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1. Uzdevumes. Slepeni savienojumi.

Viela A ir oksids un viela D ir sulfats. [zmantojot sabalans€tus reakcijas vienadojumus un
parejos datus identific€jiet vielas A-D. Apstipriniet savas atbildes ar aprékiniem.

A + 3NaOCl + 4NaOH — 2B + 3NaCl + 2H,0 (pH>17) (1)
4B + 6H,O — 2A-H,0 + 8NaOH + 30, (pH=17) 2)
D + 3Na,O, — C + NaSO4 + O, 3)
3C +5H,0 — A +B + 10NaOH 4)

Vielas B §kidums ir kosi purpursarkana krasa.
Ja 0,10 g vielas C izskidina 100 mL destiléta tidens, Skiduma pH ir 12,2 (Viela B disocié

pilnigi)

1) Identificgjiet vielas A — D.
Vustits ir dzelzs (II) oksida minerals. Savienojums nav stehiometrisks, tas ir dzelzs-
nabadzigs, savienojuma formulu pieraksta ka Fe; O (0.04<x<0.11). Lai sabalansét
kopgjo ladinu kas rodas Fe" trikuma d&l, kristala rezgi tiek ieklauti arf Fe** joni.

2) Cik Fe*" joni ir vajadzigi lai sabalansét viena Fe”" jona tritkumu?

3) Uzrakstiet attiecibu n(Fe*")/n(Fe*") ka funkciju no x.

Dzelzs atomi vustita veido virsmas-centrétu kubisku kristala rezgi. Skabekla atomi ienem
oktahidriskas vietas starp dzelzs atomiem.

4) Aprekiniet kristalrezga konstanti un attalumu (A) starp diviem tuvakiem dzelzs
atomiem vustita strukttira. (Fep.9250, blivums — 6.02 g/cm3).

5) Aprékiniet attalumu (A) starp diviem tuvakiem skabekla atomiem vustita
struktiira.

6) Uzrakstiet blivuma atkaribu ka funkciju no x, piem. p(x). Rezga parametri
nemainas dota x vertibu intervala.



2. Uzdevums. Kobalta hameleons.

Viens no daudzveidigakajiem metaliem ir kobalts. Ta savienojumus gadsimtiem ilgi izmanto
stikla krasoSanai un glaziiru gatavosanai. Kobalta savienojumi ir atklati Egiptes skulptiiras,
Persijas juvelierizstradajumos, tie atrasti art Pompejas pils€tas drupas.

Jau vairak ka 100 gadus kimikus interesé kobalta kompleksie savienojumi, kuros ta
oksidéSanas pakape galvenokart ir +3, kamer parastas struktiiras savienojumos +2.

1. Izmantojot doto kobalta Latiméra diagrammu, matematiski pieradit, vai ir iespéjama
kobalta(ll) savienojumu disproporcionésanas skaba vide? Novertet, kade] stabilaki ir
kompleksie savienojumi ar oksidésanas pakapi +3, bet parastie savienojumi ar
oksidésandas pakapi +2.

+1,95V -0,29 V

Co¥ —= (o2 - Co

+0,1V /

-042V
Co(NH,) " ——— Co(NH,) 2*

19.gs. beigas plasi pétija kobalta aminokompleksus, pieméram, savienojumus ar visparigo
formulu [Co(NH3)6.xClx]Cl;3, kur x — mazi naturali skaitli.

2. Uzrakstit visus iespejamos S$i savienojuma telpiskos izomérus, kuros kobalta
koordindcijas skaitlis ir sesi un kobalta oksidésandas pakape ir +3.

3. Komplekso savienojumu stabilitates novértésanai var izmantot elektrokimisko meérijumu
rezultatus. Izmantojot ieprieks dotos datus, apréekinat kobalta(ll) un kobalta(Ill)
aminokompleksu stabilitates konstantes.

Jau 20.gs. sakuma tika pétiti kobalta kompleksie savienojumi ar organiskam molekulam,
plasi pazistams ir kobalta komplekss ar etilendiaminu (en).

4. Uzrakstit savienojuma formulu, uzzimeét visus §i savienojuma izomérus un paskaidrot, ka
atskirsies katra izomera fizikalas ipasibas. Pie kada veida ligandiem pieder
etilendiamins, ar ko tas Sai zipa atSkiras no amonjaka molekuldm un hloridjoniem?

Ka zinams metalu d orbitales ligandu lauka tiek saskeltas vairakos apakslimenos.

5. Autélot ligandu lauka rezultata radusas kobalta d orbitales savienojuma [Co(NH;)s]Cls.
Katram energijas limenim pierakstiet tas d orbitales apzimejumu, no kura radusas jaundas
orbitales un izskaidrot kadeél tas ir tiesi Sis orbitales.

6. Aprékinat energijas starptbu starp d orbitalu limeniem, balstoties uz attéla doto
savienojuma redzamdas gaismas spektru.
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3. Uzdevums. Negativa aktivacijas energija.

Apskatisim sekojoSas reakcijas kinetiku 2NO , + O, $2N02(g).

[NO] (mol/dm’) | [0,] (mol/dm’) | r = d[NO]/dt, mol-dm s
1 ]0.010 0.010 25107
2 10.020 0.010 1.0-107*
3 10.010 0.020 5.0-107

a) Izmantojot datus tabula, nosakiet §is reakcijas kartu.

b) Aprekiniet reakcijas atruma koeficientu k.
Apgrieztas reakcijas atruma koeficients (k') pie 327 un 372 °C ir 83.9 un 407 dm’'mol s
attiecigi.

c) Aprekiniet apgrieztas reakcijas aktivacijas energiju (E'y).

d) Apréekiniet reakcijas entalpiju AH, izmantojot datus no tabulas.
NO NO,
AH;/kJ'K "“mol ' 90.29 33.10

e) Shematiski att€lojiet reakcijas energijas diagrammu koordinatés energija — reakcijas
gaita, atzimgjiet E,, E's, AH,.

Balstoties uz eksperimentaliem datiem tika piedavats sekojoss reakcijas mehanisms:

NO+0,7=—>NO,

NO, + NO—2—2NO,

f) Uzrakstiet kin€tisko vienadojumu.

g) Izlemiet vai piedavato mehanismu apstiprina kinétiskie un termodinamiskie dati..



4. Uzdevums. Pagajusa gadsimta elegantie savienojumi.

Sis problémas mérka savienojums G ir policiklisks aromatisks ogliidenradis. Pirmo reizi
tas tika uzsintez€ts 1964. gada profesora Eriha Klara laboratorija Glazgovas universitate.
20. Gadsimta vidu $1 tipa savienojumi galvenokart asocigjas ar aromatiskuma
teorétiskajam problémam. Miisdienas ar strauju nanotehnologiju attistiSanos, Sis vielas
tiek pielietotas ka jauni materiali Skidru kristalu un sintétisku “metalu” izveidoSana.

Balstoties uz sintétisko sheému, uzzimgjiet struktiiras vielam A-G. IpaSu uzmanibu
pieversiet piezimém:

Dikarbonskabe A ir pamatizomérs Saja aciléSanas reakcija.

Vielas B struktira izveidojas tikai viens jauns cikls.

Viela D ir pentacikls.

Vielas E H' KMR spektra ir tris signali ar integralu relativu attiecibu 1:1:3

Pedgja transformacija nav triviala un arT loti neefektiva kimiska iznakuma zina, bet
reakcijas rezultata rodas produkts ar elegantu struktiru G.

oo o .
CO,H AlCl, C24H2005

2

H,S0,, 80 °C
C Zn, 5% agq NaOH B
Al
C,4H,,0, 100°C C,4H150,

POCI; 120 °C

D CrO,, AcOH E
—_—

CZ4H200 C24H14C)4

PhLi excess

bargi apstakli
C48H24 C48H3804



5. Uzdevums. Litija Baterijas.

Baterijas ka stravas avoti tiek izmantoti vairakas elektroniskajas ieric€s (piem. video un foto kameras,
pulkstenos u. c.). Idealai batarejai ir jabut droSai, vieglai, stabilai un nekaitigai apkart&jai videi.
Tipiska batareja sastav no anoda, katoda un elektrolita.

= 3 0

Metalus izmanto ka anodus. Tabula ir uzskaititi dazi no visplasSak MSals p (g/;n ) E3 (0\2)
izmantotiem metaliem. 1 ) -9,

Ca 1,54 -2,87

Al 2,70 -1,66

1. Uzrakstiet pusreakcijas Siem metaliem. Cd 8,64 -0,40

2. Aprékiniet So metalu elktrokimisko kapacitati (A/g).
Elektrokimisko kapacitati defin€ ka maksimalu elektriska 1adina daudzumu ko sp&j dot 1g metala.
3. Kurs no metaliem ir vispiemé&rotaks batarejas anoda izgatavoSanai? Piedavajiet divus iemeslus.

Udens reducésanas standarta potencials ir -0,83 V.

4. Uzraksties tidens reduc€sSanas reakcijas vienadojumu.

5. Kur§ no mingtajiem metaliem nereageé ar tdeni istabas temperatira? Uzrakstiet reakcijas
vienadojumus un paskaidrojiet savu atbildi.

6. Aprékiniet lidzsvara konstanti reakcijai starp litiju un tideni. Vai process ir spontans? Paskaidrojiet.

Metala oksideéSanas gaita joni ir solvatéti ar elektrolitu. Litija heksaflorofosfats (V) tiek pievienots
Skidumam lai paaugstinatu ta elektrovaditspgju.

7. Kur$ no $kidinatajiem: (a) adens, (b) etanols, () dimetilsulfoksids, (d) heksans ir vispiem&rotaks
litija batarejas izveidei? Paskaidrojiet.

8. Uzzimgjiet telpiskas struktiiras dimetilsufoksidam un heksaflorofosfatam (V) némot véra VSERP
(valences Caulas elektronu orbitalu atgriiSanas) modeli. Nosakiet séra un fosfora atomu hibridizacijas
pakapi un dal&ju ladinu.

Viela AG°
Sulfidi, oksidi un halogenidi tiek izmantoti ka katodu materiali. (kJ/mol)
9. Uzrakstiet vinadojumu pilnai reakcijai kas norit litija batareja ja katods ir Bi,O; ~493 47
a) Bi,03, (b) FeS,, (¢) CuCl, un metals iesaistas reakcija elementa stavokli. FeS, 160.07
Kurai no §tm batarejam (a-C) ir visslielakais darbs ko veic reakcija. Standarta LiCl 33 4’02
rasanas Gibsa energijas ir dotas tabula. Li,0 5 62:1 I
Litija batareja FeS, ir izmantots ka katods un litija heksaflorofosfats (V) Li,S -439.08
solvatets dimetilsulfoksida kalpo ka elektrolits. CuCl, -384,02

10. Uzrakstiet litija batarejas shému. Uzrakstiet katoda pusreakciju un
aprékiniet tas standarta potencialu.

11. Uzrakstiet uz litija batarejas diagrammas: Li, FeS, litija heksaflorofosfats ’J_T

(V), ,,+° dimetilsulfoksids, anods (A), katods (K), elektrolits un dzingjs. -

Atzimgjiet elektronu pliismas virzienu ar¢ja k&de.
12. Kuram no litija batarejas materialiem ir jabiit parakuma? Kapec?




6. Uzdevums. Supramolekularais grozs.

Tas ir labi pazistams fakts ka tres€jie amini reage karbonskabju metil esteriem:
R-COO-CH3 + R3N = ... (1)

1. Piedavajiet $is reakcijas mehanismu un produktus.

2. Reakcija parasti ir [€na un ilgst no vairakam stundam lidz dienam. Paskaidrojiet kapéc
reakcija (1) noris daudz atrak polarajos skidinatajos (piem. dimetilformamids) neka
nepolarajos skidinatajos (piem. heptans).

Vielas A un B ir esteri, kas reage ar hinuklidinu C p&c identiska mehanisma ka (1).
Neskatoties uz faktu ka estera grupai apkart it tie pasi atomi gan viela A un gan viela B, So
savienojumu reakcijas atrumi krasi atskiras. Viela A izreagé ar hinuklidinu C 3 min laika
mezitiléna (1,3,5-trimetilbenzols) Skiduma. Lidzigos apstaklos reakcija starp vielu B un
hinuklidinu ir tik 1€na ka tik pat ka nav novérojama.

HsC, o

HsC; NH

HsCp © O “CoHs H17,Cg0O OCgHy7




Vielu A un B telpiskas struktiiras izskatas sekojosi:

A B

(Attela vienkarSosanai viens no skabes atlikumiem nav attélots)
3. Paskaidrojiet kapéc esteris A mezitiléna Skiduma nav planars, bet ir pussféras forma.

4. Identificgjiet starpproduktus I un II hinuklidina sintézes shéma. Uzrakstiet mehanismu
vielas I sint€zei un piedavajiet reagentu X ped&ja posma veiksanai.

COOEt
EtOK, EtOH HCIH,0 X
- . 0 Z . ¢
CsHsCHa, t

N

oot

Uzzimgjiet hinuklidina C telpisko struktiiru un piedavajiet vielas nosaukumu péc [UPAC
nomenklattiras. Atziméjiet hiralus atomus struktiiras II un C.

5. Draw three-dimensional structure of the transition complex of the reaction between ester A
and quinuclidine and write a reaction product.. (Draw schematically, don’t waste your time
keeping exact proportions and drawing every bond and atom. Show only the general shape of
molecules, their location and the position of ester methyl and carboxyl atoms in respect to
quinuclidine nitrogen atom).

6. Ir aprekinats ka estera A iedobuma tilpums ir 160 A’. Pienemiet ka iedobuma forma ir
sfera (sferas tilpums ir 4/3-7r°), hinuklidina visu sai$u garumi ir 1,2 A un Gdenraza atoma



radiuss ir 1,2 A. Aptuveni noveértgjiet hinuklidina molekulas izm&ru un aprékiniet cik
hinuklidina molekulas ieiet viena vielas A iedobuma.

7. Aprékiniet hinuklidina koncentraciju iedobuma (mol/L).

8. Ja reakciju starp hinuklidinu un esteri A veic hloroforma (trihlormetana) tad reakcijas
atrums samazinas l1dz Itmenim kas Iidzigs hinuklidina reakcijai ar esteri B. Izskaidrojiet So
faktu.
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1. i)

i)

iii)

iv)

v)

Vi)

A is most probably some metal oxide, because it's insoluble in water (equation 4).
Now let's say that A contains x oxygen atoms and B —y. If we count oxygen atoms
in either equations 1 or 2, we would get the relationship

2y =x +5.

It is clear from equations 1 and 4 that compound C does not contain sulphur. By
counting oxygen atoms in equation 3, it is possible to deduce that C contains 4
oxygen atoms. Therefore using equation 4 we get another relationship

x+y=7

thatisx =3 andy =4.

Now we know that A is of form M,03, B is Na;MO,4, C is NasMO,4 and D is MSO..
Using given data it is possible to count moles of NaOH present in the solution:
n(NaOH) = ¢V = 10®*™"'%.0,1 = 0,00157 mol. Then

n(NasMOQO,4) = 0,000472 mol and M(NasMQO,) = 211.85 g/mol. M is Fe.

A— F8203

B - NazFeO4

C- Na4FeO4

D - FeSO4

Two Fe®" ions are needed.

n(Fe**) = a

n(Fe*)=b

Then1-x=a+band3a+2b=2.

Multiply first equation by -2 and sum with the second equation to obtain

a=2x. Put this into first equation to obtain

b=1-3x. Then

a/b = 2x/(1-3x).

One elementary cube holds 4 Fe and 4 O atoms in perfect FeO. In Fegg250
however there are on average 3.7 Fe and 4 O atoms. Their weight is

(3.7 -55.85 + 4 -16)/6.02:10° = 4.49 -10?%* g

Dividing this by density gives volume:

4.49-10%2 g/ 6.02 g cm™=7.468 -10% cm®

The lattice constant is

(7.468 102 cm®)'® =4.21 108 cm =4.21 A

The distance between two closest Fe atoms is

2"2.421A12=298 A

The distance between two oxygen atoms is the same 2.98 A.

0 _m_ 4(1—x)-55.852:4-16 1 - 287.4-223.4x _ 6.40 — 4.97x
Vv 6.02-10 7.468-10 44.96




C; BCHO [16]

BChO’16 Theoretical Examination

Solutions (English versioon)

20f9

Chameleonic cobalt

2. i) Disproportionation reactions of cobalt (Il) compounds:
Co* +2e - Co
Co* -1e”— Co™

Etot = Ered + Eox =- 029 - 1,95 < O V
= AG=-z-E-F>0 ... disproportionation is impossible

8red='0.29V
80x='8red='(+1.95)=‘1.95V

Cobalt (Il) classical compounds are more stable, than cobalt (lll) compounds
because it is hard to oxidize Co(ll) to Co(lll) (highly negative oxidation potential),
but cobalt (Ill) compounds can easily be converted to Co(ll) (highly positive
potential, and reactions are fast, because 1 electron transition). Cobalt (lll)
compounds are very strong oxidants and they oxidize even water.

Cobalt (II) complexes get more easily oxidized (milder oxidants, including oxygen or
air, are good enough), oxidation potential is not so negative (only -0.1 V) as it is for
classical compounds. Reduction potential for Co (Ill) complexes is small.

ii)
NH;
HN
3 ////////////////////r
H3N
NHj;
H2N
3 //////////////w/m
H3N
Cl

\\\\\\\\\\\\\\\\\\ NH 5
"t

NH3

NH
\\\\\\\\\\\\\\\\\\\ 3

NH3

Cl

Cl

HaN
3 ////////////////////u

Cl

1 — hexaaminecobalt(lIl) chloride

2 — pentaaminechlorocobalt(lll) chloride

NH;

Y NH3 ) ///
\\\\\\\\\\\\\\\\\\\\\ ////////////////////yr/rm
Cly
NH3 i
W N H3 )
\\ //////////////////////
o,
NH
3 i

3 — cis-tetraaminedichlorocobalt (Ill) chloride

4 - trans-tetraaminedichlorocobalt (Ill) chloride
5 — mer-triaminetrichlorocobalt(l11)
6 - fac- triaminetrichlorocobalt (lII)

iii) Co®" + 6NH;3 — [Co(NH3)e]**

_ [Co(NH;)5']

stab.(l) — [C02+] ] [NH3]6

(1)  Co(NHs)** + 2 e — Co + 6NH3

(2) Co*+2e —>Co

Ered.1 = '0.42 V
Ered.2 = '0.29 V

NH;

NH3

NHj;

\\\\\\\\\\\\\\\\\\\
e

NH;

NHj;

\\\\NHS

\\\\\\\\\\\\\\\\\

NHj;

Cl
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Formation of complex ion can combine following: reaction (2) minus reaction (1).
Doing same with potentials we obtain:
E?ot = €re42 T €0x1 = E€red2 T €req1 = -0.29 - (_042) =013V
Etot =0= E?ot _Ean
zF

E?Ot = EInK
zF

0.13 = 5:314-298

2-96500
InK=10.13

Kstab.(ll) =251 0*M°
19K a6,y = 4,39

For cobalt (lll) complexes we have to calculate corresponding potentials from
Lattimer diagrams:

0.1V -0.42V
Co(NH;)** ——— Co(NH,)2* ——= Co
AG, AG,
x T
AG,

AG3 = AGy + AG»
3F.-x=-F-01+(-(-0.42) - 2F)=-01F + 0.84 F=0.74 F

X = Oﬂ =-0277V
-3
1.95V -0.29V
Co3* —— Co%?* — Co
AG, AGg
: !

AGg = AG4 + AGs5
3F.y=-F-195+(-(-0.29) - 2F)=-1.95F + 0.58 F =-1.37 F

y= 137 _ 0.457V
-3
[Co(NH, )5"]
Kstab.(lll) = 3 6
[Co™ ]-[NH,]
(3) Co(NHs3)s>* + 3 e — Co + 6NH3 Ered 1 = -0.277 V
(4) Co**+3e —Co Erodqn = 0.457 V

Formation of complex ion can combine following: reaction (4) minus reaction (3).
Doing same with potentials we obtain:
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E?ot = €roq4 TE0x3 = Ereda ~€reqs = 0.457 - (_0277) =0.734V

0.734 = &:314-298

3-96500
InK =85.76

K gy =1.77-107 M
19K sta.quy = 372

iv) Formula: [Co(C2HgN2)s]**
3+ 3+

Both isomers have the same physical properties excluding rotation of linearly
polarized light. This parameter has the same magnitude, but is of different sign for
different isomers.

Ethylenediamine is a bydentate ligand. It differs from ammonia and chloride ions
by its ability to bind to central metal ion with its two nitrogen atoms forming a cyclic
system.

v) In ligand field, orbitals split in two energy levels as it is shown in the picture below.
Also it is shown from which starting orbitals each orbital is derived. In octaedric field
the best describing is to bring nearer ligand by axis so with greater energy will be
orbitals which are positioned on axes but with lower energy those who are in-
between axes.

. Z| ¥
o dﬂ_ﬂ ( y- -
£ B
:“,_.-"'
—H- K__X —H- K=
A —H
"o Ho
I i
tz — dzz G'xz_yz
£ d d ¥ |z &
x¥ ¥z
"o "o W
A _%H K A -%H -_y A -%H ’
W - W
dxy dyz dzx

vi) Transition between tog and eq orbitals is in visible region of spectrum, so it is has a

maximum at approximately 475 nm.
-34 8
E=h_c=6.626 10 3_.;)0 10 _418.10"%J
A 475-10

Epo =E-N, =4.18-107°.6.022-10% =252 kJ

mol-
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Negative activation energy!?

3. i) v=k[NOI[Oy)
Compare table rows 1 and 2:
When [NO] increases 2 times, the reaction rate increases 4 times, x = 2
Compare table rows 1 and 3:
When [O;] increases 2 times, the reaction rate increases 2 times, y = 1

ii) 2,5:10° mol-dm=s™" = 2k-(0,010 mol-dm™)?(0,010 mol-dm™2)

k = 12,5 (dm®?*mol?s™

J 645 K-600 K In 407

iii) E, =83145 . -1mol =113 kJ
mol-K 645K-600K 83.9
. kJ kJ
iv) AH, =(2-3310-2-90,29)— =-114,38—
mol mol
v) Diagram
E E,
I i /
Ea| | AH
o dINO4] k4[NOJ[O,]
Vi =Kk4[NOJ[O,]-k4[NO;]-k,[NO,][NO] = [NOj]l=——""""==
) 1INOJ[O3]-k 4[NO;]-k,[NO4]JINO] [NO;] k., +K,[NO]
d[NO 1 0,5k,[NOJ[O 0,5k k
MNO1_ 1y, N0, N0y = LFMNOIO] 1oy 09Kk oo
dt 2 k,+k,[NO] k_; +k,[NO]
vii)The reaction mechanism supports the kinetic and thermodynamic experimental
data.

From the derived equation, we may guess, that k_, >k,[NO]. The relationship

means, that the equilibrium is fast and the concentration of intermediate NOj is
noticeable. Also it means, that the experimental (seeming) activation energy equals
entropy of the reaction NO; + O, — NOj3 as the true activation energies are two
small (= 0). Seeming activation energy equals -1.4 kJ (113 — 114.4). According to
the Arrhenius equation, k should decrease, as temperature increases, when
activation energy is negative.
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Elegant structure

HO,C
o
—_—
CO,H AICI, CO,H
A

4,

02C O Zn, 5% aq NaOH 02C O
100 °C
C
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Lithium Batteries
5. i) Li*+1e =Li(l)y Ca* +2e =Ca; AP*+3e =Al; Cd*" +2e =Cd
i) Q(LiILi+)=1-6,94g- Tmol 96490C 1h 1 268Ah :3,86ﬂ
1 694g 1mol 3600s 694g 694¢g g
Q(CalCa?')= 2. 268 AN _, 5, Ah QAIAIR )= 3 268 AN _, 5g AR
1 40,08¢ g 1 2709 g
Q(Cdicd?) = 2. 208 AN _ g 4g AN
1 1124¢g g

iii) Li (a) E°(Li*/Li) is most negative (b) Q(Li*/Li) is the largest
iv) 2H,0 + 2e” = 20H" + Hy?t
v) 2Li+ 2H,0 =2LIOH + Hy? (n=2) E°=-0,83V —(-3,04V)=2,21V >0

Ca + 2H,0 = Ca(OH); + Hz1 E°=-0,83V—(-2,87V)=2,04V >0

A;[) T=25°C Al does not react with water, because it is coverd with Al,O3, although

E™>0.
vi) AG® =-2 % 2,21V =-426 500 J/mol <0 spontaneous process

mo
0
an:_AG :_—426500J1m0|K 1 —172 K:e172:5,74-1074
RT 1 mol 8,314 J 298K

vii)(c) dimettitlsulfoksiid  solvates ions, the electrical conductivity is good
Protonic solvents (H,O, EtOH) do not fit because they react with metal
2EtOH + 2Li = 2EtOLi + Hy|
Hexane (Ce¢H14) do not fit because it is nonpolar and does not solvate ions.

viii) dimethyl sulfoxide SO(CHj3), lithium hexafluorophosphate(V) LiPFg

— R T
F",I'I',' :\‘\::F
- T\if’*//
+ R A

S i r\ Lit
/ Fo-cr-7-=F

0%\ >cH, R
3 “CH, 3.2 I
(sp”) (sp°d”, CN = 6)

ix) (a) Bi,O3 + 6Li = 2Bi + 3Li,0
AGP® =[3-(-562,11) - (—493,47)] kJ/mol = -1192,9 kJ/mol
W max = AG’ =-1192,9 kJ/mol
(b) FeS; + 4Li = Fe + 2Li,S n=4 (I
AG® =[2-(-439,08) - (-160,07)] kJ/mol = -718,09 kJ/mol
(c) CuCly + 2Li = Cu + 2LiCl
AG® =[2-(-384,02) — (-173,81)] kJ/mol = -594,23 kJ/mol
x) Li(s) | LiPFs (SO(CHs3),) | FeSa(s) (s — solid)
Cathodic reaction: FeS; + 4Li* + 4e" =Fe + 2Li,S (Il =4:1+1)
AG®  -718090J 1 1mol

E°(N) = - = R =186V Engi
Ih=-"F Tmol 4 96490 C (_' NaNe I —
E°(I)=-3,04V +1,86V=-1,18V - +

xi) A LiPF¢ K
xii)FeS,. Otherwise the residual lithium might react very

energetically with water and cause explosion. Li |SO(CHs),| FeS;
electrolyte
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Supramolecular basket

6. i) Sn2 mechanism
/\ 5+ H H 5—
R;N: H,C—0,C-R" — R;N OCR'—»RN—+R'CO

ii) Polar 'solvents solvate charged particles. The intermediate complex is partially
charged on N and C atoms, so it is stabilized by the polar solvent and the activation
energy is decreased. Similarly stabilized are charged products.

iii)

) ¢ -OFEt CO,Et CO,Et
EtO,C H EtO, c”
. o)
A
I
H CI

X — HoN-NHs etc

i j 1-azabicyclo[2.2.2]octane

s+ H, H 5
N—'yLOZC-R'
H
V) is missing
vi) is missing
03
27
vii)c:l-l: 1mol . 1 3'10 A; _10. mol | _10.4m
N, V 6.022-10 0 1dm

160 A
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viii) Mesitylene molecule is larger than quinuclidine, therefore it can not fit into the
ester bucket which is left empty for quinuclidine molecules only. Chloroform
molecules are small enough and they compete with quinuclidine molecules for
space in the bucket. Since chloroform concentration is considerably larger than
quinuclidine, chloroform molecules fill all the buckets, blocking the formation of
reactive supramolecular complex

according to JACS, 125 (2003), 14682



16th Baltic Chemistry Olympiad results

Surname Name Code 1§ 2 £ 4 5 6|Theory |EXP Total
9] 10 9] 10 10 12 60 40| 100
1|Laan Andres EE1 7,2| 5,71 8,5| 8,5| 6,71| 5,43] 42,04] 30,33| 72,4|1
2|Jakutis Mindaugas " |LT3 495{ 7,5 4,5/ 6,5| 9,08| 6,17 38,7 30,61) 69,3|1I
3|Jermaks Janis LV2 1,35 6| 65| 8,5 5| 3,14|6 30,49| (34,75] 65,2|III
4[{Sorokins Aleksandrs |LV6 36| 85 7,5 ol 7,3] 6,29 33,19] 727,5| 60,7
5|TSupova Svetlana EE6 1,35] 3,21 5,5| 55| 4,541 7,14] 27,23] 32,61| 59,8
6|Pungas Taavi EE3 4,05 5,2 7,51 0,5 7,3| 2,86] 27,41] 31,04| 58,4
7|Caplinskis Romans LV1 5,4 55| 7,51 0| 7,5 7,14| 33,04| 24,58| 57,6
8|Metsik Jéirgen EE2 1,35 bl 6,75 0| 7,5] 3,14| 24,74| 32,02 56,8
9|Poceviciaté Roberta LT6 4,5 9 6 0] 6,58| 5,3| 31,38 23,06| 54,4
10|Stanionyte Sandra L7 4,5| 3,7| 4,75 0] Z711| 0,69 20.75] 29,38| 50,1
11|Anikevicius Ignas LYl 0| 4,4 ,5/ 0,5 8,09 0] 19,49 27| 46,5
12|Siroki Gleb EE5 4,5 3 5 0| 7,57 2,57| 22,64| 22,94| 45,6
13|Beinortas Tumas LT2 315 5 6| 0,5 5 1,43] 21,08 22,21| 43,3
14|Sidlauskas Kastytis LT8 0 51 2.5 0| 6,78] 1,43| 15,71 23,65/ 39,4
15|Joniskis Povilas LT4 1.8 5.3 4 0| 6,38 0] 17,48| 20,83| 38,3
16|MatuleviCitté Indié LTS 1,35 3] 4,5 0l 2,5] 0,57] 11.92| 25.69] 37.6
17 REékis Toms LV5 0] 1,9 5 0f 3,95 0| 10,85 26| 36,9
18|Petrovs Ridolfs LV4 3,151 5,5 5 1| 6,32] 1,43 22,41 12,25| 34,7
19|Saar Kadi Liis EE4 4,05 1,1 1,5 0| 5,79 0| 12,44| 11,92| 24,4
20|Mihailovs Igors LV3 1,35] 3,2 3 gl 5.2 0] 12,75 8| 20,8
Mentors:
Uno Maorg Inara Akmene Rimantas Raudonis

Jaak Nerut

Juris Fotins

Raimondas Galvelis
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