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XXXI International school olympiad

CocTaB MeTOANYECKOIl KOMHCCHH MeskAyHapoaHoi oaummuansl «Tyiimaana-2024» (XUMMUSA)
CokonoBa Mapuna /IMutpueBHa, A.T.H., mupekrop VHcTuryTa mpobnem Hedt U raza CHOMPCKOro OTIeNeHNS
Poccuiickoit akagemuu Hayk ®I'BYH «®enepanbHblil HcciienoBaTeNbCKU HEHTP «SIKYTCKUI Hay4dHBII LIEHTP
CO PAH»» — npencenaTens;

CrmpunoHoB AjiekcaHap MuxaijaoBuy, K.X.H., BEAYIIUH HayYHBIH COTPYIHHK - PYKOBOAMTENH JIA00OpATOPUH
“ITonumepHsle koMno3uTsl 1ig CeBepa” MHcturyTa ecrectBeHHBIX Hayk PI'AOY BO «CeBepo-BocTounsiit
(denepanbHbIil yHEBepcuTeT nMeHU M.K. AMMOcoBay — diieH;

Bepeiiknna Bukropust BacuinbeBHa, K.X.H., HAYYHBIH COTPY/THHK J1a00OpaTOPUH TEXHOT €HHBIX Ta30BbIX THIPATOB
Hucturyra npobiem HedTr u raza CuOMpPCKOro oTeneHus Poccuiickoii akageMun HayK, — 9ICH;

®denopoB Anekceri FOpbeBuuy, crapmmii npenofgaBatens kadenpbl xumun CYHIL[ HI'Y, muaammii HayqHBIH
COTPYIHUK oTAena cHHXpoTpoHHbIX uccnenoBanuit [IKIT «CKU®y, accucteHT Kadenp XUMHH TBEPIOTO Teaa U
¢usnueckoit xumun HI'Y, — urieH;

EmenbanoB T'eopruit  IlerpoBuu, acmupant Kopelickoro HaydyHO-HCCIE€AOBAaTEIBCKOIO  HHCTUTYTA
Ouonornueckux Hayk u ouorexnonoruu (Pecrn. Kopest), — unen;

OxoHemTHUKOB ApTyp AJiekceeBHY, CTyAeHT xumudyeckoro dakynsrera PI'BOY BO «MockoBckuit
rocyaapcTBeHHbIN yHUBepcuteT uMeHu M.B. JlomoHOCOBaY, — usieH;

[TaBnoB Cepreit HukonaeBuy, cryneHt xumudeckoro ¢pakynbrera PI'6OY BO «MoCKOBCKHIA rocyJapCTBEHHBIN
yHuBepcureT uMeHd M.B. JIomoHOCOBay, — 4JieH;

CuBnes Cemen lcaeBuy, Miaammuii Hay4dHblid coTpynHMK MHctHTyTa npobnem HedTtH M raza CuOMpCKOro
oraeneHus Poccuiickoil akaaeMuu HayK, — 4JIEH;

Crapoctun Anekceit JlaHWI0BHY, CTyleHT (akyinbTera (yHAaMEHTAILHOH (H3MKO-XUMHYECKOW HH)KEHEPHH
OI'BOY BO «MockoBcKuii rocy1apcTBeHHbIN yHUBepcuTeT uMeHn M.B. JlomoHOCOBaY, — iieH;

CocTras :x10pu MexayHaponHoii oaumnuansl «Tyiimaaga-2024» (XUMUS)

CrupunoHoB Anekcanap MuxaiioBud, K.X.H., BEAYIIUNA HAyIHBIN COTPYIHHUK - PyKOBOIHUTEIH JTabopaTopuu
“ITonumepusie koMro3uThl Mg CeBepa” Mucturyra ecrectBeHHBIX Hayk PI'AOY BO «CeBepo-BocTounsrit
(enepanbHblil yauBepcuter uMeHrn M.K. AMMocoBay, — nperncenarens;

CokonoBa Mapuna /IMutpueBHa, A.T.H., nupektop MHcTuTyTa nipodieM Hedtu u raza CHOUPCKOTo OT/AeIIeHHs
Poccuiickoii akanemun Hayk @I'BYH «®enepanbHblil CCIEA0BATENBCKUN LIEHTP «SIKYTCKMII Hay4HbI LIEHTP
CO PAH»», — 3aMecTUTENb TpeACeaaTeNs;

Bepeiikuna Buktopust BacuineBHa, K.X.H., HAYYHBIH COTPYAHUK J1a00pPaTOPHUH TEXHOT€HHBIX Ta30BBIX THAPATOB
Wucruryra npodiem HedTr u raza Cudbupckoro otaeneHus Poccuiickoit akajgeMun HayK, — 4ieH;

MapkoBa Mapda AnexceeBHa, MIAIIINI HAYYHBIH COTPYIHUK JlabopaTopuu MarepuanoBelneHus: MHcTutyta
npobisiem Hedth 1 raza Cubupckoro otaeneHus: Poccuiickoii akaeMun HayK, — YieH;

OxoHemrHUKOB ApTyp AuekceeBwd, CTyaeHT xumudeckoro ¢akyaprera PI'BOY BO  «MockoBckuid
rocynapcTBeHHbIN yHUBepcuTeT uMeHn M.B. JIomoHOCOBa», — 4iieH;

OxoHenHMKOBa AHacTacust BacuiabeBHA — CTYAGHT XMMHUYECKOro OTAeNeHNs HCTHTyTa eCTeCTBEHHbBIX Hayk,
OI'AOY BO «Ceepo-Bocrounstii penepanbueiii yauBepcuter nMenn M.K. AMmocoBay, — wieH;

[MaBnoB Cepreit HukonaeBud, cryaeHt xumudeckoro ¢akynbrera ®IEOY BO «MockoBckuii rocyapcTBeHHbIH
yHuBepcuteT uMeHn M.B. JIomoHOCOBa, — UJieH;

CusneB Cemen McaeBwu, Muaammmii HaydHBIH coTpymHHK HMHctuTyTa mpoGnem HedTH U raza Cubupckoro
otaenenus Poccuiickoil akaaeMnuy HayK, — 4JIEH;

Cunoposa Jlonryitaana HukonaeBHa, aCCHCTEHT XUMUYECKOTO OT/IeNeHust IHCTUTYTa €CTeCTBEHHBIX HaYK

10. ®I'AOY BO «Ceepo-BocrouHslii henepanbHblii yauBepcuter umeHn M.K. AMMocoBay, — WieH;
11. Crapoctun Anexceit J[aHWIOBHY, CTyOeHT (akyiabTeTa (QyHAaMEHTaIbHON (HH3UKO-XUMUIECKOW WHKECHEPUH

OI'BOY BO «MockoBcKkuii rocynapcTBeHHbBIN yHIBEepcuTeT nMeHr M.B. JloMoHOCOBaY, — dIleH;

12.Cpr‘lKOBa TaTpsHA CeMeHOBHa, K.T.H., JOLOCHT XHWMHYCCKOIo OTACICHUA I/IHCTI/ITyTa CCTCCTBCHHLIX HAYK

OI'AOY BO «Cesepo-Bocrounstii henepansubiii yansepcurer nmenn M.K. AMMocoBay, — uiieH;

13. Cnermio Hukomnait AnatonseBud, cryaeHT xumudeckoro otaencHus MEH, ®TAOY BO «Ceepo-BocTounsrit

¢enepanpHbIii yHuBepcuteT nMeHH M.K. AMMocoBay, — JieH;



14. ®enopoB Anexcerr FOpweBuy, crapmmii npenonasarens kadenpsl xumun CYHL] HI'Y, mmammmii HaydHBIH
COTPYIHUK oTaena cuHXpoTpoHHbIX uccnenoBanuii [IKIT «CKU®y, accucteHT Kadenp XUMUH TBEPIOTO Tela U
¢usnueckoit xumuu HI'Y, — qien;

Aemoput 3a0anuit: Cnupuoornog A.M., Bepetixuna B.B., Emenvsnog I'.11., Oxonewnuxos A.A., Iasnos C.H.,
Cmapocmun A./]., Cusyes C.H., @edopos A.FO.

Methodological commission structure of the International Olympiad «Tuymaada-2024» in Chemistry

1. Sokolova Marina Dmitriyevna, Doctor of Engineering, the Director of Institute of Oil and Gas Problems SB RAS
— chairman;

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

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

4. 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;

5. 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 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;

© © N>

Jury structure of the International Olympiad «Tuymaada-2024» in Chemistry

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

2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas Problems SB RAS
— vice-chairman;

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

4. Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute of Oil and Gas
Problems SB RAS — member;

5. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State University — member;

6. Okoneshnikova Anastasia Vasilievna, Student of the Chemical Department of the Institute of Natural Sciences,
NorthEastern Federal University — member;

7. Pavlov Sergey Nikolaevich, a 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;

9. Sidorova Dolguyaana Nikolaevna, assistant of the Chemical department of the Institute of Natural Sciences,
NorthEastern Federal University — member;

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

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

12. Sleptsov Nikolay Anatolevich, Student of the Chemical Department of the Institute of Natural Sciences,
NorthEastern Federal University — member;

13. 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.
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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




MJUIAJLHIASA JIUT'A

3aganue 1
_________ KUJIKHUE ITIPOBOJA
[:I ______
\ ~\ B 2024 rony Bech Mmup ormevaer rooueii JI. U.
. \ \! \‘\ MeHzeneeBa W €ro  IEPHOJMYECKON  CHCTEMEI
W, N ',‘\\; XUMHUYECKHX d1eMeHTOoB. OH  SBISETCS  aBTOPOM
Y AR \k OECUMCIEHHOTO  KOJNMYECTBA  (DyHIAMEHTAIBHBIX

: < \\*,I\ UCCJIEIOBAaHUN TI0 XUMHUHU, (UHKE, METPOJIOTHH,

: H9KOHOMHKE, KOTOPbIE, HECOMHEHHO, CHJIbHO TIOBJIHSIIN
Ha POCT pa3BUTHUS HaykKdh. Ero pabGoTel ObUIM CBS3aHBI HE TOJIBKO C CHCTEMaTH3alued Bcex
XHUMHYECKUX DJIEMEHTOB, HO U C TIPEJICKa3aHNEM €IlI€ He OTKPBITBIX K TOMY BPEMEHHU 3JIEMEHTOB
Y UX CBOMCTB.

Taxk, cymectBoBanue anemMeHTa X Obu1o mpeackazano J[. M. MenneneeBsim B 1869 .
OH, OCHOBBIBAsICh Ha CBOMCTBAaX COCETHHMX 3JIEMEHTOB, TOYHO OINMHUCAI €ro (hU3NYECKHue |
xumudeckue cBoicta. [1ozxe, B 1875 r. ameMeHnT X OB OTKPHIT U TIOJIYY€H B YUCTOM BHJIC
¢dpanmy3ckum xumukoMm [lonem DOmunem Jlekokom ne byaboapanoM. DnemeHT ObLT Ha3BaH B
4YecThb POJAMHBI (PPaHILy3CKOTO XMMHKA M0 € JaTUHCKOMY Ha3BaHHIO. M3BecTHO, 4TO X nMeeT
JIOBOJIBHO HU3KYIO TeMIeparypy IaBieHus, okono 29,8 °C. BemectBa A u B, coxepxaniue
83,27 m 69,24 wmacc. % osnementa X, COOTBETCTBEHHO, IIUPOKO TPUMECHSIIOTCS B
MOJYIIPOBOJTHUKOBOM TexHHke. A u B Moryr ObITh mMOJMyd4eHbl TIpH HArpeBaHHUH
B3auMoieiicTBreM X C a30ToM H (HochopoM, COOTBETCTBEHHO (peakiuu 1-2).

IIpu oGxkure X B u30bITKEe KuciIopona mojydaercs BemectBo C (peakuus 3).
JlanbHeiiee BeicOKoTeMIepatypHoe xjgopupoBanue C B MPUCYTCTBUH Yriepoja MPUBOIUT K
obpasoBanuio Bemiectsa D (peakuus 4). [Tpu B3aumoaetictuu D ¢ LiH o6pasyercst F (peakius
5), KOTOPBI B IPUCYTCTBHH BOJIbI OBICTPO ruaposu3yetcs (peakius 6). [Ipu npokanuBanuu F
obpazyercsa BemiectBo C (peakiusi 7). DnemeHT X pacTBOpSETCA Kak B TOpsueM BOJHOM
pactBope KOH ¢ o6pasoBanuem BemectBa G (o(X) = 39,42 %) (peakuus 8), Tak u B
KOHLIEHTPUPOBAHHOM PAcCTBOpPE a30THOW KHUCIOTHI ¢ oOpazoBanueM coiu H (peaxmus 10).
PacTBOp CONsHOM KUCIOTHI CIOCOOEH pa3pylIuTh KOMIUIEKCHOe coenuHenne G (peakmus 9) ¢
oOpazoBanueM F. Ilpu no6aBnenun BogHoro pactBopa NH4F x H oOpasyercst kommiekcHoe
coemaerrne | (o(X) = 29,31 %) (peakuus 11), BHyTpeHHs cdepa KOTOpOH HMeeT

OKTa3ApUICCKOC CTPOCHHUC.



Bonpocut:

1. Onpenenute snemeHT X u coenuHeHus A-l. OTBEThl TOATBEPIUTE pacuETaMH.
Hanummure ypaBHenus peaxmuii 1-11.

2. Haiiqure muroTHOCTH TBEPAOTO X, €CIIM M3BECTHO, YTO Yy HETO TPaHEICHTPUPOBAHHAS
opTopoMOMYeCcKas pPemeéTKa, B y3Jax KOTOPOH HAXOMSTCS JBYXaTOMHBIE MOJICKYJBI dJIEMEHTA.
[Tapamerpsr pemérku: a = 4,519 A b=7658A c=4526A (ITUHBI CTOPOH AJIEMEHTAPHOU
STICUKH ).

OneMeHT X M €ro CIUTaBbl MOTYT NMPUMEHSTHCS B KaUE€CTBE TaK HA3BIBAEMBIX KUIAKUX
MPOBOJIOB. X YHUKAJICH TEM, YTO TP TEMIIEpaType TeIa OH HAXOAUTCS B )KUJIKOM COCTOSTHUH U
MIPU 3TOM HE ucrapsercs. TeMmneparypy IIaBiICHUS MOXKHO MOHU3UTH MyTEM CIUIaBiIeHUS X U
uHaus. Tako¥l cIlaB XOpOIIO IMPOBOJMT JJICKTPUUECKHH TOK. Bce BhIlIenepedncicHHbIC
CBOMCTBA JICJIAIOT €r0 HE3aMEHUMBIM IS CO3JIaHUsl HOCUMOM (HMJIM HATEIIbHON) JICKTPOHHKH,
TO €CTh AJMEKTPHUUYECKHX CXEM, COCTABJISIOIIUX OJIHO IIEJI0€ C YEeIOBEUYECKHUM TesloM. Takoit
Marepuai JIOJDKeH 00JafaTh 3JaCTUYHOCTHIO, TaK KaK TEJIO YEJIOBEKA MOCTOSHHO HM3MEHSET
cBoio (opmy. JlaHHas mpoOiema peuraeTcsi HECIOKHO — CIUIaB MOMENIAIOT B AIaCTUYHYIO
MOJIMMEPHYI0 MaTpHIly, KOTOpas 3alllUIaeT €ro OT OKHUCICHHS M BBICTYHNAeT B POJIH
yIIeP>)KUBAIOIIETO CIIOSL.

Hanocumpble Ha pa3nuyHbIe Y9acTKH Tella SJIEKTPOHHBIE «TATYUPOBKU» UMEIOT O0JIBINIOM
MOTEHIIMAN B 00JacTU 3[paBOOXPAHEHUS U B BOSHHOW cdepe, I/ie ¢ MOMOIIBI0 HUX MOXHO
OTCIJIC)KMBATh JIBIJKEHMS deroBeka. OHM MOTYT JIETKO MHTErPUPOBATHCA B TKAHM YEJIOBEKA,
3HAQUUTENIbHO YITYUYIIUTh KAUECTBO KU3HU 32 CUET MOHUTOPHUHTA U JIEYEHUS 3J0POBbS B PEKUME
peanbHOTrO BPEMEHHU.

Jns moJiydueHusl SJIEKTPOHHOM «TaTyMPOBKW» UCIHOJb3YETCS CIUIAB C MacCOBBIM

cooTHourenrueM X u ugaus X:ln = 4:1.



3. Haiinute maccy crutaBa, HEOOXOAMMYIO JUTSL TIOKPBITUS UM TBUIBHOW CTOPOHBI OJTHOM
KHCTH B3pOCJIOTO YEJIOBEKA, KaK [I0OKAa3aHO Ha PUCYHKE B Hayalle 33Ja4yu, €ciu 0o0Ias IIomaib
IOBEPXHOCTH Tella B3POCIIOro 4eI0BeKa B cpeHeM paBHa 1,9 M2, a miomaap ThUILHON CTOPOHBI
KHCTU COCTaBJII€T OKOJIO 1% TNOBEpXHOCTH Tena. ODJEKTPOHHAs «TaTyMPOBKA» IOKPBIBAET
MIPUMEPHO TPETh IUIOMIAM KOXKH. TONIMHA «TaTyupOBKW» cocTaBisieT okojo 20 MxMm. Cuurars,
YTO JKMJIKHE NPOBOJIA, COAEPIKALIUECS B «TaTyUPOBKE», SABISIOTCS F€OMETPUUYECKUMHU TeJlaMU, Y
KOTOPBIX OOKOBBIE I'paHU BCETJa MEPIEeHAMKYISPHBI OCHOBaHMIO. [I1OTHOCTH X B KHIKOM
cocrosiHuM B 1,03 paza Bblie, 4eM B TBEPJOM, a MJIOTHOCTh KUIKOTO MHIUS MPUMUTE PaBHBIM
7,02 r/cm®. Usmenennem 06béma npu criasnesnn X u In mpeneGpeds.

4. Kak MOXHO pemuTh npodiieMy NpONyCcKaHMs Biaru, CBeTa M Tela Yyepe3 HOCHUMYIO
AIIEKTPOHUKY?

OpauH 13 n30ToNnoB X C MAaCCOBBIM YHUCIIOM 8 UCIIOJIb3YeTCs B AJIEPHOM JUarHOCTUYECKOM
MeaunuHe. Ero nmosmyyaror myréM oOiydeHus: JByX U30TONOB Y MpOTOHAMU B yckoputene. Ux
MAacCCOBBIE YHCIIa PABHBI D ¥ C. @ MEHbIIIE OTHOCUTEIBHON aTOMHOMN Macchl X, OKPYIIIEHHOM 710
1enoro 4rcia, Ha 3. CXeMbl SJIEPHBIX PEaKIIUi BBITIISAIAT CIASAYIONAM 00pa3oMm:

bY (p,n)2X,

Y (p,2n)%X,

rae Y u X — UCXOJHBIE W KOHEUHBIE spa, B CKOOKax cieBa — OoMOapaupyromye
YaCTUIbl, B CKOOKaxX clipaBa — UCITyCKaeMbl€ YaCTHUIIBI.

5. Hannmute ypaBHEHUs NPOTEKAIOIIUX SAECPHBIX PEAKLIUH.

JonmosnuTtepbHast ”HpopMaus:

1A=1-10"m

OneMeHTapHas IPOCTPAHCTBEHHAs siueiika B rpaHEeLlEHTPUPOBAHHON OPTOPOMOHUECKOM
peméTke mnpeacTaBiseT coOOi Napajenenunes, B BeplinHaX M LIEHTpax rpaHedl KOToporo
HaXoJATCS aToMbl (OOpaTuTe BHMMaHHUE, 4YTO B CiIydae 3JeMeHTa X 3TO JByXaTOMHbIE

MOJIEKYIIbI).




3aganue 2
I[PAFOI[EHHI)II?'I METAJIJI 1 ET'O COEAUHEHUA

J.N. Menpaenees nepesesl Ha3BaHUE 3TOr0 MeTajlia ¢
MCIAHCKOTO KaK «cepedpery, OJHaKO JaHHBIA MeTaul ObLI
n3BecTeH B Poccun ¢ Havana 19 Beka 1o Ha3BaHUEM «Oeroe
30510T0». He TOoJIbKO 4Ype3BblYaliHAsl PEIKOCTh AEIAECT €ro

JparolieHHbIM, HO W HeOoOblYaliHbleé CBOMCTBa, KOTOpbIE

MO3BOJIAIOT IMPUMEHATH €ro B CaMbIX Pa3JIMYHBIX C(i)ean
JKU3HU: B IPOMBIIIJICHHOCTH, B FOBCIIUPHOM ACJIC U B MCIAUIIUHC.

K npumepy, onHo u3 coeauHeHuil nanHoro Meramna, Conpb Ileiipone - oOmanmaer
BBIPAKCHHBIMU HUTOTOKCUYCCKUMU, 6aKTepI/IHI/II[HI>IMI/I U MYTarcHHbIMHU CBOfICTBaMH, qTo
MO3BOJISIET UCIOJIB30BATh JaHHOE COEAMHEHHNE KaK MPOTHBOOITYXOJIEBOE CPEICTBO, TOTAA KaK
ero TpaHc-uzomep, cosb Peifize, He mnposBiseT MOAOOHBIX cBoMcTB. [lpm »TOM naHHOE
COeMHEHHE HMEET OJHYy M Ty e Opyrro-Gpopmyiny c 3eneHoit conpio Marnyca (X9),
(comepskanue, macc. %: X — 65; N —9.33; Cl -23.67; H - 2).

JlanHbIil MeTaym 00pa3yeT WEIbId PSAJ COCOWHEHUN, C Pa3IMYHBIMH CTETICHSIMHU

OKHMCJICHUS, IIPEBpAICHUA KOTOPBIX MOYKHO BUACTh HAa CXEMC!

X1 X7 X9
A A
Cs, 700°C | (1) NH; [ (7) X719
0 KCl
X3 a2 X2 w12 x0C xR o xg
3) @) (6) ®)
HNO5+HCI, t | (4) HCI | (10)
\J
Cl, 380°C
X4 X10 5 X12
NaOH [ (5) KOH| (11)
(kKOHIT)
\J
X5 X11



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

OKHUCIICHUS

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

Taxoke, M3BECTHO, YTO MOJIEKyJsipHast Macca X 11 cocraBnsier 247 r/MOTIb.

Bonpocwi:

1. Onpenenute Bce Hens3BecTHbIE BemiecTBa (X-X12) v npuBeanTe ypaBHEHUS PEAKIIHi
(1-12).

2. Vuensle JILA. Yyraes u M.M. UepHsAeBbIM 3aHMMAJIUCh U3yYE€HUEM B3aUMHOIO
BJIMSTHUSI JTUTAHJI0B B MOJIEKYJIE KOOPJAUHAIIMOHHOTO COEIMHEHUS, U BITOCIAEACTBUM B 1952 rony
0610 cHOPMYIUPOBAHO CIIEAYIONIEE 3aKIIOYCHHE:

"V coeanHeHMi ¢ KBaApaTHBIM WM OKTa3IpUYECKUM CTPOECHUEM BHYTpEeHHEH cdepsl, B
LIEHTPE KOTOPOH HAXOAMTCS KOMILJIEKCOOOpPa3yIOIIUi aTOM, CKOPOCTh PEAKIMH 3aMeIIeHUS
BCAKOIO aroMa (MJIM MOJIEKYJIbl), CBSI3aHHOTO C 3THM LEHTPAJIbHBIM aTOMOM, OIpENeIsAeTCs
MPUPOJO0H 3aMECTUTES, 3aHUMAIOIIIETO TPOTUBOTIOJIOAKHBIA KOHEI] IMaroHanu'". 9To 03Havaer,
YTO ONpPEACICHHBIN JIUraH[ OKa3bIBACT BIMSIHHAC HA JIMTAHJ, HAXOIALIUICS 110 OTHOIIEHUIO K
HEMY B TPAHC-TIOJIO’KEHHH, YBEJIMYUBAsL CHOCOOHOCTh 3TOrO JIMTaH/AA K 3aMEILEHUIO.

B pesynpTaTe MHOTOJIETHUX HCCIIEIOBAHUN PAJl TPAHC-BIIMSHMS JTUTaHJO0B B HACTOAILEE
BpEMsI BBITJISAUT CIEAYIOIUM 00pa3oM:

CN™ > C2H4, R2SO > CO, NO2” > SC(NH2)2 > R2S, R3P, I' > Br - > ClI" > F > NH3z >
OH > H20

(rne R — ankunbHbIN panukan). B sToMm psaay cieBa HanpaBo cHOCOOHOCTh MOBBILIATH
MIOABWKHOCTb TPAHC-JIMT'aH/1a TIOHUKACTCS.

Pan TpaHc-BAMSHMS JUTaHIOB JA€T BO3MOXHOCTH JA€aTh Ba)KHbIE INpeAcKasaHus. B
YaCTHOCTH, C €r0 NOMOULIbK0 MOKHO CYIUTh O HAaIpaBICHUM PEaKLU 3aMELICHNs IUTaHI0B BO
BHYTpEHHEH cepe KOOpIMHALMOHHBIX COETMHEHUH.

N3BectHO, conb IlelipoHe MMeeT CTPYKTypy IUIOCKOTO KBaJpaTHOTO KOMILIEKCA, W
MMEHHO OHA HCIOJb3YeTCsl B MEIUIIMHE, TOr/la KaK TPaHC-U30Mep HE MPOSBISET MOAO0OHBIX
coiictB. Ilpemioxure crnoco® cuHTe3a 00OMX M30MEPOB U3 COeIUMHEHHS X8, CBOW OTBET
000CHYITe, UCTI0Nb3Ys TEOPHUIO TPAHC-BIMSIHUA TUranaoB. [IpuBeaure cTpykTypHbIe (GOpMYIIbI

000MX M30MEpOB.




3aganue 3
T'A30XUMMUS B HALIIEN )KU3HU

["a30xuMus — OTpaCiIb MPOMBIIUIEHHOCTH, 3aHUMAIOLIAsICS BOIIPOCAMH NEPEepadOTKU U
MPUMEHEHHSI IPUPOTHOTO, IOMYTHOTO U TEXHUYECKOTO Ta3a. [IpoayKTel mepepaboTKu UTparoT
BXHYIO POJIb B JKM3HHM KaXJOTO YeJOBEKa, HAuMHas OT MPOAYKTOB IHTAHHS, 3aKaHUYUBAs
TOTUTMBOM M SHEPreTUYECKUMHU PECypCaMHu.

B 2023 romy wucnomnmnock 100 Jier TEXHOJOIMM TPOM3BOJCTBA BAYXKHOTO
KPYIMTHOTOHHAKHOTO MPOAYKTa A, KOTOPBIH MCIOIB3YyeTCs BO MHOTHX cdepax: B MEIUIIMHE, B
MIPOU3BOJICTBE yIOOPEHUH, B3PHIBUATHIX BEIIECTB, B NMHUIIEBON MPOMBIILICHHOCTH M MHOTHX
npyrux. TexHosorus mnoiydusia Ha3BaHue mpoiecc ['abepa-boma. BemectBo A mosyuaror
B3aMMOJICHICTBUEM JIBYX MPOCTBIX BemIeCTB (peaxyusi 1), mepBoe (X) U3 KOTOPBIX SIBISETCA
OJIHUM U3 CaMbIX pacnpocTpaHeHHbIX Ha 3emusie, a BTopoe (Y) sBiIseTcs caMbIM
pacnpocTpaHeHHBIM BO BceneHHo.

B mpomBIIIeHHOCTH OKMCIIEHHEM BellecTBa B, koTopoe Takke Ha3bIBAIOT MTPUPOTHBIM
ra3oM, noiydartr cmech C 1 Y, KOTOpPYIO Ha3bIBAIOT CHHTE3-Ta30M. MaccoBast 10JIsl DJIeMeHTa
Y B B cocraBnser 25%. EcTh Tpu OCHOBHBIX Mpoliecca MOJYyYEHHUS] CHHTE3-ra3a: MapoBas
koHBepcus B ¢ ygactuem Boapl Q = -232,1 kJ[>x/Monb (peakyust 2), OKUCIUTEIbHAS KOHBEPCHS
B ¢ yuyactuem kucinopona Q = 35,4 xJlx/mMonb (peaxyus 3), yriaekuciaoTHas KoHBepcus B ¢
ydactueMm BemectBa E Q = -247 xJIx/monb (peaxyus 4). B mpou3BoICTBE 4acTO MPUMEHSIOT
aBTOTEPMUYECKHI pU(OPMUHT - KOMOMHALIMIO IBYX WJIM TPEX IMPOLECCOB.

CuHTe3-ra3 uMeeT MUPOKUNH KPYyr MPUMEHEHHS, OAUH U3 KOTOPBIX MOJYyYeHHE HOBBIX
npoayktoB, Hanpumep, D (peaxyus 5). BemectBo D - opranudeckoe BeIlecTBo, TPUBHAIBLHOE
Ha3BaHHE KOTOPOTO JPEBECHBIN CIUPT, SBISETCS XKUAKOCTHIO B HOPMAJBHBIX YCIOBUSX,
TOKCUYHOE JJIs1 YeJIOBEKa.

Jna yBenuuenust jonu Y B cMHTe3-rase BelecTBo C moaBepraeTcsi peakiuy BOISTHOTO
CIIBUTa C y4acTHEM BOJIbI M BblelcHueM BeriecTBa E mpu remneparype 500 °C (peakyus 6).

BemectBo C o0Opa3yeT KOOpAWHAIMOHHBIE COCTUHEHUS C HEKOTOPHIMH METaslllaMHu,
Hampumep, ¢ kene3oMm (F) mpu nmaBnenun 100 atm u temmeparype 200 °C (peaxyus 7).
PaznoxeHneM Takoro COeJMHEHUS MOJIy4aroT BHICOKO YHCTOE JKEJe30.

Peaxmueit bazaposa, To ecTh B3auMoielicTBUEM BellecTB A U E, nmomyyatror Mo4eBUHY -
BemectBo K (peaxyusi 8), Baxueiimee ymoOpeHue, BHOcsmiee X B MOYBY. BrepBeie B
naboparopun MoueBuHY monyunn Opunpux Bénep B 1828 romy, Gmaromapsi stomy Oblia

06Hapy>KeHa BO3MOXHOCTb CHUHTC3a OPraHNYCCKUX BCIICCTB M3 HCOPraHUYCCKUX. MoueBuHa
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oOpazoBajnach BCIEACTBHE IeperpynnupoBku BemiectBa G mpu HarpeBanuu (peakyusi 9),

KOTOPOE TOJIy4aroT B3aUMOJICHCTBUEM [IMaHaTa Kalus ¢ cylbhaToM ammMonus (peaxyus 10).

Bonpocwi:
1. Omnpenenure Bemectea X, Y, A, B, C, D, E, F, G, K.
2. Hanumure ypaBaenus peakyui 1-10.
3. OcHoBeiBasice Ha mnpuHnune Jle Illatense, HamummMTe NPH KaKUX TEMIEpaTypax H
JIaBIICHUH PaBHOBECHE B DK30TEpMHUYECKOM mporiecce ["abepa-boma Oyxer cMmemieHo B CTOpOHy
npoaykToB. [Ipu Kakux ycinoBUsAX (PaKTHYECKH MPOBOISAT IMPOIECC C YIETOM HHU3KOW CKOPOCTH
peakuuu?
4. Hanwmure, mouemy aisi TOJMYYeHHS CHHTE3-Taza NPEANMOYTUTENHFHO HCIOIH30BaTh

ABTOTEPMHUYECKUN PUDOPMHHT, YeM peakyuu 2-4 10 OTIEeTHLHOCTH.

5. Onpenenure sHTanbnuu peakuuu noixydeHus E u3 C u oOpa3oBaHMs BOJBI C y4ETOM
peaxyuii 2-4.

6. Hapucyiite crpykrypy BemiectBa F, reomerpueil Mo>KHO IpeHEOpeyb.

7. Hanumure npyroe pacnpoctpaneHHoe HazBaHue BemlecTBa K.

8. [Ipennoxure n HaMUIIKUTE OAHY KAUECTBEHHYIO PEAKIIHI0, IO KOTOpoi Bénep Mor noHsITh,

YTO CHHTE3MPOBAJ KIMEHHO MOYEBHHY, a He BeriectBo G (peakyus 11).

3aganmue 4
TPHU BPATA

Ansppen BepHep ObuUT NEpBBIM XUMHUKOM-
HEOpPraHWKOM, MoixyduBmIUM HoOeneBckyio mpeMuio B
1913 romy 3a wu3ydeHHME CTPOEHUS STUX THUIIOB
coequHenuil. B 1893 roxy BepHep nepBbIM NpeyuioxKul
IpaBWIbHbIE CTPYKTYphl OJTHUX COCAUHEHUH, U B

ﬂaHBHeﬁmeM pa3pa60TaJ1 COBPEMCHHBIC OCHOBBI 3TOI'O

paszena XuMHUHU.

Mertann A pearupyeT Ipu HarpeBaHUU C MPOCTHIM ra3000pa3HbIM BEIIECTBOM, 00pa3ys
coenunenne B (peakums 1) ¢ maccosoii moneit merammna 45,38%. BemectBo B sBasiercs
pacipoCTpaHEHHBIM BH3yalbHBIM HWHIUKATOPOM BIIXXHOCTU H3-3a SBHOTO H3MEHEHHS €ro
1BeTa mpu ruapatanuu. [lo Mepe mornoiieHus BOAbI BelecTBO B M3MeHseT 1BET OT rofyooro
70 PO30BOTO MBeTa. [Ipu MpokadMBaHUU CMECH OKCHJA KajbIUs ¢ MPOCThIM BeriectBoM C

obpa3yercs BemecTBo D (peakuus 2). [Ipu cmemuBanuu D € Bo0# mostydatot roprounii raz E
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(peaxnus 3). BemectBo F nmonyvarot peakuuein E ¢ 5kBUMOJIIpHBIM KOJIMYECTBOM BOJIOPO/IA B
IIPUCYTCTBUM Karanuzaropa (peakuus 4). [lanee k coequnenuto F no6asnisior xop, noiay4das
coenunenue G (peakius 5). BemectBo H B mpoMBINIUIEHHOCTH MOJIYYalOT B3aUMOJCHCTBHEM
ammmuaka ¢ BemectBoM G (peakuus 6). Coequaenue X 3eJI€HOTO IIBETa MOIyJaloT peakuueil B
1 H B consiHOM KHCIIOTE B MPUCYTCTBUU Kuciaopoaa (peakuus 7). B coenqunenun X maccoBas
noiist metayia A cocrasisier 20,67%. Ilpu HarpeBannu pacTBopa BeriectBa X B BOJISTHOM OaHe
noJrydaeTcsi puoieToBoe BemecTBo Y (peakuus §), B KOTOPOM MaccoBas JOJIs METalIa TaK ke

cocrasisteT 20,67%.

Bonpocwi:

1. Omnpenenure BemectBa A-H. Hanummre ypaBHeHHs BCeX ONMCAHHBIX PEAKIIUM.

2. TlomydyeHHOe B peaknuu 8 coequHeHue Y MpeACTaBIsieT coooi cMech Y1 1 Y2, Hapucyiite
cTpykTypHBIe popMyibl X, Y11 Yo.

3. B peakunum 7 nipu q00aBiIeHUHA OOJBIIETO KOJMYECTBA COSTUHEHUS H MOXHO TOTy9IHTH
COCIMHEHUE OPAHXKEBOTO IBeTa Z ¢ MaccoBOW moser mertamia A, paBHou 17,08%.
Hammmure ypaBHEHHE 3TOW peakiini U HAPUCYUTE CTPYKTYpHYIO hopmyny Z.

4. Kak Ha3bpIBaeTcs paszaes XuMuu, B kKoTopoMm Anbdpen Bepraep paspaboTtan coBpeMeHHbIE

OCHOBEI?

3aganue 5
Tspkenaple dIEMEHTHI  SIBJISIIOTCA TOKCHYHBIMU JUISI  4EJIOBEKAa, HMEIOT CBOMCTBO

HaKaIllJMBaTbCS B OpPraHHU3Me, BbI3bIBATh XPOHUYECKYID HHTOKCHKAIMIO M, KaK CIEACTBHE,
BBI3BIBATh HAPYLICHUS PA3INYHBIX PYHKUIUN OpraHu3Ma.

Panee ux npumeHeHue ObLI0 pacpOCTPaHEHHBIM CIIOCOO0M CMEPTEILHOTO OTPABIICHHUS
moneit. Tompko B XIX Beke ¢ pa3BUTHEM XHMHUYECKOTO aHajin3a W METUIMHBI ObLIN
pa3paboTaHbl METO/IbI OOHAPYKEHUS U JICUCHUS OTPABICHHIA.

HekoTopsie Tsokenble 2IeMeHThl TaKue, Kak MBIIIbIK, CBUHEII, KaJIMUN, HUKEJb, OJIOBO,
CypbMa U HEKOTOpbIE JpYrue NpH OOJBIIUX KOHIEHTPALUAX JETKO HACHTU(DUIUPYIOTCS
METO/IaMU Ka4eCTBEHHOTO aHaiu3a. JlJig ux 0OHapyKEHUsI MOXKHO HCIOIb30BaTh CIEIYIOIINE

pacTtBopsI peakTuBoB: 5% NazS, 15% HCI, a Taxxke BosiHYIO OaHio.

Bonpocwr:

1. HpC,Z[J'IO)KI/ITC MCTOOUKY KauyeCTBEHHOM I/IILCHTI/I(l)I/IKaL[I/II/I BOAHBIX paCTBOPOB:
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AsOs*, Pb**, Sb*, Ni?*, Sn**, Cd?" ¢ ncronp30BaHMEM PEAaKTHBOB U3 IPUBEICHHOTO
BBIILIE INEPEYHS. YKAKHUTE SIBICHUS, KOTOPBIE CONPOBOKIAIOT IHPOTEKAHUE peakuuu (ras,
0CaJIoK, UX I[BETA U TIp.).

2. Hammmmure ypaBHEHUS pEaKkUUi, NPOTEKAIOMMX B XOAE MPELIOKEHHOM

HUICHTH(UKAIIH.

Oxcup yriepona CO Takke OTHOCHUTCS K YPE3BBIYAMHO TOKCUYHBIM BemiecTBam. Ero
OTTACHOCTH 3aKJF0YaeTCss B TOM, YTO JTOT ra3 He MMeeT 3amaxa. [lo HeKOTOpBIM JaHHBIM OH
3aHUMAET TPEThE MECTO CPEIW NMPUYUH CMepTeNbHbIX oTpaBieHui B mupe. [IJIK B Bo3ayxe
3TOrO rasa cocrasnser 20 mr/m°.

KomuectBennoe omnpenenenue CO B BO3ayXe MOXKHO NMPOBECTH TUTPUMETPHUECKH.
OroT MeTon ocHOBaH Ha okuciaeHnH CO oummeHHbIM okcuyoM Honaa 1205 ¢ mocneayrommum
noryomennemM obpasopasiierocsi CO2 pactBopom Ba(OH)2 u oTtHTpOBBIBaHHEM H30BITKA
nocieauero pacrsopom HCI.

Jliig aHanu3a coOMparoT yCTaHOBKY, CXeMa KOTOPOM IpHBe/IeHa Ha PUCYHKE.

AHANMUIMPYENEIA oTpafoTaHHLIN
BOSOYX BOSOYX

— —=

7

Pucynok — Cxema ycmanogxku ona Konuvecmeennoz2o onpeoenenus CO 6 6o3dyxe
1 — CrOs3 na unepmuom nocumene; 2 — pacmeop KOH; 3 — meepowtit KOH; 4 — P,Os
Ha unepmuom nocumene; 5 — meepowtit 1,0s; 6 — Hazpesamenvnoe ycmpoiicmeo; 7 —

pacmeop Ba(OH):

Anamusupyembiii Bo3ayx oobemom 20,00 1 MeIIEHHO NPOIYCKAaOT 4Yepe3 CEepHUlo
CKJIISIHOK C pa3iauyHbIMU BemiecTBamu. ColepkuMMoe CKISHKM 1 TOIJIONIaeT BEIIECTBO A,
KOTOPBI B HEKOTOPOM KOJHWYECTBE BCErJa NPUCYTCTBYeT B Bo3ayxe (peakuyus 1), a
COJIEP’)KUMOE CKIISTHOK 2-3 TOTJIoIaeT BemecTso B (peaxkyus 2), KOTOpBIiA Takke COACPIKUTCS

B BO3AYXC U MOXKCT UCKA3UTH PE3YJIbTATLI OKCIICPUMCHTA. CO,Z[Cp)KI/IMOC CKIISTHKH 4 norjomacT
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BemiectBo B (peakmus 3), KOTOpoe MOKET MOMACTh B aHAJIM3UPYEMbIH ra3 U3 CKISHOK 2-3.
IIpoxoxs uepes moporpeaemyto go 120 °C cxmsuky 5, comepxkamuiics B Bosmyxe CO
B3aumoieicTByeT ¢ 1205 (peaknms 4). Boeimenstomnuiicss ra3o00pa3Hblii MPOIYKT peakuuu 4
MOJIHOCTBIO TIOTJIONIAETCS CUCTeMOM CKIsHOK 7 (peakmusi 5). Ilocie 3Toro pacTtBOpBI CO

CKJISTHOK 7 O6”I>€I[I/IH$IIOT W UCIIOJIB3YIOT JII KOJIMYCCTBCHHOI'O aHa/In3a.

3) Hanumwure ypaBHeHHs peakumii 1-5, KOTOpbIe NPOTEKAIOT IPU IMPONYCKAHUU

aHATM3UPYEMOTO BO3/IyXa Yepe3 YCTaHOBKY, H300paKeHHYIO Ha PHUCYHKE.

Jns kommuectBeHHoro omnpeneneHns CO B Bo3ayxe IO ONHCAaHHOMY METOAY
ucnons3oBai pactBop Ba(OH)2 ¢ wucxomnoit kouuentparmeit 0,0170 mmone/n. Ilocie
MpOITyCcKaHUsT BO3ayxa, comeprkamero CO, uwepe3 ycTaHOBKY, M300paKeHHYIO Ha PHCYHKE,
pacTtBopsl ¢ cyMmmapHbIM 00bemMoM 1000,00 M1 co ckassHOK 7 00beIUHUIN U OTGUIHTPOBAIIH.
Ha tutpoBanue anukBoThl OTGUIBTPOBAaHHOTO pacTBopa o0bemoM 20,00 M1 U3pacxoa0BaoCh

0,08 M 0,0050 M pactBopa HCI.

4) Hanummte ypaBHEHHE PEaKIIUH, MPOTEKAIONIEH B X0 TUTPOBAHUS.

5) Kak MOXHO omnpeaeauTb TOUKY SKBUBAJIEHTHOCTU B XOJI€ BBIIIOJHEHHUS OMMCAHHOTO
tutpoBanua? [IpuBennTe ABa MPUHIMIIMAIBLHO Pa3IMYAOUINXCS ClIOCcO0a.

6) Ilo mpuBenEeHHBIM OSKCIEPUMEHTAIBHBIM JaHHBIM PpAcCUUTAWTE KOHIECHTPAIUIO
Ba(OH). B anamu3upyeMoM pacTBOpeE.

7) Ilo npuBeACHHBIM SKCIIEPUMEHTAIBHBIM JJAaHHBIM paccuuTaiite koHueHTpanuo CO B

aHAM3UPYEMOM BO3yXe (B me/md).
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CTAPILIASA JIUT' A

Saganue 1
3BYKOXNMUA

3ByKOXUMHS  (COHOXMMHS) —  pasjeln
XUMHH, HM3YYAKOLUA B3aMMOJCHCTBHE MOIIHBIX
AKyCTHYECKUX BOJH W BO3HHUKAIOIIME TIPU ITOM
XUMUYECKHE U (PU3UKO-XUMUYECKUE SIBJICHHUSL.

Pak-1enkyH mmpoko U3BECTEH KaK CAMBbIi

TPOMKHUH OOHWTaTelIb MOpEW, OH CrmocoOeH co3aarh 3BYK rpoMmkocThio 200 ab. Takoro
pe3ynbTaTa pak-IIeTKyH JOCTUTaeT Ojarojgapsi CBOE€M MOIIHOW KIICIIHE, CO3Jaromiei
KaBUTAIIMOHHBINA Iy3bIph. HO camMoe WHTEpecHOe, YTO MPH CXJIONMBIBAHUN KaBHTAIMOHHOTO
My3bIps, CO3AHHOTO PAaKOM-IIIETKYHOM, B JIOKAJbHBIX 00JIACTAX TeMIlepaTypa BO3pacTaeT Jio
4427°C, a naBlieHHE JOCTHUTAET THICAY aTMoc(ep, YTO MPUBOJUT K COHOJTIOMHHECIICHIIUU H
JTake K TePMOSIIEPHBIM peakiusaM. B 3Tol 3amade BaM mpejiaraeTcss U3y9uTh XUMUYECKYIO
peaKuio B KaBUTAIIMOHHOM ITy3BIpE.

ABTOpPOM 3aJjaud  yCTaHOBJIGHO, YTO KaBWUTAallUs, CO3/laBaeMas MOIIHBIMHU
YIBTPa3BYKOBBIMU  KOJICOAHUSMU, CIOCOOHAa A((HEKTUBHO pacHICIUSITh TOJUMEPHl |
YTIEBOAOPOIbl HAa 3HAYUTENBHO OoJiee JErKhe KOMIOHEHTHI, YTO OYAET HCIOJIb30BaThCs IS
pElICHUs UIMPOKOTO CIEKTpa AKOJOTHYECKUX MpoOJieM U sl CO3JIaHUS CHUHTETUYECKHX
MOTOPHBIX TOMIUB. OAHAKO, M3-32 KpallHE KOPOTKOM MU3HU KaBUTAIIMOHHOTO IY3bIpS,
JKCIIEPUMEHTAJIbHOE U3YYEHHUE SBIICHUH, TPOUCXOASIINX B HEM, ABIISETCS KpaliHe HEMPOCTOi
3amauei. [losToMy nansi W3ydeHHs] 3TUX SBJICHUH HCIOJB3YeTCSI KBAHTOBO-XHMHUYECKOE
MOJENUPOBAHUE, YaCTO SIBJISIOIIEEeCs Haubojiee MPOCTHIM U ACHIEBBIM CHOCOOOM H3y4EHUS
MEXaHU3MOB PeaKlUi U KOPOTKOKUBYILIUX UHTEPMEINATOB.

N3yunm peakiuro pacnaia H-rekcaHa npu oopaboTKe ero MOITHBIMHU YIIbTPa3BYKOBBIMU
KoJieOaHUsIMHU, CO3JAIOLIUMH KaBUTAIMOHHBIE MY3bIpu paguycoMm 0.015 canTHUMeETpoB C
temnepatypoit 10000 K. /laBneHue ra3oB BHyTpHU KaBUTALMOHHOTO ITY3bIPsI MOXHO OLIEHUTH 110
bopmyne

20

p_T

I'ZIe 6 — IIOBEPXHOCTHOC HATSXKCHUE, a I — painyC KaBUTALIMOHHOTO ITY3bIPS.
CocraBieHa ynpoméHHaﬂ CXCMa pCaKInM pacnazaa H-TCKCaHa, HC BKIIIOYAronias cTaguit

Pa3BCTBJICHUA:
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ko *

CeHipy —— CeHyy (1)
* k ° ®
C6H14 41> C3H7 + C3H7 (2)
[ ] k [ J
C;H, 2 C;Hy + H (3)
. o ks
CGH, + H ——>» C;Hg (4)

CeH14™ - oamo ewgecmeo, nepeweouiee 6nympo Ka6UMaAYUOHHO20 NY3bIPSL, MO He
PAOUKATbHASL Yacmuyda.
Coomeemcmeenno, Ko — amo koncmanma ckopocmu nepexooa CeHua 6 kasumayuonnwiii
ny3slpb.
Bonpocut:
1. Paccuuraiite naBieHue B KaBUTALMOHHOM ITy3bIpe, €CIIM MOBEPXHOCTHOE HATSKEHHE H-
rexcana 0 = 18.42 - 1073 H/m . Kakum mo1xeH ObITh paiiyC KaBUTALMOHHOTO MY3bIPS, YTOOKI
BHYTpH HeTo co3aaiock AaieHue 100 armochep? OreHka MUHUMAIBHOTO Paauyca YCTOMUIUBBIX

My3bIPHKOB (HE TOJIBKO KaBUTAIIMOHHBIX) B KHUJIKOCTH MOXET OBITh OCYIIECTBIIEHA TTO hOopMyIIe:

4 ( kgT
Top = 3

3 \1mpxg
YCKOpEHHUe CBOOOAHOTO MAJCHUS, Px — IIIOTHOCTD KHUIKOCTH.
SBnsercs M yCTOWYMBBIM KAaBUTAIMOHHBIM Iy3bIph ¢ gaBieHueM 100 atmocdep mnpu
Temnepatrype cpenbl 25°C?
2. Ouenute Ko 1uis Hareld MOJEIM MOIIHBIX YJIbTPa3BYKOBBIX KoyieOaHHil B pacuyére Ha 1

1/4
) , Tne ks — xoncranrta bonbimana, T — Temneparypa cpensl B KenbBuHax, g —

JIUTP H-T'€KCaHa, BOCIIOJIb30BABIINCH HpI/I6J'II/I)KeHI/IeM, 4YTO B KaBUTAIITMOHHOM ITY3bIPE HAXOJAATCA

TOJIBKO MOJICKYJIBI CsHi1s B BUJAC HUACAJIBHOI'O Trasa. CKOpOCTB O6pa3OBaHI/IH KaBHUTAalIlMOHHBIX

ny3blpei

Iy3bIpei MOCTOSIHHA M paBHA CKOPOCTH UX CXJoNbIBaHUA U cocTaBisieT 40420 - Yurure,

C'CM
v *
yto peakuus (1) sBIsSeTCS peakiyeil HylIeBOro mopsaka U ckopocTh oOpazoBaHusi CeHis B

d[CéHik4-] — kO

peakuuu (1) paBHa "

3. OHeHI/ITe OHEPTHUI0 aKTUBAllUU pPEAKIHUU (2) o cCjaeayroumM KBAHTOBO-XUMHUYCCKUM

JaHHBIM:
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-236,30 —

-236,35
-236 40
c E =-236.439816 Eh
i
g 238,45 PeareHT
[o N
% -236,50 MepexogHoe cocTosiHMe
-236,55
| E=-236.61
-236.60 -
KoopauHaTa peakyum
4. PaccunTanb! craTUCTHYECKHE CYMMBI TIPY PAa3HBIX TEMIIEpaTypax:
T K In(Q)
' Pearent I[TepexoJHOE COCTOSHUE
298.15 34.6878 43.6078
4700.15 110.9660 116.3193
10000 148.7258 151.4979

Orennte ki pacnaga CeHis mpu Temmeparype 298.15 K u npu Temmeparype
10000 K B ucciegyeMoM HaMu KaBUTAIIMOHHOM ITy3bIpe. UTO MOKHO CKa3aTh O BO3MOMXKHOCTH
MPOTEKaHMsI PEaKIMU pacraja MpH dTUX Temreparypax? byner nu peakuus mpoTeKarb, eCiu
paK-IIEeNKYH CO3/acT KaBUTAIIMOHHBIH ITy3bIph B H-TeKcaHe? OTBETHI IOATBEPANTE PACUETAMH.
5. Ha ocHoBaHuu 3HaueHHi KOHCTAHT cKopocTed Ko u Ki 0ObscHHTE, OYeMy Mbl MOXKEM
UCIOJBb30BaTh TNPUHIMII  KBAa3UCTAIIMOHAPHBIX  KOHIEHTPAIUii  (CKOPOCTh 00pa3oBaHUs
HecTaOMIBbHBIX YaCTHI] paBHA CKOPOCTH MX pacxojoBanus) mis CeHis mpu 06paboTke pacTBopa
MOII[HBIMU YJIbTPa3BYKOBBIMH KOJICOAHUSMU?
6. [Tonb3ysich MPUHIMIIOM KBa3WCTAIMOHAPHBIX KOHIICHTPALUN JUIS BCEX HECTAOMIBbHBIX
YaCTHI] U 3aKOHOM JICHCTBYIOIIUX MacC, 3alTUIINTE BIPKEHUE JIJIsl cKopocTeit o0pazoBanust CaHe
u CsHs. Kakas peakuus Oyzner numutupyromei? CKolIbKo BpeMeHH HE00X0MMO 00pabaTbIBaTh

yAbTPa3BYKOM 1 JIUTp H-rekcaHa, 4ToObl oOpa3oBaics | Mok mpornuieHa?

7. CKOpOCTL O6pa30BaHI/I}I KaBUTAIIMOHHBIX Hy3E>IpLKOB OIINCBIBACTCA (bOpMyHOI\/’I:
—4000 "0
v(t) = — :
—2.901 - exp (%) — 0.09896

I'met— BpEMs B CCKYHIaXx. K UMy CTPEMUTCA 3HAYCHUC CKOPOCTHU O6p330BaHI/I}I KaBUTAalIUOHHBIX

Iy3BIPBKOB, €ciu t — oo ? Yepes kakoe BpeMs Mbl NpuaeM K 99% OT NOCTOSTHHON CKOpPOCTH
00pa30BaHus KaBUTALMOHHBIX MTy3bIPHKOB?
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8. [Ipemnoxxure 0ObCHEHHE TOTO, TOYEMY B HaIIed MOJENU 3BYKOXHMMHYECKAs PEaKIIHs

pacnazia H-reéKcaHa Ha IIpOIaH U MPOIMIEH UMEET CyMMapHO HYJIEBOU MOps10K?

JonoanuTeabHast HHGOPMAIMS:
[TnotHOCTH rekcana = 0.661 r/mn

1 sueprus Xaprpu (Eh) = 4.359 - 10718 JIx
koHcTanTa bonbumana ky = 1.38 - 10723 [%(

IMocrosianas [Inanka h = 6.626 - 1073% JIx - ¢

-E
kBT QnepeonHoro COCTOAHUA A

e RT, e Q — crarucTuyeckas

®opmyna itpunra k(T) =

h Qpearenra
CyMMa COOTBCTCTBYIOIICTO BEIICCTBA.

3ananue 2
HOBBIU CUHTE3 OCEJbTAMHUBHUPA

OcenbTaMUBHp — MPOTUBOBUPYCHBIH MpenapaT, OTHOCALIUICS K TpyIIie HHTHOUTOPOB
HeHpaMHHM/1a3bl BUPYCOB I'puIina Tuna A u B, moBepXHOCTHOTO MNIMKONIPOTENHA, SBIISIOLUIETOCS
OJIHUM U3 KJIIOYEBBIX (PEPMEHTOB, Yy4YaCTBYIOIIMX B pEIUIMKAIMK JaHHBIX BHUPYCOB.
Brimyckaercst B Bugzie conu (docdara) moa ToproBeiMu HazBanusiMu Tamudoo u Homumec.

Knaccuueckuii  MeTron CcuHTE3a OcCelbTaMHBHUpPa OCHOBAH Ha OH

HMCIIONb30BAHUKM B Ka4eCTBE HMCXOJHOTO COCJMHCHUS ONTHYECKH HO,,
AKTHBHON (—)-IIMKHMOBOM KHCJIOTHI (PUCYHOK 1), BBIAEISACMON W3

ceMsiH OaapsHa Hactosmero llicium verum. HO o

OH
Bonpocui:

1. IlpuBenute Ha3BaHue (—)-MUKAMOBOH KHCIOTHI Mo HoMmeHkiIaType IUPAC ¢ ykaszanuem

a0CONIIOTHOW ~ KOH(HUIypaluu BCeX aCHMMETPUYECKHX aToMOB CTpykrypHas dpopmyia
(-)-mmKHUMOBOIA

yrieposa mo (R,S)-Homenknarype. CKOJIBKO BCErO CTEPEOM30MEPOB KHCIIOTHI

HMeeT IMMKUMOBas KUcjIoTa?

Tem He MeHee, TOPOrOBH3HA M HEBBICOKHUI BBIXOJ (—)-IIMKMMOBOW KUCIOTHI HpH €€
MOJIydeHUH W3  PACTUTEIbHOTO  CBIPbs  OOYCIIOBIMBAIOT  HEOOXOJUMOCTh  IOHMCKa
NPUHLMINAIBLHO HHBIX METOJIOB CHMHTe3a ocenbTamuBupa. Tak, B 2008 romy rpymmoii
HmIBEHIIapCKUX HcchenoBareneii n3 kommanuu Roche Obuta mpeanokeHa HOBask METOIMKA
nosrydeHus: Qocdara ocenpTaMHBHpa M3 KOMMEPYECKHM JIOCTYNHOTO 2,6-TUMETOKCH(EHOIa.
[IpoMeXyTOUHBIMU COEAMHEHUSIMU B 3TOM CHHTE3€ BBICTYNAIOT SHaHTHOMEpbl F1 u P,

MpEACTaBJIAOIINUC co0oii MOHOB(I)I/IpBI I[I/IKap6OHOBBIX KHUCJIOT U 06pa3y10umec;1 B pC3YJIbTATC
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peaKiuii SHAHTUOCETIEKTUBHOTO THPOJIN3a CIOKHBIX 3(DUPOB, KaTaTM3UPYEMBIX (pepMEHTaMU

— 3CcTepas3oil CBUHOM MeYeHH U nunas3oi rpuda A. oryzae.

OCH;
OMs
O P
. A NBS (2 aks.) 8 CO, EtOH Ho

KOtBu, AMCO [M®A KOAc RU/ALO5

HsCO 50 °C dppp, PA(OAC), 100 Gap, 60 °C
110 °C
Me = CH,
Me3SiCl, Nal 3CTepasa CBUHOW NEYEHU ;
— - E - Fy i Et=CHs
CigHagO;  H2O pH 8 ' Ms = CH3SO, |
_ | Ac = CH4CO

nunasa A. oryzae Me3SiCl, Nal : :

> G > F, : tBu = (CH3)1C ¢

pH 7 H,0 ; :

E Ph = CBHS H

"""""" o e

o) |
- I 0 N 0
AL e
OAM®A AMCO NBS dppp

__________________________________________________________________________________________________________

2. Ilpuenute cTpykTypHbie hopmynsl BemiecTB A — E, G, F1 u F2 ¢ ykazanuem crepeoxumum,
ectm B peakiun C — D oOpasyercs me3o-dopma, B coeaumHeHun Fi Ommxaimmii
KapOOKCHIILHOW TpyIllie acCUMMETPHUYECKHI aToM yriepoja UMeeT S-KoH(Urypanuio, a B
coenuHeHUU F> Ommkalmuii K KapOOKCHUJIBLHOM TpyIie yriepoaHbIi aToMm oOmamaer R-
xoHuryparwmeit. Jns semecrsa C *H AMP (CDCls): 8, m.1. = 0.95 (t, 6H), 1.39 (T, 6H), 1.50—
1.80 (m, 4H), 3.95 (c, 6H), 4.23 (kBunrert, 1H), 4.37 (x, 4H), 7.99 (c, 1H) (¢ — cunrier, T —

TPUILICT, K — KBAPTCT, M — MYHBTI/IHHGT).

Peakiun, KaTaJau3upyeMble dbepmeHTaMu, MPOTEKAIOT c BBICOKOM
CTEpEOCENeKTUBHOCTHIO. TakK, SHAHTHOMEPHBIN M30BITOK MPOAYKTA, MPEICTABISIIOIINA cOO0M
Pa3HOCTh MOJIBHBIX JOJIEH IBYX 3HAHTUOMEPOB, cocTaBisieT 96,4% nns peakuuu E — F1 u

99,8% nns peakuuu D — G.

3. PaccuuTaiite BBIXOJIbI OCHOBHBIX SHAaHTHOMEPOB, OOpasyromuxcs B peakuusx E — F1 u
D — G, yuutsiBasi, yTo OOIMIMHA BBIXOJX SHAHTHOMEPHON Mapbl B JAHHBIX PEAKIUSIX COCTaBIISET

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

N3 o6oux sHanTHOMEpOB F1 1 F2 mocpeacTBoM mpuBeAEHHBIX HIKE PEaKLUi MOTyJatoT

docdar ocenpramMuBHpa.
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Fi

DPPA| Et;N
NH NaClO EtOH Boc,0
E, 3 (us6.) H - s . 2Y K NaH'
2774 CysHasNOg - C0;
O, COE Tf,0 NaN; 1. Hy, Co
—_— : L - M .
py 2. Ac,0, Et3N
HO\\\\\‘ e I
E Et=C,H tBu = (CH3)3C
NHBoc ! oHs (CH3)3 ]
\ Tf=CF;S0, Boc=tBuOCO:
- N HBr, ACOH= o H3PO4 P Ac = CH,CO Ph = CgHs
ocenbLTaMUBMp o
C16H28N204 | X
: PhO—P—OPh
I &
N N
i DPPA py '

4. TlpuBenute CTpyKTypHBIE (DOopmMyasl BemecTB H — P ¢ ykazaHweMm CTepeoXuMuH, €clv

M3BECTHO, uTO B peakuuu L — M oOpazyeTcst TOJIBKO OAWH TUacTepeoMep, a THAPUPOBAHKE HA

K0OaJIbTOBOM KaTaln3aTope He 3aTparuBaeT nBoiHyI0 C=C cBs3b.

3aganue 3

BUOCHHTE3 U30OITPEHOU/10B
W3onpeHouasl  SBASIOTCS  TPYNNOM  MPUPOAHBIX  COEIUHEHMIA,

O6J'Ia,Z[aIOH_[I/IMI/I rOpMOHaJIbBHBIMH, CUTHAJIBHBIMU U JPYI'UMHU BaXKHBIMHU

¢byakusaMu. CTPYKTYPHBIM 3JIEMEHTOM H30TPEHOUIOB SIBIISIETCS U30IpeH (2-

MeTuiOyTaaren-1,3), KOTOPbI COEAMHSACTCSA MO MPHUHIUIY ‘TOJO0Ba-XBOCT K
KOKIOMY TMOCJIEIYIOIIEMY CTPYKTYpHOMY 3J€MEHTY. bHOCHMHTE3 H30MPEHOUOB MOXKET
OCYILIECTBIISTHCS Uepe3 JIBa HE3aBUCUMBIX METa0OIMUECKUX MYTH: METUIIDPUTPHUTON-(PochaTHbIN

(MEP-niytb) u w™eBamonatueiii (MVA-myts). Hwmxe mnpuBeaenst cxembl MEP u MVA

MeTa0O0JIMYEeCKUX MyTeH.
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MEP-nyTs:

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
i ¢ i
o=—0 1 NADP*+H,0 NADPH+H' 2Fdy+H0 2Fdy, |~ CMP
GH, Q cH, o7 o E /
)k/\ \P/ ° + /}\3/\-0*& - \ / E D
- P 7 6
HsC o \\O HoG x o” X
IPP DMAPP
MVA-nyTh:
2NADPH 2 NADP'
a Acetyl-CoA CoASH Acetyl-CoA + H,O CoASH +2H +CoASH || Mo cHs
J’I\ — F —7 - —7 M
= G -
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
HsC ~ o N M e o\ 13 12

DMAPP IPP

HazBanus hepMeHTOB, KaTAIM3UPYIOIIUX COOTBETCTBYIOIIHUE cTanuu: 1, 5, 6, 9 — cuHTa3za;

2 — penykronzomMepasa; 3 — tpancdepasa; 4, 11, 12 — kunasa; 7, 10 — penykrasa; 8 — tnonasa; 13
— nexapbokcwmiiasa; 14 — uzomepasa.

N3onpen moxer ObITh cuHTEe3upoBaH U3 DMAPP npu ydactum depmeHTa u30NpeH

CHHTa3bI:
o
o0
cH, oF o
)\/\'O\'_L —— > Isoprene + H* + PP,
™
HaC \ 0o~ o
DMAPP
Bonpocur:
1. [IpuBenute CTPYKTYpHYIO (POpPMYNy H30MpEeHAa M YKaKUTE IOJIOKEHHE ‘TOJIOBBI. H
“xBocra’”.
2. IIpuBenure cTpykTypHble (opMyasl coeauHeHuit A-l  (crepeoxumueil  MOKHO

npeHedpeus). JIONOJHUTENBHO U3BECTHO, YTO D comepkuT B cBOEH CTPYKTYype BOCBMUUJICHHBIH

UK U3 TPEX aTOMOB YTIJICPpOJad, TPEX aTOMOB KUCIOpOJAa U IBYX aTOMOB (I)OC(I)Opa.

3.

aHepFeTI/I“ICCKI/Iﬁ BbBIXOA — O9TO KOJHUYCCTBO OJSHCPIruH, KOTOPOC BBIACIACTCA HWIIN

pacxoayercda B XOJC MeTa00JINYECKOTO mnmpounecca. Brruncaute BHGPFGTHHCCKI/Iﬁ BBIXOJ B

21



skBuBasieHTax ATP nipu cuntese 1 mosekyinsl u3onpena u3 rioko3sl (CsHi206) uepes MEP u
MV A-niytu. ITpy BBIYMCIEHUSAX YUTUTE CIAEAYIOLUIUE TOMYIICHMUS.

MEP-nyTh:
1) IPP u DMAPP o0Gpasytorcs uepe3 MEP-nyts B cootHomienuu 1:1.

2) Peaxiun momryuenns G3P, Pyr:

CsH1206 + 2ATP = 2G3P + 2ADP
CsH1206 + 2NAD™ + 2ADP + 2P;= 2Pyr + 2NADH + 2H* + 2ATP
3) Peakuuu perenepauun Fdred:

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

Acetyl-CoA + P; + ADP + H* = CH3COOH + ATP + CoASH

MVA-nyTh:

Peaxumu nonygenus Pyr, Acetyl-CoA:

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

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

DHepreTudeckas IeHHOCTh B dkBuBajeHTax ATP kodakTopoB nmm cyocTpaTos

CoennHenue JHepreTunyeckas
HEHHOCTb
1 NADH 2.5 ATP
1 NADPH 2.5 ATP
1CTP 1ATP
4, OmHuM W3 TpeACTAaBUTEICH H30MPEHOUIOB sBIseTcs JuKOnmuH (coemurenue N),

COJICpKAITUICS B TIJI0JIaX TOMATOB W OOYCJIaBIMBAIOIIMK WX KpacHbIM 1BeT. Hmke mpuBeneHa
cxema 6mocuHTe3a ukonuHa u3 DMAPP u IPP. [IpuBenute cTpykTypHBbIE GOPMYIIBI COSTUHEHUN
J-N (reomerpuueckoii m3omepueii MOXXHO TmpeHeOpeus). JlomomHuTenbHO wW3BecTHO, uTto N
CUMMETpUYHA U JIBaIaTh JIBa aTOMa YTJIepo/a BOBJICYEHBI B HEMIPEPHIBHYIO LIEMb COMPSKEHHBIX

JIIBOMHBIX CBSI3€EH.

IPP H™+PP; IPP H"+PP, IPP H'+PP

18
2H"+2PP;

4NADPH" + 4H" 4NADP*

>~ M

CaoHes
19

Hazpanus ¢epmMeHTOB, KaTalH3UPYIOMIMX COOTBETCTBYywImuUe cramuu: 15, 16, 17, 18 -
CHHTa3a, 19 — geruaporeHasa win aecarypasa.
Tosicnumenvhas ungopmayusi:

N
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Pyr — mupoBuHOrpaaHas kucnora MVA — MeBanoHOBast KHCIIOTa

G3P — mimunepansaerun 3-pocdar Fdox/Fdreq — OKHCIIEHHAs U BOCCTaBIICHHAS
MEP - 2-C-metmwmpurpuron 4-pochar dopmbl  (eppemokcuna,  comepxur  Fedt/Fe?*
IPP — n3onenrenun nupodocdar OKHCIIUTENIEHO-BOCCTAHOBUTETBHYIO ITapy
DMAPP — mumernnammun mapogocdar CO0ASH — kodepmenT A
Acetyl-CoA — Anermikopepment A
ATP — aneno3us tpudocdar CTP — nutunun tpudocdar
NH, NH,

i
O—71V=0

C

o

|
o—1=0

CMP — murrana MmoHOdOChaT

NH,

Y

LA

NAD(P)*/NAD(P)H — okucnenHast 1 BocCTaHOBJICHHAs! (POPMbI HUKTOTHHAMU/L a[ICHHH JIHHYKICOTH 1

(dboctara). Huxe mpuBeicHbI CTPYKTYPBI OKUCICHHON U BOCCTAHOBJICHHON (JOPM HUKOTHHAMH/IA.

3ananue 4

Mertanibl X, Y u Z aBiagiorcs paCHpOCTpaHéHHLIMI/I KOMIIOHCHTaAMH I'€TCPOI'CHHBIX
OMMeETAITINYECKHUX KaTaJIn3aTOpPOB. Hapa MeTamioB X u Y BXOAUT B COCTaB ABTOMOOMJIBHBIX
KaTaJIn3aTOPOB BOCCTAHOBJICHHUA OKCHU 1A 3.30T8.(| |) B MOJ'IeKy.TISIpHHﬁ a30T C IOMOIIIBIO YTapHOT'O
rasa (peakuu}l 1), MeTamiasl X u Z BBICTYIIAIOT KOMIIOHCHTAMHU KATAJIU34aTOPOB HOKUTI'aHUA
HETIpOpCarupoBaBIICTO METAaHA B aBTOMOOMIISX C ra30BbIMHU ABUTaTCIIsIMHA (peakuuﬂ 2), a I1apa
MmetaioB Y u Z HUCIIOJIB3YCTCA B KATAJIMU3ATOPAX JJICKTPOXUMHUYCCKUX IIPOLECCOB,
MPOTCKAIOIUX Ha 3JICKTPOAAX MICJIOYHOI'O BOJAOPOAHO-KHUCIOPOAHOTO TOINNIMBHOT'O JJICMCHTA

(peaxyuu 3 u 4).
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Bonpocur:
1. Hanumure ypaBHeHust peaxyuu 4.

OnemeHTapHas  s4eiika  Mmertaymla X HMEeT — KyOMYecKyro
IPaHELEHTPUPOBAHHYIO CTPYKTYPY (pUCYHOK 1): aTOMBI HAXOASTCS BO

BCEX BeplIMHaX Kyba M B cepeauHax Bcex rpaneld. Ilapamerp

aneMeHTapHOl sueiiku coctasnser 3,890 A (1 A = 10720 u). mesenmapnas sueiika

2. Onpenenure Metaiut X, €CIM U3BECTHO, YTO €r0 TUIOTHOCTh paBHA memanna X

12,01 r/em®.

Mertamnsl X u Y, a takke X u Z 00pa3yroT TBEPbIE paCTBOPHI 3aMEIIEHUsI — CTPYKTYPBI, B
KOTOPBIX 4acTh aTOMOB X cilydyaiiHbIM 00pa3oM 3amelieHa aromamMu Y U Z, COOTBETCTBEHHO, C
COXpaHEHHEM KyOMUYeCKON TIpaHElEHTPUPOBAHHON CTPYKTYypbl. Tak, TBEPHABII pacTBOp
3amemieHuss A coctout u3 15,26 macc. % X u 84,74 macc. % Y, a TBEpABIN pacTBOp
3amernieHust B — u3 22,70 macc. % X u 77,30 macc. % Z. [lapameTpbl 27eMEHTapHON SYCHUKH,

a TaKKe MJIOTHOCTU CTPYKTYp A u B mpuBesieHbl B TaOIuUIE HIDKE.

Crpykryp MaccoBas MaccoBas MaccoBas [TapameTp [ImoTHOCTS,
a monsa X, % nonsa Y, % nonsa Z, % 3JIeMEHTapH r/em®

OM sAYEHKH,

A
15,26% 84,74% - 4,116 16,61
B 22,70% - 77,30% 3,912 18,20

3. Paccumraiite cpeanue mosspueie maccel A u B. Onpenenute metasl Y u Z.

HOCKOHLKy I'CTCPOICHHBLIC KATAIUTUYCCKUE IIPOLCCChI IIPOTCKAKOT HaA TI'paHUIC pas3jciia
PCaKMOHHAasA Cpcla — KaTalnu3aTop, A KaTaAIATHUYCCKUX HpI/IJIO)KCHI/Iﬁ HGO6XO)II/IMO
HCIIOJIB30BaTh HAHOYACTHIBI HA OCHOBC TBépI[LIX PacTBOPOB An B, 06J1az[a}01une BBICOKOH

YILGHLHOIZ MMOBCPXHOCTLIO.

4. PaccuuTaiite cymMmMapHyIo IJI011a/{b HOBEPXHOCTH 1 T TBEPAOro pacTBopa A, COCTOSIIETO U3
HaHoyacTul cepudeckoil (GopMbl paguycoM 5 HM, MOJIB3ySICh BCEMH HEOOXOJIUMBIMHU

JaHHBIMHU M3 BBIH.ICHpPIBCI[éHHOfI Ta6J'II/II_IBI.

; 4
Ipumeuanue. O6BEM mapa paccuuTbiBaeTcs no dopmyne V = 57‘[7”3; IUIOIAAb MTOBEPXHOCTU

chepsl paBHa S = 47r?, T1€ T — paaMyc mapa.
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[Tpu B3aumoelicTBUU MeTaia X ¢ KOHIICHTPUPOBAHHOM a30THON KHCIOTOU (peakyus
5) obpazyetcs pacTBOp coiu Xi, MPU OXJAXKIECHUU KOTOPOTO MPOMCXOIUT KPUCTALTU3AIUS
Kopu4HeBOro BemectBa Xz, coxepxamiero 39,94% wmeramma X mo macce. OOpaboTka
coeauHeHus1 X2 paCTBOPOM XJIOPH/IA KaJlus, OIKACICHHBIM COJISTHON KHCIO0TOM (peakyust 6), ¢
MOCJICYIONUM  BBIIIADUBAHUEM  pPAacTBOpa JaéT  IKEJITOBATO-KOPUYHEBBIC  KPHCTAJLIBI
coequnenus X3 (32,60% meramna X mo macce). O6paboTKa 3TUX KPUCTAIIIOB Ira3000pa3HbIM
XJIOpOM TIPH KOMHATHOM Temmeparype (peaxyuss 7) NPUBOAMT K 0Opa30BaHUIO BemiecTBa Xa

SIPKO-KpPacHOT0 1IBETa, KOTOPOE MpeBpaiaercss oOpatHo B X3 pu HarpeBanuu Boimre 150 °C.

5. Onpenenute BemecTBa X1—X4, IOATBEPIUB OTBET HEOOXOAUMBIMU pacuétamu. M300pa3ure
CTPYKTYpHYIO (GopMyny Xz, €ClId HU3BECTHO, YTO ATO COEIUHEHHE COCTOUT U3 HEMOJISPHBIX

Mouekyn. Hanummre ypaBHeHus peaxyuti 5—1.

Metamnsl Y u Z He pacTBOPSAIOTCS B KOHUEHTPUPOBAHHON a30THOW KHCIIOTE, OIHAKO
B3aUMOJICHCTBYIOT C IAPCKOH BOJKOH (peaxyuu 8 w 9) ¢ oOpa3oBaHueM BemecTB Y1 U Z1,
cooTBercTBeHHO. HarpeBanue Y:1 mpu temnepatype 120 °C (peaxyus 10) NpuBOIUT K €ro
PasoKEHUI0 C 00pa30BaHUEM KPACHO-OypBIX MapoB BemecTBa Y 2, MOJIEKYJIBI KOTOPOTO UMEIOT
JMMEpPHOE CTPOEHHE U COCTOAT U3 Map IUIOCKUX KBAJApPaTOB, COCNMHEHHBIX OOIIEN CTOPOHOIA.
DT0 e BEHIeCTBO Y2 MOHO IMOJIYYUTh HAMpPSAMYIO U3 MeTajuia Y peakiueil C XJopoMm MmpHu
240 °C (peaxyus 11). B cBow odepens, BEMIECTBO Z1

pasmaraercs npu Harpesauuu 10 300 °C (peaxyusn 12), | Ci cl

1
(¢]] \Cl \Cl
JlaBasi KpaCHO-KOPUYHEBOE coeluHeHue Zz, CTPyKTypa S L lﬂ‘“\
. CI/| vo¥ | Y al
KOTOPOTO COCTOMT M3 IENeil OKTa’IpoB, CBS3aHHBIX o &
//////, \\\\\\CIII/III,, \\\\\\\CI
obmumu pébpamu (pucyHok 2). IT0 coenuHeHHne Z» /Z‘\ v ™\
o | o™ | e
TaKkKe oOpasyeTcss MyTEM MPSMOTO B3aUMOJCHUCTBUS Cl c oo
! 1
1
metasia Z ¢ ximopom mipu 300 °C (peaxyus 13). 5
Cmpyxkmypa Z

6. Onpenenure BemectBa Y1, Y2, Z1 u Z>. Hanmmwure

ypaBHeHus peaxyuti §—13.

3aganue 5
Tsoxensle 3IEMEHTHI  SABJISIOTCA TOKCHYHBIMHM JIJISI  YEJIOBEKAa, HMMEIOT CBOMCTBO

HAaKaIUIMBaThCsl B OPraHM3ME, BBI3bIBATH XPOHHUYECKYIO MHTOKCUKAIIMIO M, KaK CIE/ICTBUE,
BBI3bIBATH HAPYIIEHUS PA3TUYHBIX QYHKIUI OpraHu3ma.

Panee ux npuMeHeHue ObUIO PaCcIIPOCTPAHEHHBIM CITIOCOOOM CMEPTEIBLHOTO OTPABICHUS
moxeil. Tompko B XIX Beke ¢ pa3BUTHEM XMMHUYECKOrO aHAIW3a W MEAULUHBI OBLIH

pa3pa60TaHLI MCTO/bI 06Hapy)KCHI/I}I n JICUCHUA OTpaBHeHHﬁ.
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HexkoTtopele TsKelnble 3JIEMEHTHI TaKUe, KaK MBIIbSIK, CBUHEL], KaJMUH, HUKEIIb, 0JIOBO,
CypbMa M HEKOTOpBIC Ipyrue MpH OOJBIIMX KOHIEHTPALUAX JIETKO HICHTH(DUIUPYIOTCS
METOaMH KaueCTBEHHOTo aHaiau3a. s ux oOHapyKEHUsSI MOKHO UCIIOJIb30BATh CIIEAYIOIIUE

pactBopbl peakTuBoB: 5% Na.S, 15% HCI, a taxxe BosHyI0 OaHIo.

Bonpocwi:
1. TIpemnoxkuTe METOIMKY Ka4€CTBEHHON HACHTH()HUKALIMU BOJHBIX PACTBOPOB:
AsO;*, Pb?*, Sb3*, Ni**, Sn?*, Cd?" ¢ mcmonb30BaHMEM PEaKTHBOB M3 MPUBEICHHOTO BHIIIE
nepeuHs. YKaKHTe SBICHUS, KOTOPHIE COMPOBOXKAAIOT NPOTEKAHNE PEAKIMH (ra3, 0CafoK, HX
1BETA U TIp.).

2. Hanummure ypaBHEHUs peakiil, IPOTEKAIOIINUX B X0/1€ PEUI0KEHHON UIEHTU(DUKALINH.

Oxcup yriepona CO Takke OTHOCHTCS K UPE3BBIYAHO TOKCHUYHBIM BemiecTBaMm. Ero
OTIACHOCTH 3aKJIFOYaeTCsl B TOM, YTO ITOT T'a3 He UMeeT 3amaxa. [1o HeKOTOpBhIM JaHHBIM OH
3aHMMAET TPEThE MECTO CPEIIU MPUINH CMEPTEILHBIX OTPABJICHUNA B MUPE.

CO B kpoBH (HPUKCUPYETCS 3a CUET B3aUMOJCHCTBUS C TEMOTJIOOMHOM C 0Opa30BaHHEM
JOCTAaTOYHO MPOYHOro Komiuiekca kapookcuremorsioouna (HbCO). Kpurnueckum siBisieTcs
nepexon 70% remornobuna B kposu B popmy HbCO.

KadectBennyro u konudecTBeHHY0 uaeHTHpukanuio CO B KpoBH MOYKHO TIPOBECTH O€3
MIPeIBAPUTENILHOTO ero BblaeneHus. OuH U3 criocoOoB orpeeneHus KapOOKCUreMorioonHa —
CHEKTPOCKOMUYECKHH, CYIIHOCTh KOTOPOTO 3aKIIOYaeTCs B Pa3IMUUMU MEXKIY CIEKTpaMu
okcuremornobuna (HbO) u HbCO.

B xo0/1€ 1aHHOTO KOJIMUYECTBEHHOTO OIIPEIeJICHHs CPABHUBAIOT CIIEKTPHI IBYX PACTBOPOB
KPOBH: pacTBOpa KpoBH, cojaepkaiiero cmecb HOCO u Hb (pacrBop A), u pactBopa KpoBH,
coaepkaiero Tonbko HDBCO (pactBop B). Crektp Hb wmmeer oaHy mupokyro mosocy
norsornenus npu 543-596 um. Criextp HbCO nmeet aBe MOI0CHI MOTIOIIEHHUS B 001acTax 523-
536 u 564-579 Hm.

PacTBOp A TOTOBST myTeM OO0pabOTKH MpPEIBAPUTEIHHO MOJArOTOBIEHHOTO PAacTBOPA
o0pasiia aHaIU3UPyeMOi KpoBU M30BITKOM BocctaHoBUTENs (Hampumep, (NHa)2S), koTopsbrit
BoccranaBmuBaeT HbLO 10 mesokcuremorsiobmna (Hb). HbCO ¢ BoccranoButenmem He
B3aUMOJICHCTBYET M OCTaeTcs B HCXOAHOM KonudectBe. PacrBop B roroBAT myrem
MIPOITyCKaHHUs Yepe3 MpeABapUTeIbHO MOATOTOBICHHBIN PAacTBOp 00paslla aHaIU3UpPYEeMOM
kpoB# razooopasHoro CO. B xone 3toro Hb u HbO mosnnocteio nepexonst 8 HbCO.

prOH_[eHHaSI CXEMa B3aNMOIIPECBPALICHUA OTUX (I)OpM MMpEaACTaBJICHA HUXKEC:
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+ [H]

//ig)g/,/v HbO
v

Hb

+\co> HbCO

|
L.

3. Hanwummwre YpaBHCHUEC PCAKIMU BOCCTAHOBJICHUSA IIPOU3BOJIBHOI'O Op2aHu4ecKkozo

coenuHeHus cyabpuaom amMonus (NHa).S.

4. HammuimuTe ypaBHEHHE PEaKINU, KOTOPYIO MOXHO OCYIIIECTBUTH B JIAOOPATOPHBIX YCIOBUSAX
st moryaenus guctoro CO.

5. [IpuBeauTe MaTeMaTHYECKOE BRIpAXKEHUE OCHOBHOTO 3aKOHA CBETOTOTJIONEHU. UYbe UMs OH
HOCHT?

6. MHorma B XoA€ HAAJEXKAIIeTO BBITIOJHEHHUS CIEKTPO(HOTOMETPUUECKOTO OTpEaeTIeHUs
MPUOOPOM PETUCTPUPYETCS CIUIITKOM HU3Kasi ONTHYECKAasl TIIOTHOCTD HUCCIIEyeMOTO pacTBopa?
[IpuBenuTe nBa BapuaHTa IEHCTBUM, KOTOPHIE MOXKHO TPEANPUHSITH JUIS TIOBBIIICHHUS

OTITUYECKOH MIIOTHOCTH PacTBOpA.

Jlns  xonmdectBeHHOro ompenaeneHust coaepkanuss HBCO w3  obpasma  kpoBu
MPUTOTOBWIIM PacTBOpPbl A-B Tak, kak B BBIIICHANIMCAHHOW METOIUKE, M TIONYYWIH HX

CIICKTPhbI, IPUBEACHHBIC HA PUCYHKCE.
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OnTU4eckana NNOTHOCTb
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LOnuHa BONHLI, HM

- - PacteopA —Pacteop b
Pucynox — V1S-cnekmpul uccinedyemvix pacmeopos

Jns pacuera gom HDCO ot 0611ero reMorio0nHa Mo CrieKTpaMm MOCTYIAI0T CICTYOIIUM
obpazom. Ilpu HamokeHUHM [BYX CHEKTPaJbHBIX KPUBBIX Ha OJHOM TIpaduKe OTMedaeTcs
MOSIBJICHHE TPeX N300eCTUUECKUX TOUYEK (TOUEK MepeceyeHus! CIIeKTPaIbHbBIX JIMHUMN ), 3HaUCHHE
ONTUYECKO IJIOTHOCTH B MEPBOU U3 KOTOPHIX (MPH HAMMEHBLIEH IJIMHE BOJHbBI) IPUHUMACTCS
paBHBIM D1.

3Ha4YeHHe ONTUYECKOHN IUIOTHOCTH D2 npuHMMaeTcs paBHbIM B TOUKE Ha CHEKTPaIbHOU
KpuUBOM pacTBopa b mnpu niauHe BOJIHBI, KOTJAa PacCTOSHHUE MEXITy OOEMMHU KPHUBBIMU
HauOOJbIlIee OTHOCUTEIHHO OCH JUIMH BOJH BOJIM3M IMEPBOrO MAaKCHMyMa MOTJIOLIEHHS Ha
KpuBOH pactBopa b.

3HaueHue ONTUYECKON TUIOTHOCTH D3 mpuHHMaeTcsi paBHBIM B TOYKE Ha KPHUBOU
pacTBopa A Ipu TOH K€ JUIMHE BOJIHBI, YTO M 3HAYEHHE ONTUYECKON MmoTHOCTH Do.

Hoaro HbCO ot o6mrero remornobuna P (B %) pacCUUTHIBAIOT 110 (hOpMYyIIeE:
p pMYy.

(DZ —D3)100
Dl'K

P =100-

riae: K — koaddunment, pasusiii 0,372.

7. Vicnionb3yst CIIEKTPBI HA PUCYHKE U ypaBHEHHeE, paccuutaiite goio HbCO B aHamm3upyemoit

KpOBHU.
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MJUIAJLHIASA JIUT'A

PEHIEHUA

Saganue 1

1. BemectBa A u B moxHo npeactaButh B Busie X3Nn u X3Pn BBUIY BaJICHTHOCTH a30Ta U

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

) __weo
=0,8327 u wx = 3M(X) +30,97n

docdopa. MaccoBble mosm X paBHBl Wy =
0,6924, cootBercTBeHHO. Kaxk10e 13 3TUX ypaBHEHHIA MPUBOAUT ¢ cooTHomeHuto M(X) = 23,24n.
IMpu n = 1 monsipHas mMacca X OJHM3Ka K HATPHUIO, HO MO YCJIOBHUIO 3a7adu X HMEET HU3KYIO
TEMIIEPaTypy IUIABJICHHS, YTO XapaKTePHO JIMIIb JUIS HEKOTOpbIX MeTawioB. [Ipu n = 3 M(X) =
23,24 - 3 = 69,72 1/MONB, YTO COOTBETCTBYET TaJUIMIO, KOTOPBIA IUIaBUTCS B pyke. Hike

MpHUBeeHa paciin(poBaHHAsI CXeMa BEIECTB.

NH,F
NH,);[GaF;] <—— Ga(NO
3)3
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,
YpaBHEHUs peaKLUil:
1) 2Ga + N2 5 2GaN
2)Ga+P 5 GaP
3) 4Ga + 30 - 2Ga;0s

4) Gaz0s + 3C + 3Cl, — 2GaCls + 3CO
5) GaCls + 4LiH — Li[GaHa] + 3LiCl
6) Li[GaH4] + 4H,0 — Ga(OH)s + LiOH + 4H
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7) 2Ga(OH)3 > Ga0s + 3H;0

8) 2Ga + 2KOH + 6H,0 5 2K[Ga(OH).] + 3Hz
9) K[Ga(OH)4] + HCI = Ga(OH)3 + KCI + H.0
10) Ga + 6HNO3 (k.) — Ga(NOz)3 + 3NO; + 3H20
11) Ga(NOgz)3 + 6NH4F — (NH4)3[GaFs] + 3NH4NO3
2. B xaxmo#t sueiike comepxkutcs (8 - 1/8 + 6 - 1/2) - 2 = 8 atomoB rayumus (BepuinHa
MPUHAIIICKUAT BOCBMH sSYCiiKaM, a TpaHb — AByM). Haiiném 00bém anemenTapHoi stueiiku Vy, =
abc = 4,519-1071°-7,658-10710-4,526-10710 = 1,566 - 10728m3. 3arem ompenenum

1076

m = 6,389 ' 1021. Macca aroma

4mCII0 dMeMeHTapHbIX sueek B 1 om® (10° M%), N, =

M 69,72
Taummss m = — =
Na 6,02:1023

= 1,158+ 10722r. Jlanee ompeieauM IUIOTHOCTh TaUIMS pPgy =

1,158-1072%-6,389-10%1-8 = 5,92 CM% I[MonydeHHas IIOTHOCTh OUYEHb OJIM3KA K PEATbHOMY

3HAYEHMIO TIOTHOCTH rammms (5,91 r/em?).

3. Haiiném muomans TeuibHOW cTOopoHbl Kuctu S = 1,9 - 0,01 = 0,019 m?. TTnomanp,

3aHMMaeMasi «TaTyMPOBKOiD» paBHA Sens = 0,019 - 1/3 = 0,006333 M. Haiiném 06wéM crimaBa V =

0,006333-20-107 = 1,2667 - 10~7 M3. Ornomrenne macc Ga n In; D€ — PGaVGa _

Min PinVin

292103 V6a _ 0,8686% — 4. Y6 _ 46051. Orcioma Vea = 1,04 - 107 M3, Vin = 2,26:10° mC,
I

7,02-Vin n Vin
Janee Haxoaum maccy criaa m = 1,04 - 107 - 6,098 - 10° + 2,26 - 108- 7,02 - 106 =0,79 .
4. Pemuth mpoOiieMy TNpOIYCKAaHWs BJIArM, CBETa M TEIUIA MOXKHO MYTEM CO3JaHWUSI
MIOPUCTOM MPO3PAYHON TOJTUMEPHON OCHOBBI.
5. OKpyriauM OTHOCUTENNBHYIO aTOMHYIO0 Maccy Ga 10 1enoro 4yrcia U BeIYTeM U3 Heé€ 3.
[TonyuaeMm a = 67. 3anuieM siAepHbIC PEAKINH:
$0Zn + 1p = §1Ga + gn

88Zn+ 1p = $7Ga + 2%n
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Kpumepuu oyenusanusn:

Ne DJieMeHThI pellieHust Ouenka

Bonpoca

1. Bepnoe ompenenenne X — 1 Oamin. 3a kaxaoe BEPHO 11
onpenenénnoe Berectso A-1 o 0,5 6amra. 3a kaxayo u3

peaknuii 1-11 o 0,5 Gana.

2. Omnpenenenne konudecTBa atoMoB Ga B 3eMeHTapHOU 3
sueiike — 1 Gaynn. BepHast oueHka yucna 3JI€MEHTapHBIX
sueek — 1 Oamna (B mepecuére Ha 000l 00bEM), BepHo

HalineHa mwiotHocth Ga — 1 Gamra.

3. Omnpenenenve o6béMa crutaBa — 1 Oamna. OmnpeneneHue 3

Macchl cIuiaBa — 2 Oasa.

4, Bepnbsiii otBeT Ha Bonpoc — 1 Oam. JlomyckaroTcsl U UHBIE, 1
HE MPOTUBOpEUaIIre 3aKOHaM (UMK U XUMUH, BAPUAHTHI

OTBECTOB.

5. 3a KaXIyr KOPPEKTHO 3alMCaHHYIO SAEPHYIO PEAKLIHUIO 10 2

1 Gamry.

UTOIO: 20 o6ay10B

3aganue 2
1. V3 npuBeneHHBIX JAHHBIX MOKHO MPEANOI0XKHTb, YTO MCKOMBIH METasl — 3TO
wiaTuHa (4TO TaKXKe MOATBEPXKIACTCS Pacu€TOM dYepe3 MaccoBble J0JM coenuHeHus: X9),
COOTBETCTBEHHO, HEM3BECTHHIE BELIECTBA!
X - Pt, X1 - CszPt, X2 — PtFg, X3 — O2[PtFs], X4 — H2[PtCle], X5 — Naz[Pt(OH)e], X6 —
PtClz, X7 — [Pt(NHz3)4]Cl2, X8 — K2[PtCls], X9 — [Pt(NHz)4][PtCls], X10 — H2[PtCl4], X11 —
PtO-2H,0, X12 — PtCls.
YpaBHEHUs peakLMil:
(1) Pt + 2Cs = CsyPt
(2) Pt + 3F, = PtFe
(3) PtFs + O2 = O2[PtFe]
(4) 3Pt + 4HNO3 + 18HCI = 3H2[PtCle] + 4NO + 8H20
(5) Ho[PtCls] + 8NaOH(kon1r) = Na2[Pt(OH)e]| + 6NaCl + 2H,0
(6) Pt + Cl. = PtCl2

(7) PtCl> + 4NH3 = [Pt(NH3)4]Cl
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(8) PtCl> + 2KCI = K;[PtCl4]
(9) [Pt(NHs)4]Clz + K[PtCls] = [Pt(NHs3)4][PtCls]+2KCI
(20) PtCl, + 2HCI = H2[PtCls4]
(11) H[PtCls] + 4KOH = PtO-2H20 + 4KCI + H20
(12) 2H2[PtCl4] + Cl2 = 2PtClz + 4HCI

3. Taxxe u3BecTHO, 4TO coeauHeHMe X9 HMMeEeT TOT XK€ OpyTTO-COCTaB, 4YTO H
Heu3BecTHbIE cob [leiipone u conb Pelize, KOTOphIE TaKKE ABJISIIOTCS LUC- U TPAHC-U30MEPAMH.
W3 cBenenuit 0 MaccoBOM cojepskanuu smemeHToB: Pt — 65% ; N — 9.33%; Cl —23.67%; H —
2%, ompenensiem coctas: PtN2HsClo u ipeamosaraem, uro sto coenunenue Pt(NHs)2Clo, Torma

LMC- ¥ TPAHC- U30MEPBI:

NH3/////, \\\\\\NH3 cl 4, \\\\\NH3
Pt - Pt
01/ \c1 NH3/ \c1

HC-U30MEp TpaHc-H30Mep

Coemunenne X8 - Ko[PtCls]. Tlpu B3auMOIEHCTBHH 3TOTO COCIAUHCHHS C COJISIMH
aMMOHWUSI, HAIIPAMeEp, alleTaTOM aMMOHHS, TPOUCXOTUT oOpa3oBaHue muc-u3omepa. [lepBbrit
NH3 nurang BcTpauBaeTes B J11000€ U3 YeThIpeX moJioxkeHwuid, 3ameras Cl, Ho, mockonbky CI
nMeet Oonbimii Tpanc-3¢dext, yem NHs, Bropoii NH3z 3amentaercst B Tpanc-niosioxeHue k CI

", CJII€A0BATCIIbHO, IUC-TIOJIOXKCHHUE K IIEPBOMY NHa:

Ko[PtCla] + 2CHsCOO(NHa) = mmc-[Pt(NH3)2Cl5] + 2KCI + 2CHsCOOH

Cl Cl Cl Cl Cl NH
NH NH 3
\Pt/ 3 \Pt/ 3 \ /

—_—

Pt
o N o \NH3 o \NH3

CoOOTBETCTBEHHO, UTOOBI MOJIyYUTh TpPAaHC-M30MEp CHayaja HEoO0XOJAUMO HM3MEHHUTh
BHYTPEHHIOI c(epy KOOPAMHAIIMOHHOTO COEAMHEHUS, Ul 3TOr0 MOKHO MpPEUIOKUTh
peaKIuIo:

Ko[PtCls] + 4NHs (Boan.) = [Pt(NH3)4]Cl> + 2KCl,

rne BHyTpeHHei cepoii cranoBsaT NHz muranssl, u Teneps nocie B3aumoeiictsus ¢ Cl, Oyzer
nposBIsAThCs Oonpmmii Tpanc-3¢¢pexr ClI, u Ha cienyromem stame Bropod jurang Cl

BHEJPSIETCA B TPAHC-TI0JIOKEHHUE.
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NH NH, ]
Cl

NH/ \NH3

NH,

NH\Pt/ o —»Cl_ Cl\Pt/
NN NN

[Pt(NHzs)4]Cl> + 2HCI = tpanc-[Pt(NH3)2Cl2] + 2NH4CI

Kpumepuu oyenueanusn.:

Ne Bomnipoca DJieMeHTBbI peleHnst Ouenka
1 3a KaXJ10€ BEpHOE ypaBHEHUE peaKiuu 1o 1 Gammy 12
3a KaKIbpli BEPHBIN MPENJIOKEHHBIM U 000CHOBaHHBIN
CUHTE3 H30Mepa 1o 3,5 Oaina,
2 3a KaXJIyl0 BEpHO MPHUBEACHHYIO CTPYKTYPY U30MEPOB 8
—mno 0,5 6amna
UTOTO: 20
3aganme 3

1. X—Na Y —Hz, A—NHs, B — CHs, C — CO, D — CH3OH, E — CO2, F — Fe(CO)s,
G — HaN-N=C=0, K — (NH2),CO.

2. YpaBHEHUS pEaKIIH:

1. N2+ 3H2=2NHs

2. CHs+H,0=CO +3H;,

3. CHa+1/20,=CO + 2H;,

4. CHy+CO,=2CO + 2H;,

5. CO + 2H, = CH3OH

6. CO+H0=CO:+H2

7. Fe+5CO = Fe(CO)s

8. 2NHs + CO; = (NH;),CO + H,0
NH, N=C=0 —" » H2N/\C:O

H,N

9.
10. KOCN + (NH4)2SO4 = H4sN-N=C=0

3. HpI/IHLII/Il'I Jle-IllaTtenrse: ecau Ha CUCTCMY, HaxXOoIAIYHOCd B COCTOAHHU PABHOBCCHA,

MPOU3BOJUTH Kakoe-Iu00 BHEIIHEE BOSI{CﬁCTBHG, TO B CHUCTECMC YCWIHUTCA TO U3

HanpaBJeHU mpolecca, KOTopoe ocnadiseT 3hdexT 3Toro Bo3AeHCTBUSA, U MOJIOKEHHE

PaBHOBECHA CMCCTUTCA B TOM KC HAIIPABJICHUU.
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Jlis cMeleHusT paBHOBECHUS B CTOPOHY OOpa3oBaHHWsl MPOJYKTOB, IPOLECC JIY4IIe
MPOBOJIUTH MPU BBICOKUX JIaBJIICHUSIX U HU3KUX Temrmeparypax. DakTHUeCcKH Mpolecc
MIPOBOJIAT MPHU BBICOKUX TEMIIEpATypax M3-3a HU3KOM CKOPOCTH PEAKIMH C IPUMEHEHUEM
KaTaJIn3aTOPOB.

4. ABTOTEpMHUYECKHI PHPOPMHUHT MO3BOJSET KOMIICHCUPOBATH SHIOTCPMHUIHOCTD PEAKIIHIA
MapoBOM M YIIECKUCIOTHOW KOHBEpCUU (peaxkyuu 2 u 4) 3a CYET BBIJCICHUS TeIUla TpU
napruyuaIbHOM OKUCIICHHH MeTaHa (peaxyus 3).

5. Q =-4H,

Onranbnus peakuuu noaydenus E u3 C:

AH]9 (E) = AH,.(3) — AH,.(4) = —35,4 — (+247) = —282,2 k/I>x/Mo0Jib
OHTanbnus 00pa3oBaHus BOJBIL:
AH]9 (H,0) = AH,(3) — AH,.(2) = —35,4 — (+232,1) = —267,5 x/[>k/Mo0.J1b

6. Crpykrypa F:

o

(@]

(o]
W

Fe

> c=o0

W

=0

7. Kapbamung

8. JIrobas moaxoasias KaueCTBEHHAs PEakIys Ha IMaHaT U aMMOoHWK. Hanpumep, menous
HAa aMMOHHH — HET BBIJCIICHUS aMMHaKa, TETPanoJOMEpKypaT Kajaus Ha aMMOHHI
(peaktuB Hecciepa) — HET KpacHO-Oyporo ocajka, pa3JioKeHHEe [IHaHaTa MoJI ICHCTBUEM
CHJIBHBIX KHCIIOT — HE BBIJICIIACTCS T'a3.
NHf + OH™ - NH; T + H,0
NH] + 2[Hgl,]>~ + 20H™ - [NH,(HgD),]I | +51~ + 2H,0
CNO~ +2H* + H,0 - NH] + C0, 1

Kpumepuu ouenusanus:

Ne DJieMeHTHI peleHust Onenka
BoONpoca
1 3a mpasunwsHoe onpexaenenue X, Y, A, B, C,D, E, F, G, K - 5
mo 0,56
3a npaBusbHbIe ypaBHeHUs peakyuui [-10 —mo 1 6 10
3a mpaBUIIbHBIE YCIIOBUS MPOBeeHus Tporiecca ['abepa-bomia 1
cornmacio  mpuHimmy Jle-lllarenpe. 3a  mpaBHIIbHBIE
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(akTHUeCKue YCIIOBUS MPOBEACHUS Ha Mpon3BoaAcTBe — 10 0,5

0
4 3a IIpaBUJIbHOE o0ocHOBaHUE MCIIOJIb30BaHUs 0.5
aBTOTEPMUYECKOTO pruOpMHUHTA
) Paccuurtanbl 3HTanBIUM peakuuu nosyueHus seuiectsa E u3 1.5
C u o6pazoBanwmst Boawl — 110 0.75 6
HapucoBana ctpykrypa F 0.5
3a nmpaBWIbHOE Jpyroe Ha3BaHue BemecTra K 0.5
3a Ka4eCTBEHHYIO PEAKIIUIO 1
Hroro: 20
3aganue 4
1)
A Co F CoHa
1,2-muxnopaTaH
C C H H2NCH2CH2NH:2
(en — sTuieHIMAMUH)
D X [CoClz(en)2]ClI
CaC;
TpaHc-auxiaopouc(dTriieninamMuH )koodansta (I11) xmopua
E Y [CoClz(en)2]ClI
CoH2
ruc-auxinopouc(arunenanamun)kooansTa (111) xmopun

2.

1900 - 1950 °C

Co + Cl, — CoC(Cl,

CaO + 3C

» CaC,+CO

, CaCy +2H,0 —> Ca(OH), + C,H,

4

(o2}

Pd

HC=CH + H, — > H,C=CH,

— Cl
H,C=CH, +Cl, — CI/\/
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N N
{ %7, | &
4CoCl, + 8H,NC,H,NH, +4HCl+0, —> 4 “Co’ ] Cl + 2H,0

NY | YN
H; l H;
Cl
8.
+ +
H, Cl H H, Cl
ENi | N i N, o )
/o ] o — |/ “Co" cl
ol Y N | “NH,
H, H, H,
Cl H,N
2)
CrpykrypHas popmyna X:

Hz C' Hz

Eur wN] o

Coemunenue Y 3TO paleMar, COCTOSIINN U3 IBYX ONTUYECKUX U30MEpPOB Y1 U Y2
+ +

H, CI Cl H,

ok
I,Co‘\
N | VNH, H, N
Ha
| HN | NH,

3)
HpI/I YBCJIIMYCHUHU KOJINYCCTBA STHUIICHANAMHHA B PCAKIIUU Y HAC nonyqaeTc;I:
4CoCly + 12en + 4HCI + O, — 4[Co(en)3]Cls; + 2H.0

CrpykrypHas popmyna coeauHenus Z:

[P

4)
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Bepuep paszpaboTan OCHOBBI XMMHH KOMILJICKCHBIX COCTUHEHHH (KOOPAWHAIMOHHOMN

xumuH ). JIF000# mo00HBINM OTBET 3aCUNTHIBACTCS KaK BEPHBIN.

Kpumepuu oyenueanusn.:

Ne DJIeMeHTHI pelleHust Ouenka
Bomnpoca
1 3a xaxmoe BepHO ompenenénHoe BemiectBo A-H mo 0,5 9
Oamwra. 3a kaxayr w3 peakuuid 1-6 mo 0,5 Gamma. 3a
BepHbIE peakiuu 7 1 8 o 1 Gammy
2 BepHo uzo6paxennsie cTpykTypHbIe Gopmyibl X, Y11 Y2 6
o 2 Ganna
3 Bepno Hanucannas peakmus 1 Oamwr.  Bepno 3
n3o0pakeHHasi CTpykTypHas popmyna Z - 2 6anna
4 BepHo yka3zaHHBIN pa3zien XUMHH 2
HUTOI'O: 20 das10B
3aganue 5
1. Ilpunumaercs mro0as METOOUKA, IMO3BOJISIONIAsT OJHO3HAYHO HAECHTU(ULIHUPOBATH
PacTBOPBHI.
Cxema B3aMMOJICUCTBUIN C pEaKTUBAMU:
AsO4* Pb?* Sh** Ni%* Cd*
NazS - YepHBIii | OpaHXIeBHH 4epHBIi | OypsIit | JKETTHI |
OembIit |
PactBopumocTh
H CI _ 3HAYUTCIIBHO _ _ _
YBEINYUBACTCA
npu
HarpeBaHuu

2. YpaBHEHUs peaKuid:

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

2CrOz3 + H20 = H2Cr207

CO: + 2KOH = K2CO3 + H20
P20s + 3H20 = H3PO4

1205 + 5CO = |2 + 5CO;

CO2 + Ba(OH). = BaCOs + H.O

4. YpaBHEeHUE peaKIuii:

Ba(OH). + 2HCI = BaCl, + 2H20

5. Touka 3KBHBaJIEHTHOCTH MOXET OBITH ONpeieNieHa C MOMOIIBIO Pa3IMYHBIX CIIOCOOOB.

HaubGonee pacnpocrpaHeHHble — THUTPOBAHME B MPUCYTCTBHM KHCIOTHO-OCHOBHOTO

HUHAUKaTOpa UM KOHAYKTOMETPHUICCKOC TUTPOBAHUC.

6. Pacuet xonnenrpanuu Ba(OH)2 B ananusupyemom pactBope:

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

=0,00001 M =0,0100 MM

7. PazoaBnenmem pactBopa Ba(OH), MoxHO mnpeHeOpeds B BHIY BBIICICHHUS

HE3HAYUTCIBHOT'O KOJTMYECCTBA BOJHI.

KomuuectBo npopearuposasiero Ba(OH)z:
n(Ba(OH)z) = 0,0170 — 0,0100 = 0,007 MmMoJIb
n(CO) = 0,035 mmoub
C(CO) s osnyxe = (0,035:28:1000)/(20) = 49 mr/m®

Kpumepuu oyenueanus:

Ne DJIeMeHTBhI peleHust Onenka

Bompoca

1. 3a Kaxayro BepHYI uaeHTudukamuio Bemectsa (1-6) mo 6

1 6amny

2. 3a kax10e BepHOe ypaBHeHHe peakuuu (1-6) mo 1 bamny 6 (He 0o.s1ee)
3. 3a kax10e BepHoe ypaBHeHHe peakuuu (1-5) mo 1 bamny 5

4. 3a BEpHOE YpaBHEHUE PEAKLINH 1

5. 3a NpuUBENCHHME NPUHIUIHAIBHO  Pa3INYarolHXCs 4

cnoco6oB (2 croco6a) mo 2 6amna
6. 3a BEpHBIN pacueT 4
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3a BepHBIH pacueT

4

HUTOI'O:

30 0a10B
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CTAPLIASA JIUT A

PEHIEHUA
3amanue 1
1. JlaBiieHHe ra3a B KABUTAIMOHHOM ITy3bIpe PAaCCUYUTHIBACTCS 1O GopMyIie:
20 2-1842- 10‘3H
p=—-= M = 24561la

T 15-107*m
AHAJOTMYHO pACCUUTHIBACTCS pPaaUyC MY3bIps, HMEIOIEro jaaBieHue razoB 100
aTMocdep:
2¢ 2-18.42-1073 H

— M _ -9
== =3.6-10
p _ 100-1013251la M

r =

MuHHMaJIBHO BO3MOKHBIN PaInyC YCTOMYMBOTO ITy3bIpS:

1/4

=89-10""m

4( kgT )1/4 4(138-107%3 ATH{ 298.15 K
Yorring — — —_ —
T 3\mpyg 3 6615982

M C
Takum 006pazoM, MbI BUIUM, YTO KaBUTAIIMOHHBIN IMy3bIPEK ¢ aaBiaeHueM 100 atmocdep

SBJIIETCS HEYCTOWYUBBIM, IMO3TOMY OH JOJDKEH CXJIOMHYThcs. Ha mpakTuke mpoucxonst

KOJIeOaHMs CHKaTU U pas3kaTrug KaBUTAIMOHHOT'O ITY3bIPs.

2. Paccunraem kosmuecTBo Mosib CeH14™ B 0THOM KaBUTAIIMOHHOM y3BIpe:
pV  245.611a -%n- (1.5-107* m)3
n=pr= T =4.176-10""moub
8.314————-10000 K

MoJib - K
Torma B 1 nuTpe H-TekcaHa KomudecTBO Moib CgHis', 0Opasyrommxcs 3a 1 cekyHmy
COCTAaBUT:.
d[CH;,]
— 2% =4.176 - 10* mMosb - 8
dt C'CM

Torma ky, = 1.688 - 1076 22

JI°C

40420 ny3sIipen MOJIb
ySbip -1000 cm3 = 1.688-107°

3. OHeprueil axkTUBALMM B JaHHOM cliydae OyJaeT SBIATbCS pa3HUIA SHEPrHif

MEPEXOAHOTO COCTOSHUS M pearcHTa.

Jx 1023
E, = (—236.439816 Eh + 236.614308 Eh) - 4.359- 10718 —-6.02 -
Eh MOJIb

Jx

MOJIb

= 457887.6

4. Ilo ypaBHeHMIO DMpHHra MOJIY4YEHBI CIEAYIOINE 3HAYEHHS] KOHCTAaHT CKOPOCTEM
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K
1.38-10723 /Ix/K-298.15 K 8.68- 1018 —457887.6 4

koog 15k = ' 5 €XP S
. . —34 . . 1
6.626 - 10734 JIxc - 1.16-10 8.314—2% _ 99815 K
MoJIb * K
=2.78-107%*
K
. 1.38- 10723 Jix/K - 4700.15 K 3.29 - 105 —457887.6 MZ([)JI}:»
4700.15 K — — ) " EXp
6.626 - 10734 [+ 1.56-10%° 8314 —2% . 4700.15 K
MoJib * K
= 1.68- 101
K
) 1.38-1072% [hx/K- 10000 K 6.23 - 10°° —457887.6 Mz(l)ﬂb
10000 K = — ) " E€Xp
6.626-103 ix-c  3.90-10°* 8314 —2 . 10000 K
MoJib * K

= 1.35-10"3

Kak MBI BHIMM, aKTHBAI[MOHHBIH O0apbep pas3peiBa ¢Bs3u C-C I10CTaTOYHO BBICOK, ITOITOMY TIPH
HU3KHX TEMITEpaTypax PEakins COBCEM HeE MPOTEKAET, OJJHAKO KaBUTAIMOHHBIE ITy3BIPH (B TOM YHCIIE U
CO3/1aBaeMblii PaKOM-IIEIKYHOM) MMEIOT OY€Hb BBICOKYIO TEMIIEpaTypy, MO3TOMY peaKiusi pacraja
MPOTEKAEeT MPaKTHYECKA MTHOBEHHO.

5. M1 BuauM, uto Ko critbHO MeHbe Ki, TIO3TOMY MOKHO 3aKmounTh, uto CeHis~ pearupyer
TIPAKTHYECKH MTHOBEHHO. A 3TO 3HAYMT, 4TO CKOPOCTh oOpa3oBaHms CeHis IpHOIM3NTENHHO paBHA
CKOPOCTH €r'0 PacXo/I0BaHHsI, TOITOMY Mbl MOXKEM BOCIIOJIB30BATHCS TIPUHITMIIOM KBa3UCTAI[HOHAPHBIX
KOHIIEHTpaIuH.

6. ITpakTHYeCKH BO BCEX PEAKIIMAX MbI IMEEM JICNIO C HECTAOMIIbHBIMU YacTuIiaMu. [1o3ToMy,
BOCIIOJIb30BABIINCH MPHUHIMIIOM KBa3HCTAIMOHAPHBIX KOHIICHTPAIMH, MOXHO 3alUcaTh CICIYIOIYIO
CUCTEMY YpaBHEHUIA:

( d[CeHi,]

dt ko - k1[C6Hik4] =0

d[C3H,] . _ R
% = Zkl[C6H14] - kz[C3H7] - k3[C3H7][H] =0

d[H] . .

) “dr = kalC3H;7] — ks[CsH7I[H] =0 [

de

d[C3Hg] Aty

L —ar = kslGHIH]

Pemras cucremy ypaBHEHHUH, Mbl IPUAEM K TOMY, 4TO!
d{C;H,

(CaHe] _
dt
d[CsH]
dt

Jloru4HO, YTO JUMHTHpYIOLIEH peakuuen Oyner peakius (1), Tak Kak B KOHEUHBIX

ko

BBIPAKCHUAX TPUCYTCTBYCT JIMIIb ko U UMEHHO €€ 3HauyeHUs OonpCACIISIIOT CKOPOCTHb BCeM

pCaKkIuu. Taxoxe ko NMECCT HAMMCHBIIICC YU CIICHHOC 3HAYCHUC.
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Mel yOEmUIKCh, YTO CKOPOCTH O0pa30BaHMsl NMPOIMJIEHA MOXHO OIKMCATh peaKIuen
HyneBoro nopsuaka, mosromy [CsHg| = [C3Hglo + kot ¥ Tak kak B Hayaje y Hac He OBLIO

MPOIUJIEHA, TO:

MOJIb

1 e 1n 1 " 1n
t= = = 592417 cexyH[,
ko 1.688 - 106 2212
Jd-C
1. [To hopmyne BuaMM, 94TO 3HAUEHHUE YKCIIOHEHTHI B 3HAMEHATeIE OyJeT CTPEMHUTbHCS

K HYJIIO IIpU £ — 00 , IO3TOMY MOYHO ITpeHeOpeyb C1araéMbIM € SKCIIOHEHTOM

ny3bipen
lim v(t) = 000 gc_ 40420 2PN
eV T 7009896 EYERY:

Hama mnocrosiHHasi cKOpoCcTh 0Opa3oBaHMs KaBUTAIIMOHHBIX Ty3bIpedt paBHa 40420
My3bIpel B CEKYHJIy B OJHOM KyOMuUecKoM caHTHUMeTpe. Torjma Bpems, HEOOXOIUMOE IS

noctuxkeHust 99% ot 3TON CKOPOCTH COCTABUT:

/ _ 4000 y3bIpen

cM3:C
=+ 0.09896\
“7¢ | 099404202502 I
22500 =0.0025
22500 | —2.901 | c
8. BunHo, 4T0 cKOpOCTH 00pa30BaHMA My3BIPEKOB BBIXOJIHMT Ha ILIATO JIOCTATOYHO

OBICTPO, MOITOMY MOYHO CUUTATh CIIPABEJIMBBIM HAIlle TIPUOTMKEHUE O TOM, YTO Ko sBIISIETCS
KOHCTaHTOW Ha MPOTSHKEHUU BCETO dKCIepUMeHTa. Vcxons U3 pemeHus myHKTa 6 Mbl IPUILLIIHA
K TOMY, YTO CKOpPOCTb pacrajia H-rekcaHa, oOpa3oBaHHE MPONWJICHA U MpOMaHa MOCTOSHHA,
[I03TOMY Y HaC peakiiisg CyMMapHO UMEET HyIeBOil MopsAaoK. PU3NYECKH ITO MOXKHO OOBSICHUTD
TEM, YTO XUMHUYECKUE PEaKUUU B KABUTALIMOHHOM IY3bIpE MPOUCXOAAT JOCTATOYHO OBICTPO, a
JTUMUTHpPYIOIIEH CTaAuel Kak pa3 SBISETCS CKOPOCTh 00pa3oBaHUs KaBUTALMOHHBIX
My3BIPHKOB, KOTOPAs 3aBUCUT JIUILIb OT YACTOTHI YABTPA3BYKOBOTO U3IyYSHHS U €70 MOIIHOCTH,

d OHHM B HAIEM 3KCIICPUMCHTC UMCIOT ITIOCTOAHHBIC 3HAYCHU .

Kpumepuu ouenusanusn:

Ne

DJIeMeHTHI peleHust Ouenka
BOIIpOCa

1 BepHo paccuntanHoe 1aBieHNE B KABUTAIMOHHOM Iy3bIpe — 0.56. 2
Bepno paccuutan paanyc my3bips — 0.56.

Bepublit oTBeT Ha BoIpoc 00 ycToitunBoCTH Mmy3bIps — 10.
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2 BepHo paccunTana KOHCTaHTa cKOpocTH Ko — 30. 3

3 BepHno onpenenena sneprus akruBanuu — 1.56. 15

4 BepHo paccunTana KOHCTaHTa CKOpOCTH K1 — 20. 3

BepHslii 0TBET Ha BOIIPOC O BO3MOKHOCTH IIPOTEKAHUS PEAKIIUU —
0.50.

BepHrlit 0TBET Ha BOIPOC 0 BO3MOKHOCTH IPOTEKAHUS PEAKIIHH B
KaBUTALIMOHHOM ITy3bIp€, CO3JaHHOM pakoM-1enKyHoM — (.506.

) BepHblll OTBET Ha BONPOC O BO3MOYKHOCTH IPUMEHHUMOCTH 2
MPUHIIUIA KBA3UCTA[MOHAPHBIX KOHLEHTpAaLU — 20.

6 [TonyyeHo BepHOE BBIpaXEHHE UII CKOPOCTEH 00pa3oBaHUs 4
IporiaHa u npomnuieHa — 2.56.

Bepnsiit oTBET Ha BOompoc 0 IuMUTHpYOmen ctaanu — 0.50.

BepHpiii pacuér Bpemenu — 16.

7 [TonydyeHo 3HaueHHWE TMOCTOSTHHOM CKOPOCTH 0Opa3oBaHUs 2.5
KaBUTALIMOHHBIX MTY3bIPbKOB — 1.506.

Bepnriii pacuét Bpemenn — 10.

8 [IpuBeneHo pazymHoe 0OBSICHEHHE HYJIEBOIO MOPSIKA PEAKIUN — 2
20.

HUTOIO: 20

3aganue 2
1. (3R,4S,5R)-3,4,5-Tpuruapokcuiukiorekc-1-ea-1-kapobonoBass kuciaota. IIOCKONBKY B
MOJIeKy/Jde NIMKAMOBOH KHCTIOTHI TPU aCHMMETPHYECKMX IeHTpa, oHa umeer 2° = 8

CTCPCOU30OMEPOB.
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OCH, OCHj, OCHj,
"o \/l\/ i
NBS (2 3kB. ) CO, EtOH
KOtBu, AMCO AMOA KOAc

CcO
HaCO 50 °C s dppp, Pd(OAC),
110 °C
A
OCHs OCHj OH
0 CO,Et 0 CO,Et 0 COEt
Ha Me,SiCl, Nal
— . — —_—
HsCO Ru/Al;04 H,CO H>O HO
100 Bap, 60 °C
c CO,Et D CO,Et E CO,Et
C19H3407
acTepasa
nunasa CBUHON pH 8
A. oryzae neyveHu
OCHs OH
CO,Et 0, A COEL
H,CO HOY ™
G CoH F, COH

Me,SiCl, Nal | H,O

r( :¢/6025t

g, COZM

3. Beixox F1 B peakumu E — F1: 0,964 x 0,980 = 0,945, unu 94,5%.
Brixon G B peakiuun D — G: 0,998 x 0,994 = 0,992, unu 99,2%.
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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 oyenusanusn:

Ne DJieMeHTHhI pelleHust Onenka,
BOIIpoca 0a/LIBI

BepHoe Ha3Banue mukuMoBoit kuciotel — 0,5 6amia

. BepHoe ykazaHue cTepeoXMMUHI BCEX aCHMMETPUYECKUX LIEHTPOB 5
— 1 6ann
Bepnoe onpenenenue yncna crepeonsomepo — 0,5 6anna
Bepurie crpykrypHbie ¢opmynsl BemectB A — E, G, F1 u F2 ¢

) yKa3aHUEM CTepeoXuMuu — mo 1 Oamty 3a Kaxaywo (mpu g
HEBEPHOM YKa3aHUU CTEpeOXUMHM uiu e€ orcyrctBuu mno 0,5
6amna 3a ctpyktypsl D, E, G, F1 u )

3 Bepnbiii pacuér Beixoaa — 1o 0,5 6aria 3a KaxIblii 1
Bepusbie cTpykTypHble (opmyibl BemecTB H — P ¢ ykazanuem

A cTepeoxuMun — mo 1 Oamny 3a Kaxaylo (MpU HEBEPHOM 9
YKa3aHUM CTepeoXuMHuu win e€ orcyrctBuu mo 0,5 Gamna 3a
CTPYKTYPY)

UTOIO: 20
3aganue 3
1. CtpyKTypa H30IpeHa ¢ YKa3aHUEM “TOJIOBBI M “XBOCTa’:

lonosa XBocT
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2. MEP-nyTs:

Q H,C OH

OH
HJGYCOOH co, . NADPH + H* NADP* oPo.2
2- .
I + H 0PO; A g P02 ~ A y
OH 1 2 OH OH
Pyr G3P o oM
A MEP
cTP
3
PP,
O C OH
F' H,C ~ OPO,* Hs
HsG o” R%/\ : i ’)QK\
RQF o o
c B
2Fdreq
6
2Fdg + Hz0 7 o
o NADPH + H*  NADP*+ H,0 o0=P—0 P/O'
I itz kY ‘lj cH, 07 o
0~ \\ g ;LD R + )\/\'0\‘
7 HiC o” \\0 e 0" N
IPP DMAPP
MV A-nyTs:
j\ Acetyl-CoA CoASH o 9 Acetyl-CoA + HQO CoASH OHyG OH O
H;C” ~8CoA T HacMSCcA JI\)Q/u\scm\
Acetyl-CoA 8 F °
2 NADPH
+2H"
10
2 NADP*
+ CoASH
ADP  ATP o ADP ATP 0 Mo cH
0P,0.* 12 Ho g opo3 1"
K CO;
+ ADP + Pi
? o
o P o _PZ
cH, 0% o
J\/\ T o
14 He” SN0 g
DMAPP
3. Pacuer gns MEP-mytu (3Haku (-) u (+) 0003HAuUaIOT pacxoj WM BbIACICHUE
MOJICKYJI COOTBCTCTBCHHO):
Myrs/peakuus JHepreTuyecKuii
BBIXO0JT
1) MEP-nyts () 2NADPH
(5ATP), CTP (1ATP),
ATP
2) Perenepanust Fdeq (+): 2ATP
Pyr + CoASH + Fdox = Acetyl-CoA + Fdred + CO2 | X 2
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Acetyl-CoA + Pi + ADP + H+ = CH3COOH + ATP + CoASH |
X2
3) Honyuyenne G3P u Pyr (+): 2NADH
CesH1206 + 2ATP = 2G3P + 2ADP | x 1/2 (5ATP), ATP
CsH1206 + 2NAD* + 2ADP + 2Pi= 2Pyr + 2NADH + 2H* +
2ATP | x 1

CI0XHB dHEpreTUYecKuil Bexo 1 B skBuBaieHTax ATP mony4uum Beixon B (+) LATP mis

nostyueHus: 1 Mosexysbl U30IpeHa.

Pacuer nniss MVA-iytu

Iyrs/peakuus JHepreTu4ecKui

BBIXO

1) MVA-yTs Ok 2NADPH

(5ATP), 3ATP

(+): 6NADH (15
CsH1206 + 2NAD* + 2ADP + 2P; = 2Pyr + 2NADH + 2H* + | ATP), 3ATP
2ATP | X 3/2

2) Momnyuyenne Pyr u Acetyl-CoA

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

CokuB SHEepreTHYeckuii BoIxo/1 B dkBuBasieHTax ATP nomyuum Beixon B (+) 10 ATP mist

nostyueHust 1 Mosexysbl u30IpeHa.

o
i o
IPP H™PP oH 0=P—0" IPP H"+PP, o=p_o
3 3 Q -
CH CH CH q
15 HC 0" Y, 16 He” S x D Y
J K
C10H'|7'PPI CTSHESPPi
17 IPP
H™+PP,
o
CH CH CH CH o=~
3 3 3 3 O\P/D
e S x N N X
L
L
18
2H"+2PP,
CHj CHj CH; CH;
M 7 7 PN & Z Z > cH,
CH, CH, CH, CHy M
CaoHsa
4NADP"
19
ANADPH® + 4H*
CH, CH, CH, CH,
HLC
O NN NN NN NN NN > cH,
CH, CH, CH, CH,
N
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Kpumepuu oueHueanun:

Ne DJIeMeHTHI pelleHust Onenka
BOMpoca
1 3a npaBUIBHYIO CTPYKTYpY HU3ompeHa 1 6 2
3a mpaBWIbHOE YyKa3aHUE “TOJIOBBI W
“xocta” 1 6
2 3a mpaBuiIbHYIO CTPYKTYpy A-1 110 1 6 9
3 3a mpaBWIBHBIA pPacyeT SHEPreTUYCCKOro 4
BBIX0/1a 10 2 6
donycmumbele — CIyyau, — Koz20a — 0aemcs
YACMUYHAS OYeHKA!
- MEP-nyms.: npasunvrno eviuucnen xoms owvi
00uH u3 IHepeemuyeckux 6vixo0os oas 1) MEP-
nymo; 2) Pecenepayusi Fdyed, 3) Ionyuenue G3P u
Pyr — makc. 1 6
- MVA-nyms.: npasunvrno eviuucien xoms 0wl
00uH U3 Hepeemuyeckux 6vixo0o6 oas 1) MVA-
nyms, 2) Ionyuenue Pyr u Acetyl-CoOA — maxc. 1 6
4 3a npaBuibHYyIO cTpykTypy J-N o 1 6 5
UTOTIO: 20
3ananmue 4

1. (1) 2NO + 2CO = N2 + 2CO>
(2) CH4 + 20, = CO; + 2H20
uiu 2CH4 + 30, = 2CO + 4H,0
(3) Hz2 + 20H™ — 2e = 2H,0 (na karoze)
(4) Oz + 2H,0 + 4e = 40H" (na aHoze)

2. OnpenenuM 4yuciao (GOpMyNIbHBIX €IWHUIl (aATOMOB MeTajuia X) B OJHOW AJIEMEHTapHON

siyeiike. ATOMbI B BepInuHax (8 IMITYK) MpUHAIEKAT suckike Ha 1/8, Tak Kak KaKIbIi M3 HUX

HaXOJHUTCSI Cpa3y B BOCBMH siYE€HKax; aTOMBI, PAcIOJIOKEHHbIC B LEHTpax rpaHeil (6 mTyK),

NPUHAUIEKAT siueiike Ha 1/2, MOCKOJIbKY KK M3 HUX HAXOAWUTCS Cpa3y B JBYX sUCHKax.

Yucno GopmynbHBIX enuHHMIL B siueiike X coctapiser Z=8 - 1/8+6 - 1/2 = 4.

Beipaxkas maccy OJHOW 3J€MEHTapHOU siueiKu depe3 4uciao (pOpMYJIbHBIX €AMHUI] (aTOMOB

MceTallia X) B Heﬁ, MOXHO MOJIYUYUTH CJIICAYIOHICC BBIPAXKCHUC, CBA3ZBIBAIOLICC ININIOTHOCTH

MeTajla ¢ €ro aTOMHOM MacCOM:

.43 .
Orciona 4,(X) = & aZ Na "

m_ AMX)Z  AX)-Z

PX=Yy="VvN, T @N,

3
12,01 —- (3,890 - 1078 cm)” - 6,02 - 1023 mob ™1
CcM
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Meramn X — maJJiaauii.

3. Jns pacuéra cpegHmx MOJSApHBIX Macc A u B Bocmomb3yemcsi BBINICTIPUBEACHHON
dbopmynoit. Yucno GopmynbHbIX eauanil B A U B paBHO 4 BBUy COXpaHEHUs KyOMYeCKOM
I'paHeIEHTPUPOBAHHON CTPYKTYPHI ITPH 00pa30BaHNHU TBEPIOTO PaCTBOPA.

pa-a® N, 1661 —3- (4116107 cm)® - 6,02 - 107 mons~}

A

Mcp(A) = 7 = 4 =
= 174,3

MOJIb

r _ -

pg - ad - N, 18,20 P (3,912 - 1078 cm)® - 6,02 - 10?3 Mmonp !
Mcp(B) = 7 = 4 =
= 164,0

MOJIb

Cpennue MosapHbie Macchl A 1 B MOXKHO CBSI3aTh ¢ aTOMHBIMH MACCaMM BXOISIIMX B UX COCTAB

METAJIJIOB CJICIYIOIINM 00pa3oM:

M, (A) = A, (X) - x,(X) + A, (V) - x4(Y), rme x4(X) 1 x4(Y) — mombhbIe fom X n 'Y B A;

M, (B) = A (X) - x5(X) + A (Z) - x5(Z), Tne x5 (X) u x5(Y) — monbrbie nomt X n'Y B B.
[TockoNbKY B 3aJaHMM NPHUBEACHHI YHCICHHBIE 3HAYEHUS MACCOBBIX JIOJIEH,

H606XOI[I/IMO CBA3aTh UX C MOJIBHBIMH JOJIAMU:

nX) _ mX)/AX) _
n(d)  m(4)/Mgp(4)

x4(X) = A(X) , e w4 (X) — maccosas nons X B A,

A (X)

_a® _ m@)/A@)
(V) =0 = m(A)/Mp(A) w0 (V)52

y (Y) , e w4 (Y) — maccosas qons Y B A.

HOI[CT&BJ'IS[?[ YHCJICHHBbIC 3HAYCHUSA, UMCCM:

Mcp(A) 174,3

xa(X) = wa(X) 2= = 0,1526 - === = 0,25, Torna x,(¥) = 1 — x4(X) = 0,75.

Bripaxas A (Y) U3 BBIIICTIPUBEAEHHOTO BBIPAKECHHUSI, TIOTy4aeM:

Ay (Y) = w,(¥Y) ==

Mcp(A) = 0,8474 - L;‘S:“ = 196,9, Y — 30.10TO.

HpOBOI[SI AHAJIOT'M4YHBbIC BBIYMCIICHUA OJIA B, IoJrydacm:

xp(X) = wg(X) ZCP((;) 0,2270 - 22 — 035 torma x,(Y) = 1 — x,(X) = 0,65.
Mcp(B) 164,0

A.(Z) = A(Z) =0,7730- o5 = 195,0, Z — miaruna.

4. BeIYMCIIMM YMCII0 HAHOYACTHIL cheprueckoid GopMbl paanycoM 7 = 5 HM, BXOJSIIUX B COCTAB

Mgy = 1 T TBEpHOTO pacTBOpa A (m; — Macca ofHON HaHOYAaCTHImI, V; — 00BEM 0JHOM
HAHOYACTHIBI):
N = Mo _ m(;fm _ 4m06u_1 — T 1r =1,15- 1029,
my pVi gr[pr-?' 3T 16, 61 5 (5-1078 cm)3
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[lnomans MOBEPXHOCTH OJHOM  HaHO4YacTHUBI paBHa S; = 4mr? =4m-(5-
10710 m)2 == 3,14 - 10718 M2,

CymmapHas miomais nosepxaoctu S = S;N = 3,14-10718-1,15-10%° = 361,1 Mm%
5. IIpu pacTBOpeHNHU Maiaans B KOHIEHTPUPOBAHHON a30THOM KUCIOTE 00pa3yeTcst pacTBOp
nurpara namagusa(11) (Xi):
(5) Pd + 4HNO3(xony) = PA(NO3)2 + 2NO2 + 2H20
Jns BemiectBa X2, KPUCTAJUIM3YIOIICTOCS TIPH OXJIAXKJICHUHU pacTBopa Hutpara mamamus(ll),

MO>KHO PacCUUTATh MOJISIPHYIO MacCy:

Ar(Pd) _ 106,42

M(Xz) = w(Pd) ~ 03994

= 266,45.

OTHUMasT OT MOJYYEHHOTO 3HAYCHHS MOJIIPHOW MacChl aTOMHYKO MAacCy OJHOTO aToma
nawnagus  (—106,42) um naByx HuTpar-uoHOB (—62%2), momydaem 36,03, 9TrOo XOpOIIO
COOTBETCTBYET JABYM MoOJIEeKyJdaM Bojbl. TakuM o0Opa3zom, MonekyispHas (opmyra Xz —
[Pd(H20)2(NOs3).]. ITockonbKy daHHOE COEAMHEHHE IO YCAOBHIO COCTOUT M3 HEMOJISIPHBIX

MOJIEKYJI, OHO JOJDKHO UMCTDH CICAYIOIICEC CTPOCHHUC!

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

Jnst coequHenuss Xz, oOpasyromierocss mpu obpaboTke X pacTBOpOM XJIopuja Kaiwus,
MOJIKUCIICHHBIM COJISTHOHM KHCJIOTOM, C TIOCJIEYIONIMM BhIITAPHBAHUEM PACTBOPA, TAKIKE MOYKHO

paccuuTaTh MOJISIpDHYIO MAcCCy:

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

M(X,) = = 326,44.

YuuTeIBas ycIoBUs MPOBEICHUS PEAKIMU U CTIeUU(UKY KOOPIUHAIIMOHHOW XUMUU NN,
HETPYAHO OMPEEINTh, YTO JaHHON MOJIIPHOM Macce cooTBeTCTBYeT TeTpaxioponamiagar(ll)
KaJIusl — BEIIECTBO X3!
(6) [Pd(H20)2(NO3)2] + 2KCI + 2HCI = K2[PdCl4] + 2HNOs + 2H,0

unu [Pd(H20)2(NO3)2] + 4KCI = K2[PdCl4] + 2KNO3 + 2H,0
Oxucnenne BemecTBa X3 XJIOPOM JODKHO MPUBOAHWTH K YBEITHMYEHHUIO CTEIIEHU OKHCIICHUS
namnagus. JIOTHYHO MPEeANONIOKUTh, YTO TPU ITOM KOOPAWHAIMOHHOE YHWCIO MallIaaus

yBEIUUUBaETCs ¢ 4 710 6, TO €CcTh BelecTBo X4 — 370 rekcaxinoponamianat(lV) kamus:

(7) K2[PdCls] + Cl2 = K,[PdCle]
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Takum o6paszom, X1 — PA(NO3z)2, X2 — [Pd(H20)2(NO3)2], X3 — Ko[PdCls], X4 —
Ko[PdClg].
6. B3aumopeiictBre Y u Z ¢ napckoit Boakod mpuBoaut K obOpaszoBanuto H[AUCli] (Y1) u
H2[PtCle] (Z1), cooTBeTCTBEHHO:
(8) Au + HNOs + 4HCI = H[AuUCl4] + NO + 2H20
(9) 3Pt + 4HNO3 + 18HCI = 3H2[PtClg] + 4NO + 8H20
HarpeBanne H[AUCls] mpu temmeparype 120 °C npuBOAMT K OOpa30BaHUIO MOJEKYII
coelMHEHUs Y2 TUMEPHOTO CTPOCHHUSI, COCTOSALINX U3 Map IJIOCKUX KBAJIPaToOB € OJIHOM 001men

ctopoHoit. M3o0paxkasi JaHHYIO T€OMETpUIO Ha OymMare CTaHOBUTCS OYEBHIHBIM, 4YTO Y2 —

AuCls:

STTTETTTE
\Au/i\Au/
o e’

(10) 2H[AUCL] =25 AusCls + 2HCI

(11) 2Au + 3Cl> M—OE AuzCls

B cTpykType BemecTtBa Z> KaxAbld aTOM IUTATHHBI OKPY)KEH IMIECThIO aToMaMmu xJyopa. [1pu
3TOM JIBa M3 3TUX aTOMOB XJIOpa CBSA3AaHBI TOJIHKO C OJJHUM aTOMOM IUIATUHBI, @ YEThIpE — C
JIBYMsI, BBHJY Y€ro MoJIEKyJsipHasi (opMysa BEIIECTBA BBIPAXKAETCS CIEAYIOIIMM 00pazoM:

PtCl(2+412) = PtCls, To ectb Z2 — TEeTpaxOpH/I IUTATHHBI:
300 °C
(12) Hz[PtClg] — PtCls + HCI

300 °C
(13) Pt + 2Cl, — PtCly
Taxum o6pazom, Y1 — H[AUCl4], Y2 — AuCls, Z1 — Hz[PtClg], Z2 — PtCla.

Kpumepuu ouyenueanus:

Ne DJIeMeHTBbI peleHust Onenka
BOIIpOCa
1 Bepnoe ypaBHeHue kaxaou u3 peaxyui 1-4 no 0,5 6anna 2
) BepHnblii pacuét aToMHON Maccel U onpenenenue Mmeramia X — 2 )
Oamna
3 Bepuslit pacuér cpeqaux MossapHbix Mmacc A u B—mo 1 6amny 3a 4
KaXKyI0
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Bepublii pacu€r aTOMHBIX Macc U ornpejesieHne MetawioB Y u Z

— o 1 Garry 3a KaxabIi

BepHnbplii pacuér uncna HaHodacTul — 1 Gain

BepHblii pacuér cymmapHOH I1011a1d TOBEpXHOCTH — 1 Oan

Beproe ypaBHenue kakaou u3 peaxkyui 5—7 mo 1 Oamny (npu
HEBEPHBIX YPABHEHUAX PEAKIMI UK ux oTcyTcTBUM 110 0,5 6aia
3a BEpHOE ONpeeICHNEe KX 10T0 U3 BeriecTB X1, X3 U Xa)

Bephas crpykrypHas ¢opmyna coemuHenuss X — 1 Gamn (npu
HEBEPHOU CTPYKTypHOH ¢opmyne win e€ orcyrctBuu 0,5 Oamia

3a BEPHYIO MOJICKYJSIPHYIO (OpMYJTy BelecTBa X2)

Bepnoe ypaBHeHMe ka0 u3 peaxyuti §-9 no 1 damry
6 Bepnoe onpenenenue Bemects Y2 u Z; no 1 6anny 3a kaxzaoe 6

Bepnoe ypaBHenue kaxaoi u3 peaxyuti 10-13 mo 0,5 6amna

UTOIO: 20

3aganue 5
1. Tlpunumaercst mo0as METOAMKA, TO3BOJISIIONIAS OJHO3HAYHO HJICHTU(PHUITUPOBATH
pPacTBOPBHI.

Cxema B3aMMOJICUCTBUN C pEaKTUBAMU:

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

OpaHXEBBIN
NazS - YEPHBII | YEPHBIH | OypsIit | JKEINTHIN |

!

OenbIif |
PactBopumocTh
HCl 3HAYUTETHHO
) YBEIUYIHUBACTCS ) ) ) )

npu

HarpeBaHUN

2. YpaBHEHUS peakLnii:

Pb?* + NaS = PbS + 2Na*
2Sb** + 3NayS = Sh,Ss + 6Na*
Ni** + NazS = NiS + 2Na*
Sn?* + Na.S = SnS + 2Na*

Cd®* + NazS = CdS + 2Na*
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Pb%* + 2HCI = PbCl, + 2H*

3. YpaBHeHHE peakLuu:

CeHsNO2 + 3(NHa)2S = CeHsNH: + 3S + 6NH3 + 2H,0

4. YpaBHEHUE pEaKIUU:

HCOOH = H,0 + CO (B nmpucyTCTBUU BOJIOOTHUMAIONIUX PEArCHTOR)

5. Maremaruueckoe BeIpakeHue 3akoHa byrepa-Jlambepra-bepa:

I = 1o exp(elc)

6. BapuaHTbl neiicTBUil: MOBBIIEHNE KOHIEHTPAMU pacTBopa (HampuMep, yrapuBaHue

PacTBOPUTEIISI) UITK UCTIOJIB30BAHNE KIOBET C OOJIBIICH JITMHOM ONTUYECKOTO ITyTH.

7. Pacuer monu HbCO:

(1.13 — 1.02) - 100

P =100 -

1.1-0.372

Kpumepuu ouyenueanus:

= 73.12%

Ne DJIeMeHTBbI peleHust Onenka
Bonpoca
1 3a Kaxayro BepHYI0 uaeHTu(ukanuio Beniectna (1-6) mo 6
1 Gamry
2 3a kaxxJ0€e BepHOe ypaBHeHue peakuuu (1-6) mo 1 6amry 6 (ue 0oJiee)
3 3a BepHOE ypaBHEHHUE peakiuuu — 2 6aia 2
4 3a BepHOE ypaBHEHHUE peakiuuu — 2 6ana 2
5 3a BepHOE ypaBHEeHHE — 2 Oania 4
3a BepHOE Ha3BaHHE UMEHHOTO 3aKOHa — 2 Oaina
6 3a kaxxJ0€e BepHoe JeiicTue (2 neicTus) mo 2 6amia 4
7 3a BepHBIii pacueT «P» 6
HUTOro: 30 6as0B

UTOI'O: 110 6a110B
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JUNIOR LEAGUE
Problem 1

LIQUID WIRES

D- ------------- In 2024, the whole world celebrates the

\\ \ \\ anniversary of D.l. Mendeleev and his periodic system of

\‘ NAZS chemical elements. He is the author of countless

v fundamental studies in chemistry, physics, metrology, and

_ = economics, which greatly influenced the growth of

“i\}'yl 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 F (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
NH.F solution is added to H, complex compound | (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-1. 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.
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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/cm®. 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=1-10"m.

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

D.I. 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,

PRECIOUS METAL AND ITS COMPOUNDS

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; C| -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) X719
X3 - X2 a2 x ChIC o KA xg
@ (6) (8)
HNO;+HCL, t | (4) HCI | (10)
' 0
X4 Xlo% X12
I\(IaO)H (5) KOH| (11)
\J
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. ldentify 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™ > C2Hs4, R2SO > CO, NO2” > SC(NH2)2 > R2S, R3P, I' > Br - > ClI" > F > NHz >
OH > H20

(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. ldentify 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 Wéhler couldunderstood that he
had synthesized urea and not substance G (reaction 11).

61



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

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

7. Inreaction 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% Na,S and 15%
HCI can be used to detect them, as well as water baths.

Questions:
1. Propose a method for qualitative identification of agueous 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/m3.

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 CO with barium hydroxide (Ba(OH).), and then titrating the excess Ba(OH). 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

U
oo l7J' [

Figure 1 — Diagram of the Installation for the Quantitative Determination of CO in
Air
1 - CrOszo0n an inert carrier; 2 — KOH solution; 3 —solid KOH; 4 — P>Os on an
inert carrier; 5 —solid 1,0s; 6 — heating device; 7 — Ba(OH). 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=7

where o is the surface tension and r is the radius of the cavitation bubble.

65



An simplified reaction scheme for the breakdown of n-hexane, excluding branching
stages, has been constructed:

ko * 1
C¢Hjy —» CgHyy (1)

* k ) L]
CeHyy ——»= CH; + CGH, )

[ ] k [
CH; ——» C3Hg + H (3)
o . K3

C%I{7 + H ——>» CbIlg (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 CsH14 into the cavitation bubble.

Questions:
9. Calculate the pressure inside a cavitation bubble, given the surface tension of n-
hexane is o = 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 . . .

Toubble = - | ——=——) , 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 C¢H14 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
bubbles

s.cm3

40420

Please note that reaction (1) is a zero-order reaction and the rate of formation of

CsH14™ in reaction (1) is ‘”CZ_’:M

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

=k,

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 C¢Hi4" 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 CzsHsand CsHs. 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:

bubbles
cm3 - second

—22500-t
7 second ) — 0.09896

—4000
v(t) =

—2.901 - exp(
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Where t is the time in seconds. What does the rate of formation of cavitation
bubbles tend to as t — co ? 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 J

Boltzmann constant k; = 1.38 - 10—23£

Planck constant h = 6.626-1073% ] - s

. —“Ea
Eyring equation k(T) = k“% . w- e R, 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 vyield, 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 F», indicating stereochemistry.
It is additionally known that a meso-form is formed in the reaction C — D, in compound F: the
asymmetric carbon atom closest to the carboxyl group has an S-configuration, in compound F
the carbon atom closest to the carboxyl group has an R-configuration. For compound C *HNMR
spectrum (CDCls): 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 ~ ! hso, Y “
2774 CysHpsNOg -CO;
O//I"'-- COEL Tf,0 NaNj; 1. H,, Co
py 2. Ac,0, EtsN
HOY ™
£ i Et=C,H tBu = (CH3)3C !
RHBoc : oHs (CH3)3 !
E Tf=CF3SOZ Boc=tBuOCOE
, N HBr, AcOH o HsPOs | | AC=CHsCO  Ph=CeHs
oseltamivir i 0
C1H2gN204 | X
: PhO—P—OPh
=
Ns N
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,
. OPO4~
| v opo, A A, SN A
OH 1 2 OH OH 3
Pyr G3P MEP ATP
4
ADP
c
i i °
o=f—0 |9 NADP'+H,0 NADPH+H' 2Fdy+H,0 2Fdyy |™ CMP

~ 7 6

~
GHz Q cH, 0% Yo E /
3
)J\/\ /O - l = \ / E D
HaC o P

MVA-pathway:

2 NADPH 2 NADP?
HO CH,

o Acetyl-CoA CoASH Acetyl-CoA + H,O CoASH +2H* + CoASH 2
)I\ — > F —7 »¢ —7 - JQ(/\
HO OH

H3C SCoA 8 9 10
MVA
Acetyl-CoA
ATP
o o 1
| o | CO,
P 0=pP—0 +ADP+Pi ATP ADP  ATP ADP
CHy © o) CH, -0 | \ E i
'O\ | — \ /0 - | 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% o
)\/\'O\'_L —— > Isoprene + H" + PP,
HaC \ 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 Fdreq:

Pyr + COASH + Fdox = Acetyl-CoA + Fdred + 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/Fdreq — Oxidized 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,

PP; - 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/cm®
X, % Y, % Z, % 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 = %nr3; 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 X>
containing 39.94% of metal X by weight. The treatment of X> 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 Xz on heating above 150 °C.

5. Identify substances X1—Xa, confirming the answer with necessary calculations. Draw
the structural formula of X, if the molecules of X, 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 Y at 120 °C (reaction 10) leads to its decomposition with the formation of red-brown
vapors of substance Y> made up of molecules with a dimeric structure, each consisting of a pair
of flat squares joined by a common side. The same substance Y> can be obtained directly from

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

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

1
CI////,, ‘\\\\\\CI//II:,,, ,\\\\\\CI

(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
- . II'Z“\\ /Il,,Z‘\\\
common edges (figure 2). The same substance Z> is also o | ~" | g
Cl Cl '

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

6. lIdentify substances Y1, Y2, Z1, and Z>. 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% Na,S and 15%

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

Questions:
1. Propose a method for qualitative identification of agueous solutions containing:
AsO.%, 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 (NHa4).S, 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 HbCO.

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

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:

Y

Dl'K

P =100 —

K is a coefficient equal to 0.372.

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 XsNn and X3Py, due to the valence of nitrogen

3M(X)

and phosphorus. The mass fractions of X are equal to wy = 300 + 14010

= 0.8327 and wx =

3M(X)

————— = (0.6924, 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
H,0 C, c% t°

Li[GaH,] L GaCl;,
6) 2Ga + N 5 2GaN
7)Ga+P S GaP
8) 4Ga + 30, - 2Ga;0s

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

7) 2Ga(OH)3 > Gaz0s + 3H,0
8) 2Ga + 2KOH + 6H,0 — 2K[Ga(OH)4] + 3H;
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12) K[Ga(OH)4] + HCI — Ga(OH)3 + KCI + H.0

13) Ga + 6HNO3 (k.) — Ga(NOgs)3 + 3NO; + 3H20

14) Ga(NO3)3 + 6NH4F — (NH4)3[GaFs] + 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. V . = abc =
4519-10710.7.658-10719-4.526-1071% = 1.566 - 10728m3. Then determine the number of

10°° 21 . M
= 6.389 - 10<". Mass of gallium atom m = — =

H H 3 -6 m3 —
unit cells in 1 cm® (10®° m®). Neep = Tsec10-78 o

69.72
6.02:1023

= 1.158-10722g. Next, we determine the density of gallium pg, = 1.158- 10722 -

6.389-10%1-8 =5.92 ﬁ. 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 m?. The area
occupied by the "tattoo" is Saioy = 0.019 - 1/3 = 0.006333 m?. Let's find the volume of the alloy

V = 0.006333-20-10~6 = 1.2667 - 10~7 m3. The ratio of Ga and In masses: 262 — 26aV6a _

Min PinVin

292103Vea _ ) 868620 = 4, Y82 — 46051, Hence Vea = 1.04 - 107 m3, Vin = 2.26:10° m®.
7.02:Vip Vin Vin

Jlanee HaxoauM Maccy crutaBa m = 1.04 - 107 - 6.098 - 106 + 2.26 - 108 7.02 - 10 = 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 + 1p = §]Ga + ¢n
88Zn+ 1p = $iGa+ 2in

Evaluation system:

Ne question Evaluation system Evaluation, points

1 Correct definition of X — 1 point. For each correctly 11

defined substance A-I, 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 - CszPt, X2 — PtFg, X3 — O2[PtFs], X4 — H2[PtCle], X5 — Naz[Pt(OH)e], X6 —
PtClz, X7 — [Pt(NHz3)4]Cl2, X8 — K2[PtCls], X9 — [Pt(NHz)4][PtCls], X10 — H2[PtCl4], X11 —
PtO-2H,0, X12 — PtCls.
Reaction equations:
(1) Pt + 2Cs = CszPt
(2) Pt + 3F2 = PtFe
(3) PtFs + O2 = O2[PtFe]
(4) 3Pt + 4HNO3 + 18HCI = 3H[PtClg] + 4NO + 8H20
(5) Hz[PtCls] + 8BNaOH(xonm) = Naz[Pt(OH)e]| + 6NaCl + 2H,0
(6) Pt + Cl> = PtCl2
(7) PtCl> + 4NHs3 = [Pt(NH3)4]Cl>
(8) PtCl> + 2KClI = K3[PtCl4]
(9) [Pt(NHs)4]Clz + K[PtCls] = [Pt(NHs3)4][PtCls]+2KCI
(10) PtClz + 2HCI = H2[PtCls4]
(11) Ho[PtCls] + 4KOH = PtO-2H,0 + 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%; CI -23.67%; H — 2%, we determine the
composition: PtN2HeCl> and assume that this compound is Pt(NH3).Clz, then cis and trans

isomers:
NH; NH; Cl NH
3
/////,’/ \\\\\\\ /////// \\\\\\\
/ Pt Pt
Cl Cl NH3/ \ Cl
cis isomer trans isomer

Compound X8 - Kz[PtCls]. When this compound interacts with ammonium salts, for
example, ammonium acetate, a cis isomer is formed. The first NHz 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:
K[PtCls] + 2CH3COO(NHa) = cis-[Pt(NH3).Cl;] + 2KCI + 2CH3COOH

cl cl cl cl cl NH
NH NH 3

\Pt/ . \Pt/ . \Pt/
a” N o N a” N

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:

K2[PtCls] + 4NH3 (water) = [Pt(NH3)4]Cl, + 2KCl,

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,4 i Cl NH;
cl cl
3\Pt/ — > 3\Pt/ — > \Pt/
NH/ \NH3 NH/ N NH3/ N

[Pt(NH3)4]Cl2 + 2HCI = trans-[Pt(NH3)2Clz] + 2NHCI
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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 =Nz, Y — Hz, A— NH3, B — CH4, C — CO, D — CH30OH, E — CO;, F — Fe(CO)s,
G — HiaN-N=C=0, K — (NH>)2CO.
2. Reaction equations:
11. N2 + 3H2 = 2NH3
12. CHs + H20 = CO + 3H2
13. CH4 + 1/20, = CO + 2H;
14. CH4 + CO2 = 2CO + 2H;
15. CO + 2H, = CH30OH
16. CO + H,O =CO2 + H2
17. Fe + 5CO = Fe(CO)s
18. 2NH3s + CO2 = (NH2).CO + H0
NH,N=C=0 —X » HZN/\Czo
1. 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).

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 kJ/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,]>~ 4+ 20H™ - [NH,(HgI),]I L +5I~ + 2H,0

-CNO~ + 2H* + H,0 —» NH} + 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 H>NCH2CH2>NH>
(en — ethylenediamine)
D CaC X [CoCl2(en)2]Cl
2 trans-Dichlorobis(ethylenediamine)cobalt(l11) chloride
E CoH Y [CoCl2(en)2]Cl
2z cis-Dichlorobis(ethylenediamine)cobalt(111) chloride
, Co+Cly — CoCl,
1900 - 1950 °C
, Ca0 +3C » CaC, +CO

, CaCy+ 2H,0 —> Ca(OH), + CoH,

Pd
, HC=CH + H, ——— H,C=CH,

H.C=CH, +Cl, — "~
5.

NH
Cl/\/C' +2NH, —> HZN/\/ 2 +2HCl

Hz Cl Hz
4CoCl, + SH,NC,H,NH, +4HCl+ 0, —* 4 / ] cl + 2H,0
- - = - N"’ ‘N

+

HCIH H, CI
N

\x\ , | & of
/ || of —— |/ o' ,
N' ‘N N7 | WNH,
Hy
6 CI H,N

2)
Structural formula of X:
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|-|2 C.I |-|2

EN: '*N ]

Cl

Y is a racemate consisting of two optical isomers Y1 and Y2

3)

+

By increasing the amount of ethylenediamine in the reaction we get:
4CoCly + 12en + 4HCI + O, — 4[Co(en)3]Cls + 2H.0
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 Y 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* Sn2* Cd?

NaxS - black | orange | black | brown | yellow |

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

heated

2. Reaction equations:

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

3. Reaction equations:

2CrO3 + H20 = H,Cr,07

CO2 + 2KOH = K>COs + H20
P20s + 3H20 = H3PO4

1,05 + 5CO = I; + 5CO>

COz + Ba(OH)2 = BaCO3 + H,0

4. Reaction equation:
Ba(OH), + 2HCI = BaCl, + 2H.0

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(HCD]/[2V(Ba(OH)2)] = (0,0050-0,00008)/(2-0,020) =
= 0,00001 M = 0,0100 MM

7. Dilution of the Ba(OH). 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:
20 2+1842-1073 %
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
29 2-18.42-10

~p  100-101325 Pa
The minimum possible radius of a stable bubble is calculated as:

=3.6-10""m

1/4

4 kgT \* 4 1.38-10‘23%-298.151(
2 =z =89-10""m

Tmin = 3 TPliquia 9 3 - 661k—‘%' 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 C¢H14" in one cavitation bubble:

pV 2456 Pa -%n -(1.5-107*m)3
=—= =4.176-10""mole

n = =
RT g314—L 10000k
mole - K
Then, in 1 liter of n-hexane, the number of moles of CsH14", formed per second will be:
d|C¢H{ 40420 bubbles mole
dlCetia] _ 4 176. 10714 mote- —— 1000 cm® = 1.688 - 107°
dt s-cm

Therefore, k, = 1.688 - 107° mzos,le

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
= 457887.6 J
mole
4.  The rate constants are obtained from the Eyring equation as:
N 1.38-10723 J/K - 298.15K 8.68-10'® —457887-6ﬁ
298.15K — 34 7T : — 15 €XP
6.626-10734] - s 1.16 - 10 8314— ) .29815 K
mole - K
= 2.78-107%*
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J

13810723 J/K - 4700.15 K 3.29 - 1050 —457887.6 2
Kaz0015 1 = 6.626- 1034 ] - 5 '156-10% XP ] o
: : 831441 —4700.15 K
= 1.68- 10
13810723 J/K - 10000 K 6.23 - 10°° —457887.6m{)le
k = : . exp
10000 K 6.626-10734] - s 3.90 - 1064

_J .
8.314 —— - 10000 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¢Ha4™ reacts
almost instantaneously. This means that the rate of formation of CsHi4™ 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|CeHy
% =ko — ky[CeHis] = 0
d[C3H7] ) . S
= 2ka[CoHia] = ka[C3H3) = ks [CoH3 1[H] = 0
d[H'] . S
< T = kz[C3H7] - ks[C3H7][H] =0 >’
d[C3He] :
dt = kz[C3H7]
d[C3Hg] S
k = ksG] [H] )
Solving the system of equations, we arrive at:
d[C;H,)
e~ °
d|Cs;H.
[CsHo) _

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 [Cs3Hg| = [C3Hg]o + kot since we did not have any propylene initially, we can

write:
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mole mole

1 ] 11 1 ] 11
t = = = 592417 second
ko 1.688-10-6 ’?"le
.S

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

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

bubbles
lim v(6) = oo eI s _ 4400 Pubbles
e T 000896 cm3 - s

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:

/ _4000bub3b{es \
cm-_-s +0.09896I

7s | 0.99-40420% |
t 52500 nI 5 901 0.0025 second

\ J

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 1.5
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 2.5
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 stereoisomers is 2% = 8.
2.
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OCHj; Mis OCH3
Ho \)\/
NBS (2 eq

KOtBu, DMSO

HaCO 500 H3CO

A

OCH,4 OCHj,3
CO,Et CO,Et
Me38|CI Nal
HsCO Ru/Ales H,CO
100 bar, 60 °C

o COsEt CO,Et
C19H34O7

lipase of
A. oryzae

OCH,
CO,Et

H,CO

G COH

Me3SiCl, Nal | H,O

F, CO:H

OCH,

CO, EtOH
—lv
o KOAc
Hs dppp, Pd(OAC),

110 °C

OH

o) CO,Et

HO

£ COgEt

pig liver | pH 8
esterase

wCOEt

io>—\
QO
T

o
(@I

O,H

3. The yield of F1 in reaction E — F1: 0.964 x 0.980 = 0.945, or 94.5%.

The yield of G in reaction D — G: 0.998 x 0.994 = 0.992, or 99.2%.
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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 stereocisomers — 0.5
points
Correct structural formulas of compounds A -E, G, F1and F
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 F)
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
4 configuration of asymmetric centers is incorrect or absent, then ?
by 0.5 points for each structure)
TOTAL: 20
Problem 4

1. (1) 2NO + 2CO = N2 + 2CO;
(2) CH4 + 20, = CO; + 2H20
or 2CHs + 302 = 2CO + 4H,0
(3) Hz + 20H - 2e = 2H,0 (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=8 x 1/8 + 6 x 1/2 = 4.

By expressing the mass of one unit cell in terms of the number of formula units (the

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

metal X can be obtained:
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m Az AX)-Z
pX_V_ V'NA - a3'NA

12.01—>5 (38901078 cm)® - 6.02 1023 mole~?

.q3.
Hence, A(X) =B “Z Na — "

= 106.4 g/mole,

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-centered structure

during the formation of a solid solution.

pa- @ - Ny _ 16.61 >3- (4.116 - 107 cm)® - 6.02 - 10* mole™
Mqy(4) = 7 4 -
= 174.3 &
mole
pg - a® - Ny 18. 20 - (3912 - 1078 cm)3 - 6.02 - 10?3 mole™?
Mav(B) = Z = 4 =
= 164.0 &
mole

The average molar masses of A and B can be related to the atomic masses of their constituent
metals as follows:

Mg, (A) = A (X) - x4(X) + A,.(Y) - x4(Y), where x,4(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:
_nX _ mX)/ArX) _ Mgy, (4)
x4(X) = D) = ) M) wy(X) 2= YRR , Where w4(X) is the mass fraction of X in A;
_n) _ m®W/AY) _ Mgy, (4) : : .
x4(Y) = ") = M — @4 (V) ) where w4 (Y) is the mass fraction of Y in A.

Substituting numerical values, we get:

x,(X) = wy(X) “fl“‘gg) 0.1526 - 222 = 0.25, then x,4(¥) = 1 — x,(X) = 0.75.
Expressing from the above expression, we get:

A,(Y) = w,(Y) M“"((;;) = 0.8474 -2 = 196.9, metal Y is gold.

Performing similar calculations for B, we find:

xp(X) = wp(X) B _ 2270 . 1620

4,00 = 0. 35 then XA(Y) =1- XA(X) = 0.65.

A (Z) = wy(Z) M“"((Z? = 0.7730- ﬂ = 195.0, metal Z is platinum.
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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):
N = Meor _ Meotr _ 4mtot =2 1g
m P zmprs  zm-16.61 % (5-1078 cm)3

The surface area of one nanoparticle is equal to S; = 4nr? = 4+ (51071 m)? =
= 3.14-10718 m2,
The total surface areais S = S;N = 3.14- 10718 - 1.15- 10%° = 361.1 m?.

= 1.15-102°,

5. The dissolution of metallic palladium in concentrated nitric acid leads to the formation of a
solution of palladium(Il) nitrate (Xy):

(5) Pd + 4HNO3(conc) = Pd(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

M(Xz) = w(Pd) ~ 0.3994

= 266.45.

By subtracting the atomic mass of one palladium atom (-106.42) and two nitrate ions  (—62%2)
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 X is
[Pd(H20)2(NOz3)2]. Since this substance is composed of non-polar molecules, it has the

following structure:

o=— N+\ \
O\Pd /O\H
VAN
\H \N+¢o
iy

For the substance X3, which is formed as a result of treatment of X 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
w(Pd)  0.3260

M(X,) = = 326.44.

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(ll) (the substance X3):
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(6) [Pd(H20)2(NO3),] + 2KCI + 2HCI = K;[PdCl4] + 2HNO3 + 2H,0

or [Pd(H20)2(NO3),] + 4KCI = K>[PdCls] + 2KNO3 + 2H.0
The oxidation of substance Xs 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(IV):
(7) K2[PdCl4] + Cl; = K2[PdCle]

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

6. The reaction of Y and Z with aqua regia results in the formation of H[AuCls] (Y1) and
H2[PtCls] (Z1), correspondingly:
(8) Au + HNO;z + 4HCI = H[AuUCls] + NO + 2H,0
(9) 3Pt + 4HNO3 + 18HCI = 3H,[PtClg] + 4NO + 8H20
The heating of H[AuCl,] at a temperature of 120 °C leads to the formation of molecules of the
compound Y>. 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 AuCle:

Cl Cl Cl
\Au/i\Au/
o e’ g

20 °C
(10) 2H[AUCI4] = Au,Cls + 2HCl

(12) 2Au + 3Cl» = AuzCls

In the structure of compound Z,, 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+ar2) = PtCls, that is Z» is platinum tetrachloride:
300 °C
(12) H2[PtCls] — PtCls + HCI

300 °C
(13) Pt + 2Cl, — PtCly
Finally, Y1 — H[AUCl4], Y2 — Au2Cls, Z1 — H2[PtCls], Zo — 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

of metal X — 2 points
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Correct calculation of average molar masses of A and B —
by 1 point each

Correct calculation of the atomic mass and the identification
of metals Y and Z — by 1 point each

Correct calculation of the number of nanoparticles — 1 point

Correct calculation of total surface area — 1 point

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
and Xa)

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 X»)

Correct equation of each of the reactions 8-9 by 1 point
Correct identification of substances Y2 and Z 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** Sh3* Ni?* Sn?*

Cd?*

Na»S

black | orange | black | brown |

yellow |

HCI

white |
Solubility
increases - -
significantly

when heated

2. Reaction equations:

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

3. Reaction equation:
CeHsNO2 + 3(NH4)2S = CeHsNH2 + 3S + 6NH3 + 2H20

4. Reaction equation:
HCOOH = H,0O + 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.

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
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
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
For the correct calculation of the proportion of HbCO 6
TOTAL: 30

TOTAL POINTS FOR ALL TASKS - 110

99




