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CocTaB MeTOINYECKOi KOMUCCHU MeKAyHapoaHoii onumnuanbl « Tyiimaana-2023»
XHUMHUA)

1. CokonoBa Mapuna JImutpueBHa, A.T.H., AUpeKTop MHCTUTYTA TpobiieM HedTH 1 raza CuOupcKoro
ornenenusa Poccuiickont akagemun Hayk PI'BYH «®enepanbHblii UCCIENOBATEIBCKUN LIEHTP
«Sxyrckuit Hayunsiii eHTp CO PAH»» — npeacenarens;
2. CnupunoHoB Anexkcanap MuxaiiiaoBud, K.X.H., BEAYIIMA Hay4YHbIH COTPYJHUK - PYKOBOAUTEID
naboparopuu “lIlonmumepnsie koMmno3utsl 111 CeBepa” MHcTuTyTa ecrecTBeHHBIX HAayk PI'TAOY BO
«CeBepo-BocTounsiit dhenepanbapiii yauBepcuTeT iMeHn M.K. AMMocoBay» — 4JieH;
3. Bepeiikuna Bukropuss BacwibeBHa, K.X.H., HAyYHBI COTPYIHHUK J1aOOpaTOPUU TEXHOTECHHBIX
razoBeix TujpaToB MHcTuTyTra mpobOiem HedTu W raza Cubupckoro otaeneHust Poccuiickoi
aKaJeMHUM HayK, — YICH;
4. 'onukoB Anekceit HukomnaeBuy, acnupant ynusepcutera Myongji (Pecn. Kopest), — unen;
5. EmenbsanoB 'eopruii [lerpoBnd, acnupant Kopeickoro Hay4Ho-HCCIIEI0BATEIbCKOIO MHCTUTYTA
Ouonoruueckux Hayk u 6uorexnosnoruu (Pecrn. Kopes), — uien;
6. OxoHemHUWKOB ApTyp AJIeKCeeBHY, CTyIeHT xumudeckoro dakyinprera @PI'BOY BO
«MOCKOBCKHI rocy1apCTBEHHBIN yHUBEpcUTET NMeHN M.B. JlomoHOCOBa», — wileH;
7. ITaBnoB Cepreit HukonaeBud, cryneHT xumudeckoro ¢akyisrera @PI'BOY BO «MockoBckuii
roCyapCTBEHHBIN yHUBepcuTeT UMeHHn M.B. JlomoHOCOBa», — 4iieH;
8. PemernukoB Buktop IletpoBuu, cryment Qaxynpreta Hayk o wmarepuanax OPI'BOY BO
«MOCKOBCKHI rOCYyJapCTBEHHBIN YHUBEpCUTET UMeHU M.B. JIoMoHOCOBa», — 4iieH;
9. CuBueB Cemen VcaeBny, mutagmuii HaydyHblid cOTpynHUK MHCTHTYTa mpoOiieM HeTH M Ta3a
Cubupckoro otaeneHus Poccuiickoit akajeMun HayK, — YiIeH;
10. Crapoctun Anekceii JlaHnnoBud, cTyaeHT GpaKyabTeTa pyHaaMeHTaTbHON (PU3HKO-XUMHYECKON
nnkeHepun  PI'BOY BO «MoOCKOBCKMI TOCylIapCTBEHHBIM yHMBEpCUTET HMeHH M.B.
JlomoHOCOBaY», — UJIEH;
11. CrenanoBa Tartesina CepreeBHa, cTyaeHT xumuueckoro (axymnsreta ®PI'BOY BO «CaHkT-
[TerepOyprckuii rocy1apCcTBEHHbBIN YHUBEPCUTET», — YJIEH.

CocraB kopu MexayHapoaHoii onumnuansl «Tyiimaana-2023» (XUMMUS)
1. CnupunoHoB Anekcanap MuxainoBnuy, K.X.H., BEIyIIUN HAay4HBIH COTPYAHHUK - PYKOBOJIUTEINb
naboparopuu “Tlonumepnsie komno3uTsl Uit CeBepa” MHcTUTyTa ectecTBeHHBIX Hayk PI'TAOY BO
«CeBepo-Bocrounslii penepanbubiii yauepcurer umenu M.K. AMMocoBay», — nipenicenarens;
2. CokonoBa Mapuna JIMutpueBHa, J1.T.H., tupektop MHCcTHTYTa Tpobiaem Hed T 1 raza CHOUpPCKOTro
ornenenusa Poccuiickoi akagemun Hayk PI'BYH «®enepanbHblil MCCIENOBATENBCKUN LEHTP
«xyrckuit Hayunblil nentp CO PAH»», — 3aMectuTens npeacenaTens;
3. HanunoBa Caxasna HukonaeBHa, Miaamuid Hay4dHbIH cOoTpynHuUK jgabopatopun «llonumepHsie
xomno3utsl 111 Cesepa» MHcrutyra ecrectBeHHbIX Hayk DPI'AOY BO «CeBepo-Boctounslit
denepanbHbIil yHHBepcuTeT MMeHH M.K. AMMocoBay, — cekpeTaps;
4. OxnonkoBa AliTannHa AJeKCeeBHa, 1.T.H., mpodeccop, pykoBoaurenb OIl «DyHnnamenTansHas u
npuknagHas xumus» MHcturyra ecrectBeHHbIx Hayk PI'AOY BO «Cesepo-Bocrounslit
dbenepanbupiii yHEBepcuTeT uMeHH M.K. AMMOcoBay», NeHCTBUTENbHBIN 4WieH AKaJIeMHH HAyK
PecnyOnuku Caxa (SIkyTus), — uieH;
5. Bepelikuna Bukropust BacuibeBHa, K.X.H., HAYYHBIH COTPYAHHUK J1a00OpaTOpUN TEXHOTEHHBIX
ra3oBelx TujpatoB WHctuTyra mnpobimem HepTu u raza Culupckoro otaeneHus Poccuiickoit
aKaJeMHUH HayK, — YIEH;
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6. MapkoBa Mapda AsnekceeBHa, MIIaIITNKA HAYIHBIM COTPYIHUK J1a00OpaTOPUU MaTepHUaTIOBEICHUS
HNuctutyTa npobsiem HedTu u raza Cubupckoro otaeneHus Poccuiickoit akaaeMuu HayK, — YJICH;

7. OkxoHEmHUKOB ApTyp AJEKCeeBHY, CTYIeHT xumudeckoro dakyinsrera @PI'BOY BO
«MOCKOBCKHI IOCYJapCTBEHHBIN YHUBEpCUTET UMeHU M.B. JIoMoHOCOBaY, — 4iieH;

8. INaBnoB Cepreii Hukonaesuu, cryneHt xumuueckoro ¢akymnsreta PI'BOY BO «MockoBckwmii
rOCyIapCTBEHHbIA yHUBEpPCUTET UMeHU M.B. JIoMOHOCOBay, — 4iieH;

9. CuBueB Cemen VcaeBny, muaamuii HayyHblid cOTpyaHUK MHCTHUTYTa mpobiieM HeTH U Ta3a
Cubupckoro otaenenus Poccuiickoit akaieMun HayK, — 4jIeH;

10. CupopoBa J[lonryiiaana HwukosiaeBHa, aCCHUCTEHT XMMHYECKOro otnaejieHuss HWMHctutyra
ectectBeHHBIX Hayk ®I'AOY BO «CeBepo-BocTounsiii genepanbubiii yauBepcuteT numenn M.K.
AMMOCOBa», — YJIEH;

11. Crapoctun Anekceii JlanuinoBud, cTyaeHT paKyabTeTa (pyHaaMeHTaIbHON (PU3UKO-XUMHUYECKON
unxeHepun DOI'bOY BO «MockoBckuil rocyiapcTBEHHbIH yHHMBEpcuTeT uMeHu M.B.
JIoMoHOCOBaY, — 4IJICH;

12. CrenanoBa Tartesina CepreeBHa, cTyaeHT xumuueckoro (akympreta ®I'BOY BO «CaHkt-
[TeTepOyprckuii rocyJapCTBEHHBIN YHUBEPCUTET», — UJICH;

13. CrpyukoBa Tarbsina CemeHOBHa, K.T.H., JOLEHT XHMMHYECKOro oTaeneHus HMHcrtutyra
ectectBeHHbIX Hayk @I'AOY BO «CeBepo-BocTtounsiii ¢enepanbnbiii yausepcuteT umeHn M.K.
AMMOCOBa», — YJIEH.

Aemopwt 3a0anuii: Cnupuoonos A.M., Bepeiikuna B.B., lonukos A.H., Emenvanose I'11,
Oxkonewrnukos A.A., Ilasnos C.H., Pewwemnukos B.I11., Cmapocmun A./{., Cmenanosa T.C.
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Methodological commission structure of the International Olympiad «Tuymaada-2023» in
Chemistry
1. Sokolova Marina Dmitriyevna, Doctor of Engineering, the Director of Institute of Oil and Gas
Problems SB RAS — chairman;
2. Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head
of the Laboratory “Polymer composites for the North”, North-Eastern Federal University — member;
3. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas
Hydrates, Institute of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences —
member;
4. Golikov Aleksei Nikolaevich, PhD student of the Chemistry Department, Myongji University
(South Korea) — member;
5. Emelyanov Georgiy Petrovich, PhD student of the Korea Research Institute of Biological Sciences
and Biotechnology (South Korea) — member;
6. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State
University — member;
7. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University —
member;
8. Reshetnikov Victor Petrovich, a student of the Faculty of Materials Science, Moscow State
University — member;
9. Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS —
member;
10. Starostin Alexey Danilovich, student of the Faculty of Fundamental Physical and Chemical
Engineering, Moscow State University — member;
11. Stepanova Tatyana Sergeevna, a student of Chemical Institute, Saint-Petersburg State University
— member;
Jury structure of the International Olympiad «Tuymaada-2023» in Chemistry
1. Spiridonov Alexander Mikhaylovich, Ph.D. in Chemistry Sciences, leading researcher — the Head
of the Laboratory “Polymer composites for the North”, North-Eastern Federal University — chairman;
2. Sokolova Marina Dmitriyevna, Doctor of Engineering, the director of Institute of Oil and Gas
Problems SB RAS — vice-chairman;
3. Danilova Sakhayana Nikolaevna, a junior researcher of the Laboratory "Polymer Composites for
the North", North-Eastern Federal University. M.K. Ammosova — secretary;
4. Okhlopkova Aitalina Alekseevna, Doctor of Engineering, the professor, the chairman of the
Educational Programs in “Fundamental and Applied Chemistry", North-Eastern Federal University,
member of The Academy of Science of the Republic of Sakha (Yakutia) — member;
5. Vereykina Victoria Vasilievna, PhD in Chemistry Sciences, Laboratory of Technogenic Gas
Hydrates, Institute of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences -
member
6. Markova Marfa Alekseevna, a junior researcher of the Laboratory of Materials Science, Institute
of Oil and Gas Problems SB RAS — member;
7. Okoneshnikov Artur Alekseevich, a student of the Chemistry Department, Moscow State
University — member;
8. Pavlov Sergey Nikolaevich, a student of the Chemistry Department, Moscow State University —
member;
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9. Sivtsev Semyon Isaevich, a junior researcher of the Institute of Oil and Gas Problems SB RAS —
member;

10. Sidorova Dolguyaana Nikolaevna, assistant of the Chemical department of the Institute of Natural
Sciences, North-Eastern Federal University — member;

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

12. Stepanova Tatyana Sergeevna, a student of Chemical Institute, Saint-Petersburg State University
— member;

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

Authors of problems: Spiridonov A.M., Vereykina V.V., Golikov A.N., Emelyanov G.P.,
Okoneshnikov A.A, Pavlov S.N., Reshetnikov V.P., Starostin A.D., Stepanova T.S.
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MJUIAJIIIASA JIUT'A

[ToueunokamenHas 00yie3Hb (HEPPOTUTHAS) —
5TO JIOBOJIEHO PACIIPOCTPaHEHHOE
W "W _ 3a00JI€BaHKE, TIPOSIBIIAIONIEECS B OTIOKEHUN
P ‘ B IOYKAX  KOHKPEMEHTOB  (KaMHe)
8 - Pa3IMYHOrO IPOMCXOXKIEHHS. BOIbHBIE Kak
”” ”” ”” ““ ““ ” IPABUIIO  WCILITHIBAIOT — 3HAYMTEIBLHBINA
auckoMpopT, T.K. pasMepbl KaMHEH HHOraa
1 2 MOTYT COCTABJIATh HECKOJBLKO CAHTHMETPOB.
0 B Takux ciayuasx Ajs X yAaneHus Tpedyercs
XUPYPrUYECKOE BMELIATENLCTBO.
B 3aBUCHMOCTH OT STHOJIOTHH 3a00JIEBaHNs KOHKPEMEHTBI MOT'YT COCTOSTH M3 OJHOIO
WIM HECKOJBKUX HEOPTraHUYECKUX MHHEPAIOB — OKcajaTa Kaiublus, oprodocdara

KaJIbLIMS, allaTUTa, CTPYBUTA WM KapOoHaTa KaybliMsl. Tak:ke BO3MOXHO 00pa30BaHUE
KOHKPEMEHTOB U3 OPTraHMYECKUX BEILIECTB.

p ol

y

BJIOK 1. KayecTBeHHBIN aHAJIN3

JlmarHocTrka HedpoduTHA3a BO3MOXKHA Ha pPAHHMX CTagusaX, KOTJa B MOYe
OoOHapyXUBACTCs aHOMAJIbHO BBICOKOE COJIepKaHHWE HEKOTOPBIX BellecTB. B 3ToM
cJIydae BO3MOKHA KOPPEKINS MMUTAHHUs, 9YTO N30aBUT OOJHLHOTO OT MPOTPECCUPOBAHUS
3a00JIeBaHUS.

OmuuM W3 TPU3HAKOB paHHEW cTaguM HeppoJUTHA3a SBISCTCS ITOBBIIICHHOE
coJiep KaHUE B MOYE OJTHOT'O MU HECKOJIBKUX MOHOB U3 TICPCUHS:

NH,", C&2+, M92+, PO43-, CO32', C2042', OH-.

1. [IpeanoknuTe METOUKY Ka4eCTBCHHON MACHTH(DHUKAIIMN KaXI0T0 U3 3THX HOHOB C
WCITOJIb30BaHUEM PAacTBOPOB peakTHBOB: HSO4, AGNOs;. JlonmogHATETHHO TOCTYITHA
BOJsIHasA OaHs.

2. Hamummre ypaBHEHMS peaKIMid M OMUIINTE BU3yaabHbIC ()()EKTHI, TO3BOJISIOIINE
OTKPBITh ITEPCUNCIICHHBIC HOHBI.

BJIOK 2. KosinyecTBeHHBIA aHAJIN3

YacTo KOHKpPEMEHThI MOTYT MMETh CMEIIIaHHOE MpoucxXokiaeHue. Hampumep, sapo
KOHKPEMEHTa MOXET COCTOSITh M3 MOHoruapara okcanarta kambius CaC,04H,0,
KOTOpO€ TI0 Mepe pocTa MOXKET arjoMepupoBaTh MHUHEpaIbl  CTPYBHT
MgNH4PO,4-6H,0, anatut Cas(PO4)3(OH) u apyrue nHepTHBIE IPUMECH.

7
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Jl1st onrcaHusi KOJIMYECTBEHHOT'O COCTaBa o0pasell TaKOro KOHKPEMEHTA BBICYIIUIIH
npu 105°C nnst ynajnieHus Bjiaru U NOABEPTIIM KOJIUYECTBEHHOMY aHAIU3Y.

KoaunyecTBeHHOE onpeacjacHue oxkcajadaTra Kajldblinsd

[IpoOy BeIcymienHoro mnpu 105 °C anammusupyemoro oOpasma maccoit 1,1380 r
MOMECTUJIA B CTaKaH, J0OaBUIM U30BITOK PAaCTBOPA CEPHOU KUCIOTHI U TPOKHUIISITHIIH
B TeueHue 30 muH. CoaepkuMoe OXJIaIMIN 0 KOMHATHOM TeMIlepaTypbl U OTJAEIIIN
OT ocajJika (pUIBTPOBAHUEM.

OuibTpaT NMEpeHecid B MEpHYI0 KojOy Ha 250 mu1 U JoBeaM 00BEM pacTBopa J0
MeTkH. M3 mosy4eHHOro pacTBOpa ¢ MOMOIIbo nuneTku Mopa Ha 25 mi omoodpanu
IUKEONLY pacmeopa v NIEPEHECIN B YUCTYI0 KOHUYECKYI0 KosOy. PacTBop Harpenu
10 70 °C u ortutpoBanu 0,0179 M pacTBopoM nepMaHraHara Kaiusl.

[locne cepuu TUTpOBaHUN OBLIM TOJYYEHBI CIEAYIOIIME pPEe3yJbTaThl pacxoja
pacTBOpa MepMaHraHaTa Kaaus:

Ne TuTpoBanus 1 2 3 4
V(KMnO,), man | 10, 90 10,85 10,92 10,89

3. Hanmmmre ypaBHEHHUS peakIHid, MPOTCKAIONMX B XOJC KOJIWISCTBEHHOTO
OIpEJICIICHUS OKcalaTa KaibIus.
4. Paccunraiite maccy CaC,04 H,0O B BrICyIIeHHOM TTpo0e.

KonnuyecTtBenHoe onpenenenue gpocharon

[IpoOy BeIcymienHoro mpu 105 °C anamusupyemoro oOpasma maccoit 1,1380 r
MOMECTUJIM B CTaKaH, 100aBUJIM U30BITOK PaCTBOPa a30THOM KUCIOTHI U TPOKHUIISITHIIH
B TeueHue 30 MUH 10 MOJIHOTO pacTBOpeHHs ocaaka. CoaepKHUMOe OXJIAIuiau 0
KOMHATHOW TeMIlepaTyphl M TMEpeHecTu B MeEpHyK Koia0y Ha 250 mi, aoBenu
JTUCTUWITUPOBAHHON BOJIOM 00BEM pacTBOpa J0 METKM U TIIATEIBHO TMepeMelay.
[Toy4yeHHBIH pacTBOP MPOGUIHTPOBAIN YePEe3 MOPUCTHINA KEPAMUUECKUIN QUITBTP.

C momydyeHHOro (QuibTpaTa C TOMOIIBI0 TUNETKH Mopa Ha 25 M omoépanu
IUKEONLY pacmeopa v NIEPEHECIIU B YUCTYI0 KOHMYECKYI0 Kon0y. Tyna sxe nodaBuiiu
n30bITOK pacTBopa MoimOaata ammonwus. [locnme BemageHwst ocagka Kooy
BCTpsixuBaiu B TeueHue 20 mMuH. Ocaliok OTIEIUIN OT pacTBOpa (GUILTPOBAHUEM U
MPOMBLIN €T0 10 HEUTpalbHOU peakiuu PH cMbIBa.

[Toy4eHHBIN OCaOK MEPEHECIN B YUCTYI0 KOHHMYECKYIO KoJOy, modaBuiau 100 mu
JTUCTWITUPOBAHHON BOJIbI, MPEABAPUTEILHO OUYMIIEHHOW OT YIVIEKHUCIOro rasza, u
10,00 mx 1,0000 M pacTtBOpa ruipoKCHjia HATPUSL.

8
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[Tocne pacTBOpeHHs ocazika J0OaBUIM HECKOJIBKO Kaleslb pacTBopa (peHoadTanernHa
u orrutpoBaiu 0,1000 M pacTBOpoM cepHOI KUCIOTHI.

[locne cepuu TUTpOBaHUN OBUTM TOJYYEHBI CIEAYIOIIME pe3yJbTaThl pacxoja
pacTBOpa CEpHOM KUCIIOTHI:

Ne tutpoBanus 1 2 3 4 5 6
V(H,SOy), Mt 24,53 27,35 24,56 24,54 24,53 24,52

5. Hamwumure ypaBHeHMS peakuui, NPOTEKAIOMIMX B XOAE KOJIMYECTBEHHOIO
onpeneneHus ¢pocharos.
6. Paccumraiite konuuectso B Monsax PO4* B BeICYIIEHHOI 1Tpobe.

TepMorpaBuMeTqueCKoe onpeaejacHuce l"l/I)]paTH()ﬁ BOAbI

TepMorpaBuMeTpuss — 3TO METOA TEPMHUYECKOIO AaHAIW3da, NPU KOTOPOM
pEerucTpupyercss U3MEHEHHE Macchl 00pa3lia B 3aBUCMMOCTH OT TemrepaTypsl. OH
3aKJIF0YAETCs B HAOJIFOJIEHUU MACChl UCCIIETyeMON HaBECKH BEILIECTBA IPU U3MEHEHUU
e€ Ttemmeparypbl. Pe3ynprar aHammsa — T.H. TEPMOTPAaBUMETPUYECKHE KpPHBBIE,
WUIIOCTPUPYIOLME 3aBUCUMOCTh MacChl HAaBECKM OT TeMIleparypel. Meron
WCIIONB3YETCS. JJISL ONPENENICHHUs] TEMIIEPATypbl PA3JIOKEHHUs, NETUIpPATAUUA H
JIera3aluy Pa3JInYHbIX BEIIECTB, BJIAXHOCTM MATEPHUANIOB, JIOJIM OPTraHHMYECKUX
KOMIIOHEHTOB, Pa3pyLICHUS ITOJIMMEPOB U T.J.

AHanu3upyemyro HaBecKy oOpasua, BbeicymieHHoro npu 105 °C, mnoasepriu
TepMOrpaBUMeTprueckoMy aHanu3y. Ha puc. 1 m3oOpaxeHa Kpuas pe3yJbTaTOB
aHaJIN3a.

100 +
96 -

92 -

Moteps maccol, %

90 ~

88 -

86

80 130 180 230
Temneparypa, °C

Pucynox 1 — TepmorpaBumMeTpuieckasi KpuBasi aHaIM3UPyeMOTo oOpasiia

9
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7. PaccunTaiiTe MacCcoBYIO J0JIO THAPATHOM BOJIBI B BBICYIIIEHHOM 00pas3iie.
8. PaccuunraiiTe MacCOBBIE IO araTuTa, CTPyBUTa 1 MOHOTHJIpATa OKcajiata
KaJIbLIUS B BBICYIIIEHHOM HCCIIETyeMOM 00pasIie.

Cnpasounas undopmauus

Pacuer Q-kputepusi:

Q—M

[Xmax—Xminl
3HaueHUs Q'KpI/ITepI/Iﬂl

i 3 4 5 6 7 8 9 10
Q 09 | 085 | 0,73 | 064 | 059 | 054 | 0,51 | 0,48

10
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PEHIEHUE 3AJIAY. MJUTAJIITAYA JINTA

1. TabOmuita B3auMOJIEUCTBUMN:

NH4+ Ca?* Mg2+ PO43' CO32' C2042' OH-

AgNO; - - - AgsPO4| | Ag2COs| | Ag2C204] | AQ20]

MKEIITBIN | KEITHIN OebIi CEepBbIid,

YEpPHEET

H,SO4 - CaS0q4| - - CO21 - -
MYTb WIH OecB.

OebIit
0CaZI0K

3a mabauyy uau onucanue xo0a padomal, 20e Kaxcovlii Iman nPpueooum K
eéepromy pezyavmamy — 0,5 o.

Bcezo 3 oanna.

2. YpaBHEHUS pEAKIIUNA:
Ca®* + SO4* = CaSO,

3Ag* + PO;* = AgsPOy
2Ag* + COz% = Ag.CO;4
2H* + COs* = H,0 + CO,
2Ag" + C,04% = Ag,C,04
2Ag" + 20H = Ag,0 + H,0O

3a Kascooe npasuivHoe ypasuenue — 1 oa.

Bcezo ne oonee 6 oannos.

3. YpaBHEeHUs peaKiuii:
CaC,04 + H,SO,4 = CaS0O4 + H,C,04 — 0,5 6annos
2C&5(PO4)3(OH) + 7H,S0O, = 7CaS0O, + 3C8.(H2PO4)2 + 2H,0 — 1 6aan

5H,C,04 + 2KMnO4 + 3H,S0, = K»,SO,4 + 2MnSO,4 + 8H,0 + 10CO,— 1 danna

4. PacueT mMacchl MOHOTI'MApPAaTa OKCaJjaTa KaJlbIus:

m(CaC,04) = 2,5*C(KMnO,)*V(KMn0,)*10*146 = 0,7115 .

11
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Bepuasa ¢popmyna — 1 6anan.

Bepnuwuit pesynomam pacuema — 1 6ann.

5. YpaBHEHUs peakLUi:

CaC,04 + 2HNO; = Ca(NOs), + H2C,04 — 0,5 dannos

Cas(PO4)3(OH) + 10HNO3 = 5Ca(NOs), + 3H3PO4 + H,O — 0,5 dannos
MgNH4PO,4 + 3HNO3; = Mg(NOs); + NHsNO3 + H3PO4 — 1 6an

HsPO, + 12(NH4)2MOO4 + 21HNO; = (NH4)3H4[P(M0207)G] + 21NHsNO;3; + 10H,0 —
2 banna

(NH4)3H4[P(M0207)6] + 24NaOH = 11Na,MoO, + (NH4)2MOO4 + Na,NH4PO, +
14H,0 — 2 6anna

H,SO,4 + 2NaOH = Na,SO,4 + H,0O — 0,5 éannoe

6. Pacuér xomauecta PO,

Q = |(Xi — Xi+1)/ (Xmax — Xmin)| = 0,99.

B pacueTax He yunuThIBaeM pe3ysibTaT ¢ MAKCUMAJIbHBIM 3HAYCHHEM 00BhEMa.
Nuss(NaOH) = 2C(H,S0,4)V(H,S0,) = 4,91-107 mons

N(PO4*) = [C6(NaOH)V ,05(NaOH) — n,;5(NaOH)]*10/24 = 2,12-10" mob.
Bepnasa ¢popmyna pacuema konruuecmea ghocpama — 1 6ann

Pacuem 3nauenusn:

- eciu 6 pacuemax ucnoav3yemcea npomax — 1 oann;

- ec/lu 8 pacuemax nPoOMax He UCHOb3Yemcs, HO IMO He 000CHOBAHO pacuemam —
2 oanna;

- ec/lu 6 pacuemax nPoOMax He UCHOJIb3Yemcsa U NPUBEOCHO PACHEMHOe 000CHO6AHUE
— 3 oanna.

7. Ilotepsa Macchel coctaBisieT okojo 12%. OHa COOTBETCTBYET MaccOBOW J0Jie
TUJIPATHOM BOJBI.

Bepuwtit omeem — 3 oanna.
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8. Pacdet MaccoBO# 1011 MUHEPAJIOB B KOHKPEMEHTE:

m(anatut) = [N(H3PO4) — n(ctpyBut)]*502/3 = 0,2193 r — 1 Hann
o(amatur) = 19,27%

o(okcanat Kanpius) = 62,52%

o(ctpyBut) = 9,75%

Bepuuwuit pacuem maccoeoii ooau — 2 vanna.

HTOI'O: 30 6annos.
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CTAPIHIAMA JIMT A

[Toueunokamennas 600yie3Hb (HePpoIUTHA3) —
3TO JIOBOJILHO pacnpocTpaHEHHOE
: e A _ 3a00JIeBaHuE, MPOSIBIIAIONICECS B OTIOKEHUHU
: W B IIOYKaX  KOHKPEMEHTOB  (KaMHei)
pPa3IMYHOr0 MPOUCXOXkAeHUS. bolbHbIE Kak
”” ”I I ”” l” ' ““ ” NOPaBWJIO  HUCHBITHIBAIOT  3HAYUTEIBHBIN
TUCKOM(OpPT, T.K. pa3Mepbl KamMHEW WHOTIA
0 1 2 MOTYT COCTaBJIATb HECKOJBKO CAaHTUMETPOB.
B Takux ciydasix ans ux yaaneHus Tpedyercs

XUPYPrUuecKoe BMEIIATEIbCTBO.
B 3aBHCHMOCTH OT 3THOJIOTHH 3200I€BaHMsI KOHKPEMEHTBI MOTYT COCTOSITh U3 OJHOTO
WIM HECKOJBbKHX HEOPraHWYECKUX MHHEpAJOB — OKcajaTa Kajibliusg, opTodocdarta
KaJIbLIMS, allaTUTa, CTPYBUTA WM KapOoHaTa KaybliMsl. Tak:ke BO3MOXHO 00pa30BaHUE

KOHKPEMCHTOB U3 OPraHMYCCKUX BCIICCTB — MOUYEBOM KHCJIOThI, TMCTHHA, KCAHTHUHA U
aJICHHHaA.

-~

BJIOK 1. KayecTBeHHBIN aHAJIN3

JluarHoctrka He(poJMTHA3a BO3MOKHA HA pPAHHHUX CTaJIUsAX, KOrjJa B MOYe
oOHapy>KHMBacTCS aHOMAJbHO BBICOKOE COJCpP)KaHHWE HEKOTOPHIX BElIeCTB. B 3ToM
clTydae BO3MOKHA KOPPEKIIUS TUTAHUS, YTO H30aBUT OOJIHLHOTO OT MPOrPECCUPOBAHUS
3a00JIeBaHMUs.

OpaHuM W3 TPU3HAKOB paHHEHW CcTaauM HedpOJIMTHA3a SBIISCTCS ITOBBIIICHHOE
CoJIep)KaHue B MOYE OJHOTO MJIM HECKOJIbKHUX HOHOB M3 IMEPEYHS:

NH,", C&2+, M92+, PO43-, CO32', C2042', OH-.

1. TIpenoxkuTe METOANKY KaueCTBEHHON MICHTU(UKAIIUN KaKIOTO U3 ATUX HOHOB C
UCITIOJIb30BaHUEM PacTBOpPOB peakTuBOB: HySO4, AgNO3.

2. Hanummre ypaBHEHUS pEeaKIUil U OMUIIUTE BU3YyalIbHbIC 2P (EKTHI, TO3BOJISIONINE
OTKPBITh TIEPCUHUCIICHHBIC HOHBI.

Huxe m300pakeHbl MPOHYMEPOBAaHHBIE CTPYKTYPbl OPraHUYECKHX COCAMHEHUN —

KOMIIOHCHTOB IIOYCYHLIX KOHKPEMCHTOB: aACHHMH, LIUCTHH, MOYCBAsA KHUCIIOTA,
KCaHTHH.

14
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NH, 0
NH NH
HN B N/ \ HN
)\ | —° )\ | /
o) NH NH o} NH N
| I
NH,
S
H.N
2 S/ — 5
HO
0~ TOH
v

3. YKaxuTe COOTBETCTBUS MEKY CTPYKTYpPOU U HA3BAHUEM BEILIECTBA.
4. Jlisg HEKOTOpPbIX M3 MPUBEICHHBIX BEIIECTB XApPAKTEPHO SIBJICHHUE JIAKTaM-
JAKTUMHOM TayTOMEpHH. YKaxuTe HoMmep(a) CTpyKTyp(bl), M1 KOTOPBIX OHa
XapakTepHa, M Ha mpuMepe moboro oxHoro u3 coeauHenuit |-V wuzobpasure
B3aMMOIPEBPALLIEHUS MEXKY TAyTOMEPaMHU. Y KAKUTE TUIT TAyTOMEpa.

KadecTBeHHOE OOHApYKEHHE HEKOTOPBIX M3 TMPHUBEACHHBIX BEIIECTB BO3MOXHO C
MOMOIIBIO T.H. MyPEKCUIHOW MpoObl. JJig 3TOTO McciaeayeMoe BEleCTBO OKUCISIOT
JENCTBUEM M30BITKA COJITHON KUCIOTHI (peaxkyuu 1 u 2) n o0pabaThIBatOT MPOTYKTHI
M30BITKOM pacTBOpa ammuaka (peakuus 3). B pe3ynbrarte mosiBIsieTCs] MypIypHOE
OKpalIMBaHHeE, 06ycn013neHHoe oOpa3oBanueMm mypekcuma (puc. 1).

Ji ﬂ

NH O O

Pucynok 1 — CtpyktypHas popmyia Mypekcuaa

5. Ykaxure HOMEpa COCOUHEHMM, KOTOPbIE NAKOT MOJIOKUTEIBbHYIO MYPEKCHIHYIO
po0y.

6. Ha npumepe oJ1HOTO 13 BEIOPAHHBIX COEIMHEHHUI N300pa3nuTe CXeMbl IPEBPALLIEHUN
(peakuyuu 1-3), xoTOpBHIE MPOTEKAIOT MPH MPOBEJCHUU OIHMCAHHOTO aHaim3a. Ecim

15
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3aTpy/AHSAETECh WIM HE yBEPEHBI B BHIOOpE BEPHOTO COEAMHEHUS, TO H300pa3uTe
CXeMbI npeBpatleHul (peakyuu 1-3) Ha npumepe KodenHa (puc. 2).

Q  CH
S
O)\I\ll g

CHs

Pucynok 2 — CtpykrypHast popMyna kopernHa

BJIOK 2. KoinyecTBeHHLIA aHAJIN3

YacTo KOHKpPEMEHThl MOTYT MMETh CMEIIIaHHOE IMpoucxokiaeHue. Hampumep, sapo
KOHKPEMEHTa MOXET COCTOSATh M3 MOHOTHjapara okcanarta kambiusa CaC,04H0,
KOTOpOE 10 Mepe pocTa MOXeT arjoMepupoBath MuHepas anatuT Cas(PO4)3(OH) u
JPYTHE UHEPTHBIC IPUMECH.

Jlyst onMcaHusl KOTMYECTBEHHOTO COCTaBa o0pasell TaKOro KOHKPEMEHTA BBICYIITUIIH
npu 105°C nns ynaneHus BIIard U TOJBEPTIN KOJUIECTBEHHOMY aHaJIH3Yy.

Koaun4yecTBeHHOE OoInpeacjaceHue oKcajaara KajJdblinud

[Ipo6y BeicymenHoro mpu 105 °C amammsupyemoro oOpasma maccor 1,2000 T
MOMECTHJIM B CTaKaH, J0OABWIM U30BITOK PACTBOPA CEPHOM KHUCIIOTHI U MPOKUIISITHIIN
B TeueHne 30 MuH. CoepKUMOE OXJIaAWIN 10 KOMHATHON TEMIIEPATypPhl U OTAEIUIN
OT ocajKa (pUILTPOBAHUEM.

OuibTpaT NEpeHecIu B MEpHYI0 KoJ0y Ha 250 mu U JoBeaM 00BEM pacTBOpa /0
MeTKHU. 3 moiyyeHHOro pactBopa ¢ MoMoOUIb0 NUneTku Mopa Ha 25 M1 omoopanu
a1uUKeomy pacmeopa v NepeHecIu B YNCTYI0 KOHUYECKYI0 Koi0y. PacTBop Harpenu
10 70 °C u ortutpoBasin 0,0179 M pacTBopoM nmepmMaHraHaTta Kajiusl.

[Tocne cepuu TUTpOBaHUN OBUIM MOJIyYEHBI CIEAYIOIIME pPE3yJIbTaThl pacxoja
pacTBOpa MepMaHraHara Kajius:

No TutpoBanus 1 2 3 4
V(KMnO,), ma | 10, 90 10,85 10,92 10,89

7. Hamumure ypaBHEHMs pEakUUM, MNPOTEKAIIMX B XOJE€ KOJIUYECTBEHHOIO
OIIPEIEIICHUS OKCaJlaTa KAJIbLIUS.

16



XXX International school Olympiad in Chemistry
"TUYMAADA"

8. Paccumraiite maccoByto nomro CaC,04°H,0 B BeIcyIIeHHOM TTpoOe.

KosmmuyecrBennoe onpeaesnenue gochara

[IpoOy BeIcymienHoro mnpu 105 °C anammzupyemoro obOpasma maccoit 1,2000 r
MOMECTHUJIN B CTaKaH, 100aBUIN U30BITOK PACTBOPA a30THOW KUCIOTHI U MPOKUTISTHIIN
B TeueHue 30 MHH JO TOJIHOrO pacTBOpeHus ocaaka. ComepKUMoe OXJIaIuiau 10
KOMHATHOW TeMIepaTypbl U TEpeHeciu B MepHylo konlOy Ha 250 wmui, JoBenu
JTUCTWUTMPOBAHHOW BOJON 00BEM pacTBOpa 0 METKH M THIATEIBHO IepeMeliaiy.
[Tony4yeHHBIH pacTBOp NMPOPUIBTPOBAIN YepPEe3 MOPUCTHIA KEpaMUUECKUI QUITBTP.

C nomyyeHHOro (QuubTpaTra C NOMOLIBIO NUIETKM Mopa Ha 25 mi omodpanu
anIuKeomy pacmeopa i epeHeciu B YUCTYI0 KOHUYECKYH0 Koi0y. Tyna sxe nooaBunu
30bITOK pacTBOopa MosmOaata ammonus. Ilocnme BbelmageHuss ocagka KoJOy
BCTpsixuBaiu B TeueHue 20 mMuH. Ocaliok OTIEIUIN OT pacTBOpa (GUILTPOBAHUEM U
MIPOMBUIH €70 J10 HENTpalibHOM peakiuu PH cMbiBa.

[Tony4yeHHBINH OCaZOK MEPEHECHIH B YUCTYI0 KOHUYECKYI0 K00y, mobaBuiu 100 mu
JUCTWJIMPOBAHHOM BOJIbI, IMPEABAPUTEIBLHO OYMIIEHHON OT YIJIEKHCIOro Tas3a, U
10,00 mx 1,0000 M pacTtBOpa ruIpoKCHIa HATPUS.

[Tocne pacTBopeHus ocajka 100aBUIIM HECKOJBKO Kamneiab pacTBopa (eHondraienHa
u ortutpoBanu 0,1000 M pacTBOpOM CEpPHOI KUCIIOTHI.

[locne cepun TUTpOBaHUN OBLIM TOJYYEHBI CIEAYIOIIME pe3yJbTaThl pacxoaa
pacTBOpa CEPHOM KUCIOTHI:

Ne TutpoBanus 1 2 3 4 5 6
V(H2S04), Mt 27,64 27,71 27,65 29,52 27,70 27,65

9. Hanumure ypaBHEHHS peaklHil, NPOTEKAIIMX B XOJ€ KOJIUYECTBEHHOIO
onpenenenus pocharos.
10. PaccumnTaiiTe MacCoBYIO JIOJIO allaTUTa B BBICYIIIEHHOM TIpo0e.

Xpomartorpaguueckoe onpeaeieHue KCAHTUHA

KonnuecTBeHHOE OIpejielieHne OpraHuYeCcKUX BEIIECTB B OMOJOTMYECKUX MpoOax
YCTIEIIHO BBITIOTHSAETCS METOJIOM BBICOKOA((DEKTUBHOM KUIKOCTHOM XpoMaTorpaduu
(B2XX). OTOT MeTOA MO3BOJISIET MPOBOAUTH OJTHOBPEMEHHOE Pa3CICHUE CIIOXKHBIX
npo0 Ha COCTABJAIONIME WX KOMIIOHEHTHI, WICHTU(PUKANNIO OOJIBIINHCTBA
KOMIIOHEHTOB, M3MEPEHHE KOHIIEHTPAlMh OJHOTO0 WM HECKOJbKUX COEIUHECHUI.
BOXX  mmpoko mnpumeHseTcss B INHINEBOM W CEIbCKOXO3SMCTBEHHOU
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MPOMBIIIUICHHOCTH, B MEJUIIMHE, (papMalleBTUKe, He)TEXUMUHU, KPUMHUHAIUCTUKE U
T.J.

VYcenosHo npuninun aeiictBus BOXKX (puc. 3) 3akimtouaercs B CIEAYIOMIEM: pacTBOP
aHaJM3UPyEeMON CMECH C TMOMOIIBI0 y37a BBoja mpoObl (1) BBoguTCS B mMpudop, B
KOTOPOM PaCTBOPSIETCS B MOJBIKHOM KUAKOH (haze (IOCHTE 2), U IEPEHOCUTCS C HeH
K BepxHel udactu xpomartorpadpuyeckor konoHku (3). Ilon nmeiicTBMEM BBICOKOTO
JABJICHUS, JIOCTUTA€MOro C TOMOINbI0 Hacoca (4), cMech NPOIyCKaeTcs 4Yepes
XpoMatorpaduueckyro KOJOHKY, 3apaHee 3aloJIHEHHYI0 COpPOCHTOM, B KOTOPOU
NPOUCXONUT pa3/ieliecHUe aHAIU3UPYyEeMONM CMeCH Ha OTJEJbHbIE BeIleCTBa.
BriTekaromuii 13 KOJOHKH pacTBOp (3I1H0AT), COJEPKAITUNA OTACIbHBIE KOMIIOHEHTHI
aHaJM3UPYeMON CMeCH, JCTEKTHpyeTcs JeTeKTopoM (5) u oOpabaThIBaeTcs
MIPOTrPaMMHBIM OOecTiedeHIEM Tprbopa.

Al__+

\ 4

[= =]

Pucynok 3 — YnpouieHHasi npuHiunuaibHas cxema BOXKX

KauecTBeHHass ¥ KOJIMYECTBEHHAs] HACHTU(PHUKAIUA BemiecTB ¢ momoiisio BOXKX
MIPOU3BOIUTCS C TIOMOIIBIO XpoMaTtorpaMMm (puc. 4), KOTOPBIE MPEJCTABISIOT COOOU
3aBUCUMOCTh HWHTEHCHUBHOCTH CHUTHAJIA, IMOJYy4ae€MOro JIE€TEKTOPOM, OT BPEMEHHU.
PaznuuHble BeliecTBa UMEIOT pa3HOE BPEMsI YAEPKAHUS B KOJIOHKE, II0ATOMY KaKJIOMY
BEILIECTBY OYyJIET COOTBETCTBOBAThH OMPEACIICHHOE MOJIOKEHHE MHUKAa OTHOCUTEILHO
IIKaJIbl BpEMEHU — Ha 9TOM OCHOBaHa KAaue€CTBEHHAs WJICHTHU(UKAIMS BEIIECTB C
nomoipio BOXKX. KonmnuecTBeHHOE OIpe/iesieHue OCHOBAHO HAa TOM, YTO ILIONIA/b
MHUKa Ha XpOMATOTrpaMMe MPSIMONPONOPUHUOHAIBHA KOHLEHTPAUU OMPEAELTIEMOTO
KOMITOHEHTA.
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CHTHAT BEIIECTBL A

CHTTIAT BelIceTRa 3 n

,\/\A

Bpewms

CurHan geTekTopa

Pucynok 4 — [Ipumep xpoMatorpaMmsl, HOJTYYEHHON IPH AHAJIU3E CMECH JIBYX
BEILECTB

Meronq BOXX HapaBHe ¢ JOpyrMMM METONAMHM AHAIW3a NPUMEHSAETCS I
OIPEJENICHUS] COCTaBa ITOYEYHBIX KOHKPEMEHTOB OPraHUYECKOIO IPOUCXOKICHUS.
Pexxe Bcero BcTpewaroTCs KCAaHTUHOBBIE KOHKPEMEHTBHI, 00pa3oBaHHE KOTOPBIX
00YCJIOBJICHO PEJIKUM F€HETUUECKUM 3a00JI€BAaHUEM.

[IpoOy kcanTHMHCOAEpKamero koHkpementa maccoi 0,0010 r pactBopwim B 1 1
pactBoputens. Oroopanu anukBoty 0,1 M u BBeM B y3en A1t BBojia mpoosl BOXKX.
Ha puc. 5 npuBegena xpomarorpamma MOpoObl KCAaHTUHOBOTO KOHKPEMEHTA,
nosyuerHast Ha BOXKX ¢ ynabTpaduoneroBsim (Y D-) poToMeTpruuecKuM I€TEKTOPOM,

HAaCTPOEHHBIM Ha JUIMHY BOJIHBI 280 HM.
3 -

2,5 1

1,5

OnTnyeckasi NNOTHOCTb

0,5 1

6 8 10 12 14 16
Bpemsi, MuH

Pucynok 5 — Xpomarorpamma uccieayeMoro pacteopa

B Tabnuiie npuBeneHbl 3KCIIEpUMEHTANIbHBIE JaHHBIE TPAIyUPOBKU XpomaTorpada mno
CTaHJAapTHOMY 00pa3ily KCaHTHHA:
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S nuka 1,23 2,47 3,62 4,94 6,07 7,36
Konuentpanus
KCaHTUHA B 0,1 0,2 0,3 0,4 0,5 0,6
npoOe, Mr/J

11. Paccunraiite MacCOBYIO JAOJIFO KCAHTHHA B HCCIEAYEMOM KOHKPEMEHTE.

Cnpasounas undopmauus

Pacuer Q-kputepusi:

Q= |2 =411

|Xmax—X%minl
3naueHust Q-Kpurtepus:

i 3 4 5 6 7 8 9 10
Q 098 | 085 | 0,73 | 064 | 059 | 0,54 | 0,51 | 0,48
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PEINIEHWE 3ATAY. CTAPIIIASA JIUT'A

NH4+ Ca?* Mg2+ PO43' CO32' C2042' OH-

AgNO; - - - AgsPO4| | Ag2COs] | Ag2C204] | AgQ20]

JKEITBIN | KEITHIN OenbIi CEpBbIH,

YEPHEET

H,SO, - CaS04| - - CO21 - -
MyTb WIH OecB.

OenbIii
0CaI0K

3a mabauyy uau onucanue xo0a padomal, 20e Kaxcovlii Iman nPpueooum K
eéepromy pezyavmamy — 0,5 o.

Bcezo 3 oanna.

2. YpaBHEHUS pEAKIIUNA:
Ca** + SO,* = CaSO,

3Ag* + PO = AgsPO,
2Ag* + COz* = Ag.CO4
2H* + CO3* = H,0 + CO;,
2Ag* + C,04% = Ag,C,0,
2Ag" + 20H = Ag,0 + H,0O
0,5x 6 =3 banna.

3. | — moueBas kucnora; |l — agenun; |l — xcantun; 1V — nuctus.
0,5x 4 =2 oanna.

4. Jlaktam-nakTuMHas TayroMepust xapaktepHa aiis | u 1.

0,5x2=1o6ann.
o) OH OH
HN | NH> L NZ~ | \ N2 NH>
O)\NH N/ O)\NH N/ HO)\\N | N/
JlakTam JIAKTUMBI
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Cmpyxkmypot — 1 d6ann.
Tunvt maymomepoe — 1 oan.

5. [MonoxutenpHyO P00y AatoT coeauaenwms | u 1.

0,5x 2 =1 oana.

6. Cxema 00pa3oBaHUsI MypEKCHUA:

o)
> _+op HN/ltOH + HN/L%O +H2N\/NH2
)\NH )\ = O)\ o 5
o)

ORI O )YIK
osenteoe]

1 x 3 =3 o6anna.

7. YpaBHEHUS pEeaKLM:

CaC;04 + H,SO4 = CaSO4 + H,C04 — 0,5 6annos

2Cas(PO4)3(OH) + 7H,SO4 = 7CaS0O,4 + 3Ca(H2PO,), + 2H,0 — 1 6ann
5H,C,0,4 + 2KMnO, + 3H,S0,4 = K;SO,4 + 2MnSO,4 + 8H,0 + 10CO; — 1 6an

8. Pacdet Macchl MOHOTHIpaTa OKcajgaTa KaJlbIlus:
m(CaC,0,4) = 2,5*C(KMnO4)*V(KMnO,)*10*146 = 0,7115 r
®( CaC,04) =59,29%

Dopmyna — 1 d6ann

Bepnuwuit pezynomam — 1 oann

22



XXX International school Olympiad in Chemistry
"TUYMAADA"

9. YpaBHeHUs peakiuii:
CaC,0,4 + 2HNO; = C&(NO3)2 + H,C,04 — 0,5 6annos
Cas(PO4)3(OH) + 10HNO; = 5C&(N03)2 + 3H3PO4 + H,O — 0,5 6anrnoe

HsPO, + 12(NH4)2MOO4 + 21HNO; = (NH4)3H4[P(M0207)6] + 21NH4sNO3 + 10H,0 —
1 6ann

(NH4)3H4[P(M0207)6] + 24NaOH = 11Na,MoQO, + (NH4)2MOO4 + Na,NH4PO, +
14H,0 — 1 6ann

H,SO,4 + 2NaOH = Na,SO,4 + H,0 — 0,5 éannoe

10. Pacuér kommuectBa PO,

Q = |(Xi — Xi+1)/(Xmax — Xmin)| = 0,96

B pacdeTax He yuuThIBaeM pe3ysbTaT ¢ MAKCUMAJIbHBIM 3HAYCHHEM 00BheMa.
Nuss(NaOH) = 2C(H,S04)V(H2S0y) = 5,53-10" mons

N(PO4>) = [Co6(NaOH)V ,05(NaOH) — n,;5(NaOH)]*10/24 = 1,86-10" mob.
m(anatut) = M(anarur)* n(PO*)/3 =0,3112 .

o(amartur) = 25,93%

Bepnasa gpopmyna pacuema koauuecmea hocpama — 1 6ann

Pacuem 3nauenusn:

- ec/lu 6 pacuyemax ucnoav3yemcsa npomax — 1 éann;

- ec/iu 8 pacuemax NPoOMax He UCHOIb3Yencs, HO IMO He 0O0CHOBAHO pacuemam —
2 oanna;

- eClu 6 pacuyemax nPomax He UCNONAb3Yemcs U NPUBEOEHO PACUemHOe
obocnosanue — 3 oanna.

11. S=5,5 o.e.ni*muH — 1 b6ann.

o(kcaHTuH) = 45% - 2 éanna.

HTOI'O: 30 6annos.
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JUNIOR LEAGUE

Kidney stone disease (nephrolithiasis) is a
fairly common disease, manifested by the
- deposition of concretions (stones) of various
origins in the kidneys. Patients usually
” F experience significant discomfort, as the size

Il““‘“”l” of the stones can sometimes be several

i
0 1

centimeters. In such cases, surgical
intervention is required to remove them.
Depending on the etiology of the disease,
concretions can consist of one or several inorganic minerals - calcium oxalate, calcium
orthophosphate, apatite, struvite or calcium carbonate. Formation of concretions from
organic substances is also possible.

BLOCK 1. Qualitative analysis

Diagnosis of nephrolithiasis is possible at an early stage when an abnormally high
content of certain substances is detected in the urine. In this case, dietary correction is
possible, which will relieve the patient from the progression of the disease. One of the
signs of the early stage of nephrolithiasis is an increased content in the urine of one or
several ions from the list:

NH,", Ca2+, MgZ+, PO43', COgZ', C2042', OH-.

1. Suggest a methodology for the qualitative identification of each of these ions using
solutions of reagents: H,SO4, AgNOs. A water bath is also available.

2. Write the equations of the reactions and describe the visual effects that allow you to
reveal the listed ions.

BLOCK 2. Quantitative analysis

Concretions often have a mixed origin. For example, the core of the concretion may
consist of calcium oxalate monohydrate CaC,0,H,O, which as it grows can
agglomerate minerals such as struvite MgNH4PO,4-6H,0, apatite Cas(PO4)3;(OH) and
other inert impurities. To identify the quantitative composition, a sample of such a
concretion was dried at 105°C to remove moisture and subjected to quantitative
analysis.
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Quantitative determination of calcium oxalate

A probe of the analyzed sample, dried at 105°C and weighing 1.1380 g, was placed in
a beaker, an excess of sulfuric acid solution was added and boiled for 30 minutes. The
contents were cooled to room temperature and separated from the precipitate by
filtration. The filtrate was transferred to a 250 mL volumetric flask and the volume of
the solution was brought up to the mark. From the resulting solution, using a Mohr
pipette of 25 mL, an aliquot of the solution was taken and transferred to a clean conical
flask. The solution was heated to 70°C and titrated with a 0.0179 M solution of
potassium permanganate. After a series of titrations, the following results were
obtained for the consumption of potassium permanganate solution:

No of titration 1 2 3 4
V(KMnQ,), ml 10.90 10.85 10.92 10.89

3. Write the equations of the reactions that occur during the quantitative determination
of calcium oxalate.
4. Calculate the mass of CaC,04-H0 in the dried probe.

Quantitative determination of phosphates

A probe of the analyzed sample, dried at 105°C and weighing 1.1380 g, was placed in
a beaker, an excess of nitric acid solution was added and boiled for 30 minutes until
the precipitate was completely dissolved. The contents were cooled to room
temperature and transferred to a 250 mL volumetric flask, the volume of the solution
was brought up to the mark with distilled water and thoroughly mixed. The resulting
solution was filtered through a porous ceramic filter.

From the resulting filtrate, using a Mohr pipette of 25 mL, an aliquot of the solution
was taken and transferred to a clean conical flask. An excess of ammonium molybdate
solution was also added there. After the precipitate had formed, the flask was shaken
for 20 minutes. The precipitate was separated from the solution by filtration and
washed until a neutral pH reaction of the washings.

The resulting precipitate was transferred to a clean conical flask, 100 mL of distilled
water, previously purified from carbon dioxide, and 10.00 mL of 1.0000 M sodium
hydroxide solution were added.

After the precipitate had dissolved, a few drops of phenolphthalein solution were added
and titrated with a 0.1000 M solution of sulfuric acid.
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After a series of titrations, the following results were obtained for the consumption of

sulfuric acid solution:
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No of titration

1

2

3

4

5

6

V(H2SOy), mi

24.53

27.35

24.56

24.54

24.53

24.52

5. Write the equations of the reactions that occur during the quantitative determination
of phosphates.

6. Calculate the amount in moles of PO4> in the dried probe.

Thermogravimetric determination of water of hydration

Thermogravimetry is a method of thermal analysis in which the change in mass of a
sample is recorded as a function of temperature. It involves observing the mass of a
sample of a substance as its temperature changes. The result of the analysis is the so-
called thermogravimetric curves, which illustrate the dependence of the sample mass
on temperature. The method is used to determine the temperature of decomposition,
dehydration, and degassing of various substances, the moisture content of materials,
the proportion of organic components, the destruction of polymers, etc.

The analyzed sample, dried at 105°C, was subjected to thermogravimetric analysis.
Figure 1 shows the curve of the analysis results.

100 -
98
9% |
94

92 +

Mass loss, %

90 -

88 -

86

80 130 180 230
Temperature, °C

Figure 1 - Thermogravimetric curve of the analyzed sample

7. Calculate the mass fraction of water of hydration in the dried sample
8. Calculate the mass fraction of apatite, struvite, and calcium oxalate monohydrate in
the dried sample being analyzed.
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Reference Information
Q-criterion calculation:

Q= |2 =41l

[Xmax—Xminl

Q-criterion values:

[ 3 4 5 6 7 8 9

10

Q 098 | 0,85 | 0,73 | 064 | 0,59 | 0,54 | 0,51

0,48
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1. Interaction table:
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JUNIOR LEAGUE. SOLUTIONS

N H4+ Ca?* Mg2+ PO43' CO32' C2042' OH-
AgNO; - - - AgsPO4| | Ag2COs| | Ag2C204] | AQ20]
yellow | yellow white grey,
blackish
H,SO4 - CaSQq,| - - CO2t - -
haze or colorless
white
sediment

For a table or description of the progress of work, where each stage leads to the
correct result - 0.5 points.

Only 3 points.

2. Reaction equations:

Ca®* + SO4* = CaSO,

3Ag* + PO;* = AgsPOy

2Ag* + COs> = Ag.CO;

2H* + CO3> =H,0 + CO,

2Ag" + C,04% = Ag,C,04

2Ag* + 20H = Ag,0 + H,0O

For each correct equation - 1 point.

No more than 6 points in total.

3. Reaction equations:

CaC,0,4 + H,SO, = CaSO, + H,C,0,4 — 0.5 points

2Cas(PO4)3(OH) + 7H,S0, = 7CaS0;, + 3Ca(H,PO4), + 2H,0 — 1 point
5H,C,04 + 2KMnO, + 3H,SO, = K;SO4 + 2MnSO, + 8H,0 + 10CO, - 1 point

4. Calculation of the mass of calcium oxalate monohydrate:

M(CaC,0y) = 2.5*C(KMnO,)*V(KMnO,)*10*146 = 0.7115 g.
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The correct formulais 1 point.

The correct calculation result is 1 point.

5. Reaction equations:

CaC,04 + 2HNO; = Ca(NOs3), + H,C,04 — 0.5 points

Cas(PO4)3(OH) + 10HNO;3; = 5Ca(NO3), + 3H3PO4 + H,O — 0.5 points
MgNH4PO, + 3HNO; = Mg(NO3), + NHsNO; + HsPO, — 1 point

HsPO, + 12(NH4)2MOO4 + 21HNO; = (NH4)3H4[P(M0207)G] + 21NHsNO;3; + 10H,0 —
points

(NH4)3H4[P(M0207)6] + 24NaOH = 11Na,MoO, + (NH4)2MOO4 + Na,NH4PO, +
14H,0 - 2 points

H,SO, + 2NaOH = Na,SO, + H,O — 0.5 points

6. Quantity calculation of PO4*:
Q = |(Xi - Xi+1)/(Xmax - Xmin)| =0.99.

In the calculations, we do not take into account the result with the maximum value of
the volume.

Nexc(NaOH) = 2C(H,S0,)V(H,S04) = 4.91-10° mol

N(PO4>) = [Casa(NaOH)Vaaa(NaOH) — Nexe(NaOH)]*10/24 = 2.12-10- mol.
The correct formula for calculating the amount of phosphate is 1 point
Value calculation:

- if aslip is used in the calculations — 1 point;

- if the slip is not used in the calculations, but it is not justified by the calculations —
2 points;

— if the slip is not used in the calculations and the calculation justification is given —
3 points.

7. The weight loss is about 12%. It corresponds to the mass fraction of hydrated water.

The correct answer is 3 points.
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8. Calculation of the mass fraction of minerals in the stone:
m(apatite) = [n(HzPO,4) — n(struvite)]*502/3 = 0.2193 g — 1 point
o(apatite) = 19.27%

®(CaC,0.) = 62.52%

o(struvite) = 9.75%

The correct calculation of the mass fraction is 2 points.

TOTAL: 30 points.
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Kidney stone disease (nephrolithiasis) is a
fairly common disease, manifested by the
- deposition of concretions (stones) of various
origins in the kidneys. Patients usually
” F experience significant discomfort, as the size

Il““‘“”l” of the stones can sometimes be several

i
0 1

centimeters. In such cases, surgical
intervention is required to remove them.
Depending on the etiology of the disease,
concretions can consist of one or several inorganic minerals - calcium oxalate, calcium
orthophosphate, apatite, struvite or calcium carbonate. Formation of concretions from
organic substances is also possible - uric acid, cystine, xanthine, and adenine

BLOCK 1. Qualitative analysis

Diagnosis of nephrolithiasis is possible at an early stage when an abnormally high
content of certain substances is detected in the urine. In this case, dietary correction is
possible, which will relieve the patient from the progression of the disease. One of the
signs of the early stage of nephrolithiasis is an increased content in the urine of one or
several ions from the list:

NH,", Ca2+, MgZ+, PO43', COgZ', C2042', OH-.

1. Suggest a methodology for the qualitative identification of each of these ions using
solutions of reagents: H,SO4, AgQNO3. A water bath is also available.

2. Write the equations of the reactions and describe the visual effects that allow you to
reveal the listed ions.

Below are the numbered structures of organic compounds - components of kidney
concretions: adenine, cystine, uric acid, xanthine.

NH

0
HN | >—o N~ | N\> HN
)\ - k\ )\
o} NH NH N NH 0
I 1

NH, 0
|

NH N/>
Il
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NH,

s

H,N
2 57 \/¥o
HO
o/ OH
v

3. Indicate the correspondences between the structure and the name of the substance.
4. For some of the substances listed, the phenomenon of lactam-lactim tautomerism is
characteristic. Indicate the number(s) of the structure(s) for which it is characteristic,
and using the example of any one of the compounds I-1V, illustrate the interconversion
between tautomers. Indicate the type of tautomer.

Qualitative detection of some of the substances listed is possible using the so-called
murexide test. For this, the substance being tested is oxidized by the action of an excess
of hydrochloric acid (reactions 1 and 2) and treated with an excess of ammonia
solution (reaction 3). As a result, a purple coloration appears, due to the formation of
murexide (Fig. 1).

O O
N l
HN m NH
O NH NH O

Figure 1 - Structural formula of murexide

5. Indicate the numbers of the compounds that give a positive murexide test.

6. Using the example of one of the selected compounds, illustrate the schemes of
transformations (reactions 1-3) that occur during the described analysis. If you are
unsure or not confident in choosing the correct compound, then illustrate the schemes
of transformations (reaction 1-3) using the example of caffeine (Fig. 2).
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CHs,

Figure 2 - Structural formula of caffeine

BLOCK 2. Quantitative analysis

Concretions often have a mixed origin. For example, the core of the concretion may
consist of calcium oxalate monohydrate CaC,0,H,O, which as it grows can
agglomerate mineral such as apatite Cas(PO,4)3(OH) and other inert impurities. To
identify the quantitative composition, a sample of such a concretion was dried at 105°C
to remove moisture and subjected to quantitative analysis.

Quantitative determination of calcium oxalate

A probe of the analyzed sample, dried at 105°C and weighing 1.2000 g, was placed in
a beaker, an excess of sulfuric acid solution was added and boiled for 30 minutes. The
contents were cooled to room temperature and separated from the precipitate by
filtration.

The filtrate was transferred to a 250 mL volumetric flask and the volume of the solution
was brought up to the mark. From the resulting solution, using a Mohr pipette of 25
mL, an aliquot of the solution was taken and transferred to a clean conical flask. The
solution was heated to 70°C and titrated with a 0.0179 M solution of potassium
permanganate. After a series of titrations, the following results were obtained for the
consumption of potassium permanganate solution:

No of titration 1 2 3 4
V(KMnQ,), ma 10.90 10.85 10.92 10.89

7. Write the equations of the reactions that occur during the quantitative determination
of calcium oxalate.
8. Calculate the mass fraction of CaC204-H20 in the dried probe.
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Quantitative determination of phosphates

A probe of the analyzed sample, dried at 105°C and weighing 1.2000 g, was placed in
a beaker, an excess of nitric acid solution was added and boiled for 30 minutes until
the precipitate was completely dissolved. The contents were cooled to room
temperature and transferred to a 250 mL volumetric flask, the volume of the solution
was brought up to the mark with distilled water and thoroughly mixed. The resulting
solution was filtered through a porous ceramic filter.

From the resulting filtrate, using a Mohr pipette of 25 mL, an aliquot of the solution
was taken and transferred to a clean conical flask. An excess of ammonium molybdate
solution was also added there. After the precipitate had formed, the flask was shaken
for 20 minutes. The precipitate was separated from the solution by filtration and
washed until a neutral pH reaction of the washings.

The resulting precipitate was transferred to a clean conical flask, 100 mL of distilled
water, previously purified from carbon dioxide, and 10.00 mL of 1.0000 M sodium
hydroxide solution were added.

After the precipitate had dissolved, a few drops of phenolphthalein solution were added
and titrated with a 0.1000 M solution of sulfuric acid.

After a series of titrations, the following results were obtained for the consumption of
sulfuric acid solution:

No of titration 1 2 3 4 5 6
V(H,SO,), ml 27.64 27.71 27.65 29.52 27.70 27.65

9. Write the equations of the reactions that occur during the quantitative determination
of phosphates.
10. Calculate the mass fraction of apatite in the dried probe

Chromatographic determination of xanthine

The quantitative determination of organic substances in biological samples is
successfully performed by high-performance liquid chromatography (HPLC). This
method allows for the simultaneous separation of complex samples into their
constituent components, identification of most components, and measurement of the
concentration of one or several compounds. HPLC is widely used in the food and
agricultural industry, medicine, pharmaceuticals, petrochemistry, forensics, etc.

The principle of HPLC operation (Fig. 3) is as follows: a solution of the analyzed
mixture is introduced into the instrument using a sample injection unit (1), where it is
dissolved in the mobile liquid phase (eluent 2) and transferred with it to the top of the
chromatographic column (3). Under the action of high pressure, achieved by means of
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a pump (4), the mixture is passed through a chromatographic column pre-filled with
sorbent, where separation of the analyzed mixture into individual substances occurs.
The solution (eluate) flowing out of the column, containing individual components of
the analyzed mixture, is detected by a detector (5) and processed by the instrument’s

software
A——’

o

Figure 3 - Simplified schematic diagram of HPLC

Qualitative and quantitative identification of substances using HPLC is performed
using chromatograms (Fig. 4), which represent the dependence of the signal intensity
obtained by the detector on time. Different substances have different retention times in
the column, so each substance will correspond to a certain peak position relative to the
time scale - this is the basis for qualitative identification of substances using HPLC.
Quantitative determination is based on the fact that the area of the peak on the
chromatogram is directly proportional to the concentration of the determined
component

Substance A signal

~

Substance B signal n

\

UL

Time

Detector’s signal

Figure 4 - Example of a chromatogram obtained during the analysis of a mixture of
two substances
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The HPLC method, along with other analysis methods, is used to determine the
composition of kidney stones of organic origin. Xanthine stones are the least common,
their formation is due to a rare genetic disease.

A sample of a xanthine-containing stone weighing 0.0010 g was dissolved in 1 L of
solvent. A 0.1 mL aliquot was taken and introduced into the HPLC sample injection
unit. Figure 5 shows the chromatogram of a xanthine stone sample obtained by HPLC
with an ultraviolet (UV) photometric detector tuned to a wavelength of 280 nm.

3 -

25 -

Optical density

—_
L

0.5 4

6 ;3 1IO 1I2 1:4 1I6
Time, min

Figure 5 - Chromatogram of the investigated solution

The table shows the experimental data for the calibration of the chromatograph using
a standard xanthine sample

S of peak 1.23 2.47 3.62 4.94 6.07 7.36
Xanthine

concentrationin | 4 0.2 0.3 0.4 0.5 0.6
the sample,

mg/L

11. Calculate the mass fraction of xanthine in the investigated stone.
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Reference Information
Q-criterion calculation:

Q= |2 =41l

[Xmax—Xminl

Q-criterion values:

[ 3 4 5 6 7 8 9

10

Q 098 | 0,85 | 0,73 | 064 | 0,59 | 0,54 | 0,51

0,48
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1. Interaction table:

N H4+ Ca?* Mg2+ PO43' CO32' C2042' OH-
AgNO; - - - AgsPO4| | Ag2COs] | Ag2C204] | AgQ20]
yellow | vyellow white grey,
blackish
H,SO4 - CaS0Oq4| - - CO2t - -
haze or colorless
white
sediment

For a table or description of the progress of work, where each stage leads to the
correct result - 0.5 points.

Only 3 points.

2. Reaction equations:

Ca?* + S04 =

CaSO4

3Ag* + PO = AgsPO,
2Ag* + COz* = Ag.CO4
2H* + CO3* = H,0 + CO;
2Ag* + C,04% = Ag,C,0,
2Ag* + 20H = Ag,0 + H,0O

0.5 x 6 =3 points.

3. | - uric acid; Il - adenine; 111 - xanthine; IV - cystine.

0.5 x 4 =2 points.

4. Lactam-lactim tautomerism is characteristic of I and IlI.

0.5 x 2 =1 point.

xNH > — xNH

lactam

Iactlms
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Structures - 1 point.

Types of tautomers - 1 point.

5. Compounds I and 111 give a positive sample.

0.5x 2 =1 point.

6. Murexide Formation Scheme:

e} O

OH o
)i> n T e
/ O)\NH ~<0 o) NH O lO
O

O O )Y ﬁ
)Kfl/k v o0 HN)KIOIA&

1 point x 3 = 3 points.

7. Reaction equations:

CaC,0,4 + H,SO,4 = CaSO,4 + H,C,0,4 — 0.5 points

2Cas(PO4)s(OH) + 7H,S0, = 7CaS0; + 3Ca(H,PO4), + 2H,0 — 1 point
5H,C,04 + 2KMnOQO,4 + 3H,S0,4 = K;SO,4 + 2MnSO,4 + 8H,0 + 10CO; — 1 point

8. Calculation of the mass of calcium oxalate monohydrate:
m(CaC,04) = 2.5*C(KMnO4)*V(KMnO4)*10*146 = 0.7115 g
®(CaC,04) =59.29%

Formula - 1 point
Correct result - 1 point
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9. Reaction equations:
CaC,0,4 + 2HNO; = C&(NO3)2 + H,C,0,—-0.5 points
Cas(PO4)3(OH) + 10HNO; = 5C&(N03)2 + 3H3PO4 + H,O - 0.5 points

HsPO, + 12(NH4)2MOO4 + 21HNO; = (NH4)3H4[P(M0207)6] + 21NH4sNO3 + 10H,0 —
1 point

(NH4)3H4[P(M0207)6] + 24NaOH = 11Na,MoQO, + (NH4)2MOO4 + Na,NH4PO, +
14H,0 — 1 point

H,SO, + 2NaOH = Na,SO, + H,O — 0.5 points

10. Calculation of the amount PO,*:
Q = |(Xi - Xi+1)/(Xmax - Xmin)| =0.96

In the calculations, we do not consider the result with the maximum value of the
volume.

Nexs(NaOH) = 2C(H,S04)V(H,S04) = 5.53-10 mol

N(PO4*) = [Cagd(NaOH)Vaga(NaOH) — Nex(NaOH)]*10/24 = 1.86-10-3 mol.
m(apatite) = M(apatite)* n(PO,*)/3 = 0,3112 g.

o(apatite) = 25.93%

The correct formula for calculating the amount of phosphate is 1 point

Value calculation:

- if amiss is used in the calculations - 1 point;

- if the slip is not used in the calculations, but it is not justified by the calculations -
2 points;

- if the slip is not used in the calculations and the calculation justification is given -
3 points.

11. S=5.50.d.u.*min — 1 point.
w(xanthine) = 45% - 2 points.

TOTAL: 30 points.
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