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MJIATIITAST JIUT A
3ananue 1
XUMWYECKHWM CJIE]]

B 2025 r ormeuaercst 80-netue [To6east Bo Bropoit
MHUPOBOU BOMHE. IMEHHO B 3TOT MepUOJ XUMHUS BIIEPBBIE
cTaja  HEOThEMJIEMOM  YacThl0  CTPaTErMuecKoro
MOTEHIIMaa, ONpeAessis UCXO0/ KaK BOCHHBIX JCWCTBUIA,
TaK U HAy4IHBIX pa3paboTok. Ha ckimagax o0enx Koanumui
K Maro 1945 r. HaxOOWINCh THICIYM  TOHH
JIBIMOOOPA3YIOIIUX CMECeH, JCTUIAPATOPOB, a TaKKe
HEPBHOIMAPATUTUYECKUX BEIIECTB.

OnemeHT Y, IIMPOKO  INpPUMEHSEMBIH B
MIPOU3BOJICTBE OTOENMBATENeH, MmiacTMacc U OOEBBIX OTPABIAIOIIMX BEIIECTB, OBLI XOPOIIO
U3BECTEH eni¢ 10 BOWHBI. Ero nByxaromuasi popma — xKENTO-3eNEHBIN ra3 Y2 — B UUCTOM BHJIC
YK€ He IPUMEHSICS KaK XUMUYECKOE OpYKHE U3-3a MOosBIIeHUS () (HEKTUBHBIX CPEICTB 3aILUTHI.
Tem HEe MeHee, B TaOopaTopusX ra3 Y2 MpoI0JDKAIH UCIIONIb30BaTh. [Ipu B3anMOIeHCTBIY ¢ HUM
XUMHYECKH aKTUBHOTO TPOCTOTO BEIIECTBA, COCTOSILErO0 U3 »dleMeHTa X U IIUPOKO
OPUMEHSIEMOI0 B 3a)KHMTraTeJIbHBIX CMeCsAX, o0pasyercs OuHapHoe coeaunenue A (peaxyus 1).
JHo6asmss k 13,73 r. A u30bIToK cyxoro rasa Yz, noay4darot 20,82 r. coenunenus B (peaxyus 2).

[Ipn nobGaBreHMM KOHLEHTPUPOBAHHOM CEpPHOM KHCIOTHI K BellecTBY B HaumHaercs
peakiusi, B pe3yabTaTe KoTopoii oopasyrores: 11,65 r. neimsimedt skuakoctu C, 15,33 1. npimsieit
xuakoctr D u 6eciieTHbIi ra3 E ¢ mioTHOCThIO 110 BO3AyXYy 1,26 (peaxkyus 3). OOpa3oBaBiieecs
BemiectBO D 3arem BCTymaeT B peakiyio ¢ KUCIOTOW F, m3BecTHOH cBoeil CrOocOOHOCTHIO
pa3benaTh ctekso. B nmporecce oopasyrores raz G u 10,40 r. rasa E (peakyus 4).

Oco0oe BHUMaHue 3acnyskuBaeT BemectBo C. OHO HUCIOIB30BAIOCH BO BPEMSI BOWHBI /ISt
CO3JIaHUs TYCTBIX JBIMOBBIX 3aBec. [Ipu HarpeBanuu 10 190 °C oHO pa3znaraercs ¢ BbIIEICHUEM
raza H, pacroznaBaeMoro mo ero crnocoOHOCTH MYTHUTh U3BECTKOBYIO BOAY, U ra3a Y2 (peakyus
5). Kpome Toro, B3ammopericteue C ¢ a30THOW KHCIIOTOH NMPUBOJUT K 0Opa30BaHUIO CEPHOM
KHUCTIOTHI ¥ 8,15 T. CBETJIO-KENTOM KUAKOCTH |, KOTOpasi BXOJUT B COCTaB HEKOTOPHIX B3PHIBUATHIX
BEIIECTB (peakyus 6).

1373r y, 2082«

Y, +X 7] > A N B

(3) H2SO4(knuu)

v

190°C 11,65 15,33 .
Y,t + Ht TC + D + E?

(6) | HNOs (4 [F

v

8,151 10,40
H,SO, + I Gt +E?
Bonpocwui:

1. Omnpenenure HeW3BECTHBIE AMeMeHTHI X W Y, a Takke BemectBa A-l u Hamummre
ypaBHEHUS peaxyuii 1—6, el U3BECTHO:

BemectBo C D

®(X), % 0 20,20

o(Y), % 30,42 69,36

o(S), % 27,52 0




2. ITpu no6asnenun BemectB C 1 G B BOgy MPOTEKAIOT PEAKLINH, B PE3YJIbTAaTe KOTOPBIX I'a3bl
YJIETy4MBAIOTCA, @ B PACTBOPAX OCTAIOTCS TOJIBKO KUCIIOTHI. 3alAIIUTE YPABHEHUS PEaKLU.

Bo mMHOrmx mpeBpamieHusX, ONMCAHHBIX BBILIE, YYaCTBYIOT COEAMHEHHUS, COAEPKAIINE DIEMEHT
X, criocoOHBI 00Pa30BbIBATE YCTOWYMBBIE IPOCTPAHCTBEHHBIE CTPYKTYPBI C YETBIPHMS IPYTUMHU
aromamu. HekoTopsle U3 HUX JIETKO MOJABEPTaOTCs TUAPOIIN3Y, IPYTUe — YCTOWUYUBBI B BOJIHOU
cpeze.

3. N3o6pasute ctpykrypabie popmyisl BetiectB D u G. Hcxoas u3 crpykryp Bemects D u
G (panuycoB UX aTOMOB, IPOCTPAHCTBEHHOI'O PACIIOJI0XKEHNUS, JUIMH CBSI3HU U JI.) IPEIIOI0KHTE,
KaKO€ M3 3THX JIBYX BEIIECTB MEHEE YCTOWYHMBO K TUAposn3y. OOBSICHUTE CBOM OTBET.

3aganue 2
T'JIOBAJIBHOE INIOTEIIVIEHUE

AHTponioreHHbie BBIOpOoCHl Takux Tra3oB kak COz, CHs u
¢dTopupoBaHHBIX ra3oB (F-ra3oB) BHOCAT 3HAUMTENBHBIA BKIAJ B
NapHUKOBBIA 3¢ddexr, npuBoas K MIOOATBHOMY MOTEMJICHHUIO.
OcHOBHBIM HCTOYHMKOM BbIOpocoB CO2 sBisieTcs ropeHne
HCKOIIAaEMBIX PECYPCOB TaKUX KaK yroJb, IPUPOAHBIN ra3 U He(Th.

Bonpocui:
1. Hanummre ypaBHeHusi peakuuu nosHoro cropanusi yris (C), merana (CH4) u oxrtana
(CgHag).
2. Breruncnute maccy COg, BBIIAENIAEMOT0 B pe3yibTaTe CropaHust 1 K KaXJ10T0 U3 BEIIECTB.

[Torenunan rnobanbHoro noremieHus (I1II'TI) ato mepa cnocoOHOCTH rasza yaepX uBaTh
terio B atmocdepe. M3pectHo, uto III'TI 1 kr CH4 skBuBanenTen 28 kr CO2 3a nepuox 100 ner.
st Toro, uToOBl YMEHBIIUTH MapHUKOBEIHA 3 dexr CH4 ero moxno cxwurars 10 CO2. ['azoByro
cmech, conepxkairyro CHsa, CO2 u Oz ¢ mioTHOCThIO 1O BO3Ayxy 1.152, moasepriu moiHOMY
CTOPaHHIO B PE3yJIbTATE YEr0 M3MEHEHHE SHTAIBINHU cOcTaBHIO0 ArH 208 = -1335.46 kJIk, a obee
NaBiieHHe U 00beM oOpasoBaBiieiics ra3oBoil cmecu npu 298 K cocraBwim 13.44 atm u 10 i,
COOTBETCTBEHHO.

BemecrBo AoipH®, kI2k/Mo0Jb
CHa (1) -74.85
H>0 (k) -285.83
CO2 (1) -393.50
02 (r) 0

3. OmpenenuTe cocTaB ra3oBOi cMecH (B MacCOBBIX JIOJISAX) JIO U TOCJIE PEAKIIMH TOPCHUS.
CuwuraiiTe, 4TO JaBJIeHNUE APOB BOABI MPEeHEOPEKUTENBHO Masio. OTBET MPUBEIUTE B MPOLIEHTAX
U OKPYTJIUTE IO COTBIX.

4.  Paccuuraiite Bo ckosbko pa3 n3menwmics I1I'TI 3a nepuon 100 ner ra3zoBoil cMecu mocie
peakuuu. Cunraiite, uro O2 HE BHOCUT BKJIAJ] B TAPHUKOBBIN AP (EKT.

F-ra3sl xapakTepu3yroTCsi OTPOMHBIMU MOTEHIHaIaMH Ti100anbHoro noremieHus (1o 25000 xr
COz akB. 3a eproa 100 reT), yarie BCETro ABISIOTCS TaloreHnpor3BOIHBIMU ankaHoB (CnhHan+2)
¥ UMEIOT CTIeUalIbHYI0O HOMEHKIIATypy R-abc, rae yncna a, b u C UMeroT CBsI3b ¢ YMCIIOM aTOMOB
yriepoja, Bogopoaa u propa. Ecnu a = 0, To ero He numryt. Yuciio aTOMOB XJI0pa B COSTUHCHUH
YCTaHABJIMBAIOT 10 OCTATOYHOMY NPUHIUITY.

F-ras CF.Cl, | CF4 CoF3Cls | CoHFRCL, | X
Konosoe R-12 |R-14 |R-113 |R-123 R-142
0003HAYCHHUE




5. Omnpenenure sHTaNBNUN 00pa3oBanus F-razoB R-12, R-14, R-113 u R-123, ecnu u3BecTHBI
SHTANIBNNUK 00pa30BaHMs ATOMOB U CPEJIHUE YHEPTHH CBSI3EH.

ATOM AvipHC® kJI:k/Moab | CBsA3b | Ecsssu, KJIK/MOJIB
Co 717 c-C 348
Hy) 218 C-H 412
Feo 79 C-F 484
Cl 121 C-Cl 338

6. X umeeT kojoBoe o0o3HaueHrue R-142 u umeeT sHTANBIUIO0 00pa3zoBanus -523 k/[x/Moub,
[P ATOM TUIOTHOCTH mapa B 3.466 Oosbliie IIIOTHOCTH Bo3ayxa. Onpeaenute OpyTTo-hopmyny
X. OTBET MOATBEPIUTE PACUCTAMHU.

7. CdopmynupyiiTe mpaBuiIa HOMEHKJIATYpbl F-Ta30B, 0 KOTOPHIM MPHCBAWBAIOTCS YHCIA @,
b u ¢ B xomoBoM 0603HaueHnu R-abc.

3amanue 3

HHOAPAKAEM ITPUPOJAE

VY4yeHble 4acTO BJOXHOBIISAIOTCS NMPUPOIHBIMU CTPYKTYypaMmH, MpoueccaMu U (QpyHKIUSMU
JUISL CO3JJaHMsl HOBBIX MaTE€pUaloB. OTOT MOJAXOJ Ha3biBaeTcs OuomumeTnkoil. Tepmun
«OMOMHUMETHKA) MIPOUCXOJIUT OT TPEUECKHUX CIIOB «Di0S» M «MIMESIS», 03HAYAFOLIHNX OKHU3HB» U
«roApaxaHue». buomumernueckue MaTepraibl TO3BOJISIOT CO3/1aTh MHHOBALIMOHHBIE PEIICHUS
JUIsl IIMPOKOTO Kpyra 3a7ad, OT COJIHEYHOW YHEPreTHKHU 10 MEIAMLMHBL. B yacTHOCTH, OKpacka,
KOTOPYIO MBI BUAMM Ha KpbUIbSX 0abouek, 00yclOBI€HAa MHUKPOCTPYKTYPAMH, KOTOpBIE
UHTEPHEPUPYIOT CO CBETOM OINpeieIeHHbIM 00pa3oM. Tak, u3yueHrne MUKPOCTPYKTYPbI KPbUIbEB
0a0ouek NpUBENO K CO3JaHUI0 NEPOBCKUTHBIX COJHEUHBIX 3JIEMEHTOB C YIYyYIICHHBIMU
xapaktepuctTukamu. K mepoBCcKUTaM  OTHOCUTCS ~ OOHIMPHBIM  KJacC  MaTepHasos,
XapaKTEePU3YIOUIUXCS OMPEACICHHON KPUCTALUTHYECKON CTPYKTYpOH, OMUChIBaeMoi (Gopmyiioi
ABXzs. ITlozunuio ‘A’ 3aHHMMaeT KpYyNHbIM MOHOBaJIEHTHBIH KaTHOH, mo3uuuio ‘B’- katuon
MEHBIIIET0 pa3mepa, a ‘X’- aHHWOH, KaK IPaBUJIO, TAJOT€HU]I UM XaJIbKOTeHUA. YHUKaJIbHbIE
(U3UKO-XMMHYECKHE CBOMCTBA MEPOBCKUTOB BO MHOTOM OIPEEIIAIOTCS XMMUYECKOH PUPOIOi
METaJIJIOB, 3aHUMAOIKX no3unuu A u B B kpucTamuueckoil penieTke.

Mertamisl L, M, N, mnoTeHII1anbsHO MOTYT OBbITh HCIIOJIb30BaHbI B IEPOBCKUTHBIX COTHEYHBIX
anemenTax. Jnsa wuaeHtudukaruu meramwioB L, M, N Bam mpemocraBieHa clenyromnas
uHpopmanus o0 ux cBoicTBax. L: npeacrasnser cob6oil MeTa, CiocOOHBINH 3aHUMATh O3UIINIO
A B cTpykType nepoBckuta. lllenounoit metasni, mposiBisitoIIMi BEICOKYIO aKTUBHOCTS. M3BecTHO,
4TO MeTa/l1 L nMeeT 30510 TUCTO-KeNTYI0 OKpacky. Mertait L akTUBHO B3aMMOJEHCTBYET € BOJOU
C obpazoBanuem mienoun (Peakmus 1). Ilpu cropanuu Ha Bo3ayxe L oOpasyer cymepokcun
(Peaknust 2). Comp mertamuia LCly okpammBaer tuiamst B CUHE-(HONETOBBIA 1BeT. M:
XapaKTepU3yeTcsl NMEePEeMEHHON BaJIEHTHOCTBIO M CIOCOOHOCTHIO 3aHUMaTh nosuiuio B. Ilpu
OIPECIIEHHBIX YCIOBUSAX MOXET MPOSBIATH CBOWCTBA NOJYNpoBOoAHUKA. [Ipym HarpeBaHuu Ha
BO3Jyxe oOpasyercsi TBepAbld Oemnblii mopomok- nuokcua Meramna M. (Peakmus 3). Okcun
metasuia M pacTBopsieTcsl B KOHIIEHTPHPOBAHHOM PAacTBOPE IIEJI0UU ¢ 00pa30BaHUEM OeClIBETHOU
comu (Peakmus 4). Meramn M He BCTymaer B peakiuio ¢ pa30aBICHHBIMUA KHCJIOTaMHU-HE
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okucurensmMu. N: ormmuaercst or M XHMHYECKUMU CBOMCTBaMHU, U TaK)Ke CIIOCOOHBIN 3aHUMATh
no3unuio B. YcTolWunB K BO3ACHCTBUIO KUCTIOPOa, HO MIPU HArPEBAaHUM Ha BO3yXe 00pa3yeTcs
TEMHO-CEPbIN WK YepHbI mopouok — okcusl (Peakuus 5). [Ipu B3aumoneiictBuu metaia N ¢
pa30aBIICHHON COSIHON KUCIIOTOM 00pa3yeTcs OecliBETHBIN pacTBOP U BhiAensaeTcs ras. (Peakuus
6). Metamn N pearupyeT ¢ KOHIICHTPUPOBAHHOW a30THON KUCIIOTOW, 00pa3ys Oemnblii 0cagoK u
BbIeNss Oypolii ra3 (Peaxius 7). [Ipu nmporyckanuu cepoBOA0pO/ia Yepe3 pacTBOP COIM MeTala
N, comepxameid metaim N B BbIcIIel cTerneHH oOpa3yeTcsi OCalloK >KEJITOro LBETa, KOTOPHII
HCIOJIB3YETCS B KAUeCTBE 30JI0TOr0 MUrMeHTa B kuBonucH (Peakuus 8).

Bonpocui:
1. Omnpenenure metamsl L, M, N.
2. Hanumre c6anancupoBaHHbIC YpaBHEHUS peakiuii 1-8.
3. Ha pucynke 1 npencrasiena quarpamma @pocra s metamia M B kucioii cpene (pH=0).

HaiiuTe 3HaUeHNs CTaHAAPTHOTO 3IEKTPOIHOTO ToTeHnmana s nap E°(M?*/M) u
E° (M*/ M).

pH=0
1,0 1
0,8
0,6 4 M2+ M4+
B u
0.4 1
0,494 0,496
024 M
o e
=~ 0,04 ]
L
c
-0,2 4
-0,4
-0,6 -
-0,8 -
-1,0 T T T T T T T T T
0 1 2 3 4

CreneHb okucneHus

Pucynox 1. Juacpamma @pocma ons M npu pH=0.
4. Hcnonw3ys npenocTaBieHHbIE 3HAYEHHSI CTaHJAPTHBIX JJIEKTPOAHBIX NMOTEHIMAIOB IS
metauia N, moctpoiite ynpouiennyto guarpammy dpocta s meramia N.

E° (N**/N) = -0,14 B, E° (N*/ N*")=+0,15 B

S. Ha ocHoBaHumM »THX JaHHBIX, Kakas cTeneHb oOkucieHus N sBusercs Haubonee
CTaOWIHHOM B KUCIION cpepe?
®daxtop TONepaHTHOCTH (1) sBiIAETCS KpUTEpUEM, MO3BOJSIOMIUM OLEHUTh BEPOSITHOCTh
(dbopMUpOBaHUS YCTONYMBON MEPOBCKUTHOM CTPYKTYpBI NpHU 33JaHHOM COYETaHWU MOHOB. OH

paccuMThIBaeTcs Mo Gpopmye:
R, + Ry

‘ V2 x (Ry + Rp)
, e Ra, R, and Rx - 3to nonnsie paauycsl noHoB A, B, X, COOTBETCTBEHHO .
Kak npaBuio, ctabuibHas KpUCTaJuIMYecKasi CTPYKTYpa IIEPOBCKHUTA XapaKTepuzyeTcs pakTopoM
TOJIEPAaHTHOCTH, HaxoJsAmuMcs B auanazone ot 0,7 no 1. B wactHOCTH, KyOudeckas CTpyKTypa
HaOroaeTCs pu 3Ha4eHuH B nipenenax ot 0,9 mo 1.
6. Paccunraiite daxrop TonepantHoctu Uit LMI3 LNI3, ucrions3ys cienyronme 3Ha4eHUs
HoHHBIX paauycoB: r(L")=0,167 am, r(M*")= 0,054 um, r(N*")=0,071 uwm, r(l )=0,216 am.
7. Yacte monoB N Obpina 3ameHena Ha M. IlomydeHHBI TEpOBCKUT uMeeT (Gopmyny
LM0,4)N(0.6)l3 Kak 3amena N nHa M noBnusier Ha cTaOUIBLHOCTH IEPOBCKUTA?
8. [TpuBenure npuMep OMOMUMETHYECKUX MATEPUATIOB.




3amanue 4
BOEHHBIN METAJLI

AnroMuHuH B ronapl Beiqnkoi oTeyecTBEHHOM
BOMHBI OBUI OJHHUM M3 CaMbIX BOCTPEOOBaHHBIX
MeTaiuioB. Pa3BuTre aBuanuu ObLIO HEBO3MOXKHO 0€3
ATIOMHUHUEBLIX CIUIaBoB. OH HCIOJB30BajiCAd HE
TOJBKO B OOMIMBKE CaMONETOB, HO H TIpHU
HM3rOTOBJIEHUHN JIBUTATENIEH, BUHTOB, IIIACCH.

[T1aKkupoBaHHBIM CUIYMUHOM aTIOMUHUEBBIM MPOKAT MCIIOJIB30BAJCS AJISi U3TOTOBJICHUS
y310B TaHkoB, CAY wu ruapocamoni€éroB. be3 MarHueBbIX M aTIOMHHHUEBBIX MOPOIIKOB
HEBO3MOKHO ObLIO 1e7aTh O0OMOBI, CHAPSIIbI, CHTHAJIbHBIE PAKETHI.

OCHOBHBIM CBIPBEM JIJISI TPOU3BOJICTBA ATFOMHHHUS SIBIISICTCS ATFOMUHUEBAs pya — OOKCHT.
Vike B camoM Haudasie BOoitHbI CoBeTckuil CoOr03 JIMIIMWIICS Ba)KHBIX CHIPHEBBIX U aTFOMUHUEBBIX
3aBOJI0B Ha YKpauHe u noa JIeHnHrpagom. ABua3aBo/ibl OCTauCh 0e3 cbipbs. 1o pykoBoacTBOM
akagemuka JI.B. HanuBkuHa B Hauyane BOWHBI OBUIO OTKPBITO MECTOPOXKIEHHE OOKCHTOB
«Kpacnass mamouka» Ha CeBepHom Ypase. Cpazy Hauanach J00bYa M CTPOUTEIHCTBO
amomuHueBoro 3aBoja. K 1943 rogy npon3BoACTBO allFOMUHHMSI HA 3TOM 3aBO/I€ TI0 CPABHEHHUIO C
JIOBOCHHBIM BO3POCJIO B TPH pasa.

OcHOBY OOKCHUTOB COCTaBISIFOT MHUHEpPANbl: JTUACHOp, OEMUT (MMEIOT OJMHAKOBBIN
XUMHUYECKHA COCTaB) WM THIPAPTHLINT. Bce O3TH MUHEpalbl SBJISIOTCS O€3BOJHBIMU
TUIPOKCOCOEAMHEHUSMU ATFOMUHUSL.

MuHepanorndeckuii coctaB OOKCHTOB MeCTOpOXkaeHUs «KpacHas manoyka» MOXKeET ObITh
MpEeJICTaBJIeH ClIeayouM o0pa3oM (B %):

Huacrnop u 6eMut 62,4
I'emarur Fe;03 20,7
Mlamyasut 3H20*3FeO0*3A1,03*2Si0> 10,4
Kaomuuut Al203*2Si02*2H20 0,8
KapOoHnaTs! KanpIust 1 MarHus 1,7
OcranpHoe (MUPUT, TATAHOBBIN MUHEpal, (GocHOpUT U 1p.) 4,0
100
Bonpocwui:
1. Haiinute ¢dopmyny amiOMUHHEBBIX MHHEPAJOB, €CIM HW3BECTHO, 4YTO COJEpXKaHHE

IIOMHUHUS B TuApapruuire B 1,3 paza MeHbllle, 4eM B Juacnope-oeMure.

2. N300pa3ure CTPYKTypHble (OpPMYNIBI COEIMHEHHWH, HAa30BUTE WX MO Kiaccu(puKaluu
kucinoTHocTH. Kakoil muHepan oGnamaer Oosee BBICOKOM KHUCIOTHOM aKTUBHOCTBIO, OTBET
obocHyiiTe.

3. Paccumraiite conepkaHue DJJIEMEHTOB AQIOMHHHUS, XKelle3a W KpPEeMHHUS B OOKCHTax
MecToposkaeHus «KpacHas 1manoydkay, mojab3ysiCh JaHHBIMU TaOJIHIIbI.

[Tpon3BOACTBO aMOMUHUS BKIIIOUAeT B ce0s TPU OCHOBHBIX CIIOXKHBIX Ipoliecca: J100b14a
0oKkcHTOB, IPon3BoACTBO riiHHO3eMa Al2O3, momydeHne amtoOMUHHS C TOMOIIBIO AIEKTPOIIU3a.
Crnoco0 nosydeHus rimHo3zeMa u3 6okcutoB oTKpbIT B Poccun Kapinom Hocudosruuem baiiepom
B 1895—1898 rr. OH Tak u Ha3bIBaeTcsa — crnocol baiiepa u 10 cux mop MUpOBask aTIOMHUHHUEBAs
MPOMBINIJIEHHOCTh UCMOJIb3YET €rO.



TexHoJ0rHYecKasa cxeMa IMPpOUu3BOJACTBA I'NIMHO3€EMA
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Onucanue npoiiecca:
1. IpoGnenue u m3MenpueHue OOKCHTA B
MEJBHHIIAX ¥ CMEIICHHUE C MIEIOYBIO.
2. Brinenaunsanue OoKkcuTa —
B3aMIMOJICHICTBIE MHUHEpPAIOB OOKCHUTa C
HIENIOYBIO.
3. OtaeneHue aqOMUHATHOTO PAcTBOPA OT
KpacHOro IuiamMa IIyTeM MPOMBIBKH B
CHEIHANIbHBIX CTYCTUTENSX; B pe3yibTare
ATOTO KPaCHBIN IIIJIaM OCEaeT.
4. JlekoMmo3umusi: U3 TMEPECHIEHHOTO
pacTBopa MpH OXJIAXKICHUU U MMOCTOSHHOM
MepPEeMELINBAaHUU U3BJIEKACTCS TUIPOOKCUT
amomuaust AI(OH)s.
5. OuibTpanus MIPOUCXOIUT B
THJIPOLIMKIIOHAX U BaKyyM-(QWIbTpax, e
OT QJIIOMHHATHOTO pacTBOpa BBIACISAIOT
ocanok, comepxkamuii 50 — 60 % yacrun

Al(OH)s.
6. Kanpunnanus (o0e3BoxuBaHUE
THIPOOKHCH ATFOMHHUS) - 3TO

3aBeplIalollas olepalnus I[POU3BOJACTBA
IJIMHO3E€MA; €€ OCYIIECTBISIIOT B I€Yax;
ChIpass TUAPOOKHCH AJIOMHUHHA, IIPOXOAS
yepes BPALIAIOILYIOCS neysb,
BBICYIIMBAETCSI U 00€3BOKUBAETCS.

o o

Bonpocbwt:

Ha kakmx CTaguigxX Hpouecca MpOTEKAT XUMHUYCCKUC peaKHI/II/I? Hanummre xuMmyeckue
pcaknuu, C€CJIN MPOU3BOACTBO IJIMHO3EMa OCYHICCTBIIAIOT U3 OOKCHTOB MECTOPOKACHUA

«Kpacnas manoukay.

CKONBKO TTIMHO3eMa MOYKHO TIOMYYUTh U3 1 TOHHBI OOKCUTA MPHU BBIXOJE MPOAYKTa 95%?
[Touemy oTX0/BI, 0Opa3yromuecs MOcjae BBIIIECTAYMBAHUS, HA3BAIM «KPACHBIM MIIAMOM)?
KpacHblii muiaMm OAMH M3 CaMbIX TOKCHYHBIX XHMHYECKMX OTX0J0B. KpymHas aBapus

npousonuia 4 okta6ps 2010 rona Ha rAMHO3EMHOM 3aBoJie B ropojie Alika, B 160 kuiomerpax
oT bynanemra. B pe3ynbrare pa3pyuieHus MIOTHHBI XBOCTOXPAHHUIIUINA [TPOU30IILIA yTeUKa
npubau3utenbHo 700 Teicsy M* kpacHoro nuiama. Hlnmam 3amun tepputoputo B 40 xm>.B

pe3ynbrate katactpodsl morubno 10 uyenoBek u okoio 150 panenbl. Uem oOBsICHsETCS

BBICOKAsA TOKCUYHOCTBb KpaCHOI'O mnnIama?



https://ru.wikipedia.org/w/index.php?title=%D0%93%D0%BB%D0%B8%D0%BD%D0%BE%D0%B7%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%B7%D0%B0%D0%B2%D0%BE%D0%B4_%D0%B2_%D0%90%D0%B9%D0%BA%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%90%D0%B9%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D1%83%D0%B4%D0%B0%D0%BF%D0%B5%D1%88%D1%82
https://ru.wikipedia.org/wiki/%D0%A5%D0%B2%D0%BE%D1%81%D1%82%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D0%BB%D0%B8%D1%89%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D1%88%D0%BB%D0%B0%D0%BC

3amanme 5
MBICJEHHBINA SKCIIEPUMEHT

OcHoOBY OpoHETaHKOBBIX cui ['epmanuu B roabl BTopoil MHpOBOW BOWHBI COCTaBIISIIN
MaIIMHBl ¢ OCH3MHOBBIMH KapOIOpaTOpPHBIMU ABHraTesiMu. B kadectBe TorumBa ['epManus
UCIIOJIb30Bajla CUHTETHUECKUN OCH3MH C BHICOKOOKTAHOBBIMM IPHUCAIKaMH, TaK KaK HE MOIJIU
00eCTIeYnTh apMHUIO JU3EIbHBIM TOTUIMBOM. DTOT TEXHHUECKUI BBIOOp OBLT 00YCIIOBIEH OCTPOU
HEXBATKOW HE(QTAHBIX PECypcOB - MOpCKas OJIOKaga COIO3HHKOB IMPAKTUYECKH IOJHOCTHIO
MEPEeKpbUIa JIOCTYI K MPUPOAHBIM MECTOPOXIeHUsIM HepTr. OHAKO CHHTETUYECKOE TOILUIMBO
UMEJIO Cepbe3Hble HEJOCTAaTKU - 4Ype3MepHble MPOM3BOACTBEHHBIE 3aTPaTbl M BBICOKOE
coJiepKaHue IIpUMecei.

H3BecTHO, 4YTO MpU MPOU3BOACTBE TAKOTO TOIUIMBA, MCIOIB30BAINCH pPa3INYHbIC
KaTajau3aTopbl M JO0ABKH, YTO MPHBOIWIO K OOpPAa30BaHUIO XapaKTEPHBIX HEOPTaHUYECKHUX
npuMmeceid. B mabopaTopuu COIO3HHMKOB OBLIM HCCIEIOBaHBI 00pa3libl 30JbHOTO OCTaTKa,
MOJTyYEHHBIC IIOCIIE TIOJHOTO CXKUTAHHS PA3IUYHBIX O00pa3l0OB HEMEIKOT0 CHHTETHYECKOTO
OeH3uHa. Y CTAaHOBJIEHO, YTO 30JIbHBIN OcTaToK comep:kut SiO2, Fe.03, SnO, PbO, ZnO.

Bonpocur:

1. [Ipennoxxute METOIMKY pa3/iesieHnsl OKCHJIOB B 3TOM 30JIbHOM OCTaTKe, UCIOIB3YS TOJIBKO
cieayromue peaktuBbl: 20 % Boaubii p-p HCI, 10 % Boausiit pactBopst NaOH, NH3-H20, H2SO4.
Hanummre ypaBHeHUS peakiiuii, MPOTEKAIONINX B X0JI€ IPEIOKEHHOTO Pa3AClICHUs, U YKAKHUTE
HaOIr01aeMbIe SIBJICHUS (Ta3, 0CaJ0K, UX IIBETA H IIp.)

2. OparM W3 KJIIOYEBBIX IIOKa3aTeliell KadyecTBa TOIUIMBA SIBIISCTCS  COJEpIKaHUE
apoOMaTHYECKHX YIJIEBOAOPOAOB. /[l KOHTpOJds ATOro mapaMeTpa XHUMUKH PUMEHSIN
CHEKTPO()OTOMETPUYECKHII METOJI aHAIH3a, C TIOMOIIBI0 KOTOPOTO OMPEISISUIA KOHIIEHTPAITUIO
TOJIyOJIa — KOMITIOHEHTA, CYIIECTBEHHO BIUSIOLIETO HA OKTAHOBOE YHCIIO.

C momormipto criekTpogoroMeTrpa ObBUTH MOTYYCHBI JAHHBIC 1O IOTJIOMICHUIO CBETa IPH
JUTMHE BOJIHBI 260 HM, B KOTOPOM TOJIYOJI KMEET XapaKTEPHbIN MUK moriomeHus. M3amepenust nis

CTaH/IapPTHBIX PACTBOPOB TOJIY0JIA B TEKCAHE UMEIOT CJIEIYIOIINE 3HAUCHUS:
KonnenTpanus Tonyosa, MOJIb/1 OnTHyeckast I0THOCTH (A4)
0,0020 0,159
0,0040 0,291
0,0060 0,423
0,0080 0,555

OO0pa3zer] CHHTETHUECKOTO TOITNBA, pa30aBiieHHbIH B rekcane B 100 pa3 no o0beMy, nokaszain
noriouieHre A = 0.476 npu Toi e ITUHE BOJIHBI.

Onpeznenure MaccoBylO JOJ0 Toiyosa (B %) B HMCXOJHOM 0Opaslie CHHTETHYECKOTO
TOIUIMBA, TpEArojiaras, 4To TUIOTHOCTh ToruimBa coctaBiser 0.80 r/mi, a MomnsipHas Macca
TOJTyoJ1a paBHa 92 r/MOJIb.

3. Terpartunceunen (Pb(C2Hs)4) siBnsieTcs eme oHOM 100aBKOM K TOIUIMBY MOBBIIIAIONIEH
€ro OKTaHOBOE YKc0. J1JIs1 onpeneneHus coiepKaHus TeTpasdTHICBUHIA coxriu 100 mi Tormaa.
30JbHBIN OCTAaTOK PACTBOPUIIU B @30THOM KUCIIOTE U 10BENH 00bEM 10 100 MIT TUCTUITHMPOBAHHON
Bosoi. K 25 M1 momydenHoro pactBopa 100aBuiIM aneraTHbli OydepHsbiit pactBop (PH = 5,5) u
LUTpaT HaTpus 1S MackupoBku Fe**, APF*, Zn?* u npyrux BO3MOKHBIX MENIAOIIMX MOHOB.
TutpoBamu 0,01 M pactBopom Na:HEDTA ¢ MHIMKAaTOpoM KCHJIEHOJOBBIH OpPaHXEBBIM 10
nepexo/ia I[BeTa ¢ KpacHOro B keNThIil. O0BbEM U3pacX0l0BaHHOTO TUTpPaHTa cocTaBui 12,45 mi:
Pb?* + HoEDTA? — PhEDTA?Z + 2H"

PaccumnTaiiTe MacCoOBYIO JOJIFO TETPAITUIICBUHIIA B TOTUIMBE.

4. [ouemy 15 TuTpoBanus Pb?* ucnonesytor 6ydepnsiit pactsop? UTo Mpou3oiaéT
npu pH < 3 nmum pH > 77
5. Bo Bpems Bropoii mMupoBoi BOWHBI B ['epMaHuUM CHHTETHYECKOE TOILUIMBO B

OCHOBHOM TIOJTy4aJld JByMS METOJaMH, OCHOBAaHHBIMH Ha JIBYX Ppa3JIHYHBIX XHUMHUYECKHX
peakuusix. Kakue 3To peakunn?



CTAPHIAS JIUMT A
3ananue 1

CIIACUTEJIbHBIN I'PUB
«Ecnu ocuzns noocoswvieaem mebe niecenv — 0enail NeHUYULIUHY

MaccoBasi npoayKIys MeHUIUUIMHA B TEYEHUE BTOPO MUPOBOM BOMHBI
CIAc/I0 HE TOJbKO MWJUIMOHBI JKHM3HEH, HO U IOJIOXKWIO OCHOBY JUIS
COBpeMeHHOU apmarieTnyeckol mHayctpur. B 310 xe Bpemss B CCCP
HE3aBHCUMYIO  pa3pa0OTKy  TMPOMBIIUICHHOTO  crmoco0a  MOJTy4YeHUs
NEHUIWIIMHA OcyllecTBUIa Mukpoouosor 3unanna Epmonbea. IIpenapar,
noJTy4eHHbIH EpMoibeBO#, Ha3BalIl KPYCTO3MHOM — IO Ha3BaHHIO ITaMMa ruiecenu Penicillium
crustosum. ITo cBonm Je4eOHBIM CBOMCTBAM OH HE yCTYyIal 3apy0exxHomy ananory. B 1944 rony,
BOo Bpems [Ipubantuiickoii HacTynaTenbHOW omepanuu, EpmonbseBa nuuHO mpubbiia Ha 1-i
[Tpubantuiickuii GpoHT, T KPYCTO3WH MpomIEn «boeBoe kpemieHue». HoBbI aHTHOMOTHK
OKa3aJICsl HACTOJIBKO JACUCTBEHHBIM B 00Ph0€E ¢ HHPEKITUIMU, YTO, TIO OI[EHKaM, TTO3BOJIMII CHU3UTh
CMEpPTHOCTH OT paH Ha 80%, a konuuecTBO ammyTanuii — Ha 20-30%.

CrpykTypa NEHULWJUIMHA JOJIrO€ BpeMs OCTaBajlach HEYCTAHOBJIEHHOH, IIOCKOJIBKY
pa3iuyHble MTaMMbl TPUOOB MPOIYLUPOBAIN pPa3HbIe THUIBI MEHUIMIUIMHOB, a MOJIy4aeMble
00pa3ipl OTIWYAINCH HU3KOM YHUCTOTOM M MayibiM KosmuecTBOM. Jlumb B 1943 rony ynmamoch
MOJYYUTh TEPBYI0 KPUCTAIIMYECKYIO (hOpMY HATpUEBOM coiM OeH3WINeHHIWUIMHA X, A
KOTOpo# Obwia ycranosieHa smnupudeckas popmyna Ci16Hi7N20sSNa. Takke Obu10 M3BECTHO,
YTO NpU MOAIIENaYMBAaHUM PACTBOpPAa U TOCIEIYIOIIEM KHCIOTHOM THUIPOIH3E 00paszyercs
AMHHOKHUCIIOTA TIEHUIMIUTAMUH (2-aMHHO-3-MepKanTo-3-MeTUI0yTaHOBass KUCIIOTA), CTPYKTypa
KOTOPOTo OblLiIa MOATBEPKICHA CIEIYIOIINM CUHTE30M:

o ©/\SH
P § 1. HCI, A

OH NaOAc NaOMe 2. NH,OH
©)‘\ /\n/ A NaOAc -~ B C D

ACQO M=161.2 Ac,0 MeOH C1oH21NO3S
Pd/C, Hzl
i’ 0 |
Ren R0 B0 oty T
Bonpocwi:
1. N3o6paszute cTpykrypHbie dopmynbl coenuHeHnii A—C. Tlpu nmpoBeaeHNN KHCIOTHOTO

ruzponusa coequHenus C ¢ mocienyromeil HelTpanu3alnuei pacTBOPOM THIAPOKCHIa aMMOHHMS
o0pa3oBajach paleMHyYecKas CMech JBYX CTE€pPEOM30MepoB. PasneneHue mosrydeHHOW cMecH
OCYILIECTBUJIM METOJIOM NEPEeKPUCTAITU3AINH, B pe3yJbTaTe 4ero ObUIO BBIIEIEHO COCTUHEHNE
D, npencrasmistoniee coboir D-uzomep. Ykaxute crpykTypHble hopmynsl coequHenuii D u D-
NEHULWJIAMHHA C YY€TOM CTEPEOXUMMHU.

2. CuHTe3 HATPUEBOM COTM OeH3MWINEHUITMIUTMHA X ObUT MPOBECH MO CIAEAYIOIIEH cXxeMe:
1. t-BuONa
0 o o]
CI\)J\O)< . KOH 2. >|\O)J\H D-neHnumnnamuH ; E?—;u
NH > F » G » H —» |
@) t.°c C20H24N206S

1. NaOH
2.DCC 2. Py
X = K

"""""""""""""""""""" C16H17N204SNa
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[Ipy momBITKE MEpPEeKPHUCTAUIM3ANNKA TEHUIMUIAMUHA B alleTOHE, HEOXHJIAaHHO OBLIO
00Hapy)XeHO HOBOE KpHCcTaTM4yeckoe BemectBo E. IlpuBenurte cTpykTypHYyHO (GopMyty
BemecTBa E (cTepeoxumueil MOXHO TIpeHeOpeyh), KOTOPOE BXOIUT B COCTaB OUITUKINYECKON
CTPYKTYpPBI OCH3WINCHUIMILTHHA X.

3. N3o6pasute cTpykrypHbie hopmynbl coenuaennii F—K. M3BecTHO, uTOo coenuuenue X
COJICP’KUT TPHU CTEPEOLICEHTPA, /IBa M3 KOTOPBIX BXOJAT B COCTAB YETHIPEXUICHHOrO LMKIIA U
001aJar0T OIMHAKOBOH (OTHOCUTENBHOM) KoH(puryparuei Tuna R. Ha ocHoBe 3T0oi nHOopMarin
MOCTPONTE CTPYKTYPHYIO GopMyITy coeiMHEHUs X ¢ YKa3aHHUEM CTEPEOXUMUH.

J1J1s1 OLIEHKH YHCTOTHI TOJTYYEHHOTO BemecTBa X HaBecky maccoi 0,250 r pactBopru B 50,0
MJI AUCTHILTAPOBAHHOM BOJBI. M3 MOTydeHHOTO pacTBOpa 0ToOpanu aatukBoty oobemom 10,0 mi
¥ J00aBWJIH pacTBOP TUAPOKcUaa HaTpusi. Uepes 20 MUHYT cMech 00paboTaIy COISTHOM KUCIOTOM.
ITocne 3aBepiieHUs peakiMu B MOJYYEHHYIO CMecCh NMpuiawim OydepHbiii pactBop u 15,0 mu
0,020M pactBOpa i#ona. M30bITOK HE BCTymuBIIero B peakiuio ioma orrurpoBam 0,020M
pacTBOpOM THOCYJb(aTa HaTPUS B MPUCYTCTBUM KpaxMallbHOro MHAMKaTopa. O0beM pacTBopa
THOCYNb(aTa HATPUSl, U3PACXOIOBAHHBIM HA TUTPOBAHHE, COCTaBUI 24,2 MII.
4. Hanummre peakuuu, mnpoTekaroniye B JaHHOM aHaiu3e (CTepeoXUMHUEH MOXKHO
npeHedpeys), U pacCUYMTANTE YUCTOTY MOTYUYEHHOTO BemecTBa X.

3aganue 2
nyJjs - YPA, ITBIK - MOJIOJIEIL

B 2025 rony B Poccum ormeuaercsa 80-nerue [Tobenst B Benmukoit
OteyecTBEeHHOM BOMHE, KOTOpas 3aBepiuiiack 9 mast 1945 roxa. B aToT nenn
COBETCKHI HapoJl oJiepskai modery Haj HalUCTCKOM ['epmManueii, 4To cTtaio
KJIFOYEBBIM MOMEHTOM B MCTOPHH CTPaHbI U BCero Mupa. BaxkHyio poiib B
nobene BHEC COBETCKUI KOHCTPYKTOp cTpenkoBoro opyxus I'. C. [llnarus,
pazpaboraBmmii Han&xueli nucroner-mynemeT [T B 1940 roxy.

B TIIII ycTanoBieH Hape3HOH cTBO (puc. 1), KOTOpHI MpUAAET mysie BpalaTelbHOe ABUKEHHE,
HeoOxoaumoe Juisl cradwin3anuu e€ mojiéTa M IOBBIIIEHUS TOYHOCTU CTpeibObl. Hapesbr
NPECTaBISIOT cO00M MOJOCOBUIHBIE YIITyOI€HUs, BBIOIIMECS BAOJIb CTEHOK KaHaljla CTBOJIA.

none
rNYBUHA A FIAPESA
HAPE3A y
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HAPE3A

HAPE3A “
AHO HAPE3A
Puc. 1. Obmas cxema Hape3HOTO KaHalla CTBOJIA.

[TucrosieT-myneMET UCIOJIB3YeT MAaTPOHBI KauOpa a X b MM, T/ie @ — inameTp KaHajia CTBOJIa
10 TOJISIM, MM, D — TrHa rrTe3bl, MM. CunTaTh B MyHKTax 1-4 HAcTOsIIEH 3a1a4d, 9TO MATPOH
COCTOHUT TOJIbKO W3 THIIB3BI, MOPOXa B HEM W MyNH, B KOTOPOH €CTh CEpPACYHUK M 00OJOUKa.
JomycTuTh, 4TO THIIB3a UMEET (GOpMY IIIMH/IPA, a YISl UMeeT OoJiee CI0KHYI0 hopMy (LIMITUHIP
+ monycdepa), rae C — UIMHA WIMHAPUIECKON YyacTu, MM, d — paauyc noxycdepsl, Mm. OOIiast
JUTMHA TlaTpoHa coctasiset 35,0 MM, muHa iynu 14,0 mMm. riryouHa Hapesa 0,12 mm. OGoouka
npujeraeT K cepaeyHuky miotHo. [lpunste ¢/d = 2,562, tommuHa 000nouku mynu 1,4 mm,
TommuHa Tuib3bl 0,5 MM, Cxema maTpoHa n3o0pakeHa Ha puc. 2.
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I'unb3a usrorosiena u3 cruiaBa metauioB A u B. O6onouka mynu cocTouT u3 aneMeHToB C,
D u E. Cepneunuk crnenan u3 inemMeHToB F 1 G. BHyTpH ruib3bl HaX0AUTCS TTOPOX, KOTOPHIN B
OCHOBHOM COCTOUT W3 MOJHMMEpHOro BemiecTBa X (CUMTaTh, YTO TMOPOX COCTOUT TOJNBKO U3
BerectBa X). X MOJIYYalOT ACHCTBUEM H30bITKA CMECH KOHIICHTPHUPOBAHHBIX CEPHON U a30THOM
KHCJIOT Ha IeJUTI0J03Y (puc. 3).

2d

f—
4 ; d

Obomoyka / %
=l 0

Ceprieunuk

\

[lopoxoBoii _~ b
3apsi

Tuns3za /

Puc. 2. [latpon kamubpa a X b mm B paspese u e€ ynpormiéHnas cxema 6e3 KarcroJis.

CH,OH
o)
OH (o)

OH n
Puc. 3. Yopoménnas cTpykTypHas GopMyIia eUTF0JI03bI.

Xumuky Bacunmio crano umHTEpecHO, uTO OyIeT C HaTPOHOM, €CJIM IOIBITaThCs €ro
pacTBOPHUTh B KOHICHTPUPOBAHHOW a30THOM KHCIOTE (He MOBTOPSTH IKCHEPUMEHT JoMal).
Bcero y Hero ectb 20 TakuX OJMHAKOBBIX MaTpoHOB. IIpu odeHp anutensHOM Bo3xeicTBuu 10
TaKHUX MMaTPOHOB B N30BITKE KOHLIEHTPUPOBAHHOMN a30THOM KUCIOTHI IPH HarpPEBaHUU BBIIEIIAETCS
70,939 1 (mpu 25 °C, 1 atM) cmecu ra3o000pa3Hbix BemectB Y U Z B 00bEMHOM COOTHOILIEHUU
1087,5 : 1, coOTBETCTBEHHO, PAaCTBOP, COJIEpKAIIHil cMech coselt anemenToB A-D, F, kuciory H,
a TaK)Ke HepacTBOPUBIIMICA ocTaToK Maccou 5,00 r.

Bacunuit moxyman, 4to 3Toro OyAeT Majo M pelni ONpeNeauTb TOYHBIA XUMHUYECKUN
cocrtaB narpoHa. OH NOHSUI, YTO MOJTYYEHHBIX JAHHBIX JJI 3TOT0 0Ka3aJI0Ch HENOCTATOYHO, I1OCIIE
Yero OTACIHI BCe TWIB3bI OT Apyrux 10 maTrpoHOB M pacTBOPWI MX B KOHICHTPHPOBAHHOW
a30THOM KHMCIIOTE IPU HAarpeBaHUH, B pe3ysbTaTe yero Belaenuwiocs 22,693 n (npu 25 °C, 1 atm)
ra3za Y u obpazoBaics pactBop coneit anemeHToB A u B. K nonyunsmemycs pacrBopy Bacunii
ObICTpO J100aBMJI M30BITOK pacTBOpa T'MAPOKCHAA HATpus M HAOJIOJall BbINAJEHHE roiayOooro
0cajika, CoJIepKaIiero aeMeHT A, Macca KOTOporo okasanack paBHa 34,18 r. Ecnu Ob1 Bacunuit
N00aBIIsa B pacTBOp pa3z0aBlieHHBIN pacTBOp LIENOUH, TO CHava1a OH Obl HaOJI0Jall BhINa/IeHUE
CBETJIO-TOJIYOOT0 Ocajika, KOTOPbII MO0 Mepe 100aBlIeHUs LIEI0UYH MOCTENEHHO Obl CTAHOBUJICS
TOJTYOBbIM.

3arem Bacummit m3Bnék n3 10 mynb cepA€YHUKHN M PacTBOPWII UX B KOHIICHTPHUPOBAHHOM
a30THOM KHUcIoTe mpu HarpeBaHuu. Beigenunocs 6,110 n (mpu 25 °C, 1 arm) raza Y. K
MOJTYYMBIIIEMYCSI PAaCTBOPY OH J00aBMJI M30BITOK pa30aBICHHOTO PAcTBOpa CEPHOM KHUCIIOTHI,
nocje 4yero BbIman Oenblit ocagok mMaccoit 33,21 r. Takxke n3BecTHO, 4TO 21eMeHT G sBisercs
STOBUTHIM U B HA3BaHUU €T0 3JIEMEHTA KPOIOTCS Ha3BaHUS JABYX JKUBOTHBIX.

Ocrarku ot 10 mynb, a UMEHHO 000JIOYKH, TOKE ObUT PaCTBOPEHBI B KOHIIEHTPHUPOBAHHOM
A30THOW KHCJIOTE IPU HarpeBaHUM, NMPHU 3TOM Bbiaenuiaoch 42,136 i (npu 25 °C, 1 atm) cmecu
razoB Y u Z. K oOpasoBaBiemycst pactopy npuwinian 1000,00 r pactBopa ¢ropuaa xamus c
MaccoBoM moaei 9,87 %, mociie yero BeINaa 0cagok OexeBoro nseTa mMaccoit 63,90 r. M3BecTHO
TaKXe, 4To Aapo aroma sneMeHTa C comepxut Ha 1 nmpoToH Oonbie sapa atoma D.
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Tabauya 1. IInotHOCTH A1eMeHTOB A-G.

A

B

C

D

E

F

G

p, r/cm®

8,96

7,14

7,87

7,21

2,26

11,34

5,73

Bonpocui:

1. Onpenenure s3nementsl A-G u Benecta X, Y, Z, H. B pacué€rax ucnonbp3yiiTe aTOMHBIE MACCHI
3JIEMEHTOB C TOYHOCTHIO JI0 COTHIX a.€.M. OTBET MOATBEPIUTE PacuETaMH.
2. HaiiguTe MaccoBbIe O 3JIEMEHTOB B THIIB3€, CEPJICYHUKE M 000JI0UKE MYJIH.
3. OmnpenenuTe Maccy marpoHa M mapameTpsl a U b, a Takke riIyOMHY IMOCAJIKU IYJIA B THIIB3E.
[1ynst BBUIETAET U3 CTBOJIA OPYXKUS 32 CUET BOCITIAMEHEHUSI TOPOXOBOTO 3apsiia, KOTOPbIU cO3AaET
BBICOKOE JIaBJICHHE. Y IenbHas Terora cropanus X paBaa 4000 k/[x/kr.
4. HanummmTe ypaBHEHUE PEaKIMU BOCIUIaMEHEHUs Topoxa. OLIEHUTEe MaKCUMAIbHYIO 1aJIbHOCTh
nonéra nynu, ecau KII/[ nucronera-mynemera cocraBusier 15 %. ConpoTuBieHueM BO3ayxa,
CUJIOHN TpEHUs My O KaHaJl CTBOJIA MPeHeOpeYb.

Bo Bcex marpoHax Juisi TAKOTO THIIA OPYKHSI Ha €r0 JJHE €CTh KaIlClJIb, KOTOPBIH paboTaeT
B KQYEeCTBE YCTPOMCTBA JIJisl BOCILUIAMEHEHHUSI TTOPOXOBOro 3apsiaa. Karcroib coepXUT BeliecTBa
K, L, M. Korna kypok uiu yiapHHUK MUCTOJIeTa-yJeMETa HaKallbIBaeT KarlCloib 0OMKOM (OCTpHIii
AJIEMEHT MEXaHU3Ma, KOTOPbIN BO3/IEHCTBYET MEXAaHUUYECKH), ITOT 3apsi/i B3phIBAETCA U CO3JAET
CTpYIO IUIaMEHH, TMOKUTAIONIYI0 TOpPOXOBOM 3apsn. BemectBo K sBisieTcss nepBUYHBIM
WHULUUPYIOIIMM BEIIECTBOM, KOTOPBIM pasjaraercsi MpU MEXaHUYECKOM BO3JEHCTBUM Ha
KaICIJIb M BBIACIACT AOCTATOYHOE KOJIHMYECTBO TEILUIOTHI, HEOOXOAUMOE JII WHHIIHALNH
AK30TEPMHUECKON peakuuu Mexay BemectBamu L u M. K siBisiercs conpro MeTania, UMEIOILEro
TEMIEpaTypy IUIABJICHUS HIDKE KOMHATHOM TeMIepaTypbl U Mapbl KOTOPOrO HEraTHBHO
BO3JICUCTBYIOT Ha HEPBHYIO U JABIXATEIBHYIO cUcTeMy uenoBeka. [1pu paznoxxennn K Beinensercs
CMECh JBYX OECLBETHBIX T'a30B C PaBHBIMU MOJSPHBIMH MacCaMH, KOTOpPbIE HEMHOTO Jerde
Bo3nyxa. BemectBo M OuHapHoe, MaccoBas JOJs AJIEMEHTa C OTPHUIATEIBHON CTENEHBIO
OKHCJICHUS B HeMl paBHa 28,32 %, KOJMYECTBEHHOE COOTHOIIEHUE aToMOB 2 : 3. M3BecTHO, 4TO
OJIMH U3 OKCHUJIOB dJIeMeHTa D sBIIsieTCsl KaTaau3aTopoM peakiMK pas3yiokeHus BeniecTsa L.
5. Onpenenute BemectBa K-M. Hanummure ypaBHeHUS peakiinu, KOTOPbIE IPOTEKAIOT B KAICloJie
IOCJIE MEXaHUYECKOTO BO3/ICHCTBUS Ha HEE.
6. Kakue mocToMHCTBA ¥ HEIOCTATKH MOYKHO BBIJICTUTH Y TAKOTO MaTpoHa?

3amanmne 3
TPUMEPU3ALIUA AIETUJIEHA B BEH30.J1

B roas! Benukoit OteuecTBEHHON BOWHBI OCTPO CTOsUIa MpoOieMa MoidydeHus: OeH3oua,
OCHOBHOTO KOMIIOHEHTa [UIsl IPOU3BOJCTBA TPUHUTPOTONYONAd, MHUKPUHOBOM KHUCIOTHI U
HUTPOOEH30J1a, MPUMEHSIOLINXCS B KadecTBe B3phiBuaThix Bemiects. H. J[. 3emunckuii u b. A.
Kazanckuil BHecIu OrpoOMHBIN BKJaJ B XMMHUYECKYIO NMPOMBIIUIEHHOCTh, pa3paboTaB Mpoliecc
KaTaJINTUYECKON TPUMEPU3ALUU aleTuiIcHa npu TeMIlepaType 600 °C HaJ
PacKaJICHHBIM aKTUBUPOBAHHBIM YIJIEM:

3C2H2(F) 4 C6H6(F) (PeaKL[I/IH 1)

B Hacrosiiiee BpeMsi MPeUMYIIECTBEHHO MPUMEHSIOTCS APYrue KaTajau3aTopbl HA OCHOBE
HUKeJS U KoOaJbTa.

Bonpocwui:
1. Paccuuraiite ctanmaptayio >uTansmuio (AH®), sarponmio (AS®) u smepruto I'm6oeca (AGP)
peakuuu (1) mpu 600 °C, yunuTsiBasi CripaBOYHbIE TaHHBIE.
2. PaccunTaiite koHcTanTy paBHOBecus (K)) peaxuuu (1) npu 600 °C.
3. OObACHUTE, TOYEMY, HECMOTPS Ha TEePMOAMHAMUYECKYIO BbIrogHocTh (AGY < 0), mms
NPOBEICHUS peaKIMi He0OX0AUM KaTalu3aTop.
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https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C

DKCTepUMEHTAILHO YCTAHOBJICHO, YTO Ha CBEXEM Karanu3atope peakius (1) B u30bITKe
aleTUJIeHa MOJYUHSETCS YpaBHEHUIO KMHETUKH MEepBOro mMopsaka mo anetwieHy. Koncranra
ckopoctu ripu 600 °C: k; = 0,05 ¢ 1,

4. 3anummTe KHHETHYECKOe YpaBHEHHE JIsl CKopocTu oOpa3oBaHus 6eH3omna (rg, MOJb/(M*:¢)).
5. Paccunraiite HavaubHYI0 CKOPOCTh OOpa3oBaHusi OeH3osa (I'g,) NMPH 3aJaHHBIX YCIOBHUSIX
(Py=2.0 atm, T=600 °C, V=2.0 m?).

6. Paccuuraiite Bpems (Tq/z), 338 KOTOPOE KOHLEHTPAIUs AlETUIECHA yMEHBIIUTCS BJIBOE OT
Ha4yaJbHOM.

B peanbHbIX yclIOBHSIX THapajuiebHO OCHOBHOHM peaklMu TpUMEpH3allH aleTUIeHa

MPOTEKAIOT MOOOYHBIE pEeaKIUU ¢ 00pa30BaHUEM MOOOYHBIX MTPOYKTOB.

ZCZHZ(I‘) - C4H4(F) (PeaKL[I/IH 2)
7. Paccuuraiite xoHcTauty paBHoBecus (K,) peakuun (2) mpu 600 °C, ecnum napuuanbHbie
JlaBJIeHUs aneTwieHa u BuHwianeruiena pasisl 100 kIla u 325 I1a cOOTBETCTBEHHO.
8. O0bsacHuTe, MoueMy oOpazoBaHue O€H30J1a MPEANOYTUTEIbHEE 00pa30BaHMs BUHIIALICTUIICHA.
9. PaccumTaiiTe OTHOIIIEHNE HaYaIbHBIX CKOPOCTEH 00pa3oBanus OeH301a (I'g) ¥ BUHIJIAIICTHIICHA
(ry), k, = 0,002 ¢ L.
10. OmpenenuTe CEICKTUBHOCTD IO OCH30ITY JIJIsl KATATMTHYECKOTO MpoIiecca.

11. Kak u3MeHHUTCS CENIEKTUBHOCTh, €CJIM YBEIMUUTh HayadbHOE JaBjicHue aneTuieHa ¢ 2.0 1o
10.0 atm?

Cnpaesounvie oannuvie:

- CTaHJIapTHbIC SHTAJIBITUHU o0OpaszoBaHMs Anggs(Csz(r)) = 226.7 k/l>x/MoJ1b,
ArH9g(CeHery) = 82.9 k/lx/Moub,

- CTaHJapTHBIE SHTPOIIUU Sggg(CZHZ(F)) = 200.9 x/ (Mo - K), 5898(C6H6(r)) = 269.3 Ix/
(Moub - K),

- 3aBUCUMOCTb  TEIUIOEMKOCTH  OT  TEMIIEpaTyphbl: Cp(CZ Hz(r)) = 42,43 + 0,0152T,
C,(CeHey) = —37,78 + 0,4430T,

- nHTerpanbHas popma ypaBHeHust Kupxrooa:

AH, = AHSog + [,2 AC,dT,

- TeMIIepaTypHas 3aBUCHUMOCTh SHTPOIIMHU
0 _ AcO T, ACp
AS7, = ASzgg + zggTdTv

- YpaBHEHHUE CEJICKTUBHOCTH
J— I'x

Sy =

ry+ry’
IJIe Ty, Ty — CKOPOCTH 00pa30BaHMs BEIIECTB X H y COOTBETCTBEHHO.
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3amanue 4

BUTBA MACEJI: XUMWYECKAS BOMHA JIBUTATEJIEN ~ %5

1943 rox. KoHCTpyKTOpCKHE OIOPO COBETCKHX M HEMEIKMX HHXKEHEPOB CPAKAIICA He
TONBKO Ha (poHTe, HO W B Jaboparopusx. OT KkauecTBa aBHamacesl 3aBUCAT MOIIHOCTb
JBUTATENEe, pecypc MOTOPOB M MCXOJ] BO3AYIIHBIX 00EB. TakuM oOpa3oM, uccienoBaTelld U3
pasHBIX CTpaH HAYadu aKTHBHEE pa3padaThiBaTh TaKOE MAacjo, KOTOpOE MOTJOo Obl paboTaTth B
9KCTPEMAaJIbHO XOJIOJHBIX U TOPSIUYMX YCIOBUSAX, B KOTOPBIX J€iiCTBOBAJIAa aBHAIHSL.

Ho 1930-x rogos B CoBetckoil Poccun BO MHOTHX OTpacisix B KaueCTBE CMAa3bIBAIOIIETO
MaTepuaia UCIOJIb30BaJIOCh KacTopoBoe Macyio. OHO cMa3bIBajO HEIUIOXO, 00J1aal0 XOPOIIUM
pabouMM TeMIepaTypHbIM Malla30HOM, OJIHAKO €ro pecypca XBarajio juib Ha 500 KuioMeTpos.

[¢] OH

Puc. 1. OcHOBHOI KOMIOHEHT KaCTOPOBOT'O Macia

[TpumepHO B TO e BpeMs JIIOJU HAYyYWINCh I10JIy4aTh MUHEPAJIbHOE MAciIO U3 HEPTH, B
OCHOBHOM TIPE/ICTABIISIONIEE COOOH CMeCh apOMaTHYeCKUX, IMKIMYECKHX YIJIEBOJIOPOIOB M
napaduaoB. OHO yxe Oosiee cTaOUIBHO, OJJHAKO UMEET MEHbIINN TeMIepaTypHbIN AMANa30H U
HOo-TIpeXHEMY 00pa3yeT Harap, XoTb M B MEHbIIEeM KoiauuyecTBe. OJJHaKO, B CMECH C KEPOCHHOM
3TO MacJI0 MOYKHO MCII0JIb30BaTh 710 MUHyc 35°C.

Torna uccnenoBaTeny PEMIMIA CO3AaTh MACIIO C HYIS M NPEATIOKUIN oauromep X, OHa U3
BO3MOYKHBIX [IEMOYEK CHHTE3a KOTOPOTO MPEACTABICHA HIDKE!

0,, Ag, 300 °C
3 MPa
MpPAMOrOHHbIN 950°C R-OH, NaOH
6eH3nH —> A+B X
0.3 MPa
0,, Ag, 300 °C
B——>» D
3 MPa

[TonyyenHoe Macio MOXHO Ucnoyib30BaTh 10 MuUHYc 50°C. Ero mbiTanace UCHOIb30BaTh
HEeMelKas aBHalMs B yclnoBUsAX cypoBoil 3uMmbl B CCCP, HO OHHM CTOJIKHYJIUCh C OJHOMU
KPUTHYECKON TTPOOIIEMOIA, 3aKITFOYAIOIIECICS B MI3MEHEHUH COCTaBa Maciia, TPy STOM MOJIEKYIbI X
HE TpeTepreBaii M3MEHEeHUH. B To ke BpeMs COoBeTCKas aBualldsg YCHENIHO HCIOIb30Baja
MUHEPATIBHOE MACJI0, XOTh OHO U HE TAKO€ MOPO30CTONKOE Kak X.

[Iporpecc He ocTaHaBIMBAJICA U MTOSIBUJIACH HYXk/1a B Macllax Jisl pEaKTUBHBIX JIBUTATENEH:

AR, AICI,
A —>» E —» Y
130 °C, 19 MPa 95 °C

Macno Y nmpexacraBiasier coboi onuromep M paboTaeT NpU  TemrepaTypax oOT
-60°C no +250°C, a Taxxe ciocoOHO AKCILTyaTUPOBAThCS B CPEHEM B YETHIPE pa3a JI0JIbIIE, YeM
MHUHepaJIbHbIe Maca.

B HameMm COBpeMEHHOM MHpE BaKHOW XapaKTEPUCTHUKOH CTAHOBHUTCS SKOJOTHYHOCTh
Macia, TT03TOMY COBPEMEHHbIE MCCIIe0BATEeNN MPeUIaraoT Jienats Macio Z U3 OMOCBIPbs MO
cXeme:
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H,/NiRe (Cp*IrCl,),, t-BuOK Co?*/0,
CH3(CH2)5/\COOH —» F ——» G—>» H

150 °C, 10 MPa 120 °C 120 °C
(0]
| CH,O0 CH,0
—» | ——» J
Ca(OH),
NaHSO4
24 hr, 120 °C
-H,0

KanpuinoByro KMCIOTY NOJy4YaroT U3 HAJbMOBOIO U KOKocoBoro macedn. Ilomydaromeecs
Macio Z umeer enié 6osiee COBEPIICHHBIE XapaKTEPUCTUKHU 110 CPAaBHEHUIO C MaciaaMu Tumna Y,
Opu 3TOM sBIsAACh OuopasnaraeMpiMu. OJHAKO, TaKOM CHHTE3 HE MOJIY4WI MHIMPOKOIo
IPUMEHEHHS M3-32 BBICOKOM CTOMMOCTU INPOM3BOJACTBA U MPUMEHSETCS B JIOBOJIBHO Y3KHX
o0nacTsx, rie KauecTBO BakHee 3KOHOMUKHU. Ho B ckopoM BpemeHu macina tuna Z MOTYT
IOJIyYUTh HOBBI MMITYJIbC, BEIb OJHA POCCUICKas KOMIIAHUS Hay4duJach Mpou3BoauTh H u3
HOJMMEPHBIX OTXOJ0B € BbIX0Z0M 40% OT Macchl HCXOIHOTO IUIACTHKA.

Bonpocut:
1. OObscHUTE TTIaBHYIO IPUYMHY KOPOTKOTO CPOKa CIIy:KObl KACTOPOBOT'O Macia.
2. [ToueMy MuHEpaIBLHOE MACIIO 3aMEP3acT NpHU TeMieparype MUHYC 35°C, a TakKe IOPTUTCS
npu temneparypax soiue 150°C?
3. Pacmmn¢pyiite nenouky cunreza macia X. YUTHTe, 4TO A — camMo€ IPOU3BOAUMOE

OpraHMYECcKOEe COEJIMHEHHE B MHUpe, a B Haxonurcs Ha TpeTbeM MecTe B CIHCKE CaMbIX
IPOM3BOUMBIX OPraHUYECKUX coeluHeHui. TouHol (Gopmynsl X He TpeOyeTcs, Tak Kak 3TO
XAO0TUYHO IIOCTPOEHHBIN OJIUTOMED.

4. OOpsicHuTe C Kakol MpoOJEeMON MOIJIM CTOJNKHYTbCS HEMEIKHE WHXKEHEphl B
UCIIOJIb30BaHUU Macia X Ha X0JI0eE.
S. Pacmm¢pyiite nenouky noxydenus macna Y. Yuture, 4to E — nmumb o1HO U3 JIMHEHHBIX

BEIIECTB B MOJIYYAIOIIEHCS B pe3yiIbTaTe peakllui CMECU U OHO coJepkuT 10 aromMoB yriiepoja.
Tounoit popmynel Y He TpeOyeTcsi, Tak Kak 3TO OJIUTOMED.

6. OO0bscHUTE TPUYUHY OOJIBIIOr0 pabouero TeMnepaTypHoOro JuanazoHa macia Y.

7. Pacmm¢pyiite nenouky noiaydenus macina Z. Yurute, uto B J coaepxurcs 4 CnupToBble
TpynIbl 1 5 aToMoB yriiepoaa. B Z orcyrerByroT crimptoBsie Tpymmbl. G nmeet B 2 pasa Oosblie
aTOMOB yrjepoja, yeM B F, a Taxke 0JJHy CIIUPTOBYIO IPYIIILY.

8. OO0bsacHuTe noyemy macia tumna Z 0osiee TepMOCTOMKH IO CPABHEHUIO € MacjaaMH Tuma Y,
UMEIOT a/IF€3UI0 K METAJUIMYECKUM JeTalsM OoJibllle, yeM Maciia Tuna Y, a Takke MOXET ObITh
OuopazyiaraeMbimM?

9. Xopomuii XUMUK 00s3aH HE TOJIKO 3HAaTh XUMHIO, HO U TIOHUMATh, YTO HY>KHO PBIHKY U
Kakue pa3paboTKM MOXKHO TMPETBOPUTH B JKu3Hb. IIpencraBeTe, uto Bbl paboraere B
MuHucTepCTBE MPOMBIIUIEHHOCTH U Niepes] Bamu cTOUT 3a1aua yBeIHMUUTh 00BEM MPOU3BOJICTBA
cMa3ouyHbIX MaTepuaioB B cTpane Ha 1000 TouH B roj. B kakoe Macio Be Oyzaere BKIaapBaThCS
B HIepBY10 ouepes? OO0CHYHTE 5KOHOMUYECKH, TOCTPOUB MPOTHO3 Ha 5 JIeT.
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KacropoBoe | MunepansHOE X Y Z Z u3
MacJjo MacJjo MOJIMMEPOB
3aTpatrhl HAa TOCTPONKY 4.5 7 13 25 21 30
3aBoja, MIH. $
CebecTOMMOCTh 2000 500 6000 5000 | 12 000 3000
MIPOU3BOJICTBA U
peajM3anuu Macia,
$/Tonna
PrIHOYHAS CTOMMOCTE 5000 5000 12 000 | 12 000 | 20 000 20 000
Macia, $/Tonna

[Tpumure craBky quckoHTHpoBaHus 20%. DT0 cTaBKa, OTpaxkarollas CTOMMOCTb JICHET B
OynymieM, KOTOpBIE TEPSAIOT IMOKYIATENbHYI0 CIIOCOOHOCTh CO BpPEMEHEM H3-32 HWHQIISAIHH.
VYurute, 4TO 3aBOJ CTPOUTCA | TOA U B 3TO BpeMs OH HE MOXKET IPUHOCUTH NpuoObLIb. [Ipumure,
YyTo HajoroBas craBka cocraBisier 20% ot npuObin. lleHbl Ha Macio U cebecTOMMOCTh
MPOU3BOACTBA HE MEHAIOTCA. BCs mpon3BoanMas MpOayKUUS UAET HA MPOHAKY.

va—zn: P IC, i=12..N
= 4 a+or , i=1,2..

NPV — uncras npuBe€HHasi CTOUMOCTb, OTpaXkarouiasi IpuobLIb ¢ y4€TOM UHQIIALNUN
U Ipyrux (pakTopoB, | — CTaBKa TMCKOHTHUPOBaHUs, Py, — urcTast npuObLib 3a rox, |C — kamuran,
BJIO’KEHHBIN Ha 3Tare NepBOHAYAIbHBIX HHBECTHULIUM.

3amanue 5 _
MBICJIEHHBIU DKCIIEPUMEHT

Camprii >(QQEeKTHBHBI METOJ| JICYEHHUS aJUIEPTUM Ha CETOJHSIIHUN JeHb — aJulepreH-
cnenupuynas nmmynotepanust (ACUT). Meron 3akimtodaeTcs B TOM, YTO BO BPEMsI OTCYTCTBUS
KOHTAaKTa C aJulepreHaMH B OpraHU3M 4eJIOBEKa BBOISATCS BO3PACTAIOILUE 03Bl aJUIEpreHa. JTo
IIPUBOJIUT K YMEHBIIEHUIO YyBCTBUTEIBHOCTH K AJUIEPTEHY. 3a CUET 3TOTO MOKHO 3HAYUTEIILHO
00JIErYnuTh TEYEHHWE WJIM TOJIHOCTHIO BBUJICUUTHh TaKue MPOSBICHUS AIJIEPrud, Kak pPUHHT,
KOHBIOHKTUBUT U OpOHXMAJIbHAs acTMa.

AnnepreH — 3TO aHTUTEH, BBI3BIBAIOIIMIN aJUIEPTUYECKYI0 pEeakluio. AHTHIEH — 3TO Jo0as
MOJIeKyJa, KOTopas MpH MOMaJaHuu B OPraHU3M HMHAYLHUPYET BBIPAOOTKY aHTHTEN. AHTUTENa
pacrosIokKeHbl Ha MMOBEPXHOCTH TYYHBIX KJIETOK, KOTOpBIE 3aIlyCKAIOT AJIJIEPrHYECKUE peakluu
IIPU CBSI3bIBAHMM aHTHUTENA C AHTUTCHOM.

Heiicteue ACUT 3axitoyaercss B yMEHBIIEHUH KOJUYECTBAa BBIPAOATHIBAEMBIX MPH KOHTAKTE C
aljepreHoM  MMMyHornoOynuHoB  E,  BbIpabarbiBaeMbix B opranuszme. CemeiicTBo
ummyHornoOyinuHoB E (IgE) BeipabaTbiBaeTcsi B OpraHusme NpeuMYLIECTBEHHO B pe3yJbTaTe

JIJIepruyeckoi peakuuu 1 mpu 60pb0e ¢ mapa3uTapHbIMUA HHPEKIUSIMU.

OnvH U3 NONMyIsSpHBIX MeTon0B onpeneneHus IgE — umynnopepmentrslii ananusz (MDA). Ero

npeuMynicCTBa - BBbICOKast BO3MOXXHOCTb

KOJIMUECTBEHHOTO aHallu3a, CPaBHUTENbHAs JellIeBU3HA 000pyAOBaHUS U peareHToB. [IpunHuumn

YYBCTBUTCIIBHOCTD n CHCHI/ICI)I/I‘IHOCTI),

paboThI KJ1accuyeckoro (MUKporuiaHmeTHoro) MPA:

1. JloGaBneHne mcciaeyeMoro pacTBOpa B MEUKpOIUTAHIIET. MccnenyeMble aHTHTENA
(MMMYHOTJI00YJIMHBI) aICOPOUPYIOTCS Ha MOBEPXHOCTH IUIAHIIIETA;
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IIpombIBKa;

JlobaBieHne aHTUTCHA;

IIpombiBKa

Jo6aBiienre MoauUIIMPOBAHHBIX (PEPMEHTOM aHTHUTEIT;

IIpombIBKa;

JloGaBieHne GeCIIBETHOIO XpOMOTeHa C MEPOKCHIOM BOJOPO/Ia;
OcTaHOBKa XpOMOTCHHOM PEaKIMK U U3MEPEHHUE ONTHYECKOH TIOTHOCTH.

Nk wN

Cxemaruueckas quarpamma MOA:

Xpomore
\/J

. / “‘\___4

1. ComnocraBbTe ¢ Auarpammoi cienyromie koMrnoHeHTsl UPA: aHTUreH, uccienyemoe
antureno (IgE), moguduumupoanHoe pepMeHTOM aHTUTENO, (EPMEHT.

OxpammBaHue OCYIIECTBIISICTCS 3a CUET KaTalu3a GepMEHTOM PEaKIMH OKUCICHHS XpOMOT€Ha
NEePOKCHIOM Boiopoa. OOBIMHO B Ka4uecTBe (pepMEeHTa HCIIONIb3YeTC sl IEPOKCH1a3a XPEeHa,
KOTOpas KaTtanu3upyer okucienue 3,3°,5,5’-rerpamerundenzuannaa (TMB). [Ipogykr
okucieHus oopasyet komiuieke ¢ TMbB, B pe3ynbTraTe 4ero pacTBop npuoOpeTaeT CuHee
okpammBanue (peakyus 1). [locne noGaBieHuss XxpoMoreHa He00OX0AUMO NTPOBECTH HHKYOAIUIO
B 3aIlIMIIEHHOM OT CcBeTa MecTe B TeueHue 25 muH npu 298 K. Jlanee no6asnsieM cTon-pacTBOp
(pacTBOp CEpHOM KHUCIIOTHI), ITOCTIE YET0 PACTBOP MIPUOOPETAET KEITYIO OKPACKY (peakyus 2).

2. Hapucyiite ctpyktypy TMb 1 HanumuTe ypaBHeHUs peakuuid 1-2.

[lepen nccnegoBanreM HEOOXOIUMO HAUTH KaTHOPOBOUYHYIO (DYHKIIMIO UCXOS U3 PACTBOPOB
AHTHUT€HA C U3BECTHOM KOHIIEHTPAIUEH.

lo/1 1,259 3,311 6,531 7,943
C [ME/m1] 15,0 60,0 90,0 100
rie C — KOHIIEHTpanus UCCIIeAyeMOro aHTUTENa,

3. Haiinure konnenTpanuto IgE nmanuenta [ME/Mi|, eciii ObUTH TOTYYICHBI CCTYIOIITHIE
pe3ynbTaThl. CUUTalTe, 9TO TOCTOBEPHBIMU SIBIISIOTCS PE3YIBTATHI C OTKIIOHEHUEM OT
cpennero He 6onee S (S — cpeTHEKBAIPATUIHOE OTKIOHECHHE).

[ 1o/l | 4,16 | 4,20 | 4,25 | 4,15 | 4,18 \

4. Kak MOXHO YBEITUYHTH Ipeie] OOHAPYKEHUS ITPH HU3KUX U MPH BHICOKUX 3HAUCHUSIX
lo/I, He MEHsIsI KOHIIEHTPAIIMI peareHTOB?

Cnpasounas unghopmayus:
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1. Mertoa HaUMEHBIIUX KBAJIPaTOB:

y=ax+b

_ nY Xy — LXi* LY
C nXaf - Cx)?

ZZYi_a*in
n

b

Tae N — KOJINYECTBO HSMepeHHﬁ.

2. 3axon byrepa-Jlambepra-bepa:
Iy
D=gegx(C =l D=lg7

rae D — onTuyeckas IIOTHOCTD.

3. Cpe,[[HeKBaI[paTI/I‘IHOC OTKJIOHCHHUC:

rzae N — KOJIMYECTBO U3MEPEHUH, X — CpEIHEE 3HAUCHUE.
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MJIAJIIAS JIUT A. PEHIEHU ST
3amanue 1. XumMudyeckui cjen.

1. X-P
Y - Cl
Y2-Cl
A —PCl3
B — PCls
C — HSOsCl
D - POCl3
E — HCI
F-HF
G - POF;
H - S0z
I - NOCI

YpaBHEHHUsI peaKkuil:

P4+ 6Clo — 4PCl3

PCl; + Cl, —» PCls

PCls + H2S04 — HSO:CI + POCIs + HCIT
POCI3 + 3HF — POFsT + 3HCIT
2HSOsCl t° SO,T + CloT + H2S04

. HSO3CI + ANOs— NO.CI + H2S04

['a3 Y2 — xkénrto-3en€Hplil, ¢ yaylaouM IeHCTBUEM, JaBHO U3BECTEH KaK OTpaBJISIOLIee
BEIIIECTBO, HO YTPATHBIINN 3HAYCHUE M3-3a MOSBICHHS 3AIUTHBIX CPEICTB — OYCBHIHO pPEYb
uzer o xJsiope (Cl2). CiaenoBarenbho, sneMeHT Y — 310 aToM xJiopa (Cl).

[IpocToe BeriecTBO, KOTOPOE UCHOJIB3YETCSl B 3a)KHraTeIbHBIX OOCmpHUIiacax U SIBISCTCS
XUMHYCCKH aKTUBHBIM, CKOpee Bcero sBjsieTcst 0esbiM pochopom (P4). CrenoBatebHO, SJIEMEHT
X — 3710 atom docdopa (P). Toraa bunapusie BemiectBa A u B 6yayr umers Gpopmyist: PClx u
PCly. Takx kak ¢ochop OOBIYHO MPOSBISAET CTCIICHH OKUCIEHHsS +3 M +5, MOXHO cpasy
HPEIONI0KHTh, 4TO X =3 n Y = 5.

3Hasi Macchl BEIIECTB 0 YCIOBHUIO 33/a4M, PACCYMTHIBAEM KoimdecTBa BemecTBa A u B,

KOTOpbIE OyyT paBHBI:
13,73 20,82

30,97+35,45x  30,97+35,45y’

[ToncraBisiem 1enbie 3HAYSHUS X:

IMIpu x = 1: y = 1,97 (pocdop He uMeeT cTeneH! OKUCIeHUS +2)

IIpu x = 2: y = 3,49 (He uenoe 4ucio)
Mpux =3:y=5
Cnenosarensno, A — PCls, B — PCls.
Jns BemectB C u D B ycnoBUM yka3aHbl MAaCCOBBIE JIOJIU, U3 KOTOPBIX MOXHO YBUAETh, uTo C He
conepxut (ochopa, a D He comepxkutr cepbl. B obomx BemecTBax MPUCYTCTBYIOT JIpyrve
AIIEMEHTHI, TaK Kak cyMMbI qofeit meHbine 100%.
[Tpenmoioxxum, uto BemecTBo D conepkut oaua atom docdopa. Torna komudectsa Berectsa C
u D Gyzner paBHBI, 1 MOXKHO HAWTH MOJIpHYIO Maccy D:
20,82r 15,331
208,2 /moms, ~ M(D) = M(D) = 153,3 r/moib

[To maccoBbIM f0715IM U3 ycaoBus D conepxurt:

153,3-0,2020 = 30,97 r/mounb - oguH atoM docdopa (CXoauTcs),

153,3-0,6936 = 106,32 r/mMo07b - TpU aTOMa XJIOpa,
153,3- (1 —0,2020 — 0,6936) = 16 1/MOJIb - OUH aTOM KHCIOPOJIA.
CnenoBarenbHo, popmyna BemectBa D — POCls.

BemectBo E paccunTaem 1o 1aHHOM B YCIIOBUHM INIOTHOCTH T10 BO3yXY, KOTOpas paBHa 1,26:

ok wnE

orkynay = 1,52x + 0,45
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M(E) = 29 1/mons X 1,26 = 36,54 r/mMmonb
Cnenosarensuo, E — HCI.

Paccunraem mosnsipHyto Maccy BemiectBa C, npeznosnaras Haluuue B HEM OJHOTO aTOMa XJIopa:

M) = 35,45 r/monb 116.54
=T 03042 o ormMORR

[To MaccoBbIM f07siM U3 yeaoBusi C COAEPIKUT:
116,54 r/momnsb - 0,2752 = 32,07 r/MOIb — OIMH aTOM CEPBHI,
116,54 r/moms - (1 — 0,3042 — 0,2752) = 49,02 r/mMoib — BOJOPOI M 3 aTOMa KHCJIOpoaa
Torna ¢popmyina Bemectsa C — HSO3CI.
Kucnora F, ciocobnas pasbenars crekio — 3to HF. CienoBarensho, nmpu peakuuu ¢ D (POCI3)
ra3z G noimkeH coaepxkarb pocdop, kucinopon u ¢prop. 3Has maccy Bemectsa D (15,33 r.), Haiinem

konnuectBo Mok POCls:

S L= T
n "~ 153,3r/Momb MOJIE

Torna monsipHast macca G paBHa!

104r
M(G) = —— = 104 r/mousb
0,1 mosb

ITo Heit MmoxxHO onpenenuTh, uto G — 3o POF3.

[Tpu paznoxenun HSO3Cl, Tonpko SO2 criocobeH mpUBEeCTH K TOMYTHEHHIO U3BECTKOBOM BO/IBI.
3naunt, H — SO2. B ra3oBbIX MpoayKTax peakiMy HE YKa3aHbl COCTUHECHHS C BOJIOPOJIOM, a B
pearenrax npucyrcTByer mod HY, m3 dyero moragpiBaeMcs O HaJIM4UU CEPHOM KUCIOTHI B
NPOJIYKTaX.

B nmocnenneit peakuuu o Macce Bemectsa C HaX0auMM KOJMYECTBO BemiecTna |:

) = 11,651 — 01
mu= 116,53 /Mo MOTIE

Torna monspuas macca I:

8,151
M(I) = —— = 81,5 r/moub
0,1 mons
B cocraB | 10mKHBI BXOAUTE a30T U XJI0p. VI3 MOJIIPHOI MacChl HAXOIMM, YTO OCTAaTOK B 32 I/MOJTh
— 3T0 J1Ba aToma kuciopoaa. CinenoBarensbto, | — NO2Cl

2. YpaBHEHHUs peaKLUii:

POF3 + 3H20 — H3PO4 + 3HFT

HSOsCl + H20 — H2S04 + HCIT
3. B BemectBe D (POCL) docdop cBa3an ¢ atomamu xiiopa, a B Beuiectse G (POFs) — ¢
aToMaMu (ropa. bosee nuHHBIE CBSI3U ABISAIOTCA MEHEE TPOYHBIMU, TOCKOJIbKY MEPEKPhIBAHUE
AJIEKTPOHHBIX OpOUTallell MEXIy aToMaMH XyKe, 4YeM B KOPOTKHX CBs3six. Kpome Toro, xiop
o0JasaeT MEeHbIIEH ANEeKTPOOTPUIATEILHOCTHIO IO CPaBHEHHUIO C (PTOPOM, UTO JesaeT cBsi3u P—
Cl meHee NONAPHBIMU U, CIIEJI0BATENIEHO, MEHEE CTaOUILHBIMU B BOJHOM cpejie. B cBoro ouepenp,
¢dTop obpasyer ¢ dochopom Oosnee KOPOTKHE W MPOUYHBIE CBSI3U, Onarofaps CBOEH BBICOKOM
AJIEKTPOOTPHULIATEILBHOCTH M MEHBLIEMY pa3Mepy, uTo TMo3BoyisieT eMmy 3(ddexTuBHee
sKkpaHupoBaTh ¢Gochop OT araku Boabl. Takum oOpazom, moiekyna D merde mopaBepraercs
THJIPOIIN3Y, MOCKObKY cBsa3u P—Cl B Heill cmabee u goctyn k aromy ¢ocdopa JUIst MOJIEKYJT BOJIBI
MeHee 3aTpyaHEH. Monekyna G, HampoTHB, 3a CYET OoJiee KOMIIAKTHBIX W IMPOYHBIX cBsi3el P—F
OKa3bIBACTCS 3HAYUTEIHHO O0JIee YCTOHUMBOM K THIPOIH3Y.

v

CrpykrypHas ¢popmyna D - POClz CrpyxrypHas hopmyna G - POFs
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Kpumepuu oyenueanusa:

Ne DJIEMEHTHI PEIICHUS OrneHKa
Bomnpoca
Bepnoe onpenenenue BemectBs A—l u anementoB X, Y — 55
1 o 0,5 Gamnna.
3anuch KOPPEKTHBIX YpaBHEHHUH peakuuid 1-6 — mo 1 6
Oary.
2 Koppekrtnblie ypaBHenus peakuuii Beuiects C u G ¢ Bonoit 3
—mo 1.5 Gayna.
N3o6paxenue crpykryp BemectB D u G — 2 Oamna. 2,5
Bepuoe mnpeanonoxenue, uro D meHee ycTOWuMBO K
3 ruaponn3y — 0.5 6arnna.
ObocHOBaHME YCTOMYMBOCTU K THIPOJIM3Y HAa OCHOBE 3
paanycoB aTOMOB, SKPAaHUPOBAHUSA M JUIMH CBSI3U — 3
Oaa.

HUTOI'O: | 20 6anua0oB

3ananue 2. I'100aj1bHOE IOTEIJICHHE.
1. 1)C+0,=CO;,
2) CH4 + 20, = CO;, + 2H,0
3) 2CgHs5 + 250, = 16CO; + 18H:0
2. Pacuyer maccer CO2:

_ _ m(C) _ 1000 _ .
1) n(C0,) =n(C) = MO - 1z 83.33 MoJIb;
r
m(C0,) =n(C0O,) « M(CO,) = 83.33 MoJib * 44 v 3666.51 = 3.67 Kr
2) n(C0,) =n(CH,) = m(CHy) _ 1000 _ 65 5 mosb

M(CH,) = 16
m(C0,) = 62.5 MoJb * 44

= 2750r = 2.75 kr

MOJIb
(CgHqg) 1000
3) n(C0,) =8+ n(CgHyg) = 8 * % =8+ — = 70.18 mosp

m(C0,) = 70.18 MmoJib * 44 = 3087.9r = 3.09 kr
MOJIb

3. TepMOXMMHYECKOE YPABHEHHE TOJHOTO CTOPAHHS METAHA:
CH4(F)+ 202(r)= COz(r) + 2H20(>,<); AH°=-1335.46 KkJIx
PacueT nsmMeneHus >HTAIBITNN pCaKkuuun:
AH® = ApgpH(CO2()) + 2M05pH°(H2O 00)) - AoipH°(CHagz) = 2 AogpH°(O2p)) =
-393.50 + 2(-285.83) — (-74.85) — 2*0 = -890.31 xJI>x/MOIb

PacueT xonuuecTBa BellleCcTBa BCTYIHUBULICTO B PECAKIUIO MCTAaHA:

—1335.46
Tl(CH4) = W = 1.5 moJsib

KonmuecTro BemecTBa, oopazoBasmerocss CO2 u uzpacxogoBanaoro On:
n(C0,) = 1.5 mosb
n(0,) = 3 MoJib
Pacuet o0111eT0 KOITUYECTBO BEIIECTBA Ta30B B 00PA30BABIIEHCS CMECH:
PV 13.44 10

Mrason = BT = 0,082+ 208 > MO

CocraBum cuctemy ypaBHeHui. JlomyctuM, 4to 10 peaknuu 66110 X Motk CO2 u Y moitb Oo.
1) BeIpa3uM MIOTHOCTH MO BO3AYXY JUIS CMECH T'a30B Yepe3 MOJIbHBIC JOJH )
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_ x(CH,) * M(CH,) + x(CO,) * M(CO,) + x(0y) * M(0,)

d M (Bo3ayx)
_ n(CH,) *» M(CH,) +n(CO,) * M(COz) +n(0;) * M(0;) 1.5+ 16 + 44x + 32y
h (n(CH,) + n(C0O,) + n(0,)) * M(Bo3ayx) T (15+x+¥)29

= 1.152
24 + 44x + 32y = 50.112 + 33.408x + 33.408y
10.592x — 1.408y = 26.112
2) OO01mee KOJIMYECTBO Ta30B B 00pa30BaBILIEHCSI CMECH:
(x+15)+(y—-3)=55
x+y=7
Pemenuem sBisiercs X=3 u y=4.
Taxum obpaszom, 1o peaxiun 66u10 1.5 Moab CHa, 3 mons CO2 u 4 mons Oz. ITocne peakiuu

razoBasi cMech cOCTOUT U3 4.5 Moib CO2 u 1 mosib O2. CocTaB ra3oBoil CMECH /10 PEAKIUU:

w(CHy) o = m(CH,) «100%
*/40 ™ m(cmecH Ko peakium)
n(CH,) * M(CH,)

_ +100%
n(CHy) * M(CH,) + n(C03) 0 * M(CO3) +n(03),, * M(0,)
15«16 100% = 2 4 1009% = 8.45%
= * = * = .
1.5*C1O6+3*44+4*32 ° 7~ 284 0 0
m
W(€03) 0 = (€02) 0 *100%

m(cMecH 10 peakIiu)
n(COZ)Ao * M(COZ)

~ n(CH,) * M(CH,) + n(C03) 10 * M(CO,) +1(0) 50 * M(0;)

3«44 100% = 252 4 100% = 46.48%
= * = * = .
1516+ 3 + 44 + 4 + 32 ° 7~ 284 0 0

®(03) 40 = 100 — 8.45 — 46.48 = 45.07%

CocraB ra3oBoM CMeCH I10CJIE pCeaKIuu:

m(COZ)nocne
= 1 0
@(€02)nocne m(nocse peaKym) * 100%

_ n(C02)nocne * M(COy)
n(COzl.Z)HOCHe * M(COZ) + n(012)nocne * M(OZ)

- S 44 100% = 228, 1009% = 86.09%
T 45+44+1%32 0T 30 0T OO

0(02) noene = 100 — 86.09 = 13.91%

[II'TT no peakuuu B MaccoBbIX 3KkBHBaeHTax COz:

28 *m(CH,) +1+*m(C0z) 0 = 28 % 1.5% 16 + 1 % 3 * 44 = 804 r 3xB. CO,

[I'TI mocne peakiuu B MaccoBbIX dkBUBaieHTax CO2:

1*m(CO3)pocne = 1 * 5.5 x 44 = 242 r akB. CO,

Taxum o6paszom, III'TI mocne peakuy yMEHbUIUICS B % = 3.32 pa3za

1) C(r)+2F(F)+2C|(r)=Ccm|2(r)

ArHOZ AgﬁpHo(CFZCIZ(g))_ AoﬁpHo(C(g))_onﬁpHO(F(g))_zAgépHo(CI(g)):_ZE(C_F)_zE(C_CI)
AvipH°(CF2Cl5())=-2E(C-F)-2E(C-Cl)+ Aus,H(C))+2A0spH (F ) +2A05,H°(Cl )=
=—2%484—-2%x338+ 717+ 2% 79+ 2121 = =527 x/lx/MoJ1b

2) Cy+4Fr=CFy(

ArHO: A()ﬁpHO(CF4(g))- A(,gpHO(C(J))-4A05PHO(F(3))=-4E(C-F)

AoopH(CF4))=-4E(C-F)+ AugpH’(Cr))+4A05H°(F )=

=—4 %484 + 717 + 4 % 79 = —903 k/lx/MoJib

3) 2C(r)+3F(F)+3C|(r):C2F3C|3(r)

ArH= AogpH*(C2F3Cl3e))- 2806,H°(C))-3 AoipH(F 1)-3 AogpH (Cl))=-E(C-C)-3E(C-F)-
3E(C-CI)

AospH(C2F3Cl3(,))=-E(C-C)-3E(C-F)-3E(C-Cl)+

2005pH°(C))+3 AoipH(F ) +3 AoapH(Cl )=
=—348—-3%484 -3 %338+ 2717+ 3 %79+ 3 %121 = —780 k/[>x/Mo0Jb
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4) 2Cry+Hp+3F ) +2Cl»=C2HF3Clyr)
ArH®= AospHO (C2HF3Clo())- 2A06pHO(Cr))-AospH (H2))-3 AvspHO(F 2))-2 Ao HO(Cl ) )=-E(C-C)-
E(C-H)-3E(C-F)-2E(C-CI)
AospH°(C2HF3Cl2))=-E(C-C)- E(C-H)-3E(C-F)-2E(C-Cl)+2A,5,H°(C())+
AoapH°(H2))+3AogpH°(F ) +2A05,H°(Cl))=
=—348 —412—-3%484—2%338+2%717+ 218+ 3 79+ 2 x 121 = =757 x/[)x/MoJb

6. Momspnuas macca X: 3.466*29 r/mons = 100.5 r/mMoab
3HaueHUe MOJISIPHON MacChl YKa3bIBaeT HA HATMYKME HEYSTHOTO KOJIMYECTBA aTOMOB XJIOpa.
[TockonbKy MOJIsIpHAst Macca MOJIEKYJIbI, cojieprKallieii 60sbllie, 4eM TpU aToMa XJiopa, Oyaer
6onbme 100.5, To X ConepKuUT TOIBKO OIMH aToM XJiopa. Toraa ¢popmyiy alkaHa MOKHO
BoIpa3uth uepe3 CxHyF,Cl u mondupas uucio aToMoB yriepoaa MOXKHO COCTABUTH CUCTEMbI
YPaBHEHUN:
1) Ilpu x=1, y+z+1=4 u 100.5 = 12+y+19z+35.5
2) Ilpu x=2, y+z+1=6 u 100.5 = 24+y+19z+35.5
3) Ilpu x=3, y+z+1=8 u 100.5 = 36+y+19z+35.5
OTcroza IeTOYNCICHHOE PEeIICHHE MOYKHO MOJYYHTh B ClTydae BTOPOM CUCTEMbI YPAaBHEHHIA,
rae y=3 u z=2, uto cootBeTcTBYET hopmyse CoHzF2Cl.
[TonrBepaum hopmyny X pacderamu SHTAIBITUNA 00pa30BaHMUS:
2C+3H ) +2F 1) +Cl)=C2H3zFCl
AH= Ao6pHO(C2H3F2CI(e))' 2Ao6pHO(C(e))'3A06pHO(H(2))'2A06PHO(F(Z))'A05PHO(CI(e)):'E(C_C)_
3E(C-H)-2E(C-F)-E(C-CI)
AvspH°(C2H3F2Cl )= -E(C-C)-3E(C-H)-2E(C-F)-E(C-CI)+2A,5,H°(C()) +
380apH(H2))+2808pH°(F ) +A06pH(Cl )=

=—34-8—3*412—2*484—338+2*717+3*218+2*79+121=—523;([)5}:;
7. a=uucao amomog C—1; b = yucro amomos H +1; ¢ = uucio amomos F
Kpumepuu oyenueanus:
Ne DJIEMEHTHI PEIICHUS Ouen
BOI Ka
poca
1 | 3a mpaBuibHBIE YpaBHEHUs peakiuu 1o 0.5 6 1.5
2 | 3a mpaBWJIBHBIN pacyeT Macchl BemecTB 1o 1 0 3
3 | 3a mpaBUJIBHBIN pacyeT BCTYMHBIIETO B PEAKIIMIO KOJIMYECTBA BEIIECTBA METaHa 4
16

3a mpaBWJIbHBIN pacyeT KOJIMYeCTBa BEIIECTBA B ra30Boii cMecu 1 6

3a mpaBWIIbHBINA pacdeT cocTaBa cMecH (B Macc. %) 70 1 mociie peakuuu 1o 1 6
-NPABUIILHBLIL pacuem KOIUYecmseda 6eujecme 6 cmecu 00 U Nocie peakyuu
oyernusaromesi no 0.5 6

4 | 3a npaBuibHbIN pacueT usmeHenus [1I'T1 1 6 1
5 | 3a npaBUIIbHBIN pacyeT SHTaIBINUK 00pazoBaHus 1o 1.5 6 6
-8epHoe sbipadicenue 05 pacuema 3Hmanvnuu oopazosanus oyenueaemcs 6 0.5

4
6 | 3a mpaBWIBHBIN pacdeT MoyspHOM Maccel X 0.5 6 3
3a npaBuibHyt0 popmyny X 1 6
-8b1600 (hopmybl Oe3 Mmamemamuieckoco 060cHosanus oyenusaemces 6 0.5 6
3a mpaBUIIbHBIN pacueT SHTaIbIuK oOpa3oBanus X 1.5 0
-8epHoe sbipadicerue 05 pacuema 3Hmanvnuu oopazosanus oyenueaemcs 6 0.5
o
7 3a npaBUIIbHOE MpaBwiIo /it &, b u ¢ mo 0.5 6 15

UTOTrO: | 20
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3ananme 3. [loapa:xkaem npupoje
1. Mertamiasl L — Cs, M - Ge, N -Sn.

2.
2Cs + 2H,0 — 2CsOH + H, (Peaxyus 1)
Cs + 0, - CsO, (Peaxyus 2)
Ge + 0, — GeO, (Peaxyus 3)
GeO, + 2NaOH (kou11. ) + 2H,0 — Na,[Ge(OH)¢] (Peaxyus 4)
2Sn + 0, = 25n0 (Peaxyus 5)
Sn+ 2HCl(pa36.) - SnCl, + H, (Peakyus 6)
Sn + 4HN O3 ony) = H,Sn05 + 4NO, + H,0 (Peaxyus T)
H,[SnClg] + 2H,S — SnS, + 2NH,Cl + 4HCI (Peaxyus 8)
3. HUcxonss w3 panHbIX jamarpamMmbl ®Dpocrta, HaxomauMm 3HaueHus E° (Ge**/Ge) w
E° (Ge?** /Ge)
E° (Ge*t /Ge) = = 6_ 0,124 B

0,494
E° (Ge?t/Ge) = — = 0,247 B

4. Vcnonp3ys cTaHAapTHBIE SIEKTPOAHbIE moTeHnuansl E° (Sn?*/Sn) = -0,14 B, E° (Sn**/
Sn?*)=+0,15 B, paccuntaem E° (Sn**/Sn) :
E° (Sn**/Sn) = [2 % 0,15+ 2 * (—0,14)]/4 = 0,005 B

CreneHp OKUCIECHUS 0 +2 +4
nee, B 0 -0,28 0,02
1,0 pH=0
0,8 4
0,6 -
0,4
0,2
= Sn sn*
—_— _-a
ELI 0,04 [ ] "
L s . 004
-0,2 =
.
-0,4 - -0,28
70'6 -
-O,S -
-1,0 T T T T T
0 1 2 3 4

CteneHb CKUCNEHNS

Pucynok 2. JJuacpamma ®@pocma ons N npu pH=0.

S. MuHUMYM KpUBOI COOTBETCTBYET CTEIIEHU OKUCIIEHUS +2.
6. PaccuuTsiBaeM (pakTop TOJEPAHTHOCTH ISl CTPYKTYP:
£(CsGel.) 0,167 + 0,216 0,383 1003
S e == = — )
> T V2% (0,054 +0,216) VZ-0,27
£(CsSnly) 0,167 + 0,216 0,383
son = = =0,
> T VZx(0,071+0,216) Z-0,287
7. 3ameHa yactd MOHOB SN Ha Ge mpuBeAeT K HeOONBIIOMY YBETHYEHHUIO (hakTopa

TOJIEPAHTHOCTU MO cpaBHEHHIO ¢ CsSnlz, HO OCTaBUT €ro B MpeAesiax auana3oHa, B KOTOPOM
CTPYKTypa cTaOuiIbHa.

0,167 + 0,216 0,383
t(CSGeoj65n0'4sn13) ==

V2 % (0,216 + 0,4 x 0,054 + 0,6 X 0,071) ~2-0,2802
8. [Ipumepbl OMOMUMETUYECKUX MAaTEPHAIIOB:
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o CynepruapogoOHble TOBEPXHOCTH, KOTOpPhIE HMHUTHUPYIOT MHUKPOCTPYKTYPY JUCTHEB
JoToca.
o Anre3uBHbIE MaTepUaibl, BOCIPOU3BOASIINE CTPYKTYPY JIANOK FeKKOHA.

e AspoauHaMHUYECKHE KOpIyca, pa3paboTaHHbIe HA OCHOBE (POPMBI TOJIOBBI ITHII.
Kputepuu onieHuBaHus:

No Boripoca | DneMeHTBI peleHUs Ouenka

1 Bepno onpenenenst meramiel L, M, N — o 1 6amry 3

2 BepHoe ypaBHeHUe Kax a0 peakuuu — no 1 Gamny 8

3 Bepnbiii pacyeT cTaHAApTHBIX JJIEKTPOAHBIX MOTEHUUAIOB IS | 2
metayma M — mo 1 Gammy

4 [TpaBuibHOe mocTpoenue auarpamMmmbl @pocra gist meramia N -3 | 3
Oayia

5 [TpaBmiibHBI OTBET Ha Borpoc — 0,5 Haiia 0,5

6 [IpaBunbHBIE  pacueT (akTopa TOJEPAHTHOCTH JUIA Kaxaou | 1
cTpykTypsl — 1o 0,5 Gamna

7 [TpaBUIBHBIN OTBET U pacyeT GakTopa TOJIEPAHTHOCTH — 2 Oana 2

8 ITpaBunbHbIi oTBeT — 0,5 OGaia 0,5

UTOro: | 20

3amanne 4. BoeHHBII MeTAaJLI.

1. OcnoBHoe ruapokcocoeannenue amomuans — 310 Al(OH)3, monexymspaas macca — 78
r/moib. Cozmepxanue aatoMuHHS B ruapokcuae 27/78=0,346. Torna comepkaHue aaTlOMHHHUS B
npyrom ruapokcocoeauHenun 0,346-1,3=0,45. Takum coelMHEHHEM MOXET OBITh TOJIBKO
AIO(OH) nau AIOOH — metaruapokcus amomunus. [Iposepka: 27/60=0,45. JIpyrux 6€3BOAHBIX
TUAPOKCOCOCTMHEHUH aTFOMUHUS HE MOXKET ObITh. 3HAYUT JUACIIOP U OEMUT UMEIOT HOPMYITy —
AIOOH, a ruapaprumut - AI(OH)s.

2. CrpykTypHbIE POPMYJIBL:

/OH
HO —Al HO-AI=0
\
OH

Ecnu nanucatrs AI(OH)3 kak kucnory, To popmyina o0yner HsAlOs (oproanroMuHueBast KUCIOTA),
AIOOH - HAIO, (MertaamomuHHeBass KHCI0Ta). bonbliiee KOIMYECTBO aTOMOB BOJIOPOjA
o0ycnaBiauBaeT 60Jiee BHICOKYIO KHCIOTHYIO aKTUBHOCTb.
3. [Ipoussenem pacuer Ha 100 r pyabL.

AJTIOMUHUI:
B Oemure-muacnope ®(Al)=0,45-100=45 r, yuutsiBas comepxanus B pyzae: 45-62,4/100= 28,08 r;
B mmamaysure: M(mmamyasut)=696r/moinb, o(Al)=6-27/696=0,232, B pyzae 10,4-0,23=2,413 r;
B KaonuHuTe: M(KkaonuHuT)=258 r/moib, w(Al)=2-27/258=0,209, B pyae 0,8-0,209=0,167 t;
Bcero anmomunus B pyne 28,08+2,413+0,167=30,66 r.
Keneso:
B rematute ®(Fe)=56-2/160=0,7, B pyzne 0,7-20,7=14,49 t;
B mamaysurte o(Fe)= 56-3/696=0,241, B pyne 0,24-10,4=2,506 t;
Bcero xenesa B pyae 14,49+2,5=16,996 r.
Kpemnnii:
B mamaysurte o(Si)= 28-2/696=0,08, 8 pyze 0,08-10,4=0,832 r;
B kaommuauTe o Si)= 28-2/258=0,217, B pyne 0,8-0,217=0,173 r;
Bcero kpemuus 0,832+0,173=1,005 r.
Tak kak pacuer mpousBoawics Ha 100 T, To smeMeHTHOE coaepkanue B pyae m(Al)=30,66%,
o(Fe)=16,996%, ®(Si)=1,005%
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4, Ha cramgnsax 2,4,6.
Cranus 2 (BbIlIeTaYMBAHUC):
AIOOH+NaOH—NaAlO2+H20 umu Al(OH)3+NaOH—NaAlO,+2H,0
Al,03 + 2NaOH — 2NaAlO; + H»0
SiO2+2NaOH—NaSi03+H20
OcranpHble MHHEpPAJIbl HE B3aUMOJCHCTBYIOT C IIEJIIOYBI0 W COCTABIISIOT OCHOBY OTXOJOB
ATFOMUHHUEBOTO MMPOU3BOJICTBA — KPACHOTO MITAMA.
Craaus 4 (1eKOMIIO3HIIN)
NaAlO2+2H,0— Al(OH)sd+NaOH
Cranus 6 (KaabIUHAINSA)

2 AI(OH)s - Al,03 + 3H,0

Wnu ToyHee mporecc CTPYKTYPHBIX IPE0Opa30BaHUN TAKOB:
Al(OH)z — AIOOH — y-Al203 — a-Al203

200 °C — 950 °C — 1200 °C,
rone  momubpukamus  y-AlbO3  TepmomuHamuyecku — crabmiubHas — (Gopma,  Hambojee
pacrpocTpaHeHHass B TPUPOJAE B BHUJAE MHUHEPAIOB KOpyHAa, pyomHa u candup. ['amma-
monupuxanus (y-Al-Os) — oOpasyercs npu HarpeBaHuu OemMHTa, MEHee cTaduiIbHa, HO 00IaaeT
OUYCHb BBICOKOH Y/IEIbHOH MOBEPXHOCTHIO, MOITOMY HIMPOKO HCIIOJIB3YeTCS KaK aiAcoOpOeHT U
KaTajau3aTop.

S. Konuyectso rimao3ema Al2O3 MOXKHO BBIYHCIUTD U3 COACPIKAHUS ATIOMUHKS B OOKCHTE:
U3 OJIHOM TOHHBI MaKCUMaJIbHO MOXKHO Noay4uTh 1000-0,95-30,66/200=145,64 xr.
6. Kpacuspiii et nutamy npugaet okcup skenesa (1l1), cocrasmsromuii 1o 60 % maccher

nutama. KpacHbIH 11aM ormaceH u3-3a BBICOKOTO cojiepskanus meaoun (pH 10-13), uro npuBoaut
K 3arps3HEHUIO BOJbI, MOYBBI M BO3/yXa, a TaKXK€ HU3-32 HAIMYUSA TSDKEIBIX METAIOB U
pPaZOaKTUBHBIX JIEMEHTOB.

Kpurtepun ouennBanus:
Ne
DJIEMEHTHI PEIICHUS Ornenka
BOMpoca
1 Bepnoe onpenenenue hopmynsl nuacrnopa u 6emMura 0,5 6aan
Bepnoe onpeznenenue GopMysabl THAPAPTHILINTA 0,5 6ana
Crpykrypable popmyisl 2x0,5 6anna 1 6ana
2. O06ocHOBaHNE KUCIOTHOCTH 1 6amun
Hassanue xucnot 2x0,5 6amna 1 6ana
3 Bepnoe onpenenenne conepxanus Al, Fe, Si — 3x2 6 0aJL10B
4 YpaBHeHnus peakuui Sx1 S das10B
5 Brruucnenue maccel rimmHo3eMa 1 6aa
6 LIseT nutama 0.5 6anaa
TOKCHYHOCTH KPAaCHOTO IIJIaMa 0.5 6aqna
HUTOI'O: | 17 6anaoB
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3aganue 5. MbIC/ICHHBIN IKCIIEPUMEHT.

1. IlpuaumaeTcs ar06as METOAMKA, O3BOJISIOIIAS OJHO3HAYHO Pa3AeIUTh UCXOAHbBIE OKCHIBL.
CyTb mNpennoKeHHOM METOIUMKM B Ppa3AEICHUM BBINABIIETO OCAJKa M pacTBOpa IIyTEM
bunpTpanuu

N Hccaenyembrii Peareur HaGotenms Cocras (a3 mocJjie pasaejeHus
00beKT Ocanok Pacreop
1 3oabnbiii HCI PactBopenue SiO; Pacmeop 1.
0CIMAamoxK OKCHUJIOB, Fe®*, Sn%*, Pb%*, Zn?*
KpoMe
JHOKCUIA
KPEMHHS
2 Pacmeop 1 H,SO4 Brmanenue PbSO4 Pacmeop 2:
6esoro ocaaka Zn%*, Fed*, Sn#
3 Pacmeop 2 M36. NaOH Beinagenue Fe(OH); Pacmeop 3:
Oyporo ocajxa [Sn(OH)4]?%, [Zn(OH)4]*
4 Pacmeop 3 1) HCI Beinagenne Sn(OH) [Zn(NH3)4]Cl
2) u36. NH3-H,O Oernoro ocajka

1. Fe203+ 6HCI = 2FeCl3z + 3H20
SnO + 2HCI = SnCl; + H20
PbO + 2HCI = PbCl2 + H.0
ZnO + 2HCI = ZnCl; + H20
2. PbCl2 + H2S04 = PbSO4| + 2HCI
3. FeCl3 + 3NaOHus6) = Fe(OH)3| + 3NaCl
ZnClz + 4NaOHuss) = Naz[Zn(OH)4] + 2NaCl
SnClz + 4NaOHus6) = Naz[Sn(OH)4] + 2NaCl
4. Na2[Zn(OH)4] + 4HCI = ZnCl; + 2NaCl + 4H20
Na2[Sn(OH)4] + 4HCI = SnCl, + 2NaCl + 4H,0
ZnCl3 + 4NH3z-H2Ous6) = [Zn(NH3)4]Cl2 + 4H20
SnCl2 + 2NH3-H20u6) = SN(OH)2| + 2NH4CI
2. Hy>xHy10 KOHLIEHTPALMIO TOJIYO0JIa MOKHO HaWTH, HAPUCOBAB I'PalyUPOBOYHBIN rpaduk miu xe
BBIYUCIIUB YPaBHEHHUE TPSMOU.
VYpaBHeHHE TPSIMOI BBITTSLIUT Kak Y = KX + b, unu ke B Hamem ciryuae A = KC + b, roe C -310
KOHIICHTPALUS B MOJIB/JT . YTIIOBOH KOA(PPHUIUESHT MPSMOI MOKHO HAHTH METOJIOM HAUMEHBIITHX
KBaJ[paTOB, HO MOXKHO 3aMETUTh, YTO KaXKAas CIeayolasi ONTHYECKas INIOTHOCTh CTaHAApPTHOTO
pacTBopa oTauvaercs ot npeasiaymei va 0,132, 3naqyut:
A=kC+b — 0,159=066x 0,002 +Db
b =0,027
Ortcrona, mpu A = 0,476
0,476 = 66 x C + 0,027
C =0,0068 monp/n
3Hast 3TO, JaNbIIIe HAaM HY)KHO PaCCYMTATh MACCOBYIO JIOJIFO TOJIYOJIa B TOTUTUBE:
Cuexomoe) = 0,0068 x 100 = 0,68 monb/n
M(ronyona) = 0,68 x 92 = 62,56 r
M(ronmusa) = 1000 x 0,80 =800 r

62,56 x 100 = 7,82 %
800 - hRe

w =

3. Pacuér xommuectBa Pb?":
n(EDTA) = 0,010 x 0,01245 = 1,245 x 10™* mons = n(Pb?")
Macca Pb(C2Hs)4 B 30116HOM OCTaTKE:
M(Pb(C2Hs)a) = 323 r/moib
1,.245 x 10™* x 323 x 100
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MaccoBas A0JId TCTPASTUIICBUHIIA B TOIJIMBC:
m(TOl‘[J‘IHBa) =100 x 0,8 =80r

0,161
X 100% = 0,2%

4. bydepnsiii pactBop ¢ pH = 5 ontumanen s o6pazoBanus komruiekca Pb-EDTA, pu pH < 3
KOMIUIEKC HEYCTOMYMB. DTO CBSA3aHO ¢ TeM, 4To npu Hu3koM pH EDTA npoTonupyercs, TO €CTbh
npucoenunsier H'. Tlpu pH > 7 ocaxnaercst Pb(OH)2, 4To Memaet TOYHOMY OIpe/Ie/ICHHIO.

5. Bo Bpemss Bropoii MupoBoil BOWHBI B ['epMaHWM CHHTETHYECKOE TOIUIMBO TIOJyYaad B
OCHOBHOM JIBYMSI METOJJaMHU:

1. I[TIponecc bepruyca (runpporeHu3anus yris)

XuMUYecKasi peakius:

w =

nC+ (n+1)H, = C,Hypyo
nC +nH, - C,H,,
nC+ (n—1)H, - C,Hyp_»
2. Ilpouecc @umepa—Tponiia (CHHTE3 U3 CUHTE3-Ta3a)
XuMHYecKasi peaKiusi:
nCo + 2n+ 1)H, - C,Hypyp + nH,0
nCO + 2nH, —» C,H,, + nH,0
Kpurtepun oneHnBanus:
No DJIEMEHTHI peleHus bauibt
1 Pa3nenenune okcuaos 10 6as10B
3a kaxblii 2 O6anna
Ecnu Het moaTBepKAAOMIMX YpaBHEHHUH peaklnii, To 6auibl He
CTaBSTCA.
3a  Kaxaylo OowmWHMOKYy B ypaBHEHMAX  peakuuil U
CTEXHMOMETPUUECKHUX Koddduimentax caumaercs mo 0,5 daa.

2 Bepno ompenenénnas maccoBas I0Js TOJyoJa B HUCXOIHOM | 4 GaJsia
o0pasie CHHTETHYECKOTO TOTINBA

3 BepHo paccuumTaHHas MaccoBas J0Ji1 TETPA3TWICBHHIA B | 3 6ajuia
TOTUJTUBE

4 Bepnoe o0bsicHenue, uro nporcxoaut pu PH <3 u pH > 7 no | 2 6asaa
1 Gamty

) BepHo HanucaHHbIE TPOLECCHl CUHTE3UPOBAHUS TOTIJIMBA 1 6ana
3a kaxaplii mponece 0,5 6anoB
UTOI'O 20 6as10B
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CTAPHIASA JIUT'A. PEHHEHUSA

3ananne 1. Cnacure/bHblil Tpuod.

1. [Ipu oOpa3oBaHuM BemiecTBa A MOXHO 3aMETHTb, UTO €r0 MOJIEKYJISpHAsl Macca cTalia
MeHbIlIe Ha 18 a.e.M. MO CPaBHEHMIO C MCXOJHBIM BEIIECTBOM (THIITYPOBOM KHUCIOTOM). ITO
COOTBETCTBYET OOpa30BaHMUIO BOJABI B XOJI€ PEAKIUMU U COOTBETCTBEHHO OOpa30BaHUIO
OKCa30JI0HOBOTO KoJiblia (peakiust Dpienmeiiepa-Ilnexis). Ha cnegyromeit craguu npoTekaer
peakiusi anbJ0JIbHOM KOHJAEHCAIMU C alleTOHOM ¢ oOpa3oBaHueM BemlecTBa B. Drto Taxxke
noaTBepxknaeTcs Opyrro-popmyoii BemectBa C, B KOTopoM coaepkutcst 19 aToMoB yriepoaa,
YTO COOTBETCTBYET YBEJIMUEHHUIO KOJIMYECTBA aTOMOB yriepoaa B cTpykrype. Ilpucoenunenue
OeH3MIMepKalTaHa K BellecTBY B mpoucxonut no Muxasiito ¢ pacKpbITHEM OKCa30J0HOBOIO
koJiblia. Kucnotusiii rusiposin3 amuga C ¢ mocieayoomnel HeuTpaln3auueil u TuIporeHoan30M
OCH3MIIBHOM 3aIMTHI IPUBOANUT K 00pa30BaHUIO D-HeHI/II_[I/IJIJIaMI/IHa'

e}
O
NaOAc, Ac,O
PO R A S O
H o ©/k NaOAc, Ac,0 ©/LN
B

fmnnyposas kucnota A
M =161.2
SH
MeOH
NaOMe
1. HCI, A G COOH
H:N, H Pd/C,H, H:N H 2. NH4OH S
- SH E N
HOOC HOOC S I H
C19H21NO3S
D-neHuumnnamuH D o

2. D-nmenunumnnamMuH pearupyer ¢ arieToHom, oopasys 2,2,5,5-tetpaMeTnin-4- THa3oauInHKap-

OOHOBYIO KUCIIOTY:
n
NH, NX\ HNJ(

X S
. SH .
Hooc)><SH HOOC . HOOC/*

“H20 OcHoBaHue Wndda E

3. B kauecTBe WCXOMHOTO COENWHEHHS HCIONB3YyeTCs (TATUMUA — KIACCHYECKOE
COEJMHEHHUE, IIUPOKO NPUMEHSEMOE B CHHTE3€ MEPBUYHBIX AMUHOB MO Meroay ['abGpunis.
BemecTBo F 00pa3zyercst koHIeHCaMed GpramumMuaa ¢ TpeT-OyTHIIXJiopaneraToM, a BemectBo G
B XOJIe KOHJICHCAIlUH C TPET-OyTHIIOBBIM 3(UPOM MypaBbUHOW kKHcIOThL Ilo GpyTTo-dopmyne
BemiecTBa H MOYKHO ONpeIeNnTh, YTO CHOBA MPOUCXOANT PEaKIUsl KOHICHCAIINH C 00pa30BaHHEM
THA30JUIMHOBOTO Konblia. Ha crnepyromed craauu ¢ momouibio TwapasuHa pacuiernysitor N-
ATKIIPTATUME]T ¢ 00pa30BaHUEM COJIM TIEPBUYHOTO aMHHA |, KOTOpas 3aTeM BCTYIAET B PEaKIUI0
N-aJKUIMpOBaHUS C XJIOPAHTHAPUIOM (PEeHWITyKCycHOW kucnotel. ITomydeHHoe BemiectBo J
o0OpaboTanii  COJSHOW KHUCJIOTOM i yAaJeHUs TPeT-OyTOKCHUKAapOOHWIBHON  3alllUThI.
3aKIIoYNTeNbHAS CTA[Ms BKIIOYAET 3aMbIKaHHE [-TaKTaMHOTO KOJIbIA, B pe3yJbTaTe 4ero
oOpasyercst HaTpueBas COJb OCH3UITIEHUITNIUTMHA — COeMHEeHHE X:
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4.

1. t-BuONa

o

@EfNH oA K @E«g}%

D-neHnuymnnamMmuH l

Q/Yo
Cl o @

Ph H
»N H H CIHgN 1. NaH, °
3 a8 EtsN 2. HClI N H
- “aS
t-BuO,C HN\_)< ~———  tBuO,C HN\)< o} \)<
E0,H co,H £Bu0C HN~/
CO,H
J | H 2
C20H24N206S
1. HCI
2. Py
1. NaOH
Ph Ph
»H 2.DCC NeH H
\—f - O w1
HO,C HN\)< & N~
COoLH CO,Na
K X

C16H17N2N304S

Cornacuo YCIOBHUIO 3a4a4u, THAPOJIN3 COJIN 6€H31/IJIHGHI/IIII/IHJII/IH3 IIPUBOJUT K 06pa3013a-

HUIO MEHUIIIaMiHa. I3BECTHO, YTO THOJIBI OKUCIIAIOTCS MOJ IeHCTBUEM io/1a ¢ 00pa3oBaHuEM
mucynbGuaoB. Takum o0pa3oM, sl IPOBEIACHHS HOJJOMETPUIECKOTO aHaIN3a ObLIN TIPOBEICHBI
CIIETYIOIINE PEAKIHH:

Ph

N

H Ph H Ph
g N s NaOH N s HCI _O>'—NH H NH,
m > o:\/‘\:ﬁ% — oﬁo * HOOC)><SH
) CO,Na ONa CO,Na OH
NH NH2
2 COOH
2 Hooc)><SH — HOOC)>< >§/
-2HI NH,
2NayS,03 + |, = NayS406 + 2Nal
OHpeI[eJ'II/IM KOJIMYECCTBO ﬁona, BCTYIIMBIICTO B PEAKIHIO C TI/IOCYHB(I)B.TOM HaTpu4d, C

Y4€TOM CTEXHOMETPUUECKUX KOAI(P(PUIIMEHTOB YPaBHEHUS PEAKIUU:

Nuss (12) = (24,2 - 0.02)/2 = 0,242 MMoOJIb

Konuuectso #ona, Becrynusiiero B peakmuio: N (I2) = (15 - 0.02) — 0,242 = 0,058 Mmmou1b.

Tak xak Ha OAMH MOIb HOJa PacXOAyeTcsl MBa MOJS KHUCIOTBI, TO HAaXOJUM Maccy
AKTUBHOM COJIM, C YIETOM MATHKPATHOTO pa30aBICHHUS:

m (X) = (0,058 - 2) - 356,37 - 5 =207 mr = 0,207 T.

Toraa maccoBast 4OJIs1 TOTYYEHHOTO PO yKTa cocTtaBmia: o (X) = 0,207/0,250 - 100% =
82,8%.
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Kputepun oneHuBanus:
Ne
BOIpoca

1 Bepusie ctpykrypHbie popmyisl BemiectB A-C— 36
Bepnas ctpykrypa Bemecta D ¢ yuetom crepeoxumun — 1,56 (B
cllydae OTCYTCTBHS WJIM HEBEPHOU CTEpEOXUMHUU 10) 5
Bepnas crpykrypa D-nenununsiiaMuHa ¢ y4€TOM CTEPEOXUMUU —
0.5 6 (B cirydae OoTCyTCTBUS WU HEBepHOU cTepeoxumuu 00)
Bepnas crpykrypHas popmyna E — 1,56 15
3 Bepnsie ctpykrypHbie popmynsl F-K — 66
Bepnas ctpykrypHas ¢popmyna X (¢ y4€TOM CTEPEOXUMHH) - 2,50
3a KaXAyl OMMOKY WIM OTCYTCTBHE yKa3aHHs KOH(UTYparuu
crepeolieHTpa B hopmysie Berautarh no 0,5 6amna (utoro 1,5 6)
4 BepHble peakiuy mienoyHoro ¥ KUCJIOTHOTO THapon3a — 16
Bepnas peaknus D-nenunumiamuHa ¢ iogom — 16
Bepnas peakuus tHocyibdara HaTpus ¢ HogoM — 10
BepHoe BblUMCIieHHE KOJIMYECTBA MpPOpEarupoBaBIIEro Hojma —
0.56
Bepnbiii yuet k03 puiirieHToB peakiuii B BeraucieHusx— 0.56
Brrancnenune macce BemectBa X — 0.50
Pacuer maccosoii nonu X — 0.50

JJIeMeHTbI peleHust Onenka

N

8,5

Hroro: 20 0an10B

3ananmue 2. [lyast — nypa, IITBIK — MOJIO/I€II.
1-3) OrpomHOE 00BEMHOE COOTHOIICHHE T'a30B Y U Z M HUCTOPHUYECKOE HCIOJIb30BAHHE
CTaJIA B OPYKCHHOH TIPOMBIIUICHHOCTH TOBOPSAT O BO3MOXXHOM COJICPKaHHUH YTIIEPO/a B COCTaBe

narpona. Takum o6paszom, Y — okcun azota (1V), Z — yriaekuciblii ras.
101325-70,939-1073
831429815

= 0,002666 monb. Yriepod HaxOIuTCA B

Haxogum o6mee kommuectBo Beiaenstomerocss NO2: n(NO,) =

2,8997 wmonb. KomuectBo CO2: n(CO,) = if;:é

obostouke 1myiy, T. K. CO2 BBIACISETCS MPU PACTBOPSHUH 000JIOUKH Ty TH. 3HAYUT 000JI0UKA ITYJIH
ABJIsieTCA CTaIbHOU. YpaBHeHue peakiuu yriepoaa ¢ HNO3 ko !

C + 4HNO3 xom. — CO2 + 4NO3 + 2H20.

Macca yraepona m(C) = 0,002666 - 12,01 = 0,032r. H3BecTHO, YTO OCHOBHBIM
KOMITOHEHTOM CTaJlu SIBJISETCS JKene30. YpaBHeHue peakiun xeneza ¢ HNO3 xom !

Fe + 6HNO3 o, — Fe(NO3)3 + 3NO2 + 3H20.

[Tpu B3aumoneiictBun Hutpata xenesa (l11) ¢ u3dsITKOM pacTBopa KF BeIagaer ocamok

FeFs:
Fe(NOz)3 + 3KF — FeFz + 3KNO:s.

Komnuyecteo  FeFs:  n(FeF3) =
1000,00-0,0987
KomngectBo KF: n(KF) = ————
39,10+19,00
konmuuecTBeHHO u komiuiekca Ks[FeFs] B pactBope He oOpa3oBanocsk. Macca xene3a m(Fe) =
0,5662 - 55,85 = 31, 622r. Dnement E — yranepoa. CocenHuMu s7eMeHTaMU Kejie3a SIBISIOTCS
MapraHel] Win KoOaJdbT, KOTOpbIE OOpa3yloT ABYX3apsaHble KaTHOHBL. HalnéMm KoImuecTBO
TpeThero d3MeMeHTa U3 ocTtarka kommuectBa NOz, mpuxonsmerocss Ha Hero:n(NO,) =
10132542,136:1073
aiiaons 0,002666 — 4 -0,002666 — 0,5662 - 3 = 0,01044 monb.  Torma
KOJIMYECTBO TPEThero aemMenTta oynet pasuo 0,01044 /2 = 0,00522 mois.
Kommaecteo NO, Beigenusmeecss mpu  pactBopeHur 10 rmms3: n (NO,) =
101325-22,693-1073
8,314:298,15

63,90
55,85+19,00:3

= 1,6987 mosib = 3n(FeF;). 3naunt, peakius mpormuia

= n(Fe(NO3)3) = n(Fe) = 0,5662mou1b.

= 0,9276 monb. Brimagenue romyboro ocajaka SBHO yKa3bIBaeT Ha TO, YTO
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SAE = n(Cu) = 0,3503
63,55+(16,00+1,01)-2

moib. Macca meau m(Cu) = 0,3503 - 63,55 = 22,262 r. Ypasuenue peakiuu mean ¢ HNO3

anemeHToM A sBisercs menb. Torma n(Cu(OH),) =

KOHII. -

Cu + 4HNO3 konu. — Cu(NO3)2 + 2NO2 + 2H20.

Haiiném snement B u3 ocratka konmmyectBa NO2, mpuxonsmierocss Ha Hero: n(NO,) =
0,9276 — 0,3503 -2 = 0,2270 moab. YuuThIBasi MBET OCaJKa MPU MOCTETICHHOM J00aBJICHUU
IEJIOYH B PACTBOP, MOXKHO HPEANONIOXKUTh, 4TO B sBisercs 6o HUHKOM, JIMOO aIFOMUHHUEM.
Opnako ecnu B3TJISIHYTh Ha IUIOTHOCT, B B Tabn. 1, TO CTaHOBUTCS MOHSTHO, YTO 3TO HE
ATIOMUHMI, T. K. €ro IUNIOTHOCTh ropasfo Mesbiie 7,14 r/cm® (uMeHHO Gmaromapss Majoii
IUIOTHOCTH AJIOMHUHHSI €Tr0 HCIONB3YIOT B aBHanuu). TakuM oOpa3om, snemeHT B — muHk.
YpaBuenue peakiuu 1uHKa ¢ HNO3 xomn :

Zn + 4HNO3 xouy, — Zn(NO3)2 + 2NO2 + 2H20.

Torma kommuectBo nwmHka paBHo 0,2270/2 = 0,1135monb. Macca nmnka m(Zn) =
0,1135-65,39 = 7,422 .

Kommaecteo NO», BeipenuBmeecs mnpu pactBopernu 10 cepaeunukoB: n(NO,) =
101325-6,110-1073
8,314-298,15
K TOJYy4YEHHOMY pPAacTBOPY TOBOPUT O HaJIMYuMU B HEM KaTHOHOB CBHUHIA. JlelCTBUTENBHO,
MCIIOJIb30BaHNE CBUHIA B MYJSIX SIBISETCS IIMPOKOM3BECTHBIM (DakTOM. YpaBHEHHE peakiuu

ceuHIA ¢ HNO3 wonn:

Pb + 4HNO3 «ouu. — Pb(NO3)2 + 2NO2 + 2H>0.

[Tonyyaem F — cBuneu. Ilpu B3aumoaeiicTBUM HUTpaTa CBUHIA C U30BITKOM pacTBOpa
CEpHOI KUCIIOTHI BhInagaeT ocanok PbSOs:

Pb(NO3), + H2SO4 — PbSO4 + 2HNO:3.

Haiiném KOJIMYECTBO CBUHIIA! n(PbS0,) = n(Pb(NO3),) = n(Pb) =

2321 = 0,1095 mous. Macca ceunna m(Pb) = 0,1095 - 207,19 = 22,689 1. G —
207,19+32,07+4-16,00

SJTOBUTOE BEIIECTBO, a TAaK)KE €ro Ha3BaHWE COCTOMT W3 HA3BaHUH ABYX J>KMBOTHBIX. JTO
OIpeIeIEHHO MBIIBSK. Y paBHeHHE peakiuy MbIbsika ¢ HNO3 o :

As + 5HNO3 xour. — H3ASO4 + 5NO2 + H20.

H — wmbimbskoBas kuciora, HzAsOs. KommuectBo Mbimbsika n(As) = (0,24975 —
0,1095-2)/5 = 0,00615 moib. Macca Mermbska m(As) = 0,00615 - 74,99 = 0,461 r.

= 0,24975 moub. Beimagenue 6e1oro ocaaka mpu 100aBICHUN CEPHOIM KUCIOTHI

c+d = 14,0,
W3 pmnet ynu u ¢/d Haiinéwm c u d. Pemenue cuctemsr { ¢ _ 2562 naér ¢ = 10,07 MM,
d ’ )

d = 3,93 mm. Torna muametp nymu 2d = 7,86 mm. OueBHIHO, YTO AUAMETP MYJIM COBIAIACT C
JIMaMeTPOM KaHaJla CTBOJIA 110 Hape3aM. 3Hast IITyOuHy Hape3a (YUuThIBaeM e€ 1BaX/1bl), HAXOAUM
napametrp a = 7,86 — 2-0,12 = 7,62 mm.

JIornyHo, 4TO MPH PaBHOMEPHOH TONIIMHE OOOJIOUKM IyJTU CEpACYHHK IMOBTOPSET 3a
dopmoii mymu. OTcro/1a MOXKHO HAUTH paanyc chepudeckoid yactu cepaeunnka: 3,93 — 1,4 = 2,53

3

. . . 2 .. .
MM. Hatiném ero o0wpém V = 3T 2,53% = 33,90mMm3. O6BEM HWJIUHIPUYECKON 4YacTH

cepreunuka V = m- 2,532 - (10,07 — 1,4) = 174,23 mm>. Jlanee HaxoauM o6bEM chepudeckoii
yacth oOomouku V = % 13,932 — 33,90 = 93,16Mm%.  OOBEM HWIMHAPUYECKOM YacTH

oGosouku V = 1-3,932-10,07 — 174,23 = 314,07 mv°. CymMapHbIii 00bEM 000JIOUKH YU
93,16 + 314,07 = 407,23 M.

Hcnonb3ys MIIOTHOCTH 3J1€MEHTOB B Tabia. 1, HaiiiéM maccy HEHM3BECTHOI'O JIEMEHTA.
JIn6o C — xene3o u D — mapranern u3 nuaopmaimu o pa3HOCTH YKcia MPOTOHOB B siipax, mbo C
— ko0anbT u D — xene3o. [lpeanonoxum, uro D — mapranen. O0bEM Maprasia B TakoM cliydyae

pasen 407,23 - 1073 — 22220 28210 — 0,00401 cw®. Ero macca pasna 0,00401-7,21 =

0,0289
0,00522/10

0,0289 r. Ero momspHas wmacca ~ 55 T1/MONB, YTO COOTBETCTBYET MAapraHIly.
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CnenoBarensno, C — xene3o, D — mapranen m E — yrmepon. Macca mapranna m(Mn) =
0,00522 - 54,94 = 0,287 r. YpaBuenue peakiuu Maprania ¢ HNO3 woun :

Mn + 4HNO3 xom. — Mn(NO3z)2 + 2NO2 + 2H,0.

3anumeM BhIpaKeHHe IS HaXOxkaAeHus o0béma runbssl: V =1+ (3,93 + 0,5)% b — 1+

3,932 (b — 0,5). C npyroii cTopoHsI, Haii1EM 00BEM I'MIIB3BI Yepes HaiineHHsle Maccsl CU 1 ZN.
V= 22:262/10 | 7:422/10

8,96 7,14
(3,93+0,5)% b —m-3,93%2: (b —0,5) = 352,4. [Tonyuaem b = 25 mm.
Takum o6pazom, kanubp natpona 7,62 X 25 mm.
Jimna natpona: 35,0 = 14,0 + 25,0 — x. ['myOuHa nocaaku mynu B Tuib3e: X = 4,0 M.
HepacTBopHBIIUIICS OCTaTOK MPU PACTBOPEHUH MAaTPOHA — 3TO X, HUTPOIIECIUTIONIO3A.

= 0,3524 cm3 = 352,4mm>. TIpupaBHseM TONyduBIIMECS OOBEMBI: T -

CH,ONO,

n

A | B C D E F G H Y Z
Cul Zn | Fe Mn C Pb As | H3AsOs | NO, | CO2

2,2262
2,2262+0,7422

MaccoBble A0au 31eMeHTOB B ruib3e: w(Cu) = -100 = 75,0%, w(Zn) =

25,0 %.
MaccoBble 10111 31eMEHTOB B cepeunuke: w(Pb) =
= 2,0 %.

MaccoBsie 10511 37IeMEHTOB B 06ostouke mynn: w(Fe) =

%, w(Mn) = 00287 -100 = 0,9 %, w(C) = 0,1 %.

3,1622+0,0287+0,0032

OO6mras macca maTpoHa paBHa m = 2,2262 + 0,7422 + 2,2689 + 0,0461 + 3,1622 + 0,0287
+0,0032 + 5,00/10 = 8,9775 r.

4) YpaBHEHHUE peaKluy BOCIIAMEHEHHS TI0OpOXa:

2 (CeH702(ONO2)3)n — 9n CO + 3n CO2 + 3n N2 + 7n H20 + Q.

[TpunumaroTcst ar00ble Jpyrue BapHaHThl 3alUCH PEaKIMH, COJAepXkallie B MPOAYyKTax
pa3nu4Hble KOMOMHAIIMKM OKCHUJIOB a30Ta, BOJBI, a30Ta, YrapHOr0, YIJIEKUCIIOT0 ra3oB, TaK Kak
COCTaB MPOAYKTOB CUJIBHO 3aBUCHUT OT YCIOBUI MPOTEKAIOUIEH peaKnu.

Tenora cropanus HHUTpoUELTrON036I paBHa Q = 0,5-1073-4000 - 103 = 2000/x.

2,2689
2,2689+0,0461

-100 = 98,0 %, w(As)

3,1622
3,1622+0,0287+0,0032

+100 = 99,0

. 2E
Torna 0,15Q = Ex. I3 KHHETHYECKOI SHEPTHH OIIEHUM HAaYaJIbHYIO CKOPOCTh MYIHU: Vo = 7“ =
2:0,15-2000
— = 330 ™/c. Ins toro, 4ToOBI MMyNsl MpoJieTeNla Kak
(3,1622+0,0287+0,0032+2,2689+0,0461)-103

MOYKHO Jlajbllle, HE0OXOIMMO BBICTPEINTh U3 OPYKUS 1MoA yriioM 45° k ropusonty. Mcnonb3ys
2
%3 o . 4

(bopMyIIbI U3 IKOIBHOM MPOrpaMMBl MO (PU3UKE, MOKHO HATH AAJTBHOCTh MONETA Mynu L = ;0 =

11,1 kM. DTO YKCIO BHIIIE pealbHOTO 3HaYeHUs (0koio 1,5 km) moutu B 10 pa3 Gonbiie, Tak Kak
B JIaHHOM 3aj1aue mpeHedperaeM JIOOOBBIM COITPOTUBIICHUEM BO3IyXa.

5) BemectBo K nmeer B cBoéM cocraBe HQ, Tak Kak mpu KOMHATHOM TeMIIepaType OHa
HAXOJUTCS B JKUJIKOM COCTOSSHUM W €€ Tapbl Ype3BBIYAHO OMAacHBI I 4elloBeKa. [ a3sl,
Beiiensiemble npu paznoxernn K — N2 u CO, Tak Kak OHH SIBISIFOTCSI O€CIIBETHBIMH M UMEIOT
OJIMHAKOBYIO MOJIIPHYIO Maccy 28 T/MOJIb, 9TO HEMHOTO MEHBIIIE MOJISIPHOW MacChl BO3AyXa.
CnenosarenbHo, BemectBo K — HG(CNO)2, Tak HazpiBaeMast rpeMydasi pTyTh.

Bepuriii mepebop BemectB coctaBa (D1)2(22)3 ¢ HCHOIb30BaHUEM MAaCCOBOM IO
3NIEMEHTa C OTPHLATEIBHBIM 3apsiioM naét BemectBo M — cynbdun cypbmsr (I11), Sb2Ss. L —

32



xnopar kanust, KClO3. Okcun mapranma (1V) sBnsercss kaTtaau3aTopoM peakiMu Pas3lIoKeHUS
XJIOpaTa Kajusl.
VYpaBHEHHS] XUMUUYECKUX PEAKLIMIA:
Hg(CNO)2 — Hg + N2 + 2CO
3KCIOs3 + Sh2Sz — 3KCI + Sh.03 + 3S0;
K L M
Hg(CNO)2 | KCIOs | Sh,S3

6) K HemocrtaTkaM Takoro marpoHa MOYKHO OTHECTH HH3KYH) KOPPO3HOHHYKO CTOWKOCTB,
HCIIOJIb30BAHUEC PTYTU WM CBUHIA B CBOEM COCTaBC, UYTO MOXCT OBITH BPCAHBIM IJId 300POBbA
CTpeJIKa M OKpYXKaloIuX Jirojeil. K nmpenmyiecTBaM MOXKHO OTHECTH COCTaB ITOPOXOBOTO 3apsiia,
KOTOPBII cropaer 6e3 JpIma.

Kpurtepuu oneHuBaHus:

DJIEMEHTBI PEIICHUS OrneHka
1. | Bepuoe omnpenenenne anemenToB A-G u Bemects X, Y, Z, H — 1o 0,5 5,5 6anaoB
OayioB
2. | BepHoe omnpeieneHre MacCOBOM JTOJIM KXKIOTO IeMeHTa — 1o 1 6amry 7 6a/J10B
3. | BepHoe onpeznenenue maccel narpoHa — 6 6aIoB, BEpHOE 11 6ans0B

orpeeNieHue mapamMerpoB a, b — mo 2 Gaia, onpeenenue riryOuHbI
MOCAJIKH ITyJIU B THIIb3e — 1 Oan

4. | YpaBHEHHE peaKIIuu BOCIUIAMEHEHHS TTopoxa — 1 6ayi, oneHka 2 6ay1a
JATBLHOCTH MoaéTa myau — 1 6amn
5. | Bepnoe onpenenenue Bemects K, L, M — o 0,5 6amnoB, kaxaoe 3,5 6anua
ypaBHEHHUE peakiuu — 1o 1 Gamry
6. | Yka3zaHue Ha TOCTOMHCTBA M HEJIOCTATKU MaTpoHa — 1 6ajur 1 6aJ1a
Htoro: 30 6a/10B

3ananue 3. Tpumepusanus aneTusaeHa B 6€H30.1

1. AHY9g = ArH0g(CsHe(r)) — 3ArH295(CoHy () = 82.9 — 3  226.7 = —597,2 k/lx/Mosb
ASY95 = S965(CeHe(r)) — 35905(C2Hz () = 269.3 — 3 * 200.9 = —333,4 [/ (Mosb - K)

ACy = Cp(CeHe(ry) — 3C,(CoHa(y) = (—37,78 + 0,4430T) — 3(42,43 4+ 0,0152T) = —165,07 +
0,3974T

AHg,3 = AHYgg +f
298

873 873
AC,dT = AHgg + f (—165,07 + 0,3974T)dT

298

873 873 0 3974T2
= AHYog — f 165,07T + f = 597200 — 94 915 + 133 790
298 298 2
= —558 325 /Ix/Moub
0 0 873 AC, 0 873 165,07 + 0,3974T
298 298

873 873
= AS9g — f 165,07InT + f 0,3974T = —333,4 — 177,1 + 228,5
298 298
= —282,0 ’x/(Moub - K)
AGY,3 = AHS,3 — TASY,; = —558 325 — 873 * (—282,0) = —312 139 JIx/MoJb

—312139
—) — 4,75 % 1018
8,314%873

3. Karammzarop HeoOXomuM Jisi TIPEOMOJICHUS KWHETHYECKOro Oaphepa (BBICOKOH IHEPTHUU
aktuBaimu E, npsmoii peakuun). OH cHuxaer E,, obecneunBas npueMIeMyl0 CKOPOCTb MpHU
pabounx TemrepaTypax, HECMOTpS Ha TEPMOJUMHAMHUYECKYIO BBITOJHOCTh. be3 kartammsartopa
peaxkus IpaKTUUECKU HE UJIET.

2. K,=e RT =exp(—
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1 d[C,H
4. rpg = ;(_ ] ;t 2]) = kq[CoH,]
P 2%101325
[C2H2]0 = R_'(;’ = m = 27,92 MO.)'II)/M3

1 (_ d[C,H,]

Bo =3 dt
In2 In2
6. T1/2 :k_lzﬁ: 13,86C

) = kq[C,H,]o = 0,05 % 27,92 = 1,40 Monb/ (M3 * ¢)

_ PCaHyry 0,325
P~ p2 . 7 1002
PloHyyy 100

7. K =3,25%107°

8. benzoxn Oosee mpeanoYTUTENICH U 00pa3yeTcs ¢ OOJBITUM BBIXOJIOM TaK KaK
Kp(CeHery) = 4,75 * 10 » K, (C4Hyy) = 3,25 1075
9 r_B — kl[CZHZ] _ k1 _ 0,05 _

rv  kz[C;Hz] ks 0,002
rp _ 25

10. Sg = =——=10,9615 n1u 96,15%
ry+rg 25+1
11. CenexkTUBHOCTb He uU3MeHUmcs, TaK KaK OTHOILIEHHUE :—3 HE 3aBUCHT OT KOHIICHTpAIUH
(mOpsIAKY peakuyii OIMHAKOBBI).
Kpurtepun oueHnBanus:
No DJIEMEHTHI PEIICHUS Ouenka
BOIpoca
1 Paccuuransl crannapTHble usMenenus suTansnuu (AH®), surponuu (AS°) | 6
v sHeprun I'n66ca (AG®) peaxuuu 1 npu 600 °C: no 2 Gasmia x 3 0a/110B
2 Bepno paccunrana koncranta paBHosecus (K))) peakuuu (1) npu 600 °C | 2 6aina
3 Jlano oObsicHeHnue K Borpocy 3 1 6aan
4 BepHo 3anmucaHo KMHETHYECKOE ypaBHEHHUE JJIsi CKOPOCTU oOpazoBaHus | 1 6as
OeH3oua
5 Paccuntana HauanbHas CKOPOCTh 00pa3oBaHus OeH3011a 2 fajaa
6 Paccuntano Bpems, 3a KOTOpOE€ KOHIIEHTpAlUs alleTHiIeHa YMEHbIIUTCs | 1 6as
BJIBOE€ OT HAYAJIBHOM
7 Paccuurana koHcTanTa pasHoBecus (K, ) peakuuu (2) 2 dania
8 Jlano oOBsicHEHHE K BOIIPOCY 8 1 6aan
9 PaccunTtano oTHOIIEHHE HAaYaJbHBIX CKOpocTeil oOpa3oBanus OeH3ona u | 1 6ayn
BUHWIAIETHIICHA
10 OmnpeneneHa ceneKTUBHOCTh 110 O€H30Ty 2 das1a
11 BepHo ompeneneHo U3MEHEHHE CEJIEKTUBHOCTH Mpu yBeiauueHuu | 1 6ama
JTaBJICHUS
HUTOrO: | 20
0aJI0B

3amanne 4. buTBa MaceJ: XUMH4YecKasi BOMHA JBUTaTeJIeH.

1. N3 dhopmynbl OCHOBHOTO KOMITOHEHTa KacTOPOBOTO Macja BHUJIHO HalW4yue OOJIBIIOTO
KOJIMYECTBA HEMPEAENbHBIX CBA3EH U COIUPTOBBIX Tpyni. IIpu HarpeBe 3Tu rpynibl pearupyroT U
CIOCOOCTBYIOT MOJMMEPHU3AINMA Maciia B CMOJIBI, KOKC # T.71. [lomydaeMblii Harap co BpeMeHEM
MPUBOAUT K OCTAHOBKE JBUTATEIIA.

2. B cocraBe MuHepaibHBIX Macen ecTh apa@uHbl U WHbIE TMHEWHbIE COETMHEHUS, KOTOpbIE
CKJIOHHBI TIPY HU3KHUX TeMIIepaTypax KPUCTaNIM30BaThCsA. A HU3Kas TEPMHUUECKas CTAOMILHOCTh
06135[CHSIGTCSI HaJIN4YnEeM apOMaTI/I‘—IeCKI/IX CoeHHHeHHﬁ, HpI/I BBICOKHX TeMnepaTypax CHOCO6HBIX
00pa30BBIBATH CMOJIBI U KOKC.

3. [To ycrmoBusiM peakuuu BUIHO, YTO MPOUCXOJUT KPEKHUHT NMPSMOTOHHOIO OEH3MHA IMpH
OueHb JKECTKUX  YCIOBHSX, YTO TMPUBOAUT K  0Opa3oBaHUIO  MPEHMYIIECTBEHHO
HU3KOMOJICKYSIPHBIX TPOAYKTOB. Camoe TpOU3BOJAMMOE BEIIECTBO B Mupe A — stwieH. Ha
TPEThEM MECTE pACIOJaraercsi MPOIMWIEH, TAaKXKe MOJY4aroUIMHCsSs B XOJ€ KpEKHHra. ITO
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JIOBOJIBHO CTapblii MPOMBIIUICHHBIH CIIOCO0 MPOU3BOJACTBA ATHJICHA, MOJYYHMBIIUH IIUPOKOE
pacnpoctpanenne B CCCP u3-3a Hamm4uus 00JIBIIOTO KOJUYeCTBA HEDTH.

. . 950°C 0,. Ag A o
PSAMOTOHHbIN A +
BGeH3nH » C,H,+C3H, » /<l
0.3 MPa A B 300 °C, 3 MPa C D

R-OH, NaOH
R—d o 0 - / \-
R—oO o
X
4, [Tonyyaemble MOJEKYJIBI TMOTHAIKWITIUKOICH TOJSPHBI, K TOMY JK€ OHH OBIBAIOT

pacTBOpuMBI B BoJe. Macna oka3ajauch JOBOJBHO T'MIPOCKONMYHBI. XOTb B YHMCTOM BHJIE
MOJIMANKWITIIMKONY  00JIaflaloT MPEKPacHBIMU CBOMCTBAMU MOTOPHOTO Macjia, HO €ro
HENPAaBWJIbHOE XPAHEHUE MOKET IPHUBECTH K BIUTBIBAHUIO BOJABI U3 OKPYXKAIOIIEH Cpejbl,
KOTOpasi MOXKeT 3aMEP3HYTh B JBUTarese. B To ke BpeMsi MUHepaibHbIe Maciia 0co00 BOAY HE
BIIUTBIBAIOT, TaK KaK MPEJCTABIICHbI IPEUMYIIECTBEHHO HEMOJSPHBIMU COCAMHEHUSIMH.

5. DT0 MPOMBIIIICHHBINA CIOCO0 MPOU3BOACTBA alb(da-oieUHOB MyTEM OJIMTOMEPU3ALIUN
ATHJICHA C MOCJEIYIONUM BBIJEICHHEM KOHKPETHBIX (pakuuii anbda-oneduHos. [lomydennsie

anb(a-osiepuHBI MPEBPAIIAIOT B OJIMTOMEPHI ITOJIHATIb(aoaeUHOB.
A E
AIR

130 °C, 19 MPa

AICl; | 95°C

6. Macno Y o6nagaeT XMMHYECKOH YHCTOTOM M COJEPKUT MHUHUMAJIBHOE KOJIMYECTBO
npumecei. M3-3a crtpoenuss mnonuanbhaoneuHoB HE yraaércsa CcHOpPMHPOBATH IIJIOTHYIO
KPUCTAJNTNYECKYIO YIIAaKOBKY, TO3TOMY Macila Ha OCHOBE MoJnalib(haoaeHOB 3aMepP3at0T MpH -
60°C. Tepmuueckasi cTaOMIBHOCTh OOECIIEUYUBAETCS OTCYTCTBUEM CIIa0BIX MECT B MOJIEKYJaX,
6onbioii sHeprueil ca3u C-C, a Takke NPOCTPaHCTBEHHBIMU 3aTPYAHEHUSIMH.

7.
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P H,/NiRe
CH;(CH,)3 COOH B CHy(CHy); F
150 °C, 10 MPa

OH

(Cp*IrCl,),, t-BuOK 120 °C

.H2
CeH
6713 - CH3(CH2)W(CH2)5CH3
D,

OH
CeHy; |
+ O "
G

H
H, CeHis Co2t/0 Colhis
CeH13 2
i s y
CeHis 120°C CeHys
CeHyz |
(0]

OH o

CH,0

o J
| CH;0 o—= OH HO OH
— >< — P
Ca(OH), HO OH fo) OH
Ry R4
Ry R

VA

Cethig H
OH
NaHSO,
CeHys »

24 hr, 120 °C

H
-H,0

CeHi3
HO OH J
o—o
R =
(0]

KanpunoBas kuciiora BocCTaHaBIMBAETCsl HUKelleM PeHes, nanee mpoucxXoauT KaTtaauzupyemast
peakiusi ['epbera, compoBoXkaaeMas anbAONbHONW KoHAeHcanued. [lodydeHHBI cOupT
OKHUCTISIETCS KOOAJIbTOBBIM KaTaJIM3aTOPOM B TMPHUCYTCTBUHM Kuciaopoxaa. [lomyuenune J —
MPOMBINIICHHBI  CIIOCO0 TMPOU3BOJCTBA TEHTAPUTPHUTA, COMPOBONKAAEMBIM  albIONBHOMN
KOHJICHCAllUEW 1 mepeKkpeCcTHOM peakurein Kanauiapo.

[Tonyuennsie J u H BerynmaroT B peakuuioo d3TepuUpUKANUU C TOJYYCHHEM MOJHOCTHIO
3aMENIEHHOTO CIIOKHOTO d(Pupa MeHTaAPUTPUTA.

8. Macna Ha OCHOBE CIOXHBIX 2(QHUpoOB Ooyiee TEPMOCTOMKM MO TOW MPHUUUHE, YTO
CIIOXHOA(UPHBIC CBS3U Oojiee MpoUHbI 1o cpaBHeHUIo ¢ C-C, a Takke B HaIlleM CiIydae W3-3a
pa3BeTBIEHHS B OeTa-MOJI0KEHUN HAOMI0JAI0TCSl CTEpUUYECKUE 3aTpyIHeHus. buopasnaraemMocTs
TaK)ke 00YCJIOBJICHA HATMYHEM CII0KHOA(DUPHBIX TPYIIN, KOTOPHIE pacIaiatoTcsi 00Jiee 0XOTHO 10
CPaBHEHHUIO C YIJIEBOJOPOJHBIMU KOMIOHEHTaMH. M3-3a HalW4usl MOJSPHBIX TPYII aAre3ust K
METaJUTMYECKUM TMOBEPXHOCTSIM 00Jiee BEIpAKEHA B Macjiax Ha OCHOBE CIIOHBIX 3(PUPOB, 4eM B
Macliax Ha OCHOBE MounaibgaonedruHax.

9. OnHo¥l W3 TNMaBHBIX IU(Dp HHBECTIPOEKTA SBIACTCS YHUCTas NMPUBEIEHHAS TPHOBLIb.
ViMeHHO OHa MOKa)XeT CKOJIBKO Ha CaMOM JieJie MOKHO 3apaboTaTh Ha mpoekTe. [IpomexyTouHbie
pe3ynbTaThl PaCUETOB MPECTABICHBI B TAOTHIIE!

+ (0]
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KacropoBoe
MacJjo

MunepanbHOE
MacJjo

Z u3
MOJIMMEPOB

0.5

Exeromusie 2
pacxo/bl Ha
IIPOU3BOJICTBO U
peau3anumio,
MIH. $

12

3

12 12

Exeronnas ) )
BeIpyuKa, MiH. $

20

20

2.4 3.6 4.8 5.6

Exxeronnas
qucTas

pUObLIb, MIIH.

$

6.4

13.6

1.427 1.932 -0.478 | -8.753

CymmapHas
qucTas
IIpUBEIEHHAs

MPUOBLIbL, MITH.

$

-3.693

4.339

Kak mbl Bugum, mo mokazatento NPV u uuctoit mpuObuin Hambosee MpHUBIEKATENCH IMyTh
MIPOM3BO/JICTBA CIIOXKHOA(DUPHBIX Macell U3 MoJuMepoB. OHAKO, TPEOYIOTCS TIOCTATOYHO KPYITHBIE
KalMTaJbHBIC 3aTpaThl Ha 3TO MNPOM3BOACTBO. M B TabiMIle BHIHO, YTO MPOHM3BOJICTBO
MUHEPATBHBIX MACEJI TAKXKE CETOJIHS SIBISICTCS MPUOBLILHBIM JIEJIOM, TPEOYIOIIMM HE TaK MHOTO
KallUTaJIbHBIX 3aTPaT, IPU 3TOM Maclia HMEIOT JIOCTaTOYHBIA YPOBEHb KauecTBa

Kpurepun oneHuBanus:

DJIEMEHThI pelIeHus OueHka
1. | Peanuctuunslil OTBET Ha BOTIpoC — 2 Oasia. 2 dan1a
2. | PeanmuctuunbIil OTBET HaA Bompoc — 2 Gasuia. 2 das1a
3. | Bepnoe onpenenenue Bemects A,B,C,D —no 0.5 6anna, 4 6anaa
Bepuoe onpenenenune npumepnoit hpopmynsr X — 2 6asnia.
4. | PeamucTuyHbIi OTBET Ha Bonpoc — 2 Gaja. 2 das1a
5. | Bepnoe onpenenenue E — 0.5 6anna. 2.5 d6ana
Bepnoe onpeznenenne npumepHoit popmynsl Y — 2 Gamia
6. | PeanucTtuuHblil 0TBET Ha Bonpoc — 2 Gaia. 2 das1a
7. | Bepnoe onpenenenue F, H—mo 0.5 6amna. 7 6as10B
Bepnoe onpenenenue |, J —mo 1 6amny.
Bepnoe onpenenenne G, Z — o 2 6ayia
8. | PeanuctuuHblil OTBET Ha BOIpoC Mo TepMocToiikocty — 0.5 Garnna. 4.5 6an10B
PeanucTuuHblil OTBET Ha BONPOC 10 aAre3uu — 2 dasia.
PeanucTiuHbIi OTBET HA BONPOC MO OHOpazaraeMocTi— 2 dasia.
9. | OGoCcHOBaHHBII YKOHOMHYECKH OTBET — 4 Oaia 4 6ajaa.
Hroro: 30 6ay10B

3aganue 5. MbIC/ICHHBIN IKCIIEPUMEHT

1. 1) Uccaenyemoe auntureso (IgE)
2) AHTHUTEH

3) ®epmeHT
4) MoauduurpoBaHHOE PEPMEHTOM aHTHUTEIIO
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NH, NH
HyC O cH, M0 | e / cH,
g wo LT
HoN HN | CH;
CHy CHs L NH,
HaC O GHy
H N
CHs
CHy GHa

N
NH NH
L, e T
G N2 CH, HsC = CHs,
CHs .
HN HN

3. Cuauama HEOOXOAMMO TIEPEBECTH OTHOCHTEIBHYIO IUIOTHOCTH B ONTHYECKYIO

IUIOTHOCTb:

lo/1 1,259 3,311 6,531 7,943
D 0,100 0,520 0,815 0,900
C [ME/mn] 15,0 60,0 90,0 100

MoxHo yBuaeTbh, uTo D nmuneiiHo 3aBucut ot C, T.e. D = a * C + b. C moMomipio MeTosa
HaMMCHBIINX KBAJAPaTOB HAXOJUM KOE)(l)(l)I/ILII/IeHTBIZ

z C; = 265,0; ZDL- = 2,335; z C;D; = 196,050; Z C* = 21925,0; (z C)? = 70225,0

_ 4%196,050 — 265,0 * 2,335
4 T4 21925,0 — 70225.0

=9,47 x 1073

b= 2,335 —9,47 * 1073 % 265,0

= —0,0436
4

Jlanee He0OXOAMMO HANTH CpeiHEE 3HAUYEHNE OTHOCUTEIbHON INIOTHOCTH 00pasiia,
IIPEIBAPUTENIBHO POBEPUB 3HAUEHUS HA JOCTOBEPHOCTH!

I,/I = 4,188

Sto/1

_|X(416 — 4,188)% + (4,20 — 4,188)2 + (4,25 — 4,188)% + (4,15 — 4,188)2 + (4,18 — 4,188)?
B 5—1
= 0,04

Iy
7 =418£0,04
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Torpaa 3nauenue 4,25 He moaxoaut. CpenHee 3HadeHune paBHo 4,17. U3 kamuOpoBOYHOTO
_ 1g(4,17)+0,0436

rpaduka HaxouM C, = YT 70,1 [ME/mui]

4. V3mensis Bpemsi MHKyOauuu mocie [J00aBiIeHUS XPOMOIeHa, MOXKHO JOOUTHCS
xKenaeMoro pesyibrata. [Ipu BeicOkMX 3Ha4eHUsX lo/l HY)XHO yMEHBIIUTH BpeMsI
MHKYOAallMH, a IPU HU3KUX— YBEIMYUThH BPeMsl HHKYOAIlHH.

Cucrema OlNCEHUBAHMA.

3amanue bamiel
1) Bepnblii oTBET 4*0,5=2 6amna
2.a) Ctpykrypa TMb 1 Gamn
2.0) YpaBHEHUS peaKIuii 2*1=2 Ganna
3.a) Bepneriit koadurmeHT a 1,5 6anna
KaJIMOPOBOYHOTO rpaduka
3.0) Bepnbrii ko3¢ dunmeHnt b 1,5 6amna
KaJTMOPOBOYHOTO rpaduka
3.B) O6ocHOBaHME OMIMOOYHOCTH 3HAUCHUS 1 Gamn
4,25
3.r) Bepnas xonnentpanus IgE manuenra 2 6amna (1 6amn npu A> 0,15; 0,5 6anmos
npu A> 1,0; 0 6ayutoB npu A> 5,0)
4) BepHblii OTBET 2 Gaa
Hroro 13 6a/u10B
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JUNIOR LEAGUE

Problem 1
CHEMICAL TRAIL
In 2025, the world marks the 80th anniversary of the
Victory in World War II. It was during this time that
chemistry first became an inseparable part of strategic
capability, determining the outcomes of both military @
operations and scientific developments. By May 1945, #
thousands of tons of smokescreen compositions,
dehydrating agents, and nerve agents were stockpiled by %
both coalitions. g . o
Element Y, widely used in the production of bleaches, plastics, and chemical warfare agents,

had already been well known before the war. Its diatomic form — the yellow-green gas Y2 — was

no longer used as a chemical weapon in its pure form due to the emergence of effective protective
equipment. Nevertheless, Y2 continued to be used in laboratories. When Y2 reacts with a
chemically active simple substance composed of element X, which is widely used in incendiary
mixtures, a binary compound A is formed (reaction 1). By adding an excess of dry Y2to 13.73 ¢
of A, 20.82 g of compound B is produced (reaction 2).

When concentrated sulfuric acid is added to B, a reaction occurs yielding: 11.65 g of fuming
liquid C, 15.33 g of fuming liquid D, and colorless gas E with a relative density of 1.26 compared
to air (reaction 3). The resulting D then reacts with acid F, known for its ability to etch glass,
forming gas G and 10.40 g of gas E (reaction 4).

Compound C deserves special attention. It was used during the war to produce thick smoke
screens. When heated to 190 °C, it decomposes with the release of gas H, which can be identified
by its ability to turn limewater cloudy, and gas Y2 (reaction 5). Furthermore, the reaction of C with
nitric acid yields sulfuric acid and 8.15 g of a light-yellow liquid I, which is a component in some
explosive materials (reaction 6).

13.73 g. Y, 20.82 g.

+ — A — B
2+ X =7 )
(3) 1H2804(mnc)
11.65 g. 1533 ¢,

Y, +Ht <X C + D + Ef

5)
(6) l HNO, (4) lF
8.15g. 10.40 g.
H,S0, +1 Gt +Et

Questions:
1. Identify the wunknown elements X and Y, and all substances A-l.
Write balanced equations for reactions 1-6, if it is known:

Substance C D
®(X), % 0 20,20
o(Y), % 30,42 69,36
o(S), % 27,52 0
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2. When C and G are added to water, reactions occur in which gases are released and only acids
remain in the solution. Write the corresponding reaction equations.

In many of the transformations described above, the compounds contain element X, which can
form stable spatial structures with four surrounding atoms. Some of these compounds are readily
hydrolyzed, while others are stable in aqueous media.

3. Draw structural formulas of substances D and G. Based on their atomic radii, spatial
arrangement, bond lengths, and other factors, determine which of the two is less resistant to
hydrolysis, and justify your reasoning.

Problem 2

GLOBAL WARMING
Anthropogenic emissions of gases like CO,, CH4 and
fluorinated gases (F-gases) significantly contribute to
greenhouse effect leading to global warming. The main source
of CO: emissions is the combustion of fossil fuels such as coal,
natural gas, and oil.

Questions:
1. Write the chemical equations for the complete combustion of coal (C), methane (CHa), and
octane (CgHas).
2. Calculate the mass of CO; released as a result of the combustion of 1 kg of each substance.
The global warming potential (GWP) is a measure of the ability of a gas to trap heat in the
atmosphere. It is known that GWP of 1 kg of CHjs is equivalent to 28 kg of CO2 over a 100-year
period. In order to reduce the greenhouse effect of CHg, it can be combusted into CO». A gas
mixture containing CHs4, CO2, and O with a density relative to air of 1.152 was subjected to
complete combustion, resulting in a change of enthalpy of ArH%gs=-1335.46 kJ. The total pressure
and volume of the resulting gas mixture at 298 K were 13.44 atm and 10 L, respectively.

Substance AsH® kJ/mol
CHa(0) -74.85
H-0 (liq) -285.83
CO2(9) -393.50
02 (9) 0

3. Determine the composition of the gas mixture (in mass fractions) before and after the
combustion reaction. Assume that the vapor pressure of water is negligible. Provide the answer in
percentages, rounded to the nearest hundredth.

4. Calculate by how many times the GWP over a 100-year period of the gas mixture changed after
the reaction. Assume that O2 does not contribute to the greenhouse effect.

F-gases are characterized by extremely high global warming potentials (up to 25000 kg CO-
eq. over a 100-year period), and most often are halogenated derivatives of alkanes (CnH2n+2) that
designated by a special nomenclature system R-abc, where the numbers a, b, and c are related to
the number of carbon, hydrogen, and fluorine atoms, respectively. If a = 0, it is omitted. The
number of chlorine atoms in the compound is determined by the residual principle.

F-gas CF.Clz | CF4 C2FsClz | C2HFSCl2 | X

Code designation | R-12 | R-14 R-113 | R-123 R-142

5. Determine the enthalpies of formation of the F-gases R-12, R-14, R-113, and R-123, given the
enthalpies of formation of atoms and average bond energies.
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Atom AsH° kJ/mol Bond Ebond, kKJ/mol
Ca) 717 C-C 348
H) 218 C-H 412
Fo) 79 C-F 484
Clg) 121 C-Cl 338

6. Compound X has the code designation R-142 with an enthalpy of formation of -523 kJ/mol and
the vapor density 3.466 times that of air. Determine the chemical formula of X. Confirm your
answer with calculations.

7. Formulate the rules of F-gas nomenclature by which the numbers a, b, and c are assigned in the
code designation R-abc.

Problem 3

IMITATE NATURE

Scientists are frequently inspired by natural structures, processes, and functions to create
novel materials. This approach is known as biomimicry. The term "biomimicry" originates from
the Greek words "bios" and "mimesis," meaning "life" and "imitation," respectively. Biomimetic
materials enable the development of innovative solutions for a wide range of challenges, from
solar energy to medicine. For instance, the coloration observed on butterfly wings arises from
microstructures that interact with light in specific ways. Consequently, the study of butterfly wing
microstructures has led to the creation of perovskite solar cells with enhanced performance.

Perovskites refer to a broad class of materials characterized by a specific crystal structure
described by the formula ABX3. The 'A' site is occupied by a large monovalent cation, the 'B' site
by a smaller cation, and the 'X' site by an anion, typically a halide or chalcogenide. The unique
physicochemical properties of perovskites are largely determined by the chemical nature of the
metals occupying the A and B positions in the crystal lattice.

Metals L, M, and N are potentially suitable for use in perovskite solar cells. You are provided
with the following information regarding their properties to identify them.

Metal L: Represents a metal capable of occupying the A site in the perovskite structure. It is
an alkali metal exhibiting high reactivity. Metal L is known to possess a golden-yellow color.
Metal L reacts vigorously with water, forming a base (Reaction 1). Upon combustion in air, L
forms a superoxide (Reaction 2). A salt of metal L, LCly, imparts a blue-violet color to a flame.

Metal M: Characterized by variable valency and the ability to occupy the B site. Under
specific conditions, it may exhibit semiconducting properties. When heated in air, it forms a solid
white powder, the dioxide of metal M (Reaction 3). The oxide of metal M dissolves in
concentrated base solution, forming a colorless salt (Reaction 4). Metal M does not react with
dilute non-oxidizing acids.
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Metal N: Distinct in its chemical properties from M, and capable of occupying the B site. It
is stable to the effects of oxygen at room temperature. However, upon heating in air, it forms a
dark gray or black powder, the oxide (Reaction 5). Upon reaction of metal N with dilute
hydrochloric acid, a colorless solution is formed, and a gas evolved (Reaction 6). Metal N reacts
with concentrated nitric acid, forming a white precipitate and releasing brown gas (Reaction 7).
When hydrogen sulfide is bubbled through a solution of a salt of metal N containing the metal in
its highest oxidation state, a yellow precipitate forms. This precipitate is used as a gold pigment in
painting (Reaction 8).

Questions:
1. Identify the metals L, M, and N. Provide a rationale for your selections based on the
provided data.
2. Write balanced chemical equations for reactions 1-8.
3. Simplified Frost diagrams for metal M in an acidic environment (pH = 0) are provided in

the figure 1. Calculate the standard electrode potentials E° (M?*/M) and E° (M**/ M).

pH=0
1,0 5
0,8
0,6 _ MZf M:H
L a
0,4 ~
7 0,494 0,496
0,2
- M
> 7
s~ 0,04 |
w
c
-0,2
,044 -~
-0,6 1
-0,8 4
-1,0 T T T T T
0 1 2 3 4

Oxidation state

Figure 1. Frost diagram of the metallic element M at pH=0.

4. Using the provided values for the standard electrode potentials, illustrate a simplified Frost
diagram for metal N.

E° (N?*/N) = -0.14 B, E° (N*/ N*') = +0.15 B
5. Based on these data, which oxidation state of N is the most stable in an acidic
environment?

The stability of a perovskite structure can be predicted using Goldschmidt's tolerance factor,
‘t’, which can be calculated as follows:

R, + Ry
t =
V2 X (Ry + Rp)

where Ra, Rs, and Rx are the ionic radii of the A, B, and X ions, respectively.

The tolerance factor helps in assessing whether a particular combination of ions will form a
stable perovskite structure. A stable perovskite crystal structure usually has a tolerance factor in
the range of 0.7 to 1.0. Typically, a cubic structure is observed when the factor is in the range of
0.9 and 1.
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6. Calculate the tolerance factor for LMI3 and LNI3 using the following ionic radii:
r(L*Y) = 0.167 nm, r(M**) = 0.054 nm, r(N**) =0.071 nm, r(I") = 0.216 nm.

7. A portion of the N ions were replaced by M ions. The resulting perovskite has the
formula LM0.4N(.6)l3. How will the substitution of N with M affect the stability of the perovskite
structure?

8. Give an example of biomimetic materials.
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Problem 4.

MILITARY METAL

Aluminum was one of the most popular metals during the World War 1l. The development
of aviation was impossible without aluminum alloys. It was used not only in the aircraft skin, but
also in the engines, propellers, and chassis manufactures. Aluminum rolled products clad with
silumin were used to manufacture tank units, self-propelled guns, and seaplanes. Without
magnesium and aluminum powders, it was impossible to make bombs, shells, and signal flares.

The main raw material for the production of aluminum is aluminum ore - bauxite. Already
at the very beginning of the war, the Soviet Union lost important raw materials and aluminum
plants in Ukraine and near Leningrad. Aircraft factories were left without raw materials. Under the
leadership of Academician D.V. Nalivkin, the bauxite deposit "Red Riding Hood" in the Northern
Urals was discovered at the beginning of the war. Mining and construction of an aluminum plant
began immediately. By 1943, aluminum production at this plant had tripled compared to pre-war
levels.

The basis of bauxites is made up of diaspore, boehmite minerals (they have the same
chemical composition) or gibbsite. All these minerals are anhydrous hydroxo compounds of
aluminum. The mineralogical composition of bauxites from the Krasnaya Shapochka deposit can
be represented as follows (in %):

Diaspore and boehmite 62,4
Hematite Fe;O3 20,7
Chamoisite 3H20*3FeO*3Al,03*2Si0- 10,4
Kaolinite Al203*2Si02*2H.0 0,8
Calcium and magnesium carbonates 1,7
The rest (pyrite, titanium mineral, phosphorite, etc.) 4,0

100

Questions:

1. Find the formula of aluminum minerals if it is known that the aluminum content in gibbsite is
1.3 times less than in diaspore-boehmite.

2. Draw the structural formulas of the compounds, name them according to the acidity
classification. Which mineral has a higher acid activity, justify your answer.

3. Calculate the content of aluminum, iron and silicon elements in the bauxites of the Krasnaya
Shapochka deposit, using the data in the table.

Aluminum production includes three main complex processes: bauxite mining, alumina
production Al>Os, and obtaining aluminum using electrolysis.

In 1895-1898, Karl losifovich Bayer discovered the obtaining alumina method from bauxite.
It is called the Bayer method and the world aluminum industry still use it.
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Flow chart of alumina production

Bauxite
1
[1. Mixing ]—-

‘ Autoclave treatment at 250

2. degrees Celsius and 40
atmospheres

1
d mud
- feam [S.Thickening]

4 Decomposition| Cooling

[5. FiItrIatiDn ]

i
| Calcification at 1300

" degrees Celcium

1
Al203

MNaOH

Description of the process:

1. Crushing and grinding of
bauxite in mills and mixing with alkali.

2. Leaching of bauxite — interaction
of bauxite minerals with alkali.

3. Separation of aluminate solution
from red mud by washing in special
thickeners; as a result, the red mud settles.

4.  Decomposition:  aluminum
hydroxide Al(OH)s is extracted from the
supersaturated solution during cooling and
constant stirring.

5. Filtration takes place in
hydrocyclones and vacuum filters, where a
precipitate containing 50-60% of Al(OH);
particles is separated from the aluminate
solution.

6. Calcination (dehydration of
aluminum hydroxide) is the final operation
in alumina production; it is carried out in
furnaces; raw aluminum hydroxide,
passing through a rotary kiln, is dried and
dehydrated.

Questions:

4. At what stages of the process do chemical reactions occur? Write chemical reactions if
alumina is produced from bauxite from the Red Riding Hood deposit.

5. How much alumina can be obtained from 1 ton of bauxite with a product yield of 95%?

6. Why is the waste formed after leaching called "red mud"? Red mud is one of the most
toxic chemical wastes. A major accident occurred on October 4, 2010, at the alumina refinery in
the city of Ajka, 160 kilometers from Budapest. As a result of the destruction of the tailings dam,
approximately 700 thousand m? of red mud leaked. The sludge flooded an area of 40 km?. As a
result of the disaster, 10 people died and about 150 were injured. What explains the high toxicity

of red mud?
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Problem 5
THOUGHT EXPERIMENT

The basis of the German armored forces during the Second World War were vehicles with
gasoline carburetor engines. Germany used synthetic gasoline with high-octane additives as fuel,
since they could not provide the army with diesel fuel. This technical choice was due to the acute
shortage of oil resources - the Allied naval blockade almost completely blocked access to natural
oil deposits. However, synthetic fuel had serious drawbacks - excessive production costs and a
high content of impurities.

It is known that various catalysts and additives were used in the production of such fuel,
which led to the formation of characteristic inorganic impurities. In the Allied laboratory, samples
of ash residue obtained after the complete combustion of various samples of German synthetic
gasoline were examined. It is established that the ash residue contains SiO2, Fe;O3, SnO, PbO,
Zn0.

Questions:

Suggest a method for separating the oxides in this ash residue using only the following reagents:
20% aqueous HCI solution, 10% aqueous solutions NaOH, NH3-H20, H2SO4

1) Write the equations of the reactions occurring during the proposed separation and indicate
the observed phenomena (gas, precipitate, their colors, etc.)

One of the main indicators of fuel quality is the content of aromatic hydrocarbons. To control this
parameter, chemists employed a spectrophotometry, with which they determined the concentration
of toluene, a component that significantly affects the octane number.

Using a spectrophotometer, light absorption data were obtained at a wavelength of 260 nm, where
toluene has a characteristic absorption peak. Measurements for standard solutions of toluene in
hexane have the following values:

Toluene Optical density
concentration, (4)
mol/Il
0.0020 0.159
0.0040 0.291
0.0060 0.423
0.0080 0.555

A sample of synthetic fuel diluted in hexane 100 times showed an absorption of A =0.476
at the same wavelength.

2) Determine the mass fraction of toluene (in %) in the original sample of synthetic
fuel, assuming that the density of the fuel is 0.80 g/ml and the molar mass of toluene is 92 g/mol

Tetraethyl lead (Pb(C2Hs)4) is another fuel additive that increases its octane number. To
determine the tetraethyl lead content, 100 ml of fuel were burned. The ash residue was dissolved
in nitric acid and the volume was brought to 100 ml with distilled water. Acetate buffer solution
(pH = 5.5) and sodium citrate were added to 25 ml of the resulting solution to mask Fe3*, A",
Zn?* and other possible interfering ions. Titration was carried out with 0.01 M Na.H.EDTA
solution with xylenol orange indicator until the color changed from red to yellow. The volume of
the titrant consumed was 12.45 ml.

Pb?* + H.EDTA* — PbEDTA? + 2H*

3) Calculate the mass fraction of tetraethyl lead in the fuel.
4) Why is a buffer solution used for titration of Pb?*? What will happen at pH < 3 or pH > 7?
5) During World War I, synthetic fuels were mainly produced in Germany by two methods,
based on two different chemical reactions. What are these reactions?
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SENIOR LEAGUE
Problem 1

THE HEALING FUNGUS

"If life gives you mold — make penicillin."

The mass production of penicillin during World War Il not only saved
millions of lives but also laid the foundation for the modern pharmaceutical industry. At the same
time, in the USSR, microbiologist Zinaida Ermolyeva independently developed an industrial
method for producing penicillin. The drug she obtained was named Crustozin, after the strain of
mold Penicillium crustosum from which it was derived. In terms of therapeutic efficacy, it was
comparable to its Western counterpart. In 1944, during the Baltic Offensive, Ermolyeva personally
arrived at the 1st Baltic Front, where Crustozin underwent its “combat baptism.” The new
antibiotic proved so effective against infections that, according to estimates, it helped to reduce
mortality from wounds by 80% and the number of limb amputations by 20-30%.

The structure of penicillin remained unknown for a long time, as different fungal strains
produced various types of penicillins, and the obtained samples were of low purity and yield. The
first crystalline form of the sodium salt of benzylpenicillin X, with the empirical formula
C16H17N204SNa, was not successfully obtained until 1943. It was also known that upon
basification of its solution followed by acid hydrolysis, the amino acid penicillamine (2-amino-3-
mercapto-3-methylbutanoic acid) was formed. The structure of this compound was confirmed

through the following synthesis:
o ©/\SH
)K 1. HCI, A
: U /}( OH NaOAc A NaOAc . B NaOMe c 2. NH4OH b

A°2O M=1612 Ac0 MeOH ¢ H,NOsS

Pd/C, Hgl

O o Q :
OAc = CH3COO Ac,0 = AO)K OMe = OCH3 D-penicillamine

Questions:

1. Draw the structural formulas of compounds A—C. Upon acid hydrolysis of compound C
followed by neutralization with an ammonium hydroxide solution, a racemic mixture of two
stereoisomers was obtained. This mixture was separated by recrystallization, resulting in the
isolation of compound D, which was identified as the D-isomer. Provide the structural formulas
of compound D and D-penicillamine, indicating their stereochemistry.

2. During an attempt to recrystallize penicillamine in acetone, a new crystalline compound E
was unexpectedly discovered. Provide the structural formula of compound E (stereochemistry may
be omitted), which is part of the bicyclic structure of benzylpenicillin X.

The synthesis of the sodium salt of benzylpenicillin X was carried out according to the
following scheme:
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1. t-BuONa

0 0 )< ) >L Q 1. NoH,
@E‘éNH CI\)J\O , KOH : OJ]\H D-penicillamine 2. HCl

G » H— » |

C2oH24N206S

5 Et;N
| DCC = QN:C:NO E 1. NaOH 1. HCI Y

2.DCC 2. Py
X —= K = J

e ' C16H17N204SN8

3. Draw the structural formulas of compounds F-K. It is known that compound X contains
three stereocenters, two of which are part of a four-membered ring and have the same relative R-
configuration. Based on this information, construct the structural formula of compound X,
indicating its stereochemistry.

To assess the purity of the obtained compound X, a weighed portion of 0.250 g was dissolved
in 50.0 mL of distilled water. From the resulting solution, a 10.0 mL aliquot was taken and treated
with a sodium hydroxide solution. After 20 minutes, the mixture was acidified with hydrochloric
acid. Once the reaction was complete, a buffer solution and 15.0 mL of 0.020 M iodine solution
were added. The excess iodine that did not react was titrated with 0.020 M sodium thiosulfate
solution in the presence of starch as an indicator. The volume of sodium thiosulfate solution used
for the titration was 24.2 mL.

4. Write the chemical reactions involved in this analysis (stereochemistry may be omitted),
and calculate the purity of the obtained compound X.

Problem 2

THE BULLET IS A MAD THING,
ONLY THE BAYONET KNOWS WHAT IT IS ABOUT

In 2025, Russia celebrates the 80th anniversary of the Victory in the Great Patriotic War,
which ended on May 9, 1945. On this day, the Soviet people defeated Nazi Germany, which
became a key moment in the history of the country and the whole world. An important role in the
victory was played by the Soviet small arms designer G. S. Shpagin, who developed the reliable
PPSh submachine gun in 1940. The PPSh features a rifled barrel (Fig. 1) that imparts rotational
motion to the bullet, essential for stabilizing its flight and improving shooting accuracy. The rifling
consists of groove-like depressions spiraling along the walls of the barrel bore.
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rifling groove depth

Fig. 1. A diagram of the rifled bore.

The submachine gun uses cartridges of caliber a x b mm, where a is the bore diameter
(land-to-land diameter), mm, and b is the case length, mm. Assume in points 1-4 of this problem
that the cartridge consists only of the cartridge case, gunpowder in it, and a bullet that has a core
and a jacket. Assume that the cartridge case has the shape of a cylinder and the bullet has a more
complex shape (cylinder + hemisphere), where c is the length of the cylindrical part, mm, and d is
the radius of the hemisphere, mm. The total length of the cartridge is 35.0 mm, the length of the
bullet is 14.0 mm, and the rifling depth is 0.12 mm. The jacket fits tightly to the core. Take c/d =
2.562, the thickness of the jacket is 1.4 mm, and the thickness of the case is 0.5 mm. The diagram
of the cartridge is shown in Fig. 2.

Jacket

Core

Gunpowder

Cartridge
case

Fig.2. A cartridge of caliber a x b mm in section and its simplified diagram without a primer.

The cartridge case is made of an alloy of metals A and B. The jacket consists of elements
C, D and E. The core is made of elements F and G. Inside the cartridge case is gunpowder, which
mainly consists of polymer substance X (assume that gunpowder consists only of substance X). X
is obtained by the action of excess of a mixture of concentrated sulfuric and nitric acids on cellulose
(Fig. 3).
CH,0H

(0]
OH 0O

OH n
Fig. 3. Simplified structural formula of cellulose.

Chemist Basil became interested in what would happen to a cartridge if he tried to dissolve
it in concentrated nitric acid (do not repeat the experiment at home!). He has a total of 20 such
identical cartridges. With very long exposure of 10 such cartridges in excess concentrated nitric
acid, upon heating, 70.939 liters (at 25 °C, 1 atm) of a mixture of gaseous substances Y and Z in
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a volume ratio of 1087.5 : 1 are released, respectively, a solution containing a mixture of salts of
elements A-D, F, acid H, and also an undissolved residue weighing 5.00 g.

Basil thought that this would not be enough and decided to determine the exact chemical
composition of the cartridge. He realized that the data obtained was not enough for this, after which
he separated all the cases from the other 10 cartridges and dissolved them in concentrated nitric
acid by heating, which resulted in the release of 22.693 liters (at 25 °C, 1 atm) of gas Y and the
formation of a solution of salts of elements A and B. Basil quickly added an excess of sodium
hydroxide solution to the resulting solution and observed the formation of a blue precipitate
containing element A, the mass of which was equal to 34.18 g. If Basil had added a dilute alkali
solution to the solution, he would have first observed the formation of a light blue precipitate,
which would gradually turn blue as the alkali was added.

Basil then removed the cores from 10 bullets and dissolved them in concentrated nitric acid
by heating. 6.110 liters (at 25 °C, 1 atm) of Y gas were released. He added an excess of dilute
sulfuric acid to the resulting solution, after which a white precipitate weighing 33.21 g fell out. It
is also known that element G is associated with the poisoning of Napoleon Bonaparte.

The remains of 10 bullets, namely the jackets, were also dissolved in concentrated nitric
acid upon heating, releasing 42.136 liters (at 25 °C, 1 atm) of a mixture of Y and Z gases. 1000.00
g of potassium fluoride solution with a mass fraction of 9.87% was added to the resulting solution,
after which a beige precipitate weighing 63.90 g fell out. It is also known that the nucleus of an
atom of element C contains 1 more proton than the nucleus of an atom of D.

Table 1. Densities of elements A-G.

A B C D E F G
p, glcm® 8,96 7,14 7,87 7,21 2,26 11,34 5,73

Questions:

1. Determine elements A-G and substances X, Y, Z, H. In calculations use the atomic
masses of the elements with an accuracy of hundredths. Confirm your answer with calculations.

2. Find the mass fractions of elements in the cartridge case, core and jacket.

3. Determine the mass of the cartridge and the parameters a and b, the depth of the bullet
seating in the case.

The bullet flies out of the gun barrel due to the ignition of the powder charge, which creates
high pressure. The specific heat of combustion of X is 4000 kJ/kg.

4. Write the equation of the reaction of ignition of gunpowder. Estimate the maximum
range of the bullet if the efficiency of the submachine gun is 15 %. Neglect air resistance, the force
of friction of the bullet on the barrel bore.

All cartridges for this type of weapon have a primer at the bottom that acts as a device for
igniting the powder charge. The primer contains substances K, L, M. When the hammer or striker
of a submachine gun pricks the primer with a striker (a sharp element of the mechanism that acts
mechanically), this charge explodes and creates a jet of flame that ignites the powder charge.
Substance K is the primary initiating substance, which decomposes when the primer is
mechanically affected and releases enough heat to initiate an exothermic reaction between
substances L and M. K is a salt of a metal with a melting point below room temperature and whose
vapors have a negative effect on the human nervous and respiratory systems. When K decomposes,
a mixture of two colorless gases with equal molar masses is released, which are slightly lighter
than air. Substance M is binary, the mass fraction of the element with a negative oxidation state in
it is 28.32 %, the quantitative ratio of atoms is 2:3. It is known that one of the oxides of element
D is a catalyst for the decomposition reaction of substance L.

5. Determine substances K-M. Write the equations of the reactions that occur in the primer
after mechanical action on it.

What advantages and disadvantages can be identified in such a cartridge?
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Problem 3
TRIMERIZATION OF ACETYLENE TO BENZENE
During the Great Patriotic War, there was an acute problem with obtaining benzene, the

main component for the production of trinitrotoluene, picric acid, and nitrobenzene, which are
used as explosives. N. D. Zelinsky and B. A. Kazansky made a huge contribution to the chemical
industry by developing a process for the catalytic trimerization of acetylene at a temperature of

600 °C over hot activated carbon:
3C,Hyg) = CoHe(g) (Reaction 1)

Currently, other nickel- and cobalt-based catalysts are mainly used.

1) Calculate the standard change in enthalpy (AH?),), entropy (AS°), and Gibbs energy (AG®) of
reaction (1) at 600 °C, taking into account reference data.

2) Calculate the equilibrium constant (K,,) of reaction (1) at 600 °C.

3) Explain why, despite the thermodynamic advantage (AG® < 0), a catalyst is necessary for the
reaction to proceed.

It has been experimentally established that on a fresh catalyst, reaction (1) in excess
acetylene obeys the first-order kinetic equation for acetylene. The rate constant at 600 °C is k; =
0,05s7 1,

4) Write down the kinetic equation for the rate of benzene formation (rg, mol/(m?-s)).
5) Calculate the initial rate of benzene formation (rg,) under the given conditions (P,=2.0 atm,
T=600 °C, V=2.0 m?).
6) Calculate the time (t,,,) during which the acetylene concentration will decrease to half of the
initial value.

Under real conditions, side reactions occur in parallel with the main acetylene trimerization
reaction, resulting in the formation of by-products.

2C;Hy () = C4Hy(g (Reaction 2)

7) Calculate the equilibrium constant (K;,) of reaction (2) at 600 °C, if the partial pressures of
acetylene and vinylacetylene are 100 kPa and 325 Pa, respectively.
8) Explain why the formation of benzene is preferable to the formation of vinylacetylene.
9) Calculate the ratio of the initial rates of formation of benzene (rg) and vinylacetylene (ry), k, =
0,002 s7 1.
10) Determine the selectivity for benzene for the catalytic process.
11) How will the selectivity change if the initial acetylene pressure is increased from 2.0 to 10.0
atm?

Reference data:

- standard enthalpies of formation ArH395(C,Hy(g)) = 226.7 kJ/mol, ArH34s(CsHe(gy) =
82.9 kJ /mol,

- standard entropies S9og(C;H,(g)) = 200.9]/(mol - K), S0g(CsHe(gy) = 269.3 ]/(mol - K),

- dependence of heat capacity on temperature: C,(C,Hz(g)) = 42,43 + 0,0152T, C,(CHgg)) =
—37,78 + 0,4430T,
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- integral form of Kirchhoff's equation:
AH, = AH%og + [,2 AC,dT,
- temperature dependence of entropy:

T, AC
AS’(I)"Z = AS(2)98 + ZSSTpdT,

- selectivity equation:

_ _Ix

S
X rptry

where r,, ry are the rates of formation of substances x and y, respectively.

Problem 4

9

THE BATTLE OF OILS: CHEMICAL WARFARE BETWEEN ENGINES "

1943. Design bureaus of Soviet and German engineers are fighting not only on the front
lines, but also in laboratories. The power of engines, the service life of motors, and the outcome
of air battles all depend on the quality of aviation oils. Thus, researchers from different countries
began to actively develop oils that could operate in the extremely cold and hot conditions in which
aviation operated.

Until the 1930s, castor oil was used as a lubricant in many industries in Soviet Russia. It
lubricated well and had a good operating temperature range, but its service life was only 500
Kilometers.

Formula 1. The main component of castor oil

Around the same time, people learned how to extract mineral oil from petroleum, which is
mainly a mixture of aromatic, cyclic hydrocarbons, and paraffins. It is more stable, but has a
smaller temperature range and still forms carbon deposits, albeit in smaller quantities. However,
when mixed with kerosene, this oil can be used at temperatures as low as -35°C.

The researchers then decided to create the oil from scratch and proposed oligomer X, one of
the possible synthesis chains of which is shown below:

0,, Ag, 300 °C
A—» C
3 MPa
Straioh 950 °C R-OH, NaOH
traight-run ;
gasoline A+B X
0.3 MPa
0,, Ag, 300 °C
B——>» D
3 MPa

The oil obtained can be used at temperatures as low as -50°C. The German Air Force
attempted to use it during the harsh winter in the USSR, but they encountered a critical problem
involving changes in the oil's composition, while the X molecules remained unchanged. At the
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same time, the Soviet Air Force successfully used mineral oil, even though it was not as frost-
resistant as X.
Progress did not stop, and there was a need for oils for jet engines:

AIR; AICI,
A —» E —» Y
130 °C, 19 MPa 95 °C

Y oil is an oligomer and operates at temperatures ranging from -60°C to +250°C. It can
also be used on average four times longer than mineral oils.

In today's world, the environmental friendliness of oil is becoming an important
characteristic, which is why modern researchers propose making Z oil from bio-raw materials
according to the following scheme:

H,/NiRe (Cp*IrCly),, t-BuOK  Co?"/0,

CH3(CH2)5/\COOH —» F ——» G—>»H

150 °C, 10 MPa 120 °C 120 °C

O
| CH,0 CH,0

—» | —3J
Ca(OH),

NaHSO,
J+H — w7
24 hr, 120 °C
-H,0
Caprylic acid is obtained from palm and coconut oils. The resulting Z oil has even better

characteristics than Y-type oils, while also being biodegradable. However, this synthesis has not
been widely used due to the high cost of production and is used in fairly narrow areas where quality
is more important than economics. But soon, Z-type oils may get a new boost, as a Russian
company has learned to produce H from polymer waste with a yield of 40% of the mass of the
original plastic.

Questions:
1. Explain the main reason for the short shelf life of castor oil.
2. Why does mineral oil freeze at a relatively high temperature of -35°C and deteriorate at
temperatures above 150°C?
3. Decipher the synthesis chain of oil X. Note that A is the most produced organic compound

in the world, and B ranks third on the list of the most produced organic compounds. The exact
formula of X is not required, as it is a randomly constructed oligomer.

4. Explain what problem German engineers might have encountered when using oil X in cold
weather.

5. Decipher the chain of obtaining oil Y. Note that E is only one of the linear substances in
the mixture resulting from the reaction, and it contains 10 carbon atoms. The exact formula of Y
IS not required, as it is an oligomer.

6. Explain the reason for the wide operating temperature range of oil Y.

7. Decipher the chain of obtaining oil Z. Note that J contains 4 alcohol groups and 5 carbon
atoms. Z does not contain any alcohol groups. G has twice as many carbon atoms as F, as well as
one alcohol group.

8. Why are Z-type oils more heat-resistant than Y-type oils? Why do Z-type oils adhere to
metal parts more than Y-type oils? Why can Z oil be biodegradable?

54



9. A good chemist must not only know chemistry, but also understand what the market needs
and what developments can be implemented. Imagine that you work at the Ministry of Industry
and are tasked with increasing the country's production of lubricants by 1,000 tons per year. Which
oil would you invest in first? Justify your choice economically by making a 5-year forecast.

Castor oil Mineral oil X Y Y4 Z from
polymers
Plant construction 4.5 7 13 25 21 30
costs, million $
Production and 2000 500 6000 5000 | 12 000 3000
sales cost of oil,
$/ton
Market value of 5000 5000 12 000 | 12000 | 20000 20 000
oil, $/ton

Assume a discount rate of 20%. This rate reflects the value of money in the future, which
loses purchasing power over time due to inflation. Keep in mind that the plant takes a year to build
and can't make a profit during that time. Assume that the tax rate is 20% of profits. Oil prices and
production costs don't change. All products made are sold.

n

a+n
NPV — net present value, reflecting profit taking into account inflation and other factors, i —
discount rate, P, — net profit for the year, IC — capital invested at the initial investment stage.

Py .
NPV = Z —IC, i=12..N
1

Problem 5. THOUGHT EXPERIMENT

The most effective method of allergy treatment today is Allergen immunotherapy (AIT). The
method is based on the introduction of increasing doses of the allergen into the human body during
the absence of contact with allergens. This leads to a decrease in sensitivity to the allergen. Due to
this, it is possible to significantly relieve or completely cure such symptoms of allergies as rhinitis,
conjunctivitis and bronchial asthma.

An allergen is an antigen that causes an allergic reaction. An antigen is any molecule which starts
the production of antibodies in an organism. Antibodies are located on the surface of mast cells,
which trigger allergic reactions when the antibody binds to the antigen.

AIT reduces the amount of immunoglobulin E produced in the body upon contact with the allergen.
The immunoglobulin E (IgE) is produced in the body primarily as a result of an allergic reaction
and in the fight against parasitic infections.

One of the most popular methods for determining IgE is the enzyme-linked immunosorbent assay
(ELISA). Its advantages: high sensitivity and specificity, the possibility of quantitative analysis,
the comparative cheapness of equipment and reagents. The principle of operation of the classical
(heterophase) ELISA:

1. Add the test solution to the well plate. The studied antibodies (immunoglobulins) are adsorbed
on the surface of the tablet;

2. Wash the plate;

3. Add the antigen solution;
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4. Wash the plate;

5. Add the solution of enzyme-modified antibodies;

6. Wash the plate;

7. Add the colorless chromogen with hydrogen peroxide;

8. Stop the chromogenic reaction and measure the optical density.

Schematic diagram to illustrate the principle of ELISA:

Chromogen

) 2
YY

5. Decode the components on the ELISA diagram (1-4). The components are: antigen,
test antibody (IgE), enzyme-modified antibody, enzyme.

The coloring is carried out by the enzyme catalysis of the chromogen oxidation reaction with
hydrogen peroxide. Horseradish peroxidase is usually used as an enzyme, which catalyzes the
oxidation of 3,3°,5,5’-tetramethylbenzidine (TMB). The oxidation product forms a complex with
TMB, as a result of which the solution turns a blue (reaction 1). After adding the chromogen,
incubation should be carried out in a place protected from light for 25 minutes at 298 K. Next,
add the stop-solution (sulfuric acid solution) and the solution turns yellow (reaction 2).

6. Draw TMB structure and write the reaction equations.

Before the study, it is necessary to find the calibration function based on solutions of the antigen
with known concentrations.

lo/I 1,259 3,311 6,531 7,943
C [IU/mL] 15,0 60,0 90,0 100
where C — concentration of the antibody.

7. Find the patient's IgE concentration [IU/mL] if the following results were obtained.
Consider that the results with a deviation from the average of no more than S (S is the
standard deviation) are reliable.

[ 1o/l | 4,16 | 4,20 | 4,25 | 4,15 | 4,18 \

8. How can the detection limit be increased at low and high values of 1o/l without changing
the concentrations of the reagents?
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Supporting information:
4. The least squares method:

y=ax+b

_ nY Xy — XX * LY
C nXaf - Cx)?

_Xyi—ax)x
n

b

where n — number of measurements.
5. The Booger-Lambert-Beer Law:
Iy
D=¢gxC =], D=lg7
rae D — optical density.

6. Standard deviation:

2 —X%)

S =
n—1

where n — number of measurements, x — average.
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JUNIOR LEAGUE. SOLUTIONS
Problem 1. Chemical trail

1. X-P
Y -ClI
Y2-Cl
A —PCls
B - PCls
C — HSOsCl
D - POCI3
E - HCI
F-—HF
G - POF3
H-S0;
I - NOCI
Reaction equations:

1. P4+ 6Cl,—> 4PCls
2. PCl3 + Cl, > PCls

3. PCls + H2S04 —» HSO5Cl + POCI; + HCI
4. POCl3 + 3HF - POFs! + 3HCIT

5. 2HSOsCl 15501 + CloT + H2S04

6. HSO5Cl + HNO3—> NOCl + HoSO4

The gas Y2, is yellow green, has a suffocating effect, and has long been known as a poisonous
substance, though it lost significance due to the development of protective equipment — clearly,
this refers to chlorine (Cl,). Therefore, element Y is chlorine (CI).

The simple substance, used in incendiary ammunition and chemically active, is most likely
white phosphorus (Ps). Thus, element X is phosphorus (P).

The binary compounds A and B then have the formulas: PClx u PCly. Since phosphorus
typically exhibits oxidation states of +3 and +5, we can initially assume that x =3 and y = 5.

Knowing the masses from the problem statement, we calculate the amounts of substances A

and B using the equation:
13.73 20.82

30.97 + 35.45x _ 30.97 + 35.45y
Solving the equation gives y = 1.52x + 0.45
Using integer values of x:
x =1: y = 1,97 (phosphorus does not exhibit +2 oxidation state),
x = 2: y = 3,49 (not an integer),
x=3:y=5

Therefore, A— PCl3, B— PCls.
Considering the mass fractions provided for substances C and D:
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C contains no phosphorus; D contains no sulfur. Both must contain additional elements since
the total mass fractions less than 100%.
Suppose that compound D contains one phosphorus atom. Then, assuming equimolar
amounts of C and D, determine the molar mass of D:
20.82¢ 1533 g
208.2g/mol  M(D)
According to the mass percentage data, D contains:153.3-0.2020 =
30.97 g/mol (one P atom),
153.3-0.6936 = 106,32 g/mol (3 Cl atoms),
153.3- (1 —0.2020 — 0.6936) = 16 g/mol (1 O atom).
Thus, the formula of D is POCls.
From the given density relative to air (1.26), the molecular weight of compound E is
calculated as follows:

= M(D) = 153.3 g/mol

M(E) = 29 g/mol X 1.26 = 36.54 g/mol

Thus E is HCI.
Now, calculate the molar mass of C, assuming it contains one Cl atom:
35.45 g/mol

From mass fractions:
116.54 - 0.2752 = 32.07 g/mol (1 S atom)
116.54 - (1 — 0.3042 — 0.2752) = 49.02 g/mol (H and 3 O atoms)
So, the formula of C is HSOsCI.
Acid F, which can etch glass, is HF. When it reacts with D (POCIs), the resulting gas G must
contain phosphorus, oxygen, and fluorine. Given the mass of D = 15.33 g, calculate moles of

POClIa:
15.33

H(G) = @ = 01 mol
Then molar mass of G:
MG) = —>*2 _ 104 gimol
" 0.1mol g/mo

Thus, G is POFa.

During decomposition of HSOsCl, the only possible gas H causing limewater to turn cloudy
is SO2 Hydrogen is present in the reactants, but not in the gaseous products — suggesting sulfuric
acid is among the liquid products.

From the mass of C = 11.65 g, find moles of I:

11.65¢
"0 = 1553 gmor - 017!
Then:
8.15¢g
M) = 0imol — 81.5 g/mol

It must contain nitrogen and chlorine. The 32 g/mol residue corresponds to 2 oxygen atoms. Thus,
I is NOCI

2. Reaction equations:
POF3 + 3H20 — H3PO4 + 3HFT
HSOsCl + H,0 — HzS04 + HCIT
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3. In  compound D (POCI3), phosphorus is bonded to chlorine atoms, while in
compound G (POF3), it is bonded to fluorine atoms. Longer bonds are generally weaker, as the
overlap between atomic orbitals is poorer than in shorter bonds. Moreover, chlorine has lower
electronegativity than fluorine, making the P—CI bonds less polar and therefore less stable in
aqueous media. Fluorine, on the other hand, forms shorter and stronger bonds with phosphorus
due to its high electronegativity and smaller atomic radius, which also allows it to better shield the
phosphorus atom from nucleophilic attack by water molecules. Thus, the D molecule is more
susceptible to hydrolysis because the P—CI bonds are weaker, and water molecules can more easily
approach the phosphorus atom. In contrast, the G molecule, with its more compact and stronger P—
F bonds, is significantly more resistant to hydrolysis.

&

Structural formula of D - POCI; Structural formula G - POF’3

Evaluation system:

Ne question Evaluation system Evaluation
Correct identification of substances A-I and elements X, Y 0.5
1 by 0.5 points
Correctly written balanced equations for reactions 1-6 by 1 6
point
2 Correct equations of reactions of C and G with water by 1.5 3
points
Structural formulas of D and G — 2 points. Correct 2.5
conclusion that compound D is less stable to hydrolysis — 0.5
3 point
Justification of hydrolytic stability based on atomic radii, 3
shielding, bond length — 3 points.
TOTAL: 20 points
Problem 2. Global warming
1. 1)C+02=CO0O
2) CH4 + 202 = CO2 + 2H20
3) 2CgH1g + 2502 = 16CO; + 18H20
2. Calculation of CO2 mass:
1) n(c0y) = n(c) = ™) 1000 _ 43 53 ot
) n(COz) =n( )_M(C)_ 17— o mol;

m(C0,) =n(C0O,) * M(CO,) = 83.33 mol * 44% = 3666.5 g = 3.67 kg
m(CH,) 1000

= = 62.
M(CH,) 16 62.5 mol

2)n(C0,) =n(CH,) =
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m(CO0,) = 62.5 mol * 44L = 27509 = 2.75kg

mol
3)n(C0,) = 8% n(Cylyg) = 8+ iCel18) _ g 1000 0 o ol
=8 = 8 % =8 % = 70.
) (L0, Mitets M(CgHyg) 114 mo
m(C0,) = 70.18 mol * 44% — 3087.9 g = 3.09 kg

3. Thermochemical equation of complete combustion of methane:
CHa(g) + 202(g) = CO2(g) + 2H20qig); ArH® = -1335.46 kJ
Calculation of enthalpy of change:
ArH® = AH°(CO2(g)) + 2AH°(H20iq)) — AtHP(CHa(g)) - 2 AH®(O2(g)) =
-393.50 + 2(-285.83) — (-74.85) — 2*0 = -890.31 kJ/mol
Calculation of reacted methane amount:
—1335.46
n(CH4) = m = 1.5 mol
Amount of formed CO; and reacted O.:
n(CO,) = 1.5 mol
n(0;) = 3mol
Calculation of total amount of gases in formed gas mixture:
PV 13.44 % 10
Mgases = o7 = 0,082+ 208 > !
Let us set up a system of equations. Suppose that before the reaction there were x moles of CO> and
y moles of Oa.
1) Let us express density relative to air using molar fractions y:
d= X(CHy) * M(CH,) + x(COy) * M(CO3) + x(03) * M(0,) _
M (air)
_ n(CH,) * M(CH,) +n(C0y) * M(CO,) + n(0y) * M(0,)
- (n(CH,) + n(C0O,) + n(0,)) * M(air)
_ 1.5% 16+ 44x +32y 1152
- (A5+x+y)29 7
24 + 44x + 32y = 50.112 + 33.408x + 33.408y
10.592x — 1.408y = 26.112
2) Total amount of gases in a formed gas mixture:
(x+15)+(y—-3)=55
x+y=7

The solution is x=3 and y=4.

Thus, before the reaction there were 1.5 mol of CH4, 3 mol of CO., and 4 mol of O,. After the
reaction, the gas mixture consists of 4.5 mol of CO2 and 1 mol of O.. Composition of the gas
mixture before the reaction:

w(CH,) - m(CH,) +100%
4/before = (gas mix before)
n(CH,) * M(CH,)

_ +100%
n(CH,) * M(CH,) + n(COZ)before * M(COyp) + n(oz)before * M(0,)
15+ 16 100% = —=- + 100% = 8.45%
= * = * = O.
1.5*(ég33*44+4*32 ° 7 284 0 0
m 2/)before
co = 1009
@(€02)vesore m(gas mix before) i %
n(Co * M(CO
_ ( Z)before ( 2) «100%

- n(CH,) » M(CH,) + n(COZ)before * M(COy) + n(oz)before * M(0,)
3 %44

132
- 100% = S— * 100% = 46.489
15+16 73445432 100% =557+ 100% = 46.48%

w(02)pefore = 100 — 8.45 — 46.48 = 45.07%
Composition of the gas mixture after the reaction:
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10.

11.

m(C.OZ)after «100%
m(gas mixture after)
_ n(COZ)after * M(COZ)
n(COZ)after * M(COZ) + n(oz)after * M(OZ)
4.5 % 44 100% 198
= * =
45 %44 + 1% 32 7 230
w(03)gfter = 100 —86.09 = 13.91%
GWP before the reaction in mass equivalents of CO:
28 *m(CH,) + 1 *m(CO2)pefore = 28 x 1.5 16 + 1 x 3 x 44 = 804 g CO, eq.
GWP after the reaction in mass equivalents of CO:
1+m(CO2)qfrer = 1% 5.5+ 44 = 242 g CO, eq.

Thus, GWP was decreased by % = 3.32 times

1) Cg+2F(g)+2Cl(g=CF2Cla()
ArH®= AfH°(CF2Clg)- AH°(C(g))-2AH(F(g))-2A:H°(Cl(g))=-2E(C-F)-2E(C-ClI)
AH(CF2Clag))=-2E(C-F)-2E(C-Cl)+ AH(C(g))+2AH°(F(g)) +2AtH°(Cl(g))=
=—2%484—-2%338+4+717+2%+79+2 %121 = =527 kJ /mol
2) C(g+4F(q=CFa()
ArH®= AfH°(CF4(g))- AH(C(g))-4AtH°(F(g))=-4E(C-F)
AH®(CF4(g)=-4E(C-F)+ AH°(C(g)+4AH"(Fg)=
=—4 %484+ 717+ 479 = =903 kJ /mol
3) 2C(g)+3F()+3Cl(g=C2F3Clsg)
ArH®= AH(C2F3Cl3(g)- 2AH®(C(g))-3AH(F(g))-3AH°(Cl(g))=-E(C-C)-3E(C-F)-3E(C-CI)
AH(C2F3Cl3(g))=-E(C-C)-3E(C-F)-3E(C-Cl)+ 2AH°(C(g)) +3AH°(F(g)) +3AH°(Cl(g))=
=—348 -3%484 —3%338+2*717+3 %79+ 3121 = —-780 kJ/mol
4) 2C(gy+H(g)+3F(g)+2Cl(g=CoHFsCla()
ArH°= AfH(CoHF3Clog))- 2AHO(C(g))-AtH® (H(g))-3AH(F(g))-2AH(Cl(g))=-E(C-C)-E(C-H)-
3E(C-F)-2E(C-CI)
AH(C2HF3Clyg))=-E(C-C)- E(C-H)-3E(C-F)-2E(C-CI)+2AH°(C(g))+
AH®(H(g))+3ArH°(F (g))+2A:H°(Cl ()=
=—348—-412—-3%484 —2%3384+ 2717+ 2184+ 3 %79+ 2 * 121 = =757 k] /mol
Molecular weight of X: 3.466*29 g/mol = 100.5 g/mol
The value of the molecular weight indicates the presence of an odd number of chlorine atoms.
Since the molar mass of a molecule containing more than three chlorine atoms would exceed
100.5, X contains only one chlorine atom. Then the formula of the alkane can be expressed as
CxHyFCl, and by selecting the number of carbon atoms, a system of equations can be set up:
4) if x=1, y+z+1=4 and 100.5 = 12+y+19z+35.5
5) if x=2, y+z+1=6 and 100.5 = 24+y+19z+35.5
6) if x=3, y+z+1=8 and 100.5 = 36+y+19z+35.5
From here, an integer solution can be obtained in the case of the second system of equations,
yielding y = 3 and z = 2, which corresponds to the formula C>HsF2Cl. Let us confirm the
formula of X by calculating the enthalpy of formation:
2C(g)+3Hg)*+2F()*+Cl(g=C2H3F2Clq)
ArH®= AfH°(C2H3F2Cl(g))- 2AH°(C(g))-3AH°(H(g))-2AH°(F(g))-AH°(Clg))=-E(C-C)-3E(C-H)-
2E(C-F)-E(C-CI)
AH°(C2H3F2Cl(g))= -E(C-C)-3E(C-H)-2E(C-F)-E(C-CI)+2AH°(C(g))+
3AH(H(g)+2AH(Fg) +AH(Clg)=

kj

=—348—3*412—2*484—338+2*717+3*218+2*79+121=—523E

w(COZ)after =

* 100%

* 100% = 86.09%

a = number of C atoms —1
b = number of H atoms +1
¢ = number of F atoms
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Evaluation system:

Ne Elements of the solution Points
question
1 Correct chemical reactions each 0.5 points 1.5
2 Correct calculation of mass each 1 point 3
3 Correct calculation of reacted methane amount 1 point 4
Correct calculation of gases amount in mixture 1 point
Correct calculation of gas mixture composition (in mass fractions) before
and after the reaction each 1 point
-correct calculation of amount of substances in gas mixture before and
after the reaction each 0.5 points
4 Correct calculation of GWP change 1 point 1
5 Correct calculation of enthalpy of formation calculation each 1.5 points 6
-correct expression for calculation of enthalpy of formation is evaluated
with 0.5 points
6 Correct calculation of molecular weight of X 0.5 points 3
Correct chemical formula of X 1 points
-deriving the formula without mathematical justification is evaluated with
0.5 points
Correct calculation of enthalpy of formation of X 1.5 points
-correct expression for calculation of enthalpy of formation is evaluated
with 0.5 points
7 Correct rules for a, b and c each 0.5 points 1.5
TOTAL: 20

Problem 3. Imitate nature

1.

2.

3.

d

4.

SN + 4HNOs onyy = HS103 + 4NO, + H,0
H,[SnClg] + 2H,S — SnS, + 2NH,Cl + 4HCI
Let’s calculate E° (Ge** /Ge) and E° (Ge?* /Ge) based on data provided on the Frost

lagram:

Metals L — Cs, M — Ge, N — Sn.

2Cs + 2H,0 - 2CsOH + H,

Cs + 0, » Cs0,
Ge + 0, — GeO,
GeO, + 2NaOH (kxou1. ) + 2H,0 — Na,[Ge(OH)q
25n + 0, — 25n0

Sn+ 2HCl(pas6.) = SnCl, + H,

0.496
E° (Ge**/Ge) = — —= 0124V

0.494
E° (Ge?* /Ge) = —— = 0.247V
Using the standard electrode potentials E° (Sn**/ Sn?*) and E° (Sn?*/Sn) , we can calculate
E° (Sn**/Sn):
E° (Sn**/Sn) = [2 % 0.15 + 2 * (—0.14)]/4 = 0.005 V

(Reaction 1)
(Reaction 2)
(Reaction 3)
(Reaction 4)
(Reaction 5)
(Reaction 6)
(Reaction 7)

(Reaction 8)

Oxidation state

0

+2

+4

nge, v

0

-0.28

0,02
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0 1 2 3 4
Oxidation state
Figure 2. Frost diagram for N at pH=0
5. The minimum of the curve corresponds to the oxidation state of +2.
6. Calculating the tolerance factor for the structures:
£(CsGely) 0.167 + 0.216 0.383 1.003
S e — p—vl — .
3T V2% (0.054 +0.216) Z-0.27
£(CsSnl,) 0.167 + 0.216 0.383 0.944
S n — p—vl — .
T V2% (0.071+0.216) Z-0.287
7. Replacing a portion of the Sn ions with Ge will result in a slight increase in the tolerance

factor compared to CsSnls, but it will remain within the range where the structure is considered
stable.

((CsGen sSmg 51) 0.167 +0.216 0383 .
e n n = = = V.
067704730 2 % (0.216 + 0.4 X 0.054 + 0.6 X 0.071) /2 - 0.2802

8. Examples of biomimetic materials:

e Superhydrophobic surfaces that mimic the microstructure of lotus leaves.
e Adhesive materials that replicate the structure of gecko feet.
e Aerodynamic bodies designed based on the head shape of birds.

Evaluation system:
Ne Evaluation system Points
For each correctly identified metals L, M, N — 1 point
For each correctly written reactions — 1 points
Correctly determining two standard electrode potential
Correctly plotting the Frost diagram for metal N
Correct answer — 0.5 points
For each correctly calculated tolerance factor — 0.5
Correct answer with calculation of tolerance factor
Listing relevant example of biomimetic materials 0,5
TOTAL: | 20

(3

NP IO|WIN|0o(W

OINO OB WIN|F-
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Problem 4. Military metal

1. The main hydroxy compound of aluminum is Al(OH)s, molecular weight is 78 g/mol. The
aluminum content in the hydroxide is 27/78=0.346. Then the aluminum content in another hydroxy
compound is 0.346 1.3=0.45. Such a compound can only be AIO(OH) or AIOOH — aluminum
metahydroxide. Check: 27/60=0.45. There can be no other anhydrous aluminum hydroxy
compounds. This means that diaspore and boehmite have the formula AIOOH, and gibbsite has
the formula Al(OH)s.

2. Structural formulas:
OH

Ho——-AI/\ HO-AI=0

OH

If we write AI(OH)3 as an acid, the formula will be H3AIO3 (orthoaluminum acid), AIOOH —
HAIO; (meta-aluminum acid). A larger number of hydrogen atoms causes higher acid activity.
3. Let's calculate for 100 g of ore.
Aluminum: in boehmite diaspore m(Al)=0.45 100=45 g, taking into account the content in the
ore: 45 62.4/100= 28.08 g;
in chamoisite: M(chamoisite)=696 g/mol, ®(Al)=6 27/696=0.232, in the ore
10.4*0.23=2.413 g;
in kaolinite: M(kaolinite)=258 g/mol, w(Al)=2 27/258=0.209,
in the ore 0.8 0.209=0.167 g;
total aluminum in ore 28.08+2.413+0.167=30.66 g.
Iron: in hematite w(Fe)= 56-2/160=0.7, B pyzae 0.7-20.7=14.49 g;
in chamoisite: w(Fe)= 56-3/696=0.241, in the ore 0.24-10.4=2.506 g;
total iron in ore 14.49+2.5=16,996 g.
Silicon: in chamoisite o(Si)= 28-2/696=0.08, in the ore 0.08-10.4=0.832 g;
in kaolinite: o( Si)=28-2/258=0.217, in the ore 0.8-0.217=0.173 g;
total silicon in ore 0.832+0.173=1.005 g.
Since the calculation was made per 100 g, the elemental content in the ore: w(Al)=30.66%,
®(Fe)=16.996%, »(Si)=1.005%

4. At stages 2, 4, 6.
Stage 2 (leaching):
AIOOH+NaOH—NaAlO2+H>0 nnmu Al(OH)3+NaOH—NaAlO2+2H.0
Al,0O3 + 2NaOH — 2NaAlO; + H>0
Si0O2+2NaOH—Na,SiO3+H20
The remaining minerals do not interact with alkali and form the basis of aluminum production
waste — red mud.
Stage 4 (decomposition)
NaAlO+2H,0— Al(OH)sd+NaOH
Stage 6 (calcification)

2 AI(OH)3 5 AlLOs + 3H,0
Or, more precisely, the process of structural transformations is as follows:
Al(OH)z — AIOOH — y-Al203 — a-Al203
200 °C — 950 °C —1200 °C,

where the y-Al203 modification is a thermodynamically stable form, most common in nature in
the form of minerals corundum, ruby and sapphire. Gamma modification (y-Al:Os) is formed by
heating boehmite, is less stable, but has a very high specific surface area, therefore it is widely
used as an adsorbent and catalyst.
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5. The amount of alumina AI203 can be calculated from the content of aluminum in bauxite:
from one ton the maximum that can be obtained is 1000 x 0.95 x 30.66/200 = 145.64 kg.

6. The red color of the sludge is due to iron (I11) oxide, which makes up to 60% of the sludge mass.
Red mud is dangerous due to its high alkali content (pH 10-13), which leads to water, soil and air
pollution, as well as the presence of heavy metals and radioactive elements.

Evaluation system:

QueNs;lon Elements of the solution Points
1 The correct definition of the diaspora and boehmita formula 0.5 points
' The correct definition of the gibbsite formula 0.5 points
Structural formulas 2x0.5 points 1 point
2. Justification of acidity 1 point
Name of acids 2x0.5 points 1 point
3 Correct definition of content Al, Fe, Si — 3x2 6 points
4 Reaction equations 5x1 5 points
5 Calculation of alumina mass 1 point
6 Sludge color 0.5 points
Toxicity of red mud 0.5 points
Total: 17 points

Problem 5. Thought experiment

1) Any method that allows the original oxides to be separated unambiguously is accepted.
The essence of the proposed method is the separation of the precipitate and the solution by
filtration.

. i Composition of phases after
Ne The object Reagent Observatio separation
under study ns Precipitate Solution
1 | Ash residue HCI Dissolution | SiO2 Solution 1:
of  oxides Fe3*, Sn?*, Pb?*, Zn?*
except fot
silicon
dioxide
2 | Solution 1 H2S04 White PbSO4 Solution 2:
precipitate Zn?* Fe* Sn?*
3 | Solution 2 excess NaOH Brown Fe(OH)s Solution 3:
precipitate [Sn(OH)4]?,
[Zn(OH)4]*
4 | Solution 3 1) HCI White Sn(OH)2 [Zn(NHz3)4]Cl2
2)  excess precipitate
NHs-H20

1. Fe203 + 6HCI = 2FeClz + 3H.0
SnO + 2HCI = SnCl2+ H20

PbO + 2HCI = PbCl> + H.O

ZnO + 2HCI = ZnCl2 + H20

2. PbClz + H2SO4 = PbSO4| + 2HCI

3. FeClz + 3NaOH = Fe(OH)3| + 3NaCl

ZnCl; + 4NaOH = Naz[Zn(OH)4] + 2NaCl
SnCl, + 4NaOH = Naz[Sn(OH)4] + 2NaCl
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4. Naz[Zn(OH)4] + 4HCI = ZnCl, + 2NaCl + 4H,0
Naz[Sn(OH)4] + 4HCI = SnCl; + 2NaCl + 4H,0

ZnClz + 4NHz-H20 = [Zn(NH3)4]Cl2 + 4H,0
SnClz + 2NHs-H20 = Sn(OH)2| + 2NH4CI
2) The required concentration of toluene can be found by drawing a calibration graph or by
calculating the equation of a straight line.
The equation of the line looks like y = kx + b, or in our case A = kC + b, where C — concentration
in mol/l. The slope of the line can be found using the least squares method, but you can see that
each subsequent optical density of the standard solution differs from the previous one by 0.132.
This means:
0,132
k = = 66

0,002

A=kC+b — 0,159=66 x0.002 +Db
b =0.027
Hence, with A = 0.476
0.476 =66 x C + 0.027
C =0.0068 mol/l
Knowing this, we next need to calculate the mass fraction of toluene in the fuel:
C(original) =0.0068 x 100 = 0.68 mol/I
M(toluene) = 0.68 x 92 = 62.56 g
M¢tuely = 1000 % 0.80 = 800 g
62.56

— X — . 0,
300 100 7.82 %

w =

3) Calculation of the amount of Pb?*:

n(EDTA) = 0.010 x 0.01245 = 1.245 x 10~ mol = n(Pb?*)
Mass of Pb(C2Hs)4 in ash residue:

M(Pb(C2Hs)a4) = 323 g/mol

_ 1.245 x 10~* x 323 x 100

m Se = 0.161g
Mass fraction of tetraethyl lead in fuel:
Mtuel) = 100 x 0.8 =80 g

_ 0161
80

W X 100% = 0.2%

4) A buffer solution with pH ~ 5 is optimal for the formation of the Pb-EDTA complex; at pH <
3, the complex is unstable. This is due to the fact that at low pH, EDTA is protonated, i.e., it
attaches H+. At pH > 7, Pb(OH). precipitates what prevents accurate determination.
5) During World War 11, synthetic fuel was produced in Germany mainly by two methods:
1. Bergius process (hydrogenation of coal)
Chemical reaction:

nC+ (n+1)H, = C,Hypyo

nC +nH, — C,Hy,

nC+ n—-1)H, - C,Hy,_»
2. Fischer-Tropsch process (synthesis from synthesis gas)
Chemical reaction:

nCoO + 2n+ 1)H, - C,Hypyp + nH,0
nCo + 2nH, - C,H,, + nH,0
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Evaluation system:

No Solution Elements Points
1 Separation of oxides 10 Points
2 points for each oxide
If there are no supporting reaction equations, then no points are
awarded.
0.5 points are deducted for each error in the reaction equations
and stoichiometric coefficients.
2 Correctly determined mass fraction of toluene in the original | 4 Points
sample of synthetic fuel
3 Correctly calculated mass fraction of tetraethyl lead in fuel 3 Points
4 Correct explanation of what happens at pH < 3 and pH > 7 1 | 2 Points
point each
5 Correctly written processes of fuel synthesis 1 Point
For each process 0.5 points
TOTAL 20 Points
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SENIOR LEAGUE. SOLUTIONS

Problem 1. The healing fungus

1. During the formation of compound A, its molecular weight is observed to decrease by 18
a.m.u. compared to the starting material (hippuric acid). This corresponds to the elimination of a
water molecule during the reaction and indicates the formation of an oxazolone ring (Erlenmeyer—
Plochl reaction). In the next step, an aldol condensation with acetone occurs, leading to the
formation of compound B. This transformation is further supported by the molecular formula of
compound C, which contains 19 carbon atoms, consistent with an increase in the number of carbon
atoms in the structure. Benzyl mercaptan adds to compound B via a Michael addition,
accompanied by the opening of the oxazolone ring. Subsequent acidic hydrolysis of the amide C,
followed by neutralization and benzyl deprotection by Pd-catalyzed hydrogenation, leads to D-
penicillamine:

0]

0]
0 NaOAc, Ac,0 Jg A J€\<
OH —
N S
©)LH/I( ©/L NaOAc, Ac,0 ©/LN

Hippuric acid A B

M =161.2
SH
MeOH

NaOMe

1. HCIL, A

COOH
HaN H Pd/C,H,  HoN H 2. NH4OH
: : s j )L

SH
HOOC HOOC

D-penicillamine D

2. Penicillamine reacts with acetone to form 2,2,5,5-tetramethy|-4-thiazolidinecarboxylic

acid:
w£ L X

SH N SH R S
HOOC < HOOC < HOOC

-H20 Schiff base E

3. Phthalimide is used as the starting material—a classical compound widely employed in the
synthesis of primary amines via the Gabriel method. Compound F is formed through the
condensation of phthalimide with tert-butyl chloroacetate, while compound G is obtained by
condensation with the tert-butyl formate. Based on the molecular formula of compound H, it can
be inferred that another condensation reaction has occurred, resulting in the formation of a
thiazolidine ring. In the next step, the N-alkylphthalimide is cleaved using hydrazine to yield the
salt of a primary amine I, which subsequently undergoes N-alkylation with phenylacetyl chloride.
The resulting compound J is treated with hydrochloric acid to remove the tert-butoxycarbonyl
protecting group. The final step involves the closure of the B-lactam ring, yielding the sodium salt
of benzylpenicillin—compound X.
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1. -BuONa

Crpe e Oy 22w Crpdl

(0]

F G

D-penicillamine l

o

Ph H ©/\g )
_>—N H H CIFNGH H 1. NoH, ©
NS EtsN : 2. HCl N

D)
o
tBuO,C HN\)< ~——  tBuocC HN\_)< -~

H
s
Ot—BuOZC HN\_)<

CO,H CO.H {
CO,H
J | H 2
C20H24N206S
1. HCI
2. Py
Ph H 1. NaOH Ph H
_>/_N H K 2.DCC N H s
- 4S8 _ : B
0 IS O ®wI1w®
HO,C HN\_)< s N\__)(S)<
COzH COzNa
K X
C16H17N2N604S
4. According to the problem statement, hydrolysis of the benzylpenicillin salt leads to the

formation of penicillamine. It is well known that thiols undergo oxidation by iodine to form
disulfides. Thus, the following reactions were carried out for iodometric analysis:

Ph— Ph— 4 Ph
_O>/‘—N HOH NaOH _O>/'—N HoH o HCl _O>/'—NH H NH,
W > o:\/‘\:ﬁ% > oﬁo * HOOC)><SH

o £, ONa “co,Na OH
NH, | NH>
2 . H
2 HOOC)><SH . Hooc)><S s><(coo
-2HI NH,

2NayS,03 + I, = NayS40¢ + 2Nal
1. Calculate the amount of iodine that reacted with sodium thiosulfate, taking into account

the stoichiometric coefficients of the reaction equation:
Nexc (1) = (24.2 % 0.02) / 2 = 0.242 mmol

2. Determine the amount of iodine that reacted in the analysis:
n(lz) = (15 x 0.02) —0.242 = 0.058 mmol
3. Since two moles of acid react with one mole of iodine, calculate the mass of the active

salt, accounting for fivefold dilution:
m(X) = (0.058 x 2) x 356.37 x5=0.207 g

4. Therefore, the purity (mass fraction) of the active compound is:
o(X) =0.207/0.250 x 100% = 82.8%
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Evaluation system:

Question No. Solution Elements Points
1 Correct structural formulas of compounds A-C — 3 pts
Correct structure of compound D with stereochemistry — 1.5 pts (1
pt if stereochemistry is missing or incorrect) 5

Correct structure of D-penicillamine with stereochemistry — 0.5 pts
(O pt if stereochemistry is missing or incorrect)

Correct structure of compound E — 1.5 pts 1.5
3 Correct structural formulas of compounds F-K — 6 pts

Correct structure of compound X (with stereochemistry) — 2.5 pts
For each incorrect or missing stereocenter configuration, deduct
0.5 pt (up to 1.5 pts total)

4 Correct reactions of alkaline and acid hydrolysis — 1 pt

Correct reaction of D-penicillamine with iodine — 1 pt

Correct reaction of iodine with sodium thiosulfate — 1 pt

Correct calculation of the amount of iodine that reacted — 0.5 pt
Correct consideration of reaction stoichiometry in calculations —
0.5 pt

Calculation of the mass of compound X — 0.5 pt

Determination of the mass fraction of X — 0.5 pt

N

8.5

Total: 20 points

Problem 2. The bullet is a mad thing, only the bayonet knows what it is about

1-3) The huge volumetric ratio of Y and Z gases and the historical use of steel in the arms industry
indicate the possible carbon content of the cartridge. Thus, Y is nitrogen (IV) oxide, Z is carbon
dioxide.

We find the total amount of NO released: n(NO,) =

8,314-298.15
Amount of CO2: n(CO,) = i:::; = 0.002666 mol. Carbon is in the jacket, since CO is released

when the jacket dissolves. This means that the jacket is steel. The reaction equation for carbon
with conc. HNO:s:

C + 4HNO3 conc. — C02 + 4N02 + ZHZO

Mass of carbon m(C) = 0.002666 - 12.01 = 0.032g. It is known that the main component
of steel is iron. The equation of the reaction of iron with conc. HNOa:

Fe + 6HNO3 conc. — Fe(NO3)3 + 3NO2 + 3H20.

When iron (I11) nitrate interacts with an excess of KF solution, a precipitate of FeFs forms:

Fe(NOz)3 + 3KF — FeFz + 3KNO:s.

Amount of FeFs: n(FeFs) = ———— 8;3_'3;)00_3 = n(Fe(NO5);) = n(Fe) = 0.5662 mol. Amount
Of KF n(KF) — 1000.00:0.0987

= 1.6987 mol = 3n(FeF3). This means that the reaction was
39.10+19.00

quantitative and the Kz[FeFs] complex was not formed in the solution. Mass of iron m(Fe) =
0.5662 - 55.85 = 31.622 g. Element E — carbon. Neighboring elements of iron are manganese

or cobalt, which form divalent cations. Let us find the amount of the third element from the

. 103
remainder of the amount of NO. per element: n(NO,) = 10122351:_22;261;0 —0.002666 — 4 -

0.002666 — 0.5662 - 3 = 0.01044 mol. Then the amount of the third element will be equal to
0.01044/2 = 0.00522 mol.
101325-22.693-1073

The amount of NO> released when 10 cartridges dissolved: n (NO,) = PTT——

0.9276 mol. The formation of a blue precipitate clearly indicates that element A is copper. Then

101325-70.939:1073

= 2.8997 mol.
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34,18 _ _ _
n(Cu(OH),) = e3.557(16.007 1002 =n(Cu) = 0.3503 mol. The mass of copper m(Cu) =

0.3503 - 63.55 = 22.262 g. The equation for the reaction of copper with conc. HNOs:

Cu + 4HNO3 conc. = Cu(NO3)2 + 2NO2 + 2H;0.

Let's find element B from the remainder of the amount of NO2: n(NO,) = 0.9276 —
0.3503 - 2 = 0.2270 mol. Considering the color of the precipitate when gradually adding alkali
to the solution, we can assume that B is either zinc or aluminum. However, if we look at the density
of B in Table 1, it becomes clear that it is not aluminum, since its density is much less than 7.14
g/cm? (it is due to the low density of aluminum that it is used in aviation). Thus, element B is zinc.
The equation for the reaction of zinc with conc. HNOs3:

Zn + 4HNO3 conc. — Zn(NO3)2 + 2NO2 + 2H;0.

Then the amount of zinc is 0.2270/2 = 0.1135 mol. The mass of zinc ism(Zn) = 0.1135 -
65.39 = 7.422 g.

101325'6.110-1073

The amount of NO: released when dissolving 10 cores: n(NO,) = 531429515

0.24975 mol. The formation of a white precipitate when adding sulfuric acid to the resulting
solution indicates the presence of lead cations in it. Indeed, the use of lead in bullets is a well-
known fact. The equation for the reaction of lead with conc. HNO:s:

Pb + 4HNO3 conc. — Pb(NO3)2 + 2NO; + 2H:0.

We obtain F — lead. When lead nitrate interacts with excess sulfuric acid solution, a
precipitate of PbSO4 is formed:

Pb(NOs3)2 + H2SO4 — PbSO4 + 2HNO:s.

33.21

Let's find the amount of lead: n(PbS0O,) = n(Pb(NO3),) = n(Pb) = =

207.19+32.07+4-16.00
0.1095 mol. The mass of lead is m(Pb) = 0.1095-207.19 = 22.689 ¢. Element G is a

poisonous substance and is associated with the poisoning of Napoleon Bonaparte. This is definitely
arsenic. The reaction equation of arsenic with conc. HNO:s:

As + 5HNO3 conc. — H3AsO4 + 5NO2 + H20.

H — arsenic acid, HsAsO4. Amount of arsenic n(As) = (0.24975 —0.1095-2)/5 =
0.00615 mol. Mass of arsenic m(As) = 0.00615 - 74.99 = 0.461 g.

c+d=14.0,
From the bullet length and c/d we find ¢ and d. The solution to the system { € — 9562
-~ .562.

gives ¢ = 10.07 mm, d = 3.93 mm. Then the bullet diameter 2d = 7.86 mm. Obviously, the bullet
diameter coincides with the bore diameter along the rifling. Knowing the rifling depth (we take it
into account twice), we find the parameter a = 7.86 — 2-0.12 = 7.62 mm.

It is logical that with a uniform thickness of the jacket, the core follows the shape of the
bullet. From here we can find the radius of the spherical part of the core: 3.93 — 1.4 = 2.53 mm.

Let's find its volume V = g -1+ 2.53% = 33.90 mm®. The volume of the cylindrical part of the
coreV =m-2.532-(10.07 — 1.4) = 174.23 mm?. Next, we find the volume of the spherical part
ofthe shell V = 2 -1 -3.93% — 33.90 = 93.16 mm?®. The volume of the cylindrical part of the shell

V =m-3.932-10.07 — 174.23 = 314.07 mm?3. The total volume of the bullet shell 93.16 +
314.07 = 407.23 mm?,

Using the densities of the elements in Table 1, we find the mass of the unknown element.
Either C is iron and D is manganese from the information on the difference in the number of
protons in the nuclei, or C is cobalt and D is iron. Let us assume that D is manganese. The volume

of manganese in this case is 407.23-1073 — 31'32827/10 - 0'0232210 = 0.00401 cm?. Its mass is
0.00401 - 7.21 = 0.0289 g. Its molar mass is 50522710 000'222310 ~ 55 g/mol, which corresponds to
manganese. Therefore, C is iron, D is manganese and E is carbon. The mass of manganese is
m(Mn) = 0.00522 - 54.94 = 0.287 g. The equation for the reaction of manganese with conc.
HNOa3:
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Mn + 4HNO3 conc. — Mn(NO3)2 + 2NO2 + 2H70.
Let's write the expression for finding the volume of the cartridge case: V =m-
(3.93 +0.5)% - b — 1+ 3.93% - (b — 0.5). On the other hand, let's find the volume of the cartridge

case through the masses of Cu and Zn found. V = 22'26926/10 7'472110 = 0.3524 cm® = 352.4

mm3. Let's equate the resulting volumes: - (3.93 + 0.5)2-b — m-3.932 (b—0.5) =352.4.
We get b =25 mm.

Thus, the caliber of the cartridge is 7.62 x 25 mm.

Length of the cartridge: 35.0 = 14.0 + 25.0 — x. Depth of the bullet seating in the case: x =
4.0 mm.

The undissolved residue when the cartridge dissolves is X, nitrocellulose.

CH,ONO,
0
ONO- 0
N\
ONO, |n
A B C D E F G H Y Z

Cu Zn Fe Mn C Pb As H3AsO4 NO2 CO2

2.2262
2.2262+0.7422

Mass fractions of elements in the cartridge case: w(Cu) = -100 = 75.0 %,

w(Zn) = 25.0 %.
Mass fractions of elements in the core: w(Pb) =
2.0%.
3.1622

Mass fractions of elements in the jacket: w(Fe) = - 100 = 99.0 %,
3.1622+0.0287+0.0032
0.0287
w(Mn) =

. — — 0
3.1622+0.0287+0.0032 100 = 0.9 %, w(C) 0.1%.

The total mass of the cartridge is m = 2.2262 + 0.7422 + 2.2689 + 0.0461 + 3.1622 + 0.0287
+0.0032 +5.00/10 = 8.9775 g.

4) The equation of the reaction of gunpowder ignition:

2 (CeH702(ONO2)3)n — 9n CO +3n CO2 + 3n N2 + 7n H20 + Q.

Any other variants of recording the reaction, containing various combinations of nitrogen
oxides, water, nitrogen, carbon monoxide, and carbon dioxide gases in the products, are accepted,
since the composition of the products strongly depends on the conditions of the reaction.

The heat of combustion of nitrocellulose is equal to Q = 0.5+ 1073 - 4000 - 103 = 2000 J.

2.2689
2.2689+0.0461

+100 = 98.0 %, w(As) =

Then 0.15Q = E. From the Kkinetic energy we estimate the initial speed of the bullet: v, = /Zmﬂ =

(3.1622+0.0287+0.0032+2.2689+0.0461)-103
it is necessary to fire from a weapon at an angle of 45° to the horizon. Using formulas from the

\/ 2:0.15-2000 = 330 m/s. In order for the bullet to fly as far as possible,

school physics program, we can find the range of the bullet L = ’;75 = 11.1 km. This number is

almost 10 times higher than the actual value (about 1.5 km), since in this problem we neglect air
resistance.

5) Substance K contains Hg, since at room temperature it is in a liquid state and its vapors
are extremely dangerous for humans. The gases released during the decomposition of K are N>
and CO, since they are colorless and have the same molar mass of 28 g/mol, which is slightly less
than the molar mass of air. Therefore, substance K is Hg(CNO)», the so-called mercury fulminate.

The correct enumeration of substances of the composition (E1)2(E2)s using the mass
fraction of an element with a negative charge yields substance M — antimony (I11) sulfide, Sb2Ss.
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L — potassium chlorate, KCIO3z. Manganese (1V) oxide is a catalyst for the decomposition reaction
of potassium chlorate.
Chemical reaction equations:
Hg(CNO), — Hg + N2 + 2CO
3KCIO3 + ShyS3 — 3KCI + Sh,03 + 350>
K L M
Hg(CNO)2 | KCIOs | Sh,S3

6) The disadvantages of such a cartridge include low corrosion resistance, the use of
mercury and lead in its composition, which can be harmful to the health of the shooter and
surrounding people. The advantages include the composition of the powder charge, which burns
without smoke.

Evaluation system:

Elements of the solution Points
1. | Correct identification of elements A-G and substances X, Y, Z, H—-0.5 55
points each
2. | Correct determination of the mass fraction of each element — 1 point 7
3. | Correct determination of the mass of the cartridge — 6 points, correct 11

determination of parameters a, b — 2 points each, determination of the
depth of the bullet seating in the case — 1 point

4. | Gunpowder ignition reaction equation — 1 point, bullet flight range 2
estimate — 1 point
5. | Correct determination of substances K, L, M — 0.5 points each, each 3.5
reaction equation — 1 point
6. | Indication of the advantages and disadvantages of the cartridge — 1 1
point
TOTAL: 30

Problem 3. Trimerization of acetylene to benzene

1) AH99g = ArHYog(CoHoqry) — 3ArH395(CoH, () = 82.9 — 3 % 226.7 = —=597,2 k/ /mol
ASY95 = S365(CeHe(ry) — 35905(C2Hary) = 269.3 — 3 % 200.9 = —333,4 ] /(mol - K)
AC, = Cp(CeHe(ry) — 3C,(CoHy ) = (—37,78 + 0,4430T) — 3(42,43 + 0,0152T) =
—165,07 + 0,3974T

873
AH,5 = AHys + f
298

873
AC,dT = AHYgq + f (—165,07 + 0,3974T)dT

298

873 873 0 3974T2
= AHYg — J 165,077 + j e = 597200 — 94915 + 133 790
298 298 2
= —558 325 ]/mol
. . [PRAC, o [¥%-165,07 +0,3974T
A5873 = ASzgg + f _dT == A8298 + f dT
298 298 T

873 873
= ASg — f 165,07InT + f 0,3974T = —333,4—177,1 + 228,5
298 298
= —282,0]/(mol - K)

AGY,5 = AHQ,5 — TASY,; = —558 325 — 873 % (—282,0) = —312 139 ]/mol

0
_AGgy3

2) Kp = e RT =exp (_ —-312 139

8,314%873

) — 4,75 % 1018

74



3) A catalyst is necessary to overcome the kinetic barrier (high activation energy E, of the direct
reaction). It reduces E,, ensuring an acceptable rate at operating temperatures, despite the
thermodynamic advantage. Without a catalyst, the reaction practically does not proceed.

1 d[C,H
4) rg = 5(_ %) = k;[C;H;]
P, _ 2%101325

5) [C2Hz]o = RT  8314+873 27,92 mol/m?
= LCACHly e ven), = 0,05 27,92 = 1,40 mol/(m +
1‘130—3 at = ky[C;Hz]p =0, 92 = 1,40 mol/(m* * s)
6) Ty/2 :lli‘—lz:%: 13,86 s
PC4Hy(g) 0,325 -5
7) K. = = = 3,25%10
) p pész(g) 1002 *

8) Benzene is more preferable and is formed with a higher yield because
Kp(CeHe(g)) = 4,75 % 108 » K, (C4Hy(g) = 3,25 % 107°

ry kz[CZHz] kz 0,002

10) S = —2— = 2>
B

—— = 10,9615 0r 96,15%
11) Selectivity will not change, since the ratio — does not depend on concentration (the orders of

ry+rg T 25+1
ry

reactions are the same).

Evaluation system:

Ne Evaluation system Points
question
1 The standard changes in enthalpy (AH?), entropy (AS°), and Gibbs | 6 points
energy (AGP®) for reaction 1 at 600 °C are correctly calculated: 2
points x 3
2 The equilibrium constant (K,) of reaction (1) at 600 °C is correctly | 2 points
calculated.
3 An explanation is provided for question 3 1 point
4 The kinetic equation for the rate of benzene formation is correctly | 1 point
written
5 The initial rate of benzene formation has been calculated 2 points
6 The time required for the acetylene concentration to decrease to half | 1 point
its initial value has been calculated
7 The equilibrium constant (K,,) of reaction (2) has been calculated | 2 points
8 An explanation for question 8 has been provided 1 point
9 The ratio of the initial rates of benzene and vinylacetylene | 1 point
formation has been calculated
10 The selectivity for benzene has been determined 2 points
11 The change in selectivity with increasing pressure has been | 1 point
correctly determined
TOTAL.: | 20 points
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Problem 4. The battle of oils: chemical warfare between engines

1. The formula of the main component of castor oil shows the presence of a large number of
unsaturated bonds and alcohol groups. When heated, these groups react and promote the
polymerization of oil into resins, coke, etc. The resulting carbon deposits eventually cause the
engine to stall.

2. Mineral oils contain paraffins and other linear compounds that tend to crystallize at low
temperatures. Their low thermal stability is due to the presence of aromatic compounds, which can
form resins and coke at high temperatures.

3. The reaction conditions show that straight-run gasoline cracking occurs under very harsh
conditions, resulting in the formation of predominantly low-molecular-weight products. The most
produced substance in the world is ethylene. Propylene, which is also produced during cracking,
ranks third. This is a fairly old industrial method of ethylene production, which became widespread
in the USSR due to the availability of large quantities of oil.

950 °C 0,, Ag °
Straight-run z i E + (o]
gasoline > C2H4+C3H6 y /</
0.3 MPa A B 300 °C, 3 MPa C D

R-OH, NaOH
R—0 o 0o - / \
R—oO o)
X \—<
4. The resulting polyalkylglycol molecules are polar and soluble in water. The oils turned out

to be quite hygroscopic. Although polyalkyl glycols in their pure form have excellent motor oil
properties, improper storage can lead to the absorption of water from the environment, which can
freeze in the engine. At the same time, mineral oils do not absorb water particularly well, as they
are mainly non-polar compounds.

5. This is an industrial method for producing alpha-olefins by oligomerizing ethylene,
followed by the separation of specific alpha-olefin fractions. The resulting alpha-olefins are
converted into polyalphaolefin oligomers.

A AIR E

130 °C, 19 MPa

AlCl; | 95°C
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6. Y oil is chemically pure and contains minimal impurities. Due to the structure of
polyalphaolefins, it is not possible to form a dense crystalline packing, so PAO-based oils freeze
at -60°C. Thermal stability is ensured by the absence of weak points in the molecules, high C-C
bond energy, and spatial constraints.

1.
P H,/NiRe
CH;(CH,)3 COOH B CH,(CH,)3 F
150 °C, 10 MPa

OH

(Cp*IrCl,),, t-BuOK 120 °C

-H,
OH
CeH13
~— CH3(CHy)3 | | (CH,)sCH3
(0] o )

CeHy3 |
0
G H
CeH H, Cethis Cotl0, O
6113
‘ — — oH
C6Hl3 120°C C6H13
CeHis
OH °©
0
| CH,0 CH,0

I J
o— OH HO OH
e
Ca(OH),  Ho OH HO OH

CeH13 H
ont NaHSO
a R R
C6H13 4 1 1 V/
i o} 24 hr, 120 °C Ry Ry
-H,0

>
CeH13
HO OH J

Caprylic acid is reduced by Raney nickel, followed by a catalyzed Guerbet reaction accompanied
by aldol condensation. The resulting alcohol is oxidized by a cobalt catalyst in the presence of
oxygen. Production of J —an industrial method for the production of pentaerythritol, accompanied
by aldol condensation and the Cannizzaro cross reaction.

The resulting J and H undergo esterification to form a fully substituted penterythritol ester.

8. Esters-based oils are more heat-resistant because ester bonds are stronger than C-C bonds,
and in our case, steric hindrance is observed due to branching in the beta position. Biodegradability
is also due to the presence of ester groups, which decompose more readily than hydrocarbon
components. Due to the presence of polar groups, adhesion to metal surfaces is more pronounced
in ester-based oils than in polyalphaolefin-based oils.

9. One of the key figures in an investment project is net present value. This is what shows
how much can actually be earned from the project. The interim results of the calculations are
presented in the table:
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Castor oil Mineral oil X Y Z Z from
polymers
Annual 2 0.5 6 5 12 3
production and
sales expenses,
million $
Annual revenue, 5 5 12 12 20 20
million $
Annual net 2.4 3.6 4.8 5.6 6.4 13.6
profit, million $
Total net present 1.427 1.932 -0.478 | -8.753 | -3.693 4.339
profit, million $

As we can see, based on NPV and net profit indicators, the most attractive option is the production
of ester oils from polymers. However, this production requires significant capital investment. The
table also shows that the production of mineral oils is currently a profitable business that does not

require as much capital investment, while the oils are of sufficient quality.
Elements of the solution:

Solution Elements Points
1. | Realistic answer to the question — 2 points. 2 points
2. | Realistic answer to the question — 2 points. 2 points
3. | Correct identification of substances A, B, C, D — 0.5 points each, 4 points
Correct identification of the approximate formula X — 2 points.
4. | Realistic answer to the question — 2 points. 2 points
5. | Correct identification of E — 0.5 points. 2.5 points
Correct identification of the approximate formula Y — 2 points
6. | Realistic answer to the question — 2 points. 2 points
7. | Correct identification of F, H— 0.5 points each. 7 points
Correct definition of I, J — 1 point each.
Correct definition of G, Z — 2 points each.
8. | Realistic answer to the question about heat resistance — 0.5 points. 4.5 points
Realistic answer to the question about adhesion — 2 points.
Realistic answer to the question about biodegradability — 2 points.
9. | Economically justified answer — 4 points 4 points
Total: 30 points
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Problem 5. Thought experiment

5. 1) Test antibody (IgE)
2) Antigen
3) Enzyme
4) Enzyme-modified antibodies

CH, CH,
NH, NH
+H,0
HiC O cH, ————> HC / CHy
J wo | 1T
HoN HN ‘ CH3
CHy CHy 1 NH,
HsC O cH,
HoN
CHs
CH, CHs

NH KIH
(oL, X
—_—
HC ZNENCH, HsC = CHs,
CHs +
HN A NH; AN
O CHs 4+ ch,
.
CHs NHy
HsC O
CHg . ‘ CH,
HN
CH,

7. First, you need to convert relative density to optical density:

lo/1 1,259 3,311 6,531 7,943
D 0,100 0,520 0,815 0,900
C [1U/mL] 15,0 60,0 90,0 100

You can see that D depends linearly on C, so D = a * C + b. Using the least squares method, we
find the coefficients:

z C; = 265,0; ZDL- = 2,335; z C;D; = 196,050; Z C* = 21925,0; (z C)? = 70225,0

_ 4%196,050 — 265,0 * 2,335
4= T4 %21925,0 — 70225,0

=9,47 1073

b= 2,335 —9,47 * 1073 % 265,0

= —0,0436
4

Next, it is necessary to find the average value of the relative density of the sample, after checking
the values for reliability.:

I,/I = 4,188
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Sto/1

~ \/2(4,16 — 4,188)% + (4,20 — 4,188)2 + (4,25 — 4,188)2 + (4,15 — 4,188)2 + (4,18 — 4,188)?2

0,04

5-1

Iy
—=418+0,04

The value of 4.25 is not suitable. The average value is 4.17. From the calibration curve we find

1g(4,17)+0,0436
Cy =——7F—7"—
9,47%10~3

= 70,1 [1U/mL]

8. By changing the incubation time after adding chromogen, the desired result can be
achieved. At high values of lo/l, the incubation time should be reduced, and at low
values of lo/l, the incubation time should be increased.

Evaluation system:

Task

Points

1) Correct answer

4*0,5=2 points

b
3.c) Justification of the incorrect value 4.25
3.d) Correct IgE concentration

2.a) TMB structure 1 point

2.b) Equations of the reactions 2*1=2 points
3.a) The correct calibration graph coefficient | 1,5 points

a 1,5 points
3.b) The correct calibration graph coefficient | 1 point

2 points (1 point if A> 0,15; 0,5 point if A>
1,0; 0 point if A> 5,0)

4) Correct answer

2 points

TOTAL

13 points
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