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ANNEKTPNYECKASA NPOBOAMMOCTb U COJIbBATALUMA [BMIM][TfO] B
NMPOMUNEHKAPBOHATE

A. B. Pab6uyHoBa, E. O. NaBptokoBa, E. B. JlykuHoBa, O. H. Kanyrus

MpencTaBneHbl pesynbTaTbl KOHOAYKTOMETPUYECKOrO UccrnefoBaHus pasbaBrieHHbIX pacTBOpOB Tpud-
TopMeTaHcynbdoHaTa (Tpudnara) 1-6yTun-3-metun-nmuaasonusi [BMIM][TfO] B nponunexkapboHnate (IMK)
B uHTepBane Temnepatyp 5 — 115 °C. o akcnepumeHTanbHbIM KOHAYKTOMETPUYECKUM OaHHBbIM C MOMO-
Wb ypaBHeHUS JIn-YntoHa paccyuTaHbl 3HaYeHWUs npedenbHbIX MOMSAPHbIX 3MEKTPUYECKUX NPOBOANMO-
cTel 1 napameTpoB HaMbOombLUEro CONKEHNS UCCNELOBAHHON NOHHOM XUAKOCTM.

YCTaHOBMNEHO, YTO M3YYEHHbIN SNEKTPONUT B NponuneHkapboHaTe XxapakTepusyeTcsi OTCyTCTBMEM acco-
umaumm MOHOB. [yHaMU4eckuii paamyc CofbBaTUPOBAHHbLIX MIOHOB YMEHbLLLIAETCS C POCTOM TemnepaTypbl.

KnioueBble crnoBa: nponuneHkapboHat, TpudnaT 1-6yTnn-3-MeTnnMMmaasonusi, anekTpornpoBOaHOCTb,
accoumnaums, OHHas XXUOKOCTb.

BBeaeHue

Nonnsle xunkoctu (MK) — 310 HU3KOTEMIIepaTypHbIE paciuiaBsl coneit (¢, < 100°C), cocTosmuiie
MPEUMYIIECTBEHHO M3 00bEMHOI0 OPraHMYeCKOro KaTMoHa M OPraHMYECKOr0 MJIM HEOPraHUYeCKOro,
KaK MPaBHJIO, MHOro0aTOMHOI'0 aHuoHa. VDK mpuMeHsoTCs B pa3IMuHBIX IIPOIeccax U MCIOIb3YHOTCS
Kak “3elieHble” pacTBOPUTENH, B OPraHMUECKOM CHHTE3€, IKCTPAKIIMU M MPOIeccax pa3/ieicHus], CHH-
T€3¢ HOBBIX MAaTEpHUAaJIOB, JICKTPOXMMHUH M DHEPreTHKE, I'a30BOM U YKUIAKOCTHOW XpomaTorpaduu,
ra3opoii abcopOumu [1-2]. Takoe pasHooOpasue chep npumenenus MK oOyclioBlIeHO yHHMKaJIbHOM
KOMOMHAIMEH CBOWCTB, MPHUCYIIUX MM: HU3KOE JABJICHHE MapOB, HErOPIOYECTh, IUPOKUN HHTEPBAI
KHJIKOTO COCTOSIHHS, BBICOKAasi TEpMHUYECKas CTaOMILHOCTh, XOpOIlas pacTBOPSIONIAs CIIOCOOHOCTB,
HIHPOKOE JIEKTpoxuMHudeckoe okHO. VDK mpencTaBisitoT ocoObIii HHTEpeC Kak ANEKTPOIUTHI IS HC-
TOYHUKOB TOKa (0aTapeH, CylmepKOHIeHCATOphbl). TakuM 00pa3oM, aKTyalbHBIM SIBJISICTCS IKCIIEpPH-
MEHTaJIbHOE MCCIICI0BAaHNE TPAHCIIOPTHBIX CBOMCTB B cMecsiX Ha ocHOBe MK 1 HEBOAHBIX pacTBOpH-
TENEH.

Hawnbonee n3BectusiMu siBisitorces MK Ha ocHoBe katnona nmuaasonusa. B wactaoctu, MK cocra-
Ba RMIMX (R: CH;-, C;Hs-, C4Ho-; X: [TFSIT, [BF4], [PF¢], Br’) nucnonbs3ytoTcst B XUMHYECKUX HC-
TOYHHMKAX TOKa, HJIEKTPOKATATUTUIECKUX MPOIeccax, a TaKkkKe B IMpoleccax 3JIEKPOOCaAKICHHUS U OUH-
cTku MetauioB [3]. Beibop 1K B kayecTBe pacTBOpUTEIIsl, OOYCIIOBJICH BBICOKOH 3JIEKTPOXMMHYECKOM
CTaOMJIBHOCTBIO €r0 3JIEKTPOJIUTHBIX PAaCTBOPOB, IIMPOKUM JJIEKTPOXMMHUYECKAM OKHOM, HaJIMYHUEM
HaJIOKHBIX JAHHBIX 10 (PU3NKO-XUMHUYECKUM CBOMCTBAM B IIIMPOKOM HMHTEPBAJIC TEMIIEPATYp, a TAKIKE
BBICOKOH pacTBOPUMOCTBIO B HEM BHIOPAHHBIX MOHHBIX KHIKOCTEH.

B Hacrosmieit pabore KOHAYKTOMETPHUECKHM METOJIOM HMCCJISIOBaHbl pacTBOpbl Tpudiarta 1-
oytui-3-merunumuaazonus ([BMIM][TfO]) B nponuneHkapOoHnaTe B o0mactu KoHieHTpanui MK
4.5-10" — 8.0-10° mons/mm’ ipu 9 TemmepaTypax B uHTEpBaie 5 — 115 °C. CTPyKTYpa HOHOB, BXOJIS-
mmx B coctaB MK, momyueHHas 1mo pe3yynbrataM KBaHTOBO-XMMUYECKMX PAcueTOB C HCIIOJIb30BaHUEM
nporpaMmmHuoro nakera Gaussian'03W [4] va ypoBae B3LYP/6-31+G(d) npeacrasiieHa Ha puc. 1.

Pucynok 1. Ctpykrypa xatnona BMIM' (a) u annona TfO™ (6) o pe3ynbTaTaM KBaHTOBO-XMMHYECKHX
pacyeros.
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3KCI'IepVIMeHTaJ1bHaSI 4acTb

JList mpoBeeHnsI KOHIYKTOMETPUUIECKOTO dKcIepuMenTa ucmonb3oBanu MK kommannn MERCK,
KOTOPYIO TPEIBAPUTENHHO KUIISATUIN C aKTUBUPOBAHHBIM YTJIEM U CYLIMJIM IO/ BAKYyMOM B YJIbTpa-
3BYKOBO# Oane mpu Temneparype 45 °C [5]. UncToTy MOHHOHM >KHUAKOCTH KOHTPOIUPOBAIN METOIOM
'H SIMP Ha OTCyTCTBHE HOCTOPOHHHX IMHKOB, MPEXK/IE BCEr0, BOJIBL.

I[IponuneHkapOoOHAT OYMINAIN MEPErOHKOM MO BaKyyMOM HaJl IpOKadeHHbIME Heonutamu (4 A).
Kauectso ITK kouTponupoamu mo yaenbHoii I (ky5 = 8.7-10° Cm-em™, uto Xopomo cornacyercs ¢
nuTepaTypHbIMU AaHHbIMU [6]). Conepxanue Boasl B IIK u mpuroToBiaeHHBIX pacTBopax (MaccoBas
JIOTISL BONIBI HE MpEBHITIaer 2.2 104) OMPENENSATN METOJOM KYJTOHOMETPUYECKOr0 TUTPOBaHUS 110 Du-
mepy.

PactBops! st m3mepenus D11 roroBmim pazbaBieHreM o Macce. B3siTie HaBeCKH U TIPUTOTOBIIE-
HUE KOHIICHTPUPOBAHHOTO PacTBOpa MPOBOJAMIH B CyXoM Ookce. CONPOTHUBIICHNE PACTBOPOB U3MEpSi-
JIY C TMIOMOIIIBIO UPPOBBIX MOCTOB mepeMenHoro Toka LCR 821 u P-5083 na wacrore 1 kI'11 (¢ TouHO-
ctbio 0.1%) B mmpokoM HHTepBaiie TemrepaTyp. TemnepaTypy B X07e 3KCIIEpUMEHTa MOAAEPKUBAIIH
TIOCTOSIHHOM ¢ MOMOIIIbI0 BOAHBIX (5 — 55°C) u maciaasix (75 — 115°C) TepMOCTaTOB C TOYHOCTBIO +
0.01 — 0.05°C.

Konnmykromerpruyeckue sueliku KanuOpoBainu 1o BoaHbM pactBopam KCl o crangapTHON MeTo-
ke [7].

DKclepruMeHTalbHbIe JaHHbIe MOJsIpHON DII nccnenoBaHHBIX pPacTBOPOB MPEICTaBICHbI HA pHC. 2.
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Pucynok 2. Konnenrpaunontas 3asucumocts Mossipaoid JI1 pacrsopos BMIMTTO B I1K.

Pe3ynbTaTbl U UX chymnel-me

O0paboTKy KOHAYKTOMETPHYECKUX JaHHBIX IMPOBOAMUIN C MCIIOIB30BAHUEM HEJIMHEHHOrO METOIa
HaWMEHBIIUX KBAJIPATOB IIyTEM MUHUMHU3AIIUN CYMMBI KBaJPaTOB OTKIIOHEHUH TEOPETUIECKH PACCUH-
TaHHBIX 3HaYeHUN D11 (A’j?) OT 9KCIIEPUMEHTATBHBIX (ATY) [8]:

2

in[/\cj’_‘p_A/j?(csl,/\o,Ka,R)] = min, (1)
=

rae ¢, — CTeXMOMeTpHYecKas KOHIIEHTpalus »1eKkTponnuta, A, — npenensHas monspras OIl, K, —
KOHCTaHTa accolraliuu, R — mapaMerp HauOOJIbIIero COMMKEHNS HOHOB.

B xauecTBe TeOpeTHUECKOM 3aBUCUMOCTH MOJIIpHOIN D11 OT KOHIIEHTpAIIUK UCITOIb30BAIH YpaBHE-
Hue Jlu-Yutona B Momupukanuu [I>THOpHmIKA A1 CHMMETPUYHBIX 31ekTpoauToB [9, 10]. s ko-
3G UIMEHTOB aKTUBHOCTH MCIIOJIL30BAIIM BTOpOe npubimmkenue teopun Jebdas-Xrokkens. [Ipu obpa-

00TKe KOHIAYKTOMETPHYECKHUX TaHHBIX HCIONB30BAIN 3HAYCHHS BA3KOCTH M JUAJICKTPUYCCKOW MPO-
nunaemoctu [1K, npuBenenusie B padore [11].
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W3HauanbHO 00pa00TKY KOHIYKTOMETPHUYECKUX JAHHBIX MPOBOIUIIN B TIPEIIIONIOKEHUH, YTO B HC-

CIICIOBAaHHBIX PACTBOPAX BO3MOYKHA MEKHOHHAS aCCOIHAIIHSI ¢ 00pa30BaHHEM MOHHOM Maphbl:
[BMIM]" + [TfO] = [BMIM][TfO], Ka

OnHako pe3ysbTaThl ONTUMH3ALUK C YYETOM MOHHOM acCOLMAlUK TOKa3aal HePHU3MIHOCTh TaKO-
ro MOAXO/a, MOCKOJIbKY BCE ONMTUMH3MPOBAHHBIC 3HAUCHUS KOHCTAHTBHI ACCOIMAIMU CTPEMUIIUCH K
Hymo. Ha ocHoBaHuM »3TOro pesynabraTa ObUT CHeldaH BBIBOJ 00 OTCYTCTBHM acCOLHALUH
[BMIM][TfO] B [IK Bo Bcem mHTEpBaine Temneparyp. B cBs3u ¢ 3TuM 00paboOTKy KOHIYKTOMETpHYE-
CKHMX JTaHHBIX TIPOBOAMINA B MOJEIH HEACCOIMHUPOBAHHOTO 3JICKTPOIHUTA, ITPU 3TOM BEKTOP MCKOMBIX
IapaMeTpoB cozepikan jase Benmuuunbl: A, n R. PesymbraTsl onpenenenuns sHauennii A, R npen-

craBiieHbl B Ta0muue 1.

. . 2
Tabauna 1. 3Hauenus npeaenpHoN MospHO anekTponpoBogHocTH A, (CM-cM/MoIBb), HapaMeTpa HauboIb-
2
utero commwkenus R (A) u mucnepenn anmpokcumarmu o, (CM-cM”/MOJIB), HOTyd€eHHBIE B PE3y/bTaTe ONTHMH-
3allUM KOHAYKTOMETPUYECKUX IKCIEPUMEHTAIBHBIX JaHHBIX

t,°C A, R o,
5 18.5+0.1 23413 0.2
15 23.5£0.2 22413 0.3
25 28.9+0.2 18+10 0.3
35 34.7+0.2 18+11 0.4
45 41.0£0.3 18+11 0.5
55 47.6:0.3 16£10 0.6
75 61.5+0.4 1249 0.7
95 76.6+0.5 8+7 0.9

115 92.2+0.5 546 1.0

Kak BuaHO 13 Tabmuipl 1, 3HaueHns: A j MOHOTOHHO BO3PAcTalOT C yBEIMYEHHEM TEMIIEpaTypEl, a

rapaMeTp HauOONbIIero COMMKEHHUS HOHOB YMEHBIIIACTCS.
B pamkax rugpoadHaMHYECKOTO OIHCAHUS IMHAMHKH HOHA B OECKOHEYHO pa30aBIIEHHOM PacTBO-

pe mpenenbHas MonspHas OIT mona (A,) MOXeT ObITh BbIpakeHa uepe3 Kod(Q(UIHMEHT TpeHus
nona ¢ [12]:
dy=|z|eF /¢
’ N 2
e ‘z‘e — 3apsa uoHa, I — uncimo ®apanes.
VYuuteiBas, uTo Ko3Q(dHUIMEHTa TPEHHsSI MOXKHO BBIPa3HuTh, UCTIONB3Ys 3aKoH CTOKCa, BBhIpaKCHUE
mnst A, TIpUMET BUJ] M3BECTHOTO IpaBuia Basbaena-ITncapikeBcKoro:
; |z| el
o'l =

YRs, 3)

rJe 1) — BA3KOCTh pacTBOpHUTENs, ¥ = 47 B ciiydae “CKOJbXEHHs” Wid ) = 677 B cilydae “Ipuiima-
HUs” MOHA TIPH IBM)KCHUM B BSI3KOW cpene pactBoputens, Ry, — pammyc CTOKca MOHA, COOTBETCT-

BYIOIIMI pa3Mepy ABUKYIIETOCsA COIbBATUPOBAHHOTO MOHA B BSI3KOM JIMAJIEKTPUUYECKOM KOHTHHYYME.
JList anexTponuTa ypaBHeHUE (3) MOXKHO 3aIllMCaTh B CIACAYIONIEM BUIC:

|z| eF |z| eF
A ="t
YRs, YR , (4)

+

rae Ry,

R, — pannyc CTokca KaTHOHA M aHHOHA COOTBETCTBEHHO.

TemnepaTypHasi 3aBHCHMOCTb IpousBenieHus A1 (puc. 3 (a)) Bo3pacTaer, YTO yKa3bIBaeT Ha

YMCHBUICHHUE CTOKCOBCKHUX pPaJuyCOB MOHOB, WM APYTHMHU CJIOBAMH Ha YMCHBIICHHE pasMeEpa HX
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JMHAMHYECKHX CONBBATHBIX oOosouek. Clienyer OTMETHUThb, YTO 3TOT PE3yJbTaT COTJIACYeTcs C
YMEHBIIIEHHEM ITapamMeTpa HanOOoJIbIIEro CONMMKEHUSI HOHOB ¢ POCTOM TeMIieparypsl (puc. 3 (0)).
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Pucynok 3. TemrepaTypHas 3aBHCHMOCTb IpousBezennst /A 7] (a) u mapameTpa HanGONBLIETo COMIKEHNS

noHoB (0) ais [BMIM][TO] B npormunenkapOoHare.

Takum 00pa3zoM, pocT TeMIepaTyphl CYIIECTBEHHO BIUSET Ha pa3Mep KaK CTATHYECKHX, TaK U JH-
HaMUYECKUX CONBbBATHBIX 0007104eK noHoB [BMIM]+ u [TfO]- B TIK.

Kak cnenyer nz AMP uccnenosanwmii [13,14], aTombl Bogopoaa UMHAA30IbHOTO Konblia [BMIM]+
CKJIOHHBI K OOpa30BaHHIO BOJOPOJHBIX CBS3EH C YaCTHIIAMH, UMCIOIIUMHE 3JIEKTPOOTPHULIATEHHBIE
atombl. [lo-Buaumomy, monekynsl [1K, opueHTHPYSCh NUITOIFHBIMH MOMEHTAMH Ha OTHOCHTEIILHO
MOJIOKUTENFHO 3apsHKEHHBIX aTOMaX MMHJIA30JIMEBOT0 KOJIbIIA, CKIIOHHBI K 00pa30BaHUIO MOI00HOTO
poOAa BOJOPOAHBIX CBs3el Yepe3 aToM KHCIOpoja KapOOHHIBHOH Tpynmbl. JlocTaTouHO ciiabast 3Hep-
reTHKa JIAHHOTO pojAa B3aWMOJICWCTBHI TNPHBOAWUT K CYINIECTBEHHOMY OCJIa0JICHHIO HOH-
MOJIEKYJISPHBIX B3aUMOJACHCTBHH C pocToMm TemriepaTypbl. C Apyroii cTopoHBI, 0Opa3oBaHUE BOJO-
POAHBIX CBsI3eH KATHOH — MOJIEKYJIBI PACTBOPUTENS. MOT'YT OBITh OTBETCTBEHHBIMH 33 OTCYTCTBHE ME-
YKUOHHOM accoruaiiu B pacteopax [BMIM][T{O] B I1K.
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A. B. PabuyHoBa, €. O. laBptokoBa, O. B. JlykiHoBa, O. M. KanyriH. EnektpnyHa npoBigHiCTb Ta conbBaTauis
[BMIM][TfO] B nponineHkapboHari.

HaBegeHo pesynbTaT KOHAYKTOMETPUYHOrO AOCHIOXKEHHS1 pOo3BEAeHNX PO34vuHiB 1-0yTun-3-metunimigasonin
TpudnyopometaHcynbdoHaty (Tpudnarty) [BMIM][TfO] B nponineHkapGoHaTi B iHTepBani Temnepatyp
5 — 115°C. 3a ekcnepumMeHTanbHUMKU KOHAYKTOMETPUYHUMK OaHUMK 3a [AOMNOMOrol piBHAHHA Jli-YiToHa
pO3paxoBaHi 3Ha4YEeHHS rPaHUYHUX MOMSIPHUX €NEKTPUYHUX MPOBIAHOCTEN Ta NapameTpiB HanbinbLIOro 36mvKeH-
HSA AOCHIMKEHOT IOHHOI piavHW. [JuHaMiYHWMI pajiyc ConbBaTOBaHMX iOHIB 3MEHLLYETLCA 3 POCTOM TemnepaTypu.

BcraHoBneHo, WO OOCMiMKEHUA enekTponiT B nponineHkapboHaTi xapakTepu3yeTbcs BiACYTHICTIO acouiauii
ioHiB.

Knro4oBi cnoBa: nponineHkapboHat, Tpudnat 1-6ytun-3-metunimigasonisi, enekTponpoBsigHicTb, acouiauis,
ioHHa piguHa.

A. V. Riabchunova, le. O. Gavriukova, O. V. Lukinova, O. N. Kalugin. Electrical conductance and solvation of 1-
butyl-3-methylimidazolium trifluoromethane sulfonate in propylene carbonate.

The results of conductometric investigation on 1-butyl-3-methylimidazolium trifluoromethanesulfonate (triflate) in
propylene carbonate over the temperature range 5-115°C are presented. By using Lee-Wheaton equation the
limiting molar conductivities and parameters of the closest approach for the investigated ionic liquid were deter-
mined from experimental conductivity data.

It was established that the studied electrolyte in propylene carbonate is characterized by the absence of the
ionic association. Dynamical radii of solvated ions decrease when temperature increases.
Key words: propylene carbonate, 1-butyl-3-methylimidazolium triflate, conductance, association, ionic liquid.
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