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OnTuMu3zanms ycJOBUH NMPOBeIeHNs] aHAJIU3a P00
CJIOKHOTO COCTABA METOI0M MACC-CIIEKTPOMETPUH
¢ HHAYKTHBHO-CBSI3AHHOH IJIa3MOM

Memoo macc-cnekmpomempuu 6 Hacmosuee 8pems AGNAeMCA OOHUM U3
UHMEHCUBHO PA3BUBAIOWUXCS. MemO0008 ananumudeckou xumuu. OOHAKO cepbesHol
npobnemoti mMemooa Aisemcs Hanuuue cnekmpanvhuix nomex. C ucnonvzosanuem
MePMOOUHAMULECKO20 MOOEUPOBAHUS NOKA3AHA 603MONCHOCHb 00PA306aHUS MHO-
JHCECMBA 3APANCEHHBIX NOTUMONEKYL U 0DOCHOBAHA HEOOXOOUMOCMb UX yuema npu
npogedenuu ananuza. Ha ocnosanuu mamemamuyeckux pacuemos evigeoeno 32 ypas-
HeHUs MameMamu4eckotl Koppekyuu 0jis yuema cnekmpanbHuix unmepgepenyuil.

Kniouesvie cnosa: memoo macc-cnekmpomempuu ¢ UHOYKIMUBHO-CAZANHOU
NAA3MOlL; CNeKmpanbHble NoOMexXu; MmepmMoOUHAMU1ecKoe MOOeIUposanue.

BBeaenne

Macc-cnexkTpoMeTpusi ¢ MHAYKTUBHO-cBsizaHHOW mnasmoi (MCII-MC) B
HacToslIee Bpems, 0jaroaps BHICOKOH 4yBCTBUTEILHOCTH U BO3MOKHOCTH BbI-
MOJIHEHUS] MHOTO3JIEMEHTHOT'O ¥ M30TOIHOTO aHANN3a, SBISETCS OJHUM M3 MH-
TEHCUBHO Pa3BUBAIOILUXCA METOJOB KOJIWYECTBEHHOI'O aHajiu3a. TeM He MeHee
ocHOBHOM mipobiemoit mpu nposenennu VMCII-MC ananmza sBsieTCS HaIH4He
cnekTpajibHbIX Momex [1]. CrekTpanbHble TOMEXU BBI3BIBAIOTCS ATOMHBIMH HJIH
MOJICKYJISIPHBIMH MOHAMHM, UMEIOIIUMH TaKyIO JK€ Maccy, YTO M U30TOIl aHaJu-
3UpyeMOro 3jJeMeHTa. MOXXHO BBIJENUTh HECKOJIBKO THUIIOB CIIEKTPAaJbHBIX I10-
MeX: M300apHbIe aTOMHBIC, MHOTO3apsIHBIE U MOJICKYJISIpHbIE (TIOJHATOMHBIE)
WoHBI [2]. VI3 MHOTO3apsTHBIX HOHOB HAMOOJBINWHI BKJIAJ NAIOT JIBYX3apsIHbIC
noHbl. Hanbosee 3HaunMble poOIeMbl BBI3BIBAIOT MOJIEKYJISIPHBIE (ITOJHATOM-
HBIC) UOHBI, MIPEICTABIIIONINE cOO0M acCONMAINU NOHOB aproHa U €ro MmpuMe-
cei, a TakKe B3aUMOICUCTBHUS MEXIy cOOOH KOMIIOHCHTOB PAacTBOPHUTENS U
MaTpHULbl, B CYMME JAlOLIUX MAaccCy, COBINAJAIOUIYI0 C MAacCO OMpenessseMoro
u3zotona. Hamuune crnekTpaabHBIX MOMEX NPUBOJUT K PE3KOMY YBEJIUYEHMIO
MpeIeIOB OOHAPYKEHHSI 3JIEMEHTOB U CHI)KEHUIO TOYHOCTU MIPOBEICHHUS aHAH-
3a. bonpmmHCTBO Hambomee cephe3HbIX MOMMaToOMHBIX HanoxeHuit B UCIT-MC
BBI3BAHO MOHAaMH, KOTOpBIE COJEpKAT KUCIOPOJA B COYETAaHUHU C DIIEMEHTaMH,
MPUCYTCTBYIOIIMMH B IU1a3Moo0pasyromieM rase (Ar), MOCTYHaoUMMH U3 BO3-
JlyXa ¥ KHUCIIOT, UCTIONIb3yEeMbIX MPH PACTBOPEHUH MPOOBI U HAXOISIIUXCS B Ca-
Moii ipo0e [3], ¥ noHamMH, 0Opa30BaHHBIMU C CAMUM IL1a3MO00Pa3YIOIIUM ra30M.
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OnHUM U3 CIOCOOOB YCTpaHEHHS MOMEX JAHHOTO THUIIA SBJISCTCS MPUMCEHE-
HUE MPUOOPOB BEICOKOTO Pa3pelIeHus, IPUHIIA JSHCTBUS KOTOPHIX OCHOBAH Ha
MCIIONIb30BAHUH JIBOWHOI (DOKYCHPOBKH 3a cueT KOMOMHHUPOBAHHS MarHUTHOIO
U 3JEKTPOCTATHYECKOrO aHamu3aTopoB. KoMmepueckue mpuOOpPHI BBICOKOTO
paspelieHusl UMEIOT MaKCUMajbHOE paspelneHue B auamasoHe ot 7 500 mo
12 000, tak 4TO OT OONBIIMHCTBA WHTEP(hEPEHIIMH MOXXHO 0cBOOOAUThCS. [Ipn
3TOM cJIelyeT UMETh B BUIy, 4TO yBesmdeHue paspemerus ot 300 mo 3 000 Be-
JIeT K YMCHBIIICHUIO YyBCTBUTEIILHOCTH MIPUMEPHO HA TIOPSIOK [4].

B Hacrosimeli pabore sl aHaigmM3a Mpod CI0KHOTO COCTaBa KCIOJb30BaH
kBaapymoabHbiii UCIT-MC umskoro paspemennst Agilent 7500cx. ITpuGopsr ¢
KBaJIPyMOJbHBIM MacC-aHaIM3aTOPOM 0oJiee MPOCTHI B AKCIUTyaTallid U 3HAYH-
TENBHO [IENIeBIe, TO3TOMY M COCTABJISIOT OCHOBHYIO JOJ0 MHPOBOTO IMapKa
NCII macc-cniektpoMeTpoB. Pa3pemenne aHamu3aTopa B TaKUX IpHOOpax co-
ctaigeT okoo 300, COOTBETCTBEHHO, paslelieHHEe aHaIM3UPYyEeMbIX HOHOB
MPOUCXOAUT HENOCTATOUYHO 3(P(HEKTHBHO BCICACTBUE CIEKTPATBHBIX IOMEX.
[IpoGiiema uHTEphEPEHITHIA MOJICKYIIIPHBIX HOHOB, (DOPMUPYEMBIX 3JICMEHTAMH
MAaTPHIIBI, QPTOHOM U 3JIEMEHTaMHU PACTBOPHUTEIIS, YACTUYHO, & B PsJIC CIIydacB
paIUKaIBHO, PEIIACTCs B 3THX MPHOOpax IMyTEM HCIOIb30BAHUS PEaKIIUOHHOMN
s’9edKU 00 BBIBOJIA CICHUATBHBIX WHIMBUAYAIbHBIX U KAKIOTO H30TOIMA
uHTephepeHIMOHHbIX ypaBHeHUH. CyTh TaKMX ypaBHEHHUI CBOJUTCS K Marema-
TUYECKOM KOPPEKITUH 00pa3yIOLIUXCSI NOHOB.

Henb HacToOsiel pabOThI — OIIEHKA M YYeT BKJIAJa [OJUATOMHBIX HHTEp(e-
pennuii npu aHanusze Ha ICTI-MC nuskoro paspemenuns Agilent 7500cx myrem
TEPMOANHAMUNYCCKOTO MOJCIIUPOBAHNS U BbIBOJd HHAWUBUAYAJIbHBIX ypaBHeHI/Iﬁ
MaTEeMaTHYECKOU KOPPEKIHH.

TepMO)IHHaMH‘{eCKOB MOJ1€/ITHPpOBAHUE

Jns OIeHKM BO3MOXKHOCTH 0OOpa30BaHMS KHCIOPOMOCOACPKAIIMX MOJIEKY-
JIPHBIX MOHOB B WHAYKIIMOHHO-CBSI3aHHOM TUIa3Me MPOBEACHO TEPMOJIHMHAMMYE-
CKOE MOJICIIUPOBaHUE ¢ Ucmonb3oBanrueM nporpammel HSC Chemistry (OumsiH-
musi) [S]. Merton TepMOIMHAMHYECKOTO MOJCTHPOBAHHS OCHOBAaH HAa aHAIM3E
TOBE/ICHUSI CII0)KHOM MHOTOKOMIIOHEHTHOM TETEpOreHHON BBICOKOTEMIIEPATYp-
HOW cuctembl. Croco® pacdera OCHOBaH Ha MHHHAMH3AIMK H300apHO-
H30TEPMHIECKOTO TOTeHNnana [6]. B kauecTBe MOAEIBbHBIX 00pa3IOB I SKCIIe-
pHUMEHTa — pacyeTa U BBoJa JaHHbIX B mporpammy HSC Chemistry — ucmosnbs3o-
BaHBI CTaHJAPTHI cocTaa ciaHma yepHoro (CJIr-1), (CUC-1), (CCJI-1) Upkyt-
ckoro mHcTHTyTa reoxumun uM. A.Il. Bunorpanosa [7]. Beibop manubIX 00pas-
0B 00YCIJIOBJIEH BO3MOYKHOCTBIO HCCIICHOBAHUS MATPHYIHBIX W B3aUMHBIX BIIHS-
HUI TIpU ONpeNeNICHNH PeIKUX U peIKO3eMEbHBIX 3JeMeHToB (P33) meromom
NCTI-MC. IIpoGomoaroroBka mpoBoAuiIach Mo cleayromei cxeme [8, 9]: HaBecka
maccoii 0,1 r obpabareiBanace cmecbio HF :HNOs (3: 1) u nomernanacs B cucre-
My MHKpOBOJIHOBOrO paziokenust Start D (Milestone). Ilocme storo obpasert
BBITIApHBAJICS ocyXa, obpabateiBanicss koHreHTpupoBantoii HCI, 3atem BHOBB
BBIIApUBajcs U oOpadaTeBasics kKoHeHTpupoBanHOH HNOs. O6beMm pacTBOpa
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BCKpPBITOM TIPOOBI cocTaBisu1 15 mut. [locie cTokpaTHOTO, a B psijie CITy4acB ThICS-
YEeKpaTHOro, pa30aBiicHHsl a30THOKHCIBIA pacTBOpP mojBepraics aHanmuzy. C mo-
MOIIBIO TEPMOIMHAMIIECKOTO MOJECTIMPOBAHUS IIPOBEACHA OLIEHKA BO3MOXHOCTH
00pa3oBaHus 3apPsSDKEHHBIX  KHCIIOPOACOJCPIKALIMX TTOJIMMOJICKYJ, CHOCOOHBIX
MPUBOIUTH K CIIEKTPAIBHBIM HHTEP(PEPESHIHMSM MIPU MIPOBEICHUH aHATN3A.

TepMmoguHamMuYecKUil pacdeT MPOBEICH HA MPUMEPE MATPUIHBIX HJIEMEHTOB
Al u Ba, xotopble B MepByI Ouyepelb MOIYT HPHBOAUTH K CHEKTPaIbHBIM
UHTEPPEPEHIUSAM TIPU OMPEIEICHUN PEAKUX, PEIKO3EMEIbHBIX U HEKOTOPBIX
IPYTUX JJIEMEHTOB, BXOISIINX B COCTaB CTaHAapToB. HawanpHas KOHIIEHTpa-
U MaTPUYHBIX DJIEMEHTOB B cTaHmaprax coctasimsuma: mist Al (8,0 mac. %),
Ba (0,1 mac. %) u P32 — okono 0,0006 mac. %. Ilocie mepeBoga cTaHIapTHO-
ro oOpa3ma B pacTBOp ITyTeM BCKPBITHS MPOOBI KOHIEHTPALHUS COCTAaBHIIA
cootBerctBeHHO Mt Al (0,53 mr/min), Ba (7,0 MKI/MiT) B peIKO3€MEIbHBIX dJIe-
meHTOoB 0,04 MKI/MIL.

PacdeT paBHOBECHOTO cOCTaBa MPOBOIUIICS MpHU MaBiieHud 1 atM. Temmepa-
Typa B pacuyerax MeHsutack oT 6 000 1o 9 000 K ¢ mocTOSHHBIM THUCKPETHBIM
marom 500 K.

U3 puc. 1, 2 BUAHO, YTO MATPUYHBIC BIUSHUS dJICMEHTOB aIFOMHHHUS U 0a-
pusi, OOYCIIOBIICHHBIC IOSIBIICHHEM 3apsHKCHHBIX OKCHAOB B AHAIUTHYECKOM
30HE, MOTYT IPUBECTH K CHEKTPAIGHBIM HHTCPPEPEHISIM MIPU OIpPEAETICHUN
clemyomumx aneMeHtoB: *°Sct — Z7AIB0*; MSm*t - 130Bal6OH*; BEUT -
13583160* 134Ba160QH",
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Puc. 1. PaBHOBecHbIE KOHIIEHTpAIIMK aTOMOB, HOHOB U COETMHEHUH
MaTPUYHOT'O AJIEMEHTA AIIOMUHHUS B aHATUTHYECKOM 30HE I1J1a3Mbl
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Puc. 2. PaBHOBeCHBIE KOHIIEHTPALIMU AaTOMOB, HOHOB M COEIMHEHHIA
MaTPUYHOTO 3JIeMeHTa Oapusl B aHATMTHIECKON 30HE TIIa3Mbl

Ha npumepe nanrtana u ragonunust (puc. 3, 4) mokasaHo, 4To B aHaJIUTHYC-
CKOH 30HE IpPH aHaJIMU3€ PacTBOPOB, COAEPIKAIIUX PEIKO3EMEIbHBIE IJTEMEHTHI,
IpU YCTAHOBJICHUH TEPMOANHAMUYECKOTO PABHOBECHS TOSIBISIOTCS OKCHJIBI
B HEHTPaIbHOM U 3apsHKEHHOM COCTOSTHHH, KOTOPBIE IT0 Macce MOTYT COBITaAaTh
¢ noHaM# HeKoTopsix P3D. B pesymbrate pacueToB I BceX peIKO3eMeTbHBIX
3JIEMEHTOB YCTaHOBJIEHO HAIWYME 3aPSDKCHHBIX KHCIOPOACOICPIKAIIUX IOJH-
MoJiekyn. IIpu 3TOM 3apspkeHHBIC MOHBI OKCHAOB JIETKUX 3JIEMEHTOB MOTYT
MPUBOJIUTHh K HMHTEpHEpeHUUSIM IpU OmpeneneHuu cpenHux P33, a okcuisl
cpennux — K WHTEpdepeHmmsaM Tsxensix P3D: 17Gd* — 139a180*; 19Th* —
L41pyi8Q+; 163Dy 1USN(I8Q¥; 165Hg* — 149§m160+; 167Er+ — 1SIEY16Q*, 1495180
69T+ — ISEY6Q*, ISIEYI8Q; 1i2yht — 156G(6Q*, 16Dyl6Q*, 154Gd180*,
154gmIBO*; 175yt — 157GdI80*; 78Hfr — 162DyleQ*, 162E(L6Q, 160Gd180*,
160Dy180+; 181Tg+ — 165H 160",

Takum 00pa3zoM, TEPMOIMHAMHYECKHE DPACUETH ITOKAa3BIBAIOT HEOOXOIM-
MOCTh y4eTa CIEKTPaJIbHBIX HMHTep(EepeHINH, BBI3BAHHBIX MOSBICHUEM 3apsi-
KEHHBIX MOJIEKYJSIPHBIX HOHOB B AHAIUTHYECKOH 30HE NPH ONpeJeTIeHNH pell-
KHX, PEIKO3EMENbHBIX M HEKOTOPHIX IPYTMX DJIEMEHTOB B Npo0ax CI0KHOTO
cocTaBa.
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BbiBoj ypaBHeHHH MaTeMaTHYeCKOi KOPPEeKIUH

JaHHbIe ypaBHEHHS OAPa3yMEBAIOT BBEICHUE IBYX THUIIOB KO3()(HUIIMEHTOB —
TEOPETUYECKN W MPAaKTUUYECKH OOOCHOBAHHBIX. [lepBEHIM THI BBIBOAWUTCS IPH
Mmepexo/ie OT OJJHOTO M30TONA K JIPYrOMY IyTEM COOTHOIICHUS MX TPHPOIHOM
pacmpocTpaHeHHOCTH. BTOpo#l THIT KOA(PHUIUEHTOB MONyYaeTCsl IPU aHATU3e
YHCTHIX PACTBOPOB AHATU3UPYEMBIX JJIEMEHTOB.

Jns BEIBOgA KOA((PHUINEHTOB, YIUTHIBAIOMINX BEPOSTHOCTE IOSBICHHSI MO-
JEKYISAPHBIX HOHOB Pa3HOTO THIA, OblIa MPUTOTOBJIEHA CEPHUsI MOHOIJIEMEHT-
HBIX PAacTBOPOB Ui 27 JJIEMEHTOB B a30THOKHCIION W COJITHOKUCIIOW Cpeax.
PacTBOpHI TOTOBHIIM IyTeM MOCICAOBATEIBHOIO pa30aBiICHUS CEPTUPHUIUPO-
BauHbix pactBopoB (Perkin Elmer) 1000 mr/m 10 KOHIEHTpAIlMKM aHAJIMTOB
50 mkr/n. s pa3z6aBieHHsT pacTBOPOB UCIIONB30BAIH BOAY, OUHIIEHHYIO C I0-
morikio cucrembl Milli-Q Element (Millipore, ®panrms). Kucnots Mapku o.c.4.
6butn ounmieHsl B cucreme SUDPUR (Milestone, Wramus). T'otoBunu 2 cepuu
pacTtBopoB — B 2%-HOH a30THOI KuciIoTe U 2%-HOH CONAHOM KucnoTe. B mpuro-
TOBJICHHBIX PAaCTBOPAX OIMpPEACIIUINCH OTHOIICHUS apTHIHBIX, OKCHIHBIX, XJIO-
PHUIHBIX, HITPUAHBIX U THAPHIHBIX HOHOB K HOMHHAJIFHON Macce HOHa.

Ha ocHOBaHMM MaTeMaTHUYECKHX PACUYECTOB, YIMTHIBAIOIINX PACIIPOCTPAHEH-
HOCTh M30TOMOB U KO3((PHUIIMEHTOB, MOIYYCHHBIX M3 MPOBEICHHOIO JKCICPH-
MEHTa, Ul KOKAOTO aHAJIM3UPYEeMOTO W30TOIa OBIIO BBHIBEICHO MHAWBUAYAIIb-
HOE ypaBHCHHE MAaTEeMAaTHUCCKOH KOPPEKIHMH BO3HUKAIONINX HaixokeHHHd. O0-
LW BUJ] YpaBHEHUH MOYKHO MPEICTAaBUTh CIEIYIOIUM 00pazoM:

Me" = Me"usuepermoe — aKarr Me™ — bko-Me' — ckerrMeP — dky-Me® — ekn-Me!
rae Me™, Me', MeP, Me$, Me! — usortonsl Hajararomuxcs 31eMenToB; Kar, Ko, Kel,
Kn, Kn — K03 GHIHMEHTBI, yYUTHIBAIOIIME BKIIAI APTUAHBIX, OKCHUIHBIX, XJIOPH/I-
HBIX, HUTPUJIHBIX U TUAPHUIHBIX HOHOB COOTBETCTBCHHO, 4, b, C, d, e — Koa(b(blzl—
[UCHTBI, YUUTHIBAIOIIUE TPUPOIHYIO PACIPOCTPAHECHHOCTh H30TOMIOB.

Takum oOpa3om, ObIIIO BBIBEICHO 32 ypaBHEHHUs IS CIEAYIOUINX U30TOMOB:
Scé5. RbS5, Sré8 Y8 7y N3 Csl33 Bald’ [ al3 Cel40 Prldl Ngl4s Smi4r. 149
Eu 151, G158 160, Tp159, Dy161, 163 |o165 Erl6s, 167 Tmis9 Y171, 172 | 175 Hfi78,
Talsl, Ph208 Th232, (J238,

HexoTtopsie U3 BBIBEICHHBIX YPaBHEHHI PEICTABICHBI HIKE:

Lal® = Lal3,,epennsii — akarRU% — bkarRh1% — cko Tel?5 —
— dko-Sh™2! — eko-Snit8 — fke-Pd% — gkeirRU® — Kn-Tel?S;
SM™® = SM™S,.,\cpemmmi — aKarAGLY — bkarCd! — cky-Bald —
— dko Te!?® — eke-Cdt — fkey-Snte;

Sc = SC45mMepeHm,m — akarLi” — bkarBe® — Cko'Si28 —

— dkoSb*?! — eko Al?7 — keirBd© — f-CO2H.

3akJoueHnmne

C MOMOIIBKO TEPMOAUHAMHNYCCKOTO MOACIHMPOBAHUA ITOKa3aHa HCO6XOI[I/I-
MOCTb y4d€Ta CIICKTPaJIbHBIX I/IHTep(i)epeHHI/II\/'I, BbI3BAHHBIX ITOSABJICHHUCM KHC-
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JIOPOJOCOIEPIKAIIUX HOHOB B aHANMTHYCCKOW 30HE MPH aHAIHM3€ HUTPATHBIX
pacTBOPOB pelKo3eMeNbHBIX 3JeMeHTOB. O00CHOBaHa HEOOXOIMUMOCTD BBEI -
HUSA K03()QUIMEHTOB, YIUTHIBAIONINX BIHSHAE HOHOB OKCHJIOB Ha (popmHpo-
BaHHE aHAJUTUYECKOro CHrHaja. Ha OCHOBaHMHM MaTeMaTH4eCKHUX PacdeToB
BBIBE/ICHO 32 WHAMBHIYaTbHBIX YPAaBHCHHS MaTEMATHYCCKONW KOPPEKIMH IS
ydeTa CHeKTpalbHbIX UHTep(EpeHnuii ciaenyomux u3oronos Sc*°, Rb8, Sréd,
Y89 790 N3, Csl33 Bald’ | al® Celd0 Prlél N(45 Smld7. 149 Eyj 151 Gjise.
160 Tpls9, Dyl6L 163 |ol6S Erlee, 167 Tmis9 Ypl7l 172 | 175 Hfi78 Talsl
Ph208 Th232, (J238,
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Optimizing analysis of samples with complicated composition
by inductively coupled plasma mass spectrometry

Mass spectrometry is one of the most current and evolving methods in analytical
chemistry. One of the main problems of this method is spectral interference, which
leads to a sharp increase in the detection limits for some elements and decrease
of analysis accuracy. The most significant cause of spectral interference is molecular
(polyatomic) ions, which are associations of argon ions and their impurities, as well
as interactions of the solvent components and matrix with each other, which can show
a mass that coincides with the mass of the isotope being identified. The possibility of
formation of a large number of polymolecules and the necessity of accounting for it in
analysis are presented in this work, using thermodynamic modeling. As model sam-
ples for the experiment, standard samples of black shale were used that were created
by the Irkutsk Institute of Geochemistry named after A.P. Vinogradov, and modeling
was carried out using the program HSC Chemistry. Thermodynamic calculations
were carried out on Al and Ba, for example, because these elements can influence
identifying rare and rare-earth elements. Temperatures in the calculations varied
from 6000 K to 9000 K in increments of 500 K.

One of the methods to account for and eliminate spectral interference is deriving
individual equations for mathematical correction. These equations involve introducing
two types of coefficients, theoretically and practically based. The first type of coeffi-
cients is derived during the transition from one isotope to another by the ratio of their
natural prevalence. The second type can be obtained by analyzing pure solutions of
the elements studied. On the basis of mathematical calculations that account for the
prevalence of isotopes and coefficients that were obtained from the experimental re-
sults for each isotope, the individual equations for mathematical correction of inter-
ference were derived. The general form of the equations can be presented as:

Me"=Me" measured - a-kar'Me™ - b‘ko'Mel - c'kci'MeP - d-kn-Me® - e-kn-Met
where Me™, Me!, MeP, Me®, Me! are isotopes of interference elements; Kar, ko, kci, kn,
kn are coefficients that account for contribution of ions with argon, oxygen, chlorine,
nitrogen, and hydrogen respectively, and a, b, c, d, e are coefficients that account for
the natural prevalence of isotopes.

In conclusion, 32 equations were derived for the following isotopes: Sc*°, Rb®,
SrBS’ Y89’ ngo, Nb93, Csl33, Ba137, Lal39’ Cel40, Prl“l, Nd145, Sm147'149, Eu 151’ Gd158,160’
TblSQ, Dy161,163l H0165l Er166, 167’ Tm169’ Ybl7l'l72, |_ul75l Hf178l '|'a181l Pb208l Th232, and
U238.

Key words: mass spectrometry; inductively coupled plasma; spectral interfer-
ence; thermodynamic modeling.

References

1. Pupyshev A.A., Surikov V.T. Mass-spektrometriya s induktivno svyazannoy plasmoy.
Obrazovanie ionov. Ekaterinburg: UrO RAN, 2006. (In Russian)

2. Karandashev V.K., Turanov A. N, Orlova T. A, Lezhnev A.E., Nosenko S.V., Zolotareva N.I.,
Moskvina I.R. Use of mass spectrometry with inductively coupled plasma method for el-
ement analysis of surrounding medium objects. Industrial laboratory. Diagnostics of ma-
terials. 2007;73(1):12-22. (In Russian)

43



Onmumuzaulm yczweuﬁ npoee()euu}l anaausa np06 C/I0JHCHO20 cocmaesa

3. Pupyshev A.A., Epova E.N. Spektralnye pomehi poliatomnykh ionov v metode mass-
spektrometrii s induktivno svyazannoy plazmoy. Analitika i control. 2001;5(4):335-369.
(In Russian)

4. Outokumpu HSC Chemistry® for Windows. Chemical Reaction and Equilibrium Software
with Extensive Thermochemical Database. Version 5.1.

5. Pupyshev A.A., Danilova D.A. Termodinamicheskoe modelirovanie dlya atomno-
emissonnoy spektroskopii s induktivno svyazannoy plazmoy. Ekaterinburg: UGTU-UPI,
2005:76.

6. Petrov L.L. Standartnye obraztsy khimicheskogo sostava prirodnykh mineralnykh vesh-
chestv : Catalog. Irkutsk, 2006:54.

7. Anoshkina Yu.V., Asochakova E.M., Buharova V.I., Otmakhov V.I., Tishin P.A. Optimi-
zatsiya usloviy probopodgotovki uglerodistykh geologicheskikh porod dlya posleduyush-
chego analiza metodom mass-spektrometrii s induktivno-svyazannoy plazmoy. Analitika i
kontrol. 2013;17(1):47-58.

8. Otmakhov V.1., Varlamova N.V., Petrova E.V. Structural-Methodological Scheme of De-
veloping the Methods for Analysis of Oxide Materials Using Atomic-Emission Spectros-
copy. Industrial laboratory. Diagnostics of materials. 2008;74(8):15-17.

Information about authors:

Otmakhov Vladimir 1., PhD, Professor, Analytical Chemistry Department, Chemical Faculty, National
Research Tomsk State University (Tomsk, Russian Federation). E-mail: otmahov2004@mail.ru
Rabtsevich Evgeniya S., Postgraduate student, Analytical Chemistry Department, Chemical Faculty,
National Research Tomsk State University (Tomsk, Russian Federation). E-mail: evgenia882-a@mail.ru
Babenkov Denis E., Postgraduate student, Analytical Chemistry Department, Chemical Faculty, National
Research Tomsk State University (Tomsk, Russian Federation). E-mail: denis_babenkov@list.ru

44



