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MJIAIIIAS JIUT'A

3ananmue 1

PAKETHOE TOIL/IUBO

BoNbIIMHCTBO KOCMHUYECKUX MYTEIIECTBHIA OCYIIECTBISCTCS OJjaromapsi HCIOIb30BAHHUIO
XUMHYECKOTO PAKETHOTO TOIUTMBA. TOIUTMBHAS CMECh JOJDKHA BKIIIOYATh B CE€0s APy OKUCIIUTENb-
BOCCTaHOBHUTEJb, KOTOPBIE B PE3yJIbTaTe XMMHUUYECKOTO B3aMMOJECUCTBHUS BBIICISIOT Ira3000pa3HbIe
MIPOJYKTHI, COBEPILAOIIUE paboTy, U TEIUIOTY, UAYIIYIO HAa HArPEB BBIACIUBIIUXCS Ta30B.

OmnuM M3 pacnpoCTPaHEHHBIX TBEPbIX OKHUCIUTENEH, HCIOJIBb3YIOIUXCA B PAKETHOM
TOIUIMBE, SIBIISIETCS MEPXJIOpaT aMMOHHUA. B KauecTBe BOCCTAHOBHUTENS B Mape C HUM OOBIYHO
yIOTPEOIAIOT OpraHuYecKue MoauMepbl, Hampumep, monudTwieH (CHp), winm momuusonpen

(C5H8)n .
Bonpocwi:

1. Hanumure ypaBHEHUSI XMMHUYECKUX PEAKIMM, MPOTEKAIOMUX B JIBUTATENIC PAKEThl, MpPU
WCIIOJIb30BAaHUM B KAueCTBE OKHUCIMTENS IepxjopaTa aMMOHHUS, a B KadyecTBe
BOCCTAHOBUTEJS: a) MONHMATUJICH, 0) monmuu3onpeH. CuuTaiite, 4To B 00E€UX peaKLUIX
MOJIyYalOTCs OAHHU M TE K€ MPOAYKTHI, U Ha OKHCJIeHHe | T moauu3omnpeHa HeoOXoIuMo
9,672 r nepxyopaTa aMMOHHS.

B ypaBHeHMSIX peakuuii yisl IPOCTOTHI PEKOMEHYETCs 3aUChIBaTh (DOPMYIIBI TOJIUMEPOB
B BHJIE MOHOMEPHBIX 3BEHBEB.

MoKXHO HalTH CBA3b MEXKIY MCIOJb3YEMbIM TOIUIMBOM U Pa3BUBAEMOM CKOPOCTBIO IOJIETA.
Jlia MoJenupoBaHusi KOCMHYECKOTO TMOJIeTa MOXHO BOCIONIBb30BaThes (hopmynoit [{nonkoBckoro,
COTJIaCHO KOTOPOM HayalbHas Macca pakeThl ¢ TOIUIMBOM (IMp), Macca pakeThl Oe3 TormBa (M),
CKOPOCTb HCTEUEHHs Ta30B W3 JBHMraresis pakeTbl (Vo) M MaKCHMalbHash CKOPOCThb, KOTOPOM
JTOCTUTHET pakeTa (V), CBsI3aHbl COOTHOIIICHHEM:
my, 2

__e'UO
m

[Ipn 3TOM CKOpPOCTH MCTEUEHHs Ta30B NPSAMO MPOINOPLHMOHAIBHA KOPHIO W3 OTHOIICHHUS

TEMIICPATYPhI I'a30B B KCJIBBI/IHE[X K CpCI[HCﬁ MOJIHpHOﬁ MaccCe€ rasoB: vy~
cp
To €CThb, YCIICX IIOJICTa (MaKCI/IMaJ'IBHaSI CKOpPOCTb, KOTOPYIO CHOCO6H3. Pa3sBUTH paKeTa)
HaIpsMYI0 3aBUCUT OT TCPMOXHUMUHN PCAKIIUU MCIKAY OKHUCIIUTCICM U BOCCTAHOBUTCIICM.

JlonycTuMm, JUis KOCMHYECKOT0 IMyTeIIeCTBUS B KAUeCTBE PAKETHOI'O TOIJIMBA MCIIOJIB3YeTCs
CMECh TepxJiopaTa aMMOHHUS M TOJIMATUICHA B CTEXHOMETPUYECKOM COOTHOILICHHUHU. VI3BECTHBI
TEPMOXHMMHUYECKUE JTaHHbIC: TEIJIOTa CrOPaHMs MOJIMITHIIEHA B KUCIOpPOJE B pacyere Ha 1 Moib
CHgy-rpyrmt paBHa Q1 = 660 x/>k/MOIB, TEIJIOTa Pa3IOKEHHsI TIepXiiopara aMMOHHUSI Ha MPOCTHIE
BeIecTBa W ra3oo0pa3Hyr0 BOAy B pacuere Ha 1 mMoib cosm paBHa Q, = 188 x/[x/Monb. Takxke
M3BECTHA TEIUI0Ta ra30(a3HoN peakiuu (B pacueTe Ha 1 MOJIb KUCTIOpOa):



4HCI + O, — 2H,0 + 2Cl; Q3 = 114 k/Ix/mMonb

. PaccunTaiite 3HadueHue cpenHeil MonsApHOH Maccel razoB M, oOpasyromuxcs B xoze
XUMHUYECKON peaKIMy MepXxaopaTa aMMOHUS C TMOJUATUICHOM.

. Paccunraiite MaccoBble 10JIM MMOJUATUIICHA U NIEPXJIOpaTa aMMOHHMSI B CTEXHMOMETPHUECKOM
CMECH, COOTBETCTBYIOIICH MPOTEKAIOIIEH MEXAY HUIMH XUMHUYECKON PEaKIIHH.

. Haiinute teruoBoil a3¢¢dexT peakuuu, MpOTEKAIOUIeH B HAIleM PaKETHOM JBHrartese, u
BBIpa3WTe €ro B eauHuax: a) k/[k Ha 6 Moip mepxiopara amMmoHwus, 0) kDK Ha
KWJIOTPaMM CMECH.

. Cumras, uto TermoeMkocTH razoodpasnoro HCI u azora pasubt 31 Jx/(Mmonb-K) (kaxmas),
razoobpazHoii Bomel — 40 JIx/(monb-K), yrmekucnoro raza — 54 Jx/(monb-K),
paccuuTaiTe Temrneparypy 1 ra3oB, 00pa3yrommxcs B Xoe peakiuu. Mcxoaure npu 3Tom
U3 TpeAnoioxenus, 4to 80% TEenaoThl, BHIACISIONIEHCS B X0OA€ PEaKlUM, UACT Ha HarpeB
obOpasyromuxcs razoB. Hauanbayro temneparypy cuutaiite pasHoit 300 K.

. Haiinute ckopocThb Vo UCTE€UEHUs Ta30B M3 ABUTATEINA, 3HAs, YTO CKOPOCTh HMCTECUCHUS
yraekucioro rasa npu Temnepatype 3000 K pasna 1,1 km/c.

. ITycth Macca kopmyca pakerbl 0e3 TorumBa paBHa 20 1. Haliaure MUHHMaIbHYIO Maccy
TOIUIMBHOM CMeCH, KOTopasi HeoOXoIuMa JiIsl TOro, 4TOObI paKeTa JOCTHUIIAa CKOPOCTH V =
5 KM/c.

. YacTo B TOMIMBHBIE CMECH IMOJHMMEpa M OKHUCIUTENS JJ00aBIAIOT TBEPAbIA MeTalll,
HampuMep, amloMUHUK. B peakuusax, B KOTOpble BCTyHaeT allOMUHUM, Ta30B He
obpasyercs. O0bsiCHUTE, KAKOBA POJIh METAIUIOB B MOJOOHBIX CMECsX?



3aganue 2

COJIHEYHAS XUMUA

i * =
(i

d

Connne sBisgercss camoil Onm3Koil 3Be3noi k 3emiie. braromapst conHeYHON >HEpPruu Ha
3emiie cyuiecTByeT ku3Hb. Kak u3BecTHO, Ha CoJIHIIE NPOMCXOAAT TEPMOSACPHBIE PEAKLUU —
pCaKkiuu CHUHTC3a TAKCIBIX ANCP U3 OoJiee JIETKUX. HpI/I 9THUX PCAKIUAX MPOUCXOAUT BBIACICHUC
OFPOMHOI0 KOJIMYECTBA HHEPIUH, KOTOpas paclpoCTpaHSIeTCs BO BCE CTOPOHBI COJIHEYHOM

cuctemMbl. OCHOBHOM peaKuHeﬁ ABIIICTCA CHUHTE3 AACp TI'CIIUd HU3 IIPOTOHOB, KOTOPYHO MOXXHO
npeaACTaBUTh TaK:

p+lp — 20 +? 0,42 M5B (1)
2H+? ——3He+ y 549M>dB(2)
3He + 3He —» JHe +2? 12,85 M»B (3)

Bonpocwi:

1. [Jommmure ypaBHEeHUs sAepHbIX peakmmii 1 — 3. OneHUTe CyMMapHYH SHEPTHIO,
BhIensemyto Ha Connie (B MaB) B pacuere Ha oHO s1po 3He.

B HacTosiee Bpems CyIIeCTBYET MHOTO COJIHEYHBIX 3JIEKTPOCTAHIMM B BBICOKOPA3BUTHIX
CTpaHax, KOTOpPble 00ECHEYMBAIOT IEKTPOIHEPIUEH TOPOAA U YAOBIETBOPSIOT OOJBIIYIO YacTb
MOTPEOHOCTU B 3JEKTpodHepruu. B ormaneHHsix paiioHax PecnyOmuku Caxa 31neKTposHEprus
BbIpa0aThIBaeTCsl AM3EIbHBIMU 3JeKTpocTaHIUsAMU. B 2015 1. Oblna BBeA€HAa B AIKCILIyaTaIUIO

cosiHeyHas anekTpoctaHuus «bararait» - kpynHeidmas COC 3a ceBEepHBIM MOJSPHBIM KPYIOM,
pacnosioxkeHHas B nocenke bararaii ¢ momuocteio 1MBT.

2. Paccuunraiite, Kakoe KONMYECTBO (B TOHHAX) MAM3EIBHOTO TOIUIMBA B TOJ MOYKHO
COKOHOMHUTB, HCIOJIB3YSl COJIHEUHYIO OJJIeKTpocTaHuuioo «bararail», eciaum cpenHss
IIPOJOJKUTEIBHOCTD CBETOBOTO JIHS 3@ CEBEPHBIM IOJISIPHBIM KPYTrOM COCTaBiseT 14 4acos,
a KIIJ[ nmuzensHoro nuratens 40%. Cxemy peakliuy ropeHust JU3€IbHOr0 TOIUIMBA MOYKHO

Ipe/ICTABUTD B BHJIE ropeHus leTaHa;
C16H34x) + Oz() — COy(y + H2O(

CripaBOYHBIC JaHHBIC:

Qosp(H20(n) = 242k 1x/Monb,
Qosp(CO2(y) = 394Kk /Ix/Mob,
Q06p(C16H34()K)) = 375Kﬂ)K/MOJIB,

1Bt = 1/Ix/1c.

1B (onextponBonsT) = 1,6%10719 Ik



3. Hcnonp3ys mosyueHHbIE pe3ysibTaThl B MyHKTax 1 M 2, paccunTaiiTe Kakoe KOJINYECTBO
anep (B Monsx) 3He jnomkHo oOpaszoBaThes Ha COINHIE, YTOOBI BBIIEIMIOCH TAKOE e
KOJIMYECTBO SHEPTHH, CKOJIBKO BhIpadaTeiBaeT COC «bartaraii» 3a ro.

ConHeunble Oatapen, 0€3yCJIOBHO, SBISIOTCS JIy4IlleH aJbTEpPHATUBOW ra3zy wWin HeQTH U
YIJII0, TIOCKOJIBKY BpEA OT COJIHEYHBIX Oarapeil OKpy)Karolled cpelne 3HAYUTENbHO MEHBIIIE.
Onnako, ux ce0EeCTOMMOCTh MPOU3BO/ICTBA 3HAYUTEIHHO JOPOKE CeOECTOMMOCTH JOOBIYHM ra3a WU
HedTH, K TOMY e 3PPEKTUBHOCTh PaOOTHI COTHEYHBIX Oarapell CHIIBHO 3aBHCUT OT COCTOSTHHS
MOTOABI M OT KOJIMYECTBA COJHEYHBIX THEW. DieMeHT X SBISETCS CaMbIM BOCTPEOOBaHHBIM B
conHeuHoH 3HepreTuke. [lo pacnpocTpaHeHHOCTH B 3eMHOW KOPE 3TOT AJIEMEHT 3aHUMAaeT BTOPOE
mecto. PororneMenTsl U3 X 00JIaIAI0T CaMbIM BBICOKUM KO3()(UIIMEHTOM (OTOIEKTPUIECKOTO
npeoOpa3oBaHusi, MOATOMY Ba)KHa YMCTOTA BEIIECTBAa NpH pazpaboTke QoroanemeHToB. Hinke
MpUBEACHA LETIOYKa IPEBPALIEHUN dJIeMEeHTa X:

/\ 1000°
> 200°C

Mg [ T>1000°C

N

C mpencrasiser coboil ra3 ¢ IWIOTHOCTRIO 1O Bo3myxy 1,103, a D — OecnBerHas apIMsIas
xuakoctTh. [lomyaenne X nmpoucxoaut 6e3 mocryma Os.

4. Omnpenenure sneMeHT X u BemectBa A — D. Hanumure ypaBHEHUS XUMAYECKUX peakiuit (6
peaKIuii).



3aganue 3

PAJIMOAKTUBHBIN 3JIEMEHT

OneMeHT X ABIISIETCS )KU3HEHHO BAXKHBIM ISl )KM3HEIEATEIbHOCTH UyenoBeka. Hinke npusenena
LIETI0YKa MTPEBPAICHUI OJJHOTO U3 €ro PaJUOAKTUBHBIX H30TONOB X*.

C

CO,

02 H20
X* A > B

\ H,0 *

1. Paccuuraiite nepuoj nonypacmnajga U30Tomna sneMeHTa X*, eciu:

AxtuBHoCcTb 1 T BemectBa A cocraBisger 147 kbk, nmo ucreuennu 36,4 MIIH JIET OHa
ymeHbIIuTes Ha 2%. B peakuusx oOpazoBanus Bemectsa B n3 X* npoucxoaut BeleneHNE
Hy, a m3 A mpoucxomur Boaenenue Ojp. Ilpm peakumum A ¢ COz Takke NPOUCXOAUT
Bblenienue Oy. Pazuuna aromubix mace X 1 X* cocrasiser 1.

2. Omnpenenute neMeHT X U BewectBa A-C. Hanummre ypaBHEHUS! XUMUYECKUX PEAKIIUH.

Panunonyknua X* mpenmyIiecTBEHHO MpeTepreBaeT B--pacnan C MaKCHUMaJbHOW dHEpPrueu
qacTull Ep max=1,31 MbdB. B-usnyyarenn Hambonee omacHel IpPH MONAJaHMH BHYTPb
OpraHuM3Ma, OJHaKO PaJUOaKTHBHOCTh, CO3/aBaeMas M30TONOM X¥, MpeAcTaBisieT coOoif
(hOHOBYIO «U€JIOBEYECKYIO» PaJMOAKTUBHOCTD.

3. Hanwmmmre peaxuuio B -pacrana X*.

4. PaccuutaiiTe yaenbHyr sHepruto (JK/Kr), MOTTOIIEHHYI0 TeJIoM, B TedeHue 24 Yacos
KOTOPYIO TOJYYUT 4YeloBeK Maccoi 70 Kr, ecid B OpraHM3Me YeJIOBeKa MacCOBOE
conepskanue snemenTa X — 0,3%, a MonbHas 1o7s paguoakTuBHOrO n3oromna X* — 0,0117%.
Cpennioro sHepruto P-uactuil cuutate paBHOM 0,4 Ep max, BBIBEIEHHEM U3 OpraHM3Ma
npeHeOpeusb. Kak Ha3pIBaeTCs paccUMTaHHAs BeJTMYUHA?

5. Ompenenure, HACKOJBKO O€30MMAacCHA pACCUMTAHHAS BEJIIMYMHA JUIS YEJIOBEKA, ©CIIH IS
HACEJICHUS MpeeIbHAas BETUYMHA COCTaBisieT | M3B B rof.

CnpaBoYHBIE TaHHBIE:

1Bk (6exkepens) = 1 pacnan / lc,

15B (anexrporBoisT) = 1,6¥107° [Tk,
138 (3uBept) = 1 JIx/ 1kr ans B-vactun

. _ In2
OCHOBHOI 3aKOH PaJIMOaKTHBHOTO pactaga A = Age 4, A = ot AxtuBHOCTH A = AN

/2

A, — aKTUBHOCTb BelIECTBA B HAYAJIbHBIA MOMEHT BPEMEHHU;
A — panMOaKTHBHAS MTOCTOSTHHAS;
T1 /, ~ IEpHOZL TIOTypacTaza;

N — upcino pagnoaKTUBHBIX YACTHII.



3apanue 4

3EJIEHAA XUMUA

B nocnennue Tobl B CBSI3U € HAPACTAIOUIMMU TTI00ATBHBIMU SKOJIOTHYECKUMU TpoOIeMaMu
00JIBIIYI0 MONYJSPHOCTH OOpEo HOBOE HAIPaBJIEHHWE B XMUMHH, HMEHYEMOE «3EJICHOM XUMHE».
3eneHas XUMHs MpeArnonaraeT Jiro0oe YCOBEPIICHCTBOBAHME XMMHUYECKHX IPOLIECCOB, KOTOPOE
MIOJIOKUTEIBHO BIMSET Ha OKpyXkaroumyr cpeay. Iloaxoasl «3eneHOll XMMHH» OTJIMYAIOTCS OT
KJIACCMYECKUX CHOCOO0B OOpPHOBI C SKOJOTMYECKUMH 3arpsS3HEHUSMH — BMECTO TOTO, YTOOBI
YHUUTOKATh BPEAHbIE TOOOYHBIE MTPOIYKTHI, BBIICIUBIINECS [TOCIIE XUMHUUECKOTO CUHTE3a, 3eJIeHast
XMMUSL T10/Ipa3yMEBAeT TOMCK HOBBIX O€30MacHBIX IyTEeH CHHTE3a C MOJ0OPOM HETOKCHYHBIX
peareHToB, He HAHOCAIIUX Bpeaa OKpYXKalolLleil cpene.

OnHUM W3 OCHOBHBIX HANPABICHUN <«3EJCHONH XWMHUH» SBISAETCS 3aMeHa TOKCHYHBIX H
JETy4YNX OPraHWYECKUX PACTBOPUTENCH B XMMUYECKUX MPOLIECCaX HA UOHHbIe dHcuokocmu. loHHbIe
KHUJIKOCTH — COJIM OPTaHUYECKOTO WM HEOPraHMYECKOTO TMPOUCXOXKIEHHS, KOTOPBIE B YKUIKOM
COCTOSIHUM TOJHOCTBIO COCTOAT M3 MOHOB. OHM OCTAalOTCA JKUAKUMH B IIMPOKOM JHAara3oHe
temrmeparyp (ot -90 mo +350°C), UMEIOT BBICOKYIO XMMHYECKYIO M TEPMHUYECKYIO CTAOHIBHOCTS,
00J1a/1a10T YHUKAIBHOW PAaCTBOPSIONIEH CITIOCOOHOCTBIO U CITIOCOOHBI PaCTBOPSATH JAaXKe MOTMMEPHBIC
Marepuaibl — MMEHHO JSTH YHHKaJbHbIC CBOMCTBA IPHUBJICKAIOT MHOTHX HCCIEIOBaTeNed K
U3y4YCHUIO HOHHBIX JKHJIKOCTEH.

[TpocTeimmM MpUMEPOM HOHHON KUAKOCTU MOKET CIIYy’KUTh PACIlIaB [IOBAPEHHOU COJIN, HO
IPAaKTUYEeCKOe NMPUMEHEHHE TaKOro paciiaBa He I1eJecO00pa3HO M3-3a BBICOKOW TeMIlepaTyphl
wiasnenus (okosno 801°C). Omguako, Oyayud 100aBIEHHONW K HEKOTOPOM HEOPraHWYECKOM COJH,
MOBApEHHAsl COJIb CYHIECTBEHHO CHW)KAET €€ TeMIepaTypy IUIaBiIeHHs, 00pa3ys 3BTEKTHUECKYIO
CMECh — CHUCTEMY M3 JBYX WIM 0Oojiee KOMIIOHEHTOB, KOTOpas IUIaBUTCS MpU Hambojee HU3KOM
TEeMIIepaType, YeM €€ OT/ACNIbHbIe KOMIOHEHTHI. Tak, Hampumep, B 3BTekTHUYecKkoil cmecu AlCls-
NaCl (T, = 104°) npoBoasTcs peakiuu 371€KTPO(GUILHOTO 3aMEINEHHS B ADOMATUYECKOM PSAY.

Bonpocuwi:

Hwxke npusenensl daszorsie quarpammbl cuctem AlCls-LiCl, AICI;-KCl, AICl;-CaCl,; u
A|C|3ZHC|2.
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1. Bribepure cucremy:
- C HaMEHbIIIEH IBTEKTUYECKON TOUKOM;
- ¢ MuHMMaTBbHBIM KoJmdecTBOM (B Mr) AlCI3 B pacyere Ha 1 r 3BTeKTHYECKO# cMecH.

B HacTosmmii MOMEHT 0c000€ BHUMAHUE YUEHBIX YAEISAETCS MOMCKY HU3KOTEMIIEPATypHBIX
MOHHBIX kuKocteit (Room-Temperature lonic Liquids), TeMneparypsl IUIaBiIeHUs] KOTOPBIX JIEKAT
amke 298K (25°C). Byyun XUIKUME [IPH KOMHATHOW TEMIIEPAType, OHU ABISIOTCS YHUKATBHBIME
PEaKIIMOHHBIMH CPeaMH, KaTATUTHUYECKUMH CHCTEMAaMHU WUJIH JICKTPOIPOBOISIIUME MaTepuaIaMu
B 3aBHCHMOCTH OT II€JIe MPUMEHEHUS U NPOSBIIEMBIX (U3NKO-XUMHUUECKUX CBOMCTB. Tak, B 2004
roxy HayuHoit rpymmoii M. Illans (East China Normal University, Kurait) 6bu1a pa3paGoTana cepus
MOHHBIX J)KUJKOCTEH C KATHOHAMU MEPEXOIHBIX METAIOB U MTOJUOKCOBOJIb(PAMATHBIMI AHHOHAMU
{TiW11039}, obnanaromumx yIuBHTEIbHBIM CBOMCTBOM — IIPU TEMIIEPATypaxX HUKE KOMHATHOW OHU
IPAaKTUYECKH HE CMEIIMBAIOTCA C BOJAOH, OAHAaKo, Hmpu Oojee BBICOKMX TeMIleparypax OHHU
HEOTPAaHMYEHHO PACTBOPSIOTCS B HEH. DTO CBOWCTBO O0YCIOBMIIO IIMPOKOE NMPUMEHEHHE MOHHBIX
KHUJIKOCTEH B MeX(Pa3HOM KaTaiu3e.

2. PaccuuTaiite cTeneHr OKUCIICHHS JaHTAHKMIA, TATAHA ¥ BOJb(pamMa B MOHHOMN JKHUIAKOCTH C
obmeit opmynori Najs[Ln(TiW11039)2] xH20, ecnu W3BeCTHBI HMHKOBBIE W XPOMOBBIC
conu caenyromiero cocraBa: Nag[ZnTiW11030] - 14,7H,0 u Nas[CrTiWy3030] - 15,9H,0.

JlaHHbIE ~ HMOHHBIC JKUAKOCTH  SIBISIIOTCS — [OJHMOKCOMETAUIATAMH —  AQHUOHHBIMHU
MHOTOLICHTPOBBIMU TpymnupoBkamu. OHU BbICTpanBarTcs U3 terpa’apoB [MO,] unm okrasapos
[MOg], B meHTpe KOTOPBIX pacHOararTCsi aTOMbl HMEPEXOAHBIX METAJUIOB, a BEPLIMHBI 3aHSTHI
aToOMaM{ KHCJIOpOAa. ATOMBI KHCIOpPOAa TakkKe CIYyKaT MEepPeXOJHBIMH 3BEHBSMH BCEX
TETPASAPHUICCKUX MWW OKTAAPUUCCKHUX CTPYKTYPHBIX OJJCMEHTOB, a B LECHTPEC MOXKET
PACIIOJIOKHUTBCS HOH JIPYTOro MepexoaHoro Metawia. Ha pucyHke cnpaBa M3o0pa)keHa CTPYKTypa
rexcaBosb(pamar-arnona [WsOig]” .

3. Ipemnoxkure cTpykTypy anuona cocraBa [MTiW11039], Tme M — HOH mepexoaHOro
MeTajuia.

Hioxe JaHa METOAHKA MOJIYYCHUA HepHeBOﬁ [6102) 051
Na13[Ce(TiW11039)2] .

«K pacmeopy 32,3 2 eonvhppamama nampus ¢ 200 ma 600bi
npuU UHMEHCUBHOM NepemMeuusanuu no kanisam oooasusarom 1,11 mn
mempaxaiopuoa mumana (0 = 1,726 2/CM3) (peaxyusa 1)
Tonyuennviii pacmeop noOKUCHAIOM Ne0SIHOU YKCYCHOU KUCTIOMOU
00 pH 6 (peaxyus 2) u nazpesarom npu 60°C 6 meuenue 1,5 uacos.

K eopsaueui peakyuonnoii cmecu npuxanviearom 5 ma IM pacmeopa

Ce(NO3)s u paszmewusarom 6 meuenue 2,5 uacos (peaxyus 3). Ilo ucmeuenuu epemenu
PEAKYUOHHYIO CMeChb DUILMPYIOM 8 MEPHbLLIL CMAKAH, OXAAXCOaom 00 KOMHAMHOU memMnepamypbl
u dobasnarom 50 mn abconromuo2o 3munosozo cnupma. Ilpooykm cobupaemcs Ha OHe MEPHO20
CMAaKama 6 8ude MmemMHoO-KpacHo20 Macid...»

4. CocraBbTe ypaBHEHHMsI OINMCAHHBIX peakiuil. (s 4ero pacTBOp MOAKHUCISIIOT YKCYCHOM
KHucioTo# 1o pH 6?
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3aganue 5

TOMTOp — OHO U3 KPYIHEHIIUX MECTOPOXKACHUM PEAKO3EMEIbHBIX METAILIOB B SIKyTUM U
B MHUpE B LIeJIOM. PecypcoB MecTOpOXIeHHS JAOCTATOYHO, YTOOBI OOECHEUUTh PEAKO3EMEIbHBIMU
MetaiuiaMu 14 u3 27 KpUTUUYECKUX TEXHOJIOTHHM, Pa3BUTHE KOTOPBIX MPEAYCMOTPEHO MPOrpamMMoOin
MOBBILICHUST KOHKYPEHTOCIIOCOOHOCTU POCCHICKOM MPOMBIIIIEHHOCTH. [IporHO3HBIE pecypchbl
COCTABJISIIOT 154 MUIH TOHH PYZbl C OYEHb BBICOKMM COJEPKaHMEM OKCHUIOB 10 penko3eMenbHbIX
3JIEMEHTOB, OJHUM U3 KOTOPBIX sSBiIeTCS X.

Hwuxe nana cxema npeBpameHI/Iﬁ C Y4aCTHEM DJICMCHTA X:

H:S0. (komm.)
IMEKTOIHS B

KOH

Y Y H.0: xosm) KNO

I'as X - A o
' 9 NHJ

|
C
HCI

¥ | KOHIL ) HCl “‘.l.ﬁ"iﬁ.} L

D F

H:, 600°C

E <

| Na/C:H:OH

I[OHOJ'IHI/ITCJ'ILHO HU3BCCTHO, 4YTO:

X — O4YeHb peKO BCTPEUAIOLIUNCA METAJLI, €r0 COAEpkKaHUE B 36MHOU KOpE OKOJIO 7+ 10%%
[0 Macce, NMpUYEM MOJIEKyIsgpHass Macca MeTauia X mpesbimaer 100 r/monb. EnuHCTBEHHBIM
OMHApHBIM COEJMHEHHEM B cxeMme sBisercs BemecTBo C, KOTOpoe mpejacTaBiseT co00i TeMHO-
KOPUYHEBbIE KPUCTAILIBI, @ pacTBOp D nMmeer 3eneHo-kopuyHeBbIi 11BeT. MaccoBas 10151 3JIeMeHTa
X B Bemecte C B 5,82 paza Gosbllle MaccoBOil J0IM MPOTUBOMOHA, 00pa30BaHHOrO razoM Y. Y —
IIPOCTOE BEILIECTBO, KOTOPOE MpPH H. y. MpeCTaBiseT co0oil raz 6e3 mBera u 3amaxa. Bemectso F
SIBJIIETCS. KOMIUIEKCHBIM COEMHEHHEM.

Bonpocbwi:

1. Pacumdpyiite nemnouky npespalieHuii, npuseaure GopmyIbsl U Ha3BaHus BemecTB A-F, X
ny.

2. CocraBbTe ypaBHEHUS MPOTEKAOIINX PEaKITU.

3. CoenmuHeHne A MOXHO TaKKe MOJYYHTh MpPH JCHCTBUU Ha X a) KOHIEHTPUPOBAHHOMN
CEpHOIl KHUCIIOTHI IIPU HArpeBaHWUU; 0) KOHLEHTPUPOBAHHON a30THOW KHUCIOTHI. CocTaBbTE
ypaBHEHUS 00EUX pEaKIIHi.

4. TlpuBenute ypaBHEHHE MOJHOM quccolranuy BemecTsa D.

5. Kakum 06pazom MOXHO MOJTy4uTh BeuiecTBo B u3 X?

12



3aganue 6

MOHOOKCH A30TA

Momnookeuz azora (NO) sBisercss ogHUM M3 MpPEACTaBUTENEH YCTOWYMBBIX COEIMHEHHI-
panukanoB. [losy4aror ero yame BCEro M3 COJIEM a30TUCTOM KHUCIIOTBI — HUTPUTOB Kaiaus WIU
Hatpus. [Ipumepamu crioco6oB npeBpaieHuss HUTpUToB B NO SBISIOTCS peakuy HUTPUTA KaJIUs C
MMOAKUCICHHBIMU CEPHOW KHUCJIOTOM pacTBopaMH Hoaunga kKanus (peakuusi 1) Wiam KenToi
KpoBsiHOW conu (peakuusi 2). MeHee mnpeanodTuTelbHa peakinus ¢ pa30aBIICHHOW CEepHOM
KHCJIOTOH B OTCYTCTBHE BOCCTaHOBHTEINICH (peakums 3).

Bonpocwi:
1. Kakue enie ycroiiunBbIe MpU H.y. ra3bl ABISAIOTCS paaukanamu? [IpuBeaure na npumepa.

2. 3anummure peakuuu 1 — 3. O0bsicHUTE, TOYeMy peakuus 3 MeHee YA00Ha Ui MOTyYeHUs
NO.

JIns moNmydeHus CyXOoro ra3a MOXKHO HCIIOJIb30BaTh TBEPHO(A3HYI0 PEaAKIUI0 OKCHIA
xpoma(lll) co cmechbro HUTpaTa U HUTpHUTA Kanus B maccoBoM cooTHorennd M(KNO3) : m(KNO3)
= 2,53 (peakuus 4). Jta peakiys MPOBOJUTCS MIPHU HATPEBAHUH.

3. PaccunTaiite MmonpHOe cooTHomeHue N(KNO;) : n(KNO3) B atoii cmecu. B nanbHeliem
C“II/ITaI\/JITC, 9TO 3TO COOTHOMICHUEC COOTBECTCTBYCT CTCXUOMCTPUHU PCAKIINU.

4. 3anumuTe ypaBHEHHE peakuMu 4, CUUTasl, YTO €IMHCTBEHHBIM ra3000pa3HbIM MPOJAYKTOM
spisiercss NO, a B TBep10#i (haze ocTaeTcst e IMHCTBEHHOE BEIIECTRO.

5. Paccuunraiite Maccy oxcuma xpoma(lll), neoOxommmoro misi peakmuu ¢ 10,00 T
BBILIEYIIOMSHYTON CMECH HUTpAaTa U HUTPUTA KU,

HecmoTpss Ha CBOI0O CTaOMIIBHOCT MNpH HOpMalbHBIX yciaoBuAx, NO HeycToWuyMB K
pasnoxenuto. Tak, npu Temmeparypax 1000 — 1200 °C on pasmaraercs no peakuuu 5. [Ipu
BBICOKOM JIaBJIEHWM W YMEPEHHO BBICOKOW TeMIeparype IpOUCXOIUT peakums 6. A mpu
MOTJIOLIEHUM Ta3a ILIEOJIUTOM — peakuusi 7. YpaBHEHHUS O3THX peakuud ¢ KodppuimeHTamu
MIPUBE/ICHBI HIKE:

5)2NO — A + B
6)3NO — C+D
7)4NO — C +E

Jlns peakuuu 6 nzBectHsl 3HaueHust AfH® = —155.4 xJ[x/monb, AS® =—172,1 Jx/(Monb-K).
6. OmpezienuTe NPOAYKTHI KaXKA0# n3 peakiwmii (Betnectsa A — E), 3anummire ux Gpopmysibl.
7. PaccunraiiTe KOHCTaHTy paBHOBecHs peakuuu 6 nmpu 800 K.

B cocyne obvemom 2,0 n marpeBamu NO no temnepatypsl 800 K, mpuuem HauyampHOE
nasienre NO nipu 800 K cocrasmnsuio 10 6ap.
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8. Paccumraiite xommuectBo NO (Monb) B cocyne mocie OKOHYaHUs peakuuu 6 (mpu
HACTYIUICHMH XUMHUYECKOTO PaBHOBECHs), €Clii 00BbeM COCyAa W TemIeparypa BHYTPH HETO
IIOCTOsIHHBI.

Ecan Bel He cMOIJIM peluTh cocTaBiaeHHoe BaMu ypaBHEHHE, TO, MOKAJIVICTA, 3AlUIINUTE B

OTBECT 5TO YPAaBHCHHUC.

9. B xakom ciyyae koHe4yHOe mapruaibHoe gaBieHre NO Oymer Oosble: €Cciau peaxiuio
MPOBOJNTHh NPHU TIOCTOSIHHOM JIaBJICHHUHM W TEMIIEpaType, WU MPH MOCTOSHHOM O0BheMe U
Temriepatype?

CnopaBka: NOpPOXYKTBl M PEarcHTbl BXOAAT B BbIpaxkeHue A K, B BHIE pPaBHOBECHBIX
o 5

JaBJICHUH, BEIpaKeHHBIX B Oapax, 1 6ap = 10” [Ta. Konctanrta paBHOBeCHs BhIpa)kaeTcs yepes

M3MEHEHHUS SHTAJIBIIUU U SHTPOIIUHU PEAKIIUU:

—RT - InK, = A, H° — TA,S°

14



CTAPIIAA JIMT A

3aganue 1

PAKETHOE TOIL/IUBO

BoJIBIIMHCTBO KOCMMYECKHMX IyTEHIECTBUH OCYILECTBIIAETCS Oylarofapsi HCIOJIb30BaHUIO
XMMHUYECKOI0 PaKeTHOIo TOIUIMBA. TOMIMBHASL CMECh JOJDKHA BKIIOUYATh B €05 Mapy OKUCIUTENb-
BOCCTAHOBUTEJIb, KOTOPBIE B PE3Y/IbTaTe XUMHUECKOIO B3aUMOJIEHCTBUS BBIIEISIIOT ra3000pa3Hble
IIPOJYKTHI, COBEPILAOLINE padOTy, U TEIUIOTY, UAYIIYIO Ha HAarpeB BbIICIUBIIMXCS T'a30B.

OnHuM U3 pacHpoCTPaHEHHBIX TBEPAbIX OKHCIUTEIEH, HCIOJIb3YIOIIUXCS B PAKETHOM
TOIUIMBE, SIBIISICTCS MEPXJIOpaT aMMOHHUA. B KauecTBe BOCCTAHOBHUTENS B Mape C HUM OOBIYHO
YIOTPEOIAIOT OpraHuvecKue MoauMepsl, Hampumep, nomudTwiceH (CHy), wim mnomuusonpen

Bonpocwi:

1. Hanummmre ypaBHEHUS XMMHYECKHX PEAKLUH, MPOTEKAIOUIMX B JBUraTele PaKeThl, MPH
UCIIOJIb30BAHUM B KAueCTBE OKHCIMTENS IepxjopaTta aMMOHHS, a B KadecTBe
BOCCTAHOBUTEJISA: a) MOJMATWIEH, 0) monuuzonpeH. CuuTaiite, 4To B 00euX peakIusax
IMOJIY4aroTCd OJJHU U TC XKC MPOAYKThI, U HAa OKHUCJICHUC Ir IMOJIMU30ITIpCHA H€O6XOI[I/IMO
9,672 r nepxjopaTa aMMOHHSI.

B ypaBHeHuUsX peakumii 111 IPOCTOTH PEKOMEHIYETCs 3aMChIBaTh (POPMYIIBI TOJIMMEPOB
B BUJI€ MOHOMCPHBIX 3BCHLCB.

MOXHO HalTH CBS3b MEXIY HCIIOJIb3YEeMbIM TOIUIMBOM H Pa3BUBAEMON CKOPOCTBHIO TMOJIETA.
JIsisi MOJIETTMPOBAHUSI KOCMHUYECKOTO IMOJIETa MOKHO BOCIIONIB30BaThCsl (hopmyiton L{romkoBckoro,
COTJIACHO KOTOPOW HadabHas Macca PakeThl ¢ TOIUIUBOM (Mp), Macca pakeTsl 6e3 TorumBa (M),
CKOpPOCTb HUCTCUYCHHA T'a30B N3 ABUIATCIIA PAKCThI (Vo) U MaKCHUMAJIbHAsA CKOPOCTD, KOTOpOfI
AOCTUTHECT paKeTa (V), CBsA3aHbI COOTHOILICHUECM
m -
_0 — evo
m
HpI/I OTOM CKOPOCTb HCTCUCHHUA Ta30B IMPAMO NPONOPIHMOHAIbBHA KOPHIO M3 OTHOUICHUA
T

TeMIlepaTypsl ra3oB B KeslbBUHAX K CpeTHEH MOJISIPHON Macce ra3oB: Vo~
cp
To ectp, ycnex mojiera (MakCHUMallbHas CKOpPOCTb, KOTOPYIO CIIOCOOHA pa3BUTh paKeTa)
HaMpsAMYIO 3aBUCUT OT TEPMOXHUMHUH PEAKIIMHU MEXYy OKHCIUTEIEM U BOCCTAHOBUTEIEM.

HOHYCTI/IM, I KOCMHUYCCKOIr'o MyTeEeCTBHUA B KAQYECTBE PAKETHOI'O TOINIMBA HUCIIOJIB3YCETCA
CMCChb IIE€pXJjioOpaTa aMMOHHUA W IOJUITHIICHA B CTCXHOMETPHUYCCKOM COOTHOIICHHH. H3BecTHBI
TCPMOXUMHUYCCKUC NAHHBIC: TCIUIOTA CTOpAHUA MOJUITUIICHA B KHCJIOPOJAC B PACUCTC HaA 1 momnb

CHa-rpynn paBHa Q1 = 660 x/[>x/MOJb, TEMJIOTa PA3IOKEHHs IepXjopara aMMOHHUSL Ha MPOCTHIE
15



BEIIIECTBA W Ta3000pa3Hy0 Boay B pacyere Ha 1 mosb conu paBHa Qp = 188 x/[x/monb. Takke
M3BECTHA TEIUIOTa ra3oa3Hoi peaknuu (B pacyere Ha | MOJIb KHCIIOPOIa):

4HCI + O, — 2H,0 + 2Cl, Q3 = 114 kJIx/MoIb

2. PaccuuTaiiTe 3HaueHHe cpelHed MOJSIpHOM Macchl rasoB M, oOpasyromuxcs B Xone
XUMHUUYECKON peaKlMU MepXjaopaTa aMMOHHUS C ITOJIMATUIIEHOM.

3. PaccumraiiTe MaccoBbI€ JIOJH MOJUATHIICHA U TIEPXJIOpaTa aMMOHHSI B CTEXMOMETPUYECKOM
CMECH, COOTBETCTBYIOLIEH MTPOTEKAIOIIEH MEKAY HUIMU XUMHUYECKOM PEaKIMH.

4, Haiinute TeruioBor 3(dekT peakiuu, MpOoTeKaloliell B HaIleM PAaKETHOM JBUTATENe, W
BbIpa3uTe ero B eauHunax: a) k/[k Ha 6 Monp mepxjopata amMmMoHus, 0) kDK Ha
KUJIOTPaMM CMECH.

5. Cuawuras, uto TeroeMkoctu razoodpasnoro HCI u azora pasubi 31 Jx/(moib-K) (kaxmgast),
razoobpazHoii Bomel — 40 JIx/(monb-K), yrimekumcinoro raza — 54 Jx/(monb-K),
paccunTaiTe TeMIeparypy I ra3oB, 00pa3yrommxcs B Xo/e peakuuu. Mcxomure npu 3Tom
U3 npennoyaoxenus, uto 80% TenaoThl, BHIACISIOMIEICS B X0/1e Peakluu, HAET Ha HarpeB
oOpa3yromuxcs ra3oB. HauansHyto temmnepatypy cuurtaiite pasuoit 300 K.

6. Haiinute ckopocTh Vo MCTEUEHHs ra3oB W3 ABHIATElNs, 3HAs, YTO CKOPOCTh HCTECYCHUS
yriekucioro raza npu temneparype 3000 K pasna 1,1 xkm/c.

7. Tlycth macca kopryca pakeTbl 0e3 TorumBa paBHa 20 T. Haiiaure MUHUMaIbHYIO Maccy
TOIUTMBHOM CMecH, KOTopasi He00X0IuMa JJII TOTO, YTOOBI paKeTa IOCTUTIIa CKOPOCTH V =
5 km/c.

8. HacTo B TOIUIMBHBIE CMECH ImojimMepa U OKHUCIUTEIIA I[O68.BJ'I${IOT TBCp,I[LIfI MCTalll,

HalpuMmep, amoMUHUN. B peakuusx, B KOTOpble BCTyNaeT alOMUHUNA, Ta30B HeE
obpa3zyercsa. O0bICHUTE, KAKOBA POJIb METAJNIOB B TIOJIOOHBIX cMecsIX?
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3aganue 2

SKCTPAKIIUA HOJA

Yacro nepell XUMUKaMU-9KCIIEPUMEHTATOpaMU BO3HHUKAET 3aJauya M3BJIEYb HOJ U3 BOAHOIO
pacTBopa: AJsl €ro OYUCTKH, JJISl €r0 OTAENICHUs, IJs IEMOHCTPAllUU KPacCOYHBIX OMBITOB. OaHUM
U3 MPOCTBIX CIIOCOOOB CAENATh 3TO SBISETCS SKCTPAKIMS HOAAa OPraHUYECKHMMHU PacTBOPUTEISIMU
(myTeM 100aBICHUsI OPTaHUYECKOTO PACTBOPHUTENS K BOJHOMY PAacTBOPY, B PE3YJIbTATE YETO YaCTh
PacTBOPEHHOIO BEIIECTBA MEPEXOTUT B OPraHUIECKyIO (asy).

1. Kak oxpalieHsl CiupToBbIe U OEH30JIbHBIE PACTBOPHI Ho1a?

2. Kak MOXHO NOJy4uTh CUHUNA pacTBOp hoaa?

opra"mdeckas (1)333 o
[I ] Hpouecc OKCTPpAKIIUU  XAPAKTCPUZYCTCA COOTBCTCTBYIOLICHU

2(opr.daza “
(opr-¢aza) KOHCTAHTOHU paCIpCACICHHA (KOHCTaHTa PAaBHOBCCHA IICPCXOaa |2(BO)1H.)

— ly(opr)). KoHCTaHTy pacnpeneneHuss MOXHO CXOOHBIM 00pazoM
BBIPa3UTh KaKk 4epe3 pPAaBHOBECHbIE KOHLEHTpaluuu Homa B
BOMHAs daza OpraHMYecKoil U BOJHOMU (haze, TaK M uyepe3 pacTBOPUMOCTh Hoja B
(12 (so.qpaza)) COOTBETCTBYIOLIUX PACTBOPUTEIISIX:

[Iz(opr.(ba3a)] _ S(Iz(opr.¢a3a))
IZ(BO/I[H.(I)aSa)] S(IZ(BOAH.¢a3a))

KD (opr.pasa—Boga) — [

[Tocne okoOHYaHUSI TpoIecca OSKCTPAKIMHM WOAa OPraHWMYECKHM pacTBOpUTENeM A U3
HaCBILIEHHOTO0 BOJHOTO pacTBopa (HajJ KPUCTAJUIMYECKUM HOJI0M), KOHIIEHTpalus Hoxa B BOJE
okazainach B 208 pa3 MeHblue, ueM B pactBoputene A. Ilpu 3Tom pacTBOpUMOCTH l0J1a B YMCTON
Boge cocrasisger 0,280 r/n. IlpeneOperas cyliecTBOBaHMEM HEMOJEKYJISApPHBIX (opM Honma B
pacTBopax, a Tak’K€ paCTBOPUMOCTBIO PACTBOPUTENEH IPYT B ApYyre, PeLUIUTe CIEIYIOLINe 3aJaHHs:

3. PaccumTaiiTe KOHCTaHTY paclpeneieHus o1a Mexay pacTBOPUTENEM A U BOJIOH, a Takxke
pacTBOpPUMOCTh Hoaa B pactBoputene A (B Moab/ia). CuuTaiiTe MaHHBIE 3a/ladyd JTIOCTATOYHO
TOYHBIMH U OTBET JAHTE C TOUHOCTBIO 10 4 3Hauaujux yugp.

[Tocne sxcTpakiuu oaa u3 100 M HaCBIIIIEHHOTO BOJHOTO PacTBOpa (HaJ KPUCTANTNYECKUM
ogom) ¢ momomipio 10 M opraHmdeckoro pactBoputenss B, He cMmemmBaromerocs ¢ BOJOMH,
KOHIIEHTpaLus oaa B BoJHOM (a3e ynana B 37,5 pa3 10 CpaBHEHHIO C MCXOHOM.

4. PaccuuTaiiTe KOHCTAHTy pachpeieseHus Hoja B CHUCTEME pacTBopuTelnb B — Boga u
KOHCTAHTY paclpeeieHus Hoaa B CHCTEME pacTBOpUTENh B — pactBoputens A, cuuTas, 4TO
PacCTBOPUTENN MEX]Ty COOON HE CMEITUBAIOTCA.

5. Paccuwuraiite pacTBOpMOCTh Hojaa B pactBoputene B (B Moub/i). Cuntaiite TaHHBIC
3aJjauy I0CTaTOYHO TOYHBIMM U OTBET JaiiTe C TOUHOCTBIO A0 4 3Hauauux yugp.
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10,00 r TBepmoro iHoma MOMECTWIM B KOOy, B KOTOPYIO TOCIEIOBATEIIFHO HAIMIW BOIY,
pactBoputenu A u B. Becp Honm pacTtBopuics, MpuU4YeM CyMMapHbBIH 00BEM TpeX pacTBOPOB
coctaBuil 677 wmi. Ilocie TIIATENBHOTO TEPEMENIMBAHHUA COACPKUMOTO KOJOBI M pacCIOCHUS
KHIKOCTEH, Bce TpH ¢a3bl (pactBop |2 B A, pactop |2 B B, pactBop |2 B Bose) npeacrasisimn coboit
HaCBHIIIEHHBIE pacTBOpPHL. M3BecTHO, yTO 00BbEeM /100aBICHHOrO pacTBopuTens B Oombine oObema
pactBopureinst A Ha 10 mut.

6. Onpenenure 00bEMBI BOJIBI, pacTBOpUTENe A U B B momyueHHO# TpexdazHoii cucreme.

7. Ilpennoxure aBa MPUHIUIHMAIBHO Pa3sHBIX XUMHUYECKUX CIIOCO0a TMEpPEeBECTH OOJIBIIYIO
4acTh Hoja B BOJAHYIO (pa3y B cucTeMme BoJa — pacTBopuTeNlb B (B Buiae 1H000ro COeAMHEHHUs),
cuuras, uto B — apoMaTuueckuil yriaeBoopoa. 3anuiliuTe COOTBETCTBYIOLIUE YPABHEHUS pEaKLIUM.

3aganue 3

PO ME]J

Men sBaseTcs CIagoCThIO M HCIIOJIB3YCTCA B IIPUTOTOBJIICHUHW MHOI'MX HOECCPTOB. KpOMC
CBOUX YHUKAJIBHBIX i1 KYJIUMHApHUU CBOfICTB, MEO 06nanaeT Cc Hu aHTI/I6aKTepHaHBHOﬁ
AKTUBHOCTBIO.

CunraeTcs, 4TO TJIaBHBIM 0Opa3oM aHTHOaKTepHalibHas AaKTUBHOCTh MeJa OO0YCIIOBJIEHA
IPUCYTCTBUEM B HEM HM3KOMOJIEKYJSIpHOTO BemiecTBa A. BemecTtBo A B Mene oOpasyercs B
pesyabTare neicTBus kuciaopoga Ha X (OOMH U3 JIBYX IVIABHBIX MOHOCAaxXapuioB B Meze) B
MPUCYTCTBUH epMeHTa X-oKcuaasbl. B peakuuu Takxke noriomaercs 1 MoyieKyna BOJbI.

B mocnenneit peakiuu BeiaensieTcs Takke 1 Moliekyna KUCIOTHl B, KOTopast BBINONHSET POIb
perynaropa KMCIOTHOCTH B MeJie, co3aaBasi B Mee pH, Takxke BIUSIONINI HAa aHTHOAKTEPUATBHYIO
aktuBHOCTh. Kucnora B cogepxur 36,7% yranepona u 57,1% kuciopoja mo macce.

Bonpocuwi:

1. Ompenenute CTpyKTypHBIe (opmynsl u OpyTTo-hopmynsl A, kuciaotel B u X, ecnu
JOMIOJTHUTEIBHO M3BECTHO, YTO A JIETKO pasyaraercsi Ha 0ojee MpocThle MPOAYKTHI B IPUCYTCTBUU
depMeHTa KaTanaszbl WIM JUOKCHJA MapraHia, a X sBISETCS OJHUM W3 TJaBHBIX MCTOYHUKOB
cllaKoro BKyca Mea. Hanummre ypaBHeHue peakiiun oopasobanus A u B u3 X.

2. Kakoit MmoHOcaxapun, kpoMme X, COJIEpKUTCA B Mesie B OonbpIIux KoiauuecTBax? HazoBute
ero. Kakoro moHocaxapua B Mezie 6osbiie?

OnHako, Kak BBISICHUJIOCHh, HE BO BCEX BUJAX MeEAa COAEP)KATCS 3aMETHBIE KOJIMYECTBA A.
beuto oOHapyXeHO, 4YTO B OSTOM CJy4ae BEIIECTBOM, MPOSBISIONIUM aHTHOAKTEPHAIBHYIO
aKTUBHOCTbD, siBiisieTcs BemecTBo C. OHO 0Opa3yeTcst B pe3yabTaTe MEIJICHHONW CaMOIPOU3BOIBHOM
JeTuapaTaluy TUTHIPOKCHAlleTOHa JIMOO TIUIepaibAerua U HEe COJEPKUT B CBOEM COCTaBe
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UKJINYECKNX (parMeHToB. (DepMEeHTaTHBHO 3TH K€ IPEBPALICHUS MOTYT TPOUCXOIUTH C
MoHOdoc(haTaMH JUTHAPOKCUALIETOHA U TIHUIEPANIbICTHIA.

3. IlpuBemute  CTpyKTypHbIe  (GOPMYJbl  TUTHAPOKCHALICTOHA,  [IIHIIEPAJIbICTHIA,
MoHO(dochaTa TuruapoKcHaleToHa 1 MoHodocdara raurepaibaeruaa.

4. Onpenenute cTpykTypy BemectBa C, ecnu u3zBectHO, yTo C aeT peakiuio cepeOpsHOro
3epKaja.

5. B pe3ynpraTe Kakoro OHMOXMMHYECKOIrO Ipolecca B opranusmMe u3 | monexkynsl X
oOpa3zyrotcst 1 monekyna moHodocdara AUTHAPOKCHANETOHA U 1 MOJeKyla TIHIEepaIbIeru-
dochara? Kakoe BemiecTBo, 00iasaromiee TakKUM ke YriaepoaHbIM ckeneroM, uro u C, sBisercs
UTOTOBBIM MTPOIYKTOM 3TOTO Tiporecca? [IpuBenure ero CTpyKTypHYyIO GOpMYIy U Ha3BaHHE.
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3apanue 4

PAJIMOAKTUBHBIN 3JIEMEHT

OneMeHT X ABIISIETCS )KU3HEHHO BAXKHBIM ISl )KM3HEIEATEIbHOCTH UyenoBeka. Hinke npusenena
LIETI0YKa MTPEBPAICHUI OJJHOTO U3 €ro PaAUOAKTUBHBIX U30TONOB X*.

C

CO,

02 H20
X* A > B

\ H,0 *

1. Paccuuraiite nepuoj nonypacmnajga U30Tomna sneMeHTa X*, eciu:

AxtuBHoCcTb 1 T BemectBa A cocraBisger 147 kbk, nmo ucreuennu 36,4 MIIH JIET OHa
yMmeHbIIuTcs Ha 2%. B peakuusix obpazoBanus emectBa B u3 X* npoucxoaut BelaeneHue
H,, a u3 A npoucxomut Bbiaenenne O,. [Ipu peakmuum A ¢ CO; Takke HPOUCXOIUT
Beigenrenue O,. Pazauna aromusix Mmacc X u X* cocrasiset 1.

2. Omnpegenute >nemMeHT X u BemlectBa A-C. Hanuimmrte ypaBHEHHS] XUMUYECKUX PEaKIUil.

Pajuonykimun X* IpenMyIIecTBeHHO HpeTepreBaeT P -pacnaj ¢ MaKCHMANIBHON SHepruei
qacTull Ep max=1,31 MbdB. B-usnyyarenn Hambonee omacHel IpPH MONAJaHMH BHYTPb
OpraHu3Ma, OJHAKO PAaJUOAaKTUBHOCTb, CO3JaBacMas M30TONOM X*, mpeacTaBiseT coOou
(OHOBYIO «UEJIOBEUECKYI0» PAJHOAKTUBHOCTb.

3. Hammmmre peaxuuio B -pacmana X*.

4. PaccuutaiiTe yaenbHyr sHepruto (JK/Kr), MOTTOIIEHHYI0 TeJIoM, B TedeHue 24 Yacos
KOTOPYIO TOJYYUT 4YeloBeK Maccoil 70 Kr, ecid B OpraHM3Me 4YelOBeKa MacCOBOE
conepskanue snemenTa X — 0,3%, a MonbHas 1o7s paguoakTuBHOrO n3oromna X* — 0,0117%.
Cpennroro sHepruro B-yactun cuutath paBHOH 0,4 Eg max, BBIBEJCHMEM W3 OpraHM3Ma
npereOpeus. Kak Ha3pIBaeTCs pacCUMTaHHAS BETUYUHA?

5. Ompenenure, HACKOJBKO O€30MMacHA pacCUMTAaHHAS BEIIMYMHA IS YEJIOBEKa, €CIIA JUIS
HACEJICHUS MpeebHas BETUYMHA COCTaBisieT | M3B B roj.

CnpaBoYHBIE TaHHBIE:

1Bk (6exkepens) = 1 pacnan / lc,

15B (anexrporBoisT) = 1,6¥107° [Tk,
138 (3uBept) = 1 Jx/ 1kr ans B-yactui

. _ In2
OCHOBHOI 3aKOH PaJIMOaKTHBHOTO pactana A = Age 4, A = ot AxtuHOCTE A = AN

/2

A, — aKTMBHOCTb BEIIECTBA B HAYAJIbHBIA MOMEHT BPEMEHH;
A — panMOaKTHBHAS MTOCTOSTHHAS;
T1 /, ~ IEpHOZL TIOTypacTaza;

N — upcino pagnoaKTUBHBIX YACTHII.
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3aganue 5

HOBEJIEBCKHUE PEAKIINHU NOE £

Peakumu  kpocc-coueTaHuss — OOIIMPHBIA KJIAcC peakiuii, KOTOpble BKIIOYAIOT
B3aMMOJICHCTBHE MEXAY [JBYMs pa3HbIMH OpraHMYeCKMMH CyOcTpatamu (4aimie BCero,
3JIEMEHTOOPTaHUYECKUMHU COEIMHEHUSMU U OpPraHMYEeCKMMM TaJOreHUJaMu), IPUBOJSAIIEE K
00pa30BaHMIO HOBOU YIIIEPOA-yIJIEPOJHOM CBSI3U:

X-R+ M-R'— R-R"+ MX

BaxHoli  3amadeil COBpPEMEHHOW  OpraHMYECKOM XUMHH  SABISETCS  pa3paboTka
BBICOKOCEJIEKTUBHBIX PEAKLMM KpOCC-COUYETaHUs, KOTOPbIE UIPAIOT KIIOYEBYIO pOJIb B CHUHTE3€
CJIOKHBIX (PYHKIIMOHATM3UPOBAHHBIX OpraHnndeckux Mosekyi. B 2010 roxy HoGeneBckoit npemueit
0 XUMUHU ObUIM HarpaxzaeHsl Tpoe yueHblx — Puuapn Xek (1931, CIIA), Ouun Herummum (1935,
Snonusa) um Axupa Cymsyku (1930, Snonus) 3a pa3paboTKy peakIuii Kpocc-coueTaHus,
KaTaJTM3UPYEMbIX METAUIOOpraHndeckumMu Komiuiekcamu namiamust (I1). Brmaromaps Hu3Koi
CTOMMOCTH MAJIAJMEBBIX KOMIUIEKCOB, UX HCKIIFOUUTEIBbHON CEJIEKTUBHOCTU MO OTHOLICHUIO KO
MHOTUM (YHKIIMOHAJIBHBIM TPYIIIaM, BHICOKAM BBIXOJAM M MSTKUM YCJIOBHSM mHpoTekaHus Pd-
KaTaJu3upyeMble pEaKIMM KpOCC-COUYETAaHUS B HACTOALLEE BpeMs MMEIOT HPUHLMIINAIBHOE
3HaYeHHE B TOHKOM OpraHn4YeckoM cuHTe3e. Hike mpecTaBieHbl 00I1e CXeMbl peaKIIfii:

Peakuuns Xeka Peakuus Hernwmn

[Pd], base R! Pd
RX + 7 SNy ———> Rz/\/ R'X + R?ZnX P, R'-R? + ZnX,

R' = alkenyl, (hetero)aryl, alkyl R' = alkenyl, (hetero)aryl, alkynyl, acyl
R?= alkenyl, (hetero)aryl, alkyl R?= alkenyl, (hetero)aryl, alkynyl, alkyl
X =Cl, Br, I, OTf, OTs, N," X =Cl, Br, I, OTf, OAc
Peakumsa Cy3syku Peakuma CoHorawmpsbl
[Pd], base H R;
1 2 1_R2 [Pd], Cu(l)-salt
R'X + R?B(Y); ———— R'-R R'X + / e /
R2 R2
R'= alkenyl, (hetero)aryl, alkyl R'= alkenyl, (hetero)aryl
R?= alkenyl, (hetero)aryl, alkynyl, alkyl R®=H, alkenyl, (hetero)aryl, alkyl
X =Cl, Br, I, OTf X =Cl, Br, |, OTf

Y = alkyl, OH, O-alkyl

Bonpocuwi:

1. B wuem 3axmrouaercd sBieHue xamanuza? Kakme BeliecTBa  Ha3BIBAIOTCS
Kamanuzamopamu?
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“3 Ecr;i:r?j Ha pucynke mpuBeneH sHEpreTHYecKuil mpoduib
30 cxemarnueckot peakiuu X + Y = Z 6e3 U B IPUCYTCTBUU
i KaTajau3aropa.

L 2. Kakne u3 aByX sHepreTudeckux npoduiiei
o] oY COOTBETCTBYIOT PEAKLUU B NPUCYTCTBUM KaTajau3aropa U
_10_5 z HeKatanuupyemoin peakuun? OLEHUTe 3HaUEHUE SHEPTUU

KTHUBAIMU IS KaXKJIOTO U3 IyTEN kuuu. [Iporekaer au
Reaction Progress a am Al KIOTO U3 MyTEH PCaKIl POTCKACT JI
peakus cCaMONPOU3BOIBHO C TEPMOJIUHAMUYECKON TOUYKHU

3peHus?

Ocobas 3acayra P. Xeka, 3. Hernmm u A. Cy3yKu COCTOUT B TOM, YTO OHHM OCYILECTBHIIN
PeAKILIMI KPOCC-COYETAHNS TIPH SP M SP>-THOPH/IH30BAHHBIX ATOMOB yriepoja, JUisi KOTOpBIX paHee,
JaHHbIE PEaKLUU NPOTEKAIN C HU3KOM CENEKTUBHOCTHIO U MaJIbIMHU BbIXOAAMU. ATOMBI raJlOr€HOB
mpu SP M SP’-THOPHAM30BAHHBIX AaTOMAX YIJEpPOAa HMEIOT O4eHb HH3KYI0 PEaKIHOHHYIO
CTIIOCOOHOCTBH, O/THAKO, KaTaIM3aTOphl Ha 0CHOBE KoMIuTeKcoB mautanus (1) upe3BbruaitHO ak THBHBI
mo otHomreHuto kKo cBs3u C — Hal u oOneruaror €€ paspbiB, TeM caMbIM oOOecreunBas
IPAKTUYECKYIO I11eJ1IeCO00pa3HOCTh (MCKIIIOYUTENbHYIO CEJIEKTUBHOCTh M BBICOKME BBIXOJIbI)
peakIuii Kpocc-coueTaHMusl.

3. HM3obOpasute B 00meM BHIE CTPYKTYPHI BCEX BO3MOXKHBIX HMPOAYKTOB pEaKIUil Kpocc-
2
CoueTaHUs Npu SP- U SP”-rTUOPUAN30BAHHBIX aTOMaxX yIriiepo/a.

B Hacrosimee Bpemsi Pd-katanmusupyemble  peakiMd  KPOCC-COYCTAHHS  SBISIFOTCS
JOMHHHUPYIOIIMM HANpaBICHUEM CUHTE3a QHHYIEHO8 — UUKINYeCKUX CHCTEM, COJCpIKaIlnuX
COITPS’KCHHBIC HBOﬁHBIC CBA3U. BGH?;&HHYHGHOBI)IC CHUCTEMBI  SBJIAIOTCA HEOTBEMJIEMbBIM
KOMIIOHEHTOM OOJIBIIIOT0 YHCIa OHOJIOTMYECKH AKTHUBHBIX COG}IHHGHI/Iﬁ, a HUX CHHTCTHUYCCKUC
aHaJIOTH pa3palaThIBAIOTCS JUIS aJpPECHOM JOCTaBKHM JIEKAPCTB W JIEYEHUS 3JI0KaYECTBEHHBIX
HOBOOOpPa30BaHUil.

4. TlpuBenuTe CTPYKTYpHBIE (GOPMYJIbI BEIIECTB, MOTyYaeMbIX B NMPUBEICHHBIX Hibke Pd-
KATAIN3UPYEMBIX PEAKIMAX KPOCC-COUECTAHMUS:
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m-0

Q\ w
N -
: H © PdCl,binap (5 mol%)
m“\r‘% R? = KsPO, DMF,60°C,24h
30%
0 g H#NH
o

TBAB, 110°C MW, 50%

1} Pd{dba), K;CO;, toluanaHyOr

2) BCly, DCM, dioxaneH,0
LIQH, 0°C, rt, 95%

NHMtr

NH 5_> Pd(OAC);, PPhy, BugNHCI
-
DMF-H;O-EtN, 37 °C, 4 h
NH 0

20%

Mitr = 4-methoxy-3,4 B-trimethylbenzene sulphonyl gp

Pd{CH,CN),. XPhos
Cs;C0,, dioxane, 80° C
1
PACL,(SPhos),, Base 3%
toluene-H,O, 90 °C, 2h

(R = H: Base = K,CO;; 39%)

B 1994 ronmy amepukaHCcKMMHU XMMHKamMu byxBanbaom u XapTBUTOM ObUT ONHCaHa

HEOOBIYHAsE peakius noiaydeHuss N-3aMelIeHHBIX aHWJIMHOB, MPOTEKAIas B TMPUCYTCTBUU
komiutekcoB masaaus (11):

R! R!
) sz(dbﬁ)g 5
-+
Br R-NH> —FB[NAP, NHR

PhMe, 80°C

Peakuust xapakTepusyeTcs BBICOKOH pErHoCHelM(PUUHOCTBIO, a €€ HalpaBleHUuEe |
MEXaHHM3M CYIIECTBEHHO OTJIMYAIOTCd OT OOBIYHBIX pPEAKIUN HYKICOOUIBLHOTO 3aMEIIeHHUS.
AmunupoBanue 1o byxBanpay-XapTBUry B JaHHOE BpeMS SIBJISIETCS MOILHBIM MHCTPYMEHTOM IS
CO3JaHusl CBS3€M yriIepoa-a30oT M, B YACTHOCTH, HCIOJB3YETCS B CHHTE3€ AHTUTMCTAMHUHHOIO
(IpOTUBOAIIIEPTUUECKOr0) IIpenapaTa ACTEMHU301, CXEMa CUHTE3a KOTOPOr'o NPUBEIEHA HUXKE:

glycol, K;CO4
—

B
NH; 140°C
N
N\ NaH, DMF, 0°C
o0 ———— = A + ]
4-Br-CgHy-CHoF
et N Pd,(DBA);
BINAP/t-BuONa KOH, MeCN, 120°C Astemizole
= .
toluene, 85°C 4-CH30-CgH,4-CH,CH,Br

5. PacumgpyiiTe nenouky npeBpalieHuid U MPUBEAUTE CTPYKTYpHbIE (OPMYJIbI BELIECTB
A-C u npenapara AcTeMu30Il.

Mertamiopranndeckue komruiekebl nawianus (1) B xadecTBe karanu3atopoB s peakiuid
Kpocc-coueTaHusi ObUTM BIEPBBIE MCIONB30BaHbl B 70-X rojax Mpomuioro BeKa, OJHAKO, MEpBbIC
HeKaTaJIu3upyeMble BEPCUH peaklnii Kpocc-coueTaHusi ObUIM M3BECTHBI €1lle BO BTOPOM MOJOBHUHE
XIX Beka. 3a onHy u3 Takux peaknuii B 1912 roxy Obuta Bpydyena HoGeneBckas mpeMus o XUMHUH.
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6. IlpuBeguTe He MeHee 2-X MPUMEPOB HEKATATU3UPYEMBIX PEAKIIUNA KPOCC-COUCTAHUSI.
Kaxoit n3BectHbIl yueHbldl ynoctomsics Hobenesckoii mpemuu B 1912 roay?

3aganue 6

MOHOOKCH/ A30TA

Monookeuz azora (NO) sBisercss ogHUM M3 IpeACTaBUTENEH YCTOMYMBBIX COEAMHEHUIi-
panukanoB. Ilosy4aroT ero yame BCEro M3 COJIEM a30TUCTOM KHUCIOTBI — HUTPUTOB Kaiaus WU
Hatpus. [Ipumepamu cioco0oB npeBparniennss HUITPUTOB B NO SBISAIOTCS peakuyd HUTPUTA KaJIHs C
IIOJIKUCIIEHHBIMU CEpPHOM KMCIOTOM pacTBopaMu Hoauja Kanus (peakuusi 1) win KeJlTou
KpOBSIHOM conu (peakuusi 2). MeHee MpeaNOYTHTENbHA peakiys ¢ pa30aBICHHOW CepHOU
KHCJIOTOH B OTCYTCTBHE BOCCTaHOBHTEINCH (peakuus 3).

Bonpocwi:
1. Kakue eme ycToMYMBBIE TIPH H.Y. Ta3bl ABIAIOTCS paaukaiamu? [IpuBeaure aBa nmpumepa.

2. 3anumure peakuuu 1 — 3. O0bsicHUTE, TOYeMy peakuus 3 MeHee yA00Ha 7S OTyYeHUS
NO.

Jlnsi TOJydeHHss CyXOro ra3a MOXKHO KCIIOJIb30BaTh TBEPAO(A3HYI0 PEAKIMI0 OKCHUIA
xpoma(lll) co cmechro HuTpaTa ¥ HEUTpHUTA Kanus B maccoBoM cooTHomennn M(KNO;) : m(KNOs)
= 2,53 (peakuus 4). Jta peakiys MPOBOJUTCS MPHU HATPEBAHUH.

3. PaccunTaiite MmonsHOe cooTHomeHne N(KNO,) : N(KNO3) B a1oii cMecu. B nanbHelitiem
CUHUTANTE, YTO ITO COOTHOIIEHUE COOTBETCTBYET CTEXMOMETPHUH PEaKIIUU.

4. 3anummTe ypaBHEHHE peakuuu 4, CUUTas], YTO €JMHCTBEHHBIM Ia3000pa3HbIM IPOAYKTOM
apnsierca NO, a B TBepoit (asze ocTaeTcst €JMHCTBEHHOE BEIECTBO.

5. Paccuuraiite maccy okcuma xpoma(lll), neobxommmoro nns peakuuu c¢ 10,00 T
BBIIICYTIOMSHYTOW CMECH HUTpaTa U HUTPUTA KaJHsl.

HecmoTpss Ha CBOI0O CTaOMJIBHOCT MNpH HOpMalbHBIX yciaoBuax, NO HeycToW4yMB K
pasnoxenuto. Tak, mpu Temmeparypax 1000 — 1200 °C on pasznaraercs mo peakuuu S. IIpu
BBICOKOM JIaBJIGHUM W YMEPEHHO BBICOKOM TemImeparype NpOMCXOJUT peakums 6. A npu
MOTJIOIIEHUH Ta3a IICOJIMTOM — peakunus 7. YpaBHEHHMS ITHX peakuuil ¢ KodppHuIHeHTaMu
MIPUBEIICHBI HUXKE:

5)2NO — A +B
6)3NO — C+D
7)4NO — C +E

Jlns peaknuu 6 uzBectHs! 3HaueHust A{H® = —155,4 xJx/monb, A,S® =—172,1 Jx/(Moinb-K).
6. OnpenenuTte MPOIYKTHI KaXK101 U3 peakuuii (BemectBa A — E), 3anummre ux Gopmybl.

7. PaccuuTaiiTe KOHCTaHTY paBHOBecusa peakuuu 6 pu 800 K.
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B cocyne oovemom 2,0 1 marpeBasiu NO mo Temmepatrypel 800 K, mpuuem HauambHOE
nasienre NO nipu 800 K cocrasmnsuio 10 Gap.

8. Paccumraiite xomuuectBo NO (Monb) B cocyle mocie OKOHYaHUs peakuuu 6 (rpu
HACTYIUICHHM XWMHYECKOTO pPaBHOBECHS), €Clii 00beM cocylda M TemIepaTypa BHYTPH HEro
MTOCTOSIHHBI.

Ecnu Bl He cMOIIM pelIMTh COCTaBJIeHHOe BaMu ypaBHEeHHUE, TO, ITOKANYICTA, 3aIIMIINTE B

OTBET 5TO YPaBHCHHUC.

9. B xakom ciyyae koHe4yHOe mapruaibHoe gapieHrne NO Oymer Oosble: €Cciau peakiuio
MPOBOJIUTHh TIPU TOCTOSIHHOM JaBIICHHH M TEMIIEpaType, WM TpPU IMOCTOSIHHOM OO0beMe U
tTemriepatype?

CnopaBka: NOpOXYKTBl M PEarcHTbl BXOAAT B BblpakeHHe A K, B BHJE pPaBHOBECHBIX
. 5

JaBJICHUM, BhIpaXeHHBIX B O6apax, 1 6ap = 10° [1a. KoncranTta paBHOBecus BbIpakaeTcsl uepes

W3MEHEHUS SHTAIBIIUU U SHTPOIIUU PEAKIIU:

—RT - InK, = A, H° — TA,S°
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PEHIEHUA
MJUIAALIASA JINT A

3aganmue 1

1. HauGosiee BeposITHBIE TIPOIYKTHI OKKCIICHHUS! YTIICBOJIOPOIOB EPXIIOPATOM AMMOHHS — 3TO
YIJIEKUCIIBIA T'a3, BOJA, a30T M XJOPOBOAOPOJ. 3alMIIEM DPEAKIUI0 C TAKMMH IPOLYKTAMH IJIs
NOJMM30IPEHa B pacueTe Ha MOHOMepHoe 3BeH0 CsHag!

28NH4CIO4 + 5CsHg — 14N, + 28HCI + 25C0O, + 62H,0

CoriacHO TakOMy ypaBHEHHIO, Ha okucienue 1 r CsHg molizner:

E _ m(CsHg)
5 M(CsHg)
[TockonbKy Macca IepxJjopara aMMOHMS COBIIAJA C JAHHOM B YCJIOBHMH 3a1aud, TO PEAKIMsSI

m(NH4ClO4) = n(NH4ClO4) . M(NH4C104) == . M(NH4CIO4) = 9,672 r

OKHCJICHHS TIOJTMM30IIPEHA HJIET COTIIACHO HATMCAHHOMY YPaBHEHHUIO.

3HAYHUT, B PEaKIMU C MOJMATHICHOM (MOHOMepHOE 3BeHO0 CH3) 00pasyroTcs Te e MpPOIyKTHI,
Y YpaBHEHUE PEAKIIMH C TIOJMATHICHOM UMEET BHI:

6NH,CIO4 + 5CH; — 3N, + 5CO, + 6HCI + 14H,0

2. B pesyabrate peakiuu 6 mMoib NH4ClO4 ¢ S5KBHBaJICHTHBIM KOJMYECTBOM IOJIMITHIICHA,

KOJIMYECTBO 00Pa30BaBIINXCS T'a30B N COCTABUT:
n=3+5+6+ 14 = 28 mosib
WNx maccampaBna: m =3-28+5-44+6-365+14-18=775r
m

3HauuT, cpenHss MonspHas macca M., oOpasyroumeiics razoBoil cmecu paBHa: My, = — =
n

27,7 r/mMonb

3. Jlns BBIYUCIEHUS MACCOBBIX JOJIEH B CTEXHMOMETPHUUYECKON CMeCH, pacCMOTPHM CMeCh 6
MOJIb TIEpXJIopaTa aMMOHHUS U 5 MOJIb TTOJUATHIICHA (B pacueTe Ha MoHOMep CHj). MaccoBbie ponu
BEILIECTB B CMECH COCTABIISIOT:

n(NH,Cl0,) - M(NH,CIO,) 6-117,5

n(NH,Cl0,) - M(NH,CIO,) + n(CH,) - M(CH,) 6-117,5+5-14

w(CH,) =1 —w(NH,CIO,) =1 —-0,910 = 0,090

3HaunT, B mporeHTax wmaccoBble noiu cocraBistor: 91,0% mms NH4ClO4, 9,0% s
MOJUATUJICHA.

w(NH,Cl0,) = = 0,910

4. 3anunieM peakuuu, Ui KOTOPbIX U3BECTHBI TEII0BbIE 3 (EKTHI, U PEAKIUIO MMOJIMITHIIEHA
¢ 6 MoJIb IepxJIOpaTa aMMOHHSI, TEIIOBOM 3(PPEKT KOTOPOl HEOOXOANMMO PACCUUTATD:

CH, + 1,50, —» CO, + H,O Q1 = 660 x/Ix/mMoms
NH4CIO4 —0,5N, + 0,5Cl, + O, + 2H,0 Q. = 188 x/Ix/moan
4HCI + O, — 2H,0 + 2Cl, Q3 = 114 xIx/monb

6NH,ClO,4 + 5CH; — 3N, + 5CO; + 6HCI + 14H,0 Q =?
Kak BuauM, mocienHss peakius MOJIy4aeTcsl CIOKEHHEM 5 MepBhIX PeakIfii, 6 BTOPBIX U
BbIUMTaHUEM 1,5 TpeTbUX peakiuii. 3HauuT, 1o 3akoHy ['ecca:
Q =50Q, +6Q, — 1,505 = 4257 x/Ix
[Tonyyennoe 3HaueHue TermIoThl coorBeTcTBYeT peakiuu 6 Moib NH4ClO4 ¢ 5 moms CHy-
TPYII MOJUATUIICHA, TO €CTh 4257 kJ>K TETIOTHI BBIIESIETCS U3 MacChl CMeCH My, paBHOI:
my = 6 - M(NH,CIO,) +5- M(CH,) = 775t = 0,775 kr
Torna TeruoBoit addexT, BeipakeHHbIH B K/ Ha 1 kT cMecu (yHKT (0)), COCTaBHT:
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, 4257 x]/Ixx — 5493 1
= 0775k k/>x Ha 1 KT cMecH

5. Tlpu o6pazoBanuu 3 Mojb Np, 5 monbe CO,, 6 mosne HCl u 14 mone H,O Beigensercs, kak
BBISICHWIOCH B MpeAblaylemM myHkre, 4257 xJx Temnorel, u3 KoTopelx 80% wuaer Ha Harpes
BBIJICJIMBIINXCS Ta30B. PaccunTaem, HCX0/s U3 3TOTO, TEMIEpaTypy T ra3os:

3Cn2 - (T —300) 4+ 5Ccoy - (T —300) + 6Cxy - (T —300) + 14Cyy0 - (T —300)
= 4257000-0,8
4257000 - 0,8

T =300+ =3371K
3Cnz + 5Ccoz + 6Cycy + 14Ch30

T o o
, TO MOXHO HAWUTHU OTHOIICHHEC CKOPOCTCHU
cp

6. IlockonbKy CKOPOCTb HCTEUEHHUS Vg~

ucreueHus: CO2, TaHHOM B YCIIOBUHU, U HEU3BECTHOM CKOPOCTH JJIs HallleH Ta30BOM cMecH:

vo | TMco2
VUco2 Tco2Mep

Vo = 1,33617(:02 = 1,4‘7 KM/C
7. Ecnu macca ToIulMBa paBHa X TOHH, TO Macca pakeThl Ha ctapre paBHa x + 20 TOHH.

3371-44 1336
3000-27,7 T

3naynrt, o ¢popmye Lnonakosckoro:

x + 20 5
— 61,4'7
20
Pemas momydenHoe ypaBHeHWe, noinyduM X = 580 toHH. To ecTth s TOro, 4YTOOBI

pa3oTHATHCS JIO0 TOJOOHBIX CKOPOCTEH, Macca TOIUIMBA JOJDKHA MPEBOCXOIUTH MAacCy Kopaous
MOYTH B TPUILATH pa3!

8. Meramn (ailOMUHMI, MarHuii) BCTYNAeT B CHJIBHO SK30T€PMHUYECKHE pPEaKIUU C
OKHUCJIUTEISIMH, TO3TOMY HCHOJIb30BAaHUE METAUVIOB IOBBIIIAET TEMIlepaTypy Tas3oB, a,
CIIEJOBATEIbHO, U CKOPOCTh HX HUCTEUEHHUS W3 JBUraTelsd. OJTO YCKOPSET pa3rOH PpaKeTbl HU
MTOBBIIIAET €€ CKOPOCTD.

I[pyFI/IM 00BsACHEHHEM U CJICACTBUEM 3K30TCPMUYHOCTU peaKuHﬁ ABIACTCA TO, YTO 3a CUECT
peaKI_II/Iﬁ MCTAJIJIOB C OKHUCIUTCIIEM PCAKIIMOHHAA CMECH Pa30orpeBaACTCA, U PCAKIUU OKHUCICHUA
nojmmepa HayT 6LICTpee, 4yTO oOecreunBaeT boyee B(I)(l)eKTI/IBHOG BBIACJICHHUEC I'a30B U TCILJIA.

Cucrema oueHUBaHUSA U pa3dajioBKa:

1.  Bepno 3anucanHnble 2 ypaBHeHUs peakuuii — o 1,5 6. 3 Gamna
2.  Bepwnblii pacuer 3HaUE€HUS CpEeIHEH MOISPHON MacChI 2 Gamna
3. BepHblii pacueT MaccoBBIX J10JI€il KOMIIOHEHTOB B cMecu — 1o 1,5 6. 3 bata
4.  Bepnbiii pacuer 3HaueHus TeruioBoro s¢ddexra B kJxk Ha 6 Monp 4 Oamna
nepxJiopata aMMoHus 1 kJ[x/kr cmecu — 1o 2 0.
5.  Bepnblii pacueT TemiepaTypsl oOpa3yrolencs ra3oBoii cMecu 2 Gama
6.  BepHnblif pacueT CKOPOCTH UCTEUEHUS ra30B 2 b6ama
7.  Bepnblif pacueT MUHUMaJIbHO HEOOXOIMMOM MaccChl TOIUIMBA 2 Gama
8.  JIro6oe BepHOE 00BSICHEHHE (AOCTATOYHO OJHOTO (aKTOpa U3 IBYX) 2 banna

UTOT'O 20 6aaaos
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3ananue 2
1. VYpaBHeHUs SAOEPHBIX PEAKITUI:
1)ip +ip —> iH + 3B 0,42 M1B (1)
2)3H + ip— 3He + ¥ 5,49 MaB (2)
3)3He + 3He —» 5He + 21p 12,85 M»sB (3)

Kak BuaHO B mociegHer cragud HEOOXOIUMO IBa gH e. Takum 00pa3om, IMOITy4aeTcs, 4TO
mepBasi U BTOpas CTaMU TPOTEKAIOT MO JaBa pasza. Torma sHeprermueckuii dG¢deKT Bcei
peaKkiu B pacueTe Ha OJIHO PO renus-4:

E(4He) = 2E, + 2E, + E3 = 2 % 0,42 + 2 % 5,49 + 12,85 = 24,67 M3B

2. PaccumraeMm, CKOJILKO BCEr0 O3JIEKTPUYECKOM OHEPrUM  BBHIPAOATHIBAET  COJHEYHAS
3JIEKTPOCTAHIHSA 32 TOJ:
E = Pt =1%10°%365*14 %60 * 60 = 1,84 * 103 JIx
PaccuntaeM, TEIIOTY CrOpaHHs [ETAHA:

49
C16H34()K) + ?Oz(r) e 16C02(F) + 17H20(r)

Q = 17Qo6p(H20) + 16Qo6p(COx(ry) - Qobp(CieHza()) = 17 * 242 + 16 * 394 — 375 =
10043 k/I>x — Ha 1 MOJIb HETaHAa.
Haiinem xoanuecTBO BEIECTBA IICTaHA:
E =nQn
E 1,84 * 103

= — = = 4,6 106
10~ 0,4 = 10043 * 103 * AU MoIR

n

Orcrona macca:
m=n*M=46x*10°%226 = 1,04 * 10°r = 1040T
3. IlepeBoaum M»3B B JIx:
E(3He) = 24,67 * 1,6 * 10719 x 10° = 3,95 = 10~ 12 Ik
HaiineM umncno siaep v KoJIM4ecTBO BEIECTBA:
B 184x10% ”
N = FGHe) ~ 3951012 Hoex10
N 4,66 10%*
N, 6,02%10%3
4. X -Si, A-SiOy, B — Mg,Si, C — SiH4, D — SiCly
VYpaBHEHHUsI peaKIyii:
1) SiO; + 4Mg = Mg,Si + 2MgO
2) Mg,Si + 4HCI = 2MgCl; + SiH,4
3) SiH4 + 20, = SiO, + 2H,0
4) SiH, = Si + 2H;
5) Si + 2C|2 = S|C|4
6) SiCl, + LiAIH, = SiH,4 + LiCl + AIClI;

n= = 7,74 moJib
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CucreMa olleHMBaHUA U pa3daJIOBKa:

1.  3aspepHble peakuu 0,5x 3=1,5 6amna
3a pacyeT YHEpPTruu 1 Gamn

2. Pacuer sHeprum 3a rojg 1 Gann
VYpaBHeHue peakuu 1 Gamn
Pacuer Q 1 Gamn
Pacuer maccel 1 6ann

3. Pacuer xonmmuecTBa BeuiecTsa saep 1 6ann

4,  OmpeneneHue BEIIECTB 0,5x5=2,5 6amna
YpaBHEHUS peakiuii 0,5 x 6 = 3 6amna

HUTOI'O 13 6amnoB

3axanue 3

1. Ilpu peakuuu X ¢ BoAOW MPOUCXOAUT BbiaeneHue Hy. M3 3Toro MoxHO crenaTh BBHIBOA O TOM,
YTO 3TO MIETOYHOH WM HIeTOYHO3eMeNbHbI MeTai. [Ipu peakuun A ¢ Bogoit u CO;, nmporcxoaur
BetenieHue Oj. [loaToMy A MOKeT OBITh MEPOKCHIOM HJIM HAAMEPOKCUIOM. Jlanbiie st oJTHOU
pacmu(poBKY IEMOYKA HEOOXOIMMO MPOU3BECTH pacyeT Mepruo/ia Morypaciaga U MOJICKYISIpHOU
Macchl A.

Ilepuon nonypacnazna HaXo0AUM U3 OCHOBHOT'O 3aKOHA PaJIMOAKTUBHOIO paclaja:
A=Aje M
ITpunumaem A = 0,984, 3arem norapumMupys, moyyaem:
In(0,98) = -2+t

—In (0,98 —In (0,98
A= (0.98) _ (0,98) =555%10"1%er™ !t = 1,76 x 10" 17¢~1

t 36,4 %106
In2 In2 9 9
T1/2 :T:W: 1,25*10 JleT:].,ZS*].O * 365 * 24 x 60 x 60 =
= 3,94 * 10'°c

AKTHUBHOCTb BBIpaXkaeTcs yepes A:

A=AN
m
N=n*NA=MNA
A=12N
=AM,
_AmN, In2xmN,  In2%1%6,02%10% _ gy T
A T1), * A " 394 %1016 %147 « 103~ MoJb

JlaHHas MoJIeKyIsipHas Macca MOXET COOTBETCTBOBATH TOJIBKO “K0..
2. X-K, A-KOy B-KOH, C-K,CO3
YpaBHEHHUs peakLyii:

l) K+ 0O, =KO,
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2) 4KO; + 2H,0 = 4KOH + 30,
3) 2K + 2H,0 = 2KOH + H,
4) 4KO, + 2C0O, = 2K,CO3 + 30,

3. Peakuus B_-pacnaz[a:
ToK—> 30Ca + 9P

4. VYnenpHas 3HEPrus, MOIVIOIIEHHAs TEJIOM Ha3bIBA€TCs IOIVIOIIEHHOW A030ii. OHa BbIpaxaercs
CIIEAYIOIINUM 00pa3zoMm:

D=—
m

E — cymmapHas cpeHsisi SHeprHsl 4acTHII 3a IIPOMEKYTOK BpEMEHH, M — Macca.
E = 0,4 Eg max * N(B — vactun 3a 244) = 0,4 Eg mpqyx * At

mw(K)

XNy

w (K)- MaccoBast 101 Kajusl, Y - MOJIbHas 101 Kaaus-40

_,,70%10% % 0,003 - ,
A=176%10 5 £0,0117 * 1072 * 6,02 » 10%* = 6675 B

E=04Egma*A*xt=04%131%10°+1,6*107"7 % 6675 * 24 * 60 * 60 =
= 4,8 % 107°Ix

4,8%107° K
D=—=6,9x 10_7Zl—

70 KT

5. 3a roJ mojy4yaercsi:
6,9% 1077 %365 =2,5%10"*3B = 0,25 M3B
YTO B 4 paza MEHBIIIE MPEICITEHOTO 3HAYCHUSI.

Cucrema oneHUBaHUA M pa30aIoBKa:

1. Pacuer nepuopa nomypacnaja 2 Ganna

2. OrmpeneneHrie HEU3BECTHBIX BEIIECTB 1x 4 =4 6anna
YpaBHEHUS peaKIuii 0,5x 4 =2 6anna

3. Peakuus pacnana 1 Gamn

4, PacdeT IOTVIOMIEHHON HO35I 3 6ata
HasBanne BenmuanHbI 1 Gamn

5. Pacuer go3sl 3a rog 1 Gamn

HUTOI'O 14 6aa0B
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3apanue 4

1. CucremMoil ¢ MUHUMAJIBLHOU 3BTEKTHUECKOU Toukou sBisercs cucrema AICIs-LiCl ¢ T, =
110°C. ITockonbKy BCE BTEKTHUYECKHE TOUKH JiekKaT B y3koMm uHTepBasie oT 100 o 120°C
0004 BBIOOP MOXKET OBITh 3aCUMTAH KaK BEPHBIN MPU BEPHOM YKA3aHHUHM IBTEKTHYECKHX
TO4YeK Ha Ga30BbIX JHATPAMMAX.

CocTaBbl IBTEKTUYECKUX CUCTEM:

MoabHble cOOTHOLIEHHS, %o Maiciz, T Mewecn, T MaicizsHa 1 r cMecu, Mr
58 mol. % AICIl3 / 42 mol. % LiCl 77,43 95,28 813
66 mol. % AICI3 / 34 mol. % KCI 88,11 113,44 777
75 mol. % AICI3 / 25 mol. % 100,13 127,88 783
C&Clz
49 mol. % AICIl; / 51 mol. % 65,42 134,78 485
ZnC|2

Munumanbsaoe konmuectBo AlCI; mpuxoaurest Ha sBTekTHYecKyi0 cMmech AlCI3-ZnCl,.
Omnbka B U3MEPEHHUSIX MOJBHOTO COJEP)KAaHHsS KOMIIOHEHTOB JOJDKHA ObITh He 0oJiee 2
mol. %.

2. Ucxoas u3 (HopMys IIMHKOBOW M XPOMOBOM COJIM, MOKHO YCTaHOBHTBH, YTO (parMeHT
{TiW1,039} umeer crenenp okucienus -8. CieaoBaTe/ibHO, CTEIICHb OKUCIICHUS JIAHTAHU A
COCTaBHT:

Nas[Ln(TiW11039),] +1:13 +x+(—8):2=0. Otcroaa, x = +3.

Terepb BBISCHUM CTEIIEHU OKUCIICHHS THTaHa U Bosib(pama. Bonbdpam mpossisieT pasHbie
CTENCHU OKHUCICHHS OT +2 10 +6, oaHaKo, HaubOoJiee YIOBICTBOPHTEIBLHOW SIBISCTCS
crenenp okucienns W', Torza, cTeeHb OKUCIICHNS THTAHA COCTABHT:

{TiW11035}® y+6:11+(—2)39=-8.  Orcrona, y = +4.

3. Kpucrammnueckas crpykrypa annona [MTiW11039] ycTpoena
TaK, YTO HAXOJISIIHIICS B IIeHTpe HoH Metamna M™ okpyxaroT
11 oxrasmpuueckux makeroB [WOg] u 1 Terpasapuueckuii
nakeT [TiO4]. OHM BbICTpauBarOTCS TakK, KaK IOKa3aHO B
npemiokenHod  crpyktype  [WgOig]:  BOkpyr  moHa
MEPEXOTHOr0 MeTala KOOPAUHHPYETCS 6 OKTadIpUYECKUX
naketoB [WOg], cHU3Yy OH OKpY)XEH 3 OKTadpUYECCKUMHU
naketamu [WOg], a cBepxy — 2 OKTadApUUECKHUMHU TTaKeTaMU
u 1 Terpasapudeckum [T104].

4. B nepByro o4epe/b, pacCUMTaeM KOJIMYIECTBA PEareHTOB, YIISAINX Ha MEPBYIO PEAKIUIO:
M (Na;WO,) =232 + 184 + 16°4 = 294 r/moib
n (Na;WO,) = 32,3/294 = 0,11 moib
m (TiCly) = 1,11°1,726 = 1,916
M (TiCly) =48 + 35,5'4 = 190 r/momb
n (TiCly) =1,916/190 = 0,01 mob
n (Na,WO,) : n (TiCly) = 11:1
C y4eToMm TOro, 4TO CTENECHU OKUCIICHUs BoJb(ppama (+6) u TuraHa (+4) HE MEHSIOTCH,
MOJKHO MPEIIOJI0XKHUTh MPOCTYI0 HOHOOOMEHHYIO PEaKIIMI0 MEXy BOJb(pamMaroMm HaTpus
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U TETPaxJIOPUIOM TUTaHA. [3-3a HEIKBUMOJIIPHOTO COOTHOILIEHUSI MOHOB HATPUSI U XJIOPH/I-
MOHOB TPETHUM yYYaCTHUKOM PEaKIHu Oy/eT Boja:
11Na,WOQO, + TiCl, + 5H,0 = Nag[TiWnOgg] + 4NaCl + 10NaOH (peaKI_II/ISI 1)
Briensronryrocst B pe3ysibTaTe 3TOM peaklyu MIe0Yb HEUTPAIU3YIOT U30BITKOM YKCYCHOU
KHUCIIOTHI:
NaOH + CH3;COOH = CH3;COONa + H,0 (peaxkitus 2)
Paccuntaem KonuuecTBa BEIIECTB, YIIEANINX HA TPEThIO PEAKIIUIO:
n (Nag[TiW1103g]) = 0,01 moub
n (Ce(NOs)3) = 0,005°1 = 0,005 moib
n (Nag[TiW1lo39]) -n (CE(NOg)g) =2:1
2N8.3[TiW11039] + CE(NOg)g = Nalg[CE(TiWnOgg)z] + 3NaNO; (peaKumI 3)
PacTtBop MOAKUCHSIOT yKCycHOW Kucinotod g0 PH 6 s ynmaneHus Imeinodu, 49ToObl
MIPEIOTBPATUTH OCAXKACHUE NOHOB LIEPUSI U3 pacTBOpa:
Ce(NO3); + 3NaOH = Ce(OH)3| + 3NaNO3

CucreMa olleHMBAHUA W Pa3daJIOBKa:

1. 3a BbIOOp cHCTEMBI ¢ MUHUMAIbHOM IBTEKTUYECKON TOUKOMN 1 Gamn
3a BBIOODP CUCTEMBI C MUHUMAIBHON 3BTEKTUYECKON TOUKOMN 1x 4 =4 6anna
2. 3apacuer CTeneHel OKUCICHHS 1x 3 =3 6amna
3. 3acrpykrypy [MTiW71030] 4 Gamna
4. 3apacder KOJIMYECTB PEareHTOB 1x 3 =3 6amna
3a ypaBHEHHUs peaKuui 1 x 3 =3 6amna
3a 000oCcHOBaHUE TIOIKUCIICHHS pacTBOpa 1 Gamn

HUTOI'O 19 6amioB

3aganue 5

OHI/IpaﬂCB Ha TO, 4TO ra3s Y COCTOHT TOJIBKO U3 OAHOTIO0 3JIEMCHTA, HCTPYAHO A0TaJaThbCs, YTO pCUb

uzer o kucaopoge. Ilpeanonoxum, uto okcug umeet popmyiny Me,Oy:

Brrunciaum MOJIAPHYIO MAcCCy 3JICMCHTA X u3 OKCHIa C. MaccoBas A0JI KHUcCJIopoJa:

100/6,82=14,66%.

O b~ W NP S

rrrien = 01466, x =0
M Merann
46.6 -
93,1 -
139,7 -
186,3 Re
2329 -

ITpu n = 4 Me1 Beramce X = 186,3 — 3T0 MoJsipHAast Macca peHUS.

X —ato penwuii. CnenoarensHo, C — okenp penust (1V):

Re + O, = ReO,
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ReO, + 6HCI = H,[ReClg] + 2H,0. D - rekcaxmnoppenat(lV) Bogopoaa uiu
rekcaxyoppenueBasi(1V) kucnora

o o ~ +7
HOI[ ACUCTBUEM CUJIBHBIX OKHCIIMTCIICH PCHHUU OKUCIIACTCA 10 Re

2Re + 7TH;0, = 2HReO4 + 6H,0. A — 310 MeTapeHueBas KucaoTa (MIu THIpaT OKCUAA PEHUS

(Vi)
HReO4 + KOH = KReO4 + H,O. B — neppeHnar kanus

HReO,4 + NH3°H,0 = NH;ReO4+ H,O. E — meppenar ammonwmst
2NH4ReO4 + 4H, = 2Re + N, + 8H,0

NHsReO4+ KNO3; = KReO, + NH4sNO3

NH;ReO, + 18Na + 13C,Hs0H = Nay[ReHg] + 13C;HsONa + 3NaOH + NH3°H,0
F — nonarugpugopenar(VI1Il) narpus

2Nay[ReHg] + 4HCI = 4NaCl + 2Re + 11H,

4KReO4 + 2H,S0,4 = 2K,SO4 + 4Re + 70, + 2H,0

3. Peakuuu nonyuenus Bemiectsa A u3 X:

2Re + 7TH,SO, = 2HReO, + 7SO, + 6H,0

Re + 7THNO3; = HReO,4 + 7NO; + 3H,0

4. YpaBHeHHEe nucconyanuu Bemectsa D

H,[ReClg] = 2H +ReClg”

ReClg” = Re™+6CI

5. Jlns noiydeHus neppeHara Kaius U3 peHust, Heo0X0AUMO K METAJUINYECKOMY PEHHUI0 IPpUOaBUTh
KOHLIEHTPUPOBAHHBIN pPacTBOP IIEJIOYU:

4Re + 4KOH + 70, = 4KReO4 + 2H,0

Cucrema oueHUBaHHUSA U pa3dajioBKa:

1. Bemectsa A-F, X|Y 0,5 x 8 =4 damna

2.  3ampuBEICHHBIC PEaKIHH 1 x 10 =10 GayoB
3. 3Bamnomyuenue A uz X 1 Gamn x 2 = 2 Gamna
4.  3a ypaBHEHHE IUCCOIUAIIAN 1 Gamn

5. 3amomyuyenue B uz X 1 6ann

UTOI'O 18 6aioB
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3aganue 6
1. Kpome NO, paaukanamu sBISIOTCS MOJIEKYJIbI Takux ra3os, kak NOy, ClO,.

2. YpaBHenus peaxyuit 1 — 3.

l) 2KNO; + 2KI + 2H,S0O,4 — ZNOT +2K5S04 + I, + 2H,0
2) KNO, + K4[F€(CN)6] + H,SO,4 — NOT + K3[F€(CN)6] + K,SO4 + H,O
3) 2KNO; + H,SO4 — NOT +NO21 + K2SO4 + H,0

Peakyua 3 nammenee ynoOHa misi momydeHuss NO B cBsi3u ¢ TeM, YTO OHa BeIET K
nonydeHuto cmecu razoB (NO u NO,), u mis nmonydenus yuctoro NO ona He roaurtcs (Jimbo
TpeOyeT JOMOTHUTEIFHOW OYUCTKH MTPOIYKTA).

3. PaccunmtaeM MOJBHOE COOTHOIICHHE BEIIECTB B CMECH, 3Has MOJISIPHBIC MAacChl:
M(KNO,) = 85,1 r/moas u M(KNO3) = 101,1 r/moub:

m(KNO,) m(KNO;) m(KNO,) M(KNO3;) 10,1
M(KNO,) "M(KNO3;) m(KNO3) M(KNO,) 851

n(KNO,): n(KNO,) = 3

4. B peaxyuu 4 yuactBytor KNO,, KNO3 u Cry03. Tepabim npoaykrom okucieHus: Cr,Os
nomkeH ObiTh Xxpomar kanusa KyCrO, (muxpomar kaius TEPMHUYECKH HEYCTOMYUB W AJI HEro

HCJIb3s ypaBHilTI) peaKuH}o B COOTBCTCTBHHU C YCJIOBI/ICM), a CIIHHCTBGHHI)IfI ra3 110 yCJIOBI/IIO — 9TO
NO:

4) 3KNO; + KNO3 + Cr,03 — 4NOT + 2K,CrOq4

CTexroMeTpHsi 3TOW peakluu ICHCTBUTENBHO cooTBeTcTBYeT cooTHommeHuo N(KNOy) :
N(KNO3) = 3:1. 3Ha4ut, ypaBHEHUE PEAKIIUH 3aIIHCAHO BEPHO.

5. 1 moab Cry03 (M = 152,0 r/mois) pearupyert, COrJIaCHO ypaBHEHUIO peakuuu 4, ¢ 1 MoJb
KNO3; (M = 101,1 r/monb) u 3 moms KNO, (M = 85,1 r/moib). 910 03HauaeT, uto 152,0 r Cr,03
pearupytot ¢ 101,1 +3-85,1 =356,4 r cmecu KNO; u KNOj3. Torma MoxHO 3anucarh MpOIOpIHIO:

152,0 m

356,4 10,0

I'me m — macca okcuaa Xxpoma, He00XOUMOro A peakuuu ¢ 10 r cMecH HUTpaTa U HUTPHUTA
kaiust. M3 aToro ypaBHeHUs moiydaem M = 4,26 1.

6. B peakyuu 5, npoucxomsmeit npu 1000 — 1200°C, uaer paznokeHHe OKCHa a30Ta Ha
MIPOCTHIE BEUIECTBA, YTO MOATBEPKIAETCS KOIPPUIIMEHTaMU B 3TON peaKkuu:

5) 2NO — N3 + O, A u B —310 N2 1 O, (IOpsIIOK HE BaXKeH).

B peakuyusax 6 v 7 naer qucrponoproOHUPOBaHKE Ha IPYTHUe OKCHBI a30Ta. BeIOOp okcnioB
MOHSTEH U3 KO3 (DULIMEHTOB peaKuii:

6) 3NO — N,O + NO,
7) 4NO — N,O + N,03

Kax Bugum, C — 310 N2,O, D — 310 NO>, E —53T0 N,0:5.
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7. KoHcTtanTa paBHOBECHs PEaKIUU PaCCUUTHIBACTCS UCXOs U3 (POPMYIIbI:

TA,S°—A,H° 800-(—172,1)+155400

Kp =e¢ RT =¢ 8,314-800 = 14,36

8. Ilpu mocrosHHOM OOBEME H TeMIeparype, HNaBlIEHHE MPSMO MPOMOPIHUOHAIEHO
KOJIMYECTBY BEIIECTBA, MOATOMY MOKHO 00O03HAYUTh KOHEYHbIE (paBHOBecHBIC) naBiueHus NO; u
N,O 3a x, u torma xoneuHoe (paBHoBecHoe) naBienne NO Oymer paBHo 10 — 3x. 3amuiiem
BBIp@KEHHE ISl KOHCTaHThI PAaBHOBECHS:

X2
K, = ————=14,36
P = (10 - 3x)3 ()
Pemenuem »Toro ypaBHeHHs sBisercsa 3HayeHue x = 3,045 OGap. Torma koHeuHOe

(paBHoBecHoe) maienue NO cocrasut: p(NO) = 10 —3-3,045 = 0,865 6ap = 86500 I1a.
KomuuectBo Bemmecta NO B 1010)KeHHH PaBHOBECHS:

pV 86500 -0,002
TL(NO) = ﬁ = m = 0,0260 monb

9. Ilpm mpoBeneHnH peakuuu 6 TPU TOCTOSHHOM JABJICHHH, KOHEYHOE (PaBHOBECHOE)
naBieHue B cucreme Oyner paBHo 10 Gap, a KOHeuHbI 00beM MeHbIle 2 JI, TaK KaK B PEeaKkLuu
KOJINYECTBO MOJIEKYJI I'a30B yMeHblIaercs. CienoBaTenbHo, 4TOObl U3 PABHOBECHOI'O MOJIOKEHUS,
ONMCAaHHOTO B I1.8, MOJYYUTh PABHOBECHOE COCTOSHUE, KOTOPOE NOIYYMUTCS NPU H300apHOM
npolecce, HajJl0 YMEHBIIUTh 00beM CUCTEMBI (M, COOTBETCTBEHHO, YBEIMUYUTh OOIIEe JaBJICHUE).
[Tpu stom, cormacHo npuniuny Jle-lllatense, paBHOBECHE CMECTUTCS B CTOPOHY YMEHBIICHUS
qrcia MOJIEKYJT B Ta30BOM (haze, TO ecTh B cTOpoHy paznoxeHus NO.

OTO 3HAYMUT, YTO paBHOBeCHOe MapuuanbHoe aasiaeHne NO mpu MOCTOSSHHOM JaBI€HUU
MCHBIIC PABHOBCCHOI'O0 MapuuvajlbHOr'0 JaBJICHHUA NO IIpru OpOBCACHUN PCAKIIMM B MMOCTOAHHOM
oobeme. To ecth Oonbiiee mapuuanpHoe gapnerrne NO mocturaercst mpu MpoBEICHUHN Peakiuu 6 B
MIOCTOSIHHOM 00beMe.

CucreMa OICHUBAHNSA

JlBa mpaBUIIBHBIX ITpUMeEpa ra3oB — 1o 1 0. 2 Gamna

2 Bepnas 3amuce ypaBHeHuil peakmuii 1-3 — mo 0,5 6., 2 06amia
npaBHiIbHOE 00bsicHeHHe o peakiuu 3 — 0,5 6.

3 BepHslil pacueT MOJIEHOTO COOTHOIICHUS BEIIECTB B CMECH 1 6ain

4  BepHas 3anuch ypaBHEHUsI peakuuu 4 1 6ain

5 Bepnbiii pacuer maccol okcuia xpoma (1) 1,5 Gamna

6 IIpaBunbHOe onpenenenue BemectB A — E —mo 0,5 6. 2,5 6amna
3a BEPHO 3alMCaHHYIO (HOpMYITy

7  BepHblil pacueT KOHCTaHTBHI PAaBHOBECHSI PEAKIIMU 6 1 6amn

8 Bepno 3anucanHoe ypaBHEHHE sl XUM. paBHOBecus (*) — 1 6., 3 Oamia
npaBWIBbHBIN pacuyer kommdectBa NO — 2 0.
9 Bepnsrii otBet — 0,5.6., rpamoTHOE 00BsICHEHHE — 1,5 6. 2 Gamna
HUTOTI'O 16 6amnoB
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PEHIEHUA
CTAPIIAA JIMT' A

3ananue 1

Cwm. 3apanue 1 Mnaamas nura. (20 6as/10B)
3ananue 2

Pewrenue.

1. CrnuproBble pacTBOpHl #oJa OKpameHbl B Oypblii IBET (IPUHUMAIOTCS BapHUaHTHI:
KOPHUYHEBBIN, KOPUYHEBO-OYpBIH, KPacCHO-OyphIii). A OEH30JbHBIE PACTBOPHI UMEIOT (DHOJIETOBYIO
OKpacKy.

2. CunHuil pacTBOp H0/1a MOKHO IIOJYYUTh PACTBOPEHHUEM 10/1a B BOJHOM pacTBOpE Kpaxmaia
(umm criuproBoM). OOpa3yromuiicss CHHUI KOMIUIEKC OKPAaCUT PACTBOP B CUHUH LIBET.

3. onmycTuMm, B pe3ynabTare SKCTPAaKIWU B BOAHOW (ha3e KOHIEHTpamus OKa3aiach paBHA C,
Toraa B ¢gaze pactBopurens A oHa coctaBuia 208c. 3HaYUT, KOHCTaHTa paclpeiesieHus] paBHa:

208c
= 208

Kp (A-Boga) =
Jlnist HaX 0K IEHHsI PACTBOPUMOCTH HoJia B pacTBoputese A (B MOJIb/JT), TIEpeBeieM JaHHYIO B

YyCJIOBUH PACTBOPUMOCTD 1Hojaa B BOJIE B HYXHBIC HAM €IUHUIIbI U3MCPCHUS:

0,280 r/n
253,8 r/mosb

s(I,B Boge) = = 1,103 - 1073 Mosb/n

ITo ycnoBuiOo, KOHCTAHTa PACHpEENICHUs] BBIPAXKAeTCs aHAJOTMYHBIM 00pa3oM Kak uepes
paBHOBECHbIE KOHIIGHTpAallMM, TaK M Yepe3 pacTBOPUMOCTH HoJa B COOTBETCTBYIOLIUX
pactBopuTelsx (0003HAYMM PACTBOPUMOCTH OYKBOIA S):

K _ _SWEA) 0
D (A-sora) = ¢(1 g pone) '
s(I,BA) = s(I,BBoge) X K=208-1,103-1073 = 0,2294 moan/1

(momyckaercsi NOrpemiHOCTb £1 B mocJjieiHeM 3HAKe)

4. IlycTe KOHUEHTpalus #oJa B BOJE IOCIE HKCTpAakIMM cTajga paBHa c. Torma 1o
SKCTPAKIIMU KOHIIEHTpalus Honma B Boje Obuta paBHa 37,5¢. OOmmiee KOIWYECTBO HOaa, C YIETOM
TOTO, 9YTO 00beM BOJTHOTO pacTBopa paseH 0,1 11, paBHO: Nogy = 37,5¢ x 0,1 = 3,75¢.

KonnuecTBo #oma B BOgHOM (aze mocie SKCTPAKIUU: Nyop = ¢ X 0,1 =0,1c¢.
KonunuecTBo itoga B pactBope B: Ng = Nygy — Npoy = 3,75¢ — 0,1c = 3,65¢.

Konnentpanus iona B B, ¢ yaerom toro, uro o6wsem ero pasen 0,01 m: cg= 3,65¢ / 0,01 =
365c.
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Koncranra pacnpenenenus iona B cucteMe pactBoputenb B — Boma paBHa: Kpg-gona) =
365¢/c = 365.

Jlns  ompenesneHUsl KOHCTaHThl paclpelielieHust ioga B CUCTeMEe pacTBOpUTEnb B —
pacTBOpUTEIb A, 3aIIUIIEM €€ BBIPAXKEHHUE YEPE3 PACTBOPUMOCTH:

s(I,B B)
s(I,B Boge
K _s(8B) _ v : _ Ko (3-sona) _ 365
PB-N T S(LeA)  s(BA) " ) Kp (a-posa) 208
s(/;B BOZE

=1,755

5. PactBopumMocTs Hioa B pactBoputene B paBHa:
s(1;8B) = Kp (8-poga) - S(IzB Boge) = 365+ 1,103 - 107° = 0,4026 Mo1b /1
(momyckaeTcsi OTPENIHOCTD £2 B MOCJIeIHEM 3HAKE)

6. 10 r fioma — o 10 / 253,8 = 0,0394 Monb. DTO KOJIMYECTBO MOJHOCTHIO PACTBOPHIIOCH C
00pa3oBaHMEM HACHIIIEHHBIX PACTBOPOB B TpeX (ha3zax, 3HAUMUT:

s(I;B B)Vg + s(I;B A)Vy + s(I;B Boge) Vyop, = 0,0394
0,4026V5 + 0,2294V, + 1,103 - 1073V, = 0,0394 (1)

Jlamee ydreM, 9to cymMmapHbIi o0beM paBen 0,677 i, a o0beM pactBoputens B Ooibiie
o0bema pactBoputens A Ha 0,010 i

Vg + Va + Vyoun = 0,677 (2)
Vg — Vo = 0,010 (3)

Ocranock pemuTh cucreMy u3 Tpex ypaBHeHui (1) — (3) ¢ Tpems HeusBecTHbIMH. Ilocie
pEeIIeHNs MTO0JIy4aeM OTBET:

Ve =0,0650 1 = 65,0 M,
Va=0,0550 g = 55,0 mJ,
Vsomn = 0,5570 51 = 557 mur.

7. Hns mepeBonma Hoaa B BOAHYIO (pa3y MOXKHO TOJNIYYUTh €r0 HMOHHBIE (OPMBI: JTHOO B
OTPUIIATENILHON CTETEHH OKHUCJIEHUS (BOCCTAHOBJIEHWE), JTUOO B TMOJOXKUTEIHLHON CTEICHU
OKHCJIeHUs (PEaKIUH C MIeT0YaMHu, TPUBOSIINE K HOIaTaMm).

COOTBETCTBYIOIIUE YPAaBHEHUS peaKinii (BO3MOXKHBIC BAPUAHTBHI):
I2 + Na;SO3 + H,0 = NapSO,4 + 2HI

I, + Kl = Kl3

I, + Na;SO3 + 2NaOH = Na,SO4 + 2Nal + H,0
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21> + 5NoH4s = No + 4N, Hs|
3l, + 6KOH = 5KI + K103 + 3H,0

Bo3MOXXHO HCIIOJIB30BaHME HMOHHBIX ypaBHeHI/Iﬁ peaKuHﬁ. Taxoke BEPHBIM OTBETOM
CUHUTAIOTCA APYTHUEC BAPHUAHTHI XUMHWYCCKOI'O CBA3BIBAHUSA fIOI[& B BOAOPACTBOPHUMBIC (bOpMBI.

Cucrema OICHUBaAHUA:

1 BepHoe yka3aHue OKpacku CIHPTOBOrO U OEH30JIHHOIO PacTBOPOB Honxa —mo 1 2 Garia
0.

2 Bepnoe onucanue crocoda MpUroToBICHUS CHHETO pacTBOpa Hoja 1 Gamn

3 BepHblii pacueT KOHCTaHTHI paclpeseieHus oga B CUCTeMe pacTBOpUTeNb A - 2 Gaia
BOJIa, a TaKKe pacCTBOPHMOCTH #oza B pacTBopurene A — 1o 1 0.

4 BepHblil pacueT KOHCTAHTbI pacupeeeHus Hoaa B cucTeMe pacTBoputenb B - 2 Gamna
BOZA

BepHsblii pacueT KOHCTAHTBI paclpeeeHus HO1a B CUCTEME pacTBOPUTEND B - 1 Gamn

pacTtBoputesb A

5 Bepublil pacyeT pacTBOpUMOCTHU Hozia B pactBopurese B 1 Gamn
6 BepHnblii pacueT 00beMOB BOIbI, pacTBOpUTEINs A U pacTBoputensi B —mo 1 6. 3 Gamna
7 BepHoe ykazaHue 2-X NPUHIUIHAIHHO Pa3HBIX CIIOCOOOB MepeBoa oaa 2 Gamna

B BOojIHYIO (hazy — 1o 0,5 6.,
Bepnble ypaBHeHUs 2-x peakuuii — o 0,5 6.
UTOI'O: 14 6amnos
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3aganue 3

BemectBo, paznararomieecsi B IpUCYTCTBUHU KaTana3bl U JHOKCHIA MapraHiia — 3TO MEPEKUCh
BOJIOpOJ1a, TO €cTh A — 310 H20.

B kucnore B coaepxurcsa 36,7% yrnepona, 57,1% kuciopojga u BOAOPOJ, MaccoBas J10Jis
KOTOPOT'O paBHAa:

w(H) = 100 — 36,7 - 57,1 = 6,2%
Ormpenenum MOJIBHOE COOTHOIICHHE JIEMEHTOB B B:

w(C) w(H) w(0)
12~ 1 16

C:H:0 = =3,06:6,2:3,57 =6:12:7

3uauut, B umeer ¢opmyny CgHi207. Ilockonbky oHa o0pa3yeTcss NOpuU OKHCICHUU
MOHOcaxapuaa, To B — 3To rimrokoHoBas kuciora, a X — 310 riawko3a CeHi206.

VYpaBuenue peakuuu oopazoBanus A u B u3 X: CgH1206 + O, + H,O — H,0, + CgH1207

Crtpykrypabie popmyisl A, B u X:

o OH 0
= ~F
— H OH
H OH H\
HO——}——H HO H T
H——o~——OH H OH o\
H——o~——OH H OH H
\“OH \\“OH

X B A

2. JIBa caMbIX paclpOCTpaHEHHBIX B MEAE MOHOCaxapuja — 3TO TJIIOKO3a U (PPYyKTO3a.
Coo0TBeTCTBEHHO, peub UET 0 ppyKkTo3e. I nMeHHO PpyKTO3bI B Me/Ie OOJIbIIE BCETO.

3. CtpykTypHBI€ (POPMYIIBI AUTUIPOKCHAIIETOHA U TIIUIEPAIIbICTHIA!

O OH

HD\)J\/OH 0\_\ OH

CrpyxTypHble popmyiibl pocdara AUTHAPOKCHALIETOHA U TIHLEepaibaerua-pocdara:
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[TpuHUMAIOTCS TaKXKe CTPYKTYPHI C TPOTOHUPOBAHHBIMU (POCGHATHBIMH IPYIITIAMHU.

4. ®ocdar IUTHAPOKCHALIETOHA W TIHMLEpaTbAerua-pochaT HAXOAATCS B PABHOBECHUHU B
KHUBBIX OpraHu3max, mo3romMmy C MOXET COOTBETCTBOBATh MPOJIYKTY MIUMUHUPOBaHUS POchHOpHOI
KHCJIOTHI U3 J1r000ro m3 3Tux ABYyX BemiecTB. Ilockonbky C naer peakiuio cepeOpsHOro 3epkaina,
JIOTUYHO MpPEeNnoynokuTs, yro C moiydaercs HEMOCPEICTBEHHO W3 TIHuepanbiaerua-gocdara,
KOTOPBIN SBIISICTCS anbAeruaoM. [Ipu >IMMUHUPOBAaHUU M3 HETO MOJYYUTCS HEYCTOMYHMBBIN €HOIM,
KOTOPBIH OBICTPO Meperpynmnupyercsi B METHWITIMOKCAlIb, KOTOPBIN U sABIsieTcs BemecTBoM C:

0O

-‘-
C: 0

A

5. @ocdar AUTUAPOKCHAIETOHA W TiHIepanbaerua-pochar oOpa3yroTCs B OpraHu3Me B
pPE3YIbTATC rJIMKOJIN3a. Kouneunsim IMPOAYKTOM TJINKOJIN3a ABJIACTCSA InmupyBar 1501050
MUPOBHUHOTPAIHAS KUCIIOTA (IPUHMUMAIOTCS Ha3BaHUS M CTPYKTYPhI M aHHOHA, U KUCIIOTHI):

0
o
OH
Cucrema oneHUBaHUA M pa30a/IoBKa:
1. 3 opyrro-popmynsl — o 0,5 6. 1,5 6anna
3 ctpykTypHbIe hopMyIbl — 110 1 6. 3 Gamna
2. Ha3Banue ¢ppykTo3sl — 1 6., ykazaHue Ha To, 4To ee Ooinbuie — 0,5 0. 1,5 6anna
3. 4 crpykrypHbie popmynst o 0,5 Gama 2 Gamna
4. CrpykrypHas popmyna C 1 6amn
5. Ha3spanue nporecca (IJIMKOIU3) 1 6ain
CtpykTypa 1 Ha3BaHHE KOHEYHOIr0 MpoaAyKTa — 1o 1 ©. 2 Gamna

HUTOI'O 12 6ayioB

3ananue 4

Cwm. 3apanue 3 Mnaamas nura. (14 6am/10B)
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3aganue 5

1. Karanuz — yckopenue unu 6030yscoenue xumuyeckux peakyuti B IPUCYTCTBUH BEIIECTB —

KaTaJau3aTopoB, KOTOpPbIE MHOTOKPaTHO BCTYHNAlOT B IIPOMEXKYTOYHOE XHMHYECKOE
B3aMMOJICICTBUE C yYaCTHUKAMU PEAKLUU U BOCCTAHABIMBAIOT IIOCIIE KaKIOr0 LIUKJIA CBOM
[IEpBOHAYAJIbHBIA XUMUYECKUN COCTAB.

Kartanusarop — BemecTBo, KoTopoe Oyaydn [A00aBIEHO B PEaKIUOHHYIO CMECh,
CIOCOOCTBYET MEPEBOY OJHOTO MIIM 000MX KOMIIOHEHTOB PEAKLIMU B AKTUBHBIC YaCTHUIIBI U
II0CJIE COBEPILEHUS PEaKLUH 8038PAWAIOMCSL 8 UCXOOHOE COCMOSIHUE.

[IpuHumaroTcst 1r00ble BapUaHTBl OTBETOB C yKa3aHHEM IJIaBHBIX OCOOEHHOCTEH sIBIEHHUs
KaTajau3a ¥ KaTalu3aropa.

E
DHEPrud  aKTHBAlMM  COOTBETCTBYET  BEIMUHHA 0] mmy

OQHECPIrCTHYCCKOIO 6apbepa: 304
Ea (no catalyst) = 38 kcal/mol
Ea (with catalyst) = 22 kcal/mol

E, (no catalyst)

E, (with catalyst)

OmunbKa B U3MEPEHUSIX DHEPIUN aKTHBALMU JOJDKHA o o) I
AG

6bITh He 0oJiee 2 kcal/mol. 0]

CaMOnpOou3BOJIbHOE MPOTEKAHUE peakiuu Reaction Progress

onpeensiercst sHeprueit I'mb0ca, KOTOpas BHIPaXKaeTCsi B BHIE Pa3HUIBI YHEPreTHUECKUX
COCTOSIHHI CHCTEMBI JI0 M TIOCJIE PEaKIIUK:
AG = -10 kcal/mol (AG < 0) — peakuus IpoTeKaeT CaMOIPOU3BOJILHO.

3. TIpOYKTHI PEaKIHii KPOCC-COUCTAHMS TIPH SP- M SP°-THOPH/IM30BAHHBIX aTOMAX  yIJIEPOJa:

— — —_ B
R? R1/\ R?
SPA, ST T

B P
N\ A
R? R \_\ R2 R \\_\ R2
\ D D
)X X X

4. YpaBHEeHUsI IPUBEIACHHBIX PEaKLIUN:

Q M/\QL Suzuki coupling Q &
| R! 7 X
: PdCbinap (5 mol%) IN" | _
- —
mN KsPO, DMF, 60°C, 24 h o V4
5/‘( ’Sr 30% N HN
H

h
&8 Pd(OAC),, PPhs, BuyNHCI
u,
B - 2 e 3, Buyl N 0 NCbz
\(0 HN DMF-H,0-Et,N, 37 °C, 4 h T—NH o]

R
X ;
1 PdCl,(SPhos),, Base

Suzuki-Miyaura coupling
a

HO
1) Pd(dba), K,CO,, toluene/H,0
CbzHN ,O TBAB 110 °C MW, 50%

2) BCl;, DCM, dioxane/H,0

NI\'I)L
NHMtr Heck coupling COy Me LiOH, 0°C, rt, 95%

HN

HN

i R NHMt  HN ﬁ =

(o}
d \\‘(NH g (o]

o] Mtr = 4-methoxy-3,4,6-trimethylbenzene sulphonyl gp

Sonogashira coupling Hex OHex

Suzuki-Miyaura coupling £
Pd(CH;CN),, XPhos
Cs,CO,, dioxane, 60° C
13%

0‘[% toluene-H,0, 90 °C, 2h OHex

. L

B. (R = H; Base = K,COy; 39%) : "~

(S 9 (R = Me; Base = NaHCO5: 54% X { Skt
'3

CoMe~ “OH
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5. Cxema cuHTe3a npenapara ACTEMU30IL:
g\chI KGOy
= OO
N - Q/
N,
\ NEH DMF, O°C, \ ‘

@ >_C‘ 4-Br-CyHy CHyF @N}C + dj F

¥

P,iDBAR

A
N
[marieuons _KOH. HeChL 12w
] et ©\>_ _O @yn_o’\l
toluene, 85°C 4-CH30-CiHa-CHoCHBr
s N e

Astemizale

6. Peakmus Bropua-®uttura sBiIseTcs 0JHON M3 MEPBBIX HEKATAIM3UPYEMBIX PEaKIUidi Kpocc-
COUYETaHMSL:

2Na + R—I + Br@ — R@ + NaBr + Nal

K d4uciy HekaTanu3upyeMbIX peakluil Kpocc-COUeTaHMsl TaKKe OTHOCHTCA peakus
IKWITAJIOTEHUJI0B ¢ peakTuBamMu ['puHbspa, 3a oTKpbIiTHE KOTOpod B 1912 romy HobGeneBckas
peMusi 0 XUMUH OblJIa BpydeHa ¢paHiry3ckuM xumukam Bukropy ['punbspy u [loxro Cabatbe:

R—MgHal + R'—Hal ——® R—R' + MgHal,

CucreMa OlleHMBAHUA U Pa3daJIOBKa:

1. 3aomnpeneneHue TEPMUHOB KamMaiu3 U Kamaiuzamop 0,5x 2 =1 6amn

2. 3apacyer >Hepruil aKTUBALUU 1x 2 =2 6anna
3a 00BsICHEHNE CaMOTIPOU3BOJIBHOTO MPOTEKAHUS PEAKITHT 1 Gamn

3. 3aolmue GpopMyIbl IPOTYKTOB 0,5 x 6 = 3 6amna

4. 3a ykazaHue NPOJyKTOB peakuuit 2 x 5= 10 6amnoB

5. 3acrtpykrypHble popMyIsl BemecTB A-C 1x 3 =3 6amna
3a cTpyKTypHYIO popMyTy AcTeMH30J1a 1 Gamn

6. 3ayka3zaHue ABYX MPUMEPOB peaKLuit 1x 2 =2 6anna
3a ykazaHnue (HpamMuinu y4eHoro 1 Gamn

HUTOI'O 24 6axna

3aganue 6

Cwm. 3amanmne 6 Mnaamas nura. (16 6as/10B)
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JUNIOR LEAGUE

Problem 1

ROCKET FUEL

Most space travel is carried out through the use of chemical rocket fuel. The fuel mixture
must include an oxidant and reducing agent, which, as a result of the chemical reaction, releases the
gaseous products that do the work and the energy that heats the released gases.

One of the most common solid oxidants used in rocket fuels is ammonium perchlorate.
Organic polymers, such as polyethylene (CHy), or polyisoprene (CsHsg),, are usually used with it as
a reducing agent.

Questions:

1. Write equations of reactions which take place in a rocket engine when ammonium
perchlorate is used as a oxidant and reducing agent is: a) polyethylene; b) polyisoprene.
Consider that the same products are obtained in the both reactions and 9.672 g of
ammonia perchlorate is necessary for oxidation of 1 g of polyethylene.

It is recommended to write polymer formulas in reaction equations as monomer units for

simplifying.

It is possible to find connection between using fuel and reachable speed of flight. To simulate
a space flight, one can use the Tsiolkovsky formula, according to which the initial mass of a rocket
with fuel (mg), the mass of a rocket without fuel (m), the velocity of the gases from the rocket
engine (Vo) and the maximum speed reached by the rocket (v) are related by the relation:
my

__e'UO
m

The rate of gas outflow is directly proportional to the square root of the ratio of the gas

temperature in Kelvin to the average molar mass of the gases: vy~ MT

cp

In other words, the success of flight (the maximum speed that a rocket is capable of

developing) directly depends on the thermochemistry of the reaction between an oxidant and a
reducing agent.

For example, for space travel, a mixture of ammonium perchlorate and polyethylene
perchlorate in stoichiometric proportions is used as rocket fuel. Next thermochemical data are
known: the heat of combustion of polyethylene in oxygen per 1 mole of CH; groups is equal to Q; =
660 kJ / mol, the heat of decomposition of ammonium perchlorate into simple substances and
gaseous water per one mole of salt is Q, = 188 kJ / mol. The heat of the gas-phase reaction (based
on 1 mole of oxygen) is also known:
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4HCI + O, — 2H,0 + 2Cl; Q3 =114 kJ/mol

2. Calculate the value of the average molar mass of gases Mav formed during the chemical
reaction of ammonium perchlorate with polyethylene.

3. Calculate the mass fractions of polyethylene and ammonium perchlorate in a stoichiometric
mixture corresponding to the chemical reaction taking place between them.

4. Find the thermal effect of the reaction taking place in our rocket engine and express it in
units of: a) kJ per 6 moles of ammonium perchlorate, b) kJ per kilogram of the mixture.

5. Assuming that the heat capacities of gaseous HCI and nitrogen are 31 J (mol-K) (each), of
gaseous water is 40 J / (mol-K), of carbon dioxide is 54 J / (mol-K), calculate the temperature T of
gases, formed during the reaction. Proceed here from the assumption that 80% of the heat released
during the reaction is expended to heat the gases that form. The initial temperature is 300 K.

6. Find the velocity v, of the gases outflow from the engine, knowing that the rate of escape
of carbon dioxide at a temperature of 3000 K is 1.1 km/s.

7. Let the mass of the missile body without fuel equal 20 tons. Find the minimum mass of the
fuel mixture, which is necessary for the rocket to reach the velocity v =5 km/s.

8. Often, a solid metal, for example aluminum, is added to the polymer and oxidant fuel
mixtures. No gases are formed in reactions involving aluminum. Explain, what is the role of metals
in such mixtures?
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Problem 2

SOLAR CHEMISTRY !;

The sun is the closest star to Earth. Solar energy is important for life on Earth. As is known,
reactions of thermonuclear fusion occur on the Sun —synthesis reactions of heavy nuclei from
lighter nuclei. A huge amount of energy is released in these reactions which spread on the whole
Solar system. The main chain of reactions on the Sun is the synthesis of helium nuclei from
protons:

p+lp — 20 +? 0.42 MeV (1)

2H+? —»3He+ y 5.49MeV (2

3He + 3He —» %He +2? 12.85 MeV (3)
Questions:

1. Write the equations of nuclear reactions 1-3. Calculate the total energy released on the Sun (in
MeV) per one synthesized nucleus of 3He.

Currently there are a large amount of solar power plants in many countries which are used for
supplying cities by energy and satisfy most of the need of electrical power. In far located regions of
the Republic of Sakha electric energy is generated by diesel power stations. However, the biggest
solar power plant beyond the Arctic Circle «Batagai» which is located in Batagai village of the
Republic of Sakha was put into operation in 2015. Power of this station is IMW.

2. Calculate how much of diesel fuel (in tonnes) in 1 year can be saved using solar power plant
«Batagai». The average duration of daylight beyond the Arctic Circle is 14 hours, efficiency of
diesel power station is 40%. Diesel fuel burning reaction can be shown as the reaction of cetane
burning:

C16H34qiiq) + O2(gas) — CO2(gas) + H20(qas)
Reference data:

Q#(H20qas)) = 242 kd/mol,

Q#(COx(gas)) = 394 kd/mol,

Q#(C16H34qiq)) = 375 kd/mol,

1W =1J/1s.

1eV (electronvolt) = 1.6*10719)
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3. Using the results obtained in points 1 and 2, calculate how many nuclei (in moles) should be
formed on the Sun in order to release the same amount of energy as the solar power plant
"Batagay" for 1 year.

Obviously, solar panels are better for environment than gas, oil and coal, because there is no any
pollution produced by solar panels. However, their production costs are much more expensive than
the production cost of gas or oil, in addition, the efficiency of solar cells depends heavily on the
weather conditions and the number of sunny days. Element X is most widely used in the production
of solar panels. It is the second most abundant element in the Earth’s crust. Photocells based on X
have the highest efficiency of light transformation to electric energy. That’s why clearancy of
substances is important. The scheme of chemical reactions with X shown below:

A 1000°
/ﬁ X
Cl, | 200°C

Mg [ T>1000°C

C
HCI Li[AlH,]
B D

C is the gas with the relative density of gas with respect to air 1.103, D — colorless fuming liquid. X
obtaining is conducted without O..

4. Determine element X and compounds A-D. Write equations of chemical reactions (6 reactions).
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Problem 3

RADIOACTIVE ELEMENT

The element X is very important for the vital activity of human organism. The scheme below shows
the reactions of a radioactive isotope X* of this element.

C

Tco2

02 H20
X* A > B

\ H,0 +

1. Calculate the half-life of radioactive isotope X*.

The activity of 1 g of compound A is 147 kBq. activity decreases by 2% after 36.4 million years. H,
is released in the reaction of formation B from X*. O, is released in the reactions of formation B
from A as well as in reaction between A and CO,. Difference in atomic masses between X and X*
is 1.

2. Determine element X and compounds A-C. Write the equations of chemical reactions.

The radionuclide X* mainly undergoes p -decay with maximal energy of beta-particles Ep, max= 1.31
MeV. Beta radiation is very dangerous if radionuclide is inside the body, but radioactivity of
isotope X* is low and called «natural human radioactivity».

3. Write equation of X* p -decay.

4. Calculate the specific energy (J/kg) absorbed by human body with weight 70 kg during 24 hours
of beta radiation. The mass fraction of X in organism — 0.3%, molar fraction of X* - 0.0117%.
Average energy of B-particles is 0.4 Eg max, Neglect removal from organism. How the calculated
value is called?

5. Is the calculated quantity safe for human body if the permissible limit is 1 mSv per year.

Reference data:

1Bq (Becquerel) = 1 decay/ 1sec,
1eV (electronvolt) = 1.6¥10™° J,

1Sv (sievert) = 1J/ 1kg for B-particles

L In2
Law of radioactive decay A = Age*, 1 = TL :
1/,

Activity A = AN
A, — initial activity,
A — decay constant,
T1/2 — half-life,
N — number of radioactive particles.
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Problem 4

GREEN CHEMISTRY

In recent years, the growing global environmental problems led to the emergence of a new
trend in chemistry, known as "green chemistry”. Green chemistry means any improvement in
chemical processes that positively affects the environment. The approaches of “green chemistry"
differ from the conventional methods of preventing pollutions - instead of destroying harmful by-
products which are released after chemical synthesis, green chemistry implies the search for new
synthetic routes with non-toxic reagents that do not harm the environment.

One of the main directions of "green chemistry” is the replacement of toxic and volatile
organic solvents in chemical processes with ionic liquids. lonic liquids are organic or inorganic
salts, which consist entirely of ions in the liquid state. They remain liquid over a wide range of
temperatures (from -90 to + 350 ° C), have high chemical and thermal stability, a unique solvency
and they are able to dissolve even polymer materials - these unique properties attract many
researchers to the study of ionic liquids.

The simplest example of an ionic liquid is a melt of sodium chloride, but the practical
application of this melt is not advisable because of its high melting point (about 801°C). However,
when added to some inorganic salt, sodium chloride significantly reduces its melting point, forming
a eutectic mixture - a system of two or more components that melts at the lowest temperature than
its individual components. Thus, for example, electrophilic substitution reactions in the aromatic
series are carried out in the eutectic mixture AlICl3-NaCl (T, = 104°C).

Questions:

Phase diagrams of the systems AICIs-LiCl, AICI3-KCI, AICI3-CaCl; and AlCl3-ZnCl; are
given below:
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1. Select a system:
- with the minimum eutectic point;
- with the minimum amount (in mg) of AICI; per 1 g of eutectic mixture.

Nowadays, scientists pay close attention to the search for room-temperature ionic liquids,
the melting points of which are below 298K (25°C). Being liquids at room temperature, they can be
unique reaction media, catalytic systems or electrical-conducting materials in accordance with the
purposes of application and exhibited physical and chemical properties. So, in 2004, the scientific
group of J. Shan (East China Normal University, China) developed a series of ionic liquids with
cations of transition metals and polyoxotungstate anions {TiW1;039}, which have a unique property
— they are practically immiscible with water at temperatures below 298K, however, at higher
temperatures they dissolve unrestrictedly in it. This property caused widespread use of ionic liquids
in interphase catalysis.

2. Determine the oxidation states of lanthanide, titanium and tungsten in an ionic liquid with
the general formula Nays[Ln(TiW1,030)2]-xH,0O, if zinc and chromium salts of the following
composition are known: Nas[ZnTiW11039]-14,7H,0 and Nas[CrTiW1,039]-15,9H,0.

These ionic liquids are polyoxometallates - anionic multicenter groups. They are built from
tetrahedrons [MO,4] or octahedra [MOg], in the center of which atoms of transition metals are
located, and the vertices are occupied by oxygen atoms. Oxygen atoms are also the transition links
of all tetrahedral or octahedral structural elements, and the ion of another transition metal can be
located in the center. The structure of hexatungstate anion [WgO10]* is shown on the right.

3. Draw the structure of [MTiW1,039], where M is the transition metal ion.

The procedure for the preparation of cerium salt Na;3[Ce(TiW11039),] is given below:

*1.11 ml of titanium tetrachloride (» = 1.726 g/cm®) is added dropwise to a solution of 32.3
g of sodium tungstate in 200 ml of water under vigorous stirring
(reaction 1). The resulting solution is acidified with glacial acetic acid
to pH 6 (reaction 2) and heated ar 60 °C for 1.5 hours. To the hot
reaction mixture, 5 ml of a 1M solution of Ce(NOg); is added dropwise
and stirred for 2.5 hours (reaction 3). After stirring, the reaction
mixture is filtered into a measuring beaker, cooled to room
temperature and 50 ml of absolute ethyl alcohol are added. The
product is collected at the bottom of a baker as a dark red oil ... "

4. Write down equations of the described reactions. Why is the solution acidified with acetic
acid to pH 6?
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Problem 5

Tomtor is one of the largest rare earth metal deposits in Yakutia and = \
The resources of deposits are sufficient to provide 14 out of 27 ‘criti
development of which is considered by the program of increasing the com;
industry. The forecast resources are 154 million tons of ore with a very high «
rare earth elements, one of which is X.

The scheme of transformations with element X is given below:

H2S0u:(conc.)

B

electrolysis
KOH
- J
Y H:0: (ccrnc.) KNO:
X A |
gas A NHs
\/
. Hz, 600°C
C E <
I(iilc) 1 Na/C:HsOH
- HCI diluted '

D F

It is also known that:

X is a very rare metal, its content in the earth's crust is about 7-108 % by mass, and the
molecular weight of the metal X exceeds 100 g/mol. The only binary compound in the scheme is
substance C, which is dark brown crystals, and solution of D has a greenish-brown color. The
weight percentage of the element X in substance C is 5,82 times larger than the weight percentage
of the counterion, which is formed by the gas Y. Y is a simple gaseous substance without color and
odor. The substance F is a complex compound.

Questions:

1. Decode the scheme, draw structural formulas and give names of the compounds A-F, X and
Y.

2. Write down equations of all reactions.

3. Compound A can also be obtained by reaction of X with a) concentrated sulfuric acid on
heating; b) concentrated nitric acid. Write the equations of both reactions.

4. Write the equation for the complete dissociation of the substance D.

5. How can substance B be obtained from X?

52



Problem 6

NITROGEN MONOXIDE

Nitrogen monoxide (NO) is one of stable radical compound. It is usually produced from salts of
nitrous acid - potassium or sodium nitrite. Reactions between potassium nitrite and acidified with
sulfuric acid potassium iodide (reaction 1) or yellow blood salt (reaction 2). Reaction with dilute
sulfuric acid in the absence of reducing agents is less preferable (reaction 3).

Questions:
1. Molecules of what stable at standard state gases (except NO) are radicals? Give two examples.

2. Write reactions 1 — 3. Explain why reaction 3 is less convenient for NO producing.

Solid-phase reaction between chromium (I11) oxide and mixture of potassium nitrate and nitrite in
mass ratio m(KNO,) : m(KNO3) = 2.53 can be used to obtain dry gas.

3. Calculate molar ration n(KNQO) : n(KNQO3) in this mixture. In the future, consider that this ratio
corresponds to the stoichiometry of the reaction.

4. Write equation of the reaction 4, considering that the only gaseous product is NO and only one
substance leave in the solid phase.

5. Calculate mass of chromium (IlI) oxide which is necessary for reaction with 10.00 g of
mentioned above mixture of potassium nitrate and nitrite.

Despite its stability at standard state NO can decompose. It decomposes at 1000 — 1200 °C in
accordance with the equation of reaction 5. Reaction 6 occurs at high pressure and moderately
high temperature. When gas is absorbed by zeolite, reaction 7 occurs. Equations of these reactions
with coefficients are presented below:

5)2NO — A +B
6)3NO — C+D
7)4NO — C +E

Values A{H® = —155.4 kJ/mol, A;S° =—172.1 J/(mol-K) are known for the reaction 6.

6. Determine products of each reaction (substances A — E), write their formulas.

7. Calculate equilibrium constant for reaction 6 at 800 K.
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NO was heated until 800 K in a vessel with 2 L volume. Initial pressure of NO at 800 K was 10 bar.

8. Calculate NO amount in the vessel after finishing of the reaction 6 (at the onset of chemical
equilibrium), if vessel volume and temperature in the vessel are constant.

If you could not solve the equation that you compiled, please write down this equation in solution.

9. In what case will final (equilibrium) partial pressure of NO be more: in the case of reaction 6 is
conducted at constant pressure and temperature or in the case of reaction 6 is conducted at constant
volume and temperature?

Note: products and reagents are included in expression for K, as equilibrium pressures measured
with unit of bar, 1 bar = 10° Pa. The equilibrium constant is expressed in terms of changes in the
enthalpy and entropy of the reaction:

—RT - InK,, = A H° — TA,.S°
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SENIOR LEAGUE

Problem 1

ROCKET FUEL

Most space travel is carried out through the use of chemical rocket fuel. The fuel mixture
must include an oxidant and reducing agent, which, as a result of the chemical reaction, releases the
gaseous products that do the work and the energy that heats the released gases.

One of the most common solid oxidants used in rocket fuels is ammonium perchlorate.
Organic polymers, such as polyethylene (CH>)n or polyisoprene (CsHsg)y, are usually used with it as
a reducing agent.

Questions:

1. Write equations of reactions which take place in a rocket engine when ammonium
perchlorate is used as a oxidant and reducing agent is: a) polyethylene; b) polyisoprene.
Consider that the same products are obtained in the both reactions and 9.672 g of
ammonia perchlorate is necessary for oxidation of 1 g of polyethylene.

It is recommended to write polymer formulas in reaction equations as monomer units for

simplifying.

It is possible to find connection between using fuel and reachable speed of flight. To simulate
a space flight, one can use the Tsiolkovsky formula, according to which the initial mass of a rocket
with fuel (mg), the mass of a rocket without fuel (m), the velocity of the gases from the rocket
engine (Vo) and the maximum speed reached by the rocket (v) are related by the relation:
my

—:ev_O
m

The rate of gas outflow is directly proportional to the square root of the ratio of the gas

temperature in Kelvin to the average molar mass of the gases: vy~
cp
In other words, the success of flight (the maximum speed that a rocket is capable of
developing) directly depends on the thermochemistry of the reaction between an oxidant and a
reducing agent.

For example, for space travel, a mixture of ammonium perchlorate and polyethylene
perchlorate in stoichiometric proportions is used as rocket fuel. Next thermochemical data are
known: the heat of combustion of polyethylene in oxygen per 1 mole of CH, groups is equal to Q; =
660 kJ / mol, the heat of decomposition of ammonium perchlorate into simple substances and
gaseous water per one mole of salt is Q, = 188 kJ / mol. The heat of the gas-phase reaction (based
on 1 mole of oxygen) is also known:
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4HCI + O, — 2H,0 + 2Cl; Q3 =114 kJ/mol

2. Calculate the value of the average molar mass of gases Mav formed during the chemical
reaction of ammonium perchlorate with polyethylene.

3. Calculate the mass fractions of polyethylene and ammonium perchlorate in a stoichiometric
mixture corresponding to the chemical reaction taking place between them.

4. Find the thermal effect of the reaction taking place in our rocket engine and express it in
units of: a) kJ per 6 moles of ammonium perchlorate, b) kJ per kilogram of the mixture.

5. Assuming that the heat capacities of gaseous HCI and nitrogen are 31 J (mol-K) (each), of
gaseous water is 40 J / (mol-K), of carbon dioxide is 54 J / (mol-K), calculate the temperature T of
gases, formed during the reaction. Proceed here from the assumption that 80% of the heat released
during the reaction is expended to heat the gases that form. The initial temperature is 300 K.

6. Find the velocity v, of the gases outflow from the engine, knowing that the rate of escape
of carbon dioxide at a temperature of 3000 K is 1.1 km/s.

7. Let the mass of the missile body without fuel equal 20 tons. Find the minimum mass of the
fuel mixture, which is necessary for the rocket to reach the velocity v =5 km/s.

8. Often, a solid metal, for example aluminum, is added to the polymer and oxidant fuel
mixtures. No gases are formed in reactions involving aluminum. Explain, what is the role of metals
in such mixtures?
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Problem 2

IODINE EXTRACTION

Often, chemists are faced with the task of extracting iodine from an aqueous solution: for
purification, for separation, for demonstration of impressive experiments. One of simple methods to
do it is iodine extraction with organic solvents (part of solved substance transits to organic phase

after addition of organic solvent to aqueous solution).

Questions:

1. What are the color of solutions of iodine in spirit and

benzene?

Organic phase 2. How can blue solution of iodine be obtained?

[|2(0rg.phase)]

. Extraction process is characterized by distribution constant
Organic phase

(equilibrium constant of transition ly@aquay= l2(org)).  Distribution

[12(aq.phase)] constant can be expressed similarly both through equilibrium iodine

concentration in water and organic phases and through solubility of

iodine in appropriate solvents:

[Iz(org. phase)] S(Iz(org. phase))

[Iz(aq. phase)] B S(Iz(aq.phase))

KD(org. phase—water)

After finishing extraction process with organic solvent A from saturated aqueous solution
(under crystalline iodine), iodine concentration in water was by 208 times lower than in the solvent
A. lodine solubility in pure water is 0.280 g/L. Neglecting by existence of non-molecular forms of

iodine and by solubility of solvents in each other, solve next tasks:

3. Calculate iodine distribution constant between solvent A and water, and solubility of iodine
in solvent A (mol/L). Consider the task data fairly accurate and give answer with an accuracy of 4

significant digits.
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lodine concentration in water phase decrease by 37.5 times in comparison with initial after
extraction of iodine from 100 ml of saturated aqueous solution with 10 ml of organic solvent B non-

mixable with water.

4. Calculate iodine distribution constant in a system solvent B/water and iodine distribution

constant in a system solvent B/solvent A, considering that solvents don’t mix with each other.

5. Calculate iodine solubility in the solvent B (mol/L). Consider the task data fairly accurate

and give answer with an accuracy of 4 significant digits.

10.00 g of solid iodine was put into a flask in which water, solvents A and B were poured one
by one. All iodine was solved and total volume of all three solutions was 677 ml. After thorough
mixing of flask content and solution layering, all three phases (solution of I, in A, solution I, in B,
aqueous solution of I,) were saturated solutions. It is known, the volume of added solvent B is

greater than the volume of solvent A by 10 ml.
6. Determine volumes of water, solvents A and B in obtained three-phase system.

7. Propose two principally different chemical methods to transit much part of iodine into
aqueous phase in system aqueous/solvent B (in state of any substance), assuming that B is an

aromatic hydrocarbon. Write appropriate reaction equations.
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Problem 3

ABOUT HONEY

Many people think that honey is one of the most useful products. Currently, honey is
appreciated not only because of its unique properties for cooking, but due to its antibacterial
activity.

It is believed that the antibacterial activity of honey is mainly caused by presence of low-
molecular substance A. Substance A in honey is formed in result of oxygen effect on substance X
(one of two main monoses in honey) in presence of enzyme X-oxidase. 1 molecule of water is
absorbed and 1 molecule of acid B is released in this reaction. Acid B contains 36.73 wt.% of
carbon and 57.14 wt.% of oxygen and plays role of acidity regulator establishing pH in honey
which also effect on antibacterial activity.

Questions:

1. Determine structural and molecular formulas of substances A, B and X if it is known, that
substance A easily decomposes to more simple products in presence of catalase enzyme or
manganese dioxide and substance X give sweet taste to honey. Approve your answer by
calculations. Write equations of the reactions of substances A and B formation from X.

2. What monose, besides substance X, is contained in honey in large quantities? Call it. What
is the most monosaccharide in honey?

As is known, not at all kinds of honey contain considerable amounts of substance A. It was
found that in this case substance C is a substance with antibacterial activity. It forms in result of
slow spontaneous dehydration of dihydroxyacetone or glyceraldehyde and doesn’t contain cyclic
fragments. These same transformations can occur enzymatically with monophosphates of
dihydroxyacetone and glyceraldehyde, which in the body are in balance with one another.

3. Give structural formulas of named above dihydroxyacetone, glyceraldehyde,
monophosphate of dihydroxyacetone and monophosphate of glyceraldehyde.

4. Determine the structure of substance C, if it is known that C can produce a “silver mirror”.

5. During what biochemical process are 1 molecule of monophosphate dihydroxyacetone and
1 molecule of glyceraldehyde phosphate formed from 1 molecule of X in a body in several stages?
What substance, that has the same carbon skeleton as C, is final product of this process. Give its
structural formula and name.
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Problem 4

RADIOACTIVE ELEMENT

The element X is very important for the vital activity of human organism. The scheme below shows
the reactions of a radioactive isotope X* of this element.

C

Tco2

02 H20
X* A > B

\ H,0 +

1. Calculate the half-life of radioactive isotope X*.

The activity of 1 g of compound A is 147 kBq. activity decreases by 2% after 36.4 million years. H,
is released in the reaction of formation B from X*. O, is released in the reactions of formation B
from A as well as in reaction between A and CO,. Difference in atomic masses between X and X*
is 1.

2. Determine element X and compounds A-C. Write the equations of chemical reactions.

The radionuclide X* mainly undergoes p -decay with maximal energy of beta-particles Ep, max= 1.31
MeV. Beta radiation is very dangerous if radionuclide is inside the body, but radioactivity of
isotope X* is low and called «natural human radioactivity».

3. Write equation of X* p -decay.

4. Calculate the specific energy (J/kg) absorbed by human body with weight 70 kg during 24 hours
of beta radiation. The mass fraction of X in organism — 0.3%, molar fraction of X* - 0.0117%.
Average energy of B-particles is 0.4 Eg max, Neglect removal from organism. How the calculated
value is called?

5. Is the calculated quantity safe for human body if the permissible limit is 1 mSv per year.

Reference data:

1Bq (Becquerel) = 1 decay/ 1sec,
1eV (electronvolt) = 1.6¥10™° J,
1Sv (sievert) = 1J/ 1kg for B-particles
In2

Law of radioactive decay A = Age*, 1 = .
s,

Activity A = AN

A, — initial activity,

A — decay constant,

T1/2 — half-life,

N — number of radioactive particles.
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Problem 5

NOBEL REACTIONS

Cross-coupling reactions are a broad class of organic reactions that involve the interaction
between two different organic substrates (most often organoelement compounds and organic
halides) leading to the formation of a new carbon-carbon bond:

X-R+ M-R'— R-R"+ MX

An important task of modern organic chemistry is the development of highly selective cross-
coupling reactions that play a key role in the synthesis of complex functionalized organic
molecules. In 2010, three scientists were awarded the Nobel Prize in Chemistry: Richard Heck
(1931, USA), Eichi Negishi (1935, Japan) and Akira Suzuki (1930, Japan) for the development of
cross-coupling reactions catalyzed by palladium (1) organometallic complexes. Due to the low cost
of palladium complexes, their exceptional selectivity to many functional groups, high yields and
mild reaction conditions, Pd-catalyzed cross-coupling reactions are currently of fundamental
importance in fine organic synthesis. The general reaction schemes are given below:

The Heck reaction The Negishi reaction
[Pd], base R! Pd

RX + RN ———= o N RIX + RAZnX — 0= RI_R? + ZnX,

R' = alkenyl, (hetero)aryl, alkyl R'= alkenyl, (hetero)aryl, alkynyl, acyl

R?= alkenyl, (hetero)aryl, alkyl R?= alkenyl, (hetero)aryl, alkynyl, alkyl

X =Cl, Br, I, OTf, OTs, N,* X =Cl, Br, I, OTf, OAc

The Suzuki reaction The Sonogashira Reaction

[Pd], base H y R;
R‘1x + RZB(Y) L’ Ut R‘W_RZ / [Pd], Cu(l)-salt /
2 RIX + % base 7

R? R2

R' = alkenyl, (hetero)aryl, alkyl R'= alkenyl, (hetero)aryl

R?= alkenyl, (hetero)aryl, alkynyl, alkyl R”=H, alkenyl, (hetero)aryl, alky!

X =Cl, Br, I, OTf X =Cl, Br, I, OTf

Y = alkyl, OH, O-alkyl

Questions:

1. What is the phenomenon of catalysis? What substances are called catalysts?

The figure below shows the energy profile of the
schematic reaction X + Y = Z without and in the presence of a  «
catalyst. o

Energy

keal/mol

2. Which of the two energy profiles correspond to the
reaction in the presence of a catalyst and an
uncatalyzed reaction? Estimate the value of the o]
activation energy for each of the reaction paths. Is _ ] z

Reaction Progress
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the reaction spontaneous from the thermodynamic point of view?

R. Heck, E. Negishi and A. Suzuki were the first who carried out cross-coupling reactions
for sp- and sp>-hybridized carbon atoms, for which earlier, these reactions proceeded with low
selectivity and small yields. Halogen atoms at sp- and sp®-hybridized carbon atoms have very low
reactivity, however, catalysts based on palladium (Il) complexes are extremely active to the C-Hal
bond and facilitate its rupture, thereby providing practical expediency (exceptional selectivity and
high yields) of cross-coupling reactions.

3. Draw the general structures of all possible products of cross-coupling reactions for sp-
and sp-hybridized carbon atoms.

Currently, Pd-catalyzed cross-coupling reactions are the dominant synthetic route of
annulenes — cyclic systems containing conjugated double bonds. Benzannulenes are important
components of a large number of biologically active compounds, and their synthetic analogues are
developed for targeted drug delivery and anticancer therapy.

4. Give the structural formulas of products of the following Pd-catalyzed cross-coupling
reactions:

| PdClbinap (5 mol¥)

= o

\? Ry ,_}_H L KsPO, DMF,60°C, 24 h
0

= TJ{N’\fNH el ) 1) Pd{dba), K;CO;, toluena/H,0
R" H é ChzHN g-0 TBAB, 110°C MW, 50%
NV_JJ\ ‘Z< 2) BCl;, DCM, dioxane/H0

T0Me LIOH, 0°C, i, 95%

NHMtr

OJ\N _> Pd(OAc);, PPhy, BugNHCI
:

DMF-H,0- Et3N 379C, 4h

Nan

& \TNHO

o) Mir = 4-methoxy-3,4 B-trimethylbenzene sulphonyl gp

PA{CH,CN),, XPhos
—
Cs,C0,, dioxane, B0° C

1
PACl,{SPhas),, Base =3 % OHex o

o J.>/< toluene-Hs0, 80 °C, 2h
: (R = H: Base = K,CO4: 39%)

e
COyMe OH

In 1994, American chemists Buchwald and Hartwig described an unusual reaction for the
production of N-substituted anilines in the presence of palladium (1) complexes:

R! R!
5 Pd,(dba)s 5
-+ ——
Br R-NH>» BINAP, NHR

PhMe, 80°C

The reaction is characterized by high regiospecificity and affects spatially more accessible
nitrogen atoms, and direction and mechanism of its reaction differ from the usual nucleophilic
substitution reactions. Buchwald-Hartwig amination is currently a powerful tool for creating
carbon-nitrogen bonds and, in particular, is used in the synthesis of antihistamine (antiallergic) drug
Astemizole, the synthesis scheme of which is given below:
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glycol, K;CO3
—

B
hH, 140°C
N
AN NaH, DMF, 0°C
¢f ———————» A L —
4-Br-CgHs-CH,F
N et N Pd,(DBA);
H BINAP/t-BuONa KOH, MeCN, 120°C Astemizole
e -
toluene, 85°C 4-CH30-CgH4-CH,CH,Br

5. Decode the scheme of Astemizole synthesis, draw structural formulas of the compounds
A-C and Astemizole.

The organometallic palladium (I1) complexes as catalysts for cross-coupling reactions were
first used in the 1970s, however, the first non-catalyzed cross-coupling reactions were known back
in the second half of the 19th century. In 1912 the Nobel Prize in Chemistry was awarded for one of
these reactions.

6. Give at least 2 examples of non-catalyzed cross-coupling reactions. What famous
scientist was awarded the Nobel Prize in 19127
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Problem 6

NITROGEN MONOXIDE

Nitrogen monoxide (NO) is one of stable radical compound. It is usually produced from salts of
nitrous acid - potassium or sodium nitrite. Reactions between potassium nitrite and acidified with
sulfuric acid potassium iodide (reaction 1) or yellow blood salt (reaction 2). Reaction with dilute
sulfuric acid in the absence of reducing agents is less preferable (reaction 3).

Questions:
1. Molecules of what stable at standard state gases (except NO) are radicals? Give two examples.

2. Write reactions 1 — 3. Explain why reaction 3 is less convenient for NO producing.

Solid-phase reaction between chromium (I11) oxide and mixture of potassium nitrate and nitrite in
mass ratio m(KNO,) : m(KNO3) = 2.53 can be used to obtain dry gas.

3. Calculate molar ration n(KNQO) : n(KNQO3) in this mixture. In the future, consider that this ratio
corresponds to the stoichiometry of the reaction.

4. Write equation of the reaction 4, considering that the only gaseous product is NO and only one
substance leave in the solid phase.

5. Calculate mass of chromium (IlI) oxide which is necessary for reaction with 10.00 g of
mentioned above mixture of potassium nitrate and nitrite.

Despite its stability at standard state NO can be unstable to decomposition under certain conditions.
It decompose at 1000 — 1500 °C in accordance with the equation of reaction 5. Reaction 6 occurs
at high pressure and moderately high temperature. When gas is absorbed by zeolite, reaction 7
occurs. Equations of these reaction with coefficients are presented below:

5)2NO — A + B
6)3NO — C+D
7)4NO — C +E

Values A{H® = —155.4 kJ/mol, A;S° =—172.1 J/(mol-K) are known for the reaction 6.

6. Determine products of each reaction (substances A — E), write their formulas.

7. Calculate equilibrium constant for reaction 6 at 800 K.
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NO was heated until 800 K in a vessel with 2 L volume. Initial pressure of NO at 800 K was 10 bar.

8. Calculate NO amount in the vessel after finishing of the reaction 6 (at the onset of chemical
equilibrium), if vessel volume and temperature in the vessel are constant.

If you could not solve the equation that you compiled, please write down this equation in solution.

9. In what case will final (equilibrium) partial pressure of NO be more: in the case of reaction 6 is
conducted at constant pressure and temperature or in the case of reaction 6 is conducted at constant
volume and temperature?

Note: products and reagents are included in expression for K, as equilibrium pressures measured
with unit of bar, 1 bar = 10° Pa. The equilibrium constant is expressed in terms of changes in the
enthalpy and entropy of the reaction:

—RT - InK,, = A H° — TA,.S°
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SOLUTIONS
JUNIOR LEAGUE
Problem 1

The most likely products of the oxidation of hydrocarbons by ammonium perchlorate are
carbon dioxide, water, nitrogen and hydrogen chloride. Let's write down the reaction with such
products for polyisoprene with respect to the monomer unit CsHsg:

28NH4CIO4 + 5CsHg — 14N, + 28HCI + 25C0O, + 62H,0
According to this equation, for oxidation of 1 g CsHg:

28 m(CsHg)

m(NH,CIO,) = n(NH,CI0,) - M(NH,CI0,) = = - =
8

- M(NH,CIO,) = 9.672 T
Because ammonium perchlorate mass is the same as mass given in the solution condition, the
reaction occurs according to the written equation.

Thus, the same products are obtained in the reaction with polyethylene (monomeric unit is
CHy,) and equation of the reaction with polyethylene looks like:

6NH4CIO4 + 5CH, — 3N, + 5C0O, + 6HCI + 14H,0

2. The reaction between 6 mol of NH,CIO, equivalent amount of polyethylene releases n
moles of gases:

n=3+5+6+ 14 = 28 mol

Their mass isequal to:m =3-28+5-44+6-365+14-18=775¢g

Therefore, average molar mass M,, of released gaseous mixture is equal to: My, = % =
27.7 g/mol

3. Let’s consider a mixture of 6 moles of ammonium perchlorate and 5 moles of polyethylene
(based on CH, monomer) to calculate the mass fractions in the stoichiometric mixture. Mass
fractures of substances in the mixture are:

n(NH4C104) * M(NH4C]O4) _ 6 * 117.5
n(NH,Cl0,) - M(NH,CIO,) + n(CH,) - M(CH,) 6-117.5+5-14
w(CH,) = 1 — w(NH,ClO,) = 1 —0.910 = 0.090

w(NH,Cl0,) = =0.910

So, mass percentages are: 91.0% of NH,ClO4, and 9.0% of polyethylene.
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4. Let's write down the reactions for which thermal effects are known and the reaction of
polyethylene with 6 mols of ammonium perchlorate, the heat effect of which must be calculated:

CH, +1.50, —» CO, + HzOQl = 660 kJ/mol
NH4CIO4 —0.5N, + 0.5Cl, + O, + 2H,0 Q. =188 kJ/mol
4HCI + O, — 2H,0 + 2Cl, Q:=114 kJ/mol
6NH,CIO4 + 5CH, — 3N, + 5CO, + 6HCI + 14H,0 Q=7

As it seen, the last reaction is obtained by adding 5 first reactions, 6 second and subtracting
1.5 third reactions. Hence, according to the law of Hess:

Q =50, + 6Q, — 1.5Q5 = 4257 kJ

The obtained heat value corresponds to the reaction of 6 moles of NH4CIO4 with 5 moles of
CH, groups of polyethylene, that is, 4257 kJ of heat is released from the mass of the mixture mg
equal to:

mg = 6 - M(NH,CIO,) + 5 - M(CH,) = 775 g = 0.775 kg
Then the thermal effect, expressed in kJ per 1 kg of the mixture (item (b)), will be:

4257 kJ )
= m = 5493 k] per 1 kg of mixture
5. With the formation of 3 moles of N, 5 moles of CO,, 6 moles of HCI and 14 moles of
H,0, 4257 kJ of heat is released, 80% of which is used to heat the released gases. Let’s calculate the
temperature T of gases:
3Cnz - (T —300) + 5Cco, - (T —300) + 6Cycy - (T —300) + 14Cyz0 - (T — 300)
= 4257000 - 0.8

T =300 + 125700008 =3371K
B 3Cnz + 5Ccoz + 6Chcr + 14Chz20

6. Because outflow velocity is vy~ /ML ratio between outflow velocity of CO,, given in the

condition, and unknown velocity for our gaseous mixture can be found:

UO TMCOZ 3371 * 4‘4‘
= = = 1.336;
UCOZ TCOZMav 3000 * 277

Vg = 1'336UC02 = 1.47 km/S

7. If fuel mass is equal to x, then the initial rocket mass is equal to x+20. Therefore, according
to Tsiolkovsky formula:

x + 20 5
= 147
20

Solving this equation, we obtain x = 580 tons. That is, in order to accelerate to similar speeds,
the mass of fuel should exceed the mass of the ship by almost thirty times!

67



8. Metal (aluminum, magnesium) strongly exothermically reacts with oxidants, so the use of
metals raises the temperature of the gases, and, consequently, their outflow velocity from the
engine. This increases the acceleration and speed of the rocket.

Another explanation and consequence of the exothermicity of the reactions is that due to the
reactions of metals with the oxidants, the reaction mixture warms up and the oxidation reactions of

the polymer go faster, which allows more efficient release of gases and heat.

Evaluation system:

1 Correct 2 reaction equations — 1.5 points per each 3 points
2 Correct calculation of the average molar mass 2 points
3 Correct calculation of the molar fractions of components in the mixture 3 points
— 1.5 points per each
4 Correct calculation of the thermal effect expressed in units of kJ per 6 4 points
mol of ammonium perchlorate and of kJ per kg of the mixture — 2 points
per each
5 Correct calculation of the gaseous mixture temperature 2 points
6 Correct calculation of outflow velocity 2 points
7 Correct calculation of the minimum required mass of fuel 2 points
8 Any correct explanation (one factor of two is enough) 2 points
TOTAL 20 points
Problem 2

1. Equations of nuclear reactions:
ip +1ip—> 1H + 9B 0.42MeV (1)
2)2H +1p— 3He+ y 5.49MeV (2)
3) 3He + 3He — 4He + 21p 12.85 MeV (3)
Two nuclei 3He take part in last step. Thus, first and second steps occur twice. Amount of energy
released per helium-4 nucleus is:

E(4He) = 2E; + 2E, + E3 = 2% 0.42 4+ 2 * 5.49 4+ 12.85 = 24.67 MeV
2. Let’s calculate the amount of energy produced during 1 year by solar plant:

E =Pt =1%10°%365%14%60*60=1.84x*103]

Calculation of the heat released on burning of 1 mole cetane:
49
C16Haaqiq) + ?OZ(gas) — 16CO0(gas) + 17H20 gas)

Q = 17Qf(H20(gas)) + 16Qf(COg(gas)) — Qf(C16H34(|iq)) =17 *x 242 4+ 16 * 394 — 375 = 10043 k] —
per 1 mole of cetane.

Let’s find the mass of cetane:

E =nQn
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_E 184x10%
T30 T 0.4%10043 * 10°

m=nx*M = 4.6*10°x226 = 1.04 x 10%g = 1040 ¢

= 4.6 * 10°mol

3. Convert MeV to J:
E(3He) = 24.67 x 1.6 * 10719 + 10° = 3.95 = 10712
The number of nuclei and amount of helium-4:
E 1.84 % 10%3

N = = =4, 1024
E(iHe)  395x10-12  00*
N _4.66*1024_774 l
"N, T 602x10 MO
4. X -Si, A-SiOy, B —Mg,Si, C - SiH4, D - SiCl,4
Equations of chemical reactions:
1) SiO, + 4Mg = Mg,Si + 2MgO
2) Mg,Si + 4HCI = 2MgCl; + SiH4
3) SiH4 + 20, = SiO, + 2H,0
4) SiH4 = Si + 2H,
5) Si + 2Cl, = SiCly
6) SiCl + LiAIH, = SiH,4 + LiCl + AICI;
Evaluation system:
1. Nuclear reactions 0,5x 3=1,5point
Calculation of energy 1 point
2. Calculation of energy for 1 year 1 point
Equation of chemical reaction 1 point
Q calculation 1 point
Mass calculation 1 point
3. Nuclei amount calculation 1 point
4.  Determination of compounds A-D and element X 0,5 x5 =2,5 points
Equations of chemical reactions 0,5 x 6 = 3 points
TOTAL 13 points
Problem 3

1. The reaction of X with water gives H,. It can tell that X is alkaline or alkaline-earth metal. O,
is released in reaction A with H,O and CO,. Thus, A can be peroxide or superoxide. After that
calculation of half-life and molar mass of A is necessary to clearly determine compounds.

Half-life can be found with law of the radioactive decay:

A=Aje M

Putting A = 0.984,, and taking logarithm:
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In(0.98) = —Axt

—In (0.98 —In (0.98
A= n(098) _—In(0.98) =5.55%10"1%ear ! =1.76 x 10717571

t ~ 36.4 % 10°
T in2 in2 1.25 % 10° 1.25 % 10% * 365 * 24 * 60 * 60
== 1. % = 1. * * * * * =
Y271 T 555%10-10 year
= 3.94 x 101%s
Then we find the molar mass A.
A= AN
N N mN
= * = —
n A= A
A=12N
= A7 Na
_AmN, Im2xmN,  In2x1%6,02%10%° 779
A T1/, *A "~ 3,94 %1016 %147 « 103 " mol

A can be only “°KO,.
2. X -K, A-KO,, B-KOH, C-K,CO3

Equations of chemical reactions:

1) K+ 0, =KO,

2)  4KO; + 2H,0 = 4KOH + 30,

3) 2K+ 2H,0 =2KOH + H;

4)  4KO, + 2C0O, = 2K,CO3 + 30,

3. Reaction of p -decay:

10K—> 5Ca + _31p

4.  Specific energy absorbed by body is called absorbed dose. It is expressed as follows:

E
D=—
m

E — total average energy of particles for a period of time, m — mass of the body.
E = 0.4 Eg oy * N(B — paricles for 24 hours) = 0.4 Eg gy * At

mw(K)

A=AN = AnNA = AWXNA

w (K)- mass fraction of potassium, y — molar fraction of potassium-40

70 * 103 % 0.003

A=176+10"Y 39 *0.0117 * 1072 * 6.02 * 1023 = 6675 Bq
E=04Egma*Axt=04%1.31%10°+1.6%107"7 % 6675 * 24 * 60 * 60 =
— 48+107%]
4.8 x107° Ji
D= =69+1077—
70 i kg

5. 1year absorbed dose is:
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6.9% 1077 %365 =25 107*Sv = 0.25 mSv

This value is less 4 times than limit.

Evaluation system:

1. Calculation of half-life 2 points
2. Determination of unknown compounds 1 x 4= 4 points
Equations of chemical reactions 0,5 x 4= 2 points
3. Reaction of decay 1 point
4. Calculation of absorbed dose 3 points
The right name of quantity 1 point
5. Calculation of 1 year dose 1 point
TOTAL 14 points
Problem 4
Solution:

1. The system with the minimum eutectic point is the system AICI3-LiCl (Tm = 110 °C). Since
all the eutectic points lie in a narrow range from 100 to 120 °C, any choice can be counted
as correct if the eutectic points are correctly indicated on the phase diagrams.

Compositions of eutectic systems:
Molar ratio, % Maicis, 0 Meyeen. @ | Maiciz Per 1g of mixture, mg
58 mol. % AICl3 / 42 mol. % LiCl 77,43 95,28 813
66 mol. % AICl3 / 34 mol. % KCI 88,11 113,44 777
75 mol. % AICl3 / 25 mol. % CaCl, 100,13 127,88 783
49 mol. % AICl3 / 51 mol. % ZnCl, 65,42 134,78 485
The system with the minimum amount of AICI; is the system AICI3-ZnCl,. An error in
measuring the molar content of the components should be no more than 2 mol. %.

2. Based on the zinc and chromium salt formulas, it can be established that the {TiW1030}
fragment has an oxidation state of -8. Consequently, the oxidation state of lanthanide is:
Nais[Ln(TiW11039)2] +1-13 +x+(=8):2=0. Hence, x = +3.

Let's find out the oxidation states of titanium and tungsten. Tungsten exhibits different
oxidation states from +2 to +6, however, the oxidation state of

W*® is most satisfactory. Then, the oxidation state of titanium is:

{TiW1103}° y+6:11+(-2)-39=-8.  Hence, y = +4.

3. The central metal ion M™ is surrounded by 11 octahedra [WOg]
and 1 tetrahedron [TiO4]. They are aligned as shown in the
proposed structure [WgO19]: 6 octahedra [WQg] are coordinated
around the transition metal ion, from below it is surrounded by 3
octahedra [WOg] and on top by 2 octahedra [WOg] and 1
tetrahedron [TiO4].

4. First, let’s calculate moles of reagents for the reaction 1:

M (Na;WOy) =232 + 184 + 16'4 = 294 g/mol
n (Na,WO,) = 32,3/294 = 0,11 mol
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w N

m (TiCly)=1,11"1,726 =1,916 ¢
M (TiCly) = 48 + 35,54 = 190 g/mol
n (TiCly) = 1,916/190 = 0,01 mol
n (Na;WOy) : n (TiCly) = 11:1
Because of the non-equimolar ratio of sodium ions and chloride ions, the third participant of
the reaction is water:
11Na;WO, + TiCls + 5H,0 = Nag[TiW11039] + 4NaCl + 10NaOH (reaction 1)
The sodium hydroxide produced in this reaction is neutralized with an excess of acetic acid:
NaOH + CH3;COOH = CH3COONa + H,0 (reaction 2)
Let’s calculate moles of reagents for the reaction 3:
n (Nag[TiW1;030]) = 0,01 mol
n (Ce(NO3)3) = 0,005°1 = 0,005 mol
n (Nag[TiW]_lOgg]) . n (CE(NO3)3) =2:1
2Nag[TiW11039] + Ce(NO3)3 = Naj3[Ce(TiW11039)2] + 3NaNO;3 (reaction 3)
The solution is acidified with acetic acid to pH 6 to remove sodium hydroxide for
preventing precipitation of cerium ions from the solution:
Ce(NO3)3 + 3NaOH = Ce(OH)3| + 3NaNO3

Evaluation system:

For the system with minimum eutectic point 1 point

For the calculation of amount of AICI; in each system 1 x 4 = 4 points
For the determination of oxidation states 1x 3 =3 points
For the structure [MTiW1103q] 4 points

For the calculation of moles of reagents 1 x 3 =3 points
For the reaction equations 1 x 3 = 3 points
For the explanation of acidifying solution 1 point

TOTAL 19 points
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Problem 5

1-2. Based on the fact that the gas Y consists of only one element, it is not difficult to guess that this
is oxygen. Let’s suppose that the oxide has the formula Me,Oy:

Let’s calculate the molar mass of element X from oxide C. Weight percentage of oxygen:

100/6,82=14,66%. ——— =0,1466. x =-—r "
2x+16n 0,2932
n M Element
1 46.6 i
2 93,1 i
3 139,7 i
4 186,3 Re
5 232,9 i

For n =4, we calculated x = 186,3 — this is the molar mass of rhenium.
Xis rhenium. Therefore, C is rhenium (IV) oxide:
Re + O, = ReO,

ReO, + 6HCI = H,[ReClg] + 2H,0. D is hydrogen hexachlorhenate (IV) or hexachlorhenic (1V)
acid.

Rhenium is oxidized to Re*’ by strong oxidizing agents:

2Re + 7TH,0,=2HReO4 + 6H,0. A is metarhenic acid (or rhenium oxide hydrate (VI1)).
HReO,+ KOH = KReO4 + H,O. B is potassium perrhenate.

HReO,4 + NH3*H,0 = NH4;ReO4 + H,O.  E is ammonium perrhenate.

2NH4ReQ4 + 4H; = 2Re + N2 + 8H,0

NH;ReO4 + KNO3 = KReO4 + NH4NO;

NH4ReO,4 + 18Na + 13C,Hs0H = Nay[ReHg] + 13C,HsONa + 3NaOH + NH3*H,0
F is sodium nonahydridorhenate (VI1).

2Nay[ReHg] + 4HCI = 4NaCl + 2Re + 11H,

4KReO4+ 2H,S0, = 2K,SO,4 + 4Re + 702+ 2H,0

3. Reactions of producing A from X:

2Re + 7H,S04= 2HReO4 + 7SO, + 6H,0

Re + 7THNO3; = HReO,4 + 7NO, + 3H,0

4. The reaction of dissociation of substance D:
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H,[ReClg] «» 2H*+ReClg>
ReClgZ <> Re™+6CI"

5. To produce potassium perrhenate from rhenium, it is necessary to add a concentrated alkali
solution to the metallic rhenium:

4Re + 4KOH + 70, = 4KReO4 + 2H,0

Evaluation system:

1. For formulas of compounds A-F, X and Y 0,5 points x 8 = 4 points
2. For reactions 1 point x 10 = 10 points
3. For obtainment of A from X 1 point x 2 = 2 point
4. For dissociation reaction 1 point
5. For obtainment of B from X 1 point

TOTAL 18 points
Problem 6

1. Except NO, the molecules of such gases as NO,, ClO, also are radicals.
2. Equations of reactions 1 — 3

1) 2KNO; + 2Kl + 2H,SO4 — 2NO1 + 2K,S04 + 1, + 2H,0
2) KNO; + K4[Fe(CN)g] + H.SO4 — NO1T + K3[Fe(CN)g] + K2SO4 + H,0
3) 2KNO; + H,SO4 — NO1T +NO;21 + K,SO4 + H,0

Reaction 3 is inconvenient for production of NO because it leads to obtaining of gas mixture (NO
and NO,). It is not good to produce pure NO or it need additional purification of the product.

3. Let’s calculate molar ratio of substances in the mixture knowing molar masses:
M(KNO;) = 85.1 g/mol u M(KNO3) = 101.1 g/mol:

m(KNO,) m(KNO;) ~m(KNO,) M(KNO3) ; 101.1_3
M(KNO,) "M(KNO3;) m(KNO3) M(KNO,) 85.1

n(KNO,):n(KNO;) =

4. KNO,, KNO3 and Cr,03 take part in in the reaction 4. Solid product of Cr,O3 oxidation must be
potassium chromate K,CrQO, (potassium dichromate is thermally unstable and for him it is
impossible to equalize the reaction in accordance with condition) and the only gas in accordance
with condition is NO.

4) 3KNO; + KNO3 + Cr,03 — 4NOT + 2K5CrOq4

Stoichiometry of this reaction corresponds to ratio n(KNO,) : n(KNQOg3) = 3:1. Therefore, reaction
equation is correct.
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5. 1 mol of Cr,03 (M = 152.0 g/mol) reacts in accordance with reaction 4 with 1 mol of KNO3 (M
= 101.1 g/mol) and 3 mol of KNO, (M =85.1 g/mol). It means that 152.0 g of Cr,O3 reacts with
101.1 + 3-85.1 = 356.4 g of the mixture of KNO, and KNOs. Then next ratio can be written:

1520  m
356.4 10.0

Where m — mass of chromium oxide which is necessary for reaction with 10 g of the mixture. From
this equation we obtain m = 4.26 g.

6. Nitrogen oxide decomposes to simple substances in the reaction 5, which occurs at 1000 — 1200
°C. Itis approved by coefficients:

5) 2NO — N, + O,, A and B — N, and O, (order doesn't matter).

In reactions 6 and 7, there is a disproportionation to other nitrogen oxides. The choice of oxides is
understandable from the reaction coefficients:

6) 3NO — N,O + NO,
7) 4NO — N0 + N,O3

As it seen, C — N,O; D — NO,; E — N,Os.

7. Equilibrium constant of the reaction is calculated from the formula:

TA,S°—A,H° 800-(—172.1)+155400
—e  RT =e 8.314-800 = 14.36

Ky

8. The pressure is directly proportional to the amount of substance at the constant volume and
temperature, therefore final pressures of NO, and N,O can be designated as x. In this case final
(equilibrium) pressure of NO is equal to 10 — 3x. Let’s write down expression for equilibrium
constant:

x2

K

P = m = 14.36 (*)

Solution of this equation is the value of x = 3.045 bar. Then final (equilibrium) pressure of
NO will be: p(NO) =10 —3-3.045 = 0.865 6ap = 86500 Pa.
Amount of substance NO in the equilibrium:

NO) pv _86500-0002
n ~RT_ 8314-800 mo
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9. In the case of conducting reaction 6 at the constant pressure, final (equilibrium) pressure of
system will be equal to 10 bar and final volume will be less then 2 L because number of gas
molecules decrease during reaction. Therefore, it is needed to decrease system volume (and,
accordingly, increase total pressure) to obtain equilibrium state formed in isobaric process, from
equilibrium state described in item 8. In the same time, according to the Le Chatelier principle,
equilibrium will move to decrease of molecule number in gaseous phase i.e. to the NO
decomposition.

It means equilibrium partial pressure of NO at the constant pressure is less than equilibrium partial
pressure of NO formed in isobaric process. In other words, grater partial pressure of NO is reached
at conducting reaction 6 in the constant volume.

Evaluation system:

1 Two correct examples of gases — 1 point for each 1 point

2 Correct equations of reactions 1 — 3 — 0.5 point for each 2 points
Correct explanation about reaction 3 — 0.5 point

3 Correct calculation of the molar ratio of substances in mixture 1 point

4 Correct equation of the reaction 4 1 point

5 Correct calculation of chromium (I11) oxide mass 1.5 points

6 Correct determination of substances A — E — 0.5 point for each formula 2.5 points

7 Correct calculation of the equilibrium constant of the reaction 6 1 point

8 Correctly written equation for chemical equilibrium (*) — 1 point 3 points
Correct calculation of NO amount — 2 points

9 Correct answer — 0.5 point 2 points

Competent explanation — 1.5 points
TOTAL 16 points
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SENIOR LEAGUE

Problem 1
Solution of Problem 1 JUNIOR LEAGUE
TOTAL:20 points

Problem 2

Spirituous solutions of iodine are colored in brown color (variants are accepter: fulvous, red-

brown). Benzene solutions have a violet color.

2. Blue iodine solution can be obtained by dissolution of iodine in aqueous (or spirituous)

solution of starch. The resulting blue complex will color the solution in blue.

3. Let concentration in aqueous phase was ¢ in the result of extraction. Thus, concentration in
the solvent A phase was 208c. Therefore, distribution constant is equal to:
208c¢
Kp (A-aqueous) — T = 208
To find iodine solubility in solvent A (mol/L), iodine solubility in the task must be convert to

need to us measurement units:

0.280 g/L

S 11031073 mol/L
253.8 g/mol mol/

s(I, aqueous) =

According to conditions, distribution constant is expressed by the same method both through
equilibrium concentration and through iodine solubility in appropriate solvents (denote solubility as

S):
s(l,in A)

= 208,
s(I, aqueous)

Kp (A—aqgeous) =

s(I,in A) = s(I, aqueous) X K= 208-1.103 - 1073 = 0.2294 mol/L

(Error =1 is allowed in the last digit)

4. Let concentration in aqueous phase was c in the result of extraction. Thus iodine
concentration in water was 37.5¢ before extraction. Total amount of iodine, taking in account that

aqueous solution volume is 0.1 L, is equal to: Nia = 37.5¢ x 0.1 = 3.75c.
lodine amount in aqueous phase after extraction: Nagueous = ¢ < 0.1 = 0.1c.

lodine amount in B: Ng = Ngtai— Nagueous = 3.75¢ — 0.1¢c = 3.65¢
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Iodine concentration in B, taking in account that its volume is 0.01 L: cg = 3.65¢ / 0.01 =

365c.

lodine distribution constant in system B/water is equal t0: Kpg-agueous) = 365¢/¢ = 365.

Let’s write iodine distribution constant expression through solubility to find it for system

solvent B/solvent A:

s(l,in B)
s(l,aqueous)

K _5(LinB) _ _ Xb @-aqueous) _ 365 _ 1.755
PE-A 7 s(LinA) ~ s(lin A) Kb (a-aqueous) 208

s(laqueous)

5. lodine solubility in solvent B is equal to:
s(Iin B) = Kp (-aqueous) * S(Izaqueous) = 365 -1.103 - 107> = 0.4026 mol/L
(Error £ 2 is allowed in the last digit)

6. 10 g of iodine is 10 / 253.8 = 0.0394 mol. This amount fully dissolved with formation of

saturated solutions in three phases, therefore:

s(l,in B)Vg + s(l,in A)Vy + s(l,aqueous)V,qter = 0.0394

0.4026Vy + 0.2294V, + 1.103 - 1073V, 4er = 0.0394 (1)

Next, we take into account that the total volume is 0.677 liters, and the volume of solvent B is
greater than the volume of solvent A by 0.010 liters:

VB + VA + Vwater == 0677 (2)

It remains to solve a system of three equations (1) - (3) with three unknowns. After, we

receive the answer:

Vg =0.0650 L = 65.0 ml,
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VA =0.0550 L =55.0 ml,

Vwater = 0.5570 L = 557 ml.

7. To transfer iodine to the aqueous phase, its ionic forms can be obtained: either in a negative

oxidation level (reduction) or in a positive oxidation level (reactions with alkalis leading to iodates).
Appropriate reaction equations:

I, + Na;SO3 + Ho0 = NapSO4 + 2HI

I, + KI = Kl3

I, + Na;SO3 + 2NaOH = Na SO, + 2Nal + H,0
213 + 5NoH4 = N + 4NoHs|

3l; + 6KOH = 5KI + K103 + 3H,0

Using of reaction equations in ionic form is allowed. Also, the other variants of chemical

bonding of iodine into soluble forms should be considered as a correct answer.

Evaluation system:

1 Correct color of spirituous and benzene solutions of iodine. 1 point for each 2 points
solution.

2 Correct description of the method of blue solution preparation 1 point

3 Correct calculation of iodine distribution constant in system solvent 2 points
Alaqueous (1 point) and iodine solubility in solvent A (1 point)

4 Correct calculation of iodine distribution constant in system B/aqueous 2 points
Correct calculation of iodine distribution constant in system B/A 1 point

5 Correct calculation of iodine solubility in solvent B 1 point

6 Correct calculation of the volumes of water, solvents A and B. 1 point for 3 points
each volume.

7 2 principally different methods of iodine transferring in aqueous phase. 0.5 2 points

point for each method.
0.5 point for each reaction equation.
TOTAL 14 points
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Problem 3

1. Substance decomposed in presence of catalase and manganese dioxide is hydrogen
peroxide, i.e. A — H202,

2. In acid B are 36.73 wt% of carbon, 57.14 wt.% of oxygen and hydrogen with mass fraction:
w(H) =100 - 36.73 - 57.14 = 6.13 wt.%

Let’s determine the molar ratio of elements in acid B:

_w(©) w(H) w(0)

C:H:0 = 7 1 16 = 3.06:6.13:3.57 =6:12:7

Therefore, acid B has molecular formula C6H1207. Since it is formed at the oxidation of
monosaccharide, B is gluconic acid and X — glucose.

Equation of A and B formation reaction from X:
CeH1206 + Oz + H O — Hy0, + CeH1207

Structural formulas A, B and X:

OH 0

=’ ~F

H OH H OH !
HO————H HO———H \o
H——t——OH H————OH {l}
\

H——+—OH H—}—oOH H

\\\OH \\OH

X B A

2. Two of the most monosaccharides are fructose and glucose. Accordingly, we are talking
about fructose. And it is fructose in honey most.

3. Structural formulas of dihydroxyacetone and glyceraldehyde:

O OH

Ho\)bw {)WOH

Structural formulas of the phosphates of dihydroxyacetone and glyceraldehyde (last one
should be phosphated through the terminal hydroxyl group because only such isomer can be
obtained from phosphate of dihydroxyacetone and be in equilibrium with it):
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Structures with protonated phosphate groups are allowed as well.

4. Phosphates of dihydroxyacetone and glyceraldehyde are in equilibrium in living organisms,
thus substance C can be corresponded to the product of elimination of phosphoric acid from both of
these substances. Because substance C produces “silver mirror”, it is logical that it is produced
directly from glyceraldehyde phosphate which is aldehyde. When it eliminates, enol is obtained
from it, which rapidly regroups into methylglyoxal. So, methylglyoxal is the substance C.

C: []d\

5. Phosphates of dihydroxyacetone and glyceraldehyde are produced in an organism in the
process of glycolysis. Final product of glycolysis is pyruvate or pyruvic acid (names and structural
formulas of both anion and acid are allowed)

OH

Evaluation system:

1 Correct determination of gross formulas of substances A, B and X (0.5 1.5 points
point for each substance)
Correct structural formulas of substances A, B and X (1 point for each 3 points

formula)
Correct reactions equations of the formation of A and B from X 0.5 point
2 Correct name of monosaccharide (fructose) — 1 point 1.5 points
An indication that fructose is contained the most in honey — 0.5 point
3 Structural formulas of dihydroxyacetone, glyceraldehyde, phosphates 2 points
of dihydroxyacetone and glyceraldehyde — 0.5 point for each formula
4 Structural formula of the substance C 1,5 points
5 Correct name of the process (glycolysis) 1 point
Correct structure and correct name of the final product of glycolysis —1 2 points
point each

TOTAL 13 points
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Problem 4
Solution of Problem 3 JUNIOR LEAGUE

TOTAL:14 points
Problem 5

1. Catalysis is the acceleration or excitation of chemical reactions in the presence of catalysts
— substances that repeatedly enter into an intermediate chemical reaction with the participants of the
reaction and restore their original chemical composition after each cycle.

Catalyst is a substance that, when added to the reaction

mixture, facilitates the transfer of one or both of the reaction “fimi oy
components to the active particles and returns to the initial state *
after the reaction.

Any answers with indicating the main features of the
phenomenon of catalysis and catalyst are accepted.

2. Activation energy is the value of the energy barrier:

Ea (no catalyst) = 38 kcal/mol

Ea (with catalyst) = 22 kcal/mol

An error in the measurement of activation energies should be no more than 2 kcal/mol.

The spontaneous reaction is determined by the Gibbs energy, which is expressed as a difference in
the energy states of the system before and after the reaction:

AG =-10 kcal/mol (AG < 0) — the reaction is spontaneous.

3. Products of cross-coupling reactions for sp- and spz-hybridized carbon atoms:

. / / \ Y, @—\\\/ \/2
@_\ BN N

A\ R? R N\ R? RN N\ R2
ROV ¢ X N

4. The structural formulas of products of cross-coupling reactions:

E, (no catalyst)

E, (with catalyst)

Reaction Progress

O\ wo Suzuki coupling o O

N ,\B I R!

| A o PdCl,binap (5 mol%) INH O
e —

mn O g Z KsPO,, DMF, 60°C, 24 h o Vi

P \/’I(N 30% HN

RN NH
o

\\\FN
2
K=o
Suzuki- Mxyaura coupling
HO OH
~o \( 1) Pd(dba), K,COs, toluene/H,0 Q Q
0 CbzHN __TBAB, 110°C MW, 50% o
NH Z)BCI DCM, dioxane/H,0
NHMtr Heck couplin 0 S 2 H,N N COH
e N Co?Me LIOH, 0°C, rt, 95% ’ :
i 1 o OH
3, " % b
o Pd(OAC),, PPhs, BusNHC!
N o (PAORRY PP BUNTIL NCbz Biphenomycin B NH2
K(O HN DMF -H,0-Et;N, 37 °C, 4 h T—NH
i o NHMtr HN—(
NH ©O No
d
o Mtr = 4-methoxy-3,4,6

Sonogashira coupling QHex

c

Suzuki-Miyaura coupling

.
b HO P Pd(CH1CN),, XPhos
— e
OR o
PCI(SPhos), Base O - N | Cs,CO;, dioxane, 60° C
N N, Z 13%
toluene-H,0, 90 °C, 2h O OHex (S OHex
—
8 (R = H; Base = K,CO3; 39%) CO,Me Z
= o

(R = Me; Base = NaHCO;; 54%
OH Boc

o ¢
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5. Scheme of synthesis of Astemizole:

= OO
N ‘ NHDMFDC N\ o +© ] Q,F

@ >_C 4-Br-CyHy-CH,F @N} N

Pds(DBAY

A
N
BINAP!B ONa KOH MeCN, 1207
toluene, 85 c: 4-CH;0-CaH-CHCH;Br AN < >
041 N OCH,

Astemizole

E

6. The Wurz-Fittig reaction is one of the first non-catalyzed cross-coupling reactions:

2Na + R—1 + Br@ - R@ + NaBr + Nal

Among the non-catalyzed cross-coupling reactions is also the reaction of alkyl halides with
Grignard reagents, for the discovery of which French chemists Victor Grignard and Paul Sabatier
were awarded the Nobel Prize in Chemistry in 1912:

R—MgHal + R'—Hal — R—R' + MgHal,

Evaluation system:

1. For the definitions of catalysis and catalyst 0.5x 2 =1 point
2. For the calculation of activation energy 1x 2 =2 points
For the calculation of Gibbs energy 1 point
3. For general structures of products 0,5 x 6 = 3 points
4. For structures of products 2 x 5 =10 points
5. For the formulas of compounds A-C 1 x 3 = 3 points
For the formula of Astemizole 1 point
6. For 2 examples of reactions 1x 2 =2 points
For the name of scientist 1 point
TOTAL 24 points
Problem 6

Solution of Problem 6 JUNIOR LEAGUE

TOTAL:16 points
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