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Fi el ds of advanced di ffi ci

Theoretical

.Mass Spect rmormetcruy 4 rc hiaaongse, rmasso, 1| sotope d

Ki net i s ssetaadye anngui quddgiium approxi mations,

i nterpretation of phase portraits.

.Ther mody:name a&ts capacity, temperature depe

entropy and enthalpy change.

.Transi tion neelteanhe nctaatrayl ysstiesp swii thh tthrea cait tail g1

compl exes; single electron transfer- (SET)
coupling reactions.

.Phot och:emd abl gmsrksiti eagirda ms fluorescence ar
guenching, | ifetimes, quantum yield.

.Carbohydrat:e rcéehprme sdmnmty chair conf or mati on:¢

protecting groups, repeating units.

students are not expected to be specifica
Fragmentation in mass spectrometry.
Advanced calculations (differentiation, it
Graph theory.

22 ndbBder kinetics.

Cycloaddition reaction mechani sms.
Memorising the structures of canonical ami
Archaea metabol i sm.

Carothers equation.

Memorising specifi.c values of bond |l engt hs
Memori sing mechani-smsabysedansupl ongmeeatt

Details behind the techniques of STM and A
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Problem 1. Khoja Nasreddin is now a che
Khoja Nasreddin is a folklore character from
stories and anecdotes, and sometimes even eve

about Khoja Nasreddin wasst nsfcrtilbe dl rothan diieb IRe
of Humani ty.

One day, Khoja Nasreddin decided to become a
studying the ther mal dec®dAmpegehnhi bhooghasuaoahkw
chall enging for beginners.

Khoja Nasreddin cargefAwlli7ry9 Heaonmpoisreda 1¢/0®ds ed
reactor initially fill e@@8awi Ahtargoheatteaompes:
inside the reactkdna,i andeddhed sodi OB e42 due con
of which was Bidenti fied as sal't

Foll owing the first stage of decomposDurong |
heating, the solid residue first turned into
phase, and f,i naaldogl,i datphla2s8e r eappeared. At th
reactor kwRa. 260. 63

Upon reachBbneggazn0 0t o Reazomporsae2d( after compl et e
no solid residue remained in the reactor. Th
i ntroadymevd ng splint into the reactor, it 1igni

Nasreddin then att®mpmha d ht chAicnflmtr rdeys irisdes sad tti or
fraction «Cfi st eggumdt dlo i12. 63 %. Howe@Qies ,diafcfcioc !
to obhatead, he succ®dH¢sbuthynsyngt hesomptdesakcta
as Cinand 9. 83% hydr ogenthyEgmaasssg)p dumdcti on of
el emeBits 4 .n21%)i nwiltihguwiads ammoni a. He noFed t ha
exists as a dark blue Iiquid.
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To determine Fhegamoedntf of tg@geb,t yhnet hpeassi $se do fa sl .
as necessarmL tdhf opghaddiOumencd) deF@&ol titoat i
10.MOLO al i quot of the resulting brown solutio
(React)i omm t4h a concentration of 0.0998 M was uUs:¢
gakst hrough the iodide solution, another colour
F.

l.l densgulfsytMmhces
2. Wr itthee bal anceRleaecqu4otnisonls of

16
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Problem 2. Avicenna

The philosopher Avicenna tloroknzae vmiane rwailt hi nasis
performed many reactions with this mineral an
composition of the mineral

Avi cenna digs sod| wvtehd BaCl, B|

i n an excess of <co and
observed a reIAevaisteiM_ ’]HNO:}(CDM )

vol ume af ulh.déesy e Solution 1)+ A

cond|¢0|on'$1).m Thg .s NHyec, _

f or nBeodl u(t)i oma sl di vi —"+S°|Ut'°“2

equal parts for fu KBIO,|KOH I -
hal Bobtt,i ohne ladded

Bagl which 1 gdofo p 22k _ g

precibBhitthd eadded excess aqueous

ammonia solutionSobut hemautsfecorgua thiadnf ooff dr own |
and -de8e@l utCwas 2fi |l tered off, di ssolsveg vinn g na
purple solutb®neattednmnwothadmBgaCdf. 2t56e rEed pr eci

l1.Detertmhemepossi ble el emental composition of t

2.Det ermhee mol ecul ar formul a ofAiEt 8o woiurer al
calcul ations where necessary.

3. Wridlel the reaction equations described in t

17
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Probl em 3. Unusual l norgani c synthesis
Unt il 1968, it wiandeltievedl thawveaed bowmasn a.l e.
Appel man perfor med Aaln A nUG% ad n rsiyonht endevsa ssotodp et ¢
irradiated with ther mal neutrons, then dissol

solygionngB, amihamh within a few miRAdwietsh osytont
absorbing or releasinggaoy Balmsmodbdadlai 51wl sotff a o ene
X.

After the first unusual but succeé¢Zfoull siamg emp
el ectrolysis. For this purpmieofPt hel sol uo dewn
A2(sol 8P iand issoDbuHCILO. Electrolysis was carri
10/ émotholr. The work surfacemoff ehehcBtrrehect
Alwakl. 5 %.

1.Wr itthee equat iroena cotfi otnh eo chcaurfrg¢ amlgctahatbet alat Wol
(in mL, a*x mpP of the gas released at the cat h

After electrolysis, the &AnMahA2A eotont hsdedsal m
The Pt el ectrode was removed f rMm atchiedi a&n asloyltL
cont ai niABwa sa na dche d, andSZ cyaethowi agl elfAggment al
was obAd4aiassed.emoved by bu®SZahangl aurgloenS 3vas oluwthi
obtained. An exd®sxacadfdisatswriAddi & sb nd dedoéndt SaBi on i snogl
and a yel ISdwalssool ucdaloenae mti mlgAds uwas s aobeai ned. T
vol umeiwas di | utnmdld ntdo t h@w(@.5®acs| wthitcan neadaci Anfexde
Kisol uaigodnd ed tnmoL aalli0Og.uOo tS 5a htdlded lou tmean was titr a
0. 1M ONSRROss ol uti on. ML tafis0aodblt il oBS5was obtained.

Anot hemt 8 afpl e Sd¥assonatt isombj ected to el ectrol)
500mL0 giving6saAdhueropdilicbpé dnasonaddednlt ala qu®tO
ofSéand oftoe med was ti Mr B3 doiwutihord.. 1At iofre o
NaSOssol uti on was obtained.

2 .Wr itthee equation of the reactizand&S®aurring du

3.Determh@aechemi cal AfAIBY o Antdwiotnh odt omi ¢ mass ¢
i sotMptd®lAdcontain the same el ement.

4 . Cal culhaet eanol ar conclkaZnr aoo30@ni ©cinn M) of

Al formed within aBfewpmnhahesushrymdeaono mmos e S
into gaseous eCamBAinn ada wolbst amaktiso 1: 2. The r
formation Alwdt Hethg obDrresponding rate const a

18
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k1 =0.031 min’ k2 =0.0048 min™
B—» A] ———— C+D

5.Detertmmenedet ai l ed ch€@am@d aBotbmpesacti onsofhow
above are first order with respect to the c

6.Cal culhet dijmen)( after the st aBwhiodh tder rdeescpam
the maxi mum clhIncentration of

't was subsequentzlay sdi A2 Weéls eldn ttehraets tXenFg !l vy, a
compokbkafi, xenon (which does not contain fluori
unusual me8t WodA1{ It o e a-c poot aissFiwigh hs aa tmass fr ac
potassium of 12. 62 %.

7.Detertmhemedet ail ed chemi caEammposition of <co

19
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Probl em 4. Nanozymes

Nanozymes are nanoparticles (NPs) that exhibi:
conditions, offering advantages such as high
natur al enzyxXaesNPsNan dzey noeb fpaiece i bpI o882 of s a
both contakninn@al klag menreg mbeladn da . 1g2380AM&r5e di ssol v
in an acidic solvent and treated wi WDnNPest r ame!
wer e faosr needr esul t as theXonTlye sallbesdtarnasep rcaoyn t ia
spectroSiMeéevegalbéd EHa(iO))'we mhzd8 [ and nEHWalti ve i
wi mal 96 being the 882 otsti Mtbe BH6%H pdaksh.e t ot al C
changed colour from grEkEeméentawhi apabhpove BOOe
20. 09% oXi 2 ement

1.FEi red e Xeanntgda Stansi2
2. Det ertmh e ev anla mmfs oXwDh N P.s
3.Writhee equat-popacopit heXOmNPrsa aontiicorf oafm.

Peroxidases are enzymes that c a@,alsy saen teleecd x
acceptor. Horseradish Peroxidase (HRP)2Ocatal y:
and a chromog#® MBgq: substrate (H

(4-" (/7 1 4-" q( /
XitOnNPBehave | i ke peroxidase due to their abil:i
f (/o8 1(C /¢
4. The peroxi dXsOgeNR&xsi ghtvetdof Aft erXisOaNEB®r é ai n
converted i nNBefanelkXhaened lxoisdee t hei Detat mil gyéi C
t he chemical formul a of Xihne tlhaetnt eirs, s nha ltlheer

XnOm.
5.Which of the following reagents &OaNP® used
Choashee correct answer (s).
aNalhO bNaBH ¢ NagCHsO;( sodi um cidiNrR® e)

| n comtort dghitra sead nanozyme can act not only as

hydrogen pewaxede andt ooxygen) bluydr al ase can
phosphomo+#ho&®t earcatsievi ti es without bé&imags caonsu
spheri cal struYcatuamns arne whiinckhe dt hteoget her by ¢

spherical Yyfhasne worokb!| ulmBMBimo't ana@a sur facef ar ea
1. I AHmiUk 4.

6.l dendlidgdnffeamtd npmber
The catal yYpb@a sreatit 0 vy meys offMet nst evhi ckhianeel tiisc s .

20
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The &effect o¥pnBhiupeymen adaisp atdeastt reap hveintyH phos,j|
pH7. 4Tadd . The armKatly.sthM apmdedBis

7.The substrateds concentration should be higl
| f the recor OMd Mmima lec whaest @o r0Or0els pondi ng subst
(in.OM)

8.1 f the reaction mixtureakouthtaitneemmd(nD . 6286 d entM
produce 0.025 OM product

21
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Problem iBosdaber ocess
NotNecessary thermodynamic data are at the end

| n t héBotsacbherpr ocess), iasnmeypwynehdgNHsed directly
el ement s thsaisregd amtiarl gyrs t .

1. Writtlee equation for ammonia synthesis.
2.DetermhaeetempéKptumoé, the ammondta wkgmttlhesi s
assumHAaq@SAdo not depend on temperature.

| n r,epHlAaini$Ad epend on temperature.

3.Cal culhet eldghtie 30Dassuming that heat capaciti e

while enthal py and entropy depend on temper :
4 . Det ertmhememi ni mum amount (moles) of hydrogen
1 mol of nitrogen.
Ammonia synthesis i s exothermic. Thus, l ow t e
the reaction rate decreases significantly. | nct
and pressures to achieve opti mal rate and con
5.alal culhet equi | db%p fu mammaenidga at 300 and a
15ar from a stoichiometric mixture of react
bExpleaual i tatively how the equilibriwemeyi el

increased wheelnp ekreagdpuirreg constant .

22
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Ammoni a formation proceeds via adsor pthihen of
di agr am:

oo s S Se
@@
b b

“;w ag.,.

~bf
\N’

10

6.Sugotehset posdethéremirmaitmeg step of the mechanism

The iron catalyst i's produced from finely gr
reductioepnuraft yhinpgynet The QYg&leverised iron is o
particles of a specific sizeTh¢el heatmalgynsett i mai mpt
of its bulk volume during the -sediaae@omatees a
which increases its catalytic efficiency.

The catal yst sygnt b & siisreodn
nanopart iaclaedsiReew DD, as i sho
di agram on the right

7.Chodswomposition of the 0 he nan
afFeg:s bFeOc)lFeOOHdFe( ®@H)

8.Cal culhet ¢ ot al surface ar e alyst,
nanoparticles ar e spheri form i
composition.

9.Cal cuhbameeny fameer the an R:100nmSiS
reacptrioocrere dishe synthesisec . .. e mpar ed

-, - - - -

10 g iron cube i f the rate s directly prop:¢

23
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Ther modgan &@mi(298= KL, bar) :

Substance qH° / kJ-mol* S°/J-mol 1.K™? Co/ J-mol' 1K1
H2(g) 0 130.7 28.8
N2(g) 0 191.6 29.1
NHz(g) 146.2 192.7 35.1
Substance Fe FeO FesOq FeOs FeOOH Fe(OH}
y /g-cm3 7.9 5.7 5.0 5.3 4.3 3.9

24
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Probl em 6. Hydr ogen fuel

Note: Necessary thermodynamic data are at the

Hydrogen is an environmentally clean fuel whi
of vehicles on our roads.

1.Writhee combusti on realcddgidmtl e209u8aPt=i dn b aand or :
aHydrogen
bMet hane
c)lsooctane
2.Detertmhaeeener gyk Y erdirt t hleMRKOBoRH s1 Ghharo.s e
t hseubst diagt et he,clhensti dfeu @ Iat gomat shse reanteirog?y

For the rest of this probtaemd 8y uNnel & hfarta catiirc

3.Detertmheevol ume2 dD8ankiFt kar required for an i
engine (I CE) oper @t3i6rmi tom & ymwaiModgre nawihwlirf 0r

Hydrogenfuelled cars do not relea€%, in contrast to both gasoline and methane engines, which
emit CQ as a direct product of fuel combustion. Uzbekistan maintains a national fleet of
approximately3.75million cars 65% of them operate on methaméjile 35% run on gasoline
(assume that isooctane is uset) average vehicle in the country trave&000km peryear.

Note:
Gasoline engines consur@en? of fuel per 10km( dasoline= 0.72kg-dn 3).
Methane engines consurden? of fuel per 10&m (T = 298K and P= 1 bar).

O« O«

4. Estimate the amount of C®@emissions (in million tons) from cars that would deided
annually, if every vehicle in Uzbekistan operated solely on hydrogen.

5.Cal culhaet ea monwones( intni t rogen contained in an i
t emperTati®mda¥, and const aPrtlb @omr)e,s suomotl 4 izoafn dHy 1
excess air, i f after combustdilr-80K. t he temper:

When stoichiometric mixtures undergo combust:.
high | evel that the combustion reaction begin
situation arises in which Dboathhe tfhen ad o npeorspietria
combustion are unknown.

6.l n another isolated reactor, thee=pbarclesand a
an initiallintr29er @t ulh et he assumption that or
takes pl ace.

25
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aDet ertmheefi nal temperature for combustion
and oxygen, assuming that the reaction pro

bDetermh@emol e fractions oKagheed empet heume
guesta)on 6

cDetermhee final temperature for the syster
combustion the mixture composition-bforres|
Compdarme final temperatu-ap with the tempera
dDet ertmhemer eal f i halwittehmpaenr aakoucr teroa(c t hef c-~odnbd |
of a stoizahibonfet@lredsHe nearest tefmperature

i) 3900K i) 3850K i) 3800K  iv) 3750 K v) 3700K  vi) 3650K

Combustion in air at high temperatures may | e

7.Cal cutlhaet emol e fraction of NO afternther sabo
equil iITb3 2 @B o(=akbar ). Assume that only two rea
occamd use reasonabl e assumptions where nece

8.Chodshee option(s) which help to deandasér NO
ajJower the combustion temperature
b)ncrease the excess air ratio significant]l:
cRaise the compression ratio in the engine.
d)ncrease the fuel flow speed.

For thiaspumi€déotmast not depend on temperatur e,
depend.

Ther modgan &@mi(2K9,8= blar ) :

Substance qH° / kJ-mol? S°/J-mol 1.K™? Co/ J-mol' 1K1
H2(g) 0 130.7 28.8
02(9) 0 205.2 29.4
N2(g) 0 191.6 29.1

H20(g) 1241.8 188.7 37.4
H20(1) 1285.8 70.0 75.4
CHa(g) 174.8 186.3 35.3
CeHs(l) 1260.2 361.2 254.7
COx(9) 1393.5 213.8 37.1
NO(g) 90.3 210.8 29.9
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Pr obl emye7a.r ¢t @& s e

Urease is an important enzyme because of its
reaction conwvantdbf€@® urea to NH
CO( NH 8 u CO+ 2NH

Urease activity as a soluble enzyme was first
Urease was the first enzyme crystallised in 1
that enzymes could be cryst®rrliizeedn Ehmmerstwsy

The active centre of Urease behaves alsoandi pr c

state, with the following equilibrium constan
HU 4 HU+ *H pKaa=5. 6 2
HU 4 U?™+ *H pPK2=9 . 07

Onl yHUfher m exhibits enzymati ciMeaaotiewi ky newhicsh e
bel ow:

Urease #H CODUNélas e)]CiIOY NHa s e+ +2ICID

1.Using tid astbeapypdoximatidependence of the r
enzymatic reaction on the todalndtcdiotentr at
[ CO(RtHb/al Ur etasa8 |

2.Detertmhemer eacti on orders wi toh nr @ hppepe dbtuftfcerUrs
when:

ay—1 [ CO(Mibt al

by—L [ CO(2MNtbt al

3. The dependence of the rate of -gdheped eqirzaypnad i
t he maxi mum rate when the tot adarco nucnecnhtarnagtei
Cal culheet @ H val ue when Urease demonstrates t

4.1 n the absence of any buf f er)charegea etcloanpmhs i c
solution, thereby redal¢mlgattdhe activity of I
a)lThe pH of the solution after Negdemposihtei coI
of Ur easebase tehgeuialciibdri um and t he dissol uti
PKo( NH=4 . 7K HPQ)=3 . 7k HEP=10. 33 .at 25
b)The factor by which the rate of the enzym
solution changes from neutrala,toftherevalo
concentrations ¢gJfarlér @ dhzee samke Co( MWWt h condi

27
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5.Matthe foll owiini(g3)c owmidtih itomesi(dlgd:se portraits
(lYUrease in buffer)solution with CO(NH
(2rease in neutradowsdohotut oanwi bbf CO¢ NH
(3YUrease in | i posomes with a)apnedr nweiatbhl oeu t meambyr
inside. Assume that Urease dfaesddpriodacest

pass tthreemighane.
pH pH pH

[Products] [Products] [Products]

(@) (b) (c)
Bi ocatalytic calcification by Urease shows po
as preparation of advanced carbonate “famtder i al
°§%* and most excitingly, sealing cracks and
monuments of cultural heritage during their r

6.Cal culhet Bi mum concéht aatCatChbcebgft aCapr eci pit at e
sol uti on -&h _gonuehset idoins s40l uti oon of at mospheric
Ksp Caff€8 . BbD%t 25

Il n agriculture, Urease in soil pl ays a scruci a
produced from the hydrpol Howevefr ,t hd fteorotirlaips @r
l ead to overpreduktiong obh dleltri ment al effect:
ammonia volatil tesmd i alinkhalaiome apnmamti adamage. One

this is tther salpptriecssact i vi Uye ade sionHi lwiittdr ¢ .heUn
can also be exploited asbasnednal ysemcadr & efcdhimi
Ssubstances that act as inhibitors of the enzy

Boric acid is a competiti ve[l Urneha sbg|ltBoériOsbdf blerheaav
as a diprotic acid with the same acidity cons

[ Urease]liBUO&ase 3+ B( OH)

7.Redetiheedependence of the rate of the enzym
Ur ease,2,C@B@ENIHahNHo tHeC O (2Mtbw@an[dB ( edb)a[ Ur eta a8 ]
|l gno he -baacsied propenties of B(OH)

28
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.According to the kineti ¢ hfequett iitsm—eb+ai ned

i's |IGaleakKlidt @ he sl ope pB( €hb)}H . BOM cst iRa m&wsi t h
greater than Bt(leddyrfl. dMa twi 2 % : The total C «
Urease and pH values are equal i n both case:
.Cal c upHAt eaqpSAv a | uetshlei eadi ng of boric acid wit
independent oK=1tehplFatatdltT e and

29
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Probl emb§s.t ext ep

Uzbekistan's polymer industry is a growing sector, driven by domestic demand in construction,
packaging, and agriculture. Polycondensation, also known as condensation polymerisation, leads
to multiple important polymeric products and is known to proceealddgpwise mechanism.

Letbdébs consider a pol ymer pirAbGHuandeHDO@BYyCOPH | y c 0 n ¢
monomers. Such polymers, obtained via esterification reactions, are called palylesters

generally assumed that the reactivity of functional groups is independent of the length of the
corresponding molecular chain.

nNHOI ATOH + nHOOQ Bi COOH HEOIATOiC @BIC G:OH 41 { 26

Q/ ( ’Q#//(TQ/ 4/
Qo Qo ( (
The I nitial Rate Method was used to deter mine
Initial Rate / M-s'! [OH]o/ M [COOH]o/ M
2.70x 10 * 0.100 0.100
1.08x 10 3 0.200 0.200
1.62x 10 3 0.300 0.200

1.Using the

i ntalt mahabva &kkxbeweof

|t is reasonable to consider that he concen
[ O] COOHJ. Thus, he kinetic equation can be f
Qo6 ..
Q0 0
2.Gi vdhe vailruet hiisittlhaessei nt egrated kinetic equat
The Carothers equation rel at &) tdfe poleyrmegres dve

degree ofpwba®iesr stohmement rati on of functional g
Cois the initial concentration of those groups
, O
Oou —
0
3.Derthe Carot IDePrf§p). equati on
4 Finde depePdan ¢Pn#t]
5.Usi ndg uncdPofa ndP=1f(p) pr estehnet r el ati @pastinp abet w

i near f or m.

30
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Polycondensation reactions typHecwéeéVvegr hatvlei sanc
di fferent i n Pphus| c@miltsaprh damadled”hk pol ycondensatic
because they show different kinetic behaviour
fluorine. The foll owing mechani sm of pol yco
(dichlpbheog!| sbbfilgnepat Bway) and for DFDPS (
3body pat hway) :

/-—-rl/
HiC_ =/
DFDPS = ArF ol
0
~ 0 — K
F—= S~ ’,_;‘ﬁF- . CHs—
\“\'?// - o0 Ko—7ﬂJ3 o K
. A [ArF...2B] o
ArHal=  Hal § Hal
O+ .
k)
@ 2 My o ®
8= k¥ 0 _)f{ )oK 0 CH
CH i ¥ e @
s Frg Hal—@g@-OO K
£ i
e, 0 y
Cl S Cl
% UL
DCDPS = ArCl [ArCI...B] O%
N

Fi gl.r eSubcksapeandcent mechanisms of reaction for

6.Based on t he afbiotvtee mexphralmi ssimsgsai F obKraman ¢ on s
Kciof the for mat i[oAr FoéfR2rHdALt €@ dp ead teisvel y

7.Assuming that equilibrium isfesdabdéveahald vree
rat ezkdiw HgIBl or bot h HKaalniKig,e sr,e supseicntgi vel y.

Pol ymerisation of DFDPS can be schematically
ki ke
ArF + 2B P [ArF...2B] P+B
Assume tokapBfjArFArF] = [ B] at any ti me.

8. Dedutclee relationshiop bet ween t he degr ee of
pol ymerGasladulbat eaver age degree of pol ymeri sa
concentr as i) O[. MEBEBss 7 Q2D N’
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So f @are owensi dered a model i n which the rate
pol ymer(DB atHoowever, reactiGonsomfrer mnCovms htheat ma
t hhmeor e compoldieccatwehder e every pfgompavg &t remcdti epm @i
bywf acst or

9.Skegaoll i D@tfi)cal yesl(ommon case, already done
3>1lin one graph.
10Derthe r elDaPEf(to nsdin p
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Probl emguestHogsthemi stry of cucurbituril
The cucurbiturils are a family of macrocyclic
They aresiddapgtinmol ecul es with functional grouy

guest mol ecul es.

Fortunately, the synthesis of cucurbiturils |
synthesis ofX)cutchebit] 6Jwdilcati ng a macrocycl

gucurbiX)[ 6] uril (

Top view Side view

CH,0, H,S0,

A+ B -
. 110°C

Hi nt s:

T Ai s obtained by heatiwhgi am happgasni wi shdat
T In the masBhaspemgdakisn, atBgn/vzes58a apnods i229%.ve To
and has only one type of hydrogen atoms an
T Comp o Cnids not polCyinsertiltd ummbmalnng bl ock for
cucurbiturils.

1.Dr asm r u ditClarneds t he r e K.Dattiemni mrei t of
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Cucurbitur-guestf otrtympéosdompl exes. Rlour ie)x agepB e ,
stabilise the ocul GH20NQ)u.g Tt hred @fitoearmiodng | @ XR t i on
neutr al and pratonahewn TlRelwow:h CB

Krrut
TRH' + CB, < X~ TRH'CB,
1 1
+H'| K, +H'| pK,
r . r
TR+CB, =<——=—= TReCB,

The [ dR c@Bnpl ex was studi ed misi2n8g5 , ma6s6s5 , s paencdt r
detected in the spectrum.

2. Det ertmhemespecies to which these peaks corres

For the [dRmMEIBex, the Kfrol 4 i opnH ctointsrtaatnito,n's m
UMs pectrophot omejg),y aarfd pafr e(BR Rwa(ftteh sChBown bel o
concentration of the host was sufficient to e

the investigated pH range.

0.9 4

0.8 -

o
-.‘I

Jal[E 55 nm)

o
o

=
tn

o
'
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3.Detertmheneappr oxipha Kfa nkhdnues of

Tropicamide is an anticholinergic drug common
dilation) in preparation for ophthal mol ogi cal
available as an tagd.e®iunsc es otl huitsi omalwie hi s si gni
physiological =pfHO0¢f tloeiene @apBlication of th
temporary, discomfort in patomptex &kiogstrtrbe

used at physiological pH.

4.1l ndiwhat H&Rr or*i BRHHhe biofFogmcafl yraptcaeai de
5.Calchbwtmany times the molar fraction of the
incrataspBd = 7.0 if igts wesegl ex with the CB

Cucurbiturils are also used as supram@l ecul a
catalyses the di merisation reaction of cycl op

CB;
O+ ——z
CPD CPD

DCPD

The plot d¥Y VvefrGRB] reMction time GB}, amoholk boy
900 - — —

800 |

700

(1/[cpD])/ M

600

T

500

400

300

I
1

200 1 1 1 1
0 800 1600 2400 3200 4000

t/s

6. 0Detertmreeeacti on order for CPD and the obseryv
The following equations describe the kinetics
CPD +z CBDL/CB Ki
CPD + GCRDCRR CB Ko

(CPpL C/&/ DC PIDC;B k
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7.Der itvlee dependence of t he rate of t he di m
concentratioms whHi cClP Da@mae CLBwi th the experin

The following table shows the observed rate
concentrations and different cavity vol umes:

Cucurbit[ n]uril CBs CBs CB~ CBs
Kobs/ MT1.8'1 9.4x10° 50x10° ? 9.0x10°

8.Explwhyel®8s the | owest observed rate constan
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Problem 10. Prebiotic |ife

What makes Earth unique is that it has 1|ife.
where complex forms of |ife exist. The I mpact
pl anet's air, water, andfcbrmanhee Thetefoander
how it works, and ultimdtelyg hmhawtetr . emédr ged
mysteries of prebiotic chemistry: what condi't

si mpl e chenfiicrasite siennfati hg systems that Kkickst

One of the possible routes of how compl ex mol
simple mol ecul egl ¥y@z ladheduywad d emyddecy athiomcet yl
prebiotic Ear tPhowwadsr: asluggested by

NH»
B
F N/&O
+H20 HH 4}‘\
- 20 I
1 N——

+H,PO4
NH
+H,0 -2H,0 2
-H,0 | ~N
HO A

O
HOM ———=N o) N" "0
2 A 4

> D ——= E

I n this scheme, di rEcacntdy t etdCcwheiomh bies weemmed gwair
G) yi el ds I,nop rpersoudnuachtltyhlebewc awsé eotbhhéref oye,oft
1+2Y AYBY Cprebiotic route was suggested by r eseée
of rings in the product increases by one.
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1.Dramo |l ecul ar strucAiG@asnldof compounds

2. What is the reason beMHP@Qodshe towregot!| aopivel
aelectron delocalisation due to the aromat.
bextreme ring strain in pytosine that inter

cxhe positiviehfeohmageodueftammoni um salts th

The fact that | ife relies almost exclusively
not fully understood. It is well established t
occur dcmal t-desen fsiogur ati on, whiplc®enho gtursaudwgams adoc

3.l n the scheme adaonvde , b f ogrlngacleodad idyedhey dfeo rint hgel y c er
simplest sugar mol eculDeptibh@&t sd orutca iuranl & f otr en
Dgl ycer al dendeyadwn wath ol ute configuration of t

There are several hypot heses about the origi
pl ausible early Earth scenario involves shal/l
30Mm) shining on mag#wmeotliatred sedmedernt r@dthe cs pbn
aligned hapi mest as reducing agents. -ahéds-ei ghec
handed mol ecul e nddice dt & ptime sehhiercdli vity (CI SS)
selectiveitlbypsedhmicnt epi coul d break <chiral Sy mn
favouring one enantiomer and possibly |l eading

Il n thiidg dasseuseful to present t & ghysitaé praperty f el €
describingt he direction of the electrondés spin rel:
hel i ci thya nidse dr,hedf iatetnr onds spin i s parallel to I

Consider a propeedioharc odta&ker 9 fi meact ant s:
LX +YDeayY
DX +' YDeDY

Thie/b-i somEreattas i whitnhded el ®éanodonpdom/o-c s ® meh e
of conmpourhdc hdpiadn i ty coupl i ndiehtyeroa chieiss csmesft att
wi t ho-etltheect ron i s more kinetically favoured. THh
vitareat e constant formul a:

9 siAgp 22§
T'Q"Y
- . O 0 .
o siAgp 22
OtA O R
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whekiebs the rate comlEsStsantheofactthe arte ant Heare,r gy
i's t g bspgi ener gy.

The enanti oemeriixc @&@xmesasuyre of the purity of
predominance of one enantiomer over the other

.., 9 $9

QQ,Q $9

4 . Gi vids=0 .nbe Vc,onsi der iAfga ctthoat itstaeemy usaolmefrosr and
substrate i s [aL ¥[Jak)thd tce rimheedu r £h € r e avcatti on p
T= 3KL340), which is a good assumption for the
bodies during the prebiotic era.

5.Consider some rLdDd esnoince rsso li uatt iowar leafc avn ¢Mhnt r at i
where symmetry breaking (i.e. conversion of
overall chiral ampPpepboesi boe-bsyakmkeeg iy 5 & p enct
a phase portrait of the system.

1.2

—-== Racemic State

1.0+ s

0.8 ’

0.6 1 7

Concentration (M)

0.4 P

[D]

0.2 o

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2

[L] Concentration (M)
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This example of kinetic resolution has demons

uni t s. However, the origin of l'ife requires
homochiral polymeric molecul asdthae gensti tup:
RNA. Can a pool of partially enantioenri chec

pol ymers?

Letbdébs consider twanmmomms acThe poassihkelie react |
|l i sted bel ow:

Li+LaY  dlo, r =knodbi] [2JL
Di+L2Y D2  r=knetle Bo [IL
Li+D2Y 1Dy, r=knetleto[2]D
Di+D2Y 2  r=knod1] [2ID,

whekhemankhictdienote the homochiral and het,erochi
respectively.

6.Consi dekibmskhettalnat t hus negl edteirndraki neti c con
D L | $$ 'm 'm
00 p—
' $$ p QM
wheegsnaest and for
: $ . : $
xQ —h ™M —
; $ , $
7.Cal c leleao €hiialee tprebi oti cqualséniiseybs@élemesd r om
Notlef: you coaqul & s4n,iobonosngsH 0deeOr5 . ( 5 %)

8. Now, considéyi homblairal oligomers agriendresp:
the small est number of amino acid residues
€ onmnitTalO.. 90 r i ni t aabk wamihn ca na cniod ea)c.i.0d5 has an

The mat hemati cal mo d el above was found valid

transamination reacti onaswirthho tpbygrhiidroaxla ndiinpee pctaito
agagyi edrdacemi ¢ ami naaadi gymoldexcall e The amino a
react with another amK,nowhaicd hd 6rse sdwelrti sv aitn vae dmopl
|l atter yieladeaaat hheh udsi deopotpiidneg t he cycl e:

4 0
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HaN
3 O\
0] o- 1 0
- HO x M _ - . o-
0 R + | ) o] R HO | =
(@] N aas-aa, HaN, N/
pyridoxamine (PM) LL/DD aa (L or D) pyridoxal (PL)
o achiral R o
) catalyst i *R1 H o i H
K + O * R2 (2) H)\ﬂ/ ot OH HZN % OH
aa, (ee,) HaN, NH R, hydrolysis o R
aa; (ee,) aa;-aa,
LL/DD/DL/LD
-« oo > LD/DL
i ‘+un
o LL/DD
o R *PM LD +PL
(@]

9. Dratwhe strKucture of

The role of the di péapstibdaes ecdatoan ypsrto mont irnega cat i ho
(HAT) reacti onrt pada.p a sned atnlces , meYathpar noi l-shnmyiblieh @ w  f
catalysed alanine synthesis reaction from pyr

H,0 L [LLHY W L F20 o

_Jif+Ho \;O__/’ NS N#o_\‘n{o’%,

HaN

e

L-Pro-L-Val (LL)

l10Martkhe functionalLmgteapl(se)innolthwed in the h
process.
11Dr atwhe structurMi® of compounds
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tWhiincdtalles 1t eo®v @rys el vriad &c tf i

Yuet adls.o di scovered tHKa
thubaanrichingnahei pmebi

pD-al anine reaatanfnanet e

12Whi dmt er mol ecul ar forces (or tPhie Lt n ab&ence
corresponding transition st a-Ael ac ocud nidp abree db etha
of-Al €hodshee correct statement (s):
a)Hydrogen bonds
b)'-stacking
c)Steric repul sion

d)Al'i gnment of stereocentres
Constructive and destructive mechani sms, wher
destyroeysepdecti vely, were invest i gladfe dc arnr eosppeonn ds
reactants in each case.
UL IR L T T 0047 R
. — [LL)/G, | C
025+ -
-t — [DDJG 1 2 003
& 02 18
E i E -
2 0.15 4 2 0.02
8 3 8 K
g 0l 4 5 :
i © 001
0.05 . [
0_ PRI B e .o ! (PZ Oi T T B BRI EANERETTN
10* 107 001 0.1 1 10 10* 10° 001 0.1 1 10
(P/Cokhomo (p/cokhomo
FigBreConcentration of homochiral di pepti des
mechanism); b) amino acid (right, dest

13Deduchee véAdbhtewbHe hmaxi mum chebsaérasgmmetry
l14Expltanen concent r atllkopjdDdddhen:i our of

a i<y

bYiu<l U

c Xi>do.
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Problem 11. Fluorescence, phosphorescen
Mol ecul es can exist in different electronic s
state has all el ec$%=09n samhiinse paaitrrad | (ettotsalatsepi
with parak=LEgI $pansi t(ions between these stat

processes such as fluorescence (singlet Y s
Understanding the decay Kkinetics of these ex
i feti mes, nonradiative | osses, and designing

When a mol ecul eh)absanm besl| eac tprhaort oins (promoted to
an exci t)e.d Thiag ep rleSceistabtxiso rc dins. & dFrraotme t hi s exc
(8, the molecule can | ose enetgynah (doCh fweirtshn o
rate do&«anstwhretr e enradiyatisvélbgtasmomeat through ¢
Al ternatively, it canmn rkey ue mi tttoh ymtigh ea hgpdoapnodo ¢
calfllewdor e(skcleunoc.e wi t k) Thad ee xxwintsda dunsticagl el s®t aoa
an excitedy)tnihploautghstyastt € MSTrwsshrkgset eThenst ap

state has a |l onger I|ifeti me, andot they mami d@adulne
phothagn knphvoas pkor(ePshcoesnncewi t kp) y ade bypynkosnhg en
t hromognhadi ati ydlodecadg. wi knh., rlaft ea comenamer i s
accept the excitation energy, causi Bg wihehomotl
emitting | ight.
= ISC(S,=T,)
I .
| ko I T
> IC
E} hv | hv
c | (ko) v |
[ Non.rad.
k
Exc| Fluo. | Phos. | (k)
(ke) | (ko) |
S, Lo , |
l1.Chodadshee correct option: AFor electron excita

must Dbe ¢éo

ahigher than that of the fluorescence wavel
bxqual to that of the fluorescence wavelengt
c) ower than that of the fluorescence wavele

4 3
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|l nt ernal Conversion (I C) is wusually more comm
the spin allowed process (singlet Y singlet).
2.Choadashee correct oktthe :e melrog )y nacer gesabsastthessid @ S

be :€0

ahigher

b)Y ower

To predict ¢i,ghtl uoemiescienmgiet) iguaméeé wens sydarey dt ok
mechanism of the excited singlet state:

Absorption: S W 'S rabslabs
FluorescenceSY Shw re=ke[ $
|l nternal con®é&r Sion: nekE$
I ntersystem &rYoSTsing: rnsegk gc$

3.Eindhe ordemandf th® obs &y efdorr atthee croantsg amft de c
nglet state, al@dftbe emesbsnon dNoitfeet iEgm ts(sii 9
f d@)ii snet he ti me [ $oyier gdd t20 7r2e)d uciemes .

- O»

FIl uor egsucaemtcuento) iy $ et det(ifon of the excitedi siagle
photdnuoresce).

4. Der ioms a function kfkct hkex)dr at e constants (

To control fluorescengel EROSf,i,galuemdrn si)p idevveey
FIl uorescence quenchirnagdiiast itvhee de coano ta fo nt hoef enxoc
guenching, an excited fluorophore cbhérdebs wn:

' ight emission:

S+ Q Y S + Qro=kd $[ Q]
5.Derthe fluorescef)las @udmmuthcmi yvinelod @t he quenc

6.l n thie¢/oStmernequation, tlb/lea nrde | [aQ@]i Dies hihiprsdart .w
relationship.

Il n one experiment, guencihn nag doofl wtiris/ogpoghdosp dnvshanO f |
monitored by measuri mgn @ mi agiuero ulsi fsetl iumhe 2 nast.

[02] /M 0 23x10%2 | 55x102| 8x102 | 10.8x162
/s 26x10° | 1.5x10° | 0.92x10°| 0.71x10°| 057 x 16 °

7.Det ertmhemequenchi nkg) rfaotre tchoinss tparnotc e(s s .
8.Cal cutlhaet econcentt atwhorc hofhaOf of the excited
guenched.

4 4
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Phosphorescence can also be influenced by sin
to reducing the Iikelihood of <collisions bet\
effective method is to incregadetyhel-madiratditye ¢
decay by Il imiting additional vibrational mo d e

Phosphorescence mol ecul ewiDiAhl PWwaMA haenadt etdh ea t p rilc
supprtelmem-mddi at i kge odfectalye (tri pl et st ate.

T o
n
o 0 o” o 120 °C

DA1 PFMA

9. Dratwhe strPucwhrehoifs an adduct of the foll ow

1 2,0
+
= retro [4+2]

At tewmperathereprocess of quenching is |imited

YO 0"Y 0"Y

Theref araaed,i anonwe decay can be suppressed by me
under this cothampgdroantvu et thigmeri ncrease and t
the triplet state of the phosphorescent gues
possi bl e:

e e — — — — —
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| knt k) as a function of (1/ Temperature) is (gi Ve
2 .
o
l III.
.
~— .'.
N
+ o}
=,
S - I.
§= )
3 ' @
.
o
4 .
-5
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009
I/Temperature (1/K)

knvirate constraadi aotfi tdhedeowaay of the triplet ste
koiquenching of tilheenerghetranaftferbyrdm the gu
10EstimhteteenerqggofTiBbaeneegy transfer
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Problem 12. Phot oaci ds

Photoacids form a unique class of pKeV@®lcwd s |

bet ween their ground and excited states. The |
phenomenon is also called excited state proto
OH 0%
— T e

excited state excited state

Once, Khoja Nasr evd chihrs, ushualwaoudomedqapdkethdEkd
a simple molecule that exhibitsnapkt EGIPTs @lhet
(eachmb)f 26 differea?2 . mMmMVH-Rmptdt BAp | uuslohtyit cammdZ (

measured | i d#$hlt. G bcesnojrmaatn c3e4 4
Solution 1 2 3 4 5
5mLZ + 5mLZ+ 5mLZ+ 5mLZ +
5mLZ +
Composition 20mL 20 mL 20 mL 20 mL 20 mL
P ocombc | 002M | NHCUNHa | NH.CUNHs | NHCINH:
' NaOH (3:1 buffer) | (2:1 buffer) | (1:1 buffer)
Absorbance 0.219 0.440 0.256 0.273 0.300
1.FEinde final c dht)c eenttarp2httihod Gimolsol uti ons
2.Cal culhat enol ar e xt ilheatnildo sa tc otelfifsi cwaewetlsengt h.
3.PIlbhe pHalpibe—Est i mh@opg-n2phtokg NH:&. 75 .
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check the ESRapphédomdmekKkdbojian Nasreddi n
solaitd ons
solution 1
6_
== Excitation
= Fluorescence
5 A ‘,-—--\
/’ s
4 \\
= 4 ’ \
S /, \
5 / \
£ 34 P \
g 7 \
= A
£ 3] /, Y
/ \
/ A
v AY
14 Ay
N
“-'ll-
0 T T T -'-I T T
300 310 320 330 340 350 360 370
Wavelength (nm)
solution 2
== [Excitation
-
4 / \\ = Fluorescence
!
!
I
. I
5 37 !
s H
z |
w
1
2?7 I
£ I
[
I
14 /
!
7/
/
7
0 = T T T T T T
300 325 350 375 400 425 450 475 500

Wavelength (nm)
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Di ssociation of a photoacid in the ground anc
Ferster and Jabl onski di agr am:

»

Sh
% ______________ S
¢ I AH+ RO™
S, A VR vy .
ROH*
Abs. ic | Fluo.
hV2
Abs. IC Fluo.
hV1
_____________ So Y
AH RO-
Sy y oy
ROH
ROH* SRO™ + H*
S, 1,b,S éhst@nd for di fferent el ectronic states, e

gHanagH i ndi cat e t hderatnlgaelspy nof di ssociation in t|
respecangealrye. the friepu@ i esawnsédi tSi ons for the

deprotonmeegec¢birmel y. | nt eralalloweddnearni va i1 &
from a higher to a | ower electronic state and
on the other hand, is the emi stshheons toaft eas pwiottho
spin quant um nmpu nebYe rp .( f\birb reaxtai on al r e laax att i vre
transi ahiogghdémr own brahobwenabnkevalthe same el ectr
VR is very fast, so it occurs right after |ig

fl uorescence.

Il n practice, t reaasétair@en cwameinm® sytg ¢unsde do f corre
frequenci es.

4. AssunHAQqHA=qGAT qgGAdert he rel ati cqpks,lm p abdt weer
t e mp e rgpKt upK.8 pKa'.

5.Det er mhpd of t he excitednaphahe  K(BE)cadfat
[ Ar DH['AaD pH = 5.
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Khoja Nasreddin wondered whHeitnheirt sevex yi taecd ds
consul ting wit hf oPurnodf .0 uBte rtuhnait, tkhhiosji anh eg han aled gau
of H¢ckel ds aromaticity rules for excited sta
pl anar conj ugadheedl escttrruccrtsu raerse wi di4hs? fl-relr edt @ o 0 sna
are considered antiaromati c. I n thamst iter onmatoil
mol ecul es Arelieving stresso througthhea epx 0d DN
charge reditshaeni wuetnitoanet heomi ng.

Sy Il
Antiaromatic

Aromatic
So I

an+2 4n
aromatSjy ¢ iamti aro®gat i c
antiaro®atiar omatSi c i n

6.Cl astshd ystructuras omal ow-aat dB 8iadmedntitihak.shea t

could be used as potenti al photoaci ds
0.0
s OH H
MeoN N
o oo KT .
/
Me,N O 6,S‘NMe2
(@) (b) (c) (d) (&)
7.2Naphtal enecarboxylic acid behaves itites opp

qpPKa=pKaT pKa < .Bx pltanins phenomenon.

Merocyanines are an excell ent e x ampr cce ro f | ipghhot
irradiation.

3

R
hv
O ————————— spiropyran + H*
O

\

H

8.Dratwhe structure of the spiropyran.
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The synthesis of a merocyanine photoacid poly

H,N
0 NEt; A+B NaOH B
+ 2 +
N
OH
— o]
|O HN‘S
(CH0), X NEt, N O O
c D ; /
MgCl,, KOH NH,OAc
038 +NHEL,
MA
777777777777777777777777777777 AIBN
O :
MA !
AN ~ '
o] :
: €]
CN !
AIBN N=N : AcOH
NC '
Hi nt s:
T Hydrol ysis Asfesad mpouBnd compound
T Ccan be co@Gwetthed icmrbdboxylic 2aci d moiety u

9 . Dr atwhset r u 0 AUFraen X,
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Problem 13. Il nterested in micell es?

Part 1. Theforms of micelles

The form of a micelle can be described by the surfactant packing paraketéhe packing
parameter considers the volume and the length of the hydrophobic¢hamd(c, respectively),
and the equilibrium hydrophilic area per molecule at the aggregate intagace,
W
®w 0

5

The table below shows the relationships between the surfactant packing parameter and the form of
the structure:

Form of micelle Sphere Cylinder Bilayer
Ns E E E E E E P
Y Y S S

1. If there arecone (a)rectangular wedge (b) and cylinesraped (c) surfactantsatch them
with their appropriate form of structurrove your answers bgalculation
Note Itis only an assumptiomn fact surfactants themselves are more complicated structures
and can have shapes which are different from these three.below

L

@ B e © .
j 3 - g aj ga

The phosphorus dendrod and G2 act as charged surface active substgnai@sough their
structure differs from that of classical surfactants with a-defined polar head and ngolar
tail. They aggregate into clear structures and can be synthesised through the scheme below.

R
A OHy o
N > N
@] R N /,S (] N //S
/©/\ /@/\/ 2 HyN llD\CI /©/\ HoN 'ID\CI
HO HO Cl HO Cl
A, A, As I, A, I,

Cs,CO3 Cs,CO3

1) Amine X, DIPEA
2) HCl

i
DIPEA:W/j/ Gy G,
t hreef oA N,as@lonimet r y
WAampprt dh@r iaadtdel t n wml
as the Qdain pr

1) Amine X, DIPEA
2) HCl

Amine X: HZN/\/NQ

Ai1i acyclic compound with a
26. 73 %, 12. 09%espadt i6vie l1y8.%
equi vadheyndrsoxxybenAnAcde hydedooed
at om.
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Note: A threefold symmetry axis 1 s an imagina
rotated by 120A and appear unchanged. For exa

&Iy

O

2.1 dendgtirfwdilAurigls &1 Qe
3.Based on the synam@shewmpat hercimé c diobve ana,ny
cationic group&dwiltlhebe apreegsermtctiion st ages
4. By analysingethrRrewisincuct ype, ofGiasn@erh@alcd awnlt ess t
resembldetclheayqpaseobmbéy most. Slpielomilftyh csthtowc al c ul
5.Chodshee main purpose of addi:ng HCI at the en
afo hydrolysi€luboeadsct égdgrPpurification
bjo make the fluoyrescent | abel brighter
cto creatsxsolaubMad,erposi tively charged form t h,
dto rigidify the dendron structure via cycl:i

I n conGuraans@k, tion a series of a mmhpiyohpiyll iecn ep a Imyi ¢
dendri mer di bGe@i&e ncdaaproyliynngerisn head group si ze
wit hin a plelpaonndgeddreeurmaut m boenr
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N NH;
Gen1 :

H
Gen2 '\EZL ’ i J)
NH, NH, N

NH, N§ H’NWNHZ
(l/ /JNHZ
NN NH; \_/_NH2

—
5 KLNHZ N KL'\"\/L\\N;;I :
S\ SN,

SN

HaN

HoN

NHzNHz

6. Pr optolsee f orms of GemhGedaln@e anr ewhaiscshe mbl ed i n wae
generation forms a distinct micelle type.
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Part 2. Thermodynamics of micelle formation
The micelle formation process can be seen as
nf M] ( s urzf[aM(tna ncte)l | e)

- y J

0 — QO

whemies t he agagr egahtei onnu nmbuemnb eorf, sur factant mol e
monomer s) I n[ M] hir[eNi lceedtl et he concentrations o
respectivel y.

7.Dertwe equation for the fraction of monomer
a nkh.

8.Choovbmweoh the suggested conditions would | eact
inside t Ass oinheaetl liers .al | conditionscsea me =amgdi l
the monomer concenmoiialt.i on is | ower than 1
(al)ow concentration of monomers with | ow agg
(bbow concentration of monomers with high ag
(cHi gh concentration of monomers with | ow ag
(ddi gh concentration of monomers with high a

At the critical point, the monomers inside th:¢
i s tcheael Iseod fAcriti calCM®ioc e lalbeo vceo rmche ncthr a thieo rmo(n o |
within the micell es.

9.DescCM@mes a function of aggregation number.

The dependence of specific conductivity on th
the picture beThamidat temperatures

LB
o7, KX

400

Conductivity (us/cm)
o2
8

T T T T T
0.000 0.005 0.010 0.015 0.020
Concentration (mol/L)

10Assuming that the Gi bbwGAsbsararyd otf heni agedrl eg 4 tc
remain comgaaef.,
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Problem 14. Thi©rlgasi cs Fofa mdevtioa Ik s

The 2025 Nobel Prize in Chemistry was awarded
M. Yaghi for t he iQregvaeniocp mema meow o rskeste a(ldrOyFsst) a | | N
nanoporous coordinati ometpaoll ymedss d or medalbyoXi:
secondary buimuditnigd eunntiattse) oWwhgtahri ch allilgmamrdcks i s t |
mol e d welveerl twui ntpaldri ha rte/n ¢ popodectyg materials wh
functional di ver sityecwlxicteeesddsort hatt iofatelda scsarc
framewormrkemmwli éx structure. Thus, buil ding mod
uni ts. , pFloera steht afien sl torwu c tJ .o n8@h e m2d0nZESd,u c1 0ig 8 1 2, 8
(https://doi.org/ 10) 1d0rNmMdlacpanperh,e ngelds @ ,culsieBd 24 &
al ter.naQneecssf the famous Mmatensakrk sci ecdtuisrteemf sz ¢
( 2@) anbdenlzednedi carboxylate (BDC) Iligands.

1. From the figure aboverabdfifdewempstriwcatl ed omaor
repeating unit.
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The first syhmtwaesi capopfi eOFougs BC mikxdmzaye nZen (|
di carboxylic acidN,-Niamat hylifedhmd mimbenzzena @i Xt
amounts of water wameoadded mboi bonitiThkeecoyast s
and activated (dried) i n a vacuum oven.

2. Wr i tetdhewmrhemical -5 gfucartmeotni cof. MOF

El ement al anal ysi s o f the <crystals before a.
Cid4. 211%, 0RR %/ . N4 %. I n mass spectra of,cfgatal:
m/szi gnal s were detected: 73, 77, 112, and 114.
3: 1.

3. Writetchewmempirical formula of the crystals

MOFs has a high smigfadedeadéasatahc290@t ween O0XVYC
centres was found to be 12.94

4 Finde free volume (which is not occupied by
ared (o oneAcauadbamhkgwahnl der Waal ) r awthi chofar &t
foll ows:

Element Zn H C @)
r/A 1.5 1.2 1.7 1.5
5.To be correct, there are¢ tbwdji Bbhrndse wil telmedit a

unit celd parameter
6. MOF5 has been tested for hydr oden heptmake.rilat
up wo %1 paft HAOQ ,K.298ssuming all t he cnaaltcewliaatle i
excessive hydrogen uptake (how much excess
hydrogen of the sa®meuwmdéumehwi ghoen MORFdiI t i c
7.Sugotehbet gands whi cthhcembght cehbhngel ume down to
bet weemanddhadr lons of a benzene ring is 2.69 |
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Problem 15. Microscopy in chemistry

Scanningngumnelr oscop
mi croscopy met hod t ha

di vi du

atoms and mol ecul es o wor ks
moving a sharp met al t he su
and applying a smal/l Bi nni
Quate, and Gerbeft esomk
with a stylus profilo omi ¢ |
Mi croscopy (AFM). Whi used
t o i mage conductive not
require a current fl Y ) and
sample and can map & Figure. 40 years ago, irS Of |
conductivity. Rohrer shared a Nobel P

of the scanning tunn
Il n 2012, an article was published reporting

British chemists from the University of War wi
Research, had captured an AFMXi(ma&ge thhfe a mRaygaer c
This image was subsequently recognised as th
Ol ympi cs.

The synthesis of this -4dryadrbead arethoymdeliegan wi t h

CHO

BrCH,CO4Et, A 1) Hy, Pd/C B 1) SOCl; DMF
PPhs, NaH 2) KOH, then acid 2) AICI3
pyrene-4-carbaldehyde i LiAIH,
/ \\ ’
( |
\ / _ Amberlyst, A H,SO
N P | B Yy E 2904 D
| |
-“\\. r-."/f‘
X

DMFi di met hyl f or manii plregt oAdmbceril st exchange resi
hydrocar bolbeawillexul someri sesX umdgmort ®n s ynmme tar
condi tions.

1.Dr atwhe strAiE,XWNmodd lodXplos saswefsol d symmetry a
2. CompoXimals n a nceedrSea.g gietsst f ul | name
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X-based units can be used as buil dihfregr rbd toickrs @
stable radical centres:
e
BF*-‘_\_"/"__"‘\ ” /‘_"-\__,Br ‘
| ,Ol | Au surface G Reduction - H
NN \:-.I-/ A Tip-induced

J dehydrogenation
-

F

3.Dratwhe structurkKls bhsedmpaundse foll owing inf
F:
T Apeak mz4 1 h. 89 wast hneagiins tpeehaekd mans's; spectrum
TOnly 4 types &f protons exi st in
T Compotmaas wof ol d symmetry axi s.

The beauty of such systems is that for finite
@ed s inversel y: proportional to
S
3 U—
0
whelies an exchange coupling pauranet ear skpd tnweneumm
and s the number of repeating units in Ithe qua

we can design spin flui,dbi whtbaa ®Bergohseswdexe

4. Cal culhat & lafl wre vwhgeucahnt uMbelcames gapl ess at ro
(T=29B) i, .@eebecomes compamreablagevi t hésT.maUsener
J=38nedns= 1.

AFM can be used t o study the transformati or
transformations. AFM was performedsbmerit&at ipda
reactQ.loin io$g kcnoonwpnoShirddata t wof ol,Ra sTcnonmettariyn aoxnilsy
andmebmber ed fused rings

5.Dratwhe strRi€.tures of
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The moQietcudlef I sUabtardedgftomthe foll owing s«
MesSi—— BuyNF 0.5 equiv U
Cul, Et;N Cul, Et;N
PdClx(PPhs); PdCI3(PPh3),

Addi tionall y:

fIn the mass spedhasma momepacwndr ion <cl ust
mz234, 236, and 238 in an intensity

rati o
T Uhas 2 types$ haerfo npartoitco nrse giinon.

6. Based on the given AFMriamag es an@arddiVvd.e $ | ofh al
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Problem 16. Kinase i nhibitors
Kinases are enzymes controlilmalgudiamgy @elolcegrse@
i nhi bition has become an i mportant direction

approaches Lcdkitntaes ecliaashd baft ors are di scussed.
A synthesis ofFpsomhewmgbelndhwbi tor
1) HNO3, H,S0, 1) HNO3, -20 °C

CN NaOH, THF H2S04 2) Hy, Pd/C 2) HyS04(90%), 60 °C
A B - C D1 +|D2
CN Mel (excess) 3) AcO 3) Hz, PtO; :

ArN=C=8

(@]
N=C=N AR Dce
2 ~——— E
Dce: O G A . " NH
MO

L NH O
Ar—N

1.Dratwhe structurMBENofNetompgenndsntBarst 7(DRBY %nas s
i's separmdaerd DAyt ransF.ormed into

Anot her promMsaegsmol besiMieds &ompuaribhudr hacr e

mol ecul ar massFbywe2 dthami ¢ hmasofunits. The fi
oxi datNicthm obyosucci ni mi de 2anTdh e xti rdartst f@olr moft iINarC |
proceeds in thBt & anmeutmawminer tahse f or matthen of

transf ol RBathdews:ni rod d 2psr oadnuacltogous tCa Di2Heweaewerrv,er s
the order of the hydrolysis and reduction ste

formation of add&ilankKiknal side product s
1) HNO; H>SO 1) HNO; -20 °C
NCS G NaCIO, . 2) Ho, PdiC. - 2;Fe H3é:|
ke it . :
mH NaOH NaHzPO,4 3) Ac,0 3) NzHj, H20 41 + * K1+ K2
(C11H11N30)
ArN=C=S
o] DCC L
NCS = QN-CI N hisd
\!
b >NH O
Ar—NH M
2.Dratwhe strGitimcésdoing all i somers shown on t

3.Explwhyr only one product iB. formed during th
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I n the d@acc2zkckhangohg the order of the reductio
the previous schethe ™waes cWmpadiladd i aov e bft arimed f
sequence with the original order.

1) HNO3, -20 °C
2) NoHg, Ho0

o

3) Fe, HCI

4 . Dratwhe structW@d. d&2%p modu.otgen by mass)

The molecules obtained showed high potency w
transf orfwaetrieonasl soof carri edano¥t tthoe gmovee cnud laec ufl
which differ only by two hydrogen atoms.

o)
1) NaBH,, THF, H,0 Y 1) NaBH4, THF, H,0
x -
2) H,S0, Ny 4 2) NaBH,, TFA
1, NH O
F
Ar—NH

5.Dratwhe strxXxamnMiyes af homol ogoM.BlotTe mponbred tod
sphybridi sedi careased by one.

The synthesised mol e otdlhemslafxwenruem & wnahli wa tteod yb yc o

which is a quantitative measure that indicate
i n waitgnowen biological process or biol otghiecal ¢
tabl e bel ow:
Compooy R | €0 gM Compoy R | €0 gM

F 2 -G 0. 46 F( NBle) 2 -G 1.1

F 2-C| >40 F( NWe) 2 -G 12.5

F 2 -G >40 F( NMe) 2 -G 9. 6

F 4-C | >40 Y 2 -@h 1.1

F 2 -Me 0. 46 M 2 -G 0. 38

F 2 -Eb51 >40 X 2 -G 0. 02¢

6 2
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6. Expltah e

ef fect of the substituentsFim &ahe
simplified enzyme pocket | ooks as foll ows:
Thr338
Met341 O Phe307
/ '
N |
HN H H
/
‘|OHN~\<
| N
AN
Leu325
o)
Val323

iPeepaary oty 2P0
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Probl eCarlb7o.hydrate chemistry

ass of c hemi

Carbohydrates are an essenti al cl
common saccharide glucose (Glc) exists in eit
common chemical transformati ons:

n+m

\ NalOy(excess)

CHO
H OH
NaBHs HO H conc. HNO3
- —_—— =
I H OH
H OH
CH,OH
Bry, H,O
v

1.l denpriddiivet s
its cyclic form, glucose contains five hyd

I n
fUgt ucbhpwmr anes

position represents a chall enge
are shown bel ow:

OH

o CHZOH, HCI PhCH(OMe), NaH (excess) p-TsOH
HO - A B C D
HO p-TsOH Mel (excess) H,0
HO OH
NaH (excess) 1) NaH, BnCl
Mel (excess) 2) NaBH;CN
OBn
1) Ac,0O, P
F H,0, HCI G HO 0 ) AcsO, Py
BnO oy 2) DIBAL-H
OMe (excess)
1 o) o
i S
Ac = Hyc—4 Bn = PhCH,, DIBAL-H = i-Bu,AlH, p-TSOH= H,C $-OH Py= |l
_yd""d 3 1 N/
(o]

't i's kmGwndDrdmatai n the sam@arflbudncftfieon aln gfroorunp
CH;Ban@contai nnmembeeedi xings in their sgructur
gr oufs 1in

2.Dr atwhe strAiGtures of

6 4
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However, these transfor mati o+a:m decddnados, dsifrfcea eil
cases the hydrtorxgmosgf ogpsabireni apmas iotcicampy. e ulal
solution to this challenge was found by wusing
chiral form:
Ph | | Ph
o] Aoy O0._.Ph o Ph\,‘%_ﬁh 3
Phﬁo - ph)\/OH O&—Ph
(s) CSA CSA (R)
' O racemate o] '
Ph Ph
L_o__en PR ol o__.Ph
AalE I OTBDPS |
o]
H1 < g ~ H2
CSA HO CSA
OMe
L Ph |
5 N | :
 CSA = TBOPS = Mg Ph* 0 O - :
: HO5S Y h= =
} o)
Ph

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

3.Based hgihven example and considering that st
equatori al posi ti qdmrsatwhre chabatndd®re fscoaarhad ri awisr
Hlyou need to redraw the dlydocoxyr gmosue sr iam @
side of Wkse dhawrngonformation of the prote:q

A very interesting example of a g Hucpoep yoryacnloisc
comp oKusntde pwi se bl ocking three hydroxyl groups
OH
oH EtOH, 50 °C HO 0
Hom 1) Ac,0, Py | 2,4 6-collidine J 1) DBU, H,O M
HO : -
OH “OH 2)HBr, AcOH p-TSOH 2)I\;?S-T433Hr,egsf‘ od
(C16H24010) ' O\‘k K
CHs

4 . Dr atwhe strllmomtdur es of
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Anot her class of reageftypet tsdtrucanr €é®r mscpolk

chemistry was successful |l ylGaGa@lod desy vtalh e vies e
1) NIS, TMSOTf 1) NIS, TMSOTf
AcOOBn OBn
OH ézo Bno—i:o

HO RB(OH),, Py FmocO = SEt BnO OBSEt

i oM . —~ M > "Gal-Gal-Glc"

BnO e 2) Et:N .

OH ) Ets (CacHupBO,R) 2) H20, heating

0 0
EJLO O
Fmoc = . NIS = N-—I TMSOTf = CF3S0,3SiMes
v 0

5.Dratwhe stru¢cMuared torfi s@GaB&@iod deDod not speci
configuration of the newly formed anomeri c ¢
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Probl em 18. l nosi tol

Il n Uzbekistan, peopl e gre te food:
rich in flavour and highl Rice i s
i ngredients in Uzbek cui the ba
traditionalpidadafaed.,.avauch

Cooked rice consists of 29% car
by mass, pri mattaimyl, o swehial oy
polysacchari dépgt¢ ampseedundofts | inked

t hr olu(glthYgdl)y cosi di ¢ bonds. Carbohydrates are th
and occur in nature in a wide variety of form
l.apPratwhe most stabl epbghaiconseonf ormation of

bDratwhe structure olanyhleo sree pienatHanwgo rutnhi tp roofj e
2.Cal culhaet amumdbreatolf hgnenampl ose chain wbah a n
consain
Gl ugoswhiac hwleinsswn representative of caamohgdr a
converted into many different biomolecul es.

One such aommpnooushidineelsof t he |iwlhomee sbiodsymwolse $ o4
i's shown bel ow:
ATP ADP H,0  HPO,*
D-glucose S A A F S myo-inositol
hexakinase IMPase
A F
% h
(=4 N
% \
OPi oPi |
HO Gt NAD* /&/
fo 0 o OH
HO HO :
B NADH + H* E /
Q,
7%' §
3, 5
© N
> 15}
&
Cc D
enolisation
ATP = Adenosine Triphosphate, ADP = Ade
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3.Dr aome of ctohnef ocrhimaitri eABehnmbyfo nosi t ol
Not e: WNolMoacmdyl-oen o iothdlai n a pl.ane of symmetry
4 . Dratwhe structures of ailddiivaieotodht olf 49therme @air 2o n

Many plants -siymsihtecl skl Bd mhso sp hmphesphorus sto
Studies of wvarious pl ant specileeprbbaeedsevbab
stepwise phosphoFyl ation of compound

Below is the bi ¢oPHhahesicautpyano shtmealyi uonh

ATP  ADP ATP  ADP ATP  ADP ATP  ADP ATP  ADP
F-~ A e N ooy NS NSy N e,

5.Determhee maxi mummynuumdbdsirt oolf @) phesopeatse t hat
formed i n Dratehepat swaw.d ivwhaiessh aonfd t hem are ct
6. Determine the maximum theoretically possible number of isomersngfo-inositol
diphosphate (that do not necessarily originate frdfn Draw their structures anphdicate
which of them are chiral/achiral.

Phosphor ymyaitn msodcawiflr s accordi ng the tmbet f dlilsdyv
accessi bl e hydr oxyl group relative t o t he f
phosphoryl ated.

7.Dr atwhe strGidandPds dofclad estructures that cont a

6 8
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Probleém Carbohydrates as chiral pool s

Asymmetric synthesis has attracted significar
asymmetric catalysis. However, using chiral a
efficient approach for chkihialaltcetudblstswavntlsear
Di fferent monosaccharides are handy starting |
in 1985, the fir SXtf rywrotr idesias\Aavthiswcgo miploius e d .

o
LiN3 B 1) NaOMe Hy, Pd/C
0"/ oAc 2) H;0*
TsO ) 5 CgH13NOy4
OAc A

"""""""""""" o =
Ac = CH,CO Ts= 3—3@— :
a :

1.Dratwhe structurB€ anfd dadmpowmsds stXbhel ddiasge
stereochNemesomtyai nnse neb efriede haendcrokbgchf¥r mati o

proceeds through.an Iimine intermediate
ThrombBXafh€xaB29t absl e, inacti véarombARAGERAR) pde
potent molecule that causes bl ood platelets t
was syntheglsed3&éeomol |l owing scheme shows t he
l.
OH
HO,, \OH 1) MeOH, HCI b 1) TsCl, Py E 1) LiAIH, E 1) Hy, Pd(OH),/C
OH 2) PhCH(OMe),, TsOH 2) Na,CO4 2) BzCl 2) TBDPSCI
HO™ ~O
D-glucose
OBz
I A _~OH
| 1) Hy, Pd(OH),/C H (MeO),P._COOMe o 1) DMSO, (COCI), (j\/
C25H32Si05 2) KoCOs KO'Bu 2) Et3N MeO" O OTBDPS

HO" YO =

éH ________________________________ '
Thromboxane B2

H f i 2
(?)H ! BzCi= ©)LCI DMSO= S~
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2.Dr atwhe strDidwutbkssbobérbdbotbAamesal yket al f or ma:
primary alcohol when it is availabl e.
3.Deterimhnnewhat forldeawintbllenat e ageinZips mukts ¢ bbe
obt Bh mombB:k a :en
Ziil) PCC G H P)ICHEH O) )it
Z2i1l) Bz CIl4&F;2) BuN
Z311) MNaBBQQK 3) HCI
Z4T 1)i-B Al H, sPQH(FCB4COOH, B) CH
Using c®Ompounds possible to syprichda snjosheodotnbeed
from the c8lttepeomhjasi h &®©f oad anti bacterial sp
activity. | n -Achtei soybmoMfeersag d netv 6ttreocentres w
chiral auxiliary.
OTBS OTBS
: 1) CHp=CHLi :
CuCN NaBH, 1) BuLi, TsCl PMPO
D Q"OBn 2) OPMP . 2) MOMCI, i-Pr,NEt “/OBn
H
o] CHO OTs OMOM
1) DDQ
2) DMP
1) NaN3
2) HF, Py 1) NaBH, 1) O3, MesS
1) Hz, Pd/C ‘3) DMSO, (COCI), 2) DCC, DMAP ‘2) NaClO, NaH,PO4
2)DCC 4) i-PrNEt
HO,C
NHCbz
3)Hp, PAIC | e :
Y _ =
& B TBS = t-BuMe,Si- DMAP=N/\\:/>*NM82 - (:L)(p
>1~0Ac
Oé/ DMF = OHC-N(CH3), - B - AcO one
4 .
.- - DDQ = ;
Me™ ™ ‘OH I:ﬁ Y ;
- HOH MOMCI = CH;0CH,CI S 2= 1y o/\©§
OJ\I‘\EZ PMP = §~©—OM& bpec = O—N:C:N—O '
(-)-Actinobolin e
4 . Dr atwhe st rdi@t uirnecsltuedfienogc hemi stry.
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Swai nsomannéndolizidine al kallimhnnwapy rsayhrtshi adsia
potent inhibitor -mdnrGowdigdasagplalratans ammhmo mod
chemot herapeutic a)fSevmti.ndlEnagnsayent hlkeeslisw.of (

OH
HO OH 1) TBDPS-CI P 1) PCC 1) T;0

MeO OMe 2)NaBH; 2) NaN;
. OH
BzO" O 2y X, csA

1) TBAF
2) PCC

OH ©H

H = TFA U H, Pd/C, AcOH T 1) PhaP=CH-CHO
i - 10OH 2) Hy Pd/C, MeOH
C4gHasNO4

(-)-Swainsonine

i 0

i PCC = CrO,CIPyH* Tr= FyC-§-%
| CSA= 0

| HO,S -

: o TBAF = N(n-C4Hg)*F-  TFA = CF,COOH
1

Hi lrPan@ar e epi mer s.

5.DetertmmeneconfigurationpsSwdi mdmdistde eptcamnt ireg
6.Dr atwhe st rRiO,t uirnecsltuedfienogc he mi st r y.
7.1l ndiwhatseher eocentres are preserved and which
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Problem 20. Pacman, Hangman, Cageman
Scientists often | ook for analogies in cultur
their discoveries. One example of such a comp.
the arcaddeacimempubamein the 1980s and
199@wbere the main task of the yellow ball ( Pa
is to eat all the dots on the map.

The same task must be performed by the mol e
Pacmhand®acmzan whi ch mu s t Aeat o smal |
mol ecul es 25 wdNh o2as O&LOal ysi ng t heir

transformations. Pacman mol ecules are two cat
active structur al fragments connected by a |
certain angl e. I nspiration for such mol ecul es
the active site of natural cytochrome P450, w

a macrocycl-el wcthoanHl8kewhiaclhmadn ccaesgrsdiemat e
t he Imei.ddThe ®&wnomhbaessilsshoown bel ow

Not éH bConds of porphyrin rings are not involve

1.Dratwhe struct urRkasnwhiff ciotmpiosu nkdmown t hat neith
noRacmdadcolnt ain oxygen. The inadmpagBkau@ ent ent
11.12% anesPetcdvely.

Unfortumawealsy i mpod®saichnlae Atko ai srcelsautlee , anot her &
Pacmawi t2h t wo di fferent porphyrin rings was
compootumel mol ecul amzl®3a5 pedak was at
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