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Despite various studies of I[Ls as MALDI matrices, however, so far no relationship has been found
between the composition of ILs and their ability to serve as «good» matrices. For a preliminary experiment,
in order to evaluate the characteristics of ILs before being used as a matrix in MALDI-MS, it is necessary to
study the mass spectral behavior for the matrices themselves under LDI conditions. Therefore, the purpose of
this work was to analyse ion liquids based on the cation imidazolium in combination with different types of
anions by the LDI method. Ionic liquids were synthesized in the Laboratory of catalytic processes for the
synthesis of organoelement compounds of G.K. Boreskov Institute of catalysis SB RAS (Novosibirsk). It
should be noted that this ionic liquid was first synthesized in this Laboratory. Analyses were performed using
a Bruker UltraFlex II time of-flight mass spectrometer. Eleven ion liquids based on substituted cation imid-
azolium in combination with different types of anions were analysed by method laser desorption/ionization in
the paper. In all mass spectra of ionic liquids obtained in the positive ion mode, cation produced a major peak
and its fragmented ions. Homologous series characterized by the loss of the methyl group have been record-
ed. According to the more stable carbon-carbon or nitrogen bond in the heterocyclic system than in the car-
bon-carbon bond in the aliphatic, ion peaks are observed in the mass spectra, characteristic of the loss of me-
thyl fragments from the aliphatic chain. In the LDI spectra obtained in the negative ion mode, the signals of
the anions of ionic liquids and their fragments were observed. The combined use of the spectra obtained in
positive and negative mode makes it possible to increase the reliability of identification. This makes it possi-
ble to use the revealed patterns of fragmentation for the structural analysis of ionic liquids. The analyzed ILs
can be used as MALDI matrices, because they do not form dimers, assassinates, are characterized by the ab-
sence of adducts with metal ions, which is important for their further use as matrices. BMIMC¢FsBF; was
first described by the LDI-MS method. It was shown that the observed fragmentation of the molecular ion of
this IL is typical for most ILs with similar cations.

Keywords: ionic liquids, mass spectrometry, laser desorption / ionization.

Introduction

Ionic liquids (ILs) are salts in the liquid phase at room temperature with a low melt-
ing point. ILs have characteristics such as low vapour pressure, non-volatile, good thermal
and chemical stability, ability to dissolve compounds of different natures. Ionic liquids are
used in different application areas such as analytical chemistry [1-3], electrochemistry
[4,5], catalysis [6,7] due to its unique properties.

ILs are analyzed using various analytical instruments: Ultraviolet-visible (UV-VIS)
spectrophotometry, Fourier transform infrared (FT-IR), nuclear magnetic resonance
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(NMR) and mass spectrometry, including bombardment by fast atoms (FAB), laser desorp-
tion/ionization (LDI-MS), matrix-assisted laser desorption/ionization (MALDI-MS), elec-
trospray ionization (ESI-MS) and mass spectrometry with field desorption (FD-MS) [8,9].
These methods can be used to control the process of synthesis of ILs [10].

Among the various applications of ionic liquids, mass spectrometry has become
widespread in many aspects: as a solvent or matrix for mass spectrometry (MS), ion pair
for electrospray ionization mass spectrometry (ESIMS). ILs properties are key for using as
MALDI matrices. Armstrong and his colleagues investigated the possibility of using the IL
series as a MALDI matrix [11].

It has been shown that classical ILs are not suitable for this purpose. Later, Zabit-
Moghaddam and his colleagues obtained similar results, but also showed that MALDI can
be used to investigate the IL when they are mixed with known MALDI matrices [12]. They
were used as matrices in MALDI for various analytes, such as lipids [13], proteins [14],
peptides [15], oligonucleotides [16], lignins [17] and others. ILs as matrices provide high
quality spectra with minimal formation of clusters or adducts. The homogeneity of the ma-
trix spots allows quantitative and qualitative analysis with high reproducibility [18]. De-
spite various studies of ILs as MALDI matrices, however, so far no relationship has been
found between the composition of ILs and their ability to serve as «good» matrices.

For a preliminary experiment, in order to evaluate the characteristics of ILs before
being used as a matrix in MALDI-MS, it is necessary to study the mass spectral behavior
for the matrices themselves under LDI conditions. Therefore, the purpose of this work was
to analyse ion liquids based on the cation imidazolium in combination with different types
of anions by the LDI method.

Methods

1-Ethyl-3-methylimidazolium chloride was purchased from Sigma Aldrich. All
other investigated ionic liquids were synthesized in the Laboratory of catalytic processes
for the synthesis of organoelement compounds of G.K. Boreskov Institute of catalysis SB
RAS (Novosibirsk) (Table 1)

Table 1. Characteristics of ILs studied in the paper

Ne Ionic liquid Name Structure
)i 2 3 4
1-Ethyl-3-methylimidazolium H.Cc—N \
1 EMIMCI chloride 3 \\/CT‘\/CHS
1-Butyl-3-methylimidazolium H.C—NL -
2 BMIMC chloride ° \/glk/\/ol_%
——
1-Dodecyl-3-methylimidazolium H.c—NX
3 CiMIMCI chloride 3 \/N>
ci” Ci2Hzs
—
1-Ethyl-3-methylimidazolium H C———N+
4 EMIMBr bromide 3 \/N_\/CH3
Br
I e
5 BMIMBr 1-Butyl-3 methyllmldazollum 3 \\/N_\/\/CH3
bromide Br
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1 2 3 4
1-Hexyl-3-methylimidazolium H.c—NX B
6 CsMIMBr bromide 3 \\\/_N\CGH13
Br
_ _ A . . H C"’N+
7 BMMIMCI 1-Butyl-2,3 dlmethyhmldazohum 3 N\ N_\/\/CH3
chloride cl
HaC
1-Butyl-3-methylimidazolium |-|3(;———N+ N H
8 BMIMBF tetrafluoroborate \\/BF SN
4
1-Butyl-3-methylimidazolium HC—NY -
? BMIMPFs hexafluorophosphate \/PF \/\/ °
6
HaC N\/N\/\/CHs
1-Butyl-3-methylimidazolium F
10| BMIMC4FsBE; pentafluorophenyl trifluoroborate F BFy
F F
F
1-decyl-3-methylimidazolium |-|3(:———N{\\}\l
I CMIMBF, tetrafluoroborate \/BF CooHa
4

Stock solutions of ionic liquids were prepared by mixing 20 pl of ionic liquid with
980 ul of acetonitrile-water (2:1, v/v) containing 0.1% TFA. A 1 pl volume of pre-prepared
pure ionic liquid was pipetted on to a stainless-steel MALDI target (Bruker Daltonics).

LDI-MS. Analyses were performed using a Bruker UltraFlex II time of-flight mass
spectrometer. The system was equipped with a pulsed nitrogen laser (337 nm) with an en-
ergy of 110 pJ per pulse. Positive and negative ions were detected in the m / z range of 20—
500 Da.

Results and discussion

The analysis of ionic liquids was performed by laser desorption/ionization in the
positive or negative ion mode. Table 2 shows the peak intensities of molecular ions of ion-
ic liquids and their fragments under LDI conditions and their corresponding structures.

In the case of EMIM, BMIM, C;oMIM, Ci2MIM salts, intensive peaks correspond-
ing to cations are accompanied by additional fragments with m/z 83 caused by loss of
ethyl, butyl, decyl and dodecyl, respectively. In the case of CsMIM salt, the cation peaks
are not accompanied by an additional signal caused by a loss of hexyl. Losses of methyl
groups from the heterocyclic system were not observed for all imidazole cations

It should be noted that in work [12] the analysis of ionic liquids was performed in-
cluding BMIMBF4, BMIMPF6. The authors recorded peaks with m/z 139 corresponding
to the cation and an additional fragment with m/z 83 caused by loss of the butyl. In this
work it is possible to register fragments of the series with homological difference corre-
sponding to methyl group. As an example of registration the IL cation and its fragments,
the mass spectrum obtained of the BMIMCsFsBF3 in positive ion mode is presented

(Fig. 1).
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Table 2. Signals of the ionic liquids in LDI-MS (positive ion mode).

No IL m/z Intense Corresponding structures
83 52 [Cation-Ethyl]*
! EMIMCI 111 414 [Cation]®
83 358 [Cation - Butyl]"
2 BMIMCI 113 56 [Cation-Ethyl]*
139 958 [Cation]”
83 151 [Cation - Dodecyl]"
98 105 [Cation - Undecyl]*
3 CMIMC 113 440 [Cation - Decyl]*
251 957 [Cation]*
83 55 [Cation-Ethyl]"
4 EMIMBr 98 70 [Cation - Methyl]*
111 780 [Cation]*
83 84 [Cation - Butyl]"
> BMIMBr 139 578 [Cation]"
139 10 [Cation - Methyl]*
6 CsMIMBr 167 559 [Cation]"
98 47 [Cation - Butyl]"
7 BMMIMCI 113 78 [Cation-Ethyl]*
153 153 [Cation]"
83 693 [Cation - Butyl]"
98 794 [Cation - Propyl]”
8 BMIMBF, 13 2489 [Cation-Ethyl]
139 5587 [Cation]"
83 51 [Cation - Butyl]"
9 BMIMPF 113 402 [Cation-Ethyl]*
139 855 [Cation]"
83 921 [Cation - Butyl]"
98 248 [Cation - Propyl]*
10 BMIMCGFsBF: 13 392 [Cation-Eth%+
139 9643 [Cation]"
83 65 [Cation - Decyl]*
11 CioMIMBF4 113 90 [Cation - Octyl]"
223 1619 [Cation]*

Intense, a,u,x‘|04

[Cat-Buty]+

[Cat-Propyl]+

[Cat-Ethyl]+

I

[Cat]+

|

E‘I'I‘ .!h "

"6

o 130

" 130

180" mpz

Fig. 1. BMIMCgFsBF; in positive ion mode measured by LDI-MS
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An intense peak with m/z 139 corresponds to the [BMIM]" cation, and then the ho-
mologous series [Cation-Butyl] + (m/z 83), [Cation-Propyl]+ (m/z 98), [Cation-Ethyl]+

(m/z 113).

In the LDI spectra obtained in the negative ion mode, the signals of the anions
of ionic liquids and their fragments were observed. For example, the anion [C¢FsBF3]
(m/z 235) of the ionic liquid BMIMCsFsBF3 gives fragments: [CsFsBF3-BF3]" (m/z 167),

[CsFsBF3-BF4]" (m/z 148).

It should be noted that this ionic liquid was first synthesized by the co-authors of
this work [19]. The combined effect of several fluorine atoms in a benzene ring provides
high chemical stability along with unique electron-acceptor properties. In this regard it is
possible to recommend using this ion liquid as a MALDI matrix.

Conclusions

Informative ILs mass spectra were obtained, which can be used for their identifica-
tion. The combined use of the spectra obtained in positive and negative mode makes it pos-
sible to increase the reliability of identification. This makes it possible to use the revealed
patterns of fragmentation for the structural analysis of ionic liquids.

Homological series characterized by the loss of methyl group are registered in mass
spectra, which allows to easily determine the amount of methyl group fragments in the hy-
drocarbon substituent, and there is no loss of methyl group from heterocyclic ring.

The analyzed ILs can be used as MALDI matrices, because they do not form di-
mers, assassinates, are characterized by the absence of adducts with metal ions, which is

important for their further use as matrices.

BMIMCG¢FsBF; was first described by the LDI-MS method. It was shown that the
observed fragmentation of the molecular ion of this IL is typical for most ILs with similar

cations.
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UoHn3aumsa MOHHbIX XUOKOCTEN B YCIIOBUAX Jla3epHOM
aecopoumnmn/voHnsaumnm

© 2020 Ionoxosa A.JO.!, Boposukosa C.A.!,
ITpuxoneko C.A.%3, Bypak A K.!

! Uuemumym pusuveckoii xumuu u snexmpoxumuu um. A.H. @pymxuna PAH, Mocksa
2Unemumym xamanuza um. I'. K. Bopeckosa Cubupcrozo omodenenus PAH, Hoeocubupck
3Hoeocubupckuii 2ocyoapcmeennviii ynusepcumem, Hoeocubupck

Hecmotps Ha pa3nooOpasnsie uccinenosanus MK, B Tom uncne u B kadectse MAJIJIW matpun, no
CHX IIOp He ObUI0 OOHapY)XKEHO HUKAKOW B3aMMOCBSI3U Mexay coctaBoM MK M MX crocoGHOCTBIO CITyKHTh
«XOpOLIMMMU» Marpuuamu. /sl mpenBapUTENbHOrO IKCIIEPUMEHTa, YTOObI OLIEHUTH XapakrepucTuku VK
HEOOXOANMO HCCIIEOBAaHUE Macc-CIEKTPaIbHOTO MoBeAeHus mx B ycnoBusix JIJIW (masepnast mecopO-
[US/MOHU3AIHS). B CBS3M ¢ 3TUM 1IeNbI0 JAHHOH pabOTHI OB aHAIN3 HOHHBIX KHJIKOCTEH Ha OCHOBE KaTHO-
Ha MMHJA30JI1s B COYETAaHUH C PA3JIIMYHBIMUA TUIIaMU aHMOHOB MeTooM JIJIM. Macc-ciekTphl HecneyeMbIX
o0pasnoB peructpupoBanu Ha npubope macc-criekrpomerp Bruker UltraFlex II. Mccnmemyembie HMOHHBIC
KHUIKOCTH OBIITM CHHTE3UpOBaHbI B JIabopaTopuu KaTaTUTHYECKHX MPOIECCOB CHHTE3a JIEMEHTOOPraHn4Ie-
ckux coequHennii UK CO PAH (HoBocuOupck), mpu 3TOM CiieIyeT OTMETHUTh, YTO HOHHAS JKUIKOCTDH
BMIMCcF;sBF; 6buta cuHTE3MpOBaHa BIIEpBbIE B JaHHOI 1aboparopuu. B pabore npoaHan3upoBaHbl OJUH-
HaJIlaTh MOHHBIX XHIKOCTeH. Bo Bcex Macc-creKkTpax, MOJlydeHHBIX B PEXKMME PETHCTPALUU MOJIOXKHUTEIb-
HBIX MOHOB, KATMOH MOHHBIX JKHJIKOCTEH J1aBajl OCHOBHOM MK M ero ()parMeHTHbIC HOHBI. 3aperuCTpUpOBa-
HBI TOMOJIOTHYECKHUE PAIbI, XapaKTepHU3yIOLIHEecs OTepel MEeTHIIbHOU rpymbl. B cooTBeTcTBHM € OoJbIIeH
CTaOMIIBHOCTBIO CBSI3M YIJIEPOA — YIJIEPOJ WM a30T, HAXOJSIIECHCS B TeTEPLUKINYECKOl cHcTeMe, IO CpaB-
HEHUIO CO CBSI3BIO YIIIEPOJ — YIJIEPOJl B aIM(aTHUECKOM, B MacC-CIIEKTpax HaOII0AAI0TCS MKW HOHOB, Xa-
pakTepHbIE IS TOTEPU METHIIBLHBIX ()parMeHToB U3 anudarmueckoit nenu. B ciektpax JIJIW, momy4eHHBIX B
pEKMME PErHCTPanuy OTPUIATEIBHBIX MOHOB, HAOMIOAANNCh CHTHAJIBI aHHOHOB MOHHBIX >KHUAKOCTEH M MX
¢parmenTer. COBMECTHOE IPIMEHEHHUE CIIEKTPOB, MOJYUYCHHBIX B PEXHUMAaX MOJOKHUTEIHHON M OTPUIATEINb-
HOHM pETHUCTpPAIH, TO3BOIACT MOBBICUTh HAJCKHOCTh NACHTH(UKAINN U AaeT BO3MOXKHOCTD HCIIOIB30BAThH
00Hapy>KEHHbIE 3aKOHOMEPHOCTH ()parMeHTaluu Il CTPYKTYpHOTO aHAJIN3a MOHHBIX XHIKOCTEH. Ycra-
HOBJICHO, 4TO paccMoTpenHble VDK Moryt ObITh Mcnonp30BaHbl B kadecTBe Marpul] B MAJIIW, nmockosbKy
He 00pa3yloT JMMEpPOB, acCOLMATOB, XapaKTEPHU3YIOTCs OTCYTCTBHEM AJIYKTOB ¢ MOHaMu MetamioB. VDK
BMIMCcFsBF; BnepBbie B nanHO# pabote oxapakrepusoBana merojaom JIJIM-MC. [Tokazano, uto Habmoaa-
emasi (hparMeHTaIus MoJieKy sipHoro nona aansoi MK xapakrepna st 6ospiunaeTBa MK ¢ aHanoruyHbm
KaTHOHOM.

KoaioueBbie cjioBa: MOHHBIC KUIKOCTH, MAacC-CIIEKTPOMETPHSL, JIa3epHast AeCOopOLUs/ HOHN3ALHSI.
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