00 2H"* (ag)+2e¢” - H, (9)

+0.34 Cu?* (ag)+2e~ - Cu(s)

+0.80 Agt (ag)te - Ag(s)

+1.23 0, (g)+4H" (ag)+4e~ - 2H,0())

5.0pt 9.1

Which of the following can be considered for peak 1 and peak 2 in Figure 2a,
respectively? Tick the correct box on the answer sheet.

®Mgﬁ€§dlgﬂl@lc.2adiﬁdl@d2daﬁﬂgg1&aﬁJ_IOJLgic!(}ﬁ.a,!&gd,!Lo.o(_.ST
o dilhl ddjg sa aanll gipall olc

5.0pt 9.2
P Which of the statement is expected, if the potential is applied as -1.2V instead

of -0.5 V at the first step (horizontal line) in Figure 1b? Tick the correct box on
the answer sheet.

8ghall o V 0.5- go Uy V 1.2- dil glc a@all Guhi i 13] Jdedgio aljhell sl
alyl déjg b annll jall gle dolle g § 1b Jauidl ga (edalll hall )lgVl

8.0pt 9.3
P Calculate the scan rate of data presented in Figure 2a as mV/s at 298 K

(alls 298 aic mV/s 6aagy le 2a Jaull gd dangall alilull auwo Jago

The potential of the following cell is measured as 0.437 V
V 0.437 doyd glnclg diall xaa gulid od
Pt,H, (0.92 bar)|HCI(1.50x10—2M),AgCl(sat) | Ag

16.0pt 9.4
P Calculate the standard electrode potential value(V) of half-cell of

galld 298 aic dAll cani ahél V guwilidll aaall doyd auaal
AgCl(s)+e~ - Ag(s)+Cl~ (aq) at 298 K )
Note: You must show all works
Ablwnll groa dilis qay : dhailo

5.0pt 9.5
P Which of the statements is the main purpose of step 5 in this analysis? Tick the

correct box on the answer sheet. .
o4 dolc g SJuhill [Aa@ o4 5 dghall o @U.L_[jj]l aytel] o aljuell o S|
o dilayl déijg b annll gall
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6.0pt 9.6
P Write net ionic equations for the complexation and the back titration reaction

of step 7 on the answer sheet.
ddjg a7 o6ghAll e dralall 6pleall Jclai g avideill didln d_ug_ll aMaleo «_uﬁl
CAEYY]

25.0pt , _ _ 9.7
Calculate Ni?* concentration as mg/L in the wastewater of the factory. Note:

You must show all works.

ginally canll wpnll olyo oa Ni** mg/l 187 cual
ablwall groa dilis qay : dhallo

30.0pt - . _ . 98
Calculate the minimum pH value for starting the precipitation of Ni?* ions in

the solution obtained in step 5 by passing saturated H,S gas into the solution

until saturation. If you cannot solve question 9.7, use 20 mg/L Ni** sample for
this question. Note: You must show all works.

a aile Jgnall ai Ml Jglall a Niz* aligal quwyi e pH doyd Jéi cuual

da Jgo (4ol pl 1Al . guiill @in Jglioll o guitall H,S jlé pjoiy 5 6ghall

JIgudl A&l Ni?t dige o Jglaol 20 mg/L padiwla, 9.7 JIguull

Ablwnll groa dilis qay dhallo
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dlLidill galeall iligsV cilo&ll agani

(5.0 pt) 9.1
Peak 1: electrochemical reduction of Ni / Peak 2: electrochemical reduction of Cu O
Peak 1: electrochemical reduction of Cu / Peak 2: electrochemical reduction of Ni O
Peak 1: electrochemical reduction of Ni / Peak 2: electrochemical oxidation of Cu O
Peak 1: electrochemical oxidation of Ni / Peak 2: electrochemical oxidation of Cu O
Peak 1: electrochemical oxidation of Cu / Peak 2: electrochemical oxidation of Ni O

(5.0 pt) 9.2
NO evolution O
NO, evolution O
Nitrogen evolution U
Oxygen evolution O
Hydrogen evolution O

(8.0 pt) 9.3
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A9-2
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Show your calculation:

SCAN rate = i
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(16.0 pt) 9.4
Show your calculation:
Standard electrode potential =........c.ccccevveruenne \Y
(5.0 pt) 9.5
Modification of Pt wire with Ni-Cu alloy film O
Modification of Pt wire with Ni film O
Electrochemical stripping of both Cu and Ni from Cu-Ni-modified Pt wire to the solution O
Electrochemical stripping of Cu from Cu-Ni-modified Pt wire to the solution O

Electrochemical stripping of Ni from Cu-Ni-modified Pt wire to the solution O
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(6.0 pt) 9.6

Complexation:

Back titration:
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(25.0 pt) 9.7

Show your calculation:

Ni2+ concentration: .......cceceeeeveeveererereenenens mg/L:
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(30.0 pt) 9.8
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Show your calculation:

Minimum pH value: ......c.ccovevnennenene
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