1

MunuctepctBo obpazoBanus U Hayku PecriyOnuku Caxa (SIkyTus)

AKYTCKAN
‘ HAYYHBIA ‘
‘;.1 UeHTP B,

I'AY 10 «Manas akanemus Hayk PecmyOnuku Caxa (SkyTus)»
OI'AOY BO «Ceepo-Boctounslit penepanbubiii yausepcuteT umenu M.K. AMMocoBay

OI'bYH ®UIL «Skyrckuii Hayunbii neatp CO PAH»

®

l O \ XXIX MeskayHapoaHasi 0JJMMIINAIA IIKOJbHUKOB
«TYUMAAJIA»

Xumus

mmememe - XXX INnternational school olympiad

O 3onoro

e v TUYMAADA /
@Pumlcwam A Heds i ras e P e

—— Chemlstry

A

M AROH wuiﬁ

Y Fsdo
') TOMNOHCKW
PAAIOH Astund|

S'JACC

2022



CocTaB MeTOANYECKO KOMUCCHH MEKIYyHApPoaHoil onumnuanbl « Tyiimaana-2022)
XUMMUs)

1. CokonoBa Mapuna JImutpueBHa, nupekrop Muctutyra mpobiem neptu u raza Cubupckoro
ornenenust Poccuiickoil akagemun Hayk ®UI «Sxyrckuii Hayunelii neHtp CO PAH», n.T.H. —
IpeJiceaaTeNb;
2. CiupuioHoB Anekcanap MuxaiiioBud, B.H.C. — pyK. J1a0. UHcTUTyTa ecTecTBeHHBIX HayK CeBepo-
Bocrounoro ¢genepanpnoro yausepcutera uM. M.K. AMMocoBa, K.X.H. — 4JieH;
3. N'omukoB Anekceit HukonaeBuy, acnmpant yauBepcuteta Myongji (Pecn. Kopest) — uiien;
4. CusneB Cemen McaeBuy, acniupant MHcTuTyTa ipo6iem HedTu u raza CO PAH — unen;
5. TIlaBnoB Cepreit HwukomaeBud, CTyIeHT XHUMHYeCKOro (akymbpreta MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera um. M.B. JIoMoHOCOBA - wiieH;
6. OxoHemHUKOB ApTyp AJEKCeeBHY, CTYIEHT XUMHYECKOro (akyinbTeTa MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera uM. M.B. JIoMOHOCOBA — uJieH;
7. EmenbanoB ['eopruii [lerpoBuy, acnupant Kopeilckoro HayqyHo-HCClIeI0BATEIbCKOIO MUHCTUTYTA
Oouonoruueckux Hayk u 6uorexHosnoruu (Pecr. Kopes) — unen;
8. Crapoctun Anekceil [lanmioBud, cTyAeHT Qakynbrera GyHAaMEHTATbHON (PU3UKO-XUMUYECKOM
MH)XeHepUr MOCKOBCKOI0 rOCyJapCTBEHHOTO yHUBepcuTeTa UM. M.B. JlIoMoHOCOBa — JieH;
9. PemernukoB Bukrop IlerpoBmu, crynmeHT ¢akymnpreta Hayk O Marepuaiax MOCKOBCKOTO
roCyIapCTBEHHOro yHuBepcurera uM. M.B. JIoMoHOCOBa — uJieH;
10. CrenanoBa Taresina CepreeBHa, cTyeHT xumudeckoro ¢axkynprera CIIOIY — uien.

Cocras xwopu Me:xkayHapoanoi onumnuaasl «Tylimaana-2022» (XUMUSA)
1. CnupuonoB Anekcanap MuxaiinoBud, B.H.c. — pyk. 1a0. «IlonumepHblie komno3uTsl a5 CeBepay
Huctutyta ecrectBeHHbIX Hayk CeBepo-Bocrounoro ¢enepansHoro ynuBepcurera um. M.K.
AMMOCOBA, K.X.H. — IIpe/iceIaTelb;
2. CokonoBa Mapuna JImutpueBHa, aupekrop WuctutyTa mpobiem Hedtu u raza Cubupckoro
otneneHus Poccuiickoil akageMun HayK, J.T.H. — 3aMECTUTENb NPEACENaTeNs;
3. JanmnoBa CaxassHa HukonaeBHa, M.H.c. mabopatopun «IlonnmepHsie komno3uTsl s CeBepay
WNuctutyTa ecrectBeHHbIX Hayk CeBepo-Bocrtounoro ¢enepanbHoro ynuepcutera um. M.K.
AMMOCOBa — CEKpeTaph;
4. OxnonkoBa AMTanuHa AJiekceeBHa, mpodeccop, pykoBoautenb OIl «DyHnameHTanbHas u
npukinagHas xumus» HMHcrutyra ecrectBeHHbIX Hayk CeBepo-Bocrtounoro ¢enepaibHOro
yHuBepcurera uM. M.K. AmMocoBa, neiictBuTenbHbll uneH Axagemun Hayk PecryOnmuku Caxa
(AxyTHs), 0.T.H. — 4JI€H;
5. CrpyukoBa TarbsHa CeMEHOBHA, IOLEHT XUMHYECKOrO OTAeNeHHUs VHCTUTyTa eCTECTBEHHBIX
Hayk CeBepo-BocrouHoro ¢enepanbHoro yuusepcurera uM. M.K. AMMOcCOBa, K.T.H. — WI€H;
6. Hukudopon Jleonnn AnekcanapoBud, c.H.C. Jaboparopuu «llonuMepHble KOMITO3UTHI JUIS
Cesepa» MHctuTyTa ectecTBeHHBbIX Hayk CeBepo-BocTtounoro ¢eaepanbHOr0 yHHBEpPCUTETA UM.
M.K. AMMocoBa, K.T.H. — YJICH;
7. Bepeiikuna Buxtopuss BacuibeBHa, M.H.C. J1JaOOpaTOpHHM TEXHOTEHHBIX Ta30BbIX T'HAPATOB
Wuctutyra npobnem negtu u raza CO PAH, k.X.H. — uJieH;
8. MapkoBa Mapda AnekceeBHa, M.H.C JIabopatopuu MaTepuaynioBeneHus MHcTUTyTa mpobiem
HedTu u raza CO PAH — urew;
9. EmenbsHoB ['eopruii [lerposuy, acnupanTt Kopelickoro Hay4HO-MCCIEA0BATENBCKOTO HHCTUTYTA
O6uonornyeckux Hayk u 6norexnonoruu (Pecn. Kopes) — unen;



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

11. TlaBnoB Cepreii HukomaeBu4, CTyA€HT XuUMHUYECKOro (akyinpTrera MOCKOBCKOTO
roCy1apCcTBEHHOro yHuBepcurera um. M.B. JlIoMoHOCOBa - wiieH;

12. Crapoctun Anekceii JlaHuinoBud, cTyeHT GaKyapTeTa QyHIaMEHTATBHONU (PU3HUKO-XUMHYECKON
MHXeHepUuu MOCKOBCKOI0 TOCy1apcTBEHHOro yHuBepcuTeTa uM. M.B. JlomoHOCOBa — uJieH.

Bcnomozamensnutit nepconan:
1. CupopoBa Pozamus HwukomaeBHa, 3aBemyromuii jgabopaTopueld OpraHUYeCKOW XUMHUHU

XUMHYecKoro otaeneHus MHcTuTyTa ectecTBeHHBIX Hayk CeBepo-Boctowynoro denepaabHOro
yHuBepcurera uM. M.K. AMMocoBa — cTapiuuii J1abopaHT;

2. ®unmunmoBa Anena [laBioBHa, nabopaHT 1 KaTeropum XMMHUYECKOTO OTHAeNeHus MHcTUTyTa
ecrecTBeHHbIX Hayk Cesepo-Bocrtounoro ¢enepanpnoro ynmsepcurera uM. M.K. AmmocoBa —
Ja00paHT.

Aemopwt 3a0anuii: Bepeiikuna B.B., I'onukosé A.H., Emenvsanos I'.11., Oxonewnukos A.A., Ilaénos
C.H., Pewemnukos B.I1., Cmapocmun A./[., Cmenanosa T.C.



Methodological commission structure of the International Olympiad «Tuymaada-2022 in
Chemistry

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

Jury structure of the International Olympiad «Tuymaada-2022» in Chemistry
1. Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head
of the Laboratory “Polymer composites for the North”, North-Eastern Federal University — chairman;
2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas
Problems SB RAS — vice-chairman;
3. Danilova Sakhayana Nikolaevna, a junior researcher of the Laboratory "Polymer Composites for
the North", North-Eastern Federal University. M.K. Ammosova — secretary;
4. Okhlopkova Aitalina Alekseevna, Doctor of Engineering, the professor, the chairman of the
Educational Programs in “Fundamental and Applied Chemistry", North-Eastern Federal University,
member of The Academy of Science of the Republic of Sakha (Yakutia) — member;
5. Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the
Chemistry Department, North-Eastern Federal University — member;
6. Nikiforov Leonid Aleksandrovich, PhD in Technical Sciences, a senior researcher of the
Laboratory "Polymer composites for the North", North-Eastern Federal University — member;
7. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, a junior researcher of the Laboratory
of Technogenic Gas Hydrates, Institute of Oil and Gas Problems SB RAS — member;
8. Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute
of Oil and Gas Problems SB RAS — member;
9. Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological Sciences
and Biotechnology (South Korea) — member;
10. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State
University — member;
11. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University —
member;
12. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical
Engineering, Moscow State University — member;
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Support Staff of the International Olympiad « Tuymaada-2022y» in Chemistry
1. Sidorova Rozaliya Nikolaevna, a head of the laboratory of Organic Chemistry, North-Eastern
Federal University — Senior Assistant;

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

Authors of problems: Vereykina V.V., Golikov A.N., Emelyanov G.P., Okoneshnikov A.A, Pavlov
S.N., Reshetnikov V.P., Starostin A.D., Stepanova T.S.
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MUIAJAITAA JIUT'A

3aganue 1

IMosie3nbie nckonaemblie AKyTun

SxyTHs — 60oratblii IpupoIHEIMH pecypcaMu peruoH Poccun. OnHuM U3 Hanbosee BaKHbBIX
BUJIOB MUHEPAJILHOTO CBIPhS B SIKYTUU SBJISIETCS CypbMa, KOJIMYECTBO 3a1acOB KOTOPOM COCTABIISET
82% ot 3anacoB Poccun. OCHOBHBIE 3a11acbl CypbMbl COCPEIOTOUYEHBI B AibIua-TapbIHCKON pyAHOU
3oHe B CeBepo-Bocrounoii wactu PecmyGmuku. IlomuMo 3Toro, cyppbma SBIS€TCS MOIYTHBIM
KOMIIOHEHTOM HEKOTOPBIX MECTOPOXKIACHHM 305I0Ta. AYpOCTHOUT — MUHEpaj TPYyMMbl MHUPHUTA,
KOTOpBIi  BCTpeYaeTcs B  30JOTOHOCHBIX  KBAapUEBBIX JKWJIAaX, SBISAETCS  MPHUPOJHBIM
MHTEPMETAILTUIOM.

Ha pucynke npencrasiena azopas quarpamma 3o0501o-Cypbma*.

a7,
460*
L&J-ﬁ 5
Y W w W ®
Amany. % 5b

da3zoBas AMarpaMMa TEMIEpaTypa-CocTaB — 3TO aUarpamma, JTMHUU KOTOPOU MOKa3bIBAIOT
cocTaBhl (pa3, HaXOASAIIUXCS B PABHOBECUU TIPU Pa3UYHBIX TemnepaTypax. OnHa u3 TMHUM, KoTopas
MOKA3bIBAET CMECH C CaMON HU3KOW TeMIepaTypoil TIaBJICHUS, HA3bIBAETCs IBTEKTUKOH. Hrnke
JIMHUX J3BTCKTHKU CHCTEMa CYHECTBYET TOJIBKO B TBEPAOM COCTOSAHHH. OcHoBHOE YpaBHCHHUEC,
MO3BOJISIOIIEE PACCUUTATh YHCIIO CTETICHEH cB0OOABI — mpaBmiio (a3 ['mbbca:

fF=K-®+2

rae K — gucino komnonenToB, @ — uncino ¢az, f — yncio creneHeit cBoOOAbI — HAUMEHBIIIEE YHCIIO
HE3aBUCHUMBIX IIE€PEMEHHBIX CHCTEMbI (TemrepaTypa, JAaBlieHHE, KOHIEHTpAluu), KOTOpbIe
HEO0OX0IMMO 3aJ1aTh, YTOOBI IMIOJTHOCTHIO OTIMCATH COCTOSTHUE CHCTEMBI.



Jluaust Ha (a3oBOM AMarpaMMme, XapakTepH3ylolllas IOJIHOE IUIaBJIeHHE TBepAbIX (a3,
Ha3bIBACTCS IMHUEH JIMKBHUYCA, BBIIIE KOTOPO HAaXOAUTCS TOIBKO KUKOCTb.

W3 aypoctubuTa MOXKHO U3BIEYB 30JI0TO MYyTEM Pa3okKEeHHS. 30JI0TO TaKKe JOOBIBACTCS U3
KPYIHBIX KYCKOB IIyCTBIX MOPOJ OTACICHHEM CaMOPOAHOTO 30JI0Ta C MOCIEAYIOIIUM
[IUAaHUPOBAaHUEM WM aMajbrUpoBaHHEM. MeETOJOM IIMaHUPOBAHUS HM3MEIBYCHHYIO TOPOAY
PacTBOPSIIOT B IIEIOYHOM PACTBOPE IIMAHUIA HATPHUS C IPONyCKaHueM Bo3nyxa (peakuyus 1), 301010
BBIJICTISIFOT U3 3TOTO PACTBOPA LIMHKOBOI MBLIBIO (peaxkyus 2).

VYpaBHEHHE peaKIUU [IHAHUPOBAHMUS:
4AUz)+ BNaCNex) + Oz + 2H200c)= 4Na[AU(CN)2] ) + 4NaOH) + Q (peakyus 1)
Bonpocui:

1. [Tonb3ysck Ga3oBOi quarpaMmon, OMpeeInTe XUMHISCKYIO GOpMYITy COSTUHCHUS
1 — aypoctuOura.

2. KaxoB cocTaB 3BTEKTUUECKONM CMECH U MPU KAKOW TeMIepaType OH IIaBUTCA?

3. B kakux ¢a3oBBIX COCTOSHUSAX MOKET HAXOAUTHCS coenuHeHune 1? OObscHuTe.

4. [Tonw3ysich mpaBuaoM ¢a3, onpeAeaIuTe KOJINYECTBO CTeNeHel cBoO0 B TOUKeE 2.

S. Omnpeznenure cocTaB cMeCH B TOUKE 3 Ha JIMHUM JIMKBHULYCA.

6. VYKaxuTe TeMIeparypbl riaBieHust Au u SDb.

7. KakoBa Oyner »nepruss ['mb0ca oOpa3oBaHUs aypocTHOWTA IPH CTaHIAPTHBIX

ycnoBusx? [{nst pacuera uCnoap3yiTe 3HaU€HUE SHTAIBIIUU U SHTPONUH, TaHHbIE B Tabmune 1.

Tabmuua 1. TepmoanHamuueckue napaMmeTpbl 00pa3oBaHus aypoCcTHOUTA.

S°, JIorc/(monw *K) H°, k/lxc/monw
138,8 -12,97
8. PaccunraiiTe KOHCTaHTY paBHOBECHS MPU CTAHAAPTHBIX YCIOBHUSX.
9. Paccuuraiite TemnoBoii a3 ekt peakuuu (1), ©cxoas U3 JaHHBIX TAOIULBI 2:

Tabmuua 2. CTanapTHBIE SHTAIBIINU 00pa30BaHUs YUYaCTHUKOB peakiuu (1).

BeriectBo NaCN H>0 NaJAu(CN).] NaOH
AH;’, Korc/monw -91,0 -285,84 0,5 -425,61
10. Hanumure ypaBHeHue peakuuu (2).
11. Kakoe konmyecTBO TEMIOTHI BBIAEIUTCS B XOJI€ PEakiuu 1, eciau MCXOoJHas Macca

NaCN — 12,25 r, ucxomaasie o0bembl O2, H2O (tipu H.y.) paBHBI 16,8 1 7,84 ]I, COOTBETCTBEHHO, a
Macca Au pasna 108,35 r.

12. Kpucrannuueckass cTpykTypa aypoCTHOMTa IpelCcTaBiIsieT coOOi KyOHuYecKylo
peleTKy ¢ mapaMeTpaMu pemeTkd a = 6,646 A. Kospduiuent niotHocTn ynakoBku k sBisercs
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KPUTEPHEM IIJIOTHOCTH YHAKOBKH, OIPEENAeTCsS KaK OTHOIIEHHE CyMMapHOro 00beMa BCexX IapoB
B DJIEMEHTApHOM suYeiike K 00beMy STUEHKH.

Au @ sb

4
3 (N R3, + NopR3p)
|/

k =

rae N — KOJIMYECTBO aTOMOB Ha 3JIEMEHTApHYIO S4YeHKy, Ry,¥u Rgp- pammycbl aTOMOB 30J10Ta U
CYpPbMBI COOTBETCTBEHHO, V;y — 00BbEM STUEHKH.

PaccumnTaiite KO3(pQGUIMEHT MOJEKYJISAPHON YIAaKOBKH, MOJB3YSICh 3HAUYCHUSMH: DPAIIYC
aToma 30j10Ta paBeH 1,44 A, a panuyc atoma cypsmsl 1,59 A.

*Ucrounuk: CTpoeHue U CBOMCTBA ABOMHBIX MeTamudyeckux cuctem: B 3 T.: T.3 / A.E. Bon, N.K.
Karan. — M., 1976. — 816 c.: uin.



3aganue 2

ANTIMONK
T\

[IponcxoxaeHue Ha3BaHUSA ITOTO JIEMEHTA 10 CEH IEHb MOKPBITO 3araJlkaMy, CyIECTBYIOT
MHOKECTBO BEPCUIN — CEPbE3HBIX U IIYTOYHBIX.

Tak, ecTp JlereHzna, 4yTo HEKHH MIyMEH CIy4YailHO CKOPMHJ CBHHBSM IOPOILIOK 3TOrO
JJIEMEHTa — U T€ Hadajau HaOuparh Bec. Torza UryMeH mogyMai, YyTO OTKPbUI YyJI0JeiCTBEHHOE
IUTATEIBbHOE CPEJICTBO, CTOSIIEE B OJTHOM PSly € NUKCUPOM KHU3HHU U pritocopckum kamHeM. Ho
BHE3alHbIN ycrex MoOyaul ero K JaJbHEHIINM SKCIIEPUMEHTAaM HaJl MUIIEed MECTHBIX MOHAXOB,
KOTOpBIE 3aKOHYMJIMCH BECbMA IUIAYEBHO.

OnHaKo 3TOT 3JIEMEHT HAIlEN HIMPOKOE NPUMEHEHUE BO MHOTHX OOJIACTSX )KU3HU YeJIOBEKa:
B IIPOM3BOJICTBE aKKYMYJISITOPOB, CIIUYEK, TUOJI0B, HH(PPAKPACHBIX IETEKTOPOB U JaTUMKOB XOJLjIa.

SIkyTus nmpumeuaTeabHa TEM, YTO UMEHHO TyT JoObIBaeTcs Bech 31eMeHT X Poccun, Benb o
HACBILIEHHOCTH BBICOKOKOHLIEHTPUPOBAHHBIX pyA Agnbrda-TapblHCKas pyJHas 30Ha HE HMEET
AHaJIOrOB B MHUpE.

HNO:(pa36.) NaOH H.S,HCl 0: 02 KOH
»> M ———> L — > J » K
340°C 700°C H.O
H> | 520°C NaOH
cl v .
D| NaOH . >,k i H250::50; D]
Hzol F2| 320-350°C

HSO:F Ca2Hss

I E———7-7—F G

OHpeI[eJ'II/ITe BCC BCIICCTBA U HAIIMIIUTC BCC ITPOTCKAOIMINEC PCAKIIUH, €CIIN U3BECTHO!:

BemectBo C H | E F
®(X), % 83,53 45,80 70,29 56,17 38,43

L — cympduanbii MuHepan snemeHTa X, npudeM B peakiuu L—C cTerneHb OKHCICHUS
sjeMeHTa X He MEHSIETCS,

Y — ruapaTupOBaHHBINA OKCHJI C JIEMEHTOM X B CTETICHH OKHUCIIEHUS +3;
F — xucnoTa, mpeBsIIarONIas CUIY CEPHON KUCIOTHI B 10%? pas;

G- KaTHOH, KOTOpBIfI HC COACPIKUT 3JICMCHTA X. Takxe B PE3YILTATC PCAKIIUN BBIACIIACTCA
ras.
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3aganue 3

CoenuHenus 0J1aropoaHbIX ra3on

C MoMeHTa OTKpBITHUS OJaropoAHBIX Ta30B yuU€HbIE BCEr0 MHpa HE pa3 MpearnpUHUMAad
MOTBITKY MOJYYUTh UX COCTUHEHUS, HO 710 cepeAnHbl XX BeKa BCe MOMBITKH ObLIIN 0€3pe3yIbTaTHBI.
B 1962 r. Hun Baptnert u3 yauBepcuteta bputanckoi KomymOun mpoBen peakiyoo ¢ ydacTueM
6naropogHoro raza. Heckonbko Henens ciycts rpynmna P. Xonmne u3 MioHcTepckoro yHUBEpcUTeTa
Takke coolupuia o0 ycmexe B aaHHOM ob6nactu. I[locrme yero B TeueHue rojga ObLT OTKPHIT U
OXapaKTePU30BaH PsJl COSIMHEHUN KCEHOHA.

Coenunenns kcenoHa (A, B, C) mnomy4aroT HEMOCPEICTBEHHBIM B3aWMOJACHUCTBHUEM
9JIEMEHTOB B HHUKEIIEBOM COCYJE, KOTOpBII MaccuBUpyeTcs mpu B3aumonenctBuu ¢ D 3a cuer
00pa3oBaHus 3aUTHOMN TJICHKH.

CocraB MpoayKTOB IaHHOT'O CHHTE3a 3aBUCHUT OT cojiepkanusi D u oO1ero naBineHus:

1. Xe(r.) + D—A(r.) (Xe B u3zbniTKe, 1 at™m, 400 °C) (peakuus 1)
Xe(r.) + 2D—B (1.) (6 at™, 600 °C, Xe : D=1 : 5) (peakuus 2)
3. Xe(r.) + 3D—C (1.) (60 at™, 300 °C, Xe :D =1 : 20) (peakuus 3)

Ha ocHoBe mgaHHBIX peakIuu BO3MOXKHO TOJYYEHHE APYrUX Oojiee CIOKHBIX COSAMHEHUMN
kceHoHa. K mpumepy, CHHTE3 MepKceHaTa Kanus BKIo4aeT B ceds B3aumozeiicteue Xe ¢ D mpu
oonbiom u3bwsiTke D. IlonmyuenHoe coenvHeHWEe TOABEpraeTcss TUAPOIH3y ¢ obOpazoBaHueM E
(peakuus 4), KOTOpoe B IIEIOYHOM PAcTBOPE AMCIPONOPIMOHUPYET ¢ 00pa3oBaHHEM MEpPKCEHAT-
MOHa (peakius 5).

N

Bonpocwi:
1. HazoBuTte BemectBa A-E.
2. Hanummure ypaBHeHus peakmuii 1-5.
3. H3BecTHO, uTo BenecTBO E B3phIBaeTCs Ha BO3AyXe MPHU Macce KpucTayioB 6osee 20

Mr. PaccunraiiTe MakCUMaIbHBIN O€30IaCHBIM 00bEM KCEHOHA AJIs1 CUHTE3a IICPKCCHATa KaJIn.

4, [Ipennoxute CTPYKTYpHYIO (HOpMYTy M TMPOCTPAHCTBEHHOE CTPOCHHE MEpKCeHAT—
HOHA.

5. B 1993 r. B Poccun pazpabotan criocod mpuMeHeHUsT KCeHOHA B MeAuIuHe. {1 gero
UCTIONIB3YETCS KCEHOH B MEAUIIHHE?

6. CoennHeHNsT KCEHOHA MCHOJB3YIOTCA MPH TPAHCIOPTHPOBKE (TOpa, a TaKXkKe ITH
COEIMHEHHUsI MOTYT OBITh HCIOJB30BAaHbI B pakeTHOM ToruMBe. Ha3oBute cBoiicTBa, Gnmaromaps
KOTOPBIM OHH MOTYT OBITh MCIIOJIb30BaHbI B YKa3aHHBIX 00acTsax. Kakue 3to coenunenus?
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3aganue 4

Ha cTpaxe npupoabl

Pecniy6nuka Caxa (SIkyTusi) BXOAMT B TPOWKY JIUJIEPOB 1O 100bIYe 3070Ta B Poccuu. Ilo
utoram 2021 rona B Pecriyonuke Caxa (SIkyTus) 66110 10061TO 42 TOHHBI 30710Ta, yTO HA 4 % Oouible
10 CPAaBHEHUIO C [TOKA3aTEISIMU ITPEIbIIYIIEero roja.

B SIxkytum noObIBaOT Kak pyAHOE, TaK M POCCHIMHOE 30J0TO0. [y AOOBIYM POCCHITHOIO
30JI0Ta UCHOJB3YIOT Jpard — o0OraTUTENIbHbIE YCTAaHOBKH, B OCHOBE KOTOPBIX JIEKHT (PUIIbTpALIUs
KpYIUI] 30J10Ta OT 1opobl. OHAKO, A U3BJIEUEHHs PyIHOrO 30J0Ta MEeXaHW4yeckas oOpaboTka
ABJISIETCS] HEOCTATOYHOM.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB M3BJ€UEHUS 30J10Ta U3 pyA. OJuUH U3 HUX OCHOBAH Ha
ucnonb3oBanuu cpeaneit conu NX, cocrosimieit u3 katnona metayia N u anrona X. Paz0aBneHHbIi
pactBop NX pachpuisitoT Ha OOJBIION XOJIM M3METbUYEHHON PYJIbI, B PE3YJIBTATE YETO MPOUCXOIUT
pacTBopeHue 30J10Ta C 00pa3oBaHKeM BemiecTBa Y (MaccoBas J0Jist 3070Ta wau=12,42%) (peaxyus
1). [ony4eHHBIH pacTBOP 30J10Ta COOMPAETCs B pe3epByapax, QUIBTPYETCs M BOCCTAHABIMBACTCS C
HIOMOIIBIO IIMHKOBOT'O MOpoIKa (peaxyus 2).

Opnako aHMOH X BBICOKOTOKCHYHBIM, IO3TOMY HEOOXOIMMO KOHTPOJIMPOBATh €ro
coJiepKaHre B BOZOEMaxX M peKax BOJIU3U MPEANPHUITAN 110 H3BJICYCHUIO 30JI0TA JAHHBIM CTIOCOOOM.
[Tpenensro nomycrumas konnentpanus (ITJIK) X pasna 0,07 mr/m.

OmuH ©3 CcHocOo0OB KAadyeCTBEHHOTO oOmpeaesieHus X COCTOUT B  BBIIAPUBAHUU
KOHIICHTPHPOBAHHOTO pacTBOpa, cocrosimero u3 coan NX u aucyibduna ammonus (peakyus 3). K
HOJy4eHHOH cMecH J00aBIsIOT HeoOxoamMmoe konudectBo pactBopa FeCls (peaxyus 4). B
pe3yJbTare HaO01aeTcs KpacHasi OKpacka pacTBopa.

ITocne obHapykeHHst X B aHAIUTUYECKOM MpoOe MPOBOIUTCS KOJUYECTBEHHBIN aHAJM3.
OnuH u3 crocoOoB onpeeneHust KOHIEHTPauuu X 3aKI04aeTcsl B TOM, 4TO MPOBOIAT TUTPOBAHHE
pactBopa conu NX crannaptuzupoanHbiM pactBopoM AGNOs. Jl71s1 3TOro nmpeaBapuTesbHO B KOJIOY
Opnenmeiiepa 100aBIAIOT anuKBOTY pacTBopa NX ¢ HeM3BeCTHOW KOHIIEHTpalMel U HECKOJIbKO
Karesb HHIuKaropa 5-[N-(aumerninamuno ))oensuauieH|-poaanuta. Turpant AGNO3 u3 6r0peTKH 1o
KaIuIsIM JOOABJISIOT B TUTPYEMYIO CMeCh ¢ 00pa3oBaHHeM KOMILIEKCHO# comu Z (peakyus 5). [pu
n36bsiTouHoi kame AQNO3 oOpasyercss KpacHbI 0cajiok cepeOpa ¢ 3aMEUIeHHBIM POJaHUHOM
(Ag* + Rd~ & AgRd |, K, = 10781 rne Rd™ - yCIIOBHOE 0003HAaYEHHE 3aMEIIEHHOTO POIaHUHA
u Ks — mpon3BeieHie pacTBOPUMOCTH).

Jpyrum cnocoOoM oOIpenesieHus] KOHIEHTpauuu X SBISIETCS MCIOJIb30BaHME METOoJIa
cnektpodoromerpun. Jlns storo B pactBop NX 100aBisioT U30BITOK OpOMHON BOABI C
obpazoBanueM BemiectBa A (0p=75,43%) (peaxyus 6). Ilpu 3TOM HempopearupoBaBLIMi OpoM
TUTPYIOT PAacTBOPOM XJIOpHJA TUApasuHus (peaxyusi 7). A BCTyNaeT B PEAKIMIO CO CMECHIO
nUpUANHA U OEH3UIMHA ¢ 00pa30BaHUEeM KpacHO-(HUOJIETOBOTO pacTBOpa (MOJSIpHBINA KOdhQHUIIHEHT
normomenns  €=6,9-10*  mmompt-cml). TlomyueHHBIH pacTBOp MOMEIIAIOT B KIOBETY
CHEKTPOPOTOMETpa, OINMPEIEISIOT ONTUYECKYI0 IUIOTHOCTh, C ITOMOINBIO KOTOPOW HAXOMSAT
HEU3BECTHYIO KOHIIEHTpaIuio X.
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Bonpocui:
1. Omnpenenure Bemectsa NX, Y, Z, A. Hanmumure ypaBHEHUS! 0003HAYEHHBIX PEAKIUI.

2. B peaxyuu 2 npnsa 1onHOrO OCaXAEHUS 30J0Ta J00ABISIIOT M30BITOK I[MHKA.
[IpennoxuTe cioco6 OUYUCTKU 30J10Ta OT IIUHKOBOT'O ITOPOIIKA.

3. [IpennioxuTe eile 0AHY KaueCTBEHHYIO PEAKIMI0 Ha aHUOH X.

4. Omnpenenure, B KaKOH 1MOCJIEI0BATEILHOCTH OYIyT BbINAIaTh OCAIKU B poOe BOJIBI C
no0aBJIeHHEM 3aMEIIEHHOTO0 pofaHuHa npu TutpoBaHuu pactBopoM AgNOsz. Cuuraiite, 4To B BOJE
MPUCYTCTBYIOT TOJBKO XJIOPUA U Cyib(paT aHHOHBI, MPUYEM KOHILIEHTPALUIO KaXIOTO CUMTAWTE
paBHoit 250 mr/i. Konnenrparus pogannHa coctapiser 107 M.

o. Ha tutpoBanue 10,00 mu anmukBoThl pactBopa NX morpedosanocs 15,00 mu 0,0100
M pactBopa AgNOg3. Haiinure HauyanpHy0 W paBHOBECHYIO KoHIeHTpamuu X. KoHueHtpamms
ponanuHa coctasnser 10° M.

6. B pesynbrare mpoBeneHUs CHEKTPOPOTOMETPUUYECKOTO aHajau3a ObUIO IMOJIYyYeHO
3HAYEHHE ONTUYECKOW mIoTHOCTH, paBHOE 0,69. Omnpenenure koHuentpanuto X. [lornomenuem
U3JIyUYCHHUS BOJIOW U KIOBETOM npeHeOpeus. [IpeBbiinaeT nu nanHoe 3HaueHue [1J1K?

Hononnumenvnasn ungopmayus

M][L]"
1. KoHcranTta paBHOBecust K komIiekcooOpazoBanus BemiecTBa Z paBHa K = [[A;[L ]] =
n

8,0 - 10722, rme L — nuranm, M — KOMILIeKcooOpa3zoBatenb, MLy — KOMIUIEKCHOE COeTMHEHNE.

2. [poussenenus pactBopumoctd AQCl u Ag:SOs pasus 1,56-107° u 7,7-10°
COOTBETCTBEHHO.

3. 3akoH byrepa-Jlam6epra-bepa: A = € - [ - C, rne A — ontudeckas INIOTHOCTb, | = 1cM
— mMpUHA KioBeThl, C — MOJISIpHAs KOHLEHTpauus [MOJIb/JI], & - MOJSApHBIA KO3(p(UIUEHT
ceeronornomenus [1-cut-mons™].
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3aganue 5

Buocencopsl Ha 0cHOBe OepJIMHCKOM 1a3ypH

I'moko3a sBrsieTcs: HanOoJIee BAKHBIM IS MEAUIIMHCKOW JUArHOCTUKH METa0O0JIUTOM, TO
€CTh XUMUYECKUM COSIMHCHUEM, YUACTBYIOIIUM B 0OMeHe BenlecTB. [IoBbIIeHNE YPOBHS TITFOKO3bI
SIBIISICTCSL OCHOBHBIM IPU3HAKOM CaxapHOTo quadeTa.

B Hacrosimee Bpemsi HaOtOJaeTCsl TCHACHIUS TEepexo/ia K HENPEepPhIBHOMY MOHHTOPUHTY
YPOBHSI TJIIOKO3bI. DJEKTPOXUMHUYECKHE OMOCEHCOpHI SBJISAIOTCS HamOojee MEepCleKTUBHBIMU U
yIOOHBIMUA yCTPOWMCTBAMHM, IMO3BOJISIONIMMU TPOBOJUTH 3KCIIPECC-aHAU3 KPOBH, T. K. OHHU
XapaKTEPU3YIOTCSI BBICOKOW YyBCTBHTEIBHOCTBIO, CEJICKTHBHOCTBIO, MaJbiIM BPEMEHEM OTKIIHMKA,
JICIIEBU3HOW W YJOOCTBOM TPUMEHEHHUsSI. BHOCEHCOPBI COCTOST M3 JBYX KOMIIOHEHTOB: (PH3UKO-
XUMHYECKOTO TMpeoOpa3zoBareisi (TpaHCOpIOCEpa) W CUCTEMbl XHMHYECKOTO paclio3HABaHHUS
(peueritopa).

[TpunHiun  jgedcTBUsi OMOCEHCOPOB HAa TIIOKO3Yy 3aKJIIOYaeTCsl B HM3MEPEHUHM TOKa
AJIEKTPOOKHUCIICHHSI TICPOKCHIA BOJIOPO/IA, BBIICIISAIONIETOCS B Ipoliecce (pepMEHTAaTUBHON peaKiuu
Ha MMOBEPXHOCTH AJIEKTPOKATAIN3ATOPA.

FJ’IIOKOBOOI{CH,Z[HBH
I'moxo3a+0, + H,O > I moxoHoBas kucnota + H,0, Peaxuyusn 1
Bonpocui:
1. Hamummre peaknuio | moidydeHHs TIIFOKOHOBOM KHCJIOTBI IIPM  OKUCIIEHUM

aJbJIETUIHOM TPYIIIBI TITFOKO3bI C UCIOJIb30BAaHUEM CTPYKTYPHBIX (POPMYJI COETUHEHUI.

2. B Monekynax mnepokcuaa BOJOPOAA aTOMBI KHCIOPOAA HAXOAATCS B CTENEHU
OKHMCIeHHs -1, MOATOMY HepoKCHJ BOJOpoAa o0dagaeT CBOWCTBAMHM KaK OKUCIWTENs, Tak M
BOCCTaHOBUTEIS. B 3aBHUCMMOCTH OT peakiMu CpeIbl U OT TOT0, OKUCIUTEIEM HIIM BOCCTAHOBUTENIEM
ABJIIETCS IEPOKCU]] BOJIOPO/A B JAHHOW peakluH, MPOAYKThl OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
B3aMMOJENCTBUS OyayT pa3HbIMHU.

Hanummure ypaBHEHHS OKHCIMTEIbHO-BOCCTAHOBUTEIBHBIX MOJIYpeakuud MepoKcuaa
BOJIOPOJIa B paCTBOpPAaxX B 3aBUCUMOCTHU OT CPEJIbI.

3. Haubosee mpocThiM METOIOM ONpeIeNeHHs] COAEp)KaHUs IepoKcHIa BOJAOpOJa
ABJISIETCS] TATPOBAHUE IIEPMAHTaHATOM KaJIusl.

Hammmmre ypaBHEeHHe peaknuyu MeXly EpMaHraHATOM KaJlMsl U NEPOKCUAOM BOJOPOJa B
MIPUCYTCTBUU CEPHON KHUCIIOTBHI.

4. bepnunckass na3ypp sBisiercs HauOosiee TMEpPCHEKTUBHBIM —MaTepHajoM s
KOHCTPYMPOBAHHsI CEHCOPOB Ha MEPOKCHU BOJOPO/IA, TaK KaK 00JIaAaeT BHICOKON KaTaIUTUYECKOH
AaKTUBHOCTBIO K JIaHHOMY aHalIM3y M O0ecleYMBaeT BBICOKYIO CENEKTUBHOCTh B IPHCYTCTBUU
KHCIJIOPOJa.
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Bepmunckas nasypb Fes''[Fe''(CN)s]s (BJI) mpencraBnser coboii rekcarmmanodeppar (II)
xene3a(Ill), B kotopom atom xenesa (I1I) koopauHUpOBaH ¢ aTOMaMu a30Ta, a arom skenesa (I1) — ¢

aTOMOM yrIJiepojia LMaHuJHOW Tpynnbl. Hanummre ypaBHEeHUS peakuuid NOay4yeHUs] OepiIMHCKON
Ja3ypH.

S. OcaxxaeHHass Ha TOBEPXHOCTH AnekTpoaa bJI moxker OBITH OXapakTepHU30BaHA
METOJIOM  IMKJIMYECKOH  BOJIFTAMIICPOMETpHH.  Boibrammepomerpudeckass  KpuBas WU
BOJIbTaMIIEpOrpaMMa IPEJCTaBIgeT cOOOH 3aBUCHUMOCTh TOKa OT MHOTEHLHUAIA OJHOBPEMEHHO
AHOJ/IHOTO ¥ KaTOJJHOTO IIPOLIECCOB.

~1 MA-cM?§

5

< = \{
— z bepnuHckas na3ypp 2
% = § -:°
5 3 =
& 3 85
-V - I

01 0 01 02 03 04 05 06 0,7 08 09 1,0

E.B
Pucynok 1. [lukimnyeckast BOJIbTaMIieporpaMmma 3JIeKTpoia, MOIU(GUITUPOBAHHOTO OEPIMHCKOM
J1a3yPbIO

Ha BonbprammeporpaMMe BHIHO HaJW4Me JABYX TIap NHKOB PEIOKC-aKTHBHOCTH
anekTpokaranuzaropa. [lojgoxkeHue nepBoi mapel COOTBETCTBYET (hopmanibHOMY moreHnuany 0.15 B
U xapakTepusyeT nepexon bJI B MOIHOCTBIO BOCCTaHOBICHHYIO OeCIBETHYIO (hopMy, OepIMHCKHIA
oenbiit (0(K)=15,4%). B xone BoccTaHOBICHHsI OEPIMHCKON Jlazypu 10 OepiIuHCKOro 0enoro Ha
ANIEKTPOZIE TPOLECC MEepeHoca 3JIEKTPOHOB COMPOBOXKIAECTCS KOMIIEHCAIMeW 3apsia 3JeKTpoja
MyTeM IOTJIOIIEHUs] KAaTHOHOB Kanus 13 padodero pacrsopa (Peakuus 2). @opmanpHblil moTeHIUA
BTOpOH mapsl MHMKOB paBeH mnpumepHo 0.8 B u coorBerctByeT mnepexony bJI B moiHOCTBIO
OKHCIIEHHYIO0 (QopMy, OepiuHCKUM 3eneHbld. [l mpolecca OKHCICHHUsT OEpIMHCKON Jlazypu MpH
norernuane 0.8 B coxpaHseTcs 3aKOHOMEPHOCTh KOMIICHCAIIMH 3apsja MpH MEepeHOCce IEKTPOHA
nytem mnpucoenuHenus annona A~ (Peakmusi 3). B wunTepBane mnorenmumanos 0.2-0.8 B.
HEOPTraHMYECKUH IMOJIMKPUCTAII CYIIECTBYET B BHJIE SIPKOOKPAIIEHHOW OEPIMHCKON JIa3ypH.

Omnpenenure QopMyJibl COETUHEHHUI: OEpIMHCKOro 0enoro u OepIMHCKOrO 3EJIEHOr0 ¢
yKa3aHHEeM 3apsijia HOHA-KOMILIEKCO00pa3oBaTeis.

6. CocTtaBbTe ypaBHEHUS peakiii 2-3 B IIOJHOM HOHHOM BHJIE.

7. [Tpu norennmane 0 MB ycroitunBoii popmoii nmonukpucra€ia aBiasercs OepaIuHCKUn
Oenblif, KOTOPBIA YPPEKTUBHO OTAAET IEKTPOHBI CyOCTpaTy, BOCCTAHABIMBAS €T0 TEM CaMbIM J10
Bo/bl. Jlanee GepnuHCKas a3ypb BHOBb BOCCTAHABJIMBACTCS 10 OEpIMHCKOTO 0enoro, MpHHUMAs

OJICKTPOHEI OT J3JICKTpOAA. KOMHCHC&HI/ISI 3apsAaga MpOUCXOAWUT 3a CUECT BKIIOYCHHA B IIJICHKY
KaTHOHOB KaJlu.

[Ipennoxure ypaBHEHHS, OMUCHIBAIOIIUE AIEKTPOKATAIHN3.
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CTAPIIIAA JIMT'A

3aganue 1

MeTaniabl ;KU3HA

Ponp MeTamioB B COBpEMEHHOM MMpE OIpPOMHA: 3TO 0€30MacHOCTh TOCcyJapcTBa (OpyKue,
BOCHHBIE MAIIMHBI, KOPAOIN); pa3BUTHE MPOMBIIIICHHOCTH (J100bIYa METAJUIOB, MAIIMHOCTPOCHHE,
CaMOJIETOCTPOEHUE U T.[1.); TOPTOBIIs (IIpoAaka U3AeIUi METaIONPOKaTa, FOBEIUPHBIX YKPAILLIEHUH,
OpYKHS U T.[.); CTPOUTENIBCTBO (KUCIIOJIb30BAHNE METAJUIMUECKON apMaTyphbl); MOBBIIIEHUE YPOBHS
KU3HU Jroed (Tpokianka TpyOONpOBOJOB, 3JIEKTPOJMHUN, IMYTEHNPOBOAOB U T.J.); pa3BUTHE
3/1paBOOXpaHEHUs (MHCTPYMEHTBI, IPHUOOPBHI).

W3BectHa u Ouosiornyeckas pojib METaNIOB BO BCEX PACTUTEIbHBIX M KUBOTHBIX
OpraHu3Max, Tak Kak HOHbl METAJJIOB HAXOATCS B HUX B BUJI€ KOMIUIEKCHBIX (KOOPIMHAIIMOHHBIX)
coequHeHuil. buomeramnel  HEOOXOAMMBI  YENOBEUYECKOMY OpraHH3My Ui  HOPMAalbHOTO
(YHKIMOHUPOBAHUS U Pa3BUTHA, 0€3 HUX MPOCTO HE OBUIO OBI KHU3HH.

Pa3BuTreM 3HaHUN O XUMHUYECKOM COCTaBE YEJIOBEUYECKOrO TEJIa M 3HAUEHUEM XUMHYECKHX
AJIEMEHTOB JUISl )KM3HU U 3[0POBbS YEJIOBEKA 3aHMMAETCSl HeopraHudeckas OMOXUMHsS — 001acTh
HayKM, BO3HMKILIAS HA IPAaHU XUMHH, OMOJIOTUN U MEAULIMHBIL. 3yueHre MeTauioB MO3BOJIUT HAUTH
NPUHIUIHNAIBHO HOBBIE IIOJXO0/IbI K JICUCHHUIO paHee HEeU3JIeUUMBbIX OoJie3HeH.

JlecATh METaJUIOB, HEOOXOIUMBIX JUIsl )KUBOTO OpraHu3Ma, MOJIyYMJIM Ha3BaHUE «METaJlIbl
KU3HI». XUMHUYECKHE 3JIeMEeHThl X M Y SBJISIOTCS METaljaMH, OTKPBITHE KOTOPBIX CBSI3aHO C
uMmeHeM mBeackoro xumuka Kapna Bunerensma Ileene. 1o cpenneMy conepxkaHuio B OpraHu3Me
(mo B.M. BepHanckoMy) OHM SBISIOTCSI MUKPO3JEMEHTaMHM, MOCTOSHHO BXOJSIIMMHU B COCTaB
OpPraHuM3MOB M HMEIOIIME OIpeaes€éHHOe OMOoNornyeckoe 3HaueHue. B opraHmsme B3pocioro
yeioBeKa copepkutcs okoio 12 mr X (43 macc. % naxooumcs 6 Kocmsx, ocmaibHoe 6 MASKUX
mxarsx) 1 okojo 9 Mr Y (uz nux 5 me 6 kocmsx). buonorudeckas poib X u 'Y OnpeenseTcs Ipekie
BCEro TE€M, YTO OHM BXOJAT B COCTaB MeTauiopepMeHTOB. HenoctaTok miam mepen3OBbITOK 3THX
MHUKPO3JIEMEHTOB OTPULIATENILHO BJIMSAET Ha 3J0POBbE YEIIOBEKA.

Bonpocwi:

1. Xumuueckue 35eMeHTsl X U Y B JUIMHHONIEPHOAHOM Tabnuie MeH ieneeBa HaXoAaTCs
B COCEAHMX Tpymnmax W nepuojax. Ecmm Bech X (MeTauIM4ecKwii), cOAep)KalIMics B KOCTSIX
B3pOCJIOr0 YeloBeKa, paCTBOPHUTH B pa30aBICHHOM pacTBope a30THOM kucnotsl mpu 40°C u 250 k11,
To BbIenutcs 0,652 mut 6ecuBeTHOro raza. Haiaure mukposnementsl X u Y.

2. Kak Bu1 AYMAcCTEC, KaKNuM O6p8.30M 9THU MCETAJJIBI IOMMAJa0T B OPraHUu3M yeJoBeKa?

3. Pacummdpyiite cxemy npeBpalieHuii, HAMUITUTE YPAaBHEHUS BCEX PEAKIIMMA U YKaKUTE
HensBecTHhIE BemecTBa A-P. [ gero HyxHbI peakiuu 3 u 4?7
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CH,OH

o D E
B W Co &,
HZSO4(pa36.) SNEKTPOIIH3 G
X oo C : o X A/‘\?C
RS
5 H
tc| Al
900°C e
B - A —on I A
[1] KNO; \
J
H,0; N
@0”; M Q,S'
,@ .
R %o O

Hononnumenvnasn ungopmayus.:

50, P
BemectBo A F G H N
o(X), % 63,19 | 25,20 | 19,99 | 16,86 3,30

BemecTBo K L N @) P
o(Y),% | 59,94 | 66,66 | 51,86 | 20,74 | 31,76
Munepan, W3 KOTOPOro B IPOMBIIIJIEHHOCTH IOJIY4aroT
A metasn X. [Ipu npokaanBaHUM €ro Macca yMEHbIIAeTCs Ha
12,27 %
B, C, D | Her nomosHuTENBHON HHPOpMAITHH
E B crpykType BemecTBa MeXay aromMamMud X HET JAPYTHX
BemectBa ¢ X aronos
F G, H X HaxoAMTCs B JJAHHBIX BELIECTBAX B HEXapaKTEPHBIX JJIS
HETO CTENEHAX OKUCIICHUS
3 Pa30aBieHHbIi  BOJXHBIA  pacTBOp  BEIIECTBA  MMEET
MaJIMHOBYIO OKPACKY
I KonunvectBennslit cocraB BemectBa | Takoit ke, kak M, HO
KaueCTBEHHBIN COCTaB Pa3IMYHbIN
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KonnuecrBennslii cocraB BemecTBa M Takoil ke, kak |, HO
KAueCTBEHHBIA COCTaB Pa3JIMYHBINA

Munepan, K3 KOTOPOro B IPOMBIIIJIEHHOCTH IOJIY4arOT
metain Y. [Ipu o6xure K Bbaensercs ra3 ¢ pe3skuM 3anaxom

BemectBacY >
COI[ep)KI/IT 2 HHTHyFOHBHBIX METAJIUIOIIUKIIA BO BHYTpeHHeI/I

@) cdepe, nBa TUNA JIMTAHIOB C OJMHAKOBBIM KAa4€CTBEHHBIM
COCTaBOM, KOTOPbIE KOJIMYECTBEHHO OTHOCATCS 1:2

P Koopaunanuonnoe uncio Y paBHO 8
Mertamibel X 1 Y KOJIMYECTBEHHO OTHOCATCA 1:9, mpudeMm B
peaxyuu 15 meramn X npuHuMaer 3 snekTpoHa, a Y HE

BemectBac Xu'Y N N
U3MEHSET CBOIO CTENEHb OKHCJICHHUS, 3apsii BHYTPCHHEH
cthepsr N paBeH -6
4, [Tpu oTpaBieHny BeliecTBOM J Ha IOTOCITUTAILHOM JTAlle HITH Cpa3y MOCe TOCTaBKH

B CTallMOHAp IPOBOJUTCS IPOMBIBAHUE YEPE3 HA30TacTPAIbHBIM 30HA. I 3TOro NpUMEHSIOT
pacTBOp, U3rOTOBJICHHBIN IIyTEM CMELIMBAHUS PACTBOPOB IIEPEKUCH BOIOPOJA U YKCYCHOU KHCIIOTBI.
[Ton melicTBMEM YKa3aHHBIX CPEACTB MPOUCXOAMUT MpeoOpa3oBaHME TOKCHKAHTA /0 Oe3BpEIHBIX
coennHeHU. Hanummre ypaBHEHHE IPOTEKAOIIEH PEAKIIMH.

o. Paccuuraiite, xakue o0bEMBI 3 % pacTBOpa mnepekucu Bojgopona u 3 % pacTBopa
YKCYCHOW KHCJIOTBI HEOOXOJUMO CMemaTh, YTOOBI IMOJyYUTh PACTBOP U NMPOMBIBAHUS, €CIIU
yesoBek oTpasuics 550 mr emectsa J? [IpuMuTe MIOTHOCTH PAcTBOPOB paBHEIME 1 T/cM®,
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3aganue 2

Peakuust ApOy3oBa

145 ner Hazag poOAWICA  W3BECTHBIM  PYCCKMHM  XUMHUK-OpPraHUK  AJIEKCaHIp
EpmununrensnoBuu ApOy30B. Jlaypear HoOeneBckoi mpemuu Asiekcanap Toan Ha3Bam ero
"Benmuuaieil ¢urypoii B opranumyeckord xumuu ¢docdopa". Peakmus ApOy3oBa (peakmus
Muxasuca-ApOy30Ba) — 3TO AIKWJIMPOBAHHE TPHATKWIPOCHUTOB ANKHITAJOTCHUJAMH C
oOpa3zoBanueM JUATKWI(POCHOHATOB U BRITIIIUT CICAYIOUIMM 00pa3oM:

RO.__OR' RX -,
P » RO-P-R
| '
OR Harpes OR

X=Br, |

Cxema 1. Peaknius ApGy3oBa

Oo6pasyromuecs HochoHATH MIHMPOKO MPUMEHSIOTCS B KQ4eCTBE HHCEKTHIIHIIOB B CEIIbCKOM
XO3sCTBE, a TaKkXKe B CHHTE3€¢ NpU TOJYYCHHUW JIEKAPCTBEHHBIX TpENapaToB W JAPYTHX
¢bu3noNoruuecKkl akTUBHBIX (Qochopopranndyeckux coeauHeHud. OAHMM W3 TaKUX BELIECTB
spisiercs  LY-235959 — anrtaronmcr N-mertmn-D-acmaprar penentopa (HMJIA-penentopa),
KOTOPBINA UCHOJIB3YEeTCs /171 JiedeHUsl 00Jie3HH AJbIreriMepa.

Huxe npuBenena cxema cunresa LY-235959:

o]
\)J\ ) 1. NaCH 1. MsCl, nupnawvH, Tonyon, 65°C
o g TiCl, 2 H* Red-Al 2. Nal, AM®, Tonyon, 85°C
HO A
o}

B c D E
S Tonyon,
CHoCl, -20°C 264.32 152.19 \ynadenne
r/monb r/monb
EtO,C._ _CO,Et
NaH, T 1. 03, CH,Cl, EtOH, -78°C
NHAe 2. NaBH, MsCl, EtsN NaH
F G H '
0 TIr®, kKMnAYeHe
DMI, 90°C CogHasNO,
OH
Nal, aueToH, 1. 6M, HCI, kunavyexve o:.‘:foH
KUNSYEHNe P(OEt)s, 156°C 2. 5M KOH, knnsyeHne COH
J K
NH

LY-235959
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; : e T
MsCl = 0=$=0 Tro = EtzsN = ) DMI= — " SN
CH; /
0® 0O 0 ‘ i i
N p = N
Red-Al = Na At AM® = Os N E0,c. _COEt ~ © 07
—0 o’eH = HN
J NHAC m/
_OFt = -OCH,CH3 (o]
Bonpocui:
1. [IpuBenure cTpykrypHbie (opmynbl BemectB A -- K (crepeoxumueit MOKHO

npeHeOpeus), ecnu coenunenuss B, C, D, E, F coxepxar B cebe MOCTHKOBYIO OHITMKIMYECKYIO
CTPYKTYpY.

2. Hanumure mexanusm peakiuu ApOy3oBa cornacHo Cxeme 1 winu npeBpaiienus J B
K.

[Mpoxyxt C npencrasnsier cobori cmech auactepeomepoB Cl u C2 B cooTHOmenuu 97:3,
cOOTBeTCTBEHHO. M3BecTHO, uTo mpou3BoAHble BemecTBa C1 u3-3a cTepuyecKux 3aTpyAHEHUN He
CIIOCOOHBI BCTyIaTh B PEAKIIMIO MONMMepHu3anuy, B orinune oT C2 u ero ananoros. [Toaromy ans
NOJYy4YeHHUsS HEOOXOAMMOTO JUIS PEaKIMH TOJIMMEpU3alui dk30-u3omMepa L2 mpoBoaar psin
cienyromux npespaiienuii emectsa C1:

KonoHoyHas

1. SOCl,
Xpomarorpacus

2 MeOH DBU, kunsyeHue

L1 L1+L2
MO

N
DBU= | _
N

3. [Mpueaure crpykrypubie Gopmynsl Cl, C2, L1, L2. Ina L1 u L2 onpenenute ux
abcomoTHy0 KoHpurypanuto (R uimm S) moavko 1is aroma yriaeposia npu pyHKIIMOHAIBHOM rpyIIIe.

L2

Y

C1

4, Hanummre peakiuro noaumepusanuu s L2.
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3aganue 3

Ha cTpaxe npupoabl

Pecniy6nuka Caxa (SIkyTusi) BXOAMT B TPOWKY JIUJIEPOB 1O 100bIYe 3070Ta B Poccuu. Ilo
utoram 2021 rona B Pecriyonuke Caxa (SIkyTus) 66110 10061TO 42 TOHHBI 30710Ta, yTO HA 4 % Oouible
10 CPAaBHEHUIO C [TOKA3aTEISIMU ITPEIbIIYIIEero roja.

B SIxkytum noObIBaOT Kak pyAHOE, TaK M POCCHIMHOE 30J0TO0. [y AOOBIYM POCCHITHOIO
30JI0Ta UCHOJB3YIOT Jpard — o0OraTUTENIbHbIE YCTAaHOBKH, B OCHOBE KOTOPBIX JIEKHT (PUIIbTpALIUs
KpYIUI] 30J10Ta OT 1opobl. OHAKO, A U3BJIEUEHHs PyIHOrO 30J0Ta MEeXaHW4yeckas oOpaboTka
ABJISIETCS] HEOCTATOYHOM.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB M3BJ€UEHUS 30J10Ta U3 pyA. OJuUH U3 HUX OCHOBAH Ha
ucnonb3oBanuu cpeaneit conu NX, cocrosimieit u3 katnona metayia N u anrona X. Paz0aBneHHbIi
pactBop NX pachpuisitoT Ha OOJBIION XOJIM M3METbUYEHHON PYJIbI, B PE3YJIBTATE YETO MPOUCXOIUT
pacTBopeHue 30J10Ta C 00pa3oBaHKeM BemiecTBa Y (MaccoBas J0Jist 3070Ta wau=12,42%) (peaxyus
1). [ony4eHHBIH pacTBOP 30J10Ta COOMPAETCs B pe3epByapax, QUIBTPYETCs M BOCCTAHABIMBACTCS C
HIOMOIIBIO IIMHKOBOT'O MOpoIKa (peaxyus 2).

Opnako aHMOH X BBICOKOTOKCHYHBIM, IO3TOMY HEOOXOIMMO KOHTPOJIMPOBATh €ro
coJiepKaHre B BOZOEMaxX M peKax BOJIU3U MPEANPHUITAN 110 H3BJICYCHUIO 30JI0TA JAHHBIM CTIOCOOOM.
[Tpenensro nomycrumas konnentpanus (ITJIK) X pasna 0,07 mr/m.

OmuH ©3 CcrHOcOOOB KAavyeCTBEHHOTO OmpeaeleHus X COCTOUT B  BBIIAPUBAHUU
KOHIICHTPHPOBAHHOTO pacTBOpa, cocrosimero u3 coan NX u aucyibduna ammonus (peakyus 3). K
HOJy4eHHOH cMecH J00aBIsIOT HeoOxoamMmoe konudectBo pactBopa FeCls (peaxyus 4). B
pe3yJbTare HalIo1aeTcs KpacHasi OKpacka pacTBopa.

ITocne obHapykeHHst X B aHAIUTUYECKOM MpoOe MPOBOIUTCS KOJUYECTBEHHBIN aHAJM3.
OnuH u3 crocoOoB onpeeneHust KOHIEHTPauuu X 3aKI04aeTcsl B TOM, 4TO MPOBOIAT TUTPOBAHHE
pactBopa conu NX crannaptuzupoanHbiM pactBopoM AGNOs. Jl71s1 3TOro nmpeaBapuTesbHO B KOJIOY
Opnenmeiiepa 100aBIAIOT anuKBOTY pacTBopa NX ¢ HeM3BeCTHOW KOHIIEHTpalMel U HECKOJIbKO
Kareb HHIuKaropa 5-[N-(aumerninamuno ))oensuauicH|-poaanuna. Turpant AGNO3 u3 6r0peTKH 1o
KaIIsIM JOOABJISIOT B TUTPYEMYIO CMeCh ¢ 00pa3oBaHHeM KOMILIEKCHOI comu Z (peakyus 5). [pu
n36bsiTouHoi kame AQNO3 oOpasyercss KpacHbI 0cajiok cepeOpa ¢ 3aMEUIeHHBIM POJaHUHOM
(Ag* + Rd~ & AgRd |, K, = 10781 rne Rd™ - yCIIOBHOE 0003HAaYEHHE 3aMEIIEHHOTO POIaHUHA
u Ks — mpon3BeieHie pacTBOPUMOCTH).

Jpyrum cnocoOoM oOIpenesieHus] KOHIEHTpauuu X SBISIETCS MCIOJIb30BaHME METOoJIa
cnektpodoromerpun. Jlns storo B pactBop NX 100aBisioT U30BITOK OpOMHON BOABI C
obpazoBanueM BemiectBa A (wp=75,43%) (peaxyus 6). Ilpu 3TOoM HempopearupoBaBLIMi OpoM
TUTPYIOT PAacTBOPOM XJIOpHJA TUApasuHus (peakyusi 7). A BCTyNaeT B PEAKIMIO CO CMECHIO
nUpUANHA U OEH3UIMHA ¢ 00pa30BaHUEeM KpacHO-(HUOJIETOBOTO pacTBOpa (MOJSIpHBINA KOdhQHUIIHEHT
normomenns  €=6,9-10*  mmompt-cml). TlomyueHHBIH pacTBOp MOMEIIAIOT B KIOBETY
CHEKTPOPOTOMETpa, OIMPEIEISIOT ONTUYECKYI IUIOTHOCTh, C TIOMOIIBIO KOTOPOW HAXOMST
HEU3BECTHYIO KOHIIEHTpaIuio X.
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Bonpocui:
1. Omnpenenute BemectBa NX, Y, Z, A. Hanummure ypaBHeHHUs] 0003HAUECHHBIX PEAKLIUH.

2. B peaxyuu 2 npnsa monHOTO OCaXAEHUS 30J0Ta J00ABISIIOT M30BITOK IMHKA.
[IpennoxuTe cocod OYMUCTKH 30J10Ta OT IIUHKOBOT'O ITOPOIIIKA.

3. [IpensioxuTe eile 0AHY KaueCTBEHHYIO PEaKIMI0 Ha aHUOH X.

4. Omnpenenure, B KaKOH 1MOCJIEI0BATEILHOCTH OYIyT BbINAIaTh OCAIKU B poOe BOJIBI C
no0aBJIeHHEM 3aMEIIEHHOTO0 pofaHuHa npu TutpoBaHuu pactBopoM AgNOsz. Cuuraiite, 4To B BOJE
MPUCYTCTBYIOT TOJBKO XJIOPUA U Cyib(paT aHHOHBI, MPUYEM KOHILIEHTPALUIO KaXIOTO CUMTAWTE
paBHoit 250 mr/i. Konnenrparus pogannHa coctapiser 107 M.

o. Ha tutpoBanue 10,00 mu anmukBoThl pactBopa NX morpedosanocs 15,00 mu 0,0100
M pactBopa AgNOs3. Haiigute HawyanbHyro U paBHOBecHYI0 koHueHTpanuu X. Konuentpanus
pOJaHMHA COCTABJISET 10° M.

6. B pesynbrare mpoBeneHUs CHEKTPOPOTOMETPUUYECKOTO aHajau3a ObUIO IMOJIYyYeHO
3HaYeHHE ONTUYECKOU IIoTHOCTH, paBHOe 0,609. Ompenenute xoHueHtpauuto X. Ilormomenuem
U3JIyUYCHUS BOJIOW U KIOBETOM npeHeOpeusb. [IpeBbiinaeT nu nanHoe 3HaueHue [1J1K?

Hononnumenvras unghopmayus

M][L]"
1. KoHcranTta paBHOBecus K komiiekcooOpazoBanus BemiecTBa Z paBHa K = [[A;[L ]] =
n

8,0 - 10722, rne L — nurana, M — komiiekcoobpaszoparenb, MLy — KOMIIIEKCHOE COeIMHEHHE.

2. [poussenenus pactBopumoctd AgCl u AQ2SOs pasmbr 1,56-10%° u 7,7-107°
COOTBETCTBEHHO.

3. 3akon byrepa-Jlambepra-bepa: A = ¢ - | - C, rie A — onTHYecKas INIOTHOCTh, [ = 1cM

— IIMpUHA KiOBeTbl, C — MOJSpHAas KOHLEHTpauus [MOJIb/I], & - MOJSAPHBIA KOX(PPHUIHUEHT

1

cBeTonornomenus [z-cv™t-mons™].
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3aganue 4

(I’epMeHTaTI/IBHaﬂ KHHETHKA

@epMeHTHI — 3TO OEITKOBBIE MAKPOMOJIEKYJIbI, YCKOPSIIOIINE XUMUYECKUE PEAKIIUU B KUBBIX
cucremax. Kunernka hepMeHTaTUBHBIX peaKkluil ONMHCchIBaeTCs cxeMoi Muxasmnuca- MeHTeH

k 1 kcat
E+S —= ES —» E+P
ki
v rae E — ¢pepmenr, S — cyberpar, ES — pepment-

cyOcTpaTHbIii KOoMIuieke, P — mpoaykt, Ki —

. Vinax[S] KOHCTaHTBl ~ CKOpPOCTEH  COOTBETCTBYIOIIMX
K, +[S] CTaJuii, a CKOPOCTh (PEPMEHTATUBHON PEAKIINU
ONMCHIBACTCSI  BBIPAXXEHUEM U KPUBOH,
Mpe/CTaBICHHOW Ha pucyHKe. 3aechb Vmax —
MakcUMajbHasi CKOpOCTh peakiuu, Km —
KOHCTaHTa Muxasnuca, [S] — KOHUEHTpauus
cyOcTpara.

[s]

Z[J'ISI MOJIYUCHUA HAHHOI'O0 BBIPAKCHUA H606XO,I[I/IMO HCIIOJIB30BAaTh TPU BCIIOMOTI'ATCIbHBIX
YpaBHCHUSA:
a[p]

— = kg X :l — CKOpPOCTh (PEpMEHTATUBHON peaKuu

L) v=—;

2 % = I:l—(kcat + k_1)[ES] = 0 — ycnoBue KBa3uCTallMOHAPHOCTH

(3) [E]o = :l +[ES] — ypaBHeHHe MaTepuanbHOro Oananca st pepMeHTa

Bonpocwi:
1. OnpenenuTe HEJTOCTAIOUINE TAPAMETPhl YPABHCHHI.
2. Hcnonb3ys Becrmomorarenbhbie ypaBHeHus (1) - (3), Beipazute Vmax u Km uepes Ky, K,

Kcat ¥ HauanmbHyO KOHICHTpanuio ¢pepmenTta [E]o (Tam, rae Heooxoanmo). CunTaiite Bce KOHCTAHTHI
CKOPOCTH, HauaIbHYy10 KOHIIeHTpaIruto Gpepmenta [E]o u cyOcTpara [S] u3BECTHBIMH MapaMeTpaMHu.

. a
du3nyeckuii CMBICT KOHCTAHTHI kcat 3aKJII0O4YacTCa B TOM , a4 KOHCTaHTa Km

MOKa3bIBAaET CTENEHb celupUIHOCTH GepMeHTa K cyocTpaty u npu [S] = Km CKOpocTh peakuuu V

b

paBHsETCS . B cBow ouepens oTHomeHHe Keat/Km TOKa3bIBaeT KaTATUTHYECKYIO

c

3 PeKTUBHOCTH PEepPMEHTA K UMEET PA3MEPHOCTH
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3. BriGepute omHo BepHoe yTBepkaeHue s (a), (b) u (C) U3 TaONHIBl U MPUBEIUTE

o0ocHOBaHHE.

BapI/IaHTLI OTBETOB 1J1d Bblﬁopa

1) HacKOIBKO OBICTPO (hEPMEHT CBSI3BIBACTCS C CyOCTPaTOM

(a) 2) CKOJIbKO KaTaJUTUYECKUX UKIOB (000POTOB) (PEPMEHT COBEPIIACT B SAUHHILY
BpEMEHHU

3) CKOJIbKO MOJIEKYJT (hepMEHTA PACXOAYETCS B XO/IC PCAKIMK B €AUHUILY BPEMEHH

Vmax
e

®) [2) 200

Vmax
3~

Ict
(c) 2) ctxM
3)ctx Mt

bonpiioe Koau4yecTBO @epMeHTaTI/IBHHX peaKHI/Iﬁ MMPpOTCKACT II0 TaK HAa3bIBAECMOMY
TpeXCTaHHﬁHOMy MCXaHU3MY C ITPOMECKKYTOUYHBIM O6pa30BaHI/IeM KOBAJICHTHOI'O aan-(bepMeHTa EA

U IBYX IIpoaykToB P1u P2

K ks k3
E+S =—> ES ? EA7~> E+ P,
P, H,0
_[Ells] .
rac Ks = E I[J'I}I JAHHOU CXCEMBbI onpez[en;leMHe Ha OIIBITC napaMeTpLI kcat Hu Km CBA3aHBbI CO
3HAUYCHUSIMU npymx KOHCTAHT CJ'ICI[YI'OH_II/IM o6pa30M:
i koks
At = ke, + kq
K, =K ks
M S ke, + kg

Jna peakuuit TUApONM3a pAda CIOXKHBIX 3(uUpoB N-0eH30MIOKCHKApOOHUIATaHUHA,
KaTaJIM3UPYEMBIX CTPEIITOKOKKOBOM MPOTEHHA30M, ObLIIHM HaiiieHbl 3HAUCHUS Keat 1 K

Caoxupiii 3¢pup | Kea, ¢t | Kmx 104 M
n-HUTPO(EHUIIOBBIH 120 1.32
m-aATpOodeHmoBbIit | 120 1.35
o-autTpodenmnoBerii | 35.5 6.58

(beHnnoBbIi 82.5 3.64
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CrpykTtypa auniabHoi yactu - N-GeH30m10KkcukapOOHUIalaHuHA

4, OrneHuTe 3HAYCHUS WHIUBUAyaIbHBIX KOHCTaHT Kz, K3, Ks (epmeHTaTHBHOTO
TUAPONN3A I KaKAoro cyOcrtpara, ecnu Ks HE 3aBUCHUT OT CTPYKTYPBI YXOJISIICH TPYIIBI IS
JAHHBIX CyOCTpPaTOB M W3BECTHO, YTO CTaaus JAealuiaupoBaHust (KoHcTaHTa Kz) sBisieTcs
JTUMUTHPYIOIIEH JUIsl n-HUTPOPEHUIIOBOTO U M-HUTPOPEHMIOBOTO 3(PUPOB.

5. Ha ocHoBanum 3HaueHuil Keat 1 Km cxeMaTHueckn n300pa3suTe Ha OJHOM rpaduke
KpHUBbIE 3aBUCUMOCTH V OT [S] IS BBIIIENIEPEUNCICHHBIX cyOcTpaToB. [Ipu mocTpoeHUN KpUBBIX
npumuTte [EJo 0MHAKOBOM AJIs1 BCEX CITy4acB.
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3aganue 5

3HAKOMCTBO ¢ XeMOMH(OPMATUKOM @

XeMouH(pOpMaTHKa — 3TO HAyYHOE HampaBlieHUE, BO3HUKILEE HA CThIKE XUMHH, OHMOJIOTHH,
dapmakonoruu, MareMaTuku ¥ uHopmatuku. OHa 3aHHUMaeTcs 00pabOTKOM IKCIIEPUMEHTATIbHBIX
JaHHBIX, a TaK)K€ pa3BUBAET IIOJAXOJbl, IO3BOJISIIOIIME 3apaHee IPEICKa3blBaTh XUMHYECKUE,
¢u3uueckue M OHMONOTMYECKHE CBOWCTBA HOBBIX, B TOM YHCJIE €II€ HE CHHTE3MPOBAHHBIX
coearHeHui. XeMonH(pOpMaTUKa TaKXkKe SIBISETCS OJHUM M3 CaMbIX EPCIEKTUBHBIX HAIIPABJICHUH,
€XKEroHO HaOJII0AAeTCsl POCT HHBECTHUIIHIA B 3Ty 00JIaCTh, YK€ TOCTUTIIHA KOJIOCCATBHBIX Pa3MEpOB.

Ilpeocmasum crnedyrowyro cumyayuio:
1. Bbl — xumuk, pabortarouuii B THCTUTYTE BBICOKOZHEPIETUYECKUX COEIMHEHUH, U

nepe Bamu crout 3aada 0 HAX0KJAEHUHU a30TCOJIEPIKALIETO BELIECTBA, IIPU OKUCIEHUH KOTOPOIro
1o NO2 B kucnopone nipu temreparype 1520 K Beimenurcs Gomnbine Bcero suepruu. [lompoOyiite
HAWTH €ro, UCHOJb3YS JaHHbIE U3 CIEAYIOLIEH TaOIHIIbL:

BemecTBo O2 H20 NO:2 NO NHs N2Ha
AH(?%,KA—>K 0 -241,814 34,192 91,265 -45,94 95,18
MOJIb
C1 29,934 35,358 60,916 35,038 62,025 108,447
C2 7,8142102 [-3,39621072(—3,228+1072|—1,294¢10"2|-8,963+102 | —1,468+10*
C3 —6,698102 1,151 2,341 6,97210* 4,124 7,761
Cs 23,933 64,313 14,528 8,894 49,621 47,775
Cs 9,855 -37,394 22,999 —6,554 -25,190 —27,936
Ce 2,574 13,002 -8,123 3,074 7,818 8,594

Jl1st pacu€ToB BOCTIONB3YUTECH (POPMYIION:

2c, K/x
AH; — AH2?® =10- (clx - Gt Cax? + 2c5x3 + 306x4) —

T
rjaex = m; C4,€5,C3,Cy, Cs, C, — KOHCTAHTHI

2. O6’B$ICHI/IT€, Kak Bu1 YHOPOCTUIIU MOUCK IMMOTCHIUAJIBHO MEPCIIEKTUBHOTO JJIA pECIICHUA
3agauun BCH_ICCTBa?

Ho XI/IMI/IK-XCMOI/IH(I)OpMaTI/IK TAaKXKXC JNOJKCH YMCTb W XPAaHUTH I/IH(bOpMaI_II/IIO O CBOHX
COCOUHCHUAX. OKa3BIBaCTC${, 4qTo (I)OpMy.IIBI COEIMHEHMI MOXKHO XpaHUTb HC B BUJC TCX XUMHNYCCKUX
(I)OpMy.]'I, K KOTOPbIM MbI BCC IMPUBBIKIIM, HO U B MATPUYHOM BUJC (ManI/II_[a — 9TO MPAMOYTrOJibHas
Ta6J'II/II_Ia YHUCCJII, KOTOPYIO MOKHO paCCMaTpuBaTh Kak COBOKYITHOCTb CTPOK U CTOHGHOB). HaHpI/IMep,
(I)OpMy.]'Ia HUTPOMCTAHA 3alIMChIBACTCS KaK:

26



03
HG S C|:1 - NZ/'?
| ; \\04
H

DT0 MaTpula CBA3EH, KOTOpask XapaKTepU3yeT MOPSIKH CBsI3el MeX1y IPOHYMEPOBAHHBIMU
aToMaMHU B MoOJIeKyJie (Tak, nepecedeHre 1 u 2 B TabiMIe COOTBETCTBYET TOMY, UTO CYIIECTBYET
OJIMHApHasi CBSI3b MEXJly aToMamMH HoMep 1 u Homep 2).

3. [TorpoOyiiTe cCOCTaBUTH MAaTPHILY CBSA3EH [Tl IUKIIOMPOIIaHa.
4, [Ipennoxute MONEKyNy U MPUBEIUTE €€ CTPYKTYpHYIO (hopMyITy, €cliu ee MaTpuila
CBSI3EH:
1(2((3(4|5|6]|7]8]9]10
1
2 |1 1|2
3 11111
4 2
511
6
711
8 1
9
10 1
Hynu ¢ mabauye mosicno onycmumo
5. [Tpennoxute cnocoO, MO3BOJSAIONIUN YOPAaTh U3MUITHIOW WH(GOPMAIIUIO U3 MATPUIIBI
CBSI3E.
6. Mo:KHO JT1 B MaTpHUIlaxX CBSI3H, HAIPUMEP, YTJIEBOIOPOIOB, HE YUUTHIBATH BOAOPOI?
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MJUTAJIITAY JIMT'A. PEINEHWUA

3aganue 1
Ione3nble nckonaemoblie AKyTun

1. N3 ¢da3oBoil aumarpaMMbl MOXHO YBHUICTh, YTO COJEp)KaHHE Sb B aypocTHOHTE
coctaBisier 66,6%, Au 33,3%. Au:Sb = 33,3:66,6 = 1:2, oTctona nemnaemM BBIBOJ, 4TO (popmyiia
aypoctuouta AuSbo.

2. CocTaB 3BTEKTUYECKOM CMECH OMPEIEIIAIOT, HCXO/I U3 MOJI0KEHHS TOUYKU SBTEKTHKHU.
Conepxanne Sb cocrasuser 34,5%, Au 65,5%. Au:Sb = 65,5:34,5 = 1,899:1 = 19:10, cocraB
IBTEKTHYECKOW cMecH AuieSbhio. Temmeparypy IIaBJICHHS SBTEKTHYECKOW CMECH MOXKHO
onpeaenuTs u3 (pasosoit Auarpammsel. [1o onpenenenno 3BTEKTHKA — TUHUS, TOKA3bIBAIOIIAs CMECh
C caMOW HM3KOM TEeMIIepaTypoil IJIaBJIeHUS. TO €CTh HUKE 3TOW JIMHHUM TOJBKO TBEpHAs CMECH.
CrnenoBaTenbHO, TEMIIEpaTypa MiaBiaeHus sBTekTHdeckoit cmecu 380 rpan Llenbcus.

3. B TtBepnom. XKuakoe cocrossHue He 00pa3yeTcss HU IpU KAaKUX YCIOBMSIX, TaK Kak
IPOUCXOAUT HHKOHTPY’HTHOE IulaBiieHue. CoelMHEHUE B JKUIKOM COCTOSIHUM HECTA0MIIBHO M
pacnajaercs Ha jBa KOMIIOHEHTA.

4, 2 xomrioHeHTa Au u Sb, 1 ¢daza — )KUIKOCTh, OTCIO/IA MoJTydaeM, uro f=2-1+2 = 3.

o. st onpenenenus coctaBa HEOOXOUMO OIYCTUThH MPSIMYIO JI0 IMHUUA OCH aOCITUCC.
Conepxkanne Sb cocrasiser 20,0%, Au 80,0%. Au:Sb = 80,0:20,0 = 4:1, cocTaB 3BTEKTUYECKOU
cmecH AusSh.

6. TemnepaTypsl IUIaBIEHUS TaK K€ MOYKHO ONpeAenuTh U3 (ha30BOM auarpammsl 1o
HepeceyeHHIo JIMHUK JTMKBUAYca ¢ ocsiMU opauHaT. TemnepaTypsl iasiaeHust Au u Sb paBuel 1063
u 631 rpaxyc COOTBETCTBEHHO.

7. Oneprus ['n66ca Beraucnsercs no popmyne AG° = AH? — TAS°. Temneparypa npu
CTaHIApTHBIX ycioBusx paBHa 298,15K. AG°® =-54353,22 JIx/Mob.

8. Koncranta paBHOBecus Haxoautcs u3 ¢opmynsl AG° = —RTInK, wmeromom
o

AG
noreHuuposanus. Heobxomumo Beipasuts [nK, = — 7> /lJIee BO3BECTH JKCIIOHEHTY B CTENECHH

AG°
paBHOM KaXIo0# W3 uwacTeil ypasHeHus: e'™v = e RT . 13 maremarnueckoit hopMyInEl e
AGO —54353,22
nonydaem: K, = e RT = e 831429815 = 3,33 % 10°,

lnx=x

9. CornacHo 3akoHy ['ecca, TemaoBod 3¢@deKT peakuuu paBeH pPa3HOCTU CyMMBbI
CTaHJapPTHBIX SHTAIBIINNA 00pa30BaHUs MPOAYKTOB M CYMMBI CTaHAAPTHBIX SHTAIBINI 00pa3oBaHus
pEeareHToB C yYeTOM UX CTEXMOMETPUUYECKHX KOA(P(PUIIMEHTOB.

AHZeaxuun = Zn;AHZ (npoayxThbl) — Xn;AHZ (peareHTbl)

Cnenyer Takke TMOMHUTb, YTO SHTAIbIHS 0Opa30BaHUS MPOCTOrO BELIECTBA B CTAHJIAPTHOM
coctosiHuM pasHa (.

AHC i = {470,5 + 4%(-425,61)} — {8*(-91,0) + 2%(-285,84)} = -400,76 Jlc/momb.
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10. 2Na[AU(CN)2](>K) + ZN@p) = Naz[Zn(CN)4](n<) + ZAU(TB.)

11. { (NaCN) = 222 = 0,25 moms;
_168 _ _

1 (02) = Y 0,75 MoJIB;

_ 784 _

1 (H20) = o 0,35 MOJIB;

1 (Au) = 10835 _ 0,55 MoJb.

197

Pacuetsl mpoBoAMM 1O HEOCTATKY peareHTa, B HegocTtatke NaCN.

B XoJe peaKLII/II/I BBIACIIUTCA:
0,25
Q = —400,76 * 5 = —12,52 x/I>x/Mo1b.
12. Jliis Havaa HeoOXOAMMO OTIPEICIIUTh KOJIMYECTBO AaTOMOB Ha DJIEMEHTAPHYIO TYCHKY.
1 1
NAu=§*8+E*6=4,N5b=1*8=8.

Sueiika KyOHueckas, mo3ToMy o0beM sueiikn paser V,, = a® = 6,6463 = 293,55A3.

[ToxcraBnsiem 3Ha4UeHUS B POpMyITy:

P = %n’(NAuRiu+NSbR§b)’ nonysaew k = (441,443 +8+1,59%) — 0,629
Vi 293,55
Kpumepuu oyenusanusa:
Ne ponpoca DJIeMEHThI peleHns Ounenka

1 Omnpenenena xuMuueckas GopMmyJsia aypocTuoura 15

2a OmnpeneneH cocTaB 3BTEKTUYECKON CMeCH 2

20 VYka3aHa TemriepaTypa IIaBIeHUS 15

3a OmnpeneneHbl BO3MOKHBIE (ha30Bble COCTOSIHUS COeIMHEHHMS | 2

30 JlaHo oObsicHEeHHE 2

4 OmnpeeneHo KOJIWYeCTBO CTENeHe cBOOO b B TOUKE 2 1,5

5 OrmpesenieH cocTaB B TOUKE 3 15

5 BepHo ykazaHbl TeMIepaTyphl MJIaBJIE€HUsS CYpbMBI U 30J0Ta — 110 | 5

0aIoB X 2

7 Paccunrtana ctannaptHas sHeprus ['md6ca 1

8 PaccunTaHa KOHCTaHTa PaBHOBECHSI 1

9 PaccunTan TeroBoi 3¢ dext peakmmu (1) 1

10 Hanwucano ypaBHeHHe peakuuu (2) 15

11 OrnpeenieHo KOJTMYEeCTBO TEIIOTHI 15

12 PaccuuTad KO3 PHUIHEHT MOJIEKYJIIPHON YIaKOBKH 3,5
HUTOI'O: 23,5
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3aganue 2

ANTIMONK
HNOs(pas36.) NaOH H.S,HCI 0: 0; KOH
+ Sb203:nH.0 » Na[Sb(OH)4] * ShySs + Sb20; + Sba0s » K[Sb(OH)s]

340°C 700%¢ 5 ,
520°C| Hy | NaOH

NaOH cla cl . '
Na[Sb(OH)s]| < ShCls < SbCly «——— sp 1250450 Shy(SO4)s  Na[Sb(OH)s]|

H:0 Es J;zo-ssoc-c-
v HSOsF CizHss
ShOCI SbFs ——— H[SbF5503F] — CaHes™

OnemeHT X — cypbma. OO 3TOM CBHAETENLCTBYET CaMO Ha3BaHHUE 3a/layll U €€ ONHCaHue
(antimonk), HO TakXe MOATBEPIUTH, YTO ITO CypbMa, MOXKHO C TIOMOIIIbIO MAaCCOBOM JTOJIN 3JIEMEHTa
B E. Ilo cxeme BuaHO, 4TO 3jIeMeHT X TOJABEPIriIM Bo3zaciicTBUIO (propa, Torna E — dropua. U3
MacCCOBOH JTOJIM MBI MOKEM COCTAaBHUTh TAOJIHITY Pa3IUIHBIX COOTHOIICHHUH aTOMOB (PTOpa ¥ aTOMHOM
macchbl X (yCimoBHO (HOpMyYJTy MOKHO IIPEACTaBUTh B BHE SbFx):

Tabuuna 3HaYeHul AaTOMHON Macchbl X NPH Pa3JIHYHBIX X

Kosaun4vecTBo atomoB ¢propa ATtomHas macca X, 1/M0JIb

1 24,35

48.70

73,05

97,40

121,75

(o> NS 2 I N~ NGO B )

146,10

[To Macce M XUMHYECKUM CBOMCTBaM MOIXOIUT JinIib cypbMa. To ecth E — SbFs, X — Sb.
OO6b1yHO cyppMma umeer BajeHTHOCTH (III) mnmm (V), U3 yero MoOXHO MpPENIoNIOKHUTh, YTO
xnmopupoBanue X nmpoucxoaut nodtamnto (A — SbCls, B — SbCls). B Boge SbCl3 ruaponusyercs 1o

I — SbOCI, uro Takke MOATBEPKIACTCS MACCOBOM JIOJICH CYPbMBbI B COSTUHCHUM:

oo 70.29 121,75 r/monb 100%
= = *
w%(X) ) (121,75 + 16 + 35,45)r/moub ’

H — Sb2(SO4)3, Tak Kak OKHCICHHE B OJICYME IMTPOUCXOIUT JI0 CTENICHH OKUCIIEHHUS +3 M 3TO BBIXOIUT
U3 MacCOBOM JIOJIH CYPbMBI B COSAMHEHHH:

%(X) = 45 80 121,75 r/monb - 2 100%
= = %
WHX) = 4580 = Ao 7E 2 196,07 - 3)r/moms 0

F — marnueckas kucinota cocraBa H[SbFsSOsF]
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%(X) = 38,43 121,75 r/mMosb 100%
= = *
@7 ’ (121,75 +19,00- 6 + 32,07 + 48,00 + 1,01)r/mMonb °

G — katnon C32Hes*. B yciioBuM 1aHbl OJACKA3KU O TOM, YTO KaTHOH HE COACPKUT Sb, a Takke
obagaeT 4YpPE3BHIYANHO CHIBHBIMH KHCIOTHBIMH CBOMCTBAMH MAarMueCKOW KHCJIOTBI, KOTOpast
crocoOHa MPOTOHUPOBATH YIIICBOIOPO/IBI.

Sb oxucnsercs B konnenTpupoBanHoit HNO3 1o crenenu okucienus +3, moaromy Y — Sb203:nH20.

M — Na[Sb(OH)4] (Tomyckaercst Nas[Sb(OH)s])
W3BectHO, uto L — cynbhuanbiii Munepan. L — Sb2Ss.

C — Sb203, Tak Kak Mpu OKUCIICHUH CYIb(OUIHOTO MUHEpPaa CTEIEHb OKHCICHHS CypbMbI OCTAETCS
npexHeit. Taxxe popmyny C MOKHO BRIBECTH U3 MAaCCOBOM J0IM CypbMbl: BrioyiHe oxugaemMo, 4To
npu 00xure cyibpuaa oopazyeTcsi OKCHJI CypbMBI, O Y€M TaK)Ke CBUIETENLCTBYET BOCCTAHOBIICHUE
C BogopoaoM C moiydyeHueM MpocToro BemecTtBa X. HailinéM U3 MaccoBOW [0MM CypbMbl

83,56 T 16,44 T
: ~ 0,68:1,03 = 1:1,5 = 2: 3 CoOOTBETCTBEHHO,
121,75 r/mMonb 16,00 r/Monb

cooTHoulenue Sh:0 =

dopmymna C — Sb20s.

J — Sh20s

K — K[Sb(OH)s]

D — Na[Sb(OH)s]
YpaBHeHus1 peaKiuii:

2Sb +2HNO; + (n — 1)H,0 - Sb,05 - nH,0 + 2NO 1
Sb,05 - nH,0 + 2NaOH — 2Na[Sb(OH),] + (n — 3)H,0
2Na[Sb(OH),] + 3H,S + 2HCl - Sb,S; 4 +2NaCl + 8H,0
25b,S; + 90, — 2Sb,05 + 650, T

Sb,0; + 0, — Sb,05

Sb,05 + 2KOH + 5H,0 — 2K[Sb(OH),]

K[Sb(OH)4] + NaOH — Na[Sb(OH),] { +KOH

Sb,0; + 3H, — 2Sb + 3H,0

2Sb + 6H,S0, - SO5 — Sb,(S0,)s + 6H,S0, + 350, 1
2Sb + 3Cl, — 2SbCl,

SbCl, + Cl, — SbCl;

SbCl, + H,0 « SbOCI + 2HCl

SbCls + 6NaOH — Na[Sb(OH),] ! +5NaCl

© o N o a bk~ w NP

R O
w = o

320-350°C
14.  2Sb + 5F, ——— 2SbFs

15.  SbFg + HSOsF — H[SbFsS0,F]
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Kpumepuu oyenueanusa:

Ne Bonpoca DJleMeHTbI peleHust Ouenka
1 3a kaxayro u3 peakmuii 0,5 6 8
2 Bepno onpenenenst Bemectsa X,Y,M,L,C,J,K,A,B,E no 0,5 6. 3a 5
KaXJ10e
3 Bepno onpenenens! Bemectsa |,H,D o 1 6. 3a kaxxgoe 3
4 Bepno onpenenensr BemectBa G,F mo 2 6. 3a kaxxaoe 4
HUTOTIO: 20
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3aganue 3
CoennHeHus 0JIaropoAHbIX ra3oB

1. A = XeF», B= XeF4, C= XeFs, D= F>, E=XeOs.
2. 1) Xe + F2 = XeF
2) Xe + 2F; = XeF4

3) Xe + 3F, = XeFs
4) XeFs + 3H,0 = XeOs + 6HF
5) 2Xe03 + 4KOH = K4XeOs + Xe + Oy + 2H,0

3. Jlnst pacuera MoskHO B3aTh 19 Mr XeOs. n(XeOs)= 0.019/179=1.06*10"* mons. Torxna
00beM KCEHOHAa MOXHO HAaWTH W3 JIAHHBIX peakuuu 3 1o ypaBHeHH0 MenpeneeBa-Knaneipona:
V(Xe)= (n(XeOs)*R*T)/P= (1.06*10*8,314*573)/(6,08*10°) I1a=0,083 mu.

Taxoxe, nomycrtumo pemenne V (Xe) = 1.06*10 * 22.4 = 0.0024 1 wmu 2,4 M.

4. CrpykrypHas popmyia

HpOCTpaHCTBeHHOC CTPOCHUC NICPKCCHAT-NOHA — OKTA3 APUICCKOC

4-

V4

O Xe (6]
7|
0 0
5. OcHOBHOE IMPUMECHCHNE KCCHOHA B MEIUITMHEC — OTO HAPKO3 U 00e300BanueE.
6. ®TOp YI00HO XpaHUTh U TPAHCIOPTUPOBATH B BUJE PTOPUAOB KCEHOHA. DTOpUIBI

KCCHOHAa O6J'Ia)IaI-OT CHJILHEHUIITMMH OKHCIUTECILHBIMHI CBOI\/JICTBaMI/I, BCJICACTBHEC YETO OHU MOT'YT OLITH
HCIIOJIF30BaHEI B KAYSCTBE OKHMCIUTEIICH PAKE€THOT'O TOIJIMBA.

Kpumepuu oyenusanusn:

Ne Bonpoca DJIEeMEeHTBI pelIeHus Onenka
1 Bepnoe onpenenenue BemniectB A-E: mo 1 Gamny x 5 BemecTs 5)
2a 3a Kax70¢e BepHOE ypaBHeHHE peakiuii 1-4: mo 1 6amny x 4 4
20 3a BEpHOE ypaBHEHUE PEAKIIUH 5 2
3 Pacuer o6bema kceHoHa (Borpoc 3) 1
4 Crpykrypayto ¢opmyna (1 6amr) u mpocTpaHCTBEHHOE CTPOSHUE 2
(1 6amn) mepkceHara-uoHa
S Hcnonp30BaHue B Ka4ecTBE HApKO3a 2
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Coenunenus — Qropunsl KceHoHa 1,5 0ami, OKHCITUTEIBHBIC
cBoiictBa 1 Oasn

2,5

HUTOIO:

18,5
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3amanue 4

Ha cTpaxe npupoabt

Bo-niepBbix, MOXHO pgoragaTbCcsi, 4yTo X — I[MAHUJ, T.K. HCIIOJIB30BAaHUE IHMAHUIOB —
pacmpoCTpaHEHHBI TPOMBIIUICHHBI PaCcTBOPHBIN crmoco0 mo0bram 3o0m0ta. Ckopee Bcero,
pa30aBJICHHBII pacTBOp IMAHKUA C KUCIOPOJOM 03 HarpeBaHus HE CMOXET OKHCIUTH 30JI0TO JI0
crenienn okucieHus (CO) +3, moaromy nposepsiem CO +1. Ilpu 3ToM KOOpAMHAIIMOHHOE YUCIIO
paBHO IBYM, KOMILJIEKC JIMHEWHBIN ¢ nurangamu CN . Boruncnsiem KaTHOH U MoJTydaeM KOMIUIeKC Y
- Na[Au(CN)z], u, coorBerctBenHo, NX — NaCN.

Bo-BTOpBIX, MOKHO 3aMETUTh, YTO peaxkyus 4 — Ka4yeCTBEHHAs PEaKIUsl Ha POJIaHU]I-UOHBI
(THOLIMAHAT), IO3TOMY B peakyuu 3 MOXKHO JOMYCTUTb, YTO [IUAHU IEPEXOIUT B POJIAHU]T U OTCIOJIA
MPEANOI0XKUTD, YTO X - IUAHU]I.

1. Hroro: NX — NaCN, Y - Na[Au(CN)z], Z — Na[Ag(CN)z], A - BrCN.
VYpaBHEHHUsI peakuil:

4Au + 8NaCN + 0, + 2H,0 = 4Na[Au(CN),] + 4NaOH
2Na[Au(CN),] + Zn = Na,[Zn(CN),] + 2Au

CN™ +S2~ =NCS™ + 5%~

[Fe(H,0)6]3* + nNCS™ = [Fe(NCS)(H,0)6_n]*" + nH,0, n = 1,2,3
AgNO3; + 2NaCN = Na[Ag(CN),] + NaNO;

NaCN + Br, = BrCN + NaBr

2B1, + NyHsCl = N, T +4HBr + HCl

No akkowbdE

2. JlocraTouHo 100aBUTH pa30aBIEHHYIO KUCIOTY: LIMHK PACTBOPUTCS, 30JI0TO — HET.

3. Ecnu 106aBUTh B pacTBOP, COAEPIKAIMi MAHU-aHHOHEI, pacTBop Fe?*, marpers B
TeyeHHe HECKONLKHX MHHYT U J00aBUTh pactBop Fe3*, To momyunrcs cunmii ocanok GepmmuHcKoit
Ja3ypu:

6NaCN + FeCl, = Na,[Fe(CN)4] + 2NaCl

Nay[Fe(CN)g] + FeCl; = NaFe[Fe(CN)¢] { +3NaCl (mpuanumaercst u ipyrasi CTEXHOMETPHUS
OepIMHCKOM Ja3ypu)

4,
PaBHoBecHasi
KoHuenrpanus
Ocanox IIpounsBenenune pacTBOPUMOCTH KOHIEHTpauus
AHHUOHA
KaTHOHOB cepedpa (M)
AgRd 10°M = [Ag*][Rd™] = 107181 [Agt] = 107121
AgCI 7,05-10° M K [A *1[Cl ] =1,56-1071° [Ag*] = 2,21-108
Ag2SO4 2,60-10° M K, = [Ag*)?[S0} 1=7,7-107° [Ag*] =0,172

CHavana BBINTaJeT 0cajioK cepedpa ¢ 3aMeNIEHHBIM POJaHWHOM, 3aTeM XJIOpHI cepebpa, U,
TPETHUM, BBIIAZCT OCAJIOK CyJbdaTa cepedpa.

5. HalineM HadaJIbHYIO KOHIIEHTPALMIO IMAHNU1-aHUOHOB B pacTBOPE:
AgNO3; + 2NaCN = Na[Ag(CN),] + NaNO;



[[anee BBIYHUCJIMM PAaBHOBCCHBIC KOHICHTpalW HUAHUA-aHUOHOB. T.k. 5TO TOUKA

%C(CN") V(CNT) = C(Ag™) - V(Ag™)

C(CN~)=0,0300M

koHeuHoro turposanus, [Ag*] = 107141 u Bce cepebpo Haxomurcs B komiuiekce. C ydeTom
pas6asnenus [Ag(CN),]” = 61073 M. U3 ypaBHeHus

[Ag*1[CN~]?

[Ag(CN),]~ & Ag* +2CN~ K = (A9 (CN) ]

Haxomum [CN™] = 2,46 - 1076 M.

6.

A=¢-1-C=69-10*-C = 0,69.

Otser: C = 107> M = 0, 26 mr/i1. 3HayeHme npessbimaet [TK.

Kpumepuu oyenueanusn:

Ne Bompoca DJIeMeHTHI peleHust Onenka
Omnpenenenue BemectBa NX 1 6. (eciu onpeeneH TOIBKO aHHOH —
1a 0,5 6aa) 1
10 Onpenenenne Beniects Y, Z, Ano 0,5 6. 15
VYpaBHenus peakuuii o 1 6. (moyHbII 0at 3a COKpalieHHOe
Is HMOHHOE YpaBHEHUE) 7
2 Crioco0 OYUCTKH 30J10Ta OT IIMHKA 0,5
3 KauecTBeHHas peakiysi Ha ITMaHUI-aHUOH 2
4 Bephas mocie10BaTeIbHOCTh 00pa30BaHUS 0CAIKOB 3
Sa [TpaBuiIbHO HalICHHAs! HAYaJIbHAsl KOHIEHTPAIMS IHAHUAA 1
56 [IpaBuibHO HaliieHHAs paBHOBECHAs! KOHIICHTpAIUs [THaHK 1A 2
6a BrrurciieHue KOHIICHTPAIMH [THAHUI0B 1
60 VYkaszanue npespiienus [1IJIK 1
HUTOI'O: 20




3aganue 5
Buocencopsl Ha 0cHOBe OepJIMHCKOM J1a3ypH

O O, -OH
1 H——0H rMioKo300KCHAa3a H——OH
H——OH H——OH
H—1—OH H——OH
CH,0OH CH,OH
2.
Peakius cpenbl H>07 okucnautens H>0; BoccTanoBuTENH
Kucnornas H>0; + 2H30*+ 2 e — 4H,0 H202+ 2H,0 -2 e — O+ 2H30"
HeiitpaabHast H202+ 2 e — 20H" H202+ 2H20 -2 e — 02+ 2H30"
Hlenounas HO2 + H20O +2 e — 30H" HO2 + OH™- 2 e— 02+ H,0

3. 2KMnO4 + 5H202 + 3H2S04 = K2SO4 + 2MnSO4 + 502 + 8H20.

4. BepiauHCKy0 J1a3yph MOXKHO TMOJYYHTh MPU B3aUMOACHCTBUU KPAacHOW KPOBSHOMN
comu ¢ xaopuaom xenesa (11):

4Fe'"'Cl3 + 3K4[Fe'"(CN)s] — Fe'''s[Fe''(CN)s]s +12KCI
5. bepnunckuii 3enensiit Fesll[Felll(CN)sA]3

bepnuHckuil Oenblii COEPKUT B CBOEM COCTaBE MOHBI Kajus. MossipHas Mmacca OepJIMHCKON
na3zypu paBHa 859,253 r/moub.

n-39,10

W(K) - n-39,10+859,253

- 100% = 15,49%, rme n-KOJINYECTBO MOHOB KaJIus.

Pemas ypaBHeHue, HaxouM n=4, OTKy1a
Bepaunckuit 6enpiit KaFes!![Fel!(CN)s]3
6. VYpaBuenue peakiuu (1-2)

Feql[Fell(CNg)]3 + 4e + 4K* — K4Fes!'[Fel!(CN)s]a.

4Fe® + 3[Fe!(CNe)]*+ de + 4K*— 4K +4Fe* +3[Fell(CN)e]*
Fe4lll[Fell(CNe)]3— 3¢ + 34~ — Fe4lll[Felll(CN)sAls.
4Fe3* +3[Fe!l(CNg)]*— 3e + 34 —4Fe3* +3[Fe!!!/(CN)sA]*
7. YpaBHEHHsI, KOTOPBIE OMUCHIBAIOT MPOILECC IIEKTPOKATAIH3A:
KsFe4![Fel(CN)s]s+ H202 + 2H30" + 2 e — Feslll[Fel!/(CN)s]s + 4H20 + 4K*

Fe4ll[Fell(CN)e]3 + e + 4K" — KsFe4l!'[Fel!(CN)s]3



Kpumepuu ouyenusanusn:

Ne Bonpoca DJleMeHTbI peleHust Ouenka

1 BepHo 3anucaHo ypaBHEHUE PEaKIIuu 2
2 Bepno 3anucanbl ypaBHEHHS Moiypeakiuii - o 0,5 6. 3
3 Bepnas 3anuch ypaBHeHUs peakiu - 1 0. 1
4 [IpeniokeH MpaBWIIbHBIN crTOco0 momydyeHue - 1 6. 1
5 Bepno 3anucansl popMyisl coeauHenuit - mo 1,5 6. 3
6 BepHo 3anmcanbl ypaBHEHHH peakuuii - mo 2 0. 4
7 Bepwslit oTBeT - 110 2 6. 4

HUTOrIO: 18




CTAPIIAA JIMT'A. PEITNEHUA

3aganue 1.
MeTaJLibl JKU3HHA

1. BeciuBeTHbIil ra3, BeIACHSAIOMIMNACS B pe3yibTaTe peakiuu — okcua azota (I1). Haitném
KOJIMYECTBO rasa ¢ MOMOIIIBbIO YPaBHEHHUS COCTOSTHUS uaeabHoro rasza (Knanelipona-MenpaeneeBa):

pV = nRT

_pV _ 250-10%-0,652-107

= =6,261-107°
RT ~ 8314- (40 + 273,15) Mosb

n

LlenecooOpa3Ho mpoBepuTh X CO CTETEHBIO OKUCICHHS +2 1 +3 B 00pa3yIoLIiXcsi HUTpaTax.

3X + 8HN03 (paz6.) — 3X(N03)2 + 2NO + 4H20

n(X) = 1,5n(NO) = 9,391 - 10~° moub
m 0,012-0,43

= ;:W: 54,95 I‘/MOJlb

DTO COOTBETCTBYET MOJISIpHOU Macce maprauiia (Mn).

X+ 4HNO3 (pa36.) — XO\IO3)3 + NO + ZHZO

n(X) =n(NO) = 6,261 - 10~° Mmosb

yom_0012:043
= T 6261 105~ 844l r/mom

C Takol MOJSIPHON Maccoil METAJUIOB HET.
[Tomyyaem, uto X — 3TO Mapraseil.

3Mn + 8HNO3 (pas) — 3Mn(NOs); + 2NO + 4H,0

Mapraner; Haxonutcs B 6 rpynmne u 4 mnepuone B AnuHHomepuonaHou Ttabmuue JI.U.
MenneneeBa. B 3 nepuone B 5 u 7 rpynme HaxoasaTcss HeMeTauibl. OHU HE MOIXOSAT 10 YCIOBHUIO
3agaun. OCTanuCh IEMEHTHI, HaXxoAsIecs B 5 neproze B 5 u 7 rpyrie. 9To MOJUOCH U pyTEHUH.
PyTeHuit He BXOJUT B CIIUCOK «METAJUIOB JKU3HMY, TOra Y — MOJIUO/IEH.

2. HcrouHrkaMy NOCTYIIJIEHUSI METAJJIOB B OPTraHU3M YEJIOBEKa SIBJISIOTCS €/1a, BoJa U
BA/lpb1.

3. YpaBHEHUS peaKIlHii:

t°C
1) 3MnO2 — Mn3z04 + O2
2) 3Mn304 + 8Al — 9Mn + 4A1,03
3) Mn + H2SO4 — MnSO4 + H>

3JIEKTPOJIN3

4) 2MnS0O4 + 2H20 ——— 2H2S04 + 2Mn + O



5) Mn + 2NH4Cl + 2H20 — MnCl; + 2NH3-H20 + H»

6)  2MnCls + 10CO —25% Mna(CO)1o + 2Cls

7) Mn2(CO)10 + 2Na — 2Na[Mn(CO)s]

8) Mn2(CO)10 + Bro — 2Mn(CO)sBr

9) 2Mn + 12NaCN + 2H20 — 2Nas[Mn(CN)g] + 2NaOH + H>

°C
10) MnO2 + 2KOH + KNOs3 = KaMnO4 + KNO2 + H20
11) 2K2MnOg4 + Cl2 — 2KMnO4 + 2KCl

600°C
12) 2MoS; + 702 — 2Mo003 + 4S0;
600°C
13) MoQOs3 + 3H, — Mo + 3H20

14) Mo + 3KNO3 + 2KOH = K2MoO4 + 3KNO: + H20

15) 2KMnO4 + 18K2M004 + 13H202 — 2Ks[MNM0gO32] + 26KOH + 80;
16) KaMo0O4 + 4K>S; + S + 4H20 — Ko[M0S(Ss)2] + 8KOH

17) MoOs3 + 2KOH + 4H,0, — K2Mo(02)4 + 5H20

(F)
T Na[Mn(CO)s]

@) C OH ® >
C\@Q\ MIIC12 %"MHZ(CO)IO
X) © B %, )
stoﬂl(pﬂ'{(), AICKTPOJIHS
n - MnSO; " Mn Yo, ) Mn(CO)sBr
x) Z5Y
e o NasMn(CN)g]
900°C t°
Mn3;04<——MnO, K-MnO C
KOH 2 4 4
(B) 0 @ xno ) < )
’ KMnO4
H,0, (N)
Kﬁ[MﬂMOgO:;z]
(M)
@O& K2M004 &:S
2 e - K I\/}OS‘)y S
Mo~ ¥ 20 g 2[MoS(S4),]
W e
®) v &
MOSz_zﬂbMOO:;

600°C %\ (P)

202 ' K>Mo(0;)4

Peakmun 3u4g HCO6XO,Z[I/IMBI IJI1 OYUCTKH MapraHia, Tak Kak ImocJjc aJlloMOTCPpMUN (pCaKI_II/I}I
2) Mapralne MOXKET MMOJIYUYUTHCA C IPUMCECAMU.

4. ypaBHCHI/IC pCaKknuu, NpoTCKAOIICC ITPU HCﬁTpaHHBaHHH BCIICCTBA J:

2KMnO4 + 5H20; + 6CH3COOH — 2Mn(CH3COO0); + 2CH3COOK + 8H20 + 50;

0.550

5. n(KMno,) = = 0.00348 moJib
39.10+54.94+416.00




n(H,0,) = 2.5n(KMn0,) = 0.00870 moJsb
n(CH;COOH) = 3n(KMn0,) = 0.01044 mosb
m(H,0,) = 0.00870 - 34.02 = 0.296 1.

m(CH;COOH) = 0.01044 - 60,06 = 0.627 r.

0.296
mp_pa(HZOZ) = m = 9.87r.

0.627
Mypa(CH3COOH) = = 20.90.

9.87
Vopa(H20,) = —— = 9.87 mn

20.90
Vopa(CH3COOH) = —— = 20.90 Mz

OT1BeT: 4TOOBI MOJYUYUTH PACTBOP VIS TPOMBIBaHMS HEOOX0auMO cmemmaTh 9,87 mit 3 %
pactBopa nepekucu Bogopoaa u 20,90 mi 3 % pacTBopa yKCyCHOM KUCITOTHI.

Kpumepuu oyenueanusn:

Ne Bonpoca DJIeMeHTBhI pelleHust Ouenka

1 Bepnoe onpenenenue snementoB X u Y no 1 Gamny 2

5 Bepnrliit oTBeT (J1r060€ Apyroe pazyMHOE NPEIITOI0KEHNE 05
Takxke noompsercs) — 0,5 6amion ’
3a xkaxayro u3 peakuuii 1-17 mo 0,5 6armia, 3a Kax10€ BEpHO

3 onpeneneHHoe BemectBo A-P o 0,5 Oamna. 17,5
BepHblii oTBeT Ha Bonpoc npo peakiuu 3 u 4 — 1 6amn

4 Bepnoe ypaBaenue peakruu — 0,5 6amra 0,5

5 Pacuer oO6bema kaxaoro u3 pactBopos 1o 0,25 6amios 0,5

HUTOIO: 21




3aganue 2.
Peakuust ApOy3oBa

1.
\)CL 1. NaOH
\/t; g ‘j\t{\ TiCly, 7 2 H Red-Al
o . o . i
o)
HOT o ° L CHCL20°C oo gy TOTYOM,
) KMNAYSHNE
A B c
1. MsCl, py, Tonyon, 85°C NaH o o2CwCo 1. Oy, CH,Cl, EtOH, -78°C
2. Nal, AM®, Tonyon, 85°C NHAC ; 2. NaBHy,,
i 7
5 CO,E
on | DMI, 80°C co.e
D E F  NHAc
OH OM
] _ COE MsClL ELN | s _ COjE ?Ms H  Ccog Nal, aLjeToH,
O \#coza » By O \#COQEt NaH _ ’*J)(;Ii/\ﬂ;coza KUNAYEHUE
. NHA ... NHA
”'| ‘ ”" ‘ Tr®, kunaveHne ) NAe
G OH H OMs |
CigH11NOy7
OEt OH
| 0=P_0H 1. 6M, HCI, kmnaveHue O:F"—OH
| R P(QEt),, 156°C |, B CO:Bt 2 5M KOH, knnaveHue | H CO-H
COE CO.El = .
NAC NAC NH
H H H
J K
LY-235959
2.
SN2 oR @ SN2
PRi_— H ~  sameweHune o o, Harpes @ 3amelleHve
RiO—F R X RIO—P—CHR; | 5~ ——» (RiO);~P_CHyR, (Ri0)—P—CHaR,
OR, H X=8rl OR, ODR -RX o}
U
3. B oTBeTe yuacTHHKaMU MOXET ObITh YKa3aHa KOH(UTYpaIys TOIBKO OJJHOTO aToMa

yriepoja npy (pyHKIMOHAIBHOM TpyTine, B TakoM ciaydae L1 — S m3omep, a L2 — R uzomep.

1. SOCl KonoHouHas
L&COQH ﬂ% 2. MeOH 4% ;BU’ pnmerae ﬁ& xpovarerpadun - @@COQMe
2
c2 07 “oH 0% “OMe AM®
C1

CO,Me

L2[1S, 2R]
L1 [1S, 28] L1+L2

4.

L& nonumepunsaumna
n / CO,Me .

L2 CO,CH; | n



Ne Bonpoca DJIeMeHTBI peleHust Ounenka
1 Bepunsie ctpykrypubie popmynsl BemiectB A-K (He3aBUCHMO 11
OT cTepeoXuMuH) 1o 1 Gamry
BepHnbplii Mexanusm peakuuu ApOy3oBa
2 (2 6anna - B ciryyae HAIMYMS HE3HAYUTEIIBHONW OIIMOKYU MITHA 3
OTCYTCTBUH OJHOM W3 cTaguu; 1 O6amt - mpu HATM4IUU
HECKOJIbKUX ONTHOOK)
[TpuBenens! crpykrypHsbie popmynsl Cl, C2, L1, L2 ¢ yuerom
3 CTepEOXUMHUU 6
(ecnu nepenytansl C2 u Cl, a Takxe L2 u L1, To 0.5 6anna 3a
Ka)KJ10€ BeniecTBo, Toraa 0.5x4 = 2 6aia)
4 [IpaBuiIbHO yKa3aHbl abCOMIOTHBIE KoHGuUrypamuu L1 u L2 2
S Bepuas peakuus nonumepusanuu ¢ L2 15
UTOro: 23,5




3aganue 3.
MdepMeHTATHBHAA KHHETHKA

1. Hns ypaBaenwuit (1) u (2) coryiacHO 3aKOHY JEUCTBYIOIIMX MAccC, B MyCThIE KBAAPAThI
HE00X0JMMO HanucaTh HEJOCTAIOIME KOHIIEHTPAIIMM U KOHCTaHThl CKOPOCTH, a /i1 ypaBHEHUS (3),
COIJIACHO MaTepUaIbHOMY OaJlaHCY HEJIOCTAIOIIYIO PABHOBECHYIO KOHIICHTpaIMIo pepMeHTa. Takum
obpazom, ypaBHeHus (1) — (3) 10KHBI UMETh CAEAYIOMINI BUA:

[P

(1) v =2 = ko x [ES]

2) = = ky [E][S] — (Keat + k-1)[ES] = 0

(3) [E]lo = [E] + [ES]

2. Jns monydyeHus ypaBHeHHsT Muxadnuca-MeHTeH HEOOXOIUMO HCIOJIb30BaTh
BcriomorarensHbeie ypaBHenust (1)-(3), mpu stom (1) sBisercs ypaBHEHHEM KyJa HEOOXOAMMO
MOJICTaBUTh BCE HEM3BeCTHhIC mepemeHHble. Kak BumHo u3 ypaBHenus (1), [ES] neobxomumo
BBIPA3UTh 4epe3 Jpyrue u3BecTHbie mapameTpbl. st atoro u3 (3) Beipasum [E] u moacraBum
MOJTy4E€HHOE BBIpaskeHue B (2):

[E] = [E]o — [ES]
ki([Elo — [ESDIS] = (kcar + k-1)[ES] =0
OTKYJ1a MOYKEM PacCKpBITh CKOOKH U OKOHYATENIbHO BbIpa3uTh [ES]:

ki[E]o[S]

ES| =
[ ] kcat + k—l + kl[S]

Y TIOJICTaBUTh 3TO BbIpaxkeHue B (1):

— kcatkl [E]O[S]
kcat + k—l + kl[S]

4TOOBI IMPUBCCTH 3TO BBIPAKCHHUEC K BULY:

Vmax [S]

" K ¥ [5]

HEOOXOAMMO YHCIIHMTENIb U 3HAMEHATENb IMOJEIUTh Ha Ki, MOCKONBKY B 3HaMeHarene 4ieH [S] He
umeeT koddduirnenta Ki. Toraa moay4nm OKOHYATEILHO BBIPAXKECHUE

_ kcat[E]O[S]
o kear +k_q
ca k1 +

[S]
OTKYJa HaXOAWUM 4TO:

Vinax = Keat [E]O

10



kcat+'k—1

m
kq
3. [IpaBUIBHBIMEA ~ SIBJSIFOTCS  CACAYIONIME  YTBEPXKICHHUSA C  IPUBEICHHBIMH
000CHOBaHUSAMU
@ 2) CKOJIbKO Kcat KOHCTaHTa CKOPOCTH [IEPBOTO MOPs/IKa (UMEET
KaTaJTUTHIECKUX Da3MepHOCTH ¢1), OKA3BIBAIONIAS YACTOTY COBEPIICHHUS
IUKJIOB (0OOPOTOB) | aKTa XMMHUYECKOIO MPOIECcCa, HHBIMH CIIOBAMHU CKOJIBKO
bepmenT pa3 MPOMCXOAUT XUMUIECKUI aKT B €AMHUILY BPEMEHH.
COBEpIIIaeT B 3ameuanue om asmopa: 00CMamoyHo RPUCYmMcmeust 6
CIMHMILY BPEMEHH | 000CHOBAHUU 0OHO20 U3 NOOYEPKHYMbIX KIHOUe8blX ClOS.
(b) 3) Vmax IMoxcrasus [S] = Kn B ypaBHeHre Muxasnuca-MeHTeH
2 N v,
MOKHO HalTH 4TO U = %
(©) 3)ctx Mt ITockonbKy Keat MMEET pazMepHOCTh ¢ L u Ky umeeT
pa3mepHOCTh MOJIB/1T (M), TO Keat/ Km MeeT pa3mepHOCTh
ctxmt
4, Heob6xomuMo 3amMeTuTh, 4YTO amuibHas 4YacTh [UJII BCEX CYOCTpaTOB SBIISICTCS

OJIMHAKOBOM M TOJIBKO MEHSETCS yXoJsiias rpymmna. M3 atoro ciemyer, 4To KOHCTaHTa K3 Oyner
OJIMHAKOBa JUIsl Bcex cyOcTpaToB. Ilpyu u3MeHeHUH CTPYKTYphl YXOJSLIEH TPYIIIbl, Kak B ciay4ae n-
HUTpOpEHONIAa U M-HUTPO(EHOIa MOKHO YBHICTh, YTO Kcat MPAKTHYECKH OJMHAKOBBI M MOXKHO
TIPEANONOKUTh, YTO B JTHX CHydasX Keat = k3 = 120 ¢, HOCKONBKY H3BECTHO, YTO CTAIUS

JICAIMITUPOBAHUS SBJSIETCS TUMUTHpYIoIeit. OTcrona ciaemyeT 4to Kz Uit BceX cyOCTpaToB TakkKe
paBHa 120 c. IT010XHB 3T0, MOJKHO Jianee OIEHNTh 3HaueHHs Ko:

M B 9THX CITy4asX MOXKHO TIONydHTh, 9To K2 = 50 ¢ ju1s o-HuTpodenmnosoro sdupa u ko = 264 ¢t
it eHMIToBOTO 3pupa. 3Hast ITU 3HAYCHUS, MOXKHO OICHUTH Ks!

K = Ksim <=> K, = K kptis

N k2 m k3

¥ HAiTH, 9TO 1A coydas o-HUTpodenunoBoro sdupa Ks = 9.32 x 10* M u ans perunosoro sdupa
Ks = 1.16 x 10 M. ITockombKy no ycnosuio Ks He 3aBHCHT OT CTPYKTYPHI YXOJSIIEH IPYIIIBI, TO
MO’KHO HCIHIOJIB30BAThH OJHO U3 MIOMyYeHHBIX 3HAUESHH MK IS Y100CTBA MPUHATH oneHKy Ks = 107
B JaJbHEHMIINX pacyeTax, MOCKOJIbKY 00a 3HaueHUsl J0cTaTouHO Oyn3Ku. 3Hast Ks, MOKHO OLIEHUTH
HIDKHHN Tipenen Ko a7t n-HUTpoeHUIOBOTO M M-HUTPO(EHHIOBOTO 3PHUPOB

K, =K, k<>k2—k3( —1)

¥ TIONTyunTh 3Hadenus Ko = 789 ¢ u ko = 769 ¢ nna n-uurpodennnoBoro u m-HUTPOYEHUIOBOTO
kaks
ka+ks
MOYHO TMOJYYHUTh 3HAUYCHHS Kcat OTIIMYHBIC OT MPUBEICHHBIX B YCIOBUM 3a1aud. [IpudnHON 3TOMY

3(UPOB COOTBETCTBEHHO. MOYKHO 3aMETHUTh, YTO, €CIIU IMOJCTABUTh 3TU 3HAUCHUS B K qr =

ABJIACTCA TO, YTO IPHU YCIOBUH CTAIMOHAPHOCTH, IMPU KOTOPBIX ObLIH BBIBCJICHBI BBIPAXKCHUA IJIA
KHMHCTUYCCKUX MMAapaMCTPOB, HC MMO3BOJISIIOT AATh TOYHYIO OLCHKY MHANBUAYAJIbHBIX KOHCTAHT.
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Hrtoro nmeeM cieayromme OIeHKH HHAUBUIYATbHBIX KOHCTAHT JJISl CJIOKHBIX A(UPOB:

CJ105KHbBIH Ypup ks, ct | ko, ct Ks M

n-autpodennioneiii | 120 789 1x10%
m-HuTpoderunoBbiii | 120 769 1x10%
o-autpodenunoBerii | 120 50 1x 103
(beHmI0BbBII 120 264 1x10%

3amevanue om asmopa. npu 6bl4UcCleHuu uHOueuOyaﬂbezx KOHCMAHmM 603MOJMCHbL
He3HadumenlbHvle OMKIOHEHUA 6 CUly OKpY2leHUus OMOENIbHbIX  BENIUYUH. Hpu oyeHuearuu
Heobx00UMo onupamscCsl Ha 3HA4YeHUsl, Komopble npueeOeHbz 6 peuteHuu y4acmuuKkda. OprZJZeHM}Z
c)onycmwwbz, HO MOJIbKO 6 pA3YMHbIX npedeﬂax Uu no npasujiam mamemaniuxKu.

5. Kpussie Muxasuica-MeHTeH BBIMISAAAT CIECIYIONUM 00pa3oM
V
Vmax1
N-HUTpOoEeHUNOBbIN
achup
— T M-HUTpodEHUNOBBIN
/ B >p
0.5Vmax1 - -
- = * = 0-HUTPOCHEHUNOBbIN
-
P achup
7
0.5Vmax2 = = = cheHunosbIil 3chup
Vmax3 y 4 —
4 S — o o———
0.5Vmax3# _—
LT
,1—
s g [S]

[Tockonbky 3HAa4YeHHs] KOHCTAHT ISl 7-HUTPOPEHUIOBOTO U M-HUTPOPEHUIOBOTO 3(HUPOB
MPAKTUYECKH OJMHAKOBBI, TO KpUBbIe OynyT oueHb nmoxoxu (Vmax1 u Km1 Ha pucyske). B ciyuae
(EHUITOBOTO ¥ 0-HUTPODEHMIIOBOTO APHPOB HEOOXOJMMO 3aMETHTh, YTO 3HAUCHHS Kcat COCTABIISIFOT
npumepro 70% wu 30 % oOT Keat A n-HUTPOPEHHUIOBOTO U M-HUTPO(EHUITIOBOTO 3(PHUPOB,
cooTBeTCTBEHHO Vmax2 u Vmax3 nomxHbl Takxke cocTaBiath 70% u 30 % ot Vmax1. 3HaueHus
KOHCTaHT MHXadJrca MOKHO ONPEACTTUTh KaK TOYKY, OTCEKAOIIYI0 OCh aOCIHCC B TOJIOBHUHE OT
MakcuMaibHOU ckopoctu. CoorBercTBeHHO, 3HaueHUss Kml, Km2, Km3 Oyayt ornoskeHbl Ha
rpadguke Kak TPEACTaBIEHO Ha PHCYHKE, YTO Tak)K€ COOTBETCTBYET TMOPSAAKY 3HAYCHHIA,
MPUBEICHHBIX B YCIOBUH 33/1a4H.

3ameuanue om aemopa: npasuibHoe pacnoioxcenue Kpumuieckux modex Vmax u Km ons
Kaxcootll Kpugoul (Xoms. OHU U He MOo2ym Oblmb omMeueHbl OmOeIbHO Ha 2paduire) u codooenue
NPUMEPHBIX NPONOPYULL ABTISLEMCSL HE0OX0OUMBIM YCI08UEM NPU OYEHUBAHUU.

Kpumepuu oyenueanusa:

Ne Bonpoca DJIEeMEHTBI peleHust Onenka
1 Bepno Hamucanbl Henocrtaronue mapamerpbl (1 Oamn kakabiit 3
OTBET)
2 Bepno BeiBesiersl Vmax 1 Km (1 6amn KaxJIblii OTBET) 2

12



BepHo BbIOpaHbl mpaBwibHBIE yTBepkAeHUs (1 Oamnm Kakmblit

3a 3
OTBET)
30 [TpuBenens! o6ocHOBaHUs (1 Gayt KaXKAbIil OTBET) 3
4 BepHo orieneHbI Bce KOHCTaHTHI (1 a1 3a KKy HEU3BECTHYIO 6
KOHCTAHTY)
5 BepHo noctpoensl KpuBble (2 6ajlia 3a KaX1yl0 KPUBYIO) 6
UTOrO: 23
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3aganue 4.

Ha cTpaxe npupoabt

Bo-niepBbix, MOXHO pgoragaTbCcsi, 4yTo X — I[MAHUJ, T.K. HCIOJB30BAaHUE IHAHUIOB —
pacnpoCcTpaHEHHBI MPOMBILUICHHBI PacTBOPHBIM croco0 mo0brun 3o0i10ta. Ckopee Bcero,
pa30aBJICHHbII pacTBOp IMAHKUA C KUCIOPOJOM 03 HarpeBaHusi HE CMOXET OKHCIUTH 30JI0TO JI0
crenenn okucieHus (CO) +3, moaromy mposepsiem CO +1. IIpu 3TOM KOOpIMHAIIMOHHOE YUCIIO
paBHO IBYM, KOMIUJIEKC JIMHEWHBIN ¢ nurangamu CN . Beruncnsiem KaTHOH U MoJTydaeM KOMIUIeKC Y
- Na[Au(CN)z], u, coorBerctBenHo, NX — NaCN.

Bo-BTOpBIX, MOKHO 3aMETUTh, YTO pearkyus 4 — Ka4yeCTBEHHAs PEaKIUsl Ha POJIaHU]I-UOHBI
(THOLIMAHAT), IOTOMY B peakyuu 3 MOXKHO JOIYCTUTb, YTO IIUAHUJ IEPEXOTUT B POJAHU]I U OTCIO/1A
MPEANOI0XKUTh, YTO X - IUAHU]L.

1. Hroro: NX — NaCN, Y - Na[Au(CN)z], Z — Na[Ag(CN)2], A- BrCN.
YpaBHEHHUsI peakuil:

4Au + 8NaCN + 0, + 2H,0 = 4Na[Au(CN),] + 4NaOH
2Na[Au(CN),] + Zn = Na,[Zn(CN),] + 2Au

CN~— + 53~ =NCS™ +S?

[Fe(H,0)6]3* + nNCS™ = [Fe(NCS),(H,0)6_n)>" + nH,0, n = 1,2,3
AgNO5; + 2NaCN = Na[Ag(CN),] + NaNO;

NaCN + Br, = BrCN + NaBr

2B1, + NyHsCl = N, T +4HBr + HCl

NoabkwbdeE

2. JlocraTouHo 100aBUTH pa30aBIIEHHYIO KUCIOTY: LIMHK PACTBOPUTCS, 30JI0TO — HET.

3. Ecnu 106aBUTH B pacTBOp, COAEPIKAIMi [MAHU-aHHOHEI, pacTBop Fe?*, marpers B
TEYEHHM HECKONBKMX MHUHYT U 100aBuTh pacTBop Fe®*, To momyunrtcs cummii ocagok GepruHCKoit
Jasypu:

6NaCN + FeCl, = Na,[Fe(CN)4] + 2NaCl

Nay[Fe(CN)g] + FeCl; = NaFe[Fe(CN)g] { +3NaCl (mpurnmaetcst u ipyrasi CTEXHOMETPHUS
OepIMHCKOM Ja3ypu)

4.
PaBHoBecHasi
KoHuenrpanus
Ocanox IIpousBenenne pacTBOPUMOCTH KOHIEHTpauus
AHHUOHA
KaTHOHOB cepedpa (M)
AgRd 10°M K, =[Ag*][Rd™"] = 107181 [Agt] = 107121
AgCl 7,05-10° M K, =[Ag*][Cl"] =1,56-1071° [Ag*] = 2,21-108
Ag2S04 2,60-10° M K, = [Ag*)?[S0% 1=7,7-107°> [Ag*] = 0,172

CHayana BBIAJIET O0CaAOK cepedpa ¢ 3aMeIeHHBIM POJaHMHOM, 3aTeM XJIOpHUA cepedpa, u,
TPETHHM, BHITIAJIET OCAIOK CyJbdaTa cepedpa.

5. HalineM HayaJIbHYIO KOHIIEHTPALMIO INAHNU1-aHUOHOB B pacTBOPE:

AgNO; + 2NaCN = Na[Ag(CN),] + NaNO,
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%C(CN") V(CNT) = C(Ag™) - V(Ag™)

C(CN~)=0,0300M

Jlaliee BBIYMCITMM PABHOBECHbIE KOHLICHTPALMK [IMAHUI-aHUOHOB. T K. 3TO TOUKa KOHEYHOTO
tutposanus, [Ag*T] = 107121 u Bce cepedpo Haxoautcs B komiuiekce. C yd4eToM pa3OaBieHUs
[Ag(CN),]~ = 61073 M. U3 ypaBHeHus

[Ag(CN),]” & Ag* +2CN~ K = w
[Ag(CN); ]
Haxomum [CN™] = 2,46 - 107 M.
6. A=¢-1-C=69-10*-C = 0,69.
Otser: C = 107> M = 0, 26 mr/i1. 3HauyeHme npessbimaet [TK.

Kpumepuu oyenueanusn:

Ne Bompoca DJIeMeHTBI pelIeHust Ouenka
Omnpenenenue BemectBa NX 1 6. (eciu onpeeneH TOIBKO aHHOH —
1a 0,5 6ama) 1
10 Onpenenenne Beniects Y, Z, Ano 0,5 6. 1,5

VYpasaenus peakuuit o 0,5 6. (oTHBINA 6allI 32 COKpaIIEHHOE

1B 3,5
HMOHHOE ypaBHEHUE)
2 Cnoco0 OYHUCTKH 30J10Ta OT [UHKA 0,5
3 KayecTBeHHast peakiysi Ha [IMaHU1-aHHOH 2
4 Bepnas nmocienoBaTenbHOCTh 00pa30BaHUs OCAIKOB 3
Sa [TpaBuIbHO HalIeHHAsl HaYaJIbHAsI KOHLIEHTPAIMsI IMaHKU 1A 1
50 [IpaBunbHO HaliZicHHAas PABHOBECHAs! KOHLIEHTpALMs INAHN]1a 1,5
6a Brluncienue KOHIEHTpaluu [IMaHUI0B 1
60 VYkazanue npesbiieHus [1IJIK 1
HUTOI'O: 16
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3aganue 5.

3HaKOMCTBO ¢ XeMOMH(opMaTUKOIT

1. [Ipu u3MeHeHMM TeMIlepaTyphbl SHTAJBIUU PEAKIUNA MEHSIOTCS HE TaK CHJIBHO,
MO3TOMY MOXET HaOII0IaThCsl KOPPENSIHs HOBBIX 3HAYCHHN TEIIOT CTOPAaHUS CO 3HAYCHUSIMHU
tertoT mipu 298 K. Takxke 3 XUMHUECKUX CBOHCTB MOHATHO, YTO THIIPA3UH MEHEe CTaOMIIeH, YeM
aMMHuaK, a okucienre NO BbiIenseT He Tak MHOTO Teruta. [1oaTomMy npu yBEeIMYEHHH TeMITepaTyphl
MOXXHO TIOJIOXKHUTB, YTO THUIApAa3uH OYJET BBIAEIATH OoJble Bcero Teria. [locunTaem sHTAIbIHMH
peakuuii npu 298 K:

1 K/
NO +-0, - NO, (1) AHr298 = —-57.073
2 MOJIb

K/x
MOJIb
k/x

MOJIb

7 3

N,H, + 30, - 2NO, + 2H,0 (3) AH?® = —510.424

2. Bugno, uyto Haubosbinee BBIJIETCHUE TEIJIOTHl HAOIIOJACTCS TPU OKUCICHUHU
ruapasuHa. [locuntaeM Teneps TEIIOTY peakuuu TOpeHus rujapasuna npu temmneparype 1520 K:

T 1520

* =10000K 10000 ~ 0122

k/x
MOJIb
+ 6,698 - 1072 + 23,933-0,1522 —2-9,855- 0,1523 + 3 -

AH™520(0,) = 0

2-7,814-1073
152

4_

+10 - (29,934 .0,152 —

k/x k/x

. 2.574 - 0,1524) S~ 50020

OJIb MOJIb

K/x

AH'?°(H,0) = —241,814
MOJIb

2-3,396-1072
+10-( 35,358 0,152 + — 1,151 + 64,313 - 0,152% — 2- 37,394 - 0,152% + 3 -

0,152
k/bx k/bx
13,002 - 0,1524>L = —182.671 al
MOJIb MOJIb

4_

K/x

MOJIb

AH'52°(NO,) = 34,192

2-3,228:1072
+10-1 60,916 + 0152 — 2,341 — 14,528 - 0,152% + 2- 22,999 - 0,152%3 — 3-8,123 -

4_

K/x K/bx
. 0,1524)L = 105,750 A
MOJIb MOJIb
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K/LK
AHS2°(N,H,) = 95,18 A

MOJIb
2-1,468-1071
+10-1 108,447 + 0152 — 7,761+ 47,775+ 0,152% — 2 - 27,936 -
k/x k/Ix
-0,152% + 38,594 - 0,1524> a = 210.939 a
MOJIb MOJIb

Torna

AHRE'(N,H,) = Z ¢;AH?0 — Z ¢ AHP? =

pozA, pear
XK XK XK XK
=(2 ( 182671L)+2 105750L—3 5002i—210939 aia >=
MOJIb 0J1b 0J1b MOJIb
K/x
= —514,841
MOJIb
k/x
Hclr%%,O(NO) = —60,157 TONE
KK
5
HC:‘FO%O(NH3) = —372,0385 oL
3. Marpuna cBsa3ei 1 HIUKJIONpOIaHa:
H H
\
He/ N\2_n 112[3{4|5/6/7|8|9
C
I_’|3/ \H7
1 111/1)1
2 1 1 1|11
3 111 1/1
4 1
5 1
6 1
7 1
8 1
9 1
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H
P P P
H—C — C'— (|:—H
8
H’ H
4. OpauH U3 BapuaHTOB COEAMHEHUS - alleTOH:
5. BugHo, 4Yro MaTpuipl CBA3eH CHMMETPHYHBI, IO3TOMY MOXHO YyOpaTh
TyOupyronmecs 3HaYCHUSI.
6. Kpome toro, B citydae yriieBolopoJI0B U MHOTHX JIPYT'HX OPraHMYECKUX COCAMHEHUI

MOYKHO IPEHEOpeYh aTOMaMHU BOJOPO/Ia, TOCKOIBKY UX MOXHO JIETKO BOCCTAHOBUTH T10 BAJICHTHOCTH
yrieposa.

[Ipumep cokpallleHHON MaTpUIIbI CBsI3€H IUKIOMPOIaHa;

11213
1 111
2 1
Kpumepuu oyenusanus:
Ne Bonpoca DJIeMeHTBhI pelleHusl Onenka
1 [TpaBuIBbHO paccurTaHHAS PHTAIBINS CTOPAHUS BELIECTBA 5
(4 bayta B ciyyae HE3HAYMTENBHBIX OIIHOOK)
2 JIroOo#t  moruuHbIl  cmocob, Kpome mepedopa Bcex 3
BapHUaHTOB
3 Marpumia  cBsi3eil  IMKIONpONaHAa ¥ TPUBEIEHBI 1
000CHOBaHHUs
4 Jlroboe BemiecTBO, MOIXOJSAIIEE TOJ MPUBEACHHYIO 15
MAaTpHILy CBSI3EH ’
5 [TpuBeneH 0601 BepHBIH ciocod 2,5
6 [TpuBeneH BepHBIN OTBET 2,5
UTOIO: 16,5
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L Q2 Qs 4 s [ 6 J[ 7 ][ 8 9 1o Jw J[ w2 J a8 [ a [ 15 [ 16 ][ 17 ][ 18
1 2
H He
Hydrogen Helium
1.008 Key. 4.003
3 4 13 latomic number 5 6 T 8 9 10
Li Be Nh  |[Symbol B Cc N (e} F Ne
Lithium Beryllium Nihonium name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.968 || 9.012 [278] | jatomic weight {in parenthesis for the radioactive element] 10.814 || 12.011 || 14.007 || 15.999 || 18.998 || 20.180
(0 2 0 0 (5 0 7 0
Na Mg Al Si P S Cl Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sultur Chlorine Argon
22.990 || 24.306 26.982 || 28.085 || 30.974 || 32.068 || 35.452 || 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium ‘Germanium Arsenic Selenium Bromine Krypton
39.098 || 40.078 || 44.956 || 47.867 || 50.942 || 51.996 || 54.938 || 55.845 || 58.933 || 58.693 || 63.546 || 65.38 || 69.723 || 72.630 || 74.922 || 78.971 || 79.904 || 83.798
7 ] 3 o o 2 © w“ ® % @ ® m £ Gl 5 = 5
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.468 || 87.62 || 88.906 || 91.224 || 92.906 || 95.95 [99] || 101.07 || 102.906| 106.42 || 107.868 | 112.414 | 114.818|| 118.710|| 121.760 | 127.60 || 126.904 | 131.293
55 56 5771 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs Ba La-Lu Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
Caesium Barium Lanthanoids Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 | 137.327 178.49 || 180.948 || 183.84 || 186.207|| 190.23 || 192.217 || 195.084 || 196.967 || 200.592 || 204.384|| 207.2 || 208.98 || [210] [210] [222]
87 88 89-103 104 105 106 107 108 109 10 m 12 13 114 15 16 17 18
Fr Ra Ac-Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
Francium Radium Actinoids Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium | | Roentgenium || Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine ‘Oganesson
[223] || [226] [267] [268] [271] [272] [277) [276] [281] [280] [285] [278] [289] || [289] [293] [293] [294]
57-11 57 58 59 60 61 62 63 64 65 66 67 68 69 70 n
La-Lu La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanoids Lanthanum Cerium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 || 140.116 || 140.908 || 144.242 || [145] || 150.36 || 151.964 || 157.25 || 158.925 || 162.500 || 164.930 || 167.259 || 168.934 || 173.045 || 174.967
89-103 89 920 91 92 93 94 95 96 97 28 99 100 101 102 103
Ac-Lr Ac Th Pa V] Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinoids Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
[227] || 232.038|| 231.036 || 238.029 || [237] [239] [243) [247) [247) [252) [252] [257] || [258] [259] [262]

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

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

Electrochemical series

Solubility table

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

anione

catione

OH™

Z
=

E.'

a
i

=
i

ot
I

w
[

w
=)
“yp

w
g
v

()]
5
T

Si0:*

g
i

CH;CO0~

H*

o]

NH,*

K+

Na*

||

-lie-101

Ag®

Baz+

Ca2+

Mg2+

o] Juuf fa o]

Zn2+

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

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

Cu2+

C02+

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

| Z(ZEIZ]9|w ||

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

|

Hg™

Pbl-o-

F e1+

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

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

jast j=st |

|z

jasy jast

Fe**

AP

Cr3+

Sn**

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

H

Mn2+

b= ==t k= = e e e

=

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

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

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

Problem 1

Minerals of Yakutia

Republic of Sakha (Yakutia) is a resource-rich region of Russia. One of the most important
mineral raw materials in Yakutia is antimony, which accounts for 82% of Russia's reserves. The main
antimony reserves are concentrated in the Adycha-Taryn ore zone in the north-eastern part of the
republic. Antimony is also a by-product of certain gold deposits. Aurostibite is a mineral of the pyrite
group that occurs in gold-bearing quartz veins and is a natural intermetallide.

The figure shows the Gold-Antimony phase diagram*.

Mass % Sb
7 o W N &N NI
T T T T T T T ]
w7
)
g 8
=
T
: s
% 500
2 460
40
954 3
200 1 1 1 i 1 1 1 L L
Au 2 i & 80 Sh

Atomic % 5b

A temperature-composition phase diagram is a diagram whose lines show the compositions
of phases that are in equilibrium at different temperatures. One of the lines that shows the mixtures
with the lowest melting point is called the eutectic. Below the eutectic line, the system exists only in
a solid state. The basic equation to calculate the number of degrees of freedom is the Gibbs rule of
phases:

f=K-®+2

where K is the number of components, @ is the number of phases, and f is the number of degrees of
freedom - the smallest number of independent system variables (temperature, pressure,
concentrations) that need to be given in order to fully describe the state of the system.

The line in the phase diagram characterizing the complete melting of the solid phase is called
the liquidus line, above which only liquid is found.

Gold can be extracted from aurostibite by decomposition. Gold is also extracted from large
chunks of waste rock by separation of native gold followed by cyanidation or amalgamation. With
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the cyanidation method, crushed rock is dissolved in an alkaline solution of sodium cyanide with air
permeation (reaction 1). The gold is separated from this solution with zinc dust (reaction 2).

The equation for the cyanidation reaction:
4AU(solid) + 8NaCNiig) + O2(gas) + 2H20iiq) = 4Na[AU(CN)2]qiq) + 4NaOHiq) + Q (reaction 1)

Questions:
1. Using the phase diagram, determine the chemical formula of compound 1 - aurostibite.
2. Determine the composition of the eutectic mixture and its melting point?
3. In which phase states can compound 1 exist? Explain.
4. Using the phase rule, determine the number of degrees of freedom at point 2.
5. Determine the composition of the mixture at point 3 on the liquidus line.

6. Specify the melting points of Au and Sh.

7. What would be the Gibbs energy of formation of aurostibite under standard
conditions? Use the enthalpy and entropy values given in Table 1 to calculate.

Table 1: Thermodynamic parameters for the formation of aurostibite.

59, JI(mol*K) H?, kd/mol
138.8 -12.97
8. Calculate the equilibrium constant under standard conditions.
9. Calculate the heat effect of reaction (1) using the data from Table 2:

Table 2. Standard enthalpies of formation of the reaction participants (1).

Substance NaCN H.O NaJAu(CN).] NaOH
AHj?, kJ/mol -91.0 -285.84 0.5 -425.61

10.  Write the reaction equation (2).

11. How much heat will be released during the reaction 1 if the initial mass of NaCN —
12.25 g, initial volumes of O, H20 (under standard conditions) are 16.8 and 7.84 litres, respectively,
and the mass of Au is 108.35 g.

12.  The crystal structure of aurostibite is a cubic lattice with lattice parameters a = 6.646
A. The packing density coefficient k is a criterion of packing density, defined as the ratio of the total
volume of all spheres in a unit cell to the volume of the cell.
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Au @ sb

4
3 (N R3, + NopR3p)

k =

Vcell

where N is the number of atoms per unit cell, R4,,and Ry, are the radii of gold and antimony atoms
respectively, V.. is the cell volume.

Calculate the molecular packing factor using the values: the radius of the gold atom is 1.44 A
and the radius of the antimony atom is 1.59 A.

*Source: Structure and Properties of Double Metal Systems: in 3 vols: Vol.3/ A.E. Vol, I.K. Kagan.
- M., 1976. - 816 p.: ill.

22



Problem 2

ANTIMONK
T\

The origin of the name of this element is still wrapped in an enigma nowadays, there are many
versions — serious and comic.

So, there is the legend that a certain hegumen accidentally fed the powder of this element to
the pigs —and they began to gain weight. Then the hegumen thought that he had a miraculous nutrient,
standing on a par with the elixir of life and the philosopher’s stone. But the sudden success prompted
him to further experiments with the food of the indigenous monks, which ended very badly.

However, this element has found wide application in many areas of human life: in the
production of batteries, matches, diodes, infrared detectors and Hall’s sensors.

Yakutia is notable for the fact that it is here that the entire element X of Russia is mined,
because in terms of the saturation of highly concentrated ores, the Adycha-Taryn ore zone has no
analogues in the world.

HNOs(diluted)  NaOH HS,HCl 0: 0 KOH
» Y » M » L » C SEE—— K
340°C 700°C H:0
HzJ 520°C NaOH
lgN.’:IOH B < Clz Clz X H,S04 -SO;3 H D

HzO

HSO:F F CazHes G

— — >

le 320-350°C
E———

Identify all substances and write down all reactions taking place, if it is known:

Substance C H | E F

o(X), % 83.53 45.80 70.29 56.17 38.43

L — sulfide mineral of element X, moreover, in the reaction L—C oxidation number of
element X does not change;

Y — hydrated oxide with the element X in oxidation number +3;
F — the acid that is 10'? times stronger than sulfuric acid;

G —the cation that does not contain the element X. Also, gas released as a result of the reaction.
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Problem 3

Noble Gas Compounds

Since the discovery of noble gases, scientists around the world have repeatedly attempted to
obtain their compounds, but until the middle of the XX century all attempts were unsuccessful. In
1962, Neil Bartlett of the University of British Columbia conducted a reaction involving noble gas.
A few weeks later, R. Hoppe's group from the University of Munster also reported success in this
area. After that, a number of xenon compounds were discovered and characterized during the year.

Xenon compounds (A, B, C) are obtained by direct interaction of elements in a nickel vessel,
which is passivated by interaction with D due to the formation of a protective film.

The composition of the products of this synthesis depends on the D content and total pressure:

1. Xe(g.) + D—A(g.) (Xe in excess, 1 atm, 400 °C) (reaction 1)

2. Xe(g.) +2D—B(g.) (6 atm, 600 °C, Xe : D =1 :5) (reaction 2)
3. Xe(g.) +3D—C (g.) (60 atm, 300 °C, Xe :D =1: 20) (reaction 3)

Based on the reaction data, it is possible to obtain other more complex xenon compounds. For
example, the synthesis of potassium perxenate involves the interaction of Xe with D with a large
excess of D. The resulting compound undergoes hydrolysis to form E (reaction 4), which in an
alkaline solution disproportionates to form a perxenate ion (reaction 5)

Questions:
1. Name the substances A-E.
2. Write the reaction equations 1-5.
3. It is known that substance E explodes in air with a crystal mass of more than 20 mg.

Calculate the maximum safe volume of xenon for the synthesis of potassium perxenate.
4. Suggest the structural formula and spatial structure of the perxenate ion.

5. In 1993, a method of using xenon in medicine was developed in Russia. Name what
xenon is used for in medicine.

6. Xenon compounds are used in the transportation of fluorine, and these compounds can
also be used in rocket fuel. Name the properties due to which they can be used in this area. What are
these compounds?
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Problem 4

On Environmental Protection s/ﬁ

The Republic of Sakha (Yakutia) is among the top three gold producers in Russia. At the end
of 2021, the Republic of Sakha (Yakutia) produced 42 tons of gold, 4% more than the previous year.

In Yakutia, both ore and alluvial gold are mined. For alluvial gold mining, gold dredges are
used which are enrichment facilities based on the filtration of gold grains from rocks. However,
mechanical processing is insufficient for extracting ore gold.

There are several ways to extract gold from ores. One of them is based on the use of salt NX
where N is a metal cation and X is an anion. A dilute solution of NX is sprayed on a large hill of
crushed ore, resulting in the dissolution of gold with the formation of substance Y (mass fraction of
gold mau = 72.42%) (reaction 1). The solution of gold is collected in tanks, filtered, and then reduced
with zinc powder (reaction 2).

However, X is highly toxic, so it is necessary to regulate its content in treatment ponds and
rivers. The maximum allowable concentration (MAC) of X is 0.07 mg/L.

One way to qualitatively determine X is to evaporate a concentrated solution consisting of NX
and ammonium disulfide (reaction 3), then adding to this the appropriate amount of FeClz solution
(reaction 4) whereupon the mixture turns red.

After detection of X in the analyte, quantitative analysis is carried out. One way to quantify
X is to titrate the NX solution with a standard AgNO3z solution. To do this, a few drops of indicator
5-[n-(dimethylamino)benzidylene]-rhodanine are mixed with an aliquot of NX solution. The AgNO3
titrant from the buret is added dropwise to the analyte to form complex salt Z (reaction 5). With an
excess drop of AgNOs solution, a red precipitate of silver with substituted rhodanine is formed.
(Ag™ + Rd™ & AgRd |, K, = 107181 where Rd~ represents rhodanine and Ks is the solubility
constant).

The concentration of X may also be quantified via spectrophotometry. In this method, an
excess of bromine water is added to the NX solution to form substance A (wg=75.43%) (reaction 6).
Unreacted bromine is then titrated with a solution of hydrazinium chloride (reaction 7). A reacts with
a mixture of pyridine and benzidine to form a red-violet solution (molar absorption coefficient €=6.9
10* L-mol*-cm™). The optical density of the resulting solution is determined, and the concentration
of X is calculated.

Questions
1. Identify substances NX, Y, Z, and A. Write equations for all the reactions.
2. In reaction 2, an excess of zinc is added for complete precipitation of gold. Suggest a

way to separate gold from zinc powder.
3. Suggest another qualitative reaction for X.

4. Find the order in which the precipitates will form with the addition of substituted
rhodanine during titration with a AgNOs solution. Assume that only chloride and sulfate anions are
present in the water, and the concentration of each anion is 250 mg/L. The concentration of rhodanine
is 10° M.
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5. Titration of a 10.00 mL aliquot of the NX solution required 15.00 mL of a 0.0100 M
AgNOs solution. Find the initial and equilibrium concentrations of X. The concentration of rhodanine
is 10° M.

6. As a result of the spectrophotometric analysis, an optical density value of 0.69 was
obtained. Determine the concentration of X. Ignore the absorption of radiation by water and the
cuvette. Does this value exceed the MAC?

Additional Information

[M][L]™
[MLy]
where L is the ligand, M is the complexing agent, and ML, is the complex compound.

1.  The complexation equilibrium constant K of substance Z is K = =8.0-1072%2,

2. The solubility product constant of AgCl and Ag2SOs are 1.56-10° and 7.7-107,
respectively.

3. The Bouguer-Lambert-Beer law: A = € - L - C, where A is the optical density, [ = 1 cm

is the cuvette width, C is the molar concentration [mol/L], ¢ is the molar absorption coefficient
[L-molt-cm™].
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Problem 5

Prussian Blue — Based biosensors 6

Glucose is the most important metabolite for medical diagnosis, that is, a chemical compound
involved in metabolism. An increase in glucose levels is the main sign of diabetes mellitus.

Currently, there is a tendency to switch to continuous monitoring of glucose levels.
Electrochemical biosensors are the most promising and convenient devices that allow rapid blood
analysis, because they are characterized by high sensitivity, selectivity, short response time,
cheapness and ease of use. Biosensors consist of two components: a physicochemical component
(transducer) and a chemical recognition system (receptor).

The principle of action of biosensors on glucose is to measure the current of electrooxidation
of hydrogen peroxide released during the enzymatic reaction on the surface of the electrocatalyst.

glucosidase . X .
Glucose+0, + HO ——— Gluconic acid + H,0, Reaction 1

Questions:

1. Write the reaction 1 of obtaining gluconic acid during the oxidation of the aldehyde
group of glucose using the structural formulas of the compounds.

2. In hydrogen peroxide molecules, oxygen atoms are in the oxidation state -1, so
hydrogen peroxide has the properties of both an oxidizer and a reducing agent. Depending on the
reaction of the medium and on whether the oxidizer or reducing agent is hydrogen peroxide in this
reaction, the products of the redox interaction will be different.

Write the equations of redox half-reactions of hydrogen peroxide in acidic, neutral and
alkaline solutions.

3. The simplest method for determining the content of hydrogen peroxide is titration with
potassium permanganate.

Write the equation of the reaction between potassium permanganate and hydrogen peroxide
in the presence of sulfuric acid.

4. Prussian blue is the most promising material for the construction of sensors for
hydrogen peroxide, as it has a high catalytic activity to this analyte and provides high selectivity in
the presence of oxygen.

Prussian blue Fes"[Fe''(CN)s]s (PB) is an iron(I11) hexacyanoferrate, in which an iron (I11)
atom is coordinated with nitrogen atoms, and an iron (I1) atom is coordinated with a carbon atom of
the cyanide group. Write the equations of reactions for obtaining Prussian blue.

5. The PB deposited on the electrode surface can be characterized by the cyclic
voltammogram method. The voltammogram represents the dependence of the current on the potential
of both the anode and cathode process.
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Figure 1. Cyclic voltammogram of an electrode modified with Prussian Blue

The voltammogram shows the presence of two pairs of peaks of redox activity of the
electrocatalyst. The position of the first pair corresponds to a formal potential of 0.15 V and
characterizes the transition of PB into a fully restored colorless form, Prussian White (o(K) = 15.4%).
During the restoration of Prussian Blue to Prussian White on the electrode, the electron transfer
process is accompanied by compensation of the electrode charge by absorption of potassium cations
from the working solution (Reaction 2). The formal potential of the second pair of peaks is
approximately 0.8 V and corresponds to the transition of PB into a fully oxidized form, Berlin Green.
For the process of oxidation of Prussian Blue at a potential of 0.8 V, the regularity of charge
compensation during electron transfer by addition of the anion A- (Reaction 3) is preserved. In the
range of 0.2-0.8 V potentials, the inorganic polycrystal exists in the form of brightly colored Prussian
Blue.

Determine the formulas of the compounds: Prussian White and Berlin Green, indicating the
charge of the complexing ion.

6. Make up the equations of reactions 2-3 in full ionic form.

7. At a potential of 0 mV, the stable form of the polycrystal is Prussian White, which
effectively gives electrons to the substrate, thereby reducing it to water. Then the Prussian Blue is
restored to Prussian White again, taking electrons from the electrode. Charge compensation occurs
due to the inclusion of potassium cations in the film.

Propose equations describing electrocatalysis.
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SENIOR LEAGUE

Problem 1

Metals of life

The role of metals in the modern world is enormous: it is state security (weapons, war
machines, ships); development of industry (metal mining, machine building, aircraft construction,
etc.); trade (sale of rolled metal products, jewelry, weapons, etc.); construction (use of metal fittings);
improvement of living standards (laying pipelines, power lines, overpasses, etc.); development of
healthcare (tools, appliances).

The biological role of metals in all plant and animal organisms is also known, since metal ions
are found in them in the form of complex (coordination) compounds. Biometals are necessary to the
human body for normal functioning and development; without them, there would be no life.

The development of knowledge about the chemical composition of the human body and the
significance of chemical elements for human life and health is dealt with by inorganic biochemistry,
a field of science that emerged on the edge of chemistry, biology and medicine. The study of metals
will make it possible to find fundamentally new approaches to the treatment of previously incurable
diseases.

Ten metals vital to the living organism are called the «metals of life». The chemical elements
X and Y are metals whose discovery is connected with the name of the Swedish chemist Carl Wilhelm
Scheele. According to the average content in the body (according to Vernadsky) they are trace
elements that are constantly included in the composition of organisms and have a certain biological
significance. An adult human body contains about 12 mg of X (43 wt. % is in the bones, the rest in
the soft tissues) and about 9 mg of Y (of which 5 mg is in the bones). The biological role of X and Y
is determined primarily by the fact that they are part of metalloenzymes. Deficiency or overabundance
of these trace elements negatively affects human health.

Questions:

1. The chemical elements X and Y in the long-period Mendeleev table are in adjacent
groups and periods. If all X (metallic) contained in the bones of an adult is dissolved in a dilute
solution of nitric acid at 40°C and 250 kPa, 0.652 ml of colorless gas will be released. Find the trace
elements X and Y.

2. How do you think these metals get into the human body?

3. Decipher the scheme of transformations, write the equations of all the reactions and
specify the unknown substances A-P. What are reactions 3 and 4 for?
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Additional information:
Substance A F G H N
o(X),% | 63.19 | 25.20 | 19.99 | 16.86 | 3.30
Substance K L N O P
o(Y),% | 59.94 | 66.66 | 51.86 | 20.74 | 31.76
A Mineral from which metal X is produced in industry. When
calcined, its mass is reduced by 12,27 %
B, C, D | No further information
E In the structure of substance there are no other atoms between
Substances with X the atoms of X
F, G, H | X is in these substances in uncharacteristic oxidation states
3 The diluted aqueous solution of the substance has a crimson
color
I The quantitative composition of substance 1 is the same as M,
but the gqualitative composition is different
Substances with Y M The quantitative composition _of s_ubs_tance M is the same as
I, but the qualitative composition is different
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K A mineral from which the metal Y is extracted in industry.
When K is fired, a gas with a pungent odor is released
This substance contains two pentagonal metallacycles in the
O inner sphere, two types of ligands with the same qualitative
composition, which are quantitatively related 1:2
P The coordination number Y is 8
Substances with X Metals X and Y are quantitatively 1:9, and in reacti_on _15,
N metal X takes 3 electrons and Y does not change its oxidation
and Y . .
number, the charge of the inner sphere N is -6
4. When a person is poisoned with substance J in the pre-hospital phase or immediately

after admission to hospital, nasogastric tube lavage is carried out. A solution made by mixing
solutions of hydrogen peroxide and acetic acid is used for this purpose. Under the influence of the
above remedies a toxicant is converted to harmless compounds. Write the equation of the reaction.

5. Calculate what volumes of 3 % hydrogen peroxide solution and 3 % acetic acid
solution must be mixed to obtain a lavage solution if a person was poisoned by 550 mg of substance
J? Take the densities of the solutions to be 1 g/cma3.
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Problem 2

Arbuzov Reaction

One of the most famous Russian chemists A.E. Arbuzov was born 145 years ago. The 1957
Nobel Laureate in Chemistry A. Todd called him "the greatest figure in the organic chemistry of
phosphorus”. The Arbuzov reaction (Michaelis-Arbuzov reaction) is the alkylation of trialkyl
phosphites with alkyl halides to form dialkyl phosphonates and proceeds as follows:

R'X 0
' ' |
R O\T,OR RO—P—"
OR' heat OR
X =Br, |

Scheme 1. Arbuzov reaction

The resulting phosphonates are widely used as insecticides in agriculture as well as in the
preparation of drugs and other physiologically active organophosphorus compounds such as LY-
235959 which is an N-methyl-D-aspartate receptor (NMDA receptor) antagonist. NMDA receptor
antagonists are used for the treatment of Alzheimer’s disease.

Below is a scheme for the synthesis of LY-235959:

\)CL ] 1. NaOH 1. MsCl, pyridine, toluene, 65°C
o g TiCl,, 2 H* Red-Al 2. Nal, DMF, toluene, 85°C
HO A D

o}

B c E
CH20|2, 20°C TO|UEne,
264.32 152.19 reflux
g/mol g/mol

FO0. ACOE 0, CHoCly EOH, -78°C
NaH, oy R T

NHAG 2. NaBH,4 MsCl, Et;N NaH
F G H |
DMI, 90°C CygHaNO; THF, reflux
OH
1.6M, HCL reflux  o—p—on
Nal, acetone, reflux P(OEt)3, 156°C 2. SM KOH, reflux ., CO,H

J K

NH

LY-235959
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[ © ST
MsCl=  0=$=0 THF = Q EtsN = )N DMI = \N)J\N/

CH, -/
[\
—0® 0 y | o o0
Red-Al= __ Na ,AI\H DMF = Oy N__
R 7° Et0,C.__COJEt o 07
- HN
-OEt= -OCH,CHs NHAC \g/
Questions:
1. Draw the structural formula of compounds A - K (stereochemistry can be omitted).
Compounds B, C, D, E and F contain a bridging bicyclic structure.
2. Write the mechanism of the Arbuzov reaction according to Scheme 1 or via the

transformation of J to K.

Product C is a mixture of diastereomers C1 and C2 in the ratio 97:3 respectively. Due to steric
hindrance, C1 does not undergo polymerization unlike C2 and its analogues. Therefore, the following
transformations for C1 are carried out to obtain the required polymerizable exo-isomer L2:

1.S0Cl, Column
2 MeOH DBU, reflux chromatography
1T — U L1+L2 - L2
DMF
N
N
3. Draw the structural formula of compounds C1, C2, L1 and L2. For L1 and L2 indicate

the absolute configuration (i.e., R or S) only of the chiral carbon atom with the functional group.

4. Draw the polymerization reaction for L2.
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Problem 3

On Environmental Protection s/ﬁ

The Republic of Sakha (Yakutia) is among the top three gold producers in Russia. At the end
of 2021, the Republic of Sakha (Yakutia) produced 42 tons of gold, 4% more than the previous year.

In Yakutia, both ore and alluvial gold are mined. For alluvial gold mining, gold dredges are
used which are enrichment facilities based on the filtration of gold grains from rocks. However,
mechanical processing is insufficient for extracting ore gold.

There are several ways to extract gold from ores. One of them is based on the use of salt NX
where N is a metal cation and X is an anion. A dilute solution of NX is sprayed on a large hill of
crushed ore, resulting in the dissolution of gold with the formation of substance Y (mass fraction of
gold mau = 72.42%) (reaction 1). The solution of gold is collected in tanks, filtered, and then reduced
with zinc powder (reaction 2).

However, X is highly toxic, so it is necessary to regulate its content in treatment ponds and
rivers. The maximum allowable concentration (MAC) of X is 0.07 mg/L.

One way to qualitatively determine X is to evaporate a concentrated solution consisting of NX
and ammonium disulfide (reaction 3), then adding to this the appropriate amount of FeClz solution
(reaction 4) whereupon the mixture turns red.

After detection of X in the analyte, quantitative analysis is carried out. One way to quantify
X is to titrate the NX solution with a standard AgNOz solution. To do this, a few drops of indicator
5-[n-(dimethylamino)benzidylene]-rhodanine are mixed with an aliquot of NX solution. The AgNO3
titrant from the buret is added dropwise to the analyte to form complex salt Z (reaction 5). With an
excess drop of AgNOs solution, a red precipitate of silver with substituted rhodanine is formed.
(Ag™ + Rd™ & AgRd |, K, = 107181, where Rd~ represents rhodanine and Ks is the solubility
constant).

The concentration of X may also be quantified via spectrophotometry. In this method, an
excess of bromine water is added to the NX solution to form substance A (wgr=75.43%) (reaction 6).
Unreacted bromine is then titrated with a solution of hydrazinium chloride (reaction 7). A reacts with
a mixture of pyridine and benzidine to form a red-violet solution (molar absorption coefficient é=6.9
10* L-mol™*-cm™). The optical density of the resulting solution is determined, and the concentration
of X is calculated.

Questions
1. Identify substances NX, Y, Z, and A. Write equations for all the reactions.
2. In reaction 2, an excess of zinc is added for complete precipitation of gold. Suggest a

way to separate gold from zinc powder.
3. Suggest another qualitative reaction for X.

4. Find the order in which the precipitates will form with the addition of substituted
rhodanine during titration with a AgNOs solution. Assume that only chloride and sulfate anions are
present in the water, and the concentration of each anion is 250 mg/L. The concentration of rhodanine
is 10° M.
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5. Titration of a 10.00 mL aliquot of the NX solution required 15.00 mL of a 0.0100 M
AgNOs solution. Find the initial and equilibrium concentrations of X. The concentration of rhodanine
is 10° M.

6. As a result of the spectrophotometric analysis, an optical density value of 0.69 was
obtained. Determine the concentration of X. Ignore the absorption of radiation by water and the
cuvette. Does this value exceed the MAC?

Additional Information

[M][L]™
[MLy]
where L is the ligand, M is the complexing agent, and ML, is the complex compound.

1. The complexation equilibrium constant K of substance Z is K = =8.0-1072%2,

2. The solubility product constant of AgCl and Ag2SO4 are 1.56-107° and 7.7-107,
respectively.

3. The Bouguer-Lambert-Beer law: A = ¢ - [ - C, where A is the optical density,l = 1 cm

is the cuvette width, C is the molar concentration [mol/L], ¢ is the molar absorption coefficient
[L-molt-cm™].
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Problem 4

Enzyme Kinetics

Enzymes are protein macromolecules facilitating catalysis of chemical reactions in living
organisms. Enzyme catalyzed reactions are described by Michaelis-Menten kinetic scheme

k! kcal
E+S =—= ES » -+ P
k_;

where E — enzyme, S — substrate, ES — enzyme-substrate complex,
Vinax[S] P- productz ki — ree}ctio_n rate cc_)nstant of corresponding step, rate
=K + 5] of enzymatic reaction is described by expression and curve as
shown on the picture. Here Vimax — maximum rate of reaction, Km —
Michaelis constant, [S] — concentration of a substrate.
In order to obtain the expression for rate of enzymatic reaction, you
should use three equations:

Qv= asl _ Kear X :l — rate of enzymatic reaction
dt

(2 dis] = :l—(kcat + k_1)[ES] = 0 — steady-state assumption

(3) [E]o = :| +[ES] — total concentration of enzyme
1. Identify missing parameters.

2. Express Vimaxand Km through ki, k-1, keat and total concentration of enzyme [E]o (where
it’s required) using equations (1)-(3). Assume that all reaction rate constants, total enzyme
concentration [E]o and substrate concentration [S] are known parameters.

The meaning of Keat is , Michaels constant Km shows specificity of enzyme towards

a substrate and if [S] = K, reaction rate v is equal to b . The ratio kcat/Km shows catalytic
efficiency of enzyme and has unitL_<
3. Choose one right answer for (a), (b) and (c) from the table below and write an

explanation.

Possible answers

1) how fast enzyme binds with a substrate
2) how many catalytic cycles (turnovers) enzyme performs in one unit of time
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3) how many molecules of enzyme are consumed in reaction in one unit of time
Vmax
D=
(b) | 2) 2Vinay
Vmax
34
1) st
(©) |2)stxM
) stxm?

Many enzymatic reactions are proceeding by so-called three stage mechanism with formation
of intermediate acyl-enzyme EA and two products P1and P

KS kg k_g
E+8S === ES T EA7> E+P,
P, H,0
where K; = [g—z] For this scheme kinetic parameters kcat and K are related with individual constants
next way
kaks
kear =
ky + ks
K, = K,—3
™ Sk, + kg

For enzymatic hydrolysis of esters of N-benzyloxycarbonyl-alanine, which is catalyzed by
proteinase from streptococcus, next values of keat and Km were obtained

Ester Keat, ST | Kmx 10* M
p-nitrophenolic 120 1.32
m-nitrophenolic 120 1.35
o-nitrophenolic 355 6.58

phenolic 82.5 3.64

@/\oiﬁ/l\g/OH

Structure of N- benzyloxycarbonyl-alanine

4. Assess the values of the individual constants kz, ks, Ks for each substrate, if Ks does
not depend on the structure of leaving group for given substrates and deacylation step is rate limiting
(constant ks) for p-nitrophenolic and m-nitrophenolic esters.

5. Based on the values of keat and Km draw on one figure curves of reaction rate v
dependence on [S] for given substrates. Assume that [E]o is the same in all cases.
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Problem 5

Introduction to Chemoinformatics

Chemoinformatics is a scientific direction that arose at the intersection of chemistry, biology,
pharmacology, mathematics and computer science. It is engaged in the processing of experimental
data, and also develops approaches that make it possible to predict in advance the chemical, physical
and biological properties of new, including not yet synthesized compounds. Chemoinformatics is also
one of the most promising areas of science; every year there is an increase in investment in this area,
which has already reached enormous quantities.

Let's imagine the following situation:

1. You are a chemist working at the Institute of High-Energy Compounds and you are
faced with the task of finding a nitrogen-containing substance, the oxidation of which to NO> in
oxygen at a temperature of 1520 K will release the most amount of energy. Try to find it using the
data from the following table:

Substance 02 H>O NO, NO NH; N2H4
AH&"S,k—]l 0 -241.814 34.192 91.265 -45.94 95.18
molte
C1 29.934 35.358 60.916 35.038 62.025 108.447
C2 7.814+10° | -3.396°1-2 | -3.228.102 | —1.294+102 | -8.963102 | -1.468+10"
Cs -6.698102 1.151 2.341 6.972¢10 4.124 7.761
Cs 23.933 64.313 ~14.528 8.894 49.621 47.775
Cs —9.855 —37.394 22.999 —6.554 —25.190 —27.936
Cs 2.574 13.002 -8.123 3.074 7.818 8.594
For calculations, use the formula:
2¢ k]
AHp — AH2%® =10 - (clx — 72 —C3 + c4x? + 2¢c5x3 + 3c6x4)m
where x = —————: ¢4, Co, C3,C4, Cs, Cc — CONStants.
10000 K 12,3, 44,05, 6
2. Explain how you simplified the search for a potentially perspective substance for

solving the task?

But a chemoinformatic chemist must also be able to store information about his compounds.
It turns out that the formulas of compounds can be stored not only in the form of those chemical
formulas that we are all used to, but also in a matrix form (a matrix is a rectangular table of numbers,
which can be considered as a collection of rows and columns). For example, the formula for
nitromethane is written as:

38



1]2]3]4]5]6]7
. 1/o[1]/0]o[1][1]1

H 0 2/1]0[2[2]0fo]o0
6|1 7 3/ 0[2[0fof0f0]0
O 4/0[2[0fo0ofo0]0
|L7 ot 5[1/0/0f0]0f0]0O
6/ 1/0/0[0/0[0]0
7/1]/0[o]o]ofo]0

This is a bond matrix that characterizes the bond multiplicity between numbered atoms in a
molecule (thus, the intersection of 1 and 2 in the table corresponds to the fact that there is a single
bond between atoms with number 1 and with number 2).

3. Try to make a bond matrix for cyclopropane.
4. Suggest a molecule and give its structural formula if its bond matrix is:
1123|456 |7(8]9]10
1 1 11111
2 |1 1]2
3 1 1]11]1
4 2
5|1
6 | 1
71
8 1
9 1
10 1
Zeros in the table can be omitted
5. Suggest a way to remove redundant information from the bond matrix.
6. Is it possible to ignore hydrogen in bond matrices, for example, of hydrocarbons?
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JUNIOR LEAGUE. SOLUTIONS

Problem 1
Minerals of Yakutia

1. From the phase diagram we can see that the Sb content in aurostibite is 66.6%, Au
33.3%. Au:Sb = 33.3:66.6 = 1:2, we conclude that the formula of aurostibite is AuSh,.

2. The composition of the eutectic mixture is determined from the position of the eutectic
point. The Sb content is 34.5%, Au 65.5%. Au:Sh = 65.5:34.5 = 1.899:1 = 19:10, the composition of
the eutectic mixture AuieShio. The melting point of the eutectic mixture can be determined from the
phase diagram. By definition the eutectic is the line showing the mixture with the lowest melting
point. Below this line only the solid mixture can exist. Consequently, the melting point of an eutectic
mixture is 380 deg C.

3. Solid state. The liquid state is not formed under any conditions, as incongruent melting
occurs. The compound in the liquid state is unstable and disintegrates into two components.

4. 2 Components Au and Sb, 1 phase is liquid, hence we getthatf=2-1+2 =3.

5. To determine the composition, you have to lower the straight line to the abscissa axis
line. The Sb content is 20.0%, Au 80.0%. Au:Sb = 80.0:20.0 = 4:1, the composition of the eutectic
mixture AusSb. The melting point is 380°C.

6. The melting temperatures can also be determined from the phase diagram by crossing
the liquidus line with the ordinate axis. The melting temperatures of Au and Sbh are 1063 and 631°C
respectively.

7. The Gibbs energy is calculated using the formula AG° = AH®° —TAS°. The
temperature at standard conditions is 298.15K. AG° = -54353.22 J/mol.

8. The equilibrium constant is found from the formula AG° = —RTInK,, by potentiation

method. It is necessary to express InK, = — %, then raise the exponent to a degree equal to each
AGO
part of the equation: e!™®» = e~ &T . From the mathematical formula

AGO —54353,22
e!™ = x weget: K, = e  RT = ¢ 831429815 = 3,33 x 10°.

9. According to Hess's law, the heat effect of reaction is equal to the difference of sum
of standard enthalpies of formation of products and sum of standard enthalpies of formation of
reagents with their stoichiometric coefficients taken into account.

AHZ,qction = EMiAHZ (products) — En;AHZ (reagents)

It should also be remembered that the enthalpy of formation of a simple substance in the standard
state is 0.

AH®, oo = {4%0.5 + 4%(-425.61)} — {8*(-91.0) + 2*(-285.84)} = -400.76 kJ/mol.

10. 2Na[Au(CN)2]aig) + Znsolid) = Naz[Zn(CN)4] i) + 2AU(solid)
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11.

{ (NaCN) = %S = 0.25 mol;
_16.8 _ .
] (02) = 2 0.75 mol;
{ (H20) = % = 0.35 mol:
108.35

{ (Au) = = 0.55 mol.

197

We calculate by the lack of reagent, NaCN is in the lack .

During the reaction it will be released:

0,25
8

Q = —400.76 * = —12.52 kJ /mol.

12. First, the number of atoms per unit cell must be determined.

Nau=5*8+2%6=4 Ny =1%8=8.

The cell is cubic, that's why its volume equals V,,; = a® = 6.646% = 293.55A3.

Substitute the values in the formula:

- %n(NAuRiu+NSbR§’-b), hence k — (441443 +8+1.59%) _ 0.629.
Veell 293.55
Evaluation system:
Ne question Evaluation system Grade
1 The chemical formula of aurostibite is determined 1.5
2a Composition of eutectic mixture is determined 2
2b Melting point is given 1.5
3a Possible phase states of compound 1 are determined 2
3b An explanation is given 2
4 Number of degrees of freedom is determined 1.5
5 Composition at point 3 is determined 1.5
6 Correct melting points for antimony and gold 1 x 2 2
7 Standard Gibbs energy is calculated 1
8 Equilibrium constant is calculated 1
9 Heat effect of reaction is calculated (1) 1
10 Equation of reaction is written (2) 1.5
11 Heat quantity is determined 1.5
12 Molecular packing factor is calculated 35
TOTAL: 235
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Problem 2

On Environmental Protection

First, we can guess that X is cyanide, since the use of cyanide is a common industrial method
in gold mining. Most likely, a dilute solution of cyanide with oxygen without heating will not be able
to oxidize gold to the oxidation state (OS) +3, so we check OS +1. In this case the coordination
number is two and a linear complex is formed with CN" ligands. We calculate the cation and identify
Y - NaJAu(CN)2], which means that NX - NaCN.

Secondly, we can notice that reaction 4 is a qualitative reaction on rhodanide (thiocyanate)
ions, so in reaction 3 we can assume that cyanide is transferred to rhodanide (thiocyanate) and from
here we can assume that X is cyanide.

1. Total: NX — NaCN, Y - Na[Au(CN):], Z — Na[Ag(CN)z], A - BrCN.

Reaction equations:

4Au + 8NaCN + 0, + 2H,0 = 4Na[Au(CN),]| + 4NaOH
2Na[Au(CN),] + Zn = Na,[Zn(CN),] + 2Au

CN~ + 55~ =NCS™ + S?~

[Fe(H,0)¢]>* + nNCS™ = [Fe(NCS),,(H,0)¢_n]> ™ + nH,0, n = 1,2,3
AgNO5; + 2NaCN = Na[Ag(CN),] + NaNO;

NaCN + Br, = BrCN + NaBr

2Bry, + N,HsCl = N, T +4HBr + HCI

No akrkwbdE

2. It is enough to add dilute acid: zinc will dissolve, gold will not.

3. If you add Fe?" to a solution containing cyanide anions, heat it for a few minutes, and
then add Fe®* solution, you get a blue precipitate of Prussian blue:

6NaCN + FeCl, = Na,[Fe(CN)¢] + 2NaCl

Nay,[Fe(CN)g] + FeCl; = NaFe[Fe(CN)g] L +3NacCl (other stoichiometry of Prussian blue is

accepted)
4,
Anion Equilibrium
Precipitate . Solubility product constant concentration of silver
concentration )

cation (mol/L)

AgRd 10® mol/L K, = [Ag*][Rd™] = 107181 [Ag*] = 107121
103
AgCl 72]2 I}S K, = [Ag*1[CI"] = 1.56 - 1071 | [Ag*] =2.21-10~®
2.60-10°° 2fen2- -5 + —

Ag2S04 Tol/L K, = [Ag*]?[S037] = 7.7 - 10 [Ag*] = 0.172

Silver with substituted rhodamine will precipitate first, then silver chloride, and third, silver
sulfate will precipitate.

5. Let's find the initial concentration of cyanide anions in the solution:

AgNO; + 2NaCN = Na[Ag(CN),] + NaNO,
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Next, we calculate the equilibrium concentrations of cyanide anions. Since this is the final
titration point, [Ag*] = 107121 and all the silver is in the soluble complex form. Considering dilution

%C(CN") V(CNT) = C(Ag™) - V(Ag™)

C(CN~) =0.0300mol/L

[Ag(CN)3] = 6-10"3mol/L. From the equation:

[Ag™][CN"]?

[Ag(CN),]~ © Ag* +2CN~ K = [Ag(CN)3]

We find that [CN~] = 2.46 - 107 mol /L.

6.

A=¢-1-C=69-10*-C = 0.69.

Answer: C = 1075 mT"l = 0.26 mg/L. The value exceeds the MAC.

Evaluation system:

Ne question Evaluation system Grade
la Identify of NX 1 p. (if only X is defined — 0.5 points) 1
1b Identify of substances Y, Z, A 0.5 p. for each 1.5
1c Reaction equations 1 p. for each (full score for net ionic equation) 7
2 Correct way to separate gold from zinc 0.5
3 Qualitative reaction for cyanide anion 2
4 Correct sequence of precipitate formation 3
5a Correct initial concentration of cyanide 1
5b Correct equilibrium concentration of cyanide 2
6a Calculation of cyanide concentration 1
6b Indication of excess MAC 1

TOTAL.: 20
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Problem 3
Noble Gas Compounds

1. A = XeF», B= XeF4, C= XeFs, D= F,, E=XeOs.
2. 1) Xe + F2 = XeF
2) Xe + 2F;, = XeF4

3) Xe + 3F, = XeFs
4) XeFs + 3H,0 = XeOs + 6HF
5) 2Xe0s + 4KOH = K4XeOs + Xe + Oy + 2H,0

3. For the calculation, you can take 19 mg of XeOs. n(XeOs3)=0.019/179=1.06*10"* mol.
Then the volume of xenon can be found from the reaction data 3 by the general gas equation: V(Xe)=
(n(XeO3)*R*T)/P= (1.06*10**8,314*573)/(6,08*10° Pa)=0.083 ml.
Also, the acceptable solution is: V(Xe) = 1.06*10™* * 22.4 = 0.0024 | or 2.4 ml.

4. Structural formula

0]
P

Xe/
o

0]

The spatial structure of the perxenate ion is octahedral
ﬁ 0

7

9" 0

0

O X|e

5. The main use of xenon in medicine is anesthesia.

6. Fluorine is convenient to store and transport in the form of xenon fluorides. Xenon
fluorides have the strongest oxidizing properties, as a result of which they can be used as oxidizers
of rocket fuel.

Evaluation system:

Ne question Evaluation system Grade
1 Correctly determined A-E: 1 point X 5 compounds 5
2a Correct equations of reactions 1- 4: 1 point for each reaction
2b Correct equations of reaction 5
3 Calculation of xenon volume

=N
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Structural formula (1 point) and spatial structure (1 point) of

. 2
the perxenate ion
Use as anesthesia 2
Compounds — xenon fluorides 1.5 points, oxidizing properties 25
1 points
TOTAL.: 18.5
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Problem 4

ANTIMONK
HNOs(diluted) NaOH H.2S,HCI 02 02 KOH
Sb ————— Sb203:nH20 ——— Na[Sb(OH)] Sh:Ss Sb20s Sb.0s —— K[Sb(OH)s]
340°C 700°C H.0
520°CJH2 NaOH
NaOH Clz Cl H>SOs -SOs
Na[Sb(OH)s]| «—— SbCls «——— SbCls «——— Sb ———— Sh»(S04)s Na[Sb(OH)s] |
H.0 l F, Jazo-asooc
CaH
sbocl sbFs 2O, HIShRSOF] s CaMes

Element X is antimony. Because this follows from the name of the task and its description
(antimonk), but it is also possible to confirm that it is antimony using the mass fraction of the element
in E. The scheme shows that element X was reacted with fluorine, then E is fluoride of X. From the
mass fraction, we can compile a table of various ratios of fluorine atoms and atomic mass of X
(conditionally, the formula can be represented as SbFx):

Table of atomic mass values of X at various X

Number of fluorine atoms Atomic mass X, g/mole
1 24.35

48.70

73.05

97.40

121.75

146.10

(OB W|IN

In terms of mass and chemical properties, only antimony is suitable. Therefore E — SbFs, X —
Sb.

Antimony usually has valence (I11) or (V), which suggests that chlorination of X occurs in
two stages (A — SbCls, B — ShCls). In water, SbCIs is hydrolyzed to |1 - SbOCI, which is also
confirmed by the mass fraction of antimony in the compound:

121.75 g/mole

%(X) =70.29 = 1009
0%(X) (121.75 + 16 + 35.45)g/mole * %

H — Sb2(SOa)s, because the oxidation in oleum occurs up to the +3 oxidation state and this is obtained
from the mass fraction of antimony in the compound:

121.75—9_«2
mole

(121.75 * 2 + 96.07 * 3) g
mole

w%(X) = 45.80 = « 100%

F — magic acid of composition H[SbFsSO3F]

%(X) = 38.43 12175 g/mole 100%
= . = *
@b (121.75 + 19.00 * 6 + 32.07 + 48.00 + 1.01)g/mole 0

G is the Cs2Hes" cation. The condition of task gives hints that the cation does not contain Sb, and also
has the extremely strong acidic properties of magic acid, which is able to protonate hydrocarbons.

46



Sb is oxidized in concentrated HNO3 to an oxidation number of +3, so Y — Sb203:nH:20.
M — Na[Sb(OH)4] (allowed Nas[Sb(OH)s])
It is known that L is a sulfide mineral, then L — Sb2Ss

C — Sbh203 Because during the oxidation of the sulfide mineral, the oxidation number of antimony
remains the same. Also, the formula C can be obtained from the mass fraction of antimony: it is quite
expected that during the roasting of the sulfide, antimony oxide is formed, which is also evidenced
by the reduction of C with hydrogen to obtain a simple substance X. From the mass fraction of

83569 1649 . 0.68:1.03 ~ 1:1.5 = 2:3.
121.75 g/mole 16.00 g/mole

antimony, we find the ratio Sb:0 =
Accordingly, the formula C — Sbh20:s.

J — Sb20s

K — K[Sb(OH)¢]

D — Na[Sb(OH)e]

Re action equations:

1 2Sb +2HNO; + (n — 1) H,0 — Sb,05 - nH,0 + 2NO 1

2 Sb,0; - nH,0 + 2NaOH — 2Na[Sb(OH),] + (n — 3)H,0

3 2Na[Sb(OH),] + 3H,S + 2HCl - Sb,S; | +2NaCl + 8H,0
4 2Sb,S; + 90, — 2Sb,05 + 650, 1

5. Sby03 + 0, — Sb,05

6 Sb,05 + 2KOH + 5H,0 — 2K[Sb(OH);]

7 K[Sb(OH)] + NaOH — Na[Sb(OH)4] { +KOH

8 Sb,05 + 3H, — 2Sb + 3H,0

9 2Sb + 6H,S0, - SO — Sb,(S0,); + 6H,S0, + 350, 1

10.  2Sb + 3Cl, — 2SbCl,

11.  SbCl, + Cl, — SbCls

12. SbCl; + H,0 < SbOCl 4 2HCI

13.  SbCl; + 6NaOH — Na[Sb(OH)4] ! +5NaCl

320—-350°C
14.  2Sb + 5F, ——— 2SbFs

15.  SbFs + HSOsF — H[SbF<SO5F]
16.  H[SbFSO5F] + Cs,Hg — CspHY: + [SbFsSO5F]™ + H, 1T
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Evaluation system:

Ne question Evaluation system Grade
1 For each of the reactions 0.5 p 8
2 Correctly identified substances X,Y,M,L,C,J,K,A,B,E 0.5 p. for each 5
3 Correctly identified substances I,H,D 1 p. for each. 3
4 Correctly identified substances G,F 2 p. for each 4
TOTAL: 20
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Problem 5
Prussian Blue — Based biosensors

Oy H O.._OH
H——OH glucosidase H——OH
1. HO——H +0, +H,0 HO——H +H,0;
H——OH H——0OH
H——OH H——OH
CH,OH CH,OH
2.
Medium H20: as oxidizing agent H20: as reducing agent
Acidic H202 + 2H30* + 2 e — 4H,0 H202+ 2H20 - 2 e — 02+ 2H30°
Neutral H202+ 2 e — 20H" H202 + 2H20 - 2 e — Oz + 2H30°
Alkaline HOz + H20 +2 e — 30H" HO2; + OH-2 e— 02+ H20
3. 2KMnOg4 + 5H202 + 3H2S04 = K2SO4 + 2MnSO4 + 50, + 8H:0.
4. Prussian Blue can be synthesized chemically by mixing Potassium ferricyanide and

ferric chloride (I11):
4Fe'"'Cl3 + 3K4[Fe'"(CN)s] — Fe'''s[Fe''(CN)s]s +12KCI
5. Berlin Green Fe4!!'[Fe!ll(CN)eA]3

Prussian White contains potassium ions in its composition. The molar mass of Prussian Blue
is 859.253 g/mol.

W(K) — n-39.10

——— - 100% = 15.4%, where n is the number of potassium ions.
n-39.10+859.253

Solving the equation, we find n = 4, then Prussian White is KsFe4!/[Fe!/(CN)s]3
6. The reactions are
Feql[Fell(CNg)]3 + 4e + 4K* — K4Fes!'[Fel!(CN)s]a.
4Fe® + 3[Fell(CNe)]*+ 4e + 4K*— AK*+4Fe**+3[Fell(CN)s]*
FesI[Fel(CNg)]3s— 3e + 34~ — Feq!!l[Fell(CN)pA]s.
4Fe* +3[Fell(CNe)]*— 3¢ + 3A —4Fe +3[Felll(CN)sA]"
7. Equations that describe the process of electrocatalysis:
KsFeqd'[Fel(CN)s]s + H202 + 2H30™ + 2 e — Fe4!!'[Fe!!(CN)g]s + 4H20 + 4K”

Fesll[Fell(CN)e]s + e + 4K* — KaFe4![Fel!(CN)e]3
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Evaluation system:

Ne question Evaluation system Grade
1 The reaction equation is written correctly 2
) The equations of half-reactions are correctly written - 0.5 p. 3
each.

3 The correct entry of the reaction equation - 1 p. 1
4 The correct method is proposed for obtaining -1 p. 1
5 The formulas of compounds are correctly written - 1.5 p. 3
6 The reaction equations are correctly written -2 p. 4
7 The correct answer is given-2 p. 4

TOTAL.: 18
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SENIOR LEAGUE. SOLUTIONS

Problem 1

Metals of life

1. The colorless gas emitted as a result of the reaction is nitric oxide (I1). Let's find the
amount of gas using the ideal gas equation of state:

pV = nRT

_pV _ 250-10%-0.652-107

— . -5
= RT = 8314 (a0 +27315) _ 0261 107" mol

n

It is reasonable to check X with oxidation number +2 and +3 in the resulting nitrates.

3X + 8HNO3 (i) — 3X(NO3)2 + 2NO + 4H,0

n(X) = 1.5n(NO) = 9.391 - 10~° mol

~m _0.012-0.43

= =9391 105 54.95 g/mol

This corresponds to the molar mass of manganese (Mn).
X + 4HNO3 i) — X(NO3)3 + NO + 2H20

n(X) = n(NO) = 6.261 - 107° mol

m_0012:043 l
w6261 105~ 8241 g/mo

There are no metals with this molar mass.
We obtain that X is manganese.
3Mn + 8HNO3 (giry — 3Mn(NO3z)2 + 2NO + 4H,0

Manganese is in group 6 and period 4 of the long-period table of D.l. Mendeleev. There are
non-metals in groups 5 and 7 in period 3. They do not fit the conditions of the problem. The remaining
elements in the 5th period are in groups 5 and 7. These are molybdenum and ruthenium. Ruthenium
is not on the list of "life metals”, then Y is molybdenum.

2. The sources of metals in the human body are food, water, and dietary supplements.

3. Reaction equations:

°C
1)  3MnOz = MnsOs + Oy
2) 3Mn3z04 + 8Al — 9Mn + 4A1203
3)  Mn+ HzS0s — MnSO; + Ha

electrolysis

4) 2MnSO4 + 2H,O0 ———— 2H)SO04 + 2Mn + O
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5) Mn + 2NH4Cl + 2H20 — MnCl, + 2NH3-H20 + H»

6)  2MnCls + 10CO —25 Mna(CO)1o + 2Cls

7) Mn2(CO)10 + 2Na — 2Na[Mn(CO)s]

8) Mn2(CO)10 + Bro — 2Mn(CO)sBr

9)  2Mn + 12NaCN + 2H,0 — 2Nas[Mn(CN)g] + 2NaOH + H»

°C
10)  MnO; + 2KOH + KNO3 = KoMnOs + KNO2 + H,0O
11)  2KoMnOgs + Cl; — 2KMnOg4 + 2KCl

°C

12)  2MoS; + 702 —=5 2MoOs + 450,
°C

13)  MoOs + 3Hz 25 Mo + 3H.0

14) Mo+ 3KNO; + 2KOH —5 KsM0oOs + 3KNO; + H;0

15)  2KMnOs + 18K2M004 + 13H202 — 2Ks[MnMo0yO32] + 26 KOH + 80>
16) KoMoOs + 4K5S; + S + 4H20 — Ko[M0S(S4)2] + BKOH

17)  MoOs3 + 2KOH + 4H202 — K2Mo(02)4 + 5H20

(F)
Na[Mn(CO
B «© [Mn(CO)s]
) CH,OH &)
C\@@ MnC12 #—-an(CO)w
1150, © e ~I @
ilute electrolysis
Mn X MnSO, ——>Mn Ty, . ) Mn(CO)sBr
X)) Y
20" Nas[Mn(CN)4]
t°C | Al = [o]
10
900°C °C
Mn3;04<——MnO; —=—>=K,MnO,_ ¢,
KOH 2 4 A
(B) (A)  KNO ) < )
: KMno4
HO (N)
2 2 K [MnMooO
6IMnMogO3;]
(M)

S Y o
> S

Mo~ & 0 g KalMoS(Sy)y]
\Xﬂ,o .
®) v &

MOSZ M003

5
600°C % (P)

202 K>Mo(03)4

Reactions 3 and 4 are necessary to purify manganese, because after aluminothermy (reaction

2) manganese can be obtained with impurities.
4. The equation of the reaction occurring during the neutralization of the substance J:
2KMnO4 + 5H202 + 6CH3COOH — 2Mn(CH3COO), + 2CH3COOK + 8H20 + 50,
5.
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0.550

KMno,) = = 0.00348 mol
n(KMn0,) = 2505294+ 4-16.00 mo

n(H,0,) = 2.5n(KMn0,) = 0.00870 mol
n(CH;COOH) = 3n(KMn0,) = 0.01044 mol
m(H,0,) = 0.00870 - 34.02 = 0.296 g.
m(CH;COOH) = 0.01044 - 60,06 = 0.627 g.

0.296

Mso1(H20;) = 003

= 9.87 g.

0.627
Mo (CHyCOOH) = = 20.90 g.

9.87
VSOl(HZOZ) == T - 987 ml

20.90
Vso(CHsCOOH) = —— = 20.90 m

Answer: To obtain a solution for washing, you need to mix 9.87 ml of 3 % hydrogen peroxide
solution and 20.90 ml of 3 % acetic acid solution.

Evaluation system:

Ne question Evaluation system Grade
1 Correct identification of elements X and Y by 1 point 2
5 Correct answer (any other reasonable guess is also 05

encouraged) — 0.5 points
0.5 points for each of reactions 1-17, 0.5 points for each
correctly identified substance A-P.
3 . . 17.5
Correct answer to the question about reactions 3and 4 — 1
point
4 Correct reaction equation — 0.5 points 0.5
5 Calculation of the volume of each of the solutions for 0.25 05
points
TOTAL: 21
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Problem 2

Arbuzov Reaction
1.

\J\ 1. NaOH
j@O S ji? TiCly, 7 W, Red-Al
HO - 0P CHoCly, 20°C
O o R 0T o CH
A B c

Toluene, reflux
1. MsClI, py, toluene, 65°C

Et0,C. _COEt
NaH,
2. Nal, DMF, toluene, 85°C NHAC 5
7 7
CO,Et
DMI, 90°C COLEt
OH
o E F  NHAc

1.0z, CH,Cl; EtOH, -78°C  OH o8
2.NaBH,

O‘MS CO.Et
2
--“\’cha MsCl, EtsN b,
., NHAC

NaH
- \chozEt
.. NHAC
|
G OH

.
| THF, reflux
H  OMs
C1gH3NO;
OEt
MW com ' 0= —OFt y
| 2 Nal, acetone, reflux Mo GOt P(OEt),, 156°C COZEL
CO,E : . COo,E - CoH
MAC MAC MAC
! J K
OH
1.6M, HCl, reflux  —b_on
2. 5M KOH, reflux COM
MH
LY-235959
2.
@

OR, Ho Sn2 QR o heat ®
RiO—R R;"%X RiO—P—CH:R; |y~ ——= (RiO) P CHR; —————» (RO, —P—CHaR,

OR; H X=Br| OR, O:) -R1X

The participants should indicate the configuration of only one chiral carbon atom. L1
is the S isomer, and L2 is the R isomer.

1. SOCl» Column
7 7 2. MeOH 7 DBU, reflux ;
CO,H L/
c2 o~ "oH o “OMe
Cc1

chromatography L&
s CO,Me
DMF CO,Me

L
L1[1S, 28] L1+L2

L2[1S, 2R]

54



Evaluation system:

L& polymerization
n /2 coMe

L2 CO,CH3 | n

Ne question Evaluation system Grade

1 For formulas of compounds A-K 1
(Stereochemistry is not counted)
For the correct mechanism of Arbuzov reaction

2 (Give 2 points if there are minor errors or missing reaction 3
step; give 1 point in case of major error)
For formulas of compounds C1, C2, L1, and L2 with correct

3 stereochemistry 6
(If C2 and C1 are switched as well as L2 and L1, then give
0.5 points for each, i.e. 0.5x4 = 2 points)

4 For the correct absolute configuration of the chiral atom of L1 )
and L2

5 For the correct polymerization reaction of L2 1.5

TOTAL: 23.5
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Problem 3

Enzyme Kinetics

1. In the equations (1) and (2) missing concentrations and reaction rate constants must
be filled out according to the law of mass action, in case of equation (3) missing parameter is enzyme
concentration. Overall, equations (1) — (3) must be written as shown below.

__d[p

(1) v =" = ko x [ES]

(2) % =k, [E][S] — (Keat + k-1)[ES] = 0

(3) [Elo = [E] + [ES]

2. To obtain the Michaelis-Menten equation you should use equations (1)-(3), where (1)
is the equation where you put all unknown variables. From equation (1) [ES] must be expressed
through known parameters. To do that, from equation (3) we express [E] and put it into equation (2)

[E] = [E]o — [ES]
ki([E]o — [ESDIS] — (kcar + k—1)[ES] =0
after opening the brackets, we can finally express [ES]:

ki[E]o[S]

ES| =
[ ] kcat + k—l + kl[S]

and then put it into equation (1):

— kcatkl [E]O[S]
kcat + k—l + kl[S]

In order to transform this expression in the way which is given below

Vmax [S]

" K ¥ [5]

we divide nominator and denominator by ki, because in denominator [S] doesn’t have coefficient Ki.
Finally, we obtain next expression

kcat [E]O [S]

" Kogr + k-
Catk1 1 + [S]

from that we find that



3. Next answers with given explanations are correct

2) how many
catalytic cycles
(@ | (turnovers) enzyme
performs in one unit

of time

Keat first order rate constant (with unit s%). It shows the
frequency of chemical reaction act, in other words how
often act of reaction occurs in one unit of time.
Author’s note: key underlined words are enough.

b gy Vinax If we put [S] = Km in Michaelis-Menten equation, we
(b) )5 obtain that v = %

Since kcat has unit s* and Km has unit mol/l (M), then
Keat/Km has unit st x Mt

(c) 3)stx Mt

4. Since in all substrates acyl part remains same and only leaving group is different, k3 is
same for all substrates. In case of the p-nitrophenolic and m-nitrophenolic esters kcat Values are almost
same, so we can assume that kear = k3 = 120 s, since deacylation is rate limiting step. This means
that for all substrates ks is equal to 120 sX. Putting this value, we can find ko:

kok3
ky+ks3

kcatks
k3 _kcat

kear = <=>k, =

This gives us, ko = 50 s* for o-nitrophenolic ester and k2 = 264 s for phenolic ester, knowing
that we can find Ks:

k ko+k
3 <=> KS — Km 2 3
ky+ks ks

Ky = K

For o-nitrophenolic ester Ks = 9.32 x 10 M and for phenolic ester Ks = 1.16 x 10 M. Since
Ks doesn’t depend on the structure of leaving group, we can use one of the obtained values, or assume
Ks ~ 10, Knowing Ks, we can assess the lower limit of k; for p-nitrophenolic and m-nitrophenolic
esters.

K= Koo 2m <=y = ks (2= 1)

k
ko+ks

This gives k. = 789 s and k. = 769 s™* for p-nitrophenolic and m-nitrophenolic esters respectively.

kyks
ky+ks
problem. This is because steady-state assumption doesn’t allow precise assessment of individual
constants.

If put these values into B k.4 = , obtained kcat values are different from values given in the

To summarize, next values of individual constants are obtained:

Ester ks, st | kg, st Ks M

p-nitrophenolic 120 789 1x 103
m-nitrophenolic 120 769 1x 103
o-nitrophenolic 120 50 1x 103
Phenolic 120 264 1x 103

Author’s note: small variations are possible in calculations due to different approximations. For
evaluation answers obtained by a participant are considered first. However, approximations should
be made following mathematics rules and in a reasonable range.
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5. Mich

aelis-Menten curves should look next way

V
Vmax1
= p-nitrophenolic
Vmax2 / R e m-nitrophenolic
0.5Vmaxt --" — - = o-nifrophenolic
-
-
.~ = = = phenolic
0.5Vmax2
Vmax3

0.5Vmax

Since values of constants in case of p-nitrophenolic and m-nitrophenolic esters are almost
same curves will be similar (Vmax1 and Km1 on the figure). In case of phenolic and o-nitrophenolic
esters kcat values are 70% and 30 % from kear for p-nitrophenolic and m-nitrophenolic esters,
accordingly Vmax2 and Vmax3 are 70% u 30 % from Vmax1. Michaelis constants can be obtained
on the X axis on the point of half of maximum rate. Accordingly, Km1, Km2, Km3 are shown on the

figure.

Author’s note: correct location of critical points such as Vmax and Km for each curve and

L —
[ _-—--—-""-‘_'

4 ._.—"

[.-/.

oy [S]

keeping approximate proportions is necessary.

Evaluation system:

Ne question Evaluation system Grade
1 Correctly written missing parameters (1 point each answer) 3
2 Correct expression of Vmax u Km (1 point each answer) 2
3a Correct choice answer (1 point each answer) 3
3b Correctly given explanation (1 point each explanation) 3
4 Correct assessment of constants (1 point for each unknown 5
constant)

5 Correctly drawn curves (2 points for each curve) 6

TOTAL: 23
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Problem 4

On Environmental Protection

First, we can guess that X is cyanide, since the use of cyanide is a common industrial method
in gold mining. Most likely, a dilute solution of cyanide with oxygen without heating will not be able
to oxidize gold to the oxidation state (OS) +3, so we check OS +1. In this case the coordination
number is two and a linear complex is formed with CN" ligands. We calculate the cation and identify
the complex Y - Na[Au(CN)z], which means that NX - NaCN.

Secondly, we can notice that reaction 4 is a qualitative reaction on rhodanide (thiocyanate)
ions, so in reaction 3 we can assume that cyanide is transferred to rhodanide (thiocyanate) and from
here we can assume that X is cyanide.

1. Total: NX — NaCN, Y - Na[Au(CN):], Z — Na[Ag(CN)z], A - BrCN.
Reaction equations:

44Au + 8NaCN + 0, + 2H,0 = 4Na[Au(CN),] + 4NaOH
2Na[Au(CN),] + Zn = Na,[Zn(CN),] + 2Au

CN™ + S~ = NCS™ + 5%~

[Fe(H,0)¢]3* + nNCS™ = [Fe(NCS),,(Hy0)¢_,]>™™ + nH,0, n =1,2,3
AgNO; + 2NaCN = Na[Ag(CN),] + NaNO,

NaCN + Br, = BrCN + NaBr

2Br, + N,HsCl = N, T +4HBr + HCI

No abkwde

2. It is enough to add dilute acid: zinc will dissolve, gold will not.

3. If you add Fe?" to a solution containing cyanide anions, heat it for a few minutes, and
then add Fe®* solution, you get a blue precipitate of Prussian blue:

6NaCN + FeCl, = Na,[Fe(CN)4] + 2NaCl

Nay,[Fe(CN)g] + FeCl; = NaFe[Fe(CN)4] L +3NacCl (other stoichiometry of Prussian blue is

accepted)
4.
Anion Equilibrium
Precipitate . Solubility product constant concentration of silver
concentration .

cation (mol/L)

AgRd 10® mol/L Ks; = [Ag*][Rd™] = 107181 [Ag*] = 107121
103
AgClI 7%'}8 K, = [Ag*][Ccl"] = 1,56 - 1071 [Ag*] =2.21-1078
2.60-10°° 2fen2- -5 + —

Ag2S04 Tol/L Ky, =[Ag*)?[S0?7]=7.7-10 [Ag*] = 0.172

Silver with substituted rhodamine will precipitate first, then silver chloride, and third, silver
sulfate will precipitate.

5. Let's find the initial concentration of cyanide anions in the solution:

AgNO; + 2NaCN = Na[Ag(CN),] + NaNO,
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%C(CN") V(CNT) = C(Ag™) - V(Ag™)

C(CN~) =0.0300mol/L

Next we calculate the equilibrium concentrations of cyanide anions. Since this is the final
titration point, [Ag*] = 107121 and all the silver is in the soluble complex form. Considering
dilution [Ag(CN)3] = 6 - 10~3mol/L. From the equation:

[Ag*1[CN~]?

[Ag(CN),]~ & Ag* +2CN~ K = [Ag(CN): ]

We find that [CN~] = 2.46 - 10~° mol /L.

6.

A=¢-1-C=69-10*-C = 0.69.

Answer: C = 1075 mT"l = 0.26 mg/L. The value exceeds the MAC.

Evaluation system:

Ne question Evaluation system Grade
la Identify of NX 1 p. (if only X is defined — 0.5 points) 1
1b Identify of substances Y, Z, A 0.5 p. for each 1.5
1c Reaction equations 0.5 p. for each (full score for net ionic equation) 3.5
2 Correct way to separate gold from zinc 0.5
3 Qualitative reaction for cyanide anion 2
4 Correct sequence of precipitate formation 3
5a Correct initial concentration of cyanide 1
5b Correct equilibrium concentration of cyanide 1.5
6a Calculation of cyanide concentration 1
6b Indication of excess MAC 1

TOTAL.: 16
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Problem 5

Introduction to Chemoinformatics

1. With a change in temperature, the enthalpies of reactions do not change so much,
therefore, a correlation of the new values of the heat of combustion with the heat of combustion at
298 K can be observed. It is also clear from the chemical properties that hydrazine is less stable than
ammonia, and the oxidation of NO does not release so much amount of heat. Therefore, with
increasing temperature, it can be assumed that hydrazine will release the most amount of heat. Let’s
calculate the enthalpies of reactions at 298 K:

1 kj
- 298 _ _
NO +7 0, = NO, (1) AH 57.073 —
NH +z0 - NO +EH0(2)AH298=—282589 ol
37272 272 r ' mole
kj

N,H, + 30, - 2NO, + 2H,0 (3) AH?°® = —510.424mole

2. It can be seen that the most amount of heat release is observed during the oxidation of
hydrazine. Let’s calculate the heat of reaction of combustion of hydrazine at a temperature of 1520K:

__ T 10
*=710000K 10000 =
kJj
AHY520(0.) = 0 ——
(02) mole +

2-7.814-1073
0.152

. 2.574 - 0.1524) % = 50.020 %

+10- (29.934 +0.152 — + 6.698 - 1072 + 23.933:0.152%2 — 2-9.855-0.1523 + 3 -

kj

AH'?°(H,0) = —241.814
mole

+

2-3.396-1072
+10-(35.358-0.152 + — 1,151 + 64.313 - 0.152% — 2-37.394 - 0.1523 + 3 -

0.152
k k
- 13.002 - 0.1524)—] = —182.671—]

mole mole
kj

mole

AH'52°(NO,) = 34.192 +

2-3.228-1072
+10-160.916 + —2.341 — 14.528-0.152% + 2-22.999 - 0.152%3 — 3-8.123 -

0.152
k k
- 0.152% —] = 105.750—]
mole mole
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k
AH'52°(N,H,) = 95.18 M,

mole
2-1.468-1071
+10-(108.447 + 0152 —7.761 4+ 47.775-0,1522 — 2-27.936- 0.1523 + 3-8.594 -
k k
+0.152% —] = 210.939—]
mole mole

Then
AHES2S stion (N2 Ha) = Tiproq CAHIS? = poqq ciAHIS? = (2-(~182.671-2-) + 2
combustion 244) — dprod ti i reag “i i - . mole
£105.750 =L — 3-50.02 =L — 210.939 i) = —514.841 —L
mole mole mole mole
kj
AHMZ0 o (NO) = —60.157m
1520 kJ
AH 5 bustion(NH3) = —372.0385 p_——
3. Bond matrix for cyclopropane:
4 5
H\ /H
1
C
H s/ \2 _H° 1/2(3|4(5|6|7(8|9
S TS
8
H H’
1 17111
2 1 1 11
3 11 11
4 1
5 1
6
7
8 1
9 1
TS (|:|I-l IT]O
Hﬁ—(|'.1 c’ iTﬂj H
4. One of the variants for the substance is acetone: H’ H
5. It can be seen that the bond matrices are symmetrical, so you can remove duplicate
values.

62



6. In addition, in the case of hydrocarbons and many other organic substances, hydrogen
atoms can be neglected, since they can be easily built by the valency of carbon.

An example of a shortcut cyclopropane bond matrix:

11213
1 1|1
2 1
Evaluation system:
Ne question Evaluation system Grade
1 Correctly calculated enthalpy of combustion of a substance 5
(Give 4 points in case of minor error)
2 Any logical method, except for enumeration of all options 3
3 Bond matrix of cyclopropane 1
4 Any substance that fits the given bond matrix 1.5
5 Any correct method given 2.5
6 Correct answer is given 2.5
TOTAL.: 16.5
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