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MeToa0M Macc-CIIEKTPOMETPHH C JIA3€PHOM AecopOIMel/HOHN3aIlMel UCCIeI0BaHbI 00pa3isl aHO-
Jia, TIOJIyYeHHbIe C MPUMEHEHHEM JIMHEHHO-1eTI04eYHOTro yriepoaa. IloiaydaeMble Macc-CEKTPHI MO3BOJISIOT
pas3nuuarh UCXOJHbIe U paboTaBiuue 00pasibl, HACHTH(GUIMPOBATH TPUMECH M OCTATKH AJieKTpoiura. [Toka-
3aHO, 4TO (bpaFMeHTaLII/Iﬂ JII/IHCﬁHO-IJ,GHO'-I@‘{HOFO yriepoaa noja [leﬁCTBMeM JIA3CPHOI'0 U3JIYyYCHU OTINYACT-
csl OT (hparMeHTalMu rpaUTUPOBAHHBIX Ca)K PasHOro THIA, aMopdHOro yriaepona u rpadura. Takue pe-
3yJbTaThl NO3BOJISIIOT CO3/aTh METOIUKY JUISl ONpPEAETICHUs] KaueCTBA MOKPBITHS JTUHEHHO-LENOYEeYHbIM Y-
JIEpOIOM TTOBEPXHOCTEH Pa3HOTO THIIA, B YACTHOCTH, METAJUIMIECKAX U KPEMHHUEBBIX.

KuroueBbie ciioBa: JIMHEHHO-LENOUEUHBIN YIJIEPOI, MACC-CIIEKTPOMETPUS

Application of Mass-Spectrometry with laser
desorption/ionization for investigation of materials
obtained with use of linear acetylenic carbon

Novikov N.D.!, Resh G.F.%, Lizunov A.A.%, Tvanov M.Y ., Tartsev S.D.%,
Pytskii I.S.”, Pravdina A.V.’, Buryak A K.’
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Linear acetylenic carbon (LAC) is one of the allotropic modifications of carbon, it consists of linear
fragments with a triple bond -C=C-C=C-, or cumulated double bond: =C=C=C=C=. LAC is widely used in
medicine and microelectronics. Materials of the anode of electrochemical cells produced with use of linear
acetylenic carbon are studied in the paper. To analyze the quality of application of LAC and the degree of
preservation of such surfaces, mass spectrometry with laser desorption/ionization is used. This method allows
to investigate the initial samples almost without any sample preparation. The patterns of ionization of linear
acetylenic carbon in positive and negative ions are studied. It is shown that in mass spectra of negative ions
of the original LAC, sequence of ions with m/z, which are multiple of 12 Da, could be observed. These ions
are thought to be referred to carbon clusters corresponding to the number of carbon atoms from 2 to 15. At
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the same time in mass spectra of the anode samples treated by multiple charge-discharge cycles, such clusters
were not observed. It was concluded that during operation of the cell the anode layer of the LAC was de-
stroyed. At the same time on the surface of the used anode some compounds that make up the components of
the electrochemical cell (porous separator, electrolyte) were found. The results make it possible to create a
technique of express controlling of the quality of coating of various surfaces with LAC, as well as the degree
of preservation of such materials.

Keywords: linear acetylenic carbon, mass-spectrometry

BBepeHue

Kapbun — amnmorpomHas ¢opma yriepoia Ha OCHOBE aTOMOB yrjiepona B Sp-
ruOpuauzanuu. CoctouT u3 gparMeHToB ¢ TpoiHOM —C=C—C=C—, unu qBOHHON KyMyJIu-
poBarHON =C=C=C=C= CBs3bI0, MOXET OBITh JTUHCHHBIM WA OOPA30BBIBATH IUKIINYC-
CKHE€ CTPYKTYpbl. B ciyuae JHMHEHHOTO MOCTPOECHUS CTPYKTYPhl KapOUH HOCHUT Ha3BaHHE
JTuHEeHHo-11enoueyHoro yriepoaa (JILY).

JILIY HaxoauT MIUPOKOE MPUMEHEHHE B MEIUIMHE (KaK OMOIOTUYECKU COBMECTH-
MBI MaTepuai JJIsi UMIUIAHTOB), © MUKPOAJIEKTPOHUKE, BCIICICTBUE aHU30TPOIHH MTPOBO-
TUMOCTH U BBICOKOW cTabminbHOCTH MaTepuana [1]. C momoinpio nazepHoil aOisamuu B
KUJKOCTHU yaaetcs cuntesupoBath JILY 3aganHoi niauHsl [2], 9TO MOPOKIAET HOBBIM UM-
MyJIbC UCCIIEIOBATEIHCKOM aKTHBHOCTHU B 3TOM 00JIaCTH.

[Ipu mpou3BOACTBE M IKCIUTyaTalldd HCIIOJIB3YEMBIX B MUKPOAJICKTPOHHUKE MaTe-
puanoB Ha ocHoBe JILIY HeoOXoIMMO KOHTPOIMPOBATH KAUECTBO HAHECEHUS U COXPaH-
HOCTb  yriepoaHoro cmos. [Jna  wuccnemoBanma  JIIY  ucnomedyror Y-
cnektpodoTomerpuro [2, 3], Bc amp [3], UK-cnekTpockonuto [2, 4], PamaHoBCKyO
criekTpockonuio [2, 5]. B mocinenHee BpeMsi pacTeT WHTEpPEC K MPUMEHEHHUIO Macc-
CIEKTPOMETPUUECKUX METOAOB aHanu3a s uccnenoBanus JILY [6]. Hacrosmias pabota
MOCBAIIEHA TPUMEHEHUI0O METOJa MAacC-CIEKTPOMETPUM C JIa3epHOM  JecopOim-
eii/uoHM3aImen st ucciaenoBaHusl MaTepuanoB Ha ocHoBe JIL[Y.

OKCNepumMeHT

Hccnenyemble 00pasiibl NPeACTaBIAIOT cOOONW MaTepualibl aHOJA B AJIEKTPOXUMU-
YECKUX sUeiKax, moiydeHHbIe myTeM HaHecenus JIIY Ha memuyro ¢onsry tommuHoi 20
MKM. B kauecTBe mpOTHBOAJIEKTpOAA B SUEHKE HMCIOJIB30BANIM METAJUIMYECKUN JINTHH,
anekrponuta — IM LiPFg B atunenkapbonare/mumernnkapoonare (Merck, I'epmanus).
Sueiika  BKJIIOYATa  TMOPUCTHIM  TPEXCIOWHBIM  cemaparop  (TMOJIMATUIICH/TOH-
TPOTHJICH/TIOIUATHIICH).

Macc-CieKTpOMEeTpUYECKHE HCCIIEIOBAaHUS TPOBOAMIM HA MaccC-CIIEKTPOMETpe
UltraFlex (Bruker, I'epmanusi) ¢ MaTpHYHO-aKTHBHPOBAHHOW JIa3€pHOM IecopOuu-
eit/monmnzanuein. OOpasubl YISl HCCIEAOBAaHMUS KPENWIN Ha CTalbHYI0 MUllleHb. Hampske-
HUE Ha JIMH3€ cocTaBisuio § kB, Ha anektpone — 20 kB. JleTekTupoBasin KaK MOJI0KUTEIb-
Hbl€, TaK U OTpULIATETIbHBIE HOHBI. TOUHOCTH omnpeaeneHus Mmacc cocrasisa 0.1 [a.

O6cyxaeHue pe3ynbTaToB

Tunuysell BUI Macc-ciekTpa MenHol ¢onbru, nokpsitoit JILY, npeacrasnen Ha
puc. 1. B obnactu macc ot 20 1o 200 /la Habmr01aeTCs MOCIE10BaTENbHOCTh ITMKOB C Mac-
caMmu, KpaTHbiMU 12: 24, 36, 48 Jla u T.1. MOXXHO NpPeanoNoXUTh, YTO 3TH TUKH COOTBET-
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CTBYIOT KJIacT€paM aTOMOB yTjepoja, HauOOJIbIINI 3apeTUCTPUPOBAHHBIN KJIacTep UMEET
Mmaccy 168 Jla, uto coorBeTcTBYET 14 aTOMaM yraepoaa. OTH pe3ysbTaThl HAXOAATCS B CO-
OTBETCTBHUU C JIUTEPATYPHBIMU [6].

B To xe Bpems s oOpasua aHoOAa, MOABEPruIerocs 7 LUKIaM pas3psia-3apsaa,
MacC-CIEeKTp OTPHUIATEIbHBIX HOHOB BBINIIUT MO-Apyromy (puc. 2). OTCyTCTBYyeT pac-
MpEeAEIEHNE KIIaCTepOB yriiepoaa, xapakrepHoe 1t JIL[Y, 4to MOKET CBUAETENBCTBOBATh
0 pa3pyLI€HUU IPOBOJSLIETO CIOS.

47.8 71.8 95.8
508 838

107.8

119.8
0.8 359

M 89438

06 239

0.4

169.8

WHTeHcHBHOCTL, yen. en. x10°

0.2

R pa N kbt

1] 50 100 150 200 250

miz

Puc. 1. Macc-cniekTp oOpasua anoaa, ¢ nokpbsirueM u3 JIL[Y. JlerektupoBanue
OTPUIATEIBHBIX HOHOB.

Takum 00pa3om, IpoBEAEHNE MACC-CIIEKTPOMETPUUYECKOTO aHAIU3a € Ja3epHOH Je-
copO1Heit/noHn3anrel mo3BOJIIEeT MPOBOAUTH IKCIIPECCHYIO OIICHKY KaueCcTBa HAHECCHUS
1 coxpaHHOCTH MOKpeITUs U3 JIL[Y Ha MenHou mopnoxke. i1 OUEHKH pacmpeneneHus
BEILECTB HAa PaA3JIMYHBIX MOBEPXHOCTSAX YaCTO NMPHUMEHSIOT NOCTPOCHUE JIBYMEPHBIX AHA-
rpamm [7]. B Hamem ciiydae BHA Macc-CIEKTPOB MCXOIHBIX M OTpabOTaBIIUX 0Opa3IoB
pa3InuyaeTcsl 3HAUUTEIbHO, U ABYMEPHBIEC TUAarpaMMbl HE MO3BOJISIIOT HArJISIAHO MpEACTa-
BUTH pa3inyue.

Kpome Toro, mogoOHOe Macc-CIeKTPOMETPUIECKOE HCCIeAOBaHNE MO3BOJISET MPO-
BOJIUTh WACHTU(DHKAIMIO MPUMECEH Ha MOBEPXHOCTH MarTepuayiia aHoja. B wacTHOCTH,
Haubosiee MHTEHCUBHBIA MUK B Macc-crekTpe (puc. 2) umeet m/z 445.5 Jla, u npeanosno-
KHUTEIBHO COOTBETCTBYET JAUM30ACHMI(TANaTy. DTO BEMIECTBO MCIIONB3YETCS B KA4eCTBE
iacTu(uKaTopa Mpu MPOU3BOJCTBE MOJUMEPOB, H, MO-BUANMOMY, MEPEILIO HAa MOBEPX-
HOCTb aHOJA C ITOPHUCTOIO CenapaTropa, U3rOTOBJIEHHOIO U3 MOJIUATHICHA U MOJIMIIPOIIUIIE-
Ha.
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Puc. 2. Macc-cniektp o0pasiia aHoa, MoABEPTIIErocs 7 IUKIaM 3apsia-paspsa.
HCTCKTI/IPOBaHI/Ie OTpI/II_IaTeJIBHBIX HNOHOB.
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3akntoyeHue

[IpumeHeHne Macc-CeKTPOMETPHH C JIa3epHOM J1ecopOIrelt/MoHn3anuen mo3Bo-
JII€T OLCHUBATh KauecTBO HaHeceHus JILY Ha pasznuuHble TOBEPXHOCTH, CTEIEHb U3HOCA

aHoJa B 3JICKTPOXUMHUUYCCKUX sTUYeiKax.
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