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CocTaB MeTOANYECKO KOMUCCHH MEKIYHAPOAHOI omMnuanbl « Tyiimaana-2022»
XUMMUA)

1. CokonoBa Mapuna JImutpueBHa, nupekrop Muctutyra mpobiem neptu u raza Cubupckoro
ornenenust Poccuiickoit akagemun Hayk ®UI «Sxyrckuii Hayunelii neHtp CO PAH», n.T.H. —
IpeJiceaaTeNb;
2. CrnupunonoB Anekcanap MuxaiioBud, B.H.C. — PyK. J1ab. MHCTHTyTa €CTECTBEHHBIX HayK
Ceepo-Bocrounoro denepanpuoro yausepcutera uM. M.K. AMMocoBa, K.X.H. — 4JIeH;
3. N'omukoB Anekceit HukonaeBuy, acnmpant yauBepcuteta Myongji (Pecn. Kopest) — uiien;
4. CusneB Cemen McaeBuy, acnupant MHcTuTyTa ipo6iem HedTu u raza CO PAH — unen;
5. TIlaBnoB Cepreit HwukomaeBud, CTyOeHT XHMHUYeCKOro (akymbreta MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera um. M.B. JIoMoHOCOBA - wiieH;
6. OxoHemHUKOB ApTyp AJEKCeeBHY, CTYJIEHT XHUMHUYECKOro ¢axynpTera MOCKOBCKOTO
roCcyIapCcTBEHHOro yHuBepcurera uM. M.B. JIoMoHOCOBa — uJieH;
7. EmenbanoB ['eopruii [lerpoBuy, acnupant Kopeilckoro HayqyHo-HCCIlIeI0BATEIbCKOIO MHCTUTYTA
Oouonoruueckux Hayk u 6uorexHosnoruu (Pecr. Kopes) — unen;
8. Crapoctun Anekceil [lanmioBud, cTyAeHT Qakynbrera pyHIaMEHTaIbHOW PU3UKO-XUMUYECKOM
MHXeHepUr MOCKOBCKOI0 rocyJapcTBEHHOT0 yHUBepcuTeTa uM. M.B. JlIomoHOCOBa — iieH;
9. PemernukoB Bukrop IlerpoBmu, crynmeHT ¢akymnpreta Hayk O Marepuaiax MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera uM. M.B. JIoMoHOCOBa — uJieH;
10. CrenanoBa Tatesina CepreeBHa, CTyJAeHT XuMuieckoro ¢gaxyiprera CIIOIY — uneHn.

Cocras xwopu Me:xkayHapoanoi onumnuaasl «Tylimaana-2022» (XUMUSA)
1. CoupunoHoB Anexkcanap MuxailioBud, B.H.c. — pyK. J1a0. «llonnMepHble KOMIIO3UTHI IS
Cesepa» MHuctuTyTa ecrectBeHHBbIX Hayk CeBepo-Boctounoro (emepalbHOTO yHHBEPCHUTETA WM.
M.K. AMMoOcCOBa, K.X.H. — IpeACeaaTeNb;
2. CokonoBa Mapuna JImutpueBHa, aupekrop WuctutyTa mpobiem Hedtu u raza Cubupckoro
otneneHus Poccuiickoil akageMun HayK, J.T.H. — 3aMECTUTENb NIPEACENaTENs;
3. JanunoBa CaxasHa HukonaeBHa, M.H.c. mabopatopun «Ilonumepnsie komno3utsl s CeBepa»
HNuctutyTa ecrectBeHHbIX Hayk CeBepo-Bocrtounoro ¢enepanbHoro ynuepcutera um. M.K.
AMMOCOBa — CEKpeTaph;
4. OxnonkoBa AMTanuHa AJiekceeBHa, mpodeccop, pykoBoautenb OIl «DyHnameHTanbHas u
npukiagHas xumus» MHcrutyra ecrtectBeHHbIX Hayk CeBepo-BocrtouHoro ¢enepaibHOro
yHuBepcurera uM. M.K. AmMocoBa, neiictBuTenbHbll uneH Axagemun Hayk PecryOnmuku Caxa
(AxyTHs), 0.T.H. — 4JI€H;
5. CrpyukoBa TarpsgHa CeMEHOBHA, IOLEHT XMMHYECKOrO OTAeNeHUs VHCTUTyTa €CTECTBEHHBIX
Hayk CeBepo-Bocrounoro ¢enepansHoro yuusepcutera uM. M.K. AMMocoBa, K.T.H. — WIEH;
6. Hukudopon Jleonnn AnekcanapoBud, c.H.C. Jaboparopuu «llonuMepHble KOMITO3UTHI JUIS
Cesepa» MHctuTyTa ectecTBeHHBbIX Hayk CeBepo-BocTtounoro ¢eaepanbHOr0 yHHBEpPCUTETA UM.
M.K. AMMocoBa, K.T.H. — YJICH;
7. Bepeiiknna Bukxtopus BacuibeBHa, M.H.Cc. 1a00paTopuM TEXHOT€HHBIX Ta30BBIX T'MJIPaTOB
Wuctutyra npobnem negtu u raza CO PAH, k.X.H. — uJieH;
8. MapkoBa Mapda AnekceeBHa, M.H.C JIabopatopuu MaTepuaynioBeneHus MHcTUTyTa mpobiem
HedTu u raza CO PAH — urew;
9. EmenbsHoB ['eopruii [lerposuy, acnupanTt Kopelickoro Hay4HO-MCCIEA0BATENBCKOTO HHCTUTYTA
O6uonornyeckux Hayk u 6norexnonoruu (Pecn. Kopes) — unen;



10. OxoHemrHWKOB ApTyp AJIeKCeeBHY, CTYIASHT XUMHUYECKOro ¢akyabTeTa MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera uM. M.B. JIoMoHOCOBa — uJieH;

11. TlaBnoB Cepreit HwukomaeBud, CTyA€HT XUMHYECKOro (aKyinpTera MOCKOBCKOTO
roCy1apCcTBEHHOro yHuBepcurera um. M.B. JlIoMoHOCOBa - wiieH;

12. Crapoctun Amnekceir JlanwmoBuu, CTyAeHT Qakynbpreta (yHIAMEHTaIbHOH (usnko-
XUMHUYECKON MHKEHEepUU MOCKOBCKOI'O rocyIapcTBEHHOro yHuBepcurera uM. M.B. JlomonocoBa —
YJIEH.

Bcnomozamenwvnwtii nepconan:

1. CupnopoBa Pozamus HuxonaeBHa, 3aBenyroomuii jgabopaTopuell OpraHMYECKOW XUMHUH
XUMH4Yeckoro otaeneHus MHcTuTyTa ectecTBeHHBIX Hayk Ceepo-Bocrtounoro denepanbHOro
yHuBepcurera uM. M.K. AMMocoBa — cTapiuuii 1abopaHT;

2. ®umunmoBa Anena [laBnoBHa, nmabopaHT | KaTeropum XMMHUYECKOTO OTAeNeHus MHcTUTyTa
ecrecTBeHHbIX Hayk Cesepo-Boctounoro ¢enepanbHoro ynusepcurera uM. M.K. AmmocoBa —
Ja00paHT.

Aemopwt 3a0anuii: Bepeiikuna B.B., I'onukoeé A.H., Emenvsnos I'.11., Oxonewnukog A.A., Ilagnog
C.H., Pewemnukos B.I1., Cmapocmun A./[., Cmenanosa T.C.



Methodological commission structure of the International Olympiad «Tuymaada-2022 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;
3. Golikov Aleksei Nikolaevich, PhD student of the Chemistry Department, Myongji University
(South Korea);
4. Sivtsev Semyon Isaevich, PhD student of the Institute of Oil and Gas Problems SB RAS;
5. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University;
6. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State
University;
7. Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological
Sciences and Biotechnology (South Korea);
8. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical
Engineering, Moscow State University;
9. Reshetnikov Victor Petrovich, a student of the Faculty of Materials Science, Moscow State
University.
10. Stepanova Tatyana Sergeevna, a student of Chemical Institute, Saint-Petersburg State
University;

Jury structure of the International Olympiad «Tuymaada-2022» 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. Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the
Chemistry Department, North-Eastern Federal University — member;
6. Nikiforov Leonid Aleksandrovich, PhD in Technical Sciences, a senior researcher of the
Laboratory "Polymer composites for the North", North-Eastern Federal University — member;
7. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, a junior researcher of the Laboratory
of Technogenic Gas Hydrates, Institute of Oil and Gas Problems SB RAS — member;
8. Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute
of Oil and Gas Problems SB RAS — member;
9. Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological
Sciences and Biotechnology (South Korea) — member;
10. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State
University — member;
11. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University —
member;



12. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical
Engineering, Moscow State University — member;

Support Staff of the International Olympiad « Tuymaada-2022y» in Chemistry
1. Sidorova Rozaliya Nikolaevna, a head of the laboratory of Organic Chemistry, North-Eastern
Federal University — Senior Assistant;

2. Filippova Alena Pavlovna, a laboratory assistant of the Chemistry Department, North-Eastern
Federal University;

Authors of problems: Vereykina V.V., Golikov A.N., Emelyanov G.P., Okoneshnikov A.A, Pavlov
S.N., Reshetnikov V.P., Starostin A.D., Stepanova T.S.
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Hydrogen Helium
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Li Be Nh  ||Symbol B C N (o] F Ne
Lithium Beryllium Nihonium name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.968 || 9.012 [278] | jatomic weight {in parenthesis for the radioactive element] 10.814 || 12.011 || 14.007 || 15.999 || 18.998 || 20.180
(0 2 0 0 (5 0 7 0
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sultur Chlorine Argon
22.990 || 24.306 26.982 || 28.085 || 30.974 || 32.068 || 35.452 || 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc 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
7 ] 3 o o 2 © w“ ® % @ ® m £ Gl 5 = 5
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony 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 5771 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs Ba La-Lu Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
Caesium Barium Lanthanoids Hafnium 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 89-103 104 105 106 107 108 109 10 m 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
Francium Radium Actinoids Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium | | Roentgenium || Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine ‘Oganesson
[223] [226] [267] [268] [271] [272] [277] [276] [281] [280] [285] [278] [289] [289] [293] [293] [294]
57-11 57 58 59 60 61 62 63 64 65 66 67 68 69 70 n
La-Lu La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanoids Lanthanum Cerium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium 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
89-103 89 920 91 92 93 94 95 96 97 28 99 100 101 102 103
Ac-Lr Ac Th Pa V] Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinoids Actinium Thorium 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]

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

YMEKTPOXHMHYECKHH PAI HAIPAKEHHIH METAIIOB

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

PACTBOPHMOCTb COJIEH, KHCI0T H OCHOBAHHH BOJAE

(H), Bi, Cu, Hg, Ag, Pd, Pt, Au
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MUIAJITAA JIUT'A

3agaua 1

3HaHUS XWMUYECKUX CBOWCTB BEIIECTB, CIIOCOOOB WX HACHTU(DUKANUU U pa3felieHUs
SABJISFOTCSA OJJTHUMHU U3 OCHOBOIIOJIAralOIMX B MPAKTUYECKOW xuMuu. [1oaToMy nepen nmocraHoBKOU
ONBITOB XMMHMK JIOJKEH IPOBECTH MBICJIECHHBIA 3KCIIEPUMEHT C IOHUMAHUEM TEOPETUUECKUX OCHOB
IIPOLIECCOB.

I[IpencraBbTe, 4To mepea Bamm pacTBOp, CoIepsKaluii cMech HHTPaTOB KaTHOHOB Fe’”,
Cu?*, Sn?*, Pb?*, Ag*, Mg?*, Ba?*, Zn?*

1. HpCZ[J'IO}KI/ITe croco0 pasaci€HusaA J3THUX KAaTHOHOB C HCIIOJIB30BAHUEM TOJIBKO
YKa3aHHBIX XUMHYCCKUX PCAKTHBOB. CBoH OTBETHI MOATBCPAUTC YPAaBHCHUAMU peaKuHﬁ.

Peaxtussr: 10% Boaubie pactBopsl HCI, H2SO4, NaOH, NH3*H>O, NH4CI

2. Hanumure ypaBuenus peakuuid 1-4 u onummure siBIeHus, HaOt01aeMbIe B X0/I€ UX
MIPOTECKAHUS.
. bepnuHckas 1a3ypps — 3TO 0CalOK, BHIMAJAIONINI IPU IEHCTBUU JKEITON KPOBSHOM COJIHM Ha

nonsl xene3a (1) (peaxyusa 1).

o B npucyrctBun nonos xenesa (I1I) mpu noGasnenun poganuaa kanus oOpasyeTcst poJlaHu
xenesa (1) (peaxuus 2).

o Hutpat cepeOpa aeT ¢ OAHUM U3 raJIOr€HU1-HOHOB JAeT 0CaZ0K ¢ Haubosiee MHTEHCUBHON
OKpackoii (peakuus 3).

. DTOT rajloreHuI-uOH 00pa3yeT OKpAIlICHHBIH 0CaIOK ¢ HUTPATOM CBHUHIA (peakuus 4).



3amaua 2

Crnexrpodoromerpust — (PU3UKO-XUMUYCCKUIA METOJI UCCIICIOBAHUS PACTBOPOB M TBEPIBIX
BCIIIECTB, OCHOBAaHHBIA HAa M3YYCHUH CIICKTPOB IOTJIOMICHHS B yJIbTPa(UOJCTOBOM, BUAUMON U
uH(ppakpacHoOi obmacTsax crektpa.. OCHOBHAS 3aBUCUMOCTh, H3ydaemasi B CIIEKTPO(HOTOMETPHH —
3aBHCHMOCTh MHTCHCHBHOCTH MOTJIOIMICHHUS (KaK MPAaBHIO M3MEPSAETCS ONTHYECKas IIOTHOCTH -
jgorapudM CBETONPOIYCKAHMs, T.K. OHA 3aBHCUT JIMHEHHO OT KOHIICHTPAIMHA BEIICCTBA)
MAJAOIIEro CBETa OT JUIMHBI BOJIHBL. CHeKTpo(OTOMETPHS MIMPOKO MPUMEHSCTCS HPHU H3yYCHUU
CTPOCHHUSI M COCTaBa pA3JIMYHBIX COCJAMHCHUN (KOMILICKCOB, KpacUTEICH, aHAIMTUYCCKUX
peareHToB W JIp.), JUIS Ka4ECTBEHHOI'O M KOJMYECTBEHHOTO ONPEACIICHUS BEIISCTB (ONMpeceHUs
CJICJIOB 3JIEMEHTOB B METaJIaX, CIUIABaX, TEXHUIECKUX O0BEKTaX).

[IpencraBuM, 9yTO B Ta0OPATOPHIO MOCTYIHI 00pa3ell CTallu, COACPIKAITUI XPOM U HUKEIb,
maccorr 13,800 r. [Ins ompeneneHuss comepiKaHWs XpoOMa U HHUKENss B 0OO0pasle Ccraiu ObLI
UCIIOJIb30BaH (DOTOMETPHUYECKUN METO] aHAITN3A.

Jlyis onpenenieHust CofepKaHus XpoMa B3sUTM HaBecKy oOpasma craym maccoit 0,1000 r. B
XO0Jle aHanM3a Moimyduics pacTtBop oobemoMm 100 mn u ¢ omruueckoil mnotHocThio A 0,609.
[TapamiensHO OBUIO TMPOBEACHO ONPEICIICHHE ONTHYECKOHW IUIOTHOCTH A 10 CTaHAapTHBIM

pacTBOpam C H3BECTHOM KOHHeHTpaHHeﬁ Xpoma, pe3yJibTaTbl KOTOPOI'0 MPEACTABJIICHBI B ma@mue
1.

Tabnuna 1. Pe3ynpTaThl HCCaeA0BaHUI ONTUYECKON TIJIOTHOCTH A

Ccr,r/a A

0,1000 0,248
0,2000 0,506
0,3000 0,733
0,4000 1,002
0,5000 1,240

Jlns ompeneneHus colepskaHUsi HUKENIS B 0Opaslle HCIONb30Balu MeTof nob0aBok. s
aToro HaBecky cranmu maccoir 0,2500 r mepeBenn B pacTBOp, 00bEM KOTOPOTO JIOBETH B MEPHOM
kosbe 1o 50,00 mur. TToce aToro B 1Be MepHBIe KOJIOBI 00BeMoM 50,00 Mt oTo6panu mo 20,00 vt
QIMKBOTHI pacTBopa. B omHy u3 konb noGaBwim craHmapTHeid pactBop Hukens (Myi = 0,0025r),
Jajee Tociie J00aBJICHUS HEOOXOIWMBIX PEaKTHBOB PACTBOPHI B KOJI0AX JOBEIH 10 METKH,
M3MEPUIIA ONTUYECKHE IJIOTHOCTU U MOJYUYWIH SKCIIepUMEHTaNbHbIE 3HAaUeHUS Ax= 0,211 U Ax+er=
0,419

[Io nmaHHBIM oOmpAENeHHs XpOMa CTPOUM TPaTyHMpPOBOUYHBINA rpaduk. ['pamyrpoBOUHBIMA
rpaduK CTPOST C HWCIOIb30BaHHEM MUJUTMMETPOBON JHHEWKH (WM MUJUIUMETPOBON Oymarm),
OTKJIaJbIBasi TI0 ocH alciucc (TOpH3OHTANbHASI OCh), W3BECTHBIC KOHIICHTPAIIUU CTaHMIAPTHBIX
pacTBOpPOB, a 1O OCH OpJAWHAT (BepTUKAIbHAs OCh) — H3MEPEHHBIC 3HAUCHUS OINTHYCCKOM
TUIOTHOCTH CTaHIAPTHBIX PacTBOPOB. M3 MOYYSHHBIX TOYEK CTPOST TPAIyUPOBOYHYIO MPSMYFO.

[Ipu moctpoenun rpaduka HEOOXOAMMO MPABUIBLHO BBIOpaTh MacmrTad ¢ TeM, YTOOBI
TOYHOCTH BBIYMCIICHUH KaK MOKHO JIydIlle COOTBETCTBOBAIA TOYHOCTH MCXOJIHBIX JTAHHBIX.

[Tocne mocTpoeHus rpaagyupoBOYHOTO rpadyika MPUCTYMAIOT K BHIMOTHEHUIO OMPEIEICHUS
KOHI[EHTPAIUH.
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Jlnst onpenenieHusi COASpKAaHUs HHUKENs METOJIOM J00aBOK CTPOUM Jpyroil rpaduk. ITOT
METOJI NPUMEHSIOT JUIsl aHaliM3a CJIOXKHBIX pacTBOPOB, T. K. OH II03BOJISIET aBTOMATUYECKU
YUUTBHIBaTh BJIMSHHUE MOCTOPOHHMX KOMIIOHEHTOB aHajau3upyeMoro oOpasna. CHauana HU3MepsIoT
ONTUYECKYI0 IUIOTHOCTb HCCIEAYEMOIO pacTBOpa C HEU3BECTHOM KOHLIEHTpALUeH, 3aTeM B
aHaM3UpyeMbIll  pacTBOp  JOOABISIIOT  M3BECTHOE  KOJIMYECTBO CTAHJApTHOIO  pacTBopa
omnpenenseMoro koMnoneHTa (Cer) U U3MEPSAIOT ONTUYECKYIO IUNIOTHOCTb Ax U Ax+cr. KOHIIEHTpanuio
aHAJIM3UPYEMOr0 BEILIECTBAa B METO/I€ J00ABOK MOXHO HaiTu rpaduueckum myreMm. Eciu ctpouth
rpaduk Ax+er Kak GYHKIUU Cer, TO MOMYUYUTCA NMPsIMast, SKCTPAIOJSALMSA KOTOPOH /10 IepeceyeHus ¢
0CBI0 a0CIUCC TaeT OTPe30K, paBHbI — Cx .

A.\‘Cl ------- 1
7N
|
|
N P : |
Al |
5 I
|
|
3 ]
G 0 Cer C
1. OnpeﬂeJmTe 10 Fpa(l)I/IKaM KOHIOCHTPAIIMIO XpOMa M HHUKCIA B aHAJIM3UPYEMBIX
pacTBOpax.
2. OHpCI[CJ'H/ITe MaCCOBYIO JOJIFO XpOMa U HUKECJISA B IPUHECCHHOM 06pa3ue CTalin.
3. 3aBUCUMOCTD NHTCHCHUBHOCTH MOrjiomeHnusd MOHOXPOMHOT'O H3IYyUYCHUSA oT

KOHI[CHTPAIIMU BEIIeCTBA W TOJIIMHBI ITOTJIOMIAIONIETO CJIOSI BBIpa)kaeTcsi 3akoHOM byrepa-
JlambGepra-bepa:
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A=Ig(lo/l)=¢Cl,

rae: A — onTUYeckas IIOTHOCTh pacTBopa, lo — MHTEHCHBHOCTb MCXOJIHOTO M3MyudeHus; | —
WHTECHCUBHOCTh HW3JIyYCHHUs, MPOIICIIIEIO 4Yepe3 pacTBop; | — TOJIMHA MOTJIONIAOIIETO CIIOs
(mmuHA KIOBETHI); & — KOI(P(GUIMEHT CBETOMOIJIOMEHNUS (IKCTUHKIMK) BemectBa; C —
KOHIIEHTpAIUs BEIIECTBA B PaCTBOPE.

Koapduuuent MOMApHON OSKCTUHKIUHM KOMIUIEKCHOTO COCAMHEHHUS aJIOMHHHS C
ammzapusom pasen 1,6%10% av3*moms ™ *em™ npu e Bommbr 485 M. Kakoil JIMHBI KIOBETY
HE00X01MMO BbIOpaTh A1l GOTOMETPUPOBAHUS, YTOOBI ONTHYECKAs IJIOTHOCTh pacTBOpa ObLIa HE
menee 0,384 npu copepkaHuU aTFOMUHHS 1.2*10°° mosn/mqm3?

4, OO0BsicHUTE, 3a4eM B Keje30 J00ABISIOT YIJIEpoaA? XPOM U HUKEINb?
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CTAPIIIAA JIMT'A

©/0H gnu
I |

1H-AMP
[ -OH -NH |
l / I | A |
L+ L] | J [ |1 L
T T T T T T T T T T T T
12 1 10 9 8 7 6 4 3 2 1 0
ppm
H-C-N —CH;
H-C-S
ﬁ ﬁ H-C-X -CH,
C C=C—H
R” “OH o H C=C-H =
R H ©/ H-C-O H-C-C=0 _¢H
H-C-C=C
ppm = M.A. X=F,Cl, Br

(T.e. 3NeKTpoOOTPHLIaTENbHbII aTOM) Hé—@

KOHCTaHTbI CNMMH-CNMHOBOro B3aUuMO4eNCTBUA

®pazmeHm

J(ry) dpazmeHm J(Fy)
H H \/H
c=c 7-12 A 12-15
H
L H
. e 0-10
Cc=cC 13-18 /c c\
H
\ H
C=C/ 0.5-3
\
H
N
c=c 0.5-2.5 /
/ \ —C—C 1-3
c—un I\
e}
N/
c:c\ 4-10 CHy — CH, — 6.5-7.5
/ C—H
CH,
\c—c/ \
s 0-3 CH— 5.5-7
/ \
H C—H
CH,
H
H H
5-9
|| H
\c=c¥c=c/ 9-13 H
/ \ I 24
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Xumunyeckue casurn 13C AMP

XumMuyeckun Xumuyeckum
Tun yrnepoaa caswr (ppm) Tun yrnepoaa caswr (ppm)
A
R—CHj3 0-35 /C= 80 - 150
R
F|' —
R—CH, 15-55 \ /C 110-170
R 0
R—CH 25-55 : 165175
' R” “OR
R
i ?
—C— -4 c 175-1
R—C—R 30 -40 a~C~on 5-185
R
| o
—a 10-65 1 190 — 200
| F
(X: Cl, Bror N)
f
—C—0— 50-90 R/C\R 200 — 220
R—C= 70 -90

Tabnuua yactoTt nornoweHusa B UK-cnektpe

¢‘VHK|;W|0Hﬂ"hHﬂﬂ YacroTa (cm™) WHTeHCH PyHKUMOHANbHAR rpyANa YacToTa (cM™) WHTeHcuB
pynna BHOCTb HOCTb
Anken =C-H 3020-3100 Cpegrsis | Cnmptiel O-H 3400-3650 i&i‘i’l:’
Anken C=C 1640-1680 CpeaHss Cnnptel C-0 1050-1150 CpegHsia
Apen C-H 3030 Cnabas KapboHoBble k-Tbl O-H 2500-3100 CursHas, wup.
1660-2000 Cnabas
Apen C=C 1450-1600 Cpeghsin | KapGonoeble k-Tbl C=0 1710 CunsHas
Ankun =C-H 3300 CunbHas CnoxHsle a¢pupebl C=0 1735 CuneHas
Ankun C=C 2100-2260 CunbHas CnoxHble achmpbl sp2C-0 1200-1250 CurbHas
Hutpun C=N 2210-2260 Cpeansn |~ CnoxHble achupbl sp® C-0 1000-1100 CunsHas
Ankunran.C-Cl  600-800 Cunbas | Anbgermabi C=0 1730 CunbHas
Ankunran.C-Br | 500-600 CunsbHas | Anbperuobi C-H 2720 Cnabas
AMMH N-H 3300-3500 Cpeatsa = KetoHwl C=0 1715 CunsHas
Amut C-N 1030-1230 Cpepnss ~ Amuabl C=0 1690 CuneHas
Amuabi N-H
HuTpo 1540 Cunetian | o) Wstor 2 N-H 3200,3400 Cremis

Nnonockl NornoLLeHns

2° amuael umetoT 1 N-H nonocy
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VYasTpaduoneroBeii  uHaekc (Y®OU) sBasercs MeEXIyHaApOIHBIM CTaHIAPTOM IS
KosimdecTBeHHOHU olleHKH Y® u Bapwupyercs oT 0 1o 11 u Beime. Yem Boie YOU, Tem Gobiie
NOTEHLMAN JUIsl HAaHECEHUs! BpeJa KOXK€ M IJla3aM M TEM MEHbIIE BpeMs, He0OXOauMOe i €ro
HaHECeHMs. 3allUTHBIE CPEICTBA OT COJHIIA HEOOXOIMMO HCIONB30BaTh mpu Y DU, paBHOM WU
IIPEBBILIAIOIIEM 3.

Hecmotps Ha TO, uTO SIKyTHs SIBISIETCS CAMbIM XOJOJHBIM OOMTAaeMbIM MECTOM Ha 3eMie,
JTHEBHAsI TEMIIEpaTypa JIETOM MOXKET JocTurarh +35 u naxe +40 °C, a YOU B cpeaHem cocTaBiseT
5.

O6mactp yabTpauOJIETOBOTO HW3JIYYCHHUS BKIIOYAaeT BOJHBI jauamazoHoMm 100—400
HAaHOMETPOB (HM) U YCJIOBHO JICJIUTCS HA TPHU TPYTIIbI:

. Y®-A (315400 um)

. VO-B (280-315 1m)

. Y®-C (100-280 1m)

Y® uznydenue, pocruraroiiee 3eMHYIO MOBEPXHOCTh, B OCHOBHOM COCTOUT M3 HanMEHee
omacHoro usnyueHuss Y®-A pauamasona, B To BpeMmsi kak Hauboniee BpenHole Y®O-B u YO-C
JIMana3oHbl MPAKTUYECKH TOJHOCTHIO MOTJIONIIAIOTCS O30HOM, BOJSIHBIM IApOM, KHCIOPOJIOM H
YTAEKUCIBIM ra3oM. TakuM o0pa3oM, B MeCTaX, HE MOKPBITHIX 3alIUTHBIM O30HOBBIM CIIOEM, JIFOJIU
MOJIBEPTaloTCsl PUCKY BO3JAEHCTBUs BceX BpeAHblx (popm Y. Ilo 3Tolt mpuymHEe coenuHEHus,
paspymiaronue O30HOBBIA CJIOW, ObUIM 3ampelleHbl WIH CTPOTO pPErjJaMeHTHPOBAHBI, YTOOBI
MPEIOTBPATUTH 00PA30BAHKE WM YBEITHYCHUE O30HOBBIX JIBIP.

1. [Ton neiicTBHEM KaKUX XMMHYECKHX BEIIECTB pa3pylIaeTcss 030HOBBIN CII0i?

Coenunenne Al 4acTo UCIOJIb3YETCS B KAUECTBE aKTUBHOTO KOMIIOHEHTA COJIHIIE3aIUTHBIX
KpeMoB. Takxe 10Ka3aHo, YTO OHO 00JiaJjaeT JeueOHON aKTUBHOCTBIO M UCIOJIB3YETCsl B KauecTBE
IPOTUBOBOCTIAJIUTENILHOTO CPEACTBA, AJI1 YMEHbILIEHUS OOJIN U CHATHUS OTEKOB.

Jlna nonmyuyeHust BemiecTBa Al MpOBOAST PEaKUIO MEPEKPECTHON KOHAEHCAMU Mexay 1
MOJIEM alleTOHa U 2 MoJsiMHU OeH3anbpaeruaa, katanuzupyemoir NaOH. Dta peakuus Takke HOCUT
Ha3BaHue Kngiizena-IlImunra.

2. [IpuBenure CTpyKTypHYyIO0 (Gopmyiy BemecTBa Al M MEXaHHU3M peaKUUu MEXITY
alleTOHOM M O€H3aJIbETHAOM B MOJILHOM COOTHOIIEHUH 1:2.

HpI/I AJIATCIIbHOM XpaHCHUU B 66H38.J'ILI[€FI/II[€ 06pa3YIOTCH Oelnble KpHUCTAJJIbl BCIICCTBA B,
9TO MOKET CYHIECCTBCHHO CHU3UTD BBIXO/ IIPOAYKTA.

3. [IpuBenuTe cTpykTypHYyIO dopmyny BemecTBa B u mpemioxxure MeTON OYUCTKH
Oenzanpernaa ot B.

OKcliepUMEeHTalbHasi ~ ycTaHOBKa i mpoBeaeHus  peakuun — Kusiizena-Ilmuara
npencrasieHa Ha Pucynke 1.
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Pucynok 1. YcraHoBka Ji1s CUHTE3A.

4. 3anuiuuTe Ha3BaHUS Kax10ro 3nemMeHTa (1-5) skcnepuMeHTallbHOM YCTaHOBKH.
S. 3anonHuTe TadIuLy:
Moasipuas | KoanuecTBo
T.K. ILnoTHOCTH O0BeMm,
BenrecTrBO macca, BelllecTBa, Maceca, r
(°C) r/em® I
r/M0JIb MOJIb
benzanbaerun 178 1.04 2.00
AuetoH 56 0.79
NaOH 10%
(macc.)
- 1.11 2.00
(pactBOp
KaTanu3aTopa)

CwMmech OeH3anpJeruaa 1 aleToHa akKypaTHO IPUIMBAIM K pacTBOPY TMAPOKCUAA HATpUS B
TedeHre 30 MUHYT P UHTEHCUBHOM IE€PEMELINBAHUY, OIEPKUBAsI TEMIIEPATypy peaKklnOHHON
cmecu B mpenenax 25-30 °C. Ilo okoHYaHMM peakinuu Ha TOHKocHoitHOU xpomatorpapun (TCX)
ObulM OOHApy)XeHBI 3 OKpallleHHBIX IATHA, KOTOPHIE COOTBETCTBYIOT BemlecTBy Al M JIByM ero
n3omepaM A2 u A3.

6. Paccunraiite 3HaueHue ko3dduuumenta mnoaswxHOCTH (Rf) Kakgoro mnsarHa Ha
Pucynke 2 u npemnoxure ctpyktypsl A2 u A3. R 3T0 OTHOIIIEHHE PacCTOSIHUS OT IICHTpa MATHA
K PacCTOSHUIO, IPOIICHHOMY PacTBOPHUTEIIEM.
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AlRs=?

A3 R =? e Py el

- -4 - =4

Pucynok 2. TCX nocne peakiuu

[To okOHYaHUM peaklMU U3 PACTBOPA BBINIAAAET JKENTHIN 0CAI0K, KOTOPBIM ObLUI BBIIEIIEH U3
PEaKLMOHHON CMECH BaKyyMHBIM (PUIIBTPOBAHUEM C UCIIOJIb30BaHHEM BOPOHKH broxHepa.

7. N300pa3uTe TUNUYHYIO YCTAaHOBKY JUIsI BaKyyMHOH (WIBTpAllMd W Ha30BUTE
KQKIbIN U3 €€ KOMIIOHEHTOB.

OTunbTpoBaHHBINA 0CAIOK MPOMBLIN AUCTUILUTUPOBAHHON BOJIOM U AJIsl BbIIEIEHUS YUCTOTO
Al nepexpucTaaiu3oBatu u3 95%-noro sranona. *H-SIMP u UK-cnexktps! BemecTsa Al, mokasassl
HUXKE.

8. ConoctasbTe npotonsl H1-H7 u3 H-SIMP cnexrtpa (Pucynok 3) ¢ mpoToHamMu B
ctpykrypHoit popmyine Al. B coorBerctBuu ¢ UK criekrpom (PucyHok 4) BemectBa Al Hanmummre
3HAUEHUS BOJIHOBBIX YHCEI MOJIOC (MTMKOB) U COOTBETCTBYIOMINE UM (DYHKIIMOHAIBHBIE TPYIIITHI HITH
KpaTHBIC CBSI3H.

H4, H5, H6
[Te]
&
~ H7(J = 16 Hz)
- w0
&
@ o
&
T
H@=16H) 23 o
) [ o
o I r~
22 H2,H3 -
i |
[} w5
gD
(B 7 r N
2
| ‘l‘“ B /
N AT |
||| J U‘ \ ﬁll |t| JI| .‘lw
L &
o o S @
— — o™ (=]

g0 79 78 77 16 75 714 73 72 71 70 69 68 67 66
1 (ppm)

Pucynoxk 3. 400 MI'u *H-SIMP cnektp Bemecta Al
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[Tponyckanue, %
8
1

4000 3000 2000 W= 1500 1000 500

BomnHoBoe uncio, cm!

Pucynok 4. UK-cniextp Bemecta Al

9. CKOIBKO I'paMMOB Al JOJOKHO TIOJIYUUTBCA IMOCJIC pCAKIUH, €CIU Cpe,I[HHI;'I BBIXOJ

MpoJyKTa cocTaBisieT 84%"?

10. [Touemy A1l wucnosb3yeTcsi B KaueCTBE WHIPEIUEHTA COJHIIC3AUIUTHBIX CPEICTB?
Kaxkue eme xumudeckue BeniecTBa 3amuinaT oT YO uznydenus (mpuBeaute 2 npumepa)?

B opranomeramnmueckoit xumuu Al ucnone3yercss B KadecTBe Juranjga. Hampuwmep,
BemecTBO Q sBISETCS OMHUM W3 THIWYHBIX KaTalM3aTOPOB ISl MPOBEICHUS pPEaKIuil Kpocc-
coueranusi. Huxke npuBenena cxema nonyuenus coenuHenus Q u3 xmopuna metamia MCly u Al:

CHCI,
A1, NaOAc / Q
MCI, P
CH5OH \
R
NaOAc - aueTtaT HaTpus
11. Omnpenenure metamn M u ¢dopmynsl Bemects P, Q u R, ecium um3BectHO, 4TO

MaccoBast goist Al B uux coctasiseT 81.49%, 67.90% u 70.72% coOOTBETCTBEHHO

Hwke mpuBeieHBI pa3InYHbIe PEaKIny, B KOTOPHIX Q BBICTYIIAET B POJIM KaTaIn3aTopa.

Ne Peaxnus KomMeHTapuu o npoayKrax peakuuu
OH
Q (kat) B cnektpe *H-SIMP npoxykra S (M* = 146
L W . s p pomyxa S ( )
Y (CeFs)sP OTCYTCTBYIOT CUTHaINBI ¢ O <4.91 M.
1,4-anokcaH

17




Q (kat) "
5 @ _ PPhg T [Mponykt T (C2:H1sNO) ¢ azoTucroit
K2C03 KHUCJIOTOM HE JA€T KAaY€CTBEHHOW peaKnu
1,4-nunokcaH
Q (kar.) 9nBus - q (kaT.)
PtBus PtBus Monexkynspras macca U MeHbIlIe
3| U <~— + \Y 5
KF, OM® KPFg, AM® MOJIEKYJISIpHOM Macchl V
OTf
B UK cniektpe npoaykra W Habmomaercs
KaT
DavePhos nonoca npu 3345 em’, a B *H-SIMP-cniextpe
4
NaOto Bu JIBa BULIMHAJIBHBIX poTOHA UMeroT J = 11.6
110°C
I'n

e

o
Sn
-OTf = CF3S0O3- 1,4 - gmokcaH = [ j PhSnBus; = ©/ \\\/L\/
o DavePhos =

Lk
A1

PtBU3 =

NaotBu= T
ONa

(o}

N
e <
\

AMO® =

%

12. Hanummure ctpyktypubie popmysst Bemects S, T, U, V u W.
13. [MpuBenute cTpykTypHble (opMynsr X1-X6, oOpasyrommxcs B KaKIOH W3
MIPUBEICHHBIX HIKE PEAKITUH.
NaOH
a) /\No2 + CH,O ——— X1
OMe
O O
O CpHsONa Ao~ cHsONa H, H,0
+ — - X3 X4
» Co,H50H C,HsOH
b) (0] H
C,oH50Na
CN 2 5
k@ SN Xs
C2 sOH
(0]
C,y,H50N
\/OMO/\ s ,a 6
d) N C2HsOH



14.  Tlpuepute cTpykrypHbie (opmyiibl u3oMepoB Y1-Y5 (Ci12H1404), ocHOBBIBasICH Ha
IPUBEICHHBIX HU)KE CHICKTPAIbHBIX JIAHHBIX.

Y1

WK-cnekTp
(CCly, pacTBOp)

1765

1 i L i 1 L 1

,_

4000 3000 2000 1600 1200 800
V (em')
100+ 29
L Macc-cnekTp
BOF x
$
SoF 3 57 1110
40k % M+ = 222 (< 1%)
- &
20F 166 ;
1 L by oy ) C12H1404
40 80 120 160 200 240 280
m/ie
T T T T T T T T T T T 7 T T T T T T T : T L ] '
13C- AIMP CnekTp (50 My, CDCl,)
Bes pasBA3KK
OT NPOTOHOB J Jﬂ
IU—— B ) — [ L
solvent
C pa3BA3kon
OT NPOTOHOB | l ‘
| M 1 L 1 i L 1 i 1 L 1 " 1 L 1 " L i L

i n | L
200 160 120 80 40 0 &(ppm)

1H - AMP Cnekrp
(200 MITu, CDCl4)

YBenu4eHue
4)“1. — J‘ —
- 25 20 15 ppm
™S
— j

IJL .L.
1 1 L L 1 L | L | n 1 " 1 N | L 1 i ] A L

10 9 8 7 6 5 4 3 2 1 0
5 (ppm)

Solvent — pacmeopumenyw,
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TMS — mempamemuncunan,

ppm — munauonnas 0oas (m.0.);

Y2

WK-
CreKkTp
o |
|- M R | " 1 N I f 1 "
4000 3000 2000 ; 1600 1200 800
V(em')
100 177
- Macc-cnekTp
80 '_‘.g 149
80 :g
3 166
40 ": 194 e
20f } 1 121 222
1 L.Jk ; l l i i .| Cy2H1404
40 80 120 160 200 240 280
m/ie
L] % I ' 1 N L) I I I | I I I T Y
13C- AMP Cnekrp
(20 My, CDCI;)
o | Lh A
Bes pasBA3KKM OT NPOTOHOB
= Tpw BbICOKMX YacToTax
HabnrwpaeTcA 2 NUKa
C pasBA3KOMN
OT NPOTOHOB solvent ™S |
L VTN J A
| — s i 1 PR PR | i | i 1 i 1 i | 1 i | i 1 i
200 160 120 80 40 0 d(ppm)
1H- AMP CnekTtp
(100 Mlu, CDCI5)
— f
L‘L T™S
S N _ [
| X | L | L | 1 1 1 | 1 |l L 1 L L 1 i j—
10 9 8 7 6 5 4 3 2 0
8 (ppm)

Solvent — pacmeopumenyw,
TMS — mempamemuncunan;

ppM — munnuonuas oons (m.0.);
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WK-
CMeKkTp
1725
| I TS | I 1 | 1
4000 3000 2000 1600 1200 800
v tcm")
100 3 149 Macc-cnekTp
80F %
F &
60F 2
- 8
40:3 177
20: . %;2
lan b4 11 I L CyoH1404
40 80 120 160 200 240 280
m/e
T T T T T T T T T T T T
13C- AMP CnekTtp
{20 MI'u, CDCI5) “L
- - 1] |
Ee3 pa3BA3KM OT NPOTOHOB C-H C-H
I
C pasBA3KOWN c ]
™S
OT NPOTOHOB snlvant
J~ L l
1 " 1 i | i | i | i | L | i | 1 | | L
200 160 120 80 40 0 3&(ppm)
1H- AMP Cnektp
(100 My, CDCIl.)
JL ‘ ™S
ih o
1 M 1 i L i L | " | | 1 L
10 9 8 7 6 5 4 2 0
8 (ppm)

Solvent — pacmeopumens;
TMS — mempamemuncunan;

ppM — muniuonuas 0oas (m.o.);
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M

Y4

HK-
cnekTp 1724
|| aaa o a oL, P | " L A 1 L [l
4000 3000 2000 1600 1200 800
V (em')
100
2 17 Macc-cnekTp
”".3 149
"3
“ops Eaie
LT
r I 1 | I l | CyHi404
40 80 120 160 200 240 280
m/ie
T T T T T T T T T T T T T T T T T T T T
13C- SIMP Cnextp Yaenueune
(50 My, CDCl;) - L
“ 135 130 ppm ‘
DEPT CHaf cHsb chb VBenueHHe |
135 130 ppm
C pa3BrasKon
OT NPOTOHOB | “ solvent |
N
| L 1 L 1 i 1 i | L 1 " M 1 " 1 n i | i
200 160 120 80 40 0 5(ppm)
1H- AMP CnekTp
(200 My, CDCl5)
YeenuveHue
g
86 82 78 7.4 ppm
_/
l‘ ™S
—_ |
I A 1 | L 11
10 9 8 7 6 5 4 2 1 0
o (ppm)

Solvent — pacmeopumens;

TMS — mempamemuncunan;

ppM — muniuonuas oons (m.0.);
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Y5

WK-
CneKkTp 1765
| AP P | l | M | I
4000 3000 2000 1600 1200 80O
Vv (em™)
100: o M*= 222 Macc-cnekrp
g
eoii
40F 5 188
-
20f { J
3 L C12H1404
40 80 120 160 200 240 280
m/e
I v I 1 * L T L ] I I ! ¥ I ]
13C- AMP CnekTtp
(100 MIu, CDCI3) | |
DEPT CH:p chy} cut
C pasBA3KOW sohvent
OT NPOTOHOB ‘ | '
L :
1 n | [ L | PR | 1 i 1 " 5 1 1 PR
200 160 120 80 0 &(ppm)
1H- AMP CnekTp
(400 Ml"u, CDCI3) r—
Yeenu
YBenu4eHue
YyaHue
YBenu4eHue r ‘J
e i
25 24 ppm 12 11 ppm|’
|
73 7.0 ppm T™S
( J 1
1 i 1 . L ] ) ] " 1 L ] A ] N ] P .
10 9 8 7 6 5 4 3 0
& (ppm)

Solvent — pacmeopumens;
TMS — mempamemuncunan;

ppM — muniuonnas 0oas (m.0.);
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MJUTAJIITAY JIMT'A. PEINEHWUA

3anauva l
1.
Tabauna. XoJ pa3ieneHust METaNIOB
No Hccaenyemplii Pearent Hat.toenus CocraB (a3 nocjie pazaeseHust
00beKT Ocanok PacrBop
Brimasnenue Pacmeop 2:
1:
1 Pacmeop 1 HCI 6esroro Ocadox Cu®*, Zn?*, Fe®*, Sn*?,
AgCl, PbCl> 12 4D
ocajaka Mg™“, Ba
PacTBOopenue
* H3).]*
2 Qcadox 1 NHz*H.0 YacTH ocajaKa PbCl; [Ag(NH3)2]
Brinagenue 24
H2SO4 Pacmeop 3. Cu“”,
3 Pacmeop 2 6enoro BaSO4 Zn?*, Fe¥* Sn*2, Mg*?
ocajika
Ocadok 2: Pucmeon 4-
B Cu(OH)., —ACIEop =
4 | Pacmeop3 W36, NaOH bInaNCHIe u(OH) [Sn(OH)a]2,
ocajka Fe(OH)s, [Zn(OH)4] 2
Mg(OH), )
L) HCl Brimagenue
5 | Pacmeop 4 2) u36. Ocaﬂm Sn(OH). [Zn(NH3)4]Cl
NHz*H:0 A
Ocaook 3:
.NH3*HO | P o
6 | Ocavoxz | "0-NHH q:fTTI‘:‘;pCZHiZ Fe(OH)s, [Cu(NHs3)s](OH):
8 Mg(OH):
7 | Ocador 3 NH,CI PACTBOpERHE | Eo(OH)g Mg*?
YacTH OcajiKa
1)
AgNO3+ HCl = AgCl| + HNO3
Pb(NO3)2 + 2HCI = PbCl2| + 2HNO3
2)
AgCI + 2NH3*H2036) = [Ag(NH3)2]Cl + 2H20
3)

4)

BaCl, + H,S04 = BaSO4| + 2HCI (Ba(NOs) + H2SO4 = BaSO4| + 2HNOs)

B Ttakux cmyudasx He Oyner ommMOKOM MHCAaTh ypaBHEHUE pPEaKlIUU C JIIOOBIM aHHOHOM
coJiepKalMcs B PacTBOpeE.

25




CUCly + 2NaOHus6) = Cu(OH)2| + 2NaCl

FeCls + 3NaOHus5) = Fe(OH)3| + 3NaCl

MgCl2 + NaOHuss) = Mg(OH)2| + 2NaCl
ZnCl; + 4NaOHus6) = Naz2[Zn(OH)4] + 2NaCl;
SnCl, + 4NaOHuss) = Na2[Sn(OH)4] + 2NaCl»

5)
Naz[Zn(OH)a] + 4HCI = ZnCl + 2NaCl + 4H,0
Naz[Sn(OH)4] + HCI = SnCl, + 2NaCl + 4H,0
ZnClz + 4NHz*H20u6) = [ZN(NH3)]Cl2 + 4H20
SNCl, + 2NH3*H20(uss) = SN(OH)2| + 2NH4CI
6)
Cu(OH)2 + 4NH3*H20(6) = [CU(NH3)4](OH)2 + 4H,0
7)

Mg(OH)2 + 2NH4Cl = MgClz + 2NHs*H20

3 K4[Fe(CN)s ] +4 FeClz = Fes[Fe(CN)e]a| + 12 KC1  ocamok cuHero 1sera
FeClz + 3 KSCN =Fe(SCN)s + 3 KCl BermiecTBo KpacHOTO I[BETa
AgNOs3 + KI = Agl] + KNO3 ocanok sxenroro npera
Pb(NO3)2 + KI = Pblz| + 2KNOs3 oca1ok sipko->KeNToro mpera

Kpumepuu oyenusanus:

Ne Bonpoca DJIEeMEHTBI pelIeHust

Ounenka

Pa3nenenne xkaTHOHOB
3a KaXkIbli KaTHOH 2 Oaiia

1 Ecnu nem noomeepoicoarowux ypasHenuii peakyuti, mo 0aiivl He
CMagsamcsl.

3a kasxcoyo owubKy 6 YypasHeHUus X peakyuil U CmexuoMempuyeckux
K03 puyuenmax cnumaemes no 0,5 bauna.

16

Hammcanue YpaBHCHU pCaKI1 U IBETA BCIICCTBA

VYpaBHeHHUs peaklMy U IBET BemiecTBa onieHuBaetcs mo 0,5 6amios
KK IbIN

HUTOI'O:
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3amaua 2

1.

y=2,48x+ 0,0018 ..
o124
1 1,002
0,8 o
% 0,733
06
0,4

0,2

"

[To mocTpoeHHOMY TpaduKy BUIHO, YTO KOHIICHTPAIUS XpoMma B pactBope Obuia 0,245 1/1.
Jlnst moctpoeHus rpaduka ONpEAeieHHs KOHLCHTPAIMU HHKENS HYXHO BBIYHCIHTD
KOHIICHTPALUIO JOOABICHHOTO HUKEJIS.

Cer = mNi/VKOH6LI = 0,0025/0,05 = 0,05 /1

Crpoum rpaduk ¢ 1ByMs ToukamMu. M MpoBOAMM IO HUM JIMHUIO, U MPOJOIKAEM €€ BHU3
MIOKa OHA He MepeceyeT JIMHUIO a0CIUCChl (TOPU30HTAIbHAS JTMHUS).

A
0.6

y=4,16x+ 0,211
0.5

0,419
04
0.3

02,9 0,211

0.1

007 -006 005 -004 -003 -002 001 O 001 002 003 004 005 006 007 008

x

-0
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[To moctpoeHHOMY TpaduKy BHUIHO, YTO KOHIIEHTpAIlMs HUKeNs B pacTBope Obuta 0,0507
/1.

2. BrrunciisieM MaccoBYyO JJOJTIO XpoMa B CTajIH:
Macca xpoma B HaBecke Maccoii 0.1t 6su1a papaa m = C*V = 0.245*0.1 = 0.0245r
Macca xpoma B oOpasiie cranu paBaa Mer = 0.0245*%13.8/0.1 =3.381 r
MaccaBas o Xxpoma B oOpasiie crainu paHa ocr =100% * Mcr/Mospasua = 24,5%
BrruuciisieM MacCOBYIO JTOJFO HUKEISl B CTAIIH:
Macca Hukens B HaBecke maccoit 0.25r Obu1a pasaa m = 0.0507*0.05/0,02*0,05 = 0.00634r
Macca nukens B oopasiie cranu paBaa Myi = 0.00634*13.8/0.25 =0.350 r
MaccaBast 10151 HUKes B oOpasiie ctainu paBHa oni =100% * Mni/Mospasua = 2,54%

3.
Ecmu I=A/(C*¢)
A=0,384 ; C=1,2*10"; e= 1,6*10*
I=2cm
4. Vriepo — HaxOoAUTCSA B CTaIM OOBIYHO B BHJE XHMHYECKOTo coemuHenus: FesC,

Ha3bIBaeMoro neMeHTuToM. C yBeJlIMueHUeM coepkanus yriepoaa 1o 1,2% TBepaocTh, IPOYHOCTh
U YIPYTOCTh CTAIA YBEIMYMBAIOTCSA, HO IJIACTUYHOCTb U CONPOTHUBJICHUE yJapy MOHMXKAKOTCH, a
00pabaThIBaEMOCTh yXyAIIAETCS, YXyALUIA€TCS M CBAPHBAEMOCTb.

XpoM — HauboJiee JEMEeBbl U pacpOCTpaHEHHBINH 31eMeHT. OH MOBBIIAET TBEPAOCTh U
IIPOYHOCTh, HE3HAYUTEIIBHO YMEHBINAS IJIACTUYHOCTh, YBEJIMYMBACT KOPPO3HMOHHYIO CTOMKOCTB;
cojepkaHue OOJIBIIOrO KOJMYECTBA XpOMa JIeNaeT CTalb HepXKaBewlled u obecreynBaeT
YCTOMYHUBOCTh MATHUTHBIX CHJL.

Hukens — cooOmaer craad KOPPO3HMOHHYKO CTOMKOCTb, BBICOKYIO IPOYHOCTh U
IUTACTUYHOCTD, YBEIMYMBAET IPOKAINBAEMOCTh, OKa3bIBAET BIMSIHUE Ha U3MEHEeHHe Kod(dduiuenTa
TEIUIOBOTO paciupenus. Hukens — 10poroit Merani, ero craparoTcsi 3aMeHHUTh 00J1ee IeLIEBbIM.

Kpumepuu oyenueanusa:

Ne ponpoca DJIeMeHTbI peleHust Ouenka

OmnpeneneHre KOHLEHTPAMM XpOMa M HHUKENs B aHAIM3UPYEMBIX
pacTBopax 1o rpaduxy

3a KaX/Iblil MeTat:

Ommnbxa <3% - 8 6aynoB

Ommbxa <5% - 7 Gannos

Ommnbxka <7% - 6 6ayoB

Ommbxa <10% - 5 6anna

Ommbka <20% - 4 6anna

Ommobka <50% - 2 Ganna

Ommboka >50% - 0 6amma

Omnpenenenne MaccoBoil oiau B oOpasie craiu (IpaBUIBHOCTD
OILIEHUBAETCS C YIETOM MOJIYYSHHOTO 3HAYCHHS B 1-OM ITyHKTE)
Xpoma — 4 Ganna

Huxkens — 4 Oama

3 OnpeneneHue JUIMHBI KIOBETHI 2
OObscHenne no0aBiIeHUS B CTajb Yrjiepojaa, Xpoma, HUKEJS.
O1eHHBaTh O OTHOCUTEIHHOM MOJHOTE OTBETA

28



UTOTIO: |
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CTAPIIAA JIMT'A. PEITNEHUA

1. Xnoporopyriepoast  (bpeonsr) CxClyF; cumTaroTcsi OCHOBHBIMH BEIECTBAMH,
CrocoOHBIMU pa3pyinath 030HOBbIH cioi. Hampumep CFCls, CF2Clz u ap.

2. BemtectBo Al: E,E-nuben3anpaneTon

Mexanuszm peakuyuu:
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OH
3. Bemiectso B: OeH30itHast KUCIoTa
o Bakyymnas nuctrisanms OeH3anbaernia
. DKcTpakiust OeH3aIbAETHIa C PACTBOPOM KapOOHATOM HATpHUs

4.
1-MarauTHasi Meajika ¢ moJI0rpeBoM
2-MarHuTHBIN SKOPb
3-TepmomeTtp
4-X 0510 IWJIBHUK
5-KarnenbHas BOpOHKa

5.
Moasipuast | Koauectso T.k. IlnoTHOCTDH Oo0beM,
BenrecTrBO macca, BelllecTBA, Macca, r
(°C) r/em® M
I/M0JIb MOJIb
beusanpaernn 106.12 0.020 178 1.04 2.08 2.00
ArteToH 58.08 0.010 56 0.79 0,58 0,73
NaOH 10 % 2.22
0
(macc.) 40.00 0.0055 ; 1.11 (10%) 2.00
(pacTBOp Kart- 0.22
pa) NaOH
6.

Rt (A1) = 0.55 wmu 55%
Rt (A2) = 0.48 wmu 48%
Rt (A3) = 0.41 wau 41%

yuc-mpanc n3omep A2

O o O yuc-yuc n3omep A3
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. BopoHka BroxHepa

dunbTpoBanbHang bymara

\__ Konba ByH3eHa

“mmy BaryymHbIl WnaHr,
NOAKOYEHHDBIN K BaKYYMHOMY

Hacocy

P.S. Ecin yuactHuku nepenytanu H2 m Ha Mmectamu, To Bce paBHO CTaBUTCSI MAaKCHMAJIBHBIA Oaii.

fﬂf‘\ rq

910 xe otHOcuTcs K Ha, Hs, He.

oo

Aromatic C-H

TRANSHITTANCE | %
8
-

Carbonyl C=0 ——+

Aromatic C=C
o T T T T T T T
4000 3000 2000 mewse= 1500 1000 500
9. 197r
10. Hanmuume  compspkeHHBIX — JIBOWHBIX — CBS3e  OOYCIIOBIMBAaEeT  BBICOKYIO

AHTHUOKCHJIAHTHYIO aKTUBHOCTH JHOEH3abhalleToHA. BBICOKas KOHICHTpAIUS T-3JICKTPOHOB
MPUBOAUT K TIOTJIONICHWIO W YMEHBIIIEHUIO SHEPTHHM COJHEYHOTo cBeTa (ynbTpaduosera), TeMm
CaMbIM 3allHIas KOXKY OT MPsAMOro Bo3aeiictus. Jpyrumu npumepamMu MoryT ObiTh: ZnO2, TiO,
aB0oOeH30H, OeH30()eHOHBI, MepauMar U Jp.

11.
M — Pd Iammaguii
P — Pd(dba), — dba (nuben3anbarieTon)
Q — Pd2(dba)3(CHCIs) (M = 1035.10)
R - Pd2(dba)3(CsHs) (M = 993.84)
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12.

BemectBo S Bemtecto T Bemecrso U
Cl
(0]
OH P O
-~ @fi
ITI Ph
b O
Bemecrso V BemtectBo W

® _
e DWD

OTf

13.

NaOH
/\No2 + CH,O —

02 sONa
C2 sOH

0]
©/\CN Cz 5ONa Ph/yph
C,HsOH CN
OMe
o o 0
. O C,HsONa “ A g CoHsONa
+ _—
» C2HsOH Voo C,HsOH
0~ H
(0]
C,HsONa
COEt ~2''5
d) Eo,c > T, é/COzEt

C,HsOH

14.

NO,
L om

O

OMe
o H*, H,0
0,C .
o) o)
o) OMe

LT

33



Kpumepuu oyenueanusn:

o ™
Y2=
\/O
(0]
(0]
RN
(@)
Y3=
O\/
(0]
(@) O\/
Y4 =
O\/

0]
0]

Y5 = O)V
QL

Ne Bonpoca DJIeMeHTBbI pelleHust Onenka
1 BepHo yka3aH kjacc BelIeCTB WU NPUBEIEHBI UX (HOPMYIIbI 1
5 Bepnas ctpykrypHas ¢popmyiia BemiectBa Al 2

BepHsblii MexaHU3M peaku 3
3 Bepnas ctpykTtypHas ¢popmyina Bemiectsa B 1
[TpuBeneH pauvoOHAIbHBII METOT OYMCTKU 1
4 BepHo yka3zaHbl 4acTu 3KCIIEpUMEHTAIBbHOTO Iprbopa 2.5
5 [IpuBenena 3anosHeHHas TabIuIa 1
6 Bepho paccunTansl Ry 1.5
Bepunble cTpykTypHBbIe popMyIibl BenecTB A2 u A3 1
7 BepHo yka3zanbl yactu npubopa BakyyMHOU (UIBTpaLuu 2
CrpykrypHas popMyiia ¢ IpaBUIBHO YKa3aHHBIMU 1
8 MPOTOHAMHU
BepHo cooTHeceHb!I (PyHKIIMOHANBHBIE TPYTIIHI C TOJI0CAMU 1
Ha UK-cnekrpe
9 [IpaBHUIBHO paccUMTaH BBIXO MPOIYKTA 1
10 [IpuBenena npuyrHa ucronb3oBaHus Al 1
[IpuBenens! 2 mpumepa aHaIOroB 1
11 Bepno onpenenen merann M 2
Bepno omnpenenens P, Q, R 6
12 Bepusie ctpykrypHble popmynst S, T, U, V, W 10
13 Bepuble cTpykTypHBIe popMyIibl BemiecTB X1-X6 6
14 Bepnbie ctpykTypHble popmyibl BemecTB Y1-Y5 5
UTOro: 50
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L Q2 Qs 4 s [ 6 J[ 7 ][ 8 9 1o Jw J[ w2 J a8 [ a [ 15 [ 16 ][ 17 ][ 18
1 2
H He
Hydrogen Helium
1.008 Key. 4.003
3 4 13 latomic number 5 6 T 8 9 10
Li Be Nh  |[Symbol B Cc N (e} F Ne
Lithium Beryllium Nihonium name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.968 || 9.012 [278] | jatomic weight {in parenthesis for the radioactive element] 10.814 || 12.011 || 14.007 || 15.999 || 18.998 || 20.180
(0 2 0 0 (5 0 7 0
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sultur Chlorine Argon
22.990 || 24.306 26.982 || 28.085 || 30.974 || 32.068 || 35.452 || 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc 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
7 ] 3 o o 2 © w“ ® % @ ® m £ Gl 5 = 5
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony 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 5771 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs Ba La-Lu Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
Caesium Barium Lanthanoids Hafnium 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 89-103 104 105 106 107 108 109 10 m 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
Francium Radium Actinoids Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium | | Roentgenium || Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine ‘Oganesson
[223] || [226] [267] [268] [271] [272] [277) [276] [281] [280] [285] [278] [289] || [289] [293] [293] [294]
57-11 57 58 59 60 61 62 63 64 65 66 67 68 69 70 n
La-Lu La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanoids Lanthanum Cerium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium 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
89-103 89 920 91 92 93 94 95 96 97 28 99 100 101 102 103
Ac-Lr Ac Th Pa V] Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinoids Actinium Thorium 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]

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

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

Electrochemical series

Solubility table

(H), Bi, Cu, Hg, Ag, Pd, Pt, Au

anione

catione

OH™

Z
=

E.'

a
i

=
i

ot
I

w
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“yp

w
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T

Si0:*

g
i

CH;CO0~

H*

o]

NH,*
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||

-lie-101

Ag®

Baz+

Ca2+

Mg2+

o] Juuf fa o]

Zn2+

=0 a1 a0 el =1 a1 ha=d el e

anf fauf fu o] faof fauf -] L1 a1 o)

Cu2+

C02+

== -1 f==1 |- =4 k=10

| Z(ZEIZ]9|w ||

jas] fanf faof fauf fauf faof food -] L=l hecl Lo=]

|
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F e1+

o=l f==f f==] Le- 1 |

junf bas Fuof faof o of bunf ko o Rl oo Kool L R -
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jasy jast

Fe**

AP

Cr3+

Sn**

||| ||| ||| e|=|=|=|w

H

Mn2+

b= ==t k= = e e e

=

=== ko=l la-d el ka-1 == N}

-1 - -0 -0 -0 -1 o el R -] -l T a1 a1 o -1 -1 -1 -

-0 -l -l el bl S e el e el el el e e el el )

= Z =Tl
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P - soluble

M — slightly soluble (<0,1 M) H—insoluble
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JUNIOR LEAGUE

Problem 1

Knowledge of chemical properties and methods of separation and determination of
substances is one of the most basic in practical chemistry. And before conducting experiments, a
chemist must conduct a thought experiment with a theoretical understanding of the processes taking
place.

You have a solution containing a mixture of nitrate cations Fe**, Cu?*, Sn?*, Pb?*, Ag*,
M92+1 Ba2+1 Zn2+

1) Propose a method for separating these cations using only the specified chemical reagents.
Confirm your answers with reaction equations.

Reagents: 10% aqueous solutions HCI, H2SO4, NaOH, NH3*H20, NH4CI

2) Write the equations for reactions 1-4 and describe the phenomena observed during their
course:

o Prussian blue is a precipitate, precipitated by the action of yellow prussiate of potash on iron
(1) ions. (reaction 1)

o In the presence of iron (I11) ions, when potassium rhodanate is added, the substance iron
rhodanate (I11) is formed. (reaction 2)

o Silver nitrate gives with one of the halide ions gives a precipitate with the most intense color
(reaction 3)

o Also, this halide ion forms a colored precipitate with lead nitrate. (reaction 4)
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Problem 2

Spectrophotometry is a physicochemical method for studying solutions and solids, based on
the study of absorption spectra in the ultraviolet, visible and infrared regions of the spectrum. . it
depends linearly on the concentration of the substance) of the incident light on the wavelength.
Spectrophotometry is widely used in studying the structure and composition of various compounds
(complexes, dyes, analytical reagents, etc.), for the qualitative and quantitative determination of
substances (determination of trace elements in metals, alloys, technical objects).

Let's imagine that a steel sample containing chromium and nickel, weighing 13.800 g, has
arrived at the laboratory. To determine the chromium and nickel content in the steel sample, a
photometric method of analysis was used.

To determine the chromium content, a sample of steel weighing 0.1000 g was taken. During
the analysis, a solution with a volume of 100 ml and an optical density A of 0.609 was obtained. In
parallel, the optical density was determined using standard solutions with a known concentration of
chromium, the results of which are presented in Table 1.

Table 1. Results of studies of optical density A

Cco/l A(optical density)
0.100 0.248
0.200 0.506
0.300 0.733
0.400 1.002
0.500 1.240

The addition method was used to determine the nickel content in the steel sample. To do
this, a sample of steel weighing 0.2500 g was transferred into a solution and the volume of the
solution was brought in a volumetric flask to 50.00 ml. After that, 20.00 ml aliguots of the solution
were taken into two 50 ml volumetric flasks. A standard nickel solution (mni = 0.0025 g) was added
to one of the flasks, then after adding the necessary reagents, the solutions in the flasks were
brought to the mark, the optical densities were measured and obtained Ax = 0.211 and Ax+st = 0.419

According to the chromium determination data, we build a calibration graph. The calibration
graph is built using a millimeter ruler (or millimeter paper), plotting on the abscissa axis (horizontal
axis) the known concentrations of standard solutions, and on the ordinate axis (vertical axis) the
measured values of the optical density of standard solutions. A calibration line is built from the
obtained points.

When constructing a graph, it is necessary to choose the right scale so that the accuracy of
the calculations matches the accuracy of the original data as best as possible.

After the constructing of the calibration graph, the concentration determination is started.
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AcCx

Cx C

To determine the nickel content by the addition method, we build another graph. This
method is used for the analysis of complex solutions, because it allows you to automatically take
into account the influence of foreign components of the analyzed sample. First, the optical density
of the test solution with an unknown concentration is measured, then a known amount of the
standard solution of the analyte component (Cs) is added to the analyzed solution, and the optical
density of Ax and Ax+st Is measured. The concentration of the analyte in the addition method can be
found graphically. If you build a graph of Ax:st as a function of Cs, then you get a straight line, the
extrapolation of which to the intersection with the x-axis gives a segment equal to - Cx.

A
Aveat] - _ _ ﬂ-“f

.'-. |

e

Ax b ; :

o |

|

Cx 0 Cy C
1. Determine the concentration of chromium and nickel in the analyzed solutions from
the graphs.
2. Determine the mass fraction of chromium and nickel in the brought steel sample.

3. The dependence of the absorption intensity of monochrome radiation on the

concentration of the substance and the thickness of the absorbing layer is expressed by the Beer—
Lambert-Bouguer law:
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A=Ig(lo/M=¢Cl,

where: A - is the optical density of the solution; lo - is the intensity of the initial radiation; I - is the
intensity of the radiation passed through the solution; | - is the thickness of the absorbing layer (the
length of the cuvette); ¢ - is the light absorption coefficient (extinction) of the substance; C - is the
concentration of the substance in the solution.

The molar extinction coefficient of the complex compound of aluminum with alizarin is
1.6*10* dm®**mol™**cm™ at a wavelength of 485 nm. What length of cuvette should be chosen for

photometry so that the optical density of the solution is not less than 0.384 with an aluminum
content of 1.2*10° mol/dm?3?

4. Explain why carbon is added to iron? chrome and nickel?
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SENIOR LEAGUE

©/OH @/NH
I |

"H NMR

ppm
ﬁ o H-C-X CHy,-
c C=C—H
R” “OH R” ™H H C=C-H - |
©’ H-C-0  y.c.c=0 —CH
H-C-C=C
X=F,Cl, Br

(i.e. electronegative atom) Hé—@

Typical coupling constants

Fragment J(Hz) Fragment J(Hz)
H H H
—c’ 7-12 D¢ 12-15
/N H
H
N/ N, A 0-10
/c=c\ 13-18 —/c—c\_
H
2 H
C=C/ 0.5-3
/N
H
N/
j - 0.5-2.5 /
/ —C—C 1-3
c—H AN
H o
H
\C=C/ 4-10 CH; — CH, — 6.5-7.5
/" Ny
CHy
N_/ \
C=C
/ \ 0-3 CH— 5.5-7
i c—H 7
CHy
H
H H
5-9
H
Nd A 9-13 AZL
/ \ T .
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13C-NMR chemical shifts

Type of Carbon Chen(;’i;a:ll] )Shift Type of Carbon Chel(r:)i;:ll)Shift
R\
Ry 0-35 = 80 - 150
R
; —
s 15-55 \ 110-170
1 0
R—CH 25-55 /! 165 - 175
! R” SOR
R
! i
AR 30-40 . 175-185
R
| (0]
- 10-65 I 190 - 200
l R” H
(X: Cl, Bror N)
q
T 20— r""R 200 - 220
R—C= 70— 90

IR Absorption frequency table

Functional Absorption (ecm” Absorption (cm”

Group 1) Intensity Functional Group 1) Intensity
Alkene =C-H 3020-3100 Medium  Alcohol O-H 3400-3650 gfgiij“m’
Alkene C=C 1640-1680 Medium = Aleohol C-O 1050-1150 Medium
Arene C-H 3030 Weak Carboxylic acid O-H 2500-3100 Strong, broad

1660-2000 Weak
Arene C=C 1450-1600 Medium = Carboxylic acid C=0 1710 Strong
Alkyne =C-H 3300 Strong Ester C=0 1735 Strong
Alkyne C=C 2100-2260 Medium  Ester sz Cc-0 1200-1250 Strong
Nitrile C=N 2210-2260 Medium | Ester sp® C-O 1000-1100 Strong
Alkyl halide C-C1 = 600-800 Strong Aldehyde C=0O 1730 Strong
Alkyl halide C-Br = 500-600 Strong Aldehyde C-H 2720 Weak
Amine N-H 3300-3500 Medium = Ketone C=0 1715 Strong
Amine C-N 1030-1230 Medium = Amide C=0 1690 Strong
Amide N-H
Nitro 1540 Strong ;U::Tr:gss have 2 N-H 3200,3400 Medium

2° amides have 1 N-H stretch.
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The Ultraviolet Index (UVI) is the international standard for reporting the level of solar UV
radiation and may take values from O to 11 or higher. A high UVI means that potentially serious
damage to the skin and eyes might occur within a short period of exposure. People are advised to
wear sunscreen when the UVI1 is at least 3.

Even though Yakutia is the coldest inhabited place on Earth, daytime temperatures can reach
+35 and even +40°C with average UVI values of 5to 7.

The UV radiation region includes wavelengths in the range of 100-400 nm and is
conventionally divided into three groups:

o UV-A (315-400 nm)

e« UV-B (280-315nm)
e UV-C (100-280 nm)

The UV radiation that reaches the Earth's surface consists mainly of the least harmful UV-A
since the more energetic UV-B and UV-C rays are almost completely absorbed by ozone, water
vapor, oxygen, and carbon dioxide. This means that in places not covered by the protective ozone
layer, people are at risk of exposure to all harmful forms of UV. For this reason, ozone-depleting
compounds have been banned or heavily regulated to prevent ozone holes from forming or getting
bigger.

15.  What kind of chemicals destroy the ozone layer?

Compound A1 is often used as an active ingredient in sunscreens. It has also been proven to
possess anti-inflammatory and pain-relieving properties.

Al is prepared via the NaOH-catalyzed cross-condensation reaction of acetone (1 mol) and
benzaldehyde (2 mol). This reaction is called the Claisen-Schmidt reaction.

16. Give the structural formula of Al and draw the mechanism of the reaction between
acetone (1 mol) and benzaldehyde (2 mol).

During long-term storage benzaldehyde is usually contaminated with white crystals of
substance B, and this can significantly reduce the product yield.

17. Give the structural formula of B and suggest a method for removing B from
benzaldehyde.

The experimental setup for carrying out the Claisen-Schmidt reaction is shown in Figure 1.
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Figure 1. The experiment setup for synthesis
18.  Write the name of each element (1-5) in the setup.

19. Complete the table:

Molecular | Amount of .
. b.p. Density Volume,
Reagent weight, substance, 3 Mass, g
(°C) g/cm mL
g/mol mol
Benzaldehyde 178 1.04 2.00
Acetone 56 0.79
NaOH 10 %
(w/w) (catalytic - 1.11 2.00
solution)

A mixture of benzaldehyde and acetone was carefully poured into the NaOH solution over
30 min with vigorous stirring while maintaining the temperature of the mixture in the range of 25-
30°C. At the end of the reaction, thin layer chromatography (TLC) showed 3 colored spots which
correspond to substance Al and its two isomers A2 and A3.

20. Calculate the retardation factor (Rf) value of each spot in Figure 2 and propose
structures A2 and A3. Rf is equal to the distance travelled by the solute divided by the distance
travelled by the solvent.
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AlRs=?

A3 R; =? |—— i

Figure 2. TLC after reaction

A vyellow solid precipitate eventually formed from the solution. This was collected by
vacuum filtration using a Biichner funnel.

21. Draw a typical vacuum filtration setup and name each of its components.

The precipitate was washed with distilled water and recrystallized from 95% ethanol to
isolate pure Al. The *H-NMR and IR spectra of substance Al are provided below.

22. Match the protons H1-H7 from the *H-NMR spectrum (Figure 3) with the protons
in the structural formula Al. Based on the IR spectrum (Figure 4) shown, write down the
functional groups and multiple bonds associated with Al along with their corresponding
wavenumber.

H4, H5, H6
u
S
- H7(J = 16 Hz)
- w
>
@ o
@
W
) <1 I
H1 (J = 16 Hz) 83 o
(2} Loy I
2 il
gc  HH ‘
— e
AR
R
B — -
3
il ~
‘ | | \I .,
| I|J" l‘. Jl ‘LI I .ll
T ——— T T
s> = 8 £
— = o [=]
g0 79 78 717 716 75 74 73 72 71 70 69 68 67 66

1 (ppm)

Figure 3. 400 MHz *H-NMR spectrum of Al
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Transmittance, %
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Wavenumber, cm’!

Figure 4. IR spectrum of Al

23. How many grams of Al should be obtained after the reaction if the average yield of
the product is 84%?

24.  Why is Al used as an ingredient in sunscreens? What other chemicals have anti-UVvV
properties (provide 2 examples)?

Al is used as a ligand in the synthesis of substance Q which is one of the typical catalysts in

cross-coupling reactions. The following scheme depicts the preparation of Q from Al and some
metal chloride MCly:

A1, NaOAc

X
CH30H

MCI

CHCl3

/—>
P @ ]

NaOAc - sodium acetate

25. Determine the metal M and the formulas of P, Q and R, if it is known that the mass
fraction of Al in them is 81.49%, 67.90% and 70.72%, respectively.

The following are the various reactions in which Q acts as a catalyst.

Ne Reaction Comments about reaction products
OH
. W Q (cat) S In 'H-NMR spectrum of product S (M* =
' j/ (CeFs)sP 146) there are no signals at & < 4.91 ppm
1,4-dioxane
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o) NH;

Q (cat.)
S PPhs T (C21H1sNO) shows no remarkable
2 O A + .CO . - .
O 2C0O3 reaction with nitrous acid
1,4-dioxane
Q (cat.) ¢ T8 Q (cat.) ) .
3| U PtBug PtBuz v The molecular weight U is less than that of
+
KF, DMF KPFg, DMF Vv
OTf
Q (cat.) .
DavePhos In the IR spectrum _of W, a band is
4 @f\ /@[ OB observed at 3345 cm™; in the *H-NMR two
110°C vicinal protons have J = 11.6 Hz
Sn
-OTf = CF3S803- 1,4 - dioxane = [ j PhSnBu; = ©/ L\/L\/ O Q
© DavePhos = P7®
Lk g i
NaOt-Bu = m PtBug = )% DMF = \h‘l H

26.

27.
below:

28.
data below.

46

Write the structural formula of substances S, T, U, V and W.

Give the structural formula of substances X1-X6 formed in each of the reactions

Give the structural formula of the isomers Y1-Y5 (C12H1404) based on the spectral




IR Spectrum
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| - e O | 1 1 : I
4000 3000 2000 1600 1200 800
V (em')
100: 29 Mass Spectrum
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20:# 166 .
- W N C12H1404
40 80 120 160 200 240 280
m/e
T T T T T v T L T ¥ T o T B T T I N T ' I d |
13C NMR Spectrum
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proton coupled
FibasP S lll A,
solvent
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TMS — tetramethylsilane.
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TMS — tetramethylsilane.
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TMS — tetramethylsilane.
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Y4

IR Spectrum
(liquid film) 1724
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TMS — tetramethylsilane.
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Y5

IR Spectrum
(liquid film) 1765
[ IS I ST P | 1 1 DU
4000 3000 2000 11600 1200 800
V (em')
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GOLE
40F 5 168
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* |
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1
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TMS — tetramethylsilane.
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JUNIOR LEAGUE. SOLUTIONS

Problem 1
1.
Table. Progress of metal separation
Composition of phases after
The object . P p
Ne Reagent Observations separation
under study — -
Precipitate Solution
. . _ Solution 2:
1 | Solution1 HCI r(\e/(\:/ihlit';te _D_FXG(CT:II Iltaa;gll "l Cu*, Zn*, Fe,
p p g ' 2 Sn+2, Mg+2, Ba+2
Dissolution of
2 | Precipitate 1 NHs*H.0 a part of the PbC [Ag(NH3)2]*
precipitation 2
. Solution 3: Cu?",
3 | Solution 2 H2504 White BaSO, Zn?*, Fe®*, Sn*2,
precipitate Mg
_piPrce:El( Cl)tg’;e 2 Solution 4:
4 Solution 3 excess NaOH Precipitation & [Sn(OH)4]?,
Fe(OH)3, [Zn(OH)]?
Mg(OH); *
1) HCI
5 Solution 4 2) excess Precipitate Sn(OH): [Zn(NH3)4]Cl2
NHs*H20
excess Dissolution of | Precipitate 3:
6 | Precipitate 2 NHz*H20 a part of the Fe(OH)s, [Cu(NH3)4](OH)2
precipitation Mg(OH):
Dissolution of
7 | Precipitate 3 NH4CI a part of the Fe(OH)s Mg*
precipitation

1)

2)

3)

AgNOs+ HCI = AgCl| + HNO3

Pb(NOs)2 + 2HCI = PhCl,| + 2HNOs

AGCI + 2NHs*H,0 = [Ag(NH3)]CI + 2H,0

BaCl + H,S04 = BaSO4] + 2HCI (Ba(NOs), + H2SO4 = BaSO4| + 2HNOs)
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In such cases, it will not be a mistake to write the reaction equation with any anion
contained in the solution.

4)
CuClz + 2NaOH = Cu(OH)2| + 2NaCl
FeCls + 3NaOH = Fe(OH)s| + 3NaCl
MgClz + NaOH = Mg(OH)2| + 2NaCl
ZnClz + 4NaOH = Naz[Zn(OH)4] + 2NaCl;
SnClz + 4NaOH = Naz[Sn(OH)4] + 2NaCl;
5)
Naz[Zn(OH)4] + 4HCI = ZnCl; + 2NaCl + 4H,0
Nao[Sn(OH)4] + HCI = SnCl, + 2NaCl + 4H,0
ZnClz + 4NHz*H,0 = [Zn(NH3)4]Cl2 + 4H,0
SNCl, + 2NHz*H,0 = Sn(OH)2 + 2NHLCI
6)
Cu(OH)2 + 4NH3*H,0 = [Cu(NH3)4](OH)2 + 4H,0
7)
Mg(OH)2 + 2NH4CI = MgCl, + 2NHs*H:20

3 K4[Fe(CN)e ] +4 FeClz = Fes[Fe(CN)e]s| + 12 KC1 blue precipitate
FeCls + 3KSCN = Fe(SCN)s + 3 KCI red color substance
AgNOs + Kl = Agl| + KNO3z yellow precipitate
Pb(NOs3), + KI = Pblz| + 2KNO3 bright yellow precipitate

Evaluation system:

Ne question Solution elements Grade
Separation of cations

For each cation 2 points

If there are no confirmatory reaction equations, no points are
given.

For each error in the reaction equations and stoichiometric
coefficients, 0.5 points are withdrawn.

Writing the reaction equation and the color of the substance
2 The reaction equations and the color of the substance are 4
estimated at 0.5 points each

16

TOTAL: 20
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Problem 2

1.

y=2,48x+0,0018 -
®124
1 81,002
0,8
-8 0,733
0,6
0,506
0,4

&°0,248
0,2 G

According to the graph, it can be seen that the concentration of chromium in the solution
was 0.245 g/l.

To plot the determination of nickel concentration, it is necessary to calculate the
concentration of added nickel.

Cst = mni/Viiask = 0,0025/0,05 = 0,05 g/l

We build a graph with two points. And we draw a line along them, and continue it down
until it crosses the abscissa line (horizontal line).

A
0.6

y=416x+0,211
0.5

¥ 0,419
04 :

0,1
007 -006 -005 -004 -003 -002 001 0 001 002 003 004 005 006 007 008
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According to the graph, it can be seen that the nickel concentration in the solution was
0.0507 g/l.

2. We calculate the mass fraction of chromium in steel:
The mass of chromium in a sample weighing 0.1 g was equal tom=C *V =0.245* 0.1 = 0.0245 ¢
The mass of chromium in a steel sample is equal to mcr = 0.0245*13.8/0.1 = 3.381 g
The mass fraction of chromium in a steel sample is equal to wcr =100% * Mcr/Msample = 24.5%
We calculate the mass fraction of nickel in steel:
The mass of nickel in a sample weighing 0.25 g was equal to m = 0.0507 * 0.05 / 0.02 * 0.05 =
0.00634 g
The mass of nickel in a steel sample is equal to mni = 0.00634*13.8/0.25 = 0.350 g
The mass fraction of nickel in a steel sample is equal to ®ni =100% * mMni/Msample = 2.54%

3.
If 1=A/(C*e)
A=0,384 ; C=1,2*10"; e= 1,6*10*
I=2cm
4. Carbon — is found in steel usually in the form of a FesC chemical compound called

cementite. With an increase in the carbon content to 1.2%, the hardness, strength and elasticity of
the steel increase, but the ductility and impact resistance decrease, and the machinability
deteriorates, and the weldability also deteriorates.

Chromium is the cheapest and most common element. It increases hardness and strength,
slightly reducing ductility, increases corrosion resistance; the content of large amounts of chromium
makes the steel stainless and ensures the stability of magnetic forces.

Nickel - gives steel corrosion resistance, high strength and ductility, increases hardenability,
affects the change in the coefficient of thermal expansion. Nickel is an expensive metal, they are
trying to replace it with a cheaper one.
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Evaluation system:

Ne question

Solution elements

Grade

Determination of the concentration of chromium and nickel in
the analyzed solutions according to the schedule

For each metal:

Error <3% - 8 points

Error <5% - 7 points

Error <7% - 6 points

Error <10% - 5 points

Error <20% - 4 points

Error <50% - 2 points

Error >50% - 0 points

16

Determination of the mass fraction in a steel sample (correctness
is evaluated taking into account the value obtained in the 1st
paragraph)

Chrome - 4 points

Nickel - 4 points

Determination of cuvette length

Explanation of adding carbon, chromium, nickel to steel.
Evaluate by the relative completeness of the answer

TOTAL:

30
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SENIOR LEAGUE. SOLUTIONS

Problem 1

1. The chlorofluorocarbons (CFCs, freons) CxClyF; such as CFCls, CF2Cly, etc.

2. Compound Al: O E, E - dibenzalacetone

Reaction mechanism:
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0]

OH
3. Compound B: ©)k benzoic acid

o Vacuum distillation of benzaldehyde
o Extraction of benzaldehyde with sodium carbonate solution
4,

1- Hot plate with magnetic stirrer
2- Magnetic stirring bar

3- Thermometer

4- Condenser

5- Dropping funnel

5.
Molgcular Amount of bp. Density Volume,
Reagent weight, substance, 3 Mass, g
(°C) g/lcm ml
g/mol mol
Benzaldehyde 106.12 0.020 178 1.04 2.08 2.00
Acetone 58.08 0.010 56 0.79 0.58 0.73
NaOH 10 % 2.22
(w/w) (10%)
catalytic 40.00 0.0055 1.11 0.22 2.00
solution NaOH
6

Rr (A1) = 0.55 or 55%
Rf (A2) = 0.48 or 48%
Rf (A3) = 0.41 or 41%

cis-trans isomer A2

O O cis-Ccis isomer A3
o}
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| Biichner funnel

________________ — Filter paper

\__ Filter Flask (Biichner flask)

",‘— Rubber tubing and suction from
aspirator

If the positions of H2 and Hs are mixed up, give the full score. The same goes for Ha, Hs,

and He.
= Aromatic C-H
\
Carbonyl C=0 ——»
Aromatic C=C
4000 3000 2000 mmeme-t 1500 1000 500
9. 197¢

10. The presence of conjugated double bonds determines the high antioxidant activity of
dibenzalacetone. The rich collection of x electrons serve to absorb and diminish the energy of
incoming UV rays, thus protecting the skin from direct exposure. Other examples of compounds
with anti-UV properties are ZnO., TiO., avobenzone, benzophenones, meradimat, etc.

11.
M — Pd Palladium
P — Pd(dba). — dba (dibenzalacetone)
Q — Pdx(dba)3(CHCIs) (M = 1035.10)
R - Pd2(dba)s(CsHs) (M = 993.84)
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Compound S Compound T Compound U

Cl
(e}

OH O
=
L \
N Ph

Compound V Compound W

C i
) @

OTf

12.

NO,
NaOH )v
OH
/\N02 + CHZO —_—

o)
C,H 5ONa X
CgH5OH O
o)

©/\CN 02 s0Na Ph/ﬁ/Ph
C,HsOH CN

o OMe
o o0
o)
)J\ CaH 5ONa S Mo/\ [CHsONa H*, H,0
2 —_—
CZH50H HOH o o
o} OMe

0]

C,HsONa
Co,Et CoHs
d) Eo,c T CO,Et
C,HsOH

13.
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Evaluation system:

Y3 = o ™
O\/
(0]
(@) O\/
Y4 =
O\/
(0]
I
Y5 = 0

Ne question Evaluation system Grade
1 The correct naming of compounds or formulas 1
5 For structural formula Al 2

The correct mechanism of reaction 3

For structural formula B 1
3 e

For reasonable purification method 1
4 Parts of the experimental device are correctly indicated 2.5
5 For completed table 1
5 The correct calculation of Rt value 1.5

For structural formulas A2 and A3 1
7 Parts of the experimental device are correctly indicated 2

Structural formula with correctly specified protons 1
8 The correct correlation of functional groups with bands in the

IR spectrum 1
9 The correct calculation of yield 1
10 The correct reason for using Al 1

For 2 examples of analogues of Al 1
11 The correct determination of metal M 2

For formulas of P, Q, R 6
12 For formulas of compounds S, T, U, V, W 10
13 For formulas of compounds X1-X6 6
14 For formulas of compounds Y1-Y5 5

TOTAL.: 50
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