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CocTraB MeTOIMYECKOH KOMHCCHH MeKTYHAPoaHoii osumnuansl «Tyiimaaga-2018» nmo xumuu
1. CokonoBa Mapuna J/IMUTpHeBHA, 1.T.H., BPEMEHHO HCIIOJHSIONMAs 003aHHOCTH nupekTopa MHCTUTYTA TTpobiieM HedTH H
raza Cubupckoro otnesneHus Poccuiickoil akageMun Hayk, Mpodeccop XUMUYECKOTo OTAENeHUs MHCTHTYTa ecTeCTBEHHBIX
Hayk CeBepo-Bocrounoro ¢enepansHoro yansepcurera uM. M. K. AMMocoBa, — npesiceiarens;
2. EmenbsinoB ['eopruit [letpoBuy, cTyseHT XUMUUecKoro ¢akyibTera MOCKOBCKOTO rOCyJapCTBEHHOTO YHUBEPCHTETA WM.
M.B. JIoMoHOCOBa — uJieH;
3. [Tapdenosa Crozanna HukoxnaeBHa, ctyaeHt MuctuTyTa Xnumun CankT-IleTepOyprckoro rocyaapcTBEHHOIO YHUBEPCHUTETA
— YJIeH;
4. Huxudopos Jleonnn AnekcaHApOBHY, K.T.H., HH)KEHEpP-UCCIIEIOBATeIbh y4eOHO-HAYYHO- TEXHOJIOTHUECKON JIAOOpaTOPHH
«TexHOMOTHH TOMMEPHBIX HaHOKOMITO3UTOB» CeBepo-Bocrounoro ¢enepamsHoro yameepcurera mM. M.K. AmMmocoBa —
YIIeH;
5. Kypammun bymat Kammierwu, ctymeHT xmummdeckoro uHCTHTyTa HM.A.M.Bytieposa Kazanckoro (IIpmBormkckoro)
(enepasbHOrO YHUBEPCUTETA — UIICH;
6. CniupunoHOB Anexcanap MuxaiinoBud, crapiiunii npenojaBaTeib XMMUYECKOTro oTAeneHuss MHCTUTyTa eCTeCTBEHHBIX HayK
Cesepo-Bocrounoro ¢enepanpaoro yausepcurera uM. M. K. AMMocoBa — iieH.

Cocras xiopu MexxIyHapoaHoi oaumnuansl «Tylimaana-2018» mo xumun
1. OxnomkoBa AlftanmHa AnekceeBHa, I.T.H, mpodeccop, pykoBoautens OIl «DyHmaMmeHTambHas W TPHUKIATHAS XUMUS»
WuctuTyTa ecrecTBeHHBIX Hayk CeBepo-BocrouHoro ¢enepanpHoro yHumBepcutera mM. M.K. AMMocoBa, NecTBUTEIBHBII
wireH Akanemnn Hayk PecyOomuku Caxa (SIkyTus) , I.T.H. — IpeaceaarTenb;
2. CokonoBa MapuHa [IMuTpueBHa, 1.T.H., Bp€MEHHO HCHOJHSAIOMAs 00s3aHHOCTH Aupekropa MHCcTHTYyTa mpobiemM HedTn 1
raza Cubupckoro otneneHus Poccuiickoil akageMun HayK, Mpodeccop XUMHIECKOTO OTAEIeHUs MHCTHTyTa eCTeCTBEHHBIX
Hayk CeBepo-Bocrounoro ¢enepansHoro yuusepcurera uM. M. K. AMMOCOBa, /I.T.H. — 3aMECTUTEJb IPEICEeIaTes;
3. CrenanoBa AnsOuHa BacunbeBHa, UWHKEHEp-UCCIEOBaTeNb YyueOHO-HAyYHO- TEXHOJOTHYECKOH J1abopaTopuu
«MexaHoxuMuueckie OunorexHonorun» MHcTHTyTa ecrecTBeHHbIX Hayk CeBepo-BocrtouHoro denepanbHOro yHuBepcUTeTa
uM. M.K. AMMocoBa — cekpeTaps;
4. CrpyuxoBa TarbssHa CeMEHOBHA, K.T.H., JIOLIGHT XHMMHYECKOro otaesneHus MHcTuTyTa ecTecTBeHHBIX Hayk CeBepo-
Bocrounoro ¢enepansroro yauepcurera uM. M.K. AMMocoBa — ieH;
5. Huxudopos Jleonnn AnexcaHapoBud, K.T.H., HHXXECHEP-UCCIEAOBATENb yIeOHO-HAyYIHO- TEXHOJIIOTHUYECKOH JlabopaTopuu
«TexHOoNOTNH TOJIMMEPHBIX HAHOKOMIO3MTOB» MHcTHTyTa ectecTBeHHBIX Hayk CeBepo-BocrtouHoro ¢enepansHoro
yHuBepcurera uM. M.K. AMMocoBa — uJieH;
6. CnmpugoHoB Anexcanap MuxainoBud, crapiuii npenojaBaTelb XMMUYECKOTo oTAesIeHuss MHCTHTyTa ecTeCTBEHHBIX HayK
Ceepo-Bocrounoro ¢enepanbHoro yauepcutera uM. M.K. AMMocoBa — 4iieH;
7. Kypammun bynar Kamunesud, cTyaeHT xumuueckoro umHcTuTyTa WM. A.M. Bytneposa Kazanckoro (IIpuBomxkckoro)
(henepasbHOTO YHUBEPCUTETA — WICH;
8. EmenbsaHoB ['eopruii [leTpoBud, CTYZEHT XMMHUYECKOTO (aKyiabTeTa MOCKOBCKOTO TOCyJapCTBEHHOTO YHHUBEPCHUTETA HM.
M.B. JloMoHOCOBa — 4JieH;
9. TonukoB Anekceit HukomnaeBud, cTyneHT xumuueckoro oraeneHus MHcTuTyTa ectecTBeHHBIX Hayk Ceepo-BocTtounoro
(enepampHOTO YHUBepcuTeTa M. M.K. AMMocoBa — 4iieH;
10. IMTapgenosa Cro3anna HukonaeBHa, cTyaeHT HHCTUTYTa XuMun CaHKT-IleTepOyprckoro rocyrapcTBEHHOTO YHUBEPCUTETA
— 4JIeH;
11. PemernnkoB Bukrop IlerpoBud, cryneHT ¢akynprera HAayK O Marepuainax MOCKOBCKOTO TOCYIapCTBEHHOTO
yHuBepcurera uM. M.B.JIoMoHOCOBa — 4iIEH.

BcenoMoraresibHbIH nepcoHaI_MeskayHapoaHoii onumnuansl «Tyiimaana-2018» no xumuu
1. Cunoposa Po3anus HukonaeBHa, 3aBeayromuii 1abopaTopueil OpraHuuecKkod XUMUH XUMUYECKOTO oTaeneHus HcTuTyTa
ectecTBeHHBIX HayKk CeBepo-Bocrounoro denepanbHoro yanepcurera uM. M.K. AMMocoBa — ctapuiuii 1abopaHT;
2. ®wmnnosa Anena [laBinoBHa, mabopaHT 1 KaTeropuu XMMHUYECKOTO OTAEIeHUs MHCTUTyTa ecTecTBeHHBIX Hayk CeBepo-
Bocrounoro ¢enepansHoro yausepcurera uM. M.K. AMMocoBa — nabopaHr;
3. INaBnoB Cepreit HuxomaeBuy, cTyJeHT XUMHYeCKOro (akyiapreTa MOCKOBCKOI'O TOCYAapCTBEHHOTO YHUBEPCHUTETA HM.
M.B. JlomoHOCOBa — J1a0OpaHT.

ABtopsl 3amau: [omukoB A.H., Emenssnos I'.Il., Kypammua B.JI., MemepsikoB H.B., IlaBnoB C.H., ITappenosa C.H.,
Pemernnkos B.I1.



Methodological commission structure of the International Olympiad «Tyiimaana-2018» in Chemistry
1. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas Problems SB RAS, the
professor of the Chemistry Department, North-Eastern Federal University - chairman;
2. Emelyanov Georgiy Petrovich, a student of the Chemistry Department, Moscow State University;
3. Parfenova Suzanna Nikolaevna, a student of Chemical Institute, Saint-Petersburg State University;
4. Nikiforov Leonid Aleksandrovich, PhD in Technical Sciences, a leading engineer of ESTL "Technology of Polymer
Nanocomposites", North-Eastern Federal University;
5. Kuramshin Bulat Kamilevich, a student of the Chemical Institute, Kazan (Volga Region) Federal University;
6. Spiridonov Alexander Mikhaylovich, a senior teacher of the Chemistry Department, North-Eastern Federal University.

Jury structure of the International Olympiad «Tuymaada-2018» in Chemistry
1. Okhlopkova Aytalina Alekseevna, Doctor of Engineering, the professor, the chairman of the Educational Programs in
«Fundamental and Applied Chemistry», North-Eastern Federal University, member of The Academy of Science of the
Republic of Sakha (Yakutia), — chairman;
2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas Problems SB RAS, the
professor of the Chemistry Department, North-Eastern Federal University - vice-chairman;
3. Stepanova Albina Vasilyevna, a leading ingeneer of ESTL "Mechanobiotechnology", North-Eastern Federal University;
4. Struchkova Tatyana Semenovna, PhD in Technical Sciences, the associate professor of the Chemistry Department, North-
Eastern Federal University;
5. Nikiforov Leonid Aleksandrovich, PhD in Technical Sciences, a leading engineer of ESTL "Technology of Polymer
Nanocomposites", North-Eastern Federal University;
6. Spiridonov Alexander Mikhaylovich, a senior teacher of the Chemistry Department, North-Eastern Federal University;
7. Kuramshin Bulat Kamilevich, a student of the Chemical Institute, Kazan (Volga Region) Federal University;
8. Emelyanov Georgiy Petrovich, a student of the Chemistry Department, Moscow State University;
9. Golikov Aleksei Nikolaevich, a student of the Chemistry Department, North-Eastern Federal University;
10. Parfenova Suzanna Nikolaevna, a student of Chemical Institute, Saint-Petersburg State University;
11. Reshetnikov Victor Petrovich, a student of the Chemistry Department, Moscow State University.

BcenoMoraresibHBIH nepcoHAT_MesKTyHapoaHoii onumnuananl «Tyiimaana-2018» mo xumuun
1. Sidorova Rozaliya Nikolaevna, a head of the laboratory of Organic Chemistry, North-Eastern Federal University — Senior
Assistant;
2. Filippova Alena Pavlovna, a laboratory assistant of the Chemistry Department, North-Eastern Federal University;
3. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University — a laboratory assistant.

Authors of problems: Emelyanov G.P., Golikov A.N., Kuramshin B.K., Mescheryakov N.V., Parfenova S.N., Pavlov S.N.,
Reshetnikov V.P.
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Penkue merasuibl emie B MPOLLIOM BEKE 3apeKOMEH0BaNU ce0sl BO BceM MHpe Kak 3(pPeKTHBHBIC
KaTaJan3aTopbl HAy4HO-TeXHUYeckoro mporpecca. Axkagemuk A.E. depcman HasbiBan UX «BUTaMUHAMU
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IMPOMBIIIJICHHOCTH)).

Onement X
cepeOpHcTO-cephIM I[BETOM. DTOT OnecTsmuii meramt Obul OTKPHIT B 1801 r. aHMIMICKUM YYE€HBIM

Uapnp3zom XOTYETOM M MEPBOHAYAIBHO HA3BaH «KOTyMOWEM». DTOT 3JEMEHT B pyJax BCTpPEUaeTCs
coBMecCTHO ¢ 3nemeHToM Y. B 1844 rongy nemenkuii xumuk I'enpux Poze ycranoBuii, uto X — OTIUYHBIN
oT Y 2JIEMEHT U ITEPEUMEHOBAJI €r0 B YECTh JOoUepPH MUDUUECKOTO 1aps (Ube UM HOCUT dJIEMEHT Y ), yeM
MOTYEPKHYN CXOACTBO Mexay aneMeHTamMu X u Y. B 1950 rogy pemennem MexayHapogHOTO COr03a
Teoperndeckoi u nmpuknagHoi xumun (MIOITAK) sneMeHTy OKOHUATENbHO OBLJIO MPUCBOCHO HA3BAHHE

X.

OJIMH W3 OCHOBHBIX NpPEJICTaBUTENIEH TYrOIUIABKMX METAJUIOB, 00JaaaroImuii

Huxe npencraBieHa cxema MPEeBpaIIEHU COCIMHEHUH, COAEPKAIIUX B CBOEM COCTABE JIEMEHT
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Poccun n JIMKBUAUPOBATH 3aBUCUMOCTL OT UMIIOPTA PCAKUX 3JICMCHTOB.

JlonmoJTHUTEeaLHAsA HHpopManus:

BemectBo B C E I F J K L M N
w(X), % 3436 | 49.44 | 52.86 | 49.53 | 51.14 | 43.64 | 41.12 | 32.27 | 41.80 | 56.68

- E — pactBopumoe B Boje BemecTBo. [Ipu mobaBneHuu m30ObITKa pacTBOpa HHUTpaTa cepedpa K
pacTBopy BemecTBa, coaepxaimiemy 15.00 r E, Bemmanaet 4.08 T 6€10ro TBOPOKUCTOTO OCAIKA;

- KOOPIMHAIIMOHHBIH MOIHUY/Ip aHUOHA B coenHeHnu D — nmeHTaroHaibHas OunupamMua;

- m3BectHo, yto E u I mnpencraBnaioT coOoi rajoreHuIHbIE KIAcTephl, COJEpKallue B
bopMyIbHOI euHuIE YETHOE YMCIIO aTOMOB XJIOPa;

- BELLIECTBO J SBJISIETCS OKCOCOJIBIO;

- BemectBO M sIBIIsIeTCSl M30I0JIMCOIIBIO, MACCOBBIE JIOJIM BOJIOPOJA M KUCIOPOJA B HEHM paBHbI
cooTBeTcTBEHHO 2.40% 1 42.00%.

Bonpocsr:

1. HazoBute anemenT X, eciu BemectBo A coaepxut 30.10% kucnopoaa. C kakum meramiom Y
cBs3aH X, YbHM CXOJCTBA MOAYEpKHYN XuMuk ['. Po3e?

2. Bnepsble umcthiii X Obu1 monmydeH B KoHie XIX Beka ¢paHIy3ckuM XUMHKOM AHpU
MyaccaHOM TepMHUYECKUM MYTEM: OH BOCCTAHOBWJI A YIepOJOM B AJIEKTPONEUU. 3aUIIUTE YPAaBHEHHE
peakiuu noiaydeHus: X kapOoTepMUIEeCKUM criocoOoMm (peakius 1).

3. Pacumu¢pyiite nenouky mnpeBpalleHuld, HaMNWIINTe YypaBHEHUS Bcex peaknuil. OTBeT
HOJATBEPANUTE PACUETAMH.

4. N3o6pa3ute crpoenue katroHa E.

5. YkaxuTe OCHOBHbIE 00JIaCTH IPUMEHEHUS JIeMEHTa X.

3ananue 2.

MO/ B AHAJIMTUYECKOU XUMUHU

lodine
126.9045

HecmoTpst Ha TO, 9TO 1O/ HE SIBIISIETCSI pAaCIPOCTPaHEHHBIM 3JIEMEHTOM, OH UTPAET OTPOMHYIO POJIb
B aHAJIUTHUYECKOM XUMHH. VIMEHHO MO3TOMY OCHOBHOE KOJMYECTBO JTOOBIBAEMOTO B MPOMBIIUIEHHOCTH
floJ1a ueT Ha MPOU3BOJCTBO PEAKTHBOB JJISI XUMHUECKOT0 CUHTE3a U aHaJIH3a.

OCHOBHOE aHAIUTHUYECKOE 3HAUCHHE HOJa COCTOUT B CEMEHCTBE THUTPUMETPHUUECKUX METO/OB
aHau3a, Ha3blBAEMBIX  BMECT€  HOJAOMETpHYECKUMH. PaccMOTpUM  HEKOTOpblE  MPUMEPHI
HOJIOMETPUYECKOTO aHAIN3A.

Hns onpenenenus conepxkanusi riaoko3sl (CgH206) B mpobe x 50.00 M pacTBopa 100aBISIOT
20.00 ma crangaptHoro 0.1000 M pactBopa ioga u 5.00 man 5% KOH. PactBop obecuBeunBaercs
(peaxyusn 1), mocie 4ero €ro OCTABISIOT HA |5 MHHYT TS IOJTHOTO OKHUCJICHHUS TIFOKO3bI IO TIIFOKOHOBOM
kucinotsl (CeH1207) (peakuyusa 2). 3atem x pacTBOpy A00aBISIOT HEOOIBIION H30BITOK CEPHOM KHUCIOTHI
(peaxyua 3) u okpamenHsli pactBop TUTPYIOT 0.1014 M pactBopom THOCybbaTa HaTpus (peakuus 4).
O0wvem THUTpaHTa, MOIIEAIINI Ha oOecIBEYMBAHHE pacTBOpa B IMPHCYTCTBUU Kpaxmala, COCTaBISeT
8.60 mu1.

1. 3anumute peakyuu 1 — 4 v paccuutaite copepKaHue TIIFOKO3bl B KUCXOIHOM pacTBope (B 1/11).

BreiBerpuBmmiicst menubiit Kynmopoc (CuSO4-xH,0), vacTHUHO MOTEPSBIINNA KPUCTATUTH3AIMOHHYIO
BOJly, PCUIMJIM CcTaHAapTu3oBaTh. s storo B 20 mu Boawl pactBopwian 0.1516 r BeIBETpuBIIETrOCA
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Kylopoca, MOAKUCIWINA COJITHOM KUCIOTOM W no0aBwiu ST Homupa kanust (peakuus 5). Ilocne
OKOHUYaHUsl peakiuu pactBop otrtutpoBamu (0.05064 M pactBopoM THOCynbdaTa Hartpus. OObeMm
pacTBoOpa, MOLIEIUIEr0 Ha TATPOBaHUE, cocTaBua 13.32 mul.

2. 3anummMTe ypaBHEHUE peakyuu 5 W  pacCUMTAUTE CpeaHee  KOJUYECTBO  MOJIEKYJ
KPUCTAJTM3AIMOHHON BOJBI, MPHUXOASIIEEcs B 3TOM oOpaslie Kymopoca Ha 1 (opmynbHYIO enMHUILY
cynbdaTa M.

Kpome oObemMHOro anammsa, BELIECTBO A, MOJy4arolleecss MpHU Jerujparanuu BemecTBa B
(peakyusa 6), OxazajgoCh UCKIIOUYUTEIHHO YIOOHBIM PEAKTHBOM JMJIsi OINpPENENICHUs yrapHOro rasa B
ra3oBbIX cMmecsX (peaxkuyus 7). BemectBo B — nmpoaykT okucieHus Hojia KOHUEHTPUPOBAHHOM a30THOU
KHUCIIOTOU (peakuyus 8).

Hns onpenenenus conepxkanusi CO B mpoAyKTax CropaHusi KAMEHHOTO YT BEHIECTBO A Maccou
0.1310 r momectiuin B 60kc oobemom 0.75 11, comeprkanuii razoByto cmech npu temreparype 300 K u
JaBjeHun 755 mMM. pT. cT. Macca TBepaoi (a3sl yMeHbIIUIACh A0 ocTostHHOTO 3HadeHus 0.1130 r.

3. 3anummTe popmMyIbl BemecTB A u B u ypaBHeHust peakyuit 6 — 8.

4. Onpenenute MoiibHYI0 1ost0 CO B ucciieyeMom rase.

3amanmue 3.

CILIAB JUISI XPAHEHHUS BOJIOPOJIA

C pa3BUTHEM DSHEPreTHKH MOSBHJIACh HEOOXOAMMOCTh pa3pabOTKH CHCTEM, OOpaTHMO
CBSI3BIBAIOIINX BOJOPOJ], KOTOPHIC PU HATPEBAHUH WIIM XUMHUYECKOM BO3/ICHCTBHU BBIICISIOT BOJOPOLI C
BOCCTaHOBJICHUEM MUCXOJHOTO XMMUYECKOTO COCTaBA.

OnHoit u3 TaKUX CHCTEM SIBIISIETCSI
CTEXMOMETPUYECKUH crutaB A Metamia X ¢ Hukenem. s

nosiyueHuss A MoxkHo cMmemath 1.051 r pacruiaBieHHOro
X ¢ 2.220r xungkoro Hukens. [locie kpuctammuzaun
06beM monydeHHoro A cocrasui 0.396 e,

MeTo1IoM PpPEHTIeHOCTPYKTYPHOTO aHaiu3a ObLIo
ONpEAENIEHO  CTPOEHUE  KPHUCTALIOB A,  KOTOpOE
MPUBEJCHO HA PHUCYHKe. VI3BeCTHBI mapameTpsl SYEHKH:

a=5017 A, c=3.987 A, o= 120°.

1. Onpenenure MIOTHOCTh A, KOJIMYECTBO aTOMOB X M HUKEJIS
B T€KCAaroHaabHOM sTYeHKe A.

2. Onpenenute MeTal X U IPOCTEUITYIO GopMyITy CIutaBa A.
[Ipu pacyeTax UCHOJB3YyWTE€ TOYHBIE 3HAYECHHS AaTOMHBIX MAacc

Yooty

OJICMCHTOB, OKPYTJICHHBIC 10 COTHIX.

HpI/I IorjiomeH1nn BOAOpOJAa IOTUM CIINIaBOM o6pa3y10TcsI
JBOHMHEIE T UAPUABL  PA3JIMYHOTO  COCTaBa. HpI/I O6pa30BaHI/II/I

Yooty

TUAPHUAOB COXPAHACTCA COOTHOIICHHUE KOJWYECTB MCTAZIa B
Tuapuac. OJIHO N3 CTCXHOMETPHUYHBIX COGJII/IHGHHfI, KOTOpPOC

obOpasyercss pu peaknuu A C BOJOPOJIOM — JBOWHOW Tuupua B,
KpUCTAJUTHYECKasi CTPYKTypa KOTOPOTO TIOKa3aHa Ha PUCYHKE.
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3. Onpenenure hopMyIry TOTY4EHHOTO THAPUAA, €CIIU €r0 TUIOTHOCTh paBHA 6.698 r/em’.

Kpome coctaBa oOpa3yromierocs rufjpyuja BaxxHO 3HaTh TEPMOJIMHAMUKY MOTJIOUICHHs Bogopoaa. B
TabJIMIe HIKE MPECTaBlIeHa 3aBUCMMOCTh PaBHOBECHOT'O JaBJICHUS BOAOPOJA HaJl TBEPAbIM 00pa3oM,
coaepxxamum A u B, ot Temnepatypsl.

p, 6ap 1.0 5.0 10 15 20 25 30

T,K 294 322 342 354 363 371 377

4. TloctporiTe rpaduk 3aBUCUMOCTH HATYpPaJIbHOTO JiorapridMa KOHCTAaHTHl paBHOBECHS Ipoliecca
2H oy =Hz (gas) (Kp=p(H2)) or obparnoit temmeparypsl (In(K,) or 1/T). Haligure yriaosoi
KOX(P(UIIMEHT TOJYYCHHON IMHEapU30BaHHOW 3aBHUCHMOCTH W CTAHIAPTHYIO DJHTAIBIUIO JaHHOTO
npoiiecca.

Jlononnumenvras ungopmayusi:

VYpaBHeHuUe, CBSA3bIBAIOIIEE KOHCTAHTY PABHOBECHUS C U3BMEHEHUEM SHTAJIBIIMYU U SHTPOIHUH PEAKIIUU

—RT -In(K,) = AH® — TAS°

Ilpumeuanue:

Jlozapugmom nonoscumenvHo2o yucia b no 0CHOBAHUI a HA3bIBAEMC S NOKA3AMENb CHenetu, 8
KOMOPYI0 HAOO 8036eCMU YUCLO A, YmMoObl noxyuums b, m.e. log,b = ¢ & a° = b (a>0 u a#1). Hanpumep,
log, 64 = 6, m.x. 64 = 26, Hamypanvnoiti noeapugpm — smo nocapugpm no ocrhosanuio e, 20e e = 2,718,
m.e. Inb = log.b.

3ananue 4.
IHNJIATHUHOU [

ITpu pactBopeHMu miatuHOMJa Y B KOHILIEHTPUPOBAaHHOW a30THOM KHCIIOTE
o0pasyeTcs coeMHEeHNEe A, KOTOpPOE BCTYMAET B LIETIOUKY MPEBPAILCHUI:

+ KN02= B + HNO3 (KOHI.I.)= C

HCKOTOpLIe JaHHBIC 00 3THX BCIICCTBAX MMPUBCIACHBI B Ta6J'II/II_[eZ

BemectBo w(Y), % w(N), % LBer

A 46,18 12,16 Kénto-xopuuHeBbIN
B 28,87 15,20 Apxo-kENTHIA

C 24,60 12,95 KpacHo-opaHxeBblit

1. Onpenenute BemectBa Y, A — C, HanumuTe ypaBHeHUs peakuuii monyuenus A — C.
2. 3BecTHO, 4TO A XpaHSAT B MOJAKHCICHHBIX pacTBOpax. YKaXUTe NPUUYMHY M 3alUIIUTE
ypaBHEHHE PEaKInH, KOTOpast TPOU30UIET, €CIIN PACTBOP HE TIOAKUCIUTD.

[Tpu peaxknuu B ¢ 8M a3oTHO# kucioTo# B Teuennu 2 yacoB npu 80 °C oOpa3yeTcst KpacHas COlb
X, aHMOH KOTOpOH coaepkHUT 3 pasHbIx Juranjaa. Cojaep:kaHue 3JEMEHTOB B 3TOMl COJIM MPHUBENEHO B
Tabmue.

DIIEMEHT K Y N
Maccosas moins, % | 16,98 23,10 18,24




ITpu xpucramumsanuu X u3 0,1 M a30THON KHMCIOTBI KpPUCTALIIU3YETCS

coJib X, B KOTOpO MaccoBas J10Jis miiatuHouaa Y pasHa 21,43%. _ —
3. Onpenenure OpyTTO-hopMyy conu X.
4. Onpenenute coiu X U Xi. CKOJIBKO r€OMETPUYECKUX U30MEPOB COCTaBa =
X cymecTByeT?
3ananmue S.
CHEKTPO®OTOMETPUA

CriekTpo(OTOMETpHsST — JOCTaTOYHO TOYHBIA M OBICTPBI MHCTPYMEHTAIBHBIM METOJ aHajIu3a
BEILIECTB CaMOM Pa3jMYHOM MPUPOAbL. B Hel MCIOb3yeTCss OCHOBHOM 3aKOH CBETOIOIVIOIIEHUS! — 3aKOH
Byrepa — JlambepTta — bepa:

Iy
A=c¢lc = lgT

A — onrdyeckas IUIOTHOCTh pPAacTBOpAa, paBHAs JACCATHYHOMY JIOTapu(My OTHOIICHHS
WHTCHCUBHOCTEH CBETa Ha BXOJIC M Ha BBIXOJE W3 KIOBETHI (Ip U I, COOTBETCTBEHHO), € - MOJIPHBII
KOA(PGUIMEHT SKCTUHKIUU (MU Kod((ULIMEHT mornomeHus), [ — AMMHa ONTHYECKOro myTH (CM), ¢ —
KOHIIEHTpAIUsl TOIJIOMIAIONIMX YacTHIl B pacTBOpe (MOJB/I). DTOT 3aKOH IMO3BOJISIET, HCIONB3YS
JUHEHWHYIO CBSI3b MEXKAY ONTHYECKOW TUIOTHOCTBIO M KOHIICHTpAlWeH, ONpeAessaTh KOJINYCCTBEHHBIN
COCTaB OKPAIICHHBIX PACTBOPOB, M3MEPSsl ONTUYECKYIO IJIOTHOCTh PACcTBOpA HAa PA3HBIX JUITMHAX BOJH.
UccnenoBanme 3aBucuMocty K03(hduiimenTa noraomeHns € OT JJIMHBI BOJHBI A B BUAUMOM JHara3oHe
(380 aM — 780 HM) TIO3BOJISIET aHAIM3UPOBATH CIIOKHBIE CMECH M IMOJy4aTh HH()OPMAIHIO O CTPYKTYpE
BEIIIECTB.

1. B xakux enuHUIIaX U3MepAeTcs KOdPPUIIMESHT MOTIJIOMICHUS &7

2.B xmoBere mmHOM | MM HaxoguTcs pacTBop BemiectBa ¢ KoHueHTpauuei 0.0130 M,
norJomarouil 74 % BXOMSIIET0 B KIOBETY u3inydeHus. Onpeaenure onTHYECKYIO MIIOTHOCTh pacTBopa
A 1 k03¢ (PUILIMEHT NOIJIOIIEHUS pacTBOpa €.

Jlns ompeneneHrss KOHICHTPAMM MOHOB jKeJie3a B PACTBOPE HCIIONIB3YIOT

KOMILIEKCOOOpa3oBaHue ¢ PeHaHTPOIUHOM (phen): Bce MOHBI CHadaljia EPEBOASIT
2

B (opmy Fe™*, 3areM m00aBisAroT M30BITOK (DEHAHTPOIMHA, B PE3YJILTATE YETO

. o 2
oOpasyeTcs NpOYHBIA SPKO-KpacHbI Kkommieke Fe(phen);™, mnormomenue
KOTOPOTO U3MEPSIETCS CIEKTPOPOTOMETPUUECKH. phen

3.YTo6s BOCCTAHOBHTH HMOHBI Fe’’, B pacTBOp J0GABISIOT CONSHOKHCIBIA  PacTBOP
ruapokcwiiamuaa NH,OH. Hanummre ypaBHeHHEe 3TOM peakiui B MOHHOM BHJIE.

4. Hapucyiite cTpyKkTypHble (OpPMYIIBI IBYX U30MEPOB KaTHOHA Fe(phen)32+, KOTOpBIe 00pa3yroTcs
nipu peakiuu noHos xene3a(ll) ¢ penanTpoauHOM.

K 50.0 mn wuccaenyemoro pacrBopa nobaswim 50.0 M pacTBOpa, coaepkKamiero H30BITOK
(eHaHTpONIMHA, CoMlep KaIero Takxke xjopu rugpokcunammonns [NH3;OH]'CI'. PactBop nepememan,
€ro ONTHYECKas INIOTHOCTh Ha AsinHe BoJHbI 510 HM coctaBuna 0.647 (nnuHa ktoBeTsl [ = 1 cm). K aTomy
pactBopy mo6asuinu 20.0 M 4.50 x 10° M pacTBopa Fe(phen)32+. Onrtuyeckas MIOTHOCTh MOJYYEHHOTO
pactBopa coctasuia 0.898.



5. Onpenenute KOHIEHTPAIMIO jKeje3a B MCCIAeLyeMOM pacTBOpe U KO3(p(UIMEHT MOTJIOMIECHUS
KOMIIJIEKCa Fe(phen)g2+ Ha juinHe BoJHBI 510 HM. CunTaiiTe MIOTHOCTH BCEX PACTBOPOB OJIMHAKOBBIMH.

Ilpumeuanue:

Jlozapugmom nonosxcumenvHoz2o yucia b no 0CHOBaHUIO a HA3BIBAEMCS NOKA3AMENb CIenetu, 8
KOMOPYI0 HAOO 8036€CMU YUCLO A, YMoObl noxyuums b, m.e. log,b = ¢ < a“ = b (a>0 u a#1). Hanpumep,
log>64 = 6, m.x. 64 = 2°. Jecamuunviii nocapudpm — smo nozapugm no ocnosanuio 10, m.e. Igh =
log ]()b.
3aganue 6.

CJIE3bI MUIEYHHOI'O IEPEBA

B 1839 r Yapnb3 ['yapup OTKpHUT BYJKAHU3ALUIO KaydyKa W MOJYYUJ PE3UHY, KOTOPYIO BIIEPBbBIC
npuMeHua B kauectBe muH J[>xon boitn Jlanmon B 1888 r. Ilocne sToro cnpoc Ha Kaydyk BO3pOC, HO
OCHOBHBIM HCTOYHHKOM HATYpaJIbHOTO KaydyKa ObLI COK I'eéBeH Opa3niIbCKOM.
B 1826 r. M. ®apaneit onmyOnnKoBai JaHHBIE UCCIIEIOBAHMS, T/I€ YKa3aj, YTO KaydyKOBOE BEIIECTBO
A, HECOMHEHHO COCTOMT U3 YIJIepoja U BOJOPOJAA, B KOTOPOM Ha Ka)/bl€ IATh YIIIEPOJHBIX MPUXOIUTCS
BOCEMb BOJOPOJIHBIX aTOMOB.
1. M3o06pasute CTpyKTYpHYIO (HOpMYIy «KaydyyKOBOI'O BEIIECTBa» A, €CIM B XOJ€ €ro JUEHOBOrO
CHHTE3a 00pa3yeTcs JMMOHEH.

B xozne nonumepu3zaium Beniectsa A, MOryT 00pa3oBaThCs 2 CTEPEOPErYISIPHBIX H30Mepa.

2. Hanumute 06e peakluy U MPeanoaokKUTe, KAaKOW U3 3TUX U30MEPOB SIBIIIETCS 00Jiee 3IaCTUUHBIM
U TI0YEMY.

3. HamummTe peakiuio BYJIKaHU3AlMKM KaydyKa, I/I€ B KaueCTBE BYJIKAHU3UPYIOIIErO areHTa
BBICTYIIAET cepa, U 00bACHUTE, oueMy y ['yapupa kaydyk mociie HarpeBaHusi He pa3MsIrduiics U
HE CTaJl JIMIIKUM, a HAa000pOT, MOJy4UJI CBOMCTBA YIIPYTrOCTU U 3JIACTUYHOCTH.

Co BpeMeHeM, K Hadyainy XX B. BO3HHKJIA OCTpas MOTPEOHOCTh B CUHTETUYECKOM Kayuyke. B 1904 r.
xumuK MBan JlaBpenTheBuu KoHakoB, poauBmmiics B SIKyTHH, yCTaHOBHII, 4TO ApYyroil yrinesogopon B
CXOXEeH CTPYKTYphl CHOCOOEH MpeBpamaThCcs B KaydyKonoaoOHbIM mponaykr. B I'epmanum Bo Bpems
[TepBoil MHpOBOI BOIHBI OBUIO HallaXKEHO MPOM3BOJCTBO Kaydyka M3 B, ogHako mocie BOMHBI 3TOT
KaydyK OoJibllle HE IPOU3BOMICSA M3-32 HU3KOT'O KAaueCTBa MOJIy4aeMbIX U3 HEro U3AeNuil U HEMOMEPHO
BBEICOKOI II€HEI.

4. Pacmmudpyiite cxemy nmpeBpalieHui U Ha30BUTE yrieBoaopoa B

t° 1.+ Mg t°
(CH3COO)2C3 — X > Y » B
2.+ H,0, H*
BemecTBo X Y B
o(C), % 62,07 61,02 87,80
®(0), % 27,59 27,12 0,00

B 1927 1. Cepreem BacunbeBuuem JleOeneBbIM M3 HACBHIIIEHHOTO OJHOATOMHOTO CHHUPTa OBLI
nosydeH yriaesomopoa C, B KOTOPOM BCE aTOMBI yIUIepoIa HAaXOAATCs B Sp -ruopramsamuy. OIHAKo, 1Mo
CBOMM MEXaHMYECKUM XapaKTepUCTUKaM, NojydyaeMblii u3 BemectBa C CHHTETHUYECKHUH Kaydyyk
JleGeneBa Bce-Taku yCTymal HaTYypaJbHOMY KaydyKy.

5. Hammmute peakmuio C.B. JlebeneBa, B xome kotopoit momydancs yraeBomopon C. Ilouemy
MOJIyYa€MBbIi CHHTETUYECKUI KaydyK HMeEJI MEHBIIYH0 MEXaHWYECKYyK0 IPOYHOCTh, YEM
HaTypaJbHbII U KaKUM 00pa3oM BIOCIEICTBUU YIAJIOCh PELIUTh 3Ty MpodieMy?

6. OOpazser kaydyka, MoJlyueHHOro nojumepusanueii yriesonopona C 20,5 r, conepxut 4,2 10"
makpomosiekyi. C, He BCTYNHUBIIUN B PEaKLUIO MOJIUMepU3annu, MoxeT odecuBetuTsh 300 T 6%-
ro pacTBopa Opoma B TeTpaxiiopmerane. OnpenenuTe CpeIHIo0 MOJSIPHYIO Maccy IMOJIUMEpa.
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Ipumeuanue:
1) Peakiust TueHOBOTO CUHTE3a MPOTEKAET MEXKAY COMPSIKEHHBIM JUEHOM U aJIKEHOM HIIM aTKUHOM

(muenoduiiom) ¢ 06pa3zoBaHUEM MPOU3BOTHOTO ITUKIOTEKCEHA! 7 X X
E [ Heat
N —Heat o
\ v

2) CTtpykTypa JIMMOHEHA:

Y

CH,

HsC” “CHp
10



CTAPIIASA JIMT'A

3aganue 1.

XUMUA U ITPOMBIIIVIEHHOCTbD

B SIxkyTuum n0o0BIBAOT HE TOJIBKO alMasbl, ra3, HeQTh, CyppMy U T.J., HO U Pa3JIMYHbIC METAILIBI, B
TOM 4YHCJe 30J70T0. JIJIs M3BJIE€YEHHS POCCHITHOTO 30JI0Ta PyAy Ha BO3AyXe oOpabaThIBalOT COJBbIO A
(peaknust 1), B koropoM MaccoBas gojiisi meraiia o(Me;) = 46,94%. 3arem moigydyeHHBIH PacTBOP
BOCCTAHABJIMBAIOT C IIOMOIIbIO [IMHKA (peaKkuus 2).

MupoBoe npousBoAcTBO A B 1989r. cocraBuno npumepHo 340 Thic. T. OHUM U3 €ro OCHOBHBIX
notpedureneil ABISETCS MMEHHO TOpHOIOOBIBAIOIIasl OTpacib, T.K. C €ro IMOMOIIbI0 H3BJICKAIOT HE
TOJIBKO 30JI0TO, HO U cepedpo, Melb, HUKEIb U JPYTrue METaIlIbL.

C N, Hzo(g) CHy, O, NaOH
SO > 1 - 2 >~ G——> B >
2200° 1000°-1200° 300 1000"-1200 t
2atm, Pt/Rh

1. YcranoBute BemecTBO A, Hanumurte ypaBHeHUs peakiuid (1 u 2). Yurture, 9To 30510TO 00paszyer
JIMHEWMHBIN KOMILJIEKC.

2. Omnpenenute S0-S2, G, B u Hanmummre ypaBHeHusl peaknuii. Yurute, uro G — camoe
KPYIMHOTOHHAXXHOE a30TcojepiKaiiee cuHTeTndeckoe BemectBo; SO0 — okcun (o(O) = 28,57%);
MaccoBas noJis1 Metaiia B S2 w(Me;) = 50,0%.

3. Hapucyiite ctpoeHue AByX3apsIHOrO aHHuoHa S2

A30T ® YIJIEpOJACOAEpKAIINE COSAMHEHUS WCIOIB3YIOTCS B Pa3HBIX OTPACISAX HAPOIHOTO
xo3saiicTBa. OJHAKO OHM B OCHOBHOM HCIOJB3YIOTCSI B KadyeCTBE a30THBIX YAOOPEHUN M TIpH
nmpou3BOCTBE TacTMacc. Cpeau yKa3aHHBIX HUIKE BEIIECTB CaMbIM KPYMHOTOHHA)KHBIM SIBIISIETCS
BemecTBo E3 (cBbiie 100 MutH. T. B TON).

C02 pH:7—9
H,O OUIAAHIHAMII tO
O,
NaOH (popmanb;:[erw:[ .
O Na,CO
Ag’\z '/HCI \ 2LU; \ PC\ /}4\]}12(*)
E3<—E2

t
B pesynbrare peakuuu D ¢ NaOH ob6pasytorcs A u E;
H3BecTHO, UTO:
* D — OGuHapHOE COeTMHEHHUE;
= E1—-Ul - camonpon3BoIbHas HUKIA3AIUS;
* E2 u E3 uMeroT oAMHAKOBBIN Ka4eCTBEHHBIN 1 KOTMYECTBEHHBIN COCTAaB.

4. ITpusenure cTpykrypHble popmyinsl HeusBecTHbIX BemecTs D, H, E, E1 — E3, U, U1, U2 u npoaykra
peakuuu U ¢ popMasibIeruiom.
5. Hapucyiite cTpykTypHYyI0 hopMyiny Auuuanauamuia u 1syx rayromepos Ul.
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3aganue 2.

CIUIAB JJIS1 XPAHEHUSA BOOJOPOJA

C pa3BUTHEM DHEPreTHUKU TMOSBWIACH HEOOXOIMMOCTh pa3padOTKU CHUCTEM, O0OpaTUMO
CBSI3BIBAIOIIMX BOAOPO/I, KOTOPHIC ITPU HAPEBAHUH WJIM XUMHYECKOM BO3CHCTBUHU BBIJCISIIOT BOJOPOJ C
BOCCTAHOBJICHHEM HCXOJIHOI0 XMMHUYECKOI0 COCTABA.

OnHO#l U3 TaKUX CUCTEM SIBIISIETCA CTEXHMOMETpUYecKuil criaB A mertawia X ¢ Hukenem. s
nosiyueHus: A MoxkHo cmewmath 1.051 r pacnnasiensoro X

¢ 2.220 r xxuakoro Hukens. [Tocne kpucramumzanuu 00beM
nonyuennoro A cocrasui 0.396 cu”.

MeTogoM PEHTTeHOCTPYKTYPHOTO aHaiu3a ObLIo
OTIpE/IeNIEHO CTPOCHUE KPUCTAIOB A, KOTOPOE MPUBEICHO

Ha pucyHke. M3BecTHbl mapamerpsl sueiiku: a =5.017 A,
c=3.987 A, a=120°.

1. Onpenenute MWIOTHOCTh A, KOJIMYECTBO aTOMOB X M HUKEJIS B TEKCAarOHAJILHOU sTueiKe A.
2. Onpenenute Metaut X u npocreimnnyto Gopmyny craBa A. [Ipu pacuerax UCHONB3YHTE TOYHBIE
3HAUEHUSI ATOMHBIX MAacC 3JIEMEHTOB, OKPYTJICHHBIC JIO0 COTHIX.

[Ipu morjouieHH: BOAOPOJA ATHUM CIUIABOM OOpPa3yrTCs
JBOIHBIE THUIPHUABI pa3NUYHOrO cocTaBa. [Ipu oOpazoBanuu
THJIPUIOB COXPAHSETCS COOTHOIIEHHWE KOJMYECTB MeTalla B
ruapuae. OOHO W3 CTEXHMOMETPUUYHBIX COEIWHEHHUH, KOTOpoe
obOpasyercst IpH peakiuu A ¢ BOJOPOJOM — IBOWHOM Tusipua B,
KpHUCTATHIECKasi CTPYKTypa KOTOPOTO MOKa3aHa Ha pUCYHKE.

3. Onpenenure GopmMyiy MOTY4EHHOTO THAPUIA, €CITU €T0
ILIOTHOCTH paBHA 6.698 r/cM’.

Kpome coctaBa oOpa3zyromierocsi ruApuja BaKHO 3HATh
TePMOJMHAMUKY TOTJIOLIEHUS BoJaOpoAa. B Tabmuie Hike
MPEACTABJICHA 3aBUCUMOCTh PaBHOBECHOI'O JaBJIEHUs BOAOPOAA

HaJ TBEPABIM 00pasmom, coaepxaimm A u B, oT temneparypsl.

10 15 20 25 30
342 354 363 371 377

4. TloctpoiiTe rpaduk 3aBUCUMOCTH HATYPaJbHOTO JIOrapugma KOHCTaHThl PaBHOBECHs Mpoliecca
2H oy =Hz (@) (K, =p(Hz)) or oGpatnoii Temmepatypsl (In(K,) or 1/T). Haiigure yriooii
KOO(QQHUIMEHT TOTYYCHHOW JIMHEApU30BAaHHON 3aBUCUMOCTH W CTaHAAPTHYIO SHTAIBIHNIO JaHHOTO
npolecca.

Hononnumenvrasn ungopmayusi:

YpaBHeHUe, CBA3BIBAIOIIEE KOHCTAHTY PABHOBECHS C U3MEHEHHUEM SHTAJIBITUHN U SHTPOITUH PEaKIHU

—RT -In(K,) = AH® — TAS®
12



3aganue 3.

7
. / v
0 SIKYTCKOI JIOIIA!

KoneBoicTBO sIBIsIETCS TpaIUIIMOHHBIM 3aHATHEeM Hapoja Caxa. SAkyrckas
JIOMIAb SIBJSICTCS ©IWHCTBEHHOMW, IPHUCIOCOOUBIIEHCS K CcypoBbIM YycioBusiM KpaitHero Cesepa.
L{eHHOCTB SIKYTCKOH JIOIIA N 3aKJIF0YAETCS B €€ YHHKAJILHOM MsCE, )KHPE U MOJIOKE, KOTOPbhIE KU3HEHHO
BaKHBI 151 xKuTene Pecnyommku Caxa.

JI71st BBDKMBAHMS B CYPOBBIX KIIMMATHUYECKUX YCJIOBUSX B 3UMHUM MEPHUOJT TS JIOMIAAEH BaXKHYIO
pollb  WrpaeT JKUPOBOM MeTabomm3M. MOJEKyIbl JKUPHBIX  KHCIOT —MPEACTABISAIOT  COOOMU
BBICOKODHEPIETHUECKHUE COSAMHCHUS. Hrbke MpUBEACHBI ATAlbl Mporecca [3-OKUCICHUS YKUPHBIX KUCIIOT,
KOTOPBIU SIBIIETCS OJJHUM U3 OMOXMMHUYECKUX IMyTEH MOTYYCHHUSI SHEPTUU U3 JKUPHBIX KUCIIOT:

CoA-SH o
Va /
R—H,C—CH,-C_ R—H;C—CH,-C__
OH S-CoA
ATP AMP, PPi
o E-FAD E-FADH, H,0 NAD* NADH, H* CoA-SH
0]
R—HZC—CHZC/( LA X1 % ng X3 L» Hac—cf + X4
S-CoA Thiolase S-CoA

rae R — yrineBomopoiHas 1iens, He 3aeiCTBOBaHHAs B JaHHOM 1HKie B-okucinenus; Thiolase — Tromnasa,
depment, katamuzupyrommii paspeiB cBsisu C-C. Coenunenue X4 monBepraercss AalnpHedIiemy [3-
okucnenuto. Coegunenne X2 npeacrasiusieT codoi L-uzomep.

ATP — aodenosunmpugocpam, AMP — aodenosunmonopocgpam, PPi — nupoghocgham.
E-FAD u E-FADH, — okucnennasa u eoccmanosnennas gopmor gpepmenma E ¢ xogpaxmopom FAD
(prasunadenunounyxneomuo), NAD® u NADH — oxucnennas u éoccmanoeénennas gopmuvl xogpepmenma
nuxomunamuoaoenunounykieomuoa (BE-FAD u NAD' yuacmeyrom 6 xamanuze OKUCIUMENbHO-
soccmanogumenvruvlx peaxyuti). CoA-SH — xogepmenm A (ceazvieaemcs ¢ ayunvHulMu epynnamu 3a
cuem muod@upHoll cesa3u).

JI71s1 HeHACBIIIEHHBIX KUCIIOT (B OTJIWYHE OT HACHIIICHHBIX) CYIIECTBYET €Ille OJUH (PEPMEHT U3
KJlacca H30Mepa3 — yuc-mpanc m3oMepasza, HEOOXOTUMBIA g OcyIlecTBIeHUs [-okucienus. s
onenHoBoii kucnotbl (C7H33COOH  yuc-9-okrageneHoBass KHCIOTa) [B-OKHUCIEHHE MPOTEKaeT M0
coenuHeHus yuc-Y1, KOTOpoe ¢ MOMOIIBI0 JAHHOTO (epMeHTa u3oMepusyercs B mparnc-Y2, nanee -
OKHUCJICHHE UJET OOBIYHBIM ITyTeM. be3 n3omepusanuu nanbHeiinee B-okucienue coenunenus yuc-Y1 He
MIPOUCXOIUT.

beta-ox beta-ox
» Y1 > Y2 ———>»

rze beta-0X — HEKOTOpast CTaAUS [B-OKUCIICHUS.

1. Hapucyiite ctpykrypHbsie popmyinsl coenunennit X1, X2, X3, X4, Y1, Y2.

2. Hapucyiite ctpykrypHyio ¢dopmyny coeauHeHus X2 B mpoeknuu Dwuiiepa, omnpeneanuTe
KOH(UTYpAIMI0 aACHMMETPUUECKOT0 aToMa yriepoja mo RS-HoMeHknarype. R cauraiite nimmHHON
HACBIIICHHON YTIIEBOJOPOAHON LIETIBIO.

3. PaccuuraiiTe, CKOJBKO LUKJIOB B-OKHCICHHS OCYIIECTBISETCA OT UCXOJHON OJIEMHOBOM KHUCIOTHI
1o coenuHeHus Y1, a Takoke oT coeiMHEeHNs Y2 10 KOHEYHOTO MPOyKTa JaHHOTO Mpoliecca.
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Obpasyromecss B xone [-okucnenuss wmonekynasl anetuin-CoA (CH3;C(0)S-CoA) nanee
BOBJICKAIOTCs B IIUKJI KpeOca, B pe3ynbrare mpoTeKaHus KOTOPOTO 3aacaeTcs YHEPTUs B BUAC 3 MOJIEKYIT
NADH u 1 monexkynsi E-FADH, na oany monekyny anetun-CoA. H3BiedeHHas SHEprus U3 3THX
MOJIEKYJ Aanee 3amacaerca B Mmosiekynax ATP.

4. PaccuuTtaiiTe SHEPreTUYECKUM BBIXOJ P MOJHOM OKHUCICHUHU | MOJIEKYJIbl OJJEMHOBOUW KUCIIOTHI

B dKkBHBaJIeHTaxX MoJjekynbl ATP c¢ ydyerom mmkna Kpebca, ecnmm u3 ogHoit mosiekyiasi NADH

MOXHO «M3BJIeUb dHEpPruto» B Buae 2,5 monekyn ATP, a uz oanoir monekynst E-FADH, — 1,5

Mouekys1 ATP.

5. Kup sxyTckoil JomagM WMMEeT CBOWCTBO IUIABUTHCS Ha pykax. UYeM oO0yclioBiIeHA HU3Kas

TeMIiepaTypa IiaBiIeHus xupa?

N3 k0ObUIBEr0 MOJIOKA MOTYYAIOT KUCIOMOJIOYHBIA TPAIUIIMOHHBIN HATUTOK «KYMBICY», KOTOPBIN
oOpa3yercs B pe3yJbTaTe KU3HEAEATEIbHOCTH MOJOYHOKHUCIIBIX OaKTEpUid, OCYIIECTBISIONINX PEAKIHI0
OpokeHus yriaeBonoB. Hibke mpuBeneHa Iemoyka OMOXMMHYECKOrO MPEBpAaIICHHUs MOJIOYHOTO caxapa
JIAKTO3BI — IMCaXapua, COCTOSIIETO U3 TIIFOKO3bI U 3-TaJaKTO3BbI.

HO-CH, HO-CH,
o 0 O_ OH
OH OY\.OH
OH OH
H,0
HO-CH, HO-CH,
0 O_ OH O_ OH
Galactose OH + OH Glucose
OH
OH OH
NAD* N
2NAD
N NAD*
NADH, H 2NADH, 2H*

NADH, H*
Z5 221 co

C3H,403 2
Aﬁ)H, H*
Z2 Z3 Z4
NAD*

NADH, H*  NAD*

6. Hapucyiite ctpykTypHble popmyisl coenunenuit Z1, 72, 7.3, 74, 75.

14



3ananue 4.

BEPMY/ICKHWI TPEYT OJIbHUK

Bepmyockuii mpeyeonvrux — paiion Amianmuuecko2o okeama
meancoy bepmyockumu ocmposamu, Ilyspmo-Puxo u
nonyocmpogom Propuda, OmaudarOWUNUCs CLONCHbIMU YCLO8UAMU
07151 HABUAUUU.

B 1927 r. 6buta omyOnukoBaHa paboTa Mo TeOopuHW MEemHbIX peakiuii Hukomas HuxonaeBuua
CemeHOBa — €IMHCTBEHHOTO COBETCKOro jaypeara HoOenmeBckoil mpemuu mo xumuu (1956). Pabora
CeMeHOBa MoHavay Oblla MOJABEPrHYTa KPUTHKE, a 3aTEM IPU3HAHUIO IJIaBHBIM PEJAKTOPOM HAay4YHOI'O
KypHaia Makca bojeHmTeiiHa — BEIMKOrO y4€HOTO B OOJIACTM XMMHUYECKOW KUHETUKH. CeMEHOB H
COTPYAHUKH €ro JabopaTopuM, H3ydash PEaKIHI0 OKUCIEeHUs (ocdopa KHCIOPOIOM, OOHAPYKUIU
HEOOBIYHBIE AP (EKTHI:

1) CkopocTh peakiiu 3aBUCUT OT OPMBI PEAKIIHOHHOTO cocyia (00heM coCy1a MOCTOSIHHBIN);
2) V peakuuu HUMEIOTCS 00JacTU AAaBICHUH M TEMIEpaTyp B3pPBIBHOIO XapakTepa MpOTEKaHUs
peaklMK — TaK Ha3bIBAEMBIH IOJIYyOCTPOB BOCILIAMEHEHHS.

[TogoOHoro poma 3dexThl HAOMIOAAIOTCSA IS PAa3BETBICHHBIX IEMHBIX PEAKIMi — peakIui ¢
ydyacTueM CBOOOJHBIX paJuKaloB. PaccMOTpUM peakiuio OKHCICHHsI BOJOpOJa, HUXKE IPUBEACH
BO3MOJKHBIN MEXaHU3M PEaKIINH:

H,+0, —* o HO,+H- (0)
H +0, — % o .0H +o0. (1)
-OH + H, kg H-+ H,0 (2)
0+ H, % o .OH + H- (3)
H-+ surface —“4 = (H surface} (4)
H+0,+M_* o HOq+ M* (5)

re surface — MOBEPXHOCTh CTEHKHU cocyna, M — mo0as HepaJuKalbHas Moliekyna, M* - Monekyna ¢
M30BITOYHOM dHEPIrUeH, k; — COOTBETCTBYIOIINE KOHCTAHTBI CKOPOCTH PEaKIUH.

[IpunsATO cuMTaTh, YTO B 3TOM MeXaHU3Me panaukan HO,e sBIAeTCS TOCTATOYHO MHEPTHHIM U HE
y4acTBYeT B Pa3BUTHHU IIEMH, a CKOPOCTh peakuuu WHUIManuu (peakuus () 3aBUCUT TOJIBKO OT
WHTEHCUBHOCTH CBETA.

1. Jnst kaxaoW cTaJuu HAUIIUTE KHHETUYECKOe ypaBHeHue (peakuuu 0-5).

Bo wMHorux ydeOHUMKax TMOCJIEIHIOI CTaJui0 OOBIYHO 3alMCHIBAIOT B BHJE pEaKUUU
peKOMOMHALINY PaJIMKAJIOB, HAIIPUMeEp:

H-+ H.—> H,
HO B pCaJIbHOCTHU 6YIICT HUMCETH CMBICII CIICAYIOIIAasA (bopMa 3aIlUCH:
H+HAM —» H, +M*

2. OObsCHUTE PUYUHY, [10 KOTOPOH (hopMa 3arucu peakiui peKoMOMHauu 6e3 M HenpaBUIIbHA.

OcHoBHBIM BKiIaioM boneHimTeitHa B pa3BUTHE XMMHUYECKON KMHETHKH SIBIIIETCS BBEICHHOE UM
yCIIOBUE KBA3HUCTAIlMOHAPHOCTU — CKOPOCTb HM3MEHEHHUS KOHLEHTPALUU TMPOMEKYTOUHBIX YaCTHII
(HarpuMmep, paauKaaoB) MPUHUMAETCS MPUOIN3UTENIbHO paBHOM Hymo. Hanpumep, s peakuu:
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A—tig p_ kK _ o

TSI IPOMEKYTOYHOM YacTUIIBl B yCI0BUE KBa3UCTAIIMOHAPHOCTH OYIET UMETh BUJT

d[B]
T ki[A] — k,[B] =0

3. BriBeauTe 3aBUCUMOCTH JIJIs CKOPOCTH U3MEHEHHUSI KOHIIEHTPALMK pajgukana He oT KOHIEHTpaui
[He], [O>] n [M], npuMeHUB yClIOBUE KBa3UCTAIlMOHApHOCTH boaeHmTeitHa 1 pagukanoB *O¢ u
*OH.

4. Ha ocHOBe BBbIpa)K€HHUsI, BBHIBEJCHHOTO B MYHKTE 3, HallauTe U
VKQOKUATE  YCJIOBHS, TIPM  KOTOPHIX  BO3MOXEH  B3PbIB
(HEKOHTPOJIUPYEMBI  POCT  KOHILIEHTpPAIlMd  paauKaJiOB) U
CIOKOIiHOEe NpOTeKaHHe Ppeakuuu (KOHTPOJUPYEMBIH pOCT
KOHIIGHTpAaIlMK JIMOO MT'HOBEHHAs «THOeb)» pPaJuKalIoOB B XOJIE
peakinu) B 3aBUCHUMOCTH OT OOILETO AaBJICHUS p B cucTeMe (Ipu

T=const). T'a3pl cuuTaTh WUIACATHHBIMU W TMOJYHUHSIOIIUMUCS
3akoHy JlanbToHA: p; = X;-p, TA€ p; — NapUUaIbHOE JaBJICHHE KOMIIOHEHTA, a X; — €r0 MOJIbHAs
JIOJIAL.

5. OObsAcHUTE, MOYEeMY MOIYyOCTPOB BOCINIAMEHEHUS MOXKET HMETh TPEeYrojbHyl QopMmy Ha
rpacduxe 3aBucumoctu p ot T?

6. Kakas BenmuunHa oTpa)kaeT 3aBUCUMOCTh CKOPOCTH peakiuu oT GopMbl cocyaa?

1 g,

Penkue merasuibl emie B MPOILLIOM BEKE 3apEKOMEHA0BAIN ceOsl BO BceM MUpe Kak 3 (peKTHUBHBIE

3amanme 5.

BUTAMUH NPOMBIINJIEHHOCTHA

KaTaJau3aTopbl HAy4HO-TeXHUYeckoro mporpecca. AxkaaeMuk A.E. depcman HazbiBal UX «BUTaMUHAMU
IPOMBIIIIIEHHOCTH.

OnemeHT X — OJUH U3 OCHOBHBIX NpPEJACTaBUTENIEH TYroIJIaBKMX METauIoB, 00JaJaroImui
cepeOpucTo-ceppiM I[BETOM. JTOT Onectaunuii meramn Obul OTKPBHIT B 1801 r. aHMIMICKUM Yy4EHBIM
Yapap3oM X3TUETOM M IMEPBOHAYAIBHO HA3BaH «KOJIyMOUEM». DTOT 3JEMEHT B pyJax BCTpedaeTcs
COBMECTHO ¢ n1eMeHTOM Y. B 1844 rony nemenknii xumuk ['enpux Pose yctaHoBwWII, 4TO0 X — OTIIMYHBIN
oT Y 3JIEMEHT M NepeUMEHOBAJ €r0 B YECTh JI0Uepr MU(PHUECKOTo Laps (Ube UMsI HOCUT 3JIeMeHT Y ), yeM
MOJAYEPKHYN CXO0JCTBO Mexay aneMeHTaMu X U Y. B 1950 rony pemennem MexayHapogHOro coro3a
teoperndeckoi n nmpukinagHoi xumun (MIOITAK) snemenTy okoHUaTenbHO OBLIO MPUCBOCHO Ha3BaHUE
X.

Huxe npeacraBneHa cxema npeBpalieHuid COeTUHEHU, CoiepKalluX B CBOEM COCTAaBE 3JIEMEHT
X:
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)

Na
FeCl 1100°C
(1 5k8) KHF,
E < Na/Hg g <k GIF; ‘
[6] 300°C 100°C
[io] | AgNO; 700°C | X C [ 1900°C
1
|
KHSO,
H I 800°C
: Na,CO
NaOH 2> 3
crnap. |14 SILIAS,
2 H,0
N < t°C 2 K
Metaiut X sBISIETCS OCHOBHBIM IOJIE3HBIM KOMIIOHEHTOM g4 .
§ IOp»oHrS(aw X et
TOMTOPCKOr0 KOMILIEKCHOTO PEAKO3EMEIIBHOIO MECTOPOXKICHUS, x ED B2
Haxojsmerocs Ha ceBepo-zamane Pecnyonmuku Caxa (SkyTtus). o . * Yokypaax
Conepxanre X konebnercss 0T 23 10 63 KI HAa TOHHY TOPOMBL. | Joniorescs wecioponaeie | * Vero-kyira
OcBoeHHE 3TOT0 YHUKAJIBHOIO MECTOPOXKIAEHUS  IO3BOJUT i
BOCCTAHOBHUTH PEJKO3EMEIBLHOE MPOU3BOJACTBO B Poccum U Xurarcxs B Buipsivka *
JIMKBUJIUPOBATH 3aBUCUMOCTB OT UMIIOPTA PEAKUX DJIEMEHTOB. iKyThSHS
-Hi é
?pﬁa J Soai Yemb-Hena
Bunioick
HTap
AKYTCKe Amra
JdonmosiHuTeIbHASE MH(pOpPMALIUA:
BemectBo B C E I F J K L M N
(X)), % 3436 | 4944 | 52.86 | 49.53 | 51.14 | 43.64 | 41.12 | 32.27 | 41.80 | 56.68

- E — pactBopumoe B Boje BemecTBo. [Ipu nmobasneHnn n30bITKa pacTBOpa HUTpaTa cepedpa K
pactBopy BemiecTBa, coaepxkamemy 15.00 r E, Bemmagaet 4.08 r 6€710r0 TBOPOKUCTOTO OCAJIKA;

- KOOPIMHAITMOHHBIH MOHM/Ip aHUOHA B coenHeHnn D — nmeHTaroHaibHast OunupamMusa;

- u3BectHo, uto E wu I mpeacraBisior co0oil rajoreHUIIHBIE KIACTEPHI, COJEpIXKAIIUE B

bopMynBEHOI euHUIE YETHOE YUCIIO aTOMOB XJIOPa;
- BEIIECTBO J SIBISIETCA OKCOCOJIBIO;
- BemecTBO M SIBISIETCS M30MOJUCOIIbIO, MACCOBBIE JIOJIM BOAOPOJIa M KHUCIOPOJa B HEW paBHbI
cooTBeTcTBEHHO 2.40% 1 42.00%.
Bonpocel:
1. HazoBute anement X, eciu BemiectBO A coaepxkut 30.10% kucmopona. C kakum metaimiom Y
CBsi3aH X, YbM CXOJICTBA MOTYEPKHYI XUMUK ['. Po3e?
2. Bnepsble umcthiii X Obu1 momydeH B koHue XIX Beka ¢paHIy3ckuM XuMHKOM AHpU
MyaccaHoM TePMUYECKUM MTyTEM: OH BOCCTAHOBWIJI A yIJIEPOJOM B JICKTPOIECUYH. 3aMUIIUTE YpaBHEHUE

peakiuu noiaydeHus: X kapOoTepMUIEeCKHM CIIocoOoM (peakius 1).
3. PacumdpyiitTe nemnouky mpeBpalleHuld, HAMWIINTe ypaBHEHUS Bcex peakiuil. OTBeT
MOJTBEPAUTE PACUETAMH.
4. N3o6pa3ute crpoenue kaTuoHa E.
5. Ykaxxute OCHOBHBIE 00JIaCTH MPUMEHECHHS dJIEMEHTa X.
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3ananue 6. «lt’s a beautiful day, isn’t t?»

MOTOBOPUM O I'M/IPOJIU3E / \\)b

WAV

Bam npennaraercs u3y4uTh peakU0 OMbUICHHS dTHIIALEeTaTa.

CH3COOC2H5 + NaOH ——— CH3COONa + C2H50H

1. Hapucyiite MexaHH3M LIETOYHOTO THIPOJIN3A C YKa3aHUEM O0OpPaTUMBIX CTaIH.
2.  OOBbsICHUTE, ABISAETCS JIU TUAPOJIN3 CIOKHBIX 3(DUPOB B IIEIOYHOM cpesie 0OpaTUMbIM?
3. Jlama xomcraHTta ckopoctd k = 0.84 m'Momb -y . OmpeenuTe MOPSI0K PEaKIuy 10 KaKIOMY U3
pEareHTOB U CYMMAapHBIH.
4. JlaHO ypaBHEHME, CBS3bIBAIOIEC HAYAJIbHBIE KOHIEHTPALMU U KOHLEHTpPALMM B JIAHHBIA MOMEHT
BPEMEHU JUISl JaHHOM peaKiuu:
1n§= lni—z+ (ag — bo)kt (1)

Onpenenure BpeMs, B TeueHUe Kotoporo npopearupyer 80% sTtuiianerara, ecinu cmemarb 1 i 1

M pactBopa ruapokcuaa Hatpus ¢ 1 1 0,5 M pactBopa sTmianerata, €ciyd HM3BECTHA KOHCTAHTa
CKOpOCTH 3T0it peakuuu k = 0.84 1-Monp 4 .

5. MexaHu3M TUIPOIK3a CIOKHBIX 3(DUPOB B KUCIOH cpene uMmeeT nHOM Bu. [IpuBeante Mmexanusm u
OIIpeENUTE, SIBJIAETCS JIM 0OpATUMBIM IIPOLIECC TUAPOIIN3A B 3TOM CIIyyae.

6. llpoananmsupyiite u Hapucyiite rpaduk 3aBucumoctu In(a/b) — t, ucxomast u3 ypasaenus (1).

7. IlpuBenurte KaueCTBEHHBIA Tpaduueckuil BUJ 3aBUCUMOCTH CKOpOCTH Tuaposm3a ot pH pactBopa
JTHIIALETaTA.
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MJUIAAIITASA JIMT'A. PEHIEHUE

3ananme 1.
BUTAMMH INPOMBIIIJIEHHOCTH
1) Ycnosras gpopmyina okcuaa - Xo0, w(X) = m&?ﬁ'

[Tonygaem M(X) = 18,578n. IIpu n = 5 M(X) = 92,9 r/M07b, 3TO COOTBETCTBYET MOJISIPHON Macce
Huoouss (X — Nb), 3Hauutr A — NbyOs. DTOT MeTaqm MOMydYWsl CBOE Ha3BaHHWE B YECTh JOYCPH
muduueckoro naps Huoos!.

Otenr HuoOb1 — TanTan. JlelicTBUTENHHO, XUMHUSL HUOOHS U TaHTaJla OYCHb MTOX0Ka, IIOITOMY MBI
MO3KEM IIPUNUTHU K BBIBONY, yTO MeTaiioM Y siBisiercs Tantan (Y — Ta).

2) YpaBHEHHE peaKIIui BOCCTAHOBIICHHS OKCHIa A KapOOTEPMUYECKUM CIIOCOOOM:

t=1900°C
Nb,Os + 5C —— 2Nb + 5CO

3) [Ipu ¢propupoBanuu Nb mel monydaem ero neHragropua C - NbFs, tak kak o(F) = 1 —0.4944

19
= 0.5056, w(F) = m

B3aumozeiicteuu NbFs ¢ KHF, o6pasyercs kommiekcaoe coequnenne D — KoNbF7 — rentagroponnobar
(V) xanus.

[Ipu xnopupoBanun Nb mel nonydaem nentaxiaopua B - NbCls: o(Cl) = 1 — 0.3436 = 0.6564=
35.5n

n = Sm (uas Gopmynst Nb,F,), npu m = 1 nmonygaem NbFs. Jlanee mpu

n =5m (s popmynstr Nb,,Cl,). Ilpu m = 1 moryaaem NbCls.

35.5n+92,9m’
Hanee npu BoccranoBneHnn NbCls nnobuem nonydaem tpeyronbhbiii kinactep C — NbzCls: o(F)
35.5
=1-0.4953 =0.5047 = m, n =2.67m (Nb,,F,), npu m = 3 nonyuaem Nb3Cls.

[Tpu B3aumonerictBun NbCls ¢ amanbramoit HaTpusi MPOUCXOUT €r0 HEMOJIHOE BOCCTAHOBJICHHE
1o oktasapuueckoro kinactepa NbgClyy (n = 2.33m nns popmynst Nb,,Cl,, npu m = 3 nonyuaem Nb;Cly,
KOTOpOro He cymectByet, pu m = 6 noiaydaeM E — NbgClyy. Kitactepsr HruoOus ¢ m > 6 u m : 3 emie He

IIOJIYyYEHBI).
4.08

OueBHIHO, UTO O€TbIN TBOPOKUCTHIN ocaiok — AgCl, HaX0UM ero KOJM4ecTBO: V = To701355 =

15
92.9-6+35.5-14
YTO COOTHOIICHHUE UX KOoIu4ecTB — 2:1. Hcxons uz 9TOro, MOXHO CACIaTh BBIBOJ, YTO BO BHEIITHEM ccbepe

9TOr0 KJAcTepa HAXOAUTCS 2 XJOPUA-UOHA, KOTOphIe 3aMEIIaloTCsl HAa HHUTpaT-aHUOHBI, 3HAauuT H —
[NbsCli2](NO3)..
IIpu oxucnenun NbgCly4 moakuciaeHHbIM pacTBOpoM xjopugoMm skene3a (III) obOpasyercs

0.02845 moub. Teneps HaliieM KOJIMYECTBO BemecTBa B: v = = 0.01423 moub. [Tonyuaewm,

BemecTBO F - [NbgCly2]Cls 6e3 n3menenus cocraBa kiacrepa. [Ipu Gosee CUIbHOM OKUCICHUU XJIOPOM
BemecTBO F mpespamtaercst B G — [NbgCly2]Cly. Tlpu nefictBum xmopuia WHIMS HA MOTYyYEHHBIN KI1acTep
BettectBo G BoccranasiuBaercst 10 [NbgCly,]Cls.

W3BecTHO, UTO mMpHu B3auMozecTBuu okcuaa HHoOus (V) ¢ ruapocynbdaroM Kamus oOpasyercs

(2043699290 _ 4901 1oy = |
0.4364

Macca OCTaTKa COOTBETCTBYET MOJISIPHBIM MaccaM OJIHOM Cyib(haTHOW rpynmbsl U 1.5 aTomaM Kuciopoaa

okcocous. Haiinem MomsipHyro mMaccy okcoconu 6e3 nuoous: M(F) =

(96 + 1.5 16 = 120). YToOb! MoNydnINCh LEIOYHCIEHHBIE HHIEKCH B (OpMyJie OKCOCOIH YMHOXKAeM
BCE MHJIEKCHI Ha ABa U moiydaem, 9To J — Nb,O3(SOy),.
Jlanee npu criaBieHud okcujaa HHoOus (V) ¢ kapOoHaToM HaTpus nosyyaem oproHuodar K —

NazNbO; (w(Nb) = ——=2

92.9+23-3+4-16
ceepxopronrobar L — NasNbOs (w(Nb) =

= 0.4112). Tlpu cmmaBneann NbyOs co 1ienmoudsto oOpasyercs

92.9
92.9+23-5+5-16

= 0.3227).
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Bce wmobatel rTHaponu3yroTcs Bojoi. Ilpu rTHaponuse cBepxopToHHOOaTta oOpa3yercs
41.80 24

KpUCTAUIOTUAPAT TaK Ha3zbiBaeMoil «conu 4:3» M — NagNbgO19:16H,0 (n(Nb) : n(H) : n(O) = YRS

42.00

e T 0.45 : 2.4 :2.625 =6 : 32 : 35; 32 atoma Bojopoaa u 16 aTOMOB KHCJIOpOJa MPHUHAIEKAT

KPUCTAJUTM3AIMOHHOM BoJie, 3HaUuT hopmyna BemiectBa M — NagNbgO19-16H,0).
92.9

IMpu mpokamuBanuu BemectBa M obOpasyercs Huobar N — NaNbO; (w(Nb) = IYTYICET S

0.5668).

YpaBHeHMsI peaKkuii:

1)
2)

o

1900
Nb0s + 5C —— 2Nb + 5CO?T

L]

200°C
2Nb + 5Cl; —— 2NbCl;s

o

100°C
3) 2Nb + 5F; —— 2NbFs
4) NbFs + 2KHF; — K:NbF7 + 2HF
11009
5) KiNbF7+ 5Na —— Nb + 2KF + 5NaF

H
6) 6NbCls + 16Na — NbsClys + 16NaCl

+

H
7) NbeCli4 + FeCl: — NbegClys + FeClz

+

H
8) 2NbgClis + Clz — 2NbeClis
9) NbeClis + InCl — NbgClis + InCls
10)[NbsCl12]Clz + 2ZAgNO3; — [NbsCliz](INOz)2 + 2AgCl1)
700°C
11)8NbCls + TNb — 5Nb3Cls
12)Nb20s + 4KHSD4 — szﬂs{SOet)z + 2K2804 + 2H207
CHAaBIeHHe
13)Nb20s + 3Na:COs 2Na:NbOs + 3CO27
14)Nb20s + 10NaOH 2NasNbOs + 5H207
15)6NasNbOs + 27TH20 — NasNbsO1s-16H20 | + 22NaOH

t°C
16)NasNbgO19-16H20 — 6NaNbO3 + 2NaOH + 15H:20
(8]

coAagneHHe

® © ®
Na
FeCly | H' 1100°C
(1 :ﬁs‘) (llgg,) KHF,
(® NogCl e Nl < % % o
614 7 300°C 100°C ©5
AgNO, 700°C | Nb C | 1900°C
m
KHSO
[NbeCly5J(NO3), Nb;Cly @) NbyO5—ome = Nb03(504);
) ® ®
NaOH Na,CO;
Ny crinas.
NagNb O®-16H 00 1 Nbo:  NawbO
aNbgO 19 16H; sNbOs 3NbOy
°C
NaNbO3

4) Ctpoenue katnona E:
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2+
[NbsCli2]
5) OcHOBHBIE 00JaCTH IpUMEHEHHs X: PAKETOCTPOECHHUE, aBHALIMOHHAsA U KOCMUYECKast TEXHUKA,

pPaaInOTEXHHKA, DJICKTPOHHUKA, XUMHYCCKOC allllapaToCTPOCHUE, aTOMHAsA SHEPTCTUKaA.

CucreMa oneHUBAHHSA:

1. Bepnoe onpenenenue 31eMEHTOB X, Y U BEIIECTBA A ....ccceeevveveeenveerniieenieeennnnenn 1 6amn x 3 = 3 Gamna
2. VYpaBHEHHE PEAKIIMHM BOCCTAHOBIICHUS A ....ooiiiiiiiiiieeriiieeniieeeiteeeiteesiteestteesineeenaseeesnseesssneenns 0,5 6amia
3. 3a kaxayro u3 peakuuii 2-16 mo 0,5 6amios, 3a Kakx10€ BEpHO orpezesienHoe Bemectso B — N o
QTR T: 1) 6 () : PR 14 6aymioB
4. CTpoeHUE KATHOHA E ..oooiiiiiiiiiiiiii et 2 Gamna
5. VYka3aHHe OCHOBHBIX 00JIACTEH MPUMEHEHUS ATMEMEHTA X .oeevvveeeereeerieesreeesveeesseeesseessseenns 1,5 6asuta

Hroro: 21 6amn
3amanmue 2.
MO B AHAJJUTUYECKOMU XUMUU
1. YpaBHEHHsI IPOUCXOIAIIUX PEAKIIMIA:
1) 3, + 6KOH — 5KI + KIO;5; + 3H,O
2) KIO3 + 3C6H1206 — KI + 3C6H1207
3) 5KI + KIOs; + 3H,SO4 — 31, + 3K,SO4 + 3H,O
4) L+ 2Na28203 — NaZS4O(, + 2Nal
CyMMapHBIM HUTOTOM TUTPOBAHUS SIBISIETCS OKUCIEHHUE IIIOKO3bl MOJOM B COOTHOWIEHUU 1:1 m
BOCCTaHOBJIEHHE U30bITKa Honma TuocyidbpaToM Hartpus. [loaToMy MOXHO 3ammcarh Ccleayrolee
PaBEHCTBO, UCXOJS U3 CTEXUOMETPUN PEAKIUN:

1
n(I;) = n(Na,S,03) '3 + n(CgH;,04)
1
c(IpV(d,) = EC(Nazszos)V(Nazszos) + ¢c(CgH1,06)V (CeH1206)

1

c(I)V (1) — 5¢(NazS,05)V(Na;S;03)  0.1-20—0.5-0.1014 - 8.60
V(CgH1,04) B 50.0

Ocranoch mepeBecTH KOHIICHTPAINIO TJIFOKO3bI B €IUHUIIBI T/J1.

MOJIb T
¢ =0.0313M = 0.0313 0 126.9

C(C6H1206) = =0.0313 M

r
=3.97 -

=<
o
=
)
=

2. YpaBHeHUE peakyuu 5:

5) 2CuSO4 + 4KI — 2Cul + 2K,S04 + 1,

Takum o0pa3om, B 3TOM TUTPOBAHUU U3 2 MOJIb MOHOB MEAM Mosydaercss | Moib Hoja, KOTOpbIif
pearupyer ¢ 2 MoJIb TUOCY/Ib(aTa HaTpHs. 3HAUYUT, KOJIMYECTBO HMOHOB MEIU DPABHO KOJIMYECTBY
THOCYNb(aTa HATPUSI.

n(Na,S,05) = n(CuS0O, - xH,0)
n(CuS0, - xH,0) = c(Na,S,05)V(Na,S,05) = 13.32- 1073 - 0.05064 = 6.745 - 10~ *Mo.1b
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ITo macce ¥ KOJIMYeCTBY KyIIopoca HalJIeM €ro MOJISIPHYIO Maccy.
m(CuSO, - xH,0)  0.1516

M(CuSO, - xH,0) = -
(CuS0, - xH20) = Je150, ~xH,0) ~ 6.745 - 107

= 22476 —— = 159.62 + 18.01x
MOJIb

[Tonyuaem x = 3.62.

3.1lpu okucieHMM #oJa KOHLEHTPUPOBAHHOM a30THOM KHUCIOTOM TOJydaeTrcss HoAaHOBaTas
kucioTa, 3HauuT, B — HIO;3. [1pu neruaparanuu nonydaercs okcun oxa(V), A — 1,0s.

YpaBuenus peakuuii 6 — 8:

6) 2HIO; — ,Os + H,O

7) L,0s5+5C0O — I, + 5CO,

8) L, + 10HNO3 — 2HIO3 + 10N02 + 4H20

4. Macca 1,Os ymenpmmnace Ha Am=0.131 — 0.113=0.018r. Drta yObUIL Macchl paBHa

YBCIMYCHUIO MACChI ra3a:
Am = m(C0,) — m(CO) = n(CO) - [M(CO,) — M(CO)] = n(CO) - M(0)

Am 0.018
n(CO) = M(0) =15 = 0.00125 monb
U3 obiero konuyecTBa ra3oB Haiiem MonbHyto aoiio CO.
pV % 101325-0.75-1073
Nogyy =T = 8314300 = 0.0303 mosib
o(Coy = EQ) 000125 0 his - 4139
Mooy 0.0303 ' '
CucreMa olleHUBaHHS:
1. YpaBHEHMS PEAKIUI 1 — 4 .oooiiiiiiiiiiii ettt 1 6amn x 4 = 4 6ana
BepHoe onpesenenne KOHIEHTPALUHU TITEOKOBBI B T/TL c...eeuueeruierieeniieeieenieeseeesieesseesseesseesneesnne 2 Gamna
2. YPABHEHHE PEAKIIMHL S ....ceiuiieiiiieeiiieeitee et e ettt e eiteeebte e ettt e saeeeeeabeeesabeeesabeeeeabeesabbeesanbeesaneeesaneeas 1 Gan
BepHoe onpeelICHNE KOTHMUECTBA MEIIH «....eeeuvveerurreennreeenereeensreessseesnsseesssessseessseessseesssseesnnses 2 6anna
BEPHOE BHAUCHIIC X ..ceouvvieeniiieeiiieeiiee et te ettt e ettt e s tte e s iteeesateesstteesssseesnsseesnsaeensseeenssaeesnseesnnseesnnseeens 1 Gamn
3. BepHoe onpeneneHne BEIIECTB Ay Bo....oooiiiiiiiiiiiece e 1 6amn x 2 =2 6ama
VPaBHEHUS PEAKITHI 6 — 8 ....ooiiiiiiiiiiiiiiieciieeeiie ettt ettt e et e s e s esaaee e 1 Gann x 3 =3 Gamna
4. BepHOE KOTMUECTBO CO ...oiiiiiiiiiiiiiiiieiieee ettt ettt e 2 Gamna
Bephuoe onpenenerne MOTBHOM JOIMM CO ...coouiiiiiiiiiiiiiiiiieeiieeeiieeeitee ettt 2 Oamna

3aganue 3.
CIIJVIAB IJ1s1 XPAHEHUSA BOJOPOJIA

1. ODnemenTapHas A4yeiika CONEpKUT 18 aromoB

e

() X
HUKENIsl Ha TrpaHsiX M 6 aTOMOB HUKENsA, KOTOpBIE i
HaXOJATCs INOJIHOCTbIO BHYTpH sueiiku. KommdectBo ® ni
ATOMOB HHUKEJIS B AUYEHKE PABHO: c=3987A

1

nyg=18--+6-1=15

2

[Moncunraem aromer X. 12 aromoB X :

pacrojioKeHbl B BepIIMHAX (TO €CTb BHYTPH SIUECHKU ; i ' /
a=5.017A

JeKUT 1/6 Kaxa0ro U3 HUX), a 2 — HA TpaHAX. 3HAYUT,
KOJIMYECTBO aTOMOB X PaBHO:

12 ! 2 1 3
nygy = =4 c—_ =
6 2
[TnmoTHOCTH CcITaBa MOYKHO HAWTHU IO Maccam pPEarcHToOB U O6’LeMy IMMOJIYYCHHOT' O A.

m  1.051 + 2.220

p=—=

— 3
7 0396 =8.260r/cMm
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2. O0beM »DJIEMEHTApHOW SYCWKH PpaBEH IPOM3BEICHUIO ILJIOMIATM OCHOBAaHUS Ha BBICOTY C.
OcHOBaHME — TMPaBWIBHBIA MIECTUYTOJBHUK €O CTOpoHOM a. lllectuyronbHHK pa3o0beM Ha ILIECTb
PaBHBIX PABMIIBHBIX TPEYTOJILHUKOB CO CTOPOHOM a. Toraa o0beM deMeHTapHOM STUYEHKH PaBeH:

a’V3  3V3 |

V =8c=65,c=6 2 c=7ac

Macca snemeHTapHOU STYEHKH CKJIaJAbIBAETCS U3 MAcChl 15 aTOMOB HuUKes U 3 aToMOB X.

M(Ni) M(X) 15M (Ni) + 3M(X)
m= -15+ -3 =
Ny Ny Ny
_m_ [15M(ND) + 3M(X)] - 2
PV = 3v3a2cN,
1 [3v3a%pcN
> MX) =3 % — 15M(Ni)| = 139.0 r/mMoub

Torma metann X — nanrtas, La. [Ipocreiiimas ¢popMyna criaBa, HCX0as U3 COCTaBa 3JIEMEHTApHOM
sueiiku (3 atoma La, 15 aromoBNi1) — LaNis.

3.3 pucynka mapamerpsl sdeiiku paBHbl ¢ = 4.300 A, a=5409A. Coorsomenue
JIAHTaH : HUKEJIb HE W3MEHWIOCh, Mo3ToMmy 3amuiieM ¢opmyny runpuna B B Bume LaNisH,.Torma B
OJIHOM TeKCaroHaJIbHOW sueike, coaeprkamieit 3 aroma La, Oymer coaepxaTtbcs 3x aTOMOB BOJIOPO/IA.
Bocnonb3yemcs pe3ynbraTraMu BeIBO/IA U3 11.2.

[15M(Ni) + 3M(La) + 3x - M(H)] - 2

3\/§a2CNA

PB =

3v3a%pgcNy
2
Cocras rugpuna B — LaNisH.

= x= — 15M(Ni) — 3M(La)| -

I

4. Tabnuua ganHbIX UIst rpaduka Jorapudma KOHCTAaHTHI paBHOBECHUS OT 0OpaTHOHN TeMnepaTyphl:

K, = p(Hy) 1.0 5.0 10 15 20 25 30
In(K,,) 0 1.609 2.303 2.708 2.996 3.219 3.401

T,K 294 322 342 354 363 371 377
UT, 10° K’ 3.401 3.106 2.924 2.825 2.755 2.695 2.653

ITo rpaduky (cM. puc.) MOXKHO JOBOJIBHO
TOYHO ONPENCIIUTh TAHIEHC YyIJa HaKJIOHA
MIPSAMOM:

25 = —4540K
0.55-1073

Crartuctuueckas o0paboTKa JaHHBIX JaeT
touHoe 3HadeHme -—4460 K. Kak Bugum,
npuOIMKEeHHas! OlleHKa Mo rpaduKy oKazaiach
JIOBOJILHO TOYHOM.

W3 TepMOAMHAMHYECKON CBSI3H MEXAY
] . ; . ‘ i ; i ; SHTAJIBITHEH, SHTpONUEN nporecca,
00 T TEMIIEPATYPOii U  KOHCTAHTOW PaBHOBECHS
RN ClIelyeT BbIpa3UM YIVIOBOM KO3 PUIMEHT
HAaKJIOHA ITOJIy4€HHOU MPSMOM.

In(K)

0,5

-0,5 } } } ; t t t t
26 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 35
1T (107 K
—RT -In(K,) = AH® — TAS°
AS°  AH° AH® 1
0 ln(Kp) =7 BT =
% = 4460, AH° = 4460 - 8.314 = 37 x/Ix/Mo0J1b.

+ 4 x]JIx/monb (06sacTh qomycTuMbIX 3HadeHui: [33 k/x/Monb; 41 x/{x/Moib]).

3HauwuT, JlomyckaeTcss ~ IOTpELIHOCTb
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CucreMa onleHUBAHHSA:

1. BepHOE ONPEACTEHUE THIOTHOCTH Al .....oiiiiiiiiieeieiiieeeeniiiieeessitteeeestteeeesnnteeessssseeessnsseeesssnnseeessnns 1 Gamn
Bepnoe onpenenenne KomuecTBa AaTOMOB X U Ni...uviiiiiiiiieiiieniieiieieeieeeiee e 1 6amn x 2 =2 Gamna
2. PACUCT M(X) eeeriiii oo e e e e e et e e e e eaa e e e e e e ar e e e eeetaeeeeeeaaeeeeeeaaaaeeetaaeeeans 2 Oamna
BEpHOE OMPEIETIEHHIE DITEMEHTA X ....eeiriuiiieeiiiiiieeeniiieeeenitteeeeitteeesaitteeesssreeeesanraeeesasnsteeesssseeens 1 6ann
BepHOE OMPEICIIEHUE MOPMYITBI A ......oieiieeiiieiieiieetieeteerttesteesteeebeesseesseesseessseesseesnseenseesnseenseas 1 6ann
3. PacueT Komr4uecTBa aTOMOB H ...coo.uiiiiiiiiiiiiiieee e 3 Gamna
BepHoe onpenenneHIuE GOPMYIIBI B .......ooiiiiiiiiiicie et e 1 Gan
4. TIOCTPOCHME TPAMTKR ...vvveeeuvveeenereeaereeasreeensreessseeaseeessseeessseessssesssssesesssessssseessssesssssesssssesssssessns 3 Gamta
BepHoe onpeneneHue yriaoBOT0 KOIPMUIIIECHTA . ......c.veeereveeerreeeereeeereesereenseeesseessseessseesnsses 3 Gamta
BepHoe onpeneneHIE 3HAUCHUS AH ......cooouiiiiiiiiiiiiiiiieeeite ettt ettt e 2 Gamna

Hroro: 19 6a110B

3aganue 4.
INJIATHHOU

1. EAMHCTBEHHBIN IUIATUHOMJ, KOTOPBIH MOKET PACTBOPUTHCS B a30THOM KUCIOTE — HaJlIaJui.
Torma Y =Pd, A =Pd(NOs3),, cocTaB A MOXHO TOATBEPJIUTH PACYETOM: MaccoBas JOJS TMaulaaus B
HUTpaTe naywanus cocrapiser 106.42/230.43 = 46.18%, 4To coBnamaeT ¢ yCIOBUEM.

Torma, T.k. A pearupyeT C HUTPUTOM Kajius, TO, CKOpee Bcero, odpasyercss Komruiekc. Toraa
paccunTaem

w(Pd) w(N 28,87 15,2
n(Pd) : n(N) = M((Pd)) : M((N)) = 106,42 * 14,007

3HA4YUT, B COCTaB KOMILJIEKCA BXOAUT 4 HUTPUT-UOHA, TOrJa B HEM €CTh AHUOH [Pd(NOz)4]27,
3HaunT, B = K;[Pd(NO,)4]. B Bemectre C
wPd) wN) 246 1295
M(Pd) - M(N) ~ 106,42 " 14,007

Torga, ckopee BCEro, Kakoe-TO KOJIMYECTBO HUTPOJUTAHAOB 3aMEHUJIOCh HAa HUTPATOJIUTAHBL,
3HauuT, C=K5[Pd(NO,),(NO3)4 - .].

=0,2713:1,085=1:4.

n(Pd) : n(N) = =0,2311:0,9245=1: 4.

M(Pd) 106,42
w(Pd) = 0,246
432,6 = 39,098 - 2 + 106,42 + 46,005a + 62,004- (4 — a)
—0,032 = —15,999a

M(C) = = 432,6 r/mM0ab

a =0, 3HaunT C = K;[PA(NO3)4].
Peakuuii monyuenus A — C:
Pd + 4 HNO; — Pd(NOs), + 2 NO; + 2 H,0O
PA(NO3), + 4 KNO; — K,[Pd(NO,)4] + 2 KNO;3
K>[PA(NO»)4] + 4 HNO3; — K,[Pd(NO3)4] + 2 H,O + 2 NO + 2 NO,

2. Ecni pacTBOp HE TOJKHCIUTD, TIPOU30MIET THIPOIN3 110 KATHOHY U BBIMAJIET 0CaIOK OCHOBHOTO

HUTpAaTa NaJJIaIus:
Pd(NOs3), + H,O — Pd(OH)NO3| + HNO3

BepHbiM cunTaeTcs 1000l COCTaB OCHOBHOTO HHUTpaTa MalIaaus, YAOBIETBOPSIONUIMN CTENEHU
OKHucHeHus namuiaaus (+2).

3. Cymma maccoBbIx jaoineit He paBHa 100%, cyzs o peareHTaM U yCIIOBHUSIM peakIui, OCTaBIIasICs
Macca MPUXOUTCS Ha KHCIIOPO/I, TOT/Ia

23,1 16,98 18,24 41,68

106,42 * 39,098 * 14,007 * 15,999

Toraa 6pyrTo-hopmyna X: KoPANgO».

n(Pd):n(K):n(N):n(O)= =0,217:0,434:1,302:2,605=1:2:6:12.
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4. Cymmapnas CTEIEHb OKHCJICHHS, MPUXOAIIAsCS Ha BCE aTOMBI as3ora,
paBHa 12:2 —2 — 2.1 =20, 1 B yCIOBUAX JAHHOM PEaKUMM Yy KaXKIO0T0 aTOMa a30Ta CTENEHb OKUCIICHUS
HE MEHbIIe +3, U, T.K. JIUTAHOB, COJEPKAIINUX a30T B C.0. +4. TYT TOUYHO HET, TO €CTh OJIMH aTOM a30Ta C
c.0. +5 B Buze quragga NOs . Torga Bce ocTajabHBEIE aTOMBI a30Ta UMEIOT C.0. +3, ¥ Ha 5 aTOMOB a30Ta
IPUXOIUTCA 9 aTOMOB KHMCJIOPOJA, 3HA4YMT, ecTh 4 nuranga NO, u oxun murang NO'. Torga cocras

X = K[PA(INO)(NO,)4(NO3)]. T.x. X| KpUCTAUIM3YIOT W3 BOJHOTO PAcTBOpA a30THOM KHCIIOTBI, TO
X] = Kz[Pd(NO)(NOz);;(NOz)] . nHzO. 3Ha‘II/IT,

M(Pd
M(Xl):ﬁ =106,42 : 0,2143 = 496,594 r/M0mb.
496,594 = 460,646 + 18,015n

n=72
3nauurt, X; = Ky[Pd(NO)(NO,)4(NO3)]-2H,0.
Tx. B X y namtaguss K4 6, To 3TO OKTasap, U €cTb 2 BapuaHTa PaCIOJIOKEHHUS HUTPO3WI U
HUTPATOJIMTAH/I0B OTHOCUTEIBHO IPYT Apyra: B yuc- U mpauc- nonoxeHusx. Ilpu kaxxnom nosoxxeHun
BO3MOYEH BCETr0 OJMH BapUaHT PacIOI0KEHUS HUTPOJIUTaHI0B, 3HAYUT, BCETO €CTh 2 M30Mepa coJIn X.

CucreMa oneHNBAHHSA:
1. Bepnoe onpenencnue Y, A, B, C

2. YKa3aHHE THAPOIH3 HOHOB PA™F ..ot 2 Gaia
3. BepHoe onpeneieHIE OPYTTO-DOPMYITBI X .oo.uviierrieeriieeriieeeniieeenireeenireesereessreesseeessseesssseeessseens 2 b6anna
4. BepHoe OnPEAETIEHUE X, X| .uvtirriiieeiiiieeiiieeniieeniiieenieeesteeesireessineesnnreesnnseesnnseesnnns 2 bayuia X 2 = 4 6amna

BepHoe onpeneneHNe KOTHUECTBA HBOMEPOB....ccuvuterurieerreeerureeessseeansseesnsreeasreessssesssseesssseessssees 2 banna

Hroro: 18 d0as10oB

3ananue 5.
CHEKTPO®OTOMETPUA

1. PaccmoTpum 3akoH byrepa — JlamGpera — bepa.

A=-¢lc=1 ko A

=¢glc=lg—,=2 ¢=—

J I’ lc
HOCKOJILKy OIITHN4YECKasad IIJIOTHOCTDH paBHa norapH(bMy OTHOIIICHUA )IBYX HHTeHCHBHOCTeﬁ, TO
OIITHUYECCKAass MJIOTHOCTH HEC HMECT CAMHUIIBI I/I3MepeHI/I$I. TOFI[a KOS(i)(l)I/II_[I/IeHT MOJIHpHOﬁ 3KCTUHKIINHU
HUMEECT CI[I/IHI/II_Iy I/ISMGpGHI/IS{, o6paTHy10 HpOI/I3Be)IeHI/IIO CAUHHULBI OJINHBI HaA e)lI/IHI/II_Iy I(OHI_ICHTpaI_[I/II/I.

Kak crnenyer u3 ycnoBus 3alayd, eIWHUIA W3MEpeHHUs Kod(h(dUIIMEeHTa MOTJIOUICHHS - M lem™! (mm
-1 -1
JI'MOJb ‘CM ).

2. Ecin pactBop 74 % nsnyudenus, o I = 0.26/y. Ontudeckas INIOTHOCTh paCTBOPA paBHA

Iy
0.261,

I
A= 1g7° =g = 0.585

[Tpu pacuere ko3¢ puIMeHTa NOraoueHus yuTeM JuHY KioBeTsl | = 1 MM = 0.1 cm.

_A_ 0585
T 1T 01-0013 M

3. 2Fe* + 2NH;0H" — 2Fe?* + N, + 2H,0 + 4H" win

2Fe** + 2NH,OH — 2Fe** + N, + 2H,0 + 2H*
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4. ®epporH — KOMIUIEKC, CYIIECTBYIOIIMM B BMJE JBYX ONTHYECKHX H30MEPOB, SBIISIOIINUXCS
3epKaIbHBIMU OTOOPXEHUSAMHU JIPYT JApyra, Kak M BCE KOMIUICKCHI, COJEpKallue TpU OMICHTATHBIX
JIMTaH/a.

CrpyKkTypHBIE POPMYIIBI H30MEPOB.

5. 3axon byrepa — JlambepTa — bepa 11151 1ByX U3MepeHUH:

A o
Al = Elcl, A2 = ElCz =25 —=—
A; o
KoHuentpanus pacTtBopa BO BTOPOM H3MEPEHHH OIPEACISICTCS CMEIICHHEM CTaHIapTHOTO
pacTBOpa ¢ KOHUEHTPALMEN Ccr M IEPBOTO PACTBOPA C KOHUECHTPALIMEH C.
Vi tceqle A

2TV v, 4

Bripa3uM HU3 3TOro COOTHOIIEHUSI HEU3BECTHYIO KOHIEHTPALIHIO Cj.
c1ViAq + cVer A1 = Az, Vi + Ayl Vi

CorVirAq 4.5-107>-20-0.647

= = =1.35-10"°M
AV, + A,V —V,A,  0.898 - 100 + 0.898 - 20 — 100 - 0.647

1

Oro koHueHTpauuss ¢epporHa B 100 wmin pactBopa. KoHueHTpanuss HOHOB keje3a B
a”Hanmu3upyemoM pactBope (50 mir) B 1Ba pa3a Oousiblile, TO €CTh KOHIIEHTPALUs jKeje3a B McciaeayeMoM
pactBope pasra 2.70 x 10~ M.

Koadunment nornomienus pepporHa pacCuuTaeM 1o JAaHHBIM /7Sl IEPBOIO PacTBOpA.

A, 0.647
lec; 1-1.35-1075

=4.79 x 10°M~1cm1

CucremMa OlleHUBAHMA:

1. BepHo onpeneneHHas eIuHAINIA U3MEPECHHS KOOPUITMECHTA TTOTIIOMICHHS ....vvvveeneveeeereennereennnes 2 Gamta
P 15 0) 117 0T T (S M USRI 1 Gamn

BEPHBII PACUET € ...viiiiiiiiiiiiiiiicctt ettt st saa e s 2 Gamna
3. BEPHOE YPABHEHUE PEAKIIHH ... ..eeuvveureenreeanreeteeniteeteeesreenseesaseeneessseenseesaseesseesnneenseesseesseeesneensees 2 Gamna
4. BepHble CTPYKTYPHBIE (POPMYIIBI HB3OMEPOB .....eeevvenreenrenirenieeieeirenseetesrenseensennnes 2 Ganna x 2 = 4 Ganna
5. BepHBIH paCUET KOHIIEHTPALIIH JKEITE3A «...uveeureurerrenreaurenseetenaresseenseeseenseentesasesseenseensesseensesssenne 4 Ganna

BepHnrriit pacuer K0d)PHUITHEHTA TTOTTOMIEHUST KOMIUTCKCA ... uvveeerereeenereenereensreesseeesseessseesnnsens 2 G6anna

Hroro: 17 0an108
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3aganue 6.
CJIE3bI MUIEYHOT'O JIEPEBA

1. Monomep A — uzomnpen (2-metunOyraaueH-1,3),

1 CH
H,c. 2 ¥ i H,C
H;C—C
-
3 c=CH: 3 CH\ L
\
CH |
4 CH, Lo CH,
2 CH H,C H
. 3 I
CH — - > {
n HZC%\? 2 H,C  CH;
n
CH
4, Ko, \3
nCH,=C—CH=CH, — Le=t
| —CH
CH, 2

Harypanbublii Kaydyk — 3TO LIMC-U30MEpP, a TPAHC-U30MEpP MMEHyeTcs Tyrranepueid. HarypanbHbiii
KayuyyK sBJIseTCsl 0oJjiee 3JaCTUYHBIM M €r0 MaKpOMOJEKYJbl CIIOCOOHBI CBOPAuMBATBHCS B KIIYOKH.
Mosnekysbl TyTTanepyy He 3aKpy4eHbl, OHU BBITSHYTHI AaXke 0€3 Harpy3ox.

3. BynkaHuszanus Kaydyyka — 3TO CIIMBaHHME IIOJIMMEPHBIX LENed Kaydyka 3a cueT CyJb(UAHBIX
MOCTHKOB, YTO IPUJAET KaydyKy YCTOHUYHUBOCTh, YIPYTOCTh U 3JJaCTUYHOCTbD.

|
),
|
~CH,~ C(CH;)=CH - CH,-+2nS —— —CH, - C(CH,)-CH-CH,~
|
S,
|

4. B - 2,3-numetunOyraauen-1,3.

© i 1.+ Mg C|H3 (I:H3 v CH=C—C=—CH,
(CH,C00KCa —» M —= _,cp—c—c—chy,— [
HaC” “CHg 2.+ H,0, H' Lo CH, CH,

5. C— 6yraguen-1,3.

400-500°C, ZnQ, Al,0;
2CH,CH,0H ——%="*3  CH,=CH-CH=CH, + 2H,0 + H,

[TpupoaHbIii KaydyK ObLI CTEPEOPEry/ISIpeH B OTIIMYME OT CHHTETHYECKOTO, OJIHAKO, Ojaromaps
katanm3aropam L{urnepa-Harra ymanoce pemmuTs 3Ty npoOaeMy U MOJYyYUTh CHHTETHUECKUN KaydyK
PETYJSPHOTO CTPOCHHUS, KOTOPBIM TI0 HM3HOCOYCTOMUMBOCTH M  DJIACTUYHOCTH IMPEBOCXOIMI
HaTypaJbHBIN.

6. YpaBHEHHE peakIuu ¢ OpOMOM:
CH,=CH-CH=CH; + 2Br, —» CH,Br-CHBr-CHBr-CH,Br
n(Bry) =300:0,06/160 = 0,1125 mo:b
n (C)=0,05625 momnn
m (C) = 20,5 — 54%0,05625 = 17,4625 r
n (moxmmepa) = 4,2 -10'%/6,02%10% = 0,00006985 Moib
M (monumepa) = 17,4625/0,00006985 = 2,5-10° r/mos
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CucreMa OICHUBAHNA:

1.
2.

CTpyKTYpHAsT POPMYIIA BEIIECTBA A ...vvieeivieeeiieeeiieenieeesieeenseeensseeessseeansseesssseesssseesssesssseesnsnes 2 Gamma
Peakiyy moIMMEPHU3AIIUN U3 MOHOMEPA A ...ooeviiviieeeeiiiieeeeiiieeeeeirieeeesiseeeesnneeeeas 1 Oamn x 2 = 2 Gajuia
BepHblii BEIOOD 371aCTUYHOTO U30MEPA C YKAZAHUEM TIPHUUMHBI «....uveeniieeniieiieaieeniieeieesieesnieesieeens 1 Gamn
Peakiiysl BYTKAHUBAIMU KAYUYKA eevuvvreeeerurrreeraiurreeeenurreeesnnseeessssseeesssssseesssssseessssssseessssssseessnnssees 1 Gan
OOBbsICHEHUE YIYUYIICHUS] CBOUCTB KAyUYKa TOCTIC BYTKAHUBAIMH .....eenvveenerernreeereenreeneresnseennneans 1 6ann
Crpykrypabie GopMyIbl BEIECTB X, Y, B ..o, 1 6amn x 3 =3 Gamna
PEAKIIMS JICOCIEBA ......eeuveiieniienieiiiesteete ettt ettt ettt ettt ettt s bbb sbeesbe et eeatenbeesesanens 1 6ann
VYkazaHue Ha OTCYTCTBHE CTEPEOPETYIIPHOCTH CUHTETUUECKOTO KAYUYKA c.vvveenvreernrreennreeenireennns 1 G6ann
Pemienrie mpOOIEMBI CTEPEOPETYIIIPHOCTH ..c.u.venveeerernreenureeseesiteaseesuseeseesseesseesssesseesssesnseeseeans 1 Gamn
OnpeieTCHUE MOJICKYIITPHOM MACCBI ...eeeeruvrrereesirrreeeaireeeeesnsreeeesssseeessnsseeessssseeessssseessssssseessnnns 2 Gamna
VYpaBHeHHE XUMUYECKON PEAKITUN € C B .oiiiiiiiiiiiiiiiiieiiecee e 1 Oamn

Hroro: 16 d0as10B
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CTAPIIASA JIMT'A. PEHHIEHUE

3aganue 1.

XUMUA A ITPOMBINIVIEHHOCTbD
1. Ucxons U3 1enovky peaxkiuii Bompoca 2, O4EBUAHO, YTO METaul — HaTpui. Torga MossipHas macca
M(A)=M(Na)/o(Na)=23n/0,4694=49n (r/monb), rae n — koiuuectBO Na. I[Ipm n=1 M(A)=49. U3
LEMOYKM TAaKXKE€ MOXHO YBUJIETh, YTO A, TaKXe€ COACPKHUT yriaepoa U a3oT. M3BecTHO, 4TO LMAHUIbI
00pa3yroT yCTOMYMBBIE KOMILIEKCHI C TepeXoHbIMU MeTaiiaMu. 3HauuT, A — NaCN (uuanua Hatpus).

JIuHelHblE KOMIUIEKCHl XapaKTepHbl JJIs METAJUIOB B CTENEHM OKucieHus +1 wu
KOOPIMHALIMOHHBIM YHUCIIOM 2:
Peakmus 1:
4Au+8NaCN+0O,+2H,0=4Na[ Au(CN), ]+4NaOH

Peakmus 2:

2Na[Au(CN),|+Zn=Na,[Zn(CN),]+2Au
2. Jlerko moramatbes, uTo G — NHj;. Paccmorpum SO. IIpeacraBum okcun B Buine MeOypn. Tornma

71,43
MosipHas Macca metamia M(Me)=8n——. CnenaB nepeGop, MOKHO ycTaHOBHUTh, 4yTOo SO — CaO (n=2).
28,57 ’ ’ =

Torma S1 — CaC, (xapOun xanbuus). S2 cogepxut Ca. Torna monspuas macca M(S2)=40n/0,5=80n. ¥
HaC JABYX3apsAHbli aHUOH, T.e. h=1. [locie HebGompioro nepedopa nmonyyaem S2 — CaCN, (maHamua
kanpius). T.k. A — NaCN, to B — HCN (cununbHas kucnota). [Tomyuenue ammuaka u3 kapouaa KaabIus
HA3bIBACTCSI [IMAHAMUIHBIM CIIOCOOOM MOTyYEHHUS! aMMHAaKa.

Ypasuenus peaxyuii:

2200°C
Ca0+3C —3» CaC,+CO

10000°-1200°
CaC2+N2 e CaCN2+C

300°
CaCN2+3H20(g) — CaCO3+2NH3
2atm,Pt/Rh

NHz;+CH,+1.50, ———3  HCN+3H,0
10009-1200°C

HCN+NaOH 5 NaCN+H,0

3) Ctpoenne [CN,]*:

ZN—C=—/N <= N—C=—N_

4, 5) B pesynbrate peakuuu D ¢ NaOH o6pasyercs NaCN, npuuem D — 6unapnoe. 3uauut, D — (CN),
(muuuman). (CN), Ha3bIBaeTCs IICEBIOTAIOTEHOM OJaroaaps CXOXECTH €ro XUMHYECKHX CBOMCTB C
rasioreHamu. OH, HampuMep, AUCIPOIOPLIUOHUPYET B IIEIOYHOM PACcTBOpE HAa MAaHUJ] U nuaHar. E —
NaCNO (mmanar Hatpus). Tornma E1 — HNCO (umanoBas kucinora), E2 — NH,CNO (unanat aMMOHHUS),

E3 —(NH,),CO (MoueBHHa).
®opmyily HIHAHOBOM KHUCIIOTHI cieayet 3anucbiBaTh kKak HNCO, T.K. B BOZHOM pacTBOpE KUCJIOTA MOYTH

MOJTHOCTHIO HaxoAuTcs B Buge u3o-hopmel H-N=C=0. Hopmansnas popma — HO-C=N.

Paccmotpum Ul. OH nosyueH B pe3ynbTaTe IuMEpHU3alii, TPUMEpU3aluu U T.11. u30-popmbl H-
N=C=0. Buyrpennnii mukia OyAeT COCTOSTh U3 YEPEAYIOIIMXCS aTOMOB a30Ta W YIiiepojaa, T.K. aTOM
a30Ta BBICTYIAET B POJIM HyKJIeO(hUIIa, a aTOM YIJIepo/1a, dIEKTPOHBI KOTOPOTO OTTSHYTHI CIe€Ba a30TOM, a
CIpaBa KUCJIOPOJOM, B ponin 3nekTpoduna. B momap3y 3TOro TOBOPUT TakKe BO3MOXKHOCTH TMOJIYUEHUS
xnopanruapuaa no OH — rpynmam. B Takom ciiydae aToMbl yriepoaa OyayT uMeTh spz—m6pnnn3au1/uo.
Jyist aTo¥ THOpUAN3AINY IECTUUICHHBIN UK Oosee skenateneH. 3HauuT Ul — nuanypoBas kuciora. B

PAaBHOBCCUU HAXOAATCA KCTOHHAA U CHOJIbHAA q)OpMLII
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Keto form Enol

3nayut, U2 — XJIOpaHTUAPHUI IMAaHYPOBOU KHUCIIOThI, U — MenamMuH (amMun):

cl N Cl NH, N NH,
N\(N NYN
a NH,
U2 V]
Menamun 06pasyeT ¢ GopManbIeruaoM MenaMuH-(pOPMabAerUIHbIE CMOIbI, U3 KOTOPOrO IIPOU3BOAST
IICHOIIIIAaCThI, KJICH, JIAKU U T./.

TcH, H,CT

w&
HN
cH,

L n
|

[Tocnennee nemspectHoe BemecTBO H — HoN-CN (umanamun), oOpasyromieecs B pe3yiabTaTe peakiuu
nuanamuaa kaneius (CaCNy) ¢ yronbHo# kucnotoi. Junnanauamua sensercs numepoM H.

Takum ob6pazom:

N
C/J/
CO, N
CaCN, ——= H,NCN ——
°  H,0 ) /"\
H
52 NH NH,
AHIOHAHIHAMHI
Co,

4 {0 _ B
O’; - e
2 ~CHy HoCH

. ©2 N_ _NH HN N_  _NH
D - B —_
N_ N o N_ N
NaOH 1 \I/ CH/ \[/
HCI NH H HN _
\' v - [
NaCN wﬁ(ma |
A OH N OH cl N
¥ 2 1.
HCI Y Pels \"/ Y

NaCNO — > HNCO —

P
E Na,CO;, E1 NH3 \I/ \I/
tU tU OH Cl

(NH,),CO —~-—— NH,CNO U2 U2
E3 E2
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CTpyKTypbl TAYTOMEPOB LIUAHYPOBOM KUCIIOTHI:

cl N Cl  NH, N NH,
Y VT
NYN Nw&”
cl NH,
U2 U
CTpyKTypa IUIIHaHIUAMH]IA:
N N
& &
HN/ - N/
)\ )l\
HN NH, NH; NH,
CucremMa OLleHUBAHUA:
DR O )11 0153 (531 (53 1 (ST PRSPPSO 1 Gamn
VPABHCHHST PEAKIIHI .....veenvveenrieereereensreeteesseeseessseeseessseessessseesseessseesssessseessseans 0,5 6amra x 2 = 1 Gamn
2. OmpeneneHue SO, S1,S2, G, B ... 0,5 6amta x 5 = 2,5 6ama
VPABHEHUS PEAKIIMM ......vvveeeeiiiieeeeiiieeeeesiieeeeesniaeeeesnsaeeesesseeeessnsneeeesnsseeesnnns 0,5 6amta x 5 = 2,5 6amna
3. JIBa M30MEPA LIUAHAMMT — AHMOHA ...vvvveeeeerrreeeenrreeeenurreeesnssreessnsnseesesssseeessnnseees 0,5 6ama x 2 =1 6amn
4. Crpykrypusie dopmynst D, H, E, E1, E2, E3, U, Ul, U2 u npoaykra peakuuu U c
(DOPMAITBIICTHIIOM ....veeenerreenereeeereeensseeassseesssseesssseessssaesssesessseesssseesssseesssseessseenns 1 6amn x 10 = 10 GayuioB
5. CrpykrypHas Gpopmyiia THIHAHAMUAA (JTEOOAST U3 JTIBYX) ..veerrrerrreerrreerreensresnseessveenseessnessseessseenne 0,5 6amn
CrpykrypHas Gopmyma TAYTOMEPA Ul......c.cooiiiiiiiiiiieiiiie ettt 0,5 6amn
Hroro: 19 6aa10B
3aganmue 2.

CwMm. pemrenue 3aganus 3 muaameit auru (19 6aanoB)

3ananue 3.
O SAKYTCKOU JIOINAIN
1.
o)
H >\C—S-COA H \OH ﬁ ﬁ ﬁ
= /c‘:\ SN c c
R H RN Ssoon R N s
X1 X2 X3O
H H H \\C—S-CoA
ﬁ \C:C/ 0 \C:C/
c /
R/ \S-CoA H3C_(Cﬁz)7 \—C/ H3C—(Cﬁ2)8 \H
X4 Y1 S-CoA 2

OnewHoBasi KucioTa OyneT TpeTeprieBaTh [-OKUCIEHWE JO0 TeX IMOp, MOKa JBOWHAS CBS3h HE

okaxkeTcst y atoma yriaepojaa Ne3. M3 mpespamenns Y1 B Y2 MOKHO yCTaHOBHTB, UTO coeTuHEHHE X1

JOJDKHO MMCTb mpaHC-KOH(I)I/IpraI_II/IIO I TpOAOJIKCHUS TTpOoLECCa B—OKI/ICJICHI/I}I. I[BOI\/'IHaSI CBsA3b B

coeauHeHuu Y2 J0JDKHA OBITH pacrojio’keHa y atoma yriepona Ne2, mockoibKy B Hayale IUKia -

okHcneHus y coenunenust X1 gomkHa ObITh CTPYKTYpa 6e3 ABOHHOMN cBsi3u y aroMa yriepona Ne3. Y2

BCTYTIACT B LIUKJI B-OKI/ICHGHHH CO CTaauu rugpatanuu.
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4.

HO H

[TopsiTok CTapIIMHCTBA 3aMECTHTEINICH B COSAMHEHUN X2 CIICTYIOITUH:
OH > CH,C(0)S-CoA > R = CH,CH,CH,... > H.
[To RS-HOMeHKIaType, coennHenne X2 sBseTcs S-9HAaHTHOMEPOM.
[Tocne ka)xaoro HUKIIa -OKUCIECHUS YUCIO aTOMOB YIJIEpO/ia B MOJIEKYJIe KUCIOThl YMEHBIIIAEeTCs
Ha 2. Takum 00pa3om, JUIsl OJIEMHOBOM KHUCIIOTBI, C YU€TOM M3MEHEHUS HOMEpA MOJIOKEHUS IBOMHOM
CBSI31, MOKHO 3alKCaTh CJIEIYIONIYIO OCIE0BATEIHLHOCTD:

C18:yuc-9 — Cl16:yuc-7 — Cl4:yuc-5 — C12:yuc-3 (Y1) — 3 uuxna. C12:mpanc-2 (Y2)—>CI10
—» C8—» C6—» C4—>» C2 — 5 uKIIOB.

3a oguH UMK P-okucieHus HakarumBaercs 1 monekyna E-FADH, um 1 monekyna NADH.
OneuHoBas KUCJIOTa MpeTepreBaeT § LUKIOB, OJHAKO M3-3a PEAaKIMM MU30MEpPU3aLUU OJHA CTAaJusl C
oOpa3oBaHMEM aJKeHa MpoITyckaeTrcs. Takum 0o0pa3oM, B XOA€ [P-OKHUCICHHS OJICMHOBOM KHCIIOTHI
obpasyercs 7 monexkyn E-FADH,; u 8 monexkyn NADH. Bcero u3 01eMHOBOM KHUCIOTBI MOXHO
nonyuuTh 9 Monekyn anetun-CoA, yro coorBerctByeT 9 monekyinam E-FADH, u 27 Monexynam
NADH. Bcero: 16 monekyn E-FADH, u 35 monexkyn NADH. DTomy COOTBETCTBYET cleayromiee
konmnuecTBO Monekyn ATP: 16%1,5+35%2,5=111,5 monekyn. Heo6xoaumo y4ectb camyro MEPBYIO
CTaJMI0 MHHIMALIUY, HA KOTopoil Tpatutcs 1 monekyna ATP. Torma sHepreTuyeckuid BBIXOJ IpU
MIOJIHOM OKUCIIEHUHU | MOJeKyibl 0JIeMHOBOM KucH0ThI coctasiser 110,5 monexkyn ATP.

TemnepaTtypa miaBieHHs >KHpa OMNPENENAETCS COOTHOUIEHMEM COJEpP)KAaHUS HEHACBHIIIEHHBIX U
HACBILICHHBIX JKUPHBIX KHUCJIOT. Uem Oosblie coaepKaHHE HEHACBIEHHBIX KHCJIOT, TEM MEHbIIIE
TeMIepaTypa IIaBJIECHUS.

HO
e
o) OH o 2
O_ OH
O
)L )J\ /\OH OH
COOH COOH H
OH

CucreMa OlCHUBAHNSA:

1. Bepnsie ctpykTtypHbie popmyinel X1, X2, X3, X4, Y1, Y2, 1 6amn x 6 = 6 GanoB
(st coennHenns X2 3aCYMTBIBAeTCHA CTPYKTYpa 0e3 y4eTa cTepeoKOH(purypanumu aroma
yriaepoaa Ne3)

2. Bepno nzobOpakeHHast TPOEKITUs DUIIEPA COSTIMHEHUST X2 .....vvveririeeireeerireeeireeeereenireenseeesneens 1 Gamn
BepHo onpenenennas KoH(GUTypalysi aCHMMETPUUECKOTO IIEHTPA B COETUHEHUH X2 ................ 1 Gamn

3. BepHo onpeneneHHOE YNCTO MUKIOB PB-OKUCTCHHUS IO Y1 .ovieiiiiiiiiiiiiieeiieeeiieeete e 1 Gamn
BepHo onpeneneHHOE YUCI0 UKITOB -OKUCTEHUS TTOCITE Y2..ooiiiieiiiieeiieeerireeeireeenreenneeenneeenns 1 Gamn

4. BepHbIil pacyeT 0OLIETO IHEPTETUUECKOTO BBIXOIA .evveureeurerurenueerensrenseentesrenseensesssesseensessuenseens 4 Ganna
3a pacuer 0e3 y4yera cTaauii HHUIHMALTH 3 0amna

5. BepHoe 00bsICHEHNE HU3KOW TEMIEPATYPBI TUTABTICHUS HHPA ...cvvvenveenrenrrereererseenseesesseenseenseneens 1 6ann

6. Bepusbie cTpykTypHble hopmynsl coenunenuit Z1, 22, 73,74, 75 .................... 1 6amn x 5 =5 Gannos

Hroro: 20 6an08B
3aganue 4.
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BEPMY/JICKHWI TPEYT OJIbHUK

1. Peaxuus 0: ro=kyly, e Iy— MHTEHCUBHOCTb MAJAIOIIETO CBETA;

Peaxuus 1: ;= k;[H][O-],
Peaxuus 2: 1= ky[*OH|[H,];
Peaxuus 3: r3= k3[-0+][H,];
Peakuus 4. ry= ky He/;

Peakuus 5: rs= ks[H*][O,][M];

2. Peakiust pekoMOMHAIMK SIBIISIETCS SHEPIeTUUECKH YPE3BbIUAiHO BHITOJHOW peakuueit. [loaTromy
pu peKOMOWHAIIMHU BBIACISETCS OIPOMHOE KOJIMYECTBO IHEPrHH, KOTOPYIO BHOBb OOpa30BaBIIAsCA
MOJIEKyJia Morjom@aer. B pe3ynbrare NpoOMCXOAUT €€ pa3orpeB A0 TeMIepaTyp AUCCOLUAINH
MOJIEKYJIbI, TAKUM 00pa3om, OyZeT mpoTekaTh u oOpaTHas peakius nuccounanuu. CTOJIKHOBEHHE XKe
o0pa3oBaBIIIeiics MOJIEKYJIbI CO CTOPOHHEH MOJIeKyJIoi M, u nepefada eif u30bITOYHON YHEpruu OyeT
CIocoOCTBOBaTh OOpPAa30BAHHUIO CTAOMIBLHOW MOJICKYJIBI (MPUHUMAETCSl JH000e O00bSICHEHHE ¢
yKa3aHHeM IJIaBHbIX 0COOeHHOCTeI).

3. BeinumeM ckopocTy U3MEHEHHsI KOHUEHTpauui i *O* u *OH, 1 IpUMEHUM JUIsl HUX YCIIOBHE
KBa3UCTALIMOHAPHOCTH:

d[s O ]
Tzrl—r3=0; -1 =73

d[- OH]

T=r1+r3—r2 =0; » 2ry =1y

BbIpa3um cKOpoCTh M3MEHEHHUsI KOHLUEHTpauuy He 1 OACTaBUM HalICHHBIE BBIPAYKEHU:
d[He]
dt :TO—T1+T2+T3—T4—T5=T0+2T1—T4—T'5

HeoOxoauMo TOJCTaBUTh B JAHHOE BBIpAKEHUE KHHETUYECKUE YpPAaBHEHHUS, UYTOOBI MOIYyYUTh
3aBUCUMOCTb CKOPOCTH U3MEHEHUs KoHLleHTpauuu He ot [He], [O;] u [M]. B urore nomyunm:
d[He]
T kolo + 2k, [H ¢][0;] — k4[H o] — ks[H ][0,][M] =
= kolo + [H ¢](2k,[02] — k4 — k5[0,][M])
4. Bripasum koHneHTpanuio kucinopoga [O;] depe3 ero mapluaibHOE JaBI€HHE, KOTOpoe Oyaer
paBHO: p(02) = x(03)-p, tae x(02) — MOAbHASA 10JIs1 KUCIOpoJa. Tak Kak rasspl B CUCTEME MPUHATO

CUUTATh UIeaTbHBIMH, KOHIIEHTPALKs KUCIOPOoa OyIeT BHIPaKaThCs TaK:
1
[O2]=—= x(02)p=y(02)p.
RT
Kounenrpauuro [M] MOXHO BeIPa3suTh uepe3 o0Ilee JaBIEHUE, IIOCKOIBKY OTO €CTh KOHIIEHTPAIHs

1
BCeX razoB [M]= — p.

RT
d[He]
Torna 3aBUCHUMOCTH dt OT HABJICHUA BBIIVIAAUT CICAYIOIMIUM 06pa30M:
d[He] 1,
—— = kolo + [H «]@kyv(0)p = ky = ksy(0) —p*) =

* * 1
= kolo + [H *](2kyy(02)p — ks — ks'y(02)p?) . e ks™ = prks
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6.

d[He]

. Hpu (2k1y(02)p — ky —

ks*y(0,)p?) > 0 (npeobnanaeT mepBoe cjaraemMoe B CKOOKE) CO BpeMEHEM OyleT MPOUCXOIUTh

Jlanee HEOOXOIMMO MPOAHAIU3UPOBATH 3HAK MPOM3BOIHON

pocT KOHIeHTpauuu [He/, 4To npuBeneT K B3pbIBY B cucteme. A nipu ycioBuu (2k,y(0,)p — k4 —
ks*y(0,)p?) < 0 (upeobnagaer cyMMa BTOpOii M TpeTbeii claraeMbiX) peakius OyaeT MpoTeKaTh
CIIOKOWHO, MOCKOJIbKY B TAKHX YCIIOBHSX CKOPOCTH PEaKLMUi «HOEN» paauKaia npeodiaialoT Haj
CKOpOCTSMHU peakiuii, rae He oOpasyercs. Pemmas cooTBeTcTByolee KBaJpaTHOE YypaBHEHHE,
HAXOJMM KPUTHUYECKHE BETUUMHBI JIABIICHHUS:

(2k1y(02)p — ks — ks"y(02)p?) = 0 dlH o]
(ks (0)p? — 21y (0)p + ky) = 0 . kolo
D = 4(k1V(02))2 - 4k4k5*]/(02)

_ 2k,y(0,) £ \/4(k1}’(02))2 — 4kqks"y (02) =

P2 = 2ks 7(0,)
2 (/]
_ kq n kq _ ky /Pf \e’-’-‘ ?
k™~ (ks ksv(02)

Takum 00pazoMm, BETUYMHBI OOILIETO JABICHHUS B CHCTEME, NMPH KOTOPHIX OYyAET NMPOUCXOAWUTH
B3pBIB, 3aKJIIOUYEHBI MeXAy p; U p, (p1 <p <py). llpu ycnoBuu p = p; wimu p = p, Oyzaer
IPOUCXOUTh JINHEHHBIA KOHTPOIUPYEMBI POCT KOHIEHTpauuu paaukanoB He ([H o] = kylyt),
JMarna3oH JaBjeHUM p < p; U P > P, OTBEYAET YCJIOBHUSAM HNPOTEKAHUS PEAKUUU, IPU KOTOPBIX
CKOPOCTh PEAKINI «THOeIn» paauKkaiioB He 0OJbIIe CKOPOCTH peakinuidi ux obOpa3oBaHus. JlaHHBIC
ycioBus (p < py U P = P,) COOTBETCTBYIOT CIOKOMHOMY XapaKTepy MPOTEKAHUS PEaKLUu.

Baxno: apyras ¢opma sanucn Kodpuuuentos (nmanpumep, y(0,) wim ks* u ap.) B
PCLICHNH KBAJPATHOI0 YPABHECHHS He BJIMACT HA UTOIOBYI0 OLICHKY, MOCKOJBKY MX MOKHO
y4ecTh B COOTBETCTBYIOLIUX KOHCTAHTAX CKOPOCTH k;.

B nyHkTe 4 BbIBEACHB!I [B€ TPAaHUYHBIX BEJIMYMHBl JABJICHUSA Ui JAHHOW TEMIIEpaTypBhl.
ITockonpKy KOHCTaHTBI CKOpPOCTH, BXOASIIME B DPEIICHUE KBAJPaTHOIO YPAaBHEHMS, 3aBUCAT OT
TEMIIepaTyphbl, TO KaKAOMY 3HaUEHHUIO TEMIIepaTypbl OyIyT COOTBETCTBOBATD JAPYTHe BEITUUUHBI P U
p2. COOTBETCTBEHHO, HA IMAarpaMMe 3aBUCUMOCTH p OT T 3TO MOKET BBIIVIAJIETh KaK TPEYrOJIbHUK.

KoHcranTa ckopoctu k4 oTpakaeT Bce CBOWCTBA cocya — popMy, MaTepual U mpoyee.

CucreMa OICHUBAHMA:

1. BepHo 3anucanHble KHHETUYECKHUE YpaBHEHUS TSl peakiuit 0-5...........cc...ee. 0,5 6amna x 6 = 3 6anna
2. BepHoe 00bsicHeHuE O (hOpME 3aMNUCU PEAKIIUH PEKOMOMHALIUM .....eonvvinreeerernreenireereenieesneeninens 1 6amn

d[-0.] d[-OH] d[H¢]
3. BepHas 3anuch BeIpaXXKCHUN P

dt dt
d[He]
Bepnas 3anuch BIpakeHUs 3aBUCUMOCTH OT [He], [O2] N [M] c.oeeveiiiiiiiiiieeen 1 Gamn
d[He]

4. BepHas 3anuch BbIPaKEHUS 3aBUCUMOCTH it OT P ettt e e e e ettt e e e e e et e e e e e e e e s 2 Gamna
BepHoe perieHre KBaIPATHOTO YPABHEHH «......eeruveeuierueeentiesureenseesseenseesseesseesnseesseesnseesssesnsessnns 2 Gamna
BepHoe ykazanue ycnoBuii (B 3aBUCMMOCTH OT OOIIETO IaBICHUS B CHCTEME) /ISl B3PBIBHOTO U
CITOKOMHOTO XapaAKTEPOB MPOTECKAHUS PEAKIIHH .....eevvreenrreernreeesereeensreesnnseesnsseesnnne 1 6amn x 2 =2 6amna

5. Bepnoe 00bsicHEHHE TEOMETPUIECKOM (POPMBI TTOTYOCTPOBA BOCIITIAMEHEHHS ...vvvveeeevreeneveennnnes 2 Gamma

6. BEPHOE YKABAHUE BEITHUIHBI K «..eeeuvveeenrreerureenireenueeesseeesseeessseesssseeansseesnssessnssesssssesssseesssseesnssees 1 Gamn

Hroro: 17 0an108
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3aganue 5.

BUTAMUH ITPOMBIIIVIEHHOCTH

CwMm. pemienue 3aganus 1 muagmeii auru (21 6an1)

3aganue 6.
IHOIroOBOPUM O I'JIPOJIM3E

S
(o] (o]
/ I /7
R—C\ + NaOH =—= R—C—OH ——> R—C\ + R'OH

OR' R 0°

l H,0*

R—C
OH

2. I'maponu3 CIOXHBIX 3(HUPOB B ILEIOYHOM cpene sBiIseTcs HeoOpaTUMbIM. B ocHOBHOH cpexe
KOHCTaHTa CKOPOCTH TUAPOJIN3a BO MHOIO pa3 Oouiblile, yeM B KUCioil cpene. PaBHoBecue ciBuraercs
B CTOPOHY OMBUICHHUS, TaK KakK MPOMCXOIWT HOHU3AIMs KapOOHOBOW KucioTel. Ho peakumio
OMBUICHHS HENb3sl CYMTATh CTPOTO KATATMTUYECKOM, TaK KaK TUIAPOKCHIBHBIA MOH BEJeT cels Kak
HyKJIeo(n1, a He KaKk OCHOBaHHE.

3. Ilo pa3MepHOCTH KOHCTAaHTBHI MOXKHO IPEIIOJIOXKHUTh, YTO TOPAJOK PEaKIHH BTOPOW. 3amuinem
CKOpPOCTb PEaKLUH, I7Ie C; — KOHLEHTpAIHsl STHIAleTaTa, a C; — KOHLUEHTpalUs IHMIPOKCUAA HAaTpUsl.
CornacHo 3aKOHY JEHCTBHS Macc: W = Kk * ¢y * . OOImuUi MOPSIOK peakuu — 2, 3Tuianerara — 1,
TUAPOKCUAA HaTpus — 1.

4. BpIpa3uM KOHIIEHTPAIMH BEIIECTB, OCIIE CMEIICHHS:

0.5 1
ag = 7:025M,b0 = EZOSM
[To ypaBHEeHHMIO MaTeMaTUYeCKOro OanaHca ap— a = bp— b MOKeM 3amnucaTh:

ap— a = 0,8ap — CTOIBKO YIIJIO HA PEaKIIMI0, COOTBETCTBEHHO OCTANIOCh a = dp— 0,8ap= 0.2ay.
Torma b =by— ap+ a =by— 0,8ay.

3anuiiemM ypaBHEHHE KHHETHUECKOU KPUBOii: In 2200 _ ey (ag — by)kt
by—0,8a¢ bg
[ToncTaBUM COOTBETCTBYOLINE 3HAYCHHS U TTOTYUHM:
0,2 % 0,25 0,25
In 05 _ 087025 =In 05 + (0,25 — 0,5)0,84t

-1.79=-0.69 + (-0.217)
—-1.1=-0.21¢
t =5.2 4aca.
5. BONBIIMHCTBO CIOKHBIX A(UPOB B KUCIOH Cpelie THAPOIUIYIOTCS M0 OMMOIEKYIIPHOMY MEXaHU3MY C
Pa3pbIBOM CBSI3H allMJI-KUCIOPO/I.

o~ ® . - ®
Lo W OH Ho QM G ron OH Vs
R—-C, ~— R=C, ~—= R—C—OH, =— R—cI:—OH —=—= R-C =—= R—C
OR' OR' / OR' CoED OH OH
R H

HOCKOHBKy Kaxjgas Ctaausa MCXaHu3Ma O6paTI/IMa, TO U BCA pCaKI M TaKKC O6paTI/IMa

6. 13 ypaBHEHHUS peakiMM BTOPOTO TMOpSIKa ClIeayeT, 4To rpaduk 3aBUcHUMOcTH In(a/b) — t umeer
JIMHEHHBINA BHI, TJ€ HAKJIOH MPSIMON 3aBUCHT OT 3HaKa pasHocTH (a, — by). Eciiu pa3HOCTh pa3sHOCTh
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U3BECTHA, TO M3 yIJla HAKJIOHA rpaduka MOXXHO BBIYHCIUTH KOHCTAHTY CKOPOCTH peakiuu. Ecmu

HavanbHBIE KOHIEHTpaumuu A u B coBmamator, To rpaduk In(a/b) — t Oyder mNpeAcCTaBIsAThH

TOPU30HTANIbHYIO MpsAMYI0. Tak Kak OTHOIIEHUE KOHILIEHTPALMH B XOJ€ PEaKIMH MEHATbCA He OyJerT,

a
CIIEI0BATEILHO, ln; = 0.

In a/b

tgo=k(ag-bo)

ao=b0

In aolbo

t

7. I'padmyeckuii BU 3aBUCUMOCTH JioraprudMa CKOpOCTH ruaposin3a oT pH pacTtBopa sTrianerara.

log rate of hydrolysis 4

\J

0 7 14 pH
Cucrema oneHUBAHMA:

1. BepHO HapHCOBaH MEXaHU3M IIETOYHOTO THAPOIN3A ITHIIALETATA. ..c..eeuveerenreenrenerenseenreenrenseene 2 Gamna
2. BepHO 00BsicCHEHa HEOOPATUMOCTD HIETOYHOTO THAPOIN3A STHUIIALIETATA. c..e.evereeenveenreneenrennenanens 1 6ann
3. BepHo omnpezeneH NOPSAOK peakliy M0 peareHTaM 1 00NN HOPATOK PEAKLHH......cc.veeneeennne.. 2 Ganna
4. BepHO OMPEHCTICHO BPEMST PEAKIIIH ....ccuuvveeurreerureeenreeansseeansseeassseesssseessssesssssesssssesssssesssseesssseesnns 3 6amna
5. BepHO HapucoBaH MEXaHU3M KHUCITOTHOTO THAPOITHBA «..eeenrreerureeenureeaereessereesssreessseesssseesnseesnnnes 2 Ganna

BepHO OOBACHEHA €T0 OOPATHIMOCTD ....veeruvreerurreerieeenereesseeesseeessseeensseesnsseesnsseesssseessssesssseesssseesnns 1 Gamn
6. BepHo nmpoaHaqu3MpOBaH M HAPUCOBAH TpaPuK 3aBUCUMOCTHU In(a/b) —t....coveviriiniiiiinicnee 2 Gamna

BepHo mpuBeaen rpaduueckuii BHI 3aBHCHUMOCTH Jorapudma cKopocTH ruaponusza oT pH
PACTBOPA ITHITAIIETATA ....evveenteeeuteenseesaseeseeanseensaesnseanseessseaseesnseansseasseanssesaseensseenseesseesnseessseensesnnns 1 6ayun
Hroro: 14 6as1oB
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JUNIOR LEAGUE
Problem 1. \

iy

VITAMIN OF INDUSTRY

Rare metals in the last century have proved themselves all over the world as effective catalysts for
scientific and technological progress. Academician A.E. Fersman called them "vitamins of industry".

Element X - one of the main representatives of refractory metals, having a silvery gray color. This
brilliant metal was discovered in 1801 by the English scientist Charles Hatchett and was named
"columbium". This element occurs in the ores together with the element Y. In 1844 the German chemist
Heinrich Rose established that X is not element Y and renamed it in honor of the daughter of the mythical
king (whose name is the element Y name), highlighting the similarity between the elements X and Y. In
1950, by the decision of the International Union of Pure and Applied Chemistry (JUPAC), the element

was finally named X.

The diagram of the transformations of compounds containing element X is shown below:

(8]

Cl
F : G D
A M
" 9
FeCl; |H 21 InCl 1100°C
1eq)) (1eq.) KHF,
NeHs o G BIF: -
- 300°C 100°C
[1o] | AgNO;  700°C [ X C [ 1900°C
[11] [1]
/
: KHSO,
H ! 800°C
Na,CO
NaOH 273
fusion fusion
1.0 Y
— A § K
Metal X is the main useful component of the Tomtor $opon TN T - -
complex rare-earth deposit located in the northwest of the ° & g} R -~
Republic of Sakha (Yakutia). The content of X varies from 23 L il S * Yokypaax
to 63 kg per ton of rock. The development of this unique ‘T)g::ggecmmigt:fgmm;::e * Yero-Kyira
deposit will make it possible to restore rare-earth production j"° Co
in Russia as soon as possible and to eliminate dependence on = * Benomick
A Kuratck o 3blpsiHka
imports of rare elements.
1Ky T™Hh 1
Yetb-Hena o
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Additional information:

Substance B C E | F J K L M N
o (X), % 3436 | 4944 | 52.86 | 4953 | 51.14 | 43.64 | 41.12 | 3227 | 41.80 | 56.68

- E — water soluble substance. Addition of the excess of the silver nitrate solution to the solution
of the 15.00 g of substance E gives 4.08 g of curdy white precipitate;

- coordination polyhedron of the anion in the compound D - pentagonal bipyramid;

- It is known that E and I are halide clusters containing in their formulas an even number of
chlorine atoms;

- substance J is an oxosalt;

- substance M is an isopoly salt, mass fractions of hydrogen and oxygen in it are equal to 2.40%
and 42.00%, respectively.

Questions:

1. Please, name element X if substance A contains 30.10% oxygen. What metal Y is bound up
with X, which was emphasized by the chemist G. Rose?

2. For the first time, pure X was obtained by thermally way in the late 19th century by the French
chemist Henri Moissan: he restored A with carbon in an electric furnace. Write down the reaction
equation of the preparation of X by the carbothermic method (reaction 1).

3. Decipher the transformations scheme, write down the equations of all reactions. Answer should
be confirmed with calculations.

4. Draw the structure of the cation E.

5. Specify main application areas for the element X.

Problem 2. 53

IODINE IN ANALYTICAL CHEMISTRY I

lodine
126.9045

Despite the fact that iodine is a rare element, it plays a vital role in analytical chemistry. Which is
why the bulk of produced iodine is spent on reagents for chemical synthesis and chemical analysis.

Iodine plays a key role in a number of titrimetry methods, together called iodometric methods.
Consider the following examples.

For analysis of glucose (CcH206), 20 ml of standard 0.1000 M iodine solution and 5 ml of 5%
KOH solution were added to the analyzed 50 ml solution. After the solution had been decolorized
(reaction 1), it was left for 15 minutes for complete oxidation of glucose to gluconic acid (C¢H;207)
(reaction 2). Then a small excess of sulphuric acid was added (reaction 3) and the colored solution was
analyzed with a 0.1014 M solution of sodium thiosulfate in the presence of starch (reaction 4). To reach
equivalent point, 8.6 ml of the titrant was used.

1. Write the reactions 1 — 4 and calculate the concentration of glucose in grams per liter.

For standardization of weathered cupric sulfate (CuSO4-xH;O), which has lost part of its
crystallization water, the following experiment was conducted. 0.1516 g of analyzed sulfate was
dissolved in 20 ml of water, and then a small amount of hydrochloric acid and 5 g of potassium iodide
were added to the solution (reaction 5). When reaction had finished, the solution was analyzed with a
0.05064 M solution of thiosulfate. To reach equivalent point, 13.32 ml of thiosulfate solution was used.

2. Write reaction 5 and calculate the mean number of water molecules per formula unit of analyzed
cupric sulfate.
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Besides the volumetric analysis, there is compound A, - which is a product of dehydration of
compound B (reaction 6), - that is an especially convenient reagent for analysis of carbon monoxide in
gaseous mixtures (reaction 7). Compound B is a product of oxidation of iodine with concentrated nitric
acid (reaction 8).

For analysis of carbon monoxide in products of hard coal combustion, 0.1310 g of compound A
was put in 0.75 L reservoir containing a gaseous mixture at 300 K and under pressure of 755 mmHg.
After a while, the solid mass decreased and reached a point of 0.1130 g.

3. Write the formulas of compounds A and B and reactions 6 — 8.

4. Calculate the mole fraction of carbon monoxide in the analyzed mixture.

Problem 3.

HYDROGEN STORING ALLOY

The development of energetics revealed the need of making systems which reversibly bind
hydrogen and release hydrogen when warmed or chemically reacted with following reduction of initial
composition.

One of these systems is stoichiometric alloy A of
metal X with nickel. To obtain A one should mix
1.051 g melted X and 2.220 g liquid nickel. After
crystallization the volume of obtained A is equal to
0.396 cm’.

The structure of A was determined by the
method of X-ray crystallography. The structure is given
on the picture. The parameters of cell unit are:

a=5017 A, c=3.987 A, a=120°.
1. Determine the density of A, number of X and nickel atoms in the hexagonal unit cell of A.

2. Determine metal X and the empirical formula of alloy A. In calculations use values of atomic
masses rounded to the nearest hundredth.

When absorbing hydrogen, the alloy forms double
hydrides with different composition. Ratio of metals atoms is
Ao Kept constant at hydride formation. One of these stoichiometric

b compounds, which is formed by the reaction between A and

% hydrogen, is hydride B which crystal structure is given on the

> picture.

A' 3. Determine the formula of obtained B if its density is

9 equal to 6.698 g/cm’.

[

§ As well as the composition of formed hydride,
information about the thermodynamics of hydrogen absorption

4

is also important. The dependence of equilibrium pressure of
hydrogen above solid sample, that involves A and B, on

temperature is given on the table below.
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p, bar 1.0 5.0 10 15 20 25 30

T,K 294 322 342 354 363 371 377

4. Draw the graph of the dependence of natural logarithm of equilibrium constant (K, = p(H,)) on
inversed temperature (In(Kp) — 1/T) of the process 2H 501y =H2 (eas). Determine the slope of obtained linear
graph and standard enthalpy of this process.

Reference data:
Relation between equilibrium constant enthalpy and entropy of the reaction:
—RT -In(K,) = AH° — TAS°

Note:

The logarithm is the inverse function to exponentiation. The logarithm of x to base b is denoted
as logy, (x). More explicitly, the defining relation between exponentiation and logarithm is: log, (x) =y,
exactly if b’ = x. For example, log, 64 = 6, as 64 = 2°. The logarithm of x to base e (e = 2,718) as called
the natural logarithm and is denoted as In (x).

Problem 4.

PLATINOIDS

Dissolution of platinoid Y in concentrated nitric acid leads to the formation of compound A, which
is involved in a series of chemical transformations:
Table with some relevant information:

Compound w(Y), % w(N), % Color
A 46.18 12.16 Yellow-brown
B 28.87 15.20 Bright yellow
C 24.60 12.95 Red-orange

1. Determine the compounds Y, A — C and write the reactions of A-C formation.

2. Compound A is stored in acidic solutions. Specify the reason of such a treatment and write the
reaction which can proceed in non-acidic solutions.

After 2 hours of treatment of compound B with 8 M nitric acid at 80 °C, red salt X, anion of which
contains 3 different ligands, is formed. The mass fraction of elements in this compound is set out in the
following table:

Element K Pd N
Mass fraction, % 16.98 23.10 18.24

Crystallization of X in a 0.1 M solution of nitric acid leads to the formation of salt Xj, in which
platinoid Y accounts for 21.43% of mass.

3. Determine the molecular formula of salt X.

4. Determine chemical formulas of salts X u X;. How many geometric isomers of compound X
exist?
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Problem 5.

SPECTROPHOTOMETRY [ —— I

Spectrophotometry — a fairly accurate and fast instrumental method of material analysis. Beer-
Lambert-Bouguer law is used in spectrophotometry - the law of light absorbtion by material:

Iy
A=c¢lc=1g—
I
A — absorbance of solution that equal to common logarithm of the ratio of incident /j to transmitted
radiant power [ through a material (cuvette), € - molar extinction coefficient (or molar absorptivity), / —
cuvette’s length (cm), ¢ — molar concentration of absorbing substance (mol/L). This law, using linear
dependence between absorbance and concentration, allows to determine the quantitative composition of
colored solutions by measuring the absorbance of solution on different wavelengths. Studying the
dependence of molar absorptivity ¢ on wavelength A in visible light spectrum (380 nm — 780 nm) allows
to analyze complex solutions and take information about structure of material.

1. What is the measurement unit of molar absorptivity ¢?

2. There is solution with concentration 0.0130 M in a cuvette with length 1 mm which absorbs 74%
of incoming light. Determine absorbance A and molar absorptivity .

The reaction of the formation of complexes with phenanthroline (phen) is
used to determine the concentration of iron cations in solution: all ions of iron are
converted into Fe?* form, then excess amount of phenanthroline is added to the

solution forming stable bright red complex Fe(phen)32Jr which absorbance is
measured using spectrophotometric methods. phen

3. To reduce ions Fe**, the solution of hydroxylamine NH,OH in hydrochloric acid is added to
solution. Write equation of chemical reaction in ionic form.

4. Draw the structural formulas of two isomers of cation Fe(phen)32+ which is obtained in reaction
between Fe** and phenanthroline.

50.0 ml of the solution containing excess amount of phenanthroline and hydroxylammonium
chloride [NH;OH]*CI  is added to the 50.0 ml of analyte and mixed. Absorbance of obtained solution on
wavelength 510 nm is 0.647 (cuvette’s length 1=1 cm). Then, 20.0 ml 4.50 x 10° M solution of
Fe(phen)g2+ is added to this solution. Absorbance of obtained solution is 0.898.

5. Determine iron concentration in analyte and the molar absorptivity of the complex Fe(phen)s** at
wavelength 510 nm. Assume densities of all solutions are equal.

Note:

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

Problem 6.
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TEARS OF THE MILKY TREE

In 1839 Charles Goodyear discovered the process of rubber vulcanization. In 1888 John Boyd
Dunlop was first who used it in tires. After that, demand of natural rubber, which is also called
“caoutchouc”, began to grow. But the source of caoutchouc was only Pard rubber tree (Hevea
Brasiliensis).

In 1826 Michael Faraday published a paper, where he concluded that caoutchouc-substance A
contains five carbon atoms to eight of hydrogen.

1. Write the structure of caoutchouc-substance A, if during Diels-Alder reaction it forms limonene.
During the polymerization of A, two stereoregular isomers can be formed.

2. Write two reactions and choose more elastic isomer and explain why it is elastic.

3. Write the reaction of rubber vulcanization, where sulfur appears as a vulcanizing agent, and
explain why Goodyear got rubber, that did not become sticky and soft after heating but gained
elasticity.

Over time, by the beginning of the 20th century, there was an acute need for synthetic rubber. In
1904, chemist Ivan Lavrentevich Kondakov, born in Yakutia, established, that another hydrocarbon B of
a similar structure can be converted into a rubbery-like product. In Germany, during the First World War,
rubber was produced from B, but after the war this rubber was no longer produced because of the poor
quality of products obtained from it and the prohibitive price.

4. Decipher the following scheme of synthesis and name hydrocarbon B.
t 1.+ Mg 0

(CH,COO),Ca —» X ——— » Yy —» B
2.+H,0, H*
Substance X Y B
o(C), % 62.07 61.02 87.80
®(0), % 27.59 27.12 0.00

In 1927, using saturated monohydric alcohol, Sergey V. Lebedev obtained hydrocarbon C, where all
carbon atoms are in sp” hybridization. However, the Lebedev’s synthetic rubber obtained from substance
C still inferior to natural rubber in its mechanical characteristics.

5. Write the reaction of S.V. Lebedev, during which hydrocarbon C was obtained. Why did the
resulting synthetic rubber have less mechanical strength than natural rubber? How was this
problem solved later?

6. A specimen of rubber obtained by polymerization 20.5 g of hydrocarbon C contains 4.2 -10"
macromolecules. Amount of C, that did not react, can discolor 300 g of 6% solution of bromine in
carbon tetrachloride. Determine the average molar mass of the polymer.

Note:

1) Diels-Alder reaction proceeds between a conjugated diene and an alkene or an alkine (dienophile)
to form a substituted cyclohexene.

/ X X
Jee:
\ Y Y

2) Structure of limonene:
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Problem 1.

CHEMISTRY AND INDUSTRY

In Yakutia, not only diamonds, gas, oil, antimony, etc., are mined, but also various metals,
including gold. To extract placer gold, the ore is treated with salt A (reaction 1) in the air. In the salt, the
mass fraction of metal is ®(Me) = 46.94%. Further, the resulting solution is reduced with zinc (reaction
2).

World production of A was about 340 thousand tons in 1989. One of its main consumers is the
mining industry, because it helps to extract not only gold, but also silver, copper, nickel and other metals.

C N, HZO(g) CHy, O, NaOH
S0 > Sl > S2 > G——> B >
2200° 1000°-1200° 300 1000"-1200 t
2atm, Pt/Rh

1. Determine substance A, write down reactions equations (1 and 2) considering gold forms a linear
complex.

2. Determine S0-S2, G, B and write down reactions equations. Note that G is the most highly produced
nitrogen-containing synthetic substance; S0 is oxide (o(O) = 28.57%); mass fraction of metal in S2 is
o(Me;) = 50.0%.

3. Draw the structure of the doubly-charged anion S2.

Nitrogen and carbon-containing compounds are used in various branches of the national economy.
However, they are mainly used as a nitrogen fertilizer and in the production of plastics. Among the
substances listed below, E3 production is the largest (more than 100 million tons per year).

CO, pH=7-9
CO, S2 > H »NCNC(NH,),
H,0 dicyandiamide {°
0,
formaldehyde
NaOH - E1 > Ul
0) Na,CO
Ag,\z /{Cl \az 3 \ pc\ /\IH3(hqu1 0
E3<— E2

e There’s formation of A and E by reaction D with NaOH.

It is known that:
* D is binary compound;
= E1-Ul is spontaneous cyclization;
= E2 and E3 have the same qualitative and quantitative composition.
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4. Draw the structural formulas D, H, E, E1 — E3, U, Ul, U2 and the product of reaction U with
formaldehyde.
5. Draw the structural formulas of dicyandiamide and tautomers of Ul.

Problem 2.

HYDROGEN STORING ALLOY

The development of energetics revealed the need of making systems which reversibly bind
hydrogen and release hydrogen when warmed or chemically reacted with following reduction of initial
composition.

One of these systems is stoichiometric alloy A of
metal X with nickel. To obtain A one should mix
1.051 g melted X and 2.220 g liquid nickel. After
crystallization the volume of obtained A is equal to
0.396 cm’.

The structure of A was determined by the
method of X-ray crystallography. The structure is given
on the picture. The parameters of cell unit are:

a=5017A,c=3987 A, a=120°.
1. Determine the density of A, number of X and nickel atoms in the hexagonal unit cell of A.

2. Determine metal X and the empirical formula of alloy A. In calculations use values of atomic
masses rounded to the nearest hundredth.

When absorbing hydrogen, the alloy forms double
hydrides with different composition. Ratio of metals atoms is
Ao  kept constant at hydride formation. One of these stoichiometric

b compounds, which is formed by the reaction between A and

g hydrogen, is hydride B which crystal structure is given on the

> picture.

A' 3. Determine the formula of obtained B if its density is

L equal to 6.698 g/cm’.

[

§ As well as the composition of formed hydride,
information about the thermodynamics of hydrogen absorption

y

is also important. The dependence of equilibrium pressure of
hydrogen above solid sample, that involves A and B, on

temperature is given on the table below.

p, bar

1.0

5.0

10

15

20

25

30

T, K

294

322

342

354

363

371

377
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4. Draw the graph of the dependence of natural logarithm of equilibrium constant (K, = p(H;)) on
inversed temperature (In(Kp) — 1/T) of the process 2H (so1) =H> (¢as). Determine the slope of obtained linear
graph and standard enthalpy of this process.

Reference data:

Relation between equilibrium constant enthalpy and entropy of the reaction:

—RT -In(K,) = AH° — TAS°

Problem 3. "

ABOUT YAKUT HORSE

Horse-breeding is the traditional work of Yakut people. Yakut horse is the only horse which has
adapted to extreme climate of the Far North. The value of Yakut horse consists in its unique meat, fat and
milk which are vital important for the people of the Republic of Sakha.

Lipid metabolism plays an important role for horses to survive in severe climatic conditions in
winter period. Fatty acids are high-energy molecules. The steps of fatty acids B-oxidation process are
shown below, and it is the main way of obtaining energy from fatty acids:

CoA-SH o
7 /
R—H2C_CH2'C\ R_HZC_CHZ—C\
OH S-CoA
ATP  AMP, PPi
o E-FAD E-FADH, H,0 NAD* NADH, H* CoA-SH
@]
R-H,C—CH, C7. SN A x N, xax Ao x3 >, Hyc—cZ + X4
S-CoA Thiolase S-CoA

R is a hydrocarbon chain that does not participate in this cycle of B-oxidation; Thiolase — enzyme that
catalyses C-C bond breaking. X4 proceeds into new cycle of B-oxidation. X2 is the L-isomer.

ATP — adenosine triphosphate, AMP — adenosine monophosphate, PPi — pyrophsophate.
E-FAD and E-FADH, — oxidized and reduced forms of enzyme E with cofactor FAD (flavin adenine
dinucleotide), NAD* and NADH — oxidized and reduced forms of coenzyme nicotinamide adenine
dinucleotide (E-FAD and NAD" participate in the catalysis of redox reactions). CoOA-SH — coenzyme A
(binds with acyl groups by thioether bonds).

For unsaturated acids (in contrast to saturated ones), there is another enzyme from the isomerase
class - cis-trans isomerase, which is necessary for the realization of B-oxidation. For oleic acid
(C17H33COOH cis-9-Octadecenoic acid) B-oxidation proceeds to cis-Y1 that isomerises to trans-Y2 with
this enzyme. Then B-oxidation proceeds as usual. B-oxidation does not proceed for cis-Y1 without
isomerization.

beta-ox beta-ox
» Y1 » Y2 ——»

beta-ox — some step of B-oxidation.

1. Give the structures of X1, X2, X3, X4, Y1, Y2.

2. Draw the X2 in Fischer projection. Determine the absolute configuration of chiral centre using R /
S system of nomenclature. Assume that R is long hydrocarbon chain.

3. Calculate the number of B-oxidation cycles from oleic acid to Y1 and from Y2 to finish product of
this process.
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Acetyl-CoA molecules (CH3C(0O)S-CoA) formed in B-oxidation process next proceed to Krebs
cycle to store energy in the form of 3 NADH molecules and 1 E-FADH; molecule for every acetyl-CoA
molecule. Then released energy of these molecules is stored in the form of ATP molecules.

4. Calculate energy yield obtained from full oxidizing of 1 oleic acid molecule in ATP equivalents

with considering Krebs cycle. Assume 1 NADH equals to 2.5 ATP and 1 E-FADH,; equals to 1.5

ATP.

5. Fat of Yakut horse melts in hands. Explain low melting temperature of fat.

Horse milk is used to make fermented milk drink «kumys» that is obtained due to the vital activity
of lactic acid bacteria which ferment sugar. Scheme below shows biochemical reactions of lactose —
disaccharide formed from glucose and B-galactose.

HO-CH, HO-CH;
o 0 O_ OH
OH O N.OH
OH OH
H,0
HO-CH, HO-CH,
0 O_ OH O_ OH
Galactose OH + OH Glucose
OH
OH OH
NAD* .
2NAD
N NAD*
NADH, H 2NADH, 2H*
75 NADH, H* 2Z1

Cco,

“jfffi;BH,H+
z2 z3 Z4
NAD*

NADH, H*  NAD*

6. Give the structures of Z1, 72, 73, 74, 75.

Problem 4.
BERMUDA TRIANGLE

Bermuda triangle — area of the Atlantic ocean between the
Bermuda Islands, the Puerto Rico Islands and the Florida
peninsula where navigation conditions are difficult.

In 1927, a paper on theory of chain reactions was published by Nikolay Nikolayevich Semenov -
the only soviet scientist who was awarded Nobel Prize in Chemistry (1956). The Semenov’s work was
firstly criticized then accepted by scientific journal’s main editor Max Bodenstein who was well known
physical chemist in kinetics.

Semenov and his laboratory staff, studying phosphorus oxidation by oxygen, found unusual
effects:

1) Reaction rate depends on chemical reactor’s shape (reactor’s volume is constant);
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2) There are values of pressure and temperature where reaction proceeds explosively. It is also known as
ignition peninsula.
Similar effects are observed in branching chain reactions — the reactions with free radicals. Let’s
consider the hydrogen oxidation, below a possible reaction mechanism is given:

H,+ 0O, L HO,*+ H+ (0)
H +0, —" » .OH +o0. (1)
OH +H, —* » H+H,0 (2)
O+ H, -5 » .00+ H. (3)
H-+ surface LI {H surface} (4)
H+0,+M_%5 o HOq+ M* (5)

where surface — the surface of vessel wall, M — any non-radical molecule, M* - molecule with excess
energy, k; — the corresponding reaction rate constant.

It is considered that radical HO»* is inert enough in this mechanism and it does not take part in the
propagation of chain. Also, the rate of initiation step (reaction 0) depends only on light intensity
1. Write down kinetic equation for every step (reactions 0-5).

In many books the last step is usually written as a radical recombination, for example:
H+H— H,
But in reality following form of writing will make more sense:
H+HA+M ——» H,+ M*

2. Explain why the form of writing without M is wrong.

The Bodenstein’s main contribution in development of chemical kinetics is steady state approximation
— the rate of the concentration changes of reaction intermediate (for example, free radicals) is assumed
to be approximately zero. For example, for reaction:

kg ky

A » B »C

if the steady state approximation is applied to intermediate B it looks like
d[B]
~ar = kalAl = k;[B] ~ 0

3. Write expression for the rate of the concentration change of radical He, which depends on
concentrations [He/, [O;] and [M], applying steady state approximation to radicals *O+ and *OH.

4. Using found expression (in item 3), find and show explosion (uncontrollable increasing of radical’s
concentration) and no explosion (controllable increasing of radical’s concentration or their instant
«death») conditions depending on system’s pressure p (T=const). Gases are considered ideal and
subject to Dalton’s law: p; = x;-p, where p;— partial pressure of the component, x; — mole fraction.

5. Explain why ignition peninsula may have triangular shape on p-T diagram.

P

.y

6. What value shows reaction rate dependence on chemical reactor’s shape?
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Problem 5.

VITAMIN OF INDUSTRY

~N

'Y

Rare metals in the last century have proved themselves all over the world as effective catalysts for
scientific and technological progress. Academician A.E. Fersman called them "vitamins of industry".

Element X - one of the main representatives of refractory metals, having a silvery gray color. This
brilliant metal was discovered in 1801 by the English scientist Charles Hatchett and was named
"columbium". This element occurs in the ores together with the element Y. In 1844 the German chemist
Heinrich Rose established that X is not element Y and renamed it in honor of the daughter of the mythical
king (whose name is the element Y name), highlighting the similarity between the elements X and Y. In
1950, by the decision of the International Union of Pure and Applied Chemistry (IUPAC), the element

was finally named X.

The diagram of the transformations of compounds containing element X is shown below:

8]
Cl
2 G
A N
FeCl; [H' InCl
(1 CQ-) (1eq.)
B Na/Hg B — Cl,
- ~300°C
o] [ AgNO; 700°C | X C | 1900°C
[11] [1]
Y B
KHSO,
H ! 800°C
Na,CO
NaOH 23
fusion fusion
.0 Y
i'C 2
N = K
Metal X is the main useful component of the Tomtor ¢ “gpou¥ET - A
complex rare-earth deposit located in the northwest of the ~ .. o
Republic of Sakha (Yakutia). The content of X varies from 23 to # Yokypnax
63 kg per ton of rock. The development of this unique deposit ;gg:ggg;%imlcxﬂglgﬁme * Vero-Kyira
will make it possible to restore rare-earth production in Russia as e Cp
soon as possible and to eliminate dependence on imports of rare * Benxomicx
KuraHck o 3bipsiHKa
elements. aklyTala
Additional information: o ) Vere-Hena. ¢
' . S o« Canrap
UNInCcK g
HTap
AKYTCKe Amra
Substance B C E I F J K L M N
o(X), % 3436 | 49.44 | 52.86 | 49.53 | 51.14 | 43.64 | 41.12 | 32.27 | 41.80 | 56.68
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- E — water soluble substance. Addition of the excess of the silver nitrate solution to the solution
of the 15.00 g of substance E gives 4.08 g of curdy white precipitate;

- coordination polyhedron of the anion in the compound D - pentagonal bipyramid;

- It is known that E and I are halide clusters containing in their formulas an even number of
chlorine atoms;

- substance J is an oxosalt;

- substance M is an isopoly salt, mass fractions of hydrogen and oxygen in it are equal to 2.40%
and 42.00%, respectively.

Questions:

1. Please, name element X if substance A contains 30.10% oxygen. What metal Y is bound up
with X, which was emphasized by the chemist G. Rose?

2. For the first time, pure X was obtained by thermally way in the late 19th century by the French
chemist Henri Moissan: he restored A with carbon in an electric furnace. Write down the reaction
equation of the preparation of X by the carbothermic method (reaction 1).

3. Decipher the transformations scheme, write down the equations of all reactions. Answer should
be confirmed with calculations.

4. Draw the structure of the cation E.

5. Specify main application areas for the element X.

Problem 6.

«lt’s a beautiful day, isn’t it?»

LET’S TALK ABOUT HYDROLYSIS

You are offered to study the saponification reaction of ethyl acetate.
CH3COOC,H; + NaOH ——=— CH;COONa + C,H;OH

1. Draw the mechanism of alkaline hydrolysis indicating reversible stages.
2. Explain whether alkaline hydrolysis of esters is reversible.

3. The rate constant k = 0.84 L-mol -h™' is given. Determine the order of reaction for each of the
reagents and the total one.

4. An equation that relates the initial concentrations and the concentrations at a given time for a given
reaction is presented:

In= =1In=+ (ay — by)kt (1)
b bo

Determine the time during which 80% of ethyl acetate will react, if 1 L of 1 M of sodium
hydroxide solution is mixed with 1 L of 0.5 M of ethyl acetate solution and the rate constant of this
reaction is k = 0.84 L-mol "-h™".

5. The mechanism of hydrolysis of esters in acidic medium is different. Give the mechanism and
determine whether the hydrolysis process is reversible in this case.

6. Analyze and draw the graph of a function In (a/b) — t, based on the equation (1).

7. Give a qualitative graphical representation of the relation between the rate of hydrolysis and the pH of
the ethyl acetate solution.
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JUNIOR LEAGUE. SOLUTIONS
Problem 1.
VITAMIN OF INDUSTRY

16n
2M(X)+16n’

We obtain M(X) = 18.578n. At n = 5 M(X) = 92.9 g/mol, this corresponds to the molar mass of
niobium (X - Nb), hence A - Nb,Os. This metal got its name in honor of Niobe — the daughter of the
mythical king.

Father Niobe - Tantalus. Indeed, the chemical properties of niobium and tantalum are very similar,

1) The conventional formula of oxide - X,0, w(X) =

so we can conclude that the metal Y is tantalum (Y-Ta).
2) The reaction equation of the reduction of oxide A by the carbothermic method:

t=1900°C
Nb,Os5 + 5SC —— 2Nb + 5CO
3) When fluorinating Nb, we get its pentafluoride C — NbFs, because o(F) = 1 — 0.4944 = 0.5056,
w(F) = %, n = 5m (for formula Nb,,F,) and at m = 1 we obtain NbFs. Further, the interaction of

NbFs with KHF; leads to the complex compound D — K;NbF7 — heptafluoroniobate (V) of potassium.
When chlorinating Nb, we get pentachloride B — NbCls: o(Cl) = 1 — 0.3436 = 0.6564=

— ;1 = 5m (for formula Nb,Cl,). Atm = 1 we obtain NbCls.
35.5n+92,9m

Further, reduction of NbCls with niobium leads to the triangular cluster C — Nb3Cls: o(F) =1 —

0.4953 = 0.5047 = —=>"__ ;; = 2.67m (Nb,.F,), At m = 3 we obtain Nb;Cls.

35.5n+92,9m’
When NbCls interacts with sodium amalgam, it is partially reduced to the octahedral cluster

NbCli4 (n = 2.33m for the Nb,,,Cl, formula and when m = 3, we get Nb3Cl;, which does not exist, when

m = 6, we get E - NbgCly4. Niobium clusters with m> 6 and m : 3 have not been obtained yet).
4.08
107.9+35.5
15

——— = 0.01423 mol. We obtain that
92.9-6+35.5-14

the ratio of their amounts is 2:1. Therefore, it can be concluded that on the outer sphere of this cluster are
2 chloride ions, which are replaced by nitrate anions H — [NbgCl12](NO3)».

The oxidation of NbsCly4 with acidified solution of FeCls leads to the formation of the substance F
- [NbCly2]Clz without any change in the composition of the cluster. At the stronger oxidation by
chlorine, substance F transforms into G — [NbgCli2]Cly. Under the action of indium chloride on the
resulting cluster, substance G is reduced to [NbgCl;,]Cl,.

Obviously, the curdy white precipitate is AgCl, we can find its amount: v =

0.02845 mol. Next, we find the amount of substance B: v =

It is known that the reaction of niobium oxide (V) with potassium hydrogen sulfate is form

(17043699290 _ 400 Avp= |
0.4364

the mass of the residue corresponds to the molar masses of one sulfate group and 1.5 atoms of oxygen
(96 + 1.5 - 16 = 120). In order to obtain integer indices in the oxosalt formula, we multiply all indices by
two and obtain that J — Nb,O3(SOy),.

Further, when fusing of niobium (V) oxide with sodium carbonate, we obtain orthoniobate K —

Na3;NbOy4 (w(Nb) = % = 0.4112). When fusing of Nb,Os with alkali, superorthoniobate L —
92.9

Na5Nb05 is formed ((,O(Nb) = m = 0.3227).

All niobates are hydrolyzed by water. During the hydrolysis of the superorthoniobate, a crystalline

hydrate of the so-called "salt 4:3" M — NagNbgO1s-16H,0 is formed (n(Nb) : n(H) : n(O) = % : 2—14

oxosalt. Let’s find the molar mass of oxosalt without niobium: M(F) =

:% =045 : 24 : 2625 = 6 : 32 : 35; 32 hydrogen atoms u 16 oxygen atoms belongs to the

crystallization water, hence the formula of the substance M — NagNbeO;9:16H,0).
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The calcination of the substance M lead to the formation of niobate N — NaNbO3 (w(Nb) =
29 = (.5668)

23+92.9+3-16
Equations of reactions:
1) Nb20s + 5¢
2) 2Nb + 5Cl;
3) 2Nb + 5F2
4) NbFs+ 2K
5) Ki;NbF7 +!
6) 6NDbCls +1
7) WbeClis +1
8) 2NbsClis +
9) NbsClis +1
10)[NbsCl12]C

11)8NbCls + 7
12)Nb;0s + 41
13)Nb20s + 31
14)Nb0s + 1(

15)6NasNbOs
16)NasNbsO19
[z]
® q, © ®
1
FeCly | H' 1nCl 1100°C
(lﬁ-) (1eq) KHF,
(©) NbeCly=—rle Nl -~ Cli]% GIf: _ \bF
T 573000 100°C o~
A ©
[10] | AgNO; 700°C | Nb C | 1900°C
¥ w

KHSO
[NbgClpl(NO3), Nb;Cly @ NnggWszOg(SOL;)z

Na,CO
Nrgg{[ n%elt. ’
® HO
Nang(,Olg' 16H20 -IT Na_;NbO_; NangO4
t°C
NaNbO3

4) The structure of the cation E:
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[NbsClio]**
5) The main applications of X: rocketry, aviation and space technology, electronics, chemical

instrumentation, nuclear power.

Evaluation system:

1. The correct definition of the elements X, Y and substance A ............ccceevveeennenn. 1 point x 3 = 3 points
2. Recovery reaction €qQUALION A ..........ccoociiieiieeeiiieeiieeeeeeeieeeeiteesiteesaeeesibeessaseessaseesnnseesnnseesns 0.5 points
3. 0.5 points for each reaction 2 — 16, 0.5 points for each identified substance B - N ................. 14 points
4. Structure of the cation K .........coooiiiiiiiii e 2 points
5. Specifying the main application areas for the X element ...........ccccccoooiiiiiiiniii, 1.5 points

Total: 21 points

Problem 2.
IODINE IN ANALYTICAL CHEMISTRY
1. Reactions 1-4

1) 31, + 6KOH — 5KI + KIO; + 3H,0
2) KIO3 + 3C6H1206 — KI+ 3C6H1207
3) SKI + KIO3 + 3stO4 — 312 + 3K2$O4 + 3H20
4) L+ 2Na28203 — Na28406 + 2Nal
The outcomes of the titration are oxidation of glucose with iodine in 1:1 proportion and reduction
of the excess of iodine with sodium thiosulfate. Thus, we can write an equation according to
stoichiometry of the reaction:

1
n(I;) = n(Na,S,03) '3 + n(CgH;,06)
1
c(IpV(d,) = EC(Nazszos)V(Nazszos) + ¢c(CgH1206)V (CeH1206)

1

c(I)V(I2) —5¢(NayS,05)V(Na;S;03)  0.1-20—0.5-0.1014 - 8.60
V(CgH1,04) B 50.0

Then express it as grams per liter.

C(C6H1206) = =0.0313 M

mol g g
¢ =0.0313M =0.0313 —-126.9 — = 3.97 —
L mol L

2. Reaction 5:
5) 2CuS0Oy4 + 4KI — 2Cul + 2K,S04 + I,
Therefore, 2 moles of cupric sulfate ions accord for 1 mole of iodine which then reacts with 2 moles
of sodium thiosulfate. Thus, amount of copper ions is equal to amount of sodium thiosulfate.
n(Na,S,05) = n(CuS0O, - xH,0)
n(CuS0, - xH,0) = c(Na,S,03)V(Na,S,03) = 13.32- 1073 - 0.05064 = 6.745 - 10~ *mol
Having amount of cupric sulfate, we can evaluate its molar mass.

53



m(CusO, -xH,0) 01516 ) 6 9 _ 1596241801
n(CuS0, - xH,0) _ 6.745-10-%  ““*'° ot = 27 X

M(CUSO4 . tzo) ==

The result is x = 3.62.

3. The product of oxidation of iodine with concentrated nitric acid is iodic acid, therefore B — HIO3.

When dehydrated, it converts to diiodine pentoxide, A — I,0s.
Reactions 6 — 8:
6) 2HIO; — ,Os + H,O
7) 05+ 5C0O — I, + 5CO,
8) I + 10HNO; — 2HIO3 + 10NO, + 4H,0

4. The mass of 1,05 has decreased by Am =0.131 —0.113 =0.018 g. It is equal to the increase of gaseous

mixture mass:
Am = m(C0O,) — m(CO) = n(CO) - [M(CO,) — M(CO)] = n(CO) - M(0)
Am 0.018
n(C0) = 10y = 16
Then we can calculate the mole fraction of carbon monoxide.

pV % 101325-0.75-1073

Mtotal = pr 8.314 - 300

(coy = MCO _ 000125 _ 13— 4139
O e 00303 TR

= 0.00125 mol

= 0.0303 mol

Evaluation system:

L. REACHIONS 14 ettt ettt et s 1 point x 4 =4 points
Proper concentration of glucoSe 1N @/L........ooiiiiiiiiiiiiiiiieeeee e 2 points
2. REACHION 5 ...t ettt e et e e e e e et e e et e e st eeeab e e e eateesaee 1 point
Proper amount Of COPPET 10MS ....cccuuviiiiiiiiiiieiiieeeie ettt e sbee e ebee e saaeesaaees 2 points
ProOper VAIUE OF X ..ouviiiiiieee e ettt e et e et e e st e e s bt e e snbeeeeanee s 1 point
3. Compounds A, B.....oooiiiiiieee e e 1 point x 2 =2 points
REACHONS 6 — 8.ttt ettt e et e e abeeesanee s 1 point x 3 = 3 points
4. AMOUNE OF CO ittt ettt et e sne e e 2 points
Mole fTaction Of CO...c.eiiiiiiiiiiieeie ettt e 2 points

Total: 19 points

Problem 3.

1. Unit cell has 18 atoms of nickel on faces and 6 atoms

HYDROGEN STORING ALLOY

inside the cell. The number of nickel in cell is equal
to:

1
nyi=18-5+6-1=15

Let’s calculate X atoms. 12 atoms of X are on the
vertexes (1/6 of them are inside the cell) and 2 on the faces. So, the number of X is equal to:

1 1
nX=12'g+2'§=3

Density of alloy can be found from masses and volume of A:
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m  1.051+ 2.220

P =y T T 039%

= 8.260 g/cm3

2. Volume of unit cell is equal to base area multiplied to height c. Base is a regular hexagon with side a.
Divide hexagon to six equal regular triangles with side a. Then volume of unit cell is equal to:

a’\J3 _3\/§2
7 ¢ =54k

V =S8c=65,c=6

Mass of unit cell it the sum of masses 15 atoms of Ni and 3 atoms of X.

M (Ni) M(X) 15M (Ni) + 3M(X)
m= -15 + ‘3=
Na Na Na

[15M (ND) + 3M(X)] - 2
3v3aZcN,

p:

<[ S

1 [3v3a%pcN,

=>MX) = 3 > —15M(Ni)| = 139.0 g/mol

Then X — lanthanum, La. Empiric formula of alloy is (3 atoms of La, 15 atoms of Ni) — LaNis.

3. From the picture the parameters of cell are equal to ¢ = 4.300 A, a =5.409 A. Ratio between lanthanum
and nickel is constant, so write the hydride formula B as LaNisH,.Then in one hexagonal cell that
involves 3 atoms of La there is 3x atoms of hydrogen. Use the results obtained in point 2.

_ [15M(Ni) + 3M(La) + 3x - M(H)] - 2
3v3a2cN,

PB =

3v3a2pgcN
o x= |22 PBETA g sp(Ni) — 3M(La) | -

7.0
2

3M(H)
Empiric formula of hydride B — LaNisH>.

4. Table of natural logarithm of equilibrium constant and inversed temperature values:

K, = p(Hy) 1.0 5.0 10 15 20 25 30
In(K,) 0 1.609 | 2.303 2.708 2.996 3.219 3.401
T,K 294 322 342 354 363 371 377
/T, 10° K 3.401 3.106 | 2.924 2.825 2.755 2.695 2.653
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is Using the graph (see the picture) it is
: enough correct to determine the slope
T (tangency):
25
Tt 25 4540 K
20 0.55-103
< 15 . o
= ] Statistical calculations give exact
1.0 number — 4460 K. The value from the graph is
05 enough closer to exact number.
0.0 LN O O D O I O A A O From the thermodynamic dependence
05 i i 5 f 5 5 ; ————  between enthalpy, entropy and equilibrium
26 27 28 29 30 31 32 33 34 35 . . .
T 10° K constant, express the linear coefficient of

obtained linear graph.
—RT -In(K,) = AH® — TAS°

ase_H_ o AH° 1
R _Rr UMt TTROT

In(K,) =

So ATHO = 4460, AH° = 4460 - 8.314 = 37 kJ]/mol. The next error is allowed + 4 kJ/mol
(allowed values: [33kJ/mol — 41 kJ/mol]).

Evaluation system:

1. Correct calculation Of A dENSILY ......eevuiiiiiiiieiiieeiiie ettt ettt e e e e saee e st eesabeeesanee s 1 point
Correct calculation of X atoms and Ni atoms NUMDbET..........cccceervveerrieernieennnen. 1 point x 2 =2 points
2. Correct calculation Of M (X)) .....coooiiiiiiieiee et e e e e e et aa e e e e e e e e eeennnnaes 2 points
Correct determination of element X .......cccoooiiiiiiiiiiiiiiiieee e 1 point
Correct determination of empiric formula of A...........ccccooiiiiiiiiiii e 1 point
3. Correct calculation Of H QtOMS .......cocueeiiiiiiiiiiniieieeieeeeee e 3 points
Correct determination of B formula.............coocviiiiiiiniiiiiiie e 1 point
4. COTTECE ZIAPN ..eeeviiieeiiie ettt ee et e ettt e ettt e st e s bt e e sbteessbeeesabeeesaseeesabeesnseessseessseesnsseesnnseenns 3 points
Correct determination of linear COETICIENT.........cccuiiiiiiiiiiiii e 3 points
Correct determination of standard enthalpy..........ccccoeoiiiiiiiiiiiiiiiiee e 2 points

Total: 19 points

Problem 4.
PLATINOID

1. The only platinoid which can be dissolved in nitric acid is palladium. Therefore, Y = Pd,
A =Pd(NOs),, composition of compound A can be confirmed from the table: mass fraction of Pd in
Pd(NO3), is 106.42/230.43 = 46.18%, which matches the given number.

Most probably, reaction of palladium nitrate with potassium nitrite leads to the formation of a
coordination complex. Therefore,
wPd) w(N) 28.87 _15.2
M(Pd) " M(N) ~ 10642 " 14.007

Thus, B contains 4 nitrite ions and it probably contains [Pd(NOz)4]2_ions, so B = K,[Pd(NO,)4]. For
compound C:

n(Pd) : n(N) = =0.2713:1.085=1:4.

wPd) wN) 246 12.95
M(Pd) “ M(N) ~ 106.42 * 14.007

n(Pd) : n(N) = =0.2311:09245=1: 4.
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Most likely that some of nitrite ligands were replaced with nitrate ligands, therefore,
C=K,[Pd(NO2)a(NO3)4 - l.
M(Pd) 106.42
432.6 =39.098 - 2 + 106.42 + 46.005a + 62.004-(4 — a)
—0.032 =—-15.999a

a =0, so C =K,[Pd(NO3)4].
Reactions of A — C formation:
Pd + 4 HNO; — Pd(NO3), + 2 NO; + 2 H,O
Pd(NO3),; + 4 KNO; — K[PA(NOy)4] + 2 KNO3
Kz[Pd(N02)4] +4 HNO3 — KQ[Pd(NO3)4] +2 HZO +2NO+2 N02

2. In non-acidic environment, cationic hydrolysis leads to the precipitation of basic palladium
nitrate:

Pd(NOs3), + H,O — Pd(OH)NO3l + HNO;3

Any formula of basic palladium (II) nitrate is accepted as right answer.

3. The sum of mass fractions of elements in the table is less than 100%; basing on the context of the
problem, it can be proposed that oxygen accords for the rest of mass fraction, therefore:

23.1 1698 18.24 41.68
106.42 * 39.098 * 14.007 * 15.999
Molecular formula of X: K,PdNgO5.

4. The sum of oxidation number of all nitrogens is 12:2 —2 — 2-1 = 20, and, based on the reagents,
we can propose that all the nitrogen atoms have the oxidation number of +3 or greater. As there are
probably no ions with nitrogen in +4 oxidation state, there must be one ion with nitrogen in +5 oxidation
state. All the other nitrogen atoms must be in +3 oxidation state and as there are 9 oxygen atoms and 5
nitrogen atoms, there must be 4 NO2" ligands and 1 NO" ligand. Therefore,

X = K, [PA(NO)(NO,)4(NO3)]. X| is crystallized in water solution of nitric acid, so
X1 = Ky[PA(NO)(NO,)4(NO3)] - n H,O. Therefore,

n(Pd):n(K):n(N):n(O)= =0.217:0.434:1.302:2.605=1:2:6:12.

M(Pd)
M(X)= [ pay = 106.42 1 0.2143 = 496.594 g/mol.
496.594 = 460.646 + 18.015n

n=>2

So, Xj = K3[PA(NO)(NO,)4(NO3)]-2H,0.

As palladium in compound X has a coordination number of 6, the molecule’s shape is an
octahedron. There are two options for nitrosyl and nitrate relative position - that is, cys- and trans-
positions. In each option, there is only one way for nitrite ligands arrangement, therefore there are 2
isomeric forms of compound X.

Evaluation system:

L. Y, A, B, € ettt ————— e e et et ——————aa 2 points x 4 = 8 points
2. HydrOLYSIS TEACTION ...ceeuuviiiiiieiiiie ettt ettt ettt e st e ettt e ettt e st e e st e e s bt e e sabteesabeeesabeeenanee 2 points
3. Molecular formula of Salt X.......cooiiiiiiiiiiieiee e e 2 points
4. Chemical formulas of salts X and Xj.....cccccecveviiriiiniiniicecceceeeeee e 2 points x 2 = 4 points

Correct number Of 1SOMETIC fOIIMS ....cuviiiiiiiieiierie ettt 2 points

Total: 18 points
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Problem 5.

SPECTROPHOTOMETRY
1. Beer-Lambert-Bouger law is:
A=clc=1 —IO = £=—
ele=1g T £ I

Absorbance does not have the measurement units because it is equal to common logarithm of
intensities ratio. Thus, molar extinction coefficient has the reverse measurement units of length and
concentration. So measurement units of extinction coefficient is M 'cm ! (or L-m0171~cm71).

2. If solution absorbs 74 % of light, then I = 0.261,. Absorbance is equal to

Iy

0.261, 0.585

I
A=lg70=lg

Cuvette length must be considered in calculation consider 1 = 1 mm = 0.1 cm.

A 0.585

_— = -1 -1
e 01.0013 OMcm

E =

3. 2Fe*" + 2NH;0H' — 2Fe?" + N, + 2H,0 + 4H" or
2Fe’" + 2NH,OH — 2Fe*" + N, + 2H,0 + 2H"

4. Ferroin — complex that exists as two optical isomers which are mirror projections of each other as
all complexes that have three bidentate ligands.

Structure formulas of isomers are given below

B P 2@

5. Beer-Lambert-Bouger law for two measurements:

A =€l A, = ¢l =>—1=—C1
1 = €ley, A, = €lc, s

Concentration of solution in the second measurement consists of the mixture of standard solution
with concentration ¢ and the first solution with c;.

o = Vi + ¢Vt _ Azcq
z v, + Vg A,

Express from this unknown concentration c;.

c1V1A1 + ¢tV A = Ay Vi + Ay Vg
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ceVirAy 45-1075-20 - 0.647

= = =1.35-1075M
T AV, + AV, — ViA,  0.898 - 100 + 0.898 - 20 — 100 - 0.647

This is the concentration of ferroine in 100 ml solution. Concentration of iron in analyzed solution

(50 ml) is twice greater, so, the concentration of analyte is equal to 2.70 x 107 M.

Molar absorptivity is calculated using the data of the first solution:

_A_ 0647 4.79 x 10°M1cm™1
£ 50, 1-135-10-5 cmn

Cucrema OICHUBaAHUA:

1. Correct determination of molar absorptivity measurement UNits .........ccccceeeveveeerveeenveernieeesnnnees 2 points
2. Correct CAlCUIAtION OF A ...ooiiiiiiieiiie ettt sttt e et e et e e sabeeenaees 1 point
Correct CAlCUIALION OF € ..eiiiiiieiiie et et e e e e et e e e aa e e e beeesabee e sbeeennseeenseas 2 points
3. Correct equation of chemical TEACTION ........ccovviiiiiiiiiiiiiieeeteeeee et 2 points
4. Correct structural formulas of ISOMETS ........cccovviiiriiiiiiiiiiniieieeeeeeeeee 2 points x 2 = 4 points
5. Correct calculation Of iron CONCENIIALION ......ccc.eeiiiiiiriiiieriieeeiieeeiee ettt 4 points
Correct calculation of complex molar abSOTPLIVILY .......eevcuiieriiiieiiiieiieeiee e 2 point
Total: 17 points
Problem 6.
TEARS OF THE MILKY TREE
1.  Monomer A — isoprene (2-methyl-1,3-butadiene),
1 1
HC. 2 2 //cHz H,C
{ %E ] H,C—C
- +
3 _—~CH CH
C{/ 2 3 CH\CH \C;CHZ
4 CH, i 2 éHa
2. CH, HC H
n HZC /CHZ - HZCHCHZ
n
, Kar Cti? /CHZ_
nCH,=C—CH=CH, — ,c=C
| —CH, H
CH,
n
Natural rubber — is a cis-isomer, but trans-isomer is gutta-percha. Natural rubber is more
elastic, and its macromolecules may coil. On the other hand, gutta-percha molecules are elongated
without any force.
3. Vulcanization of rubber — this is the cross-linking of polymer chains of rubber due to the sulfide

bridges, which gives stability, elasticity to rubber.
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\
(8),
\
-CH,- C(CH,)=CH - CH,-+2nS —— -CH, - C(CH,)-CH-CH,-.
|

(S)Fl
|
B —2,3-dimethyl-1,3-butadiene
CH; CH-
o 0 1.+ Mg | 3 | 3 » CH=C—C==CH,
(CH,C00),Ca —» )J\ e C—C—CHy—> I
HaC CH, 2.+ H,0, H | CH, CH,
OH OH
C - 1,3-butadiene
400 - 500°C, ZnO, AlLLO,
2CH}CH20H > CH:ZCH-CH-CHE + ZHQO + Hz

Natural rubber is stereoregular in contrast to synthetic, but, due to the Ziegler-Natta catalyst
chemists solved this problem and they developed stereoregular synthetic rubber. Elasticity and wear
resistance of the new synthetic rubber have become better than that of natural rubber.
Reaction with bromine:
CH,=CH-CH=CH, + 2Br, - CH,Br-CHBr-CHBr-CH,Br
n(Bry) =300-0.06/160 = 0.1125 mol
n (C) =0.05625 mol
m (C) =20.5 — 54%0.05625 = 17.4625 g.
n (polymer) = 4.2 -10"/6,02%10% = 0.00006985 mol
M (polymer) = 17.4625/0.00006985 = 2.5-10° g/mol

Evaluation system:

1.
2.

COTITECE SITUCTUIE OF Al ..ottt ettt e et e et e e et e e etaeesssbeesaseeesnsaeesnseeennnes 2 points
Polymerization reaction of mONOMEr A .........ccccceieiiiiiiiiiniieenieeneeeeee e 1 point x 2 =2 points
Correct choice of elastic isomer with eXplanation...........ccccevvieerieriieiienieeneeeeee e 1 point
Correct reaction of the vulcanization of TUbDET ........c...cociiiiiiiiiniiieee 1 point
Explanation of the enhancement of rubber properties after vulcanization ............cccoccceeveeerneeene 1 point
Correct StrUCTUIE OF X, Y, Booeeeiieeeeeeeeeee ettt et e e e e eaeees 1 point x 3 = 3 points
Y0 1S (S A (T et 10§ F TP 1 point
Correct statement about absence of stereoregularity of synthetic rubber..........c.ccccoeevvevviiennnenne 1 point
The solution of stereoregularity ProblemM...........coevuiiiriiiiiiiiieeiie ettt 1 point
Determination Of MOIECULAT MASS ......viieiiieiiieeiiie ettt ettt et e e e e sbee e saeeesbeeesaneeenes 2 points
Equation of the reaction of €C With Bra ......cccooiiiiiiiiiiiiiiccceeeee e 1 point

Total: 16 points
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SENIOR LEAGUE. SOLUTIONS

Problem 1.
CHEMISTRY AND INDUSTRY

1. Based on the scheme of reactions in the question 2, the metal is sodium. Thus, the molar mass of A is
M(A)=M(Na)/®w(Na)=23n/0.4694=49n (g/mol), where “n” is the number of Na atoms. For n=1 M(A)=49.
From the scheme we can see that A contains carbon and nitrogen. Also, we know that cyanides form
stable complexes with transition metals. So, A is NaCN (sodium cyanide).
Linear complexes are characteristic for metals in oxidation state +1 and coordination number 2:
Reaction 1:
4Au+8NaCN+0O,+2H,0=4Na[ Au(CN), ]+4NaOH

Recation 2:

2Na[Au(CN),]+Zn=Na,[Zn(CN),]+2Au
2. It is easy to find G is NHs;. Let’s suppose that the SO has formula MeO,,. Then the molar mass of the

metal is M(Me)=8n%. After fitting of n, it can be found SO is CaO at n=2. Then S1 — CaC, (calcium

carbide). S2 includes calcium. S2 molar mass is M(S2)=40n/0,5=80n. There’s a doubly charged anion,
i.e. n=1. After a short search, we get S2 — CaCN, (calcium cyanamide). B — HCN (hydrogen cyanide),
because A is NaCN.

Equations of chemical reactions:

2200°C
Ca0+3C —3» CaC,+CO

1000°-1200°
CaC2+N2 e CaCN2+C

300°
CaCN2+3H20(g) — CaCO3+2NH3

2atm,Pt/Rh
NH3+CH4+1.502 —_— HCN+3H20

1000°-1200°C

tO
HCN+NaOH —3 NaCN+H,0

3. Structure of [CNZ]Z':
2N—C=N <= N——C=—N
4, 5. NaCN is formed as a result of the reaction D and NaOH. Also, D is binary compound. So, D — (CN),
(dicyan). Dicyan is called “pseudohalogen”, because its chemical properties are similar to halogen. For
example, it can disproportionate in solution of alkali on cyanide and cyanate. Then E — NaCNO (Sodium
cyanate). Due to rgis, E1 — HNCO (cyanic acid), E2 — NH4CNO (ammonium cyanate), E3 —(NH,),CO
(urea).

Let’s discuss Ul. It is obtained by dimerization, trimerization, etc. of iso-form H-N=C=0O. The cycle
consists of alternating nitrogen and carbon atoms, because nitrogen atom is nucleophile, and carbon atom,
the electrons of which are pulled to the left side by nitrogen and to the right side by oxygen, is
electrophile. This is also supported by the possibility of obtaining an acid chloride by OH groups. In this
case, carbon atoms have spz—hybridization. For this hybridization cycle of six atoms is the most stable. So
Ul is cyanuric acid. The ketone and enol forms are in equilibrium:
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HN\”/NH NYN
o OH
Keto form Enol

Then U2 — cyanuric chloride, U — melamine.

hOERSe

N

Y Y
cl NH,
U2 u

N

Melamine forms melamine resins with formaldehyde, from which foams, glues, varnishes, etc. are
produced.

T—CH, H,C—

HN N NH

The last unknown substance is H — H)N-CN (cyanamid), which is formed as the result of the
reaction of calcium cyanamide (CaCN,) with carbonic acid. Dicyandiamide is the dimer of H.

N
Z
CO, N
CaCN, ? H,NCN — )|\
2
52 H NH, NH,
dicyandiamide
Co,
{ - -
0, - |
0 o
2
(CN), = v HCN NHZYN\ NH, HNYNYNH
P : N| N T r\l N
G .0 G
NaOH Y CH’ Y
HCI NH H HN
2 N
\_, v - [
NaCN W?(]lqmd) |
A Cl N
NaCNO —> HNCO —> N 2N
E Na,CO4 El NH; Y \‘/
t() 0 OH Cl
(NH,),CO <—— NH,CNO U2 U2
E3 E2
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The structures of cyanuric acid tautomers:

NYN NYN
o] NH,
u2 u
The structure of dicyandiamide:
N N
& &
/ /
HN - N|
HN)\NHz NHz)\NHZ
Evaluation system:
1. Determination Of A ........ccoiiiiiiiiiiitee ettt ettt e st e e st e e s bteesabeeesabeessabeeesaseesnnbeesnnseesnnes 1 point
REaCtiONS EQUALIONS ...ecuvviiiiiieeiiieiiie ettt ettt ee et e e esaeee s 0.5 points x 2 = 1 point
2. Determination of SO, ST, S2, G, Bo.....oeoiiiiiiieeeeee e eeeeeens 0.5 points x 5 = 2.5 points
Reactions EqUALIONS ........eevviiiiriiieniieeniie ettt ree e st e e 0.5 points x 5 = 2.5 points
3. Structure of two isomers of cyanamide ...........ccoeceeeriiiiiniiiiniiiinieceeeeee e 0,5 points x 2 = 1 point
4. Structure formulas of D, H, E, E1, E2, E3, U, U2, Ul and the product of reaction of U with
formaldenyde ........coooueiiiiiii e 1 point x 10 = 10 points
5. Structure formula of dicyandiamide (any of the tWo) .........cccooiiiiiiiiiiiiiiecee 0,5 points
Structure formula Of UL tAULOIMIET ........ooooviiiieieee ettt ettt e e e e et teareeeseeeeereaanaaeseeas 0,5 points
Total: 19 points
Problem 2.
Solution of Problem 3 JUNIOR LEAGUE. Total: 19 points.
Problem 3.
ABOUT YAKUT HORSE
1.
\
H \C—S—CoA H  OH o] 0 0
a'O Y.
K . R/ ~ \S-CoA R/ ~ \S-CoA
x1 X2 X3
(0]
H H H \\C—S—COA
0 N/ _/
|| /C:C //O /C—C\
R/C\S_COA H3;C——(CHy); \—C H3C——(CH,)g H
X4 Y1 S-CoA v2

Oleic acid’s B-oxidation proceeds until double bond is on carbon atom No.3. From reaction of Y1
to Y2 it is possible to determine that X1 must have trans-configuration of double bond to proceed
B-oxidation. The double bond in compound Y2 should be located near the carbon atom No. 2,
since at the beginning of the B-oxidation cycle, compound X1 should have a structure without a
double bond at the carbon atom No. 3. Y2 enters the B-oxidation cycle from the hydration stage
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HO H

The order of groups priority:

OH > C(0)S-CoA > R = CH,CH,CH,... > H.

According to RS-nomenclature, X2 is S-enantiomer.

After every cycle of B-oxidation the number of carbon atoms in acid molecule decreases by 2. As

a result the next sequence including changing double bond location may be written as: C18:cis-9
—> Cl6:cis-7 —» Cl4:cis-5 — Cl2:cis-3 (Y1) — 3 cycles. C12:trans-2 (Y2)—> C10—» C8—>
C6—»C4—»C2 — 5 cycles.

1 B-oxidation cycle gives 1 E-FADH, and 1 NADH. Oleic acid totally proceeds 8 cycles, but
because of isomerization reaction one step with obtaining E-FADH; is skipped. Thus, oleic acid
gives 7 E-FADH; and 8 NADH. Totally, oleic acid gives 9 acetyl-CoA molecules that equal to 9
E-FADH, and 27 NADH. Total: 16 E-FADH, and 35 NADH. ATP calculation:
16%1,5+35%2,5=111,5 molecules. But the first initiation step requires 1 ATP. Thus, energy yield
of 1 oleic acid molecule full oxidation is 110,5 ATP.

Melting temperature depends on ratio between saturated and unsaturated fatty acids. The higher
concentration of unsaturated fatty acids gives lower melting temperature.

HO
e
0 OH o 2
O_ OH
(e}
)J\ )\ )L /\OH @
COOH COOH H
OH
71 72 73 74 75

Evaluation system:

1.

Correct structures of X1, X2, X3, X4, Y1, Y2 ..o 1 point x 6 = 6 points
(X2 structure without considering stereo configuration of carbon atom Ne3 is also counted as
correct)

2. Correct Fischer projection Of X2 .......coociiiiiiiiiieieeeeeeeie ettt e s e s 1 point
Correct determination of absolute configuration of chiral centre in X2.........cccccoceeviriininncnnne. 1 point
3. Correct determination of f-oxidation cycles number until Y1 ........cccocooiiriiiniiiiniiniininiineee 1 point
Correct determination of B-oxidation cycles number after Y2 ........ccccoocevvieiiniinnncnicneenenne 1 point
4. Correct calculation of total energy yield.........ccccooiiiiiiiiiiiiiiiiecee e 4 points
(For calculation without considering the first initiation step) .......ccceeeeccercssunccscnnccscnnscsnnees 3 points
5. Correct explanation of low melting tEMPETATUTE ............eeevuieeeiieeeiieeriieerieeeeiee e enreeeereeeeeeas 1 point
6. Correct structures Of ZL1, Z2, Z.3, ZA, Z5 .........oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeees 1 point x 5 = 5 points
Total: 20 points
Problem 4.
BERMUDA TRIANGLE
1. Reaction 0: rg=kyly, where I, light intensity;

Reaction I: r;= k;[H*][O-],
Reaction 2: r,= k>/*OH][H,];
Reaction 3: r3= k3[*0+][H,];
Reaction 4: r,= ky[H*/;
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Then we should analyze the sign of the derivative

Reaction 5: rs= ks[H*][O,][M],

. Recombination is very exothermic reaction. The new formed molecule absorbs energy. As a
result, molecule’s temperature increases to dissociation temperatures. Thus, dissociation reaction
of new formed molecule proceeds. The collision of the formed molecule with M and transferring
excess energy promotes formation of stable molecule (any explanation specifying key features
is accepted).

. Let’s write down the rate of change in the concentrations for *Oe and *OH, and apply the steady
state approximation for them:

d[+ 0 -]
dt =r,—-1r; =0, > ry =13
d[+ OH]
dt =ritr;—1r,=0; - 2r; =1y
Express rate of He concentration change and substitute found expressions:
d[He]
at =Ty —T1+1p+1r3 =1y —T5 =1y +2r — 1, — T3

It is necessary to substitute kinetic equations in this expression in order to obtain the dependence
of the rate of change in the concentration of [H*/, [O>] and [M]. In the end, we get:
d[He]

dt

=kolo + 2k, [H ][0;] — k4[H o] — ks[H *][0;][M] =

= kolo + [H *](2k1[0;] — k4 — ks[0,][M])

. Let’s express concentration [O;] through partial pressure: p(O;) = x(0;)-p, where x(0;) — oxygen
mole fraction. Because of gases are assumed as ideal, concentration is expressed as (using ideal

gases equation):
1
[02]= AT x(02)p=y(02)p.

The concentration [M] can be expressed through system’s pressure, because it is the concentration

1
of all gases in the system [M]= 7 P
d[He]

Then dependence of on the pressure is as follow:

d[He] 1,
= kolo + [H <] @kv(0,)p — ky — ksy(0) —p*) =
= kolo + [H *](2k1y(02)p — ks — ks y(02)p?)
where k<" = %ks

He

dt

] .
I (2kyy(02)p — kg — ks y(02)p*) > 0

(the first summand in the brackets dominates) then, over time, the concentration of [He/ will increase
and that will lead to explosion in the system. If (2k;y(0,)p — k4 — ks"y(0,)p?) < O (the sum of the
second and the third summands dominates) then reaction proceeds without explosion, because in these
conditions the rate of radicals «death» are faster than their forming. Solving the corresponding quadratic
equation, the critical values of the pressure can be found:

(2k1y(02)p — ks — ks"y(0,)p?) = 0
(ks*V(Oz)pz — 2k,;y(0)p +ky) =0
D = 4(k1y(02))? — 4k,ks"y(0;)

_ 2k1y(0y) £ \/4'(k1}’(02))2 - 4k4k5*)’(02) _
P12 2ks 7(0,)
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ky ky* ky
=T i 2 *
ks k™ ks'v(0z)

Thus, the values of system’s pressure, where explosion
will take place, will be between p; and p, (p; <p <py). If
p = p,; or p = p, then the concentration of He ([H o] = kylyt)
will increase linearly and controllably. The range of pressure
p <pq and p > p, is corresponding to the reaction conditions
under which the rate of He «death» is faster than its forming.
These conditions (p<p 1 and p>p 2) correspond to the calm
character of the reaction. 0 D

Other form of coefficients writing (for example, y(0,) / o1 \p:
or ks* and other) in the quadratic equation does not affect in
resulting points, because they may be taken in account in the
rate constants k;.

In item 4, two boundary values of the pressure are derived for a given temperature. Because rate

constants, which are in the quadratic equation solution, depend on temperature, different values of
pressure will correspond for each temperature. Thus, on p-T diagram it may be shown as triangle.

6. Rate constant k, considers all properties of reactor — shape, material and the other.
Evaluation system:
1. Correct kinetic equations for reactions 0-5.........cceccueevviieniiiieniieenieeniee e 0,5 points x 6 = 3 points
2. Correct explanation about the form of writing the recombination reaction.............cceceeveeeveennee. 1 point
. d[-0-] d[-0H] d[H"] : :

3. Correct expressions , s eeeereeeeieeenee e ee e e e e e nbeeenree e 1 point x 3 = 3 points
dt dt dt
d[He]

Correct expression of Y dependence on [He], [O2] M [M] ..c.c..covvevimiiiiiiiiiiiiiiiiiiciieen, 1 point

d[He]

4. Correct expression of dependence ON P.......ccceeeeuieeriieeiieeeriee ettt eee e 2 points
Correct solution of quadratic EQUALION.......c...cecueeriiiiiierieeiieere ettt 2 points
Correct condition of explosion and calm character of the reaction (in dependence on system’s
PIESSUIE) evteeuetieenireeeuiteeeiteestteestteesseeesaseeesnseeesnseeenssaeansseesnsseesnsseensseeesnseesnnseesnnseenn 1 point x 2 = 2 points

5. Correct explanation for geometric shape of ignition peninsula:...........cceeveeervieeniieeniieenieeenne 2 points

6. COTTeCt POINLING OF Kiueeeiiiiiiiiiiiiieeieeee ettt et e st e st e e st ee e s abeeesabeeesnseeennreas 1 point

Total: 17 points
Problem 5.

VITAMIN OF INDUSTRY

Solution of Problem 1 JUNIOR LEAGUE. Total: 21 points.

Problem 6.

1.

)
o] (0 o]
// | /7
R—C\ + NaOH —= R—I—OH — R—C\ + R'OH
OR' OR' Oe

l H,;0*

/,
R—C

\
OH
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2. Alkaline hydrolysis of esters is irreversible. In basic medium, the hydrolysis rate constant is many
times greater than in acidic medium. The equilibrium is shifted in the direction of saponification due
to the ionization of the carboxylic acid. But the saponification reaction cannot be considered strictly
catalytic since the hydroxyl ion behaves as a nucleophile and not as a base.

3. By the unit of the constant it can be assumed that the overall reaction order is second. Let’s write
down the reaction rate, where c; is the concentration of ethyl acetate, and c; is the concentration of
sodium hydroxide. According to the law of mass action, w = k * ¢; * ¢c;. The overall order of
reaction is 2, ethyl acetate partial order is 1, sodium hydroxide is 1.

4. Let’s express the concentration of substances after mixing:

Q= = =025M;by=>=05M
On the equation of mathematical balance ayp— a = bp— b we can write down that:
ap— a = 0.8ay is taken for the reaction, and a = agp— 0.8ap= 0.2ay1s remained.
Then b = bg— ap+a= bg— 0.8ay.

. . o 0.2
Let’s write the equation of the kinetic curve: In 20

ey an—;’ + (ag — bo)kt
Let’s substitute the corresponding values, and we get:
0.2 x 0.25 0.25
In 05 087025 lnﬁ + (0.25 — 0.5)0.84t

~1.79 =0.69 + (-0.217)

-1.1=-0.21¢
t=15.2 hours.
5. Most esters are hydrolyzed in acidic medium by bimolecular mechanism with acyl-oxygen bond
rupture.
- ® .. - ®
P H' P H0 oH Q"  ron PH Y //0
R_(,:.""" =5 R—C\ =—= R—C—OH, =—— R—(I:—OH __— R—c\ — R—c\
OR' or 4 0@ OH OH
R' H

Since each stage of the mechanism is reversible, the whole reaction is reversible as well.

6. From the second order reaction equation it follows that the graph of the function In (a/b) — t has a
linear form, where the slope of the line depends on the sign of the difference (ay, — by). If the
difference is known, the reaction rate constant can be calculated from the slope of the graph. If the
initial concentrations of A and B are the same, the graph of In(a/b) — ¢ will be a horizontal line. Since

the ratio of concentrations during the reaction will not change, therefore ln% = 0.

Ina/b |

tga=k(ag-bo)

ap=by

In aolbo

t
7. Graphic representation of the relation between the logarithm of the hydrolysis rate and the pH of the
ethyl acetate solution.
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log rate of hydrolysis

0 7 14 pH
Evaluation system:

1. The mechanism of alkaline hydrolysis of ethyl acetate is correctly drawn .........c...ccoceevieenennne. 2 points
2. The irreversibility of alkaline hydrolysis of ethyl acetate is correctly explained..............cc......... 1 point
3. The order of reaction for each reactant. The overall order of reaction is determined ................. 2 points
4. The reaction time is correctly determined .............coocueeeiiieiiiiieiiieeieeeeeeeeeesee et 3 points
5. The mechanism of acid hydrolysis is correctly drawn..........ccoocueeeviieiniiiniiieniieeriecee e 2 points

Its reversibility is correctly eXplained..........coecuiiiiiiiiiiiiiiiiiie e 1 point
6. The graph of the function In(a/b) — ¢ is correctly analyzed and drawn...........cccceeeuveeriiennnnennnne. 2 points
7. The graphical representation of the relation between the logarithm of the hydrolysis rate and the

Total: 14 points
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