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CocTaB MeTOAHYECKOH KOMUCCHU MexkayHapoaHoi onuvnuaasl «Tylimaana-2023» (XUMMUA)
1. CokonoBa Mapuna JIMutpueBHa, I.T.H., AupekTop MHCTUTYTa NTpobieM HedTH u raza CHOMPCKOTO OTAEIICHUS
Poccuiickoii akagemnu Hayk ®PI'BYH «DenepanbHeiii uccnenoBaTeNbCKUi MeHTp «SAkyTckuit HayqHbId 1IeHTp CO
PAH»» — npencenarens;
2. CrmpunoHoB AnekcaHap MuxainoBud, K.X.H., BEAYIIHHA HAYYIHBIH COTPYOHHK - PYKOBOIHTENH JabopaTopuu
“Ilomumeprbie kommo3uTel s Ceepa” MHcTHTyTa ecrectBeHHBIX Hayk PI'AOY BO «Cesepo-Bocrounsrit
(enepanbHblil yHnBepcuretr umenn M.K. AMMocoBay — ujieH;
3. Bepeiikuna Bukropust BacuibeBHa, K.X.H., HAYYHBIH COTPYJHHK JIaOOpaTOPHH TEXHOT'CHHBIX Ta30BBIX I'MIPATOB
WHcruryra npobiem HedTH 1 raza Cubupckoro oraeneHus Poccuiickoit akageMuu HayK, — YWieH;
4. l'onkoB Anekceit Hukoaesuu, acnupant yausepcureta Myongji (Pecn. Kopes), — unen;
5. Emenbsuos ['eopruii [letpoBuy, acnupanTt Kopelickoro Hay4HO-HCCIIe10BATEIbCKOTO HHCTUTYTA ONOJIOTHIECKIX
Hayk u Ouorexnonorun (Pecn. Kopes), — unes;
6. OxoHemHUKOB ApTyp AJekceeBHd, CTyAeHT xuMmudeckoro ¢akymereta @®I'BOY BO «MockoBckuit
rocyAapcTBEHHBINM yHUBEpcUTeT MMeHH M.B. JlIomoHOCOBa», — ulieH;
7. ITaBnoB Cepreit Hukomaesud, ctyneHt xumuiaeckoro ¢akynsrera ®I'BOY BO «MocCKoBCKHil TOCYTapCTBEHHBIN
yHuBepcuteT umenr M.B. JIomoHocoBay, — iieH;
8. PemernukoB Bukrtop IlerpoBuu, crynment ¢axynbrera Hayk o Martepuanax PI'BOY BO «MockoBckuit
rocyJapcTBeHHbIN yHUBepcuTeT uMeHu M.B. JlomoHOocoBa», — usieH;
9. CuBueB CemeH lMcaeBuu, muamuuii HayuHblil coTpynHuk MHcTHTyTa npobiiem Hedtu u raza Cubupckoro
oTaeneHus Poccuiickoll akaieMun HayK, — YieH;
10. CrapoctuH Anekceii JlaHunoBuy, cTyzneHT Qakynbreta QyHAaMEHTAIBHON (U3UKO-XUMHYECKOH HHKECHEPUH
OI'BOY BO «MockoBckuil rocyapcTBeHHbIN yHUBepcuTeT uMeHu M.B. JIoMmoHOCOBay, — UjieH;
11. CremanoBa Tatesna CepreeBHa, cTynaeHT xumudeckoro ¢akymbrera ®I'BOY BO «Cankr-IlerepOyprekuit
TOCYAapCTBEHHBIN YHUBEPCUTET», — WICH.

Cocras K10pu MexxIyHapoaHoii oaumnuanbl « Tylimaana-2023» (XUMMUS)
1. CriupunoHoB AnekcaHAp MuxainoBHWY, K.X.H., BEAYIIHHA HAYYIHBIH COTPYAHUK - PYKOBOIHTENH JabopaTopuu
“ITonumepnble komno3utel s Ceepa” MucturyTa ecrectBeHHBIX Hayk PI'AOY BO «CeBepo-BocTounslii
(enepanpHbIit yHUBepcuTeT nMeHH M.K. AMMocoBay, — pezcenaresp;
2. CokomoBa MapuHa [IMuTpHueBHa, A.T.H., nupekrop MHcTuTyTa mpodieM HedTH u raza CHOMPCKOTO OTICICHUS
Poccwuiickoii akanemuun Hayk ®I'BYH «DenepanbHblil Hccnea0BaTeNbCKU MEHTP «SIKyTCkuid Hay4uHbId 1eHTp CO
PAH»», — 3amecTutenb npeacenaTens;
3. HNanunoBa CaxassHa HuxonaeBHa, Miaammid Hay49HBIH COTpYAHUK abopartopun «llonuMepHbIe KOMIIO3UTHI IS
Cesepa» UncTuTyTa ectectBeHHBIX Hayk PI'TAOY BO «CeBepo-Bocrounslii dpenepanspublil yauBepcuter nmean M.K
. AMMOCOBay, — CeKpeTapsb;
4. OxmonkoBa AMTanmuHa AJEKCeeBHa, A.T.H., podeccop, pykoBogutenb Ol «DyHmaMeHTaIbHAS U MPHUKIATHAS
xumust» MHctuTyTa ectecTBeHHBIX Hayk ®T'TAOY BO «CeBepo-Bocrounslii henepansHblii yauBepcuteT nMeHH M.K.
AmMocoBay, IeicTBUTENFHBIN WieH AkageMuu Hayk PecrryOnuku Caxa (SIkyTus), — qwieH;
5. Bepeiikuna Bukropus BacunbeBHa, K.X.H., HAyYHBIH COTPYJHUK J1aOOpaTOPHH TEXHOTCHHBIX Ta30BBIX I'MIPATOB
Wncruryta npobiem HedTH 1 raza Cubupckoro oraeneHus Poccuiickoit akageMun HayK, — 9IEH;
6. MapkoBa Mapda AnexceeBHa, MIAAIINA HAay4HBIH COTPYIHMK JIaOOpaTopuu MarepuanoBeneHus MHcTtuTyTta
npo6yieM HedTu U raza Cubupckoro otaeneHust Poccuiickoil akageMun HayK, — 4JIieH;
7. OxoHemHWKOB ApTyp AJekceeBHd, CTyIOeHT xumudeckoro dakympreta DPI'BOY BO «MoCKOBCKHiA
rocyiapcTBeHHbIH yHUBepcuTeT uMeHu M.B. JlomoHOCOBay, — uiieH;
8. NaBnoB Cepreit Hukonaesuy, cryaent xumudeckoro daxynsrera PI'5OY BO «MockoBCKHii rocynapCcTBEHHBIIH
yHuBepcuteT uMeHu M.B. JlomoHOCOBaY, — diieH;
9. CuBue CemeH HMcaeBuu, muammuii HaydHbI coTpynHHMK MHcrutyta mpobnem Hedtn m raza Cubupckoro
otaeneHus Poccuiickol akaeMuu HayK, — UIeH;
10. Cunoposa Jlonryitaana HukonaeBHa, acCUCTEHT XUMMUYECKOrO OTAeNeHHs MHCTUTyTa eCTECTBEHHBIX HaykK
OI'AOY BO «CeBepo-Boctounstit henepanbubiii yansepcurer umenn M.K. AMMocoBay, — diieH;
11. Crapoctur Anekceil JlaHninoBud, CTyneHT (akynpTeTa (yHIAMEHTAIBHON (H3MKO-XMMHYECKOH HHXECHEPHU
OI'BOY BO «MockoBCKHI TOCYAapCTBEHHBIN YHUBepcuTeT MMeHn M.B. JlomoHOCOBay, — wiieH;
12. CremanoBa Tatpsna CepreeBHa, cTynaeHT xumudeckoro (axymprera ®I'BOY BO «Cankt-IlerepOyprekuit
rOCy/IapCTBEHHBIH YHHUBEPCUTET, — UJICH;



13. CrpyukoBa Tarpsina CeMeHOBHA, K.T.H., JOLUEHT XMMHUYECKOro OTHeleHHs WHCTUTYTa €CTECTBEHHBIX HaykK
®OI'AOY BO «Cesepo-Bocrounsrii heaepanbablii yaupepcuteT nMeHn M.K. AMMmocoBay, — 9ieH.

Aemoput 3ad0anuii: Cnupudonos A.M., Bepeiixuna B.B., ['onukoe A.H., Emenvanog I'.11., Oxonewnuxog A.A., I[lasnos
C.H., Pewwemnuxos B.II., Cmapocmun A./l., Cmenanosa T.C

Methodological commission structure of the International Olympiad «Tuymaada-2023» in Chemistry
1. Sokolova Marina Dmitriyevna, Doctor of Engineering, the Director of Institute of Oil and Gas Problems SB RAS
— chairman;
2. Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head of the Laboratory
“Polymer composites for the North”, North-Eastern Federal University — member;
3. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas Hydrates, Institute of
Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences — member;
4. Golikov Aleksei Nikolaevich, PhD student of the Chemistry Department, Myongji University (South Korea) —
member;
5. Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological Sciences and
Biotechnology (South Korea) — member;
6. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State University — member;
7. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University — member;
8. Reshetnikov Victor Petrovich, a student of the Faculty of Materials Science, Moscow State University — member;
9. Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS — member;
10. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical Engineering, Moscow
State University — member;
11. Stepanova Tatyana Sergeevna, a student of Chemical Institute, Saint-Petersburg State University — member;

Jury structure of the International Olympiad «Tuymaada-2023» in Chemistry

1. Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head of the Laboratory
“Polymer composites for the North”, North-Eastern Federal University — chairman;
2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas Problems SB RAS —
vice-chairman;
3. Danilova Sakhayana Nikolaevna, a junior researcher of the Laboratory "Polymer Composites for the North", North-
Eastern Federal University. M.K. Ammosova — secretary;
4. Okhlopkova Aitalina Alekseevna, Doctor of Engineering, the professor, the chairman of the Educational Programs
in “Fundamental and Applied Chemistry", North-Eastern Federal University, member of The Academy of Science of
the Republic of Sakha (Yakutia) — member;
5. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas Hydrates, Institute of
Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences - member
6. Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute of Oil and Gas
Problems SB RAS — member;
7. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State University — member;
8. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University — member;
9. Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS — member;
10. Sidorova Dolguyaana Nikolaevna, assistant of the Chemical department of the Institute of Natural Sciences, North-
Eastern Federal University — member;
11. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical Engineering, Moscow
State University — member;
12. Stepanova Tatyana Sergeevna, a student of Chemical Institute, Saint-Petersburg State University — member;
13. Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the Chemistry Department,
North-Eastern Federal University — member;

Authors of problems: Spiridonov A.M., Vereykina V.V., Golikov A.N., Emelyanov G.P., Okoneshnikov A.A, Pavlov
S.N., Reshetnikov V.P., Starostin A.D., Stepanova T.S.



Li, Rb, K, Cs, Ba, Sr, Ca,

JIEKTPOXHMHYECKHH PS5/ HAIIPSUKEHHH METAJIVIOB

Na, Mg, Be, Al, Mn, Zn, Cr, Fe, Cd, Co, Ni, Pb,

PACTBOPHMOCTH COJIEH, KHCJIOT H OCHOBAHHH BO/IE

1 2 8 J[ a4 s J[ e J[ 7 J[ 8 J[ o J[ 10 [ 4 J[ 12 J[ 8 J[ 14 J[ 15 [ 16 ][ 17 18
1 2
H He
Hydrogen Hellum
1.008 Key: 4.003
3 4 13 [] 6 7 8 [] 10
Li Be Nh  ||Symbol B C N o F Ne
Lithium Beryflium Nihonium name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.968 9.012 [278] |fatomic weight {in for the. ive element] 10.814 || 12.011 || 14.007 || 15.999 || 18.998 || 20.180
T 7 W o 5 g 7 ®
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sultur Chiorine Argon
22.990 || 24.306 26.982 || 28.085 || 30.974 || 32.068 || 35.452 || 39.948
19 20 21 22 2 24 25 26 27 28 2 30 31 32 33 34 £ 36
K Ca Sc Ti \" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calclum Scandium Titanium Vanadium Chromium Manganese ron Cobalt Nickel Copper e Gallium Germanium Arsenic. Selenium Bromine Krypton
39.098 || 40.078 || 44.956 || 47.867 || 50.942 || 51.996 || 54.938 || 55.845 || 58.933 || 58.693 || 63.546 || 65.38 || 69.723 || 72.630 || 74.922 || 78.971 || 79.904 || 83.798
a7 38 39 40 4 42 43 a“ 45 a6 a7 48 49 50 51 52 53 54
Rb Sr Y. Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontum Yarium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Siiver ‘Cadmium Indium Tin Antmony Tellurium lodine Xenon
85.468 || 87.62 || 88.906 || 91.224 || 92.906 || 95.95 [99] 101.07 || 102.906 || 106.42 || 107.868 || 112.414 || 114.818| 118.710| 121.760 || 127.60 || 126.904 || 131.293
55 56 211 72 7 74 75 76 ” 78 7 80 81 82 83 B84 85 86
Cs Ba La-Lu Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Caesium Barium Lanthanoids Hamium Tantalum Tungsten Rhenium ‘Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 || 137.327 178.49 || 180.948 || 183.84 || 186.207 || 190.23 || 192.217 || 195.084 | 196.967 || 200.592 || 204.384 || 207.2 || 208.98 || [210] |[ [210] || [222]
87 88 103 104 105 106 107 108 109 110 1 12 13 114 15 16 17 18
Fr Ra || Ac-Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
Francum Radium Actinoids Dubnium || Seaborgium || Bohrium Hassum || Meinerium || Darmstadtium || Roentgenium || Copemicium || Ninonium || Ferovium || Moscovium || Livermorium || Tennessine || Oganesson
[223] || [226] 267) || [268] || [271] || [272) || (2771 || [276) || (281 || [280) || [285] || [278] || (289] || [289) || [293] || [293] || [294]
s7-71 57 58 59 60 61 62 63 64 -] 66 67 68 69 70 n
La-Lu La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthancids Lanthanum Cerium Neodymium Promethium Samarium Europium ‘Gadolinium Terbium Dysprosium Holmium Erbium Thulium Yoerbium Lutetium
138.905 || 140.116 || 140.908 || 144.242|| [145] 150.36 || 151.964 || 157.25 || 158.925 || 162.500 || 164.930 || 167.259 || 168.934 || 173.045 || 174.967
.1! 89 20 o 92 93 o 95 96 97 98 99 100 101 102 103
Ac-Lr | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinoids Actinium Thorlum Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
[227] ||232.038(|231.036 || 238.029|| [237] || [239) || [243] || [247) || [247) || [252) || [252) || [257) || [258] || [259] || [262)

(H), Bi, Cu, Hg, Ag, Pd, Pt, Au
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P — pactBOoprMO

M — manopactsopuMo (< 0,1 M) H — nepactopumo (< 10 *M) —He CyIecTBYeT HIIH pa3iaraercs BOJION




MJUIAITASA JIUT'A

3aganue 1.

3JIEMEHTBI OJHOM I'PYIIIIBI

[Ipocteie BemecTBa X1, X2 u X3, 3IeMEHTHl KOTOPBIX MPHUHAJIEKAT K OAHOW TpyIIe
nepuoanueckor cucteMbl demeHToB J[. M. MennpeneeBa, o0iagaroT BBICOKOW pEaKIIMOHHON
CIIOCOOHOCTBIO, U B NPHUPOJAE CYIIECTBYIOT B OCHOBHOM B BHUJE coeAuHEHUU. M3BecTHO, 4TO
IPUPOIHBIN U30TOM 3I€MEHTa BeulecTBa X1 MOKET ObITh UCIIOIb30BaH B IMP-cnekTpockonuu.

[IpumeuaTenbHO, YTO JaHHBIE BEHIECTBA MOTYT B3aUMOJIEHCTBOBATH MEXIY COOO,
o0pa3ys 6unapusie coenuHenus. [Ipu B3aumosaeictBun X1 u X2 MOKET 00pa30BbIBATHCS LIEIbIN
psn razoo0pa3sHBIX COEAMHEHUH, COCTaB KOTOPBIX 3aBUCHUT OT YCJIOBHI NPOBENEHUS PEAKIIUH.
BemectBo A, nonydeHHoe npsiMpIM B3aumozeiictueM X1 u Xz (peaxkyusi 1) CONEpKUT B CBOEM
coctaBe 38.35% nsnementa X2 nmo macce. OnHako mpu u30bITke X1 0Opa3yercsi razoo0pazHoe
BemecTBo B (peaxyus 2). XKentoBato-cepyro xkuakoctb C MOKHO HOJTYYUTh IBYMS CIIOCOOAMHU:
b0 TpHu B3auMOCHCTBUU X1 U X3 B 0oJiee KECTKUX YCIOBHSAX IMpu HarpeBanuu ao 200 °C
(peaxyusa 3), mubo npu 10°C mytem B3anumoieiicTBHs BemmecTB A 1 X3 ¢ BelieTIeHuEM X2 (peakyus
4). Kpome Toro, mpu B3ammojeicTBuu BemectB C u A mony4aercs OECIBETHOE TBEpAOC
coeaunenue D (peaxyus 5).

BemectBo D comepxut B cebe Bce TpU dJeMEHTa MPOCTHIX BemiecTB Xi, X2 u X3, ero
MOJIEKYJIIpHasi Macca paBHa 229,5 r/MoJb, a MaCCOBBIE JTOJIU AJIEMEHTOB COOTHOCSTCS KaK:

X1 X2: X3=3,21:1:2,25

Taxxe uzBecTHo, uTo Bemectsa A, B n C nerko rugponusyrores, npu 3ToM Bemectso C
THIPOJTU3YETCS CO B3PBIBOM (pearyuu 6-8).

[Ipocteie BemecTBa X1, X2 1 X3 Takke MO-pa3sHOMY B3aUMOAECUCTBYIOT ¢ BoJoi. Tak, X1
B3aMMOJICHCTBYET C BOJOW CO B3pBIBOM, a BemiecTBa X2 U X3 B BOJIE€ JAMCIPONOPLIUOHUPYIOT
(peaxyuu 9-11).

E1e pa3 ormMeTHM BBIJAIONIMECS CBOMCTBA BellecTBa X1, OH MOXKET BCTYNAaTh B PEAKLIUH C

Pa3IUYHBIME BEIIECTBAMU, Kak Hanpumep (peaxyuu 12-15):



(XX} Xe Pt eoe

(12) (13)
Xy
H, NaOH
(14) (15)

Bonpocui:
1. Omnpenenute BemectBa X1, X2, X3, A, B, C u D. Onumure pusndeckne cBOMCTBA MPOCTHIX
BeriecTB X1, X2 u X3, PEATIOKUTE CTPYKTYpPY BelecTBa D, oTBeT moaTBEpAuTE pacueTaMu.

2. Hamnummre ypaBHenus peaxyuii 1-15.

3aganue 2

"KAK MHOI'O MECTA TAM, BHU3Y"

HaHoTexHO0I0rHs — 3TO CO31aHKUE U UCIIOIB30BAHUE MATEPUAIIOB U YCTPONCTB, UMEIOLIUX
HaHOMETPOBHIE Pa3Mephbl, T. €. paboTa Ha YpOBHE aTOMOB, MOJIEKYJ U CYNPaMOJEKYISIPHBIX
cTpykTyp. lIpucraBka «HaHO» HPOUCXOOUT OT TIPEYECKOr0 CIOBA «HAHOC», YTO O3HAYAET
«KapJIUK» WIN «THOM» U B MeXayHapoaHol cucteme enunul (CH), paBHa ogHON MUUIHApAHON
4acTU HUCXOMHOW enuHuipl. CeronHs HAHOTEXHOJIOTMHM AKTHMBHO MCIIOJIB3YIOTCS B PAa3JIMYHBIX
00J1aCTAX TaKMX, KaK MAITHHOCTPOCHUE, TPOMBIIIJICHHOCTb, CEIbCKOE X03SHCTBO, SJEKTPOHUKA,
9KOJIOTHS, (hapMaleBTUKA, MEAUIIMHA U MHOTHX JPYTHX.

MarauTHble HAHOYACTHUIIBI HA OCHOBE A MPECTaBISIIOT COOON NMEPCIEKTUBHBINA MaTepual
JUIsl  pa3pabOTKU CEJIEKTHBHBIX KOHTPACTUPYIOIIMX BEIIECTB JJII MarHUTHO-PE30HAHCHOM
tomorpaduu (MPT), neueHust paka c TOMOIIbIO TUIIEPTEPMHHU, TOCTaBKHU JiekapcTB. [IpakTuuecku
UCITOJIb3yeMble METOJbl CHHTE3a MAarHUTHBIX HAHOYACTHUI] BKIIOYAIOT B CE€0S Psii OCHOBHBIX:
COOCAXKJEHUE, TEPMHUYECKOE PpA3JIOKEHUE, THAPOTEPMAIBHBIA, MHUKPOIMYIBCHOHHBIA U

MHUKPOBOJIHOBBIE METO/Ibl. PaccMoTpuM Hanbosiee IpocThle METObI MOyUeHUs A.
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Jlns monydeHus: A yamie BCEro MCIoIb3yeTCsl METOJT COOCAXKIEHUS. DTOT METOJ OCHOBaH
Ha noy4yeHuu A u3 pactBopa coseit B u C mytem 100aBieHns OCHOBaHUS B MHEPTHOU aTMoc(epe
IIpY KOMHATHOM MJTH TIOBBILIICHHOH Temriepatype (peakyus ). Takxke OJHUM U3 IPOCTBHIX METOJIOM
IOJIy4EeHUs] HAaHOYACTUI A SIBJISETCS METOJ MUKPOBOJIHOBOI'O CHHTE3a. DTOT METO] MO3BOJISET
I0JIy4aTh MOHOJIUCIIEPCHBIE CTEPAKHEBbIC MArHUTHBIE HaHOUaCTULl A. CHHTE3 COCTOMT U3 JIBYX
craguii. Ha mepBoM sTane nomyvarot npekypcop® D, moaudunmupoBanusiii 10aMHHOM ITyTeM
ruzaposunsa BojgHoro pacrsopa C (peaxyusa 2). Ha BropoMm stane D moasepratoT BO3IEHCTBUIO
MHKPOBOJIHOBOT'O U3JTyYCHUS B IPUCYTCTBUH FHPa3HHA B KAUECTBE BOCCTAHOBUTEILS (pearyus 3).

*[Ipexypcop — (;1aT. praecursor — MpeAlIeCTBEHHHUK), BEIIECTBO, KOTOPOE MOXKET BHICTYNATh B
Ka4eCcTBE MCXOTHOTO KOMIIOHEHTA JJIsl CUHTe3a 0oJiee CII0KHOTO BEIECTBA.

Bonpocowi:
Hwuxe nmpeicTaBiieHsl onmMCaHHBIE BBIIIE CXEMbI CHHTE3a A.

B+ C+ NaOH - A+ NacCl +... (1)

nodaMuH, Kucaas cpena, t

C + H,0 D+...(2)

MUKPOBOJIHOBO€ HU3J/Iy4YeHHEe

D+ N,H, A+..(3)

1. Omnpenenute BemectBa A-D, Mmetann M, eciiu u3BeCTHBI CIeAYIONINE TaHHBIE:

A — cmemanHbii okcua Metauia M. D -runpookucen M.

Coennnaenne A B

Maccosast noia meTainia, % 72,4 44,1

OTBeT noATBepAMTE pacueTaMH.
2. Hanwmure ypaBuenus peakyuii (1-3)
3. Jlnsa xakux meneii B cuHTe3€ npexypcopa D ucnone3yror nopamun?
4. CKOJBKO I'paMMOB HCXOAHBIX KOMIIOHEHTOB MOTpedyercs it noiaydenus 2.0 r A MetoioM
coocaxaeHus? CuutaTh, 4TO peakiysi UIET C KOJTMYECTBEHHBIM BBIXOIOM.
5. Ot dYero 3aBHCAT MarHUTHBIC XapAaKTEPUCTHKH MaTE€pHajOB Ha OCHOBE OOPa3yIONIMXCS
HaHo4dacTuIr?
6. Kakme ocoOble cBOICTBa MarHUTHBIX HAHOYACTHII A TIO3BOJSIOT HCIOIB30BATh WX IS
NEPEUNCICHHBIX METUIIMHCKUX IPUMEHEHUH.

7. Ha3zoBute MuHepas ¢ XuMHuecKoi (popmMysoi A.



3aganue 3
METO/JA I'MJUVIECIIA

Metox OTTaNKWBaHUS JIOKAIM30BAHHBIX AJIEKTPOHHBIX Map BAJICHTHOH 000JI0OUKH
LEHTpaJIbHOro aroma (Metox ['mimiecnu) - OIMH U3 MOAXOJOB B XMMHUHU, HEOOXOIUMBIN IJIs
OOBSICHEHUS U NpE/CKa3aHus reoMeTpuu Moiiekys. CorjacHo 3TOH TeopuH, MOJIEKyja Bcerja
Oyzaer npuHUMATH GOPMY, TPU KOTOPOH OTTATKUBAHUE BHELITHUX AJICKTPOHHBIX ITap MUHUMAIBHO.
VcxXonHBIMU JaHHBIMM JUIS YKA3aHHOTO METOJA SIBIIIOTCS YMCIIO CBSA3aHHBIX C LICHTPAJIBHBIM
aTOMOM JpPYTHX aTOMOB, BaJCHTHBIE BO3MOXKHOCTH BCEX CBS3aHHBIX aTOMOB, KOJIMYECTBO
JJIEKTPOHOB Ha BHEUIHEM CJIO€ LEHTPAJIbHOI'O aToMa.

[Tpu paccMoTpeHnH TeoMeTpruecKor (hOpMBI MOJIEKYIIBI MeTOAOM [ mimecnu e€ gpopmyna
3anucbiBaeTcsi B BuAe AXnEm , rme A — uenTpanpHblii atoM; X — JIMraHzbl, C KOTOPBIM
LEHTPAJIbHBI aTOM 00pa3yeT XMMHYECKYIO CBs3b, TO €CTh JAET CBS3BIBAIOLINE JIEKTPOHHBIE
napsl; £ — HenoJen€HHas 3JEKTPOHHAs mapa; N, M — COOTBETCTBEHHO YMUCIIO CBS3BIBAIOIIMX U
HEIOACIIEHHBIX 3JIEKTPOHHBIX I1ap.

Jlig TOro 4toObl ONpeAEaUuTh CTPOEHHME MOJIEKYJIbl MeToIoM l'miuiecnu, mpejyiaraercs
CJEAYIOLINN MOPSAOK NEUCTBUM:

1. Ha ocHoBanuu ¢GopMysbl MOJEKYJbl ONpEAeiseTcs YHMCIO JUTraHAoB N, ¢ KOTOPBIMHU
[EHTPAJILHBINA aTOM 00pa3yeT CBs3b  3anuceiBaeTcs Gpopmyna AXnEm ¢ ykazanueM 3HaueHus N.

2. Haxomwutcst oOriiee YMCIO CBSI3BIBAIONIMX M HEMOJACIEHHBIX JIEKTPOHHBIX map (N + m) mo

dbopmyre:

1
n+m)= 2—'(NO+NL—Z)— T

rae No — YHCIIO AJIEKTPOHOB IIEHTPAIBLHOTO aTOMa Ha €ro BHEIIHEM JIJIEKTPOHHOM cioe; N —
YHCIIO SJIEKTPOHOB JIMTAH/IOB, YYaCTBYIOIIUX B 00pAa30BaHUH CBSI3€H C IEHTPATBHBIM aTOMOM; T —
YHCIIO0 TT-CBA3EH B MOJIEKYJIe; Z — 3apsA]] MOHA (B CiIydae ONpe/ieleHUs] CTPOSHHS MOJIEKYJIIPHOTO
aHHMOHA).

3. Ompenensercsi MPOCTPAHCTBEHHOE DPACIOJIOKEHHE BCEX DJJIEKTPOHHBIX map (mabauya 1,
cmonbey 2).

4. HaxoauTcs 4MCIIO HEMOJCNEHHBIX MIEKTPOHHBIX Map M M YTOUYHSETCS (popMylia MOJEKYIIbI
AXnEm (yka3biBaercs 3HaueHHE M).

5. YcraHaBiauBaeTcsi reOMETpUs MOJICKYJIbI (mabauya 1, cmonbey 3).

Jlononnenus k merony ['mmiecnu:
Kaxxnas monexyna npenacrapiser co00i reoMeTpruuecKkyro (purypy, BOUCAaHHYIO B cepy.

MOJ'ICKYJ'Ia 6y,£[eT HUMCETb MUHUMYM SHCPIrUuMn, €CJIN BCC CBA3BIBAIOIIUC 3JICKTPOHHBIC ITAPhI 6YI[yT
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paBHOYAAJIEHBl JAPYr OT Apyra Ha MOBepXHOCTH cdepbl. Henmonenénnas snekTpoHHas mapa

3aHMMaeT Ha cdepe OOJNBIIYIO MJIONIA/lb, YTO MPUBOJAUT K YMEHBIICHHIO BAJIEHTHOTO yria. Yem

00JbI1IE B MOJIEKYJIE HENTOAETIEHHBIX 3JIEKTPOHHBIX Nap E, TeM MeHblIe BaJIeHTHBIN yroJl.

Tabauya 1. 'eomempus monexyn

Tun Monexynsl IIpocTpaHCTBEHHOE PACIIOIOKEHUE IIEKTPOHHBIX Tap T'eomeTpus MonEKyIbI
TpuronansHast OunupaMuaa ]
Q
.f--\.
AX4E '
E Q@
Huchenonn Q
AX3E, TpuronansHas OunupaMua T-o0pa3nas dopma
AX5E3 TpuronansHast Gunupamuaa JInneiinas
AXs Okrasnp Okrasnp
AXE OxkTasnp Keagpartnas nmupamuna
AX4E> Oxrasp IInockwuii kBaapar
AX> JIuneiinoe JIuneiinas
AX3 IInockuii TpeyroJbHUK IImockumii TpeyroiabHUK
AX,E IInockuii TpeyroJbHUK VYrnosas
AXy Terpasnp Terpasnp
TpuronaneHas
AXGE Terpasnp
nupamMuaa
AXGE, Tetparap Yrnosas
TpuronaneHas
AXs TpuronansHast OunupaMuaa
ournupamuia

JHunoavuviii MoOMenm MoJieKyavl

JIMronpHbIE MOMEHT [ — O3TO BEKTOpPHAs BEIWYMHA. [[UIOIBHBIA MOMEHT CIIOKHOH

MOJICKYJIbI PAaBCH BCKTOpHOﬁ CYMMC JUIIOJIBHBIX MOMCHTOB BCEX CBsI3€H. I[HHOHBHLIﬁ MOMCHT



MHOT0aTOMHOM MOJIEKYJIbI 3aBUCUT HE TOJIBKO OT MOJIAPHOCTHU OTAENIbHBIX CBS3eH B MOJIEKYJie, HO
U OT T€OMETPUYECKON (POPMBI MOJICKYJIBI.

Hanpumep, B nuneitHol monekyne CO2 kaxnas u3z csizeid C—O monsipHa, a MOJIEKyJa B
uenom HernousipHa ( (CO2)=0 ), Tak KaK JUNOIbHBIE MOMEHTHI CBSI3€H KOMIIEHCUPYIOT IPYT Apyra
(puc. 1). B yriopoii monekyne HO cBs3u pacmosioKeHBI IMOJ] YIJIOM M BEKTOpHas cymma
JUTIOJIbHBIX MOMEHTOB JIBYX CBSI3€{ BBIpAXAETCs IMaroHalibio mnapamienorpamma (puc. 1). Eciu

u#0, To MoJIeKyJia MoJIpHa.

-
O
5 5+ 5~
O C O
oy + - B-I-H 104,5° Ha+
=10 . L

R
L= 0

Pucynox 1. JJunonvusvie momenmut monexkyn CO2 u H20O

Bonpocui:
1. Omnpexnenute reOMETPHUIO U HAPUCYWTE TPOCTPAHCTBEHHOE PACTIONOKEHUE DIIEKTPOHHBIX Map
MOJIEKYJBI (MOHA) ¢ UCTIONIb30BaHKWEM MeTo/a [ uiecnu 1Sl CleAyomuX COeTMHEHUN]:

CIFs, CO3%, OF,, PCls, XeFg.
2. Ompenenure BO3MOXHBIE (POPMYITBI MOJICKYJI, COCTOSIIUX M3 OJHOTO IEHTPAIHLHOTO aroMa
cepsl (S) u atomoB kucnopoaa (O) u xnopa (Cl), eciii U3BECTHO, UTO 00IIIeE YUCIIO CBSI3BIBAIOIINX
Y HETOJIEIEHHBIX AJIEKTPOHHBIX Map B MOJieKyse paBHO 4. Hapucyiite reoMeTpuio MOJIEKYII.
3. Ompenenute noasipaocts Mosiekysr: CHClz, BeClz, CCls, SO2, SO3, NH3. OtBeT nmoarsepaute

I/1306pa)K€HI/I€M JUTIOJIBHOTO MOMCHTA MOJICKYIJIBI.
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3aganue 4
AJIIOMHUHOTEPMUSI
B03MOKHOCTh BOCCTAHOBIIEHHSI METAJNIOB M3 UX OKCHJOB C ITIOMOIILIO AJIFOMHHHUS ObLIa
OTKpbITa pycckuM yueHbiM Hukonaem bekeroBbiM B cepeaune XIX Beka. I[lo3nnee HeMenkuii
xuMuK ["anc I'onpammvut B 1895 rogy n3o0peit cocTaB Tak Ha3pIBAGMOW «TEPMHUTHOU CMECH) JIJIst
OCYIIECTBIICHUS aTIOMUHOTEPMUYECKON PEAKIIMU, KOTOPast U MO CeH IeHb IIUPOKO UCTIOIb3YETCS

IJId TIOJTYyYCHH A METAJIJIOB U CIIJIaBOB U3 X OKCHUIOB.

Bonpocui:

1. JIBwxymieid Ccuioil aarOMHHOTEPMUYECKOM pEeakuMM SBJSIETCS BBbIJCIEHUE OOJIBIIOTO
KOJINYECTBA TEIUIOTH. Kak Ha3bIBAIOTCS XUMHUECKUE PEAKIHH C BBIICICHUEM TETIOTHI?

2. PaccraBpre KOA(h(UIMEHTH W paccUMTalWTe TEIIOBOH 3((EeKT cleayromux peakiui,

HCIIOJIb3Y: MPUBCICHHBIC B Ta6nnue 3Ha4YCHUA TCIIJIOT 06pa3OBaHI/II7I BCIICCTB.

Fe203(m) + Alm) = Al2O31s) + Fe(mm) (peakyus 1)
FesOuser) + Als) = Al2O3(s) + Feqs) (peaxyus 2)
Cr203(rs) + Als) = Al2O3(w) + Crms) (peaxyus 3)

BemecTBo Qosp, KK/ MOIB
AL O3(s) 1675.7
Fe203(s) 822.2
Fe304(ms) 1120
Cr203(1s) 1128

Alrs) 0
Fe(s) 0
Cr(ms) 0

3. Hamummre, Kakas W3 BBIOIE TMEPEUUCICHHBIX TEPMHUTHBIX CMecell B pacdere Ha | T
CTEXUOMETPUYECKON cMecH OyJeT MMETh HauOONbIIHKA TermaoBoi AP dekt. OTBET MOATBEPAUTE
pacyeramu.

4. PaccuuraiiTe cocTaB TEPMUTHOM CMeCH Il moiydeHus | T ¢geppoxpoma ¢ comepaHueM
xpoma wW(Cr)=60%. )1 pacdeToB HCIONB3yiTe peakyuu | U 3, OTBET BBIPa3UTE B IpaMMax.

5. Hwmxe npusenena ¢azosas quarpamma Fe-Cr

11



¥, C

1800

1600

1400

1200 =

1000 f= oY

800

820°C 45%Cr

1870°C

Cr, % (mo macce)

riae XK — xuakas ¢aza (pacruias), o, y, © — TBEpAbIE Qa3bl.

Hanummure, B kakoM azoBoM COCTOSSHUU OyeT HaXOAUThCS (heppoXpoM, MOTYUEHHBIH B TyHKTE
4, mo okoH4YaHuU peakunu. OTBeT noaTBepANTe pacueramu. CuuTtaite, 4To ToJIbKO 60% TEIoTHI,

BBIJICTICHHOW B XOJle peakmwu, unaer Ha HarpeBanue AlpOsz, Fe u Cr. V3meHeHneM ynenbHOU

TeroeMKocTH BemecTB (Cyy) IpU U3MEHEHUH TEMIIEPATypPhl MOXKHO IPEHEOPEYb.

BemecTBo Cyn, Ik/Kr*x°C
AL O3 1350
Fe 670
Cr 850

12
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3amanme 5

MOJEJIUPOBAHUE MEXAHU3MA PEAKIIMU S-APUJIMPOBAHMUSA

TUOT'NAAHTOUHOB
‘o8
‘ -
@
‘ B -
> g (%
. ™
e L
e O g
9 ‘O ¢ .
‘ 6 . . “?
‘7 @ ¢
o-¢

Pucynox 1. Tuocuoanmoun (cresa) peazupyem ¢ KamuoHOM OUAPUIUOOOHUS (Chpasa).

/lsotinble c653u onyujeHsi.

['MIaHTOMHBI MONYYMIIM HIMPOKYI0 W3BECTHOCTH Oarojapss MX MPOTHBOCYIOPOKHBIM
CBOICTBaM, 4TO JI€JIaeT UX IPUMEHUMBIMU B KAYECTBE CPEICTB OT anuiencuu. OHaKo UX CepHbIe
aHaJIOTH — TUOTHJIAHTOUHBI (puc. 1) Taxke o0saaroT GMOJIOTMYECKOH aKTHBHOCTBIO M MOTYT
IPUMEHSATHCS B Ka4eCTBE JIEKAPCTB OT HEKOTOPBIX (POPM paka.

K coxanenuro, Ha CEroHAIHNAN J€Hb CUHTE3 HEKOTOPBIX ITPOU3BOJHBIX THOTUIAHTOMHA,
a UIMEHHO S-apWJIMPOBAHHBIX THOTH/IaHTOMHOB 3aTPYAHEH, TaK KaK HET YHUBEPCAJILHOTO criocoba
CO3JaHus CBSA3M MEXAy yriieponoM u cepor. Ho coBceM HemaBHO HaAmIENCs NEPCIEKTUBHBIN
peareHT JUIs pelieHus 3Toi mpoOieMbl — COb JUAPUIUOJOHUS, KOTOpas JETKO MPUCOEANHSET K
THOTHJAHTOMHY pA3JIMYHbIC 3aMECTUTENIM 110 aTOMY Cepbl. YUEHBIE YK€ IOJYy4HIIN
AKCIIEPUMEHTAIIBHBIE PE3YNIBTAThI, HO 10 CHX IOP HUKTO JOCTOBEPHO HE 3HAET MEXAHU3M PEaKLIUN
S-apunupoBaHus TaHHOTO THOTMJAHTOMHA C MOMOILBI0 KaTHOHA AuapuinojfoHus. OnHuM u3
MOAXOO0B Ul U3YyYEHUSI MEXaHU3MOB PEAKLUN SABJIAETCA MOJIEIUPOBAHUE PEAKLIUU C IIOMOLIBIO
KBaHTOBOXMMMYECKUX METOAOB. I B TaHHOM 3a7a4e BBl CMOKETE ITOYy4aCTBOBATH B HACTOSIIEM

HAay4YHOM HCCJICA0BAaHUH, paCCMOTPEB PCAKIIUIO S-apI/IJ'II/IpOBaHI/ISI B pOJIM KBAHTOBOTI'O XMMHKaA.

Bonpocui:
1. JlaBaiiTe paccMOTpUM 2 BO3MOXHBIX MeXaHU3Ma peakiuu. Kakas poib OCHOBaHHS B IEPBOM

MexaHu3Mme? Kak 3To MOXKET BIUATH Ha JIETKOCTh MMPUCOEIMHEHUSI KaTUOHA Hoza K cepe?
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D|ar|||odon|um cation

Q@r

e
1) Q\ZHFS

(o) NS
2) N S/_\® N N"Ng

Haunbonee mpocTeiM cnocoOOM OIIGHKH PeaTu3yeMOCTH TOTO WJIM HWHOTO MEXaHW3Ma
ABIIIETCS aHAJU3 DHEPIrUl aKTUBAIMM peakiuil. B maHHOM ciaydae MOKHO paccMaTpuBaTh

OHCPICTHUUYCCKUC HpO(i)I/IJII/I IIOCJIICAHHUX peaKHI/Iﬁ B 000HMX MEXaHU3Max:

)

-8884.728382Eh
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2)

|/
R \ / \ . -J

-8885.149169Eh
L —— ]

2. Ilo xakomy MexaHM3My peakius mnpoTekaeT Obictpee? Bo ckombko pa3 ObicTpee mnpu
temneparype 298 K? Cuuraiite, 4TO B peaklMsIX pa3IMuHbl JUIIb S3HEPTUN aKTUBAILUU, a Apyrue
napaMmeTpsl (TemrepaTrypa, KOHLIEHTPAlUU U T.J1.) U BUJ KHHETHUYECKOIO YPaBHEHUS OJIMHAKOBBI.
3. Tlouemy katann3arop yCKOpseT XUMUUECKUE peaKuu?

4. Tlouemy mepBbIi MeXaHM3M HMEET MEHBIIYI0 SHEPrui0 AKTUBAIMKM IO CPaBHEHUIO CO
BTOPBIM?

5. OueHuTe PHTANBIUIO PEAKIMM, KOTOPbIE OTPAXKEHBI B dHepreTudeckux npodpuisx. OTseT
npezcrasbTe B k[ x/Moib. Eh — 310 3Heprus Xaptpu.

6. Ilpemnoxure m000H CBOIl BapHaHT (WM BapuaHTHI) MEXaHU3Ma TOTO, KakK el MOXKEeT

IIPOTEKATh PEAKLUs S-apUIMPOBAHNS THOTUIAHTONHOB.
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UHOMY ITyTH:

Taxxke B xoz1€ pacy€ToB OBLIO BBISIBJICHO, UTO PEAKIIUS MOKET IPOTEKATh M0 COBEPUICHHO

&
e

e
S-- |
% N
) :>=s . ?@
H

To ecth, 0Opa3zoBaHUE MPEAPEAKITMOHHOTO KOMIUIEKCA MOXKET MPOTEKATh KakK 1o cepe, TaK
CIIEYIOIIEH CXeMe:

U TI0 COCeIHEMY aToOMy a30Ta. DHEPreTHYeCKui MpoQmib NaHHBIX pEaKIuil NMpPUBEACH Ha

-8884.678403 Eh
7::—_,_f A\ {,_—‘
O‘\ - ! ;’/ . 'T_'Q\ ;' ‘\
‘I_N‘):s . © »\MJ . \
# N | i " \
/llx_ H [’//J\I‘ 0\\\\[{ N , ’ I.
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IL::::). e f HN (lji\:\:/] ‘/r
-8884.684485 Eh C - ’

\
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1
1
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= ’
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~

~.8884.686205Eh
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l\ O{:\’_.le (.7._) )ﬁ_ H
........... | T =s- T
Ex= 20.484940k K/ Mmonb, 4

|~ e
N g

| =
' P :

.'u L‘*“/L
-8884.690459 Eh



Jlomyctum, mpoTeKaeT paBHOBECHAS PEaKIIHs:

P

N
=S
4e .

7. Omnpeznenute YHEPTUIO AKTUBALIMHU IIEPEX0/ia KOMIUIEKCA TUAaPUIINOI0HUS C CEPO B KOMIUIEKC

JUAPUINOIOHUS C a30TOM.

8. IlycTe ycTaHOBMJIOCH paBHOBeCHE, a 00a KMHETUYECKHUX YPABHEHUH peakUuil HMET
cnenyrommid Bua: v =k - [A], toe [A] — 3TO KOHIICHTpaIMs COOTBETCTBYIOIIETO KOMILIEKCA.
Onpenenure COOTHOLIEHUE MEXAY KOHIIEHTpALUsMU KOMIUIEKCOB Npu TemmepaType 298 K.

C‘-H/IT&ﬁTC, 4TO MPCASKCIIOHCHIHAIIbHBIC MHOXUTCIIN peaKuHﬁ OIHMHAKOBBI.
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CTAPLIAA JIUT' A

3apanue 1

BPEMSA YUTATH

13 ¢eBpanss — geHb pOAHOTO s3bIKA W JUTepaTypsl B Skyruu. B sror nenp B 1892 r.
pomuics Cemen Anapeesnd Hosroponos. B 1917 r. on pa3zpabotan sskyTckuii angaBuT Ha OCHOBE
MEXYHApOAHOr0 (OHETUYECKOro ajiaBuTa, aKTUBHO IPOABHIaJl MJEH O HEOOXOAMMOCTH
oOyueHust Ha pogHoM si3bike. Ha andasure C. A. HoBroponosa OblIM OITyOIMKOBaHBI NE€PBbIE
y4eOHUKH U XyI0’KECTBEHHBIC TPOU3BEACHNUS Ha IKYTCKOM SI3bIKE.

[Teyats kKHHT U Ta3eT ObLIa ObI HEBO3MOXKHA 0€3 PEBOJIONMOHHOTO N300peTeHus Moranna
[I'yrenbepra. B 1440-x romax oH co3nan medatHblii ctaHok. Kaxkmas OykBa meuartanach C
IIOMOIIIBIO JINTEPHI — MPSMOYTOJIBHOTO OpycKa ¢ penbe(HbBIM 3epKalbHbIM H300pakeHuEeM OYKBbI
Ha O/IHOH cTopoHe. JIuTeps! ObUIN U3rOTOBJICHBI MPEUMYIIECTBEHHO U3 CIJIaBa JBYX METaLIOB X
n Y (X Taxenee Y), m3-3a ero HM3KOH TeMmmepaTypsl Iuiapienus (mopsamka 200-300°C) u
OTHOCHUTEJIbHOM JieleBU3HbI MeTauioB X U Y.

Metann X nomyuator oOxurom munepana M1 (6unapuoe coenunenue) (peaxyus 1) c
MOCJIETYIONIUM BOCCTAHOBIICHHEM KOKCOM TBEPJIOTO ocTatka (peaxyus 2). Meramn Y momay4aror
BOCCTaHOBJICHHEM MuHEpaia M2 kokcom (peaxyust 3).

CrtaB X u Y pearupyeT ¢ M30BITKOM XJIOpa MPH HarpeBaHuu ¢ oOpa3oBaHUEM OeJbIX
kpuctaiwioB A (peaxyus 4) u OGecusetHoil xuakoctu B (peaxyus 5) mocne oxnaxaeHus 10
KOMHaTHOW Temmnepatypsl. Kugkocts B pearupyer ¢ Bogoi, u obpasyercs Oeiblii aMop(HbIi
ocanok C (peakyus 6), mpoKaTMBaHUE KOTOPOrO MPUBOJMT K OOpa3oBaHHIO BeriecTBa M2
(peaxyus 7).

Jlnist onpesieneHnst KOJIMYeCTBEHHOTO COCTaBa CILIaBa ObLIM B3AThl TPH OJJMHAKOBBIE TPOOBI
¢ maccoi 1,000 r.

[Ipu oGxure neppoit mpobsl Ha Bosmyxe mpu 600 °C macca yBenuumnack Ha 0,1254 1
(peaxyuu 8, 9).

IIpu o6paboTke BTOPOIl MpoObI M3OBITKOM pacTBOpa pa30aBICHHOM CEPHOM KHUCIOTHI
Boiensiercss ra3 D (peaxyuss 10). TlonydeHHy0 cMech OTGWIBTPOBAIM W BBICYHIMIH. Macca

TBepaoro ocrarka cocrasmia 0,7500 r.
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Tperbst mpobGa TOTHOCTHIO pacTBOpsIETCS B pa30aBICHHOW Aa30THOW KHCJIOTE TIPH
HarpeBanuu (peaxyuu 11, 12). Ilpn nobaBieHNH K MOJIY4YE€HHOMY pacTBOpY cyib(dara HaTpus
BhInajaet Oesbiit ocanok E maccoit 1,098 r (peakyus 13).

[Ipu peaknum X ¢ METAUIMYECKUM HATPUEM M KpUNTAHIOM-222 (CM. HHKE) B
STHIICHANAMHHE 00pa3yeTrcs KpacHas coiib F (macc. momu w(X)=56,49%, w(Na)=2,51%) (peaxyus

14), a ipu Toit ke peakiuu ¢ Y odpasyercs coiib G (o(Y)=42,65%, w(Na)=3,31%) (peaxyus 15).

Oz C(KOKC)
Ml —» ... —» X
t° to
C +0,1254 r.
(rokc)
M2 —>» Y
t° 600°C | O,
Na,S04 (p-p) HNO3 p-p) Cly (u36)
E+ < PP «-—— X+Y —> Agy By
t (0]
Na, kpunrtana-222
X > F H,504 (p-p) B HZO, cy
STHJICHIHAMHH
D++ 0,7500 r. TB. ocTaTKa t
Na, kpuntana-222
Y » G M2

STUIICHANAaMHUH

Bonpocwui:

1. Omnpenenute snementsl X u Y. B 4eM HeJ0OCTaTOK UCTIOIL30BAHUS CIUIABOB X?

2. Omnpenenute Bemectsa M1, M2, A, B, C, D, E, F, G. Hanumure ypaBHeHHs Bcex
YIIOMSHYTBIX PEaKIHii.

3. Hapucyiite ctpoenue annona F (v G). HazoBute ero reomerpuro.

Coenunenne B sBAsieTcss OCHOBHBIM PEAaKTHBOM JUIS TIONYYEHHUS METAJUIOPTaHHYECKUX
COCJMHEHUN Ha OCHOBE Y, KOTOpPBHIC HWCIIOJIB3YIOTCS BO MHOTHX OTpacisX B KadyecTBe
CTAa0MIM3aTOpa MIIACTMACC TTOJIMBUHMWIXJIOPU/IA, OMOIIMIOB M 0OpaOOTKH CTEKOI.

Hampumep, npu B3aumopeiicteBun B ¢ PhMgBr B Tomyome o6pasyercs BemectBo H
(o(Y)=27,82%) (peaxyus 16), a npu naibHEHIIEM HarpeBaHUM oOpasyercsi coenuHeHue |
(o(Y)=30,82%) (peakyus 17), NCcTioIb3yeMOE B CEITLCKOM XO3SHCTBE B Ka4eCTBE (DyHTHIIH/IA.

4. Omnpenenure H u |. Hanumure ypaBHeHus peakuuii 16 u 17.

5. Jlnst yero ucnoiab3yroTCsl GyHTUIUABI?

Cnpasounas ungopmayus:.
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Kpunrana-222 = [N{(C2H4)O(C2H4)O(C2H4)}3N]

O (0]
@) 0]

CrpykTypa kpuntanma-222

3aganue 2

®OTOHHBIE KPUCTAJIJIBI HA OCHOBE AHOAHOI'O OKCHJA
AJIIOMUHUA

Anonnbiii okeup amoMmuHaus (AOA) — 3TO MOPHUCTHIM Marepuall, GOPMUPYIOITUICT HA
MOBEPXHOCTU METaJsla IPH 3JIEKTPOXMMHUUYECKOM OKHCJIECHUU QIIOMUHUS WIM €ro CIUJIaBOB B
pa3IMYHBIX pacTBOpax AMEKTponuToB. AOA MexaHWYecKd TBEPABIA U XPYIKHM, CrocoOeH
BBIJICP)KUBATh BBICOKHE JIaBIICHUS W TEMIIEPATYphl, SBISETCS ITUAJIEKTPUKOM, oO0Iamaet
XUMUYECKON yCTOWYUBOCTBIO.

CTpykTypy Takoro wmarepuaga MOXKHO MpEACTaBUTh B BUJE TIE€KCaroHaJIbHO
YIOPSAIOYEHHOTO MacCUBa S4YE€eK, MpU HTOM B LEHTPE KAXKIOM SYEHKH HaAXOJIUTCA
muIMHIprueckas mopa (puc. 1). Ou3NKo-XMMHUECKHE MPOIECChl POCTa MOp, MPOUCXOIAT B
CIUIOIIHOM, TaK Ha3bIBaeMOM OapbepHOM CJIO€ OKCHJIA, PA3AEIAIOUIEM METAIUT U 3JIEKTPOIUT Y

OCHOBaHus nop (puc. 2).

Hax1oHHBII BUI Bun csepxy

L €9

, Bozmyx
" | OKCHJI aTFOMHHHS
) Amovunmit

Puc. 1. Ctpykrypa u reomerpudeckue ocooeHHocTH mopuctoro AOA.

Ly — tonumaa AOA, dint — paccTOsIHHE MEXAY LIEHTPaMU COCETHUX MOP, dp — AUaMETP MOPBHI.
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3nexkrponut H2S04

AHOAHBIA
oKeua
ANOMUHUA

Al(H,0).*  AI(SOs)s>2n

BapbepHbin
cnow

Al(SOs)22"

ANIOMUHWIA Al

Puc. 2. Cxema nporeccoB (B cOOKY), MPOTEKAIOIIUX Y OCHOBAHUS MOP MPU aHOJIHOM

OKHCJICHUU AJIFOMUHHS B pACTBOPE CEPHOM KHMCIIOTHI.

Ha ocHoBe aHOmHOTO OKCHAa aliOMHHHSA co3matoTcsi (oTtoHHble Kpuctauibl (PK),
KOTOpbIE YpE3BbIUAIIHO EPCIIEKTUBHBI JIJIs CO3/1aHUS HOBBIX YCTPOICTB B ONTHKE U ceHcopuke. B
coBpeMeHHOM MatepuanoBegeHun @DOK — 3T0 HOBBIH THUI ONTHYECKUX MAaTepHasoB,
NPECTABISIIOMNX COO0M HMCKYCCTBEHHYIO CTPYKTYPHO-OPTaHM30BaHHYIO Cpely, B KOTOpOWU
IPOUCXOIUT IEPHOANIECKOE N3MEHEHHUE I0KA3aTeNs IPEIOMIICHHSI Ha MacIITade, COI0CTaBUMOM
¢ JUIMHOM BOJIHBI cBeTa. PK Momy4yaroT METOIOM AJIEKTPOXUMUYECKOTO aHOJUPOBAHUS ATFOMUHUS
B Pa3JIMYHBIX JIEKTPOJIUTAX C IEPUOIUIECKMM U3MEHEHUEM 10/1aBAEMOT0 HAIIPSKEHU S ITU CUJIBI

TOKa.

Bonpocui:
1. Hamumwure ypaBHEHHMs XHUMHUYECKHMX peakUud Bcex mporeccoB (peakuuu 1-5) mnpu
AQHOJIMPOBAHUH AIIOMHUHMSI B pAaCTBOPE CEPHOM KUCIIOTHI, IPEICTaBICHHbBIX Ha pUC 2.
D¢ deKkTUBHBIN Moka3aTeab mpeaomieHus mopucToro AOA Neff MOXKHO TIPEACTABUTH B BUJIE

crnenyromei 3apucuMoctH (1):

Nefr = \/nf\OA(l -P)+ ngirp, (1)

IZIe Npga U NMyjr — MOKA3aTENN MPEIOMIICHUS OKCUAA AJFOMUHUS U BO3/yXd, COOTBETCTBEHHO,
(1 -P) u P — 00BémHBIE 10JTM OKCcHIa atfoMuHus 1 Bo3ayxa B AOA. TTapametp P Takke orudHo
HaspiBaTh nopuctocteto AOA. M3 BelpaxkeHus (1) cnenyer, uto mist AOA ¢ pasHbIM
CoJIepKaHWEeM OKCHJIa MOKa3aTelb MpenoMieHus OynaeT pa3nuuHbiM. CrenoBarenbHO, Yepenys
CJIOM C Pa3HON MOPHCTOCTBI0 MOKHO MOJIYYUTh CTPYKTYPY, COCTOSIIYIO U3 CIOEB C pa3IMYHBIMU

3¢ PeKTUBHBIMU TTOKA3ATEISIMU TIpesIoMIIeHUs, TO ecTh DK.
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Puc 3. POM-u3o0paxxenue AOA (Bua cBepxy), noayuenHoro npu 160 B B 0,5 M H3PO4

npu Temneparype 0 °C. ITopbl noka3zaHsl YEPHBIM LIBETOM, OKCHJI aJIFOMUHMS — 00JIee CBETJIBIM.

2. OueHuTe NOPUCTOCTh, F3PPEKTUBHBIN MoKazaTens npenomieHuss AOA 1 KOJIMYECTBO MOp Ha
1 cm? m3 puc. 3. Kak n3mennrcs > deKTuBHEII ToKasarens npeaomiaerns AOA, eciy 3aII0lTHATE
MOPBl ATUIICHTIIUKONIEM? TMaoa, Mairr Morunenranxons NPAMHATE paBHbIMEH 1,668; 1,000; 1,424,
COOTBETCTBEHHO.

3. Onpenenure ynenbHyto Maccy (B r/cM?) AOA, HOTY4eHHOTO TP aHOAUPOBAHUY ATIOMUHMS
B KHCJIOM pacTBOpe mpu 3arpadyeHHoM 3apsaae 341 Ku. Ilnomans aHogupoBaHHON IIOBEPXHOCTH
AMIOMUHES TIpUMHUTe paBHOi 8,04 cm?. HaiiuTe BBIXOA 1O TOKY, €CIM SKCHEPHMEHTANBHEIE
JaHHble 10 Macce amoMuHus coctaBimsu 0,19551 v mo anomupoBanus u 0,16462 T mocie

AHOAUPOBAHUS U MOCICAYIOIICTO PACTBOPCHUS C HEE€ aHOJHOTO OKCHJIA aTIOMHHHUS.

PaccrosiHne Mex Iy IeHTpaMu COCeHUX Mop dint IPOTIOPIIMOHANBHO HanpsbkeHnto U mpu

AHOJIMPOBAHUH C KOA(PPHUIIMEHTOM HPOTIOPIHOHATBHOCTH K:
dint = kU. (2)

4. Onpenenute u3 puc. 3 k03hduImeHT K, eciu HanpsHKeHUE MPU aHOJUPOBAHUH COCTABIISIIO

160 B. Haiigure dint, eciii yBenuuuTh HampspkeHue Ha 40 B.
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Puc. 4. POM-u300paxenus nonepeynoro ceueHuss @K, nonydeHHOro npu Moayasuuu
HanpspkeHus B quanasone 160 — 200 B B 0,1 M H3PO4 npu 0 °C. Cnea — ®K 1o Bceil ero
TOJIIMHE, CIIPaBa — €r0 YBEIMUYEHHOE H300pakeHHe.

5. Ompenenute nepuoa ctpykrypsl @K (B HM) u3 puc. 4. Haiinure tommuuny ®K u uucno
HIEPUOJIOB.
Hononrnumenvnas ungopmayus:

PSM'I/I306pa)KCHI/Ie - I/I306pa)KeHI/Ie, CHATOC Ha paCTpOBOM 3JICKTPOHHOM MHUKPOCKOIIC.

Bropoii 3akon ®apanes:

n'F’ 3)

rae M — monsipHas macca, r/Monb, Q — 3apsn, 3aTpaueHHBIN Ha aHOaMpoBaHue, K, N — gucio
3JIEKTPOHOB, YYACTBYIOIIUX B AIEKTPOXHUMHUYECKON peakiu, F — nocrosianas @apazest, 96485,33

Ki/mos.

1 Mxm =10° M, EM=10" M.
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3amanue 3

FEAEBEE &;,

TaliBaHUSXUHOUIBI TPEACTABIAIOT COOOW HEOOBIUHBIC JUTEPIICHOUIBI, 00JaNaIoIHe
[6,5,6]-abeo-abueTaHOBBIM CKEIIETOM, B KOTOPOM IIOJIHOCTHIO YIJIEPOAHBIAH YeTBEPTHYHBIH
CTEPEOLICHTpP B TICEBI0-0CH3MIHPHOM MOJIOKEHUH. ITH BellecTBa ObLIN BhIACICHBI B 1995 rony u
C TexX TMOop TMPOBOIATCS HMHTCHCHUBHBIE WCCIEAOBAHUS OHOJOTHYECKOW aKTHBHOCTH
TalBaHUSXUHOUIOB, PEIBAPUTEIBHBIE PE3YIbTAThl KOTOPHIX, YKA3bIBAIOT HA TO, YTO OHH MOTYT
OBITH UCIIOJIB30BAHBI KaK MPOTHBOOIYXOJIEBbIE MTPEMapaThl.

Hwxe npuBenena cxema cunre3a TaliBanusixunosa b:

; H,, Pd/C 1) NaH, )\Al

)
o SnBu, 3; zeca;(IDH, KMNsY. o
2) 6M NaOH, kunsu.
1) Brz, AcOH Pd(P(t-Bu)s)2 (kaT.) 4) MeLi (>2 akB.)  NaH, \o)ko/ 3; HCI
A B C > D >
HO CO5H  2)(MeO),80,, C13H1604 Tr®, kunsyeHne
K,CO3
1) BCl3, 0°C
Kucnota Menbapyma 2) CAN, H70, CHsCN
TiCl, ’ MeMgBr, -15°C TMSOTf (1.2 ske.)  3) Hz, Pd/C
— E F > G ————————————= H » TanBaHusixuHon b
Mupnann C4H3,0 o CH3NO,, kunsu. M = 332,44
Me = -CHj Me O
o) TMSOTf = Me—SIi—O—ﬁ—CF3
Tro= |/ Me
P VN =
CAN = (NH,4),[Ce(NO3)s]

-SnBuz= -SNh >|\ J<
PEBe= AcOH )(J)\
c =
/’\ OH

Kucnora Menbpapyma Oblla BIEepBbIE MOJy4YeHA peaklMedl KOHICHCAIMHM AalleTOHa C
MaJIOHOBOW KHCJIOTOH (MpomaHAMOBas KUCIOTa) B YKCYCHOM aHTHAPHUJIC U CEPHOM KHUCIOTE. A.
MenbnpymM, BriepBble coobmuBIuii 00 3ToM B 1908 r., HENpaBUILHO UJIEHTUPHUIMPOBAT €€ U
n300pa3uil CTpyKTypy Z ¢ KapOOKCHIBHOU Tpymmoi, HO B 1948 r. ObIJIO yCTaHOBIIEHO, YTO HA
CaMoM JieJie CTPYKTypa KHCIOThl MenbapymMa COOTBETCTBYeT Y U, HECMOTPSI Ha €€ KUCIIOTHBIE

cBoiictBa (pKa = 4.97), kapOOKCUIBHOM TPYIIIBI B HEW HE COJAEPIKUTCS.

Bonpocwui:

1. TlpuBenure cTpykTypHbIe GopMysasl BeuiecTB Y U Z (Y u Z SBISIOTCS U30MEPAMH).
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2. Ilpuenute ctpykrypHbie popmyibl BemecTB A — H u TaliBanusixunosaa b (crepeoxumueit
MOKHO TIpeHeOpeus), ecu B K criektpe E mabmonaercs cunbHas monoca npu 1683 cm™, 8 H
SAMP cnektpe Tpunukiandeckoro H B quanasone ot 6-9 M. Ha0t01a€TCs TOJIBKO OJUH CUHIJIET
npu 6.55 m.a., a B 'H SIMP cnextpe Taiipanusixusoaa b (B ToM e auana3oHe) CHTHAIbI
orcyTcTBYIOT. [loMHHTE, 4TO peakius aeMeTwinpoBanuss ¢ nomomipio BCl3 mpotekaer
CEJIEKTUBHO, M3-32 KOOPAWHUPOBAHHMS aToMa Oopa C aTOMaMHU KHCIOpOAa WM CTEPHUYECKUX

3aTPYAHECHUMN.

AJbTepHaTUBHBIA MeTo1 ojiyueHus TaiiBanusixunosa b npuBeneH Hike:

OMe  n-Bulj, 1) PdIC, Hy n-BuLi,
MeO Me,CO, 0°C Sn(OTf), 2) NBS, CH,Cl, WadpaHans Bi(OTf);
- | J > K L > M
OMe CH,Cl, M = 289,17 CH.Cl,
1) BCl3, 0°C
1) Pd/C, H, 2) CAN, H,0, CH3CN
2) Cr0O3, 3,5-DMP 3) Na,S,0s, H,0

TanBaHuAxuHon b
M =332.44

N -

I?r o o

n-Bu=H-CsHg NBS=Ox N__ 5 -OTf= —of§70F3 35-DMP= |/ \N LWadpaHans = H

r 5 N

H

3. IpuBenute ctpykrypHbie dopmynsl BemiectB | - N (crepeoxumueit MoKHO TpeHeOpeys),
ecit M(N) — M(H) = 30.03 r/mMoiib, M — TpUIIKIINYECKOE COCTHHEHHE.
4. Karanutudeckas peakuus UUKIM3alMU MeXay coequHeHusMu L m M Ha3BaHa B uecTb
pycckoro xumuka. Hazosure ero.

5. Crpykrypa omnoro wu3 wusomepo Illadpanans wnanomuHaer nuHrBuHa. IlpuBenute

CTPYKTYpHYIO (GOPMYIly 3TOr0 H30Mepa.

3amanue 4
BOAOPO/HAS DHEPTETUKA

2023 rox 00BSBIIEH TOIOM IIEAarora U HactaBHuka B Poccun. OTHUM M3 CAMBIX M3BECTHBIX

A YBKAEMBIX HACTABHHUKOB SBJISUICS BBLIAONINICSA VUEHBIH, I1epBelil 1 enuHCcTBEHHBIH B CCCP,

craBiui jaypearoM HobeneBckoit mpemuu B 06actu xumMuH. Ero yueHnkamu ObUTH B TOM YHCIIE
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TaKue U3BECTHbIE yueHble, Kak A.b. 3enpnoBuu, H.M. Omanyansb, }0.b. Xaputon, K.1. énkun,
B.H. Konapatees, [[.A. ®pank-Kameneukuii u mMHorue apyrue. Ero riaBHbIMEH HaydHBIMU
BKJIaJJaMl CUUTAIOTCSl OTKPBITHE TEOPUU XMMMUYECKUX LIEMHBIX pEaKUui, TEOPUHU TEIIOBOTO
B3pbIBa, TOPEHUS T'a30BbIX CMECEH.

Pa3BeTBIICHHO-LIENIHBIE PEAKLIIUN — 3TO PEAKIIMA ¢ MHOTOKPATHBIM IIOBTOPEHHUEM CTaJHMH C

ydyacTUEM HMHTEpMEANATOB (B TOM 4HCIE CBOOOJHBIX paJMKAIOB), BKIKOYAIOIINE CTaJAUU

3apOXKACHHUA, PA3BUTHA, PA3BCTBIICHUA H O6DLIBa CIIN. OI[HI/IM H3 MPUMCPOB PA3BCTBJICHHO-
LOCITHBIX peaKI_II/Iﬁ SABJIACTCA pC€aKuusl OKHCICHUA BOLOPOIA, ynpOH.[CHHI:Iﬁ MEXaHU3M KOTOpOﬁ

BBITJISJIAT CJIEAYIOINUM 00pa3oM:

1 ko
HZ + 02 - 20H b
2 k1
OH-+H, - H,0+H -

3 kz _

H-+0, - OH-+0.
4 : ks

0.+H, >0H-+H -

k
> H - + noBepxHOCTb S H- (apcopb6upoBaHHBIN)
K

6 H-+0,+M S H 0, + M, (M — nepanukanbHasi MOJICKYIa)

Bonpocwi:
1. Ha3zoBuTe y4eHOro, 0 KOTOPOM HJET PeUb.
2. CootHecute peaknuu 1-6 1Mo cTaausiM, XapaKTePHBIX JJIsl Pa3BETBICHHO-IICTTHBIX PEAKIIHIA.
3. HanummmTe BeIpaskeHUs 7151 CKOPOCTH peakiuid 2-6.

DTOT y4eHBIH Onucan MPUHIMIT CTAMOHAPHBIX KOHIICHTPAIMA, KOTOPBIH TOBOPUT O TOM,
YTO €CITM PEaKIUsl MPOTEKACT B HECKOJIBKO CTa Uil C 00pa30BaHUEM IIPOMEKYTOYHBIX MPOYKTOB,
UMEIOIIMX HEOOJIbIINE KOHIICHTPAIIMH, TO MOXKHO JOMYCTUTh, YTO KOHIICHTPAIIMH CTAllMOHAPHHBI,
TO €CTh HE U3MEHSIOTCS BO BPEMEHH.
4. Omnpenenure CKOpOCTh 0OpazoBanus [H -], nomyctus, uto KoHuentpanuu [OH -] u [0.] mansr
Y CTallMOHAPHBI, U NP YCIOBUH, YTO CKOPOCTHh 0Opa3oBanus [H -] 3aBucut ot [H -] 1 KOHCTaHT
CKOPOCTH.

¢ - (axTop, ONMpeneNsIOmMi TeUeHne IMpolecca B 3aBUCMMOCTH OT 3Haka: ¢ > 0 —
craimoHapHoe, ¢ < 0 — BocrutameHenne. Kpome Toro, cyniecTByIOT HUKHUI U BEPXHUH TPEIEIIbI
BOCIUIAMEHEHHS 110 JIaBJICHUIO, IPU KOTOPBIX MPOUCXOJUT CAMOIIPOM3BOIBHOE PACIIPOCTPAHEHUE
ruiameHu. [losie Mex 1y HIDKHEM U BEPXHHUM IPeIeIaMy 110 JaBJICHUIO Ha3bIBACTCS TIOIYOCTPOBOM

BOCINNTAMCHCHMUS, B MPEACTIAX KOTOPOIro MPpONCXOJUT BOCIIIIAMCHCHHUC.
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d[H- . .
5. Ilpunss % =19 — @[H -], onpeaenuTe BepXHUN W HIKHHIA TPEAETbl BOCIUIAMEHEHUS T10

nasienuto, ecau [M] = P, [0,] = yP, raey - Ko3ppHIIHEHT IPOMOPIMOHATBHOCTH, Io—CKOPOCTh
peaxuuu (1).
6. M3o0pasure cxeMaTuuHO rpadMiK MONYOCTPOBA BOCILIAMEHEHUS B KOOPJAMHATAX JaBJICHUE-

TeMIeparypa.

Jlnst yCKOpEeHHst Ipoliecca OKUCIICHHS BOJIOPO/Ia CIIONb3YIOT Pa3IMYHbIC KaTalu3aToOpPbI.
B Tabnuiie npeacTaBieHbl 3HAYCHHUS KOHCTAHT CKOPOCTEH PEaKIMU KaTaTUTUYECKOTO OKHCIICHUS

BOJIOpPO/Ia MPHU Pa3HBIX TeMIeparypax™®, **,

Karanuzarop Temneparypa T, °C Koncranra ckopoctu

peaknuu k, ¢!

Pd/y-ALOs 50,8 8,8
Pd/y-ALOs 96,4 70,7
Pt/y-ALOs 151 10,9
Pt/y-ALOs 201 20,5

7. OmpenenuTe 5SHEPrUM AaKTUBALMK peakuuid ¢ katanuzaropamu. OOBACHUTE, KaKoOM

KaTaJIn3aTop JIydlIe NCII0JIb30BAaTh.

* (OCOOEHHOCTH TJIYOOKOTO KaTaJIMTHYECKOTO OKHCJEHHUS BOJOPOJA C HCIOJIb30BAHHEM
katanuzaropa Pt/Al2O3 mpumennTensHO K niporeccy aeTputuzanuu Bozayxa / A.H. bykun, E.A.
['opOatenko // Ycenexu B xumuu 1 xumudeckoid Texnonoruu. Tom XXIV. 2010. Ne7(112).

** HcciaenoBaHWe HOBOTO COTOBOIO KaTajaM3aTOpa OKUCIEHUS BOJOpPOJAa HA OCHOBE
BbIcOKomopucroro siuencroro marepuana / A.C. Cymuenko, A.H. bykun // B3aumonelictue
M30TOIOB BOJIOPO/Ia C KOHCTPYKIIMOHHBIMH MaTepuaiaMu. COOpHUK JT0KJIaJI0B.

27



3amanme 5
IMPOMBIIIJIEHHOE ITOJIYYEHUME DTUJIEHA

OTUJIEH — OJIMH M3 CaMbIX KPYMHOTOHHAXKHBIX MPOJYKTOB OPraHMYECKOM XHMHUH, B
OCHOBHOM TMpPHUMEHSETCS Ui MPOU3BOJACTBA MoyMATWIEeHA. Hama crpana B mocienHee Bpems
AaKTUBHO HapallMBaeT IMPOU3BOJCTBO ATHIIEHA. B oTpaciu Ha cerolHsAUIHUN JeHb CTalu KpaiiHe
HE00XO0IUMBI KBATU(DUIIMPOBAHHEIE CIICIIUATICTEI M HOBBIC TPOU3BOICTBEHHBIC TEXHOIOTHH.

OmHAM U3 caMbIX PaCIPOCTPaHEHHBIX CIIOCOOOB MOMYUYSHUS ITHIICHA SBIISICTCS MUPOITU3,
B HaIllel CTpaHE 3TO MUPOJIU3 MPSIMOTOHHOTO OeH3uHa, Ha 4éM nocTponian B CCCP npakTuvecku
BCE MPOMBILIUIEHHOE MPOU3BOICTBO ITUJICHA.

B nmannHoli 3amade Bam TpeasiaracTcsl PEIIMTh HE TOJBKO CTaHAAPTHBIE BOMPOCHI
XUMHUYECKOW TEXHOJOTUU TIPOU3BOJCTBA JTWICHA, HO U NPEHJIOXKHUTh HOBBIE CIIOCOOBI
COBEPIICHCTBOBAHHUS CYIIECTBYIOIINUX YCTAHOBOK IMUPOJIU3A.

Huxe npeacTaBjiCHa IIpoCTasa CXEMa IIPOU3BOJACTBA:

ITap

Ileun
Hadta
LAAA | TIMPOJIA3a
w
—
OTIICH 3akajgouHas

<: Kamepa

Harperoe yrieBomopoaHoe chlpsé (Haghma) cMeUIMBaeTcsi ¢ BOASHBIM IApOM U CMECh
MOCTYIAET B 3MEEBHK, rie nporpeBaerca no temnepatyp 800-1000°C u paznaraercs Ha cMech
ATUJICHA, MPONWIEHA U JPYTUX OpraHudeckux BemiecTB. Ilocie mpoxona medyn cMmech pe3ko

OXJIAKIACTCS B 3aKaJIOUHOM KaMepe.

Kpamkue ceedenus o peakyuu nuponusa:
1) Peakuuu pas3ioXKeHUs IMOJ JCHCTBUEM BBICOKHX TEMIIEPATyp OOBIYHO HMMEIOT MEepPBbIN
KMHETUYECKUI TOpSAIOK, a peaklMH KOHJEHCAI[MU, NMPUCOEAUHEHHUs, MOJUMEpHU3aluu U Ap.
MMEIOT BTOPOU MOPSIIOK U BBILIE.
2) U3BecTHO, YTO peakIMM KOHICHCAIlMM HaYMHAIOTCsA C Temmepatypbl 400 °C, a sTuieH

HayMHAET 00pa30BBIBATHCS MpHU TeMiiepaType cBoimie 800 °C
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3) Peakuuu KOHICHCAIMK MPHBOAAT K OOPa30BaHHIO BBICOKOMOJEKYISIPHBIX CMOJIHMCTBIX
COEIMHEHNN U KOKCa.
4) TermonpoBOAHOCTh KOKCA HU3KAsL.

5) TlpomuieH oOpa3yercs Ipy MEHbIIICH TeMIIepaType, 4eM TeMIiepaTypa o0pa3oBaHUs THIICHA

Bonpocut:

1. OOBIuHO B IPOMBILUIEHHBIX [TPOLIECCAX UCIOJIB3YIOT KaTAIU3aTOPhl, IPUYEM Yalle BCETO 3TO
TeTEpOreHHbIE KaTalu3aTopbl. B mewax mnuposns3a HOPUXOAUTCS HE TOJIBKO YacTO MEHATH
KaTaJIn3aTophbl, HO Jja’kKe PEryJIspHO IPUOCTAHABIMBATH IPOU3BOJICTBO U OUYUILATH BCIO CHCTEMY.
YemM 370 BbI3BaHO? W Kak 3TO MelIaeT KaTaauzy?

2. ITlouemy cmemmBaHue HaTHI C BOASHBIM IAPOM NPUBOIUT K YMEHBIICHHIO 0Opa3oBaHUs
Kokca? Bo CKOJNBKO pa3 yMEHBIIUTCS CKOPOCTh oOpazoBanus kokca (IlycTp kmHEeTHYEcKoe
ypaBHEHHE peakLiu oOpazoBaHus Kokca umeeT Bua v = k[A]?, rae A — koHueHTpanus HadTh),
€CJIM TIOCIIe JT0OABJICHUS TIapa JaBJICHUE B TPyOe BHIPOCIIO B 2 pa3a?

3. Kak xokc, ocenaronuii BHyTpH TpYOBI C CHIPBEM, BIHUSET Ha BHIXOBI dTHIICHA?

4. W 3BecTHO, YTO CHIPHE NPOXOAUT YEePE3 3MEEBUKH €YU NMUPOJIM3a 3a J0JIU ceKyH ibl. [1o kakoi
HOPUYMHE Helb3s JO0Jro JAepKaTh ChIPbE B IeUH nupoiusa?

5. Jns yero He0OXOIMMO PE3KOe CHIKEHHE TeMIIEPaTyphl B 3aKaJIOYHON Kamepe?

6. Ilouemy HEBBITOJHO HarpeBaTh CHIPHE 0 TEMIeEpaTyp, 3HAYUTEIHBHO MPEBBIMIAIOIINAX
1000°C?

7. JlomycTHM, YTO Ha pbIHKE pE3KO BO3pocia IIeHa Ha MOJMIponwieH U Bam HeoOxoaumo
YBEJIMYUTH BBIXOJI IPOMMIIEHA IO CpaBHEHMIO ¢ 3TuiieHoM. Kak Bl moctynure?

8. Ipemnoxure M0O0H TEXHOIOTHUECKUH CIIOCO0, KOTOPBIH MTO3BOIUT KOHTPOJIMPOBATH BPEMS

HaXOXKIACHUA ChIPb B 3MECBUKCE IICYU ITUPOJIN3a, €CJIN CKOPOCTh IMOTOKA HEU3MCHHA.

29



MJUIAITASA JIUT'A
PEINIEHUA

3aganue 1

1. Ilpumep xo0a pewenusi om agmopog: 10 ONUCAHUIO 33a41 MOXKHO CJIE€1aTh BHIBOJ
0 TOM, YTO pedb HJAET O HeMeTalllaX, HaXOJsAIIMXcs B ofHOM rpymnmne. Haubonee moaxoxsieit
CPYIIION MO OMUCAHUIO SIBIISIETCA I'PYIIA TaJOT€HOB, TOCKOJIBKY CPEAN OCTaIbHBIX HEMETAJIOB
OHM HE BCTPEUAOTCs B BUJIE NIPOCTBIX COEAUHEHUN B IIpupoe. bonee Toro, NpupoaHbIi H30TOI
F moxer 6bITh ncnons3oBan B SIMP-crekTpockonuu. XapakTep NMpOTEKaHHs peakimu Xi ¢
BOJIOM CO B3PBIBOM U peakiuu ¢ Xe u Pt JOMONHUTENBHO yKa3bIBAIOT HAa TO, YTO X1 SIBISETCS
dTopom. Ilo xapakrepy onucanus BeuecTB A U B MokHO ciienath BBIBOJ 0 TOM, 4TO X2 3TO XJIOp,
MOCKOJIBKY (PTOp M XJIOp CKIOHHBI 00pa3oBBIBaTh ra3zooOpasHbie coenuHeHHs. C MOMOIIBIO
pacueToB MOXHO OATBEpANTH, uTo A nmeeT Gopmyiy ClFs:

m(Cl) m(F) 3835 61.65

n(CD:n(F) = 47 i ~ 355 19

=1.08:3.24 =1:3

Peakuus xyopa ¢ u30bITkOM (pTOpa mpuBeneT K eie OobIei CTeleHn OKUCIEHHUS XJIopa
+5. Takum o6pazom, B ato CIFs.
BriBo 0 X3 MOKHO clieaTh ¢ TOMOIIBIO pacueTa Gpopmysisl Bemecta D:
IlycTh X — Macca 35emMeHTa BemecTBa X2
3.21x + x + 2.25x = 229.56.46x = 229.5x = 35.5
35.5 r/MODB COOTBETCTBYET OJJHOMY aTOMY XJIOpA.
OO6mras macca >JIeMeHTa BellecTBa X1
3.21x = 3.21 * 35.5 = 114 r/moJib
114 r/mMOnB COOTBETCTBYET IIECTH aToMaM (Topa B Bemectse D.
OO6mras macca >JIeMEHTa BellecTBa X3
2.25x = 2.25 x 35.5 = 80 r/mos1b
80 r/MOJIb COOTBETCTBYET OJTHOMY aTOMy Opoma.
Taxum odpazom, X1= F2, X2= Clz, X3= Br, A= CIF3, B= CIFs, C= BrFz u D= BrClFs.
DTOP — CBETIO-KENITHIA Ta3 ¢ PE3KUM pa3apakarollnM 3araxoM, XJOP — JKeJITO-3€JICHbII
ra3 ¢ pe3KuM, yIyIUIMBBIM 3a1axoM, Bpom — Tspkemnast meTydast >KHIKOCTh 0ypOBaTO-KOPHYHEBOTO

OBCTa C PE3KUM 3allaXOM.
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Crpykrypa BemectBa D:

. )
17 ” O
Br+ “Iy 1 N
S F —

2. 1) 3F2 + Cl2 = 2CIF3

2) CIF3 + F2 = CIFs

3) 3F2 + Br2 = 2BrFs

4) 2CIF3 + Brz = 2BrF3 + Cls

5) CIFs + BrFz = BrClFe

6) BrFs + 2H20 = 3HF + HBrO:

7) CIF3+ 2H,0 = 3HF+ HCIO:

8) CIFs+ H20 = HF+ HCIO3

9) 2F; + 2H,0 — 4HF + O2 (B3pbIB)

10) Cl2 + H20 < HC1 + HCIO

11) Br2 + H20 <> HBr + HBrO

12) 3F> + Xe = XeFg (Taxke momycTuMbl mponyktel peakuuu XeFz, XeFs) (0e3
JIOTIOJTHUTEIIBHBIX 0aJUIOB 32 BCE TPU PEAKIIHH )
F2 + Xe = XeF:
2F2 + Xe = XeFs

13) 3F2 + Pt = PtFs

14) F2 + 2NaOH = OF; + 2NaF + H20

15) F2 + H2 = 2HF

Kpumepuu oyenuganua:

Onenka,

Ne ponpoca DJIEeMEeHTHI pelIeHust
0aJLI1bI

3a KaxxJ10€ BEpHO yKazaHHoe BemecTBo 1o 0,5 GanioB
1 Onwucanue Gpusnueckux cBoicTB o 0,5 6ayioB 3a BEIEeCTBO 6
BepHo npuBesieHHas cTpyKTypa BeniectBa D — 1 6ann

3a kax10e BepHOe ypaBHeHue peakiuu 1-2 mo 0,5 6amios, 14
3a KakJ10e BepHOE ypaBHEeHHe peakiuu 3-15 no 1 Gamny

UTOI'O: 20
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3aganue 2
1. Coemunenue A — okcua MxOy. A(M) — aromnas macca BemiectBa A. Omnpenenum ero

OpyTTO-hopmyiy.

72,4 (100-72,4) _ 724 _ 41,97
AM) 16 TAM) 1,725= AM) 1

Ime x-...2/6,2/5, %, 1/3,2/3,3/4, 1,2,3 ...

M:O =

=x:1

Tabauua 3HaYeHH i aTOMHOMH Macchl M npu pa3IuYHBIX 3HAYEHHSAX X

Coenunenue A X AM) OneMeHT
M:0s 2/6 125,91 -
M:0s 2/5 104,93 -
MO 1/2 83,94 Kr
Ms0 1/3 125,91 -
M:03 2/3 62,95 -
M304 3/4 55,96 Fe

MO 1 41,97 -
MO 2 20,99 -
MO3 3 13,99 N

[Tomygyaem, uto M — 310 xene30. A — CMEIIaHHBIN OKCHUJT KeJie3a B CTEIICHIX OKUCIICHUS
(I1) u (IIT) Fe3Oa.

Bemecrea B u C conu tuna MnClmu MkCI, .

441 100-44,1
559 35,5

B — FeCly, C- FeCls;

n:m= =079:158=1:2

D — MO(OH) ruapooxkucen metamia M. Cienosatensto, D -FeO(OH).

2. YpaBHEHUS NPOUCXOASIINX PEAKLINH:

FeCl, + 2FeCl; + 8 NaOH —> Fes0, + 8NaCl + 4H,0 (Pearyus 1)
FeCl, + 2H,0 "R 1o ReO(OH)+3HCI (Pearyus 2)
12 B — FeO(OH) + N, H, Boomeeee o6ayueHHe 4Fes0, 4 N, (Pearyus 3)

1 +8H,0

3. Hodamun — 310 Oprannueckas MoJeKysa, HaTHIue KOTOPOil B pEaKIIMOHHON CMECH MOKET
NPUBONUTH K U3MEHEHHIO MeXaHu3Ma pocrta yacTull. JJopaMuH ceneKTUBHO CBSI3bIBACTCS
C TpaHSAMU HAHOYACTHIIBI M IO3BOJISET IMOJIydyaTh HAHOYACTUIBl aKareHuTa B Qopme
«BBITAHYTBIX MajoueKk». Takxke 10(haMuH SBISETCS CTa0MIN3aTOPOM.

4. 3amnunieM ypaBHEHUE PEaKIUH:

FeCl, + 2FeCl; + 8 NaOH — Fe;04 + 8NaCl + 4H,0
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Haxomum, Mr (Fes0s) = 231,5 r/moas, My (FeCl,) = 126,8 r/mons, M, (FeClz) = 162,2
r/monb, My (NaOH)= 40.0 r/mosb.

KonnyecTBo BemecTBa MmarueTura OyeT paBHO:

_ 2T _ . -3
n(Fe3O4 ) = alsrimom 8,6 - 107 moub.

CnenosarenbHo, notpedyercs 8,6 - 10~ 3mons FeCly, 1,7 - 10 2mons FeCls u 6,9 - 1072
moab NaOH. Macca ucxoansix Bemiects m(FeClo) = 1,1 r, m(FeClz) = 2,8 r, m(NaOH) =
2,8T.

5. Usmenss pazmepbl, GOpMY, COCTaB M CTPOEHHE HAHOYACTHIl, MOXKHO B OIMpEIeNEHHBIX
npejienax ynpaBisTh MATHUTHBIME XapaKTEPUCTUKAMU MaTePHAIOB Ha UX OCHOBE.

6. MaFHI/ITHble HAaHOYAaCTUIbI MOFyT 6I)ITB BI/I3yaJII/I3I/Ip0BaHbl, Hal‘peTI)I B MAaroHuTHOM IIOJIC
JUIA OcyH_IeCTBHeHI/I;[ FI/IHepTepMI/II/I, HaHpaBJIeHbI n yﬂep)KaHLI B OHpeI[eJIeHHOM MECTC C
TIOMOIIIBIO TPAJINEHTa MATHUTHOTO TIOJIS.

7. A - Margerur.

Kpumepuu oyenueanusn:

Ne JJieMeHThI peleHust Onenka,
BOIPOCA 0aJJIBI
1 Bepnoe onpenenenne coequaenuii A- D mo 2 6, metamma M — 1 6. 9
2 Bepnoe ypaBHenue peakyuii -3 1o 1,56 4,5
3 Bepublil otBeT (M1000€ Ipyroe pa3yMHOE MPEAIOOKEHUE TaKxkKe 0,5

noompsiercs) — 0,5 6annoB

4 BepHsiii pacuer - 2 6anna 2

5 Bepublil oTBeT (M1000€ apyroe pasymMHOE NPEAIOOKEHUE TaKxke 1

noouipsercs) — 1 Gamn

6 Bepurbiii oTBeT (M1t000€ Npyroe pazymMHOE MPEANOIOKEHUE TaKKe 2

nootuipsiercs) — 2 6amna

7 Bepuslit orBet Ha Bonpoc — 1 6amt 1

HUTOrIo: 20

3aganue 3
1. 3Has popMyITy BEIIECTBA, MBI MOXKEM y3HATh YMCJIO CBSA3BIBAIOIINX AJIEKTPOHHBIX Tap N,
KOTOpPO€ BCErJa pPaBHO KOJIMYECTBY JUTAHIOB y ILEHTpalbHOro artoMma. Jlamee mo dopmyne

BBIYUCIISAEM O6H_ICC qucCI0 CBA3BIBAIOIINX u HEIOIEIEHHBIX OJICKTPOHHBIX mnap
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n+m)= —(N0+12VL_Z)— T

W3 nonyuuBIierocst uncia OTHUMaeM N ¥ OJIy4aeM YUCJIO HETIOAEIEHHBIX AJIEKTPOHHBIX nap. Tak
y3HaeM THIl MOJICKYIIBI M, CBEpSsCh C Tabmuiei 1, y3HaeM MpOCTPaHCTBEHHOE PACIOJIOKECHHE

OJICKTPOHHEBIX IIap U T€OMCTPUIO MOJICKYJIbI.

BemectBa CIFs CO3? OF; PCls XeF4
dopma
AXsEn AX3En AXEn AXsEn AX4Enm
MOJIEKYJIBI
7+5 4+32-2 6+2 5+5 8+4
n+m —=6 —-1=3 —=4 —=5 —=6
2 2 2 2 2
m 1 0 2 0 2
Tun
AXsE AX3 AXZE AXs AX4E
MOJIEKYJIbI
I'eometrpus KBanpatnas [Tmockuit TpuronansHas | Ilnockwuit
VYrnosas
MOJIEKYJIbI nupamuia TPEYTrOJIbHUK ournupamua KBajipaT
= E f_X: @
k- ~ i <
CrpyKTypHas d - | @ E
_ \J
opMyJia (b4 ¥ 3
(b pMy. P . = . - L A
L= el . '\___', ot
2. [lo ycnoBuro (n + m) = 4, 3HAUUT, MO TabJMIE MPOCTPAHCTBEHHOE PACIOJIOKEHUE

AIIEKTPOHHBIX Iap COOTBETCTBYIOT TETPa’Jpy. ITO MOTYT ObIThb Mosiekyibl Tuna AXas, AXsE,
AX2E>. U3 stux dopmyi nox snemertsl S, O u Cl MOryT cooTBEeTCBOBAaTh TOJNBKO COCAUHCHUS

SO2Cl2 u SOCl.

a) SOCl — tnonunxmnopus. Terpasapudeckoe IPOCTPAHCTBEHHOE PACHIONIOKEHUE dJICKTPOHHBIX

rap ¢ TPUrOHAIBHO-NTUPAMUIATILHON T€OMETPUEN MOJIEKYJIBI.

E) AXGE

@

@
6) SOCl; — cympdpypunxiopua. Terpasapuueckoe MPOCTPAHCTBEHHOE PaCIOIOKEHUE

AJIEKTPOHHBIX AP C TETPAdIPUUECKON T€OMETPUEH MOJIEKYJIBI.
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3. Bo Bcex atHX MOJICKYJIaX KaXaas OTACIbHAas CBA3b IMOJISIpHA, HO €CTh MOJICKYJIBI C TAKUM

CTPOEHHEM, I'ZI€ AUIIOJIBHBIE MOMEHTBI CBS3€H, CKJIAJbIBAsCh, KOMIIEHCUPYIOT APYTr Ipyra u

II0JIy4aeTCsl B LIEJIOM HEToJIsipHas MoJekya u=0.

Henonspusie monekyinsl i = 0: BeCly — AXz; CCls — AX4; SO3 - AX3

Kpumepuu oyenueanus:

Ne Onenka,
DJIEeMEHTBI pelIeHust
BOIIpOCa 0aJLIbI
1 Bepno ompenenena reomeTpus M NPABWIBHO  HApHCOBaHa 10
MIPOCTPAHCTBEHHOE PACTIONOKEHUE SIEKTPOHHBIX Tap — o 1 Gammy
2 3a KaxJa0e BEpHO OMpeleJeHHOe coequHeHue mo | Oamny, BepHO 4
HapUCOBaHHAs TEOMETPHS MOJIEKYI 1o 1 Gaity
3 [TpaBuiibHO yKa3aHHasi MOJISIPHOCTH (OTBET JOJKEH ObITh JOKa3aH) — 3a 6
Kaxayto rno 1 6amry
HUTOrO: 20
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3aganue 4
1. Peakuuy ¢ BBIIEIEHUEM TEILIOThI HA3bIBAIOTCS SK30TEPMUYECKUMHU.
2. Peaxyus I:
Fe203¢m) + 2Als) = Al2O3(s) + 2F€ ()
Q1 = Qoop(Alz03(1s)) + 2Q0sp(Fe(rs)) = Qoop(Fe203(rs)) = 2Q06p (Al ()
= 1675.7 — 822.2 = 853.5 k/Ixx

Peaxyus 2:
3Fe304s) + 8Als) = 4Al203(1s) + IF€(n)
Q2 = 4Qusp(Al;03(15)) + 9Qosp(Fe(rs)) = 3Qosp(Fe304¢rs)) = 8Qosp(Al(rs))
= 4%x1675.7- 3*x1120 = 3342.8 /I

Peaxyus 3:
Cr203(m) + 2Al(g) = Al2O3(is) + 2Cr ()
Q3 = Qosp(Aly03(15)) + 2Q06p(CTrn)) = Qosp(CT203(15)) = 2Q06p (Al (rs))
= 1675.7 - 1128 = 547.7 k/Ix
3. Jlng nepBoii cMecu:
m = M(Fey03) * x + M(Al) * 2x = 160x + 27 *2x = 214x = 1r
x = 4.67 * 1073 Mosb — konuyecTBo BemectBa Fe203

Q, = 853.5 * 4.67 = 1073 = 3.986 k/lx Ha 1 r cmecH

[nst BTOpOM cMecH:

8 8
m = M(Fe30,) * y + M(Al) * 3V = 232y + 27*§y = 304y = 1r

y = 3.29 * 107 momb — kommgecTBo Bemectna FesOy

Q; =

33428 3.29 * 1073 = 3.666 k/lx Ha | T cMecH

s Tpetbeii cMmecu:
m = M(Cry,03) * z+ M(Al) * 2z = 152z + 27+ 2z = 206z = 1r
y=485* 103 mous — KonuecTBO BemectBa CraO3

Q; = 547.7 * 4.85 x 1073 = 2.656 /I Ha | T cMecH

Takum 06pa3om, TepmuTHasi cMech Ha ocHoBe Fe203 n Al mmeer HanOobIIMI TETTOBOI AP QEKT.
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4, PaccunraeM KOJIMYECTBO BELIECTBA ST METAJLIOB

m(FeCr) xw(Fe) 1x0.4

Fe) = =714 1073
n(Fe) M (Fe) e * 107> MoJib
m(FeCr) *w(Cr 1+0.6
n(Cr) = ( M()Cr) € =—5 = 11.54 * 103 MoJb

ITo ypaBHeHHAM peakiuyu 1 1 3 MOKHO paccuuTaTh KOIMYECTBA BEIECTBA U MACCHI LIS OKCHIOB
JKeIe3a U XpoMa, alOMUHUS

n(Fe,03) = 0.5*n(Fe) = 0.5% 7.14% 1073 = 3.57 * 1073 mosb

m(Fe,03) = M(Fe,03) *n(Fe,03) = 160 * 3.57 x1073 = 0.571r

n(Cr,03) = 0.5*n(Fe) = 0.5% 11.54 x 1073 = 5.77 x 10~3 mo1b
m(Cr,03) = M(Cr,03) *n(Cr,03) = 152 % 5.77 %1073 = 0.877r

n(4l) = n(Fe) + n(Cr) = 7.14* 1073 + 11.54 » 1073 = 18.68 * 102 moub
m(Al) = M(ALD) *n(Al) = 27 x 18.68 x 1073 = 0.504r

Takum obpazom, ans nonydenus 1 r peppoxpoma nHeooxoaumo cmemats 0.571 v Fe;03, 0.877 r

Cr20s3, 0.504 r Al.

S. OO11ee KOIMYECTBO TEIUIOTHI, BBIAECICHHOM B pe3ylbTaTe peakiMM MOKHO BBIUYHCIIUTH
CIIEAYIOIIMM 00pa30M, MCIONB3Ys pe3yJbTaThl, MOJIY4YEHHblE B MyHKTax 1 u 4 c yuyeTom
CTEXHOMETPUYECKUX KO (PUIIMEHTOB
Q = Q, * n(Fe,03) + Q; * n(Cry03) = 853.5%3.57«x1073 + 547.7 * 5.77 * 1073

= 6.207 x/Ix = 6207 Ix
B pesynbrare amromuHoTepMHuueckoil peakiuu Oyner nmoaydero 0.6 r Cr u 0.4 r Fe, a maccy
noaydeHHOro Al2O3 MOKHO BBIYUCIUTH CIACIYIONUM 00pa3oM

n(Fe) +n(Cr) 7.14%107° +11.54 %1073
2 B 2
m(Al,05) = M(Al,03) * n(Al,03) = 102 * 9.34x 1073 = 0.953r

n(Al,03) = = 9.34 x 1073 Mosb

TeMHepaTypy M0 OKOHYaHHMU pPEaKluu, ¢ yud€TOM TOI'0, YTO TOJIBKO 60% TemIoThI nacT Ha

Harpe€BaHu<¢ NpoOAYyKTOB, MOKHO BbIYUCIIUTL CJICAYIOIIUM O6p3.30M

~ 0.6 % Q
B Cyn(Fe) xm(Fe) + Cy,(Cr) »m(Cr) + Cy,(Al;05) * m(Al,05)

0.6 x 6207

T 670%4%10"*+850 %6+ 104 + 1350 * 9.53 10~
37

t

= 1804 °C




[lpu nanHO# Temneparype ciuiaB ¢eppoxpoma ¢ W(Cr)=60% Oyaer HaXOIUTBCS B JKHJIKOM,

paciyiaBJICHHOM COCTOAHUH.

Kpumepuu oyenueanusa:

Ne Bonpoca DJIeMeHTHI pelleHust Ounenka,
0aJL1bI
1 3a npaBUIIbHBII OTBET 0,5
2 3a nmpaBUIIbHO paccTaBieHHbIE KO3 duipentsl no 0.5 6 4.5
3a npaBUIIBHBIN pacueT TemIoBbIX 3¢ dekToB 1o 1 6
3 3a mpaBWIBHBINA pacueT TerIoBbIX 3(dekToB B pacuere Ha 1 T 3.5

cmecu 1o 1 6

ITpaBuiibHOE yka3anue cMmecu 0.5 0

4 3a mpaBWIbHBIA pPacyeT MacChl Ka)KJI0T0 BeniecTBa 1mo 1 6 3

5 3a nmpaBWIbHBINA pacyeT 00IIero KOJIMYeCTBa TEIJIOTh 1 O 4.5

3a npaBwibHbIH pacueT Macchl Al2O3 1 6

3a npaBWIbHBINA pacyeT TeMreparypsl 1.5 6

3a npaBUIbHBIN BBIBOJ O ()a30BOM COCTOSIHUH cIuiaBa 1 O
HUTOI'O: 16

3amanue 5

1) OcHoBaHME ACIPOTOHUPYET AMUHOTPYIIIY THOTUJAHTOMHA M 00pa3yeT aHuOH, KOTOPBIN B
JalbHEHIIEM pearupyeT ¢ KaTHOHOM JUapWIMOIOHUS. KaTHOH [nuapuianoloHusi Mpole
MIPUCOEIUHSIETCS K aHUOHY, YeM K HEUTpaIbHOM MOJIEKYJIe TUOTHJIAHTOMHA, YTO CHITPAeT POJib Ha
JaTbHEHIIIEM MEXaHU3ME PEaKIIUH.

2) [To 3HayeHHsIM SHEpPrui aKTUBALMKM BHUIHO, YTO PEAKIUS IO TMEePBOMY MEXAHU3MY
npoTekaeT ObicTpee Onaromapsi Oojee HU3KOW SHEPruU aKkTUBALMU. V3BECTHO, YTO CKOPOCTH

pCakiun 3aBUCUT OT KOHCTAHTBI CKOPOCTH. B YCJIOBHUH CKA3aHO, YTO KOHLOCHTpalnuu MU T.II.

o v k
OJIMHAKOBBI B 000MX CIIyyasiX, IOITOMY COOTHOIIEHUE CKOPOCTEN peakluu OyIeT paBHO: v—l = k—1
2 2
ZEa
A KOHCTaHTY CKOPOCTH MOKHO ONpE/EINTh Yepe3 ypaBHeHHe AppeHuyca: k = A - e RT .
Takum oOpazom:
“Eaq)
v, ki A-e RT _Eaw Ea@
—=—=——-—=¢ RT ~ RT =157946.774353
v, ky Ea@
A-e RT
3) KaraimsaTtop mo3BonseT peakuuyu IPOUTH 10 HHOMY IIyTH, KOTOpBIM B cCiy4ae

KaTaJin3aTtopa UMCCT Ooiee HU3KYIO0 SHCPTHUIO0 aKTUBALlUU U, KAK CJICACTBHUC, Ooiee BBICOKYIO

CKOPOCTh.
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4) B nepBoM MexaHH3ME IPOUCXOIUT OCHOBHBIN KaTaJIn3, KOI1a OCHOBAHUE IEIPOTOHUPYET
aMHH THOTHJAHTOMHA M 00pa3yeT aHWOH THOTWIaHTOWHA. [lomyuuBIiieecs coelMHEHHE MMEET
OOJIBIIYIO PEAKIIMOHHOCIIOCOOHOCTD 10 CPABHEHHIO C HEHTPATLHOW YaCTUIEH THOTUAAHTOMHA U
HO3TOMY PEaKLUs IPOTEKaeT ¢ 0ojiee HU3KOM SHepruel akTUBALUH.

5) OHTanbNus peakly — pa3HOCTb YJHEPIUH MEKy peareHTaMu U poayKTamu. 13 3HaueHus
SHEPTUU aKTHBAIlMM MOXXHO Haiith yemy paBeH 1 Xaptpu B k/[K/MOnb W Takum oOpa3zom

NEPEBECTH PHTAJIBIIHIO U3 YHEPTUU XapTpH B KL K/MOIb:

1Eh = 65.64908 k/Ix/MoJb 26055
~ —8884.6654495878 + 8884.690454 -5 Klbic/moe

Peakuus 1) AHYX = +8884.690454 Eh — 8884.7283823 Eh =

k/x
= —0.0379283 Eh = — 0.0379283 - 2625.5 M(f[f[b = —99.58 k/lxx/Mosb
Peaxuus 2) AHYX = +8885.10055 Eh — 8885.1491699 Eh = —0.0486199 Eh =
K/x
= —0.0486199 - 2625.5 —— = —127.65154745 k/lxx/MoJb
MOJIb
6) MoskHO 3acuuTtarh 000N BapHaHT OTBETAa, Jake caMmblii HeBeposTHBIM. Ho omnum u3

BApPHUAHTOB MOXHO HA3BaThb pacClial KaTUOHA AWAPUIIMOJOHUA HA I/IOII6CH3OJI 1 KaTHuOH 6CH30H3,

KOTOpHﬁ B JalbHEHIIeM pearupyer ¢ aHnOHOM THUOTUJAHTOHWHA:

TRy
6. 618 &y

7) Mpsi nomauM, yto 1 Xaptpu = 2625,5 xJ[>x/Mounb, TOrAa:
K/x k/x
E, = (—8884.678403 + 8884.690459) - 2625.5—— = 31.653028
MOJIb MOJIb
8) CormnacHo CBOWCTBY paBHOBECHS, OHO JIOCTUTAETCs TOTJa, KOrJa CKOPOCTU MPSIMOM U

06paTHOI‘;I PpCaKIuu paBHLBIL. Takum 06pa?,oM, €CJIM CKOPOCTHU OJJUHAKOBEI, @ BCC IPYTHUC MMApaMCTPhI

PE€aknuu paBHBI, TO COOTHOUICHUEC KOMILJICKCOB 6y)1eT OonpeaAcIsATbCA COOTHOIICHUEM KOHCTAHT

peaKkuuid:
“Ea
[A1] k, A-e RT Faw (Faw
vy = kA =v, = kA= 5= =—F—=¢ R’ RT = 0.0108913
[4;] Ky 4.
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Kpumepuu oyenueanusa:

Ouenka,
Ne Bonpoca DJIeMeHThI pelIeHus1
0aJL1bI
1 BepHblii oTBET 2
2 BepHo onpeneneHo COOTHOLEHNE CKOPOCTEN peaKIuil 2
3 BepHblil oTBET 1
4 BepHblii 0TBeT (MM Ipyroe JOrH4IHOE 00BSICHEHHE). 3
5 Bepnrbiit moacuér suranenuu (Ecnu momymiena ommbOka, HO 9
XOJ peneHust BepeH, To 1 6amn)
6 JIro0oi pey10KeHHBI MEXaHNU3M PEaKIuu 4
7 BepHo onpenenena 3Heprusi akTUBaluu 1
Bepno onpeneneno cootHomenune komruiekcon (Eciu caenano
8 JUIIb TI0JIOKEHUE O PABEHCTBE CKOPOCTEH peakuuii Ipu 5
paBHOBecHH, TO 3 Oaia)
UTOIO: 20

HUTOI'O - 96 6ans10B
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CTAPLIAA JIUT' A
PEINIEHUA

3amanue 1
Ooun u3 eapuanmos peuieHus

OavH W3 METaJUIOB PAcTBOPSIETCS B a30THOM, HO HE pPACTBOPSETCS B CEPHOW KHUCIIOTE.
CnenoBarenbHO, ocaliok E, BeposiTHee Bcero, sBisieTcst CyiabpaToM. 3HAYMT, 32 CYET Majon
pPacTBOPUMOCTH Cyib(aTa METAI HE MOXKET PacCTBOPUTHCS B pa30aBIEHHON CEPHOM KHCIOTE.

Takum o6pazom, B E 0,7500 r. meramna u 0,3480 r. cynbdara. KonmnuecTBo Mok cynbdara:

(S0,) 0,348 3,623 %1073
= = k
VOl = 06+ 416 MOJIE

C ydyeToM HOPMaJIbHOCTH:

1 1 1 0,7500
—v(50,) = 1,812 x 10 3monb = —v(Me) = — *
2 n n M

rae M — MOJISIpHas MacCa METaJlla.

M= 0,7500 _ 413,90 A
nx1,812 %1073
[Tepebupaem:

n M, r/mMoib

1 413,90

2 206,95 Pb

3 137,97 La

4 103,48 Rh

5 82,78

6 68,98

JlaHTaH HE MOAXOIUT, T.K. Y HETO PACTBOPUMBI Cyib(dat, a poiuil He OcakJaeTcs B CTEIICHU
okucnenus +4 ¢ cynabdartom. bosiee Toro, o6a MeTamia ObUTH OTKPBITHI JiHIIb B 19 B. C yueTom
TOT0, YTO CBHHEII — TSDKEJbIH MeTasut, moydaem X) Pb. B cimase comeprxanocs 0,7500 r. cBunIa
n 0,2500 r. Heu3BECTHOrO MeTaIa.

PaccMOTpUM OKHCIIEHHE CIUIaBa KHCI0poaoM. JlomycTuM, 94To pu OKKcieHun oopasyercs PbO,
T.K. 3TO Hauboee cTabuIbHBIN OKcHIl. B TakoMm ciryuae oopazyercs 0,8080 r. PbO. 3nauur, macca
HEeU3BeCTHOTO okcuaa paBHa 1+0,1254-0,8080=0,3174 r. B okcume coxepxkurcs 0,2500 .
MeTaia, T.e. ero maccoBas nosist paBHa (0,2500/0,3174=0,7876. IlpenctaBum OKCHI B BHIIE

Me2Ox. Torma maccoBas A0S METallIa paBHa:

(Me) = M = 0,7876
e = oM+ x+16,00

[Torygaem M=29,66*X, rie M — MonsipHast Macca MeTasnia.
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M, r/monb
29,66
59,32 Ni
88,98 Y
118,64 Sn
148,30
177,96

o O B~ W N | X

[TpaBWIIbHBII OTBET — O0JIOBO, T.K. TOJIBKO y HEro KOBAJEHTHBIM Xjopuna B, >kunkuii npu
KoMHaTHO#M Temmeparype. Y) Sn. Tem 6osiee Bo Bpemena I'yrenOepra 6110 ObI TPOOIEMATHIHO
MOJIYYUTh YUCTHIM HUKEIIb WJIK UTTPHIA.

Ecin cuutarh, uYTO mNpu MPOKAIMBAHMU cCIIaBa oOpa3yercs Jpyrol OKCHJl CBHHIIA,
YIIOBJICTBOPSIOIINX YCIIOBHIO 33/1a4H METau1a He 0OHAPYKEHO.

Beruuciaum cootnomenune Na:Pb B F.

Na:pb = 221200 o5 - a5
23 207,2 ’
[Tycts F umeer Bua Naz(Crypt)xPbs. Haiigem x:
23 %2 46

w(Na) = = 0,0251

23%2+376x +207,2%5 1082 + 376x
Otcrona moiydaeM X=2, 4TO cOTrjacyercs C TeM, YTO KpUnTaHn-222 o0pa3zyeT KOMILIEKC C
kaTHOHOM Hatpus B cootHomenuu 1:1. F) [Na(Crypt)]*2(Pbs)>. Amamormuno G)
[Na(Crypt)]*2(Sns)?.

1. X) Pb, Y) Sn. CBuHen moxcuuen, MOSTOMY HEXeIAaTeIbHO €r0 HCIOIb30BaHUE, €CIU
MPUCYTCTBYET KOHTAKT YEJIOBEKA CO CIUIaBOM. [Ipy KHHTOIEUaTaHWH MPUXOIMIIOCH TTOCTOSTHHO
MEPECTaBIIATh JINTEPHl BPYIHYIO, YTO MOTJIO IPUYHHSATH BPE]] 37J0POBBIO THITOTpadIIrKa.

2. CoenuHeHuUs:

M1 PbS (ranenur)

M2 SnO; (kaccutepur)
A PbCl;

B SnClq4

C SnO2*nH20

D H.

E PbSO4

F [Na(Crypt)]*2(Pbs)*
G [Na(Crypt)]*2(Sns)*
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YpaBHEeHUE peaKInid:

1) 2PbS + 30, = 2Pb0 + 250, 1

2)PbO+C—->Pb+COT

3) Sn0, + 2C = Sn + 2CO (B ypaBHenusix 2 u 3 gonyckaercs Boiaenacaue CO2)
4) Pb + Cl, — PbCl,

5) Sn + 2Cl, - SnCl,

6) SnCly + (n + 2)H,0 - Sn0, * nH,0 | +4HCI

7) $Sn0O, * nH,0 = Sn0, + nH,0 T

8) Pb + 0,50, = PbO

9) Sn + 0, = Sn0, (B peakuusx 7, 8 HyMepaIys He UMEET 3HAUCHHUS)

10) Sn + H,S0, —» SnSO, + H, T

11) 3Pb + 8HNO3 () = 3Pb(NO3), + 2NO T +4H,0

12) 55n + 12HN O3 (p—py = 55n(NO3), + N, T +6H,0

B peaknusix 10, 11 aymepanus He umeet 3HaueHus1. Jlomyckarotes qpyrue npoaykTsl BMecTo NO
wir N2 eclii IPaBHIILHO MPOCTABICHBI KO (HUITUEHTHI.

13) Pb(NO3), + Na,S0, —» PbS0O, 1 +2NaNO,

14) 5Pb + 2Na + 2Crypt - [Na(Crypt)]3 (Pbs)?~

15) 55n + 2Na + 2Crypt - [Na(Crypt)]3 (Sns)?~

3. CrpoeHue NeHTaIIoMON]] aHHOHA NPECTABISIET COOON TPUTOHAIIBHYIO OUnUpamuody:

— -2

Crpoenue (Pbg)?™.
4. Ckopee Bcero, H cogepxut 1 aToM 0510Ba 1 HECKOJIBKO (PEHMUII-3aMECTUTEIEH!
118,71

= 426,71 = 118,71 + 4 * 77 = M(Sn) + 4 * M(PR)

H) (Ph)sSn
Coenunenue |, ckopee Bcero, coepKUT MeHblIe GeHMIbHBIX 3amectuTeneil uem H. Ilepebopom
ux konuuectsa nmonayvaem ) (Ph)sSnCl.

YpaBHEHHUs peaKIuil:
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16) SnCl, + 4PhMgBr — (Ph)4Sn + 2MgBr, + 2MgCl,
17) 3(Ph)4Sn + SnCl, — 4(Ph);SnCl
5. OyHTHIMABI UCTIONIB3YIOT I OOPHOBI C epubKo6biMuy OONE3HAMH PACTEHUN.

Kpumepuu oyenusanusn:

Ne OueHka,
DJIeMeHThI pelIeHus1
Bomnpoca 0aJLJIbI

1 Omnpenenenue X, Y 1 Gamr x 2 2

2 Vkaszanue TokcuuHocTd ceuuma | 0,5 6amta 0,5

3 Omnpenenenue coequaenuit M1- | 0,5 6amna x 9 45
G

4 YpaBHenus peakiuii 1-15 0,5 6amra x 15 7,5

5 Pucynox u reometpust 1 6amn + 0,5 Gayma 1,5
MEHTAIUIIOMONT aHHOHA

6 Onpenenenne coenquuenuit H, | 1 6amnx 2 2

7 VYpaBHenus peakuuii 16, 17 0,5 6ayma x 2 = 1

8 [Tpumenenue GyHrunua0B 1 Oamn 1

HUTOI'O 20

3ananmue 2
1. YpaBHEHHSI XUMUYECKUX PEAKIIUH, POTCKAIONINX MMPU aHOJWPOBAHUU ATIOMUHUS B
pacTBOPE CEPHOM KUCIIOTHI:
1) obpa3oBaHuEe KATHOHOB Al*" Ha TpaHulle ATFOMUHUIA/OKCU/T;
Alzzy —3e™ = AIR* 1)
2) B Tonmie GapbepHOro cinosi AOA KaTHOHBI U aHHOHBI MHTPUPYIOT HABCTpPEUy IPYT
npyry uepes cinoit AOA, popmMupoBaHuE KOTOPOTO MPOUCXOTUT B COOTBETCTBUU C PEAKIIHEH:
2A13% + 30%7 - Al,0, (2)
3) o AEHCTBUEM BJIEKTPHUUECKOTO IMOJI Ha TPAHHUIE OKCHI/IJICKTPOIUT Y OCHOBAHHUS
Mop, BCIEACTBHUE JCMPOTOHUPOBAHUS MOJIEKYT BOABI, (HOPMHUPYIOTCS KHCIOPOACOAEpIKAIINe
arnonsl (0% u OH):
3H,0 - 0% + 2H;0% 3)
WJTH COBOKYITHOCTh PEaKITHii:
2H,0 — OH™ + H;0%
OH~ + H,0 - 0%~ + H;0"

4-5) Ipu pacTBOPEHUH OKCH/Ia ATIOMUHHUS B pacTBOpe o0pasyroTcsa noHsl Al

, KOTOPBIC
CBA3BIBAIOTCA C MOJICKYJIaMU BOJbI U Cy.]'II)(l)aT'aHI/IOHaMI/I, O6p33y5[ CICAYIOMMEC KOMIICKCHI.

ARt + 6H,0 — Al(H,0)3* 4)
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AB* + nS02™ — AI(S0,)3-2n (5)

2. [Topucroctb AOA MOKHO OLIEHUTH U3 PUCYHKA 3, HUCIIONIB3Ys MIPU pacuérax JUHEHKY.
CHayvaza OLEeHHM JUaMeTp Mop ¢ MOMOIIbI0 MacmTabHoro oTpe3ka (1 Mxm). Haxogum nuamerp
nop dp = 200 M. Tak kak Bce HMUIMHAPHUSCKUE MOPHI MapaUICIbHbBI JPYT IPYTY U BBICOTA MOP

paBHa TonumHe AOA, TO OTHOUIEHHME CyMMapHOro o0béma mop ko BceMy oObemy AOA

. Vi
(MOpHUCTOCTH) paBHA OTHOLLIEHUIO CYMMBI ILIOIIAJEH Nop K Iuiomaau nosepxHoctu AOA (% =

Snop'h_snop o~
~n s ). Jlanee Ha puc. 3 MOXXHO BBIICIUTH KaKylO-HHOYIb MOBTOPSIONIYIOCS SYEHKY Ha

nosepxHoctu AOA. Hanpumep, BO3bMEM SUEHKY, BBIJEIIEHHYIO KPACHBIM IIPSIMOYTOJIbHUKOM. B
Helt cogepxutcs 11 +4 - 1/4 + 8 - 1/2 = 16 nop. Ilnomans kaxmaoi mopsl HA PUCYHKE MOKHO
HANTH KaK MIOMAIb KPYTa Snopw = T2, TJI€ I — PAAMYC TOPHL. Snops = 3,14 - (200/2)% = 31400 nm?.
CyMMapHas IIOmaab 0P Suop = 16Suops = 502400 HMZ. CTOPOHBI KPACHOTO MPSMOYrONLHUKA
MO>XHO HAMTH Tak K€ ¢ MOMOIIbI0 MacimTaOHOTro oTpe3ka (okono 1620 u 1600 um). [Tnomans
IPSAMOYTONBHUKA Sppsw = 1620 - 1600 = 2592000 um?. Ilopuctocts P = Spop/Supaw =
502400/2592000 = 0,194 umu 19,4%.

D¢ dexTrBHBIA nokazarens npeaomiaeHuss AOA BbUUCIUM ¢ TOMOIIBIO (hopMmydsl (1):

Negr = 1/ 1,6682 - (1 — 0,194) + 1,000% - 0,194 = 1,56.

W3BecTHO, 4TO TIOPHI YIOPSI0UEHbI FeKcaronansHo. Haxoamum komuuectso mop B 1 cM?,
Ha paBHOCTOpOHHHIT TpeYTrodbHUK CO cTOpOHOMU dint (3€JICHBI TPEYroNFHHUK) M IUIOMIAABI0 S =
0,5dinsin60° = din?3%%/4 mpuxoaurcs 3-(1/6) = 1/2 mops! (y KaxkI0r0 TPEYroNbHUKA 3 BEPIIHHEL,
KaX/1asi U3 KOTOPBIX 00Ias s 6 TpeyroibHUKOB). Mcnomab3yst MacITaOHbIN OTPE30K, HaX0AUM

- 1 cm? 4
dint = 400 uM = 4-10° cm. PaccunTaeM 4mCIO TAKUX TPEYrodbHHKOB B 1 cm?: s = 2 305 —
int®”’

4

@105)2.30% =1,44-10°. Toraa KOJIMYECTBO nop paBao N = 1,44- 10%05 =7,22-108.

= M K BN N N N N
M A A B B NN M N )
PO 0VO OO CIDe 9

AN JIE N A NN NN )
=M M N N N N N N
900 90060000600
PP 9 OO 99 OO

45



Cnenaem pacuét 3¢ dhekTuBHOTO Mokazaress npesomieHuss AOA npu 3armoTHEHUH TOp

ATHJICHTIIMKOJIEM C TOMOIIBIO (GopMyIbl (1): Neg = \/1,6682 -(1-0,194) + 1,424%2-0,194 =
1,62. CrnenoBarenbHO, TPU 3aMOJHEHUM IOpP STHJICHIIHMKOJEM, 3((EKTUBHBINA IOKa3aTelb

npenomiieHuss AOA yBennuuBaeTcs.

3. Tak kak jJaHa IIomaab MOBEPXHOCTH aTFOMUHHMS, HAWAEM IIOTHOCTH 3apsaaa: = Q/S

=341/8,04 = 42,41 Kn/cm?. TIpu 31eKTpOXUMHUYECKOM OKHCIICHHH ATIOMHUHHS YUCIIO SIEKTPOHOB

- M-
n = 3. C momomipio BToporo 3akona dapajes HalnéMm yuenbHyro maccy AOA: my, = rT;I =

(26,98-2+16,00:3)-42,41
3-2:96485,33

= 0,00747 r/cM?.

PasHOCTP Macc 10 M TIOCJIE aHOAMPOBAHUS C IMOCICAYIOIIUM PAcTBOPEHUEM OKCHIA
ATFOMHUHUS €CTh YKCIIEPUMEHTAIHbHOE 3HAYCHUE MACChl OKUCIICHHOTO ATFOMUHHUS. Myen = 0,19551

— 0,16462 = 0,03089 r. Teopernyeckyr0o MacCy OKHCIECHHOTO AIIOMHHHUS MOXXHO HAWTH C

_ M-Q _ 2698341
T nF 39648533

HAXOJUTCS KAK OTHOIICHUE Myxen/Mreop = 0,03089/0,03178 = 0,9720 wim 97,20 %.

IIOMOIIBI0 BTOPOTO 3aKoHa Dapaies: Mieop = 0,03178 r. Beixon mno Toky

4. dint yxe Obuto mocuuTano B 1m. 2. K = dindU = 400/160 = 2,5. Ilpu yBenudeHuu
nanpspkenus Ha 40 B dine = 2,5-(160 + 40) = 500 aMm.

5. C noMoIp0 MacmTabHOrO OTpe3ka MOYKHO HAaWTH TOJIIMHY aHOJHOIO OKCHAA
amomunus (puc. 4, cnesa). Tommuna AOA paBHa okoiio 26 MKkM. B ycrioBusix 3aaum ckaszaHo,
YTO MEPHUOJI CTPYKTYPHI OMPEEIISETCS TEPUOTUNISCKAM U3MEHEHHEM TT0KA3aTels PEIIOMIICHHS.
OTO CBA3aHO ¢ M3MEHEHHMEM JMaMeTpa Mop BJOJb HAIMPABICHHs KaHAIOB MOp. 3HAYUT, EPUOLT
CTPYKTYpPbI MOXHO OMNPEAETUTh KaK pacCTOSHUE, TOKa3aHHOE Ha pUCYHKe Huke. C moMouibo
MacIITabHOro OTpe3Ka HaxoAuM nepuoj cTpykrypbl @K, koropslil paBeH okosno 380 um. Uucino

nepuoaoB n = 26/0,38 ~ 68.
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Kpumepuu oyenueanus:

Ne DJIeMeHTBI pelIeHust Ounenka,
BOIPOCA 0aJ1JIbI
1 3a kaxayro u3 peaknuid 1-5 nmo 1 6amny 5
2 Bepnas ouenka nopucroctu — 2 6asnia, 6,5

Bepnas onenka 3¢ ¢dexkTuBHOrO mokasarens npenomienus — 1,5 6anma,
BEpHasl OlleHKa KOJIM4YecTBa nop — 2 Gaa.
[TpaBUIIBHEII OTBET HA BOMPOC O XapakTepe u3MeHEHUsS YPPEKTUBHOTO
nokasarensi mpeinomyieHus — 1 Oamn (momyckaroTcsi HeOOJbLINe
OTKJIOHEHHS OT BEPHBIX 3HAUCHUH 0€3 MOTepH y4aCTHUKOM 0aJlsioB)
3 Onpenenenne yaenbHol Maccel AOA — 2 Gaia, onpeeneHrue BbIXoaa 3,5
1o Toky — 1,5 Gamna
4 Omnpenenenne kodbdunuenta kK — 1 6am, onpenenenue dint — 1 0at 2
5 Omnpenenenne nepuoaa crpykrypbl @K — 1 6a, onpepeneHue TOMIIHMHBI 3
OK — 1 Gayut, onpeneneHre Yucia nepuoaos — 1 6amr
UTOro: 20
3amanmne 3
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OH OMe

1) Brp, ACOH Br

HO COH 2) (Me0),S0,K,CO; MeO

o)
oM
) P

NaH, M0~ Mo

MeO Tro, kunay. MeO
c ©

Kucnota Menbapyma,

OMe

TiCl,
MvpunanH
C24H3206
o 1) BCl3, 0°C
MeQ H\ ~ 2)CAN, H,0, CHsCN
3) Hy, Pd/C
—
Meo”  Me
M = 330,47
H
3.

OMe n-BulLi

- i, Me Me
MeO Me,CO, 0°C MeO n(OTf), MeO
—_

OMe Me

n-BulLi,
LIJaq)paHanb OMe Bi(OTf);
CH,Cl,
OH OMe
1) BCls, 0°C HO
2) CAN, H,0, CH3CN Me OMe
3) N328205, Hzo
H
o OH
TanBaHusaxuHon b
M = 332.44

1) Hy, Pd/C

2) NaOH, kunsu.
)
)

1) NaH,

SnBuj OMe 3)HCI
Pd(P(t-Bu)s)2 (kar.) 4) MelLi (>2 ak8.)
CO,Me MeO CO,Me
B
C13H1604

2) 6M NaOH, kunsu.
3) HCI

MeMgBr -15°C

T

HO H

Me
OH

M = 332,44

MeO

TansaHusixuHon b

CH,Cl,

MeO
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CH3N02 KMnsy.

1) Pd/C, Hy
2)NBS CH,Cl, MeO
e

Br K M=289,17

) Pd/C, H, RA/IeO OMe
CI'Og, 3,5-DMP €
—_—
o) OMe

N M = 360,49



4, Peakuus nukinzanun Hazaposa. beiia BriepBsie oTkpbiTa IBanoM HukomnaeBuuem

HazapossiM B 1941 roay npu u3y4yeHuM neperpyninupoBKU JUBUHUIKETOHOB.

0]

5. / \ - [IuarsusoH

Kpumepuu ouyenusanusn:

Ne JJIeMeHTbI peleHust Ouenka,
BOIpOCa 0aJLIbI
1 Bepnsie ctpykTypHbie hopmysbl BetiecTB Y u Z — 2 x 1 6ain 2
2 Bepusie ctpykTypabie popmyisl BemecTB A - H - 8 x 1 6amn 10
Bepnas crpykrypHas popmyna TaliBanusixunosaa b - 2 6amia
3 Bepusie crpykrypabie popmyisl BemecTB I - N - 6 x 1 6amn 6
4 BepHslii oTBET 1
5 [TpuBenena ctpykrypHas ¢popmyna [TuarsuHoHa 1
(0.5 GamioB npu HATUYUKM HE3HAYUTEIHLHOM OITMOKH )
UTOIO: 20
3amanne 4
1. CemenoB Hukomnaii Hukomnaesuu.
2.
k
1 H, + 0, X 50H - 3apOKJIEHUE LIENN
K
2 OH - + H, “ H,0 + H - pa3BUTHE LIENTU
K
3 H-+0, 2 OoH-+0 pa3BETBICHUE LIETIN
4 0 + H, ks OH - +H - pa3BETBIICHUE LIETTN
k
5 H * + n1oBepxXHOCTb S H- (apcopb6upoBaHHBIN) 0OpBIB 1enH
K
6 H-+0,+M = HO, + M 0OpEIB M

r; = kyx [OH *]x [H,]
Ty = kyx [H -]x [0,]
r3 = k3x [0.]x [Hy]
7y = kyx [H ]
15 = ksx [H :]x [0;]x [M]

. d
3. Kownmuenrparu pagukanos [OH -] u [0.] crannoHapHsI, TOT1a
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M:r_r +r — 714y — T
dt 1 2 3 4 5
d[o:] _
727'2—7'3=O—>T'2=T'3

d[Zf'] =1y—N At =0=>r =1+ +1r3 =1+ 21
d[H -]
It =1t — 1 =T =T+ 21, =T, + 1y =1y, —T5 =7y + 21, — 1, — T5
d[H -]
gt = Tot 2k [H 110;] = ky[H -] — ks[H -][0;][M]
4.
d[H -]
dt =15 — 0[H ]
d[H -]
= To + (2ka[05] = ky = ks [021[M1} x [H ] = 10 — o[H ]
¢ = —2k,[0;] + k4 + k5[0;][M]
[0,] =vP,[M] =P
¢ = YkgP? — 2ky,yP + k, =0
HwkHuii TIpenen BOCIUIAMEHEHHS TPM MAaibIX JaBIEHHAX — MOKHO TIpeHebpeur P2
Zkz'yp = k4,
k
B, =
Zkzy

BerHI/H\;I npeacii BOCINIAaMEHCHUS TIPpU 6OHBI_HI/IX AJaBJICHUAX — MOXXHO HpeHGGpe‘{b k4
O = 'Ykspz - Zkz’YP =0
vksP? = 2k,yP

5. k, yBenmmumBaeTcs ¢ pOCTOM TEMIIEPATyphl U3 YpaBHEHHsT AppeHnyca:
k, = Ax exp(—£>
RT,

k, ymeHbIIaeTcs ¢ pocToM TemIleparypsl, Tak kak mo npuHnuiy Jle-Illatense — ¢ poctom
TEeMIIepaTypbl KOJUYECTBO aJCOpPOMPOBAHHOIO BEIECTBA YMEHBIIAETCS, CIIEOBATENBHO,
YMEHBILAETCS 1 KOHCTAHTa CKOPOCTH PEAKIUH.

ks ymeHbIIaeTCst ¢ pOCTOM TeMIepaTypbl, TaK KaK BEPOSTHOCTh MPOTEKAHUS TPUMOJIEKYIISIPHON

pPCaKkiu YMCHBIIACTCA.
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Orcrona, HmxHUN nipenen B, ymeHbInaercs (yMeHbIaeTcsl kK, U yBeInuuBaeTcs k,), a BEpXHUN
npezen B, yBenuunBaercs (yBeJInIuBaeTcs ko, 1 yMeHbIIAETCs Kg) C pOCTOM TeMITEPaTypHI.

['paduk nomyoctTpoBa BOCIIIaMEHEHUSI:

Pe

[JasneHue P, atTm

Temnepatypa T, K
_ _ E_A) — _Ea
6. k;, = A= exp( wrs) k, A x exp( RT

[Tponorapudmupyem ypaBHEHHUS U TOTYIHUM:

Ink, = InA — 22, Ink, = Ind — 24
RTy RT,

BrruntaeM u3 npaBoro ypaBHEHUsI JIEBOE:

k E, E
In2=-——4 44
ky RT, ' RT,

[Tonydaem ypaBHEHHE IJI ONBITHOW SHEPTUY aKTUBAIUU:

kZ T1T2
E, = RI —( )
A= \T,-T,

20,5 (424%474
s xatanuzatopa Pt/y-Al,O3 Ey = RIn—— (—
10,9 \474—-424

) = 21109,07 [ /MoJIb;

Jnst karanmsaropa Pd/y-AlOs E, = R l”%(

323,8+369,4

S2AAEO2) = 45441,52 [l /Mo

369,4-323,8

Jlyume ucnonb3oBath Katamuzatop Pt/y-AlOz, Tak kak peaxius ¢ Pt/y-Al,O3 karanusaropom
UJEeT MpH 0oJiee HU3KUX TeMIlepaTypax U ¢ MEHbILIEH SHEpruel akTHBALINH.

Kpumepuu oyenueanus:

Ne DJIEeMEeHTBI peleHust Ounenka,
BOIIPOCa 0aJ1JIbI
1 BepHo Hamnucana gamuiins yueHoro 1
2 CooTHeceHBI CTaIuH IO peakiusaM 1-6 (eciu ecTh OJHA WK IBE OIIHUOKH 1

B cooTHeceHuH, To 0,5 6amos, ecim 6obiie — 0 6amioB)

3 Hanucans! ypaBHeHus: ckopocTei peakuuit 2-6: 5 ypaBHeHui x1 Oamn 5)

4 OrnpeienieHa ckopocTh obpasoBanus [H -] 3
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S) OnpeneneH BEpXHUN ITPeIeN BOCIUIAMEHEHUS 110 JaBICHHUIO 2

OmnpeneneH HUKHUM MIpeie BOCIITIAMEHEHMSI 110 1aBJICHUIO 2

6 N306paxen rpaguk moayocTpoBa BOCILLIAMEHEHHS 2

IIpoBeneHa  OLEHKAa M3MEHEHUS  JABJICHUM INIpU  WU3MEHEHUU 1
TEMIEPATYPbI

7 Onpenenensbl HEPTUU aKTUBALIUK PeaKIuii: 2 ypaBHeHus X 1 Oamn 2

OO0bsCcHEHO, KaKOM KaTanu3aTop JIy4lle UCIO0Ib30BaTh 1

HUTOI'O: 20

3amanue 5

1)

2)

OcaxaeHue Kokca, KOTOpbIi 0o0pa3zyercs B pe3ysbTaTe peakiuil KOHJIEHCAllUH, 3a0MBaeT
MOBEPXHOCTh T'€TEPOTEeHHBIX KaTalIU3aTOPOB, YTO YXYIALIACT WIU MOJHOCTHIO YOHMpaeT X
KaTaJUTHYECKHEe CBOICTBA

B ycrmoBum roBOpHTCS, YTO PEaKIUU Pa3jIOKEHHsS, TO €CTh 00pa30BaHUS ITHJICHA, HMECIOT
MEPBBIA MOPSIOK. DTO 3HAYHMT, YTO CKOPOCTh PEAKIMH pa3lIOKEHUS HE 3aBUCUT OT
KOHIIEHTPALlUU pEareHToB. M, HampoTHB, peakluu KOHACHCALMU HUMEIOT BTOPON MOPSIAOK
pEeaKIuu U KaK pa3 3aBUCAT OT KOHIIGHTpaIllu peareHTa. Eciu gaBneHue BoIpocio B 2 pasa,
TO 3TO 3HAYHT, YTO TMAPIUATBHOE JIaBJICHUE Tapa TaKoe Ke, KaK W MapliuaibHOe JaBJICHUE
HadTH. ITO O3HAYAET, YTO KOHIICHTpAIUsI HAPTHI yrayia B 2 pa3a U TOT/Ia PEIICHUE:

v, k[A]? 12

— = _ =4
v, k[A]5 0.52

To ecTh ckOpoCTh 00pa3oBaHus KOKCAa yMEHbIIMIACH B 4 pa3a

3)

4)

5)

Kokc obnagaet HU3KOM TEIIONpOBOAHOCTHIO. Koria oH oceaeT Ha CTEHKaxX 3MEEeBHKa MeUn
MUPOJIN3a, TIeYb HE MOXET IMepeaaBaTh BCE TEIUIO CHIPHIO U MO LIEHTPY TPYOBl HAXOAUTCS
OoJiee XOJIOJHAS 30HA, YeM Ha KpasxX. JTO MPUBOAUT K TOMY, YTO B IIEHTPE HAYMHAIOT
npeo0iagaTh peakiMi KOHJEHCAIMA M BBIPACTAIOT BBIXOABI KOKCA, CHIDKAOTCS BBIXOJIBI
ATUJICHA U MOJIUIPOIUIICHA.

N3BecTHO, YTO peakluu KOHAEHcAlMu HauuHatoT uATH ¢ Temrneparypbl 400°C. Ecnu mbl
OyzieM JTOJTo JEep>KaTh CHIPbE B 3MEEBUKE, TO Y HAC CUIILHO BBIPACTYT BBIXOBI KOKCA, T.K. C
YBEITUYCHUEM TEMIIEPATYPhI PACTET U CKOPOCTh PEAKIINHU KOHACHCAIIIH.

3aKallouHbIN anmapar Hy>KeH JJIs TOT0, YTOOBI CHU3UTh BBIXOJ Kokca. Korja Harperoe chipbé

BBIXOJUT U3 IHCUU MUPOJIMU3a, MO-MIPEKHEMY MOTYT UATHU PCAKIUU IMOJIUMCPU3AILHU. HpI/I
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PE3KOM CHUKEHHUH TEMIIEPATYPBI PE3KO YMEHBIIAETCS CKOPOCTh PEAKIIMKM KOHJECHCALUN U Mbl
nojy4yaeM 0oJiee BBICOKHI BBIXOJ IIENIEBBIX MPOYKTOB.

6) AHaJIOTMYHO TYHKTY 4, CHJIBHOC IOBBIIICHUEC TEMIEPATyphbl NMPHBEIACT K YBEIHUCHUIO
CKOPOCTH pEaKIMU KOHACHCAIIMU U YMEHBIINUT BBIXOJI LEIEBBIX TPOTYKTOB.

7) Tlpunumaercs 000N pa3yMHBIH BapHaHT, HO OJHMM W3 MPUMEPOB SBJSICTCS CHU)KCHHE
TEMIEPATYPbl U YMEHbBIIEHUE BPEMEHU HaXOXKJEHUS ChIPbsl B 3MEEBHKE, a TAKXKE MOXKHO
YBEJIMYUTH COJAEPKAHUE BOJSHOIO I1apa.

8) Tloaxoaut ;000N pasyMHBIH BapHAHT, HO B KAUueCTBE MPUMEpPa MOXKHO MTPUBECTH KOHTPOJIb
JUIMHBI TPYOBI C MOMOIIBIO CIEHMUIBHOTO MEXaHU3Ma, KOTOPBIM pa3ABHUINACT U CABUTAET

KOHeIl TpyObI, TEM CaMbIM YBEIMYHBAs U yKOpauyuBas €€ B yIiy.

Kpumepuu oyenueanus

Ne Bonpoca DJIeMeHThI peleHus Onenxa,
0aJLIbI

1 BepHnblii oTBET 2
2 BepHblii oTBET 1 pacu€T (ecnu JaH TOIbKO OTBET, TO 1 6ain) 2
3 BepHnbrii oTBeT 4
4 BepHblii oTBeT 2
5 BepHblii oTBeT 1
6 BepHnblii oTBET 1
7 [TpensioxeH M000# JIOTHYHBIM BapUaHT pelIeHus MPoOJIeMbl 4
8 [TpensioxeH M000¥ JIOTHYHBIN BapUaHT pelIeHus MPo0JIeMbl 4

HUTOTO: 20

HUTOI'O: 100 6aa0B
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JUNIOR LEAGUE

Problem 1

ELEMENTS OF THE SAME GROUP

Homonuclear species X1, X2 and Xs, whose elements belong to the same group of the
periodic table of elements of D. I. Mendeleev, have a high reactivity, and in nature exist mainly in
the form of compounds. It is known that the natural isotope of the element X1 can be used in NMR
spectroscopy.

It is noteworthy that these substances can interact with each other, forming binary
compounds. During the interaction of X1 and Xz, a number of gaseous compounds can be formed,
the composition of which depends on the reaction conditions. Substance A obtained by direct
interaction of X1 and Xz (reaction 1) contains 38.35% of element X2 by weight. However, with an
excess of Xi, a gaseous substance B is formed (reaction 2). Yellowish-gray liquid C can be
obtained in two ways: either by the interaction of X1 and X3 under more severe conditions when
heated to 200 °C (reaction 3), or at 10 °C by the interaction of substances A and X3 with the release
of Xz (reaction 4). In addition, when substances C and A interact, a colorless solid compound D
is obtained (reaction 5).

Substance D contains all three elements of simple substances X1, X2 and Xs, its molecular
weight is 229.5 g/mol, and the mass fractions of the elements are correlated as:

X1 X2: X3=3,21:1:2,25

It is also known that substances A, B and C are easily hydrolyzed, while substance C is
hydrolyzed with an explosion (reactions 6-8).

Simple substances X1, X2 and Xs also interact differently with water. Thus, X1 interacts
with water with an explosion, and substances X2 and Xs in water are disproportionated (reactions
9-11).

Once again, we note the outstanding properties of substance Xu, it can react with various

substances, such as (reactions 12-15):
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(XX Xe Pt eoe
(12) (13)

X

H aOH

) N
(14) (15)

Questions:

1. Identify substances X1, X2, X3, A, B, C and D. Describe the physical properties of simple
substances X1, X2 and Xs, suggest the structure of substance D, and confirm the answer with
calculations.

2. Write the equations of the reactions 1-15.

Problem 2

"THERE’S PLENTY OF ROOM AT THE
BOTTOM"

Nanotechnology is the creation and use of materials and devices that have nanometer
dimensions, i.e. work at the level of atoms, molecules and supramolecular structures. The prefix
"nano" comes from the Greek word "nanos", which means "dwarf" or «little old man» and in the
International System of Units (SI), is equal to one billionth of the original unit. Nowadays,
nanotechnologies are actively used in various fields such as mechanical engineering, industry,
agriculture, electronics, ecology, pharmaceuticals, medicine and many others.

Magnetic nanoparticles based on A are a promising material for the development of
selective contrast agents for magnetic resonance imaging (MRI), cancer treatment using
hyperthermia, and drug delivery. Practical methods for the synthesis of magnetic nanoparticles
include a number of basic methods: co-precipitation, thermal decomposition, hydrothermal,

microemulsion, and microwave methods. Let’s consider the simplest methods for obtaining A.
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The most used method for synthesis of A is co-precipitation. This method is based on the
preparation of A from a solution of salts B and C by adding a base in an inert atmosphere at room
or elevated temperature (reaction 1). Also, one of the simplest methods for synthesis nanoparticles
A is microwave-assisted solution method. This method makes it possible to obtain monodisperse
rod magnetic nanoparticles A. The synthesis consists of two stages. At the first stage, dopamine-
modified precursor D is obtained by hydrolysis of an aqueous solution C (reaction 2). In the second
step, D is exposed to microwave radiation in the presence of hydrazine as the reducing agent
(reaction 3).

*Precursor — (Latin praecursor — precursor), a substance that can act as a starting
component for the synthesis of a more complex substance.

Questions:
The synthesis schemes described above for A are shown below:
B+ C+ NaOH - A+ NaCl +... (1)

dopamine,acidic medium ,t

C + H,0 D+...(2)

microwave irradiation

D + N,H, A+..(3)

1. Identify substances A-D and metal M, if the following data are known:

A — mixed oxide of metal M, D — oxyhydroxide of metal M.

Compound A B
Mass fraction of metal, % 72,4 441

Confirm the answers with calculations.
2. Write the equations of the reactions 1-3.
3. For what purposes dopamine is used in the synthesis of precursor D?
4. Calculate how many grams of precursors are required to obtain 2.0 g of A by co-precipitation.
Assume that the reaction proceeds in a quantitative yield.
5. What determines the magnetic characteristics of materials based on the resulting
nanoparticles?
6. Explain which unique properties of magnetic nanoparticles A allow them to be used for the
listed medical applications?

7. Write the name of the mineral with the chemical formula A.
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Problem 3
GILLESPIE THEORY

The method of repulsion of localized electron pairs of the valence shell of the central atom
(the Gillespie theory) is one of the approaches in chemistry necessary to explain and predict the
geometry of molecules. According to this theory, the molecule will always take the form in which
the repulsion of external electron pairs is minimal. The initial data for this method are the number
of other atoms bound to the central atom, the valence capabilities of all bound atoms, and the
number of electrons in the outer layer of the central atom.

When considering the geometric shape of a molecule by the Gillespie method, its formula
Is written as AXnEm Where A is the central atom; X are ligands with which the central atom forms
a chemical bond, that is, gives binding electron pairs; E is a lone electron pair; n, m are the number
of binding and lone electron pairs, respectively.

In order to determine the structure of a molecule by the Gillespie method, the following
procedure is proposed:
1. Based on the formula of the molecule, the number of ligands n, with which the central atom
forms bonds, is determined and the formula AX,Em is written indicating the value of n.

2. The total number of binding and lone electrons pairs (n + m) is found by the formula:

1
n+m)= 2—'(NO+NL—Z)— T

where No is the number of electrons of the central atom on its outer electron layer; N is the number
of ligand electrons involved in the formation of bonds with the central atom, = is the number of pi
bonds in a molecule, z is the ion charge (in the case of determining the molecular anion structure).
3. The spatial arrangement of all electron pairs is determined (table 1, column 2).

4. The number of lone electron pairs m is found and the formula of the AX\Em molecule is
specified (the value of m is indicated).

5. The geometry of the molecule is established (table 1, column 3).

Additions to the Gillespie theory:

Each molecule is a geometric figure inscribed in a sphere. The molecule will have a
minimum of energy if all binding electron pairs are equidistant from each other on the surface of
the sphere. The lone electron pair occupies a large area on the sphere, which leads to a decrease in

the bond angle. The more lone electron pairs E in a molecule, the smaller the bond angle.
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Table 1. Geometry of molecules

Molecule type Spatial arrangement of electron pairs Molecule geometry
® Q
i ¥ s
AX4E _ E :
i}(_', i i,a L
Trigonal bipyramidal bt Disphenoidal -
AXGE> Trigonal bipyramidal T-shaped
AX:E3 Trigonal bipyramidal Linear
AXe Octahedral Octahedral
AXsE Octahedral Square pyramidal
AX4E> Octahedral Square planar
AXo Linear Linear
AXs Trigonal planar Trigonal planar
AXGE Trigonal planar Bent
AXy Tetrahedral Tetrahedral
AX3E Tetrahedral Trigonal pyramidal
AXoE> Tetrahedral Bent
AXs Trigonal bipyramidal Trigonal bipyramidal

Dipole moment of a molecule

The dipole moment () is a vector quantity. The dipole moment of a complex molecule is
equal to the vector sum of the dipole moments of all bonds. The dipole moment of a polyatomic
molecule depends not only on the polarity of individual bonds in the molecule, but also on the
geometric shape of the molecule.

For example, in a linear CO2 molecule, each of the C—O bonds is polar, while the molecule
as a whole is nonpolar (u(CO2) = 0 ), since the dipole moments of the bonds compensate each

other (Fig. 1). In an angular H.O molecule, the bonds are located at an angle, and the vector sum
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of the dipole moments of the two bonds is expressed by the diagonal of the parallelogram (Fig. 1).
If u#0, then the molecule is polar.

8
O
5 B+ 5~
O C O
- + s a-I-H 1045° Hﬁ+
=0 . o

o
L= 0

Figure 1. Dipole moments of CO2 and H20 molecules
Questions:
1. Determine the geometry and draw the spatial arrangement of electron pairs of a molecule (ion)
using the Gillespie theory for the following compounds: CIFs, CO3>, OF,, PCls, XeFa.
2. Determine the possible formulas of molecules consisting of one central sulfur atom (S) and
oxygen (O) and chlorine (CI) atoms, if it is known that the total number of binding and lone
electron pairs in the molecule is 4. Draw the geometry of the molecules.
3. Determine the polarity of the molecules: CHCIs, BeCl,, CCls, SO2, SOz, NH3. Confirm your
answer by drawing the dipole moment of the molecule.
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Problem 4
ALUMINOTHERMY
The possibility of reducing metal oxides using aluminum was discovered by Russian
scientist Nikolay Beketov in the mid-19th century. Later, in 1895, the German chemist Hans
Goldschmidt invented the composition known as the "thermite mixture” for conducting
aluminothermic reactions. This mixture continues to be widely used for the production of metals

and alloys from oxides.

Questions:

1. The driving force of aluminothermic reaction is the release of huge amount of heat. What is a
chemical reaction with heat release called?

2. Write coefficients and calculate the thermal effects of the reactions below using the values of

heat of formation given in the table

Fe203(s) + Als) = Al2O3s) + Fegs) (reaction 1)
Fes0as) + Als) = Al2O3s) + Fegs) (reaction 2)
Cr203(s) + Al) = Al2Os(s) + Crs) (reaction 3)

Substance Qr, kd/mol
Al2O3) 1675.7
Fe203s) 822.2
Fe3Oa) 1120
Cr203s) 1128

Al 0
Fees) 0
Crs) 0

3. Among the thermite mixtures mentioned above, identify which one has the highest thermal
effect per 1 g of the stoichiometric mixture. Confirm your answer with calculations.

4. Calculate the composition of the thermite mixture required for the production of 1 g of
ferrochrome with a chromium content w(Cr)=60%. Use reactions 1 and 3 for the calculations.
Express the answer in grams.

5. Fe-Cr phase diagram is given below
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t,°C

1800

1600

1400

1200

oty
1000

820°C 45%Cr

800 [
atc fs\ oto

L 1 A 1 1 1 1 1 1
Fe 10 20 30 40 50 60 70 80 90 Cr

Cr, % (weight)

where L — liquid (melted) phase, a, y, o — solid phases.
Write in what phase state the ferrochrome obtained in question 4 will be at the end of the

reaction. Confirm your answer with calculations. Assume that only 60% of the heat released during
the reaction is used to heat Al,Oz, Fe, and Cr. Neglect any changes in the specific heat capacity of

the substances (Csp) with a change in temperature.

Substance Csp, J/kgx°C

Al203 1350
Fe 670
Cr 850
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Problem 5.
MODELING THE MECHANISM OF S-ARYLATION REACTION OF
THIOHYDANTOINS

P |
»-*
@
o€ %
.& 'U
—e )\ | . [
@ o¢ O ¢
. A ‘
®-g “f
‘@
@ ¢
¢

Figure 1: Thiohydantoin (left) reacts with the diaryliodonium cation (right). Double
bonds are omitted.

Hydantoins have gained widespread recognition due to their anticonvulsant properties,
which make them applicable as treatments for epilepsy. However, their sulfur analogues, known
as thiohydantoins (see Figure 1), also possess biological activity and can be used as drugs for
certain forms of cancer.

Unfortunately, the synthesis of some derivatives of thiohydantoin, specifically S-
arylthiohydantoins, is challenging today because there is no universal method for creating a
chemical bond between carbon and sulfur. However, a promising reagent has recently been
discovered to address this problem — diaryliodonium salt, which readily attaches various
substituents to the sulfur atom of thiohydantoin. Scientists have already obtained experimental
results, but so far, no one knows the exact mechanism of the S-arylation reaction of thiohydantoin
using the diaryliodonium cation. One of the approaches for studying reaction mechanisms is
reaction modeling using quantum chemical methods. In this task, you could ne able to participate

in a real scientific study by considering the S-arylation reaction as a quantum chemist.

Questions:
1. Let's look at 2 possible mechanisms of reaction. What is the role of the base in the first
mechanism? How can it affect the ease of attaching the iodine cation to sulfur?
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Diariliodonium cation

| xR O30

& . A
2) 0 % L4 Q&Q O
: O

The simplest way to assess the feasibility of a particular mechanism is through the
analysis of reaction activation energies. In this case, one can examine the energy profiles of the

respective final reactions in both mechanisms:

1)
-8884.690454 th
VY E,= 65.649080 kJ/mol '
r o. Nr; “II ‘1 ) ) |
| |II \I,'—‘ \ ® .,'. - Q __= L:HL
= N'A 'S_. ) .“ || .'l' ; _h:l-.\__s . U
O N NS
-8884.728382Eh
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2)

-8885.064250Eh
(= == =N

-8885.100550EH’
L S "
e Ex=95.305650k)/mol % =\ AN
- oM )
=~_ 0 Fa b = /PL-.' N = ""l‘\':!:-»
!r: !1| \u?_ -Nt \\ _t‘\N '—'-"I\\ * [ L
S TS - ~\‘ ? <
H @1~ Y K Yy
/:”,_' _\;:.\ '.‘:___’,_' \\ l: 'x;i-""J
-8885.149169 Eh
L]

2. According to which mechanism does the reaction occur faster? By what factor is it faster at
temperature 298 K? Assume that the only difference between the reactions is the activation
energies, while other parameters (temperature, concentrations, etc.) and the form of the kinetic
equation are the same.

3. Why does a catalyst accelerate chemical reactions?

4. Why does the first mechanism have a lower activation energy compared to the second?

5. Estimate the enthalpy of the reactions depicted in the energy profiles. Provide the answer in
kJ/mol. (Eh represents the Hartree energy.)

6. Suggest any alternative(s) for how the mechanism of thiophenytoin S-arylation reaction can

proceed.

Additionally, during the calculations, it was found that the reaction can proceed via a
completely different pathway:

64



O

(0]

7z

In other words, the formation of the pre-reactive complex can occur either through sulfur

or the neighboring nitrogen atom. The energy profile of these reactions is shown in the following

diagram:

\’7'6 N
[o N X\
s, ok {2
O '
A = O N, .
( ) B W ("': HN,Z) Si\ ﬂ
P
-sssa.eaaasseh () oy S
-.8884.686205Eh

Let's consider an equilibrium reaction:

N
&

7. Determine the activation energy for the transition from the diaryliodonium-sulfur complex to

the diaryliodonium-nitrogen complex.

8. Let's assume that an equilibrium is established, and both kinetic equations for the reactions
have the following form: v = k-[A], where [A] is the concentration of the corresponding complex
at temperature 298 K. Determine the relationship between the concentrations of the complexes.

ZFS . C?JQ _——
H © \

o N\Fsi@j@ . /H:?\r_cai@

o]

&

Ox N
S
/HN\\®/©
|

-8884.678403 Eh

___________

E\=20.4849400mol | (7l

-8884.690459 Eh

e

Assume that the pre-exponential factors for the reactions are the same.
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SENIOR LEAGUE
Problem 1

TIME TO READ

The 13" of February is celebrated as the day of the native language and literature in
Yakutia. On this day in 1892, Semyon Andreyevich Novgorodov was born. In 1917, he developed
the Yakut alphabet based on the international phonetic alphabet, and actively promoted the idea of
the need for teaching in Yakutian language. The first textbooks and literary works in the Yakut
language were published on the alphabet developed by S. A. Novgorodov.

Printing books and newspapers would have been impossible without the revolutionary
invention of Johannes Gutenberg. In the 1440s he created the printing press. Each letter was printed
using a sort — a rectangular block with an embossed mirror image of the letter on one side. The
sorts were made mainly of an alloy of two metals X and Y (X is heavier than Y), due to its low
melting point (about 200-300°C) and the relative affordability of metals X and Y.

Metal X is obtained by roasting the mineral M1 (binary compound) (reaction 1) followed
by the reduction of the solid residue with coke (reaction 2). Metal Y is obtained by reduction of
the mineral M2 with coal (reaction 3).

If reacted with heating in excess chlorine, the alloy of X and Y forms white solid A
(reaction 4) and colorless liquid B (reaction 5) after cooling to room temperature. Liquid B reacts
with water to form a white amorphous precipitate C (reaction 6), the calcination of which leads to
the formation of substance M2 (reaction 7).

To determine the quantitative composition of the alloy, three identical samples with a mass
of 1,000 g were taken.

The mass of the first sample increased by 0,1254 g after the calcination in air at 600°C,
(reactions 8 and 9).

When processing the second sample with an excess of dilute sulfuric acid solution, gas D
is released (reaction 10). Dry, solid residue that was collected via filtration of the mixture weighed
0,7500 g.

The third sample dissolves completely in dilute nitric acid when heated (reactions 11 and
12). When sodium sulfate is added to the resulting solution, a white precipitate E weighing 1,098

g is produced (reaction 13).
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When X reacts with metallic sodium and 222-cryptand (see below) in ethylenediamine, a
red salt F (consisting of o(X) = 56,49% and w(Na) = 2,51% in terms of mass) is formed (reaction
14). The same reaction with Y produces a salt G (o(Y) = 42,65%, o(Na) = 3,31%) (reaction 15).

02 C (coke)
t° tO
C coke) +0,1254 ¢
M2 —» Y
t° 600°C | O,
Na;SO4(aqy  HNOj(g) Cly (excess)
E * <«—— solution «——— X+Y —» A, *+ B,
t° t°
Na, 222-cryptand H-SO H,O
ethylenediamine
D$+ 0,7500 g solid residue tol
Na, 222-cryptand
Y ——» G M2
ethylenediamine
Questions:

1. Identify the elements X and Y. What is the disadvantage of using alloys of X?
2. Determine the substances M1, M2, A, B, C, D, E, F, and G. Write the equations for all the
mentioned reactions.

3. Draw the structure of the anion F (or G). Name its geometry.

Compound B is the main reagent for the preparation of Y-based organometallic
compounds, which are used in many industries as a stabilizer for polyvinyl chloride plastics,
biocides, and glass processing.

For example, when B reacts with PhMgBr in toluene, substance H is formed (o(Y) =
27,82%) (reaction 16), and upon further heating, a compound 1 is formed (o(Y) = 30,82%)

(reaction 17), which is used in agriculture as a fungicide.

4. ldentify H and I. Write the equations for reactions 16 and 17.
5. What are fungicides used for?
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Supporting information:
222-cryptand = [N{(C2H4)O(C2H4)O(C2Ha)}sN]
0T
<<N/:> o N
O 0
222-cryptand structure

Problem 2

PHOTONIC CRYSTALS BASED ON ANODIC ALUMINIUM OXIDE

Anodic aluminium oxide (AAOQ) is a porous material formed on the metal surface during
the electrochemical oxidation of aluminium or its alloys in various electrolyte solutions. AAQ is
mechanically hard and brittle, capable of withstanding high pressures and temperatures, is
dielectric and chemically stable.

The structure of this material can be represented as a hexagonally ordered array of cells,
with a cylindrical pore in the centre of each cell (Fig. 1). The physicochemical processes of pore

growth occur in barrier oxide layer separating the metal and the electrolyte at the base of the pores
(Fig. 2).

Tilted view Top view

e | L '
|| Uy [ Air
gyt SOC

\*\Q! oy~ "] Aluminium oxide “
\V ) Aluminium

Fig. 1. Structure of porous AAO.

Ly — thickness of AAO, dint — distance between the centres of neighbouring pores, dp, — pore

diameter.
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Fig. 2. Scheme of the processes (lateral view) occurring at the base of the pores during

anodic oxidation of aluminium in sulphuric acid solution.

Anodic aluminium oxide is the basis for photonic crystals (PC), which are extremely
promising for creating new devices in optics and sensorics. In modern materials science, PC is a
new type of optical material in which the refractive index changes periodically on a scale
comparable to the wavelength of light. PCs are produced by electrochemical anodizing of

aluminium in different electrolytes with periodic changes of voltage or current.

Questions:
1. Write the chemical reaction equations for all the processes (reactions 1-5) in the anodizing of

aluminium in sulphuric acid solution shown in Figure 2.

The effective refractive index of a porous AAO nesr can be found using the equation (1):

(1)
Neff = \/nfmo(l — P) +nZ;, P,

where np a0 and n,;,. — the refractive indexes of aluminium oxide and air, respectively, (1 — P) and
P — volume ratios of aluminium oxide and air in AAO. The parameter P is also called the porosity
of the AAO. It follows from expression (1) that for AAO with different oxide contents, the
refractive index will be different. Consequently, by alternating layers with different porosities a
structure consisting of layers with different effective refractive indexes can be obtained, i.e. PC.
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Fig. 3. SEM image of AAO (top view) obtained at 160 V in 0,5 M H3POy4 at 0 °C. The pores

are shown in black, the aluminium oxide in lighter colour.

2. Estimate the porosity, the effective refractive index of the AAO and the number of pores per
1 cm? from Fig. 3. How will the effective refractive index of AAO change if the pores are filled
with ethylene glycol? naag, Nair, Ngg 1S 1,668; 1,000; 1,424, respectively.

3. Determine the specific mass (in g/cm?) of the AAO obtained by anodizing aluminium in an
acidic solution with a charge of 341 C. The area of anodized surface of aluminium is 8,04 cm?.
Find the current yield if the experimental data on the mass of aluminum was 0,19551 g before
anodizing and 0,16462 g after anodizing and subsequent dissolution from it of AAO.

The distance between the centres of neighbouring pores dint is proportional to the anodizing

voltage U with a factor of proportionality k:
dint = kU. 2)

4. Determine the k from Fig. 3 if the voltage during anodizing was 160 V. Find the din if the

voltage is increased by 40 V.
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Fig. 4. SEM images of the cross-section of PC obtained by voltage modulation in the
range 160 —200 V in 0,1 M H3PO4 at 0 °C. On the left is the full thickness of the PC and on the

right is an enlarged image of it.

5. Determine the period of the PC structure (in nm) from Fig. 4. Find the thickness of the PC and
the number of periods.

Additional information:

SEM image is an image taken with a scanning electron microscope.

Faraday's second law:

_M-Q (3)
T n-F’

where M — molar mass, g/mol, Q — charge, C, n — the number of electrons involved in the
electrochemical reaction, F — Faraday constant, 96485,33 C/mol.

1 um =10° m, nm=10"° m.

Problem 3

FRAEEFE )

Taiwaniaquinoides are a family of unusual diterpenoids possessing a [6,5,6]-abeo-
abietane skeleton sharing an all-carbon quaternary stereocenter at the pseudobenzylic position that

71



were unknown in nature prior to 1995. Studies of the biological activity of taiwaniaquinoides are

ongoing, but preliminary data have indicated that it may act as an antitumor agent.

Below is a scheme for the synthesis of Taiwaniaquinol B:

1) Hy, PIC )\A
2) NaOH, reflux 1) NaH, |

SnBu 0]
OH ’ 3) HCl 2) 6M NaOH, refl
1) Brp, ACOH Pd(P(t-Bu)s)z(cat)  4)MelLi(>2eq.) NaH, \o)ko/ 33 HCI amm, refx
A > B > C D
HO COsH  2)(Me0),S0,, C13H1604 THF, reflux
K,CO4
1) BCl3, 0°C
2) CAN, H,0, CH5CN
Meldrum's acid, TiCl4 MeMgBr, -15°C TMSOTf (1.2 eq.)  3)Hz Pd/C
— E > F G H » Taiwaniaquinol B
Pyridine Cy4H3206 THF CH3NO;, reflux M = 332,44
Me = -CHj Me O
o TMSOTf = MefS‘ifofﬁfCFg,
THF = Q Me
SnBug= SN > > >L J< CAN = (NHy),[Ce(NO3)e]
P(t-Bu); = P o)
AcOH =
/’\ OH

Meldrum’s acid was first obtained by the condensation reaction of acetone with malonic
acid (propanedioic acid) in acetic anhydride and sulfuric acid. A. Meldrum, who first reported this
in 1908, misidentified it and depicted the structure Z with a carboxyl group, but in 1948 it was
found that in fact the structure of Meldrum's acid corresponds to Y and, despite of its acidic

properties (pKa = 4.97), it does not contain a carboxyl group.

Questions:

1. Draw the structural formula of compounds Y and Z (Y and Z are isomers of each other).

2. Draw the structural formula of compounds A — H and Taiwaniaquinol B (stereochemistry
can be omitted), if the IR spectrum of E contains a strong band at 1683 cm%, the *H NMR spectrum
of carbotricycle H in the range from 6-9 ppm shows only one singlet at 6.55 ppm, while in the H
NMR spectrum of Taowaniaquinol B there are no signals in the same range. Remember that the
demethylation reaction with BCl3z proceeds selectively, due to the coordination of the boron atom
with oxygen atoms or steric reasons.

The alternative way of the synthesis of Taiwaniaquinol B is shown below:
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OMe n-Buli, 1) Pd/C, Hy

MeO Me,CO, 0°C Sn(OTf), 2) NBS, CH,Cl, n-BuLi, Safranal Bi(OTf)s
> | - J K L M
OMe CH,Cly M = 289,17 CHCl,
1) BCl3, 0°C

1) Pd/C, Hy 2) CAN, H,0, CH;CN
2) CrO3, 3,5-DMP 3) Na,S,05, H,0

> N > Taiwaniaquinol B

M = 332.44

P 9 i
n-Bu = n-C4Hy NBS =0 N o) -OTf = —OfngF3 3,5-DMP = / \N Safranal = H
r i Y
H

3. Draw the structural formula of compounds I - N (stereochemistry can be omitted), if M(N) —
M(H) = 30.03 g/mol, M — is a carbotricycle.

4. The catalyzed type of cyclization reaction from L to M is named after Russian chemist. What
is his name?

5. Structure of one of the isomers of Safranal resembles a penguin. Draw that structural formula.

Problem 4
HYDROGEN ENERGY

2023 has been declared the year of the educator and mentor in Russia. One of the most

famous and respected mentors was an outstanding scientist, the first and only one in the Soviet

Union to become a Nobel Prize winner in the field of chemistry. His students included such famous
scientists as Ya.B. Zeldovich, N.M. Emanuel, Yu.B. Khariton, K.I. Shchelkin, V.N. Kondratyev,

D.A. Frank-Kamenetsky, and many others. His main scientific contributions are considered to be
the discovery of the theory of chemical chain reactions, the theory of thermal explosion, and
combustion of gas mixtures.

Branched-chain reactions are reactions with multiple repetition of stages involving

intermediates (including free radicals), including the stages of nucleation, development, branching,

and breaking of the chain. One example of branched-chain reactions is the hydrogen oxidation

reaction, whose simplified mechanism looks as follows:
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1 ko
HZ + 02 - 20H -
2 kg
0H'+H2 - H20+H'
3 ko .
H-+0, > OH-+0.
K
4 O +H, SOH-+H -
5 ka
H -+ surface — H - (adsorbed)
6 ks
H-+0,+M 5 HO, + M
(M — non — radical molecule)

Questions:

1. What is the name of the scientist in question?
2. Correlate reactions 1-6 by stages characteristic of branched chain reactions.
3. Write the reaction rate for equations 2-6.

This scientist described the principle of stationary concentrations, which says that if a
reaction proceeds in several stages with the formation of intermediate products that have small
concentrations, we can assume that the concentrations are stationary, that is, do not change over
time.

4. Determine the rate of [H -] formation, if the concentrations of [OH -], and [0.] are small and
stationary, and if the rate of [H -] formation depends on [H -], and the rate constants.

@ is a factor determining the course of the process depending on the sign: ¢ > 0 — stationary,
¢ < 0 — ignition. In addition, there are lower and upper pressure ignition limits at which
spontaneous flame propagation occurs. The field between the lower and upper pressure limits is

called the ignition peninsula, within which ignition occurs.

5. Considering % =1y — @[H -], determine the upper and lower pressure ignition limits, if
[M] = P, [0,] = yP, where y is the proportionality factor, r, — rate of reaction (1).

6. Draw a schematic graph of the ignition peninsula in the pressure-temperature coordinates.

Various catalysts are used to accelerate the hydrogen oxidation process. The table shows

the rate constants values of the catalytic oxidation reaction of hydrogen at different temperatures*,

**
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Catalyst Temperature T, °C Rate constants of the reaction k, s™!
Pd/y-ALOs 50,8 8,8
Pd/y-Al,O3 96,4 70,7
Pt/y-AlOs 151 10,9
Pt/y-AlOs 201 20,5

7. Determine the activation energies of reactions with catalysts. Explain which catalyst is better

to use.

* Features of deep catalytic oxidation of hydrogen using Pt/AI203 catalyst as applied to
the process of air detritalization / A.N. Bukin, E.A. Gorbatenko // Advances in Chemistry and
Chemical Technology. Vol. XXIV. 2010. Ne7(112).

** A Study of New Cellular Catalyst for Oxidation of Hydrogen on the Basis of High-
Porous Cellular Material / A.S. Sumchenko, A.N. Bukin // Interaction of Hydrogen Isotopes with
Structural Materials. Collection of reports.

Problem 5
INDUSTRIAL PRODUCTION OF ETHYLENE

Ethylene is one of the largest-volume products in organic chemistry and is primarily used
for the production of polyethylene. Our country has been actively increasing ethylene production
recently. Qualified specialists and new production technologies have become extremely necessary
in the industry today.

One of the most common methods of ethylene production is pyrolysis, specifically
pyrolysis of straight-run gasoline, which formed the basis for almost all industrial ethylene
production in the former USSR.

In this problem, you are not only asked to address the standard questions of chemical
technology for ethylene production but also to propose new methods for improving existing
pyrolysis plants.

Below is a simplified production scheme:

Steam

pyrolisys

Naphtha P

= :M

1

Ethylene ==

<

Hardening
chamber

-
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The process involves heating the hydrocarbon feedstock (naphtha) and mixing it with
steam. The mixture then enters the coil where it is heated to temperatures of 800-1000 °C and
undergoes decomposition, resulting in a mixture of ethylene, propylene, and other organic

compounds. After passing through the furnace, the mixture is rapidly cooled in a quench chamber.
Key information about the pyrolysis reaction is as follows:

1) Decomposition reactions under high temperatures typically follow first-order kinetics, while
condensation reactions (and also attachment, polymerization, etc.) follow second-order kinetics or
higher.

2) Condensation reactions begin around 400 °C, while ethylene formation starts at temperatures
above 800 °C.

3) Condensation reactions lead to the formation of high-molecular-weight tarry compounds and
coke.

4) Coke has low thermal conductivity.

5) Propylene is formed at lower temperatures compared to ethylene.

Questions:

1. Catalysts are commonly used in industrial processes, and most often these are heterogeneous
catalysts. In pyrolysis furnaces, catalysts need to be frequently replaced, and production must be
regularly stopped to clean the entire system. What causes this? And how does it hinder catalysis?
2.  Why does mixing naphtha with steam reduce coke formation? By what factor will the rate of
coke formation decrease if the pressure in the tube doubles after steam addition? (Let's assume the
kinetic equation for coke formation is v = k[A]?, where A represents the concentration of naphtha).
3. How does coke-precipitation inside of the tube with the feedstock affect ethylene yields?

4. 1t is known that the feedstock passes through the furnace coils in a matter of seconds. Why
not desirable to keep the feedstock in the pyrolysis furnace for an extended period?

5. What is the purpose of sharply lowering the temperature in the hardening chamber?

6. Why is it unprofitable to heat feedstock to temperatures much higher than 1000 °C?

7. Suppose there has been a sharp increase in the price of polypropylene in the market, and you
need to increase the propylene yield compared to ethylene. What would you do?

8. Propose any technological method that would allow controlling the residence time of the

feedstock in the furnace coils during pyrolysis, assuming the flow rate remains constant.
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SOLUTIONS
JUNIOR LEAGUE

Problem 1

1. An example of the solution course from the authors: according to the description of the problem,
it can be concluded that we are talking about non-metals that are in the same group. The most
suitable group according to the description is the halogens, since among the other nonmetals they
do not occur as simple compounds in nature. Moreover, the natural isotope °F can be used in
NMR spectroscopy. The fact that the Xi reaction with water accompanied by an explosion and
reactions with Xe and Pt additionally indicate that Xu is fluorine. By the description of substances
A and B, it can be concluded that Xz is chlorine, since fluorine and chlorine tend to form gaseous
compounds. Using calculations, it can be confirmed that A has the formula CIF3:
m(Cl) m(F) 3835 61.65
M(clh) M(F) 355 19
The reaction of chlorine with an excess of fluorine will lead to an even greater degree of
chlorine oxidation (+5). Thus, B is CIFs.

n(CD:n(F) = =1.08:3.24 = 1:3

The conclusion about X3 can be made by calculating the formula of substance D:
Let x be the element mass of substance Xz
3.21x + x + 2.25x = 229.56.46x = 229.5x = 35.5

35.5 g/mol corresponds to one chlorine atom.

Total element mass of the substance X1

2.25x = 2.25 % 35.5 = 80 g/mol

80 g/mol corresponds to one atom of bromine.
Thus, X1= F2, X2= Cl3, X3= Br;, A= CIF3, B= CIFs, C= BrF3; and D= BrCIFs.

Fluorine is a light yellow gas with a sharp irritating odor, Chlorine is a yellow—green gas
with a sharp, suffocating odor, Bromine is a heavy volatile brown liquid with a pungent odor.

Structure of substance D:

o F

F,
‘ ‘s, 7 N
+ /// /// \\\\\

F/T\\F

F

1. 1) 3F2 + Cl2 = 2CIF3
2) CIF3 + F2 = ClIFs
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3) 3F2 + Bro = 2BrF3

4) 2CIFs + Bro = 2BrFs + Cl2

5) CIF3 + BrFz = BrCIFs

6) BrFs + 2H,0 = 3HF + HBrO-

7) CIFs+ 2H,0 = 3HF+ HCIO:

8) CIFs+ 3H20 = 5HF+ HCIOs

9) 2F, + 2H.0O — 4HF + O2 (explosion)
10) Clz + H20 < HC1 + HCIO

11) Brz + H20 < HBr + HBrO

12) 3F> + Xe = XeFs (XeF,, XeF, are also acceptable) (no extra points for all three reaction
equations)

F2 + Xe = XeF2

2F; + Xe = XeF4

13) 3F, + Pt = PtFs

14) F> + 2NaOH = OF; + 2NaF + H>0
15) F2 + H2 = 2HF

Evaluati
Ne question Evaluation system on,
points

For each correctly specified substance, 0.5 points
1 Description of physical properties of 0.5 points per substance 6
The correctly reduced structure of the substance D — 1 point

For each correct reaction equation 1-2 0.5 points,
For each correct reaction equation 3-15 1 point

TOTAL: 20
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Problem 2
1. Compound A — metal oxide with chemical formula MxOy. A(M) — mass fraction of

compound A. M let’s find molecular formula:

72,4 : (100-72,4) — 72,4 : 1’725: 41,97: 1: X 1
A(M) 16 A(M) A(M)

Where x= 2/6, 2/5, ', 1/3,2/3,3/4,1,2,3 ...

M:O =

Table of atomic mass values of A at various X

Compound A X A(M) Element
M:0s 2/6 125,91 -
M:0s 2/5 104,93 -
MO 1/2 83,94 Kr
Ms0 173 125,91 -
M:03 2/3 62,95 -
M304 3/4 55,96 Fe

MO 1 41,97 -
MO, 2 20,99 -
MO; 3 13,99 N

Hence, M — Fe. A — mixed iron oxide in oxidation states (I1) and (111) Fe3Oa.
Substances B and C are salts MyClm u McCl; .

441 100-44,1
559 35,5

B — FeClz, C- FeCls;
D — MO(OH) oxyhydrogen of metal M. Therefore, D -FeO(OH).

2. Reaction equations:

n:m= =079:158=1:2

FeCl, + 2FeCl; + 8 NaOH — Fe;0, + 8NaCl + 4H,0 (Reaction 1)

d ine,acidi di t )
FeCl3 n ZHZO opamine,acidic medium B _ FeO(OH)+3HC1 (Reactlon 2)

12 B _ FeO(OH) n N2H4 microwave irradiation 4Fe304 + NZ (Reaction 3)
1 4+8H,0

3. Dopamine is an organic molecule, the presence of which in the reaction mixture can lead
to a change in the particle growth mechanism. Dopamine binds selectively to the edges of
the nanoparticle and makes it possible to obtain akageneite nanoparticles in the form of
“elongated sticks”. Dopamine is also used a stabilizer.

4. Reaction equation:

FeCl, + 2FeCl; + 8 NaOH — Fe;04 + 8NaCl + 4H,0
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Let’s find the molar mass, Mr (FesO4) =231,5 g/mol, M, (FeCl>) = 126,8 g/mol, M, (FeClz)
=162,2 g/mol, M; (NaOH)= 40.0 g/mol.
The amount of magnetite substance will be equal to:

— 29 — . 10-3
n(Fe;0, ) = T35 o/ = 86+ 1073 mol.

Hence, required 8,6 - 1073 mol FeCl,, 1,7 - 1072 mol FeClz and 6,9 - 102 mol NaOH.
Mass of precursors m(FeCl2) = 1,1 g, m(FeCls) = 2,8 g, m(NaOH) =2,8 g.

5. By changing the size, shape, composition, and structure of nanoparticles, it is possible,
within certain limits, to control the magnetic characteristics of materials based on them.

6. Magnetic nanoparticles can be visualized, heated in a magnetic field to effect hyperthermia,
guided and held in a specific location using a magnetic field gradient.

7. A - magnetite

Evaluation system:

Ne Elements of the solution Evaluation,
question points
1 Correct identification of elements A- D by 2 points, metal M — 1 9
point
2 Correct reaction equation /-3 by 1,5 points each 4,5
3 Correct answer (any other reasonable guess is also encouraged) — 0,5
0,5
4 Correct calculation — 2 points 2
5 Correct answer (any other reasonable guess is also encouraged) — 1
1 point
6 Correct answer (any other reasonable guess is also encouraged) — 2
2 points
7 Correct answer — 1 point 1
TOTAL: 20

80



Problem 3

1. Knowing the formula of a substance, we can find out the number of binding electron pairs n,

which is always equal to the number of ligands at the central atom. Next, using the formula, we

calculate

the

total

number  of  bonding
No + N, —

and

lone

electron

pairs.

Subtract n from the resulting number and get the number of lone electron pairs. So we find out the

type of molecule and, referring to Table 1, we find out the spatial arrangement of electron pairs

and the geometry of the molecule.

Substances CIFs COs? OF; PCls XeF4
Molecule
shape
n+m E=6 4+3'2_2_1:3 ﬂ:4 Ezs ﬂ=6
2 2 2 2 2
m 1 0 2 0 2
Molecule
AXsE AX3 AXE» AXs AX4E»
type
Molecule Square ) Trigonal Square
_ Trigonal planar Bent _ _
geometry pyramidal bipyramidal planar
Structural | X E O o [z
- )
formula e 8 CX]/?}) 8| -
R A P X - - pu o . ~ S
‘i el L J @ | \J

By condition (n + m) = 4, which means that according to the table, the spatial arrangement of

electron pairs corresponds to a tetrahedron. These can be molecules like AX4, AX3E, AX2E>.
Of these formulas, only the compounds SO2Cl> and SOCI> can correspond to the elements S, O

and ClI.

A) SOCI; — thionyl chloride, tetrahedral spatial arrangement of electron pairs with a trigonal-

pyramidal geometry of the molecule

E) AXGE
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B) SO.Cl; - sulfuryl chloride, tetrahedral spatial arrangement of electron pairs with a tetrahedral

geometry of the molecule

3. In all these molecules, each individual bond is polar, but there are molecules with such a
structure, where the dipole moments of the bonds, adding up, compensate each other and, as a
whole, a non-polar molecule p = 0 is obtained

Non-polar molecules p = 0: BeCl2 — AX2; CCls — AX4; SOz — AX3

S
i (H)
Evaluation system:
Ne question | Evaluation system Evaluation,
points
1 Correctly defined geometry and correctly drawn spatial | 10 points
arrangement of electron pairs — 1 point each
2 Correctly defined connections — 1 point, correctly drawn 4
geometry of molecules — 1 point each
3 Correctly indicated polarity (the answer must be proven) — 1 point 6
for each
TOTAL: 20
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Problem 4

1. Reactions in which heat is released are called exothermic.
2. Reaction 1:
Fex03) + 2Als) = AloOz(s) + 2Fegs)

= 853.5kJ

Reaction 2:
3Fe304(s) + 8Als) = 4A1,03¢) + 9Fe(s)
Q0 = 4Q;(AlL,055) + 9Qs(Fecs)) - 3Q7(FesOus) - 8Q(Alsy) = 4-1675.7 - 3-1120
= 3342.8k]

Reaction 3:
Cr203¢) + 2Al(s) = Al2O3s) + 2Cr(s)
Q3 = Qf(Aly03(5)) + 2Q7(Cris) - Qf(Cry03(5)) - 2Q5(Alsy) = 1675.7 - 1128
= 547.7 kJ

3. For the first mixture:
m = M(Fe;03) - x + M(Al) - 2x = 160x + 27-2x = 214x = 1g

x = 4.67 - 10723 mol — amount of substance Fe,O3
Q, = 853.5 - 4.67 - 1073 = 3.986 kJ for 1 g of mixture

For the second mixture:
8 8
m = M(Fe;0,) -y + M(A) - 3y = 232-y + 273y = 304y = 1g
y =3.29 - 10 mol — amount of substance FesOx
Q; =

33128 . 329 - 1073 = 3.666 kJ for 1 g of mixture

For the third mixture:

m = M(Cry,03) - z+ M(Al) - 2z = 152z + 27-2z = 206z = 1g
y = 4.85 -10"® mol — amount of substance Cr.03
Q; = 547.7 - 4.85 - 1073 = 2.656 kJ for 1 g of mixture

Therefore, thermite mixture based on Fe;O3z and Al has the highest thermal effect.

4. Let’s calculate the amounts of substance for metals
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m(FeCr)-w(Fe) 1-0.4

— — .10-3

n(Fe) = M (Fo) Ee 7.14-107° mol
m(FeCr)-w(Cr) 1-0.6

= = =11.54-1073 l

n(Cr) ) 0 5 07° mo

It is possible to calculate the amounts of substances and masses for iron and chromium
oxides, aluminum using reactions 1 and 3.
n(Fe,03) = 0.5-n(Fe) =0.5- 7.14-1073 = 3.57 x 103 mol
m(Fe,03) = M(Fe,03) -n(Fe,03) =160 3.57-1073 = 0.571g

n(Cr,03) = 0.5-n(Fe) = 0.5+ 11.54-1073 = 5.77- 1073 mol
m(Cr203) == M(CT‘203) - Tl(CT203) == 152 - 577 : 10_3 = 0877 g

n(4l) = n(Fe) + n(Cr) = 7.14-1073 4+ 11.54- 1073 = 18.68 - 1073 mol
m(Al) = M(AD -n(Al) =27+ 18.68-1073 = 0.504 g

Therefore, to obtain 1 g of ferrochrome 0.571 g Fe2O3, 0.877 g Cr203, 0.504 g Al are

required.

5. The total amount of heat released in the reaction can be calculated using the results obtained
in points 1 and 4, taking into account the stoichiometric coefficients
Q = Q; n(Fe,03) + Q, - n(Cry,05) =853.5-3.57-1073 + 547.7-5.77-1073

= 6.207 k] = 6207
As a result of aluminothermic reaction 0.6 g Cr and 0.4 g Fe are obtained, the mass of
obtained Al203 can be calculated as follows

n(Fe) +n(Cr) 7.14-107°+11.54-107°
2 a 2
m(Al,03) = M(Al,03) -n(Al,03) = 102+ 9.34-1073 = 0.953 g

n(Al,05) = = 9.34-1073 mol

The temperature at the end of the reaction can be calculated as follows, taking into account

that only 60% of the heat is used for heating the products.

0.6-Q
t =
Csp(Fe) -m(Fe) + Cs, (Cr) - m(Cr) + Csy (Al 03) - m(Al,05)
0.6-6207

= 18040C

T 670-4-104+850-6-10~*+ 1350 - 9.53 - 10~*

At this temperature ferrochorome with w(Cr) = 60% will be in liguid, melted state.
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Evalutaion system:

Ne question Evalutaion system Evaluation
, points

1 For the correct answer 0.5

2 Correct coefficients 0.5 p each 4.5
Correct calculation of thermal effects 1 p each

3 Correct calculation of thermal effects per 1 g of mixture 1 p 3.5
each
Correct identification of mixture 0.5 p

4 Correct calculation of mass for each substance 1 p each 3

5 Correct calculation of total amount of heat 1 p 4.5
Correct calculation of Al0z mass 1 p
Correct calculation of temperature 1.5 p
Correct identification of phase state of alloy 1 p

TOTAL: 16
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Problem 5

1) The base deprotonates the amino group of thiophenytoin, forming an anion that
further reacts with the diaryliodonium cation. The diaryliodonium cation more readily attaches to
the anion than to the neutral molecule of thiophenytoin, which plays a role in the subsequent
reaction mechanism.

2) From the activation energy values, it is evident that the reaction proceeds faster
through the first mechanism due to the lower activation energy. It is known that the reaction rate

depends on the rate constant. The given conditions state that the concentrations, etc., are the same

. . . k
in both cases, so the ratio of reaction rates can be expressed as: % = k—1 The rate constant can be
2 2

-E
determined using the Arrhenius equation: k = A - e’ rT .

Thus:
“Ea@
vy, ki A-e RT _Eaw Ea
—=-—=————=¢ RT " RT = 157946.774353
v, k Ea)
2 2 A . e RT

3) The catalyst allows the reaction to proceed through a different pathway, which, in
the case of the catalyst, has a lower activation energy and, as a result, a higher rate.

4) In the first mechanism, there is primary catalysis, where the base deprotonates the
amine of thiophenytoin, forming a thiophenytoin anion. The resulting compound has higher
reactivity compared to the neutral thiophenytoin moiety, thus the reaction proceeds with lower
activation energy.

5) The enthalpy of a reaction is the difference in energy between the reactants and
products. From the value of the activation energy, we can determine the value of 1 Hartree in
kJ/mol and thereby convert the enthalpy from Hartree energy to kJ/mol:

L Eh = 65.649080 kJ /mol 6255 K o]
~ —8884.665449 + 8884.690454 5K /mo

Reaction 1) AH?X = +8884.690454 Eh — 8884.728382 Eh =

k
= —0.0379283 Eh = —0.0379283 - 2625'5m_(])l = —99.58 kJ /mol
Reaction 2) AHX = +8885.10055 Eh — 8885.149169 Eh = —0.0486199 Eh =
k
= —0.0486199 - 2625.5m—£l = —127.651547 kJ /mol

6) Any answer can be considered, even the most unlikely one. But one of the

possibilities could be the dissociation of the diaryliodonium cation into iodobenzene and benzene
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cation, which further reacts with the thiophenytoin anion.

7) We recall that 1 Hartree = 2625.5 kJ/mol, then:

k k
E, = (—8884.678403 + 8884.690459) - 2625.5—] = 31.653028—]
mol mol

8) According to the principle of equilibrium, it is achieved when the rates of the forward
and reverse reactions are equal. Thus, if the rates are the same and all other reaction
parameters are equal, the ratio of the complexes will be determined by the ratio of the

reaction constants

“Ea
[A4,] k, A-e AT Fae (Faw
v =k =v, =kl == =——F—"—7=¢ R’ RT = 0.0108913
[A2] Ky A1)
A-e RT
Evaluati
Ne question Evalutaion system on,
points
1 Correct answer 2
2 Correctly determined the ratio of reaction rates 2
3 Correct answer 1
4 Correct answer (or another logical explanation) 3

Correct calculation of enthalpy (if there is a mistake but the
solution process is correct, 1 point)
Any proposed reaction mechanism

7 Correctly determined activation energy 1
Correctly determined the ratio of complexes (if only the

8 condition of equal reaction rates at equilibrium is stated, 3 5
points)

TOTAL: 20

TOTAL POINTS FOR ALL TASKS - 96
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SOLUTIONS

SENIOR LEAGUE
Problem 1

Solution example

One of the metals dissolves completely in nitric acid but does not dissolve in sulfuric acid.
Therefore, precipitate E is most likely a sulfate. This means that due to the low solubility of sulfate,
the metal cannot dissolve in dilute sulfuric acid. Thus, E contains 0,7500 g of metal and 0,3480 g

of sulfate. Number of moles of sulfate is calculated as follows:

0,3480
32,06 +4 *16

v(50,) = = 3,623 * 1073 mol

Considering the equivalent weight:

1 1 1 0,7500
—v(50,) = 1,812 * 1073 mol = —v(Metal) = — *
2 n n M

where M is the molar mass of the metal.

o= 0,7500 413,90
T mx1,812%1073

g/mol

n M, g/mol

1 413,90

2 206,95 Pb
3 137,97 La
4 103,48 Rh
5 82,78

6 68,98

Lanthanum is not suitable because it is soluble in sulfate form while rhodium does not precipitate
in the +4 oxidation state with sulfate. Moreover, both metals were discovered only in the 19th
century. Taking into account the fact that Pb is a heavy metal, we obtain X) Pb. Therefore, the
alloy sample contained 0,7500 g of Pb and 0,2500 g of another metal.

Consider the oxidation of the alloy in air. Let us assume that PbO is formed during oxidation since
it is the most stable oxide of Pb. In this case, 0,8080 g of PbO is formed. This means that the mass
of the unknown metal oxide is 1+0,1254-0,8080=0,3174 g and the mass fraction of the unknown
metal in this oxide is 0,2500/0,3174 = 0,7876. Assuming that the metal oxide may be represented

as M20x, the mass fraction of the metal is equal to:
(Metal) = M =0,7876
O = M+ x+1600

We get M = 29.66*x, where M is the molar mass of the unknown metal.
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X | M, g/mol

1 29,66

2 15932 Ni
3 88,98 Y
4 118,64 Sn
5 148,30

6 177,96

The unknown metal is tin (Sn) because only Sn has a covalent chloride B, which is liquid at room
temperature. Y) Sn. Also, in the days of Gutenberg, it would have been difficult to obtain pure
nickel (Ni) or yttrium (Y).

If we assume that another oxide of lead is formed during the calcination of the alloy, no other
metal satisfying the condition of the problem will be found.

Let’s calculate the Na:Pb ratio in F.

Na:Pb = 2’51;56’49 =1:25=2:5
23 2072 ’
Represent F as Nax(Crypt)xPbs. Let’s find x:
23 %2 46

w(Na) = = 0,0251

23 x2+376x + 207,25 - 1082 + 376x
Hence, we obtain x = 2, which is consistent with the fact that 222-cryptand forms a complex with
the sodium cation in a ratio of 1:1. F) [Na(Crypt)]*2(Pbs)?. Similarly, G) [Na(Crypt)]*2(Sns)*.

1. X) Pb, Y) Sn. Lead is toxic, so its use is undesirable if there is human contact with the
alloy. When printing, it was necessary to constantly rearrange the letters manually, which
could harm the health of the printing press operator.

2. Compounds:

M1 PbS (galena)

SnO; (cassiterite)
PbCl»

SnCl4

SnO2*nH>0

H>

PbSO4
[Na(Crypt)]"2(Pbs)*
[Na(Crypt)]"2(Sns)”

olicliclivlioll -1k ke
N

Reaction equations:

1) 2PbS + 30, — 2Pb0 + 250, 1

2)PhO+C->Pb+COT

3) Sn0, + 2C = Sn + 2CO0 (in equations 2 and 3 CO emission is allowed)
4) Pb + Cl, — PbCl,

5) Sn + 2Cl, - SnCl,

6) SnCl, + (n + 2)H,0 - Sn0, * nH,0 | +4HCI

7) Sn0, * nH,0 - Sn0, + nH,0 1

8) Pb + 0,50, — PbO

9) Sn + 0, - Sn0, (in reactions 7, 8 the numbering does not matter)

10) Sn + H,S0, —» SnS0, + H, T
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11) 3Pb + 8HNO3 (5q) = 3Pb(NO3), + 2NO T +4H,0
12) 5Sn + 12HN O3 (5q) = 55Sn(NO3); + N, T +6H,0
In reactions 10 and 11 the numbering does not matter. In reactions 11 and 12 other products are

allowed instead of NO or N if the coefficients are set correctly.

13) Ph(NO3), + Na,S0, — PbSO, L +2NaN O,
14) 5Pb + 2Na + 2Crypt - [Na(Crypt)]3 (Pbg)?~
15) 55n 4+ 2Na + 2Crypt — [Na(Crypt)]3 (Sng)?~
3. The structure of the pentaplumbide anion is a trigonal bipyramid:

- -2

Spatial structure of (Pbg)?".

4. Most likely, H contains 1 Sn atom and several phenyl substituents:

118,71

M(H) = 02782

= 426,71 = 118,71 + 4 % 77 = M(Sn) + 4 * M(Ph)

H) (Ph)sSn

Compound | most likely contains fewer phenyl substituents than H. Correct accounting of
substituents gives us 1) (Ph)sSnCI.

Reaction equations:

17) 3(Ph)4Sn + SnCl, — 4(Ph);SnCl
5. Fungicides are used to prevent fungal plant diseases.

Evaluation system:

Ne question | Evalutaion system Evaluation, points
1 Identification of X and Y by 1 point 2

2 Disadvantage of using lead — 0,5 points 0,5

3 Identification of substances M1-G by 0,5 points 4,5

4 Reaction equations 1-15 by 0,5 points 7,5

5 Correct spatial structure and geometry of pentaplumbide anion 1.5

1 point + 0,5 points = 1,5 points

6 Identification of H and I by 1 point 2
7 Reaction equations 16 and 17 by 0,5 points 1
5 Application of fungicides 1

TOTAL: 20

90



Problem 2

1. Equations of the chemical reactions:

Al — 3e™ - AI3Y (1)
2APF + 302 - AlLLO, Q)
3H,0 — 02 + 2H,0" 3)

or a combination of reactions:
2H,0 - OH™ + H;0*

OH™ +H,0 - 0%~ + H;0*

APt 4+ 6H,0 — Al(H,0)3* 4

AT + nS0%™ - AI(S0,)32n (5)

2. The porosity of the AAO can be estimated from Fig. 3, using a ruler for calculations.
First, we estimate the pore diameter using a scale bar (1 um). Then we find diameter of pores dp =
200 nm. Since all cylindrical pores are parallel to each other and the pore height is equal to AAO
thickness, the ratio of total pore volume to total AAO volume (porosity) is equal to the ratio of the

Spores'h_spores
S-h S

sum of pore areas to AAO surface area (Vp“’;es = ). Next, in Fig. 3, it is possible to

highlight some repeating cell on the AAO surface. For example, take the cell highlighted with the
red rectangle. It contains 11 + 4 - 1/4 + 8 - 1/2 = 16 pores. The area of each pore in the figure can
be found as the area of the circle Spore = mr?, where r is the pore radius. Spore = 3,14 - (200/2)? =
31400 nm?. Total pore area Spores = 16Spore = 502400 nm?. The sides of the red rectangle can also
be found using the scale bar (1620 and 1600 nm). Rectangle area Srectangle = 1620 - 1600 = 2592000
nm?. Porosity P = Spores/Srectangle = 502400/2592000 = 0,194 or 19,4%.

Calculate the effective refractive index of the AAO using formula (1): neg =

\/1,6682 -(1-0,194) + 1,000% - 0,194 = 1,56.
It is known that the pores are ordered hexagonally. We find the number of pores in 1 cm?.
An equilateral triangle with side dint (green triangle) and area S = 0,5din?sin60° = din?3%°/4 has

3:(1/6) = 1/2 pores (each triangle has 3 vertices, each common to 6 triangles). Using the scale bar,

we find dint = 400 nm = 4-10° ¢cm. Calculate the number of such triangles in 1 cm?: lem? c;nz =

P - : = 1,44-10°. Then the number of pores is equal to N = 1,44-10%05=7,22-108.

diznt30,5 (4.10—5)2.30,5
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Calculate the effective refractive index of AAO when filled with ethylene glycol using

the formula (1): negr = 4/1,668% - (1 — 0,194) + 1,4242 - 0,194 = 1,62. Consequently, when the

pores are filled with ethylene glycol, the effective refractive index of AAO increases.

3. Since the surface area of aluminium is given, find the charge density: q = Q/S =

341/8,04 = 42,41 C/cm?. In the electrochemical oxidation of aluminium, the number of electrons

is 3 (n = 3). Using Faraday's second law, find the specific mass of the AAO: mg,e. = % =
(26,98:2+16,00-3)-42,41

3:96485,33

= 0,01494 g/cm?.

The difference of masses before and after anodizing followed by dissolution of aluminium
oxide is the experimental value of mass of oxidised aluminium. mex = 0,19551 — 0,16462 =

0,03089 g. The theoretical mass of oxidised aluminium can be found using Faraday's second law:

M-Q _ 2698341
nF  3-96485,33

Miheor = = 0,03178 g. Current yleld mexp/mtheor = 0,03089/0,03178 = 0,9720 or

97,20 %.

4. dint has already been calculated in step 2. k = din/U = 400/160 = 2,5. When the voltage
is increased by 40 V dint = 2,5 (160 + 40) = 500 nm.

5. Use the scale bar to find the thickness of the anodic aluminium oxide (Fig. 4, left). The
thickness of the AAO is about 26 um. The period of the structure is determined by a periodic
change in the refractive index. This is due to the change in pore diameter along the direction of the
pore channels. So, the period of the structure can be defined as the distance shown in the figure
below. Using the scale bar we find the period of the structure of PC, which is approximately 380

nm. Number of periods n =26/0,38 =~ 68.
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Evaluation system:

Ne Evaluation points Evaluation, points
question
1. Reactions 1-5, 1 point for each 5
2. Correct estimate of porosity — 2 points, correct estimate of the 6,5
effective refractive index — 1,5 points, correct estimate of the
number of pores — 2 points. Correct answer to the question
about the change of the effective refractive index — 1 point
(small deviations from the correct values are allowed without
loss of points)
3. Determination of the specific mass of the AAO — 2 points, 3,5
determination of the current yield — 1,5 points
4. Determination of the £ — 1 point, determination of dint — 1 point 2
5. Determination of PC structure period — 1 point, determination 3
of PC thickness — 1 point, determination of number of periods
— 1 point
TOTAL: 20
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Problem 3

(0]
e 0
OH
1. Y- OMO . Z-
2.
1) Hp, Pd/C
2) NaOH, reflux
OH OMe SnBus OMe 3) HCI
1) Bry, AcOH Br. Pd(P(t-Bu)s), (cat.) 4) MeLi (>2 eq.)
HO CO,H 2) (Me0),S0, K,CO3 MeO CO,Me MeO CO,Me
A B
C13H1604
1) NaH, )\/\l
Me )OL OMe 2) 6M NaOH, reflux OMe
~N v ’
NaH, ~0~ “o 3) HCI
e - -
THF, reflux  Meo O MeO °
(0] O
D E
OMe OMe
Meldrum's acid, TiCl, 0. .0 MeMgBr, -15°C 0. 0 TMSOTf (1.2 eq.)
]L - . _
Pyridine MeO = o THF MeO o) CH3NO,, reflux
O (6]
F
C24H3206 G
o 1) BCls, 0°C
MeQ H\ ~ 2)CAN, HyO, CHsCN Ho 9y
3) Hy, PdIC
—
Me
MeO MeO O|\|f||e
M = 330,47
M = 332,44
H Taiwaniaquinol B
3.
OMe n-BulLi, Me 1) Pd/C, H,
MeO Me,CO, 0°C MeO n(OTf); MeO 2) NBS, CH,Cl, MeO
OMe Me  CH,Cl,
Br Kk M= 289,17
MeO ) Pd/C, H, MeO OMe
n-BuLi, Safranal OMe Bi(OTf)s Me Cr03, 3,5-DMP Me
OQQ -
CH,Cl,
OH OMe o OMe
M N M = 360,49
1) BClg, 0°C HO
2) CAN, H,0, CH3CN Mo OMe
3) N828205, H20
H
o OH
Taiwaniaquinol B
M = 332.44
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4. Nazarov cyclization reaction. It was originally discovered by lvan Nikolaevich

Nazarov in 1941 while studying the rearrangements of allyl vinyl ketones.
(0]

5. / \ - Penguinone

Evaluation system:

Ne question | Evaluation system Evaluation,
points
1 For formulas of compounds Y and Z by 1 point 2
2 For formulas of compounds A — H by 1 point 10
For formula of Taiwaniaquinol B — 2 points

3 For formulas of compounds I — N by 1 point 6

4 For the correct answer — 1 point 1

5 For the structure of Penguinone — 1 point 1

(Give 0.5 points in case of minor error)

TOTAL: | 20
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Problem 4
1. Nikolay Nikolayevich Semenov.

2.
1 H,+ 0, ko 20H - chain initiation
2 OH - + H, k1 H,0 + H - chain development
3 H-+0, k2 OH -+ 0 chain branching
4 0 + H, ks OH - +H - chain branching
% - -
5 H-+surface—4>H-(adsorbed) breaking of the chain
6 H-+0,+M ks HO, + M breaking of the chain
3.
11 = kyx [OH *]x [H,]
1y = kox [H -]x [0,]
r3 = k3X [O]X [Hz]
T4 == k4>< [H ']
15 = ksx [H -]x [0]x [M]
4. Concentrations of radicals [OH -] u [0.] are stationary, then d[th'] =0, dgz'l] =0.
d[H -]
dt =T1—T2+T3—T4—T5
d[o:
%zrz_rg, =0=>T‘2 =713
d[ZfI] =TT ATt =0=r =1+ + 13 =15+ 21,
d[H -]
dt =T1—T2+T3—T4—T5 =T0+2T2—T2+T2—T4_—T5 =T‘0+2T2—T'4—T5
d[H -]
—— =70+ 2kz[H *][02] — ko[H -] = ks[H *][0;][M]
S.
d[H-
% =Ty — (P[H ]9
d[H -]

“dt =19 + {2k,[0;] — ky — ks[0,][M]} x [H -] =15 — @[H ]

¢® = —2k;3[0;] + ky + ks[0,][M]

[0.] =yP,[M] =P

(pz'ykspz_ZkzyP+k4=0
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Lower  ignition limit at low pressures - P?> can be  neglected:
¢ =—2k,yP+k,=0
2k,yP =k,
k
= Zka
Upper ignition limit at high pressures - k, can be neglected:
¢ = yksP? — 2k,yP = 0
vksP? = 2k,yP
2k,
u - k5

6. k, —increases with increasing temperature due to the Arrhenius equation:
k=A Ea
= * _—
exp(— )

k, — decreases with increasing temperature since according to the Le Chatelier principle - with
increasing temperature the amount of adsorbed substance decreases, hence the rate constant of the
reaction also decreases.

k< — decreases with increasing temperature because the probability of a trimolecular reaction
decreases.

Hence, the lower limit of B, decreases (k, — decreases and k, — increases) and the upper limit of
P, increases (k, — increases and k< — decreases) with increasing temperature.

Graph of the ignition peninsula:

Pressure P, atm

Py

Temperature T, K
E E
7. ky = Axexp (—R—;‘l), k, = Ax exp(—R—;‘Z)
Prologarithm the equations and we get:
Ink, = InAd — 22, Ink, = Ind — 24
RT; RT,

Subtract the left equation from the right one
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k E, E
2o _La  Ea
K, RT, ' RT,

We obtain the equation for the experimental activation energy:
k2 YHYE
Ep = RI —( )
A= e\,

424%474
474—-424

For the catalyst Pt/y-Al,03 E, = Rlnﬁ(

10,9

) = 21109,07 J /mol;

70,7 (323,8+¥369,4
For the CataIySt Pd/Y'AIZOS EA = Rlna (m

) = 45441,52 ] /mol.
It is better to use Pt/y-Al>O3 catalyst because the reaction with Pt/y-Al,O3 catalyst goes at lower
temperatures and with lower activation energy.

Evaluation system:

Ne question | Evaluation system Evaluation,
points

1 The scientist's last name is spelled correctly — 1 point 1

2 The stages for reactions 1-6 are correlated by 1 point 6

3 The equations of rates of reactions 2-6 are written by 1 point 5

4 The rate of [H -] formation was determined — 3 points 3

5 The upper flammable pressure limit has been determined — 2 | 4

points; Determined lower pressure ignition limit — 2 points

6 The graph of the ignition peninsula is depicted — 2 points; The | 3
change of pressures during temperature changes has been
evaluated — 1 point

7 The activation energies of the reactions were determined by 1 | 3
point; Explained which catalyst is better to use — 1 point
TOTAL: | 25
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Problem 5

1.

The deposition of coke, which is formed as a result of condensation reactions, clogs the
surface of heterogeneous catalysts, deteriorating or completely eliminating their catalytic
properties.
According to the given information, the decomposition reactions, i.e., the formation of
ethylene, follow first-order kinetics. This means that the half-life of the decomposition
reactions is independent of the initial concentration of the reactants. On the other hand, the
condensation reactions follow second-order Kkinetics and depend on the reactant
concentration. This leads to the decomposition reactions proceeding at the same rate while
the rate of coke formation slows down, resulting in an increased yield of the desired
product. If the pressure doubled, it means that the partial pressure of steam is now equal to
the partial pressure of naphtha. This implies that the concentration of naphtha has decreased
by a factor of 2. Therefore, the rate of coke formation will decrease by a factor of 2
according to the given kinetic equation v = k[A]?
v k[A]%, S

E——)
v, k[A]? ~ 0.52

That is, the rate of coke formation decreased by 4 times.

1.

Coke has low thermal conductivity. When it deposits on the walls of the pyrolysis furnace
coil, the furnace cannot efficiently transfer heat to the feedstock, creating a colder zone at
the center of the tube compared to the edges. This leads to an increase in condensation
reactions and higher coke yields, while the yields of ethylene and polypropylene decrease.
It is known that condensation reactions start to occur at temperatures above 400°C. If we
keep the feedstock in the coil for a long time, coke yields will significantly increase because
the rate of condensation reactions increases with temperature.
The quenching unit is necessary to reduce coke yield. When the heated feedstock exits the
pyrolysis furnace, polymerization reactions may still occur. By rapidly reducing the
temperature, the rate of condensation reactions decreases, resulting in higher yields of the
desired products.
Similarly to point 3, a significant increase in temperature will decrease the yield of the
desired product. As temperature increases, not only does the rate of decomposition
reactions increase, but the rate of condensation reactions (coke formation) also
significantly increases.
Any reasonable approach can be considered, but one example is to lower the temperature
and reduce the residence time of the feedstock in the coil. Increasing the content of steam
Is another option.
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6. Any reasonable approach can be adopted, but as an example, controlling the length of the

tube using a specialized mechanism that adjusts the tube's position can increase or decrease

its length.
Evaluati
Ne question Evaluation system on,
points
1 Correct answer 2
5 Correct answer and calculation (if only the answer is given, 5
then 1 point)
3 Correct answer 4
4 Correct answer 2
5 Correct answer 1
6 Correct answer 1
7 Provide any logical solution to the problem 4
8 Provide any logical solution to the problem 4
TOTAL: 20

TOTAL POINTS FOR ALL TASKS - 100
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