BicHuk XapkiBChKOTO HaIliOHAILHOTO YHIBepcUTeTY, cepis "Ximis", Bur. 31 (54), 2018

https://doi.org/10.26565/2220-637X-2018-31-02

V]IK 544.35.038.1 + 544.353.2
DENSITY AND SOLVATION EFFECTS OF IMIDAZOLIUM BASED
IONIC LIQUIDS IN PROPYLENE CARBONATE
A.V. Riabchunova “?, V.M. Karabtsova “’, 0.N. Kalugin “©

* V.N.Karazin Kharkiv National University, School of chemistry, Department of Inorganic Chemis-
try, Svobody sq.,4, Kharkiv, 61022, Ukraine

a. e-mail: ryabchunova.anastasia@gmail.com, ORCHID: 0000-0001-9373-799X
b. e-mail: karabtsovav@gmail.com, ORCHID: 0000-0001-9292-6190
c. e-mail: onkalugin@gmail.com, ORCHID: 0000-0003-3273-9259

The results of densimetry investigation of the solutions of 1-butyl-3-methylimidazolium tetrafluoroborate
(BMIMBF4), hexafluorophosphate (BMIMPFg) and bromide (BMIMBFr) in propylene carbonate (PC) at 298.15,
318.15, 338.15 and 358.15 K are presented and discussed in terms of apparent partial molar volumes and
solvation contribution. Density measurements were carried out using the vibrational tube densitometer Met-
tler Toledo DM 50 with accuracy * 310° g/cm3.

The limiting partial molar volumes of investigated ionic liquids in PC were obtained from density experi-
ment using Masson equation and divided into ionic contributions. Limiting partial molar volumes of
BMIMBF4, BMIMPFs and BMIMBr in PC slightly increase with the increase of temperature. The limiting par-
tial molar volumes of BMIM" cation obtained from three ionic liquids with different anions was found to have
the same value, 115 cm¥mol at 298.15 K.

The intrinsic volume of BMIM® cation estimated from quantum chemical calculations at the
M062X/6-311++G(d,p) theory level exceeds one obtained from density experiment indicating that solvation
of cation has a negative contribution to the volume of ion in propylene carbonate.

In order to investigate the microscopic structure of the BMIM" solvation shell in PC, molecular dynamics
simulation of the infinitely dilute solution was carried out in the NVT ensemble at 298.15 K. The results of the
simulation reveal that 5-6 PC molecules forming the first solvation shell penetrate into the inner space of the
cation, which agrees with the results of a density experiment treatment. From the analysis of the cation-
solvent site-site radial distribution functions and the running coordination numbers it was established that the
most probable coordination center of PC molecule is carbonyl oxygen.

Keywords: densimetry, density, apparent partial molar volume, solvation, 1-butyl-3-methylimidazolium,
tetrafluoroborate, hexafluorophosphate, bromide, propylene carbonate, molecular dynamics simulation.

Introduction

The room temperature ionic liquids (RTILs) due to their ionic structure and liquid state at room
temperature have a plenty of specific features such as negligible vapor pressure, non-flammability,
broad range of liquid state, high thermal stability, high solvating capacity and wide electrochemical
window [1]. As a result, RTILs have a variety of different application areas [2] such as bio-catalysis
and organic reactions [3], lubricants [4], separation and extraction [5], energy storage and chemical
power sources [6]. Mixtures of RTILs (especially imidazolium based RTILs) with aprotic solvents like
propylene carbonate are widely used in lithium-ion batteries [7], super capacitors [8] and solar cells
[9] due to lower viscosity and higher ion mobility.

Taking into account growing interest for electrochemical application deeper understanding of phys-
icochemical properties of the RTILs mixture with molecular solvents is needed since this information
is vital for optimization and development of new electrochemical devices. The most important proper-
ties for electrochemical application of RTILs mixtures are mainly defined by microscopic structure
and ion—ion and ion—solvent interactions. To date, there have been made several attempts to study
such interactions using theoretical and experimental approaches, including scanning electron micros-
copy (SEM) [10], quantum chemical calculation [11], thermodynamic and transport properties
[12-15], NMR spectroscopy [16], IR spectroscopy, Raman spectroscopy [17-18]. But the role of cation
solvation by solvent molecules is still remains unclear. It seems appropriate to use a combination of
experimental and computing methods for examination of solvation structure in such complicated
systems like mixtures of RTILs with aprotic solvents.
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Densimetry is one of the simplest, fast and informative experimental methods which can give the
information about solvation effects by means of apparent partial molar volumes of electrolytes and
ions. In spite of the fact that literature data on density of some RTILs in PC [19-22] is available, in-
formation about the apparent partial molar volumes of RTILs in such systems is scarce.

Based on this, in current work density of binary mixtures of three RTILs 1-butyl-3-
methylimidazolium tetrafluoroborate (BMIMBF,), hexafluorophosphate (BMIMPF4) and bromide
(BMIMBEr) with propylene carbonate (PC) was measured with high accuracy in the temperature range
298.15 — 358.15 K. The apparent partial molar volumes (V¢) of the mixtures were calculated and fit-

ted by the Masson equation [23] to discuss the concentration dependence of V¢ and to find limiting

—0
partial molar volumes V', in order to evaluate the solvation effects. Additionally, the microscopic
structure of the first solvation shell of 1-butyl-3-methylimidazolium in propylene carbonate at infinite
dilution was studied by means of molecular dynamics simulation.

Experimental section

Materials. lonic liquids 1-butyl-3-methylimidazolium tetrafluoroborate and bromide were pur-
chased from Merck and 1-butyl-3-methylimidazolium hexafluorophosphate was purchased from
Solvionic (mass fraction purity 99.0 — 99.5%). RTILs were preliminary dried under reduced pressure
in ultrasonic bath at 50 — 60 °C for 4-5 hours. 1-Butyl-3-methylimidazolium bromide was dried under
reduced pressure in water bath at 85 °C for 4-5 hours using rotary evaporator and then recrystallized
using liquid nitrogen. Propylene carbonate (Merck 99%) was distilled under reduced pressure and
stored over 4 A molecular sieves, and redistilled under reduced pressure prior to use. The water con-
tent in propylene carbonate was less than 80 ppm as was controlled by Karl Fischer titration.

Measurements. A set of 10 solutions for each RTIL+PC systems in the range of concentrations
from 5107 to 1:10" mol/dm’® were used for the density measurements. Solutions were prepared from
concentrated one gravimetrically by dilution taking into account the correction on Archimedean force.
All the solutions were handled in a dried glovebox over P,Os and tested for a water content that was
about 100 ppm for each solution.

Density measurements were carried out using the vibrational tube densitometer Mettler Toledo DM
50 at 298.15, 318.15, 338.15 and 358.15 K with accuracy 0.02 K (Peltier temperature control) and
viscosity correction. Each value of solution density is an average from at list five measurements with
repeatability £ 2-10” while the instrument accuracy is reported to be + 3-107 g/cm’. The calibration of
densitometer was made using ultra-pure water and air at atmospheric pressure and 293.15 K.

Results and discussion

Density and partial molar volumes

The experimental density data for studied systems are presented in Table 1. Literature data on the
density of propylene carbonate at 298.15 K is in the range of 1.1890 — 1.2001 g/cm’ [24-35].

The apparent partial molar volumes (V¢) of RTILs in PC were calculated from experimental densi-

ties of solvent (d,) and solutions (d ), respectively:

V¢=[1_d_]10"0+%, (1)
d

o) € d,

where M, is a molar mass of RTIL.
Obtained data (Fig. 1) were fitted by Masson equation (eq. 2) where apparent partial molar volume
of electrolyte has a linear dependence versus square root from molar concentration [23].

_ 770 12
V,=V2+S, ¢ @)
The values of limiting partial molar volumes 1720 were obtained by extrapolation of the concentra-

tion dependence to the infinite dilution. As can be observed from Fig. 2 limiting partial molar volumes
of studied RTILs in PC slightly increase with the increase of temperature.
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Table 1. Density change of BMIMBF,, BMIMPF,;, BMIMB-r solutions in PC compared to the pure
solvent (4d, g/cm’) as a function of molar concentrations (¢, mol/dm’) at studied temperatures

c Ad c Ad c Ad
BMIMBEF, BMIMPF BMIMBr
T=298.15K, dy=1.19932
0.00663 0.00012 0.00641 0.00033 0.00497 0.00038
0.01120 0.00029 0.01050 0.00050 0.00962 0.00045
0.01850 0.00042 0.01690 0.00081 0.01520 0.00063
0.02850 0.00051 0.02510 0.00117 0.02230 0.00079
0.03700 0.00045 0.03400 0.00142 0.03180 0.00109
0.04420 0.00061 0.04430 0.00262 0.04290 0.00125
0.05600 0.00070 0.05660 0.00265 0.05480 0.00165
0.07930 0.00059 0.07370 0.00244 0.06760 0.00176
0.08400 0.00081 0.08560 0.00333 0.08310 0.00219
0.12200 0.00074 0.12420 0.00281 0.11980 0.00299
T=318.15K,d,=1.17814
0.00651 0.00030 0.00630 0.00033 0.00489 0.00032
0.01100 0.00050 0.01030 0.00048 0.00945 0.00046
0.01820 0.00051 0.01660 0.00085 0.01490 0.00067
0.02800 0.00065 0.02470 0.00116 0.02190 0.00094
0.03640 0.00073 0.03340 0.00145 0.03120 0.00115
0.04340 0.00075 0.04350 0.00283 0.04220 0.00148
0.05500 0.00088 0.05560 0.00270 0.05380 0.00174
0.07790 0.00079 0.07240 0.00248 0.06640 0.00206
0.08260 0.00110 0.08410 0.00340 0.08170 0.00249
0.11990 0.00109 0.12210 0.00314 0.11770 0.00328
T=338.15K, dy=1.15702
0.00640 0.00029 0.00618 0.00033 0.00480 0.00032
0.01080 0.00041 0.01010 0.00046 0.00928 0.00047
0.01790 0.00048 0.01630 0.00078 0.01460 0.00065
0.02750 0.00062 0.02420 0.00107 0.02150 0.00090
0.03570 0.00071 0.03280 0.00149 0.03070 0.00113
0.04260 0.00069 0.04280 0.00283 0.04140 0.00147
0.05400 0.00090 0.05460 0.00274 0.05290 0.00182
0.07650 0.00087 0.07110 0.00251 0.06520 0.00209
0.08110 0.00107 0.08260 0.00346 0.08020 0.00258
0.11780 0.00122 0.11990 0.00319 0.11560 0.00344
T=358.15K, dy=1.13587
0.00628 0.00020 0.00607 0.00030 0.00471 0.00030
0.01060 0.00031 0.00992 0.00047 0.00911 0.00045
0.01750 0.00041 0.01600 0.00076 0.01440 0.00066
0.02700 0.00056 0.02380 0.00114 0.02120 0.00088
0.03510 0.00067 0.03220 0.00152 0.03010 0.00116
0.04190 0.00075 0.04200 0.00288 0.04060 0.00152
0.05310 0.00093 0.05360 0.00281 0.05190 0.00188
0.07520 0.00092 0.06980 0.00256 0.06410 0.00217
0.07960 0.00125 0.08110 0.00356 0.07870 0.00269
0.11560 0.00136 0.11770 0.00326 0.11350 0.00364

In order to estimate the ionic contribution into limiting partial molar volumes we used schemes
(3-5) and available literature data for anions and lithium salts [36] in PC at 298.15 K.

Br — LB i —LBE ,BE _ BMIMBE , )Mt 3)
Br_ LiBr > Li+ LiPFﬁ > PF6— BMIMPF6 > BMIM+ (4)
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Br- —2MMBr_, BMIM* (5)
The values of BMIM" cation limiting partial molar volume 171.0 and initial literature data are listed

in Table 2.

The results listed in Table 2 demonstrate that the values of BMIM™ cation limiting partial molar
volume obtained from three RTILs with different anions are close to each other that confirms reliabil-
ity of our experimental data and the used dividing schemes.
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Figure 1. Concentration dependence of apparent Figure 2. Temperature dependence of limiting
partial molar volume of RTILs in PC at 298.15 K. partial molar volumes of RTILs in PC.

The same tendency is observed at other tempera-

tures.

Table 2. Limiting partial molar volumes of electrolytes and ions at 298.15 K. The corresponding val-
ues for anions are taken form ref. [36].

1720 , cm’/mol Ve, cm’/mol [36] I7+O, cm’/mol
BMIMBF, BF, BMIM"
161 47 114
BMIMPF; PF, BMIM"*
188 73 115
BMIMBr Br BMIM"
141 26 115

For more detailed interpretation of obtained data it was assumed that limiting partial molar volume
0

of ion can be represented by the sum of intrinsic ionic volume I7l.n , and the additional value AIZO that
describes the solvation effects in the nearest space around the ion:
V=V + AV (©)
To estimate the intrinsic molar volume of BMIM " cation first quantum chemical calculation at the
MO062X/6-311++G(d, p) theory level was carried out in order to optimize its geometry in vacuum us-
ing Gaussian 09 [37] program package. Then the cation volume that defined as one inside a contour of
0.001 electron/Bohr® density was estimated by averaging ten corresponding values. The ion radius was
calculated from an assumption of ion sphericity and was found to be 0.364 nm. Finally the average

intrinsic molar volume of BMIM" Vi/?tr was estimated as 122 cm’/mol. Comparison of the intrinsic

(122 cm*/mol) and experimental limiting partial molar volumes (115 cm’*/mol) allows one to make a
conclusion about the “negative” contribution of solvation (AI7I.°= —7 em’/mol) to the value of I7+O for

BMIM™ in PC implying penetration of inner space of cation by solvent molecules.
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Molecular dynamics simulation

In order to investigate the microstructure of the BMIM™ (Fig. 3) solvation shell in PC, a molecular
dynamics (MD) simulation of the system of an infinitely dilute solution was carried out.

The MD simulation was performed by using MDNAES simulation package [38]. The interparticle
interactions were represented by a sum of Coulomb and Lennard-Jones (LJ) (12, 6) potentials.

o< 2]

The cross-terms of LJ (12, 6) were calculated via Lorenz-Berthelot combining rules:

&; =4\€:€,» Oy :(Gﬁ +0'jj.)/2 (8,9)
Electrostatic interactions were treated by using the reaction field method:
2 —
U_l_eF=Z,-Z/€ l—bo T +L b_o_l , bOZM, (10, 11)
! 47[50 rij 2R3ut Rcut 2’ 28RF +1

where R, and err are cut off radius and dielectric constant above the R, radius, respectively. The
technique of the shifted force was applied to LJ (12, 6) interactions.

A simulation of a system that consists of 215 PC molecules and 1 BMIM" in cubic cell with peri-
odic boundary conditions in all directions was treated in the NV'T ensemble at 298.15 K by using the
Berendsen thermostat. The time step was set equal to 0.5 fs. The investigated system was undergone
the equilibration for 500 ps followed by calculation of the structural parameters for another 500 ps.
The dielectric constant and density of system were set 64.92 kg/m’ [39] and 1198.0 kg/m® [40] respec-
tively (equal to the parameters of the pure solvent).

In the current work for propylene carbonate the parameters of the force field model were taken
from [41]. The PC model had seven centers with united atoms: CH, CH, and CH;, which were re-
placed by single interaction centers (Fig. 4).

o
@,ff:‘?} &3

Figure 3. Structure of 1-butyl-3-methylimidazolium cation Figure 4. Structure of united atom
with atom designation used in the MD simulation. model of the PC molecule.

Table 4. The partial charges on the BMIM " atoms (g, |e|) according to the Mondal and Balasubrama-
nian model [42] (original) and used in the present work

Site Original Present work
N 0.140 0.184
Cr -0.010 -0.013
Cw -0.110 -0.144
Ha 0.180 0.236
Hp 0.170 0.223
Ci -0.250 -0.328
H, 0.120 0.1574
) -0.076 -0.076
Hc 0.098 0.098
Cs -0.196 -0.196
Cr -0.294 -0.294

Total cation charge +0.79 +1.0

25



Density and solvation effects of imidazolium based ionic liquids in propylene carbonate

Non-rigid and all-atom BMIM" force field of Mondal and Balasubramanian [42] with the modifi-
cation of partial charges proposed recently [43] was used for the present MD simulation. Particularly,
the partial charges on the BMIM" atoms were modified to restore the total charge of cation equal +1
in the infinitely dilute solution as compare with one equal to +0.79 in the original model of Mondal
and Balasubramanian (Table 4).

The microscopic structure of the BMIM™ cation solvation shell in PC was analyzed in terms of
the radial distribution function (RDF) and the running coordination numbers (RCN). From the analysis
of cation-solvent site-site RDFs and RCNs one can conclude that the most probable coordination cen-
ter of PC molecule is carbonyl oxygen. It interacts mostly with atoms of imidazole ring of the

BMIM™ cation.

As can be seen from the Fig. 5 carbonyl oxygen atom of PC (O1) are mostly coordinated by the Hp
atom bearing the highest positive charge within imidazole ring of the BMIM" cation (Table 4).
Ol are less coordinated by the Hg atoms and even less by carbon atoms of imidazole ring Cy and Cy.

Based on interatomic RDF the limits of the first solvation shell were evaluated. This gave the op-
portunity for estimation of RCN (Fig. 6). The first maxima on the RDF corresponds to the most prob-
able distances between two neighboring atoms (7, ;) and the first minima corresponds to the first
solvation shell radii (7, ;) (Table 5). Coordination numbers (Table 5) were obtained from RCN func-
tion by using first solvation shell radii acquired from RDF for the same interatomic interactions. In-
spection of Table 5 show that about 3 PC molecules are placed around the Hx and Cy atoms, about 2
are placed around the Hg and Cy atoms of imidazole ring. In total O1-H, and O1— Hp interatomic

interactions show that there are 5 or 6 molecules of PC in the first solvation shell of BMIM™ cation.
Based on these data one of the possible instantaneous configurations of the first solvation shell pre-

sented in Fig. 7.
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Figure 5. RDF of interatomic interactions be- Figure 6. RCN for interatomic interactions be-
tween carbonyl oxygen atom of PC and atoms of tween carbonyl oxygen atom of PC and atoms of
imidazole ring of BMIM " cation. imidazole ring of BMIM " cation.

Table 5. The structural parameters of cation-solvent site-site interactions within the first solvation
shell of BMIM" in PC

Pair of atoms Vmax.1, NM Vmin. 1, M Coordination number
O-H, 0.201 0.420 2.84
0-Cr 0.295 0.410 2.92
O-Hp 0.229 0.355 1.70
O-Cyw 0.319 0.390 2.25

It should be noted that the most probable distance of the carbonyl oxygen atom to the center of the

imidazole ring was 0.329 nm that is less than intrinsic radius of the BMIM" cation (0.364 nm) ob-
tained from quantum-chemical calculations. This fact indicates the penetration of PC into the internal
space of the cation. Such organization of solvation shell leads to the negative contribution into the
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solvated volume which is in accordance with the mentioned above results of the densimetry
experiment.

Conclusions

Density of BMIMBF,4, BMIMPF4, BMIMBr in PC was investigated with high accuracy at 298.15,
318.15, 338.15 and 358.15 K. From the obtained experimental data using Masson equation the limit-
ing partial molar volumes of RTILs in PC were obtained and divided into ionic contributions. The

limiting partial molar volumes of BMIM" cation obtained from three RTILs with different anions
was found to have the same values 115 cm®/mol.

A quantum-chemical calculation (QQC) was carried out in order to optimize the geometry and ob-
tain the intrinsic radius of the BMIM™ cation. The radius obtained from QQC was 0.364 nm and the
intrinsic volume of cation was 122 cm’/mol. Comparison of the cation volume from density experi-
ment and QQC indicates that solvation of cation has a negative contribution to the volume of ion in
PC.

The microstructure of the first solvation shell of BMIM™ cation in PC was investigated by molecu-
lar dynamics simulation of infinitely diluted solution of 1 BMIM"in 215 PC in the NV'T ensemble at
298.15 K. It was shown that the most probable coordination center of PC molecule with respect to the
BMIM" cation is carbonyl oxygen. It interacts mostly with hydrogen atoms of imidazole ring of the
BMIM™ cation. This results in formation of the first solvation shell consisting in 5-6 PC molecules
which tend to penetrate the inner space of the cation.

Cw

o

Figure 7. Instantaneous configuration of the first solvation shell of BMIM™ cation in PC.
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A.B. PabuyyHoBa*, B.M. Kapabuosa*, O.H. Kanyrun*. MnoTHOCTb M conbBaTauMoOHHble 3dEKTbl MOHHbIX XMa-
KOCTElN Ha OCHOBE MMMAA30nusa B nponuneHkapboHaTe.

* XapbKOBCKMI HaUMOHanbHbIN yHUBepcuTeT umenn B.H. KapasuHa, xumundeckuin dakynbeTteT, kadeapa Heop-
raHuyeckon xumuu, nnowanb Ceoboapl, 4, Xapbkos, 61022, YkpanHa

MpencraBneHbl pe3ynbTaTbl AEHCUMETPUYECKOTO MCCNeAOBaHNst pacTBoOpoB TeTpadTopobopata (BMIMBF,),
rekcagptopodhoccpata (BMIMPFs) u 6pommnaa (BMIMBr) 1-6ytun-3-metunnuvmmngasonus B nponuneHkapboHaTe
(PC) npu 298.15, 318.15, 338.15 n 358.15 K. MNony4eHHble AaHHbIE PACCMOTPEHbI C TOYKMN 3PEHUS KAXKYLLUMXCSA
napumarnbHbIX MOMbHLIX 0O BEMOB U1 BKNaga conbBaTtaumn. MaMepeHusi NNOTHOCTM BbINOMHEHbI C UCMONb30BaHM-
eM geHcumeTpa Mettler Toledo DM 50 ¢ To4YHOCTbIO * 3-10° r/em®.

MpepenbHble nNapumanbHble MONbHbIE 06beMbI UCCNEAOBaHHbLIX MOHHBIX XMUAKOCTEN B MponuneHkapboHate
ObINM NONy4YeHbl U3 3KCNEPUMEHTANbHBLIX AaHHBLIX MO NAIOTHOCTU C UCMONb30BaHWEM ypaBHeHMe MaccoHa u pas-
JeneHbl Ha UOHHble Bknadbl. MpenenbHble napumansHble MorbHble 06bembsl BMIMBF., BMIMPFs n BMIMBr B
PC HesHaunTenbHO yBenuuMBaloTCA C POCTOM TemnepaTypbl. NpeaenbHbI NapumnanbHbIi MOMbHbIA 06bem Ka-
TMoHa BMIM®, nonyyeHHbI 13 Tpex MOHHBIX XUAKOCTE C PasHbIMU aHMOHAMM, UMEET OANHAKOBYIO BEnuMHY
115 cm*/monb npu 298.15 K.

CobCTBEHHbIN paguyc  KaTuoHa BMIM, paccymMTaHHbIN KBaHTOBO-XMMUYECKN Ha  ypoBHe
M062X/6-311++G(d,p), oka3ancst 6onblue YeM NOMYyYEHHBIN N3 3KCNEPUMEHTA MO NITOTHOCTU U yKa3blBAeT Ha TO,
4YTO comnbBaTauusi BHOCUT OTpULATENbHBIA BKNa B KaXyLUMICS NapuvanbHbid MOMbHBIN 06bEM MOHA B Nponu-
neHkapboHare.

JInst MccnenoBaHNs MUKPOCKOMUYECKOW CTPYKTYPbI CONbBaTHO 060noykn BMIM® B PC BbINOMHEHO Moneky-
NApHO-AMHaMMYeckoe MogenvposaHue 6eckoHevHo padbasneHHoro pactesopa B NVT aHcambne npu 298.15 K.
PesynbTaThl MogenvMpoBaHMsA ykasblBalOT Ha TO, YTO MepBasd conbBaTHas obonoyka kaTMoOHa COCTOUT u3 5-6
MoneKyn nponuneHkapboHaTa, NPOHMKaKLWKMX BO BHYTPEHHEE MPOCTPaHCTBO KaTMOHAa, YTO cornacyeTcs C pe-
3ynbTaTaMu EeHCUMETPUYECKOro akcrnepumMeHTa. M3 aHanusa dyHKuMiA pagnanbHOro pacnpeaeneHms n TeKyLmnx
KOOPAMHALIMOHHbIX YMCEN KaTUOH-MOJIEKYIa pacTBOPUTENST YCTAHOBIEHO, YTO Hanbonee BEPOSTHLIM KOOpAUHA-
LUMOHHBIM LieHTpoM Mornekynbl PC sBnsieTcs kncnopo kapOoHWMbHONM rpynmbl.

KnioyeBble cnoBa: LeHCUMETPUS, MNOTHOCTb, KaXYLLUACS napumanbHbii MONSIpHbIA 06beM, conbBaTauums,
1-6yTun-3-meTnnummngasonuin, TetTpadgptopobopart, rekcacdTopodocdar, bpomua, nponureHkapooHaT, MONeKy-
NAPHO-AMHaMMYECKOe MoAEeNpoBaHMe.

A.B. PabuyyHoBa*, B.M. Kapabuosa*, O.H. Kanyrin*. lN'yctuHa i conbBaTtauinHi edekT iOHHUX piaWH Ha OCHOBI
iMmigasonis B nponineH kapboHari.

* XapKiBCbkU HaLioHanbHWIM yHiBepcuTeT iMeHi B.H. KapasiHa, xiMmiyHun dakynbTeT, kadeapa HeopraHiyHoi
ximii, manngan Ceoboaum, 4, Xapkis, 61022, YkpaiHa

MpencraBneHi pesynbTatv 4EHCMMETPUYHOTO AOCHIOXKEHHST po34uHiB TeTpadTopobopaty (BMIMBF,), rekca-
dropodocdaty (BMIMPFg) i 6pomigy (BMIMBr) 1-6yTun-3-metunimigasonis B nponineH kapbonati (PC) npu
298.15, 318.15, 338.15 T1a 358.15 K. OTpuMmaHi gaHi po3rnsHyTi 3 TOYKU 30pYy YSBHUX NapuianbHUX MOMbHUX 00'-
€MIB i BKnagy conbBaTauii. BUMiploBaHHsi ryCTUHM BUKOHaHI 3 BUKOpUCTaHHAM AeHcumeTtpa Mettler Toledo DM 50
3 TouHicTio  3:10°° r/em®.

[paHuyHi napuianbHi MonspHi 06'emMn gocnigXeHux ioHHMX piguH B PC 6ynu oTpumaHi 3 ekcnepyMMeHTanbHnx
JaHUX MO FYCTUHI 3 BUKOPUCTaAHHAM PiBHAHHA MeccoHa i po3fineHi Ha ioHHI cknagosi. ['paHuyHI napuiansHi Mons-
pHi 06'emn BMIMBF4, BMIMPFs u BMIMBr B PC He3Ha4yHO 36inbLuyoTbCst 3 pOoCcTOM Temnepatypu. [paHu4HuiA
napuianbHWii MORsIpHWIA 06'em kaTioHa BMIM®, oTpuMaHWii 3 TPbOX IOHHUX PIAVH 3 Pi3HUMM aHIOHaMK, Ma€e OaHa-
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KoBy BenuunHy 115 cm®/monb npun 298.15 K.

BracHuit pagiyc kationa BMIM® poapaxoBaHuii KBaHTOBO-XiMIYHO Ha piBHi M062X/6-311++G(d,p) BusBMBCS
OinblUe HiXX OTPMMaHU 3 eKCNEePUMEHTY MO TYCTUHI | BKa3ye Ha Te, WO CofbBaTallisi BHOCUTb HEraTUBHUI BKNag
[0 ySIBHOrO napuianbHOro MosnsipHoro o6'emy ioHa B nponineH kapboHari.

Ons [oChimKeHHs MIKpOCKOMIYHOT CTPYKTYpU conbBaTHOi o6ornoHkn BMIM® B PC BUKOHaHO MOMeKynsipHo-
OnHamiyHe moaerntoBaHHsa 6e3mexHo po3segeHoro posdmHy B NVT aHcambni npu 298.15 K. Pesynbtat mope-
NOBaHHS BKa3yloTb Ha Te, Lo nepLua conbBaTHa 0b6onoHka kaTioHa cknagaeTbes 3 5-6 Monekyn nponineH kap6o-
HaTy, O NPOHUKaKTL Y BHYTPILLHIA NPOCTIp KaTioHa, WO y3roXXyeTbcsl 3 pesynbTatamv 4eHCUMETPUYHOTO eKc-
nepumeHTy. 3 aHanidy dyHKLUin pagianbHOro posnoiny Ta NOTOYMHUX KOOPAMHAUIMHUX YMcen KaTioH-monekyna
PO34YMHHMKA BCTAHOBMEHO LIO HaWbinbL MMOBIPHUM KoopAWHaLUinHUM LueHTpom monekynu PC e OkcureH kap6o-
HINbHOI rpynu.

KnrouoBi cnoBa: pgeHcumeTp, TryCcTMHa, MapuianbHui MonsipHun  ob'eM, conbBaTauisf, 1-6yTun-3-
meTunimigasonin, TetpadTopobopat, rekcadTopodocdaT, OGpomia, nponineH kapboHaT, MONeKynsipHo-
AVHaMiyHe MOLentoBaHHs.

Kharkov University Bulletin. Chemical Series. Issue 31 (54), 2018

31



