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Noradijumi

Q

Visu laiku, kam@r esiet laboratorija, jabut aizsargbrillem vai optiskajam brillem, ja tadas
nepiecieSamas. Pipeti uzpildiet tikai ar baloninu. ESana laboratorija ir stingri aizliegta.

Dalibniekiem jaievéro drosSibas noteikumi, jabiit savstarpgji pieklajigiem un jatur kartiba
piederumi un darba vieta. Nekautrjieties jautat laboratorijas asistentam par droSibas

noteikumiem.

Darbu var uzsakt tikai péc sakuma signala sanemsanas. Praktisko darbu veikSanai un rezultatu
ierakstiSanai atbilzu lapas atv€letas 5 stundas. 15 miniites pirms darba beigam jis tiksiet
bridinati. Darbs jabeidz tilit pec “STOP” komandas. AizkavéSanas par 5 miniiteém, novedis pie

darba anulésanas un dos 0 punktus par So darbu.
Ierakstiet savu uzvardu un kodu (kas redzams darba vieta) atbilzu lapas noraditajas vietas.

Visi rezultati jaieraksta atbilzu lapu ramiSos. Citur rakstitie rezultati netiks vertéti. Ja jums

nepiecieSams papirs aprékiniem, vai jauna atbilzu lapa, prasiet to laboratorijas asistentam.

Kad esat beigusi darbu, visas lapas ielieciet iedotaja aploksné. Vertes tikai aploksné esosas

lapas.
Neaizejiet no darba telpas pirms neesat sanémusi atlauju.
Jalieto tikai izsniegtie darba piederumi.

Zimigo ciparu skaitam skaitliskajas atbildes jaatbilst likumiem par eksperimenta kltidu un
novertésanu. Neprasme veikt aprékinus pareizi dos soda punktus, pat ja jusu darba tehnika biis

nevainojama.

Izlietoto un izlijuSo kimisko vielu un saplésto trauku savaksana

Q

Organisko vielu filtrati, mazgasanas Skidumi un jebkuri citi atlikumi ir jaielej vai jaizber

atkritumu trauka vai pudelg.
Atkritumiem un kimisko vielu atlikumiem lietojiet atbilstoSos konteinerus.

Saplisusie stikla trauki un lauskas jaizmet atkritumu spaini. Par sapl@stiem stikla traukiem vai

parauga otrreiz€ju prasisanu jis nopelnat 2 soda punktus
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1. darbs ORGANISKA KIMIJA

HANCA DIHIDROPIRIDINU SINTEZE

15 punkti

NepiecieSamie trauki un piederumi:

Tehniskie svari

50 mL apalkolba
elektriska plitina
atteces dzesinatajs
varkermeni
Bunzena kolba
Bihnera piltuve
Petri traucins
Skalpelis

50 mL m@rcilindrs
10 mL mérpipete
Laboratorijas stativs

Brivaja laukumda pa labi shematiski attélot sintézes iekartu.

Reagenti:
Etanols

Safety information:
R11
S7
S16

Etilacetoacetats

Safety information:
R36/37/38
S26

S37/39
Amonija acetats

Safety information:
S24/25

Urotropins

Safety information:
RI11
R42/43
S16
S22
S24
S37

Darba uzdevums:

— e = e = e e N e e e

Sintézes iekartas shema.
Highly flammable
Keep container tightly closed
Keep away from sources of ignition - No smoking

Irritating to eyes, respiratory system and skin

In case of contact eith eyes, rinse immediately with plenty of water and seek medical
advise

Wear suitable gloves and eye/face protection

Avoid contact with skin and eyes

Highly flammable

May cause sensitisation by inhalation and skin contact
Keep away from sources of ignition - No smoking

Do not breathe dust

Avoid contact with skin

Wear suitable gloves

No dotajam izejvielam sintezet 2,6-dimetil-1,4-dihidropiridin-3,5-dikarbonskabes dietilesteri.
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Ievads:

1,3-Dikarbonilsavienojumu reakciju ar aldehidiem un amonjaku, kuras rezultata veidojas 1,4-
dihidropiridini, aprakstija Hanés jau vairak ka pirms 100 gadiem. So metodi plasi lieto simetriski
aizvietotu 1,4-dihidropiridinu sintézei. Metode pedgja laika ir guvusi 1paSu popularitati, jo daziem $ada
veida iegilitiem savienojumiem ir vertigas TpaSibas. Pieméram, arstnieciskais preparats nifedipins
(Adalats®, raotajs Bayer-AG) ir kalcija antagonists in vivo, un tiek lietots ka antihipertenzivais
lidzeklis.

nifedipins

Misdienas ir pazistamas dazadas klasiskas Hanca sintézes modifikacijas. Pieméram, ka amonjaka
avotu izmanto amonija acetatu, formaldehida vieta izmanto urotropinu. Amonjaka vieta, izmantojot
pirm&jos aminus, var iegit N-aizvietotus 1,4-dihidropiridinus. Ir ar7 attistitas Hanca sint€zei lidzigas
metodes, kas lauj iegiit nesimetriskus dihidropiridinus.

Jums tiek piedavats sintezet 2,6-dimetil-1,4-dihidropiridin-3,5-dikarbonskabes dietilesteri. Sintézes
gaitu att€lo sekojosa shéma:

(@) (@)
O O N PO
+ NH, + CH,O 0] (@)
2 /U\)J\O/\ 3 2 -3 H20 )l:(r‘\
N
H
Darba gaita:

50 mL apalkolba ar magnétisko maisitaju 22 mL etanola izSkidina 2,0 gramus amonija acetata un
0,80 gramus urotropina, pievieno 7,8 mL pardestiléta acetetikestera un Skidumu vienu stundu laiku pa
laikam apmaisot, karsé virstoSa fidens vanna. (Saja laika var sakt otru darbu — noteikt tGidenraza
peroksida koncentraciju).

Skidumu atdzesé un filtré ar Bihnera piltuvi (pirms tam izgrieZ atbilstosa lieluma filtrpapiru).
Nogulsnes uz filtra skalo ar 2 mL etanola, 4 mL tdens un atkal ar 2 mL etanola. Parkristalizé no
etanola. Zave gaisa, parsegtas ar filtrpapiru. legiist dzeltenu kristalisku vielu.

Jautajumi:

Uzrakstit produkta struktiru, kas veidosies, ja aprakstitaja metodé formaldehida vietd izmantos

feniletikskabes aldehidu!
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Sintezetus 1,4-dihidropiridinus oksid€jot var viegli parverst attiecigajos piridinos. Klasiskajas metodes
ka oksidetajus lieto slapeklskabi vai slapeklpaskabi. Tomér ir &rtakas metodes, kuras izmanto,
pieméram, vara(Il) nitratu vai mangana dioksidu uz nes€ja vai cérija(IV)-ammonija nitratu
(NH4)2CG(NO3)6.

Uzrakstit vienddojumu 2,6-dimetil-1,4-dihidropiridin-3,5-dikarbonskabes dietilestera reakcijai ar
cerija(lV)-ammonija nitratu.
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2. darbs FIZIKALA KIMIJA

UDENRAZA PEROKSIDA KONCENTRACIJAS NOTEIKSANA
UN SADALISANAS REAKCIJAS KINETIKA

25 punkti

NepiecieSamie trauki un piederumi:

laboratorijas stativs
stativu skavas

30 mL birete
piltuve

10 mL Mora pipete 2/3
100 mL mérkolba ar H,O, skidumu
250 mL Erlenmejera kolbas

50 mL koniska kolba

50 mL birete

dalama piltuve

magnétiskais maisitajs

hronometrs

gumijas caurules

5 mL m&rpipete

15 mL Mora pipete

—_— N W
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lekarta iidenraza peroksida sadalisanas reakcijas

kinétikas petijumiem
Reagenti un drosibas informacija:
tdenraza peroksids, H,O,; aptuveni 3 % Skidums
Safety information:
R22 Harmful if swallowed
R37/38 Irritating to respiratory system and skin
R41 Risks of serious damage to eyes
S26 In case of contact eith eyes, rinse immediately with plenty of water and seek medical
advise
S28A After contact with skin, wash immediately with plenty of water
S36/37/38 Wear suitable protective clothing, gloves and eye/face protection
S45 In case of accident of if you feel unwell, seek medical advice immediately (show the
label where possible)
kalija permanganats, KMnOj4; 0,020 M skidums
Safety information:
R22 Harmful if swallowed
R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment
R8 Contact with combustible material may cause fire
S60 This material and its container must be disposed of as hazardous waste
S61 Avoid release to the environment. Refer to special instructions / Safety data sheets
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sérskabe, H,SO4; 1 mol/L + Mn”" joni

Safety information:

R35 Causes severe burns

R48/20/22 Harmful: danger of serious damage to health by prolonged exposure through inhalation
and if swallowed

R51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice

S30 Never add water to this product

S45 In case of accident of if you feel unwell, seek medical advice immediately (show the
label where possible)

S61 Avoid release to the environment. Refer to special instructions/safety data sheet

kalija jodids, KI; 0,25 M skidums

Safety information:
S26 Avoid contact with skin and eyes

Darba uzdevums:

Permanganatometriski noteikt idenraza peroksida Skiduma molaro koncentraciju. Noteikt tidenraza

peroksida sadaliSanas reakcijas pakapi un aktivacijas energiju.

Ievads:

Udenraza peroksids ir interesants ar to, ka tam piemit gan oksid€joSas, gan reducgjoSas Tpasibas.
Medicinas praksé tdenraza peroksidu lieto arigi ka antiseptiki. Antiseptiskas iedarbibas pamata ir
tdenraza peroksida sp€ja izdalit skabekli katalazes (fermenta) klatbiitn€ asinis. Katalaze sadala
tdenraza peroksidu, rezultata strauji izdalas skabeklis un veidojas putas.

Medicinas praksé lietojamo tidenraza peroksidu parasti gatavo 10 reizes atSkaidot ripnieciski
iegiito udenraza peroksida $kidumu, kura tidenraza peroksida masas dala ir 27,0-31,0 %. Analizes
pamata ir oksidésanas — reduceésanas reakcija, kas norit titréSanas laika. Metode ir preciza un ar labam
sekmém lietojama gan loti atSkaiditu, gan koncentrétu analizes Skidumu titréSanai.

Udenraza peroksida sadaliSanas reakcijas kingtiku ir iesp&ams pétit, mérot izdalita skabekla
tilpumu atkariba no laika. Vispirms gan ir janosaka reakcijas pakape. Saja nolika péc talak dota
apraksta pagatavo divus maistjumus, kuros sakotngja tidenraza peroksida koncentracija atskiras divas
reizes. P&ta ka mainas reakcijas atrums. Abos gadijumos nosaka reakcijas atruma konstanti (apzimé
konstantes attiecigi ar k; un k»).

P&c tam eksperimentu ar koncentrétako tidenraza peroksida skidumu atkarto, veicot ledus vanna

(obligati jaizmera temperattira). Nosaka reakcijas atruma konstanti (apzime to ar ks) un péc Arréniusa

E

a

vienadojuma k = 4-e ®T aprékina reakcijas aktivacijas energiju.
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1. dala — UdenraZa peroksida molaras koncentracijas noteik§ana

Pabeigt sadas kimiskas reakcijas vienadojumu un izlikt koeficientus:

__ KMnO4+  H;O,+  HSO4—

Analizes veikSanai nem 10 mL peroksida Skiduma un 100 mL mérkolba atSkaida lidz atzimei,
samaisa. Katru reizi titréSanai npem 10 mL atSkaidita Skiduma un pievieno ~ 10 mL 1 M sérskabes
Skiduma, kas satur nelielu daudzumu (~0,3 %) mangana(Il) sulfata un titré ar 0,020 M KMnO4
Skidumu Iidz viegli roza krasojumam, kas neizziid ~ 1 min. laika. Titré€Sanas rezultatus apkopo

1. tabula.

- = v = .

Kada ir Mn*" jonu nozime minétas reakcijas noriseé? Kadel, ja Mn®" jonus nepievieno titréSanda patéré
tikai ~0,5 mL kalija permanganata?

1. tabula

Udenraza peroksida titréSanas rezultdti ar kalija permangandata Skidumu

Biretes nolastjumi (KMnQy)
Nrpk Vsikumaa mL Vbeigua mL Va mL
1
2.
3.
Kalija permanganata skiduma tilpums aprékinos V= mL
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Udenraza peroksida $kiduma molaras koncentracijas aprékina$ana:

2. dala — UdenrazZa peroksida sadali$anas reakcijas kinétika

Udenraza peroksida katalitisko sadali$anos ir iesp&jams pétit mérot izdalita skabekla tilpumu un
sadalfjusa tdenraza peroksida daudzumu aprékinot no reakcijas vienadojuma. Skabekla daudzumu

aprékina p&c idealas gazes stavokla vienadojuma (R = 8,314 J / (mol - K)).

Uzrakstit iidenraza peroksida sadalisanas reakcijas viendadojumu!

Attélot udenraza peroksida molekulas Luisa struktiiru, noteikt elementu oksidésanas pakdapes un

skabekla atomu hibridizaciju, aptuveni novértet lenkus starp saitém!

10
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Darba gaita:

1.

10.

Atver dalamas piltuves kranu un uzpilda to ar tideni (nav nepiecieSams lietot destilétu tideni),

kura temperatiira ir vienada ar telpas temperatiiru. Iestada fidens Iimeni robezas no 0 lidz 2 mL.

Sadu pat tideni aptuveni lidz pusei ielej kristalizatora, kas novietots virs magnétiska maisitaja.

Izmeéra Gidens temperatiiru kristalizatora.

50 mL koniskaja kolba ar Mora pipeti parnes:
10 mL 0,25 M kalija jodida Skiduma
15 mL destiléta tidens
Ievieto kolbu fidens vanna. Ieregulé vienmé&rigu maisisanas atrumu (to nevajadzetu mainit visa

eksperimentu s€rijas gaita.
Pieraksta biretes sakuma radijumu (nolasijumus pietiek izdarit ar vienu ciparu aiz komata).

Izmantojot 5 mL pipeti parnes koniskaja kolba 5 mL dota ~3 % udenraZza peroksida $kiduma
un tilin noslédz kolbu ar gumijas aizbazni, kam cauri iet gazu novadcaurulite, kas novada

izdalijuSos skabekli birete. Iesleédz hronometru.

Lai bireté saglabatos atmosféras spiediens (nolasa no laboratorija eso$a barometra), dalamo
piltuvi parvieto uz leju ta, lai fidens limenis dalamaja piltuvé biitu vienads ar tidens Iimeni
birete (ieteicams to darit ar kreiso roku, ja jus rakstat ar kreiso roku, tad ieteicams iekartu

nedaudz parbiivet, ta lai piltuvi varétu regulét ar labo roku).

Kad uzkrati pirmie 5 mL (aptuveni) gazes, tad sak ik péc 1 mL skabekla izdaliSanas nolasit
laiku, kas pagajis kops eksperimenta sakuma, ko ieraksta melnraksta lapa un p&c tam 2. tabula.

Aprakstito procesu turpina Iidz uzkrati 30 mL skabek]a.

Tad nonem koniskas kolbas aizbazni, aptur magnétisko maisitaju, izmazga konisko kolbu un

atkarto eksperimentu, nemot citu daudzumu tidenraza peroksida.

50 mL koniskaja kolba ar Mora pipeti parnes:
10 mL 0,25 M kalija jodida skiduma
10 mL destiléta tidens
Izmantojot 10 mL pipeti parnes koniskaja kolba 10 mL 3 % ta paSa UdenraZa peroksida

Skiduma un rikojas tapat ka ieprieks. Eksperimentu beidz, kad savakti 30 mL gazes.

11
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Laiks kads nepieciesams, lai izdalitos noraditais tilpums skabekla

Valsts: |

2. tabula

1. eksperiments

2. eksperiments

3. eksperiments

t, °C t, °C t, °C
p, kPa p, kPa p, kPa
V(0,), mL ‘ Laiks V(0,), mL ~La1ks V(0,), mL ‘Lalks
min. S min S min S

12
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11. Kristalizatora ar tideni ieber vairakus gabalinus ledus, tad kristalizatora ievieto 50 mL konisko
kolbu, kura ir magnétiskais maisitajs un ir ielieti:
10 mL 0,25 M kalija jodida skiduma
10 mL destiléta tidens
Tad lauj 5 miniites temperatiirai nostabiliz€ties, aptur magné€tisko maisitdju un izmera

temperatiiru koniskaja kolba.

12. Izmantojot 10 mL pipeti parnes koniskaja kolba 10 mL 3 % ta paSa Gidenraza peroksida
Skiduma un rikojas tapat ka iepriekS. P&c eksperimenta beigam nosaka temperatiru koniskaja

kolba.

13. Izméra spiedienu un temperattru telpa. Visus ieglitos mérijumu rezultatus apkopo 2. tabula.

Nosaka reakcijas pakapi.

14. 2. tabulu kopa ar koordinatam, kadas jazimé grafiks un aprékinu formulu kada jalieto iesniedz
telpa dezurgjosajam noverotajam. Noverotajs atzim€ iesniegSanas laiku. P&c aptuveni stundas
jus sanemat tris grafikus, kuros jiisu noraditajas koordinat€s ir uzziméta linija, kas aprakstita ar

taisnes vienadojumu un taisnes vienadojums ir forma y = a x + b.

15. No sanemtajiem grafikiem, nosaka reakcijas atruma konstantes (k;, k, un ks; mérijjumus lidz
izdalas pirmie 5 mL skabekla aprékiniem neizmanto, bet ari tie ir janorada 2. tabuld) un
aprékina reakcijas aktivacijas energiju.

Reakcijas pakapes noteiksana:

Koordinatu sistéema, kada jazimé grafiki, lai noteiktu reakcijas atruma konstanti un pamatojums, ka no
koeficientiem a un b var noteikt reakcijas atruma konstanti k;:

y=ax+b

v

13
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Aprékinu formulas uz asim atliekamo lielumu aprékindsanai (precizi janorada ar apziméjumu
paskaidrojumiem, kurs lielums apzimets ar katru no burtiem, ka ari visi spriedumi So formulu

legiisanai):

Apreékina piemérs (iegiitajas formulas ievieto skaitliskos datus un norada mérvienibas):

14
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Noteiktas reakciju atruma konstantes:
k=
ky =
ks =

Reakcijas aktivacijas energijas aprékinasana:

15
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1. UZDEVUMS

Elementu A briva veida iegiist no ta kimiska savienojuma B, kur§ piemaisijuma veida atrodas Ciles
salpetri, vielu B apstradajot ar natrija hidrogensulfita Skidumu. VienkarSo vielu A ekstrah@ no iidens
Skiduma ar ksilolu, iegiist violetas krasas ekstraktu. Vienkar$a viela A veido tums$i zilas krasas
savienojumu ar cieti.

1) Kas ir Ciles salpetris? Kapéc So vielu ta sauc?

2) Kas varétu bit vielas A un B? Uzrakstiet minétas reakcijas viendadojumu!

3) Kas ir ekstrakcija un kadi fizikali kimiskie procesi ir Sts metodes pamata?
Vienkarso vielu A izmanto arT medicina.

4) Vai varat nosaukt farmaceitiskus preparatus, kuru sastava ir vienkarsa viela A? Kdadam

nolitkam tos parasti izmanto?

Péc Cernobilas atomelektrostacijas katastrofas cilvékiem, kas bija atradusies piesarnotaja zona, bija
palielinata deva jalieto kads elementu A saturo$s medikaments.
5) Paskaidrojiet, kada loma radioaktiva piesarnojuma iedarbiba uz cilveku bija kddam no
elementa A izotopiem. Kade| cilvekiem bija jalieto elementu A saturosais medikaments?

Elementu A visai plasi izmanto elektrotehnika, vairuma automasinu ir kadas elektrotehniskas detalas,
kuras ietilpst neliels daudzums §1 elementa.

6) Kas tas par detalam, un kada ir elementa A loma tajas? Kada nozime ir elementa A klatbitnei
salidzindgjuma ar lidzigam detalam, kurds nav elementa A? Aprakstiet kimiskas reakcijas, kas
notiek detalas darbibas laika?

Vienkarsai vielai A reag€jot ar mitru sarkano fosforu, izdalas bezkrasaina gaze C ar asu smaku, kura
loti labi Skist iden.
7) Kapéc fosforam jabut mitram? Uzrakstiet gazes C iegusSanas kimiskas reakcijas! Kas ir gaze C
un ka sauc tas skidumu iident?

Viela C ir stipra skabe, kura fidens $kiduma pilnigi protolizgjas (disocié jonos). Udens $kidumu
skabumu raksturo raditajs pH:
pH =-Ig [H'],
kur [H'] — idenraza (hidroksonija) jonu koncentracija $kiduma.
8) Aprékiniet vielas C udens Skiduma pH vertibu, ja zinams, ka 1 litra Skiduma izSkidindati
12,79 grami vielas C!
1,00 mililitru iepriek3gja $kiduma iepilinaja cisternd, kura atradas 10,0 m’ tira destiléta dens.

9) Apreékiniet, kdada biis iegiita skiduma pH vértiba! Novertéjiet iegiitd rezultata pareizibu un Saubu
gadijuma méginiet aprékina metodi pilnveidot, nemot véra iespéjamos blakus faktorus, kas var
ietekmet pH vertibu Sai Skiduma!



PROBLEM 2 Eastern fairytale

Lai nosargatu neaizskartus savus zelta krajumus, Sahs pavélgja parkausét visu zeltu lodités, kuru
diametrs bija 1 cm. To uzzinajis, Pirmais vezirs noléma dalu bagatibas piesavinaties. Vin$ uzdavinaja
Saham metala kasti

(75 cm x 75 cm x 75 cm), un Saham bija tikai japiepilda 3T kaste ar 578813 zelta loditem vienigaja
iespejamaja veida (I pakojums). Kasti pakratot, Sahs parbaudija, vai tas negrab, tatad vai kads nav
kadu loditi izné€mis. Pirmais vezirs slepeni parkartoja lodites citadi (I pakojums), ta, ka tas atkal
piepildija visu kasti un negrabé&ja, kaut gan vezirs dalu lodiSu piesavinajas. Péc kada laika Pirmajam
veziram saka likties, ka guvums ir parak mazs, un vin$ atkal slepeni parkartoja zelta lodites (III
pakojums), nozogot lauvas tiesu zelta, bet Sahs tik kratija kasti un neko nenojauta.

a) Aprekiniet 578813 zelta lodiSu pakojuma blivumu kastg€. Pie kada tipa pieder I pakojums?

b) Nosakiet lodiSu izvietojumu pakojumos I-111.

I II I1I

¢) Apréekiniet, cik lodites Pirmais vezirs nozaga pirmaja un cik otraja reize.



PROBLEM 3 Griniard synthesis

Consider the following schemes:

1) 1 mol of Grignard reagent X Hot conc. H,SO, Grignard reagent X )
: > C ————— E > No reaction
2) Hydrolysis
1) 2 mol of Grignard reagent X Hot conc. H,SO, 1) Grignard reagent X
> D —- F - >
2) Hydrolysis 2) Hydrolysis
— - — -
—— ——
The 'H-NMR spectra of compounds A-D The 'H-NMR spectra compounds E-G consist of
consist of just one singlet (after addition two singlets (after addition of a drop of D,0).

of a drop of D,0), the *C-NMR spectra
consist of just two lines

Complete combustion of compounds A-G yields only carbon dioxide and water.

a) Determine compounds that fit this scheme and write all reaction equations.

b) Arrange compounds A-D, and X in order of decreasing chemical shift of their only signal in
the '"H-NMR spectrum. If you think that the chemical shifts of some compounds are very
similar, use sign =.

c) If the restriction of using 1 mol or 2 mol of the Grignard reagent in the first step of the reaction
sequences is removed, one more starting compound fits the first scheme and another starting
compound fits the second scheme. Using these compounds leads to the same reaction products
C and D, respectively. What could be these compounds?



PROBLEM 4 Halogens and interhalogens

The halogens combine with each other to form interhalogen compounds of four stoichiometries: XY,
XY3, XYs and HY7 where X is heavier halogen. In 1813-1814 J.L. Guy Lussac and H. Davy
independently synthesized the first interhalogen compound ICI.

1.1. From rotational spectrum of gaseous substance so called rotational constant can be
determined. This constant can be expressed in hertz Hz (notation B) or in wave numbers

(notation p). Rotational energy of molecule: E; = h'B-J(J+1). Rotational constant B =

87’1
Here 7 is moment of inertia / = #R”, p is reduced mass. For diatomic molecules
= ™M™ Ris the distance between two bonded atoms. Experimentally determined
m, +m
L 127737~ : 100 - . 127737
rotational constant of “'I°"Cl is 3.28-10” Hz. Calculate bond length (in pm) in “'T"'Cl
molecule.

Volatile molecular liquid CIF; is one of the most reactive chemical compounds known. It

spontaneously ignites asbestos, wood and other building materials. This substance was used in

incendiary bomb attacks in World War II. CIF; reacts explosively with water and with most organic

substances. Big amounts of this substance is used in nuclear fuel processing to produce UF(g):
U(s) + 3CIF3(g) < UFe(g) + 3CIF(g)

1.2. Write the Lewis structure for CIF3.

1.3. Sketch drawing that shows CIF; molecular structure. Approximately predict bond angles and
show them in your drawing.

1.4. In a closed evacuated container with excess of solid uranium some amount of CIF; was
injected. Initial concentration of this gaseous substance in container was 0.0453 mol/L.
When equilibrium in container at 87 °C was established, total pressure in the container was
1.69 atm. Calculate partial pressure of each gaseous substance in equilibrium.

Another interhalogen CIF reacts with AsFs:
AsFs + 2CIF = [CL,F] [AsFe]

1.5. Suggest the best Lewis structure for cation [CLLF]"
1.6. Determine the role of AsFs in this reaction. Write your choice in your answer paper.
AsFs in this reaction is:
A. Lewis base B. Lewis acid
1.7. Four interhalogen compounds between iodine and fluorine are known. Which of these
molecules is/are nonpolar?
A. IF B. IF; C. IF;s D. IF;

h=6.62608:10"*J-s
1 u=1.66054-10"" kg



PROBLEM 5

Molecular rearrangements are very important in organic chemistry not only as a versatile synthetic
method, but also being mechanisticly very interesting. In the course of such a reaction, functional
groups usually undergo changes and atoms connectivity order is necessarily altered. One of the most
famous reactions of this kind is a Favorskii rearrangement, discovered more than hundred years ago.
Typical example of this reaction is shown below:

Q COOH
cl
OH"

Favorskii rearrangement could also work with other nucleophiles such as alkoxide or cyanide ions.
Two alternative mechanisms A and B have been proposed for this reaction:

o RO
( /_ o) OR COOR
cl
cl

_c

RO'} o o]

H

y/- RO COOR

A
B

In order to establish the real mechanism, a substrate with radioactive carbon '*C label was synthesized
according to scheme:

KC'N (perteklius) i) ROH, H" RO/ROH {)OH- Cly 1 ekv.
Br NN, > 1 — > 5 > 3 > 4 >
ii) H,O iiH*
NaBH NaH HCI PDC
—_—> 5 i 647 > 8 > 9 —» 10
THF CH,Cl,

1. Draw the structures of all compounds 1-10 and also label radioactive carbon atoms (for this
purpose use the symbol *).

2. After reduction of 5, two isomeric compounds 6 and 7 were obtained. Only one of them,
compound 7, reacts further to give a compound 8. Show stereochemical formula of 6 and 7 and
write the reaction mechanism with NaH.

The reaction of 10 with NaOMe affords Favorskii rearrangement product 11.

3. Show the place of radioactive label and its relative intensity (radioactivity) in compound 11
according to mechanisms A and B .

The product 11 was further degraded as shown bellow:



COOR COOCH

COOH HO, COOH
HNj3
OO — o 2o 2Ol o

4. It was shown, that total radioactivity of all degradation‘s gaseous products is 25% less than that
of starting ester. Which mechanism explains this fact?

5. There are number of reactions that proceed via Favorskii type mechanism. Draw the structure
of compounds 12-14 and the reasonable mechanisms of its formation. The compound 13 has

strong vibrational band at 1670 cm™,
? Br
cl
Br
OH" O OH"
12 13
Br
LiAIH
(5 ) — ()
CH,OH

6. What are the possible by-products when a-haloketones react under Favorskii reaction
conditions?



PROBLEM 6 NJASA EZERS

AeHP, kI/mol AsS°, J/(mol- K)
COyq) ~393,5 2138
H2CO3siq) | —699,0 190,0

H,0g —285.8 70,1

Njasa ezers ir mazaktivs vulkanisks ezers. Tas ir bédigi pazistams ka ezers — slepkava péc 1896. gada
katastrofas, kad CO, gazes izpliduma no ezera dzilumiem gaja boja 1746 cilveki. Saskana ar vienu no
hipotézém, auksts tropiskais lietus atdzes€ja ezera “virsslani” (50 metri), kur§ nogrima 130 metrus
dzilak, aizvietojot “dziluma tdenus”, un izjauca esoso lidzsvaru. Ta rezultata ezers “eksplodgja” ka
Sampaniesa pudele.

Piepemiet, ka ezers atgadina cilindru, kura dibena laukums ir 1,20 km?, un augstums (dzilums) ir
210 metri. Ir zinams, ka ezera dibens sastav no dzelzs (II) karbonata FeCO; un CO; veidojas FeCO;
SkiSanas rezultata. Zinams ari, ka “virsslana” tidens (Iidz 50 metru dzilumam) nesajaucas ar dzilakiem
slaniem; temperatira 50-180 m dziluma ir aptuveni 23 °C. R = 8,314 J/(mol'K), g = 9,81 m/s’,
atmosferas spiediens 1 bar, H,CO; skabes konstantes tideni K; = 3,57 107 mol K, = 4,40- 10" mol
Ko =5,91- 10" mol®

1. Aprekiniet konstantes Ky vertibu 23°C temperatiira.
_ [HZCO3(aq)]

CO =
p (CO2(g))

+H,0, 0 H,CO,,,, K,

2(g)

2. Apréekiniet pH 50 metru dziluma.

Ja jiis nevarat atrast atbildi uz 2. jautajumu, pienemiet pH veértibas 50 un 180 metru dziluma attiecigi
3.94 un 3.50.

3. Nosakiet maksimalo CO, skidibu tiden1 i) 50 un ii) 180 metru dziluma.

4. Pienemot, ka koncentracijas atkariba no dziluma ir lineara (50—180 metros), novertgjiet
maksimalo CO; daudzumu, masu un tilpumu 30°C temperatiira, kas var€ja izdalities no ezera.
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Problem 1

Chile saltpeter is sodium nitrate — it is mineral which deposits are found in South America (Chile

deserts).

Element A is iodine (violet solution in xylene; blue compound with starch (p.2)). So B should be

compound of I, perhaps with Na. If I in free state is obtained from B by reduction (NaHSOs is

reducing agent), compound B cannot be Nal, it should be some compound of I in oxidized state. The

most stable I compounds where I is in oxidized state are I(V), so compound B is possibly NalOs.
Reaction:

2NalOj; + 5 NaHSOj; = 2 Na,SO4 + 3 NaHSO4 + H,O + 1,

Exchange of substances between two non-miscible liquid phases moved by differences in solubility
and diffusion.

Iodine tincture ( 5% iodine solution in ethanol) — for disinfection of small wounds
Lugol’s solution (1% solution of I, and 2% KI in water) — for disinfection of abscesses etc.

Radioactive isotope lodine-131 was one of the most important pollution agents due to its volatility. In
humans iodine is concentrated in thyroid gland; radioactive iodine may cause cancer and malfunction
of this gland. All people involved was treated with sodium iodide to make more rapid the elimination
of radioactive isotope from organism: 'I" - absorbed + *'I' > "I -absorbed+ "'T" (eliminated)

Halogen lamps.

Lamps without iodine: W evaporates from the filament at 2200 °C and is sedimented on the glass
bulb. Filament becomes less, bulb — grey.

Halogen lamp — W evaporates;W + I, 2 WI, (in vapor state) — recycles to the filament: WI,2>W + I,
Tungsten is regenerated.

Moisture causes the hydrolysis of Plj:

2P+31, 2> 2Pl PI; + 3H,0 - H;PO; + 3 HI 1
Gas C — hydrogen iodide; aqueous solution — hydroiodic acid
pH = - log [H']

[H]=cHD)=n/v n=m/M=12.79/127.9=0.10mol/L v=1L
pH=-log0.1=1

When using the same formula without additional thinking, we get:
¢cH)=n"/v’ n’=cv=0.1-0.001L=1"-10"*mol

v’ ~v(added) =10 m* = 10 L
¢’(HI) =10*/10*=10% mol/L; pH=8

It makes no sense because pure water has pH = 7, and strong acid added should lower pH, so pH< 7 is
expected.



As the ¢’(HI) is so low, autoprotolysis of water should be taken into account as the alternative source
of H' ions. Then we have:
HI H+T K>1
H,0 H'+OH K=[H] [OH]=10"
The amount of cations and anions should be equal: [H']=[I"]+ [OH]
[[1=c¢’(HI) [OH]=10"/[H] ,then
[Hl=cHD) +(10"/[HT
[H?-10%[H]+ 10" =0 solving square equation we get [H']=1.05 - 10”
pH =6.98

Problem 2
578813-47-(0.5)
a) p ~ 57(05)
75-75-75
b) I —cF —fcp, Il —cI—bee, 11 —cP.

C) N=(53'+3-52"-53-65"—647) = 42044 (7.26%)

N =(65"+64~75") =114894 (19.85%)

Problem 3

a) CH3;COCH; (A) + CH3MgHal (X) — (CHj3);COMgHal
(CH3);COMgHal + HCl — (CH3);COH (C) + MgClHal

conc. H,S0O,
(CH,),COH — > (CH,),C=CH, (E) + H,0
CH;COCOCH; (B) + 2 CH;Mgl — (CH;),C(OMgl)C(OMgl)(CHs),
(CH;),C(OMgHal)C(OMgHal)(CH;), + 2 HCl — (CH;),C(OH)C(OH)(CHs), (D) +
+ 2 MgClHal

conc. H,SO,

(CH,),C(OH)C(OH)(CH,), > CH,COC(CH,), (F) + H,0O
CH3COC(CH3)3 + CHgMgHal — (CH3)2C(OMgHal)C(CH3)3
(CH3),C(OMgHal)C(CHs); + HCl — (CHs3),C(OH)C(CHs); (G) + MgClHal
Hal — Cl, Br, or L.

b)B>A>C=D>X
¢) CH;0COOCH; and CH;0COCOOCHj; (dimethyl carbonate and dimethyl oxalate).

Problem 4

1.
_(127-37

—— = 1.1,66054.10™* kg=4,76-10" kg
127 + 37



5 =2,31-10" m ~ 230 pm

F Molecule is “T” shape. All angles is close to 90°C.

1.4.

U(s) + 3CIF;(g) < UF4(g) + 3CIF(g)
T=360 K
Initial:
pV =nRT; p=cRT =0,0453mol/L -0,08206 L-atm / mol K - 360 K = 1,338 atm
Increase in pressure = pure = 1,69 atm — 1,338 atm = 0,352 atm =0,35 atm
Pcir=3%0,352 = 1,056 atm ~ 1,06 atm
Pcoipz = 1,338 atm — 1,056 atm =0,282 atm ~ 0,28 atm
1.5.

el
:Cl F:

1.6.B 1.7.D



Problem 5

1.
PN K*CN (excess) PN i) ROH/H+
Br Br NC* *CN _— */\/\/\*
i) 1,0 ROOC COOR
1 2
o) 0 o)
*COOR .
RO-/ROH co0 i) OH- cl Cl NaBH,
i) H+

3 4 5

OH OH o

©/ N (»j*o HCL ®/C' PDC é/m
6,7 8 9 10

The compound 8 has a symmetry plane, therefore the radioactive label distributes between two
carbons- there is an equal possibility to open the epoxide with HCI from both ends. We can also draw
compound 8 as shown bellow
0.5* —O
0.5%

The symbol 0.5* means that only half of starting radioactivity is on the labeled carbon. On the other
hand, in this step we do not need to care about absolute radioactivity-only relative radioactivity does
matter.

2. The reduction of compound 5 could lead to formation of two stereoisomers- trans and cis
chloroalcohols. The next step is an intramolecular Sx2 nucleophilic substitution which requires the
trans spatial orientation of nucleophile and leaving group. Therefore, the compound 6 is cis isomer and
compound 7 is trans isomer:

OH OH
WGl Cl

o
‘\\\‘\\C I ’-} \\\C| Q
—_— ) ~  —



3. Mechanism A:

RO-
%
OR COOR

(@) )
e

Mechanism B:

*
RO- o 0 COOR

/‘\
L H Cl 0.5% * 0.5k RO 0.5%
- 0.25% 0.25*
4,

COOR COOH (0]
Br COOH HO_ COOH
HN; HN; NH;
—_— —_— —_— —_— +C0, —»> — NH, +CO,

The only gaseous product of the sequence is CO,. One carbone dioxide molecule is formed from ester
group and according to both mechanisms, this carbon atom has a half of the total radioactivity.
Another carbon dioxide molecule originates from the keto group of cyclopentanone. In the case of
mechanism A, we should have all the radioactivity of the starting material in CO, form. On the other
hand, mechanism B predicts that radioactivity of CO, will be only 75% of the total radioactivity. It
means that mechanism B is the correct one.

5. The first example is a typical Favorskii rearrangement:

( OH
o ( OH o~
cl Y © HOOC_ CHy 00C. CH

Note that the opening of cyclopropane ring forms more stable primary carbanion.

Second example combines two reactions- Favorskii rearrangement and elimination. In this case the

less stable anion leads to the product formation.
Br H (Br

o ’ (o /

OH"

Br

OH -

COOH

0
{ ow
H

The last example is a Favorskii type reaction when hydride anion acts as nucleophile:



@) Br QN Br
‘% H/% < > LiAlH, < >
- —_— —_— S
CHO CH,0H

The a-proton of the starting ketone is not acidic, hence the reaction could not proceed via
cyclopropane mechanism (mechanism B).

6. There are mainly two Favorskii reaction by-products that are formed either by nucleophilic
substitution or elimination:

B —_—

Problem 6

1.

AHy = (—699,0 — (—393,5) — (—285,8)) = —19,7 kJ/mol

AsSi = (190,0 — 213,8 — 70,1) = —93,9 J/(mol-K)
AG = —19700 + 296-93,9 = 8094 J/mol,
Ki = exp(—8094/296/8.314) = 0,0373 M/bar.

JlaBnenue Ha riyouHe 4 onpenensiercs hopmyioit p = pgh. [lpeanonoxxum, 4To Ha TIIyOHuHE /A
HaXOJUTCS ITy3bIPEK BO3/lyXa, TOrJa JaBlIeHue yriaekucnoro raza paBHO p(COx)) = (PamW +

pghw).

O6was konuentpauus CO; pasua ¢(CO,), =[H,CO,, 1+ [HCO;
Bripusum ee yepes AaBleHHE YTIIEKHUCIOTO Tasa

¢(CO,), = p(CO, K L+ K] /IH 1+ KTK] IHT).

Oo6mas popMya s KOHIIEHTPALIMU YTIIEKUCIIOTO rasa:

w1+ [CO5, 1.

(0.1)

T T T
c(CO,), = (patmw+pghw) KT [1+ K ﬁ]

[H'] [HT
Teneps 3anuieM MaccoBbIi OalaHC:
[Fe(p »1=¢(CO,), =[H,CO,, , ]+[HCO;, ]
[H'T ( LK +K1K§]
K KT [H+] [H+]2
BBeneM KOHCTaHTYy pacTBOPUMOCTH:
, [H'T [H K KK, ]

2 K?
[Feipp 1= 2‘+p T n 112
[Fei,, 1 K/ K, [H'] [H]

+ [CO;’p ]

[Fe(p p)] [Cog(_p p)]

_ K [HP K'  K'K!
[Fe 1= c(CO,), = \/ KK (1+[H+]+[H+]z] (0.2)



[TpupaBnsiem Beipakenus 1.1 u 1.2

KT H+ 2 KT KTKT KT KTKT
S”E T] +— L2 = (p wt pghw) K] | T+ 2122
Ki K, [H'] [H"] [H'] [H]
prOCTI/IB HOHYqI/IM
K;[HJr]z

KI' K/K!

= w+ pghw)- KT F | 14—l 4 2122

KlTKzT ((patm pg ) H) L [H+] [H+]2J
Ecmu [H'] > K| >>K,

. K'K!

[H]= ((p -+ ) K ) [ =252

sp

Ha enyoune 50 mempos:
100000-1+1000-9.81-50-1 1077 o™
[H*]:[( )‘0.0373%/3.57 107-4.40-10

100000 59110—11 :09000113M, pH =

3,94
Ha 2nyoune 180 mempos:
100000-1+1000-9.81-180-1 107 - 107"
= ) 0.0373 \/3.57 107-4.40-10
100000 5.91-10

=0.000359 M, pH =

3,45
3. Ha enyoune 50 mempos:
(100000 -1+1000-9.81-50- 1)

c(C0), = 100000

-7 -17
.0.0373‘[“3.57 107 1.57-10 ]

107394 + 1077.88
¢(CO,), =0.221M

Ha anyoune 180 mempos:
(100000-1+1000-9,81-180-1)

100000

c(CO,), =

=7 -17
_030373_(”3,57 107 1,57-10 j

10—3.45 + 10—6489
¢(CO,), =0.697 M

3. ypasrenue 3aBucumoctr: ¢(CO,)o = (3.79-107% + h3.66:10) M.

O6mee komuectBo CO, B 00beme ot 50 10 180 meTpoB paBHO:
180

N(CO,)q 150 = j (3,79:107 + 13,6610 )-1200000dh =
50
80

= (45480 + 1 -£-4392)

1
50

= (180-45480+1802 -2196)—(50-45480+502 -2196) =

= 79336800 — 7764000 = 7,16-10" mol
Macca CO; B o6seme ot 50 1o 180 meTpoB paBHa:
m(CO,)qy 150 = 7-17-107 Monb-44.0 r/monb =3.15-10° r =3150 TonH
Onenum o0beM yriekucioro rasa npu 30°C:

V(CO.) o =7.16-10" mol. 8.314 ] /(Kxmol)-(30+273) K
100000 Pa

=1.74-10° m’






