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XXXI International school olympiad

CocTaB MeTOIUYECKOI KOMUCCHHU MexkIyHapoaHoi onumnuaasl «Tyiimaana-2024» (XUMUSI)
CokonoBa Mapuna /ImutpueBHa, A.T.H., 1upekTop MHcTtutyTa npodiem Hedty u raza CHOMPCKOro OTHENeHHs
Poccuiickoii akagemuu Hayk OI'BYH «DenepalbHblil HCCIEA0BATENbCKUN LHEHTP «SIKYTCKUI Hay4HBIN LIEHTP
CO PAH»» — npencenarens;

CrnpunoHoB Asekcanap MuxaiinoBud, K.X.H., BEAYIIUH Hay4YHBIH COTPYIHHK - PYKOBOJMTEINb JIAOOpATOpUH
“Tlommmeprbie komro3uTsl s CeBepa” MHcTHTyTa ectecTBeHHBIX Hayk PIAOY BO «CeBepo-BocTounsiii
(henepanpHbIit yHUBepcuTeT nMeHH M.K. AMMocoBay — iieH;

Bepeiikiaa Bukropus BacuinbseBHa, K.X.H., HAYYHBIH COTPYIHHUK Ja00paTOPUN TEXHOTEHHBIX Ta30BBIX THIPATOB
WucturyTa npobiem Hedtr 1 raza Cubupckoro otaeneHus Poccuiickoit akageMun HayK, — 9ICH;

®enmopos Aznexcerr KOpreBmd, crapmmii mpernonaBatens kKadeapsl xumun CYHL HI'Y, mmapmmii HaydHBIH
COTpPYJHHK OTAeNa CHHXpOTpoHHbIX uccienoBannii LIKIT «CKN®y», accuctenT kadeap XMMUKM TBEPAOTO Tena U
¢usnueckoit xumun HI'Y, — urien;

EmenssiHoB  T'eopruit  IlerpoBuu, acmupanT Kopeiickoro Hay4HO-HCCNENOBAaTENbCKOTO  HMHCTUTYTA
Oouonornyeckux Hayk u ouorexnosoruu (Pecn. Kopes), — unen;

OKOHENTHUKOB ApTyp AJIeKCeeBUY, CTyAEHT Xxumuueckoro ¢dakynereta @®I'BOY BO «MockoBckuit
rocyaapcTBEeHHbIN yHUBEpcuTeT uMeHu M.B. JlIomoHOCOBaY, — uiieH;

IMaBnoB Cepreii HwuxomaeBmd, acmupant xummdeckoro (akymereta OIBOY BO  «MockoBekuit
rocyaapcTBEeHHbIN yHUBEpcuTeT uMeHu M.B. JlIomoHOCOBa», — uiieH;

CusueB CemeHn McaeBwy, muaammii Hay4dHBIH cOTpyAHUK MHcTHTyTa mpoGiieM HedTtn m raza CHOMPCKOTO
otaenenus Poccuiickol akaieMnuu HayK, — YIEH;

CrapoctuH Anekceil JlaHunoBuu, cTyaeHT ¢akynbreTa QyHIaMeHTaIbHON (DU3UKO-XUMHYECKOH HHKEHEPUH
OI'bOY BO «MockoBckuii TOCYAapCTBEHHBIN yHUBepcuTeT uMeHn M.B. JlomoHOCOBaY, — 4JeH;

Cocras k1opu Me:k1yHapoaHoii oaumnuaabl « Tyiimaana-2024» (XUMMUS)

CrnupunoHoB Asekcanap MuxaiinoBud, K.X.H., BEAYIINH Hay4HbBIH COTPYAHHUK - PYKOBOJMTEIb JIAOOpATOPUH
“ITomumepnbie komno3uTsl s CeBepa” MHctHTyTa ectecTBeHHBIX Hayk PI'AOY BO «CeBepo-BocTouHbiit
(enepanpHbIi yHUBepcuTeT MMeHH M.K. AMMocoBay, — pezicenares;

CoxonoBa Mapuna /IMutpueBHa, A.T.H., 1upekTop MHcTHTyTa pobieM HedTH 1 raza CHOMPCKOTO OTAEIECHUS
Poccuiickoil akanemun Hayk @I'BYH «®enepanbHblil MccneaoBaTeNbCKUN LHEHTP «SIKYTCKUI Hay4HbIH LEHTP
CO PAH»», — 3amecTuTens NpeaCeaATENS;

Bepetikuna Bukropus BacunbeBHa, K.X.H., HAyYHBIH COTPYIHHUK Ja0OPAaTOPUU TEXHOT€HHBIX I'a30BBIX THAPATOB
Wucruryta npobiem HedTH 1 raza Cubupckoro oraeneHus Poccuiickoil akageMun HayK, — YIEH;

MapkoBa Mapda AnexceeBHa, MIaAIINKA HAYYHBIA COTPYAHHUK JIAOOpAaTOPHH MaTepHajoBeneHus MHcTUTyTa
mpo6yieM HedTH U raza Cubupckoro otaeneHust Poccuiickoil akajieMun HayK, — YJIeH;

OxoHEemHUKOB ApTyp AJekceeBHY, CTyIeHT xumuueckoro ¢akyiprera PIBOY BO «MockoBckuii
rocynapcTBeHHbIN yHUBepcuTeT uMeHu M.B. JlomoHocoBay, — useH;

OxoHenrHukoBa AHacTacus BacuibeBHa — CTyJCHT XUMUYECKOT0 OTAeNeHNs VIHCTUTyTa eCTeCTBEHHBIX HAYK,
®I'AOY BO «CeBepo-Bocrounslit penepanpHbrii yanepceuter uMenn M.K. AMMocoBay, — @ieH;

IMaBnoB Cepreii HwuxomaeBmu, acmupanTt xummdeckoro (akymereta DIBOY BO  «MockoBckuit
rocynapcTBEHHbIN yHUBepcuTeT UMeHH M.B. JlomoHOCOBaY, — uiieH;

CuBneB Cemen VcaeBnd, mulaammii Hay4dHbIH coTpyaHuK MHcTHTyTa mpobiem Hedtn m raza Cubupckoro
otaeneHus Poccuiickol akaeMuu HayK, — UIeH;

Cunoposa Jlonryitaana HukoxaeBHa, aCCHCTEHT XMMHUYECKOTO OTAETICHNS IHCTUTYTa eCTEeCTBEHHBIX HAYK

10. ®I'AOY BO «Cesepo-Bocrounslii ¢enepansHblit yuusepcurer umeHn M.K. AMMocoBay, — uJieH;

11. Crapoctur Anekceil JlaHWIOBHY, CTyIeHT (akyinbTeTa (yHIAMEHTAIBbHONH (HU3MKO-XHMHYIECKOH HWH)XEHEPHH

OI'BOY BO «MoCKOBCKHI TOCYAapCTBEHHBIN YHUBepcuTeT MMeHn M.B. JlomoHOCOBay», — wiieH;

12.CrpyuxoBa TarbsiHa CeMEHOBHa, K.T.H., JOUEHT XHMHYECKOrO OTeNeHUs] VHCTUTYyTa €CTECTBEHHBIX HAayK

OI'AOY BO «CeBepo-Boctounstit henepanbublii yansepcurer umenn M.K. AMMocoBay, — diieH;

13. CnenioB Hukomnait AnatonbeBud, cryneHT xumudeckoro otaencHuss UEH, ®TAOY BO «Ceepo-BocTounsrii

(enepansHbIil yHnBepeuter umenn M.K. AMMocoBay, — uiieH;



14.

®enopos Anekceir OpbeBuu, crapmmii npenogasarens kadenpsl xumun CYHI[ HI'Y, muapmmii Hay4HBINA
COTPYIHUK oTAeNa CHHXpOoTpoHHBIX uccienoBanuii [IKIT « CKMU®y, accucteHT Kadeap XMMUM TBEPIOTO Tea 1
¢uznaeckoit xumun HI'Y, — uien;

Aemopul 3a0anuii: Cnupudonoe A.M., Bepeiikuna B.B., Emenvsinos I'.11., Oxonewnuxog A.A., Ilaenoe C.H.,

© o N

®

10.

11.

12.

13.

Cmapocmun A./]., Cusyes C.HU., @edopos A.FO.

Methodological commission structure of the International Olympiad «Tuymaada-2024» in Chemistry
Sokolova Marina Dmitriyevna, Doctor of Engineering, the Director of Institute of Oil and Gas Problems SB RAS
— chairman;

Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head of the
Laboratory “Polymer composites for the North”, North-Eastern Federal University — member;

Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas Hydrates, Institute
of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences — member;

Fedorov Alexey Yurevich, Senior lecturer at the Department of Chemistry of the SESC NSU, Junior researcher
at the Department of Synchrotron Research of the SKIF Central Research Center, Assistant at the Departments of
Solid State Chemistry and Physical Chemistry of NSU — member;

Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological Sciences and
Biotechnology (South Korea) — member;

Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State University — member;
Pavlov Sergey Nikolaevich, a graduate student of the Chemistry Department, Moscow State University — member;
Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS — member;
Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical Engineering, Moscow
State University — member;

Jury structure of the International Olympiad «Tuymaada-2024» in Chemistry
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;
Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas Problems SB RAS
— vice-chairman;
Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas Hydrates, Institute
of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences - member
Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute of Oil and Gas
Problems SB RAS — member;
Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State University — member;
Okoneshnikova Anastasia Vasilievna, Student of the Chemical Department of the Institute of Natural Sciences,
NorthEastern Federal University — member;
Pavlov Sergey Nikolaevich, a graduate student of the Chemistry Department, Moscow State University — member;
Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS — member;
Sidorova Dolguyaana Nikolaevna, assistant of the Chemical department of the Institute of Natural Sciences,
NorthEastern Federal University — member;
Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical Engineering, Moscow
State University — member;
Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the Chemistry
Department, North-Eastern Federal University — member;
Sleptsov Nikolay Anatolevich, Student of the Chemical Department of the Institute of Natural Sciences,
NorthEastern Federal University — member;
Fedorov Alexey Yurevich, Senior lecturer at the Department of Chemistry of the SESC NSU, Junior researcher
at the Department of Synchrotron Research of the SKIF Central Research Center, Assistant at the Departments of
Solid State Chemistry and Physical Chemistry of NSU — member;

Authors of problems: Spiridonov A.M., Vereykina V.V., Emelyanov G.P., Okoneshnikov A.A, Pavlov S.N., Starostin
A.D., Sivtsev S.1., Fedorov A.Yu.



1 2 3 [ 4] s ] e[ 7] 8] 9w ] n]2]n3]wul]n]|w]nn]:s

1 1 2
H He
1,008 4,0026

2| 3 4 5 6 7 8 9 10
Li Be B c N 0 F Ne
6,941| 9,0122 10,811| 12,011 | 14,007 15,999 | 18,998| 20,180

3] m 12 13 14 15 16 17 18
Na Mg Al Si P S cl Ar
22,990| 24,305 26,982| 28,086| 30,974| 32,066| 35,453| 39,948

4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39,098| 40,078| 44,956| 47,867| 50,942 51,996| 54,938| 55,845| 58,933| 58,693| 63,546| 6539 69,723| 72,61 | 74,922 78,96 | 79,904 83,80

5 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
85,468 87,62| 88,906 91,224| 92,906| 95,94 98,906| 101,07 | 102,91 106,42| 107,87| 12,41 | 114,82| 118,71 | 121,75| 127,60 | 126,91| 131,29

6| 55 56 57 72 73 74 75 76 71 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132,91| 137,33| 138,91| 178,49| 180,9 | 183,84| 186,21| 190,23 | 192,22| 195,08 196,97 | 200,59| 204,38| 207,20 208,98 [209] | [210] | [222]

7| 87 88 89 104 105 106 107 108 109 10 m n2 13 14 15 16 n7 18
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
[223] | [226] | [227]| [265]| [268]| [27]| [270]| [277]| [276]| [281]| [280]| [285]| [284]| [289]| [288]| [293]| [294]| [294]

e

4 58 59 60 61 62 63 64 65 66 67 68 69 70 T

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140,12 140,91 144,24 [145] 150,36 151,96 157,25 158,93 162,50 164,93 167,26 168,93 173,04 174,97

2 90 91 92 93 94 95 96 97 98 99 100 101 102 103

& Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
232,04 | 231,04 | 238,029 [237] [242] [243] [247) [247] [251] [252] [257] [258] [259] [262]

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

WIEKTPOXHUMHYECKHH P/l HAIIPSUKEHWH METAJLIOB

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

PACTBOPHMOCTH COJIEH, KHCIOT H OCHOBAHHH BOJIE

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

AHKOH
\ OH | NOy F cr | Br I §* | 80 | S0 | oy Si0ss | PO CH:CO0™
KATHOH

H* P P P P P P P P P H P P
NH," P P P P P P P P P P 7 P r

K* P P P P p P P P P P P P P
Na' P P P P P P P P P P P P P
Ag' = P P H H H H H M H =, H P
Ba™ P P M P p P P H H H H H P
Ca™* M P H P P P M H M H H H P
Mg H P M P P P M H P H H H P
Zn™* H P M P P P H H P H - H P
Cu’ H P P P P = H H P - - H P
Go** H P P P P P H H P H — H P
Hg™' . P - P M H H - P ca - H P
Ph*™* H P H M M H H H H H H P
Fe™* H P P P P P H H P H H H P
Fe™* H P p P P = = - p - = H P
Al H P P P P P - ~ P - - H P
cr* H P P P P P s - P = = H P
Sn** H P H P p M H — P — _ H P
Mn™ H p P P p P H H P H H H P

P — pacropumo

M — manopacreopumo (< 0,1 M) H — wepacteopumo (< 10 ™M) -me CYLIECTBYET HJIH Pa3iaraeTcs BOAOH




MJIAILITASA JIUT' A

3ananue 1
_________ "KUJKUE ITPOBOJIA
[:I ......
\ ~\ B 2024 rony Becb Mup ormeuaet roouieit [, U.
: \ N \‘\ MenneneeBa W €ro  NEPUOAUYECKOM  CHUCTEMBI
\ NN ','\\; XUMHUYECKHX 3JeMeHTOB. OH sBIsSIeTCS aBTOPOM
f"",' Rt AR ":\k OECUMCIIEHHOTO  KOJMYECTBa  (DyHJaMEHTAIBHBIX

. ‘\*‘vl\ UCCIICIOBAaHUI 10 XUMHH, (U3HMKe, MEeTPOJIOTHH,

: HYKOHOMHKE, KOTOPbIE, HECOMHEHHO, CHJIBHO MOBJIMSIIN
Ha POCT pa3BUTHs HaykH. Ero paGoThl ObUIM CBsA3aHbI HE TOJIBKO C CHCTEMaTH3aluedl Bcex
XUMHYECKHX JIEMEHTOB, HO U C MIPECKa3aHNeM eIl HE OTKPBITHIX K TOMY BPEMEHH AJIEMEHTOB
U UX CBOWCTB.

Tak, cymectBoBanue anementa X Obuto npenckazano JI. . MenneneessiM B 1869 r.
OH, OCHOBBIBAsICh Ha CBOMCTBAaX COCEIHMX 3JEMEHTOB, TOUHO ONHUCAI €ro (U3NYECKHE U
xuMuueckue cBorctna. [1ozxke, B 1875 r. anement X ObUT OTKPHIT U MOJYYEH B YUCTOM BHJIC
dpanmy3ckum xumukoM [Tomem Dmmtem JlekokoMm e byabonpanoM. DieMeHT ObUT Ha3BaH B
4eCTh POAMHBI (PAHIY3CKOIO0 XUMHKA IO €€ JaTUHCKOMY Ha3BaHuio. M3BecTHO, 4To X MMeeT
JIOBOJIBHO HU3KYIO TeMIepaTypy IiaBieHus, okoso 29,8 °C. BemecrBa A u B, conepxamue
83,27 m 69,24 wmacc. % onmementa X, COOTBETCTBEHHO, IIMPOKO IPHUMEHSIOTCS B
MOJIyIPOBOJHUKOBON TexHuke. A u B Moryr ObITb TMONy4eHbl MpuU HarpeBaHUH
B3anMojielicTBueM X C a30ToM # (HocHOpOM, COOTBETCTBEHHO (peakuuu 1-2).

IIpu oGxure X B u30bITKE KHciaopoda moiydaercs BemiectBo C (peakuust 3).
JlanpHeliee BbIcOKOTEMIIEpaTypHOe XJiopupoBanue C B MPUCYTCTBUH YIiepoda NPUBOJUT K
obpasoBanwutio BemiectBa D (peakuus 4). [Ipu B3anmoseiicteuu D ¢ LiH o6pasyercs E (peakius
5), KOTOpBIii B IPUCYTCTBUH BOIbI OBICTPO rHAponu3yeTcs (peakius 6). [Ipu npokanuBanuu F
oOpasyetcsa BemecTBo C (peakuust 7). DnemMeHT X pacTBOpPSETCs KaK B ropsiyeM BOJHOM
pactBope KOH ¢ oOpasoBanuem BemectBa G (o(X) = 39,42 %) (peakuus 8), Tak U B
KOHIEHTPUPOBAHHOM pPAacTBOpPE a30THOW KHUCIOTHI ¢ oOpa3oBanueM conu H (peakuus 10).
PacTBOp cOMsIHOM KHUCIOTHI ClIOCOOEH pa3pyluTh KoMIIekcHoe coequHenue G (peakius 9) ¢
obpaszoBanuem F. Ilpu nobasnenun Bognoro pacrsopa NHaF x H obpasyercs xommiekcHoe
coemuenne | (o(X) = 29,31 %) (peakuus 11), BHyTpeHHs cdepa KOTOpOH HMeeT

OKTa3ApHUYCCKOC CTPOCHHUC.



Bonpocut:

1. Ompenenure anemMeHT X u coeguHeHuss A-l. OTBeTsl moATBEpIUTE pacdyEéTaMu.
Hanumure ypaBHeHus peakumii 1-11.

2. Haiimute TIOTHOCTH TBEPAOTO X, €CIIM U3BECTHO, YTO Yy HETO TpaHEeleHTPUPOBAaHHAS
opTopoMOMYecKasi peniéTka, B y3JIax KOTOPOH HAaXOJSATCS JBYXaTOMHBIC MOJICKYIIbI JJIEMEHTA.
[Tapamerpsl pemérku: a = 4,519 A b=7658 A c=4526A (ATMHBI CTOPOH AJIEMEHTAPHOM
STYCHKH ).

OnemeHT X U €ro CIUIaBbl MOTYT MPUMEHSITHCS B KAUECTBE TAaK Ha3bIBAEMBIX KUIKUX
POBOIOB. X YHUKAJICH TEM, UTO MPU TEMIIepaType Tejla OH HaXOIUTCS B KUIKOM COCTOSTHUU H
IIPH 3TOM He ucnapsercs. TemmepaTypy IUIaBJICHUS MOKHO MTOHU3UTH MYTEM CIUTaBlieHUsT X
uHaus. Takoil cmiaB XOpoIIO MPOBOIUT AJIEKTPUYECKHil TOK. Bce BbllenepedncieHHbIC
CBOICTBa AENAIOT €ro He3aMEHUMBIM JIJISl CO3J]aHMsI HOCUMOM (MJIM HATENbHOW) SJIEKTPOHUKH,
TO €CTh JJICKTPUUYECKUX CXEM, COCTABJISIONIMX OJHO IIEJIOC C YEJIOBEUSCKUM TelloM. Takoit
MaTepuan JOJDKeH 00J1aJaTh JJIACTUYHOCTHIO, TaK KAaK TEJNIO 4YeJOBEeKa MOCTOSHHO HM3MCHSICT
cBoro (opmy. JlanHas mpoOrema pemiaeTcss HECIOKHO — CIUIaB MOMEMIAIOT B AIACTUYHYIO
MOJIMMEPHYI0 MAaTpHUIly, KOTOpas 3all{IlaeT ero OT OKHWCJIEHHMS U BBICTYNAeT B pOIHU
YACPKUBAIOIIETO CIIOA.

HanocuMmeble Ha pa3TMuHbIC YIACTKH TEJIa dJICKTPOHHBIC «TATYUPOBKI» HMEIOT OOJIBIIIOM
MOTEHIIMal B 00JacTH 3APaBOOXPAHEHUS M B BOCHHOU cdepe, r/ie ¢ MOMOIIbI0 HUX MOXKHO
OTCIIC)KUBATh JIBUKEHHS 4elnoBeka. OHM MOTYT JIETKO WHTETPUPOBATHCS B TKAaHW YEIOBEKA,
3HAYUTEIIHHO YIIYYITUTH KAYeCTBO )KHU3HH 32 CYET MOHUTOPHHTA U JICUCHHSI 3]TOPOBBS B PESIKUME
pEATbHOTO BPEMECHH.

Jlis ToNydeHus SIEKTPOHHOW «TaTyMpPOBKU» HCIOJB3YETCA CIUIAB C MAacCOBBIM

cootHolrenrueM X u uaaus X:ln = 4:1.



3. Haiinute maccy crutaBa, HEOOXOAMMYIO JUISI TIOKPBITUS UM THUIBHOW CTOPOHBI OJTHOM
KHCTH B3pPOCJIOrO YEJIOBEKa, KaK MOKa3aHO Ha PUCYHKE B Hayaje 3a7ayuu, €ClId O0Ias IyIonaab
TIOBEPXHOCTH TeJla B3POCIOro YejoBeKa B cpeHeM paBHa 1,9 M2, a MIomap ThIIbHON CTOPOHBI
KHCTH COCTaBJIIET OKOJO 1% NOBEpPXHOCTH Tena. OJEKTPOHHAs «TaTyWPOBKA» IIOKPHIBAET
MPUMEPHO TPETh IUIOIIAAN KOKU. TONIINHA «TaTyUPOBKU» cOcTaBigeT 0koyio 20 MkM. CuunTars,
YTO XKUJIKUE MPOBOJA, COJACPKAIINECST B «TaTyUPOBKE», SIBISIOTCS TEOMETPUUECKUMU TEJIaMU, Y
KOTOPBIX OOKOBBIE TPaHU BCErla MEPICHIUKYISIPHBI OCHOBaHHIO. ILmoTHOCTE X B KHJIKOM
coctossauM B 1,03 pa3za Bbllie, yeM B TBEPAOM, a IUIOTHOCTh KUAKOTO UHAMS MPUMHUTE PAaBHBIM
7,02 r/em®. U3MeneHneM o6bEMa ipu crutasiaernn X 1 In mpeneGpeds.

4. Kak MOXHO pemuTh npo0ieMy MpOIyCKaHHs BJIard, CBETa W TEIUIa Yepe3 HOCHUMYIO
AIIEKTPOHUKY?

Opun 13 n30TOMOB X C MACCOBBIM YHCIIOM 8 UCTIOIB3YETCs B SITICPHOM AMArHOCTUYECKOM
meaunune. Ero momyyaror mytéM o6ydeHus JByX U30TOMOB Y MPOTOHAMH B yckopuTtene. Mx
MacCOBBIC YHCJIa PaBHBI D 1 C. @ MEHBIIIE OTHOCUTEIBHON aTOMHON Macchl X, OKPYTJIEHHOU 10
L[eJI0r0 uyKcia, Ha 3. CXeMbl JIepHbIX peaklnil BBIMJISAAT CIEIYIOIIUM 00pa3oM:

bY (p,n)2X,

Y(p.2n)*X,

rae Y u X — HCXOJHbIE M KOHEUHBIC sJipa, B CKOOKax clieBa — OoMOapaupyronme
YacTHUIIbI, B CKOOKAX CIpaBa — UCITYCKAE€Mbl€ YaCTHIIBI.

5. Hamummmre ypaBHEeHUs MPOTEKAIONIUX SIEPHBIX PEAKIUH.

JonoHurebHas HH(pOpMaLHA:

1A=1-10"m.

DnemMeHTapHas IPOCTPAHCTBEHHAs iUeiiKa B rPaHEeLIEHTPUPOBAHHON OPTOPOMONYECKON
peméTke MpeacTaBiseT co0ol MapajieNenunes, B BepIIMHAX U IIEHTpaxX rpaHeld KOTOpOro
HaXOJATCsl aToMbl (oOpaTuTe BHHMaHUE, YTO B clydae dJeMeHTa X 3TO JABYXaTOMHBIE

MOJICKYJIBI).




3aganue 2
I[PAFOHEHHI)II?'I METAJIJI 1 ET'O COEIJUHEHUA

JI.1. MenpeneeB nepeses Ha3BaHUE 3TOTO METajuIa C
HCIIAHCKOTO KaK «cepedper», OJHAKO JaHHBIM MeTaul ObLI
n3BecTeH B Poccun ¢ Hayana 19 Beka nmoja Ha3BaHUEM «Oeloe
30510TO». He TONbKO upe3BblYaiiHas PEIKOCTb JENAET €ro

JParoleHHbIM, HO W HEOObIYaiiHble CBOWCTBA, KOTOPHIE

MO3BOJISIIOT TMPUMEHSATh €r0 B CaMbIX Pa3IMYHbIX chepax
YKU3HH: B TPOMBIIICHHOCTH, B IOBEJIMPHOM JIEJIC U B MEJIHIIMHE.

K mpumepy, ogHo u3 coemuHenuit manHoro merama, Conp Ilefipone - obmamaer
BBIPAXKXCHHBIMHU HUTOTOKCHUYCCKUMMU, 6aKTCpI/IIII/II[HI)IMI/I n MyTarcHHbIMHU CBOI\/JICTBaMI/I, qToO
MIO3BOJISICT UCITIOJIB30BaTh JIAHHOE COCIMHEHHE KaK MPOTHBOOITYXOJEBOE CPEACTBO, TOTa KaKk
€ro TpaHC-U30Mep, coyib Pelize, He MposBIseT MOAOOHBIX CBOWCTB. [Ipu 3TOM naHHOE
COCJIMHEHUE HMEET OJHYy W Ty e Opyrro-popmyiy ¢ 3eieHoi coibio Marnyca (X9),
(conmepkanwue, macc. %: X — 65; N —9.33; Cl -23.67; H—2).

JlaHHBII MeTalm 00pa3yeT UENbId Pl COCOTUHEHHUH, C Pa3IMYHBIMH CTETICHSIMHU

OKHUCJICHUS, IIPEBPAICHNA KOTOPbIX MOKHO BUACTH HA CXCMC!

A A
Cs, 700°C | (1) NH; | (7) X719
o KCl
X3 2 X2 w2 xS WE v BE oy
(3) 2) (6) (®)
HNO;+HC, t | (4) HCI| (10)
\j \ .
x4 X10 ——C>C12(132§0 X12
NaOH | (5) KOH| (11)
(KOHIL)
Y
X5 XI11



Creneun 2- 0 2+ 3+ 4+ 5+ 6+

OKHCIICHUSI

BemecTBo X1 X X6, X7, X12 X4, X5 X3 X2
X8, X9,
X10, X11

Taxoke, u3BeCTHO, YTO MOJIeKyJsipHas Macca X11 cocraBmsier 247 r/Mob.

Bonpocui:

1. Onpenenute Bce Hen3BeCTHbIE BellecTBa (X-X12) u npuBeanTe ypaBHEHUS PEAKIUMA
(1-12).

2. Yuyensie JI.LA. Uyraee u U.M. YUepHseBbIM 3aHUMAINCh W3YyYEHUEM B3aHUMHOTO
BJIMSIHUS JIUTaHJI0B B MOJIEKYJI€ KOOPIMHALIMOHHOI'O COEIMHEHNUS, U BrlocaeAcTBUU B 1952 rony
ObLI0 CHOPMYIIHPOBAHO CIIEAYIOLIEE 3aKITIOUCHHUE!

"V coearHEeHMH ¢ KBAaJAPAaTHBIM WM OKTa3IpUUYE€CKUM CTPOCHHUEM BHYTPEHHEHN cephl, B
LIEHTPE KOTOPOW HAXOAUTCS KOMILJIEKCOOOPA3yIOUIMA aTOM, CKOPOCTh PEaKLUU 3aMeIleHUs
BCSIKOTO aToMa (WJIM MOJIEKYJIbI), CBA3aHHOI'O C 3THM LIEHTPaJbHBIM aTOMOM, OIpPEIeseTCs
IIPUPOJIOH 3aMECTUTESI, 3aHUMAIOLIETO TPOTUBOIOJIOKHBIN KOHEL TuaroHayin". 3To 03Havaer,
YTO OINpEAEICHHBIN JIUraH ] OKa3bIBAaeT BIMSHUE HA JIMTAH], HAXOJASAIIUICS 110 OTHOLIEHUIO K
HEMY B TPaHC-TIOJIOKEHNUH, YBEINYMBAsL CHOCOOHOCTh ATOTO JIUTAaHAA K 3aMEIlEHUIO.

B pesynpraTe MHOTOJNIETHUX MCCIEN0BAHUN Pl TPAHC-BIMSHUS JTUTaHOB B HACTOALLEE
BpEMsI BBIVIIUT CIIEAYIOINUM 00pa3oMm:

CN™ > CzH4, R2SO > CO, NO2” > SC(NH2)2 > R2S, RsP, I’ > Br->ClI"> F > NHz >
OH >H20

(rne R — ankunbHbBIN pagukan). B aToM psay cieBa HampaBo COCOOHOCTh MOBBIIIATH
MOJIBU’KHOCTD TPaHC-JTUTaHa MOHUKAETCS.

Psan TpaHc-BIMSIHMSI JTUTaHIOB JAeT BO3MOXHOCTH JI€JaTh BaKHbIE IMpencka3aHus. B
YAaCTHOCTH, C €r0 IIOMOIIIBIO MOXKHO CYJIUTh O HaIlPaBJICHUN PEAKIUI 3aMEILEHNUs JIUTaHA0B BO
BHYTpEHHEH chepe KOOPAMHAIMOHHBIX COeTUHEHUH.

N3BecTHO, cosb [lelipoHe uMeeT CTPYKTypy IJIOCKOrO KBaApPATHOTO KOMIUIEKCA, U
MMEHHO OHa MCIIOJIb3YeTCs B MEAMIIMHE, TOTJa KaK TPaHC-U30MEp He IMPOSBISAET MOA0OHBIX
coiictB. IIpemioxure crnoco® cuHTe3a 000MX HM30MEpPOB U3 COENUMHEHHS X8, CBOW OTBET
000CHY#iTe, UCTIONB3Ysl TEOPUIO TPaHC-BIAMSHUA TUTranaoB. [IpuBenuTe CTpyKTypHBIE POPMYIIBI

000MX N30MEPOB.




3aganue 3
T'A30XUMMUS B HALIEN ')KU3HU

["a30xuMust — OTpaciib MPOMBIIIUIEHHOCTH, 3aHUMAIOIIAsICSI BOIPOCAMH NEPEepadOTKU U
MPUMEHEHHUS IPUPOAHOTO, MOIMMYTHOTO U TEXHUYECKOro rasza. [IlpoaykTsl nepepaboTku Urparot
BaXHYIO POJIb B XU3HU KaXKIOrO 4YeJIOBEKa, HauMHAs OT MPOAYKTOB MUTAHUS, 3aKaHUMBas
TOIINBOM M 3HEPIreTUYECKUMU PECYpPCaMH.

B 2023 romy wucnomnunoces 100 JsieT TEXHOJIOTMHM IPOU3BOJCTBA Ba)XKHOIO
KPYIHOTOHHAXHOTO TPOAYKTa A, KOTOPBIN HCIONB3YeTCsS BO MHOTHX c(epax: B MEIUIIUHE, B
MIPOU3BOJICTBE YIOOpEHUH, B3PbIBYATHIX BEHIECTB, B MUILIEBON MPOMBINIJIEHHOCTH U MHOTHX
npyrux. TexHosorusi moiy4yuia Ha3BaHue npouecc ['abepa-bomra. BemectBo A momydaroT
B3aUMOJICCTBUEM JBYX MPOCTHIX BEIIECTB (peakyusi 1), nepBoe (X) U3 KOTOPBIX SIBISETCA
OIHUM U3 CaMbIX pacmpoCTpaHEeHHbIX Ha 3emse, a BTopoe (Y) sBiIsIeTCS CaMbIM
pacrnpocTpaHeHHBIM BO BceneHnHoil.

B npomblIieHHOCTH OKHUCIIEHHEM BellecTBa B, koTopoe Taxke Ha3bIBalOT IPUPOIHBIM
ra3oM, noiy4art cMech C 1 Y, KOTOPYIO Ha3bIBaIOT CHHTE3-Ta30M. MaccoBast 10JIsl DJIEMEHTa
Y B B cocraBnser 25%. EcTh Tpu OCHOBHBIX Mpollecca MOJyYEHHUs CHHTE3-ra3a: MapoBas
koHBepcus B ¢ yuactuem Boasl Q =-232,1 k/[x/Monb (peaxyus 2), OKUCTUTENbHAS KOHBEPCUS
B ¢ yuactuem xucnopona Q = 35,4 x/x/mMonb (peakyus 3), yriiekucioTHas KoHBepcus B ¢
yuactueM BemectBa E Q = -247 k/[x/monb (peakyus 4). B Ipon3BOACTBE 4aCTO MPUMEHSIOT
aBTOTEPMUYECKUN pU(OPMUHT - KOMOMHAIMIO JIBYX HJIM TPEX MPOLIECCOB.

CuHTe3-ra3 uMeeT LIMPOKUN KPYr NPUMEHEHMS, OIUH U3 KOTOPBIX MOJYyYEHHE HOBBIX
npoayktoB, Hanpumep, D (peaxyus 5). BemectBo D - oprannueckoe BEmiecTBO, TPUBUATIBLHOES
Ha3BaHME KOTOPOTO JAPEBECHBIM CHUPT, SBISIETCS XUAKOCTbIO B HOPMAJbHBIX YCIIOBUSX,
TOKCUYHOE JJIS1 YEJIOBEKA.

Jlns yBenuueHus goin Y B cuHTe3-ra3e BemecTBo C mojBepraercs peakiuy BOASHOTO
CIIBHTa C yUacTHEM BOJIbI M BbiieieHHeM BelecTBa E npu temmneparype 500 °C (peaxyus 6).

BemectBo C o0pasyeT KOOpIWHAIMOHHBIE COEAUMHEHHSI C HEKOTOPBIMU MeTallJlaMH,
Hanpumep, ¢ kene3om (F) mpu maBmenuu 100 atm u temmeparype 200 °C (peaxyus 7).
Pa3noxxeHneM Takoro COeqMHEHMS MOIY4a0T BBICOKO YUCTOE XKEIE30.

Peaxnueit basaposa, To ecTh B3auMoAelcTBUEM BellecTB A U E, nmoiyyatoT MoueBuHY -
BemectB0 K (peaxyus 8), Baxkueitmee ymoOpenwe, BHOcsIiee X B IMOYBY. BrepBoie B
nabopatopun ModeBuHy mnonydmn Opuapux Bénep B 1828 romy, Gmaromapst stomy Oblia

06Hap}/')KCHa BO3MOXHOCTb CHUHTC3a OpPraHNMYCCKUX BCHICCTB U3 HCOPIraHUYCCKUX. MoueBrHa
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obpasoBanach BCIIEACTBHE IMEpErpynmupoBku BernectBa G mpu HarpeBaHuu (peakyus 9),

KOTOPOE MOJIyYaroT B3aUMOICHCTBUEM LIMaHaTa Kainus ¢ cysibdarom ammonus (peaxyus 10).

Bonpocwr:
1. Omnpenenure Bemecta X, Y, A, B, C, D, E, F, G, K.
2. Hanummre ypaBuenus peaxyuu 1-10.
3. OcHoBoeiBasice Ha npunnumne Jle Illarenpe, HamumWTe MpPH KaKUX TEMIIEpaTypax u
JaBJICHUM paBHOBECHE B 3K30TepMuyeckoM mporecce ["abepa-boia Oyaer cMemeHo B CTOPOHY
npoAykToB. [Ipu kakux yciaoBusiX (pakTHUECKHU MPOBOIAT MPOIECC C YYETOM HU3ZKOW CKOPOCTH
peakuuu?
4. Hanummre, mouemy miisi TOJY4YeHHs CHHTE3-Ta3a MPEANOYTUTEIFHO HCIOIb30BATh

ABTOTEPMUYECKHI pUMOPMUHT, YeM peaxyuu 2-4 0 OTAECTHLHOCTH.

5. Omnpenenure sHTaNbNUU peakuuu nonydeHus E u3 C u oOpa3oBaHusS BOABI C yYETOM
peaxyuu 2-4.

6. Hapucyiite crpykrypy Bemectsa F, reomerpueir MoxHO npeHeOpeyb.

7. Hanummwre npyroe pacnpoctpanenHoe Ha3BaHue BemiectBa K.

8. [IpennoxxuTe ¥ HAMUIIUTE OJHY KAU€CTBEHHYIO PEakKIlnio, 0 KOTOpoi Bénep Mor moHATS,

YTO CHHTE3UPOBAJl MMEHHO MOYCBHHY, a He BemiecTBo G (pearkyus 11).

3amanmne 4
TPU BPATA

Anbdpen BepHep Obl1 MNEpBBIM  XUMHKOM-
HEOpraHukoM, nosyuuBmuM HoOeneBckyro mpeMuio B
1913 romy 3a wu3ydeHHWE CTPOCHUS DOTUX THUIIOB
coequHenuil. B 1893 rony Bephep nepBbIM npeanoxui
NPaBUIbHBIE CTPYKTYpbl 3TUX COCIMHEHWH, U B

JaTbHEUIIEM pa3pa60TaJ1 COBPCMCHHBIC OCHOBBI 3TOI'O

pazzena XuMHH.

Mertainn A pearupyer Ipu HarpeBaHUU C MPOCTHIM ra3000pa3HbIM BEIIECTBOM, 00pa3ys
coenuHenne B (peakums 1) ¢ maccoBoi nmoneit meramna 45,38%. BemectBo B sBnsercs
pacupoCTpaHEHHBIM BHU3YyaJlbHBIM HHJIMKATOPOM BJIQKHOCTU M3-3a SIBHOTO W3MEHEHUsl €ro
nBera npu ruapatanuu. [lo mepe nornouieHus: Boabl BemiecTBo B u3menseT et ot roayooro
10 po3oBoro neera. [Ipu mpokanmmBaHUKM CMeCH OKCHIA KaJbIHs C MPOCTBHIM BemiecTBoM C

obpa3yercs BemecTBo D (peakuust 2). [Ipu cmemmuBanuu D € Bogoii mony4darot roprounii raz E
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(peakmus 3). BemectBo F monyvaroT peaknueit E ¢ S5KBUMOISPHBIM KOJIMYECTBOM BOJIOPOa B
NPUCYTCTBUH Katanuzaropa (peakiuus 4). Jlanee k coenuHennto F 106aBnsioT xyop, noiydas
coequnenue G (peakuus 5). BemectBo H B IpOMBIIIJIEHHOCTH MOIYYalOT B3aUMOJICHCTBUEM
amMuaka c BemniectBoM G (peakius 6). Coenuaenre X 3€JI€HOT0 IBETa MOJMyJaroT peakiuei B
u H B consaHoll kucnoTe B npucyTcTBUU Kuciopoaa (peakuus 7). B coenunenun X maccoBas
noist metaiia A cocrasisier 20,67%. [Ipu narpeBanuu pactBopa Bemiectsa X B BOJISHON OaHe
noJrydaeTcsi GuoJIeToBOE BemecTBO Y (peakuus §), B KOTOPOM MaccoBasi JOJIS METaJlIa TaK xKe

cocrasirsteT 20,67%.

Bonpocui:

1. Omnpenenute BewmectBa A-H. Hanumure ypaBHeHHs BCEX ONMMCAHHBIX PEAKIIHI.

2. Tlonydyennoe B peakiuu 8§ coeiuHeHue Y mpeacTapiseT coboit cmech Y1 u Y2. Hapucyiite
cTpyKTypHBIe popmynst X, Yiu Y.

3. B peaknum 7 nipu nqo0aBicHHH OOJBIIETO KOJIWYSCTBA COeTUHEHUS H MOXHO TOTy4IHUThH
COCIMHEHUE OpaH)KeBOro IBeta Z ¢ MaccoBOW nonei meramia A, paBHoit 17,08%.
Hanummure ypaBHeHuUe 3TOM peakliuy U HapuCyiTe CTPYKTypHYIO popmyny Z.

4. Kak Ha3bpIBaeTcs pasjien XUMHUH, B KOTopoMm Ajbdpen Bepuep pa3paboran coBpeMeHHbIE

OCHOBBI?

3amanme 5
Tsokenple 3IEMEHTHI  SIBASIOTCA TOKCHYHBIMHM I YeJIOBEKa, HMEIOT CBOWMCTBO

HAaKaIlJIMBaThCd B OPraHU3MeE, BBI3bIBATH XPOHUYECKYH) WHTOKCUKAIMIO M, KaK CIEICTBHUE,
BBI3BIBATh HAPYIIICHUSI PA3JIMYHBIX (PYHKIUH OpraHu3Ma.

Panee ux npumeHeHue ObUIO pacIpOCTPaHEHHBIM CIIOCOOOM CMEPTETHLHOTO OTPABJICHHUS
moneit. Tompko B XIX Beke C pa3BUTHEM XHMHUYECKOTO aHAIM3a M MEAMIHMHBI ObUIH
pa3paboTaHbl METOABI OOHAPYKCHUS U JICUCHUS OTPABJICHHI.

HexoTopslie TsKenble 3IEMEHThI TaKHE, KaK MBIIIBIK, CBUHEL, KaJIMHI, HUKEJIb, OJIOBO,
CyppMa M HEKOTOpBIE JpYyrue MpH OOJBIIMX KOHLEHTPALUAX JETKO HACHTU(DUIIUPYIOTCS
METOJIJaMU KaueCTBEHHOTO aHanu3a. [ ux oOHapyXeHUS MOKHO HCIIOJIb30BaTh CIEAYIOIINE

pacTBopbI peakTuBoB: 5% NazS, 15% HCI, a takxe BoasHyIO OaHIo.

Bonpocwi:

1. HpC,Z[J'IO)KI/ITC MCTOJUKY KauyeCTBEHHOM I/IIleHTI/I(bI/IKaI_[I/II/I BOJOHBIX paCTBOPOB:
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AsOs>, Pb?*, Sb*, Ni?*, Sn?*, Cd?" ¢ ncnonp30BaHNEM PEaKTHBOB M3 IIPHBEICHHOTO
BBHIIIIC TEPEYHS. YKAXKHUTE SBICHHS, KOTOPHIE COMPOBOXKIAIOT MPOTEKAHHWE peakmuu (ras,
0CaJIOK, UX I[BETa U Tp.).

2. Hanumwute ypaBHEHHUsI peaKUUM, TMPOTEKAIOMMX B XOJ€ MPEIIOKEHHON

UJICHTU(UKAITIH.

Oxcup yrinepona CO Takke OTHOCHTCS K YPE3BBIYAHO TOKCUYHBIM BeriecTBaM. Ero
OIAaCHOCTh 3aKIIF0YAeTCsl B TOM, YTO 3TOT ra3 He MMeeT 3amaxa. [lo HEeKOTOphIM JIaHHBIM OH
3aHUMAaeT TPETbe MECTO CPeau NMPUYHH CMEPTEIbHBIX oTpaBicHud B mupe. [1/IK B Bo3myxe
3TOrO rasa cocrapiuser 20 Mr/m>.

Kommaectennoe omnpeneneane CO B BO3MyXe MOXKHO HPOBECTH THTPUMETPUUYCCKHU.
Orot Meton ocHoBaH Ha okuciieHun CO oumieHHbIM okcuzoM ioaa 120s ¢ mocnenyromum
noryomenrneM obpaszosasiierocs COz pactBopom Ba(OH)2 um orrurpoBhIBaHMEM H30BITKA
nocieanero pacrsopom HCI.

Jlnst aHanm3a coOMparoT yCTAaHOBKY, CXeMa KOTOPO# MpUBE/IeHA Ha PUCYHKE.

AHANMUIMPYENEIA oTpafoTaHHLIN
BOSOYX BOSOYX

— —=

7

Pucynok — Cxema ycmanoseku 015 Konuuecmeennozo onpeoenenus CO 6 6030yxe
1 - CrO3 na unepmnom nocumene; 2 — pacmeop KOH; 3 — meepowsiit KOH; 4 — P,0s
Ha unepmuom nocumene; 5 — meepowtit 1,0s; 6 — nazpeeamenvrnoe ycmpoiicmeo; 7 —

pacmeop Ba(OH):

Ananu3upyembii Bo3nyx oobemom 20,00 1 MeqIEHHO MTPOIYCKAIOT Yepe3 CEepUuro
CKJITHOK C pa3iM4HbIMU BemiecTBamu. ColepKUMOe CKISHKH 1 MOriomaer BEHIeCTBO A,
KOTOPBIH B HEKOTOPOM KOJHMYECTBE BCerJa NPUCYTCTBYeT B Bo3nyxe (peakyus 1), a
COZIEPIKUMOE CKIISTHOK 2-3 morJioiaet Bemectso B (peaxuyus 2), KOTOpBIA Takke COACPKUTCS

B BO3YXC U MOKCT UCKA3UTH PE3YJIbTAaThbl OKCIICPUMCHTA. CO}Iep)KI/IMOG CKJISTHKH 4 IorjiomacTt
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BeriecTBOo B (peakuust 3), KOTOpoe MOKET MOMACTh B aHAIM3UPYEMBIN ra3 U3 CKISHOK 2-3.
[Ipoxons uepes momorpeBaemyto a0 120 °C ckmsmky 5, comepsammiics B Bo3myxe CO
B3aumoyeictByer ¢ 1205 (peakums 4). Boyienstonmiicss ra3000pa3Hblid MPOAYKT peakuuu 4
MOJTHOCTBIO TMOTJIONIAETCSl CHCTeMO# CKIsSHOK 7 (peakmusi 5). ITocie 3TOro pactBOphl CO

CKJISTHOK 7 06’BG,I[I/IH5IIOT M UCIIOJB3YIOT JJIA KOJIMYCCTBCHHOI'O aHalIn3a.

3) Hanumunre ypaBHeHHs peakuuii 1-5, KOTOpble NPOTEKAIOT IPU IPONYCKaHUU

aHAIM3UPYEMOI0 BO3yXa Yepe3 yCTaHOBKY, U300paKEHHYIO Ha PUCYHKE.

Hns xonmuuectBeHHOTO onpeaenenus CO B Bo3ayxe MO ONUCAHHOMY METONY
ucnonp3oaiu pactBop Ba(OH)2. ¢ wucxomnoii konuentpanumeit 0,0170 mmons/n. IMocie
mporyckanus Bo3ayxa, conepskamiero CO, depe3 yCTaHOBKY, M300paKEHHYIO Ha PHCYHKE,
pacTtBopbl ¢ cymMmmapHbiM 00beMoM 1000,00 Mt co CKISAHOK 7 00bETUHWIN U OTQHIBTPOBAIIH.

Ha tutpoBanue aqukBOTH OTGHUIBTPOBAHHOTO pacTBopa oobemMom 20,00 M1 U3pacxo0BaIoCh

0,08 mu1 0,0050 M pactBopa HCI.

4) Hanmiure ypaBHEHHE PEAaKIIUH, IPOTEKAIONIECH B X0O/I€ TATPOBAHUSL.

5) Kak moxHo OIPCACIINTD TOUKY S3KBUBAJICHTHOCTH B XO/JI€ BBIIIOJHCHHUA OIMMCAHHOT'O
tutpoBanua? [IpuBenure ABa NPUHIMIHAIBHO Pa3IMYaOIUXCs CIIoco0a.

6) Ilo mpuBeAEHHBIM SKCICPUMEHTATBHBIM IaHHBIM PACCUUTANTE KOHICHTPAIHIO
Ba(OH). B ananu3upyemMoM pacTBope.

7) ITo mpuBeneHHBIM SKCIIEPUMEHTAILHBIM JJaHHBIM paccunTaiite KonneHTpauio CO B

aHATIM3UPYEMOM BO3yXe (B Me/M’).
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CTAPLIAA JIUT'A

3aganue 1
3BYKOXUMMUSA

3ByKOXUMHUS  (COHOXMMMS) —  paszeln
XUMHHU, HU3y4arollMid B3aMMOJEHCTBHE MOIIHBIX
aKyCTUYECKHUX BOJH M BO3HUKAIOLIUE IPU ITOM
XUMHAYECKHE U PU3UKO-XUMUYECKHE SBICHUS.

Pak-menkyH mupoKo W3BECTEH KaK CaMblid

TPOMKHH OOHMTaTeIb MOpPEH, OH CIOCOOeH co3aaTh 3BYK rpoMkocThio 200 nb. Takoro
pe3ynbTaTa pak-IIeJIKyH [IOCTUraeT Onarojgaps CBOEM MOIIHOM KIIEIIHe, CO3Jaroliei
KaBUTALIMOHHBIN My3blpb. HO camoe MHTEpecHOE, 4TO MpPH CXJIONbIBAHUM KAaBUTALMOHHOI'O
My3BIps, CO3JAHHOTO PAaKOM-IIEITKYHOM, B JIOKJIbHBIX 00JACTAX TEMIIepaTrypa BO3pacTaeT JI0
4427°C, a naBieHHE AOCTUTAET ThICAY aTrMocdep, YTO MPHUBOJUT K COHOJIOMHHECIICHIIUN H
ke K TePMOSIEPHBIM peakiusaM. B aToil 3amaue BaM mpezsiaraetcs U3y4uTh XUMHYECKYIO
pPEeaKkLHIO B KABUTALIMOHHOM ITy3bIpE.

ABTOpPOM 3ajjaud  yCTAHOBJEHO, YTO KaBUTalMs, co3JaBaeMasl MOIIHBIMU
yIbTPa3BYKOBBIMH ~ KOJeOaHUAMHU, CHOCOOHAa A(PGEKTUBHO pACHICIUIATh MOIUMEPHI H
YIJIEBOAOPOABI Ha 3HAYUTENBHO OoJiee JIETKUe KOMIIOHEHTHI, YTO OyJeT MCHOIb30BaThCs IS
pelIeHHs LIMPOKOTO CIEKTpa 3KOJOTUYECKUX MpoOJeM W A CO3/1aHus CUHTETUYECKUX
MOTOpHBIX TOIIMB. OpAHAKO, H3-3a KpallHE KOPOTKOM KH3HU KABUTALMOHHOIO ITY3bIpS,
JKCIIEPUMEHTAIILHOE U3YyUEHUE SIBJICHUM, IPOUCXOIAIINX B HEM, SABISAETCS KpalHE HEPOCTOU
3amadeil. [loaToMy 11 W3ydeHUs OSTUX SIBICHHUH HCIIOJIB3YETCS KBaHTOBO-XMMHUYECKOE
MOJIEJIMPOBAaHUE, YACTO SIBJIAIOIIEECS HamOOJee MPOCTHIM U JACLIEBBIM CIOCOOOM H3ydeHUs
MEXaHU3MOB peaklnil ¥ KOPOTKOKUBYILIUX UHTEPMEINATOB.

N3yunm peakiuro pacnajia H-rekcaHa npu o0paboTKe ero MOIIHBIMU YJIbTPa3BYKOBBIMU
KOJIEOAHUSIMH, CO3/AIOUIMMU KaBUTALlMOHHbIE Ny3bipu paauycoM 0.015 caHTUMETpOB cC
temneparypoit 10000 K. /laBieHne ra3oB BHyTpH KaBUTALIMOHHOTO ITy3bIPS] MOKHO OLIEHUTH 110
dbopmyre

20
P
I7le G — IOBEPXHOCTHOE HATSKEHUE, a [ — paguyc KaBUTALIMOHHOTO ITy3BIpSI.
CocraBiieHa ynpolEéHHas cXxeMa peakliiy paciaja H-reKcaHa, He BKIIIoUyarouas CTaauil

pa3BETBIICHUS:
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ko *

CeHyy —» CeHyy (1)
* k ) ®
C6H14 41> C3H7 + C3H7 (2)
[ ] k [ )
C;H, _ 2 CyHy + H (3)
° . K3
CH, + H ——>» C;Hg (4)

CeHi4™ - oamo sewecmeo, nepeweouee 6Hympv kagumayuoHHoO20 Ny3vips, SMo He
PAOUKANbHAS Yacmuyda.
Coomeemcmeenno, Ko — amo koncmanma ckopocmu nepexooa CeHia 6 kasumayuonmwiii
ny3uipb.
Bonpocut:
1. PaccuuTaiiTe naBineHue B KaBUTALMOHHOM ITy3bIpE€, €CJIM IOBEPXHOCTHOE HATSKEHHE H-
rekcana o = 18.42 - 1073 H/m . KakuM 10JKeH OBITh PaauyC KaBUTALMOHHOTO MY3bIPsi, YTOOMI
BHYTpH HEro co3aanock Aaienue 100 armochep? OreHka MUHUMAIBHOTO paguyca YCTOMYUBBIX

My3bIPEKOB (HE TOJIBKO KaBUTAIIMOHHBIX) B )KUAKOCTH MOXKET OBITH OCYIIECTBIICHA 11O (popmyIe:

=3 (g
Pxg

yCKOpeHue CBOOOIHOTO Ma/IeHHUs, Px — INIOTHOCTD KUJIKOCTH.

SBnsercss M YCTOMYMBBIM KaBUTAlMOHHBIM My3blpp ¢ naBieHuem 100 armochep npu

Temneparype cpensl 25°C?

1/4
) , e ks — xoHcranta bonbimana, T — Temnepatypa cpensl B KenbBuHax, g —

2. Ouenute Ko 17151 Hameld MOJEIM MOIIHBIX YJIbTPa3BYKOBBIX KoyieOaHWil B pacuére Ha 1
JIUTP H-TEKCaHa, BOCIIOJIb30BABIINCH MPUOINKEHUEM, YTO B KABUTALIMOHHOM ITy3bIp€ HaXOJATCS

TOJIBKO MOJICKYJIbI CeH1s B BUIAC HACAJIBHOI'O rasa. CKOpOCTB 06p330BaHI/I${ KaBUTAIIMOHHBIX

nmy3bIpei

My3bIpei MOCTOSIHHA U PaBHA CKOPOCTU UX CXJOMNbIBaHUs U coctaBiusieT 40420 T
Cc:CM

Yuture,
(v} *
yTo peaknus (1) sABIsSETCS peakueil HyJIeBOTO TMOPSIKa M CKOpPOCTh oOpa3zoBanusi CeHis B
d[CeH;
peakuuu (1) paBHa AlCsHiq] _ ko

3. OI_ICHI/ITC OHCPTHUI0 aKTUBALIUU PCAKIHNU (2) o ClIeAyrIHUM KBAHTOBO-XUMHUYCCKUM

JaHHBIM:
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-236,30 —

-236,35 -
-236,40 -
c E =-236.439816 Eh
i
g 236,45 PeareHT
o \
% 236,50 - MepexogHoe cocTosHMe
-236,55 -
-236,60 -
KoopauHaTa peakuuu
4, PaccunTaHbl CTATUCTUYECKUE CYMMBI IIPU Pa3HBIX TEMIEPaTypax:
T K In(Q)
’ Pearent IlepexoHOe COCTOSTHUE
298.15 34.6878 43.6078
4700.15 110.9660 116.3193
10000 148.7258 151.4979

Onenute ki pacmama CeHia mpu Temmeparype 298.15 K u npu Temmeparype
10000 K B nccnenyeMoM HaMM KaBUTAallMOHHOM ITy3bIpe. UTO MOXKHO CKa3aTb O BO3MOXHOCTHU
NpOTEeKaHMs PeakLUH pacraja npu 3TUX Temreparypax? byner nu peakuus nmpoTekarb, €ciu
paK-IIeNKYH CO371acT KaBUTAIIMOHHBIH My3bIph B H-TekcaHe? OTBETHI MOATBEPANTE PACUETAMH.
S. Ha ocHoBaHMUM 3HaueHHM KOHCTAHT cKopocTel Ko m Ki 00BscHHUTE, MOYeMy MBI MOXEM
UCMOJIb30BaTh MPUHLIMI  KBa3UCTALMOHAPHBIX KOHLEHTpalui (CKOpocTb  00Opa3oBaHUs
HECTaOWIBHBIX YaCTHUI] paBHA CKOPOCTHU UX pacxonoBanus) 1 CeHi4 mpu 06paboTke pacTBopa
MOIIIHBIMH YJIbTPa3BYKOBBIMU KOJIEOAHUSIMU?
6. [Tonmp3ysich MPUHIMIIOM KBa3WCTAIIMOHAPHBIX KOHIEHTPAIWK IS BCEX HECTaOMIIBHBIX
YaCTHI] M 3aKOHOM JIEHCTBYIOIIUX MACC, 3alIUIINTE BhIpaXKeHHE JUIs ckopocTeit oopazoBanust C3He
u C3Hsg. Kakas peaknust 6yaer numutupytomieit? CKoabKko BpeMeHH HE00X0AUMO 00pabaThiBaTh

yIbTpa3ByKoM | IUTp H-rekcaHa, 4ToObl 0Opa3zoBaics 1 Mok mpomnuieHa?

7. CkopocTtb 00pa3oBaHUs KaBUTAI[MOHHBIX My3bIPHKOB OMUCHIBAETCS (POPMYJION:
_ ny3blpeu
() = 4000 o ¢
B —22500-¢t
~2.901 - exp (—5—) — 0.09896

['ne t — Bpems B cexynaax. K uemy crpemuTcs 3HaueHHnEe CKOPOCTH 00pa30BaHUsI KABUTALIMOHHBIX
y3BIPBKOB, €cu t — oo ? Yepes kakoe BpemMs Mbl npuaeM K 99% OT MOCTOSIHHON CKOpOCTH
00pa30BaHMs KaBUTALMOHHBIX My3bIPHKOB?
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8. [Ipennoxute 0OBSICHEHHE TOTO, NMOYEMY B Halled MOJAENU 3BYKOXMMHUYECKas peakius

pacrnajia H-rekcaHa Ha IpOoINaH U IPONWJIEH UMEET CYMMapHO HYJIEBOU MOPSIIOK?

JonmosHuTtepbHasi MH(pOpMaUs:

[TmotHOCTB rekcana = 0.661 r/mi

1 sueprus Xaptpu (Eh) = 4.359 - 10718 JIx
bk
K
IMocrosunas [Tnanka h = 6.626 - 1073* [Ix - c

kBT Qnepexo;u-xoro COCTOAHUA

xoHcTaHTa bonbimana ky = 1.38- 10723

*@ RT , T1¢ Q — CTaTHUCTHYCCKasda

®opmyna Ditpunra k(T) =

h QpeareHTa
CymMMa COOTBETCTBYIOLICTIO BEHICCTBA.

3amanue 2
HOBBIN CUHTE3 OCEJIbTAMUBHUPA

OcenbTaMUBUpP — HNPOTUBOBUPYCHBIN Iperapar, OTHOCSIIUIACS K rPyIIe HHTHOUTOPOB
HellpaMHHN1a3bl BUPYCOB IpUIINa THIA A U B, TOBEpXHOCTHOIO ITTMKOIIPOTEUHA, SBJISIOIIErOCs
OJIHUM U3 KJIIOYEBBIX (PEPMEHTOB, Y4YacCTBYIOIIMX B pEIUIMKAIMM JIaHHBIX BHPYCOB.
Brimyckaercs B Buze conu (hocdara) mox Toproseimu HazBaHussMu Tamudurro u Homuzec.

Knaccuueckuit  meron cuHTE3a oOcelbTaMHBUpa OCHOBaH Ha OH

MCIIONIb30BaHUH B Ka4eCTBE MCXOIHOIO COCAMHCHMS ONTUYCCKH HQ,
",
AKTHBHOW (—)-IIMKUMOBOW KHCJIOTHI (PUCYHOK 1), BBIICISICMON U3

ceMsH OagpsHa Hactosmero lHlicium verum. HO

OH
Bonpocwi:

1. MpuBeaute Ha3BaHWe (—)-MIMKUMOBOW KucioThl o HoMmeHknarype IUPAC c¢ ykazanuem
a0CONIOTHOW  KOH(QUTYpallMK BCEX AaCHMMETPHUYECKHX aTOMOB CTpykrypHas popmyima
(-)-mmknmoBoit

yriepona mo (R,S)-Homenkiaarype. CKOIBKO BCETrO CTEPEOU30MEPOB KHCIIOTHI

HMeeT MUKUMOBas KUCIIoTa?

Tem He MeHee, TOPOrOBH3HA U HEBBICOKUI BBIXOJ (—)-IIUKUMOBOW KHCIIOTHI TIpU €€
MOJIyYUeHUU U3  PACTUTEIBHOTO  ChIphS  OOYCJIOBIMBAIOT  HEOOXOJUMOCTh  TOHCKaA
NPUHLMIIAAIBHO HMHBIX METOJOB CHHTe3a ocenbTamuBupa. Tak, B 2008 roxy rpymnmnoi
MIBEHIIAPCKUX HCCleoBareneil u3 kommanuu Roche Obuia mpemioskeHa HOBask METOIHMKA
nosyueHus: ocdara ocenpbTaMUBUpPA U3 KOMMEPUYECKHU TOCTYHMHOIro 2,6-TuMeTOKCH(EHOa.
[TpoMeXyTOUHBIMH COEIMHEHUSMU B 3TOM CHHTE3€ BBICTYMAlOT 3HaHTUOMephl F1 u F2,

MMPEACTaBJIAOIINC coboit MOHOB(I)I/IpLI ,Z[I/IKap6OHOBLIX KHUCJIOT U o6pa3y10mnec;1 B pC3yJIbTaTeC
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peaxkuii YJHAHTUOCEJIEKTUBHOT'O THAPOJIN3a CIOXKHBIX A(UPOB, KaTaIU3UPYyEeMBbIX (hepMEeHTaMU

— 3CTEepa3ol CBUHOM MMEYCHH U JIUMa30i rpuba A. oryzae.

OCH,
OMs
O P
. A NBS (2 aks.) 8 CO, EtOH Ho
KOtBu, AMCO OM®A KOAc Ru/Al,O3
HsCO 50 °C dppp, PA(OAC), 100 Gap, 60 °C
110 °C
Me = CHj
Me3SiCl, Nal 3CTepasa CBUHOW NEYEHU ;
D — » E - F1 ! Et = CQH5 ;
CigHagO;  H2O pH 8 ' Ms = CH3SO, |
_ | Ac = CH4CO
nunasa A. oryzae Me3SiCl, Nal : :
> G > F, : tBu = (CH3)1C ¢
pH 7 H,O : :
E Ph = CBHS H
""""" o e
o) |
- I 0 N 0
U S N () s P
OAM®A AMCO NBS dppp

__________________________________________________________________________________________________________

2. [IpuBenure ctpykTypHbie popmysnsl BemiectB A — E, G, F1 u F2 ¢ ykazanuem crepeoxumun,
eciu B peakuun C — D oOpasyercs meso-dopma, B coenvHeHun Fi Ommxalmumii k
KapOOKCHIILHOW TPYIe aCHMMETPUYECKH aToM yTiepoja MMeeT S-KOH(UTYpaluio, a B
coenquHeHun F2 Omkalmmii Kk KapOOKCHIIBHOW Tpymie yriepoaHblii atom obnamaer R-
konpurypanueit. Jlnsa semecrsa C H AMP (CDCls): 8, m.a. = 0.95 (1, 6H), 1.39 (1, 6H), 1.50—
1.80 (m, 4H), 3.95 (¢, 6H), 4.23 (xBunret, 1H), 4.37 (x, 4H), 7.99 (c, 1H) (¢ — cunrmer, T —

TPUILIET, K — KBapTET, M — MYJIbTUILJIET).

Peakuuu, KaTaJu3upyembie dbepmeHTamu, MPOTEKAOT c BBICOKOH
CTEpPEOCENIEKTUBHOCTBIO. Tak, SHAaHTHOMEPHBIH M30BITOK MPOIYKTA, MPEACTABISIOMUN COO0M
Pa3HOCTh MOJIBHBIX JIOJIeH ABYX SHAHTHOMEPOB, cocTaBiseT 96,4% nns peakuuu E — F1 u

99,8% mist peakiuu D — G.

3. PaccumTaiiTe BBIXOJBI OCHOBHBIX SHAHTHOMEPOB, 0oOpaszyrommxcsi B peakuusx E — Fi1 u
D — G, yuutsiBas, 4To OOIIMN BBIXOJl YHAHTUOMEPHOM Maphbl B JAHHBIX PEaKIUIX COCTABIISIET

98,0% u 99,4%, COOTBETCTBEHHO.

N3 o6oux sHanTHOMEpPOB F1 M F2 mocpencTBOM NpuBEAEHHBIX HIKE peaklUi MOIydaroT

docdar ocenpramuBHpa.
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Fi

DPPA| Et;N
NH NaCIO EtOH Boc,0
E, 3 (us6.) H - s . 2Y K NaH'
2754 CysHosNOg -CO;
O, COE Tf,0 NaN; 1. Hy, Co
—_— : L - M .
py 2. Ac,0, Et3N
HO\\\\\‘ e I
E Et=C,H tBu = (CH3)sC
NHBoc ! oHs (CH3)s ]
\ Tf=CF;S0, Boc=tBuOCO:
. N HBr, ACOH= o HsPOy4 b Ac=CHsCO  Ph=CgHsg
ocenbTaMMBHp o :
C16H25N204 [ A
PhO—P—O0Ph
I &
N N
i DPPA py '

4. TlpuBenute cTpykTypHble (popmynsl BemectB H — P ¢ ykazaHueM CTEpEOXHMHH, €CIU
U3BECTHO, YTO B peakiuu L — M o0pasyercs TOIbKO OJIMH IUAacTEPeoMeEp, a THAPUPOBAHNE HA

KOOQJTbTOBOM KaTanu3aTope He 3arparuBaet qBoiHYyI0 C=C cBs3b.

3amanmne 3

BUOCHUHTE3 U30ITPEHOU10B
N3onpeHonapl  ABISIOTCA  TPYNIIOM  NPUPOAHBIX  COCIMHEHMIA,

06HaﬂaIOH_II/IMI/I TOPpMOHAJIBHBIMH, CHUI'HAJIbBHBIMU W JPYIrUMHU BaKHbBIMU

¢bynkuusaMu. CTPYKTYPHBIM 3JIEMEHTOM H30MPEHOUAOB SBISETCS M30IpeH (2-

MeTuIOyTauen-1,3), KOTOpbIi COEAMHSACTCS 1O MPHHIUIY “TOJIO0Ba-XBOCT K
KOKIOMY IOCJIEAYIOIIEMY CTPYKTYpHOMY D3JIEMEHTY. bBHOCHHTE3 M30MPEHOUIOB MOXKET
OCYILECTBIISATHCS Yepe3 JIBA HE3ABUCUMBIX META0OIMUECKUX MMYTH: METHIIPUTPUTOI-(PochaTHbIHI

(MEP-niyts) u wmeBanonatubiii (MVA-nyts). Huxe mnpusenensr cxembi MEP u MVA

MeTaboIMYeCKUX MyTeH.
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MEP-nyTh:

o] HsC  OH
HSCYCOOH 2 CO; NADPH +H' NADP* , CTP PP
I o oroF A, oPos N A
OH 1 OH OH 3
Pyr G3P MEP ATP
4
ADP
c
7 0 ;
o=—0 1 NADP*+H,0 NADPH+H' 2Fdy+H0 2Fdy, |~ CMP
(H Q cH, 0% o E /
)k/\ \P/ ° + /}\3/\-0*& - \ / E D
- P 7 6
HsC o \\O HoG N o” X
IPP DMAPP
MVA-nyThb:
2NADPH 2 NADP'
a Acetyl-CoA CoASH Acetyl-CoA + H,O CoASH +2H +CoASH || Mo cHs
J‘I\ — F —7 - —7 M
= G L
HsC SCoA 8 9 10 Ho oH
MVA
Acetyl-CoA
ATP
o . 1
| o | Co,
P 0=P—0 +ADP+Pi ATP ADP  ATP ADP
CH, O 0 CH, o | “ X/
/J\\//\;Q\; ~a \P/O = ! H
He X 0, 14 Hae o\ 13 12

DMAPP IPP

Haspanwust hepMEHTOB, KATATU3UPYIOMINX COOTBETCTBYIOMME cTaauu: 1, 5, 6, 9 — cunTa3za;

2 — penykron3omepasa; 3 — tpanchepasa; 4, 11, 12 — xunasa; 7, 10 — penxykrasa; 8 — tTnonasa; 13
— nexapOokcuiasa; 14 — nzomepasa.

N3onpen moxer ObITh cuHTe3upoBaH u3 DMAPP npu ywyactum ¢epmenta uzonpen

CUHTAa3bl:
o
o0
cH, oF o
)\/\'O\'_L —— > Isoprene + H* + PP,
™
HaC \ 0o~ o
DMAPP
Bonpocut:
1. [IpuBenure CTPYKTYpHYIO (GOpPMYILy H30IpEeHA M YKaKUTE IOJIOKEHHE ‘“TOJOBBI” W
“xBocra’”.
2. [IpuBenure cTpykTypHble Qopmynsl coeauHeHuid A-l  (ctepeoxumuelt MOMKHO

npeHeOpeus). JloMOIHUTENBHO U3BECTHO, YTO D colepXUT B CBOEH CTPYKTYpe BOCHMHUUJICHHBIN

UK U3 TPCX aTOMOB YTJICpOAa, TPECX aTOMOB KHUCJIOPOAAa U IBYX aTOMOB (bocq)opa.

3.

3HepFCTH‘lCCKI/Iﬁ BBIXOJ — O3TO KOJMYECTBO OSHCPruHv, KOTOPOC BBIACIACTCA WU

pacxoayercsi B XOAe€ MeTabOJMYecKOoro MpoIrecca. BhUMcInuTe IHEPreTHYECKUd BBIXOJ B
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skBuBajieHTax ATP npu cunTe3e 1 Mosekynsl n3onpena u3 rioko3sl (CsHi1206) uepes MEP u
MVA-niytu. IIpy BEIYMCIEHUSAX YUTUTE CIAEAYIOLIUE TOMYIICHUS.

MEP-nmyTh:
1) IPP u DMAPP o6pa3ytorcs uepe3 MEP-yTs B cooTHOmenuu 1:1.

2) Peaxiuu monyuenus G3P, Pyr:

CesH1206 + 2ATP = 2G3P + 2ADP
CsH1206 + 2NAD™ + 2ADP + 2P; = 2Pyr + 2NADH + 2H" + 2ATP
3) Peakiun pereneparuu Fdred:

Pyr + CoASH + Fdox = Acetyl-CoA + Fdreq + CO2

Acetyl-CoA + Pj + ADP + H* = CH3COOH + ATP + CoASH

MVA-nyTh:

Peaxumu nmonygenus Pyr, Acetyl-CoA:

CsH1206 + 2NAD™ + 2ADP + 2P; = 2Pyr + 2NADH + 2H" + 2ATP

Pyr + CoASH + NAD* = Acetyl-CoA + NADH + H* + CO>

DHepreTudeckas IICHHOCTh B 3kBUBajieHTax ATP kodakTopoB mim cyocTpaTtoB

CoeauHeHnue JHepreTnyecKas
HEHHOCTb
1 NADH 2.5 ATP
1 NADPH 2.5 ATP
1CTP 1ATP
4. OnmHUM U3 TpeINCTaBUTEICH W3OMPEHOUAOB sBisieTcss JuKonuH (coemuneHue N),

coJiepKalluiics B IJI0JIaXx TOMAaToOB U 00ycCllaBIMBaOLMi WX KpacHbIM 1BeT. Huxe npuseneHa
cxema bnocunTesa nmukonvHa u3 DMAPP u IPP. [IpuBenute crpykTypHbIe (hOPMYIIBI COSTUHEHUN
J-N (reomerpuueckoii M3oMepuell MOXKHO mpeHeOpeub). JlomonHuTensHO H3BecTHO, uTOo N
CUMMETPHUYHA U ABaJaTh BA aTOMa YIJepo/ia BOBJICUEHbI B HEMPEPHIBHYIO LIEMb COMPSAKEHHBIX

JIBOMHBIX CBSI3EH.

IPP H™+PP; IPP H"+PP, IPP H'+PP

18
2H"+2PP;

4NADPH" + 4H" 4NADP*

M
- b 19/ CaoHes

Haspanust hepMeHTOB, KaTaIM3UPYIOIIMX COOTBETCTBYromMe craaww: 15, 16, 17, 18 -
CHHTa3a, 19 — neruaporenasa wiu recarypasa.
Tosacnumenvhas ungopmayusi:

N
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Pyr — nupoBuHOrpagHas KucioTa MVA — meBanoHOBast KUCIIOTa

G3P — nmnepansaerun 3-ocdar Fdox/Fdred — OKHCIIEHHAs! 1 BOCCTABICHHAS
MEP - 2-C-metmmputpuron 4-gocdat dbopmer  deppenokcuna,  comepxur  Fedt/Fe?*
IPP — n3onenrenun nupodocdar OKHCIIUTENILHO-BOCCTAaHOBUTETIBHYIO Mapy
DMAPP — mumerunamimn nupodocdat CoASH — xoepment A
Acetyl-CoA — AuerunkopepMeHT A
ATP — aneno3un tpudocdar CTP — untuauu tpudocdar
NH, NH,

i
O—71V=0

C

o

|
o—1=0

CMP — uutnana Mmonodochar

NH,

Y

LA

NAD(P)*/NAD(P)H — okucinenHas i BoccTaHOBICHHast (HOPMbI HUKTOTHHAMHE/I 8/ICHUH THHYKICOTH 1A

(poctara). Huxe npuBeneHs! CTPYKTYPBI OKUCIEHHOW M BOCCTAHOBIEHHOH ()OPM HUKOTHHAMHE/IA.

3aganue 4

Mertamnel X, Y u Z SBISAIOTCA PaclpOCTpPaHEHHBIMU KOMIIOHEHTaMHU Te€TepOTreHHBIX
OuMeTayMuecKuX Katanu3aTopoB. [lapa metamioB X u Y BXOAUT B COCTaB aBTOMOOMIIBHBIX
KaTaJIn3aToOpOB BOCCTaHOBIICHUs oKcuia a30Ta(ll) B MONEeKyIsipHBII 30T ¢ TOMOIIBIO YTapHOTO
ra3a (peaxyus 1), metauibl X U Z BBICTYNAIOT KOMIOHEHTAMHU KaTalU3aTOPOB JTOKUTAHMS
HEMpopearupoBaBIlIero METaHa B aBTOMOOWIISIX C Ta30BBIMU JABUTATEsIMU (peakyus 2), a mapa
MetauioB Y M Z HCIONB3YyeTCs B KaTalu3aropax dJIEKTPOXMMUYECKHUX MPOIECCOB,
IPOTEKAIOIUX Ha JIEKTPOAAX ILIEJIOYHOrO0 BOJOPOJHO-KUCIOPOJIHOTO TOIUIMBHOIO JIEMEHTA

(peakyuu 3 u 4).
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Bonpocur:
1. Hanumure ypaBHenus peaxyuu 4.

OnemeHTapHas — s4elika  Mmertaimia X HMeEeT — KyOMYecKyro

IrpaHeLEeHTPUPOBAHHYIO CTPYKTYPY (pUCYHOK 1): aTOMBI HAXOJATCS BO

BCEX BepUIMHaX Kyba M B cepeauHax Bcex rpaneid. I[lapamerp

3leMeHTapHOIt stueiiku coctasiser 3,890 A (1 A =107 m). Onemenmapnan sueiixa

2. Onpenenure MeTamt X, €CJIM U3BECTHO, YTO €r0 TUIOTHOCTh paBHA memania X

12,01 r/em®.

Mertamtel X 1 Y, a Takke X 1 Z 00pa3yroT TBEPIbIE paCTBOPHI 3aMEIICHUS] — CTPYKTYPHI, B
KOTOPBIX 4aCTh aTOMOB X cIy4ailHbIM 00pa3oM 3amenieHa aroMaMu Y U Z, COOTBETCTBEHHO, C
COXpaHEHHEM KyOMYeCKOH TI'paHELEHTPUPOBAHHON CTPYKTyphl. Tak, TBEpHABIM pacTBOp
3amenienust A cocrout u3 15,26 macc. % X u 84,74 macc. % Y, a TBEpHBIIA pacTBOp
3amenienust B — u3 22,70 macc. % X u 77,30 macc. % Z. [lapameTpbl 51eMEHTapHOM S4YEHKH,

a TaKk)Ke IMIIOTHOCTU CTPYKTYp A u B mpuBeeHb! B TaOIUIIE HUXKE.

CtpykTyp MaccoBas MaccoBas MaccoBas [TapameTp [LnoTHOCTS,
a nois X, % nona Y, % nons Z, % AJIEeMEHTapH r/em®
Ol sA4YeHKH,
A
A 15,26% 84,74% — 4,116 16,61
B 22,70% — 77,30% 3,912 18,20

3. Paccuwmraiite cpeqaue momsipabie Macchl A u B. Onpenenre metamisr Y u Z.

ITockonpKy TIeTEepOTreHHbIE KaTaJUTHYECKHE NPOLECCHl NPOTEKAlOT HAa TIPaHULE paslena
pEeaKklIMOHHAs cpeJa — KaTalu3arop, JUIsl KaTalUTUYECKUX TNPUIOKEHUH HeoOXoauMo
MCIIOJIb30BaTh HAHOYACTHUIIBI HA OCHOBE TBEPABIX pacTBOpoB A u B, obnamaromiye BbICOKOM

YAEIBHON TOBEPXHOCTHIO.

4. PaccumuTaiiTe CyMMapHYIO IUIOIIAb MTOBEPXHOCTH 1 T TBEPAOTO pacTBopa A, COCTOSIIETO U3
HaHOYaCTHUI[ cdepudyeckoil (HOopMbBl pagnycoM 5 HM, MOJb3YSACh BCEMH HEOOXOIUMBIMU

JTAHHBIMU U3 BBIIETPUBEAEHHOMN TaOIUIIBI.

3

o 4
Ipumeuanue. O0BEM 1Iapa paccuutbiBaeTcs 1o dopmyne V = 3 TT7°; IOk TOBEPXHOCTH

chepsl paBHa S = 4772, THe T — pagMyc Iapa.
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[Tpu B3ammoelicTBUH MeTaia X ¢ KOHIICHTPHPOBAHHOM a30THON KHUCIOTOU (peakyus
5) oOpasyercst pacTBop conu Xi, IPH OXJAXKIECHUU KOTOPOTO MPOUCXOUT KPUCTAILTU3ALNS
KOpPHYHEBOTO BemiecTBa Xz, coaepxkamero 39,94% wmeramma X mo macce. Ob6paboTka
coeiMHeHUsT X2 paCTBOPOM XJIOPH/Ia KallUsl, HOAKHCICHHBIM COJISTHOM KUCIIOTOM (peakyus 6), ¢
MOCJICIYIONMM  BBIMIADMBAHMEM  pacTBOpa JaéT  IKEITOBATO-KOPHYHEBBIC  KPUCTAILIBI
coenunenus X3 (32,60% meramna X mo macce). O6pabOTKa 3TUX KPUCTAILIOB Ta3000pa3HbIM
XJIOPOM TIPH KOMHATHOW Temmeparype (peaxyuss 7) TpUBOAUT K OOpa30BaHUIO BeliecTBa X4

SPKO-KPaCHOTO 1IBETa, KOTOPOE MpeBpaliaeTcs oopatHo B X3 npu HarpeBanuu Beime 150 °C.

5. Onpenenute BemecTBa X1—X4, MOATBEPAUB OTBET HEOOXOAMMBIMH pacuéramu. M3o0pasure
CTPYKTYpHYIO dopMyny X2, €CId U3BECTHO, YTO ITO COCIUHEHHE COCTOUT U3 HEMOJSPHBIX

MouiekyJ. Hanuimure ypaBHeHUs peakyuil S—1 .

Metamiel Y u Z He pacTBOPAIOTCA B KOHIICHTPUPOBAHHOM a30THOM KHCIOTE, OJHAKO
B3aMMOJICHCTBYIOT C LAPCKOM BoAkou (peakyuu 8 u 9) ¢ obpazoBanuem BemectB Y1 u Zi,
cootBercTBeHHO. HarpeBanue Y1 mpu temnepatype 120 °C (peaxyus 10) npuBOIUT K €ro
Pa3IoKEHUIO ¢ 00pa30BaHUEM KPaCHO-OYPHIX MApPOB BEIIECTBA Y2, MOJICKYJIBI KOTOPOTO UMEIOT
JUMEPHOE CTPOCHHUE M COCTOSAT M3 Map IUIOCKUX KBaJAPaTOB, COCTUHEHHBIX OOIIEH CTOPOHOMA.
DT0 K€ BEMIECTBO Y2 MOXKHO TOJYYUTh HANPsAMYK M3 MeTauia Y peakiuerd C XJIOpOM Tpu
240 °C (peaxyus 11). B cBorwo odepenb, BemecTBo Z1

pasnaraercs npu Harpearuu 10 300 °C (peaxyus 12), | Ci Cl

1
Cl \Cl \Cl
JlaBasi KpaCHO-KOPUYHEBOE COeMHEHHe Z2, CTPYKTypa 111, N i, ln‘“\
. CI/| vo¥ | Y al
KOTOPOTO COCTOUT M3 IIETIel OKTa’JpOB, CBS3aHHBIX & &
//, \Cl/, WCl
/I"Z“\\\\ (77PN R\
oOummu pédpamu (pUcyHOK 2). D10 coequHeHue Z2
peop (pucyHoK 2) CI/|\C|(|\QI
.. . 1
TaKkKe 00pasyeTcs MyTEM MpPSIMOTO B3aMMOJACHCTBUS Cl ¢
1
1
meramuia Z ¢ xinopom 1pu 300 °C (peaxyus 13). 5
Cmpyxkmypa 2>

6. Onpenenure BemectBa Y1, Y2, Z1 u Z2. Hanummre

ypaBHeHUs peakyut §—13.

3aganue 5
Tsokxenple 3JIEMEHTBHI  SIBASIOTCA TOKCUYHBIMM JII  YeJIOBEKa, HMEIOT CBOWMCTBO

HAaKaIUIUBaTbCs B OPraHW3ME, BBI3BIBATH XPOHUYECKYH0 MHTOKCHUKAIUIO M, KaK CIEJCTBHUE,
BBI3bIBaTh HAPYLICHUS Pa3INYHbIX QYHKINNA OpraHu3Ma.

Panee nx npuMeHeHne ObUIO PaCIPOCTPAHEHHBIM CITIOCOOOM CMEPTEILHOTO OTPABICHUS
moneid. Tompko B XIX Beke ¢ pa3BUTHEM XHMHUYECKOTO aHadM3a U MEIUIMHBI ObUIM

pa3paboTaHbl METO/IbI OOHAPYKCHHS U JICUCHUS OTPABJICHHI.
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Hekotopsle Tskenple 371EMEHThI TaKKe, KaK MBIIIbSIK, CBUHEL], KaMUH, HUKEIb, OJIOBO,
CyppMa M HEKOTOPBIE JPYrHe MpH OOJBIIMX KOHIEHTPAUAX JIETKO HACHTU(QUIIUPYIOTCS
METOJIJaMU KaueCTBEHHOT0 aHaym3a. [ ux oOHapyKEHUs MOXKHO HCIIOIh30BaTh CIICIYIOIINE

pacTBopbI peakTuBoB: 5% NazS, 15% HCI, a taxxe BoasiHYyIO OaHIo.

Bonpocui:
1. IlpeanoKuTe METOAMKY KA4eCTBEHHON UACHTH(DHUKALIMU BOJHBIX PACTBOPOB:
AsO4>, Pb?*, Sb3*, Ni?*, Sn?*, Cd?*" ¢ mcronb30BaHMEM PEaKTHBOB M3 MPUBEICHHOTO BBIIIE
nepedHs. YKaXuTe SBJIEHUs, KOTOPbIE CONPOBOXKIAIOT NPOTEKAHUE peakiuu (ra3, 0Cago0K, ux
L[BETA U TIp.).

2. Hanmmwute ypaBHEHUsI peaKLUi, IPOTEKAIOIINX B X0/l MPEIOKEHHONW UICHTH (UK.

Oxcun yraepoga CO Takke OTHOCHTCS K YPE3BBIYalHO TOKCHUYHBIM BeliecTBaM. Ero
OIMAaCHOCTh 3aKJIIOYAeTCsl B TOM, YTO 3TOT ra3 He MMeeT 3amaxa. [lo HeKOTOpBIM JTaHHBIM OH
3aHMMAET TPEThE MECTO CPEAH MPUUNH CMEPTEIBHBIX OTPABICHUN B MHpE.

CO B kpoBH (uKcHpyeTCs 32 CUET B3aUMOJICHCTBUS ¢ TEMOTIIOOMHOM C 00pa3oBaHHEM
JOCTAaTOYHO MPOYHOro Komiurekca kapOokcuremorioouna (HbCO). Kpurnyeckum siBisieTcst
nepexona 70% remorioouna B kpou B popmy HbCO.

KagectBennyto u konmnuecTBeHHYIO naeHTHrKanuo CO B KpOBH MOXKHO MPOBECTH O€3
IpeBapUTeNLHOTO ero BelaeneHus. O1uH U3 coco0oB OIpeieIeHUs] KapOOKCUTeMOTrI00MHa —
CHEKTPOCKOMUYECKUH, CYIIHOCTb KOTOPOTO 3aKII0YAETCsl B Pa3IMYUU MEX]y CIEKTpamH
okcuremornoouna (HbO) u HbCO.

B x0/1e JaHHOTO KOJMYECTBEHHOTO OIPEIeNICHIS CPAaBHUBAIOT CIIEKTPHI IBYX PACTBOPOB
KPOBH: pacTBOpa KpoBH, cozepxkamiero cmecb HOCO u Hb (pacTBop A), u pactBopa kposw,
comepxamiero tonbko HbCO (pactBop B). Cmextp Hb umeer omHy mmpokyro monocy
noromieHus npu 543-596 um. Criextp HOCO nmeet nBe 1010CH OTIIOMIEHHS B 00J1acTsX 523-
536 u 564-579 um.

PacTtBOp A roTOBAT IyTeM 00paOOTKH MpeABAPUTEIHHO MOJITOTOBICHHOTO pacTBOpa
o0pasia aHanu3upyeMol KpoBH H30bITKOM BocctaHoButens (Hampumep, (NHa)2S), kotopsiit
BoccranaBnmuBaeT HbO 10 nesoxcuremormoomna (Hb). HbCO ¢ BoccranoBurenem He
B3aWMOJICHICTBYET M OCTaeTCsi B HMCXOJHOM KojmdectBe. PactBop B rTOTOBAT myTem
NPOMYCKaHHs 4yepe3 IMpeBapUTENbHO IMOATOTOBIECHHBIH pacTBOp oOpaslia aHaIU3UPyEeMOi
kpoBu razoobpaznoro CO. B xozae atoro Hb u HbO nmonuocteio nepexoast 8 HbCO.

VYopouieHHast cxema B3auMoIpeBpallieHus TUX (GopM Mpe/ICTaBIeHa HUXKeE:
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+ [H]

//ig)g/,/v HbO
v

Hb

+\co> HbCO

|
L.

3. Hammmmwure YpaBHCHHUE pPCaKUMU BOCCTAHOBJICHUA IIPOHU3BOJIBHOI'O Op2aHU4eCcKo2o

coeaunenus cynbduaom ammonus (NHai)2S.

4. HanummTe ypaBHEHHE PEAKIIMU, KOTOPYIO MOKHO OCYIIIECTBUTH B TAOOPATOPHBIX YCIOBUSIX
qutst mosrygaenust uuctoro CO.

5. IlpuBenuTe MaTeMaTHUECKOE BhIPAYKEHNE OCHOBHOI'O 3aKOHA CBETOMNOIIONICHHS. Ube UMS OH
HOCHT?

6. MHorma B XOJe HAJUICKAIIETO BBITIOJHEHUS CIIEKTPOPOTOMETPUUYECKOTO OIPEICICHHUS
prOOPOM PETUCTPUPYETCS CIUIIKOM HU3KAsl ONTHYECKAs ITIOTHOCTh UCCIIEAYEMOTO pacTBopa?
[IpuBenure 1Ba BapwaHTa [EHCTBUM, KOTOPbIE MOXKHO MPEANPUHATH ISl TOBBIIICHUS

ONTUYECKOMN MIOTHOCTHU pacTBOpa.

Jdns  konumdecTBeHHOro onpexaenenus conepxkanus HDCO w3  obOpasua kpoBu
NPUTOTOBIIM PacTBOPbl A-B Tak, Kak B BBIIICHANTMCAHHOW METOIUKE, W MOJYYMIN HUX

CIICKTPBI, IPUBCACHHBIC HAa PUCYHKCE.
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OnTU4eckana NNOTHOCTb
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- - PacteopA —Pacteop b
Pucynok — VIS-cnekmpul uccnedyemulx pacmeopos

Jast pacdera o HOCO ot 061mero reMorao0uHa o CIeKTpaM MOCTYHAT CICTYOIIMM
obOpazom. [Ipu HamokeHMHM [OBYX CIHEKTPAJIbHBIX KPUBBIX Ha OJHOM TIpaduKe OTMEdaeTcs
MOSIBIIEHHE TPEX N300€CTUUECKUX TOUEK (TOUYEK MepeceueHus CIeKTPAIbHbBIX JIMHUN ), 3HAYCHHE
ONTHUYECKOM MIOTHOCTH B NMEPBOM U3 KOTOPHIX (MPY HAUMEHBIIIEH JUTMHE BOJIHBI) TPUHUMACTCS
paBHbIM D1.

3HaueHHe ONTUYECKOM MIOTHOCTU D2 mpuHUMAaETCs: paBHBIM B TOUKE Ha CHEKTPaIbHOU
KpuBOil pactBopa b mpu [iMHE BOJHBI, KOTJAa PAcCTOSHHUE MEXIYy O0eUMU KPUBBIMH
HanOoJIbIlIee OTHOCUTEIHHO OCH JJIMH BOJIH BOJHM3M TEPBOrO MaKCHMyMa TOTJIOIICHHS Ha
KpuBOH pactBopa b.

3HaueHUe ONTHUYECKOW TMIOTHOCTH D3 mpuHUMaeTcss paBHBIM B TOYKE HAa KpUBOH
pacTBopa A 1pH TO¥ ke AJIMHE BOJIHBI, YTO U 3HAYEHHE ONTUYECKOU mnoTtHocTH Do.

oo HbCO ot o6iiiero remorsiobuna P (B %) paccuuThIBatoT M0 GopMmyIie:

(Dz —D3)100
Dl'K

P =100 —

rae: K — koadduuuent, pausrii 0,372.

7. Vicrionb3yst CIIEKTPhI Ha pUCYHKE U ypaBHEHHE, paccuuTaiite nomto HbCO B ananmusupyemoit

KpPOBH.
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MJIAILITASA JIUT' A

PEINEHUA

3aganue 1

1. BemectBa A u B moxxHo nipencraButh B Buje X3Nn 1 X3Pn BBUY BaJIeHTHOCTH a30Ta 1

3M(X)
3M(X) + 14,01n

) __m
=0,8327 u wyx = 3M(X) +30,97n

docdopa. MaccoBbie o X paBHB Wy =
0,6924, coorBercTBeHHO. Kask10€e U3 3THX ypaBHEHHI MPHUBOIUT ¢ cooTHomennto M(X) = 23,24n.
[Tpu n = 1 monsgpHas macca X OJIM3Ka K HATPHUIO, HO IO YCJIOBHIO 3a7auyd X HMEET HH3KYIO
TEMIIepaTypy IUIABJICHHMS, YTO XapaKTePHO JIUIIb JIsl HEeKOTOphix MeTaiioB. [Ipu n = 3 M(X) =
23,24 - 3 = 69,72 1/™MONB, YTO COOTBETCTBYET TaJUIMIO, KOTOPBIA IUIaBUTCS B pyke. Hioke

npuBe/eHa pacir(poBaHHAsS CXeMa BEIIECTB.

NH_,F
(NH,);[GaFs] <—— Ga(NO,),
GaN

HNO; N,
KOH (p-p) v
K[Ga(OH),] D Ga
P

HCl ., 0, & P GaP

o

t
Ga(OH)3 e G3203
H,O C, CL| t°

Li[GaH,] A GaCl,
YpaBHEHHUs peaKLUii:
1) 2Ga + N2 - 2GaN
2)Ga+P S Gap
3) 4Ga + 30, - 2Ga;03

4) Gax0s + 3C + 3Cl, 5 2GaCls + 3CO
5) GaCls + 4LiH — Li[GaH4] + 3LiCl
6) Li[GaH4] + 4H,0 — Ga(OH)s + LiOH + 4H
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7) 2Ga(OH): - Ga,0s + 3H,0

8) 2Ga + 2KOH + 6H20 S 2K[Ga(OH)a] + 3H;
9) K[Ga(OH)4] + HCI — Ga(OH)3z + KCI + H20
10) Ga + 6HNOs3 (x.) — Ga(NOgz)3 + 3NO2 + 3H20
11) Ga(NOz3)s + 6NH4F — (NH4)3[GaFe] + 3NH4NO3
2. B xaxmoit sueiike conepxkutcs (8 - 1/8 + 6 - 1/2) - 2 = 8 aromoB rayumus (BepimuHa

MIPUHAJICKAT BOCBMU SUYCiiKaM, a rpaHb — nByM). Haiiném o6béM anemenTapHoi stueiiku V,, =

abc = 4,519-1071°-7,658-1071°-4,526- 1071 = 1,566 - 10728m3.  3arem onpenenum

i 107
ypcno sneMeHTapHbX sueek B 1 cm® (108 M), N, = Toeeto s = 6,389 - 1021, Macca atoma
M 69,72 _
raumag m=-—=——-—=1,158-10"%%r. Jlanee omnpenenuM IUIOTHOCTb TalUi Pgy =

Np  6,02-1023
1,158-107%%2-6,389-10%1 -8 = 5,92 CM% ITosy4eHHas IIIOTHOCTh OYEHb OJIM3KA K PEATbHOMY

3HAYEHMIO MIOTHOCTH Tammus (5,91 r/ems).

3. Haiiném muomans TeUTbHOM cTOpoHBI kuct S = 1,9 - 0,01 = 0,019 m?. TInomams,

3aHUMaeMast «TaTyHpOBKOit» paBHa Senx = 0,019 - 1/3 = 0,006333 Mm% Haiiném o6bém crinasa V =

0,006333-20-10"6 = 1,2667 - 10~7 M3. Ornomenne wmacc Ga u In: 262 — PeaVGa _

Min Pin'Vin

592103Vea _ () gg6 Y0 — 4 Y6a _ 4 6051. Orcrona Vea = 1,04 + 107 M3, Vin = 2,26:10° 3.
7,02:Vn Vin Vin

Jlanee HaxomuM Maccy crmaa m = 1,04 - 107 - 6,098 - 10° + 2,26 - 10%- 7,02 - 10°=0,79 r.
4. Pemuth mpoOiieMy MPOITYCKAaHUsI BJIard, CBETa M TeIJIa MOXHO MYTEM CO3JaHHS
MIOPUCTOM MPO3PAYHOM MOJIUMEPHON OCHOBBI.
5. OKpyTrauM OTHOCUTENBHYIO aTOMHYIO Maccy Ga 1o 1eoro ymucia u BeuTeM U3 He€ 3.
[lonywyaem a = 67. 3anuiueM siiepHbIE PEAKIINH:
$9Zn + 1p = §1Ga + gn

887n + 1p = §7Ga + 2}n
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Kpumepuu oyenueanus:

Ne DJIeMeHTBhI pelleHus! Onenka

Bonpoca

1. Bepnoe ompenenenne X — 1 Oamn. 3a Kaxaoe BEpHO 11
onpenenénnoe BemectBo A-l o 0,5 6aia. 3a kaxayro u3

peakmuit 1-11 o 0,5 6amna.

2. Omnpenenenne konmuuecTBa aToMoB Ga B 3AneMeHTapHOU 3
sueiike — 1 Oamn. BepHas oreHka 4ymciia 3J€MEHTAapHBIX
sueek — 1 Oamta (B mepecuére Ha 000l 00BEM), BepHo

HatineHa wiotHocTh Ga — 1 Oana.

3. Onpenenenne ob6béMa cruaBa — 1 Oamna. OmnpeneneHue 3

Macchl cIiaBa — 2 0ajia.

4. Bepnbriii otBeT Ha Bonpoc — 1 6ami. JlomyckaroTcsi U UHBIE, 1
HE IPOTUBOpEeYalllie 3aKOHaM (PU3UKU U XUMHH, BAPUAHTBI

OTBCTOB.

5. 3a KaXIyI0 KOPPEKTHO 3alMCAHHYIO SACPHYIO PEAKIIUIO O 2

1 Gayy.

HUTOI'O: 20 days10B

3aganue 2
1. VI3 mpuBeneHHBIX JAaHHBIX MOXXHO MPEANOJIOKUTh, YTO HCKOMBIA METal — 3TO
wiaThuHa (Y4TO TaKXe MOATBEPIKIAETCS Pacu€éToM dYepe3 MacCoBble M0iH coemuHeHus X9),
COOTBETCTBEHHO, HEU3BECTHBIE BELIECTBA!
X - Pt, X1 - CszPt, X2 — PtFg, X3 — O2[PtFs], X4 — Hz[PtCls], X5 — Naz[Pt(OH)s], X6 —
PtCl2, X7 — [Pt(NH3)4]Cl2, X8 — K2[PtCls], X9 — [Pt(NHz)4][PtCls], X10 — H2[PtCl4], X11 —
PtO-2H20, X12 — PtCls.
YpaBHEHUS pEAKLINIA:
(1) Pt + 2Cs = CsyPt
(2) Pt + 3F2 = PtFg
(3) PtFs + O2 = O2[PtF¢]
(4) 3Pt + 4HNO3 + 18HCI = 3H2[PtClg] + 4NO + 8H20
(5) Hz[PtCls] + 8NaOH(komni) = Naz[Pt(OH)s]| + 6NaCl + 2H,0
(6) Pt + Cl2> = PtCl>

(7) PtCl2 + 4NH3 = [Pt(NH3)4]Cl>
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(8) PtCl2 + 2KCI = K;[PtCl4]
(9) [Pt(NH3)4]Cl2 + K2[PtCl4] = [Pt(NH3)4][PtCl4]+2KCI
(10) PtClz + 2HCI = H[PtCl4]
(11) H2[PtCl4] + 4KOH = PtO-2H.0 + 4KCI + H.0
(12) 2H2[PtCl4] + Cl2 = 2PtClz + 4HCI

3. Taxxe u3BeCTHO, 4YTO coeauHeHHWe X9 HMeEeT TOT ke OpyTTO-COCTaB, YTO H
Hewn3BecTHbIE couib [efipone u coib Peiize, KoTopbie TakkKe SIBIISIOTCS IUC- U TPAHC-U30MEPaMHU.
W3 cBeneHMit 0 MaccoOBOM cojepskanuu smeMeHToB: Pt — 65% ; N — 9.33%; Cl —23.67%; H —
2%, onpeneinsiem cocta: PtN2HsClo u mpennosnaraem, uro ato coenunenne Pt(NH3)2Clo, Torma

UC- U TPAaHC- U30MEPBLI:

NH, NH NH
S “, S
/ Pt \ Pt

Cl Cl NH3/ \ Cl
L[I/IC-I/I30Mep TpaHC-I/ISOMep

Coemunenne X8 - Ky[PtCls]. Tlpu B3auMOIEHCTBUH 3TOr0 COEIUHEHHS C COJISIMH
aMMOHHUsI, HAPUMeEp, alleTaToOM aMMOHHsI, IPOUCXOAUT OOpa3oBaHUE HHC-U30Mepa. [lepBriii
NH3 nuran BctpanBaercs B J1F000€ M3 YeThIpex nojoxenuit, 3amemas Cl°, Ho, mockoabky CI°
umeet Oonbiuil Tpanc-3gpdekt, yem NHs, Bropoit NH3 3amemaercs B Tpanc-nonoxenue k Cl°

U, CJIEJI0BATEIbHO, IMC-TIOJNIOXKEHNE K nepsoMy NHa:

K,[PtCls] + 2CHsCOO(NHa) = mme-[Pt(NH3)2Cl2] + 2KCI + 2CHsCOOH

Cl Cl Cl Cl Cl NH
NH NH 3
\Pt/ —3> \Pt/ 3 \ /

—_—

o N I N

CoOTBeTCTBEHHO, YTOOBI TMOJYYUTh TPAaHC-MU30MEP CHayajla HEOOXOAMMO HU3MEHHUTH
BHYTPECHHIOI c(hepy KOOPIMHAIMOHHOTO COENWHEHHsS, Ui ATOTO MOXHO TPEIIOKUTh
PEaKIHNIO:

K2[PtCl4] + 4NHs (Boan.) = [Pt(NH3)4]Cl2 + 2KCl,

rne BHyTpeHHel cepoii cranoBsaT NH3 muransl, u Teneps nocie B3aumoseiictust ¢ Cl, Oyner
nposiBIsAThCs  Oosbmmii Tpanc-3¢dext ClI, u Ha crenyromem stanme Bropoit murana Cl

BHCAPACTCA B TPAHC-ITOJIOKCHHUC.
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NH NH . Cl NH
3\ P Cl Y 3

[Pt(NH3)4]Cl2 + 2HCI = tpanc-[Pt(NH3).Cl,] + 2NH4Cl

Kpumepuu oyenueanusa:

Ne Bonrpoca DJIeMeHTBI peleHus! Ouenka

1 3a KaxXJ10€ BEpHOE YpaBHEHHE peakiuu 1mo 1 6amry 12
3a KaXXIblil BEpHBIN MPEASIOKEHHBI U 000CHOBAaHHBIM
CUHTE3 u3oMepa 1o 3,5 6aina,

2 3a KaXIyl0 BEPHO MPUBEACHHYIO CTPYKTYPY U30MEPOB 8
—mno 0,5 6ayuta

HUTOIO: 20
3aganue 3

1. X—N2, Y—H2, A—NH3, B—-CH4, C—-CO, D-CH3OH, E - CO, F—Fe(CO)s,
G — H4N-N=C=0, K — (NH3)2CO.

2. VYpaBHEHUs peaKiHii:

© N o 0o B~ W D

9.

10.

3. Hpunuun Jle-Illarense:

N2 + 3H2 = 2NH;

CHs4 + H20 = CO + 3H2

CHa + 1/20, = CO + 2H,

CHa + CO, = 2CO + 2H,

CO + 2H, = CHsOH

CO+H20=CO0O; + H:

Fe + 5CO = Fe(CO)s

2NHs + CO2 = (NH2)2CO + H,0

NH, N=C=0 —" » H2N/\C:O
H,N

KOCN + (NH4)2S04 - HaN-N=C=0

€CJIM Ha CUCTECMY, HAXOAAMIYIOCA B COCTOSIHUHU PABHOBCCHA,

IMPOU3BOJUTH Kakoe-Tu00 BHEIIIHEE BOSHCﬁCTBHC, TO B CHUCTEMC YCHUIIUTCA TO U3

HaIpaBJIeHUH Tpoliecca, KOTopoe ociadisier 3h(EKT 3TOro Bo3AEUCTBUS, U MOJIOKEHUE

paBHOBECHUA CMECTUTCA B TOM K€ HAITPABJICHHUU.

33



Jlns cMenieHus paBHOBECHS B CTOPOHY OOpa3OBaHUs MPOJYKTOB, IpoOILECC Jy4Ylle
MPOBOAMTH NMPU BHICOKHUX JABJICHUSAX M HU3KUX TemrepaTypax. DaKkTHYeCKH TpPOIEece
IIPOBOJISIT MIPH BBICOKUX TEMIIEPATypax U3-3a HU3KOH CKOPOCTU PEAKINH C IPUMEHEHUEM
KaTaJan3aTOpOB.

4. ABtoTepMuuecKuil pu(OPMHUHT MO3BOJISET KOMIECHCUPOBATh YHAOTEPMUYHOCTh peaKLui
MapoBOM M YIJIIEKUCIOTHOW KOHBepcuM (peaxyuu 2 u 4) 3a c4eT BBbIIEICHUS TEIlIa MpHU
napruajlbHOM OKHCIEHUM MeTaHa (peakyusi 3), a Takke IO3BOJIET PEryJIUpPOBATH
cootHommenue CO u H2 B mpo1yKTOBO# cMecH.

5. Q =-4H,

OHranenus peakuuu noiayyenus E u3 C:

AHP(E) = AH,(3) — AH,(4) = —35,4 — (+247) = —282,2 x/lx/Mo1b
DOHTanbnus 00pa3oBaHus BOJBIL:
AH}’(HZO) = AH,.(3) — AH,(2) = —35,4 — (+232,1) = —267,5 k/lx/MoJb

6. Crpykrypa F:

o

O

(o]
W

Fe

> c=o

W

=0

7. KapOGamun

8. Jlrobas moxaxojsias KayecTBEHHasl peaklius Ha uaHaT U aMMoHui. Hanpumep, menousb
Ha aMMOHHMM — HET BBIJCIICHHWS aAMMHMaKa, TETPAMOJOMEPKypaT Kajlusg Ha aMMOHUUI
(peaktuB Heccnepa) — HET KpacHO-Oyporo ocajika, pa3joKeHHE IIHaHaTa Mo/ JICUCTBUEM
CHJIBHBIX KHCIIOT — HE BBIJEIIAETCS I'a3.
NH} + OH™ -» NH; T + H,0
NH} + 2[Hgl,)>~ + 20H™ - [NH,(HgD),]I { +5I~ + 2H,0
CNO~ + 2H* + H,0 - NH} + C0, 1

Kpumepuu oyenusanusn:

Ne DJIEeMEeHTHI pelIeHust Onenka
BOMpoca
1 3a npasmisHOe onpeaenenue X, Y, A, B, C, D, E, F, G, K- 5
mo 0,56
2 3a npaBuiIbHbBIC ypaBHEHUs peakyuti 1-10 —mo 1 6 10
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3 3a mpaBUIIbHBIE YCIOBHA MTpoBeAeHus npouecca ['abepa-boma 1
cormacHo npuHuuny Jle-lllarenbe. 3a  mpaBUIIbHBIE
(akTHUecKue yCIOBHsI MPOBEACHUS Ha MPOU3BOACTBE — 10 0,5
0
4 3a paBUIILHOE 000CHOBaHUE HCIIOb30BAHUS 0.5
ABTOTEPMHUYECKOTO pHPOPMHUHTA
5 PaccunTanbl sHTanbnuM peakiuuu noiaydeHus BemectBa E u3 1.5
C u ob6pazoBanus Bojabl — 110 0.75 6
6 HapwucoBana crpykrypa F 0.5
3a npaBWIbHOE JpYyroe Ha3BaHue BeulecTBa K 0.5
3a KaueCTBEHHYIO PEaKIIHI0 1
HUroro: 20
3aganue 4
1)
A Co F CoHs
1,2-nuxnopaTaH
C H HaNCH2CH2NH:2
(en — sTrIEeHAMAMUH)
D X [CoCl2(en)2]ClI
CaC:
TpaHc-auxJopouc(dTrmieHanaMuH )kodansTa (I111) xmopun
E Y [CoCl2(en)2]ClI
C2oH2
1uc-auxiaopouc(arunenanamut)kobanbta (1) xmopu

Co+ Cl, — CoC(Cl,

1900 - 1950 °C

CaO + 3C » CaC, +CO

, CaCy+2Hy0 — Ca(OH), + CoH,

4

5.

Pd

HC=CH + H, —— H,C=CH,

H.C=CH, +Cly, — "~

NH
6 o1 > AN, —— TN 2 2 HC

7.
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N N
{ %7, | &
4CoCl, + 8H,NC,H,NH, +4HCl+0, —> 4 “Co’ ] Cl + 2H,0

N
2 2
Cl
8.
+ +
H, Cl H H, CI
ENi | N i N, | o )
/o ] o — |/ "Co? cl
ol Y N | “NH,
H, H, H,
cl HQN\/
2)
CrpykrypHas popmyna X:

Hz C' Hz

Eur wN] o

Coenunenue Y 3TO palieMaT, COCTOSAIIUMN U3 ABYX ONTHYECKUX U30MEPOB Y1H Y2
+ +

H, Cl Cl H,

P
s
N | “WNH, H,N"

Hy
i H,N ] NH,

3)
HpI/I YBCIMYCHHUU KOJINYCCTBA STUIICHIHNAMHWHA B PCAKIIUU Y HAC HOJ'Iy‘laeTCSI:
4CoCl; + 12en + 4HCI + O2 — 4[Co(en)s]Clz + 2H20

CrpykrypHas ¢opmMmysa coequHeHust Z:

[P

4)
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Bepuep pa3paboTan OCHOBBI XMMHUM KOMIUIEKCHBIX COSIUHEHUH (KOOpPIWHAIIMOHHOMN

xumui ). JIro60# mo100HBIM OTBET 3aCUUTHIBACTCS KaK BEPHBIH.

Kpumepuu oyenueanusa:

Ne JJieMeHTBhI peleHust Onenka
Bonpoca
1 3a xaxnoe BepHO ompenenénHoe BemiectBo A-H mo 0,5 9
O6ayma. 3a kaxayro w3 peakmuid 1-6 mo 0,5 OGamma. 3a
BepHbIe peakiuu 7 u 8§ mo 1 6amny
2 Bepno nzobpaxxkenusie cTpykTypHbie popmyist X, Yiu Y2 6
o 2 Gama
3 Bepno wnHammcannas peakuuss 1 Oamn.  Bepno 3
n300paxxeHHasi CTpyKTypHas popmyna Z - 2 Oaia
4 BepHo yka3aHHBIN pa3zien XUMUU 2
HUTOIO: 20 das10B
3ananme 5
1. Ilpunumaercs mro0asi METOAMKA, IMO3BOJIAIONIAS OJHO3HAYHO HIACHTH(PHUINPOBATH
pacTBOPBI.
Cxema B3aUMOJICHCTBUIN C PEaKTHBAMM:
AsOs*> Pb?* Sh3* NiZ* Cd?*
NazS - YEPHBII | OpaH}IIeBHH YEPHBIN | OypsIit | JKEJNTBIN |
OeIbIif |
PacTBOopumocTh
HCI _ 3HAYUTCIBbHO _ _ _
YBEJIIMYNUBACTCA
npu
HarpeBaHuu

2. YpaBHEHHUsI peaKLuii:

Pb®* + NazS = PbS + 2Na*
2Sh3* + 3NayS = Sh,Ss + 6Na*
Ni%* + NazS = NiS + 2Na*
Sn* + Na,S = SnS + 2Na*
Cd?* + NaS = CdS + 2Na*
Pb?* + 2HCI = PhCl, + 2H*
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3. YpaBHEHHUs peakuil:

2CrOs3 + H20 = H2Cr,07

CO2 + 2KOH = K2CO3 + H20
P20s + 3H20 = H3PO4

1205 + 5CO = |2 + 5CO2

CO2 + Ba(OH), = BaCOz + H20

4. YpaBHEHME peaKuil:

Ba(OH), + 2HCI = BaCl, + 2H,0

5. Touka 3KBHUBaJIEHTHOCTH MOKET OBITH ornpeacicHa ¢ IIOMOIIbIO PA3JIMIHBIX cIoco0oB.

HaubGonee pacnpoctpaHeHHble — TUTPOBAHME B MPUCYTCTBUU KHCIOTHO-OCHOBHOTO

HHJAUKATOpa UM KOHAYKTOMCTPHUICCKOC TUTPOBAHUC.

6. Pacuer konnenrpanuu Ba(OH). B aHamu3npyeMoM pacTBope:

C(Ba(OH)2) = [C(HCI)-V(HCD]/[2V(Ba(OH)2)] = (0,0050-0,00008)/(2:0,020) =

=0,00001 M =0,0100 MM

7. Pasb6aBienuem pactBopa Ba(OH)2 MoxHO mpeHeOpeds B BHIY BbIIACICHUS

HC3HAYHUTCIBbHOI'O KOJIMYCCTBA BOIEI.

KonuuectBo mpopearuposasiiero Ba(OH)z2:
n(Ba(OH)2) = 0,0170 — 0,0100 = 0,007 MmoIB
n(CO) = 0,035 mmob

C(CO) 1 nommyxe = (0,035-28:1000)/(20) = 49 mr/m®

Kpumepuu oyenusanusa:

Ne DJIeMeHTBhI peleHus! Onenka

Bomnpoca

1. 3a KaxIay0 BepHYI0 uiaeHTudukanuio Bemiectsa (1-6) mo 6

1 6amty

2. 3a kax0e BepHOe ypaBHeHHE peakiuu (1-6) mo 1 6amry 6 (ne 0oJiee)
3. 3a Kax10e BepHOe ypaBHEeHHE peakiuu (1-5) mo 1 6amry 5

4. 3a BEpHOE ypaBHEHUE PEAKIINU 1

5. 3a npuUBEACHHWE TMPUHLIMUNUAIBHO  PA3TUYAIOIINXCS 4

croco0oB (2 croco6a) mmo 2 6ana
6. 3a BEpHBIN pacueT 4
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3a BepHBIN pacueT

4

HUTOI'O:

30 6as10B

39




CTAPLIASA JIUT' A

PEIIEHUS
3aganue 1
1. JlaBneHue ra3a B KaBUTAIIMOHHOM ITy3bIPE PaCCUMTHIBACTCS 110 hOpMYyIIe:
sH

9 2-18.42-10"
P = T T 15.10*m

AHaJOTMYHO pAacCUMTHIBACTCS paAuyc My3bIps, HMerollero naasieHue razoB 100

M _ 2456Tla

aTMocdep:

20 2-18.42- 10-35
p  100-101325a

=3.6-10"°wm

MuHHUMaIbHO BO3MOKHBIN paanyc YCTOIZHHBOFO Iy3BIpsI:

1/4

=89-10""m

4( kyT )1/4 4138 10—23%*‘- 298.15 K

min = 3\ tpg

3 T 661—-9.82
M C

Takum 06pazom, Mbl BUAUM, YTO KaBUTAIMOHHBIN My3bIpEK ¢ naBneHueM 100 atmochep
SBJIIETCS HEYCTOWYUBBIM, MO3TOMY OH JOJDKEH CXJIONMHYThcs. Ha mpakTuke MpouCXOnsT
KOJIeOaHUs CKATHUS U pa3KaTUs KaBUTAITMOHHOTO ITY3bIpSI.

2. Paccuntaem KommdecTBO Mob CeH14" B OTHOM KaBUTAIMOHHOM ITy3BIPE:

_pV 245.6 Ta -%n +(1.5-107* m)3

"ERTT

T =4.176-10""Mosb
8.314 —/————-10000 K
MoJib * K
Torma B 1 nutpe H-rekcana kommuectBo Momb CgHis', oOpasyrommuxcs 3a 1 cexyHAy
COCTaBHT:
d|C:.H;
alCotial _ 4.176 - 10~ Mosb -
dt c-cMm3

Torna ko = 1.688 - 1076 =2

40420 ny3bipei MOJIb
yShIpeH, 1000 cm3 = 1.688-107°

J-C
3. OHepruel axkTHBAIlMM B JAaHHOM cllydyae OyleT SBIATbCS pa3HHIA SHEPTruit

IEPEXOAHOTO COCTOSHUS U pearcHTa.

1o MK 1023
E, = (—236.439816 Eh + 236.614308 Eh) - 4.359 - 10~ 18— 6.02 -
Eh MOJIb

bk

MOJIb

= 457887.6

4. ITo ypaBHEeHHIO DWpUHTa MOJYYEHBI CIETYIONIME 3HAYEHNS] KOHCTAHT CKOPOCTEH:
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K
1.38-10723 Ix/K-298.15 K 8.68-10'8 —_457887.6 2

krog15K = ' " eXp T
} . 10-34 . - 1015
6.626 - 10-3* Ik - 1.16-10 8.314—2% 99815k
moJib - K
=2.78-10"°%*
K
) 1.38-1072% ix/K - 4700.15 K 3.29 - 105° —457887-6M{lmb
4700.15K = . —34 . ) 1048 XP
6.626 - 10-3% I - c 1.56- 10 8314—2% 470015 K
MoJib * K
= 1.68- 1011
K
) 13810723 Jlx/K- 10000 K 6.23 - 10°° —457887-6M€,ﬂb
10000 K = T n_34 ; ) 106a XP
6.626 - 10734 Ik - ¢ 3.90- 10 8314—2% 10000 K
moJib - K

= 1.35-10"3

Kak Mbl BHIMM, aKTHBAIIMOHHEIN Oapbep pa3pbiBa cBsi3u C-C J0CTaTOYHO BBICOK, MOITOMY HPH
HU3KUX TEMIIEpPaTypax peakiys COBCEM He MPOTEKAET, OHAKO KaBUTAIIMOHHBIC MTy3bIPH (B TOM YHCIIE U
CO3JIaBacMblii PaKOM-IIEITKYHOM) MMEIOT OYE€Hb BBICOKYIO TEMIIEpaTypy, MOSTOMY peaklusl pacraja
MPOTEKAET MPaKTHYECKH MTHOBEHHO.

5. Mb1 BuiiM, 4T0 Ko cHitbHO MeHbIe Ki, TO3TOMY MOXKHO 3aKIH04nTh, 4To CsHis™ pearupyer
NPAKTMYECKA MIHOBEHHO. A 3TO 3HAYUT, 4TO CKOpPOCTH obpasoBanus CsHis mpuONIusuTens-HO paBHa
CKOPOCTH €r0 pacXoJ0BaHUs, IIO3TOMY MBI MOXKEM BOCIIOJIB30BAThCS MIPUHIUIIOM KBa3HCTallMOHAPHBIX
KOHILICHTpalu.

6. [TpakTHYecKH BO BCEX PEAKIMIX MBI IMEEM JIENIO C HeCTaOMIBHBIMH YacTHIaMH. [loaTomy,
BOCIOJIB30BABIIMCH TPHHIMIIOM KBAa3HCTAMOHAPHBIX KOHIIEHTPALMHA, MOKHO 3alUCaTh CIEIYIOIIYIO
CHCTEMY YpaBHECHUIA:

( d[CeH{,] i} )
% =ko — kl[CGH14] =0
d[C3H;]

dt = 2k1[Cer4] —k; [C3H%] - k3 [C3H'7][H'] =0

|

dt = kz[C3H'7] - k3[C3H'7][H'] =0 (

. T = k3[C3H;7][H']

Pemras cucremy ypaBHEHUH, MBI IPUAEM K TOMY, YTO!
d[C3He]

dt
d[C3Hg]

dt

Jlorm4Ho, 4TO JAUMHUTHUpYIOIIEH peakuuei Oyner peakuus (1), Tak Kak B KOHEUHBIX

=k,

=k,

BBIPOKCHUAX MPHUCYTCTBYET JHUIL Ko M MMEHHO €€ 3HA4YCeHUsS OIMpPEICISIFOT CKOPOCTh BCEi

pCaKknuu. Taxoxe ko UMECT HAMMCHBIIICC YN CIICHHOC 3HAUYCHUC.
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Mbl yOequamuch, 9T0 CKOPOCTh OOpa30BaHMs IPONHMIEHA MOXHO ONUCATh pPEaKIMei
HYJIEBOTO mopsiaka, mostomy [C3Hgl = [C3Hgly + kot ¥ Tak kKak B Havaje y Hac He OBLIO

IIPONWIIEHA, TO!

MOJIb MOJIb

1 e 1n 1 r 1n
t= = = 592417 cekyHp
ko 1.688 - 106 221P
Jd°C
1. [To popmyre BUANM, YTO 3HAYCHHUE SKCTIOHEHTHI B 3HAMEHATese Oy/IeT CTPEMUTHCS

K HYJIIO TIpU £ — 00 , IO9TOMY MOKHO IIPEeHEOpeyb ClIaraéMbIM C SKCIIOHEHTOM |

ny3eipen
lim v(t) = 000 e 40420 2PN
e T T 009896 oM - ¢

Hama mnoctosiHHas ckopocTh 00pa3oBaHUS KaBUTAlMOHHBIX My3blpeil paBHa 40420
My3bIpeil B CEKyHAY B OJHOM KyOMUYECKOM caHTUMeTpe. Toraa Bpems, HEOOXOIHUMOE s

noctuxeHust 99% oT 3TON CKOPOCTH COCTABUT:

/ _ 4000 Y3bIPEH

cM3 - ¢
- 0.09896\
“7¢ | 09940420 502 I
t=—— ] = 0.0025
22500 —2.901 | ¢
8. BI/I,I[HO, qTo CKOpOCTB O6pa3OBaHI/IH Hy3prBKOB BBIXOJUT HaA IJIATO AOCTATOYHO

OBICTPO, MTO3TOMY MOYKHO CUHMTATh CIIPABE/IMBBIM HaIlle MPHOIIIKEHUE O TOM, 4TO Ko siBIsieTcs
KOHCTaHTOM Ha MPOTSKEHUU BCEro AKcrepuMenTa. Mcxoas u3 petieHus myHKTa 6 Mbl IPUIIUIHA
K TOMY, YTO CKOpPOCTb pacliaja H-TeKcaHa, 00pa30BaHME MPONWJIEHA U MpONaHa MOCTOSHHA,
MIO3TOMY y HAC peakIisi CyMMapHO UMEET HyJIeBOM MOpsIoK. DU3HMUECKH ITO MOKHO OOBSICHUTD
TeM, 4TO XMMUYECKHE PEaKIM1 B KABUTAL[MIOHHOM ITy3bIpe MPOUCXOAT AOCTaTOYHO OBICTPO, a
JTUMUTHPYIOIIEH CcTaaued Kak pa3 sBISIeTCS CKOpPOCTh 00pa3oBaHUS KaBUTALMOHHBIX
ITy3bIPbKOB, KOTOPAsl 3aBUCHUT JIMILB OT YaCTOTHI YJIbTPAa3BYKOBOTO U3JIyYE€HHS U €TI0 MOLIHOCTH,

4 OHU B HAIIEM 3KCHICPUMCHTC UMCIOT ITOCTOSHHBIC 3HAUYCHU .

Kpumepuu oyenusanusn:

Ne

DJIeMeHTBhI peleHust Ouenka
BOIIpoOCca

1 BepHo paccunTaHHOE 1aBIeHUE B KABUTALIMOHHOM I1y3bIpe — 0.56. 2
Bepno paccuutan paguyc nmy3bips — 0.56.

BepHrlii oTBeT Ha Bonpoc 00 yCTOWYMBOCTHU MMy3bIps — 106.
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2 BepHo paccuutana koHcTaHTa ckopoctu Ko — 30. 3
3 Bepno onpenenena sHeprus aktuBauu — 1.56. 1.5
4 BepHo paccuutana koHcTaHTa ckopoctu K1 — 20. 3
BepHblil 0TBET Ha BOIIPOC O BO3MOKHOCTH IIPOTEKAHUS PEAKIIUU —
0.56.
BepHblii 0TBET Ha BOIIPOC O BO3MOKHOCTH MTPOTEKAHUS PEAKINH B
KaBUTALIMOHHOM ITy3bIpE, CO3JTaHHOM paKoM-1enkyHoM — 0.506.
S) BepHblli OTBET Ha BOIPOC O BO3MOYKHOCTH IPUMEHHUMOCTH 2
MPUHIUIA KBa3UCTAIMOHAPHBIX KOHLIEHTpAIHii — 20.
6 [TonyyeHo BepHOE BBIpaXEHHUE UIA CKOpocTed 00pa3oBaHUs 4
Mporaxa u nponuieHa — 2.56.
Bepuslii oTBeT Ha Bonpoc o numuTHpytonien cragun — 0.56.
BepHnblii pacuét Bpemenu — 16.
7 [TonydyeHo 3HauYeHHWE TMOCTOSHHOW CKOPOCTH 00pa30BaHUA 2.5
KaBUTAIIMOHHBIX MY3bIPbKOB — 1.506.
BepHnbiii pacuét Bpemenu — 16.
8 IIpuBeneHo pazymHoe 0ObsICHEHUE HYJIEBOTO MOPSIKA PEAKLIUU — 2
20.
HUTOrIO: 20
3aganue 2

1. (3R,4S,5R)-3,4,5-Tpuruapokcuimkiorekc-1-eH-1-kapooHoBass  KHCIIOTA.

MOJICKYJIC IMHUKUMOBOM KHCIIOTBI TpU ACUMMCTPHYCCKUX MECHTpPA, OHa HUMCCT 23

CTCPCOU30MEPOB.
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OCH, OCHj, OCHj,
"o \/l\/ i
NBS (2 3kB. ) CO, EtOH
KOtBu, AMCO AMOA KOAc

HaCO 50 °C HsCO dppp, Pd(OAC),
A 110°C
OCHj; OCHj; OH
0 CO,Et 0 CO,Et 0 CO,Et
Ho Me;SiCl, Nal
—_— . — —_—
H,CO Ru/Al;03 H,CO H20 HO
100 Bap, 60 °C
o COqEt p COEt £ COaEt
C19H3407
acTepasa
nunasa CBUHON pH 8
A oryzae neveHn
OCH, OH
CO,Et O, A~ WCOEL
HaCO HOY ™
g COH F, COxH

Me,SiCl, Nal | H,O

r( :¢/6025t

g, COZM

3. Ecniu X — MoJbHast 10151 OCHOBHOT'O SHaHTHOMepa, Toraa (1 — X) — 10715 €ro ONTHYECKOTO

1+ee

uzomepa, u X — (1 — x) = 2x — 1 = ee — sHaHTHOMEPHBIN U30bITOK. Torma X =
Brixon Fi B peaxmun E — Fi: =% x 0,980 = 0,982 x 0,980 = 0,962, w1 96,2%.

Borxon G B peaxmun D — G: —— x 0,994 = 0,999 x 0,994 = 0,993, mmn 99,3%.

44



0

0
CO,Et CO,NH, o) NH
NHs (136.) NacClo EtOH
—_—
HO HO H2S0,

COH CO,NH, CO,NH,
|
o OH OH
o) NH Oy, _ COsEt o, . (COEt
O BocO Q NaH
I .
HO &N -co,
CO,Et IQH NBoc
J O : (0]
C15H25NOg DPPA
Et;N
(:)H
: «CO,Et
CO,H
CO,Et CO,Et
1. Hy, Co HBr, AcOH
L HBr, AcOR
i 2. AC20, Et3N :
L NHBoc M NHBoc NHBoc
o]
N

HsPO,
A A

ocenbTaMUBUP
C16H28N204

Hcrounuk: J. Org. Chem. 2008, 73, 13, 4895-4902. https://doi.org/10.1021/j0800264d
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Kpumepuu OUCHUBAHUA.

Ne DJieMeHTHhI pelleHnst Onenka,
BOIIPOCa 0a/LIBI

BepHoe Ha3zBaHue MMUKUMOBOM KucIoThl — 0,5 Gania

1 BepHoe yka3aHue cTepeoXUMUU BCEX aCUMMETPUYECKHUX LIEHTPOB 5
— 1 6amn
Bepnoe onpenenenue uncna crepeon3omepos — 0,5 6amna
Bepunsie ctpykrypHbie ¢opmynsl BemectB A — E, G, Fiu F2 ¢

5 yKa3aHHeM CTepeoxumMun — 1o 1 Oamty 3a kKaxaywo (mpu g
HEBEPHOM YKa3aHUU CTepeoXuMuu uinu e€ orcyrctBuu mno 0,5
6asa 3a ctpyktypsl D, E, G, F1u F2)

3 BepHnbriit pacuér Beixoga — 1o 0,5 6asmia 3a KayKIblid 1
Bepnbie ctpykTypHble Gopmynsl BemiectB H — P ¢ ykazanuem

A crepeoxuMud — 10 1 Oamry 3a Kaxayr (MpU HEBEPHOM 9
yYKa3aHUU cTepeoxuMuu uinu e€ orcyrcteuu no 0,5 Oamna 3a
CTPYKTYPY)

UTOro: 20
3amanmne 3
1. CtpyKTypa U30IpeHa ¢ yKa3aHueM “TOJIOBbI” U “XBocTa’:

lonosa XBocT
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2. MEP-niyTh:

0 on HiG  OH
HaC ~CO0H co;, NADPH + H* NADP* .
\r + H oRoZ 7 He oror . / PO,
o OH 1 2 OH  OH
Pyr G3P o oM
A MEP
cTP
3
PP;
O
F' H,C ~ OPO,* G P
HsG o” R%/\ : i ’)QK\
RQF o o
c B
2Fd;eq
6
2Fdgy + H0 it o
o NADPH + H*  NADP*+ H,0 o0=P—0 P/O
I (it o | cH, 0% o
e 4 , \ O ’ o |
o \\ - \“ P, + ~
7 HyC o~ \\o HJG)\/\O/"\O
IPP DMAPP
MVA-nyTh:
j\ Acetyl-CoA CoASH o 9 Acetyl-CoA + HQO CoASH OHyG OH O
HsC™ ~SCoA T chJ\/u\chA JI\)Q/u\scm\
Acetyl-CoA 8 F °
2 NADPH
+2H"
10
2 NADP*
+ CoASH
ADP  ATP o ADP ATP 0 Mo cH
OP,0¢* 12 HO . omo3 "
K CO;
+ ADP + Pi
o
o P o ;’O_
CH, 0% o
J'v\ - L
14 He” SN0 g
DMAPP
3. Pacuer ana MEP-nytu (3Haku (-) u (+) 0003HA4alOT pacxoJ]l WU BbIIEIECHUE
MOJICKYJI COOTBeTCTBeHHO)I
Myrs/peakuus JHepreTu4yecKui
BBIXOJ(
1) MEP-nyTh ): 2NADPH
(5ATP), CTP (1ATP),
ATP
2) Perenepamust Fdred (+): 2ATP
Pyr + COASH + Fdox = Acetyl-CoA + Fdred + CO2 | X 2

47



Acetyl-CoA + Pi + ADP + H+ = CHsCOOH + ATP + CoASH |
X2
3) Hoayuenne G3P u Pyr (+): 2NADH
CsH1206 + 2ATP = 2G3P + 2ADP | x 1/2 (5ATP), ATP
CeH1206 + 2NAD* + 2ADP + 2Pi = 2Pyr + 2NADH + 2H* +
2ATP x 1

CJ10XK¥MB dHEPreTHYCCKHUI BBIXO B 3kBUBasieHTax ATP moixyunm Beixox B (+) 1ATP mis

nosiydeHusi 1 Mosekysibl u30mpeHa.

Pacuer nis MVA-iytn

MyTe/peakuus

JHepreTu4ecKui

BbIX0J

1) MVA-nyTh

o) 2NADPH
(5ATP), 3ATP

2) Moayuenue Pyr u Acetyl-CoA

CsH1206 + 2NAD* + 2ADP + 2Pi = 2Pyr + 2NADH + 2H* +
2ATP | x 3/2

Pyr + COASH + NAD* = Acetyl-CoA + NADH + H* + CO2| x 3

(+): 6NADH (15
ATP), 3 ATP

C10oXuB SHEpreTHYecKuil BoIxo 1 B 9kBuBasieHTax ATP monydnwm Beixox B (+) 10 ATP mis

noJjiyuyeHusi 1 Mosekysbl H30IpeHa.

o
| o
IPP H™PP oH 0=P—0" IPP H"+PP, o=p_o
3 3 Q -
CH CH CH - |
15 HsC 07N 16 e S x o R
J K
C10}-“]7":":’l C‘\SHESPPi
17 IPP
H*+PP;
7
O0=P—-0
CH4y CH, CH, CH, 0\ ,6
e S N N SR
L
L
18
2H"+2PP,
CH; CH; CH; CH,
M 7 7 PN & Z Z > cH,
CH, CH, CH, CH, M
CaoHsa
4NADP*
19
4NADPH* + 4H*
CH,4 CH, CHs CH,
HsC
A NN N NN NN NN Zch,
CH; CHj CHy CH,4
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Kpumepuu oyenueanusa:

Ne

BoOINpoca

DJIeMeHTHI pelleHus!

OuneHka

1

3a npaBUIIbHYIO CTPYKTYpY u3ompeHa 1 6
3a nOpaBWIbHOE YKa3aHWe “TOJIOBBI. U
“xBocta” 16

3a npaBuibHYyIO cTpYKTYpy A-l 10 1 6

3a TpaBWIBHBI pacyeT HHEPreTUYECKOro
BBIXO/a I10 2 0

donycmumvle — cuyyau, — Ko20d — Oaemcs
YACMUYHAS OYeHKA:

- MEP-nyms. npasunvno eviuucnen xoms ool
00un u3 smepeemuyeckux 6vixooos ons 1) MEP-
nyms; 2) Pecenepayus Fdred, 3) [lonyuenue G3P u
Pyr —maxc. 16

- MVA-nyms: npasunvro eviuucien xoms Ovi
o0un u3z smepeemuyeckux 6vixo0os ons 1) MVA-
nymo, 2) [lonyuenue Pyr u Acetyl-CoA — maxc. 1 6

3a npaBuiibHYyI0 cTpyKTYpy J-N 1o 1 0

UTOroO:

20

3aganue 4

1. (1) 2NO + 2CO = Nz + 2CO;
(2) CH4 + 202 = CO; + 2H20
umu 2CHg + 302 = 2CO + 4H,0
(3) H2 + 20H™ — 2e = 2H20 (na karose)
(4) O2 + 2H20 + 4e = 40H" (na anoze)

2. OmnpenenuM 4ucio GOPMYIbHBIX eIuHUI (aToMOB MeTaina X) B OJHOW 3JeMEHTapHOM

sigeiike. ATOMBI B BepirHax (8 MITYK) MpUHAUIeKAT ssuelike Ha 1/8, Tak Kak KaKIbIid M3 HUX

HaXOJUTCS Cpa3y B BOCBMH f4€ilKax; aTOMBbI, PACIONIOXKEHHbIE B IIEHTpax rpaHei (6 ITyK),

MIpuHaJJICKaT sSYeiKe Ha 1/2, IMMOCKOJIBKY KXl M3 HUX HAXOJIUTCS Cpa3y B IBYX sYeKax.

Yucno popMyNbHBIX enuHUIL B stueiike X coctaBisier Z=8 - 1/8 + 6 - 1/2 = 4.

Bripakass Maccy OJTHOHM 3JIEMEHTapHOUW SUEHKH 4yepe3 dnucio (POpMyJbHBIX €IWHUIl (aTOMOB

MeTtayma X) B HEW, MOXKHO MOJYYHUTh CJEAYIOLIEe BBIPA’KEHUE, CBS3bIBAIOIIEE IUIOTHOCTH

MeTalljla ¢ €ro aTOMHOM MacCOM:

Otrcrona A, (X) = d

m_ AX)-Z AX)-Z

PX=Yy ="V N, T &N,

3
x-a® Ny 1201—-5(3,890-107%cm)" - 6,02 102 monp ™

= = 106,4 r/MoJ1b.

V4 4
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Mertann X — nannagui.
3. Jna pacuéra cpemHux MoJspHBIX Macc A u B Bocmonb3yeMmcsi BBIIIETPUBEAEHHON
dopmymnoii. Hucio dhopmynbabx eauauil B A u B paBHO 4 BBUIY COXpaHEHUs KyOMYeCcKOU

rpaHelEeHTPUPOBAHHON CTPYKTYPHI IIPU o6pa3OBaHHH TBEP/IOTO pacTBOpA.

pg - @ - Ny _ 16,61 5 (4,116 - 1078 cm)? - 6,02 - 1023 mMosp™?
MCp(A) = 7 4 =
= 174,3

MOJIb

pp - a3 - Ny _ 18,20 5" (3912 - 1078 cm)? - 6,02 -+ 10?3 mMosp~?
MCp(B) = 7 4 =
= 164,0

MOJIb

Cpennue Mossipabie MacChl A 1 B MOKHO CBSI3aTh C aTOMHBIMH MacCaMH BXO/ISIIMX B KX COCTAB

METAJIJIOB CIICTYIONIIM 00pa3oM:

M, (A) = Ar(X) - x4(X) + A (Y) - x4 (Y), e x4 (X) 1 x4 (Y) — monbHbIe nomu X u'Y B A,

My, (B) = Ap(X) - xg(X) + A (Z) - x5(Z), rne x5(X) u x5 (Y) — monbHbIe nomu X u 'Y B B.
ITockonbKy B 3aJaHMK IPHUBEIEHBI YHMCIEHHBIC 3HAYCHHS MACCOBBIX JIOJIEH,

HEOOXOIMMO CBA3ATh UX C MOJIBHBIMU JOJISMH:

2y (X) = 1R _ mO0/ar®)

n()  mA)/MpA)

A(X) - (X) , e w4 (X) — maccoBas o X B A;

_ ) _ mm/a® _
W) = = @ (57

” (Y) , e w4 (Y) — maccoBas goist Y B A,

HOI[CT&BJ'I?[?[ YHUCJICHHBIC 3HAYCHUS, HMCCM:

x4(X) = wa(X)

P2 = 0,1526 - 122 = 0,25, orma x4 (¥) = 1 — x4 (X) = 0,75.

Beipaxas A, (Y) u3 BbIIIETPUBEIEHHOTO BBIPAKEHHUS, [TOTydaeM:

M (4) =0,8474 - ﬂ =196,9, Y — 30J10TO.
xa(Y)

Ar(Y) = wy(Y)

HpOBO]lfI AHAJIOTUYHBIC BBIYUCICHUSA JIA B, noJrydyacm:

x5 (X) = wp(X) Z“"(;B)) =0,2270 -3 = 0,35, 1orna x4 (V) = 1 = x,(X) = 0,65.
Mcp(B) 164,0

A.(Z) = A(Z) =0,7730 - o6 = = 195,0, Z — ni1aTuHa.

4. BbluncnuM 9MCII0 HaHOYACTHUIL chepudeckoit (GOpMBI pailnycoM 1 = 5 HM, BXOJASIIIX B COCTaB

Myey = 1 T TBEPIIOTO pacTBOpa A (m; — Macca oxHON HaHOUYACTHIEI, V; — 00BEM OHOM

HAHOYACTHUIIBI):
_ Mogm _ Mogm _ Mogm _ 1r _ . 17
N_m1_,0V1_4 N - ) =1,15-10"".
IMPrS BT 1661 7:(5-1077 cm)
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IT1o1a1b OBEPXHOCTH OJHON HaHOYACTHIILI paBHa §; = 47tr? = 4 - (51072 m)? =
=3,14-10716 M2,

CymMapHas mionajas nosepxuoct S = S;N = 3,14+ 10716 - 1,15 - 107 = 36,1 m2.
5. [Ipu pacTBOpeHHH MaiUIagusi B KOHIEHTPUPOBAHHOM a30THOW KHCIOTE 00pa3yeTcs pacTBOP
aurpara namiagus(l1) (X1):
(5) Pd + 4HNO3(kour) = PA(NO3)2 + 2NO2 + 2H,0
Jiis BemecTBa X2, KPUCTAJUIU3YIOIIECTOCS TMPU OXJIaXKIeHHH pacTtBopa Hutpara mnautaaus(ll),

MO’KHO pacCUUTaTh MOJISIPHYIO Maccy:

Ar(Pd) _ 106,42

M(X,) = w(Pd)  0,3994

= 266,45.

OTHUMasE OT MOJIy4EeHHOI'O 3HAYCHUS MOJIIPHOW MacChl aTOMHYIO MacCy OIHOTO aToma
nauiaaus  (—106,42) w nByx HuTpar-uoHOB (—62x2), momydaem 36,03, 4TO XOpOIIO
COOTBETCTBYET JIBYM MOJIEKylaM BOAbl. TakuMm oOpa3om, MoiekyisipHas ¢opmyna X2 —
[Pd(H20)2(NO3)2]. TockonbKy naHHOE COCAMHEHHE MO YCIOBHUIO COCTOUT W3 HEMOJISAPHBIX

MOJICKYJI, OHO JOJDKHO UMETh CIICAYHOLICC CTPOCHUC!

o
/N/+ g
o \O \O
\Pd/ \H
i %
\ \N+¢O
S
(6]

Jns coemunenus Xs, oOpasyromierocs npu o0paboTke X2 pacTBOPOM XJIOpHJA Kajus,
INOAKUCIICHHBIM COJITHOM KHCJ’IOTOﬁ, C MOCJICAYIOIIMM BLIITAPUBAHHUEM PACTBOPA, TAKKEC MOKHO

paccunTaTh MOJISIPHYIO Maccy:

Ar(Pd) _ 106,42
w(Pd) ~ 0,3260

M(X,) = = 326,44,

YuurtriBas YCJI0BUS MMPOBCACHHUA PCAKIIUN U CHGHI/I(l)I/IKy KOOpI[HHaIIHOHHOfI XUMHWU ITaJl1aauA,
HETPYIHO ONPEAETHTD, YTO JAHHOW MOJIIPHON Macce cOOTBETCTByeT Terpaxiopomnamtagar(ll)
KaJIiss — BEIIECTBO X3:
(6) [Pd(H20)2(NO3)2] + 2KCI + 2HCI = K2[PdCl4] + 2HNO3 + 2H20

unu [Pd(H20)2(NOs)2] + 4KCI = K2[PdCl4] + 2KNO3 + 2H,0
Okucienue BCIICCTBA X3 XJIOPOM JOJDKHO MPUBOAWUTHE K YBCIIMYCHUIO CTCIICHH OKHCJIICHUA
nmajragus. Jlornuno OpCAIIOJIOXNUTh, YTO IIPHU 3TOM KOOPJAWHAIIMOHHOC YHCIIO IaJlIaaus

yBEIUYHUBACTCS € 4 710 6, TO €CTh BelecTBO X4 — 3T0 rekcaxioponamiaaar(lV) kamus:

(7) K2[PdCl4] + Cl, = K5[PdClg]
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Takum o6pazom, X1 — Pd(NOz)2, X2 — [Pd(H20)2(NOz3)2], X3 — Kz[PdCls], X4 —
K2[PdCle].
6. B3aumogeiicteue Y u Z ¢ nmapckoil Boakoi nmpuBoaut k obopaszoBanuto H[AUCls] (Y1) u
H2[PtCle] (Z1), cooTBeTCTBEHHO:
(8) Au + HNOgz + 4HCI = H[AuCl4] + NO + 2H20
(9) 3Pt + 4HNOs + 18HCI = 3H2[PtClg] + 4NO + 8H20
HarpeBanne H[AUCls] mpu rtemmeparype 120 °C npuBoauT K 0Opa3oOBaHUIO MOJEKYII
COCTMHEHHS Y2 TUMEPHOr0 CTPOCHHUS, COCTOSIIIUX U3 Map IIOCKUX KBAJPaTOB C OJHOM 00IIei

cTtopoHoi. M300paxkasi 1aHHYIO F€OMETpHI0 Ha Oymare CTaHOBHUTCS OYEBHUIHBIM, 4YTO Y2 —

AuClg:

STTTETTTE
\Au/i\Au/
o e’

°C
(10) 2H[AUCI4] =25 AuxCl + 2HCI

(11) 2Au + 3Cl 225 AusClo

B crpykrype BemectBa Z2 KaX/Iplii aTOM IUIATHHBI OKPYKEH MIECThIO aroMaMu xJyiopa. [Ipu
OTOM JIBa M3 3THX aTOMOB XJIOpa CBA3aHbl TOJIBKO C OJJHUM 4TOMOM ILIATHUHBI, @ YCTBIPC — C
I[ByMH, BBI/I)Iy qgero MOJIeKyJISIpHaH (l)OpMyJIa BCIIECTBa BpraDKaeTCSI CHCI[yIOH_H/IM 06pa30M2

PtCl+42) = PtCls, TO ecTb Z2 — TeTpaxJIOpH/I IUTATHHBI:
300 °C
(12) H2[PtClg] — PtCl4 + HCI

300 °C
(13) Pt + 2Cl, — PtCls
Takum o6pazom, Y1 — H[AUCI4], Y2 — AuzCls, Z1 — H2[PtCls], Z2 — PtCla.

Kpumepuu OUCHUBAHUA.

Ne DJIEeMEHTBI pelIeHUs1 Onenka
BOIpoCca
1 Bepnoe ypaBHeHue kaxaou us peaxyuu 1-4 no 0,5 6anna 2
5 BepHblii pacuéT aTOMHON Macchl B onpeneicHne Mmeramia X — 2 )
Oamna
3 Bepnbiii pacu€r cpennux MonsapHbeIx Mmacc A u B — o 1 6amny 3a A
KaXy10
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Bepnblii pacu€t aTOMHBIX Macc U ornpezelienne MetamioB Y u Z

— o 1 6amny 3a Kaxabli

Bepusriii pacuét uncna Hanouactury — 1 6amn

Bepuslit pacuér cymMmmapHOH IITOMaAM HOBEPXHOCTH — 1 Oan

BepHoe ypaBHeHue Kaxiaou u3 peaxyuu 5—7 mno 1 Gamny (mpu
HEBEPHBIX YPAaBHEHHSX PEAKIIMHA MM UX OTCyTcTBUH 110 0,5 Oaruia
3a BEPHOE ONpEACICHUE KaX10ro U3 BerectB X1, X3 u Xa)

Bepnas crpykrypHast ¢popmyna coenunenus X2 — 1 0amn (npu
HEBEpHOU CTPYKTYpHOU popmyne unu e€ orcyrcTBum 0,5 Oamna

3a BEPHYIO MOJICKYJISIpHYIO (hOpMyITy BelecTa X2)

Bepnoe ypaBHeHue kaxaou u3 peaxyuti §-9 no 1 6amry
Bepnoe onpenenenue Bemects Y2 u Z2 no 1 6amny 3a kaxuoe

Bepnoe ypaBaenue kaxiaou u3 peaxyui 10-13 mo 0,5 6amna

HUTOIO:

20

3aganue 5

1. Ilpunumaerca mro0asi METOJMKA, IMO3BOJIAIONMIAST OAHO3HAYHO HIAECHTU(UIIMPOBATH

pacTBOPBL.

Cxema B3auMOJICHCTBUIN C PEAKTUBAMH:

AsO4* Pb2* Sh3* NiZ Sn%

Cd?*

Na,S

OpaHXeBBIN
- YEPHBIN | YEPHBIH | OypsrIit |

!

JKEJTHIN |

HCI

OBt |
PacTBOopumocTh
3HAYUTENBHO
YBEITMYUBAETCS
npu

HarpeBaHuun

2. YpaBHEHHUS pEaKIui:

Pb?" + Na.S = PbS + 2Na*
2Sb® + 3Na,S = Sh,S; + 6Na*
Ni?* + NaS = NiS + 2Na*
Sn?* + NazS = SnS + 2Na*
Cd?" + NazS = CdS + 2Na*
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Pb%* + 2HCI = PbCl, + 2H*

3. YpaBHEHHE pEeaKIUU:

CsHsNO2 + 3(NH4)2S = CeHsNH: + 3S + 6NH3 + 2H20

4. YpaBHEHUE pEaKIUU:

HCOOH = H,O + CO (B npucyTCTBUU BOIOOTHUMAIOIINX PEAreHTOB)

5. Maremarnueckoe BeIpakeHHe 3akoHa byrepa-JlambGepTa-bepa:

I = 1o exp(elc)

6. BapuaHTsl AeiicTBHIi: NOBBILIEHHE KOHIIEHTPALMU pacTBopa (HanpuMep, yrapuBaHue

paCTBOpI/ITCHH) HJIM UCIIOJb30BaHHE KIOBET ¢ OOIBIIEH ,I[J'IHHOﬁ OIITUYCCKOTO ITYyTH.

7. Pacuet nonmu HbCO:

(1.13 — 1.02) - 100

P =100 -

1.1-0.372

Kpumepuu ouenueanusn.

=73.12%

Ne DJ1eMeHTBhI peleHus Ouenka
Bonpoca
1 3a KaxIyro BepHYIO uaeHTUUKaIuio BemecTa (1-6) mo 6
1 Gamy
2 3a kax10e BepHOe ypaBHeHue peakiuu (1-6) mo 1 6amry 6 (He 0outee)
3 3a BEpHOE ypaBHEHUE PEeaKIuu — 2 6aia 2
4 3a BepHOE ypaBHEHHE peakiuu — 2 Gania 2
5 3a BepHOE ypaBHEHUE — 2 Oaia 4
3a BepHOE Ha3BaHHE HMEHHOTO 3aKoHa — 2 Oaiia
6 3a Kax0€e BepHOe JeicTBue (2 AeiicTBUA) 1o 2 6aia 4
7 3a BepHbIN pacueT «P» 6
HUTOIO: 30 dani10B

UTOI'O: 110 6ax0B
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JUNIOR LEAGUE

Problem 1
LIQUID WIRES
[:I _\- ____________ In 2024, the whole world celebrates the
\\ \ T anniversary of D.l. Mendeleev and his periodic system of

Whteh | chemical elements. He is the author of countless
= \ e fundamental studies in chemistry, physics, metrology, and
RES ‘g;;“;\‘"\’ economics, which greatly influenced the growth of

\{,ﬁ' science. His works were related not only to the
systematization of all chemical elements, but also to the
prediction of elements and their properties.

Thus, the existence of element X was predicted by D. I. Mendeleev in 1869. Based on
the properties of neighboring elements, he accurately described its physical and chemical
properties. Later, in 1875, element X was discovered and obtained in pure form by the French
chemist Paul Emile Lecoq de Boisbaudran. The element was named after the French chemist's
homeland by its Latin name. X is known to have a rather low melting point, about 29.8 °C.
Substances A and B, containing 83.27 and 69.24 mass % of element X, respectively, are widely
used in semiconductor technology. A and B can be obtained by heating by interaction X with
nitrogen and phosphorus, respectively (reactions 1-2).

Firing X in an excess of oxygen produces substance C (reaction 3). Further high-
temperature chlorination of C in the presence of carbon leads to the formation of substance D
(reaction 4). Interaction of D with LiH produces E (reaction 5), which is rapidly hydrolyzed in
the presence of water (reaction 6). When F is calcined, substance C is formed (reaction 7).
Element X dissolves in a hot aqueous KOH solution to form substance G (o(X) = 39.42 %)
(reaction 8) and in a concentrated nitric acid solution to form salt H (reaction 10). Hydrochloric
acid solution is able to destroy the complex compound G (reaction 9) to form F. When aqueous
NH4F solution is added to H, complex compound I (o(X) = 29,31 %) is formed (reaction 11),

the inner sphere of which has an octahedral structure.
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1.

Questions:
Identify element X and compounds A-l. Support your answers with calculations. Write the
equations of reactions 1-11
Find the density of solid X if it is known that it has a face-centered orthorhombic lattice with
two-atom molecules of the element at its nodes. Parameters: a = 4.519 A, b =7.658 A, ¢ =
4.526 A (lengths of the unit cell edges).

Element X and its alloys can be used as liquid wires. X is unique in that it is liquid at
human body temperature and does not evaporate. The melting point can be lowered by alloying
X and indium. This alloy conducts electricity well. All of the above properties make it
indispensable for creating wearable electronics, i.e. electrical circuits that are one and the same
with the human body. Such material must have elasticity, since the human body constantly
changes its shape. This problem is easily solved — the alloy is placed in an elastic polymer
matrix, which protects it from oxidation and acts as a retaining layer.

Electronic “tattoos” applied to various parts of the body have great potential in the
healthcare and military fields, where they can be used to track human movements. They can be
easily integrated into human tissues, significantly improving quality of life through real-time
health monitoring and treatment.

To obtain an electronic “tattoo” an alloy with a mass ratio of X and indium X:In = 4:1 is

used.

56



3. Find the mass of the alloy required to cover the back side of one hand of an adult person, as
shown in the figure at the beginning of the problem, if the total body surface area of an adult
person is 1.9 m? on average, and the area of the back side of the hand is about 1% of the body
surface. The electronic "tattoo” covers about one-third of the skin area. The thickness of the
"tattoo" is about 20 microns. Consider that the liquid wires contained in the "tattoo™ are
geometric solids whose side faces are always perpendicular to the base. The density of X in
the liquid state is 1.03 times higher than in the solid state, and take the density of liquid indium
to be 7.02 g/cm3. Neglect the volume change when X and In are fused.

4. How can the problem of moisture, light, and heat transmission through wearable electronics
be solved?

One of the isotopes X with mass number a is used in nuclear diagnostic medicine. It is
produced by irradiating two isotopes Y with protons. Their mass numbers are b and c. a is less
than the relative atomic mass of X, rounded to the nearest integer, by 3. Schemes of nuclear
reactions look like this:

°Y (p.n)*X,

Y(p.2n)’X,

where Y and X are initial and final nuclei, in brackets on the left are bombarding
particles, in brackets on the right are emitted particles.

5. Write the equations of nuclear reactions.

Additional information:

1A=1-100m,

The unit cell in a face-centered orthorhombic lattice is a parallelepiped with atoms at the
vertices and centers of the faces (note that in the case of element X, these are two-atom

molecules).
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Problem 2
PRECIOUS METAL AND ITS COMPOUNDS

D.l. Mendeleev translated the name of this metal from
Spanish as " silvertone”, however, this metal has been known in

Russia since the beginning of the 19th century under the name

"white gold". Not only does its extreme rarity make it precious,
but also its extraordinary properties that allow it to be used in a
wide variety of life spheres: in industry, jewelry and medicine.

For example, one of the compounds of this metal, the Peyronet’s salt, has pronounced
cytotoxic, bactericidal and mutagenic properties, which makes it possible to use this compound
as an antitumor agent, whereas its trans isomer, the Reiset’s salt, does not exhibit similar
properties. At the same time, this compound has the same empirical formula with the green
Magnus salt (X9), (content, wt. %: X — 65; N — 9.33; Cl -23.67; H - 2).

This metal forms a number of compounds with different degrees of oxidation, the

transformations of which can be seen in the diagram:

X1 X7 X9
A A
Cs, 700°C [ (1) NH; | (7) X7
0 KCl
X3 a2 X2 a2 G0 o KO s
(3) (2) (6) (®)
HNO;+HCL, t | (4) HCI | (10)
' 0,
X4 Xlo% X12
I\(IaO)H (5) KOH| (11)
Y
X5 X11
Oxidation degree 2- 0 2+ 3+ 4+ 5+ 6+
Substance X1 X X6, X7, X12 X4,X5 X3 X2
X8, X9,
X10, X11

It is also known that the molecular weight of X11 is 247 g/mol.

Questions:
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1. Identify all unknown substances (X-X12) and write the reaction equations (1-12).

2. Scientists L.A. Chugaev and I.l. Chernyaev studied the mutual influence of ligands in the
molecule of a coordination compound, and subsequently in 1952 the following conclusion was
formulated:

"For compounds with a square or octahedral structure of the inner sphere, in the center
of which there is a complexing atom, the rate of substitution reaction of any atom (or molecule)
associated with this central atom is determined by the nature of the substituent occupying the
opposite end of the diagonal.” This means that a certain ligand has an effect on the ligand in the
trans position with respect to it, increasing the ability of this ligand to replace.

As a result of many years of research, a row of trans-effects of ligands currently look
like this:

CN" > CzHs, R2SO > CO, NO2” > SC(NH2)2 > R2S, RsP, I' > Br- > ClI" > F > NH3 >
OH" > H,0

(where R is the alkyl radical). In this row, from left to right, the ability to increase the
mobility of the trans ligand decreases.

A number of ligands trans-effects allow us to make important predictions. In particular,
it can be used to judge the direction of ligand substitution reactions in the inner sphere of
coordination compounds.

It is known that the Peyronet salt has the structure of a flat square complex, and it is used
in medicine, whereas the trans isomer does not exhibit similar properties. Propose a method for
the synthesis of both isomers from compound X8, justify your answer using the theory of the

trans-influence of ligands. Give the structural formulas of both isomers.

Problem 3
GAS CHEMISTRY IN OUR LIVES

Gas chemistry is an industry that deals with the processing and application of natural,
associated, and technical gases. The products of this processing play an important role in
everyone's life, ranging from food products to fuel and energy resources.

In 2023, it has been 100 years since the development of the technology for producing
an important high-tonnage product A, which is used in many fields: in medicine, fertilizer
production, explosives, the food industry and many others. The technology is known as the
Haber-Bosch process. Substance A is obtained by the interaction of two simple substances
(reaction 1), the first (X) of which is one of the most common on Earth, and the second () is

the most common in the Universe.
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In the industry, oxidation of substance B, also known as natural gas, produces a mixture
of C and Y, which is called synthesis gas. The mass fraction of element Y in B is 25%. There
are three main processes for obtaining synthesis gas: steam conversion of B with water Q = -
232.1 kJ/mol (reaction 2), oxidative conversion of B with oxygen Q = 35.4 kJ/mol (reaction 3),
conversion of B with substance E, which is a greenhouse gas, also can exist in the solid state
but does not exist in the liquid state Q = -247 kJ/mol (reaction 4). Q =-247 kJ/mol (reaction
4). Autothermal reforming, a combination of two or three processes, is often used in production.

Synthesis gas has a wide range of applications, one of which is the production of new
products such as D (reaction 5). Substance D, an organic compound commonly known as wood
alcohol, is a liquid under normal conditions and is toxic to humans.

To increase the amount of Y in the synthesis gas, substance C undergoes a water-gas
shift reaction involving water and the release of substance E at 500 °C (reaction 6).

Substance C forms coordination compounds with some metals, such as iron (F) at a
pressure of 100 atm and a temperature of 200 °C (reaction 7). Decomposition of such a
compound yields highly pure iron.

By the Bazarov reaction, which is the interaction of substances A and E, substance K
(reaction 8) is produced. Substance K, that also known as urea, is a crucial fertilizer that adds
X to the soil. Friedrich Wohler first synthesized urea in the laboratory in 1828, demonstrating
the possibility of synthesizing organic compounds from inorganic ones.. Urea was formed by
rearrangement of substance G upon heating (reaction 9), which is obtained by the interaction of

potassium cyanate with ammonium sulfate (reaction 10).

Questions:

1. Identify substances X, Y, A,B,C,D, E, F, G, K.

2. Write the equations of reactions 1-10.

3. Based on Le Chatelier's principle, write at what temperatures and pressures the
equilibrium in the exothermic Haber-Bosch process will be shifted toward the products. Under
what conditions is the process actually carried out, considering the low reaction rate?

4. Write an explanation why it is preferable to use autothermal reforming to produce
synthesis gas rather than using reactions 2-4 separately..

5. Determine the enthalpies of the reactions for producing E from C and the water
formation, taking into account reactions 2-4.

6. Draw the structure of substance F, geometry can be neglected.

7. Write another common name for substance K.
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8. Propose and write one qualitative reaction by which Waéhler couldunderstood that he

had synthesized urea and not substance G (reaction 11).
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Problem 4

THREE SIBLINGS
Alfred Werner was the first inorganic chemist to

receive a Nobel Prize in 1913 for his studies of the structure of
these types of compounds. In 1893, Werner was the first to
propose the correct structures of these compounds, and
subsequently developed the modern foundations of this branch

of chemistry.

Metal A reacts when heated with a simple gaseous substance, forming compound B
(reaction 1) with a mass fraction of metal of 45.38%. Substance B is a common visual indicator
of moisture due to its apparent color change upon hydration. As it absorbs water, substance B
changes color from blue to pink. When a mixture of calcium oxide and simple substance C is
calcined, substance D is formed (reaction 2). When D is mixed with water, flammable gas E is
obtained (reaction 3). Substance F is prepared by reacting E with an equimolar amount of
hydrogen in the presence of a catalyst (reaction 4). Next, chlorine is added to compound F to
obtain compound G (reaction 5). Substance H is produced industrially by reacting ammonia
with substance G (reaction 6). Compound X, green in color, is prepared by the reaction of B and
H in hydrochloric acid in the presence of oxygen (reaction 7). In compound X, the mass fraction
of metal A is 20.67%. When a solution of substance X is heated in a water bath, a violet

substance Y is obtained (reaction 8), in which the mass fraction of metal is also 20.67%.

Questions:

5. ldentify substances A-H. Write the equations for all the described reactions.

6. Y obtained in reaction 8 is a mixture of Y1 and Y2. Draw the structural formulas of X, Y1
and Y.

7. In reaction 7, with a larger amount of compound H, an orange-colored compound Z can
be obtained, with a mass fraction of metal A equal to 17.08%. Write the equation for this
reaction and draw the structural formula of Z.

8. What is the name of the branch of chemistry in which Alfred Werner developed modern

principles?

Problem 5
Heavy metals are toxic to humans and tend to accumulate in the body, causing chronic

intoxication and various disorders of body functions. In the past, they were used to fatally poison
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people, but with the development of chemistry and medicine in the 19" century, methods for
detecting and treating poisoning were discovered. Some heavy metals such as arsenic, lead,
cadmium, nickel, tin, and antimony, among others, can be easily identified at high
concentrations using qualitative analysis methods. Reagent solutions such as 5% NaS and 15%

HCI can be used to detect them, as well as water baths.

Questions:
1. Propose a method for qualitative identification of aqueous solutions containing:
AsOs>, Pb%, Sb%, Ni?*, Sn?* and Cd?" ions using the reagents listed above. Describe the
phenomena that occur during the reaction, such as the formation of gas, precipitation and
changes in color.

2. Provide the equations for the reactions that occur during the proposed identification process.

Carbon monoxide (CO) is an extremely toxic gas that is odorless and can cause fatal
poisoning. It is estimated to be the third leading cause of poisoning globally. The maximum
allowable concentration of CO in air is 20 mg/ma.

To quantitatively determine the concentration of CO, a titrimetric method can be used.
This method involves oxidizing CO with purified iodine pentoxide (120s), absorbing the
resulting CO2 with barium hydroxide (Ba(OH).), and then titrating the excess Ba(OH)2 with
hydrochloric acid (HCI) solution. An experimental setup for this analysis is shown in the

diagram below:

Analyzed sample of air Exhaust air

e e

I UUM

7 |
g 5 of|!l] [!
2 \7/

Figure 1 — Diagram of the Installation for the Quantitative Determination of CO in
Air
1 - CrOson an inert carrier; 2 — KOH solution; 3 — solid KOH; 4 — P20s on an
inert carrier; 5 —solid 120s; 6 — heating device; 7 — Ba(OH)2 solution
The air sample, with a volume of 20.00 liters, is slowly passed through a series of flasks

containing various substances. Flask 1 absorbs substance A, which is always present in the air
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in some amount (reaction 1). Flasks 2 and 3 absorb substance B, which can distort the results
of the experiment (reaction 2). Flask 4 absorbs B, which may enter the analyzed gas from flasks
2 and 3 (reaction 3). After passing through a heated flask 5 at 120 degrees Celsius, CO in the
air reacts with 1,05 in flask 6 (reaction 4), and the resulting gas product is absorbed by the
solution in flasks 7 (reaction 5). The solutions from flasks 7 are then combined for quantitative

analysis.

3. Write the chemical equations for reactions 1-5 that occur when the air sample is passed

through the apparatus shown in the diagram.

To determine the concentration of CO in air using the described method, a solution of
Ba(OH): with an initial concentration of 0.0170 mol/L was used. After the air containing CO
was passed through the apparatus drawn above, the solutions from flasks 7 with a total volume
of 1000 mL were combined and filtered. A 0.08 mL aliquot of a 0.0050 M HCI solution was

used to titrate 20 mL of the filtered solution.

4. Write the balanced chemical equation for the reaction that occurs during titration.

5. Describe two different methods that can be used to determine the equivalence point during
the titration procedure.

6. Based on the given experimental data, calculate the concentration of Ba(OH): in the analyzed
sample.

7. Using the experimental data and the calculated value of Ba(OH). concentration, determine

the concentration of CO in the air sample (in mg/m3).
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SENIOR LEAGUE

Problem 1

SONOCHEMISTRY

Sonochemistry — is a branch of chemistry that
studies the interaction of powerful acoustic waves and
the chemical and physicochemical phenomena that

arise from them.

The pistol shrimp is widely known as the
loudest inhabitant of the seas, capable of creating a sound with a volume of 200 decibel. The
pistol shrimp achieves this result thanks to its powerful claw, which creates a cavitation bubble.
But the most interesting is that upon the collapse of the cavitation bubble created by the pistol
shrimp, the temperature in local areas rises to 4427°C, and the pressure reaches thousands of
atmospheres of pressure, leading to sonoluminescence and even to thermonuclear reactions. In
this task, you are invited to study the chemical reaction within a cavitation bubble.

The task's author has established that cavitation, created by powerful ultrasound
oscillations, is capable of efficiently breaking down polymers and hydrocarbons into
significantly lighter components, which will be used to solve a wide range of environmental
problems and to create synthetic motor fuels. However, due to the extremely short lifespan of
the cavitation bubble, experimentally studying the phenomena occurring within it is an
extremely challenging task. Therefore, quantum chemical modeling is used to study these
phenomena, often being the simplest and most cost-effective way to investigate reaction
mechanisms and short-lived intermediates.

Let's examine the reaction of n-hexane decomposition when treated with powerful
ultrasound oscillations that create cavitation bubbles with a radius of 0.015 centimeters at a
temperature of 10000 K. The gas pressure inside the cavitation bubble can be estimated using

the formula:

_20
p_r

where o is the surface tension and r is the radius of the cavitation bubble.
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An simplified reaction scheme for the breakdown of n-hexane, excluding branching

stages, has been constructed:

ko * 1
CeHyy — = CgHyy (1)

* k [ ] o
C6H14 41» C3H7 + C3H7 (2)

[ ] k [ )
CH, —— CiHg + H 3)
° o K3

C;H, + H —» C3Hy (4)

CeH14™ - is the substance that has entered the cavitation bubble, it is not a radical particle.

Therefore, ko — is the rate constant for the transition of CgH14 into the cavitation bubble.

Questions:
9. Calculate the pressure inside a cavitation bubble, given the surface tension of n-
hexane is 0 = 18.42 - 1073 N/m . What should be the radius of the cavitation bubble to have a
pressure of 100 atmospheres inside? The estimation of the minimum radius of stable bubbles (not

limited to cavitation) in a liquid can be done using the formula:

1/4

4 kgT . . .

Toubbie = = |—=——) , where kg — is the Boltzmann constant, T — is the ambient
3 \7Pliquid 9

temperature in Kelvin, g — is the free fall acceleration, piiquid— IS the liquid density.
Is a cavitation bubble with a pressure of 100 atmospheres stable at an ambient temperature
of 25°C?
10.  Estimate ko for our model of powerful ultrasonic vibrations per 1 liter of n-hexane,
assuming that only CsHis molecules in the form of an ideal gas are present in the cavitation bubble.

The cavitation bubble formation rate is constant and equal to the rate of their collapse, at

40420 bgi::s. Please note that reaction (1) is a zero-order reaction and the rate of formation of
CeH1a" in reaction (1) is % =k,

11.  Estimate the activation energy of reaction (2) based on the following quantum-

chemical data:
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-236,30

R

-236,35 4

-236,40
_c E =-236.439816 Eh
w 236,45
> Reagent
g 9 Transition state
5 236,50

236,55 -

-236,60 -

Reaction coordinate

12.  The partition functions have been calculated at different temperatures:

In(Q)
T’ K . -
Reagent Transition state
298.15 34.6878 43.6078
4700.15 110.9660 116.3193
10000 148.7258 151.4979

Estimate the rate constant ki for the decay of CsHi4™ at a temperature 298.15 K and at
temperature of 10000 K in the cavitation bubble under study. What can be said about the
possibility of the decay reaction occurring at these temperatures? Will the reaction occur if a pistol
shrimp creates a cavitation bubble in n-hexane? Confirm your answers with calculations.

13.  Based on the values of the rate constants ko and ki explain why we can use the
principle of quasi-steady-state concentrations (the rate of formation of unstable particles equals
the rate of their consumption) for CsH14™ during the treatment with powerful ultrasonic vibrations.

14.  Using the principle of quasi-steady-state concentrations for all unstable particles
and the law of mass action, write the expression for the rates of formation of CsHsand CsHg. Which
reaction will be the limiting one? How long does it take to sonicate 1 liter of n-hexane to produce
1 mole of propylene?

15.  The rate of formation of cavitation bubbles is described by the formula:

4000 bgubbles
cm3 - second

~2.901 - exp (_22500 ) - 0.09896

v(t) =

7 second
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Where t is the time in seconds. What does the rate of formation of cavitation
bubbles tend to as t — oo ? How long will it take to reach 99% of the steady-state rate of
formation of cavitation bubbles?

16.  Propose an explanation for why in our model the sonochemical reaction of the

decay of n-hexane into propane and propylene has an overall zero order?

Additional information:
Density of hexane = 0.661 g/mL
1 Hartree Energy (Eh) = 4.359- 10718

Boltzmann constant k = 1.38 - 10‘23£

Planck constant h = 6.626 - 10734 ] - s

-E

. . i Z=A . - .
Eyring equation k(T) = k’% - w -err , where Q is the partition function of
reagent

the respective substance.

Problem 2

NEW SYNTHESIS OF OSELTAMIVIR
Oseltamivir is an antiviral drug belonging to the group of neuraminidase inhibitors for treatment
of influenza A and B viruses, a surface glycoprotein which is one of the key enzymes involved
in the replication of these viruses. It is manufactured as a salt (phosphate) under the trade names
Tamiflu and Nomides.

The classical method of oseltamivir synthesis is based on the use of

ile)
T

optically active (—)-shikimic acid (figure 1) isolated from the seeds of Ho,

star anise Illicium verum.

(0]
HO
uestions:
Q OH
1. Give the IUPAC name of (-)-shikimic acid, indicating the absolute  Structural formula of (-)-
shikimic acid

configuration of all asymmetric carbon atoms according to the (R,S)-

nomenclature. How many stereoisomers does shikimic acid have in total?

However, the production of (—)-shikimic acid from plant raw materials is characterized
by high cost and relatively low yield, so the search for fundamentally different methods of
oseltamivir synthesis is of high interest. In 2008, a research group from the Swiss company
Roche proposed a new synthesis scheme for oseltamivir phosphate, starting from commercially

available 2,6-dimethoxyphenol. The intermediate compounds in this synthesis are enantiomers
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F1 and F2, monoesters of dicarboxylic acids which are formed as a result of enantioselective

hydrolysis of esters catalyzed by enzymes, pig liver esterase and A. oryzae fungal lipase.

OCH;

OMs
HO “~ A
NBS (2 eq. CO, EtOH H
- A @ea), g - C © -
KOtBu, DMSO DMF KOAc RU/AlLOs
H3CO 50 °C dppp, Pd(OAC), 100 bar, 60 °C
110 °C
Me = CH3
MesSiCl, Nal‘_ £ pig liver esterase F, Et = CyHs
CigHa0;  HO pH8 ! Ms = CH3SO0, |
. : Ac = CHaCO
lipase of A. oryzae Me3SiCl, Nal i :
> G > F, ' tBu = (CH3)3C !
pH7 H,O : :
! Ph = CgHs
""""" o e

..........................................................................................................

2. Draw the structural formulas of compounds A — E, G, F1, and F2, indicating stereochemistry.
It is additionally known that a meso-form is formed in the reaction C — D, in compound F1 the
asymmetric carbon atom closest to the carboxyl group has an S-configuration, in compound F2
the carbon atom closest to the carboxyl group has an R-configuration. For compound C *HNMR
spectrum (CDClz): 8, ppm = 0.95 (t, 6H), 1.39 (t, 6H), 1.50-1.80 (m, 4H), 3.95 (s, 6H), 4.23
(quintet, 1H), 4.37 (q, 4H), 7.99 (s, 1H) (s — singlet, t — triplet, g — quartet, m — multiplet).

The enzyme-catalyzed reactions proceed with high stereoselectivity. For example, the
enantiomeric excess of the product, that is the difference between the mole fractions of two

enantiomers, is 96.4% for the reaction E — F1 and 99.8% for the reaction D — G.

3. Calculate the yields of the main enantiomers formed in the reactions E — F1 and D
— G, taking into account that the total yield of the enantiomeric pair of products in these
reactions is 98.0% and 99.4%, respectively.

Oseltamivir phosphate can be obtained from both enantiomers F1 and F2 using the following

scheme.
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F4

DPPA| Et3N
NH3 (excess) NaClO EtOH Boc,0 NaH
F2 " H " Uhso, . T TR T
2774 CysHpsNOg -CO;
O//I"'-- COEL Tf,0 NaNj; 1. H,, Co
py 2. Ac,0, Et;N
Ho\‘\“ ooy
E : Et=C,H tBu = (CH3)5C
RHBoc : oHs (CH3)3 !
E Tf = CF3802 Boc = tBuOCO E
, N HBr, AcOH o HsPOs | | AC=CHsCO  Ph=CeHs
oseltamivir : o
C1gH28N204 [ X
\ PhO—P—OPh ;
' | i
N3 N E
DPPA py :

4. Draw the structural formulas of compounds H — P, indicating stereochemistry. It is
additionally known that only one diastereomer is formed in the reaction L — M, and

hydrogenation over a cobalt catalyst does not affect the double C=C bond.

Problem 3
ISOPRENOIDS BIOSYNTHESIS

Isoprenoids are a group of natural compounds that possess hormonal,

signaling, and other important functions. The structural element of isoprenoids is

isoprene (2-methyl-1,3-butadiene), which connects in a "head-to-tail" manner to
each subsequent structural element. The biosynthesis of isoprenoids can occur through two
independent metabolic pathways: the methylerythritol phosphate (MEP) pathway and the
mevalonate (MVVA) pathway. Below are the schematics of the MEP and MVA metabolic
pathways.
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MEP-pathway:

o] H,C OH
HSC\[(COOH ) CO, NADPH +H* NADP* , CTP PP,
I + H OPO, _4’ AA—A» OPO; ;A. B
OH 1 2 OH OH 3
Pyr G3P MEP ATP
4
ADP
c
T ¢ °
o=f—0 |9 NADP'+H,0 NADPH+H' 2Fdy+H,0 2Fdyy |™ CMP
GH, Q CH 0% ™o E /
\ P ? o_ | - \ / E D
/P\ + R P 7 6
HsC 0" Ny HaC 0 g
IPP DMAPP
MVA-pathway:
2NADPH 2 NADP'
a Acetyl-CoA CoASH Acetyl-CoA + H,O CoASH +2H +CoASH [ Mo £Hs
J‘I\ - > F — > G — »> M
H,C SCoA 8 9 10 HO OH
MVA
Acetyl-CoA
ATP
o o 1
| | CO,
o:pla_cr +ADP+Pi  ATP ADP  ATP ADP

CH, (o] CH, 0
'O\ — \ /0 - \ 1 ‘LL H
X P 14 R 13 12
HAC o~ o HsC o \\o
DMAPP IPP

The names of the enzymes catalyzing the corresponding stages are: 1, 5, 6, 9 — synthase;
2 — reductoisomerase; 3 — transferase; 4, 11, 12 — kinase; 7, 10 — reductase; 8 — thiolase; 13 —

decarboxylase; 14 - isomerase.
Isoprene can be synthesized from DMAPP with the participation of the enzyme isoprene

synthase:
o
o
CH, 0% Do
)\/\'O\'_L —— > Isoprene + H* + PP,
HaC ~ o o
DMAPP
Questions:
5. Draw the structural formula of isoprene and indicate the position of the "head" and
"tail".
6. Draw the structural formulas of compounds A-1 (stereochemistry can be omitted).

Additionally, it is known that D contains an eight-membered ring consisting of three carbon atoms,

three oxygen atoms, and two phosphorus atoms in its structure.
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7. The energy yield is the amount of energy that is released or consumed during
metabolic process. Calculate the energy yield in ATP equivalents for the synthesis of 1 molecule
of isoprene from glucose (CsH1206) through the MEP and MV A pathways. Consider the following
assumptions in your calculations.

MEP-pathway:

4) IPP and DMAPP are formed through the MEP pathway in a 1:1 ratio.

5) Reactions of formation of the G3P, Pyr:

CeH1206 + 2ATP = 2G3P + 2ADP

CsH1206 + 2NAD™ + 2ADP + 2P; = 2Pyr + 2NADH + 2H" + 2ATP

6) Reactions of regeneration of the Fdyeq:

Pyr + COASH + Fdox = Acetyl-CoA + Fdreq + CO2

Acetyl-CoA + Pi + ADP + H* = CH3COOH + ATP + CoASH

MVA-pathway:

Reactions of formation of the Pyr, Acetyl-CoA:

CsH1206 + 2NAD™ + 2ADP + 2P; = 2Pyr + 2NADH + 2H" + 2ATP

Pyr + CoASH + NAD* = Acetyl-CoA + NADH + H* + CO>

The energy value in ATP equivalents of cofactors or substrates

Compound ‘ Energy value
1 NADH 2.5 ATP
1 NADPH 2.5 ATP
1CTP 1ATP
8. One of the representatives of isoprenoids is lycopene (compound N), which is found

in tomatoes and gives them their red color. Below is a schematic of the biosynthesis of lycopene
from DMAPP and IPP. Draw the structural formulas of compounds J-N (geometric isomerism can
be omitted). Additionally, it is known that N is symmetrical and twenty-two carbon atoms are

involved in a continuous chain of conjugated double bonds.

IPP H*+PP, IPP  H*+PP, IPP  H*+PP,

pmapp —~Z» 4 NA_ Kk NA_ L
15 C1oH17PP; 16  CisHasPPi 45 ]

18
2H"+2PP;

4NADPH" + 4H* 4NADP*

<~ M

CaoHes
19

N

The names of the enzymes catalyzing the corresponding stages are: 15, 16, 17, 18 —
synthase; 19 - dehydrogenase or desaturase.
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Explanatory information:

Pyr — pyruvic acid MVA — mevalonic acid
G3P — glyceraldehyde 3-phosphate Fdox/Fdred — 0xidized and reduced forms of
MEP - 2-C-methylerythritol 4-phosphate ferredoxin, containing the Fe®*/Fe?* redox pair
IPP — isopentenyl pyrophosphate CoASH — coenzyme A
DMAPP — dimethylallyl pyrophosphate Acetyl-CoA — acetyl coenzyme A
ATP — adenosine triphosphate CTP — cytidine triphosphate
NH, NH,

O,
I
I
o
I
O—T1=—0
'

CMP - cytidine monophosphate

NH,

PPi - pyrophosphate
[e] o
_|I -
0—P—O0—P—0

o o

NAD(P)*/NAD(P)H — oxidized and reduced forms of nicotinamide adenine dinucleotide (phosphate).

Below are the structures of the oxidized and reduced forms of nicotinamide.

Problem 4

Metals X, Y, and Z are common components of heterogeneous bimetallic catalysts. The
pair of metals X and Y is used in automotive catalysts for the reduction of nitric oxide into
molecular nitrogen using carbon monoxide (reaction 1), metals X and Z serve as the
components of catalysts for the afterburning of methane from the exhaust gases of automobile
engines fueled by natural gas (reaction 2), and the pair of metals Y and Z is used in catalysts
for the electrochemical processes occurring on the electrodes of alkaline hydrogen-oxygen fuel

cells (reactions 3 and 4).
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Questions:
1. Write the equations of the reactions 1-4.
The unit cell of metal X has a cubic face-centered structure (figure 1):

atoms are located at all corners of the cube and at the centers of each

of the cube faces. The unit cell parameter is equal to 3.890 A (1 A =
101% m). The unit cell of metal X
2. Identify metal X, if the density of metal X is 12.01 g/cm®.
The pair of metals X and Y as well as the pair of metals X and Z form the structures of
substitutional solid solutions in which some atoms of X are randomly substituted for the atoms
of Y and Z, respectively, with maintaining a cubic face-centered structure. The substitutional
solid solution A contains 15.26% of metal X and 84.74% of metal Y by weight, and the
substitutional solid solution B contains 22.70% of metal X and 77.30 % of metal Z by weight.

The unit cell parameters and densities of solid solutions A and B are shown in the table below.

Solid Mass Mass Mass Unit  cell Density,

solution fraction of | fraction of | fraction of parameter, g/lcm?
X, % Y, % Z, % A

A 15.26% 84.74% — 4.116 16.61

B 22.70% - 77.30% 3.912 18.20

3. Calculate the average molar masses of A and B. Identify metals Y and Z.

Since heterogeneous catalytic processes occur at the interface between the reaction medium and
the catalyst surface, it is necessary for catalytic applications to use nanoparticles based on solid

solutions A and B with a high specific surface area.

4. Calculate the total surface area of 1 g of solid solution A which consists of spherical

nanoparticles with a radius of 5 nm, using all necessary data from the table above.

Note. The volume of a solid sphere is calculated according to the formula V = gnr3; the surface

area of the sphere is expressed as S = 4mr?, where r is the radius of the sphere.

When metal X reacts with concentrated nitric acid (reaction 5), the solution of salt X1 is
formed. Further cooling of this solution results in the crystallization of brown substance X2
containing 39.94% of metal X by weight. The treatment of Xz with a solution of potassium
chloride acidified with hydrochloric acid (reaction 6), followed by evaporation of the solution,

yields yellowish-brown crystals of compound X3 (32.60% of metal X by weight). The treatment
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of these crystals with gaseous chlorine at room temperature (reaction 7) results in the formation

of bright red substance X4, which is transformed back to X3 on heating above 150 °C.

5. Identify substances Xi1—X4, confirming the answer with necessary calculations. Draw
the structural formula of Xz, if the molecules of X2 are known to be non-polar. Write the
equations of the reactions 5-7.

Metals Y and Z do not interact with concentrated nitric acid, but they react with aqua
regia (reactions 8 and 9) to form substances Y1 and Zi, correspondingly. Heating of the
substance Y1 at 120 °C (reaction 10) leads to its decomposition with the formation of red-brown
vapors of substance Y2 made up of molecules with a dimeric structure, each consisting of a pair
of flat squares joined by a common side. The same substance Y2 can be obtained directly from

metal Y by reaction with chlorine at 240 °C (reaction
cl cl

11). The substance Z1 decomposes on heating to 300 °C

1
C'//n,, ‘\\\\\\CI//I/:,,, ‘\\\\\\C'

(reaction 12), giving a red-brown substance Z> with the o /Z|\CI /Z\CI

Cl
structure consisting of chains of octahedra joined by Cl cl, l “Cli, ol
. A II'Z“\\ /Il,,Z‘\\\
common edges (figure 2). The same substance Z2 is also o | ~~" | N,
Cl Cl 1

formed by the direct reaction of metal Z with chlorine at | !
300 °C (reaction 13). The structure of Z,

6. ldentify substances Y1, Yz, Z1, and Z2. Write the equations of the reactions 8-13.

Problem 5

Heavy metals are toxic to humans and tend to accumulate in the body, causing chronic
intoxication and various disorders of body functions. In the past, they were used to fatally poison
people, but with the development of chemistry and medicine in the 19" century, methods for
detecting and treating poisoning were discovered. Some heavy metals such as arsenic, lead,
cadmium, nickel, tin, and antimony, among others, can be easily identified at high
concentrations using qualitative analysis methods. Reagent solutions such as 5% NaS and 15%

HCI can be used to detect them, as well as water baths.

Questions:
1. Propose a method for qualitative identification of aqueous solutions containing:
AsO4>, Pb?*, Sb%, Ni?*, Sn?* and Cd?* ions using the reagents listed above. Describe the
phenomena that occur during the reaction, such as the formation of gas, precipitation and

changes in color.
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2. Provide the equations for the reactions that occur during the proposed identification
process.

Carbon monoxide (CO) is an extremely toxic gas that is odorless and can cause fatal
poisoning. It is estimated to be the third leading cause of poisoning globally.

CO in the blood is bound to hemoglobin to form carboxyhemoglobin (HbCO), a strong
complex. The conversion of 70% of hemoglobin to HbCO in the blood is critical.

Qualitative and quantitative analysis of CO in blood can be done without isolating it first.
One method for measuring carboxyhemoglobin uses spectroscopy, which relies on the
difference in spectra between oxyhemoglobin (HbO) and HbCO.

During this process, two blood samples are compared: one with a mixture of HbCO and
Hb (sample A) and one with only HbCO (sample B). Hb has a wide absorption band between
543 and 596 nanometers. HbCO has two bands in the range of 523 to 536 nanometers and 564
to 579 nanometers.

Solution A is prepared by adding an excess of a reducing agent, such as (NH4)2S, to a pre-
treated sample of blood. This reduces the HbO in the sample to deoxyhemoglobin (Hb). The
HbCO in the original sample does not react with the reducing agent and remains unchanged.
Solution B is prepared by passing gaseous CO through a pre-mixed solution. This causes the
Hb and HbO in the blood sample to completely convert to HobCO.

The following simplified diagram shows the conversion between these different forms:

+ [H]
|

% ——HO
v

Hb

\m»ﬁggg

3. Write the equation for the reduction reaction between an organic compound and ammonium
sulfide, (NHa)2S.

4. Describe the laboratory procedure for obtaining pure compound.

5. Provide a mathematical equation for the law of light absorption and its name.
6. During spectrophotometric analysis, sometimes the instrument registers low optical density
for the test solution. Suggest two methods to increase the optical density.

To quantify the HbO content in a blood sample, we prepared solutions A and B according

to the procedure described above and obtained their spectra, which are shown in figure 1.
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Figure 1 — VIS spectra of the studied solutions
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To calculate the proportion of HbCO in total hemoglobin, we need to look at the spectra.

When we superimpose two spectral curves on one graph, we can see three isobestic points,

which are the points where the spectral lines intersect. The optical density value at the lowest

wavelength is D1.

The value of optical density D2 is equal at the point on the spectral curve of solution B at

that wavelength when the distance between both curves is greatest relative to the wavelength

axis near the first absorption maximum on the curve of solution B.

The optical density value D3 is assumed to be equal at a point on the curve of solution A

at the same wavelength as the optical density value D2.

The proportion of HbCO can be calculated using the following formula:

P =100 —

K is a coefficient equal to 0.372.

(DZ—D3)'1OO
Dl'K

(1)

7. Using the spectra in the figure and equation (1), calculate the proportion of HbCO in the

analyzed blood.
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JUNIOR LEAGUE

SOLUTIONS

Problem 1
1. Substances A and B can be represented as X3Nn and X3P, due to the valence of nitrogen

3M(X)

and phosphorus. The mass fractions of X are equal to wy = IMX) + 14010

= 0.8327 and wyx =

3M(X)

—————— = (.6924, respectively. Each of these equations leads to the ratio M(X) = 23.24n. At
3M(X) + 30.97n

n = 1 the molar mass of X is close to sodium, but by the condition of the problem X has a low
melting point, which is characteristic of only some metals. At n = 3 M(X) = 23.24 - 3 = 69.72
g/mol, which corresponds to gallium, which melts in the hand. The following is a decoded scheme

of the substances.

NH._F
(NH,);[GaFs] <—— Ga(NO,),

HNO3 (Couc.)T
KOH ()
K[Ga(OH),] < Ga
to
lHCl ) ozl © P Gap

o

t
Ga(OH) 3 —_— Ga203

THZO C, c% t°
LiH

Li[GaH,] <— GaCl,
6) 2Ga + N2 5 2GaN
7)Ga+P i> GaP
8) 4Ga + 30, — 2Ga;03

9) Gaz0s + 3C + 3Cl, - 2GaCls + 3CO
10) GaCls + 4LiH — Li[GaH4] + 3LiCl
6) Li[GaH4] + 4H,0 — Ga(OH)s + LiOH + 4H

7) 2Ga(OH): - Gaz03 + 3H:0
8) 2Ga + 2KOH + 6H,0 — 2K[Ga(OH)q] + 3Hz
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12) K[Ga(OH)4] + HCl - Ga(OH)3 + KCI + H20

13) Ga + 6HNOs (k.) — Ga(NO3)3 + 3NO; + 3H20

14) Ga(NOs3)s + 6NHsF — (NHa4)3[GaFe] + 3NH4NO3

2. Each unit cell contains (8 - 1/8 + 6 - 1/2) - 2 = 8 gallium atoms (the vertex belongs to
eight cells, and the face belongs to two). Let's find the volume of the unit cell. Vo = abc =
4519-1071°-7.658-10710-4.526 - 1071° = 1.566 - 10728m3. Then determine the number of

-6

unit cells in 1 cm® (10°° M?). Neeyg = ——— = 6.389 - 102%. Mass of gallium atom m = - =
1.566:10 Na

—652_'2523 = 1.158 - 10722g. Next, we determine the density of gallium pg, = 1.158-107%% -

6.389 - 10?1 -8 = 5.92 %. The obtained density is very close to the real value of gallium density
(5.91 g/cmd).

3. Let's find the area of the back side of the hand S = 1.9 - 0.01 = 0.019 m2. The area
occupied by the "tattoo" is Saiy = 0.019 - 1/3 = 0.006333 m?. Let's find the volume of the alloy

V = 0.006333-20-10~¢ = 1.2667 - 10~7 m3. The ratio of Ga and In masses: 2262 = 26aV6a _

Min PinVin

292103Vea _ () 886 L% — 4, Y62 — 4 6051. Hence Vea = 1.04 - 107 m3, Vin = 2.26-10° m?.
7.02'Vin Vin Vin

Janee Haxoaum Maccy crnaBa m = 1.04 - 107 -6.098 - 105+ 2.26 - 10®- 7.02 - 106 = 0.79 g.
4. The problem of transmitting moisture, light and heat can be solved by creating a porous
transparent polymer base.
5. We round the relative atomic mass of Ga to an integer and subtract 3 from it. We get a
= 67. The nuclear reactions:
$0Zn + ip = $1Ga + gn
$8Zn+ 1p = §7Ga + 2¢n

Evaluation system:

Ne question Evaluation system Evaluation, points

1 Correct definition of X — 1 point. For each correctly 11
defined substance A-l, 0.5 points. For each of the

reactions 1-11, 0.5 points.
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2 Determination of the number of Ga atoms in a unit cell 3
— 1 point. Correct estimation of the number of unit cells
—1 points (in terms of any volume), Correctly found the

density of Ga — 1 points.

3 Determining the volume of the alloy — 1 points. 3

Determination of alloy mass — 2 points.

4 Correct answer to the question — 1 point. Other variants 1
of answers not contradicting the laws of physics and

chemistry are allowed.

5 1 point for each correct nuclear reaction. 2

TOTAL: 20

Problem 2
1. From the above data, it can be assumed that the unknown metal is platinum (which is
also confirmed by calculation through mass fractions of compound X9), respectively, unknown
substances:
X - Pt, X1 - Cs2Pt, X2 — PtFg, X3 — O2[PtFe], X4 — Hz[PtCls], X5 — Naz[Pt(OH)s], X6 —
PtClz, X7 — [Pt(NHz3)4]Cl2, X8 — K2[PtCls], X9 — [Pt(NHz)4][PtCls], X10 — H2[PtCl4], X11 —
PtO-2H20, X12 — PtCla.
Reaction equations:
(1) Pt + 2Cs = Cs2Pt
(2) Pt + 3F2 = PtFe
(3) PtFs + O2 = O2[PtFe]
(4) 3Pt + 4HNO;3 + 18HCI = 3H[PtCls] + 4NO + 8H.0
(5) Hz[PtCle] + BNaOH(xomnm) = Naz[Pt(OH)e]| + 6NaCl + 2H.0
(6) Pt + Cl2 = PtCl:
(7) PtCl2 + 4NH3 = [Pt(NHz3)4]Cl2
(8) PtCl, + 2KCI = K;[PtCl4]
(9) [Pt(NH3)4]Cl2 + K2[PtCl4] = [Pt(NH3)4][PtCl4]+2KCI
(10) PtCl2 + 2HCI = Hz[PtCl4]
(11) H2[PtCls] + 4KOH = PtO-2H20 + 4KCI + H20
(12) 2H2[PtCl4] + Cl2 = 2PtClz + 4HCI
3. It is also known that compound X9 has the same empirical formula as the unknown

Peyronet’s salt and Reise’s salt, which are also cis and trans isomers. From the information on
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the mass content of the elements: Pt — 65% ; N — 9.33%:; Cl -23.67%; H — 2%, we determine the

composition: PtN2HeCl> and assume that this compound is Pt(NHz)2Cl, then cis and trans

isomers:
NH, NH NH
//////, \\\\\\\ ’ cl ////,/ \\\\\\ :
/ Pt \ Pt
Cl Cl NH3/ \ Cl
cis isomer trans isomer

Compound X8 - Ky[PtCls]. When this compound interacts with ammonium salts, for
example, ammonium acetate, a cis isomer is formed. The first NH3 ligand is embedded in any
of the four positions, replacing CI, but since CI" has a greater trans effect than NHs, the second
NHz is replaced in the trans position to Cl- and, consequently, the cis position to the first NHs:
K2[PtCls] + 2CH3COO(NHj4) = cis-[Pt(NH3).Cl2] + 2KCI + 2CHzCOOH

Cl cl Cl cl Cl NH
NH NH 3

\Pt/ e \Pt/ . \Pt/
o Na a \NH3 a \NH3

Accordingly, in order to obtain a trans isomer, it is first necessary to change the inner sphere of
the coordination compound, for this a reaction can be proposed:

Ko[PtCls] + 4NH3 (water) = [Pt(NH3)4]Cl> + 2KClI,

where NHs ligands become the inner sphere, and now after interaction with CI°, a greater trans
effect of CI” will manifest itself, and in the next stage the second ligand CI"is introduced into

the trans position.

NH NH; ) NH NH; . Cl NH;
cl Cl
\Pt/ — = \Pt/ — = \Pt/
NH/ \NH3 NH/ N NH3/ N

[Pt(NH3)4]Clz + 2HCI = trans-[Pt(NHs)2Cl5] + 2NH4CI
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Evaluation system:

Ne question Evaluation system Evaluation,
points
1 Correct equations of reactions 1- 12: 1 point for each reaction 12

Correct proposed and justified synthesis of the isomer: 3.5
points for each synthesis;
Correct isomer structural formula: 0,5 point for each structural

TOTAL: 20

Problem 3
1. X—-N2, Y —Hz A—-NHs, B-CHs4 C-CO, D-CH30H, E — CO2, F - Fe(CO)s,
G — HaN-N=C=0, K — (NH).CO.
2. Reaction equations:
11. N2 + 3H2 = 2NH3
12. CH4 + H,O = CO + 3H>
13. CH4 + 1/20, = CO + 2H>
14. CHs + CO2=2CO + 2H;
15. CO + 2H; = CH3OH
16. CO + H,0 = CO2 + H>
17. Fe + 5CO = Fe(CO)s
18. 2NH3 + COz = (NH).CO + H>0
NH,N=C=0 —X » HZN/\Czo
19, N
20. KOCN + (NH4)2S04 — H4N-N=C=0
3. Le Chatelier's principle: if any external influence is exerted on a system in a state of
equilibrium, the system will strengthen the direction of the process, which weakens the effect
of this influence, and the equilibrium position will shift in the same direction.

In order to shift the equilibrium towards the formation of products, the process is better
carried out at high pressures and low temperatures. In fact, the process is carried out at high
temperatures due to the low reaction rate with the use of catalysts.

4. Autothermal reforming allows compensating endothermic nature of the steam and carbon
dioxide conversions (reactions 2 and 4) by releasing heat during the partial oxidation of
methane (reaction 3) and also allows to adjust the ratio of CO and H> in the product mixture.

5.Q = —AH,

Enthalpy of the reaction to produce E from C:
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AH,?(E) = AH,(3) — AH,.(4) = —35,4 — (+247) = —282,2 k] /mole
Enthalpy of water formation:
AH}’(HZO) = AH,(3) — 4AH,(2) = —35,4 — (+232,1) = —267,5 k] /mole
6. Structure of F:

C=o0

7. Carbamide
8. Any suitable qualitative reaction for cyanate and ammonium. For example, alkali on
ammonium - no release of ammonia, potassium tetraiodomercurate on ammonium (Nessler's
reagent) - no red-brown precipitate, decomposition of cyanate under the action of strong acids
- no gas is released.

-NH} + OH™ - NH; 1 + H,0

- NH} + 2[Hgl,]*~ + 20H™ - [NH,(HgD),]I L +5I~ + 2H,0

-CNO™ + 2H* + H,0 —» NHf + C0, 1

Evaluation system:

Ne question Evaluation system Evaluation,
points
1 For correct identification of X, Y, A, B,C,D,E, F, G, K - 5
0,5 p each
For correct equations of reactions 1-10 - 1 p each 10
For correct conditions of carrying out the Haber-Bosch 1

process according to Le Chatelier's principle. For correct
actual conditions of realization on the production - 0,5 p each

4 For the correct argumentation of the use of autothermal 0.5
reforming

5 Calculated enthalpies of the reaction of the production of 1.5
substance E from C and the formation of water —0.75 p each.
The structure of F is drawn 0.5
For the correct other name of substance K 0.5
For the qualitative reaction 1

TOTAL.: 20
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Problem 4

1)
A Co F CoH4
B G C2H4Cl2
CoCl, 1,2-dichloroethane
C c H H2NCH2CH2NH2
(en — ethylenediamine)
D CaC X [CoCl2(en)2]Cl
2 trans-Dichlorobis(ethylenediamine)cobalt(111) chloride
E CH Y [CoCl2(en)2]ClI
2riz cis-Dichlorobis(ethylenediamine)cobalt(l11) chloride
L Co+ Cl, — Co(Cl,
1900 - 1950 °C
, CaO +3C » CaC, +CO

, CaCy+2H,0 — Ca(OH), + Gy,

Pd
HC=CH + H, — H,C=CH,

H.C=CH, +Cl, — "~
6 CI/\/CI +2NH; — |‘|2N'/\/NH2 +2 HCI

H2 Cl H2
4CoCl, + 8H,NC,H,NH, +4HCl+ 0, —* 4 / ' ] Cl + 2H,0
N

+

H H 2
[ | e [l |
cl —» “Co. Cl
N' ‘N N | WNH,
H,
o CI H,N

2)
Structural formula of X:

Cl
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[ | <
Ca, ] Cl
N[N
z 2
Cl
Y is a racemate consisting of two optical isomers Y1 and Y2
- -+ _ _+
H, Cl Cl H,

el
°~NH, HNY |
\) &/NHZ

3)

By increasing the amount of ethylenediamine in the reaction we get:
4CoCl; + 12en + 4HCI + O2 — 4[Co(en)s]Clz + 2H20

Structural formula of compound Z:

4)
Werner developed the fundamentals of the chemistry of complex compounds
(coordination chemistry). Any such answer is counted as correct.

Evalutaion system:

Ne Evaluation system Evaluation,
guestion points
1. For each correctly identified substance A-H, 0.5 points. For 9
each of reactions 1-6, 0.5 points. For correct answers 7 and
8, 1 point
2. Correctly depicted structural formulas of X, Y1 and Y2 2 6
points each
3. Correctly written reaction 1 point. Correctly depicted 3

structural formula Z - 2 points

4. Correct section of chemistry 2
TOTAL: 20
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Problem 5
1. Any technique that allows for unambiguous identification of solutions is acceptable.

The table of interaction with reactants:

AsO4* Pb2* Sh3* Ni2* Sn?* Cd?

Na2S - black | orange | black | brown | yellow |

white |
Solubility
increases
HCI - o - - - -
significantly
when

heated

2. Reaction equations:

Pb?* + NazS = PbS + 2Na*
2Sb%" + 3NazS = Sh2S; + 6Na*
Ni%* + NazS = NiS + 2Na*
Sn?* + NazS = SnS + 2Na*
Cd?* + NazS = CdS + 2Na*
Pb?* + 2HCI = PbCl, + 2H*

3. Reaction equations:

2CrOz3 + H20 = H2Cr207

CO2 + 2KOH = K2CO3 + H20
P20s + 3H20 = H3PO4

1205 + 5CO = 1, + 5CO>

CO; + Ba(OH), = BaCOs + H,0

4. Reaction equation:
Ba(OH), + 2HCI = BaCl; + 2H20

5. The equivalence point can be determined in several ways. The most commonly used

methods are titration with an acid-base indicator and conductometric titration.

6. Calculation of concentration of Ba(OH)> in the analyzed solution:
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C(Ba(OH)2) = [C(HCI)V(HCH]/[2V(Ba(OH)2)] = (0,0050-0,00008)/(2:0,020) =
= 0,00001 M = 0,0100 MM

7. Dilution of the Ba(OH)2 solution can be neglected due to the release of a insignificantly
small amount of water.
The amount of the reactant Ba(OH):
n(Ba(OH)2) = 0,0170 — 0,0100 = 0,007 mmol
n(CO) = 0,035 mmol
C(CO) inair = (0,035-28-1000)/(20) = 49 mg/m?

Evaluation system:

Ne question Evaluation system Evaluation,
points
For each correct identification of the substance — 1 point * 6 6
2 For each correct reaction equation — 1 point * 6 6
(maximum)
3 For each correct reaction equation — 1 point * 5 5
(maximum)
For the correct reaction equation 1
5 For writing down fundamentally different approaches — 2 4
points * 2
Correct calculation 4
Correct calculation
TOTAL: 30
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SENIOR LEAGUE

SOLUTIONS

Problem 1
1. The pressure of gas in a cavitation bubble is calculated by the formula:
25 2-18.42- 10—3%
p—T— 15 10%m = 245.6 Pa
Similarly, the radius of a bubble with gas pressure of 100 atmospheres is calculated as:

N
. . -3_1

20 _2-1842-10

p  100-101325 Pa

The minimum possible radius of a stable bubble is calculated as:

=3.6-10"°m

1/4

4( kyT \Y* 4 1.38-10‘23%-298.151( )
- = - =89-10""m

Tmin = 3 TPliquiad 3 T- 661k—g3 : 9_822

m S
Therefore, it can be seen that the cavitation bubble with a pressure of 100 atmospheres is unstable
and will collapse. In practice, there are oscillations of compression and expansion of the
cavitation bubble.

2. Let’s calculate the number of moles of CsH14™ in one cavitation bubble:

pV 2456 Pa -%n-(l.S -107* m)3
=—= =4.176 - 10" ™mole

n= =
RT  g314—L 10000 k
mole - K
Then, in 1 liter of n-hexane, the number of moles of CsH14", formed per second will be:
d|CcHy 40420 bubbles mole
M =4.176 - 10" mole - 1000 cm3 = 1.688 - 107
dt s-cm3 S

Therefore, ko = 1.688 - 1076 2=

3. The activation energy in this case will be the difference in energies between the transition

state and the reactant:

1023
E, = (—236.439816 Eh + 236.614308 Eh) - 4.359 - 10‘18L- 6.02 -
Eh mole
J
= 457887.6
mole
4.  The rate constants are obtained from the Eyring equation as:
. 1.38-1072% J/K - 298.15K 8.68 - 1018 —457887-6#
298.15K = N34 7. ) — 15 SXP
6.626-10734] s 1.16 - 10 8314—J _.29815K
mole - K
=2.78-107%*
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J

1.38- 10723 J/K - 4700.15 K 3.29 - 105 —457887.6 507
ka70015k = 6.626-10-34 ] - "156-10%8 P Ji e
. J-s : 8.314—~L—-4700.15 K
mole - K
= 1.68- 10"
1.38-10723 J/K - 10000 K 6.23 - 1055 —457887.6 ]l
k10000 k = 6.626 - 10-3% ] - 3901064 exp ] e
. J-s - 8.314—~L—-10000 K
mole - K
=1.35-1013

As we can see, the activation barrier for breaking the C-C bond is quite high, so at low
temperatures the reaction does not proceed. However, cavitation bubbles (including those
created by pistol shrimp) have very high temperatures, so the decomposition reaction occurs
almost instantaneously.

5. We observe that ko is much smaller than ki, therefore we can conclude that C¢H14™ reacts
almost instantaneously. This means that the rate of formation of CsH14" is approximately equal
to its rate of consumption, so we can use the principle of quasi-steady state concentrations.

6.  Inalmost all reactions, we are dealing with unstable particles. Therefore, using the principle

of quasi-steady state concentrations, we can write the following system of equations:

( d[CeH{,] i} )
% =ko — ky[CeHi4] =0
d[C5H7] . . o
o = 2k [CeHiy) — ka[CaH3] — ks[CaH3] [H] = 0
d[H'] . —
< “dr = k[C3H7] — k3[CsH][H] =0 (
d[C;Hg)
dgt == k,[C3H]
d[C;Hg] _
\ = ks[CoH ] [H] J
Solving the system of equations, we arrive at:
d[CsHe] _
dt 0
d|CsH
[CsHol _

dt
It is logical that the limiting reaction will be reaction (1), as only ko is present in the final

expressions and its values determine the rate of the entire reaction. Also, ko has the smallest
numerical value.

We have confirmed that the rate of formation of propylene can be described by a zero-order
reaction, so [C3Hg] = [C3Hgo + kot Since we did not have any propylene initially, we can

write;
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mole
l
ko

mole
l

1.688-10°

1 11

mole
[-s
7. By the formula, we see that the value of the exponent in the denominator will approach

11 1

t= = 592417 second

zero as t—o0, so we can neglect the term with the exponent:

bubbles
lim v(t) = % — 404ZOM
w0 0 0.09896 o

Our constant rate of cavitation bubble formation is 40420 bubbles per second in one cubic

centimeter. The time required to reach 99% of this rate will be:

/ _4000bubgl)7%es \
cm- s +0.09896|

7 I 0.99-40420% |
t=22500 -lnk —5 001 = 0.0025 second

8. It is evident that the bubble formation rate reaches a plateau quite quickly, so our
approximation that ko is constant throughout the experiment can be considered valid. Based on
the solution in question 6, we have concluded that the rate of n-hexane decomposition, propylene
and propane formation is constant, resulting in a reaction with a total zero order. This can be
explained physically by the fact that chemical reactions in cavitation bubbles occur rapidly, and
the limiting stage is precisely the rate of cavitation bubble formation, which depends only on the
frequency of the ultrasonic radiation and its power, both of which have constant values in our
experiment.

Evalutaion system:

Ne question Evaluation system Evaluation,
points
1 Correctly calculated pressure in a cavitation bubble — 0.5 point 2

Correctly calculated bubble radius — 0.5 point

Correct answer to the question about bubble stability — 1 point

2 Correctly calculated rate constant ko — 3 points 3
3 Correctly calculated activation energy — 1.5 points 15
4 Correctly calculated rate constant ki — 2 points 3

Correct answer to the question about the possibility of the
reaction taking place — 0.5 point
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Correct answer to the question about the possibility of the
reaction occurring in a cavitation bubble created by a pistol
shrimp — 0.5 point

5 Correct answer to the question about the applicability of the 2
principle of quasi-steady-state concentrations — 2 points

6 Obtained correct expression for the rates of formation of propane 4
and propylene — 2.5 points

Correct answer to the question about the limiting stage — 0.5 point

Correct calculation of time — 1 point

7 Obtained value of the constant rate of formation of cavitation 25
bubbles — 1.5 points

Correct calculation of time — 1 point

8 Provided a reasonable explanation for the reaction having a zero 2
order — 2 points

TOTAL: 20

Problem 2
1. (3R,4S,5R)-3,4,5-Trihydroxycyclohex-1-ene-1-carboxylic acid. Since the molecule of
shikimic acid has three asymmetric centers, the number of stereocisomers is 23 = 8.
2.
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OCH, OCH, OCH3
"o \)\/ i
NBS (2 eq.) CO, EtCH
—_— _—

KOtBu, DMSO DMF KOAc
‘ H
HaCO 50°C 3CO HsCO dppp, Pd(OAC),
110 °C
A
OCH; OCH, OH
0 CO,Et (0] CO,Et 0 CO,Et
H, Me,SiCl, Nal
—_— _— _—
H,CO Ru/Al,O3 HsCO H20 HO
100 bar, 60 °C
¢ CO,Et p CO:Et E CO,Et
C19H3407
pig liver | pH 8
lipase of esterase
A. oryzae
OCHj; OH
CO,Et Ou, _~_ wCOE
HyCO HO ™
¢ COH Fy CO,H

Me3SiCl, Nal | H,O

F, CO:H

3. If x is a mole fraction of the main enantiomer, then (1 — x) is a mole fraction of the other

. . . . 1+
enantiomer, and X — (1 — x) = 2x — 1 = ee is an enantiomeric excess. Then x = =

1+ 0.964

The yield of F1 in reaction E — Fu: % 0.980 = 0.982 x 0.980 = 0.962, or 96.2%.

1+ 0.998

The yield of G in reaction D — G: % 0.994 = 0.999 x 0.994 = 0.993, or 99.3%.
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0

r‘( CO,EL rJ\/ CO,NH, 0 NH
NH3 (excess NaClO EtOH
— s
HO HO H2S0,
CO,NH,

CO,H CO,NH,
|
o OH OH
0 NH 0y, A OOt o, i GOkt
O Boc 0 O NaH
—_—
HO O\\‘\. Y *COZ
CO,Et IQH NBoc
J o K
C15H25NOg DPPA
EtsN
OH
Oy, CO,Et Ou, A ~COEt
—_—
HOY HO™
CO,H

N

HBoc

CO,Et CO,Et
1. Hy, Co HBr, AcOH
I R hABr, AcOR
H H 2. AC2O, Et3N H
L NHBoc M NHBoc NHBoc
o]
N

oseltamivir
C1gH28MN204
Source: J. Org. Chem. 2008, 73, 13, 4895-4902. https://doi.org/10.1021/j0800264d
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Evaluation system:

Ne Evaluation system Evaluation,
guestion points
Correct IUPAC name of shikimic acid — 0.5 points
Correct identification of the configuration of all asymmetric
1 centers — 1 point 2
Correct identification of the number of stereoisomers — 0.5
points
Correct structural formulas of compounds A - E, G, F1and F2
with the indication of stereochemistry — by 1 point for each
2 (if the configuration of asymmetric centers is incorrect or 8
absent, then by 0.5 points for each of the structures D, E, G, F1
and F2)
3 Correct calculation of reaction yields — by 0.5 points for each 1
Correct structural formulas of compounds H — P with the
indication of stereochemistry — by 1 point for each (if the
) configuration of asymmetric centers is incorrect or absent, then ?
by 0.5 points for each structure)
TOTAL: 20
Problem 3

1. Structure of isoprene with the "head" and "tail" indicated:

CH,

Hzc)\/ o
' |

Head Tail

2. MEP pathway:
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HyC

OH

COOH NADPH + H* NADP*
\n/ *oH oPO;* J- OPO,2
o 3

’)%/\OPOf

OH OH

Pyr G3P
MEP
CTP
3
PP;
(|:|' HiC, OH 0
CMP H.C  OPO 0 ADP ATP ° N\ _CMP
P, 3 3 ~
AP0 \ _cup b
HC © g \P’/‘O 5 O/p\ ‘_\ i o~ \O_
%(\O/ s OH OH
OH OH
OH OH p ¢ B
2Fd,eq
6
2Fdg, + H0 C|>'
: | o
CH o o NADPH + H*  NADP*+H,0 0=P—0 p
PAPNS RN
S PL Y‘O ;L. )I\/\ B )\/\'0\
o” Vo 5 ~ + P
[¢) o \ HC = o g
OH .
IPP DMAPP
MVA pathway:
j\ Acetyl-CoA CoASH o o Acetyl-CoA + H20 CoASH OHc OH O
H,e” ~SCoA H:,CMSCOA JJ\)bu\scm
Acetyl-CoA 8 F °
2 NADPH
+2H*
10
2 NADP*
+ CoASH
ADP  ATP ADP ATP
O Ho CHs ! i O Ho CH; )J\HBES/\
Jj\)</\op Nk HOWOPOS
12 H 1
ATP
13
CO,
+ ADP'+ Pi
¢ ? o
CcH ' CH o”P:o
J(/\ O\P e S )\’/\-o\;
HaC 07N 14 Hee” "o Ng
IPP DMAPP

Calculation for MEP pathway (signs (-) and (+) mean consumption or release of

molecules accordingly)

Pathway/reaction

Energy yield

1) MEP pathway

(): 2NADPH (5ATP),
CTP (1ATP), ATP

CesH1206 + 2NAD* + 2ADP + 2Pi=

2Pyr + 2NADH + 2H* + 2ATP | x 1

2) Fdred regeneration (+): 2ATP
Pyr + CoASH + Fdox = Acetyl-CoA + Fdred + CO2 | X 2
Acetyl-CoA + Pi + ADP + H+ = CH3COOH + ATP + CoASH | x 2
3) G3P and Pyr formation (+): 2NADH (5ATP),
CeH1206 + 2ATP = 2G3P + 2ADP | x 1/2 ATP

Adding up the energy yield in ATP equivalents, we obtain a yield of (+) 1 ATP for
the production of 1 molecule of isoprene.
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Calculation for MVA pathway

Pathway/reaction Energy yield
1) MVA pathway (-): 2NADPH (5ATP),
3ATP
2) Pyr and Acetyl-CoA formation (+): 6NADH (15 ATP), 3
CeH1206 + 2NAD* + 2ADP + 2P = 2Pyr + 2NADH + 2H* + 2ATP | x | ATP
312
Pyr + CoASH + NAD* = Acetyl-CoA + NADH + H*+ CO2| x 3

Adding up the energy yield in ATP equivalents, we obtain a yield of (+) 10 ATP

for the production of 1 molecule of isoprene.

4.
¢ 0
IPP  H™+PP; on oH _Oo:?—o' IPP  H'+PP; O=I'!'—O'
DMAPP » /J\/\/L\\/\ R° > e T T Qo
15 HC 0%, 16 e AN S~ R
J K °©
C1oH17PP; Ci15HasPP;
17 IPP
H*+PP;
o
0=P-0
CHj CHs CH, CHj CU
e N x = x O,P\\;
L
F L
18
2H"+2PP;
CHs; CHs CH, CH,
M 7 Z PN Z # Z e,
CHy CHs CH,; CH, M
CaoHsa
4ANADP*
19
K 4NADPH* + 4H*
CH, CHj CHj CH,
o NN NN NN NN NN > cH,
CHj CH, CHy CHs
N
Evaluation system:
Ne Evaluation system Evaluation, points
guestion
1 Correct structure of isoprene 1 point 2
Correct indication of “head” and “tail” 1 point
2 Correct structure of A-1 each 1 point 9
3 Correct calculation of energy yield each 2 points 4

acceptable cases when partial point is given:

- MEP pathway: correctly calculated at least one of
the energy yields for 1) MEP pathway; 2) Fdred
regeneration; 3) G3P and Pyr production — max. 1
point.
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- MVA pathway: correctly calculated at least one of
the energy yields for 1) MVA pathway; 2) Pyr and
Acetyl-CoA production — max. 1 point.

4 Correct structure of J-N each 1 point.

TOTAL:

20

Problem 4
1. (1) 2NO +2CO = N2 + 2CO»
(2) CHs + 202 = CO2 + 2H20
or 2CHs + 302 = 2CO + 4H>0
(3) H2 + 20H - 2e = 2H0 (on cathode)
(4) O2 + 2H20 + 4e = 40H" (on anode)

2. Let us determine the number of formula units, that is the number of atoms of metal X, in one
unit cell. The atoms situated at the corners of the cube (8 pieces) share 1/8 part to a cell, since
each of them is shared by eight unit cells at once; the atoms located at the centers of the faces

(6 pieces) share 1/2 part to a cell, since each of them is shared by two unit cells at once. The

number of formula units in the unit cell of X isZ=8x1/8 + 6 x 1/2 = 4.

By expressing the mass of one unit cell in terms of the number of

number of atoms of metal X), the following expression linking the density and atomic mass of

metal X can be obtained:

m_ AX)-Z AX)-Z

PX=Yy="VyN, T &N,

g -8 3 23 -1
ca3-N 12.01 >3- (3.890- 1078 cm)” - 6.02 - 1023 mole
Hence, A (X) = & 4 — cm

V4 4

metal X is palladium.

3. To calculate the average molar masses of A and B, we can use the above formula. The number

of formula units in A and B is equal to 4 due to maintaining the cubic face

during the formation of a solid solution.

w

formula units (the

= 106.4 g/mole,

-centered structure

. N, 1661 £ . (4116 - 10~® cm)® - 6.02 - 1023 mole~!

Pa - a cm
M, ,(A) = =
w() . ;
= 174.3 5
mole
g -8 3 23 -1
a3 - N 18.20 —=5- (3.912 - 107° cm)” - 6.02 - 10> mole
Mav(B) = i < = £
Z 4
= 164.0 5
mole
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The average molar masses of A and B can be related to the atomic masses of their constituent
metals as follows:

M,,(A) = A, (X) - x4(X) + A,-(Y) - x4(Y), where x4(X) and x,(Y) are molar fractions of X
and Y in A;

M,,(B) = A.(X) - xg(X) + A,.(Z) - xg(Z), where xg(X) and xg(Y) are molar fractions of X
and Y in B.

In the problem the mass fractions are given, so it is necessary to relate them to the mole

fractions:
x2(X) = 283 = ,,TZ%)/,;T(Q) = w,(X) A:‘”ég) where w,(X) is the mass fraction of X in A;
x,(v) = 20 _ mO/4 W yy M@ here o, (Y) is the mass fraction of Y in A,

nd)  m(A)/Mgy(4) Ar(Y)

Substituting numerical values, we get:
x4(X) = wa(X)

Expressing from the above expression, we get:

“Z“"(gg) 0.1526 - 12 = 0.25, then x4 (¥) = 1 — x4(X) = 0.75.

Mav(i;‘;) 0.8474 - 17_453 = 196.9, metal Y is gold.

Performing similar calculations for B, we find:

Ar(Y) = wy(Y)

xp(X) = wg(X) IZ“"(;B)) = 0.2270 - 22% _ 0,35, then x4 (¥) = 1 — x4(X) = 0.65.
Ma,,(B) 164.0

A(Z) = a)A(Z) = 0.7730- YT = 195.0, metal Z is platinum.

4. Let us calculate the number of spherical nanoparticles with a radius » =5 nm which make up
m;,; = 1 g of solid solution A (m, is the mass of one nanoparticle, V; is the volume of one
nanoparticle):

Meot  Miot Mot 1g

M P gnpr3 37" 16. 61 =+ (5-10" 7cm)3

The surface area of one nanoparticle is equal t0S, =4mr?2 =4n-(5-10°m)? =
=3.14-10" m?
The total surface areais S = S;N = 3.14-1071¢-1.15- 107 = 36.1 m?.
5. The dissolution of metallic palladium in concentrated nitric acid leads to the formation of a
solution of palladium(ll) nitrate (X1):
(5) Pd + 4HNO3(conc) = PA(NO3)2 + 2NO2 + 2H,0
For substance Xz, which crystallizes when a solution of palladium(ll) nitrate is cooled, the molar

mass can be calculated:

Ar(Pd) _ 106.42

= = 266.45.
w(Pd)  0.3994

M(X3) =
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By subtracting the atomic mass of one palladium atom (-106.42) and two nitrate ions  (—62x2)
from the obtained value of the molar mass M (X,), we get the value of 36.03, which agrees well
with the molar mass of two water molecules. Thus, the molecular formula of X2 is
[Pd(H20)2(NOz3)2]. Since this substance is composed of non-polar molecules, it has the

following structure:

o
[
o=— N
O\Pd/ T
Hee .~ '\
o\ O\N+¢O
" /
0

For the substance X3, which is formed as a result of treatment of X2 with a potassium chloride
solution acidified with hydrochloric acid, followed by evaporation of the solution, the molar

mass can also be calculated:

Ar(Pd) _ 106.42

= = 326.44.
w(Pd)  0.3260

M(X3) =

Taking into account the conditions of the reaction and the aspects of the coordination chemistry
of palladium, it is not difficult to determine that this molar mass corresponds to potassium
tetrachloropalladate(l) (the substance X3):
(6) [Pd(H20)2(NOs)2] + 2KCI + 2HCI = K3[PdCl4] + 2HNO3 + 2H,0

or [Pd(H20)2(NO3),] + 4KCl = K3[PdCl4] + 2KNO3 + 2H,0
The oxidation of substance X3 by chlorine should lead to an increase in the oxidation state of
palladium. Hence, it is logical to assume that the coordination number of palladium increases
from 4 to 6 in this case, so the substance X4 is potassium hexachloropalladate(1V):
(7) K2[PdCl4] + Cl2 = K2[PdClg]

Finally, X1 — Pd(NOs3)2, X2 — [Pd(H20)2(NO3)2], X3 — Kz[PdCls], X4 — K2[PdCle].

6. The reaction of Y and Z with aqua regia results in the formation of H[AuCls] (Y1) and
H2[PtCle] (Z1), correspondingly:
(8) Au + HNO3 + 4HCI = H[AuCl4] + NO + 2H,0
(9) 3Pt + 4HNOs3 + 18HCI = 3H[PtCls] + 4NO + 8H,0
The heating of H[AuCl4] at a temperature of 120 °C leads to the formation of molecules of the
compound Y2. These molecules have a dimeric structure and consist of pairs of flat squares
joined by a common side. Drawing the described geometry on the paper, it becomes obvious
that Y2 is AuxCle:
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120 °C
(10) 2H[AUCls] — AuCls + 2HCI

240 °C
(11) 2Au + 3Cl, — AuxCls

In the structure of compound Z2, each platinum atom is surrounded by six chlorine atoms.

However, two of these chlorine atoms are bound to only one platinum atom and four of them

are bound to two platinum atoms at once, so the molecular formula of the substance is expressed

as follows: PtCl+412) = PtClg, that is Z2 is platinum tetrachloride:

300 °C
(12) H2[PtClg] — PtCls + HCI

300 °C
(13) Pt + 2Cl; — PtCly
Finally, Y1 — H[AuCl4], Y2 — AuzCle, Z1 — H2[PtCls], Z2 — PtCla.

Evaluation system:

Ne Evaluation system Evaluation,
guestion points
1 Correct equation of each of the reactions 1-4 by 0.5 points 2
Correct calculation of the atomic mass and the identification
g of metal X — 2 points g
Correct calculation of average molar masses of A and B —
by 1 point each
3 Correct calculation of the atomic mass and the identification 4
of metals Y and Z — by 1 point each
Correct calculation of the number of nanoparticles — 1 point
4 Correct calculation of total surface area — 1 point 2
Correct equation of each of the reactions 5-7 by 1 point (if
the reaction equations are incorrect or absent, then 0.5 points
for the correct identification of each of the substances X1, X3
5 and Xa) 4
Correct structural formula of X2 — 1 point (if the structural
formula is incorrect or absent, then 0.5 points for the correct
molecular formula of substance Xz)
6 Correct equation of each of the reactions 8-9 by 1 point 6
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Correct identification of substances Y2 and Z2 by 1 point each

Correct equation of each of the reactions 10-13 by 0.5 points

TOTAL: 20

Problem 5
1. Any technique that allows for unambiguous identification of solutions is acceptable.
The table of interaction with reactants:

AsO4* Pb* Sb3* Ni?* Sn?* Cd?

NazS - black | orange | black | brown | yellow |

white |
Solubility
HCI - increases

significantly

when heated

2. Reaction equations:

Pb%" + NazS = PbS + 2Na*
2Sb%* + 3NazS = Sh,S;3 + 6Na*
Ni?* + Na,S = NiS + 2Na*
Sn?* + NagS = SnS + 2Na*
Cd?* + NazS = CdS + 2Na*
Pb?" + 2HCI = PbCl, + 2H*

3. Reaction equation:
CeHsNO2 + 3(NH4)2S = CeHsNH: + 3S + 6NH3 + 2H,0

4. Reaction equation:
HCOOH = H,0 + CO (in the presence of dehydration agents)

5. Mathematical equation of the Beer-Lambert law:

I = lo exp(elc)

6. Options for action: Increasing the concentration of the solution (e.g., by evaporation of

solvent) or using cuvettes with a longer optical path.
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7. Calculation of the proportion of HbCO in blood»

(1.13 — 1.02) - 100

P =100 — = 73.12%
1.1-0.372
Evaluation system:
Ne question Evaluation system Evaluation,
points
1 For each correct identification of the substance — 1 point * 6 6
2 For each correct reaction equation — 1 point * 6 6
(maximum)
3 For the correct reaction equation 2
4 For the correct reaction equation 2
For the correct equation — 2 point 4
For correct name of the law — 2 point
For each right option — 2 points * 2 4
For the correct calculation of the proportion of HbCO 6
TOTAL: 30

TOTAL POINTS FOR ALL TASKS - 110
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