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CocTtaB MeToAN4YeCKOH KOMHCCHI MeKTyHapoaHoi omumMnuansl «Tyiimaana-2019» (XUMUSA)
1. CoxonoBa Mapuna JIMuTpueBHa, A.T.H., Aupekrop MHcTuTyTa mpobiem HedTH u raza CuOUpCKOro
otnenenus Poccuiickoit akagemun Hayk OUIl «Sxyrckuii Hayunwii neatp CO PAH», mpodeccop
XHMUYecKoro otneneHuss MHcturyta ecrtectBeHHbIXx Hayk CeBepo-Boctounoro ¢enepansHoro
yHuBepcutera uM. M.K. AMMocoBa, 1.T.H. — IpeJCeAATENb;
2. EmenbsinoB ['eopruii [lerpoBud, cTyAeHT XUMU4ecKoro ¢axkyibreTa MOCKOBCKOTO TOCYAapCTBEHHOTO
yHuBepcurera uM. M.B. JIoMoHOCOBa — 4JIeH;
3. TlapgpenoBa Ciozanna HuxonaeBHa, crynent MWuctutyra xumuu Cankrt-IlerepOyprekoro
roCy/1apCTBEHHOTO0 YHUBEPCUTETA — UJIEH;
4. IlaBnoB Cepreit HukonaeBud, cTyAeHT XuUMU4eckoro (akyiabTera MOCKOBCKOTO TOCYAapCTBEHHOTO
yHuBepcutera uM. M.B. JIoMoHOCOBA - 4JieH;
5. Kypamumma bynar KamuieBuu, cTyaeHT xuMudeckoro MHCTHTYTa UM. A.M.bytnepoBa KazaHckoro
(ITpuBomkckoro) ¢enepanbHOrO YHUBEpCHTETA — YJIEH;
6. CriupuioHoB Anexkcanap MuxaiiioBrd, CTapLINi pernoaaBaTeab XUMHUUECKoro otaeneHus Muctutyra
ecTecTBeHHBIX Hayk CeBepo-BocTounoro ¢enepansaoro yaueepcutera umMm. M.K. AMMocoBa — uiieH.

Cocras K0pu Me:xkIyHapoaHoii osmmvnuansl « Tyiimaana-2019» (XUMMUAS)
1. OxnonkoBa AilitanuHa AJjekceeBHa, A.T.H, npodeccop, pykoBoautens OIl «DPyHmameHTanbHas H

npukiagHas xumus» MHCTHTyTa ecTecTBeHHBIX Hayk CeBepo-BocrouHoro deaepanbHOro yHUBEpCUTETA
M. M.K. AMMocoBa, JeWCTBUTENbHBIH WieH Akanemun Hayk PecnyOnukum Caxa (SAxytws) , A.T.H. —
MIpeJIce1aTeNb;

2. CokonoBa Mapuna /ImMurpueBHa, A.T.H., AupekTop MHcTUTyTa mpobdiem HedTH U raza Cubupckoro
otaenenusi Poccuiickoit akanmemun Hayk OULl «SAxyrckuit Hayuneii neatp CO PAH», mpodeccop
XHMUYecKoro otnaeneHus MHcturyta ecrtectBeHHbIXx Hayk CeBepo-Boctounoro ¢denepansHoro
yHuBepcutera uM. M.K. AMMocoBa, A.T.H. — 3aMECTUTENb MTPEICENaTENs;

3. CremanoBa AnpOuHa BacunbeBHa, WHKEHep-HCCEAOBaTeNb Y4eOHO-HAYYHO- TEXHOJIOTUYECKOH
naboparopun  «MexaHOXUMHUUecKue OuorexHonmorum» MHcTuTyTa ecrecTBeHHBIX Hayk CeBepo-
Bocrounoro ¢enepansHoro yausepcutera uM. M.K. AMMOcoBa — cekpeTapsb;

4. CtpyuxoBa TatbsiHa CeMEHOBHA, K.T.H., JOLIEHT XUMHUYECKOTO OTAETIeHHsI MHCTUTYTa eCTECTBEHHBIX
Hayk CeBepo-Boctounoro ¢enepanpaoro yausepcutera uM. M.K. AMMocoBa — uiieH, K.T.H.;

5. Hukudopo Jleonna AnekcaHApOBMY, K.T.H., HHXCHEp-UCCIENOBATElb Y4eOHO-HAy4YHO-
TEXHOJIOTHYECKOH  Jlabopatopun  «TeXHOJIOrMM  TOJMMEPHBIX  HAaHOKOMIO3UTOB»  MHcTHTyTa
ectecTBeHHBIX Hayk Ceepo-Bocrounoro tdenepanbroro ynuepcurera uM. M.K. AmMmocoBa — uieH,
K.T.H.;

6. CrinpuioHoB Anexkcanap MuxailioBrd, CTapLINi penoaaBaTeab XuMHUIecKoro otaeneHus Muctutyra
ecTecTBeHHBIX Hayk CeBepo-BocTounoro ¢enepanpaoro yausepcutera uM. M.K. AMMocoBa — uiieH;

7. I'mzarynnua Amup MnpaapoBud, cTyIeHT XUMHUecKoro nHctutyta uM. A.M. Bytneposa Kazanckoro
(ITpuBomkckoro) deneparbHOrO YHUBEpCHTETA — YJIEH;

8. MemepskoB Hukonmaii BagumoBuu, cTyaeHT xumudeckoro (dakynsrera MOCKOBCKOTO
rocyapcTBeHHOro yHusepcutera uM. M.B. JlomoHocoBa — uiieH;

9. T'onukoB Amnekcedi HukomaeBud, acnmupaHT J1a0OpaTOpUM OPraHUYECKOTO CHUHTE3a YHHBECHTETa
Menpxu, IOxnas Kopes — uien;

10. TlapgpenoBa Cro3anHa HuxonaeBHa, cTyaeHT wuHcTuTyTa xumun Cankt-IlerepOyprckoro
roCy/1apCTBEHHOTO0 YHUBEPCUTETA — UJIEH;

11. PemernuxoB Bukrop IlerpoBud, cTyaeHT ¢akyapreTa HayK O MaTepuaiax MOCKOBCKOTO
rocyapcTBeHHOro yHusepcutera uM. M.B. JlomoHocoBa — uineH.

Aemopul 3a0anuii: Kypavuwun B.K., I'onuxkos A.H., Emenvanos I' 11, T'uzamyniun A.U., Mewepsaxog
H.B., llapgenosa C.H., Ilasnos C.H., Pewwemnuxos B.I1.
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Methodological commission structure of the International Olympiad «Tuymaada-2019» in
Chemistry

1. Sokolova Marina Dmitriyevna, Doctor of Engineering, the Director of Institute of Oil and Gas
Problems SB RAS, the professor of the Chemistry Department, North-Eastern Federal University -
chairman,;

2. Emelyanov Georgiy Petrovich, a student of the Chemistry Department, Moscow State University;
3. Parfenova Suzanna Nikolaevna, a student of Chemical Institute, Saint-Petersburg State University;
4. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University

5. Kuramshin Bulat Kamilevich, a student of the Chemical Institute, Kazan (Volga Region) Federal
University;

6. Spiridonov Alexander Mikhaylovich, a senior teacher of the Chemistry Department, North-Eastern
Federal University.

Jury structure of the International Olympiad «Tuymaada-2019» in Chemistry

1. Okhlopkova Aytalina 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), — chairman;

2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas
Problems SB RAS, the professor of the Chemistry Department, North-Eastern Federal University - vice-
chairman,;

3. Stepanova Albina Vasilyevna, a leading ingeneer of ESTL "Mechanobiotechnology", North-Eastern
Federal University;

4. Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the Chemistry
Department, North-Eastern Federal University;

5. Nikiforov Leonid Aleksandrovich, PhD in Technical Sciences, a leading engineer of ESTL
"Technology of Polymer Nanocomposites", North-Eastern Federal University;

6. Spiridonov Alexander Mikhaylovich, a senior teacher of the Chemistry Department, North-Eastern
Federal University;

7. Gizatullin Amir Ildarovich, a student of the Chemical Institute, Kazan (Volga Region) Federal
University;

8. Mescheryakov Nikolay Vadimovich, a student of the Chemistry Department, Moscow State University;
9. Golikov Aleksei Nikolaevich, PhD student of the Chemistry Department, Myongji University (South
Korea);

10. Parfenova Suzanna Nikolaevna, a student of Chemical Institute, Saint-Petersburg State University;

11. Reshetnikov Victor Petrovich, a student of the Chemistry Department, Moscow State University.

Support Staff of the International Olympiad «Tuymaada-2019» 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;

3. Pavlova Valeriya Valerievna, PhD student of the Institute of Oil and Gas Problems SB RAS — a
laboratory assistant.

Authors of problems: Kuramshin B.K., Golikov A.N., Emelyanov G.P., Gizatullin A.I
Mescheryakov N.V., Parfenova S.N., Pavlov S.N., Reshetnikov V.P.
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MJUIAJILIAS JINT A
Saganue 1
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2019 rox - MexxkayHapoaHbIN Ioj
IHepuoanueckoii Ta0AMIBI XMMHYECKHX 3JIEMEHTOB

B3| Rl SPREE DN <)t

150 ner nazan, B 1869 romy, Amutpuii MBanoBuu MenzeneeB OmyOIHMKOBAI CBOIO
[lepronuueckyro TaOIUIly 3I€MEHTOB. B oTiM4me 0T CBOMX MPEANIECTBEHHUKOB, CTPEMUBIINXCS
KJIacCU(UIIUPOBATh TOJBKO M3YUYCHHBIE AJIEMEHTBI, MEH/eNneeB UCXOAUI U3 JIOMYIIEHUs! TOTO,
YTO MOT'YT CYIIECTBOBATh €IIe HE OTKPBIThIE HA TOT MOMEHT 3JIeMeHThI. [loaToMy 11 HUX ObLIH
OCTaBJICHBI B TA0JIMIIE TYCTHIC SIUCHKU M OBUIM MPECKa3aHbl MX CBOWCTBA.

[lepBoHauanbHO OBUTM OMUCAHBI CBOWMCTBA €IIE€ HE OTKPBITBIX HAa TOT MOMEHT Tpex
AJIEMEHTOB: ‘“OKaaTIOMUHUA ", ‘“9Kabopa’ u “Fxacuiauuus’.

“Dxacunuiuil’” Ipy CXKUTaHUU B KHCIIOpojie oOpa3yeT BemecTBo A, coaepxaiee 30.59%
kucnopona (peaxyus 1). Takxke CymIeCTBYET HECKOJIBKO CIMOCOOOB PACTBOPHUTH IKACHIIHIIHIA.
IlepBpIM 13 HUX SIBJISIETCSI pACTBOPEHUE B CMECH a30THOM M COJIIHOM KUCIOT (peaxkyus 2), Ipu
3TOM obOpa3zyercs BemiecTBo B. BTopsiM crioco6om sBIsieTcs pacTBOPEHHE B CMECH THIPOKCHA

KaJIusl U IEPOKCUJIa BOAOPOA (peakyus 3), Ipu 3TOM o0paszyercs BemiecTBo C.

Bonpocui:

1. YkaxkuTte cOBpeMEHHOE Ha3BaHUE ‘“‘FKacwiInLus’, onpeaenute seuectna A-C.

“OxaamOMMHUNA”  SBISIETCS METAJUZIOM C OJHOM M3 CaMbIX HM3KHUX TEMIEpaTyp
iaBieHus. Pearmpyst ¢ xiopoM, oH oOpasyer BemectBo D, comepxkamee 60.40% xiopa
(peaxyusi 4). D mpu HarpeBe BMeECTe C O3KaaloMuHHEM oOpasyeT BemectBo E, koropoe
conepxut 50.42% xmopa (peakyus 5).

2. YKaxxuTe COBpEMEHHOE Ha3BaHUE “IKaaltoMuHus, onpenenure Beuiecrsa D-E.

"Oxabop” MO CBOKWCTBAM OYEHH MOXO0XK HA AFOMUHUN U UMEET T€ K€ OCHOBHBIC CTEIICHU
okuciienus, uro u amomuauid. Conps F, monmyueHHas mpu pacTBOpEeHUHM dKabopa B COJSTHOU
KHCIIOTe (peakyus 06), pearupyer ¢ KapOoHaToM HaTpusi ¢ oOpa3zoBaHuem BemectBa G,
conepxaiero 52.47% kucnopona (peaxkyus 7).

3. YkaxuTte cCOBpeMEeHHOE Ha3BaHue “akabopa”, onpenenute Beuiectsa F-G.

4. Hanumure ypaBHeHuUs peakyuii 1-7.



3aganue 2

TomTop - apKkTHYecKasi KJIa0Bas )i Bceil
TJIAHEThI

Ha ceepe Poccuiickoii @eneparuu B npeaenax Onenékckoro paiiona Pecryonuku Caxa
(Axyrtus) Haxomutcs Tomropckoe MmecTopoxaeHue. [1o MHEHHIO CIIEIMATMCTOB, 3aackl HUOOUs
U penko3emMenbHbIX MeTauioB (P3M) naHHOro o0bekTa MpeBOCXOAT 3aachkl MUPOBBIX JIUIEPOB
— Apama B bpaswinu u basu-O60 B Kurae, natomux B Hactosmiee BpeMsi 90% Bcero MUpPOBOTO
poiaka. Axkagemuk Hukomnait [ToxwmieHko yBepeH, 4To B OyIyIieM 3TOT TOPHO-T€OJIOIMYECKHMA
KOMIUIEKC POCCUMCKON APKTUKH MOKET OKa3aThCs «KJIAJOBOU I BCEH IIAHETH.

P3M - cTparermueckoe = MHMHEpPAJIBHOE ChIpb€ M  OCHOBA  COBPEMEHHOIO
BBICOKOTEXHOJIOTMYECKOI0 MPOU3BOACTBA, MPOAYKIIHS KOTOPOrO UMEET OTPOMHBIN MTOTEHLIMAN B
a)POKOCMMUYECKOM,  TPAaHCHOPTHOW M 3HepreTuueckoi  orpacisix. C  pa3Buruem
MUKPORJIEKTPOHUKHU (OBICTPOACHCTBYIONINE CUCTEMbI MaMATH) U APYTUX HOBEHWIIMX OOJacTei
TEXHUKA OCOOEHHO TPUCTAbHOE BHUMAHUE HCCIEI0BaTEIeH-MaTepuaIoBeOB  Hayall
IIPUBJIEKATh MeTaul X, OAUH U3 OCHOBHBIX KOMIIOHEHTOB TOMTOpPCKOro MecropoxzacHus. Her
COMHEHHUH, YTO IO MEPE COBEPIICHCTBOBAHUS TEXHOJOTMU MOIMy4YeHUs] X U yAELIEBICHUS €ro
MIPOM3BOJICTBA 00JIACTH MPUMEHEHHUS ATOTO d-MeTaia CylecTBeHHO PacIIupsTCs.

[Tpoctoe BemecTBO X — JIETKUH METaUl CEpeOPHCTOro IBETa C XapaKTEPHBIM KEJIThIM
ormuBoM. OtHocutcs kK P3M, obnagaer BbICOKOW Temmeparypoil minaBieHus (tn = 2450 °C).
bein npenckazan B 1870 r. JI.U. MenaeneeBsiM, a OTKpHIT B 1879 r. mBeackum xumukom JI.
Hunbsconom.

Hwmxe npencrasinena cxema NpeBpalCHUN COSAUMHEHUM, COAEPKALIUX B CBOEM COCTaBE

a1eMeHT X:
F K2C204 E K
6] A
g%: H;PO,
10
¢ NaOH (p-p) 4 _Na,C0Os 4
H,0
Na CO’;
O, H,C,0,4 (u:aﬁzu'm@
aF 2 ]



LlonoanumenvHas qu)ODMauU}Z N

BemntecTBo B F H )| J K
w(X), % 19.73 7.59 42.52 | 36.86 11.24 13.38

- KOOpAVMHALMOHHBIN MTOJIMAIp aHUOHA B cOeIMHEeHNH B — okTasap;

- U3BECTHO, 4TO H comepKuT Kiactep, B KOTOPOM aTOMbl X PacCIOJ0KEHbBI B BEPIIMHAX
OKTa’d/Ipa;

- B cocTaBe BeniecTna I conepkuTcs 1Ba pa3janyHbIX TUIA AaHHOHOB;

- BemectBa B, C, F, J, K ABIAIOTCS KOMIIICGKCHBIMH COCIHMHCHHSIMM;

- KOJIMYECTBO JTUTaHA0B B cocTare BemiecTB F u J oguHakoBoe;

- BCE MacCOBBI€ JIOJIM MeTaJiia X JIaHbl B IlepecueTe Ha 0€3BOIHbIC COCIUHEHHUS;

- IIPU BBIYMCIIEHUAX HCMOJb3yHUTE MOJSPHBIE MACChI 3JIEMEHTOB C TOYHOCTBIO JI0 COTBIX
I/MOJIb.

Bonpocuwi:

1. HazoBuTe a1emenT X, ecnu BemiectBo A conepxut 34,80% kucioposa.

2. Pacumdpyiite Nenouyky IpeBpalleHuil, HANWIINTEe YpaBHEHUS BCEX pEaKUud u
yKaxxute HenszBecTHble BemecTBa A — K. OTBer noarsepaure pacuéramu.

3. U3oOpazure crpoenue annona H.

3ananue 3

Takue MoX0:xxue — M TAaKue Pa3HbIC

Onementsl X, Y, Z 00pa3ytoT kpuctamioruaparsl xjaopunos Xi, Y1, Zi. HecmoTps Ha To,
YTO OHM B KOPOTKONEPUOAHON Bepcuu TaOnuubl MeHeneeBa 00pa3yloT «yrolok» (CM.
PHUCYHOK), CBOMCTBA 3JIEMEHTOB U XJIOPUJOB 3aMETHO PA3INYAOTCS.

Tak, pactBopsl X1, Y1, Z1 NIpH B3aUMOJEHCTBHM C PacTBOPOM THAPOKapOOHATa HATPHA
natoT ocanku Xo, Y2 U Zp coorBerctBeHHO (peakuuu 1 — 3). Xo u Yz, cocrosuue u3 4
3JIEMEHTOB, IIpU BHECEHHWU B pACTBOpP COJISHOM KHCJIOTBI PAcTBOPSIOTCS C BBIACICHUEM
OecIBETHOTO Ta3a, TorJa Kak Z, pacTBopsieTcsi 0e3 BbineieHus ra3oB (peakuuu 4 — 6). OobeMm
rasza, BeACIsOmuiics npu pacrBopernn HaBecok 1.00 T X; u Y2 B U30OBITKE CONSIHONW KUCIOTHI,
npu H.y. paBeH 200 ma u 162 mi, coorBerctBeHHO. Ocanku X2 u Zp, B oTiiM4Me OT Yo,
pacTBOpUMBI B KOHLIEHTPUPOBAaHHOM pacTBOpe KapOoHaTa HaTpusi ¢ 0Opa3oBaHUEM
KOMIUIEKCHBIX MOHOB, COZIEp KAILUX pa3IUYHbIE JIMTaH bl (peakyuu 7 — 8).

CoBMecTHOEe HarpeBaHue ocaikoB Xz U Zp B HYKHOM COOTHOLIEHUH IPUBOJIUT K
oOpazoBanuio BemectBa A (peakyus 9), a ocankoB Y2 u Zo — x oOpa3zoBaHuIo BemiectBa B



(peaxuyus 10). A n B — nBoiiHbIE OKCHU/IbI, UIMEIOIINE CTPYKTYPY LIMHUHENN (CTPYKTYpPHBIA THII
M1 "2(M2"3),04).

Ectb, otHaKo, y 9TUX 3JIEMEHTOB M uTO-TO oOmiee: runpatel Xi, Y1, Zi NpH HarpeBaHUH
o0pa3yroT okcuabl aneMeHToB X, Y, Z (peaxkuuu 11 — 13). Ilpu 5TOM MOTEPSt MACCHI COCTABIISIET
83.54, 80.17 u 78.88% COOTBETCTBEHHO.

Bonpocut

1. Onpenenure anementsl X, Y, Z u ¢opmyinsl BemectB Xi, Xo, Y1, Y2, Zi, Z>, A, B.
OTBeT NOATBEPAUTE PACUETOM.

2. 3anuumunTte ypaBHeHUs peakyuut 1 — 13. YuTuTe, 4TO B peakUuu pacTBOpeHHs] X2 B
pacTtBope kapOoHaTa HaTpust 00pasyercst komruieKcHbIH HoH [X4O0(CO3)s]" .

3. Hapucyiite ctpykrypHyto popmymny nona [XsO(COs3)s]".

4. Kak mony4uTh O€3BOJHBIN XJIOpHU 1eMeHTa Z a) u3 Z, 0) u3 ruapata Zi, B) U3 OKCHIa
anemenTa Z? IlpuBenure ypaBHEHUS TpeX peakLuil.

3ananue 4

30s10T0 PymbIHMU

OnemenT X BriepBble ObUT HalieH B 1782 roay B 30JI0TOHOCHBIX pyAax TpaHCHIbBAaHHH.
Ero coneprkanue B 3eMHOM KOpE OYEHb HEBEIIMKO, a €M0 MUHEPAJIBI IPUCYTCTBYIOT B OCHOBHOM B
Buze npuMecen. Taxke X BCTpedaercs M B CaMOPOJHOM BHJIE KAaK IPUMECh K DJIEMEHTY Y,
OJTHAKO M3-32 HU3KOTO COJEPKAHUS MOTY4aTh €ro TaKUM criocoooM HeaheKkTuBHO.

I'maBHBIM  HCTOYHMKOM  modydeHMss X  CIy)XaT  OCTaTKM  (LUIaMbl)  [OCIE
AJIEKTPOJIMUTUYECKON OYMCTKM Meau. OCHOBHOW KOMIIOHEHT IIIJIaMOB, COJEpKaliuii B cebe
anemeHT X, BemectBo A (o(X) = 50.12%), moaBepraroT OKHCIUTEILHOMY OOXHUTY C
Kpuctaymmueckon cogoil nmpu 650°C (peakuums 1). 3aTtem BbILIIENIAYMBAIOT M OTAEISAIOT OT
HEpacTBOPUMOIo ocajka. M3 mnosydmBlIerocs pacTBopa BellecTBa B anexTponuTHyecku
BOCCTaHaBIIUBAIOT IpocToe BemiecTBO X (peakuus 2). Ecnu ke Ha coequnenue B nmoaeiictBoBath
KOHIICHTPUPOBAHHOW CEpHON KUCIIOTOH, TO BbIMagaeT Oenbiii ocanok kucioTsl C (peakuus 3).

XUMHUUECKUE CBOWMCTBA 3yieMeHTa X BecbMa pa3zHooOpasHbl. Ilpu neiicTBUM pa3indHbIX
okuciureneit, Hanpumep HNOs, F» nnm Bogaoro pactsopa HCIOs, o6pa3yrorcs Bemectsa D, E
u F coorBerctBeHHO (peakiuu 4-6). JIoMOJHUTENBHO H3BECTHO, YTO B TOCIEIHUX ABYX
BeleCTBaX X MMEET OJHY U Ty K€ CTeNeHb okucieHus, a D conepxut 3.66% N u 66.77% X no
Mmacce. Taxoke X npu HarpeBaHuu pearupyer ¢ Boaoii (peakuus 7) ¢ oopazoBanuem C nraza G ¢
IUIOTHOCTBIO 10 Bo3ayxy 4.47. Coenunenne E crmocoOHO TOCienOBaTeNbHO pearupoBaTh C
Hayajla ¢ OJHUM (peakuus 8), a 3aTeM eme ¢ OJHUM (peakuus 9) SKBUBaJICHTOM (TOpHIA



TpuMeTwiiaMmMonusi ¢ obpasosanueM H u I coorBercrBenno. Ecnu narpeBath BemectBo F, 1o
OHO TIOCTENEHHO IMpeBpalaeTcs B kucnoty J (peakuus 10), a nmoreps Maccel coctasisger 15.68%.
[Tocne moBwimenus temmeparypsl u3 J obpasyercs okeua K (peaxmust 11). Ilocnennuii mpu
MIPOJIOJHKCHUH HarpeBaHus oOpa3yer okcua L (peakius 12), KOTOPBIA MOXHO MOJTYYUTHh B OJHY
cTaauto HarpeBaHueM Bemectsa D (peakuus 13).

Ha tutposanue anukBotel 20.00 M 5 r pactBopa F B 200 mu yxoaut 8.71 mun 0.5000 M
pactBopa KOH (peakmus 14). Ilocne noGamienust k oOpa3oBaBIIEMYCs TMPU 3TOM PaCTBOPY
coenquHeHuss M HuTpaTa cepeOpa u mepcynbdara kamus odpasyercs coeauHenne N (peakius
15), conepxamee 6.48% K, 42.38% X u 17.93% Ag B HECBOWCTBEHHOW AJii HETrO CTEIEHU
okucnenus. Kparkas cxema Bcex MpeBpalleHui MpeicTaBIeHa HIXKeE.

AgNO;
K,S,05 KOH t=160"C t=300"C

A

HCIO, t=400°C
H,0
Na,CO % :
A——>B X %, p L
5/t
H,S0,
C (CH;),NF H (CH;),NF I
Bonpocui:

1. Onpenenute BemectBa A — N, X u 'Y, orBeT noarBepaute pacuéramu. COCTaBbTE U 3aIUIINTE
ypaBHeHHUs peakuuii 1 - 15.

2. Nzobpasure ctpykrypsl BemecTB E u F, a Takxe annonos coeuaenuit H, I u N.

3. O0bscaute, kakas u3 kuciot (J umu C) cunbHee U mouemy?



3aganue 5

HoBble 2J1eMeHThI 1
BO3pacT MAMOHTA

CuHTE3 HOBBIX, TSDKEJBIX U CBEPXTSIKENBIX JIEMEHTOB 3TO OJHA M3 CIOKHEHIIMX 3a]a4
COBpeMEHHOW XUMHUHM U (u3ukh. [IOMCK TakuWX 3JIEMEHTOB - 3TO HE NMPOCTO 3aHMUMATEIbHAas
¢u3uka 1 XumMusd, a pyHIaMEHT HOBBIX, IPOPBIBHBIX TEXHOJIOTHA.

B pesynbrare MHOTOJETHEW M WHTCHCUBHOU PabOTHl YYCHBIMHU OBLIM CHUHTE3UPOBAHBI
HECKOJIBKO HOBBIX XHMHYECKHX 3JIEMEHTOB, KOTOpBIC TOIY4YeHBI OOMOApAMPOBKON MUIIICHU
TSDKEJIOTO 3JIEMEHTa JIETKUM HW30TomoM. /I cuHTe3a MOCIeAHMX 7 DSJIEeMEHTOB TaOJMIIBI
MenzeneeBa UCIIONIB30BAICA M30TON JIETKOrO 3jeMeHTa X (MaccoBasi J0Jsl HEUTPOHOB B sApe
58,33%). OH wWHTEpeceH TeM, 4YTO HMeeT Ha 8§ HEHTpPOHOB OOJbINEe, YEeM Camblid
pacrnpocTpaHeHHbIi n3oton 3neMenta X. Ilocinennuit oTkpeIThIN 37eMeHT — Oranecon (Og,
118-p1i1 MO cyeTy) Ha3BaH B YECTb COBETCKOIO M POCCHIICKOro ydeHoro, akajgemuka PAH,
HAYYHOTO PYKOBOJHTENS 1JAOOpaTOpUH siiepHbIX peakuuii OobeanneHHoro MHCTUTYTA SACPHBIX
uccnegoanuit FOpus OranecsHa.

VY 1106010 XUMHUYECKOTO 3JIEMEHTa €CTh XOTs Obl HECKOJIBKO PaJMOAKTUBHBIX W30TOIIOB,
B TO K€ BpEMs JJAJIEKO HE Y BCEX AJIEMEHTOB €CTh XOTs Obl OJIMH CTAaOMJIBLHBIN M30TOI; TaK, BCE
M3BECTHBIE M30TOIBI BCEX AJIEMEHTOB, KOTOpBIE B Tabmuie MeH/eneeBa pacronokeHbl Mocie
CBHUHIIA, pPAJUOAKTUBHBI. YenoBE4eCTBO B  HACTOSIIEE BPEMS  HUCIOJIB3YET  SIBICHUE
PAaIUOAKTUBHOCTU B DHEPreTUKE, MEIUILMHE, apXEOJOTUHU, CEJIbCKOM XO3SMCTBE U T.1. U
MOCTOSTHHO 00J1aCTH PUMEHEHUS PACIIUPSIFOTCA.

WHTepecHbIM NPUMEHEHHEM  pAJUOAKTUBHOCTH  SIBJISETCS  METOJA  JAaTHPOBAHUSA
apXeoJIOTUYECKUX U TI'EOJOTMYECKMX HAXOJOK IO KOHLEHTPALUU PaJUOaKTUBHBIX H30TOIIOB.
HauGoiee 4acTo UCHONB3YETCs PaanOyIIIEPOAHbBIN METO AaTupoBanus. M3oron “C nocrosuuo
o0pa3yeTcs B OCHOBHOM B BEPXHHX CJIOSIX aTMOcdepsl Ha BbicoTe 12-15 KM Ipu CTOJTKHOBEHHUU
BTOPUYHBIX HEHTPOHOB OT KOCMHUYECKHX JIyueil C siipamu aTMocepHoro asora. Pacrenus u
JpyTrue OpraHu3Mbl MOTPEOIISIOT YIJIEPOd U3 BO3[yXa, M B HUX HAKaIJIMBAIOTCS 00a M30TONa B
TOW K€ MPONOPIMHU, KaKk ¥ B Bozayxe. [locnme rubenm pacTeHHid OHM MEPECTarOT MOTPEOIATH
yIJIepoJ ¥ HeCTaOWJIBbHBIM HM30TON B pE3ysbTaTe pacraja IMOCTENEHHO MPEeBpallaeTcs B a3oT.
[lyreM TOYHOrO HM3MEpPEHMsI OTHOCUTENBHOM KOHIIEHTPALMU paJUOAaKTUBHOIO YIJepojaa B
OCTaHKax JPEBHUX OPraHU3MOB MOKHO OIIPENEIUTh BpEMs UX FMOEIH.

Bonpocui:

1. Onpenenute U30TOIM 31eMeHTa X.



2. HanyiuTe S€pHYIO PEakiMIo HOJTy4eHHs 25608, €CIu H3BECTHO, YTO TaKkxke 00pasyeTcs Tpu
HEUTpOHA.

3. 3amnonHUTEe MYCThie KICTKH TaONHIbI, eciu Ha3BaHus 3jeMeHToB Noe 113-117: dneporwuii,
Tenneccin, JIuBepmOpuii, MockoBuii, Huxonuii (Ha3BaHusi ykazaHbl HE TIOCIIEIOBATEIBHO).

Howmep IlepBoHavabHOE Hasganue, yTBep:x1eHHOE
AJICMEHTA JIATUHCKOE Ha3BaHUEC IUPAC,
113 YHyHTpUuit ?
114 YHyHTETpHI ?
115 YHyHneHTun ?
116 VYHyHrekcuit ?
117 VYHyHcenTui ?
118 ? Oranecon

4. HazoBuTE POCCHMCKUN TOpPOJ, B KOTOPOM DPAcCIOJIOKEH MHCTUTYT SIEpHBIX HCCIIEIOBAHUMN.
OnemeHT OraHecoH Ha3BaH B YECTb YUEHOTO IPU €ro >KU3HHU, TaKUX DJIEMEHTOB BCErO JIBA.
HazoBute BTOpOI TaKOM 31EMEHT.

5. Hanuiure sepHyI0 peakiuio, Ipu KOTopol obpasyercs “C B arMocdepe U peakiuio ero
pacnana (B-pacman).

6. Iocrpoiite rpapuk pacnaga '*C (Ilepuox monypacnaga mis '“C pasen 5700 ner. XKusas
TKaHb, HAXOJISIIASCS B aKTUBHOM KOHTAKTe C aTMOC(epoi, IMeeT aKTUBHOCTH 15,3 paci./MuH B
pacuete Ha 1 T yriiepona).

7. Ha Teppuroputo SAxytuu npuxoaurcs okoio 80 % Bcex HaX0JOK OCTAHKOB MAaMOHTOB B MUpPE
U IPYTUX UCKOMAEMBIX KMBOTHBIX C COXPAaHUBIIMMUCS MSATKHUMH TKaHSIMHU. Boraucianure Bo3pact
MaMOHTa, OCTAaHKM KOTOPOTO HalJIeHBI Ha SKYTCKOM pexe AJjiaH, eCciM U3BECTHO, YTO B HUX [3-
aKTUBHOCTB COCTaBIIseT 6,5 pacr./MuH B pacueTe Ha 1 T yriepona.

3aganue 6

Muccusi HeBbINMOJHUMA

N

- S
———— < 3
-

XuMUKy AHTany Jajy 3alaHue MOCTPOUTh KpUBYIO TUTpoBaHud. g atoro emy nanu 20
M pactBopa 0,1M MBIIIBSIKOBOM KHCIOTBI, KOTOpPbIM HeoOxomumo mpoturpoBats 0,1M

pactBopoM NaOH. KoHCTaHTBI KUCIIOTHOCTHU TPEX HEUTPAIU3UPYIOIIUXCS KUCIIOT:
ki =5.98%1073, k2 = 1.05*%107, k3 = 3.89*10°12,

1. Hanummre ypaBHEHUE 3JIEKTPOHEUTPAIIBHOCTH.
2. BrIpa3uTe KOHCTAHTBI AIEKTPOIMTUIECKON Auccormanuu ki, ko, ks.
3. Hanumnre ypaBHeHUs peakiini HEUTPAIU3aLUU U1 KaXKOU CTYIICHHU.
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4. Paccuuraiite 3Hauenme pH 10 Hayasa TUTpOBaHUS, YUYUTHIBAas TO, YTO
JUCCOLMAIUS MHOTOOCHOBHOW KHCJIOTBHI 110 BTOPOM M TPETbEeW CTYNEHSAM HUYTOXHA Maja IIo
CPAaBHEHHUIO C IIEPBOM CTYIECHBIO.

3. Haiinure 3HaueHus pH BO Bcex Tpex TOYKax OSKBUBAJICHTHOCTU. Kakue
MH/IMKATOPBl M TOYEMY MOJMOUUIA OBl A7 TUTPOBAHUS (METHIIOPAH)K, METHJIOBBIN KPacHBIMH,
HEHTpalbHBIA KpacHBIN, peHondTanenH, THMOJIOBBIN CUHUIT)?

6. Paccunraiite pH no ¢opmyne mns Oydepusix pactBopoB (1) ¢ yuerom k u
HAKOIJICHHUS B pacTBOpe couieil ¢ 0 MJI TUTpaHTa.
C
pH = pKys — lg> (1)

[To moMy4eHHBIM NaHHBIM MOCTPOWTE KPUBYIO THTpoBaHWs pH OT VNaon M 3amoiHHUTE
Tabmuity. Ha rpaduke yka)uTe TOYKH SKBUBATICHTHOCTH.

V., M £ gmm pH
COJIN
0 ? ? ?
5 ? ? ?
10 ? ? ?
15 ? ? ?
18 ? ? ?
19.8 ? ? ?
20 ? ? ?
20.2 ? ? ?
22 ? ? ?
30 ? ? ?
35 ? ? ?
38 ? ? ?
40 ? ? ?
f — cTeneHp OTTUTPOBAHHOCTH
f= nTI/ITpaHTa — CTVT
nonpe/:wmemoe BeIlleCTBO CoVo
7. Kaxkue conu 06pa3yroTcsi B TOUKaX 3KBUBAJIEHTHOCTH?

Ilpumeuanue:

Jlozapugmom nonoscumenvroco uucia b no ocmosamuio a Haswvieaemcs nokazamensb
cmeneHu, 8 KOMopyio HA00 8036eCmu YUCIO d, 4modwbl noayuums b, m.e. logab = ¢ & ac = b
(a>0 u a#l). Hanpumep, log2 64 = 6, m.x. 64 = 26. [lecamuunwiii 102apugm — 2mo ro2apupm
no ocroganuro 10, m.e. Igb = log10b.
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CTAPUHIASA JIUT A
Saganue 1

TomTop - apkTHYecKasi KJIa0Bas 1JIsA Bceii
TJIAHEThI

Ha ceBepe Poccuiickoii @eneparuu B npenenax Onenékckoro paiiona Pecryonuku Caxa
(Axyrtus) Haxomutcs TomTopckoe MmecTopoxaeHue. [1o MHEHHIO CIIEIMAIMCTOB, 3aMachkl HUOOUs
U penko3emMenbHbIX MeTamioB (P3M) nanHOro o0bexTa MpeBOCXOAT 3aachkl MUPOBBIX JIUAEPOB
— Apama B bpaswiuu u basu-O60 B Kurae, natomux B Hactosmiee BpeMsi 90% Bcero MUpPOBOTO
poiaka. Axkagemuk Hukomnait [ToxwmieHko yBepeH, uTo B OyIyIieM 3TOT TOPHO-T€OJIOTMYECKHMA
KOMIUIEKC POCCUMCKOM APKTUKH MOKET OKa3aThCs «KJIAJOBOU I BCEH IIAHETH.

P3M - crparermueckoe = MHMHEPAJIBHOE ChIpb€ M  OCHOBA  COBPEMEHHOIO
BBICOKOTEXHOJIOTMYECKOI0 MPOU3BOACTBA, MPOAYKIIHS KOTOPOrO UMEET OTPOMHBIN MOTEHLIMAN B
a)POKOCMMUYECKOM,  TPAaHCHOPTHOW M  3HepreTtuueckoid  orpacisix. C  pa3Buruem
MHUKPOAJIEKTPOHUKHU (OBICTPOACHCTBYIONINE CUCTEMbI MaMATH) U APYTUX HOBEWIIMX OOJacTei
TEXHUKA OCOOEHHO TPUCTAIbHOE BHUMAHUE HCCIEIOBaTEIeH-MaTepuaIoBeOB  Hayall
IIPUBJIEKATh MeTaul X, OAUH U3 OCHOBHBIX KOMIIOHEHTOB TOMTOpPCKOro MecropoxzacHus. Her
COMHEHHUH, YTO IO MEPE COBEPIICHCTBOBAHUS TEXHOJOTMU MOIMy4YeHUs] X U yAELIEBICHUS €ro
MIPOM3BOJICTBA 0OJIACTH MPUMEHEHHUS ATOTO d-MeTaia CyecTBeHHO PacIIUpsTCS.

[Tpoctoe BemecTBO X — JIETKUH METaUl CepeOpPHCTOro IBETa C XapaKTEPHBIM KEITHIM
ormuBoM. OtHocutcs kK P3M, obnagaer BbICOKOW Temmeparypoil minaBieHus (tn = 2450 °C).
bein npenckazan B 1870 r. JI.U. MenaeneeBsiM, a OTKpHIT B 1879 r. mBeackum xumukom JI.
Hunbsconom.

Hwmxe npencrasineHa cxema NpeBpalCHUN COSAUMHEHUM, COAEPkKALIUX B CBOEM COCTaBE

3JIEMEHT X:
F =209 g K
E A
tggj H;PO,
NaOH (p-p) N lz(EICO
, a PP L0
C X ——— |
H,O
Na,CO
O (;13(%}?01{2);
Y
B<—"D23 A G J




LlonoanumenvHas qu)ODMauU}Z N

BemntecTBo B F H )| J K
w(X), % 19.73 7.59 42.52 | 36.86 11.24 13.38

- KOOpAVMHALMOHHBIN MTOJIMAIp aHUOHA B cOeIMHEeHNH B — okTasap;

- U3BECTHO, 4TO H comepKuT Kiactep, B KOTOPOM aTOMbl X PacCIOJ0KEHbBI B BEPIIMHAX
OKTa’d/Ipa;

- B cocTaBe BeulecTna I conepKuTcs 1Ba pa3IuyHbIX TUIIA AaHUOHOB;

- BemectBa B, C, F, J, K ABIAIOTCS KOMIIICGKCHBIMH COCIHMHCHHSIMM;

- KOJIMYECTBO JTUTaHA0B B cocTare BemiecTB F u J oguHakoBoe;

- BCE MacCOBBIC JOJIM MeTasuia X JaHbl B iepecdere Ha O€3BOIHBIC COCTUHEHUS;

- IIPU BBIYMCIIEHUAX HCMOJb3yHUTE MOJSPHBIE MACChI 3JIEMEHTOB C TOYHOCTBIO JI0 COTBIX
I/MOJIb.

Bonpocuwi:

1. HazoBuTe a1emenT X, ecnu BemiectBo A conepxut 34,80% kucioposa.

2. Pacumdpyiite Nenouyky IpeBpalleHuil, HANWIINTEe YpaBHEHUS BCEX pEaKUud u
yKaxxute HenszBecTHble BemecTBa A — K. OTBer noarsepaure pacuéramu.

3. U3oOpazure crpoenue annona H.

3aganue 2

Yt0 MOKeT OBITH 00111er0 y IUI00B
TOMATAa U MAHIO0?

FOHBII XMMUK TBITANCS MPOBECTH CHHTE3 BemiecTBa I, 0OyCIIOBIMBAIOMIETO KPaCHBIN
[BET IUIOJOB TOMAaTa, U3 OECIIBETHOM MXHIKOCTH A, OTHOCAMICWCS K AYHIMCTBIM MaciaM H
HMMEIOIIEH XapaKTepHbIi 3anax po3. Huke npuseneHa cxema NpeBpalieHuN:

PBr, PhSO,Na 1) t-BuOK SeO,, t-BuOOH 1) (COCl),, AMCO
A B C D E F
2)B 2) Et3N
C1oH180 CoeH350,S Co6H3504S 3
26M38V2 26M38Y4 Tro| 1) n-Bui
2) C
OnAa cnpaBku: KOMe, A BUHWISTUIOBLIN 3hu1p,
| H
MeO- = CH30-, Ph- = CgH5-, Et- = CoHs-, n-TosiyoncynbdoHaT
3 s 2% C40H56 CG6H94O1083 I'IyI/IpI/I,EIYI/IHI;ﬁl CS8H780883
t-BuO- = (CH3)3CO-, n-Bu- = n-C4Hg-
Tr®: TeTparnppodypaH SI(? O
\

OMCO: anMeTuncynboKCHL, 0o |
o) ©
N
H

N-TONyoncynbgoHaT NUPUANHUA
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IOnBI1 xumMuk He 3HaN, Kak nony4yuTh BemectBo G u3 F, oaHako, oH Hamen Kycok
MOKENTEBIICH CTPAHUIIBI TA0OPATOPHOTO KypHaa CTaporo XMMHKa, KOTOPBIN MPUBEJICH HIUKE:

Bonpocui:

1. [IpuBenute cTpyKTypHBIE (POpMYIIbI BemecTB A - I (cTepeoxumueii MOXKHO peHeOpeyb), eciiu
u3BeCTHBI ganubie crnekrpa IMP 'H * amukinmgeckoro semectsa A (25 MI'u, CDCls, 8, m.x.):
5.46 (1, 1H), 5.09 (1, 1H), 4.16 (1, 2H), 3.65 (yu. c, 1H), 2.15 (m, 2H), 2.07 (M, 2H), 1.70 (c,
6H), 1.61 (c, 3H). ITpu sTom BemecTBO F MeeT HeCHMMETPUUHYIO MOJIEKYITY, a B criektpe SIMP
'"H nanHoro BemecTsa NprCyTCTBYIOT JBa XapaKTEPHBIX CHUHIJIETHBIX CHIHaga mpu & = 9.36 u
9.38 m.n. B BemectBax G, H, I rmaBnast nens coctout u3 32 atoMoB yriepona. Bemectso I
ABIISICTCS aTU(PATUIECKUM MTOJTUEHOM, Y KOTOPOTO TEPMHUHAJIBHBIE aTOMBI YTJIEPOa B COCTOSTHUH
sp’ TMOpUIM3AIMK, A JIBE JBOMHBIE CBA3M HE CONPSIKEHBI C IPYTHMH.

* CokpalieHus, UCToib3yeMble B AaHHbIX SIMP: ¢ - cunrmer, x - 1yOiner, T - TPUIUIET, M - MYJbTUIUIET, YII. € —
YIIMPEHHBIA CHHIJIET.

2. Paccunraiite, ckoipko BemiectBa C (B rpammax) ucnoiib3oBasl CTapblii XUMHK B pEaKIUH
#3597

3. Ucxons w3 maHHBIX J1abopaTopHOro XypHaia CTaporo XMMHKa, OOBSCHHUTE, C YeM MOXKET
OBITh CBSI3aH CTOJb HU3KHIA BBIXOA mpoaykTa G.

4. O6bscHUTE, TOYEeMy BellecTBO I mpumaeT Tomaram KpacHbIN 1BeT?

O)Z[HaKO, BemecTBo I COACPIKUTCA HC TOJIBKO B TOMATC, HO U B I'yaBcC, ap6y3e 1 JaX€ B MAHTO.
Ilocnemauit q)pYKT TAKKC MPUMCYATCIICH TCM, YTO COACPIKUT B CBOECM COCTABC MaHFI/l(l)epl/IH -
14



KCaHTOHOBBIN TJIMKO3U/I, KOTOPBIN BBITIOIHSET NMPAKTHYECKU TE ke (YHKINH, YTO U BemecTBo I
B ToMarax. Huxe npuseneHa cxema ero CUHTe3a:

OH
(0] BnO 0 NPh
H 1) (CH3),50, (0.5 morb) 1y BH, Tro BBnOO O)J\CF
NaOHgoqu) HO OH 3 n OBn 3
J —_— K L
2) Br ;
HO 2) K2S,0g NaOH(goq), 0°C  CgHgOs 205 CH3SOsH ¢, oH,,048 AF" (2 monb) CorH20:S CF388§S§FH3)3’
COOH K,CO3 AM®A Zv2
HO (0] OH BBrj 1) (Ph3P)3RhCI, No(CoHy)z, A anx
S SO M — : —
[AvokcaH
HO OH Sl CHCl  CygHyq0qq  2) NaOH(aopu), ANOKCEH, A Cs5Hs60128
OH O
MaHrudepuH o)
C19H18011 / Cl CN
N
[ns cnpaBku: NJ Cl CN
Bn- = CgH5CH,- o
Tro: TetparuapodypaH N2(C2Hy)s, nnx
OM®A: N,N-gumetundgopmamng  1,4-guasabuumknol2.2.2]JoktaH  2,3-auxnop-5,6-amumaHo-
1,4-6€H30X1HOH

5. lpueaure crpykrypHbie (Gopmynbl BemiectB J - O (cTepeoxuMueil MOXHO MpeHeOpeyb),
€CJIM M3BECTHO, 4TO BeliecTBO J sBisiercs napa-audenosnom. B cnekrpe AMP 1*C semecta K
MPUCYTCTBYET curHayi ¢ 6 = 178.4 M.;n, a OnHO M3 €ro OEH3OJIBHBIX KOJEI[ HE COJCPIKHUT

TUAPOKCHUIIBHBIX TPYIIIL.

6. Hanmmmre, Kakylo CXO0Xyl0 (DYHKIHMIO BBIMOMHSIOT BemecTBo I m manrudepun B miogax
pactenuii? Micxons u3 CTpyKTypbl BEIIECTB, OOBSICHUTE KAKUM 00pa30M OHU €€ BBIMOJIHSAIOT.

3ananue 3

MeTtaHoJ B MNPOMBbIIIJICHHOCTH

MeranoJ1, oJy4yaeMblii B POMBILIJIEHHOCTA B OCHOBHOM M3 CMeCH ra3oB X U Y, UMEET
OONBIION CHHTETUYECKHH TOTCHUMAN JUIsI IPOMBIIIJICHHOTO OpPraHMYeCKOro CHHTE3a.
[IponemMoHCTpUPOBATH 3TO MOXKHO CIEAYIOIICH cXeMol mosydeHus: Bemects Ay — A3, Br — Bs,
C1, Cz, Ipo KOTOPBIEC JOMOTHUTEIBHO U3BECTHO:

1) MonsipHas TEI1oTa CrOpaHus yBEIUYUBAETCS B pALy A1, Az, As;
2) Cz— pacupoCTpaHEHHBIN pacTBOPUTEID;
3) B 'H-SIMP cnekrpe coenunenust B4 oGHapyxkusaercs 3 curnana: aymier (3H),

kBaapymiet (1H), cunrner (6H);
15



4)  Bs— MoHOMeEp, UCTIOJIB3YIOUIUICS JJIsl TOTYUYEHHUS COMOJIMMEPOB-KIICEB;
5) Bz mpu ruapoinuse 1aet Tojibko Bi.

2X+Y

Bonpocui:

1. Hanmmmre cTpykTypHBIe (pOpPMYIIBI HEM3BECTHBIX BellecTB A1 —A3, B1 — Bs, C1, C2, X,
Y.

Oxono 40 % npou3BOAMMOIrO B MUPE METaHOJA CErOfHs PacXxoAyeTcsl Ha MPOU3BOJICTBO
¢dopmanpaeruna. OAMH W3 OCHOBHBIX CIOCOOOB OCYIIECTBJICHUS ATOrO MpPEBpAIllCHHS —
OKHCJIUTENbHOE JETUIPUPOBAHUE METAHOJIA, B XOJE€ KOTOPOI'O0 CMECh METaHOJa M KUCIOopoJa
MPOIYCKAIOT Yepe3 cepeOpsHbIi KaTanu3aTop. [Ipu 3TOM npoTeKaroT aBe peakuuu, s KOTOPBIX
M3BECTHBI M3MEHEHUS SHTAIBIIUU U SHTPOITUH:

CH;0H = CH20 + H» AH1° = 85.1 kJI)x/Moib,
AS1°=109.3 JIx/(monb-K)
2CH30H + Oz = 2CH20 + 2H0 AH2° =—-313.4 xJI>x/Moib,
AS>2° = 30.2 JIx/(monb K)

Peakiust mpoXoAUT MpH MOCTOSIHHOM JIaBJICHUU B aIMa0aTHYECKOM PEAKTOpe, TO €CTh BCA
BBIICIISIOIIASCS WM TOIJIOIIAOIIASACS TEIJIOTa MJET Ha M3MEHEHHUE TEMIIEpAaTypbl CHUCTEMBI,
MIO3TOMY OYEHb BaXKHO BEPHO CMOJIEIHPOBATH TEINIOOOMEH B PEAKTOpPE TaK, YTOOBI TEMIIEpaTypa
B HEM ITOYTH HE U3MEHSIACh.

2. Cuymras, 4To 00€ peakiuy MPOXOIAT 10 KOHIA, HAWIUTE MOJIbHBIC JOJH KHCIOpOJa H
METaHOJIa B Ta30BOH CMeCH, KOTOPYI0 HEOOXOJMMO HCIOJIb30BaTh, UYTOOBI TEMIIEpaTypa
peakTopa ocTaBajgach OCTOSIHHOM.

Ha camom nmene omna u3 peaknwii oOpaTuma, 4TO HEOOXOJWMO YYHTHIBATH B MOJIO0OHOM
pacuere. B peakTop BBOIST CMeCh METaHOJIA M KHUCIOpoja oOmuM naeineHuem 1.0 atm mpu
temmneparype 600 °C. B xoze peakuuu 1aBlieHUE MOACPKUBACTCS MOCTOSHHBIM.

3. PaccuuTaiiTe KOHCTAHTBI PaBHOBECHUsI U CJielaiiTe BBIBOJ, Kakas M3 STUX peakluid
obOparuma.

4. Haiinute MOJBHBIE JOJIM B CMECHM METAHOJIa U KHUCJIOpPOJAa, KOTOPYIO HEOOXOIUMO
BBECTH B PEAKTOpP B OMNKMCAHHBIX YCIOBHUSX JUIS TOTO, YTOOBI TemIepaTrypa B peakTope
OCTaBAJIACh OCTOSIHHOM.

5. Onpenenure BbIxoa (hopManbaeryia 3a OJUH IIUKII B OTIMCAHHBIX YCIOBUSX.
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3ananue 4

Muccus HeBbINMOJHUMA

——— - o
XuMUKy AHTany Jajiy 3alaHue NOCTPOUTh KpUBYIO TUTpoBaHud. g atoro emy nanu 20
M pactBopa 0,1M MBIIIBSIKOBOM KHCIOTBI, KOTOpPbIM HeoOxomumo mpoturpoBats 0,1M
pactBopoMm NaOH. KoHCTaHTBI KUCIIOTHOCTHU TPEX HEUTPAIU3UPYIOIIUXCS KUCIIOT:
ki =5.98%103, k2 = 1.05*%107, k3 = 3.89*10°12,

1. Hanummre ypaBHEHUE 3JIEKTPOHEUTPAIIBHOCTH.

2. BrIpa3uTe KOHCTAHTBI AIEKTPOIUTUIECKON auccormanuu ki, ko, ks.

3. Hanumure ypaBHEHUS peakiuy HEUTPAIM3aLUU I KaXI0U CTYIEHHU.

4. Paccuuraiite 3Hauenme pH [0 Hayana TUTPOBAHUSA, YYUTBIBAsS TO, YTO

JUCCOLMAIUS MHOTOOCHOBHOW KHCJIOTBHI 110 BTOPOM M TPETbEW CTYNEHAM HUYTOXHA Maja 1o
CPAaBHEHHUIO C IIEPBOM CTYIECHBIO.

3. Haiinure 3Hauenus pH BO Bcex Tpex TOYKax OSKBUBAJICHTHOCTU. Kakue
MH/IMKATOPBl M TOYEMY MOJMOUUTA OBl A7l TUTPOBAaHUS (METHIIOPAH)K, METHJIOBBIN KpacHBIMH,
HEHTpalbHBIA KpacHBIN, peHondTanenH, THMOJIOBBIN CUHUIT)?

6. Paccunraiite pH no ¢opmyne mns Oydepusix pactBopoB (1) ¢ yuerom k u
HAKOIJICHHUS B pacTBOpe couieil ¢ 0 M1 TUTpaHTa.
C
pH = pKys — lg> (1)

[To moMy4eHHBIM NaHHBIM MOCTPOWTE KPUBYIO THTpoBaHWs pH OT VNaon M 3amoiHHUTE
tTabnuity. Ha rpaduke yka)uTe TOYKH SKBUBATICHTHOCTH.

V., M f., gmm pH
COJIN
0 ? ? ?
5 ? ? ?
10 ? ? ?
15 ? ? ?
18 ? ? ?
19.8 ? ? ?
20 ? ? ?
20.2 ? ? ?
22 ? ? ?
30 ? ? ?
35 ? ? ?
38 ? ? ?
40 ? ? ?
f — cTeneHp OTTUTPOBAHHOCTH
f= nTI/ITpaHTa — CTVT
nonpe/:wmemoe BeIlleCTBO CoVo
7. Kaxkue conu 00pa3yroTcsi B TOUKaX 3KBUBAJIEHTHOCTH?
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3aganue 5

YuraeM reubl

Monexyna JJHK cocrout u3
KOMIUIEMEHTAPHBIX M10CJIE10BATEILHOCTEN
HyKJ1eoTu10B. KoMIuieMeHTapHbIMU TapaMu
ocHoBaHuil saBisitorcst A-T (aneHuH-TUMMH) U G-
C (ryanus-uuto3uH). s onpenenenus
HYKJICOTUAHOH nocnenoBarensHocty JTHK
MO>KHO MCIIOJIb30BaTh CAEAYIOLIUN METO/,
KOTOPBI Ha3bIBAETCSl «CEKBEHUPOBAHUE 10

Canrepy»:
1) K ¢parmenty onHouenoueqHoim
JHK noGaBnsitor mpaiimep - 3aTpaBKy i

CHUHTE3a, KOTOpBIH  IPEACTaBIsET  COOOM
OJINTOHYKJIEOTHU], IIPUCOCIUHSIOIUICA K
¢parmenty oxnouenoueunoit JIHK koMruiemMmenTapHo, HarpuMep:

3-ATCNNNNNNNNNNNN-5

5'-TAG-3"
B nannom npumepe 5°-TAG-3" aBnsgercs npaiiMepoM.
2) HobGasmsitor cmeck monekyn dNTP (ne3okcunykneo3uarpudocdar) u OJHOTO U3

ddNTP (munesokcunykneosuarpudocdar), rae N — azorucroe ocHoBanue (A, T, G, C). dANTP
MOJIU(UIMPOBAHBI (DITYOPECIICHTHONW METKOH.

o) 0 o) N
o Il I
O—Fl’—O—FI’—O—Fl’—O 0 dNTP
O O O
H H
OH H
o) 0 N
I Il I
0—P—0—P—0—P—0 o
| | ddNTP
O O O
H H
H H
3) Jlo6aBisioT bepment JHK-nonumepasy, KOTOpBIi KaTaJu3upyer

KOMIUIEMEHTApHOE MPUCOEAMHEHUE HYKJICOTUIOB K pactymied nenu. CuUHTE3 HOBOW Lienu
MPOMCXOIUT B HANPABICHUU OT 5'- K 3'-KOHIly, MOKa €CcTh cBOOOAHBIN 3'-koHeu. Ilomywaror
¢parmentsl JJHK pa3Hol [uiMHBL, TPOBOIAT pa3zeieHne (parMeHToB B relie 3IeKTpodope3oM B
JIEHATYPUPYIOIIMUX YCIOBUSIX.
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B pesynbrare npoBenenus cekBeHupoBanus HeusBecTHOro pparmenta JIHK no Canrepy,
MOJTYYHITH CIIEAYIOIIYIO KapTUHY Paclpe/IesiCHHs MOJIOC B TeJie B 3aBUCUMOCTH OT J10OaBJICHHON
monekynsl ddNTP, HanpaBieHue 1BUKEHHUS TOJIOC MOKA3aHO CTPEIKON, KaXKaast moJjioca
cootBeTcTBYeT (hparmenty JJHK onpenenenHoi nivHbL:

ddATP  ddTTP ddCTP ddGTP

Bonpocui:

1. Hanumure xuMudeckyro peakuuro, Kotopyro katamusupyer JJHK-nommmepasa. K
yemy npuBouT npucoeauHenne ddNTP?

2. Omnpenenure HEU3BECTHYIO MOCJIEI0BATEILHOCTh HYKJICOTHJIOB
cexBeHnpoBanHoro ¢parmenra JIHK (6e3 ydera mpaiimepoB), eciu KOpPOTKHE (PparMeHTHI
JBIKYTCS B TeJe ObICTpee [UIMHHBIX. YKaXHUTE 5° U 3° KOHIIBI.

OpavH M3 NEepCHEeKTUBHBIX METOJ0B CEKBEHUPOBAHUS OCHOBAaH Ha M3yUYEHUM JIEHATypaluu
JIHK nipu noBeiennn Temneparypsl. Tak, cMech (parMeHTOB pa3HON JITUHBI, MTOJyYEeHHBIX MTPH
CEKBEHHPOBaHUHU 110 C3Hrepy, NOABEPraroT JIeHaTypalu. 3a MPoLEeccOoM CIEIAT 0 U3MEHEHUIO
MHTEHCUBHOCTH  (uyopecueHuun. B stom  skcnepumente ddNTP  umeror  pasHble
¢ryopecuieHTHbIE METKHU. JlaHHBII MPOLIeCC MOKHO OMHUCATh CXEMOM:

K
D —_— Sl + SZ*
rne, D — aByxuenoueunas JIHK, Si — onnouenoueunas JIHK, So* — omnonenoueunas JIHK,
conepkamniasi (IyopecleHTHYI0 MeTKy. llpu 3rom TemmepaTypoil muiaBieHUs 7, Ha3bIBAIOT
temrneparypy, npu kotopoit 50% JIHK penatypupoBano.
[Tycts f— nonst paBHOBECHOM KOHLEHTparuu Gopmsl D ot
ee HayaJibHOU KoHLeHTpauuu Cy.

3. Ucnonesyst  Beipaxenne AG=AH°-TAS°=- os
RTInK, BBIBEOWTE 3aBUCUMOCTH TEMIIEPATYPHI IUIABICHHUS ’
T ot A4H° u Cp 1 paiiTe OTBET Ha BONPOC: KaK 3aBUCUT Tp
OT JUTUHBI So*? 0.0

4. Teopernueckast KpuBas JIEHATypalyd UMEET
crenyrommii BuA. Hapucyiite kauyeCcTBEHHO Ha OJHOM TpaduKe BHJl TEOPETUYSCKUX KPUBBIX
neHarypanuu f(7) mpoaykToB cekBeHupoBanus o Canrepy mis pparmenrta JJHK ¢ HensBecTHOM
MOCIIEIOBATEILHOCTRIO  HYKJICOTHAOB W3 1. 2. Pa30opumBo 0003HAYbTEC  JIMHHH,
COOTBETCTBYIOIIHE Pa3HBIM (DITyOPECIIEHTHBIM METKAM.
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3aganue 6

HEHpOCTaﬂ KHHETHKA , { ‘ q A

WuTepecHeiiliee XUMHUYECKOE SIBJICHHE — KoJieOaTeNlbHbIe peaKIui, CaMbIM H3BECTHBIM
IPUMEPOM KOTOPBIX sBIsieTCA peakius benoycoBa-’KabGoTHMHCKOTO, B KOTOPOH MPOMCXOIMT
OKHCJICHHE MAaJIOHOBOW KHCJIOTHI OpoMaToM Kamus, KaTtanusupyemoe uoHamu uepusi(Ill) B
CEpPHOKHMCIION cpelie.

JUis eTanbHOrO M3Y4YEeHHs MEXaHHW3Ma 3TOW peakiuy HeoOXOIMMO 3HAHME MEXaHHW3Ma
peakuuu oxucienus wuoHoB Iepus(lll) Opomar-nonamm. Takas pabora Oblma TpoBeICHA
Hoitecom, ®unnom u Tomnconom B 1971 rony.

Kax BbisicHuiiocs, B ycinoBusix u30biTka MoHoB nepus(Ill) u B cunbHOKHCION cpene
CTEXMOMETpHUSl OKHCICHHUS TakoBa: st okucieHus 4 noHoB uepus(Ill) neodxomum 1 6pomart-
HOH.

Bonpocui:

1. Hamumute MOHHOE YpaBHEHHE PEAKLMU B3aUMOJICHCTBHS OpOMAaT-MOHOB C MOHAMHU
uepusi(I1l), cooTBeTCTBYIONIEE TAHHON CTEXMOMETPHH.

Jns peakuuun B ycnoBusix u30ObiTka nepus(lll) Opi1 mpeanoxeH ciaenyromuil MeXaHu3Mm,
OIHCHIBAIOLINI SKCIIEpUMEHTANIBHBIE JaHHBIE O MOPSJIKAX PEAKIIMU 110 peareHTaM:

HBrO, + BrOs + H'— 2BrO>- + H,O k1
BrO;- + Ce**+ H'— HBrO, + Ce** k>
2HBrO;— BrO; + HOBr + H* k3

rzie, ki — KOHCTaHTa CKOPOCTH COOTBETCTBYIOILEH CTaIHH.

Hus gactunr BrO;+ u HBrO; npumeHMMO KBa3uCTAIlMOHAPHOE MPUOIIIKEHUE, TO €CTh
CKOpPOCTh M3MEHEHUS MX KOHLIEHTPAI[MH MOKHO CUUTATh PABHOM HYIIIO.

2. IlpumennTe KBa3ucTanoHapHoe npubmmxenus ais yactul BrO>- u HBrO: u:

a) IOJYYHTE BBIPAKEHUS JUIS CTAIIMOHAPHBIX KOHIICHTPALUI 3TUX YaCTHI;

0) BBIBEIUTE KHUHETUYECKOE YPAaBHEHUE JJISI CKOPOCTH HM3MEHEHHS KOHIICHTPALUU
O6pomMaT-noHOB. [loyueHHOE BaMU BBIPAXKEHHE MOXKET COEP’KaTh TOJIBKO KOHCTAHTHI CKOPOCTH
1 koHuenTparuu peareutos (HY, BrO3;™ u Ce*").

3. Onpenenurte NOpsAI0K peakuuu mo opomat-uony u repuro(1Il).

ITo JaHHBIM SKCIEPUMEHTOB, k3 = 4.0-107 M'c™!. Jlis onpeenenus KOHCTAHTBI CKOPOCTH
ki Obima mpoBenmeHa peakuus HutpaTa uepus(Ill) ¢ Opomarom Kamus B a30THOH KHCIOTE.
M3BecTHBI HayalbHBIE KOHLEHTpamuu peareHtoB: [BrOs ], =0.0050 M, [Ce*']o=0.100 M,
[H*] = 0.250 M. Yepe3 500 ¢ xonuenrpauus uepusi(IV) cocrapuna [Ce*'] = 0.0056 M.

4. Onpenenure koHueHtpauuto BrOs™ uepe3 500 ¢ mocne Havana peakuuu. CuuTaiire,
YTO KOHLIEHTpauuu uHtepmeanaroB (BrO;-, HBrO2) manel no cpaBHEHHIO C KOHUEHTpaLUsIMU
pEeareHToB.

5. OmnpezienMre KOHCTaHTY CKOpocTH ki. Cuwmraiite, uto [H'] mocrosiaua. Jins pemienus
BOCIIOJIb3YHTECH PE3YJILTATOM II. 2.
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MUIAAIITASA JIMT'A. PEINEHUA

Saganue 1

8n
M(X)+8n’
u3 ororo cumexyer, 4yro M(X) = 18.15n, mepebpaB pasnuyHbIC 3HAYCHUS N, HaHaEM

1. Paccuuraem cocras BemectBa A. ITycts oHO umeet B Xo0n, Torma w(0) =

OOAXOISIINAN DJIEMEHT.

Ne M(X) X

1 18.15 -

2 36.3 -

3 54.45 -

4 72.6 Ge

5 90.75 Zr (He MOJIX0IUT)

6 108.9 -

7 127.05 -

8 145.2 Pm (1e nonxonur)

3HaywT, BEIIIECTBO A — GeOa, “yKaCHUIUIUN" — repMaHuil.

Tornma pacTBopeHue repMaHusi B CMECH COJISIHOM M a30THOU KucioT aact HaMm B — Ho[GeClg], a
pacTBOpEHUE repMaHus B IIEN04H ¢ iepekuchio gact HaMm C — K>GeOs.

2. Paccumraem cocraB BemectBa B. Ilycte oo mmeer Buag XCln,, Torma w(Cl) =
35.453n

M(X)+35.453n
OOAXOISIINAN DJIEMEHT.

, 13 3TOTO Ccieayet, uro M(X) = 23.24n, nepebpaB pa3iudHbe 3HAYCHUS N, HANIEM

Ne M(X) X
1 23.24 -

2 46.48 -

3 69.72 Ga
4 92.96 Nb
5 116.2 -

[MoaxoasT, COOTBETCTBEHHO, TAJINM U HUOOMH, HO TaK KaK HUOOUI MMEET Majio Yero OOIIEro ¢
amomunueM, To D — GaCls, “skaanoMuUHUNA" — TaJIdi.

Paccuuraem coctas E:

w(Ga) .w(Cl) _ 49.58  50.42

n(Ga) : n(Cl) = M(Ga) M(Cl)  69.723 35.453

=0711:1422=1:2

3uaunrt, E — GaCl,.

3. o cBoiicTBaM GoJIbIIIE BCETO MOAXOIAT MO 3Kabop 31eMeHTsl 3 u 13 rpynm, Ho, eciu
3aMETUTh, 4YTO DJIEMEHTBHl C MPHUCTABKOM ‘OKa-“ HaxoJATCs POBHO Ha 1 mepuoj HUXKE B
MepUoANYECKON Tabnuue (rauiuidi HUKe aTlOMUHMS, TEPMaHUM HUXKE KPEeMHHUs (CHUIIMIMSA)), TO
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MOKHO TIOHSTh, YTO 3Kabop He B 13 rpymme, Tak Kak 3TO MECTO YK€ 3aHITO ATIOMHHHUEM.
3HauuTt, “3kabop” HaXOAUTCA B 3 TPYIIIE, U 3TO — CKaHIUH.

Torma F — ScCls, u npu nobaBnennn kapOoHaTa HATpUs, CKOpPEE BCETO, BbIMajl OCHOBHBIN
kapOoHat coctaBa Sc(OH)3-xSc2(CO3)s.

15.999:3+15.999-9x
95.977+269.936x

Torpa w(0) =

Pemenue ypaBHeHUs JaeT HaM, 4To X = 1, a 310 3Ha4uT, 4ro G — Sc(OH)CO:s.
4. Vpaenenus peaxyuii:

1) Ge + O2 = GeO»

2) 3 Ge +4 HNOs + 18 HCI = 3 Ha[GeClg] +4 NOT + 8 H2O

3) Ge + 2 KOH + 2 H20; = K2GeOs + 3 H2O

4)2 Ga+3 Cl2=2 GaCl3

5) 2 GaCl; + Ga= 3 GaCl,

6) 2 Sc+ 6 HCI =2 ScCl3 + 3 HaT

7) 2 ScClz + 3 NapCOs + H20 = 2 Sc(OH)CO3| + CO.T + 6 NaCl

Cucmema OYyeHuearnus.

1. 3a coBpemenHoe Ha3zBaHue ‘“axacununusa’ — 0.5 6asna, 3a Bemectsa A, C — | 4 6ajia
1 6a, 3a BemecTBo B — 1.5 6asia.

2. 3a coBpeMeHHOE Ha3BaHue ‘“dxaantomunus’ — 0.5 6asna, 3a Bemectsa D-E | 2.5 6anaa
—1 6an.

3. 3a coBpeMeHHOe Ha3BaHue “dKabopa” — 0.5 6asia, 3a Bemectsa F-G — 1.5 | 3.5 6amna
0aJia.

4. 3a kaxayto peakuuio — 1 6asI. 7 6an10B

HUTOI'O | 17 6an10B

3ananmne 2

1. Ycnosnas popmyna okcuaa - X0 wX) = -

: pMy a 2n T 2MX)+16n°

[Tomygaem M(X) = 14,989n. Ilpu n = 3, M(X) = 44,97 r/mMonb, 3TO COOTBETCTBYET
MoisipHod Macce ckawaus (X — Sc¢), 3Hauutr A — Sc203. OTOT MeTaln  SBIsSETCA
PEeIKO3EMEIIbHBIM.

2. BsaumopelicTBue CKaHAWS C KUCIOpoAoM maétr HaMm BemectBO A — Sc20s.

JleficTBUTENbHO, camasi YCTOHMYMBAsl CTENEHb OKUCIeHus y ckanausa +3. Jlanee mnpu
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B3aumozeiictBun Sc203 co cmechto NaF m HF oOpasyercs kommuiekcHoe coequHeHue B —
44.96
= 0.1973).

22.99-3+44.96+19.00-6

Naj3[ScFs] — rekcadropockanmar (III) matpust (w(Sc) =

Peaxmus ckanaus ¢ BogubIM pactBopoMm NaOH nporekaet ¢ oOpasoBanuem komiuiekca C
— Na3[Sc(OH)s] — rekcarunpoxcockanaat (111) narpus.

[Tpu B3aumopeiictBun ckanaust ¢ HCl mbr momyyaem ero xmopua D — ScCls. lanee npu
B3aumojeiicteu ScCl; ¢ maBeneBoil KUCIOTOW oOpasyercs ocalok cpeaHe comu G —
S¢2(C204)3 — oxcanat ckanus (I11).

[Tpu oGxure Sc2(C204); Mbl momydaem okcux A — Sc20s3, mpu 3TOM BBLAETSETCS
YTJIEKUCIIBIN Ta3.

[Ipu noGamnenuu pactBopa ammmaka obOpasyercs ocanok E — Sc(OH)s — ruapoxcua
ckanaus (IIT). Iycts kommueke F — MoHOsiepHslii, Torma ero mossipras macca pasHa M(F) =
44.96
0.0759
BeposiTHee Bcero, 4To OHa COOTBETCTBYET CyMME MOJISIPHBIX MAacC HEM3BECTHOT'O YKCia OKcajaT-

= 592.36 r/Mosb. MonsipHasi Macca octatka 0e3 ckaHausi paBHsieTcst 547.40 r/monb.

HMOHOB U MOHOB Kanus. CoctaBuM ypaBHeHue: 39.10n + (12.01-2 + 16.00-4)m = 547.40. [lanHoe
YpaBHCHUC HeO6XO,Z[I/IMO peminuTh B HOCJIbBIX YHCIAX. HonyqaeM, qTO CAUHCTBCHHBIM

HECJIOYUCIICHHBIM PCUICHUEM SBJIACTCA MMapa 4YUCCII n = Sum=4. CHGI[OB&TGJIBHO, koMmiIiekc F —

Ks[Sc(C204)4] — Tetpaokcanatockangar (II1) kamust (w(Sc) = 39.10.5+44.96+4(j'zz1.2+16.00.4).4 =
0.0759).

Hanee mpu BoccraHoBieHun ScCly ckaHaMeM NPH BBICOKOH TemmepaTrype MpPOUCXOIMT

ero HemojHoe BoccraHoBiieHue J1o BemectBa H — Sc7Cliz: o(Cl) = 1 — 0.4252 = 0.5748 =
35.45n

35.45n+44.96m’

pPacToNOKEHbl HAa BEPIIMHAX OKTAdPUUYECKOTO IMOJHMAPa, MOXKHO CAENaTh BBIBOJA, YTO BO

BHEIHEN cdhepe HaxoauTes MOH Sc', a Bo BHyTpeHHei chepe — [SceCli2]*". Takum obpasom, H
— Sc**[SesCliz)*.

n = 1.7145m (Sc,Cl,), mpu m = 7 monydaem Sc7Cli2. Tak kak aTOMBI CKaHIUS

[Tpu noGanenuu B pactBop ScCl3 BomHOTO pacTBOpa KapOoHaTa HaTpusi oOpasyercs
ocroBHas cob I — Se(OH)COs (w(Sc) = 4490 = 0.3686).

44.96+1.01+16.00-4+12.01

[Tpu noGaBieHnn U30BITKA BOAHOTO pacTBOpa KapOoHATa HATPHUS OCAJTOK OCHOBHOW COJIH
pactBopsieTcst U oopazyercs koMiuieke J — Nas[Se(COs)4]. OtBeT moarBepaum pacuérom. [Tyctsb

130 — 400.00 1/

0.1124
MoJib. MonsipHas Macca octaTtka 6e3 ckanaus paBsercs 355.04 r/monb. BepositHee Bcero, 4To

OHa COOTBCTCTBYCT CYMMC MOJISIPHBIX MACC HCHU3BCCTHOI'O 4YMCIIA Kap6OHaT-I/IOHOB 1 HOHOB

KOMIUTEKC J — MOHOSIJICPHBIN, TOT/a ero MoJsipHas Mmacca paBaa M(J) =

Hatpusd. CocraBuM ypasHeHue: 22.99n + (12.01 + 16.00-3)m = 355.04. 13 ycnoBuil 3agaun
M3BECTHO, YTO KOJIMYECTBO JHUraHnoB B koMiuiekcax F u J onuHakoBoe, OTKyzAa clemyer, 4yTo m
=4, Torma n = 5. CnenoBatenbHo, komruieke J — Nas[Sc(COs)4] — Terpakapbonarockangat (I1I)

44.96 = 0.1124).

22.99-54+44.96+(12.01+16.00-3)-4

HATpUs (oo(Sc) =

[Tpu noGasnenun pactBopa pocdopnoit kucnorsl Ha Sc(OH)CO3 momyuaem komruieke K
— He[Sc(PO4)3]. OtBer Tak xe noarBepauMm pacueroM. Ilycts kommiexke K — MoHOsaepHBI,

23



Torja ero mMossipHas Macca pasaa M(K) =

6e3 ckanaus pasusercs 291.06 r/monbs. BeposiTHee Bcero, 4yTo OHa COOTBETCTBYET CyMMeE
MOJISIPHBIX Macc HEM3BECTHOro ymcna (ocdar-noHos u npotoHos. CocraBum ypasuenue: 1.01n
+ (30.97 + 16.00-4)m = 291.06. [lanHoe ypaBHEHHE HEOOXOJUMO PEHIUTh B ILIEJbIX UYUCIAX.
[Tonmyyaem, 4TO €TMHCTBEHHBIM IEJIOUYUCIICHHBIM PEIICHUEM SBIISICTCS Mapa yucen n =6 u m = 3.

CrienoBatenbho, komiuieke K — Hg[Sc(PO4)3] — tpudocharockanmar (II1) Bogopoma (w(Sc) =
44.96

44.96
0.1338

= 0.1338).

1.01-6+44.96+(30.97+16-4)-3

Vpasnenus peaxyuii:

1) 4Sc+ 302 — 25c203

2) Sc20: + 6NaF + 6HF — 2Na3[ScFg] + 3H20

3) 2Sc + 6NaOH + 6H20 — 2Naz[Sc(OH)¢] + 3HaT

4) 2Sc + 6HCl1 — 2ScCls + 3H2T

5) ScClz + 3(NH3-H20) — Sc(OH)3| + 3NH4Cl

6) Sc(OH)3 + 4K2C204 — K5[Sc(C204)4] + 3KOH

D)
8)
9

2ScClz + 3H2C204 — Sc2(C204)3] + 6HCI
25¢2(C204)3 + 302 = 28¢203 + 12CO1
4ScCls +3Sc — ScrCla

10) 2ScCls + 3N22CO3 + H20 — 2Sc(OH)CO3) + CO2T + 6NaCl
11) Sc(OH)CO3 + 3Na2C03 — Nas[Sc(COz)s] + NaOH
12) Sc(OH)COs + 3H3POs — He[Sc(PO1)3] + CO2T + 2H20

KzCQO,:L @

Ks5[Se(C204)4] Sc(OH)3 SesCly, Hg[Sc(POy)s]
3 A
Sc H,PO,
©C 3 4
® 10
‘ NaOH (p-p) HCI , Na,CO4
Nas[Sc(OH)g] ~———" S¢ ScCly === Sc¢(OH)CO
3[Sc(OH)g] 3 7,0 (OH)CO;3
0, H,C,04 fj?ggﬁ;
o w |
Nas[ScFg] I;F 86503 =—2— Sca(C204)3 Nas[Sc(CO3)4]

| ® © @

Cucmema OYyeHuearnus.

DJIEMEHTHI PEIICHUS Ouenka
1. | BepHoe onpenenenue snemenTa X — 1 6amn 1 6aan
3a kaxayro u3 peaknwmii 1-12 mo 0,5 6aios, 3a Kax10€ BEpHO 17 6a10B

ornpenenenHoe BemecTBo A — K no 1 6amny

Crpoenue annona H — 2 6amna 2 dana

HUTOI'O: 20 6asy10B
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3ananue 3

1. Ham u3BectHO, uTo X1, Y1, Z1 JAIOT OCAJKU C THAPOKAapOOHAT-aHUOHOM, pudeM X2 U
Y2 cocToAT U3 4 3JIEMEHTOB U 3TH K€ OCAJKH, B OTIIMYHE OT Zo, BBIIEISAIOT a3 IpHU PEaKuu ¢
HCI. Ocanku, oOpasyromyecs: mMpu peakiuy TUAPOKapOOHAT-HOHAMH — 3TO OO0 KapOoHar,
00 OCHOBHBIN KapOoHat, 11bo ruapar kapoonara. Takum o6pazom, X» 1 Y2 — 1100 OCHOBHBIC
kapoonatel (xM(OH)2 yMCO3), nubo ruapatel kapboraroB (MCO;-xH20), a Z, — runpokcun Z,
00pa30BaBINMICA 3@ CUET TUAPOIIU3A, YTO XapPaKTEPHO I Tpex3apsaaHbix Katnonos (Fe¥*, A3,
Cr** u T.1.). DTO NOATBEPKIAETCS TEM, YTO NPH CIeKaHuu Kak Xo, Tak U Y2 ¢ Zo B
00pa3yIoIencst MIMUHENN eCTh TPEX3aAPSAHBIA U IBYX3apsIHbIe KATUOHBI, TO €CTh X U Y UMEIOT
cTeneHb okucieHus +2, a Z — +3. DT1o cornacyercss ¢ pacroyio)KeHHEM 3JIEMEHTOB B TaliHIie
MeHeneeBa «yrojkom».

OOpa3oBaHue YETHIPEXBSACPHBIX KOMIUIEKCOB C KapOOHaT-MOHaMM, Ha KOTOPOE
yKa3bIBaeTCs B II. 2, XapakTepHo 1yt Oepuiust. Torna X — Be, Y — Mg, Z — Al

Tounblii coctaB X2 m Y2 MOXHO pacmmudpoBaTh, BOCHOIb30BABIIUCH JAHHBIMU IO
peakuu ¢ coisiHOM kucnotoi. s Xo, comepkamiero 1 xapOOHAT-HOH, MOJISIpHAs Macca 3a

BBIUETOM MOJISIPHOM Macchl KapOOHAT-aHMOHA OYyZeT COCTaBIATh: M = %— 60 = 52
I/MOJIb, YTO HE MOAXOIUT JJISi KPUCTAJUIOTUApATA, HO MOIXOAMT JUIsi OCHOBHOTO KapOoHara
coctaBa Be(OH)2'BeCO3 (52=9-2+17-2). lna Y2 M = 12212%— 60 = 78.27 r/mMo1b, 4TO

cootBeTcTBYyET cocTaBy: Yz = MgCO3-3H,0.
PeaKLII/ISI MOJIYYCHHUSA OKCHAOB K3 KPUCTAJIOrMAPATOB MPOXOAUT IO CICAYHOIUM
YPaBHEHUAM:

MCl-nH20 £ BeO + 2HCI1 + (n—1)H,0 (M = Be, Mg)
2AICL nH,0 8 ALO; + 6HCIY + (27-3)H,0

Ecnu npunHaTh, 4TO Macca MCXOJHOro Kpucramuiorujapara cocrasisiaa 100 r, a morepro
100 100

Maccel B TpamMmax o0003HAa4MUTh 3a b, TO TMOJIyYUM, HYTO U CXOXKee
MBClz-nHz() M30
BBIp)KEHUE JUIS ATFOMHUHUS, TOT/A:
100M,, 100-M,0
Xp:p - 100-8354  *F Yiip - 100-8017 MR o
MHzO MHzO
2 lloooéM;léoés ~ Maa
Zi:n = +(100-78.88) =6
MHzO
X - Be X1 —BeCl»4H,0 X2 —(BeOH)2CO3 A — BeAlO4
Y - Mg Y1 - MgCly-6H,O Y, - MgCO;3-3H.0 B — MgAl,04
Z -Al Z, - AICI3-6H,O 7, — Al(OH);

2. Vpaeuenus peaxyuii.
1) 2BeCl2:4H20 + 4NaHCO; — (BeOH).CO3| + 4NaCl + 3CO21+ 5SH20

2) MgCl2-6H20 + 2NaHCO3 — MgCO3-3H20| + 2NaCl + CO1+ 4H20
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3) AICL;-6H,0 + 3NaHCO; — Al(OH)s| + 3NaCl+ 3CO,1 + 6H,0
4) (BeOH),COs| + 4HCI — 2BeCl, + COs1 + 3H,0

5) MgCO3-3H,0] + 2HCI — MgCl, + CO21 + 4H,O

6) AI(OH)s| + 3HCI — AICl; + 3H,0

7) 2(BeOH)>CO3| + 4Na,CO3 — Nag[Be4sO(CO3)s]+ 2NaOH + H,O
8) 2AI(OH)3 |+ NayCOs + H,0 — 2Na[Al(OH)4] + 2CO;1

9) 4AI(OH); + (BeOH).CO3 15 2BeAL,04+ CO21 + 7TH,0

10)  2AI(OH); + MgCO3-3H,0] 5 MgALOs+ COs1 + 6H,0

11)  BeCly-4H,0 15 BeO + 2HCIt + 3H,0

12)  MgClL-6H,0 15 MgO + 2HCIt + 5H,0

13)  2AICL-6H0 £ ALO; + 6HCIt + 9H,0

3. B crpykrype uona [BesO(CO3)s]® aTombl Gepuiuisi 0OpasyloT TETpasap, B LEHTPE
KOTOPOT'O PacIojI0kKeH aTOM KUCIopoaa. Bece arombl Oepuiuins IOMapHO CBSI3aHBI MOCTHKOBBIMH
KapOOHaT-MOHAMU.

— 60

4. Ionyunts AICl3 MOXHO U3 aMIOMUHUS peaKuHeﬁ xJyopa ¢ amomuaueM, u3 AlCly-6H20

no peakuuu ¢ SOClz, a u3 okenpaa neiicreuem cmecu CO u Cl,yrnepoaa u Clz unu mo peakuuu ¢

(hocreHOM Mpu HarpeBaHUH:
1) 2Al+ 3Cl; — 2AICI
2) AICl3-6H0 + 6SOCI> — AICI3 + 6SO21+ 12HCIT

3) ALOs+ 3C +3CL, L5 AICI31 + 3COT mmm ALOs+ 3CO +3Cl,
3C0,1 wmm ALOs+ 3COCL £ 2A1CI1 + 3CO,1

Cucmema OYyeHuearnus.

15 2AICIT +

1. Onpenenenue snementoB X, Y, Z u popmyn Bemects A, B, Xi, Xo, Y1, Y2, | 11 6ami0B
7.1, Z> 1o 1 Gamry
2. Ypasuenus peakuuii 1-13 mo 13 x 0.5 6anna 6.5 6a1710B
3. CrpykrypHas popmyna nona [BesO(CO3)s]¢™ 1.5 6anna
4. Tpu ypaBHEHHUS peaklMil MONydeHHs] O€3BOAHOTO Xjopuaa amomusus mo 1 | 3 6amna
Oamry

HUTOI'O | 22 6anaa
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3ananue 4

Pacuer sanementa X cTouT HayaTh ¢ coequHeHus D, Tak KaKk B HEM U3BECTHBHI MACCOBBIC
JI0JIA cpa3y ABYX aeMeHToB. JJonmyctum, uto B D npucyTcTByeT auib oauH a3oT. Torna M(D) =
14/0.0366 = 382.51 r/moan. CuenmoBatenbHo, ecii B D Tonbko 1 smement X, ero M =
382.51*%0.6677 = 255.4 r/moinb, a ecnu jnBa, To M(X) = 255.4/2 = 127.7 r/mons. Tlocnennee
YHUCJIO COOTBETCTBYET MOJISIPHOM Macce Tejulypa, a BemiecTBO D - M3BECTHOMY OKCOHUTpATy
Te203(OH)NOs. [laHHble U3 ONMKMCAHMS AJIEMEHTa B Havaje 3aJjau TakKe MOATBEPKIal0T, uTo X
- UMEHHO TeJUTyp: 3TOT 3JIEMEHT HaxOJMUTCS B OJIHOM IIEPUOJIE C CEpoil, KOTOpas 4YacTo
BCTPEYAETCSl B CAMOPOJIHOM BHUJIE U JCUCTBUTEIBHO COAEPKUT MPUMECH CAMOPOHOTO TEJLTypa
(a;memeHt Y - cepa).

[anee paccmorpum BeniecTBO A. JIOTMYHO MPEANONOKUTb, UTO B HEM IPUCYTCTBYET
M€Jlb, BE/Ib 3TO BELIECTBO OCTAETCSA MOCJE €€ IEKTPOJUTHUECKOW OUYMCTKH. Pacuér maccoBoit
JI0JIM TEeJUTypa B COSAMHEHUH A TO3BOJISIET MOATBEPAUTH 3TO U OJHO3HAYHO BBIBECTH (HOPMYITY
CuxTe: M(A) =127.7/0.5012 = 254.8 r/momnsb. [Ipu 00kHre C COION 3TOTO COCTUHEHUS TTOMHMO
APYTUX MPOJIYKTOB 00pa3zyercss TeUTypUT HATPHsl. DTO TAKKE MOATBEPKAACTCS peaKIMen 3Toro
COCIMHEHMS C CWIBHOM KHCIOTOM, B pe3ylbTaTe KOTOPOM BbINNAJAET HEpacTBOpUMAs
TeUlypucTas KucioTta (TUApAaTHpPOBaHHBIN okcupa Temnypa [V). Jlamee, Kak HECIOXHO
J0TajiaTbCsd W3 YCJIOBMS 3aJadd, pacTBOpP cojiu B BOCCTaHABIMBAIOT JJIEKTPOJIMTHYECKH M0
TeJuLypa.

Peakmust Temmypa ¢ BOJOH JTOCTATOYHO JIETKO INPEICKA3bIBACTCS, €CIM BCIIOMHUTH PO
IPYNIIOBOE CXOJCTBO 3TOr0 3JIEMEHTAa C CEepoi: KaKk M B ClIy4yae C MOCIeIHEH MpoTeKaer
TMCTIPONIOPIIMOHUPOBAHKE 10 YK€ n3BecTHON HaMm Kuciotsl C u TemtypoBogopoaa G, hopmymy
KOTOPOT0 MOJATBEPXkIAaeT MPUBEACHHAS TUIOTHOCTh 3TOr0 rasa mo Bo3nyxy. M(G) = 4.47%29 =
129.63 r/momb.

[Tpu peaxnum temrypa ¢ ¢ropoM mepBoHauaabHO oOpasyercst TeFs, koTOpbIi, 0qHAKO,
npu HarpeBaHuu auctponopunonupyer Ha TeFs m Te. CnemoBarenbHo coenuneHue E -
rekcadropua Temtypa. Kak wu3BecTHO, TeTyp B BBICOKMX CTENEHSX OKHCICHHS CIIOCOOCH
JIEMOHCTPUPOBATh BBICOKHE KOOPIMHALIMOHHbIE uwncina, u peakuus E ¢ ¢ropunom
TeTpaMeTUJIaMMOHUSI TIPOTEKAaeT Jierko ¢ oOpa3zoBanueMm cHaudana [MesN][TeF7] (B-Bo H), a
3ateM [MesN]z[TeFs] (B-o I).

BoaHbIi1 pacTBOp XJIOPHOBATOM KHCIJIOTBI OKUCISET TEILIyp AO TEILUIyPOBOM KHUCIOTHI,
CTEIIEHb OKHCJICHUs TEJUIypa B KOTOpPOM Takas ke, Kak U B TeFs, 4TO COOTBETCTBYET YCIOBHIO
3agaun. JIoruuHO mpennonoxkuTh, yTo npu HarpeBaHuu HeTeOg OyneT TepsTh JUIIHIOI BOMY.
[Mpomssens pacuéter: 229.7 * 0.1568 = 36 r/mMoib, IOTy4YaeM, 4TO MOTyYSHHAs] MOJISIpHAS Macca
COOTBETCTBYET JBYM MoJIeKyJaM Bojbl, cienoBareiabHo J - HrTeOs. Ilocne nanmpHeliero
TIOBBIIICHUS] TEMIIEPATyphl MIPOTEKAET OKOHYATENIbHAS JeTuapaTanus ¢ 00pa3oBaHUEM BBICIIETO
okcuna Temrypa - coeauHeHus K,  KoTophlii  mpuM  OPOAODKEHHMH — HarpeBaHUs
mucnpornopiuonrpyer Ha TeOz (B-Bo L) u kucnopon. I[locnennuii BhIIEYyNOMSHYTBHIA OKCHJL
Takke oOpasyercs npu pasnoxxeHud Te2O3(OH)NO3s, uTo noaTBepkIaeT HailIEeHHOE peLIeHHUE.

Ocranocy pasragaTh Bcero jasa coeauHeHus. Peaxuus F ¢ rugpokcuaom kanus -
TUTINYHAA pCaKiusa HefITpaJII/ISaI_[PIPI, OAHAaKO H3-3a MHOI'OOCHOBHOCTHU KHUCJIOThI F ue O4YC€BHUAHO,
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CKOJIBKO SKBHBAJIICHTOB INEJIOYM BCTYIAET B PEAKIMI0. DTO MOMOTAOT ONPEICIUTh JTaHHBIC
tutpoBanus: C(HsTeOg) = 5/(229.7%0.2) = 0.1088M. Ecnu menoun Bcero | SKBUBAICHT, TO
C(HeTeOs) = 8.71*0.5/20 = 0.2178M, 4TO HE COOTBETCTBYET JAHHBIM 3a][aYH.

Ecmm menoun 2 oskBuBanmeHta, 10 C(HsTeOs) = 8.71*%0.5/20*2 = 0.1088M.
CnenoBarenbHO peaklys MPOXOJUT B JABYMsI SKBUBAJIEHTAMHU TMAPOKCUIA Kalus, a UTOTOBBIN
poaykT - KoH4TeOg. BemectBo N HarisgHO 1EMOHCTPUPYET CBOMCTBO COJIE MHOTOOCHOBHBIX
KUCIOT (TaKuX KaK TEeJUTypoBas WJIM HOAHAs) CTaOMIM3MPOBATH METAJIBI B HECBOMCTBEHHO
BBICOKMX JJIsi HUX cTeneHsx okucineHus. Ilepcynbdar kamus okuciser cepebpo go +3, a
TEJUTypaT CBSA3BIBACTCSA C HUIM B yCTOMUMBBIN XenaTHbIA Komruieke. Mexoms u3 KY 4 ans cepedpa
B BBICOKHX cTerneHsx okuciienus, BemecTBo N - 310 KAg(H4TeOg)2. MaccoBsie 10511 3JIEMEHTOB
B 3TOM CJIOKHOM KOMIIJIEKCE MOATBEPKIal0T MPAaBUIBLHOCTh OTBETA: U3-32 MAJIEHbKON MaccOBOM
JIOJIY KaJIusl B MICKOMOM COEIMHEHUHU MOKEM IIPENI0JIOKHUTh, YTO OH B HEM Bcero oguH. M(N) =
39/0.0648 = 601.85 r/monb. CnemoBarenbHo M(Te) = 601.85%0.4238 = 255 r/moinb, 4TO
COOTBETCTBYET IBYM Tesurypam. M(Ag) = 601.85%0.1793 = 107.9 r/monb, 3HAYUT B COCAMHEHUN
N mpucyrctByer ogHo cepebpo. OcraBmiascs moisipHas macca paBHa 601.85-255-39-108 =
199.85 r/mMonb n B He€ ommyHO ykiuaapBatoTess 8 H 1 16 O, 4To COOTBETCTBYET COXpaHEHHUIO
CTPYKTYpbl aHHOHA COJIM B IPOJYKTE PEAKIIUH.

Ypasnenus peaxyuii:

CuxTetNaxCO31+20,=2CuO+NarTeO3+CO»
Na;TeO3+H20=Te+2NaOH+0;
NaxTeO3+H2S04=Na>SO4+TeO>*H,0
2Te+9HNO3=Te,03(OH)NO3+8NO»+4H,0
Te+3F>=TeFs
5Tet+6HCIO3+12H,0=5HsTeOs+3Cl>
3Tet+3H20=TeO2*H20+2H:Te
TeFst[MesN]F=[MesN][TeF7]
[MesN][TeF7]+[MesN]F=[MesN]2[ TeFs]

. HiTeOs=H2TeO4s+2H20O

. HoTeO4=TeO3+H-0O

. 2Te03=2Te02+0:>

. Te203(OH)NO3=2TeO>,+HNO3

. HiTeOst+2KOH=K>H4TeOs+2H,0

. 2KoH4TeOgt+AgNO3+K2S:08=KAg(H4TeOs)2+2K2SO4+KNO3
Bewecmesa:
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X-Te E - TeFs J - HoTeOq4 Y-S
A - CuyTe F - HeTeOs K - TeOs
B - Na;TeO; G - HyTe L - TeO»
C - TeO2*H0 H- [Me4N] [TeF7] M - K>H4TeOs
D - Te2O3(OH)NO3 I - [MesN]2[TeFs] N - KAg(H4TeOg)2
2) Cmpykmypoi:
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3) HoTeO4 cunbhee, uem HpTeOs u3-3a Hamuuusi B HEM JIOMOJHUTENIBHOIO aToMa KUCIOpoJa,
KOTOPBIN CTATUBAET JEKTPOHHYIO TNIOTHOCTH C TEIUTypa, KOTOPHIA, B CBOIO ouepeib 3abupaet eé
y KHCJIOPOJIa THAPOKCUIBHBIX TPYIII, CIIOCOOCTBYS YBEIMYCHHIO JETKOCTH OTPHIBAHHS OT HHX
IIPOTOHA.

Cucmema OYyeHuearnus.

1. BepHuble ypaBHEHHs peakuuil ¢ paccTaBieHHbIMH Kodpduuuentamu - 0.5 | 7 6aa10B
Oaa 3a KaXIyI0 peakiuio

2. Bepuo omnpenenennbie BemectBa — (.5 Oamra 3a BepHO ompeneseHHOe | 8 6ayLioB
BemecTBo (6e3 pacyéToB - 0 6ayuIOB 3a BEHIECTBO)

3. BepHbie cTpyKTypHBIE POpPMYITBI — 32 KaXIyto 1o 1 6amry 5 6anioB

4. Jlan BepHbIi OTBeT ¢ oOOocHOBaHMeM - 2 Oamna (6e3 obocHoBanmst — 0 | 2 fayuia
0aioB)

HUTOI'O | 22 6annaa

3aganmue 5

1. U3BectHO, uT0 X — JIeTKHMl 35eMeHT. [[ns Hambosiee pacnpoCTpaHEHHBIX H30TOIOB
JETKUX 3JIEMEHTOB KOJIMYECTBO IIPOTOHOB U HEWTPOHOB B SJpE OJIMHAKOBO C HEOOJIBIION
MOTPEIIHOCThIO0 WJIM BOBCE OJIMHAKOBO. VICKOMBIM HM30TON MMEET Ha 8§ HEUTPOHOB OOJbIIIE.
3anuiieM MacCcoBYIO JIOJ0 HEUTPOHOB B KICKOMOM M30TOIIE:
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8
= 0,5833
2x + 8 ’

w(n) =
/1€ X — KOJIMYE€CTBO HEUTPOHOB B PACIPOCTPAHCHHOM HU30TOIIE.

[Tomyyaem x = 20. T.K. KOIMYECTBO HEMTPOHOB M IPOTOHOB OJMHAKOBOE, INOJIYy4aeM
KaJIbLIU.

Orger: ¥Ca.
2. ITo 3aKOHY COXpaHEHUs 3apsa U MACChl, HAXOAUM, YTO MHIIEHBIO sBisieTcs 24Cf.
YpaBHEHUE SIACPHON pEAKLIMU:

249Cf+ 48Ca N 2940g +3 (1)1’1

3.
Howmep IlepBoHavabHOE HasBanue, yTBep:k1eHHOE
AJIEMEHTA JIATUHCKOE Ha3BaHUE IUPAC,

113 YHyHTpUi Huxonui

114 YHyHTEeTpHi DepoBuii

115 YHyHneHTun MockoBuii

116 YHyHTreKkcui JluBepmopmii

117 YHyHcenTui Tennecciin

118 YuyHoxTHI Oranecon
4. Topon JlyOna, yueHbli — aMmepukaHckuii ¢usuk-saepmuk Inenn Teomop

Cubopr (19.04.1912 — 25.02.1999) — Daement Cubopruii 1%°Sg (1993 r.).

5.
n+ %4.\1 — é4C + p.
§C = IN+e + 7.
6.
YHucno nepuoaos Bpewms, ronsl AXTUBHOCTB,
nojiypacmnajaa pacn./MHH'T
0 0 15,3
1 5700 7,6
2 114000 3,8
3 17100 1,9
4 22800 1,0
5 28500 0,5
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7. Bo3pacT MaMOHTa MOXHO OINPEJEIUTH MPH MOMOIIX OIYYEHHOT0 rpaduka —
npumepro 7000 set. Beraucnenue ¢ momMompio (GopMyIisl iepHOTO pachaia AaeT aHaJIOrHYHBIN

OTBCT.

Cucmema OYyeHuearnus.

1. Onpenenenue n3oTomna 3aemMeHTa X 3 6a1a
2. Hanucanue s1epHO peakiuy noaydeHus 23508 1 6aan
3. Kaxxnoe npasuibHOe Ha3BaHue — 0,5 6amioB x 6 3 6a1a
4. TlpaBuiibHOE HAa3BaHUE TOPOJIA 1 6aan
[IpaBunbpHOE yKa3aHHE YUYEHOIO 1 6aan
5. 3a kaxayro peakuuio — 1 0asI. 2 fas1a
6. [Toctpoenue rpaduka 3 0ama
7. IlpaBuiibHBINA pacyeT BO3pacTa MaMOHTa 1 6anna
HUTOTI'O | 15 6amnoB

3aganue 6

1. [H'] + [Na'] = 3 [AsO4>] + 2[HAsO4*] + [H2As04] + [OH]
b k. = [H*][H,AsO%] _ [H*][HAsO%™] _ [H*][As037]
) L™ [H3As04] ’ 27 [HpAsOz] ' 37 [HAsO2"]

3. H3AsOs + OH < H2AsO4 + HO ki =5.98%1073
H2AsO4 + OH > HAsO4> + H2O k2 = 1.05*%1077
HAsO4* + OH > AsO4 + H,O k3 =3.89*10"2
4. Tak Kak B yCJIOBMM HAIMCAHO, YTO JUCCOLMALUS MHOTOOCHOBHOM KHCIJIOTHI I1O
BTOPOM U TPETbEU CTYINECHSIM HHUYTOKHO MaJla IO CPaBHEHHUIO C IEPBOU CTYNEHBIO, TO MOKEM

BbIpa3uTh [H]" uepe3 KOHCTAHTY KUCIOTHOCTH TIEPBOI CTAIUH:
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[H*]? = kiCo — ky[H*]
Pemast kBagpaTHoe ypaBHeHue, Haxoaum: [H] = 0.02165M
pH = —Ig[H*] = —1g(0.02165) = 1.66
3. 3naueHue pH B nepBoii TOUKe SKBUBAJIEHTHOCTH!
pK, = —lgk; = —1g5.98 x 1073 = 2.22
pK, = —lgk, = —1g1.05 %1077 = 6.98
pH, = 1/ (pKy +pKy) =1/, (222 + 6.98) = 4.6
Tak Kak METWIOBBIM KpacHbBIM M3MEHSET CBOM LBET Ipu HU3MeHeHuH pH B ckauke
TUTPOBaHUS B quarnaszone oT 4.4 (kpacHslil) 70 6.2 (KeATbI), TO OH MOJAXOJUT ISl U3MEPEHUS
pH B nepBo#i TOUKE SKBUBAJICHTHOCTH.
3naueHue pH Bo BTOpO# TOUKE SKBUBAJIEHTHOCTHU:
pK; = —lgk; = —1g3.89 x 10712 = 11.41
pH,, = 1/5 (pK, + pKa) = 1/, (6.98 + 11.41) = 9.2
@enondTanenH M3MEHSET CBOW IBET NpU H3MeHeHMH pH B CKauke THUTPOBaHUS B
nuana3one ot 8.4 (6ecusetHbiil) 10 10.0 (ManuHOBBIN), TO OH NOAXOAUT Uil n3MepeHus pH Bo
BTOPOU TOYKE DKBUBAJICHTHOCTH.
3nauenue pH B TpeTbel TOUKE IKBUBAJICHTHOCTHU:

PHys = 7+1/,pKs + 1/,1gC5 =7+ 1/, 1141+ 1/, + (1) = 12.205,
TO €CTh TPEThsl TOUKA JISKUT BHE 001aCTH M3MEHEHUs (peHonTarenHa u mo3TOMY HU C
OJTHUM M3 YKa3aHHBIX WHAUKATOPOB HENb3s OTTUTPOBaTh H3AsOs, KaKk TPEXOCHOBHYIO KUCIIOTY.

6.
C HUCI
V., M1 £ s pH
CCOJII/I
0 0 - [H+]=-1gVKC=-1g\5.98*103*0.1=1.61
Cua
0.75 pH = pKuya — Ig =2.22—1g3
5 025 E = 3 COJIN
' =222 — 048 = 1.74
0.5
10 0.50 Ge=1 pH = 2.22 —1g1 = 2.22
0.25
15 0.75 —22 —0.33 pH = 2.22 —1g0.33 = 2.70
0.75
18 0.90 010 11 H=222-1g0.11 = 3.17
. 090 = pH = 2. g0.11 = 3.
0.01
19.8 0.99 .95 = 001 pH = 2.22 —1g0.01 = 4.22
20 1.00 - pH, =1/, (222 + 6.98) = 4.6
0.99
20.2 1.01 ———~ =99 pH = 6.98 —1g9.9 = 5.98
0.01
0.90
22 1.10 - H = 6.98 — 1g9 = 6.03
010~ P &
0.5
30 1.50 Ge=1 pH = 6.98 — g1 = 6.98
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0.25

35 1.75 = =0.33 pH = 6.98 — 1g0.33 = 7.46
0.75
0.10

38 1.90 —— =0.11 pH = 6.98 —1g0.11 = 7.93
0.90

40 2.00 pH,, = 1/, (698 + 11.41) = 9.2

B cooTrBeTrcTBMM ¢ 3THM Ha KpHBOﬁ TUTPOBAHUA HOOJIKHBI HaXOAUTHLCA TPHU TOYKH

SKBUBaJIEHTHOCTH. Ho Tperbero ckauka Ha rpaduke He OyaeT BHIHO, T.K. K3 MOXKHO

npeHedpeyb.
10 -
o .
/
84
< 74 - -
6 - l-l/
54
N H
34 _/'/
2 /'/
1 . . . . .
0 10 20 30 40
Vt (ml)
7. B mepBoii Touke »sKBUBaneHTHOCTH oOpaszyercs NaH2AsOs4, BO BTOpOil —
Na;HAsOa.
Cucmema oyenusanusi:
1. BepHo HanucaHo ypaBHEHHUE 3JIEKTPOHEHTPAIIBHOCTH; 2 0as1a
2. BepHo BbIpakeHbI KOHCTAHTBI AJIEKTPOIUTHYECKON auccormanyu ki, ko, k3; | 1,5 6aaia
3. BepHo HamnucaHbl ypaBHEHUS PEAKIMN HEUTpaIN3alluy Ui KaKaou ctynenu | 1,5 6ania
4. BepHo paccuutano 3HaueHue pH 1o Hauana TUTpOBaHMUS; 1 6aan
5. BepHo Halinensl 3HaueHus pH BO BceX Tpex TOYKaxX SKBUBAJICHTHOCTH; 3 danna
6. Bepno paccuurtansl 3HaueHus pH, 3anonHena Tabauua u npoaHanu3upoBan | 3 dannaa
rpaduk;
Bepno npuBeseHn rpadguueckuii Bua kpuBoit tutpoBanus pH ot VNaon; 1 6ana
7. BepHO nipuBEEHBI COJIN, 00PA3yIOLIUECs B TOUKAX SKBUBAJICHTHOCTH 1 6aan
HUTOI'O | 14 6amnoB
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CTAPHIASA JIUT'A. PEHHEHUSA
3ananue 1. Cm. pemienue 3axanus 2 muaamei jguru (20 6a1/10B)
3ananue 2

1. MUcxoms wu3 ¢opmynasl BemecTBa A, MOXHO ONpPEEIUTh, YTO CTEHCHb
HEHACBILIEHHOCTH paBHA 2, YTO MOXKET 03HA4aTh HaJIM4YME ABYX JABOWHBIX WJIM OJHOM TPOMHOMN
cBszu. [1o panubiM IMP 'H MOKHO yOeaUTBhCS, YTO B COEIMHEHHH COAEPIKATCA J(BE JBOMHBIE
cBs3u (0 = 5.46 u 5.09 M.11.), Y KOTOPBIX €CTh 3aMECTUTENH, a TaKKe 3HadeHus O = 3.65 (yui c,
IH) u 6 = 4.16 (0, 2H) m.n yka3eiBaer Ha Hanmmuue Qparmenta -CH,OH. Takum oOpazom
BEIIECTBO A - TEPAHUOIL.

BemectBo E B otnmume ot BemectBa D obnanaer 1ByMsl THUAPOKCHIBHBIMU TPYIIIIAMH,
HaXOJAUIMXCS B AUTWIBHOM TEPMUHAIBHOM TIOJOXKEHUH, Onaromapsi neiictBuio SeO:x u t-
BuOOH. O kpaiiHeM N0JI0)KEHNN THJIPOKCUIIBHBIX TPYMI TaKK€ MOYKHO JIOTrafaTbCsl UCXOs U3
CIEKTPAJIbHBIX JTAaHHBIX BemiecTBa F, KOTOPBIi sSBIseTCS AMAIbIETHI0OM, a HE IUKETOHOM.

[To xummueckoit popmyne BemectBa I onpenensem, uto B HeM copepkuTcs 13 TBOMHBIX
cBsazeil. Mcxomst u3 ycnoBus, MOXKHO chenarh BbIBOJ, 4TO BemectBo I coxepxur 11
CONPSIKEHHBIX JBOMHBIX CBA3€H U JIBE HECONPSKECHHBIE.

CrpykTypHBIE (OPMYIIBI BELIECTB IPUBECHBI HUXKE:

OH X 2 Br —_—— _n ™ SOzph Y X X X - O
B c D

A 2) B
_ C16H220,8 C26H3g02S
1)n-BuLi 2) C ol - SO,Ph 1) (COCl),, AMCO Ho SO,Ph
F 2) Et3N E
SO,Ph . C26H3504S J\
SO,Ph OH BUHWUNITUNOBLIN S0sph S0P ° o~
X X X X N N X N 4—3@4% x . X N
OH n-TonyoncynbgoHaT o o = o
G SO,Ph nMpUanHUA \/O\ro H SOPh
CeeHg4010S
CsgH7505S3 66H94010S3 con
X X SN S N S ©

X X

|
JukoneH
CaoHss

X S S

2. Ucxons u3 ycioBus, HaigeM KoamuectBo Bemectsa F: 2.00/442x10° = 4.52 MMOJIb.
3areM, y4HWTHIBas KOJMYECTBO SKBHBaJieHTa BemecTBa C HaxoquM, YTO €ro KOJHYECTBO B
peakuuun #359 cocraBuser 4.52x%2.1=9.49 mmonb. Hcxoas w3 3TOro, paccyuTaeM maccy
Bemectsa C, 100aBIEHHOrO B peakuuio: 9.49x103x278 = 2.64 .

3. Maunblil BBIXOJ] IPOYKTa MOXET OBITh CBS3aH C TE€M, YTO TeMIIepaTrypa MpOBEACHHUS
peakiuu OblIa HEJOCTATOYHO HM3KOW M PEaKlMs Hadaja MPOTEKaTh MO TEPMOJUHAMUYECKOMY
NyTH, a HE MO0 KUHEeTHYeckoMy. OOBIYHO Takasg peakius ajbJ0JIbHOTO TPHCOSINHEHHS
IIPOBOAMTCS C MCIIOJIIb30BAaHMEM CHJIBHOTO OCHOBaHMs Ipu Temmeparype -78°C. Kpome storo,
n30bITOK n-Buli Takke MOXXeT TNPUBECTH K YMEHBIICHUIO BBIXOJAa MpPOAYKTa, H3-32
BO3MOKHOCTH MPOTEKAHMsI PEaKIMU B TIEPBYIO ouepeib ¢ anbaeruaoM F, a He ¢ Hykineopuiom.

4. BemectBo I - nukonen. KpacHelii 1BeT JHMKONEHa OOYCIIOBIIEH MHOTOYHCICHHBIMU
CONPSKCHHBIMUA  JIBOMHBIMH  CBA3sIMH. Kaxkgas [BOMHAs CBA3b YMEHBINAECT JHEPIHUIO,
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HCO6XOI[I/IMYIO IJIig mIepexoJia JJICKTPOHOB B 0oyiee BBICOKHE OHCPICTUYCCKUEC COCTOSIHUA,
MO3BOJIAA MOJICKYJIC HOTJIOIIATh GOHBIHyIO YaCTb BUAUMOIO CIICKTpPA, IMO3TOMY KPUCTAJUIbI
JIMKOII€HA KPaCHOTI'O IBCTA.

S. BemectBo J nosaydaercs B X01€ CEJIEKTUBHOIO METUIMPOBAHMS U 3aTEM AAJIBHEUILIETO
OKHCJIeHHs 0 Dib0Cy, KOTOpOe OOBIYHO MPUBOAUT K MONY4YeHMIO napa-nudenona. Curnan B
cniektpe SIMP 13C BemectBa K mpu 8 = 178.4 M. CBUIETENLCTBYET O HAJIMYMU KapOOHUIBHOM
IPYMIIbI, HAXOSAIICHUCS B CONPSHKEHUN C COCETHUMH OCH30IbHBIMH KOJIBLIAMH.

OH

OH 1) (CHj;),S0, (0.5 Monb) ol /@\
NaoH(BOFlH) OH HO on HoO 1) BH, Tro

HO 2) K25,05 NaOH(onu), 0°C Ho ons CH3SO3H OSOzCHs 2) BT (2 mone)

COOH COOH OH O KGO IMOA
CgHgOs  J CysH1208S K 2C05, A

BnO NPh

X

o(\ 0 0 B"Oﬂokw o o o

— e ———
FA 0S0,CH; CF3S03Si(CHy)s, 0S0,CH;,
OBn 4 CH,Cl,

/\/O
X Cy1H20,S L
an CosHesO1S M 21H2207

[AvoKcaH

B" i LY S S B
BnO
- 0S0,CH BnO

BnO OBn s 2) NaOHgogu.), AMOKCAH, A BnO OH

/_/ Bn on o
7 C4gH44041 O C?—IBEI
Cs5H54013S N 2Cly

OH O

MaHrndepuH
C1gH1g011

6. O0a BemecTBa B IUIOAX PACTEHHH BBIMOJIHAIOT (YHKUIMIO AHTHOKCHAHTOB.
Hamnume 11 conpsoKeHHBIX ABOHHBIX CBsi3eld OOYCJIOBIMBAET BBICOKYIO AHTHOKCHIAHTHYIO
aKTUBHOCTH JIMKOTIEHA, 3aIIHIIAs PACTEHHUE OT MPSMOTO BO3JEHCTBHS COJHEYHOro cBeTa. B
cllyyae MaHTH(eEepuHa OCHOBHYIO PpOJIb BBINOJHSIOT THUAPOKCHIIBHBIE TPYMIBI OEH30JIHHOTO
KOJIbLIA, YTO JIENAeT €ro CHUJIbHBIM aHTUOKCHJIAHTOM. MeEXaHM3MbI JCUCTBUSL MOTYT OBITH
n300pakeHBbI CIETYIOUIIM 00pa3oM:
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HO o) OH _
SR e
" OH

Cucmema OYyeHuearnus.

1) Bepusble ctpykTypHbIe popmyibl BemiecTB A-I 1 6amn x 9 =9 Gannos
(HE3aBUCUMO OT CTEPEOXUMUM)

2) IlpaBunbHblil pacuét maccol Bemecta C B peakuuu #359 1 Gamn

3) Bepnoe 00bsicHeHHE HU3KOTO BbIxo/a poaykTa G 1 Gamn
B peakuuu #359

4) IlpaBunbpHOE 00BSICHEHHE KPACHOM OKpacKu BemecTna I 1 Gann

5) Bepnsbie cTpykTypHBIE popMyIibl BemecTB J-O 1 6amn x 6 = 6 6amioB

(HE3aBUCUMO OT CTEPEOXUMUM)

6) IlpaBunbpHOe yka3zanue QYHKIUH, KOTOpyko BemectBo I m 1 6amn
MaHru(eprH BBIOIHAIOT B IJIOAAaX PACTCHUI
I'pamoTHOE O0OBSCHEHHE MEXaHM3MOB BBINIOJHEHUS JaHHOW 1 Gamn
¢byskuun ams Bemectsa I u manrudepuna

HUTOI'O — 20 6ax10B

3ananue 3

1. MeTaHOn B IPOMBILUIEHHOCTH IOJIy4alOT U3 CHHTE3-ra3a — CMECH YrapHOro rasa u
BOJOPOJIA:
CO + 2H; — CH3O0H.
3Hauut, Y — 310 CO, X — 3710 H).
[Ipu peakuum amMMuaka ¢ METaHOJIOM 00pa3yeTcsi TP COCIMHEHHS — TPU 3aMEIEHHBIX

MeTWIaMHuHA. TemuoTra CropaHus yBEJIMYUBACTCS B POy METWIAMHH — JTUMETHIAMUH —
tpuMetunamut, Toraa A — CH3NHz, Az — (CH3):NH, A3 — (CH3)3N.
C: — pacmpocTpaHeHHBIH pacTBOPUTENb, oOOpasywoomuiics mnpu peakuun Cp c

TMMETHWIAMUHOM. EMMHCTBEHHBIH PacIpOCTPaHEHHBIH PAacTBOPUTENb, COAEPKAIIMNA (hparMeHT
—N(CH3)2, - numetundopmamua. OH MOxeT 00pazoBaTbes U3 3(PUPOB MYypPaBbUHOW KHCIIOTHI.
Torma C1 — HCOOCH;3, C; — HCON(CH3)a.

B1 o6pasyercs npu peakunu metanona ¢ CO, pearupyeT ¢ METaHOJIOM B KHUCIIOHN cpejie Tpu
HarpeBanuu. 3HauuT, B1 — CH;COOH, B; — CH3COOCH;. B; npu peakuuu ¢ CO naer Bs,
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KOTOPBIA MpU TUIPOJIM3E JACT TOJIBKO yKCycHyro kuciory. OueBunno, B3 — (CH3CO):0,
YKCYCHBIM aHTUJIPUL.

Hcnonb3yem nannbie 'H-SIMP criekTpockonuu st onpeaesieHus CTpykrypsl By, Cunrier
C MHTEHCUBHOCTHIO 6H MoOkeT mpuHauiekaTh IBYyM METWJIBHBIM IpylIaM aleTHJIbHBIX TPYIII
(mockonbky B4 momywaercs w3 ykcycHoO KuHCIOTHI). Jlybner ¢ wmHTeHCMBHOCTRIO 3H m
KBaJIpyIUIeT ¢ HHTEHCUBHOCTHIO 3H cooTBeTcTBYIOT THinAeHoBoMy (pparmenty (CH3CH=). B
UTOT€ MOJYYHM J[BA BApUAHTA CTPYKTYpHOU hopmyiisl By:

) ()

L T
M )ko O)k
Bs — moHoMmep miis monyudenust kieeB. OueBHIHO, peub O BUHWiIanetate. OH MOXET
o0pa3oBaThCsi MPU SIUMHUHHPOBAHUM YKCYCHOW KHCJIOTHI W3 coenuHeHus (2), HO He

MIPEJICTaBIsAETCS] BO3MOXKHBIM 00pa3oBaHue BuHWIanerara u3 (1) npu mHarpeBanuu. 3Haunt, B4 —
CH3;CH(OCOCHs3)2, Bs - CH,=CHOCOCH:.
B utore numeem cieayrouyo cxemy NpeBpalleHUn.

’CH3 H3C\
CH3NH2 +HN\ + /N—CH3

CH
Al A2 3 ch A3

CHs RhCl;, KI, CH;l
BS CH3 B4 O=<
0 t 0 CO+H, O CH:OH O CO O o
< - 3
0 HsC RhCl;, HaC—< o HaC—<OC—’H HSCJ\CJ\CH
<\ O=< KI, CH3I Bl B2 3 B3 H2 3
CHa CHj

2. Jlns MOCTOSIHCTBA TEMIEpaTypbl HEOOXOAMMO, 4TOOBI CyMMapHasi TEIUIOTa Ipolecca
Obu1a paBHa HymO. [1ycTh B peakTope Mpou301UIO X MEPBBIX PEAKLUH U Y BTOPBIX PEAKIIUN.
Q=—-(x-4H, +y'ArH2) =0

_cAH, 3134
SR TR TR T g
n(0,) =y

n(CH;0H) = 2y + x = 5.68y
MonbHbBIE 1O METAHOJIA U KUCIOPOAA:
n(0
%(0,) = (02) _ Yy
n(0,) + n(CH;0H) y + 5.68y
x(CH;0H) =1 — x(0,) = 0.850 = 85.0%

= 0.150 = 15.0%
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3. Haiinem KOHCTaHTBI paBHOBECHUS IEPBOI M BTOPOM pEeaKIiy, YTOObI ONPEIeTUTh, KaKYIO

U3 HUX MOXHO CUMTAaTh HEOOPAaTUMOH, a 00paTUMOCTh KaKOi HEOOXOIMMO yUUTHIBATD.
_ApH® 4,S4°
Ki,=e RT " R =414
ArHp®  A,S,°
- +
K,=e RT "R =214-10%°

M3 BenmwmumH KOHCTAHT paBHOBECHUSA BHUAHO, 4YTO BTOpad PpPCaKOUA MOKCT CUUTATHCA

HEOOpaTUMOM M MPOXOASIIEH KOJIMYECTBEHHO, a BOT IEpBasi pPEakius JOJDKHA CUUTATHCS
o0paTuMoii.

4. Utak, nyctb B peakTop BBeau x Moiab CH3OH u y Monb Oz. ITockonbky Bropas peakuus
MPOXOAUT KOJUYECTBEHHO, TO paBHOBECHE OyJeT YCTaHABIMBATHCA MEXAY (X — 2y) MOJIb
CH30H, 2y mons CH20 u y mons H2O, xotopast, BpoueM, B MEPBOIl peaklMM HE Y4acTBYET,
[I03TOMY €€ NPUCYTCTBUE B PEAKTOPE MOKHO HE yuuThIBaTh. [lycThb B X0J€e mepBOil peakuuu
KOJIMYECTBO METAHOJIa YMEHbBIINIIOCH Ha Z MOJIb.

n(CH3;0H) =x -2y —z
n(CH,0) =2y +z
n(H,) =z
Nogy =X — 2y —2z+2y+z+z=x+2z
BbIpa3sum KOHCTaHTY paBHOBECHS Y€pE3 MOJIbHBIE JJOJIM KOMIIOHEHTOB.

_ p(CH;0)p(H>) _ x(CH,0)x(H,) - p? _ x(CH,0)x(H,) )

1= T ,(CH;0H)  x(CH;0H)-p _ x(CH;0H) P’
e p — oblee JaBIeHne B peakTope, paBHoe 1 atm.
_ x(CH;0)x(H;) ~ n(CH,0)n(Hy) Ry +2z)z

1™ x(CH,0H) P n(CH3O0H)n,g, P= (x—=2y—=2)(x+2) 1=4140)

Kpome Toro, ucrnosib3dyem yciaoBue nocTosiHcTBa Temneparypsl: Q = 0.
z-A,Hi+y-4,H, =0
_ArHZ
ArHl
[ToxcraBuM MOTydeHHOE BBIpaKeHUE B ().
(2y + 3.68y) - 3.68y
(x — 2y — 3.68y)(x + 3.68y)
20.9024y?
(x — 5.68y)(x + 3.68y)
OT0 ypaBHEHHE MTPeoOpa3yeTcs K KBaIPaTHOMY OTHOCUTEIHHO X:
4.14x% — 8.28xy — 107.438y%2 = 0
EAMHCTBEHHBIM MOJIOXKUTEILHBIM PEIICHUEM TOT0 ypaBHEHUs sBIsieTcs X = 6.191y.

Z =

y = 3.68y

4.14

=414

MonbHbIE 1O METAHOJIA U KUCIOPOAA:
2(0,) = n(0,) _ y
n(0,) + n(CH;0H) x+y
x(CH;0H) =1 —x(0,) = 0.861 = 86.1%
Kaxk BUIUM, YUCT 06paTI/IMOCTI/I HepBOﬁ pC€akiun BHOCHUT JIMIIb HCE3HAYUTCIBbHBIC

=0.139 = 13.9%

KOPPEKTHUBBI B OLIEHOYHBIN pacyeT u3 I.2.

5. Beixoa hopmanbaeruaa CoCTaBIsIeT:
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_2y+z_2y+3.68y

n= T T T eaory R
Cucmema oyenusanusi:
1. 12 coenuuenuii o 1 6amny 12 6an10B
2. MosbHbIe JOJM METaHOJIa U KUciiopoja — o 1 6amry 2 danna
3. KoHcTaHTHI paBHOBECHS ABYX peakiuii — mo 1 6aimy 2 0as1a
4. YpaBHeHuHe, CBSI3bIBAIOIIEE X U y — 2 Oaiia 2 0as1a
MorbHbIE TOTH METaHOJIa U KUcliopoja — o 1 6amry 2 danna
5. Pacuer BbIxona — 2 Ganna 2 danna
HUTOI'O | 22 6ania

3ananue 4. Cm. pemienue 3axanus 6 muaamei guru (14 6a1/10B)
3aganue 5

1.  JHK-nomumepasza KaTaau3UpyeT PEAKIMIO0 MPUCOCAUHEHMS] K 3 -KOHIy Lenu
monekynsl ANTP, mpu 3ToM npoucxonut HykineodpuinsHas ataka 3 -OH o a-aromy ¢ocdopa ¢
obpazoBanueM pochorpupHO cBA3U. YXoasmei rpynmnoit ssiusercs nupodocdar.

m
5'-(DNA),-3'-OH + 0-P—0-p— E —I \ —» 5'(DNA),,,-3'-OH +HP,0,%*
O O O

[Tpucoenunenne ddNTP mnpuBogUT K OCTAaHOBKE pEakUUH MOJUMEpPHU3AINH HU3-32
otcyTcTBUs Y oOpa3oBanHoro ¢parmenta JJHK cBo6omHoi 3'-OH rpynmstl.

2. [TockonbKy jerkue (parMeHThl IBMXKYTCS OBICTpee TSDKEJBIX, TO pPe3yJIbTar
CEKBEHUPOBAHUS CJIElyeT YWTaTh CHU3Y BBEPX KakK IOKa3aHO Ha pPHUCYHKe, HE 3a0biBas O
KOMIUIEMEHTapDHOM  TPUCOCIMHEHUU  HYKJICOTHUAOB. Takum  oOpa3oMm,  HEW3BeCTHas
MoCIIeI0BaTeIbHOCTh cekBeHupoBaHHOW JIHK 06e3 ydera mpaiiMepoB clenyroomas: 3 -
TACGTTGAGCCG-5" nmu 5'-GCCGAGTTGCAT-3".
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ddATP  ddTTP ddCTP ddGTP

5
A G
C
C
G
A
G
T
T
G
C
A
T
3
3. KoHcTanta paBHOBecHs Il NPUBEIEHHOIO IIPOLIECCA BBIpAXKaeTcs 4Yepes

KOHICHTpaluu:
[5:1[S5]
[D]

Ecnu monst D 0T ee HauanbHOM KOHIIEHTPALMK PaBHa f, To 10au S1 1 S2° 0T HavyanbHOI
KoHeHTpauuu Cp paBHBl [-f Kaxnaas. Torja KOHCTaHTa PaBHOBECHS BBIPAXKAETCS vepes

K =

HavaibHYyI0 KoHUEeHTpauio Cp hopmser D

o =D
f
[Tpu Temneparype minasnenus f = 0.5, Toraa
Co
K=—
2

IMoxcrasiss 3to 3Hauenne U Ty, B AH-TAS°=-RTInK naiinem T
AH°
T = — 5
Rin =+ AS°
Co
Juist pa3sHbIx anuH S2* OyayT paziauuHble 3HaueHust AH°, KoTopoe onpeaessiercs
KOJIMYECTBOM B3aMMOICHCTBHI B AByx1uenoueunoit popme JJTHK, B To Bpems kak 4S° sToro
npoliecca 0CTaeTcsl MPakTUHYeCKH NocTosHHOW. Kak npaBuiio, yem JuimHHee S»* TeM CuilbHee
B3aMMO/ICHCTBHE LIETIeH, T.€. TeM Ooubliie 3HaueHue 4H°. Takum oOpazom, ueM aimHHEe So*,
TeM OOJIbIIIe 3HAUEHUE TEMIIEPATyPhl TUIABICHUS 1.

4. IlockonbKy JUIMHA HEW3BECTHOW IOCJIENOBAaTEIILHOCTH paBHa 12, TO Ha
TEOPETUYECKON 3aBUCHUMOCTH JIOJKHBI OBITh OTPaXKEHbI 12 pa3NUYHBIX KPUBBIX JACHATYPAIUHU C
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pasHBIMH TemmepaTypaMu IaBieHus. (OO0O03HAYeHHWE KPUBBIX JOHDKHO COOTBETCTBOBATH
MOCTIeI0BATEIbHOCTH pUcoeTuHsIeMbIX MoJeKya ddNTP.

1,0 s T~

L} L] N

\c\T\C.G. Ac
SR

0,54

0,04

Cucmema OYeHuearus.

Bepno Hanucana xumuyeckas peakuus 2 0as1a
[TpuBeneno BepHoe oObsicHenue npucoenuHenns ddNTP 1 6ana
Bepnast mocnegoBaTebHOCTh HYKJICOTHIOB € yKa3aHUEM 5™ U 3° KOHIIOB 4 6a1a
Bepno BeiBeniena 3aBucumMocts 7, ot AH® u Cyp 3 6a1a
BepHslil 0TBET Ha BOIIPOC 0 3aBUCUMOCTH T, OT AJHHBI Sp* 1 6ana
BepHo nocTpoeHHbIH TpaduK ¢ KPUBBIMU JCHATYPALUN 4 dayj1a
UTOTI'O | 15 6annoB
BepHo HanmMcaHa XUMUYECKAST PEAKIIMIS . . .. vneeeeneeenneennneenneenneeenneen ceennan 2 Gamna
[TpuBeneno BepHoe oObsicHenue npucoeannenust ddNTP..................... ...1 Gamn
Bepnas nocienoBaTebHOCTh HYKJICOTHIOB C YKa3aHUEM 5° U 3 KOHIIOB .... 4 Oamia
Bepno BbiBenieHa 3aBUCUMOCTD 17 OT AH U Co.vvvvvvvviiiiiiiiiii 3 bamna
BepHblii 0TBET Ha BOIIPOC O 3aBUCHUMOCTH T, OT ATMHBI So*... ..., 1 6ann
BepHO MOCTpOCHHBIN TPaPUK C KPUBBIMU ACHATYPALIMH. .. .eeeeeneeneenenenn. 4 6ama

HUTOI'O 15 6ana0B

3aganue 6

1. 4Ce*" + BrOs™ + 5H" — 4Ce*" + HOBr + 2H>0

2. O603HaYUM CKOPOCTH COOTBETCTBYIOIIMX CTAIMM 32 F1, 12 U 1'3.

KgBasucranunonapuoe npubnmxenue no BrOz: 2ri —r =0, = r2 =2r1 (1).

KBazucrammmonapaoe npubnmxenne no HBrO»: o — 2r3 —

3Hauurt, r1 = 2r3 (2).
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a) Pacniumem (2) ais Haxox1eHUs cTaiiioHapHoi koHueHnTpamuu [HBrO:].
ki[BrOs ][HT][HBrO:] = 2k3[HBrO]?

[HBroO,] = szl [BrOz|[H*]

Ananornuno pacnuiieM (1) 1ys HaX0XAeHUs CTallMOHapHOU KoHLeHTpauu [BrO;-].
ko[BrO2-][Ce* ][H] = 2k [BrO; |[H][HBrO:]
2k,[BrO3][HBrO,] k#[BrO3]*[H"]
Bro ] == e~ = Iokaice]

6) CkopocTh M3MEHEHHS KOHIIEHTPAalMu OpOMaT-nOHOB paBHa:
2

k
r=1r3—1r = —13 = —k3[HBr0,]? = —ﬁ[BrOQ‘,T]Z[H*]2
3

3. [Mopsimok peaxiuu Mo OpoOMaT-uOHY, UCXOMSI U3 MOJYICHHOTO YPaBHEHUs, PaBeH 2, a 1o
nonam uepus(Il) — 0.

4. CornacHo crexuomerpuu peakuuu, ([BrOs ], — [BrOs7]) - 4 = [Ce**]. Orcrona:
[BrOs] = [BrOs ]o — 0.25[Ce*] = 0.0036 M.

kZ

— -=12 — M +12
5. CKOpOCTh peakimuy TNpeACTaBEM B BUIE T = —K.¢¢[BrOz]%, rme krr _E[H 1%,
IMOCKOJIBKY KOHICHTpAalua H+, mo YyCJIOBHUIO, HU3MCHACTCA HC3HAYUTCIIBHO W CUHHUTACTCA
MHOCTOSIHHOH. Tor,ua KOHICHTpAanus 6pOMaT-I/IOHOB B 3aBHUCHUMOCTU OT BPCMCHH ONHNCBIBACTCA

3aBUCHMOCTBIO BTOPOT'O MOPSAKA!

1 1 kot
[BrO;] [BrOz], ¢/
1 1 1 k?
kepr =~ —~ =0.156 M~1s~1 = —[H*]?
N ([Brogl [Br0§]o> 5T
VAksKkerr o
k1 = W =2.0- 104M 2S 1
Cucmema oyenusanusi:
1. YpaBHeHue peakiuu 2 fas1a
2. a) Beipaxenust U1 cTalliOHAPHBIX KOHIeHTpauii BrO>- 1 HBrO> — no 3 6amna | 6 6anioB
2. 6) Beipaxxenue 11 CKOpOCTH U3MEHEHUs KOHLIeHTpalu BrO; 3 danna
3. [opsinxu o 6pomarty u nepuro(Ill) — mo 1 6ammy 2 6as1a
4. KoHneHnTpanus 6pomMaT-HOHOB 2 6as1a
5. 3nauenue 3PpPEeKTUBHON KOHCTAHTBI CKOPOCTH 3 6a1a
3HaueHue ki 1 6aan

HUTOI'O | 19 6an10B
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JUNIOR LEAGUE

Problem 1

EZ Gl =t 2 |

2019 year — The International Year of the
Mendeleev’s Periodic Table

Yo 1ot

150 years ago, in 1869, Dmitri Ivanovich Mendeleev published his famous periodic table

of elements. In contrast to his predecessors, who attempted to classify only already known
elements, Mendeleev assumed the existence of elements which were not yet discovered at the
moment and predicted their properties leaving empty spaces in the table for these elements.

99 ¢

Originally, Mendeleev predicted 3 elements, - that is, “eka-aluminium”, “eka-boron”, and
“eka-silicon”.

“Eka-silicon” can be burned in oxygen to form compound A, which contains 30.59% of
oxygen (reaction 1). There are also several ways to dissolve “eka-silicon”. First way is to put it
in reaction with a mixture of nitric and hydrochloric acids (reaction 2), which will lead to the
formation of compound B. The second way to dissolve eka-silicon is to put it into contact with a
mixture of potassium hydroxide and hydrogen peroxide (reaction 3), which will lead to the
formation of compound C.

Questions:
1. Provide the modern name of “eka-silicon” and write down the formulas of compounds
A-C.

“Eka-aluminium” is a metal which has one of the lowest melting points. In reaction with
chlorine forms compound D, which contains 60.40% of chlorine by mass (reaction 4). When D is
heated with with eka-aluminium it results in compound E, which contains 50.42% of chlorine
(reaction 5).

2. Provide the modern name of “eka-aluminium” and write down the formulas of
compounds D and E

“Eka-boron” has properties very similar to those of aluminium, and has the same
oxidation states as aluminium has. Salt F, which can be synthesized in reaction of eka-boron and
hydrochloric acid solution (reaction 6), react with potassium carbonate with the formation of
compound G, which contains 52.47% of oxygen by mass (reaction 7).

3. Provide the modern name of “eka-boron” and write down the formulas of compounds
Fand G

4. Write the reactions 1-7
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Problem 2

Tomtor - Arctic storeroom for
the whole planet

Tomtor Deposit is located within Oleneksky District of Sakha Republic (Yakutia).
According to the experts, reserves of niobium and rare-earth metals (REM) in the deposit exceed
of the world’s largest deposits - those of Araxd Mine in Brazil and Bayan'obo Mining District in
People’s Republic of China, which today produce around 90% of the market share. Academician
Nikolai Pokhilenko is sure that in the future this arctic mining complex can appear as «pantry for
the whole planet».

REM is a strategic mineral and the key component of modern high-tech products which
have a huge potential in the aerospace, transport, and energy industries. With the development of
microelectronics (high-speed memory systems) and other new fields of technology, metal X, one
of the main components of the Tomtor Deposit, began to attract especially close attention of
material scientists. There is no doubt that with the improvement of the technology and reducing
the cost of X production, the field of application of this d-metal will significantly expand.

Simple substance X is a lightweight silver metal with a characteristic yellow tint. The
metal is considered to be one of rare-earth metals and has a high melting temperature (melting
point = 2450 °C). It was predicted in 1870 by D. I. Mendeleev, and discovered in 1879 by
Swedish chemist L. Nilson.

Below is a diagram of the transformations of compounds containing element X:

K,C,0
F 24Uy K
[6] \
tOXC H3PO4
C ‘NaOH (aq.) Na,CO; I
H,0

0, H,C,0, Na,CO;

(excess)
5 T v
2
B mr A t°C G J



Additional information:

Compound B F H I J K
o(X), % 19.73 | 7.59 | 42.52 | 36.86 | 11.24 | 13.38

- coordination polyhedron of anion in compound B is an octahedron;

- it is known that H contains a cluster in which X atoms are located at the vertices of the
octahedron;

- compound I contains two different types of anions;

- compounds B, C, F, J, K are complex;

- the number of ligands in compounds F and J is the same;

- all mass fractions of metal X are given for anhydrous compounds;

- when calculating, use molar masses of elements with precision to hundredths of g/mol.

Questions:

1. Name element X knowing that compound A contains 34.80% oxygen.

2. Decipher the chain of transformations, write the equations for all the reactions, and
specify unknown compounds A — K. Prove your answers with the calculations.

3. Draw the structure of anion of compound H.

Problem 3

So different and yet so alike

The unknown elements X, Y, Z form their chloride hydrates Xi, Yi, Zi, respectively.
Despite their forming the “corner” in 8-column form of periodic table (see the picture) the
properties of the elements and their chlorides are quite different.

For example, the reactions between the solutions of Xi, Y1, Z1 and a solution of NaHCO3
lead the formation of the precipitates X», Y2, Zo, respectively (reactions 1 - 3). The compounds
X2, Y2 (consisting of 4 elements) dissolve in a solution of hydrochloric acid with the evolution of
a colorless gas, in the same time, the compound Z, dissolves without releasing gas (reactions 4 -
6). During the dissolution of 1 g samples of X2 and Y2 in excess of hydrochloric acid the volume
of the releasing gas amount to 200 ml and 162 ml (STP - standard temperature and pressure),
respectively. The precipitates of Xz and Z> unlike the compound Y are soluble in concentrated
solution of Na;COs lead the formation of complex ions, moreover, the coordination environment
of these ions is different (reactions 7 - 8).
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The mixture of the precipitates X and Z» in some molar ratio on heating forms a
compound A (reaction 9), the mixture of compounds Y> and Z, forms B (reaction 10). A and B
are double oxide having a spinel structure (structure type M;"2(M2")204).

However, these elements have something in common: hydrates X1, Y1, Z1 form oxides of
elements X, Y, Z when heated (reactions 11-13). The mass loss is 83.54, 80.17 and 78.88%,
respectively.

Questions:

1. Determine and write the elements X, Y, Z and the formulas of substances Xi, X, Y1,
Y2, Z1, 7>, A, B. Confirm the answers with the calculations.

2 Write the equations of reactions 1 — 13. Note that the complex ion [X40(CO3)s]" is
formed by dissolving X in sodium carbonate solution.

3. Draw the structural formula of the ion [X4O(CO3)e]"".

4. How to get anhydrous chloride of element Z a) from Z, b) from hydrate Zi, ¢) from
oxide of element Z? Write minimum one equation for each item.

Problem 4

Romanian gold

Element X was first discovered in 1782 in the gold ores of Transylvania. Its abundance
in the earth's crust is very small, and its mainly present in the form of impurities. X can also be
found in a form of nugget as an admixture to the element Y, but its content is so low that it is
ineffective to produce X in this way.

The main source of X is sludges which form as a result of electrolytic purification of
copper. The main component of the sludge containing element X - that is, compound A (o(X) =
50.12%) - undergoes oxidative roasting with crystalline soda at 650°C (reaction 1) and then is
leached (put in the reaction with alkali) and separated from the insoluble precipitate. The
resulting solution of the substance B is then electrolytically reduced to form simple compound X
(reaction 2). If compound B is put into reaction with concentrated sulfuric acid, the white
precipitate of acid C is formed (reaction 3).

The chemical properties of element X are quite diverse. In reactions with various
oxidizing agents, such as HNOs3, F»> or an aqueous solution of HCIO3, compounds D, E and F,
respectively (reactions 4-6) are formed. It is also known that in the compounds E and F,
element X has the same oxidation state, and D contains 3.66% of N and 66.77% of X by mass.
Moreover, X reacts with water when heated (reaction 7) with the formation of compound C and
gas G with the density 4.47 times that of the air. Compound E can react sequentially with one

equivalent (reaction 8) and then with one more equivalent (reaction 9) of trimethylammonium
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fluoride to form H and I, respectively. If one heat the substance F, it eventually turns into acid J
(reaction 10), with the mass loss being 15.68%. After increasing the temperature, compound J
forms oxide K (reaction 11). The latter, when continued heating, forms oxide L (reaction 12),
which can be obtained directly by heating compound D (reaction 13).

The titration of 20 ml aliquot of solution of 5 g of compound F dissolved in 200 ml of
water requires 8.71 ml of 0.5000 M KOH solution (reaction 14). The resulting solution of
compound M can react with a mixture of silver nitrate and potassium persulfate with the
formation of compound N (reaction 15). N contains 6.48% of K, 42.38% of X, and 17.93% of
Ag in an unusual oxidation state. The scheme of all the transformations is presented below:

AgNO;
K,S,05 KOH t=160"C t=300"C
N=<———M= > J ——

A

HCIO, t=400°C
H,0
Na,CO Z -
A—»B ">X"%2D " »L
0,/t
H,S0,
(CH3)NF (CH3)NF
C —H | |
Questions:

1. Determine the compounds A — N, X and Y, proving your solution with the calculation. Write
down the equations of reactions 1 - 15.
2. Draw the structure of substances E and F, as well as anions of compounds H, I and N.
3. Explain which acid (J or C) is stronger and why?
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Problem 5

New elements and
mammoth age

The synthesis of new, heavy and super-heavy elements is one of the most difficult tasks
of modern chemistry and physics. The search for such elements is not just entertaining physics
and chemistry, but the foundation of new, breakthrough technologies.

As a result of many years of intensive work, scientists synthesized several new chemical
elements, which were obtained by bombarding a heavy element target with a light isotope. The
isotope of the light element X (the mass fraction of neutrons in the nucleus is 58.33%) was used
for the synthesis of the last 7 elements of the periodic table. It is interesting in that it has 8 more
neutrons than the most common isotope of element X. The last opened element - Oganesson
(Og, 118th in a row) is named after the Soviet and Russian scientist, academician of the Russian
Academy of Sciences, scientific leader of the Flerov Laboratory of Nuclear Reactions at the Joint
Institute for Nuclear Research Yuri Oganessian.

The most of chemical element has a few radioactive isotopes, but not all elements have at
least one stable isotope; thus, all known isotopes of all elements that are located after the lead in
the periodic table are radioactive. Humanity is currently using the phenomenon of radioactivity
in the energy, medicine, archeology, agriculture, etc. Applications of radioactivity constantly
expands.

An interesting application of radioactivity is the method of dating archaeological and
geological finds based on the concentration measurement of radioactive isotopes. The most
commonly used radiocarbon dating method. The *C isotope is constantly formed mainly in the
upper atmosphere at a height of 12—15 km in the collision of secondary neutrons from cosmic
rays with the nuclei of atmospheric nitrogen (reaction I). Plants and other organisms consume
carbon from the air, and both isotopes accumulate in them in the same proportion as in the air.
After the death of plants, they cease to consume carbon and the unstable isotope as a result of
decay gradually turns into nitrogen (reaction 2). By accurately measuring the relative
concentration of radioactive carbon in the remains of ancient organisms, we can determine the
time of their death.

Questions:

1. Determine the isotope of the element X.

2. Write the nuclear reaction of the 2330g, if it is known that three neutrons are also produced.

3. Fill in the empty cells of the table, if the names of the elements Ne 113-117 are: Flerovium,
Tennessine, Livermorium, Moscovium, Nihonium (names are not consistent).
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Number of the The first latin name Modern IUPAC name
element
113 Ununtrium ?
114 Ununtetrium ?
115 Ununpentium ?
116 Ununhexium ?
117 Ununseptium ?
118 ? Oganesson

4. Name the Russian city in which the Institute for Nuclear Research is located. Element
Oganesson is named after a scientist during his lifetime, there are only two such elements. Name
the second such element.

5 Write a nuclear reaction in which '*C is formed in the atmosphere and the reaction of its
decomposition (B-decay).

6. Build a “C decay schedule (The half-life period for *C is equal to 5700 years. The living
tissue which is in active contact to atmosphere has activity of 15.3 decays/min counting on 1g of
carbon.).

7. In the territory of Yakutia there’re about 80% of all finds of remains of mammoths in the
world and other fossil animals with preserved soft tissues. Calculate the age of the mammoth, the
remains of which are found on the Aldan river, if it is known that remains’ B-activity is 6.5
decays/min per 1 g of carbon.

Problem 6

F

Mission impossible ﬁw

E ‘;‘.,‘_:
Chemist Aytal was tasked with drawing a titration curve. For this purpose, he was given
20 ml of 0.1M arsenic acid solution, which is to be titrated with 0.1M NaOH solution. Acidity
constants of three neutralizing acids: ki = 5.98*1073, ko = 1.05*107, k3 = 3.89*10712,

1. Write the equation of electrical neutrality.

2. Express the electrolytic dissociation constants ki, ko, k3.

3. Write the equations of the neutralization reaction for each stage.

4. Calculate the pH value before titration, taking into account that the dissociation of
the multibasic acid in the second and third stages is negligible compared to the first stage.

5. Find pH values at all three equivalence points. What are the indicators and why
would they be suitable for titration (methyl orange, methyl red, neutral red, phenolphthalein,
thymol blue)?

6. Calculate pH by the formula for buffer solutions (1) taking into account k and salt

accumulation in the solution with 0 ml of titrant.
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C
pH = pKys — g (D

Csaie
Based on the information received, construct a pH titration graph from Vnaon and fill in

the table.

Cacid

V,, ml

é_"
=
s

Csalt
?

0
5
10
15
18
19.8
20
20.2
22
30
35
38
40 ?
f— degree of titration

R B B B B R S B Rl B IR N e R VN )

N N N | D | D | N0 NI 0| N2
N | | 0| N O D N D] D] | D

Nitrant _ CeVi

f= =
nanalyte Cava

7. What salts are formed at equivalence points?

Note:

The logarithm is the inverse function to exponentiation. The logarithm of x to base b is denoted
as logy (x). More explicitly, the defining relation between exponentiation and logarithm is: logy (x) =y,
exactly if ¥’ = x. For example, log> 64 = 6, as 64 = 2°. The logarithm of x to base 10 is called the common
logarithm and is denoted as Ig (x).
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SENIOR LEAGUE

Problem 1

Tomtor - Arctic storeroom for
the whole planet

Tomtor Deposit is located within Oleneksky District of Sakha Republic (Yakutia).
According to the experts, reserves of niobium and rare-earth metals (REM) in the deposit exceed
of the world’s largest deposits - those of Araxd Mine in Brazil and Bayan'obo Mining District in
People’s Republic of China, which today produce around 90% of the market share. Academician
Nikolai Pokhilenko is sure that in the future this arctic mining complex can appear as «pantry for
the whole planet».

REM is a strategic mineral and the key component of modern high-tech products which
have a huge potential in the aerospace, transport, and energy industries. With the development of
microelectronics (high-speed memory systems) and other new fields of technology, metal X, one
of the main components of the Tomtor Deposit, began to attract especially close attention of
material scientists. There is no doubt that with the improvement of the technology and reducing
the cost of X production, the field of application of this d-metal will significantly expand.

Simple substance X is a lightweight silver metal with a characteristic yellow tint. The
metal is considered to be one of rare-earth metals and has a high melting temperature (melting
point = 2450 °C). It was predicted in 1870 by D. I. Mendeleev, and discovered in 1879 by
Swedish chemist L. Nilson.

Below is a diagram of the transformations of compounds containing element X:

[6] lil.
X Hypo,
| |
C _‘NaOH (aq.) X HCI -D Na,CO;4 I
H0
0, H,C,0, N(;i%gsg});
o & \
| < 2 |
B = R A e G J



Additional information:

Compound

B

F

H

I

J

K

w(X), %

19.73

7.59

42.52

36.86

11.24

13.38

- coordination polyhedron of anion in compound B is an octahedron;

- it is known that H contains a cluster in which X atoms are located at the vertices of the
octahedron;

- compound I contains two different types of anions;

- compounds B, C, F, J, K are complex;

- the number of ligands in compounds F and J is the same;

- all mass fractions of metal X are given for anhydrous compounds;

- when calculating, use molar masses of elements with precision to hundredths of g/mol.

Questions:

1. Name element X knowing that compound A contains 34.80% oxygen.

2. Decipher the chain of transformations, write the equations for all the reactions, and
specify unknown compounds A — K. Prove your answers with the calculations.

3. Draw the structure of anion of compound H.

Problem 2

What can be common between the fruits
of tomato and mango?

The Young Chemist tried to synthesize compound I, which causes the red color of the
tomato. The synthesis starts from colorless liquid compound A, which relates to fragrant oils and
has the characteristic smell of roses. The scheme of transformations is given below:

PBr3 PhSOZNa 1)t—BUOK SeOZ, t-BuOOH 1) (COCI)Z, DMSO
A D E F
2) Et;N .
C1oH1g0 2) B CheHa50,S CoeHag0us 2 0 | DBuL
0 2) C
”_o@| N THF - Tetrahydrofuran, KOMe, A Ethyl Vinyl Ether,

Pyridinium p-toluenesulfonate

DMSO - Dimethylsulfoxide

CaoHs6

Co6Ho4010S3

PPTS

MeO- = CH30-, Ph- = CGH5-, Et- = C2H5-,
£:BUO- = (CH3)sCO-, n-Bu- = n-C4Hg-

PPTS  CggH7505S3

The Young Chemist did not know how to get compound G from F. However, he found a
piece of the yellowed page of the Old Chemist's laboratory journal, which is given below:
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Questions:

1. Draw structural formulas of the compounds A - T (stereochemistry can be omitted), if 'H
NMR* spectrum of acyclic compound A (25 MHz, CDCI3, 6, ppm): 5.46 (t, 1H), 5.09 (t, 1H),
4.16 (d, 2H), 3.65 (br. s, 1H), 2.15 (m, 2H), 2.07 (m, 2H), 1.70 (s, 6H), 1.61 (s, 3H). The
substance F is unsymmetrical and in the '"H NMR spectrum there are two characteristic singlets
at 0 = 9.36 and 9.38 ppm. The main carbon chains in compounds G, H, I consist of 32 atoms.
The substance I is aliphatic polyene with terminal sp*-hybridized carbon atoms. In this
compound there are two double bonds which are not conjugated with others.

* Used abbreviations: s - singlet, d - doublet, t - triplet, m - multiplet, br. s — broad singlet.
2. Calculate the mass (g) of compound C used by Old Chemist in the #359.
3. Based on the page of Old Chemist's laboratory journal data, describe low yield of product G.

4. Explain, why compound I dyes tomatoes in red color?
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However, substance I is contained not only in tomato, but also in guava, watermelon, and
even mango. Mango is also notable for the fact that it contains mangiferin - xanthone glycoside,
which performs almost the same functions as substance I in tomatoes. Below is a diagram of its

synthesis:
OH
BnO NPh
OH 1) (CH,),S04(0.5 mol), /@\ Bngﬁo Iy
NaOH q) , HO OH < 1) BHg, Tetrahydrofuran . BnO OBnO CF3
HO 2) K;8;08 NaOH(ug), 0°C  CgHgOs P2Os CH3SOsH  CygHis058 2 BT @mol), ¢, 1,0,  CF3S05Si(CHy)s
coon KoCO3, DMF CHLCl,
HO o OH BBrs 1) (PhgP)3RNCI, N(CoHy)s A DDQ
e L T ° ~ e
HO™ ol OH CHoClz CugHyOqy  2) N@OH(ag), Dioxane, A Dioxane  ¢. He0,,8
OH O
Mangiferin o}
N
C49H450 Cl CN
19H18014 [NJ
N2(C2Hy)s, Cl CN
1,4-diazabicyclo[2.2.2]octane 0
Bn- = C6H5CH2- DDQ
DMF - N,N-Dimethylformamide ~2-3-Dichloro-5,6-dicyano-
1,4-benzoquinone

5. Draw structural formulas of the compounds J - O (stereochemistry can be omitted). Hint:
compound J is a para-diphenol. In 3C NMR spectrum of compound K there is signal in § =
178.4 ppm and one of its benzene rings does not contain hydroxyl groups.

6. What is the similar function of substance I and mangiferin in the fruits of plants? Explain it,
based on the structure of substances.

Problem 3

Methanol in industry

Methanol, which is produced in industry mainly from a mixture of gases X and Y, has a
large synthetic potential for industrial organic synthesis. This can be demonstrated by the
following scheme for obtaining substances A1 — Az, B1 — Bs, C1, Cz, which are additionally
known:

1) the molar heat of combustion increases in the series A1, Az, As;
2) C2 — common solvent;
3) 3 signals are detected in the "H-NMR spectrum of the substance Bs4: doublet (3H), quadruplet

(1H), singlet (6H);
4) Bs — monomer, used for the production of copolymers-adhesives;
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5) B3 gives only By when hydrolyzed.

Questions:
1. Write the structural formulas of unknown substances Aj; —A3, B1 — Bs, Ci, C2, X, Y.

Nowadays, about 40% of the methanol produced in the world is spent on formaldehyde
production. One of the main ways to accomplish this transformation is the oxidative
dehydrogenation of methanol, during which a mixture of methanol and oxygen is passed through
a silver catalyst. In this case, two reactions take place, for which the changes in enthalpy and
entropy are known:

CH;OH = CH:0 + H» AH;° = 85.1 kJ/mol, A;S:°=109.3 J/(mol-K)
2CH30H + O2 = 2CH20 +2H2O0  A/H2° =—313.4 kJ/mol, A,S2° = 30.2 J/(mol-K)

The reaction takes place at a constant pressure in the adiabatic reactor, so all released or
absorbed heat effects only on the temperature change. Because of this reason, it is very important
to model the heat exchange in the reactor in such way that the temperature in it does not change.

2. Considering that both reactions go to the completion, find the molar fractions of oxygen and
methanol in the gas mixture, which must be used for the remaining the constant temperature in
the reactor.

In fact, one of the reactions is reversible, which must be taken into account in such a calculation.
A mixture of methanol and oxygen with a total pressure of 1.0 atm at 600 °C is introduced into
the reactor. During the reaction, the pressure is kept constant.

3. Calculate equilibrium constants and conclude which of these reactions is reversible.

4. Find the mole fractions in the mixture of methanol and oxygen that must be introduced into
the reactor under the described conditions so that the temperature in the reactor remains constant.

5. Determine the yield of formaldehyde in one cycle under the described conditions.
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Problem 4

Mission impossible M

Chemist Aytal was tasked with drawing a titration curve. For this purpose, he was given
20 ml of 0.1M arsenic acid solution, which is to be titrated with 0.1M NaOH solution. Acidity
constants of three neutralizing acids: ki = 5.98*1073, ko = 1.05*107, k3 = 3.89*107!2,

1. Write the equation of electrical neutrality.

2. Express the electrolytic dissociation constants ki, ko, k.

3. Write the equations of the neutralization reaction for each stage.

4. Calculate the pH value before titration, taking into account that the dissociation of the
multibasic acid in the second and third stages is negligible compared to the first stage.

5. Find pH values at all three equivalence points. What are the indicators and why would

they be suitable for titration (methyl orange, methyl red, neutral red, phenolphthalein, thymol
blue)?

6. Calculate pH by the formula for buffer solutions (1) taking into account k and salt
accumulation in the solution with 0 ml of titrant.
C
pH = pKya — lg (1)
salt

Based on the information received, construct a pH titration graph from Vnaon and fill in
the table.

Voml | f, Cacia pH
Csalt

0 ? ? ?

5 ? ? ?
10 ? ? ?
15 ? ? ?
18 ? ? ?
19.8 ? ? ?
20 ? ? ?
20.2 ? ? ?
22 ? ? ?
30 ? ? ?
35 ? ? ?
38 ? ? ?
40 ? ? ?

f— degree of titration
f= Nitrant _ CeVi

nanalyte Cava
7. What salts are formed at equivalence points?
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Problem 5

Reading genes

A DNA molecule consists of complementary
nucleotide sequences. Complementary base pairs are
A-T (adenine-thymine) and G-C (guanine-cytosine).
To determine the nucleotide sequence of DNA, you
can use the following method which is called “Sanger
sequencing’:

1) A primer is added to the single-stranded
DNA fragment. Primer is an initiator of synthesis and
is an oligonucleotide that joins the single-stranded
DNA fragment complementary, for example:

3"-ATCNNNNNNNNNNNN-5"
5°-TAG-3"

In this example, 5’-TAG-3’is a primer.

2) A mixture of ANTP (deoxynucleoside triphosphate) molecules and one of the kind of
ddNTP (dideoxynucleoside triphosphate) molecules is added, where N is a nitrogenous base (A,
T, G, C). ddNTP modified with a fluorescent label.

o) o) N
Il I |
—P—O—FI’—O—F’—O o ANTP
o} (o) o H
H H
OH H
o) o) N
Il I |
—P—O0—P—0—P—0 o
| | ddNTP
(o} lo} o
H H
H H

3) A DNA polymerase enzyme is added that catalyzes the complementary attachment of
nucleotides to the growing chain. The synthesis goes in the direction of 5°-3°, while there is a
free 3"-end. DNA fragments of different lengths are obtained, then separation of fragments in the
gel is carried out by electrophoresis in denaturating conditions.

As a result of Sanger sequencing of unknown DNA fragment, the following picture of the
bands distribution in the gel depending on the added ddNTP molecule is obtained. The direction
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of movement of the bands is shown by an arrow, each band corresponds to the DNA fragment
with certain length:

ddATP ddTTP ddCTP ddGTP

Questions:

1. Write the chemical reaction that DNA polymerase catalyzes. What does a joining of ddNTP
cause?

2. Determine the unknown nucleotide sequence of the DNA fragment (excluding primers), if the
short fragments move faster in the gel than the long ones. Specify 5 and 3" ends.

One of the promising sequencing methods is based on the study of DNA denaturation with
increasing temperature. So, a mixture of fragments of different lengths, obtained by Sanger
sequencing, is subjected to denaturation. The process is monitored by changes in fluorescence
intensity. In this experiment, ddNTP have different fluorescent labels. This process can be
described by the scheme:

K
D ‘—‘ Sl +Sz*

where D — double-stranded DNA; S; — single-stranded DNA; S»* - single-stranded DNA with
fluorescent label. The temperature at which 50% of the DNA is denatured is called melting point
Twm. Let f be the fraction of form D equilibrium

concentration from its initial concentration C.

3. Derive expression for melting point 75, as a 104
function of A4H° and Cp from expression ’
AG°=4AH°-TAS°=-RTInK and answer the following

question: how does 7, depend on S>* length?

4. The theoretical denaturation curve is as follows. o0

Draw on one graph a qualitative view of the

theoretical denaturation curves f{7) of Sanger

sequencing products for the fragment of DNA with 0,0

an unknown nucleotide sequence from item 2. T

Clearly mark the lines corresponding to different
fluorescent labels.
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Problem 6

Difficult Kinetics ’/ \ Wﬁ%%ﬂ

An interesting chemical phenomenon is oscillatory reactions, the most famous example
of which is the Belousov-Zhabotinsky reaction. In this reaction the oxidation of malonic acid
occurs with potassium bromate, catalyzed by cerium (III) ions in a sulfuric acid medium.

For a detailed study of the mechanism of this reaction, it is necessary to know the
mechanism of the reaction of the oxidation of cerium (III) ions with bromate ions. Such work
was carried out by Noyes, Field and Thompson in 1971.

As it turned out, under conditions of excess cerium (III) ions and in a highly acidic
medium, the oxidation stoichiometry is as follows: 1 bromate ion is required for oxidation of 4
cerium (III) ions.

Questions:

1. Write ionic equation for the reaction between bromate and cerium (III) ions corresponding to
the given stoichiometry.

For the reaction under conditions of excess cerium (III), the following mechanism was proposed,
which describes the experimental data on the reaction orders for the reagents:

HBrO> + BrO;~ + H" — 2BrO,- + H,O ki
BrO;- + Ce** + H" — HBrO» + Ce** k2
2HBrO; — BrOs;~ + HOBr + H* k3

Where k; — the rate constant of the corresponding stage.
For BrO,- and HBrO; particles, the steady state approximation is applied. It means the rate of
change of their concentration can be considered equal to zero.
2. Apply steady state approximation for BrO>- and HBrO; particles and:
a) obtain expression for stationary concentrations of these particles;
b) derive the kinetic equation for the rate of change of the concentration of bromate ions.
The expression you get ean may contain only rate constants and reagent concentrations
(H*, BrOs™ and Ce*).
3. Determine the reaction order for bromate ion and cerium (III).
According to experimental data, k3 =4.0-10" M!'s!. To determine the rate constant k;, cerium
(IIT) nitrate was reacted with potassium bromate in nitric acid. The initial concentrations of the
reactants are known: [BrOs ], = 0.0050 M, [Ce*"], = 0.100 M, [H"] = 0.250 M. After 500 s, the
concentration of cerium (IV) was [Ce*] = 0.0056 M.
4. Determine BrOs3™ concentration after 500 s since reaction start. Consider that intermediates
concentrations (BrO2-, HBrO) are small in comparison with reagents concentrations.
5. Determine the rate constant k;. Consider that [H*] is constant. To solve, use the result of item.
2.
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JUNIOR LEAGUE. SOLUTIONS
Problem 1

1. Let’s calculate the composition of compound A. It should have a formula X>0,, which

means that w(0) = —o— by trying different values of n we can find the formula of
M(X)+8n
compound A:
n M(X) X
1 18.15 -
2 36.3 -
3 54.45 -
4 72.6 Ge
5 90.75 Zr (doesn’t match)
6 108.9 -
7 127.05 -
8 145.2 Pm (doesn’t march)

Which means that compound A is GeO., and “eka-silicon” is Germanium. Thus,
dissolution of germanium in a mixture of hydrochloric and nitric acids will result in compound
B, - that is, H2[GeCls], - and dissolution of germanium in a mixture of potassium hydroxide and
hydrogen peroxide will lead to the formation of compound C, - that is, K2GeOs3.

2. Let’s calculate the composition of compound C. It should has a formula X,0,, which

means w(Cl) = %, trying different values of n we can find the formula of compound
C:

n M(X) X

1 23.24 -

2 46.48 -

3 69.72 Ga

4 92.96 Nb

5 116.2 -

Since the properties of Niobium are quite different from those of aluminium, then D is
GaCls, and “eka-aluminium” is gallium.

Let’s calculate the composition of E:

w(Ga) w(Cl)  49.58 5042
M(Ga) M(Cl) 69.723°35.453

Which means that E is GaCl,.

n(Ga) : n(Cl) = =0.711:1422=1:2
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3. Elements of groups 3 and 13 have the most similar properties to those of “eka-boron”.
Looking back to the points 1 and 2, we can deduct that elements with prefix “eka-* are situated
one period lower than those without the prefix (gallium is one period lower than aluminium,
germanium is one period lower than silicon) so “eka-boron” cannot be in group 13 as the
element below the boron is aluminium. Thus, “eka-boron” is in group 3 and it is scandium.

Then F is ScCl;, and after adding sodium carbonate the precipitate was most likely
scandium carbonate hydroxide Sc(OH)3*xSc2(CO3)3

15.999:3+15.999-9x

Thus we have: w(0) =
95.977+269.936x

Solving the equation we have x = 1 which means that G is Sc(OH)CO:s.
4. The reactions are:

1) Ge + Oz = GeO>

2) 3 Ge + 4 HNOs + 18 HCI = 3 H2[GeCls] + 4 NOT + 8 H20O

3) Ge + 2 KOH + 2 H20; = K2GeOs + 3 H,0

4)2 Ga+3 Clo =2 GaCls

5) 2 GaCl; + Ga= 3 GaCl,

6) 2 Sc+ 6 HCI =2 ScCl; + 3 HoT

7) 2 ScClz + 3 NapCOs + H20 = 2 Sc(OH)CO3| + CO,T + 6 NaCl
Evaluation system:

1. Modern name of “eka-silicon” — 0.5 points, compounds A, C — 1 point each, 4 points
compound B — 1.5 points.

2. Modern name of “eka-aluminium”— 0.5 points, compounds D-E — 1 point each. | 2.5 points

3. Modern name of “eka-boron” — 0.5 points, compounds F-G — 1.5 points each. | 3.5 points

4. Reactions 1-7 — 1 point each. 7 points
TOTAL | 17 points

Problem 2

16n
2M(X)+16n

Which means that M(X) = 14,989 n. When n = 3, M(X) = 44.97 g/mol, which matches
the molar mass of scandium (X — Sc), then compound A is Sc20s. This metal is rare-earth

1. The formula of the oxide is X2On, wX) =

element.

2. The reaction of scandium with oxygen leads to the formation of compound A — Sc20s.
Indeed, the most stable oxidation state of scandium is 3. Then, the interaction of Sc,O3 with a
mixture of NaF and HF forms a complex compound B is Naz[ScFs], - that is, trisodium

A% = 0.1973).

22.99-3+44.96+19.00-6

hexafluoroscandate (w(Sc) =
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Reaction of scandium with an aqueous NaOH solution forms a complex Naz[Se¢(OH)s] or
trisodium hexahydroxoscandate (III).

The reaction of scandium with HCI forms chloride D, - that is, ScCls. Then, the reaction
of ScCls with oxalic acid forms a precipitate of neutral salt G, - that is, Sc2(C204)3; or scandium
oxalate (III).

When Sc2(C204)3 is roasted, it converts into oxide A, - that is, Sc203, - thus releasing
carbon dioxide.

The addition of NH3 solution results in the formation of compound E, — that is, Se(OH)3,
— scandium (III) hydroxide precipitate. Let the complex F be mononuclear, then its molar mass is

equal to M(F) = 043'79569

547.40 g/mol. Most likely, it corresponds to the sum of molar masses of an unknown number of
oxalate ions and potassium ions. Let's write the following equation: 39.10n + (12.01-2 +
16.00-4)m = 547.40. This equation must be solved in integers. We obtain that the only integer
solution is a pair of numbers n = 5 and m = 4. Therefore, the complex F is Ks[S¢(C204)4]

= 592.36 g/mol. The molar mass of the residue without scandium is

44.96
(w(Sc) = 39.10-5+44.96+(12.01-2+16.00-4)-4 0.0759).

Further, when ScCls is reduced by scandium at high temperature, it is partially converted
to the compound H, - that is, S¢7Cliz: o(Cl) = 1 — 0.4252 = 0.5748 = ——2" 1 — | 7145m

35.45n+44.96m’
(ScnCly), at m = 7 we obtain Sc7Cli2. Since the scandium atoms located at the octahedral vertices

of the polyhedron, we can infer that the ion in the external sphere is Sc**, and the ion in the
internal sphere is [SceCli2]*". Thus, compound H is S¢>*[SesCliz]*.

When an aqueous solution of sodium carbonate is added to the ScCls solution, the base
salt I, — that is, Sc(OH)COs, - is formed (w(Sc) = 4490 = 0.3686).

44.96+1.01+16.00-4+12.01

When an excess of aqueous sodium carbonate solution is added, the precipitate dissolves

and compound J, — that is, Nas[Sc(CQOz3)s] complex, - is formed. Let’s prove it with the
44.96
0.1124

400.00 g/mol. The molar mass of the residue without scandium is 355.04 g/mol. Most likely, it
corresponds to the sum of molar masses of an unknown number of carbonate ions and sodium
ions. Let’s write the following equation: 22.99n + (12.01 + 16.00-3)m = 355.04. From the
problem description we know that the number of ligands in the complexes F and J is the same,

which implies that m = 4. Then n = 5. Therefore, the complex J is Nas[Sc(CO3)4] ((o(SC) =

44.96
22.99-54+44.96+(12.01+16.00-3)-4

calculation. Let the complex J be mononuclear, then its molar mass is equal to M(J) =

- 0.1124).

By adding a phosphoric acid solution to Sc(OH)CO3, we obtain a compound K — that is,

Hs[Sc(PO4)3] complex. The answer can also be proved by calculation. Let the complex K be

mononuclear, then its molar mass is equal to M(K) = 04;}':368 = 336.02 g/mol. The molar mass

of the residue without scandium is 291.06 g/mol. Most likely, it corresponds to the sum of molar
masses of an unknown number of phosphate ions and protons. Let's write the following equation:
1.01n + (30.97 + 16.00-4)m = 291.06. This equation must be solved in integers. We find that the
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only integer solution is a pair of numbers n = 6 and m = 3. Hence, the complex K is
Hs[Sc(POy4)s3].

The reactions:

1) 4Sc+302 — 2Sc203

2) Sc203 + 6NaF + 6HF — 2Na3[ScFg] + 3H20

3) 2Sc + 6NaOH + 6H20 — 2Na3[Sc(OH)s] + 3HaT
4) 2Sc + 6HCI — 2ScCls + 3HaT

5) ScClz + 3(NHz-H20) — Sc(OH)3| + 3NH4Cl

6) Sc(OH)z + 4K2C204 — K;5[Sc(C204)4] + 3KOH
7) 2ScClz + 3H2C204 — Sc2(C204)3] + 6HCI

8) 28ca(C204): + 302 5 28205 + 12C0;T

9) 4ScCls +3Sc = SerCli

10) 2ScCls + 3Na2CO3 + H20 — 2Sc(OH)COs) + COa] + 6NaCl
11) Sc(OH)COs3 + 3Na2CO3 — Nas[Sc(CO3)s] + NaOH

12) Sc(OH)COs + 3H:PO4 — He[Sc(POs)s] + CO2T + 2H20

KoC,0, @
Ks[Sc¢(Cr04)4] Zlé + Se(OH)3 Sc;Clyp He[Sc(POy)5]
® A A
t§8 H;PO,
®
: NaOH {(aqg. |
Nas[Se(OH)g] ) Sc SeCly — 222w Se(OH)CO;
2
0, H,C,04 Efj‘\%ﬁ%
N Y Y
Nas|[ScFg] S 56203 <—Z— 5¢x(Cy04)3 Nas[S¢(CO3)4]
© O)

3. Anion structure H:
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[SceClin]*

The scandium atoms are located at the vertices of the octahedron, and the chlorine atoms
are located above the edges of the octahedron.

Evaluation system:

1. | Correct formula of element X — 1 point 1 point

2. | Reactions 1-12 — 0.5 points each, compounds A — K - 1 point each 17 points

3. | The structure of the anion H — 2 points 2 points
TOTAL: 20 points

Problem 3

1. It's known that X1, Y1, Z1 form precipitates reacting with bicarbonate anion, Xo u

Y consist of 4 elements and these precipitates unlike Zo when reacting with HCI form some
colorless gas. Thus X» u Y> must be some metal basic carbonate(xM(OH) yMCO3) or carbonate
hydrate(MCO3-xH20), in this conditions the formation of bicarbonate precipitates are
impossible. Then Z; is some hydroxide which formed due to hydrolysis. Such behavior is typical
of triply charged cations (Fe**, A", Cr’* etc.). It's confirmed by the fact that there are two and
three charged cations (M1 and M) in the spinels synthesized by sintering both X» and Y> with
7. Then oxidation state of X and Y is +2, Z is +3. It is consistent with the “corner” arrangement
of the elements in the periodic table.

The formation of quad-core complexes with carbonate ions, which is indicated in
question(section) 2 is characteristic of beryllium. Then X — Be, Y — Mg, Z — Al.

The exact composition of X> u Yz can be calculated using the data of the reaction with

1.22.4-1000
200

= 52 g/mol, it is not suitable for the crystalline hydrate but it corresponds to basic carbonate

hydrochloric acid. The molar mass of X> without 1 carbonate ion will be M = 60
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Be(OH),-BeCOs (52 = 9-2 + 17-2). For Y2 M = -

for magnesium carbonate hydrate: Y>=MgCO3-3H,0.

1-22.4-1000

— 60 = 78.27 g/mol, it’s suitable

The synthesis reactions of the oxides from the crystalline hydrates are the following:

MCl-nH20 5 BeO + 2HCI1 + (n—1)H,0 (M = Be, Mg)
2AICL nH0 8 ALO; + 6HCIY + (27-3)H,0

If we assume that the mass of the initial crystalline hydrate was 100 g and the mass loss in

grams is designated by b we will get the following

equation for Be and Mg

100 _ 100-b and similar one for Al then the expressions for calculating the number of
M e, 120 M,
crystalline water molecules are given below:
100:M,,,
AN o A BeCl2
Xi:n = 100-83.54 4
MHzO
100:-M,,,
ThAn on 1A oCl2
Yy, - 100-80.17 "
MHzO
100'MA[203
N 1NN Mo ooN AlCI3
Zin - 2+(100-78.88) _ 6
MHzO
X - Be X1 —BeCl»4H,0 X2 —(BeOH)2CO3 A — BeAlO4
Y - Mg Y1 — MgCly-6H,O Y, - MgCO;3-3H,0 B — MgAl,0O4
7 —Al 71 — AICl3-6H,0 7, — Al(OH);3

2. Equations:

14)  2BeCly-4H,0 + 4NaHCO3; — (BeOH),CO3] + 4NaCl + 3CO 1+ 5H20
15) MgCl2-6H20 + 2NaHCO3 — MgCO3-3H20| + 2NaCl + CO 1+ 4H20
16)  AICl;6H,0 + 3NaHCO3; — AI(OH)3] + 3NaCl+ 3CO21 + 6H,0

17) (BeOH),CO3| +4HCl — 2BeCl; + CO21 + 3H20

18)  MgCOs-3H,0| + 2HCl — MgCl, + CO21 + 4H,0

19)  AI(OH)s] + 3HCI — AICL; + 3H,0

20) 2(BeOH)2CO3| + 4Na,CO3 — Nag[BesO(CO3)s]+ 2NaOH + H.O

21)  2AI(OH)s|+ Na;CO3+ H20 — 2Na[Al(OH)4] + 2CO,1

22)  4AI(OH); + (BeOH),CO; £52BeALOs + COstT + 7TH,20

23)  2AI(OH); + MgCO;-3H,0] 15 MgALO4+ CO,1 + 6H,0

24)  BeCly-4H,0 15 BeO + 2HCIT + 3H,0

25  MgCl-6H0 -5 MgO + 2HCI1 + 5H20

26)  2AICl-6H,0 5 AlLOs + 6HCIt + 9H,0

3. In the structure of the [BesO(COs)6]® ion beryllium atoms form a tetrahedron with an
oxygen atom in the center. All beryllium atoms are linked in pairs by bridging carbonate ions.
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4. AICI; can be obtained from aluminum by the reaction of chlorine with aluminum, from
AICI3-6H20 by the reaction with SOClz, from oxide by the action of a mixture CO and Clo,
carbon and Cl; or by the reaction with phosgene when heated:

4) 2Al+ 3Cl — 2AICI

5) AICl3-6H0 + 6SOCl> — AICI3 + 6SO21+ 12HCIT

6) ALOs+ 3C +3ClL, L5 AICI3t + 3COT wm ALOs+ 3CO +3ClL, 55 2AICIT +

3C0,1 umm ALOs+ 3COCL 55 2A1CI1T + 3CO,1

Evaluation system:

Correctly determined X, Y, Z and the formulas of substances A, B, Xi, X, Y1, 11 points
Y, 7.1, 7 - 1 point for each substance (without calculations 0.5 point per
substance)

2. Correct equations of reactions 1-13 - 0.5 point for each reaction 6.5 points
3. Correct structural formula of the ion [BesO(CO3)s]® — 1.5 points 1.5 points
4. Three correct equations of synthesis reactions of anhydrous aluminum 3 points

chloride - 1 point per reaction

TOTAL | 22 points

Problem 4

1. Since from the problem description we know the mass fractions of 2 elements in
compound D, we should begin the solution with deciphering this compound indeed. Let’s
assume that compound D contains only one atom of nitrogen in its molecule. Then M(D) =
14/0.0366 = 382.51 g/mol. Therefore, if compound D has only 1 atom X in its molecule, its M =
382.51*%0.6677 = 255.4 g/mol; if two, M(X) = 255.4/2 = 127.7 g/mol. The latter molar mass
corresponds to that of tellurium, which means that compound D is well known basic tellurium
nitrate Te2O3(OH)NOs. The problem description also confirms that X is tellurium: the element is
in the same group with sulfur, which is often found in native form and indeed contains impurities
of tellurium nugget (element Y is sulfur).
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Next, let’s consider compound A. Since the compound is a product of copper electrolytic
purification, it is logical to assume that it contains copper. The calculation of the mass fraction of
tellurium in compound A confirms our assumption and we can derive the formula Cu,Te: M(A)
= 127.7/0.5012 = 254.8 g/mol. When roasted with soda, this compound, along with other
products, forms sodium tellurite. This is also confirmed by the reaction of compound A with a
strong acid, which results in the formation of insoluble telluric acid (Tellurium(VI) hydroxide)
Then, as it is easy to infer from the problem description, the solution of B is reduced
electrolytically to tellurium.

The reaction of tellurium with water is quite easy to predict if one remembers the
similarity of this element with sulfur: similarly to the sulphur, reaction of tellurium with water
leads to its disproportion to the already known acid C and hydrogen telluride G, the formula of
which is confirmed by calculating its density: M(G) = 4.47*29 = 129.63 g/mol.
The reaction of tellurium with fluorine initially leads to the formation of TeF4 which then, when
heated, disproportionates to TeFs and Te. Hence, the compound E is tellurium hexafluoride. It is
known that tellurium in high oxidation states is able to have high coordination numbers, and the
reaction of E with tetramethylammonium fluoride firstly forms [MesN][TeF7] (compound H),
and then [MesN]>[TeFg] (compound I).

Aqueous solution of chloric acid oxidizes tellurium to the telluric acid, with the oxidation
state of tellurium being the same as in TeFs, which matches to the problem description. It is
logical to assume that, when heated, H¢TeOs lose excess water. Making calculations: 229.7 *
0.1568 = 36 g/mol, we obtain that the lost molar mass corresponds to two molecules of water,
hence J is HoTeO4. After further increase in temperature, the final dehydration takes place with
the formation of higher tellurium oxide - that is, compound K, - which, when continued heating,
disproportionates to TeO2 (compound L) and oxygen. Above mentioned oxide is also formed by
decomposition of Te,O3(OH)NO3, which confirms our assumptions.

There are only two compound left to determine. Reaction of F with potassium hydroxide
is a typical neutralization reaction, however, due to acid F having high basicity, it is not obvious
how many alkali equivalents are involved in the reaction. To find it, we use the titration data:
C(HeTeOs) = 5/(229.7*%0.2) = 0.1088 M. If only 1 equivalent of alkali is involved in the reaction,
then C(HeTeOg) = 8.71*0.5/20 = 0.2178 M, which does not match the problem description.
If 2 equivalents of alkali are involved, C(HsTeOs) = 8.71*0.5/20*2 = 0.1088 M. Therefore, the
reaction involves two equivalents of potassium hydroxide, and the final product is KoH4TeOe.
Substance N clearly demonstrates the property of salts of polybasic acids (such as telluric or
iodine) to stabilize metals in unusually high oxidation states. Potassium persulfate can oxidize
silver to the oxidation state 3, while tellurate binds to it to form a stable chelate complex. Based
on coordination number of silver in high oxidation state, which is equal to 4, the substance N is
KAg(H4TeOg)2. The mass fraction of the elements in this complex matches our findings: having
small mass fraction of potassium in the desired compound, we can assume that there is only one
potassium atom in the compound. Then, M(N) = 39/0.0648 = 601.85 g/mol. Hence, M(Te) =
601.85*0.4238 = 255 g/mol, which corresponds to two tellurium atoms in the molecule. M(Ag)
= 601.85*0.1793 = 107.9 g/mol, so there is one atom of silver in the molecule of compound N.

67



The remaining molar mass is 601.85-255-39-108 = 199.85 g/mol and it perfectly corresponds to
8 N and 16 O, so the anion in the salt doesn’t change in the reaction.

The reactions:

1. CuTet+tNa,CO3+20,=2CuO+NarTeO3+CO;
2. Na;TeO3+H20=Te+2NaOH+O;
3. Na;TeO3+H2S04=Na>SO4+TeO,*H,O
4. 2Tet9HNO3=Te,03(OH)NO3+8NO»+4H>0O
5. Te+3F,=TeFs
6. 5Te+6HCIO;+12H2,0=5H¢TeO¢+3Cl>
7. 3Te+3H,0=TeO,*H,O+2H,Te
8. TeFst[MesN]F=[MesN][TeF7]
9. [MesN][TeF7]+[MesN]F=[MesN]2[TeFs]
10. HsTeOs=H,>TeO4+2H,0O
11. HyTeO4=TeO3+H20
12. 2TeO03=2TeO,+0;
13. Te2O3(OH)NO3=2TeO,+HNO3
14. HeTeOst+2KOH=K,H4TeOs+2H,0
15. 2KoH4TeOstAgNO3+K2S:08=KAg(H4TeOs)2+2K2SO4+KNO3
Substances:
X —Te E - TeFs J - HyTeOq Y-S
A - CuyTe F - H¢TeOs K - TeOs
B - Na;TeOs G - HyTe L - TeO>
C - TeO>*H20 H- [Me4N] [TeF7] M - K>H4TeOs
D - Te2O3(OH)NO; I - [MesN]o[TeFs] N - KAg(H4TeOs)>2
2) Structures:
2- pr—
F
E B F
\ g / o o 2" \\\\ F
an/ \ e HO\T| /o\A P \T| _oH F—/Te\
z e g e F
% HO/|\O/ \/|\OH E
OH OH F
I N H
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F
E

3) HoTeOy is stronger than H2TeOs3 due to the presence of an additional oxygen atom in it, which
pulls the electron density from the tellurium, which in turn takes it from the oxygen of the
hydroxyl groups, contributing to an increase in the ease of tearing off the proton from them.

Evaluation system:

1. Correct equation and the coefficients for the reaction — 0.5 point for each 7 points
reaction

2. Correctly determined compounds - 0.5 point for each compound (without | 8 points
calculating, 0 points per compound)

3. Correct structural formulas — 1 point for each structure. 5 points

4. Correct answer with justification - 2 points (0 points if the answer is without 2 points
justification)

TOTAL | 22 points

Problem 5

1. It’s known that X is the light element. For the most common isotopes of light elements,
the number of protons and neutrons in the nucleus is almost the same or even the same. The
isotope which we’re looking for has 8 neutrons more. The mass fraction of neutrons in the
desired isotope:

x+8
2x + 8

x is the number of neutrons in the common isotope.

w(n) = =0,5833

The solution is x = 2(0. Because the number of neutrons and protons is the same, X is
calcium.

The answer is 43Ca.
2. By the laws of conservation of charge and mass, we find that the target is 24°Cf.
Nuclear reaction equation:

249Cf+ 48Ca N 2940g +3 én

Number of the The first latin name Modern IUPAC name
element
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113 Ununtrium Nihonium
114 Ununtetrium Flerovium
115 Ununpentium Moscovium
116 Ununhexium Livermorium
117 Ununseptium Tennessine
118 Ununoctium Oganesson

4. The city is Dubna, the scientist is american nuclear physicist Glenn T.
Seaborg (19.04.1912 — 25.02.1999). The element is Sg (1993 r.).

5. n+ 3N — 'C +p.
JC o IPN+e + 7.

6. Data for construction of a curve of radioactive disintegration of 4C:

Amount of half- Time, years Activity,
life periods life-period./min-g
0 0 15,3
1 5700 7,6
2 114000 3.8
3 17100 1,9
4 22800 1,0
5 28500 0,5

p-activity

15,0

10,0

85f——————

5,0

\
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|
|
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|
|
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i
0 11 1 _J
7000 10000 20000 30000
Time, yers

7. The age of the mammoth can be determined using the received graph - approximately
7000 years. The calculation using the nuclear decay formula gives a similar answer.
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Evaluation system:

1. Determination of the isotope of the element X 3 points
2. Correct nuclear reaction of obtaning 3330g 1 point
3. Each correct name — 0,5 points X 6 3 points
4. Correct name of the city 1 point
Correct scientist name 1 point
5. Each reaction — 1 point. 2 points
6. Correct graph 3 points
7. Correct age of the mammoth 1 point
TOTAL | 15 points

Problem 6

1. [H'] + [Na"] = 3 [AsO4*] + 2[HAsO4*] + [H2As047] + [OH]
5.k, = [IH2ASOR] | [HIHASORT] | - [H*][AsOFT]
[H3AsO,] '’ [HyAs0;] '’ [HAsOZ]
3. H3As04 + OH < H2AsO4 + H2O  ky =5.98%10°3
H2AsO4 + OH > HAsO4> + H2O k2 = 1.05*%1077
HAsO4* + OH > AsO4 + H,O k3 =3.89*10"2
4. Since the condition says that the dissociation of multibasic acid on the second and
third stages is negligibly small compared to the first stage, we can write [H]* within electrolytic
dissociation constants ki:
[H*]? = kiCo — ky[H*]
Solving a quadratic equation, we can write: [H'] = 0.02165M
pH = —Ig[H*] = —1g(0.02165) = 1.66
5. pH value in the first point of equivalence:
pK; = —lgk; = —1g5.98 x 1073 = 2.22
pK, = —lgk, = —1g1.05 x 107 = 6.98
PHer = 1/, (pKy + pKy) = 1/, (2.22 4+ 6.98) = 4.6
Since methyl red changes its color when the pH of the titration jump changes from 4.4
(red) to 6.2 (yellow), it is suitable for measuring pH at the first point of equivalence.
The pH value at the second equivalence point:
pK; = —lgk; = —1g3.89 x 10712 = 11.41
pHe, = 1/, (pK, + pKs) = 1/, (6.98 + 11.41) = 9.2
Phenolphthalein changes its color when the pH of the titration jump changes from 8.4
(colorless) to 10.0 (raspberry), it is suitable for measuring pH at the second equivalence point.
The pH value at the third equivalence point:

PHes = 7+ 1/, pKs + 1/51gCs =7+ 1/, x11.41 4+ 1/, 5 (-1) = 12205,
that is, the third point lies outside the phenolphthalein change area and therefore H3AsO4

cannot be titrated as a triple-base acid with any of the above indicators.
6.
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C..
V., M1 £ acid pH
Csalt
0 0 - [H+]=-1gVKC=-1gV/5.98*10-3*0.1=1.61
0.75 pH == pKya — lg Cha _ 59p_ lg3
5 025 E = 3 Csalt
' =2.22—-0.48 = 1.74
0.5
10 | 0.50 Ge=1 pH = 2.22 —Igl = 2.22
0.25
15 | 0.75 = =0.33 pH = 2.22 —1g0.33 = 2.70
0.75
18 | 0.90 010 o011 H=222-1g0.11 = 3.17
. 090 = pH = 2. g0.11 = 3.
0.01
19.8 | 0.99 599 = 001 pH = 2.22 —1g0.01 = 4.22
20 | 1.00 - pH, =1/, (222 +6.98) = 4.6
0.99
202 | 1.01 9 H = 6.98 —1g9.9 = 5.98
001 7 P 8
0.90
22 | 110 = H = 6.98 —1g9 = 6.03
010~ P 8
0.5
30 | 1.50 Ge=1 pH = 6.98 — Igl = 6.98
0.25
35 | 1.75 22— 033 pH = 6.98 —1g0.33 = 7.46
0.75
0.10
38 | 1.90 —— =0.11 pH = 6.98 —1g0.11 = 7.93
0.90
40 | 2.00 - pH,, = 1/, (698 +11.41) = 9.2

Accordingly, there should be three equivalence points on the titration curve. But the third
jump on the chart will not be visible, because you can neglect it.

94 [ ]
| Y
%_ 7 4 l/
6 - l-l/
5
Iy
4 - /.
3 . Ve
24 /'/
.__’-I
1 L] T L] T L]
0 10 20 30 40
Vt (ml)
7. In the first point of equivalence NaH2AsOs is formed, in the second point -

NaHASO4.
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Evaluation system:

1. Electron neutrality equation is correct 2 points
2. Electrolytic dissociation constants k1, k2, k3 are correctly expressed | 1,5 points
3. Neutralization equations for each step are correct 1,5 points
4. pH value before titration is calculated correctly 1 point

5. The pH values in all three points of equivalence are correct 3 points

6. The pH values are calculated correctly, the table is filled in and the | 3 points
graph is analyzed
The graphical view of the pH titration curve from Vnaon is correct 1 point

7. Salts formed at equivalence points are correctly given 1 point

TOTAL | 14 points
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SENIOR LEAGUE. SOLUTIONS
Problem 1
Solution of Problem 2 Junior league (20 points)
Problem 2

1. The degree of unsaturation of compound A is 2, which may indicate the presence of
two double bonds or one triple bond. According to the '"H NMR data, it can be verified that the
compound A contains two double bonds (6 = 5.46 and 5.09 ppm), which have substituents, as
well as the values & = 3.65 (br s, 1H) and & = 4.16 (d, 2H) ppm indicates the presence of the
fragment -CH>OH. Thus, substance A is geraniol.

Substance E, in contrast to substance D, possesses two hydroxyl groups that are in the
allylic terminal position due to the action of SeO and t-BuOOH. The edge position of hydroxyl
groups can be deduced from the spectral data of the substance F. Compound F is a dialdehyde,
not a diketone.

According to the chemical formula of substance I, we determine that it contains 13
double bonds. Based on the problem task, we can conclude that substance I contains 11
conjugated double bonds and two non-conjugated.

The structural formulas of the substances are given below:

)\/\)\/\ PBrs )\A/k/\ F’hSOgNa )\/\)\/\ ) BuoK il 73602’ reuoon
X N
SO,Ph N \
2) B

A

Cstsaozs

1)nBuli 2) C 502"“ ) (COCl),, DMSO 80Ph
Xo \)\A)\)\ﬁ/\ﬁﬂ
EtaN
SOQPh SOzPh OH EVE, PPTS SO,Ph SO.Ph o} O
A /K/\)\)\H\/\W\(\(\/\(
SOzP SO,Ph

CseHmOeSs
1

CyoHse - Lycopene

2. Based on the problem task, let's find the amount of substance F: 2.0 /442x103 = 4.52
mmol. Then, let's find amount of substance C, using equivalent in reaction # 359: 4.52x2.1 =

9.49 mmol. Based on it, let's calculate the mass of substance C, used in the reaction: 9.49x10"
3x278 =2.64 g.

3. Probably, the reason of low product yield was not so low temperature of the reaction.
Therefore, reaction was carried on the thermodynamic path, not in the kinetic path. Usually such
an aldol addition reaction is carried out using a strong base at -78°C. In addition, an excess of n-
BuLi can also lead to a decrease in product yield, due to the possibility of the reaction
proceeding primarily with aldehyde F, not with the nucleophile.
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4. Substance I - lycopene. The red color of lycopene is due to numerous conjugated
double bonds. Each double bond reduces the energy needed to transfer electrons to higher energy
states, allowing the molecule to absorb most of the visible spectrum, so the lycopene crystals are
red.

5. Substance J is obtained by selective methylation and then Elbs oxidation, which
usually leads to para-diphenol. The signal in the '3C NMR spectrum of the substance K at & =
178.4 ppm indicates the presence of a carbonyl group that is in conjugation with adjacent
benzene rings.

OH

~
OH 1) (CH,),S0; (0.5 mol), o /@\
NaOH g OH HO oH HO l ) BH3 Tetrahydrofuran
Ho/i 2) KpS,0g NaOHyq), 0°C  HO” i P205, CH3SO3H \,;(\‘:OSOzCHa 2) AP K,CO; DMF
COOH COOH OH O '
CisH120gS K
BnO
A is_‘
K\ 0 o 8o OJ\CF o)
DDQ BnO O O ~ BnO OBn 3 N O O
Dioxane BnO 0S0,CH;z  CF3S03Si(CHz)3 CHLCl, OSOZCHS
Bn
\/\ M
CssHs60125 C21 H220-,S
S
o} o} o}
B0\ o O O ~ 1) (PhgP)gRhCI, Na(CoHg)s, A BO HO O O BBr,
-~ BnO
BnO OBn o o OSOZCH32) NaOH,q), Dioxane, A BnOWOH CH,Cl,
/J Bn o4 o
7 N CagH44014 (o)

Cs5H54013S
3 O o
OH O

6. Both substances in the fruits of plants perform the function of antioxidants. The
presence of 11 conjugated double bonds causes a high antioxidant activity of lycopene,
protecting the plant from direct sunlight. In the case of mangiferin, the main role is played by the
hydroxyl groups of the benzene ring, which makes it a strong antioxidant. Mechanisms of action
can be depicted as follows:
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OH O OH O
ROO or O,
o O o) o)
e T IO
HOWO
OH O
Evaluation system:
1. For formulas of compounds A-I 1 pointx9=9
(stereochemistry is not taken into account) points
2. The correct calculation of the mass of substance C in reaction # 359 | 1 point
3. Right explanation for low yield of compound G in reaction # 359 1 point
4. The correct explanation for the red color of substance I 1 point
5. For formulas of compounds J-O 1 point x 6 =6
(stereochemistry is not taken into account) points
6. Correct indication of the function of substance I and mangiferin 1 point

Proper explanation of the mechanisms for substance I and mangiferin | 1 point

TOTAL | 20 points

Problem 3

1. Industrial methanol is produced from synthesis gas - a mixture of carbon monoxide and
hydrogen:

CO + 2H; — CH3;0H.
So, Y - CO, X — Ha.

When ammonia reacts with methanol, three compounds are formed - three substituted
methylamines. The heat of combustion increases in the series methylamine - dimethylamine -
trimethylamine, then A1 — CH3NHz, Az — (CH3):NH, A3 — (CH3)3N.

Cz is a common solvent formed by the reaction of C; with dimethylamine. The only
common solvent containing the —N (CHz3)> fragment is dimethylformamide. It can be formed
from formic acid esters. Then C; — HCOOCH3, C2 — HCON(CH3)a.

B: is formed by the reaction of methanol with CO, reacts with methanol in an acidic
medium when heated. This means that B — CH;COOH, B; — CH;COOCH;. B2 when reacting
with CO gives B3, which, upon hydrolysis, gives only acetic acid. Obviously, Bs — (CH3CO),0,
acetic anhydride.

Let's use the 'H-NMR spectroscopy to determine the structure of B4. The singlet with 6H
intensity can correspond to the two methyl groups of acetyl groups (since B4 is obtained from
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acetic acid). A doublet with 3H intensity corresponds to the ethylidene fragment (CH3CH =). As
a result, we obtain two variants of the B4 formula:

(1
O

) ()
I I J\ I
)ko O)k
Bs - monomer to obtain adhesives. Obviously, it is about vinyl acetate. It can be formed by

elimination of acetic acid from compound (2), but it is not possible to form vinyl acetate from (1)
when heated. This means B4 is CH;CH(OCOCH3)2, Bs is CH,=CHOCOCH:;.

As aresult, we have the following scheme of transformations.

2CO + H,

CH; HsC
CH;NH, THN  + N—CHj

CH

CHs RhCly KI, CHsl
BscH, Byo0=
0 t 0 CO+H, O CH,OH o CO o 0
- 3
o < HiC RKCl, HaC—< 7 H3c—<OC—>H " LA,
<\ O=< KI, CH;l Bl B2 3 B3 H, 3
CH, CHj

2. For the constancy of temperature, it is necessary that the total heat of the process be
equal to zero. Let x first reactions occur in the reactor and y reactions of the second.

Qz_(x'ArHl +y'ArH2)=O

_cAH, 3134
SR TR TR T g
n(0,) =y

n(CH;0H) = 2y + x = 5.68y
Molar fractions of methanol and oxygen:

n(0,) _ y
n(0,) + n(CH;0H) ~ y + 5.68y

x(CH;0H) = 1 — x(0,) = 0.850 = 85.0%

x(0,) = = 0.150 = 15.0%
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3. Let’s find the equilibrium constants of the first and second reactions to determine
which of them can be considered irreversible, and which reversibility must be taken into account.

K,=e RT T R =414

_ApHp° 4:8p°
K,=e RT "R =214-10%°

It can be seen from equilibrium constants the second reaction can be considered as irreversible
and quantitative but the first one should be considered as reversible.

4. So, let x mol CH30H and y mol O be introduced into the reactor. Since the second
reaction is quantitative, an equilibrium will be established between (x - 2y) mole CH30OH, 2y
mole CH>O and y mole H>O, which, however, does not participate in the first reaction, therefore
its presence in the reactor can be ignored. Suppose that during the first reaction, the amount of
methanol decreased by z mole.

n(CH3;0H) =x -2y —z
n(CH,0) =2y +z
n(Hz) =z
Nogy =X — 2y —z+2y+z+z=x+2z
Let’s express equilibrium constant through the mole fractions of the components:

_ p(CH,0)p(Hy) _ x(CH,0)x(H,) - p? _ x(CH,0)x(H,)
e p(CHBOH) B x(CHgOH) D - x(CH3OH) D,

Where p — total pressure in the reactor, equal to 1 atm.

_ x(CH;0)x(H;) ~ n(CH,0)n(Hy) Qy+2)z
1™ x(CH,0H) P n(CH3O0H)n,g, P (x—=2y—=2)(x+2)

1 =414 (%)

In addition, let’s use the condition of the constancy of temperature: Q = 0.
z-AH +y-4,H,=0

_ArHZ
ArHl

Z =

y = 3.68y

Substitute the resulting expression in (*).
(2y + 3.68y) - 3.68y
(x — 2y —3.68y)(x + 3.68y)

20.9024y?
(x — 5.68y)(x + 3.68y)

=4.14

=414

This equation is converted to quadratic with respect to x:
4.14x% — 8.28xy — 107.438y%2 = 0
The only positive root of this equation is x = 6.191y.

Mole fractions of methanol and oxygen:
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n(0
x(0,) = ©,) =Y _0139=139%
n(0,) + n(CH;0H) x+y

x(CH;0H) = 1 — x(0,) = 0.861 = 86.1%

As we see, taking into account the reversibility of the first reaction makes only minor
adjustments to the estimate calculation from p.2.

5. Formaldehyde yield is
_ 2y+z_ 2y + 3.68y

= = = 91.79
="y 6.191y &
Evaluation system:
1. 12 substances. 1 point per each substance. 12 points
2. Mole fractions of methanol and oxygen (1 point for each fraction) 2 points
3. Equilibrium constants of two reactions (1 point for each constant) 2 points
4. Equation connecting x with y 2 points
Mole fractions of methanol and oxygen (1 point for each fraction) 2 points
5. Calculation of the yield 2 points
TOTAL | 19 points

Problem 4
Solution of Problem 6 Junior league (14 points)
Problem S

1. DNA polymerase catalyzes the addition reaction of the ANTP molecule to the 3"-end of
the chain, and a 3°-OH nucleophilic attack occurs at the a-atom of phosphorus to form a
phosphoether bond. The leaving group is pyrophosphate.

5'-(DNA),-3'-OH +0- P —0- P — 5'-(DNA),,,-3'-OH + HP,0,*

|
p
O O

The addition of ddNTP stops the polymerization reaction due to the lack of a free 3'-OH
group.

2. Since the light fragments move faster than the heavy ones, the sequencing result should
be read from bottom to top as shown in the figure, without forgetting about the complementary
addition of nucleotides. Thus, the unknown sequence is as follows: 3'-TACGTTGAGCCG-5" or
5'-GCCGAGTTGCAT-3".
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ddATP  ddTTP ddCTP ddGTP

5
A G -
C -
C -
G -
A -
G -
T -
T -
G - -
C
A -
T -
3

3. The equilibrium constant for the above process is expressed in terms of concentration:

[511[S2]
[D]

If the fraction of D from its initial concentration is equal to f, then the fractions of S; and
So* are /-f- Then the equilibrium constant is expressed through the initial concentration of Co:

1-1)%C
o =D
f
At the melting temperature /= 0.5, then
Co
K=—
2

Substitution of it and T, to the AH°-TAS°=-RTInK can lead to the following expression of
T

AH°
="
RlnC—0 + A4S

For different lengths of S>* there will be different values of AH®, which is determined by
the number of interactions in the double-stranded form of DNA, while AS° of this process
remains almost constant. As a rule, the longer S>* means the stronger the interaction of the
chains, i.e. the greater the value of AH°. Thus, the longer S>* leads to the greater the melting
point 7.

4. Since the length of the unknown sequence is equal to 12, 12 different denaturation
curves with different melting points should be reflected in the theoretical dependence. The
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designation of the curves should correspond to the sequence of the ddNTP molecules to be
attached.

Y
Evaluation system:
1. Correct chemical reaction equation 2 points
Correct explanation of ddNTP addition 1 point
2. Correct sequence of nucleotides with correct pointing 5° and 3" ends 4 points
3. Correctly derived expression for 7, as a function of 4H° and Co 3 points
The right answer to the question of dependence on the length of S,* 1 point
4. Correct denaturation curves 4 points
TOTAL | 15 points

Problem 6
1. 4Ce*" + BrOs™ + SH' — 4Ce*" + HOBr + 2H>0

2. Let’s mark the rates of respective stages as 71, 72 and 73.
Steady state approximation for BrOz: 2r1 — =0, = r2=2r1 (1).
Steady state approximation for HBrOz: 2 —2r3 —r1 =0, = 2= 2r3 + r1 = 2r1.
Therefore, ri = 2r3 (2).
a) Let’s use the law of mass action to (2):

ki[BrO3; ] [H'][HBrO2] = 2k3[HBrO,]?

[HBroO,] = szl [BrO3][H*]

Make the same with (1):

Jo[BrO2-][Ce**][H] = 2k [BrOs J[H'][HBrOx]
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_ 2k4[BrO3][HBrO,]  kf[BrOz]*[H*]
BrO:I = e T T ksl

b) The rate of change of the concentration of bromate ions is:

k2
r =13 —1, = —13 = —k3[HBr0,]? = — ——[Br03]2[H*]?
4k,
3. The reaction order for bromate-ion, based on the equation obtained, is 2, and for
cerium (III) ions - 0.

4. In accordance with reaction stoichiometry ([BrOs ], — [BrOs]) - 4 = [Ce*']. Therefore:
[BrOs ] = [BrOs ], — 0.25[Ce*] = 0.0036 M.

. ) _ k2
5. The reaction rate is represented as r = —k,r¢[BrO3]%, where k¢ = j [H*]?,

3
because H" concentration is changed insignificantly and in accordance with the problem
condition could be assumed as constant. Then the concentration of bromate ions as a function of

time is described by a second order dependence:

1 1

[Broz]  [Brosl,  ‘errt

1 1 1 k?
kepr =~ —~ =0.156 M~1s~1 = —[H*]?
N ([Brogl [Br0§]o> 5T
Vakskerr
ky = [H—+]e =2.0-10*M 2571
Evaluation system:
1. Reaction equation 2 points

2. a) Expression for stationary concentrations of BrO, and HBrO; (3 points | 6 points
for each)

b) Expression for the rate of BrOs™ concentration change 3 points
3. The reaction order for bromate and cerium (III) ions (1 point for each) 2 points
4. Bromate ions concentration 2 points
5. Value of the effective rate constant 3 points
Value of k; 1 point

TOTAL | 19 points
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