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General Instruction

You are allowed to use only pen to write the answer.

Your calculator must be non-programmable.

This examination has 9 problems.

You can solve the problems in any order.

You will have 5 hours to solve all problems.

You can begin working only after the START command is given.

All results must be written in the appropriate answer boxes with pen on the answer sheets. Use
the back of the question 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
nullification of your examination.

The official English version of this examination is available on request only for clarification.

You are not allowed to leave your working place without permission. If you need any assistance
(broken calculator, need to visit a restroom, etc), raise your hand and wait until an invigilator arrives.

GOOD LUCK!
Problems and Grading Information

Title Total Score | Percentage

1 | Hydrogen at a Metal Surface 24 1
2 | Isotope Time Capsule 35 1
3 | Lambert-Beer Law? 22 8
4 | The Redox Chemistry of Zinc 32 1
5 | Mysterious Silicon 60 12
6 | The Solid-State Chemistry of Transition Metals 45 13
7 | Playing with Non-benzenoid Aromaticity 36 13
8 | Dynamic Organic Molecules and Their Chirality 26 1
9 | Likes and Dislikes of Capsules 23 10
Total 100
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Physical Constants and Equations

Constants

Speed of light in vacuum

c = 2.99792458 x 10°m s~

Planck constant

h = 6.62607015 x 10734 s

Elementary charge

e = 1.602176634 x 10719 C

Electron mass

me = 9.10938370 x 103! kg

Electric constant
(permittivity of vacuum)

gy = 8.85418781 x 107 2F m~"

Avogadro constant

N, = 6.02214076 x 102 mol~"

Boltzmann constant

kg = 1.380649 x 10723 K

Faraday constant

F = N, x e = 9.64853321233100184 x 10* C mol~"

Gas constant

R = N, x kg = 8.31446261815324 ) K~" mol~"
= 8.2057366081 x 10~2L atm K~' mol~’

Unified atomic mass unit

u=1Da = 1.66053907 x 10~27 kg

Standard pressure

p = 1bar = 10° Pa

Atmospheric pressure

Patm = 1.01325 x 10° Pa

Zero degree Celsius

0°C=1273.15K

Angstrom

1A=10"1m

Picometer

lpm=10""m

Electronvolt

1eV = 1.602176634 x 1071

Part-per-million 1ppm =10-6
Part-per-billion Lppb =107°
Part-per-trillion lppt=1012

pi

T = 3.141592653589793

The base of the natural logarithm

(Euler's number)

e = 2.718281828459045
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Equations

The ideal gas law

PV =nRT
, Where P is the pressure, V is the volume, n is the amount of substance,
T is the absolute temperature of ideal gas.

Coulomb's law

F =k L;gz

, Where F is the electrostatic force, ko(=~ 9.0 x 10° Nm? C2) is Coulomb's
constant, ¢; and ¢, are the magnitudes of the charges, and r is the distance
between the charges.

The first law of thermo-
dynamics

AU =g+ w
, where AU is the change in the internal energy, ¢ is the heat supplied, w
is the work done.

Enthalpy H H=U+PV

Entropy based on Boltz- S =kzgInW

mann's principle S , where W is the number of microstates.

The change of entropy AS = Jrev

AS , where ¢, is the heat for the reversible process.
Gibbs free energy G G=H-TS

AG° = —-RTINK = —2FE°
, where K is the equilibrium constant, z is the number of electrons, E° is
the standard electrode potential.

Reaction quotient @

AG=AG +RTInQ
For a reaction
aA+bB = 2C +dD
Q= [C°[D]
- a b
[A]"[B] _
, where [A] is the concentration of A.
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Heat change Aq Ag = ne, AT
, Where ¢, is the temperature-independent molar heat capacity.
. T
Nernst equation for re- FE =FE°+ R—F In COX
dox reaction z red

, Where C,, is the concentration of oxidized substance, C\q is the concen-
tration of reduced substance.

Arrhenius equation

E

k= Aexp|—=2

° (7

, Where k is the rate constant, A is the pre-exponential factor, E, is the
activation energy.

exp(z) =e*

Lambert-Beer equation

A=clc
, Wwhere A is the absorbance, ¢ is the molar absorption coefficient, [ is the
optical path length, ¢ is the concentration of the solution.

Henderson-Hasselbalch
equation

For an equilibrium
HA=H" + A~
, Where equilibrium constant is K,

pH = pK, + log ([[':;AD

Energy of a photon

C
E=hv=hs
Y

The sum of a geometric
series

, Where v is the frequency, ) is the wavelength of the light.
When z + 1,
n ; 1— In+1

l+o4a? 4 Fa" =3 o'= e

Approximation equation
that can be used to solve
problems

When z « 1,

1 1+
-~ x
11—z
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Periodic Table
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Umumi talimatlar
+ Cavablari yazmagq Ugun yalniz galesmdan istifads etmays icaza verilir.
+ Kalkulyatorunuz programlasdirilmayan olmalidir.
« Imtahan 9 tapsiriqdan ibaratdir.
* Tapsiriglari istanilan sira ils hall eda bilarsiniz.
+ BUtun tapsiriglari hall etmak Ug¢lin 5 saat vaxtiniz var.
* Yalniz START amri verildikdan sonra isa baslaya bilarsiniz.

» Butln cavablar cavab varagalarinda galam ils uygun cavab qutularinda yazilmalidir. Qaralama
kagizina ehtiyaciniz varsa, sual varagalarinin arxasindan istifads edin. Cavab qutularinin xaricinds
yazilmis cavablarin giymatlandirilmayacayini unutmayin.

* Lazim oldugda muvafig hesablamalari uygun qutulara yazin. Tam bal hesablamalar géstarilan dog-
ru cavablara verilacak.

* Nazaratgi STOP amrindan avval 30 daqigs qaldigini bildiracak.

+ STOP omri verildikds isi dayandirmalisiniz. Yazinin dayandirilmamasi imtahaninizin Iagvins ssbab
olacaq.

« Imtahanin rasmi Ingilis dili versiyasi yalniz aydinlasdirmaq tictin talab olundugda mévcuddur.

« Icazasiz is yerinizi tark etmayiniz qadagandir. Har hansi bir yardima ehtiyaciniz varsa (kalkulyatoru-
nuz qirilib, tualets getmalisiniz va s.), alinizi qaldirin ve nazarstci galona gadar goézlayin.

UGURLAR!
Tapsiriglar va giymatlandirilmasi

Basliq Umumi natica | Faiz

1 | Metal Sathinds Hidrogen 24 1
2 | izotop Zaman Kapsulu 35 | 11
3 | Lambert-Ber ganunu? 22 8
4 | Sinkin Oksidlasma-reduksiya Kimyasi 32 11
5 | Sirli Silisium 60 12
6 | Kecid Metallarinin Bark Cisimlar Kimyasi 45 13
7 | Qeyri-benzol Aromatikliyinin Arasdiriimasi 36 13
8 | Dinamik Uzvi Molekullar va Onlarin Xiralligi 26 1
9 | Kapsullarin Sevdiklari va Sevmadiklari 23 10
Comi | 100
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Fiziki Sabitlar va Tonliklar

Sabitlar

Vakuumda isiq surati (Speed of light in va-
cuum)

c = 2.99792458 x 10°m s~

Plank sabiti (Planck constant)

h = 6.62607015 x 10734 s

Elementar yuk (Elementary charge)

e =1.602176634 x 10719 C

Elektronun kutlasi (Electron mass)

me = 9.10938370 x 1031 kg

Elektrik sabiti (Electric constant)
(vakumun keciriciliyi) (permittivity of vacu-
um)

£o = 8.85418781 x 10712 F m~'

Avogadro sabiti (Avogadro constant)

N, = 6.02214076 x 102> mol~!

Boltzman sabiti (Boltzmann constant)

kg = 1.380649 x 10723 ) K~

Faradey sabiti (Faraday constant)

F = N, x e = 9.64853321233100184 x 10* C mol "

Qaz sabiti (Gas constant)

R = N, x kg = 8.31446261815324 ) K=" mol~"
= 8.2057366081 x 10~2L atm K~ mol~’

Vahid atom kutlesi vahidi (Unified atomic
mass unit)

u = 1Da = 1.66053907 x 10727 kg

Standart tazyiq (Standard pressure)

p = 1bar = 10° Pa

Atmosfer tazyiqi (Atmospheric pressure)

Patm = 1.01325 x 10° Pa

Sifir daraca Selsi (Zero degree Celsius) 0°C =273.15K
Angstrom 1A=10""m
Picometer Ipm=10""2m

Electronvolt

l1eV =1.602176634 x 10719}

Part-per-million lppm =106
Part-per-billion 1ppb =107°
1ppt =10-12

Part-per-trillion

o]

m = 3.141592653589793

Natural logafirm asasi (The base of the na-
tural logarithm)
(Eyler adadi) (Euler's number)

e = 2.718281828459045
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Tonliklor
ideal gaz ganunu (The PV =nRT
ideal gas law) P tazyiq, V hacm, n mol miqdari, T ideal gazin mutlaq temperaturu.
Kulon qganunu (Co- F = ke%

ulomb’s law)

F elektrostatik qlivvs, ke (=~ 9.0 x 10° N m? C2) Kulon sabiti, ¢, va ¢, yiklar,
r yuklar arasi masafa.

Termodinamikanin
birinci ganunu

AU =qg+w
AU daxili enerjinin dayismasi, ¢ tamin edilan istilik, w gérulan is.

Entalpiya H H=U+PV
Boltzmann  prinsipine S =kgInW
9saslanan entropiya W mikrohallarin sayi.
Entropiya dayismasi AS AS = %

Grey dON3r proses Ucgln istilik.
Gibbs enerjisi G G=H-TS

AG* = —RTINK = —2FFE"
K tarazlq sabiti, z elektron sayi, E° standart elektrod potensiali.

Reaksiya

AG=AG +RTINQ
Reaksiya Gclin
aA+bB = 2C +dD
_ D]
a b
A[B)"
[A] A-in gatihg.
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stilik dayismasi Ag Aq = ne, AT
¢ temperaturdan asili olmayan molyar istilik tutumu.
. RT
Redoks reaksiyasl U¢in  E = E° + — In =%
Y ¢ N zF Creg

Nernst tanliyi

C,x Oksidlasan maddanin gatiligi, C,.4 reduksiya olunan maddanin qatihg.

Arrenius tanliyi

E(l
k= Aexp (—RT)
k surat sabiti, A pre-exponential faktor, £, aktivlasma enerjisi.
exp(z) =e*

Lambert-Beer tanliyi

A=clc
Audulma (absorbance), e molyar absorpsiya amsali, [ optik masafs, ¢ mah-
lulun gatihgr.

Henderson-Hasselbalx

tarazliq sabitiK, olan tarazliq G¢un

tanliyi HA = H + A~
A-
pH = pK, + log ([[HAD
Fotonun enerjisi E=hv= h§
v tezlik, A isigin dalga uzunlugu.
Handssi ardicilhgin cami = # 1 olduqda,
" n ; 1— mn+1
lto+a®+tu :Zizox 1l
Masalalarin hallinds isti- 2 « 1 olduqda,
fada oluna bilacak tex- 1 1
. . ~1+4+z
minlasdirma 11—z
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A¢ bir alkil-grup svazlsnmsasi: ca. +0.4 ppm
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Hydrogen at a Metal Surface

11 % of the total
Question A1 A.2 B.1 B.2 B.3 B.4 Total
Points 6 4 5 3 3 3 24
Score

Hydrogen is expected to be a future energy source that does not depend on fossil fuels. Here, we will
consider the hydrogen-storage process in a metal, which is related to hydrogen-transport and -storage
technology.

Part A

As hydrogen is absorbed into the bulk of a metal via its surface, let us first consider the adsorption
process of hydrogen at the metal surface, H,(g) — 2H(ad), where the gaseous and adsorbed states of
hydrogen are represented as (g) and (ad), respectively. Hydrogen molecules (H,) that reach the metal
surface (M) dissociate at the surface and are adsorbed as H atoms (Fig. 1). Here, the potential energy
of H, is represented by two variables: the interatomic distance, d, and the height relative to the surface
metal atom, z. It is assumed that the axis along the two H atoms is parallel to the surface and that the
center of gravity is always on the vertical dotted line in Fig. 1. Fig. 2 shows the potential energy contour
plot for the dissociation at the surface. The numerical values represent the potential energy in units of
k) per mole of H,. The solid line spacing is 20 kj mol~", the dashed line spacing is 100 k] mol~', and the
spacing between solid and dashed lines is 80 k] mol~". The zero-point vibration energy is ignored.
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A.1 For each of the following items (i)-(iii), select the closest value from A-G. 6pt
(i) The interatomic distance for a gaseous H, molecule
(ii) The interatomic distance between metal atoms (d,, in Fig. 1)
(iii) The distance of adsorbed H atoms from the surface (4 in Fig. 1)
A.0.03nm B.0.07nm C.011Tnm D.0.15nm
E.019nm F.0.23nm G.0.27 nm
A.2 For each of the following items (i)-(ii), select the closest value from A-H. 4pt

(i) the energy required for the dissociation of gaseous H, to gaseous H

[H2(9) — 2H(g)]
(i) the energy released during the adsorption of a gaseous H, [H,(g) — 2H(ad)]

A.20Kklmol~"  B.40kJmol~"  C.60kJmol~’ D. 100 k] mol—!
E. 150 kjmol~" F. 200 kjmol~' G. 300 k/mol~" H. 400 k] mol~'
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PartB

The adsorbed hydrogen atoms are then either absorbed into the bulk, or recombine and desorb back
into the gas phase, as shown in the reactions (1a) and (1b). H(ab) represents a hydrogen atom absorbed
in the bulk.

k4

H,(g) = 2H(ad) (1a)
k;
k3

H(ad) — H(ab) (1b)

The reaction rates per surface site for adsorption, desorption, and absorption are r,[s™'],,[s~'] and
r3[s7'], respectively. They are expressed as:

= k'1PH2(1 —0)? (2)
Tg = k2‘92 (3)

where k, [s™'Pa~'],k,[s7"] and k; [s~'] are the reaction rate constants and Py, is the pressure of H,.
Among the sites available on the surface, 8 (0 < 8 < 1) is the fraction occupied by H atoms. It is assumed
that adsorption and desorption are fast compared to absorption (r,, , > r3) and that § remains constant.

B.1 r4 can be expressed as: 5pt

ry= ——— (5)

Express C using k; and k.
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A metal sample with a surface area of S = 1.0 x 1072 m? was placed in a container (1L = 1.0 x 1073 m3)
with H, (Py, = 1.0 x 10> Pa ). The density of hydrogen-atom adsorption sites on the surface was N =

1.3 x 10 m~2, The surface temperature was kept at 7 = 400K. As the reaction (1) proceeded, By,

decreased at a constant rate of v = 4.0 x 10~* Pa s~'. Assume that H, is an ideal gas and that the volume
of the metal sample is negligible.

B.2 Calculate the amount of H atoms in moles absorbed per unit area of the surface  3pt
per unit time, A[mol s~"m—2].

B.3 At T = 400K, C equals 1.0 x 102 Pa~". Calculate the value of k; at 400 K. If you  3pt
did not obtain the answer to B.2, use A = 3.6 x 10" mol s ' m~2.

B4  AtadifferentT, C = 2.5 x 103Pa~" and k; = 4.8 x 102s 'are given. Forr; asa  3pt
function of By, at this temperature, select the correct plot from (a)-(h).

x 1073 x 1073 h (@
(d)

6.0 6.0
n / © n /
75] 75]
n 40 (b) n 4.0
~ _— ~ / ©
| /
2.0 - () 2.0
// T / "
7 y =
0 1.0 2.0 x 107¢ 0 1.0 2.0 x 1076
P /Pa P /Pa

H2 H2
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Metal Sethinda Hidrogen

Umuminin 11 %-i
Tapsiriq | A1 A2 B.1 B.2 B.3 B.4 | Comi
Ballar 6 4 5 3 3 3 24
Natico

Iz
‘)gdi \,

T
-
-
A
A

Hidrogenin faydali gazinti yanacaglarindan asili olmayan galacayin enerji manbayi olacagi hesab edilir.
Burada metalda hidrogen-saxlanilma prosesini nazardsan keciracayik, hansiki hidrogen-dasinma va sax-
lanma prosesi ila alagalidir.

A hissasi

Hidrogen metalin hacmina (bulk of metal) onun sathi vasitasila udulur. Galin ilkin olaraq metal sathin-
da hidrogen adsorpsiya prosesini nazar kegirak, H,(q) — 2H(ad), hansindaki gaz va adsorpsiya edilmis
hallar uygun olaraq (q) va (ad) ils isara edilib. Metal sathina (M) ¢atan hidrogen molekullari (H,) sathda
dissosiasiya edir va H atomlari saklinda udulur (Sakil 1). Burada, H,-in potensial enerjisi 2 dayisanls ifa-
da edilir: atomlararasi masafa, d, vo molekuldan satha gadar masafs, 2. Farz olunur ki, 2 H atomundan
kecan ox satha paraleldir va gravitasiya markazi hamisa Sakil 1-da gdstarilan saquli néqgtali xattin Uzas-
rindadir. Sakil 2 sathds dissosiasiya Uguin potensial enerji kontur grafikini géstarir. Qiymatlsr potensial
enerjini 1 mol H, tgun kC vahidinda gostarir. Qonsu tam xattlar arasinda masafs 20 kCmol~", gqonsu
qiriq xattler arasinda masafs 100 kCmol~', gonsu qiriq va tam xatlsr arasinda masafa 80 kC mol~'. Sifir
ndqts vibrasiya enerjisi nazars alinmir.
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A1 (i)-(iii) tgin A-G-dan an yaxin giymati segin. 6pt
(i) Qaz halinda H, molekulu G¢lin atomlararasi masafs
(ii) Metal atomlari arasinda atomlararasi masafs (Sakil 1-da dy)
(iiif) Sathds udulmus H atomlarinin seathdan masafasi (Sakil 1-ds h,q)
A.0.03nm B.0.07nm C.0.11nm D.0.15nm
E.0.19nm F.0.23nm G.0.27 nm
A.2 (i)-(ii) tgin A-H-dan an yaxin giymsati segin. 4pt

(i) Qaz halinda H,-in qaz halinda H-a dissosiasiyasi [H,(q) — 2H(q)]
(i) Qaz halinda H, adsorpsiyasi zamani ayrilan enerji [H,(q) — 2H(ad)]

A.20kCmol~' B.40kCmol~" C.60kCmol’ D. 100 kC mol!
E. 150 kCmol~" F.200 kCmol~' G. 300 kCmol~' H. 400 kC mol’
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B hissasi

Adsorpsiya edilmis hidrogen atomlari sonradan ya hacma absorpsiya edilir (absorbed into the bulk), ya
da reaksiya (1a) va (1b)-da gostarildiyi kimi, yenidan birlasarak qaz fazaya desorpsiya olunur. H(ab) hacma
absorpsiya edilan (absorbed in the bulk) hidrogen atomunu tamsil edir.

k4

H,(g) = 2H(ad) (1a)
k;
k3

H(ad) — H(ab) (1b)

Adsorpsiya, desorpsiya va absorpsiya U¢ln sath arazisina disan (per surface site) muvafiq reaksiya str-
atlari ry[s7"],ry[s™"] va r3[s~']-dur. Onlar bels ifads olunur:

r= /ﬁPHz(l —0)? (2)
ro = kol? 3)
T3 = k30 4)

ki[s™'Pa], ky s va ks [s~ '] reaksiya strst sabitlsri, Py, isa H,-in tazyiqidir. 6 (0 < 6 < 1) ssthds H atom-
lariyla dolu markazlsrin payidir. Nazaras alin ki, adsorpsiya va desorpsiya hacma migrasiya ile miqgayisada
daha tez proseslardir (r,, 7, > r3) va 6 sabit galir.

B.1 r4 bels ifads oluna bilar: 5pt

C-i kq V3 ks, ilo ifada edin.
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Sath sahasi S = 1.0 x 103 m? olan metal nimuna H, ils dolu (P4, = 1.0 x 10* Pa) konteyners (1L =
1.0 x 1073 m3) yerlasdirilir. Sathdaki hidrogen-atom adsorpsiya arazilarinin sixhigi N = 1.3 x 10'* m~2 idi.
Sath temperaturu T' = 400 K-da saxlanilib. Reaksiya (1) bas verdikcs, By, sabitsuratlov = 4.0x10"*Pa s
azaldi. H,-in ideal gaz oldugunu farz edin va metal niUmunanin hacmini nazara almayin.

B.2 Vahid sahads ve Vahid zamanda absorpsiya olunan H atomlarinin mol ilsa mig-  3pt
darini hesablayin, A[mol s~ m~2.

B.3 T = 400K-ds C 1.0 x 10?2 Pa~'-dir. 400 K-ds k; giymatini hesablayin. B.2 Ggiin ~ 3pt
cavabi tapmadinizsa, A = 3.6 x 10~" mol s~' m~? istifads edin.

B.4  Fargli T temperaturunda, C = 2.5 x 10°Pa~"' va ky = 4.8 x 10725~ verilmisdir.  3pt
Bu temperaturda r3-Un Py, -dan asiliginin duzgun grafikini (a)-(h)-dan segin.

x 1073 x 1073 GV
(d

6.0 6.0
' ()
_— /
_—

(b)

ry/s”
ry/s’

2.0 T () 2.0
/ _— Y
/
/ //
0 1.0 2.0 x 1076 0 1.0 2.0 x 1076
P. /Pa P. /Pa

H2 H2
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A.1 (6 pt)

(iii)

A.2 (4 pt)
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B hissasi

B.1 (5 pt)

B.2 (3 pt)

A= mol s T m—2
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Score

Molecular entities that differ only in isotopic composition, such as CH, and CH;D, are called isotopo-
logues. Isotopologues are considered to have the same chemical characteristics. In nature, however,
there exists a slight difference.

Assume that all of the substances shown in this Question are in a gas phase.

Let us consider the following equilibrium:

[12C1601SO]2

[12C1602][12C1802] (1)

12c1602 +12 C1802 = 212¢c160180 K =

The entropy, S, increases with increasing the number of possible microscopic states of a system, W
S =kglnw (2)

W = 1for 12C"0, and '2C'80,. In contrast, W = 2 for a 2C'*0'80 molecule because the oxygen atoms
are distinguishable in this molecule. As the right-hand side of the equilibrium shown in eq. 1 has two
12C'*0"™0 molecules, W = 22 = 4.
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A1 The enthalpy change, AH, of eq. 3 is positive regardless of the temperature. 8pt
H, + DI = HD + HI (3)

Calculate the equilibrium constants, K, for eq. 3 atvery low (think of T — 0)and
very high (think of T' — +00) temperatures. Assume that the reaction remains
unchanged at these temperatures and that AH converges to a constant value
for high temperatures.

The AH of the following process can be explained by molecular vibrations.

- _ [H2][Dy]
2HD = H; + D, K= "op “)

At T = 0K, the vibrational energy of a diatomic molecule whose vibration frequency is v [s~'] is expressed
as:

E = %hu (5)
1 [k
v=5:1ln (6)

Wherein k is the force constant and . the reduced mass, which is expressed in terms of the mass of the
two atoms in the diatomic molecule, m, and m,, according to:

mym
= D) (7)

my + mgy

A2 The vibration of H, is at 4161.0 cm~' when reported as a wavenumber. 8pt
Calculate the AH of the following equation at 7' = 0 K in units of ] mol~".

Assume that:
+ only the vibrational energy contributes to the AH.
* the k values for H,, HD, and D, are identical.
* the mass of H to be 1 Da and the mass of D to be 2 Da.
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The molar ratio of H,, HD, and D, depends on the temperature in a system in equilibrium. Here, Ap_ is
defined as the change of the molar ratio of D,.

Ap, = or 9

D= R 9)
2
D,| . D

Here, Rp, refers to M in the sample and Ry to M at T — +o0. It should be noted here that the
2 2

distribution of isotopes becomes random at 7' — +cc.

A3 Calculate Ap, with natural D abundance when the isotopic exchange is in equi- ~ 10pt
librium at the temperature where K in eq. 4 is 0.300. Assume that the natural
abundance ratios of D and H are 1.5576 x 104 and 1 —1.5576 x 104, respectively.
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In general, the molar ratio of the doubly substituted isotopologue, which contains two heavy isotope
atoms in one molecule, increases with decreasing temperature. Let us consider the molar ratio of CO,
molecules with molecular weights of 44 and 47, which are described as CO,[44] and CO,[47] below. The
quantity A, is defined as:

_ Ry
Ay = R 1 (10)
[CO,[47]] . [CO,[47]]
R, refersto —=——- inthe sample and R}, to —=——- at T — +o0o. The natural abundances of carbon
i [CO,[44] P 1770 [C0,[44)

and oxygen atoms are shown below; ignore isotopes that are not shown here.

12C 13C
natural abundance | 0.988888 | 0.011112

160 170 180
natural abundance | 0.997621 | 0.0003790 | 0.0020000

The temperature dependence of A, is determined as follows, where T is given as the absolute temper-
ature in units of K:

36.2
T2

AYEES +2.920 x 1074 (11)

A4 The R, of fossil plankton obtained from the Antarctic seabed was 4.50865x 10 °.  9pt
Estimate the temperature using this R,;. This temperature is interpreted as the
air temperature during the era in which the plankton lived. Consider only the
most common isotopologue of CO,[47] for the calculation.
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Izotop Zaman Kapsulu

Umuminin 11%-i
Tapsiriq | A1 A2 A3 A4 | Comi
Ballar 8 8 10 9 35

Natica

CH, and CH5D kimiyalniz izotop tarbikils farglanan molekullar izotopologlar adlanir. izotopologlarin eyni
kimyavi xarakteristikaya malik oldugu dusunulur. Tabisatds iss kicik farglilik vardir.

Bu Tapsirigda verilan bitin birlasmalarin qaz fazasinda oldugunu farz edin.

Galin asagidaki tarazligi nazardan kegirak:

[12C1601SO]2

12C1602 +12 C1802 = 212¢160180 K = [12(:160 ][12(:180 ]
2 2

(1

Entropiya, S, sistemin artan mumkun mikroskopik hallarinin sayi, W, ila artir.
S=kglnw )

12C"®0, va 12C'80, tigin W = 1. Amma, '2C'*0'80 molekulunda oksigen atomlari farglandiyi Gglin W = 2.
Tanlik 1-da gostarilan reaksiyanin sag tarafinda iki '2C'*0'80 molekulu olmasina gors, W = 2% = 4.
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A1 Tanlik 3 G¢ln entalpiya dayismasi, AH, istanilan temperaturda musbatdir. 8pt

H, + DI = HD + HI 3)

Tonlik 3 Gglin cox asagi (T — 0 fikirlasin) va ¢ox yuxari (T' — +oo fikirlasin) tem-
peraturlarda tarazliq sabitlarinin giymatlarini, K, hesablayin. Farz edin ki, bu
temperaturlarda reaksiya dayismir va yuxari temperaturlarda AH sabit giyma-
ta yaxinlasir.

Asagidaki prosesin AH-1 molekulyar vibrasiyalar ila izah oluna bilar.

2HD = H, + D, i = [2l02]

(4)

T = 0 K-da vibrasiya tezliyi v [s~"] olan ikiatomlu molekulun vibrasiya enerjisi bels ifada olunur:

1
E=—-h
5w
1 |k
v=—y4|—
2\ w

(6)

k quvva sabiti, . azaldilmis kutladir (reduced mass), hansiki ikiatomlu molekuldaki atomlarin katlalari ila

asagidaki tanliys uygun olaraq muayyan olunur:

_ mymy

my + My

(7)

A.2 H, vibrasiya tezliyi, dalga adadi kimi ifads olunduqda, 4161.0 cm~'-dir. T = 0
K-da asagidaki tanliyin AH-ni C mol~" vahidi ils hesablayin.

Farz edin ki,
+ yalniz vibrasiya enerjisi A H-a téhfs verir (contributes to).
* H,, HD va D, ucun k giymatlari eynidir (identikdir).
* H-in katlssi 1 Da va D-in katlasi 2 Da-dur.

8pt
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H,, HD va D, mol nisbatlari tarazliq sisteminda temperaturdan asilidir. Burada Ap , D,-in mol nisbatindaki
dayisiklikdir.

—1 (9)

D]

[H,]
da izotoplarin paylanmasi tasadufidir (random).

D]

B .
urada Rp, nimunada ]

-9, Ry, is9 T — +oo halinda

-9 uygundur. Nazars alinmahdir ki, T — +oo-

A3 Tanlik 4-da K-in 0.300 oldugu temperaturda, izotop mubadilasi tarazligda ol-  10pt
duqda, tabii D yayllmasi (natural D abundance) ils A, -i hesablayin. Farz edin

ki, D va H Ucgln tabii coxluq (natural abundance) uygun olaraq, 1.5576 x 10 va
1 —1.5576 x 10~ *-dir.
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Umumilikds, 1 molekulda 2 agir izotop atomlari dasiyan, qosa savazlanmis (doubly substituted) izotopo-
loqun mol nisbati temperatur azaldiqca artir. Galin, molekul katlslari 44 va 47 olan, asagida CO,[44] va
CO,[47] kimi tasvir olunan, CO, molekullarinin mol nisbatini nazardan kecirak. A, giymati bels muayy-
anlagdirilir.

_ By
AYEES R 1 (10)
I . [CO,[47]] . . . [CO,[47]] .
R, verilmis temperaturda nimunads —=——- nisbating, R}, iss T' — 4oco-da —=——-3 uygundur.
i > remp [CO,[44] i [CO,[44]° ™9

Karbon va oksigen atomlarinin tabii yayillmasi asagida gostarilmisdir; burada gdstarilmayan izotoplari
nazara almayin.

12C 13C
tabii yayllma | 0.988888 | 0.011112

160 170 180
tabii yayilma | 0.997621 | 0.0003790 | 0.0020000

A,,-in mutleq temperaturdan T' (K ile) asihgi asagidaki kimi tayin olunur.

36.2
T2

Ay = +2.920 x 1074 (11)

A4 Antarktik daniz yatagindan alds olunan gazinti (fossil) planktonu U¢in Ry, 9pt
4.50865 x 107° kimidir. Bu R,,-dan istifada edarak temperaturu tayin edin. Bu
temperatur planktonun yasadigi dévrds hava temperaturu kimi gabul olunur.
Hesablama t¢tin CO,[47]-in yalniz an ¢ox yayllmis (most common) izotopoloqu-
nu nazara alin.
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A.1 (8 pt)

T—0: K= , T — 4+00: K =
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AH =

] mol—!




AZE-3 C-2 A-3

A2-3

Azerbaijani (Azerbaijan)

A.3 (10 pt)




IChO

s 24

Choz01™ Azerbaijani (Azerbaijan)

Q.\GS
PN

A.4 (9 pt)




AZE-3C-3C
AZE-3 C-3 C-1 Mahsati Piriyeva

IChO
Problem 3

Cover sheet

Please return this cover sheet together with all the related question sheets.



IChO

|
2\ AZE-3 C-3 Q-1
Choz0™ English (Official)

APAN

Lambert-Beer Law?
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Score

In this problem, ignore the absorption of the cell and the solvent. The temperatures of all solutions and
gases are kept constant at 25 °C.

Part A

An aqueous solution X was prepared using HA and NaA. The concentrations [A~], [HA], and [HT] in so-
lution X are 1.00 x 10~2 mol L7, 1.00 x 10~3 mol L', and 1.00 x 10~* mol L™, respectively, which are
correlated via the following acid-base equilibrium:

(AT][H"]

HA = A~ +H* K=
- HA]

(M

The optical path length is [ in Part A. Ignore the density change upon dilution. Assume that no chemical
reactions other than eq 1 occur.

A1 The absorbance of Xwas A, at a wavelength of \,. Then, solution Xwas diluted  10pt
to twice its initial volume using hydrochloric acid with pH = 2.500. After the
dilution, the absorbance was still A; at A,. Determine the ratio ey5/ca-. Where
eya @nd e4- represent the absorption coefficients of HA and of A-, respectively,
at ;.
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PartB
Let us consider the following equilibrium in the gas phase.
D=2M (2)

Pure gas D is filled into a cuboid container that has a transparent movable wall with a cross-section of .S
(see the figure below) at a pressure P, and equilibrium is established while the total pressure is kept at P.
The absorbance of the gas is A = e(n/V)l, where ¢, n, V, and [ are the absorption coefficient, amount of
the gas in moles, volume of the gas, and optical path length, respectively. Assume that all components
of the gas mixture behave as ideal gases.

l
> )
Use the following definitions if necessary.
Initial state After equilibrium
D M D M
Partial pressure P 0 Db DM
Amount in moles g 0 np oy
Volume Vo Vv

B.1 The absorbance of the gas at A\g; measured from direction = (I = [,) was Ag; 6pt
both at the initial state and after the equilibrium. Determine the ratio ey /ey
at \g;, where ¢ and ¢, represent the absorption coefficients of D and of M,
respectively.

B.2 The absorbance of the gas at A5, measured from direction y was Ag, both at  6pt
the initial state (I = Lyo) and after the equilibrium (I = L) Determine the ratio
ED/EM at )\BZ'
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Natica

Bu tapsiriqgda hiicranin va halledicilarin absorbsiyasini nazara almayin. Butiin mahlullarin va gazlarin
temperaturlari sabit olub 25 °C-dir..
A hissasi

HA va NaA-dan istifada olunaraq X sulu mahlulu hazirlandi. X mahlulunda [A~], [HA], va [H*] qatiliglar
muvafiq olarag, 1.00 x 10-2 mol L=',1.00 x 10~3 mol L7, va 1.00 x 10~* mol L~'-dir. Sistemda asagida-
ki tanliklarla tasvir olunan tursu-asas tarazhgi qurulmusdur:

HA= A" +H* K=

(M

A hissasinda optik yol uzunlugu [ -s barabardir. Durultma zamani sixligin dayismadiyini gabul edin. Farz
edin ki, 1-ci tanlikdaki reaksiyadan alava hec bir kimyavi reaksiyanin bas vermir.

A1 X-in udulmasi (absorbiyasi) \;dalga uzunlugunda A,-a barabardir. Olgmadan  10pt
sonra X mahlulunu pH = 2.500 malik olan xlorid tursusu ils iki dafs duru-
lasdirdilar. Durultdugdan sonra absorbsiya dayismadi va \;-ds A, taskil etdi.
ena/ea-nisbatini tayin edin, burada e, Vo 4~ mivafig olaraq A, dalga uzunlu-
gunda HA va A~-nin molyar absorbsiya amsallardir.
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B hissasi

Qaz fazasinda bas veran asagidaki tarazligi nazardan kegirin

D=2M (2)

Soffaf harakatli divari (sahasi S, cross-section of S) olan duzbucagli konteyner P tazyiqi altinda saf D gazi
ilo doldurulmusdur (asagidaki sakla bax). Sistemds tarazhga ¢atib, Umumi tazyiq dayismayib va P-a bara-
bardir. Qazin absorbsiyasi A = e(n/V)l-a barabardir, burada ¢, n, V, va l uygun olaraq, molyar absorbsiya
amsali, gazin mol migdari, gazin hacmi va optik yol uzunlugudur. Qaz garisiginin butin komponentlsri-
nin ideal gaz oldugunu dusunun.

Asagidaki tayinlardan (definitions) istifada edin.
flkin hal Tarazligdan sonra
D M D M
Parsial tazyiq P 0 Db DM
Mol miqdari ng np iy
Hacm Vo

B.1 x istigamatinda (I = [,) Ag1-da Olctilan gazin absorbsiyasi ham baslangic vaziy-  6pt
yatinda, ham das tarazliq halina ¢atdigdan sonra da Ag,-3 barabardir. A\g; -da
ep/em Nisbatini muayyan edin, burada ¢, va ¢, uygun olaraq, D va M-in molyar
absorbsiya amsallaridir.

B.2 y istigamatinda Ag,-da 6lcllan gazin absorbsiyasi ham baslangic vaziyystinds  6pt
(I = l,0), ham da tarazliq halina ¢atdigdan sonra (I = [,) da Ag,-2 barabardir.
Agp-dad ep /ey Nisbatini miayyan edin.
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Lambert-Ber ganunu?

A hissasi

A.1 (10 pt)

(Continued on the next page)
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B.1 (6 pt)
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The Redox Chemistry of Zinc

11 % of the total

Question A1 A2 B.1 B.2 B.3 B.4 Total
Points 6 5 4 3 5 9 32
Score

Zinc has long been used as alloys for brass and steel materials. The zinc contained in industrial wastewa-
ter is separated by precipitation to detoxify the water, and the obtained precipitate is reduced to recover

and reuse it as metallic zinc.

Part A

The dissolution equilibrium of zinc hydroxide Zn(OH),(s) at 25 °C and the relevant equilibrium constants

are given in eq. 1-4.

Zn(OH),(s) = Zn?*(aq) + 20H(aq)

Zn(OH),(s) = Zn

(OH)(aq)

Zn(OH),(s) + 20H"(aq) = Zn(OH)Z (aq)

H,O(l) = H*(aq) + OH™(aq)

Koo =1.74x 1077 )

K, =262x10°¢ (2)
Ky =6.47 x 1072 3)

K, =1.00 x 10714 (4)
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The solubility, S, of zinc (concentration of zinc in a saturated aqueous solution) is given in eq. 5.

S = [Zn**(aq)] + [Zn(OH),(aq)] + [Zn(OH);~(aq)] (5)

A.1 When the equilibria in eq. 1-4 are established, calculate the pH range 6pt
in which [Zn(OH),(aq)] is the greatest among [Zn?*(aq)], [Zn(OH),(aq)] and
[Zn(OH);~(aq)]-

A2 A saturated aqueous solution of Zn(OH),(s) with pH = 7.00 was prepared and  5pt
filtered. NaOH was added to this filtrate to increase its pH to 12.00. Calculate
the molar percentage of zinc that precipitates when increasing the pH from 7.00
to 12.00. Ignore the volume and temperature changes.

Part B

Next, the recovered zinc hydroxide is heated to obtain zinc oxide according to the reaction below:

Zn(OH),(s) — ZnO(s) + H,0(1) 6)

The zinc oxide is then reduced to metallic zinc by reaction with hydrogen:

ZnO(s) + H,(g) — Zn(s) + H,0(g) (7)

B.1 In order for reaction (7) to proceed at a hydrogen pressure kept at 1 bar, itisnec-  4pt
essary to reduce the partial pressure of the generated water vapor. Calculate
the upper limit for the partial pressure of water vapor to allow reaction (7)
to proceed at 300 °C. Here, the Gibbs formation energies of zinc oxide and
water vapor at 300 °C and 1 bar for all gaseous species are AGz,o(300°C) =
—2.90 x 10> kJmol~! and AGy, (300°C) = —2.20 x 10% k) mol~", respectively.

Metallic zinc is used as a negative electrode (anode) material for metal-air batteries. The electrode con-
sists of Zn and ZnO. It uses the following redox reaction to generate electricity with the electromotive
force (e.m.f.) at 25 °C and pressure of 1 bar, E".

Zn(s) + %Oz(g) — Zn0O(s) E°=1.65V (8)

B.2 A zinc-air battery was discharged at 20 mA for 24 hours. Calculate the change  3pt
in mass of the negative electrode (anode) of the battery.
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Mt. Fuji

B.3

Consider the change of e.m.f. of a zinc-air battery depending on the environ-
ment. Calculate the e.m.f. at the summit of Mt. Fuji, where the temperature
and altitude are —38°C (February) and 3776 m, respectively. The atmospheric
pressure is represented by

5.257

P [bar] =1.013 x (1 0.0065% )

T +0.0065h + 273.15 2
at altitude h [m] and temperature T [°C]. The molar ratio of oxygen in the at-
mosphere is 21%. The Gibbs energy change of reaction (8) is AGz,0(—38°C) =
—3.26 x 102k mol~" at —38°C and 1 bar.

5pt

B.4

Calculate the Gibbs energy change for reaction (6) at 25 °C. Note that the stan-

dard reduction potentials, £°(Zn?*/Zn) and E°(0,/H,0) at 25°C and 1 bar are
given as (10) and (11), respectively.

Zn*t +2e- —» Zn E°(Zn?*t/Zn) = —0.77V (10)

O, +4H* +4e~ — 2H,0 E°(0,/H,0) =1.23V (11)

Ipt
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Sinkin Oksidlasma-reduksiya Kimyasi

Umuminin 11 % -i
Tapsiriq A A2 B.1 B.2 B.3 B.4 | Comi
Ballar 6 5 4 3 5 9 32

Natica

Sink uzun muaddat latun va polad arinlari G¢ln istifada olunub. Sanaye cirkab sularini sinkdan tamizlan-
mak U¢un o ¢okdurildr, alinan ¢dkuntu reduksiya olunur va yenidan metal sink kimi istifada olunur.

A hissasi

Sink hidroksidin Zn(OH),(s) 25 °C -da hallolma tarazli§i va muvafiq tarazlq sabitlsri 1-4 barabarliklarinds
verilmisdir.

Zn(OH),(s) = Zn?**(aq) + 20H(aq) Koo =174 x 1077 (1
Zn(OH),(s) = Zn(OH),(aq) K, =262x10°° (2)
Zn(OH),(s) +20H"(aq) = Zn(OH)3 (aq) Ky =6.47 x 1072 (3)
H,O(l) = H*(aq) + OH™(aq) K, =1.00 x 10~ 4)

Sinkin hallolmasi, S, (doymus sulu mahlulda sinkin gatihdr) 5-ci barabarlikda verilib.



IChO

|
N/ AZE-3 C-4 Q-2
Choz0™ Azerbaijani (Azerbaijan)
S = [Zn**(aq)] + [Zn(OH),(aq)] + [Zn(OH);  (aq)] (5)

A1 1-4 ifadslerinds tarazliq yarandiqda, [Zn(OH),(aq)]-nun [Zn?*(aq)], 6pt
[Zn(OH),(aq)] ve [Zn(OH)3~(aq)] arasinda an boyuk oldugu pH arahgni
hesablayin.

A.2 pH = 7.00 -3 malik Zn(OH),(s)-nin doymus sulu mahlulu hazirlandi va suzuldi.  5pt
pH -1 12.00-s gadar artirmaq udclin bu ¢okintiya NaOH alavs edildi. pH 7.00
-dan 12.00-a gadar artirildigda ¢ékan sinkin mol payini hesablayin. Hacm vo
temperatur dayisikliklarini nazars almayin.

B hissasi
Sonra, barpa olunan sink hidroksid asagidaki reaksiyaya uygun sink oksid alinmasi tigiin qizdirihr:

Zn(OH),(s) — ZnO(s) + H,O(l) (6)
Sink oksid sonra hidrogen ila reaksiyaya girarak metal sinka gadar reduksiya olunur:

ZnO(s) + H,(g) — Zn(s) + H,0(9g) (7)

B.1 Reaksiyanin (7) 1 bar hidrogen tazyiginds getmasi Ug¢ln yaranan su buxari-  4pt
nin parsial tazyiqini azaltmaq lazimdir. Reaksiyanin (7) 300 °C-ds geda bilm-
9si U¢ln su buxarinin parsial tazyiginin maksimum haddini hesablayin. 300
°C -da va 1 bar tazyiqda (batlin qaz hissaciklar Gg¢ln) sink oksid va su buxa-
rinin standart amalagalme Gibbs enerjilari, muvafiq olaraq, AG;,5(300°C) =
—2.90 x 10> kCmol~! va AGy (300°C) = —2.20 x 10> kC mol~"-dur.

Sink metali metal-hava batareyalarinda manfi elektrod (anod) materiali kimi istifads olunur. Elektrod
Zn va ZnO-dan ibarstdir. Batareyanin elektrik enerjisi istehsal etmak Gcun istifads etdiyi oksidlasma-
reduksiya reaksiyasi va onun 25 °C -da va 1 bar tazyiqds , elektrik harakat quvvasi (e.h.q.), E° asagida
verilmisdir.

Zn(s) + %Oz(g) — Zn0O(s) E°=1.65V (8)
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B.2

Sink-hava batareyasi 24 saat arzinds 20 mA carayanda bosaldildi. Batareyanin
manfi elektrodunun (anodun) kitlasinin dayismasini hesablayin.

3pt

Fuci dagi

B.3

Sink-hava batareyasinin e.h.q. (e.m.f.) saraitdan asili olaraq dayisir. Tempera-
turu va hindurliyd, mavafiqg olaraq —38°C (fevral ayinda) va 3776 m olan Fuci
daginin zirvasinds e.h.q. (e.m.f.) -ni hesablayin. Atmosfer tazyiqi asagidaki dis-
turdan istifade etmakls hesablana bilar

5.257

Pbar] = 1.013 x (1 0.0065h )

T +0.0065h + 273.15 ®
Burada, h [m] - hundurlik m-ls va T [*C]- temperatur °C-ladir. Atmosferds oksi-
genin mol payi 21%-dir. —38°C-da va 1 bar tazyiqds reaksiyanin (8) Gibss enerji-
sinin dayismasi AGz,0(—38°C) = —3.26 x 102 kCmol~" -dur.

5pt

B.4

25 °C-ds reaksiyanin (6) Gibss enerjisnin dayismasini hesablayin. 25°C-da va 1
bar tazyiqds standart reduksiya potensiallari, E°(Zn?*/Zn) va E°(0,/H,0) mi-
vafiq olaraq, (10) va (11) ifadalards verilmisdir.

Zn?t 4 2e~ — Zn E°(Zn?*/Zn) = —0.77V (10)

0, +4H* + 4e~ — 2H,0 E°(0,/H,0) = 1.23V (1)

Ipt
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B hissasi

B.1 (4 pt)

DH,0= bar

B.2 (3 pt)
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B.4 (9 pt)

AG° = Jmol~!
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Mysterious Silicon

12 % of the total
Question | A.1 A2 A3 A4 B.1 B.2 B.3 | Total
Points 9 7 6 10 5 15 8 60

Score

Although silicon is also a group 14 element like carbon, their properties differ significantly.

Part A

Unlike the carbon-carbon triple bond, the silicon-silicon triple bond in a compound formulated as
R'-Si = Si-R" (R: organic substituent) is extremely reactive. For example, it reacts with ethylene to form
a cyclic product that contains a four-membered ring.

—

R'-Si=Si—R' + H,C=CH, — _Si=Si
R! \R1

When R'-Si = Si-R' is treated with an alkyne (R>-C = C-R?), the four-membered-ring compound A is
formed as an initial intermediate. Further reaction of another molecule of R2-C = C-R? with A affords
isomers B and C, both of which have benzene-like cyclic conjugated structures, so-called ‘disilabenzenes’
that contain a six-membered ring and can be formulated as (R'-Si),(R?>-C),.
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R2—C=C—R?
R'—Si=Si—R! + RE-C=C—R2 — A > B + C

The '3C NMR analysis of the corresponding six-membered ring skeletons Si,C, shows two signals for B
and one signal for C.

A1 Draw the structural formulae of A, B, and C using R, R?, Si, and C, with one of ~ 9pt
the possible resonance structures.

A.2 Calculate the aromatic stabilization energy (ASE) for benzene and C (inthe case  7pt
of R" = R? = H) as positive values, considering the enthalpy change in some
hydrogenation reactions of unsaturated systems shown below (Fig. 1).

H,C—=CH, + Ho - H,C—CH, AH=-135kJ mol" (1)
H,Si—CH, + Ho > H,Si— CH, AH=-213 kJmol" (2)
H,Si=—SiH, + Hz — H3Si— SiH; AH=-206 kJ mol”"  (3)

®
9

3 Hp — AH=-173kJ mol”!  (4)
HSi—SiH H,Si— SiH,
<\ /> + 3 Hp — ¢ ) AH=-326 kJ mol”!  (5)

/—SiH2

HSi 3 Hz H,Si AH=-368 kJ mol-'  (6)

e
|

HSi SiH + 3 Ho — > H,Si SiH, AH=-389kJmol! (7)

_/

L

Fig. 1
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When a xylene solution of C is heated, it undergoes isomerization to give an equilibrium mixture of
compounds D and E. The molar ratioisD: E=1:40.0at50.0 "Cand D:E=1:20.0 at 120.0 °C.

A3 Calculate AH for the transformation of D to E. Assume that AH does not de-  6pt
pend on temperature.

The isomerization from C to D and to E proceeds via transformations of m-bonds into o-bonds without
breaking any o-bonds. A '3C NMR analysis revealed one signal for the Si, C, skeleton of D and two signals
for that of E. The skeleton of D does not contain any three-membered rings, while E has two three-
membered rings that share an edge.

A4 Draw the structural formulae of D and E using R', R?, Si, and C. 10pt

Part B

Silicon is able to form highly coordinated compounds (> four substituents) with electronegative elements
such as fluorine. As metal fluorides are often used as fluorination reagents, highly coordinated silicon
fluorides also act as fluorination reagents.

The fluorination reaction of CCl, using Na,SiFg was carried out as follows.

+ Standardization of Na,SiF; solution :
- Preparation
Aqueous solution F: 0.855 g of Na,SiF, (188.053 gmol ') dissolved in water (total volume: 200 mL).
Aqueous solution G: 6.86 g of Ce,(SO,); (568.424 gmol") dissolved in water (total volume: 200 mL).
- Procedure

Precipitation titration of a solution F (50.0 mL) by dropwise adding solution G in the presence of xylenol
orange, which coordinates to Ce3*, as an indicator. After adding 18.8 mL of solution G, the color of the
solution changes from yellow to magenta. The generated precipitate is a binary compound that contains
Ce3*, and the only resulting silicon compound is Si(OH),.

B.1 Write the balanced equation for the reaction of Na,SiF; with Ce,(SO,)s. 5pt

+ Reaction of CCl,with Na,SiFg:
(Substance losses by e.g. evaporation are negligible during the following operations.)

Na,SiFg(z [g]) was added to CCl, (500.0 g) and heated to 300°C in a sealed pressure-resistant reaction
vessel. The unreacted Na,SiFs and generated NaCl were removed by filtration. The filtrate was diluted
to a total volume of 1.00 L with CCl, (solution H). The 2°Si and "°F NMR spectra of solution H showed SiF,
as the only silicon compound. In the "°F NMR spectrum, in addition to SiF,, signals corresponding to
CFCl, CF,Cl,, CF5Cl, and CF, were observed (cf. Table 1). The integration ratios in the '°F NMR spectrum
are proportional to the number of fluorine nuclei.

Table 1
9F NMR data CFCl; CF,Cl, CF5Cl CF,
Integration ratio 45.0 65.0 18.0 2.0
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SiF, is hydrolyzed to form H,SiFg according to the following eq. 8:
3SiF, + 2H,0 — SiO, + 2H,SiFg (8)

Solution H (10 mL) was added to an excess amount of water, which resulted in the complete hydrolysis of
SiF,. After separation, the H,SiF; generated from the hydrolysis in the aqueous solution was neutralized
and completely converted to Na,SiFg (aqueous solution J).

The precipitate of unreacted Na,SiF, and NaCl, which was removed by filtration in the initial step (under-
lined), was completely dissolved in water to give an aqueous solution (solution K; 10.0 L).

Then, additional precipitation titrations using solution G were carried out, and the endpoints of the titra-
tions with G were as follows:

-For solution J (entire amount): 61.6 mL.
‘For 100 mL of solution K: 44.4 mL.

It should be noted here that the coexistence of NaCl or SiO, has no effect on the precipitation titration.

B.2 Calculate the mass of the NaCl produced in the reaction vessel (information  15pt
underlined), and calculate the mass (z [g]) of the Na,SiF; used as a starting
material.

B.3 77.8% of the CCl, used as a starting material was unreacted. Calculatethemass  8pt
of CF;Cl generated.




IChO
|
2\ 5 AZE-3 C-5 Q-1
Choz0™ Azerbaijani (Azerbaijan)

Muammal Silisium

Umuminin 12 % -i
Tapsiriq A A2 A3 A4 B.1 B.2 B.3 | Total
Ballar 9 7 6 10 5 15 8 60

Natica

Silisiumun karbon kimi 14-cU qrupda olmasina baxmayaraq, onlarin xassalari ahamiyyatli daracads far-
glanir.

A hissasi

Karbon-karbon Ggqat rabitssindan fargli olarag, R'-Si = Si-R' (R: Gizvi avazedici) birlssmasindaki silisium-
silisium Ggqgat rabitasi olduqca yiksak reaksiyaqgabiliyysti nimayis etdirir. Masalan, etilenla reaksiya daxil
olaraq takibinda dord Gzvlu halgs saxlayan tsiklik mahsul smals gatirir.

—

R'-Si=Si—R' + H,C =CH, — _Si=Si
R \R1

R'-Si = Si-R'alkinls (R?2-C = C-R?) garsiligh tasirda olduqda, ilkin araliq birlasma kimi dord Gzvll tsikle
malik A maddasi amals galir. A-nin digar molekul R>-C = C-R? ils reaksiyasi naticasinda B va C izomerlari
alinir va har iki izomer benzolabanzar tsiklik konyuga olunmus qurulusa malikdir. Bu ‘disilabenzollar’
adlanan quruluslar tarkibinds alti tzvlG tsikl saxlayir va (R'-Si), (R?~C),kimi yazila bilarlar.
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R2—C=C—R?
R'-Si=Si—R' + R?-C=C—R2 —> A > B + C

13C NMR spektroskopiyasina asasan, alti Gzvll tsikls malik Si,C,qurulusu (skeletons) B maddasinda iki
signal va C maddasinds isa bir signal verir.

A1 R", R?, Si, va C-danistifads edarak, A, B, va C har biri Gcin mamkin bir rezonans  9pt
qurulus ¢akin.

A.2 Asagida gostarilan (Sak. 1) doymamis sistemlarin bazi hidrogenlasma reaksiya-  7pt

larinin entalpiya dayismalarindan istifads edarak, benzol va C (R' = R? = H

oldugu halda) tG¢ln aromatik rezonans enerjisini (ASE) musbat dayarlar kimi

hesablayin.
H,C =CH, + Ho - H,C—CH, AH=-135kJmol" (1)
H,Si—CH, + Ho - H,Si— CH,4 AH=-213kJmoll (2)
H,Si—SiH, + Ho —_— H3Si— SiH; AH =-206 kJ mol”!  (3)

®
9

3 H» — AH=-173kJ mol”!  (4)
HSi—SiH H,Si—SiH,
<\ /> + 3 Ho —_ < > AH=-326 kJ mol”"  (5)

HSi 3 Ho H,Si AH=-368 kJ mol”!  (6)

e
|

SiH  + 3 Ho > HSi SiH, AH=-389kJmol' (7)

S

HSi

<

Fig. 1
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C-nin ksilol mahlulu qizdirildigda izomerlasma bas verir, D va E birlagsmalsarinin tarazliq garisigi amala
galir. Mol nisbati 50.0 °C-de D: E=1:40.0 va 120.0 "C-daiss D : E=1:20.0 kimidir.

A3 D-nin E-ys ¢evrilmasininin AH-ni hesablayin. AH-in temperaturdan asiliolma-  6pt
digini gabul edin.

C-nin D va E-ya izomerlasmasi heg bir o-rabitasi qirllmadan =-rabitalarin o-rabitalars ¢evrilmasi ils bas
verir. '3C NMR spektroskopiyasina asasan, Si,C, qurulusunun (skeleton) D-ds bir va E-da iki signalinin
oldugu malumdur. D qurulusunda heg bir Gg¢ Gzvlu tsikl yoxdur, lakin E-ds ortaq tila malik olan iki G¢
UzvlU tsikl var.

A4  R',R? Sj, va C-dan istifads edarak D va E-nin quruluslarini ¢akin. 10pt

B hissasi

Silisium eyni zamanda flior kimi elektromanfi elementlarls ylksak koordinasiyali birlasmalar (> dérd
avazedici) amals gatira bilir. Metal flioridlarla yanasi, yiksak koordinasiyali silisium flioridlari da fltor-
lasdirici reagentlar kimi istifada olunur.

Na,SiF; istifada edarak CCl,-Un fliorlasdirma reaksiyasi asagidaki kimi apariimisdir.

* Na,SiF; mahlulunun standartlasdiriimasi :
- Hazirlanmasi
F-in sulu mahlulu: 0.855 g Na,SiFg (188.053 g mol') suda hall edildi (mumi hacm: 200 mL).
G-in sulu mahlulu: 6.86 g of Ce,(SO,); (568.424 gmol') suda hall edildi (Gmumi hacm: 200 mL).
- Metodika

Ksilenol narincinin (xylenol orange) istirakinda G mahlulu damci-damci F (50.0 mL) mahlununa alavs olu-
narag, ¢okudurma titrlanmasi aparilir. Ksilenol narincinin (xylenol orange) Ce3*-i koordinasiya edir va in-
dikator rolunu oynayir. 18.8 mL G mahlulu alava edildikdan sonra mahlulunun rangi saridan banévsayi-
girmiziya (magneta) dayisdi. Alinan ¢ékuntl tarkibinds Ce3*saxlayan binar birlassmadir va amalagalsn
yegansa silisum birlasmasi isa Si(OH),-dur.

B.1 Na,SiFg -nin Ce, (SO, )5 ila amsallasdiriimis reaksiya tanliyini yazin. 5pt

+ CCl,-tin Na,SiF ila reaksiyasi:
(Asagidaki marhalalards maddi itkilarini, mas. buxarlanma kimi, nazars almayin.)

Na,SiF¢(z [g]) CCl, -2 (500.0 g) alava edildi va tazyiqs davamli agzi bagl reaksiya gabinda 300°C -3 ga-
dar qizdirildi. Reaksiyaya daxil olmayan Na,SiFs va amala galan NaCl -u sizmakls ayirdilar. Filtrat CCl,(H
mahlulu) ils 1.00 L tmumi hacma gadar durulasdirilir. H mahlulunun 2°Si va "°F NMR spektroskopiyasina
asasan yegansa silisium birlasmasi SiF, -dur. 'F NMR spektrinda SiF,-ls yanasi CFCl3, CF,Cl,, CF5Cl, va CF,
-3 uygun signallar musahida olunmusdur (Cadval 1-a baxin.). "F NMR spektrinds inteqrallarin nisbati
flior nutvalarinin sayi ils diz mutanasibdir.

Cadval 1
"9F NMR malumati CFCl5 CF,Cl, CFCl CF,
integrallarin nisbati 45.0 65.0 18.0 2.0
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SiF, 8-ci barabarlikdaki kimi hidroliz edarak H,SiFg amala gatirir:
3SiF, + 2H,0 — SiO, + 2H,SiF, (8)

H mahlulunu (10 mL) suyun artiglamasina alava olunub va bu SiF,-Un tam hidrolizi ils naticalanib. Su-
lu mahlulda hidroliz naticasinds amals galan H,SiFs-i mahluldan ayirdigdan sonra neytrallasdirirlar va
tamamila Na,SiFg-a (J sulu mahlulu) kegirirlar.

flkin marhalada (altdan xatt ¢akilmis) stiziilma ila ayrilan- Na,SiF¢(reaksiyaya daxil olmayan) va NaCl ¢6-
kintist tamamils suda hall edilir ve sulu mahlul (K mahlulu; 10.0 L) alinir.

Daha sonra G mahlulundan istifada edarak yeni ¢cékdlrma titrlanmasi aparildi. G mahluluiila titrlanmanin
son noqtalari asagida gostarilmisdir:

- J mahlululu Ggln (batin migdari tgun): 61.6 mL.
100 mL of solution K mahlulunun 100 mL tgun: 44.4 mL.

Nazara alin ki, NaCl va ya SiO,-nin olmasi ¢okdirma titrlomasinin naticalarina tasir etmir.

B.2 Reaksiya gabindaki ( altindan xatt ¢akilmis matn) alinmis NaCl-un kutlasini  15pt
hesablayin va baslangic material kimi istifads olunan Na,SiFg-1n kutlasini (« [g])
hesablayin.

B.3 Baslangic material kimi istifads olunan CCl, -Un 77.8% -i reaksiyaya daxil olma-  8pt
yib. @mals galan CF;Cl -Un kitlasini hesablayin.
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Sirli Silisium

A hissasi

A.1 (9 pt)

A (3 pt) B (3 pt)

C(3pt)

A.2 (7 pt)

C6H6: k_]m0| 1,C:

k) mol™!
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A.3 (6 pt)
AH = k] mol™!
A.4 (10 pt)
D (5 pt) E (5 pt)
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B.2 (15 pt)

(N6vbati sahifeda davam edir)
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B.2 (cont.)

NaCl : g, Na,SiF; : g
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Score
Volcano at Sakurajima island
Part A

Japan is one of the countries with the highest numbers of volcanos worldwide. When silicate minerals
crystallize from magma, a part of the transition-metal ions (M"*) in the magma is incorporated into the
silicate minerals. The M"* studied in the problem are coordinated by oxide ions (0%>~) and adopt a four-
coordinate tetrahedral (Ty) geometry in the magma and six-coordinate octahedral (Oy,) geometry in the
silicate minerals, both of which exhibit a high-spin electron configuration. The distribution coefficient of

M"* between the silicate minerals and magma, D, can be expressed by:

M,
M

where [M]; and [M], are the concentrations of M"* in the silicate minerals and the magma, respectively.
The table below shows the D values of Cr?*and Mn?* as examples.

Cre+

MnZ+

D 72

1.1
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Let Ay and CFSE® be the energy separation of the d-orbitals of M"* and the crystal-field stabilization
energy in a O, field, respectively. Let A; and CFSET be those in a Ty field.

A1 Calculate |CFSEC—CFSE'| = ACFSE in terms of Aq for Cr?*, Mn?*, and Co%*; 6pt
assume Ap = 4/9A,.

A2 Alinear relationship is observed by plotting InD against ACFSE / A in the Carte-  3pt
sian coordinate system shown below.
Estimate D for Co?*.

2.0

0 01 02 03 04 05
ACFSE 7 Aq

Metal oxides MO (M: Ca, Ti, V, Mn, or Co) crystallize in a rock-salt structure wherein the M"* adopts an Oy,
geometry with a high-spin electron configuration. The lattice enthalpy of these oxides is mainly governed
by the Coulomb interactions based on the radius and charge of the ions and some contributions from
the CFSE of M"™* in the Oyfield.

A3 Choose the appropriate set of lattice enthalpies [k] mol~'] from one of the op-  3pt
tions (a) to (f).

CaO TiO \'[e] MnO CoO
(a) 3460 3878 3913 3810 3916
(b) 3460 3916 3878 3810 3913
(c) 3460 3913 3916 3810 3878
(d) 3810 3878 3913 3460 3916
(e) 3810 3916 3878 3460 3913
(f) 3810 3913 3916 3460 3878
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Part B

A mixed oxide A, which contains La3* and Cu?*, crystallizes in a tetragonal unit cell shown in Fig.1. In the
[CuQg] octahedron, the Cu-0 length along the z-axis (I,) is longer than that of the x-axis (), and [CuOg]
is distorted from the regular O, geometry. This distortion removes the degeneracy of the e, orbitals
(dxz_ » and dzz).

Y

D - La3+

@ : Cu*

O 0+
0.2520 nmI
1.3313nm

CuOq

1 ", _ASSSSnm
‘-
% 0.3833nm
Fig. 1

A can be synthesized by thermal decomposition (pyrolysis) of complex B, which is formed by mixing metal
chlorides in dilute aqueous ammonia solution containing squaric acid C,H,0,, i.e., a diacid. The pyrolysis
behavior of B in dry air shows a weight loss of 29.1% up to 200 °C due to the loss of crystallization water,
followed by another weight loss up to 700 °C due to the release of CO,. The total weight loss during the
formation of A from B is 63.6%. It should be noted that only water and CO, are released in the pyrolysis
reaction.

B.1 Write the chemical formulae for A and B. 6pt

B.2 Calculate /,, and [, using Fig. 1. 4pt

B.3 For Cu?* inthe distorted [CuOg4] octahedronin A of Fig. 1, write the namesofthe  4pt
split €q orbitals (dzz,yz andd..)in (i) and (ii), and draw the electron configuration
in the dotted box in your answer sheet.
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Ais an insulator. When one La3* is substituted with one Sr*, one hole is generated in the crystal lattice
that can conduct electricity. As a result, the Sr>*-doped A shows superconductivity below 38 K. When a
substitution reaction took place for A, 2.05 x 10?7 holes m~3 were generated.

B.4 Calculate the percentage of Sr>* substituted for La3* based on the mole ratio  4pt
in the substitution reaction. Note that the valences of the constituent ions and
the crystal structure are not altered by the substitution reaction.

Part C

Cu,(CH5CO,), is composed of four CH;CO, coordinated to two Cu®" (Fig. 2A). Cu,(CH5CO,), exhibits
high levels of structural symmetry, with two axes passing through the carbon atoms of the four CH;CO,
and an axis passing through the two Cu*", all of which are oriented orthogonal relative to each other.
When a dicarboxylate ligand is used instead of CH;CO, , a “cage complex” is formed. The cage com-
plex Cu,(L1), is composed of planar dicarboxylate L1 (Fig. 2B) and cu*t (Fig. 2C). The angle 6 between
the coordination directions of the two carboxylates, indicated by the arrows in Fig. 2B, determines the
structure of the cage complex. The 8 is 0° for L1. Note that hydrogen atoms are not shown in Fig. 2.

A ( B
C
//\\
& ® ®
/e' 0“0 0“0
 SEETEEN |
d 6=0°
Bc.@oOc

Fig. 2
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C1

The 6 of the planar dicarboxylate L2 below is fixed to 90°. If the composition
of the cage complex formed from L2 and Cu*" is Cu,(L2), , give the smallest

integer combination of n and m. Assume that only the CO, groups of L2 form
a coordination bond to Cu®" ions.

N

L2
0 =90°

5pt
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A zinc complex, Zn,0(CH;3CO,),, contains four tetrahedral Zn’*, six CH3CO, , and one 0% (Fig. 3A). In
Zn,0O(CH5CO,),, the O*~ is located at the origin, and the three axes passing through the carbon atoms of
CH5CO, are oriented orthogonal relative to each other. When p-benzenedicarboxylate (Fig. 3B, L3, 8 =
180°) is used instead of CH;CO, , the Zn’" clusters are linked to each other to form a crystalline solid (X)
that is called a “porous coordination polymer” (Fig. 3C). The composition of X is [Zn,O(L3)3],,, and it has
a cubic crystal structure with nano-sized pores. One pore is represented as a sphere in Fig. 3D, and each

tetrahedral Zn>" cluster is represented as a dark gray polyhedron in Fig. 3C and 3D. Note that hydrogen
atoms are not shown in Fig. 3.

o )
L3, 6=180°

Fig. 3

C.2 X has a cubic unit cell with a side length of a (Fig. 3C) and a density of 0.592  5pt
gcm—3. Calculate a in [cm].

c3 X contains a considerable number of pores, and 1 g of X can accommodate 5pt
3.0 x 102 mL of CO,, gas in the pores at 1 bar and 25 °C. Calculate the average
number of CO, molecules per pore.
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Kecid Metallarinin Bark Cisimlar Kimyasi

Umuminin 13%-i
Tapsiriq | A1 A2 A3 B.1 B.2 B.3 B.4 C.1 c.2 C.3 | Umumi
Ballar 6 3 3 6 4 4 4 5 5 5 45

Natica

Sakurayima adasinda Vulkan

A hissasi

Yaponiya diinyada an ¢ox vulkanlara sahib 6lkalardan biridir. Silikat minerallari magmadan ¢okdukds,
maqgmadaki kegid-metal ionlarinin (M"*) bir hissasi silikat minerallarina daxil olur. Masalada dyranilan
M"* jonlari O%~ oksid ionlari ils koordinasiya edilir, magmada dérd-koordinat tetraedral (7,) handasi
qurulusa, silikat minerallarinda iss alti-koordinat oktaedral handasi qurulusa sahib olur va har ikisinds
yuksak spinli elektron konfiqurasiyasi musahida edilir. Silikat minerallari va magmada M"* G¢ln yayllma
amsall, bels ifada oluna bilar:

M,
M

[M]; va [M],, uygun olaraq, M""-in silikat minerallari va magmada gatiliglaridir. Asagidaki cadvalds misal
kimi Cr?*va Mn?* Ggun D giymatlari gostarilib.

Cr2*  Mn?+
D 72 1.1
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A va CFSE®, uygun olarag, M"*-in d-orbitallarinin ayrilma enerjisi va Oy, sahada kristal-saha stabillasma
enerjisidir. A; va CFSET isa T, sahasindaki adigakilan parametrlardir.

A1 Cr?*, Mn?*, and Co?* igclin | CFSEC—CFSET | = ACFSE giymatini A, ilo ifads etm-  6pt
okls hesablayin;
forz edin ki, Ay = 4/9 A,.

A.2 InD-in ACFSE / Ag-dan asilihgr Kartezian koordinat sisteminda xatti grafik verir. ~ 3pt
Co?* Gglin D tayin edin.

2.0

1.5

0 01 02 03 04 05
ACFSE / Ag

Metal oksidlari MO (M: Ca, Ti, V, Mn va ya Co) dasduz strukturunda kristallasdigi halda, M"* yutksak-spin
elektron konfiqurasiyali O, handasi qurulusunu malik olur. Bu oksidlarin gafas enerjisi, asasan, radius,
ion yukd va M"*-in Oy, sahasinds CFSE-dan tasirlanan, Kulon qarsiligh tasirlari ils tanzim olunur.

A3 (a)-(f)-dan uygun kristal entalpiyalari [k] mol~"] dastini @. 3pt

Cao TiO VO MnO CoO
(a) 3460 3878 3913 3810 3916
(b) 3460 3916 3878 3810 3913
(c) 3460 3913 3916 3810 3878
(d) 3810 3878 3913 3460 3916
(e) 3810 3916 3878 3460 3913
(f) 3810 3913 3916 3460 3878
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B hissasi

La3* va Cu?* saxlayan qarisiq oksid A Sakil 1-ds gostarilan tetragonal vahid hiicra kimi kristallasir. [CuOg]
oktaedrinda z-oxu boyunca Cu-O uzunlugu (I,) x-oxundakindan daha uzundur va [CuOg] normal O}, han-
dasi qurulusundan farqlanir (distorted). Bu farglanms eq orbitallarinin (d,._,. va d..) degenerasiyasini
aradan qaldirir.

D : La3+
@ : Cu*
O 0+

1.3313nm

1 ", ﬁsesa nm
‘+——
% 0.3833nm

Sakil 1

B kompleksinin termik parcalanmasindan (pirolizindan) A alina bilar, hansi ki, metal xloridlarini iki asasli
karbon tursusu, squaric tursu C,H,0, saxlayan, duru sulu ammonyak mahlulunda qarisdirdigda amala
galir. B-in 200 °C-a gadar pirolizi zamani kristallasma suyunun itmasina gdrs 29.1% kuatls itkisi musahida
olunur. Bundan sonra 700 °C-s gadar piroliz zamani CO, ¢ixmasina gors alava kutls itkisi musahids olu-
nur. B-don A-in amals galmasi zamani Umumi kutls itkisi 63.6%-dir. Nazara alinmalidir ki, pirolizds yalniz
su va CO, ayrilir.

B.1 A va B-in kimyavi formullarini yazin. 6pt

B.2 Sakil 1-dan istifads edarak, I, va I, hesablayin. 4pt

B.3 (i) va (ii)-ds, tahrif olunmus [CuOg¢] oktaedrindaki Cu?* Ggin ayriimis eq orbitalla-  4pt
rinin (d,»_,» v@ d =) adlariniyazin va cavab kitabgasinda noqtali qutuda elektron
konfiqurasiyanini ¢akin.
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A izolyatordur. Bir La3* Sr?* ila avaz olunduqda, kristal gafasda elektrik kegirs bilan desik yaranir. Natic-
ada Sr?*asgarl A 38 K-dan asagida superkeciricilik gostarir. A G¢lin avazlanma reaksiyasi bas verdikdas,
2.05 x 10?7 desik/m~3 yaranir.

B.4 9vazlanma reaskiyasinda mol nisbatina gérs, La3* avazlayan Sr?* faizini tapin.  4pt
Nazara alin ki, avazlanma reaksiyasinda tasisci ionlarin (constituent ions) valent-
liklari va kristal strukturu dayismir.

C hissasi

Cu,(CH5CO,),, iki Cu®" ils koordinasiya olunmus dérd CH5CO, -dan ibaratdir (Sakil 2A). Hamisi bir-birina
perpendikulyar olan, dérd CH3CO, ™ gruplarinin karbon atomlarindan kecan iki ox va iki Cu**-dan kecan
ox il3, Cu,(CH;CO,), yuksak saviyysli struktur simmetriyasi géstarir. CH;CO, avazina dikarboksilat li-
gandi istifads olunduqda "gafas kompleksi” amals galir. Qafas kompleksi Cu,(L1), mustavi dikarboksilat
L1 (Sakil 2B) va Cu**-dan (Sakil 2C) ibaratdir. Sakil 2B-da oxlarla gostarilan, iki karboksilatin koordinasiya
istigamatlari arasindaki bucaq 8 gafas kompleksinin strukturunu tayin edir. L1 G¢tin 8 0°-dir. Nazara alin
ki, Sakil 2-da hidrogen atomlari gostarilmayib.

2

Bc.@oOc

Sakil 2
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CA1 Miistavi karboksilat L2 Gictin 6 90°-da sabitdir. L2 va Cu®"-don amals galan ga-  5pt
fos kompleksinin tarkibi Cu,, (L2) = olarsa, an kigik natural adad cutind (m va

n) tapin. Farz edin ki, L2-in yalniz CO, qruplari cu®ils koordinasiya alagasi

qurur.
N
N
L2
6=90°
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Sink kompleksi Zn,O(CH;CO,), 4 tetraedral Zn*", alti CH3CO,  va bir 02 saxlayir (Sakil 3A).
Zn,0(CH5CO,)-da O* markazda (origin) yerlssir va CH3CO, -in karbon atomlarindan kegan Ug ox
bir-birina nazaran perpendikulyardir. CH;CO, avazina p-benzoldikarboksilat istifads edildikda (Sakil
3B, L3, 6 = 180 °), Zn>" klasterlari "desikli koordinasiya polimeri” (Sakil 3C) adlanan kristal bark madda
amala gatiracak sakilds bir-birina baglanir. X-in tarkibi [Zn,O(L3)3],, kimidir vo nano-6l¢ulu desiklars sa-
hib kubik kristal gafasa malikdir. Sakil 3D-da har desik kiirs kimi va Sakil 3C va 3D-ds har tetraedral Zn**
klasteri tind boz poliedr kimi gostarilmisdir. Nazara alin ki, Sakil 3-ds hidrogen atomlari géstarilmayib.

o (o]
L3, =180°

Sakil 3

C.2 X sixlig1 0.592 g cm—3 va tarafinin uzunlugu a (Sakil 3C) olan vahid hiicrays sa-  5pt
hibdir. a giymatini [sm] ilo hesablayin.

c3 X ¢oxlu sayda desik saxlayir, bels ki, 1 bar vo 25 °C-ds 1 g X desiklards 3.0 x  5pt
102 ml CO, gazi saxlaya bilar. Bir desiya disan CO, molekullarinin orta sayini
hesablayin.
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Kecid Metallarinin Bark Cisimlar Kimyasi

A hissasi

A.1 (6 pt)

Cr2+ : Ao, Mn2+ : AO ' C02+ : AO
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1.5
Q
c 1.0
0.5
0
0 0.1 02 03 04 05
ACFSE / Ag
D:

A3 (3 pt)
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B Hissasi

B.1 (6 pt)

B.2 (4 pt)

nm, [, =

nm
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B.3 (4 pt)
(i) :
(i) -
Energy RS S,
| ()
€ e i
! ! i)
B.4 (4 pt)

%
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C hissasi

C.1 (5 pt)

n= ,m =

C.2 (5pt)
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Playing with Non-benzenoid Aromaticity

13 % of the total
Question A1 A2 A3 B.1 Total
Points 5 2 19 10 36

Score

Prof. Nozoe (1902-1996) opened the research field of non-benzenoid aromatic compounds, which are
now ubiquitous in organic chemistry.

Photo courtesy: Tohoku Univ.

Part A

Lineariifolianone is a natural product with a unique structure, which was isolated from Inula linariifolia.
From valencene (1), a one-step conversion yields 2, before a three-step conversion via 3 yields ketone 4.
Eremophilene (5) is converted into 6 by performing the same four-step conversion.
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eremophilene (5)

Inula linariifolia

X
»
N
NaIO4
0304 2
THF, H,0
C14H22O
\ H
—/Si—N—Si—
\S' |
—gi— _
/ Crl @i)\(
CH3CN THF : - . THF
80°C —78°C o, ou ~78°C
B \ H / (ii) 0
P —Si-N-Si—
N / \ \ OH
NaIO4 —Si—| . .
0s0, / (i) CHaLi OH
THF, H,O CH5CN THF
80 °C -78°C

A1 Draw the structures of 2 and 6 and clearly identify the stereochemistry where  5pt
necessary.

Then, ketone 4 is converted into ester 15. Compound 8 (molecular weight: 188) retains all the stereocen-
ters in 7. Compounds 9 and 10 have five stereocenters and no carbon-carbon double bonds. Assume
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that H,"80 is used instead of H,'®0 for the synthesis of '®0-labelled-lineariifolianones 13 and 14 from 11
and 12, respectively. Compounds 13 and 14 are '®0-labelled isotopomers. Ignoring isotopic labelling,
both 13 and 14 provide the same product 15 with identical stereochemistry.

\ K /
—Si-N-Si—
/ \ .
(KHMDS) Li
H N
(e L2 T N
- E o : i ~ o~ F
: S THF, —78 °C O//S\\C 3
4 7
0
Cl _OH
o)
(mCPBA)
8 NaHCO, 9 + 10
MW: 188 C14H000 C14H200
CH,Cly, 0 °C 1420 1420
\ Q
—/Si—CFzBr @—s—OH
I
Nal O 13
THF, 80 °C 11 H,'80, THF
C15H», 180,160
9 C H F O 151122 n 3-n
15M202 (n=0-3)
\ Q
—Si-CF,Br @S—OH
/ 1
Nal (0]
THF, 80 °C 12 H,'%0, THF 14
10 C15H0,'80,,10;,_
Cy5HaF20 15(r122= O—nS) 3-n
N ‘D
N~

160-13/160-14
(C15H22'%03) CH3OH
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A2 Choose the appropriate structure for A. 2pt
0] 0]
9 .C.) O:\§/CF3 O:\$,CF3
| F3C-S-OH Il FsC-S—NH, m N.g-CFs v HN. o -CF3
O O 77\ 77\
A3 Draw the structures of 8-14 and clearly identify the stereochemistry where nec-  19pt

essary. Also, indicate the introduced '80 atoms for 13 and 14 as shown in the
example below.
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Part B

Compound 19 is synthesized as shown below. In relation to non-benzenoid aromaticity, 19 can be used
as an activator for alcohols, and 20 was converted to 22 via ion-pair intermediate 21. Although the
formation of 21 was observed by NMR, 21 gradually decomposes to give 18 and 22.

16 C15H12Br.0
Q
S\
EtsN 18 clI > cl 19
CH,Cl,
C15H100 C15H10Cl2

OH Cl
20 —HCI 22

TH NMR (CD4CN, ppm)  20: 57.4-7.2 (5H), 3.7 (2H), 2.8 (2H), 2.2 (1H)
21: 58.5-7.3 (15H), 5.5 (2H), 3.4 (2H)

B.1 Draw the structures of 17-19 and 21. Identifying the stereochemistry is not  10pt
necessary.
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Qeyri-benzol Aromatikliyinin Arasdiriimasi

Umuminin 13 %-i

Tapsiriq | A1 A2 A3 B.1 Comi
Ballar 5 2 19 10 36
Natica

Hal hazirda Uzvi kimyada ¢ox genis yayilmis qeyri-benzol aromatikliyi sahasini ilk dafs Prof. Nozoe (1902-

1996) tadqiq elomisdir.

A hissasi

Fotonun manbayi: Tohoku Uni.

Lineariifolianon 6ztinamaxsus qurulusa malik tabii mahsuldur, hansi ki Inula linariifolia-dan slds edilib.
Valencene (1)-dan 1 marhalali cevrilmaila (2) slds edilir. Daha sonra ¢ marhalali cevrilmaila (3) Gzarindan
keton (4) alds edilir. Eremophilene (5) eyni dérd marhalanin hayata kecirilmasi ils 6-ya cevrilir.
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Inula linariifolia

N

P

N

NaIO4

0304 2

THF, H,0

C14H20
\ H / o]
—Si-N-si—

.- OH
—gi— _
CH5CN THF :C , THF D
80 °C ~78°C ) ot -78°C ; 0

3 4

B \_H / (i) 0

z —Si-N-Si—

N / \ \ OH

NaIO4 —Si—| . .

0s0, / (i) CHaLi OH

6
THF, H,O CH5CN THF
80 °C ~78 °C

eremophilene (5)

A1 2 va 6 maddalarinin qurulus formullarini ¢akin va lazim olduqda aydin sakilds  5pt
stereokimyani gostarin.

Daha sonra keton 4, murakkab efir 15-3 cevrilir. Kimyavi birlasma 8 (molekulyar kutlasi: 188) 7-nin butin
stereomarkazlarini 6ziinda saxlayir. 9 va 10 bes stereomarkaza sahibdir va karbon-karbon ikigat rabitasi
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yoxdur. 11 va 12-dan muvafiq olaraq 80 ils isarslenmis 13 va 14 lineariifolianonlarin alinmasi tgtn, farz
edin ki, H,'®0 yerina H,'#0 istifads olunmusdur. 13 v 14 birlssmalari '8 O-isarslanmis izotopemerlardir.
Izotopla isaralenmani saymasaq, 13 va 14-don eyni stereokimyaya sahib 15 maddasi alinir.

\ K /
—Si-N-Si—
/ \ .
(KHMDS) Li
H N
(e L2 T N
] THF, 78 °C : O.4-CFs
4 7 oo
0
Cl _OH
o)
(mCPBA)
8 NaHCO; 9 + 10
MW: 188 C14H000 C14H200
CH,Cly, 0 °C 1420 1420
\ Q
—/Si—CFzBr @—s—OH
I
Nal O 13
THF, 80 °C 11 H,'80, THF
C15H», 180,160
9 C H F O 151122 n 3-n
15M202 (n=0-3)
\ 0
—Si-CF,Br @S—OH
/ 1
Nal (0]
THF, 80 °C 12 H,'80, THF 14
10 C15H0,'80,,10;,_
Cy5HaF20 15(r122= O—nS) 3-n
N ‘D
N~

160-13/160-14
(C15H22'%03) CH3OH
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A2 A U¢Un muovafiqg qurulusu segin. 2pt
O\ O\
9 (,? O:\$,CF3 O:\$,CF3
| FsC-S-OH Il F3C-S—NH, m N.__CFg IV HN___CF,
1l 1 S S
O O 77\ 77\
A3 8 - 14 maddalarinin qurulus formullarini ¢akin va lazim oldugda aydin sakilda  19pt

stereokimyani géstarin. Hamginin, asagidaki nimunads gostarilan formada 13
va 14 maddalarinda 80 atomlarini isaralayin.

o

KeN
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B Hissasi

19 birlasmasi asagidaki kimi sintez edilmisdir. Qeyri-benzol aromatikliyi ils slagadar olaraq 19 birlasmasi
spirtlar GgUn aktivator olaraq istifads edils bilar. 20-in 22-ys cevrilmasi zamani aralig mahsul ion-cttu
21 samala galir. NMR vasitasila 21-in amala galmasi musahids edilsa da, 21 marhalali olarag 18 va 22-ya

parcalanir.

9o ¥e

16

EtsN

CH,Cl,

OH
20

"H NMR (CD4CN, ppm)

Br,

CH3COOH

18

C15H100

-HClI

17

19

C15H1oCl2

21

20: 57.4-7.2 (5H), 3.7 (2H), 2.8 (2H), 2.2 (1H)
21: 58.5-7.3 (15H), 5.5 (2H), 3.4 (2H)

Cl
s
22

B.1 17-19 va 21 maddalarinin qurulus formullarini ¢akin. Stereokimyanin geyd et-

mayin.

10pt
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Qeyri-benzol Aromatikliyinin Arasdiriimasi

A hissasi

A.1 (5 pt)

2(2 pt) 6 (3 pt)

A.2 (2 pt)
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A.3 (19 pt)
8 (3 pt)
9 (2 pt) 10 (2 pt)
1@py) 12 (2 pt)
13 (4 pY) 14 (4 pt)
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B hissasi
B.1 (10 pt)
17 2 pt) 18 (2 pt)
19 3 pt) 21 (3 pt)
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Dynamic Organic Molecules and Their Chirality

11 % of the total
Question A1 A2 A3 B.1 B.2 | Total
Points 9 3 7 3 4 26

Score

Part A

Polycyclic aromatic hydrocarbons with successive ortho-connections are called [n]carbohelicenes (here,
n represents the number of six-membered rings) (see below). [4]Carbohelicene ([4]C) is efficiently pre-
pared by a route using a photoreaction as shown below, via an intermediate (Int.) that is readily oxidized

by iodine.
®
gppha B

NaOEt
A EtOH B * ¢
B
hv

w [ LI .2 CT
c |10V )/ TU

Int.
[4]carbohelicene ([4]C)
CigH14

C18H12

The photoreaction proceeds in a manner similar to the following example.

hv

= \hV
. — L —— O
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Q,\ES

Note: For all of Question 8, please draw alternating single and double bonds in your answers to
the problems as depicted in the examples of carbohelicene. Do not use circles for conjugated =
systems.

A1 Draw the structures of A-C. Stereoisomers should be distinguished. 9pt

A2 Attempts to synthesize [5]carbohelicene from the same phosphonium saltand  3pt
an appropriate starting compound resulted in the formation of only a trace
amount of [5]carbohelicene, instead affording product D whose molecular
weight was 2 Da lower than that of [5]carbohelicene. The "H NMR chemical
shifts of D are listed below. Draw the structure of D.

[D (6, ppm in CS,, r.t.), 8.85 (2H), 8.23 (2H), 8.07 (2H), 8.01 (2H), 7.97 (2H), 7.91
(2H)]

[5]-and larger [n]carbohelicenes have helical chirality and interconversion between enantiomers of these
helicenes is significantly slow at room temperature. The chirality of [n]Jcarbohelicenes is defined as (M)

7o
O T

[n]Carbohelicenes with n larger than 4 can be enantiomerically separated by a chiral column chromatog-
raphy, which was developed by Prof. Yoshio Okamoto.

Photo courtesy: The Japan Prize Foundation
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Multiple helicenes are molecules that contain two or more helicene-like structures. If its helical chirality
is considered, several sterecisomers exist in a multiple helicene. For example, compound E contains
three [5]carbohelicene-like moieties in one molecule. One of the stereoisomers is described as (P, P, P)
as shown below.

(1,2,3) = (R, FP)

A3 The nickel-mediated trimerization of 1,2-dibromobenzene generates tripheny-  7pt
lene. When the same reaction is applied to an enantiomer of F, (P)-F, multiple
helicene G (C¢Hsg) is obtained. Given that interconversion between stereoiso-
mers does not occur during the reaction, identify all the possible stereoiso-
mers of G formed in this process, without duplication. As a reference, one iso-
mer should be drawn completely with the chirality defined as in the example
above, with numerical labels; the other stereoisomers should be listed with lo-
cation numbers and M and P labels according to the same numbering. For in-
stance, the other stereoisomers of E should be listed as (1, 2, 3) = (P, M, P), (P,

M, M), (P, P, M), (M, M, M), (M, M, P), (M, P, P), and (M, P, M).

Ni(COd)2
Br _ \
- QO = ()
Br . .

7 N\ o
@ G0
Br (CeeHas)
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Part B

Sumanene is a bowl-shaped hydrocarbon that was first reported in Japan in 2003. The name "sumanene"
derives from a Sanskrit-Hindi word "suman" that means sunflower. The synthesis of sumanene was
achieved by a reaction sequence that consists of a ring-opening and a ring-closing metathesis.

_______________________

Representative metathesis reactions catalyzed by a ruthenium catalyst (Ru*) are shown below.

Ru*
Z R \/(j\/\
] R
R R
X Ru*
! +
R X

Ru* |
(Ca1H1g)

B.1

Draw the structure of intermediate I (its stereochemistry is not required).

3pt
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0}

Cl CN
Cl CN

Me
P,
(Ca4H1g)
@ Me
Me

B.2

Starting from the optically active precursor ), the same reaction sequence gives
the optically active sumanene derivative K. The stereocenters in J suffer no in-
version during the metathesis reaction. Draw the structure of K with the ap-

propriate stereochemistry.

4pt
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Dinamik Uzvi Molekullar va Onlarin Xirallig

Umuminin 11 %-i

Sual A1 A.2 A.3 B.1 B.2 Comi
Ballar 9 3 7 3 4 26
Natica

A hissasi

Ardicil orto birleasmis poltsiklik aromatik karbohidrogenlar [n]karbohelisenlar adlanir (burada n adadi 6
Uzvll halgalarin sayini bildirir) (asagiya baxin). [4]Karbohelisen ([4]C) asagida gostarilmis fotoreaksiya is-
tifadasine edan yolla ssmarsli sakilds sintez olunur. Sintez zamani yodla asanlqgla oksidlsgan intermediat

(Int.) alinir.
@
gppha B
NaOEt
A EtOH B * ¢
B
hv

e .2 (T
c | 10U )/ TU

Int.
[4]carbohelicene ([4]C)
CigHia

C18H12

Fotoreaksiya asagida gostarilan nimunadaki kimi hayata kegirilir.

hv

4 \h’l/
. — L —— O
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Qeyd: 8-ci sual u¢lin olan butun cavablarinizda, karbohelisen niimunalarinda tasvir edildiyi kimi,
dayiskan-novbali takqat va ikiqat rabitalari ¢akin. Konyuqa 7 sistemlari ti¢lin halgalardan istifada
etmayin.

A1 A-C birlasmalarinin qurulus formullarini ¢akin. Stereoizomerlar farglanmalidir.  9pt

A.2 [51Karbohelisenin eyni fosfonium duzundan ve uygun baslangic maddadan sin-  3pt
tez olunmasi cahdlari yalniz cizi migdarda [5]karbohelisen sintezi ila naticalan-
di, svazinda ise molekul ¢akisi [S]karbohelisendan 2 Da daha az olan D mahsulu
amala galdi. D Ggun "H NMR naticalari asagida verilib. D-nin qurulus formulunu
¢akin.
[D (9, ppmin CS,, otag temp.), 8.85 (2H), 8.23 (2H), 8.07 (2H), 8.01 (2H), 7.97 (2H),
7.91 (2H)]

[5]- va daha boyuk [n]karbohelisenlar spiral (helical) xiralliga malikdir. Bu helisenlarin enantiomerlarinin
bir-birina ¢evrilmalari otaq temperaturunda nazars ¢arpacaq daracads yavas gedir. Asagida gostarildiyi
kimi, [n]karbohelisenlarin xiralliglari (M) va (P) olaraqg miayyan edilir.

&2

n-nin 4-dan béyuk giymatlarinda [nlkarbohelisenlar stitun (kolon) xromatoqrafiyasi ila enantiomerlara
ayrilir. Bu metod Prof. Yoshio Okamoto tarafindan irali stralmuasdar.

Foto manbayi: Yaponiya Mukafat Fondu
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Multiple helisenlar tarkibinds iki vaya daha ¢ox helisenvari qurulus olan molekullardir. Helikal xiralligin
olmasi multiple helisenlarda bir ne¢a stereocizomer mévcud olmasina sabab olur. Misal tgtn, E tg [5]kar-
bohelisen hissasindan ibarat bir molekuldur. (P,P,P) konfiqurasiyall strereizomerlardan biri asagida gos-
torilmisdir.

E

(1.2,3) = (R, FP)

A3 Nikel vasitasils 1,2-dibromobenzolun trimerlasmasi trifenilen amsals gatirir.  7pt
Eyni reaksiya F-in enantiomerina, (P)-F-a tatbiq edildikds multiple helisen G
(CegHsg) o1da edilir. Reaksiya zamani stereoizemerlar arasi ¢evrilma bas verms-
diyi bilinirss, bu prosesda amals galan G-nin batin mimkun stereoizomerlarini
muayyan edin. Tokrarlanmaya yol vermayin. Nimunsa olaraq: bir izomer, yuxa-
ridaki nimunadaki kimi, xiralligi tam nazars alinaraq ragamlarls isars edilmakls
¢okilmalidir; digar stereoizomerlar iss mévqge ragamlariilo voa M va P olaraq isa-
ra olunmalidir. Misal tcun, E -nin digar stereoizomerlari (1, 2, 3) = (P, M, P), (P,

M, M), (P, P, M), (M, M, M), (M, M, P), (M, P, P), va (M, P, M) kimi siralanmalidir.

Ni(cod),
Br _ \ /) ! '
- Qo = ()
Br .

s 1 ;
Br (CeeHas)
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B hissasi

ilk dafs 2003-cii ilds Yaponiyada geyds alinan Sumanen kasa formali hidrokarbondur. “Sumanen” adinin
mansayi Sanskrit-Hind s6zu olan “suman”, yani giinabaxandir. Sumanenin sintezi ardicil olaraq halga
aciimasi va halgs gqapanmasi metatezis reaksiyalarindan ibaratdir.

_______________________

Rutenium (Ru*) katalizatorlugu ils bas veran nimuna metatezis reaksiyalari asagida verilmisdir.

Ru*
+ A R \/(j\/\
R R
C, = D
R X

(0] 7 R
+
R
(¢}
Cl CN
Ao
SeSe

z |
@O" (C21H1e)

B.1 Iintermediatinin qurulus formulunu ¢akin (stereokimya lazim deyil). 3pt
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(0]
G Cl CN
Ru* (o) K
O') (Co4Hy1g)
‘ Me
Me

B.2 9gar baslangic madds kimi optiki aktiv ] istifads olunarsa, eyni reaksiyalar ardi-  4pt
alligi naticasinda sumanenin optiki aktivtdramasi olan Kalinir.J -in stereomark-
9zlari metatezis reaksiyalari zamani dayismir. K maddasinin qurulus formulunu
stereokimyani nazara alaraq ¢akin.




IChO

a F
3‘ G
Choz01™

AZE-3 C-8 A-1

A8-1

Azerbaijani (Azerbaijan)

Dinamik Uzvi Molekullar va Onlarin Xirallig

A hissasi

A.1 (9 pt)

A (3 pt)

B (3 pt)

C (3 pt)

A.2 (3 pt)
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B.1 (3 pt)

B.2 (4 pt)
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Likes and Dislikes of Capsule
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Score

Good kids don't do this, but if you unseam a tennis ball, you can disassemble it into two U-shaped pieces.

)>€f,

Based on this idea, compounds 1 and 2 were synthesized as U-shaped molecules with different sizes.

Compound 3 was prepared as a comparison of 1 and the encapsulation behavior of these compounds
was investigated.

0 0 " H
N O H N
)L Ph H/ \N )y Ph
HN™ °N N~ NH N /
Ph Ph ph->/€—Ph = \Z 026‘
HN N N NH Ph NwN Ph
(0] 1 (0]
P OH (0] (0] OH 2
HN/[(N N)kNH
R R E | | E R R
HN\[rN N\H/NH
o OH (0] (0] OH o
2
o)
HNJ(N CHj
Ph-—)\<—Ph
HN\er CHs
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The synthetic route to 2 is shown below. The element
and O; 17.98% by mass.

al composition of compound 9: C; 40.49%, H; 1.70%,

CH,OH =
o 9 " QO
>\—Z + 2x - - 4
HO OH A
C20H1806
OCH,
CO,PMB
s |- s | (T
Pd/C, H, CoaHosO- TiCI4/LiAIH, CO,PMB
(=T
OCHs
CO,PMB
S R
COo.PMB C20H1506 A
OCH,3
| e
4 +| 8 |—H
H3CO OCH,3
o]
A OCH,
HN N
o 2x R R NH
HN_ N NH
cl N
Cl 5 OCH;

0]

_ =

C:40.49%, H: 1.70%
0: 17.98%

i OH O 0 OH j\
HN™ N N~ NH
O RO
HNYN NYNH
0 OH 0] ) 0] OH o
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A1 Draw the structures of 4-9; the stereochemistry can be neglected. Use "PMB"  13pt
as a substituent instead of drawing the whole structure of p-methoxybenzyl
group shown in the scheme above.

In the mass spectrum of 1, the ion peak corresponding to its dimer (1,) was clearly observed, whereas
an ion peak for 3, was not observed in the spectrum of 3. In the 'H NMR spectra of a solution of 1,,
all the NH protons derived from 1 were observed to be chemically equivalent, and their chemical shift
was significantly different from that of the NH protons of 3. These data indicate that hydrogen bonds
are formed between the NH moieties of 1 and atoms X of another molecule of 1 to form the dimeric
capsule.

A.2 Circle all the appropriate atom(s) X in 1. 2pt

A3 Give the number of the hydrogen bonds in the dimeric capsule (1,). 2pt




IChO

Q,\GS

\ § AZE-3 C-9 Q-4
Chozo1™ English (Official)

The dimeric capsule of 1 (1,) has an internal space wherein an appropriate small molecule Z can be
encapsulated. This phenomenon is expressed by the following equation:

Z+1,—2@1, (M
The equilibrium constant of the encapsulation of Z into 1, is given as below:

_ [z@1,]

K =z,

(2)

Encapsulation of a molecule into a capsule could be monitored by NMR spectroscopy. For example, 1,
in C¢D¢ gave different signals in the 'H NMR spectra before and after addition of CH,.

Compound 2 also forms a rigid and larger dimeric capsule (2,). The 'H NMR spectrum of 2, was measured
in CgDg, CgDsF, and a CyDg/C,DsF solvent mixture, with all other conditions being kept constant. The
chemical shifts for the H? proton of 2 in the above solvents are summarized below, and no other signals
from the H? in 2, except for the listed, were observed. Assume that the interior of the capsule is always
filled with the largest possible number of solvent molecules and that each signal corresponds to one
species of the filled capsule.

o] 0
HNJLN OH O H O OH N)LNH
I OH O H O OH E
2
solvent d (ppm) of H?

CsDg 4.60
C¢D<F 4.71
CgDg / CsDsF 4.60,4.71,4.82

A4 Determine the number of C,Dg and C,DsF molecules encapsulated in 2, giving  3pt
each H? signal.




IChO

™

Q,\GS

\ § AZE-3 C-9 Q-5
Chozo1™ English (Official)

'H NMR measurements in C4Dg¢ revealed that 2, can incorporate one molecule of 1-adamantanecarboxylic
acid (AdA), and the association constants (K,) which are expressed below were determined for various
temperatures. [solvent@2,] denotes a species containing one or more solvent molecules.

__ [2@2)]
@ [Z][solvent@2,]

3)

Similarly, the K, values of CH, and 1, given as eq (2) at various temperatures in C;Dg were also deter-
mined by 'H NMR measurements. The plots of the two association constants (as In K, vs 1/T) are shown
below.

InK5
| CO,H
0 —=" e T
.. (KT
|/
AdA

No C;Dg molecule is encapsulated in 1,. In line II, the entropy change (AS) is ( 1) and enthalpy change
(AH) is ( 2), indicating that the driving force for the encapsulation in line IT'is ( 3 ). Therefore, line I
corresponds to (4 ), and line II corresponds to ( 5).

A5 Choose the correct options in gaps (1)-(5) in the following paragraph from A 3pt
and B.
A B

(1) positive negative

(2) positive negative

(3) AS AH

(4) 1, and CH, 2, and AdA

(5) 1, and CH, 2, and AdA
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Kapsullarin Sevdiklari voa Sevmadiklari

Umuminin 10%-i

Sual A1 A2 A3 A4 A.5 Comi
Ballar 13 2 2 3 3 23
Natica

Yaxsl usaglar bels harakat etmir, amma tennis topunun tikislarini agsaniz, onu U-formali iki hissays ayir-
magq olar.

-

2 '

Bu fikir asasinda, 1 va 2 birlagmalari muxtalif 6l¢ctlt U-formal molekullar olaraq sintez olunub. 3 birlagsm-

9si 1 birlagsmasi ils muqgayisa U¢ln sintez olunub va bu birlasmalarin kapsul emals gatirma xususiyyatlari
tadqiq edilib.
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H
1
N

H
@) 0] I o Q
H N H Y
HNJ(N N/\LNH " N/\f "
Ph-é\é-ph ph—>+Ph = \Z 056‘
HN\”/N NT]/NH PH Nw"‘ Ph
O o
1
7 OH (0] O OH N
HNJ(N N \ NJ\NH
R R
\ér OH O (0] OH I
2
O
HN/[(N CHs
oD
HN_ N CHs
L

2 maddasinin sintezi asagida gostarilmisdir. 9 birlasmasinin kitlacaelement tarkibi beladir: C; 40.49%, H;
1.70%, and O; 17.98%
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CH,OH _
o o + Lo
_ H
>\ — /< + 2x _ 4
H A

HO o}
C20H180s
OCHs
CO,PMB
I e Ot
Pd/C, H, CoaHpsOr TiCI4/Li§\IH4 CO,PMB
=T

OCHg;
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A1 4-9 maddalarinin qurulus formullarini ¢akin; stereokimya nazara alinmaya bil-  13pt

ar. P-metoksibenzil qurulusunu tam ¢akmak avazina "PMB" qisaltmasiniistifada
eda bilarsiniz.
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1 maddasinin kutls spektrinds, onun dimerina uygun (1,) ionun piki misahida edilir, halbuki 3-tin spekt-
rinda 3, musahids edilmir. 1,mahlulunun 'H NMR spektrinda 1-dan térayan butiin NH protonlari kimyavi
olaraq ekvivalentdir va onlarin kimyavi sirtismasi 3 birlagsmasinin NH protonlarinin kimyavi surismasin-
dan nazara carpacaq daracads farglanir. Bu malumatlar onu gdéstarir ki, bir 1 molekulun NH gruplari
ils digar 1 molekulun X atomlari arasinda hidrogen rabitasi amala galir va birlikds dimer kapsul amala
gatirirlar.

A.2 1-daki batin uygun X atom(lar)ini dairalayin. 2pt

A3 (1,) Dimer kapsulundaki hidrogen rabitalarinin sayini yazin. 2pt
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(1,) Dimer kapsulunda daxili boslug var va bu bosluga kigik uygun Z molekulu kapsullasdirila bilar. Bu
fenomen asagida gostarilan tanlikls ifads edilir:

Z+1,—2@1, (M
Z-nin 1,-3 kapsullagdiriimasinin tarazliq sabiti asagida verilib:

_ [z@1y)

K=z,

(2)

Molekulun kapsula kapsullasdirma prosesi NMR vasitasils musahida edils bilar. Misal t¢iin,CsDg-da 1,
-in 'H NMR spektrinin signallari CH, slava edilmamisdan avval va sonra farglanir.

2 birlasmasi elaca da sart (rigid) ve daha boyik dimer (2,) amals gatirir. 2,-nin 'H NMR spektri C¢Dg,
CeDsF, va CgDg/CyDsF halledici garisiginda, basga butin parametrlar sabit saxlanilmagla él¢ultr. 2 mad-
dasinin H3-hidrogeninin muxtalif halledicilards kimyavi strismasi asagida verilib va 2 molekulunda H?
protonlarinin basqa heg bir signali misahids olunmayib. Farz edin ki, har zaman kapsulun daxili hall edi-
cilarin mimkin maksimum miqgdari ils doldurulub va har signal dolu kapsulun bir névina uygun galir.

o) 0
OH (0] H® O OH

HNJLN N)kNH
R R N | | N R R
HNTN N N N_ _NH

o OH O H O OH o

2

Mahlul H2-nin § (ppm)-i
CsDg 4.60
C¢DsF 4,71
CgDg / CsDsF 4.60,4.71,4.82

A4 H? signallarina uygun 2,-da kapsullasdiriimis CzDg va CgDsF molekullarinin sa-  3pt
yini muayyanlasdirin.
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C¢Dg -daki 'H NMR naticalari gostardi ki, 2, bir molekul 1-adamantankarboksil tursusunu (AdA) kapsul-
lasdira bilar va muxtslif temperaturlar Ggun birlasma sabitlari (K,) muayyan edilarak asagida gostarilib.
[solvent@2,] - bir va ya daha ¢ox hall edici molekulu olan parcalari géstarir.

__ [2@2)]
@ [Z][solvent@2,]

3)

Oxsar sakilds, tenlik 2-ds verilmis CH, va 1,-nin C;Dg-da mixtalif temperaturlardaki K, dayarlari 'H NMR
ila muayyan edilib. Iki birlagsma sabitinin grafiki (In K, vs 1/T olaraq) asagida verilib.

InK,
| CO,H
0 ..-c. °.... 1 /T
‘.. ..o. (K-1)
Il
AdA

1,-ds heg bir C;,Ds; molekulu kapsullasdiriimayib. II xattda, entropiya dayisikliyi (AS) ( 1), entalpiya dayi-
sikliyi (AH) ( 2 )-dir. II xatt G¢Un bu kapsullasdirmada asas aparici quvva ( 3 )-dur. Belalikls, I xatti (4 )-9
va II xatti ( 5 )-9 uygun galir.

A5 (1)-(5) bosluglar ticiin diizgtin A va ya B variantini segin. 3pt
A B
(M positive negative
2) positive negative
(3) AS AH
(4) 1, va CH, 2, va AdA
(5) 1,va CH, 2, va AdA
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Kapsullarin Sevdiklari voa Sevmadiklari

A.1 (13 pt)
4(2pt) 5 (3 pt)
6 (2 pt) 7 (2 pt)

8 (2 pt) 9(2pt)
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A.2 (2 pt)
O O
HNJ(N N)X\NH
HN\[fN N\[]/NH
O O
A.3 (2 pt)
A.4 (3 pt)
Ha-nin § (ppm)-i CgDg-nin sayi CgDsF-nin sayi
4.60 ppm
4.71 ppm
4.82 ppm
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