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Abstract: (p,p,T) data of 1-octyl-3-methylimidazolium tetrafluoroborate
[OMIM][BF,4] over a wide range of temperatures, from 278.15 to 413.15 K,
and pressures, p, up to 140 MPa are reported with an estimated +0.01-0.08 %
experimental relative average percent deviation (APD) in the density. The
measurements were performed using an Anton Paar DMA HPM vibration tube
densimeter. (p,p,T) Data for [OMIM][BF,] was fitted and the parameters of the
applied equation were determined as a function of pressure and temperature.
After a thorough analysis of literature values and validity of the used equation
of state, various thermophysical properties, such as isothermal compressibility,
isobaric thermal expansibility, differences in isobaric and isochoric heat cap-
acities, thermal pressure coefficient, internal pressure, heat capacities at cons-
tant pressure and volume, speed of sound and isentropic exponent at tempe-
ratures in the range 278.15-413.15 K and pressures p up to 140 MPa were
calculated.

Keywords: ionic liquid; density; equation of state; thermal properties; caloric
properties; speed of sound.

INTRODUCTION

Ionic liquids (ILs) have great importance due to their excellent thermophys-
ical and chemical properties, such as negligible vapour pressure, large liquidus
range, high ionic conductivity, and non flammability. These excellent properties
of ILs make them very useful substances in chemical and mechanical engineering
industries. They have large number of applications in catalytic biomass trans-
formation, solvation technology, electronics, Li-ion batteries, the polymer ind-
ustry, separation technology, liquid-liquid extraction etc.l-2 Thermophysical,
electro- and physicochemical properties, efc. are very important for the analysis
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and application of ILs. The most fundamental properties of ILs are (p,p,T) data,
which were measured and presented in this paper, as well viscosity, heat cap-
acity, speed of sound,3 etc., from which more parameters could easily be derived.
This work is a continuation of ongoing investigations in the field of thermo-
physical properties of liquids at high pressures over a wide range of tempera-
tures.*~6 The (p,p,T) properties of 1-octyl-3-methylimidazolium tetrafluoroborate
([OMIM][BF4]) over a wide temperature interval from 278.15 to 413.15 K and
pressures p up to 140 MPa, using the high quality vibration tube densimeter
method, were studied for the first time. The isothermal compressibility x7(p,T),
isobaric thermal expansibility o,(p,T), thermal pressure coefficient y(p,T), inter-
nal pressure pint(p,T), specific heat capacities c,(p,T) and ¢,(p,T), speed of sound
u(p,T), isentropic exponent xy(p,T) were calculated using an equation of state at
these high pressures and over the wide range of temperature, in which the density
of [OMIM][BF4] was studied. For such investigations, high quality density
values at high pressures and over a wide range of temperature and also the heat
capacity of [OMIM][BF4] at ambient pressure and over a wide range of tempe-
ratures are necessary.3

The measured density of [OMIM][BF4] at high pressures and over a wide
range of temperatures was thoroughly compared with available literature values’—
14 in order to confirm their quality; a summary is presented in Table S-I of the
Supplementary material.

The information about the density p(pg,T), viscosity #7(pg,T), heat capacity
cp(po,T), speed of sound u(po,7) measurements and literature analysis of
[OMIM][BF4] at ambient pressure were presented in a previous publication.3 The
previous high pressure literature p(p,7) measurements covered pressures up to
10, 20, 60, 207 or 224 MPa in various studies. However, the temperature ranges
of the measurements within these papers were not large (Table S-1 of the
Supplementary material to this paper). Gu and Brennecke,” in 2002, studied den-
sity p(p,T) at 298 and 323 K and pressures to 206.94 MPa using an ultrahigh-
-pressure density apparatus. These were the first reported high pressure density
values. Harris et al.,8 in 2006, investigated the densities at pressures up to 224.2
MPa. Both works covered small temperature intervals. Gardas et al.,? in 2007,
investigated experimental high pressure densities p(p,7) over a wide range of
temperatures using an Anton Paar DMA 60 digital vibrating-tube densimeter,
with a DMA 512P measuring cell for high pressures. The derived thermodynamic
properties, such as isothermal compressibility, isobaric thermal expansibility,
thermal pressure coefficient, and pressure dependence of heat capacity were
defined. Sanmamed et al.,10 in 2010, presented densities at high temperatures and
pressures using a DMA 512P vibrating tube densimeter. Tomida et al.,!! in 2012,
investigated the density p(p,7) of [OMIM][BF4] from 293.15 to 353.15 K and
pressures from 0.1 to 20.0 MPa using a DMA 512P vibrating-tube densimeter.
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These measurements did not cover wide ranges of temperatures and pressures
simultaneously. Hosseini et al.,!2 in 2013, employed a perturbed hard-sphere
chain equation of state (PHSC EOS) for modelling the density of [OMIM][BF4].
The equation was employed over a wide range of temperatures and pressures
from 313 to 452 K and from 0.1 to 10 MPa with 77 literature data points for
[OMIM][BF4]. Roshan and Ghader,!3 in 2013, presented two models for the
calculation of the density of [OMIM][BF4] at pressures from 1 to 10 MPa and in
the temperature range 293.15 to 393.15 K. The first method was based on Tay-
lor’s series the volume expansion of IL and the second model was in the form of
the Padé approximation of volume as a function of pressure. The number of
given data points for [OMIM][BF4] was 66, and an APD of 0.104 % for the
Taylor and 0.199 % for the Padé method were indicated. Ribeiro et al.,!4 in 2014,
measured the glass transition pressure of [OMIM][BF4] at room temperature.

The isobaric heat capacities, ¢,(p,T), of [OMIM][BF4] at high pressures had
been presented only by Sanmamed et al.10 at pressures up to 60 MPa.

Only two papers3:11 included high pressure viscosity #(p,T) values. Harris et
al.,8 in 2006, performed measurements of viscosity 5(p,T) between 273.15 and
353.15 K and pressures from 0.1 to 224 MPa using a falling-body viscometer.
Modified Litovitz and Vogel-Fulcher—Tammann equations were used to present
the temperature and pressure dependences. Tomida et al.,!! in 2012, published
experimental viscosity #(p,T) values from 293.15 to 353.15 K and pressures from
0.1 to 20.0 MPa using a rolling-ball viscometer. The uncertainty of the reported
viscosity values was estimated to be 1.6 %. The experimental viscosity data at
high pressures were fitted to the Tait equation.

Navia et al.,!5 in 2010, measured the isobaric thermal expansivity op(p,T)
from 278.15 to 348.15 K and pressures from 5 to 50 MPa using a Micro DSCII
microcalorimeter from Setaram.

Analysis of literature density at high pressures and over a wide range of
temperature’-14 (Table S-I) shows the necessity of careful experimental (p,p,T)
measurements of this IL and analysis of thermophysical properties over a wide
range of temperatures and pressures, including temperatures below room tem-
perature and at high pressures for the following reasons:

— There are no density values for pressures higher than p = 60 MPa and
T'=353.15K;

— There are no density values above 7= 393.15 K;

— There is only one report? of heat capacity cp(p,T) data at high pressures;

There are no other values of thermophysical properties over a wide range of
temperature and pressures except one. !>

Therefore, it was decided to investigate the thermophysical properties of
[OMIM][BF4] over a wide range of temperatures 278.15—413.15 K and pressures
from 0.1 to 140 MPa in combination with a thorough literature analysis.
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EXPERIMENTAL

Pure [OMIM][BF,] was purchased from Sigma—Aldrich, Germany (CAS No. 244193-
-52-0). The sample was degassed under vacuum and at high temperatures up to 7’ = 423.15 K
before the experiments (mass purity >99 %). The water content of [OMIM][BF4] was
determined using a Karl Fischer titration and found to be less than 40 ppm.

The (p,p,T) measurements are carried out using a new modernized high pressure-high
temperature Anton Paar DMA HPM vibration tube densimeter.!%17 The temperature in the
measurement cell, where the U-tube is located, was controlled using a thermostat (F32-ME
Julabo, Germany) with a AT = £10 mK uncertainty of the temperature and was measured
using a (ITS-90) Pt100 thermometer (type 2141) with a AT = £15 mK experimental uncer-
tainty in the measurement. The pressure was measured by pressure transmitters P-10 and HP-1
(WIKA Alexander Wiegand GmbH., Germany) with an APD of 0.1 and 0.5 %, respectively,
of the measured maximum value. The sample in the oscillating tube is part of a complex sys-
tem. The force of inertia shear forces occurs on the wall, influencing the resonant frequency of
the oscillator. The mPDS2000V3 control unit measures the vibration period with an accuracy
of A7=10.001 ps. According to the specifications of Anton—Paar and the results of the calib-
ration procedures, the observed repeatability of the density measurements at temperatures
from 273.15 to 413.15 K and pressures up to p = 140 MPa is within Ap £0.1-0.3 kg m™ or an
APD of 0.01-0.03 %. However, if samples of higher viscosities are measured, it could be
noticed that the displayed density was too high. Up to a certain level, this error is a function of
viscosity.1819 This behaviour could be explained by considering a segment of the oscillator in
motion. Investigating a "slice" of sample, it is found that both translational and rotational
movements occur. The force required to keep the slice rotating is introduced by shear forces
on the wall. As the viscosity increases, an increasing part will rotate until the whole slice rot-
ates like a solid body. The momentum of inertia of the rotated section when added to the force
of inertia of the movement of translation, simulates a higher mass with respect to volume, and
so a higher density value. A correction can easily be performed if the form of the error curve
and the sample viscosity are known.!%2! In the present work the viscosity correction
(PupM—P) Pupm Was included in the density measurements as follows:2!

PHM TP _10+4(0.44824/57 - 0.1627) (1)
PHPM

For evaluation of Eq. (1), (0gpm—0)/Pupm as a function of viscosity #, which must be
known in the same temperature and pressure range where the densities are determined, is
required. Unfortunately, there was no possibility to investigate the viscosity of this IL at high
pressures, which are necessary for the viscosity correction of (p,p,T) data considering the high
viscosity values for ionic liquids. Only the dynamic viscosity 7(p,7) of [OMIM][BF,] at
ambient pressures® and in the temperature range 278.15-373.15 K was measured. The present
measured values together with literature values of the dynamic viscosity at ambient pressure?
7(po,T) and at high pressures®1! 5(p,T), and an extrapolation of them to 278.15-413.15 K
range and p = 140 MPa, were used during the calculation of viscosity correction (oPgpy—p)/
/pupm. The described uncertainty of the viscosity measurements in the literature and the
application of these results to the temperature and pressure intervals of the present work inc-
reased the possible uncertainty of the density measurements of the present work. From the
other point of view, the effect of the right side of Eq. (1) is small and the uncertainty increase
in the density correction is not very large. Thus, the uncertainty of the density measurements

could be predicted to be between Ap of £0.1 to 0.8 kg'm™ or an APD of 0.01-0.08 %.
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Additional experimental data are given in Supplementary material to this paper.
RESULTS

The (p,p,T) data for [OMIM][BF4] at 278.15-413.15 K and pressures up to
p = 140 MPa are reported in Table S-II of the Supplementary material. The
temperature and pressure steps in the experiments were approximately 5 to 20 K
and 5 to 10 MPa. The measured densities as a function of pressure and tempe-
rature were fitted to Eq. (2):22

p(p.T)= A(T)p? + B(T)p8 + C(T)p!? @)
where the coefficients A(7), B(T) and C(T) are functions of temperature:

4

A(T) =) aT! 3)
i=1
3

B(T)=) hT' 4)
i=0
3

C(T)=) Tt (5)
=0

The coefficients a;, b; and ¢; of Egs. (3)—(5) are given in Table S-III of the
Supplementary material. Within these comparisons, the percent (PD) and APD
between the literature values and the present experimental density values were
calculated as:

PD =100 Pexp — Plit (6)
Pexp
n —
APD:lZ 100 Pexp ~ Plit (7)
n i=1 pexp

where pexp is the experimental density measured in this work, pjjt is the density
values reported in the literature; n is the number of compared points.

Egs. (2)—(5) describe the experimental results of density of [OMIM][BF4]
within APD Ap/p =0.011 %.

The plot of pressure p of [OMIM][BF4] versus density p is shown in Fig. 1.
The plots of the deviations of the experimental density pexp, of [OMIM][BF4]
from the density calculated using Eqgs. (2)—(5) pcal. versus pressure p in 278.15—
—413.14 K are shows in Fig. S-I (Supplementary material).

The values of the isothermal compressibility x7(p,T), isobaric thermal expan-
sibility op,(p,T), difference in isobaric and isochoric heat capacities (c,—¢y)(p,T),
thermal pressure coefficient y(p,T), internal pressure pin(p,T), isobaric heat cap-
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acity c(p,T), isochoric heat capacity c,(p,T), speed of sound u / m-s—! and isen-
tropic exponent xgy(p,T) of [OMIM][BF4] were calculated from Egs. (S-1)—(S-12)
of the Supplementary material, using fundamental equations of thermodyn-
amics*23.24 and are shown in Figs. 2 and 3, and also in Figs. S-III-S-VIII of the
Supplementary material.
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Fig. 1. Plot of pressure p of [OMIM][BF,] versus density p: ¢,278.15K; l, 283.15K; A,
293.15K; ¥,298.15K; *,313.16 K; <, 333.15K; [, 353.15K; A, 373.15K; V, 393.14
K; ¥, 413.14 K; lines: calculated according to Egs. (2)—(5).

The definition of ¢,(pg,T) in Eq. (S-10) enables the calculation of ¢,(p,T) in
Eq. (10) and ¢yp(p,T) in Eq. (11) at high pressures and temperatures, whereas the
density of [OMIM][BF4] was experimentally investigated. The value of ¢,(pg,T)
can be calculated using the c,(po,7) values at ambient pressure and the data
obtained at the experimental temperatures (p,p,T).3 The calculated differences in
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specific heat capacities c,(p,T) — cy(p,T) / J kg~1-K-! at high pressures were used
for the calculation of constant pressure heat capacity c,(p,7) in Eq. (S-11)
(Supplementary material) at high pressures and temperatures.

700 T T T T T T T T T T T T T T

%' 10°/MPa’!

260 1 L L 1 L . L . L . L . L
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140
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Fig. 2. Plot of isothermal compressibility x;-10° / MPa'! of [OMIM][BF,] versus pressure p:
€, 278.15K; M, 283.15K; A,293.15K; ¥,298.15K; *,313.16 K; <, 333.15K; [,
353.16 K; A, 373.16 K; V, 393.14 K ¥, 413.14 K; the lines are the best fit lines.

After determination of specific heat capacities of [OMIM][BF4], it is pos-
sible to establish the speed of sound at high pressures and various temperatures
u(p,T) using the following thermodynamic equation:

cp@,ﬂ[ap(np)J ®)
T

2 =
D=l oD o

Furthermore, the isentropic exponent xg(p,7) can be obtained using the fol-
lowing relation:
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9
p cv(p’T) ap ( )

The calculated values are also presented in Table S-1I together with (p,p,T)
data.

k(o) =221 "P(p’T)[ap(T,p)J
T

a 107K
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Fig. 3. Plot of isobaric thermal expansibility ¢,-106 / K-! of [OMIM][BF,] versus pressure p:

¢, 278.15K; W, 283.15K; A,293.15K; ¥,298.15K; *,313.16 K; <, 333.15K; [,
353.16 K; A, 373.16 K; V, 393.14 K ¥, 413.14 K; the lines are the best fit lines.

Most of the derived thermophysical properties increase with increasing tem-
perature and decrease with increasing pressure. However, the thermal pressure
coefficient and speed of sound increase with increasing pressure and decrease
with decreasing temperature. The internal pressure values decrease with inc-
reasing temperature up to around 20 MPa and thereafter increase with increasing
temperature. The values decrease with increasing pressure at around temperature
T =1393.15 K and thereafter increase with increasing of pressure. This interesting
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behaviour could be explained as resulting from the existence of attractive forces
under low-pressure conditions but as the pressure increases, repulsive forces
become dominant at low temperatures for the IL. It was also observed that pjn¢
increases with respect to temperature at a fixed pressure for p > 20 MPa for the
IL. On the other hand, the internal pressure decreases with increasing tempe-
rature for normal liquids because an increase in temperature only affects the
coordination number, while the intermolecular distances within the liquid mole-
cules remain unchanged.25 This behaviour might be related to the self-associated
structure of the IL of the cationic part, or inherent structural heterogeneities of
the polar and non-polar groups of the IL.26

The obtained values of specific heat capacities at constant pressure c,(p,T),
constant volume ¢,(p,T) and speed of sound u(p,T) at high pressures and tem-
peratures were fitted to the double polynomial equation:

3 3
cp(®.T)=Y (p/MPa) > dy(TIK)] (10)
i=0 j=0
3 3
ev(p.T)=) (p/MPay > ¢;(T/K)J (11)
i=0 j=0
3 3
u(p.7)=> (p/ MPay > fi:(T/K)] (12)
i=0 j=0

where dj;, e;; and fj;, the coefficients of Egs. (10)—(12), are presented in Tables
S-IV-S-VI of the Supplementary material. The equations presented in this paper
and its Supplementary material where used for fitting the experimental results,
with APD values of Acy/c, = 0.016, Ac,/c, = 0.058 and Au/u = 0.016 %,
respectively.

DISCUSSION

The measured (p,p,T) data for [OMIM][BF4] were analyzed and compared
with the available literature values. The results of comparison are shown in Fig.
4. Egs. (2)—(5) were used to interpolate the obtained results for similar tempe-
rature and pressure conditions as found in the literature.

The obtained high pressure—high temperature density values were compared
with the available literature values (Table S-I). The thirteen density values for
[OMIM][BF4] out of fifteen measured by Gu and Brennecke’ have a Ap/p =
==+1.08 % PD deviation from the present values. The maximum PD value is Ap/p =
=141 % at T=298.2 K and p = 103.52 MPa. Seventy (p,p,T) data values of
Harris et al.® out of eighty-one are mostly higher than the present results with
Aplp = 0.08 % APD. The maximum PD of these literature values is Ap/p = 0.39 %
at 7 = 323.15 K and p = 125.5 MPa. The seventy seven (p,p,T) results for
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[OMIM][BF4] presented by Gardas et al.9 were compared with our results and
have PD in Ap/p= £0.10 %. The maximum PD of this comparison is Ap/p = 0.18
% at T=1293.15 K and p = 0.101 MPa. The one hundred nineteen (p,p,7) data of
[OMIM][BF4] measured by Sanmamed et al.10 have Ap/p = £0.11 % PD from the
present results with a Ap/p = 0.17 % maximum PD at 7 = 283.15 K and p = 60
MPa. The twenty (p,p,T) values of [OMIM][BF4] determined by Tomida et al.!!
showed an APD in Ap/p= 0.05 % to present values with Ap/p = 0.08 % at
T=293.15 K and p =20 MPa.
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Fig. 4. Plot of deviation of experimental p,, and literature py;densities for [OMIM][BF,]
versus pressure at various temperatures: X, Gu and Brennecke;’ <, Harris et al.;® A, Gardas
et al.;? O, Sanmamed et al.!0 and +, Tomida et al.!!

As the result of these comparisons, it could be seen that the present (p,p,T)
results have low deviations from the values of Gardas et al.,? Sanmamed et al.10
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and Tomida et al.ll and the present results together with these literature values
could be used for reference purposes in the future.

The eighty literature isobaric thermal expansibility ¢, values of Navia et
al.?5 were compared with the present calculated values and the APD in Ap/p of
2.58 % was obtained.

Speed of sound u(pg,T) values calculated using Eq. (20) in 278.15-343.15 K
range and p = 0.101 MPa were compared with values from a previous paper> and
an APD of 1.8 % was obtained. This deviation can be attributed to uncertainties
in the ambient pressure heat capacity c,(po,T) or ambient pressure thermal pro-
perties (isothermal compressibility x7p, isobaric thermal expansibility ¢, dif-
ference in isobaric and isochoric heat capacities (c,—cy)) determined from expe-
rimental (p,p,T) values.

CONCLUSIONS

The thermophysical properties of [OMIM][BF4] over a wide range of tem-
peratures 7 and pressures p are reported. The measured (p.p,7) results of
[OMIM][BF4] were correlated with the equation of state developed by our group,
which fitted extremely well with deviations from experimental data of +0.011 %.
All available density p values of [OMIM][BF4] presented in the literature at var-
ious pressures and temperatures were compared with the obtained results and
mostly the agreement was good. The experimental (p,p,T) results were also used
to derive thermodynamic properties, such as isothermal compressibility, isobaric
thermal expansibility, differences in isobaric and isochoric heat capacities, ther-
mal pressure coefficient, internal pressure, heat capacities at constant pressure
and volume, speed of sound and the isentropic exponent at temperatures from
278.15 to 413.15 K and pressures p up to 140 MPa. For this purpose, the com-
bination of experimental values of density, isobaric heat capacity and speed of
sound values at ambient pressure were also successfully established.

The obtained experimental and calculated results could be used for the
application of [OMIM][BF4] for various purposes, as discussed in the intro-
duction to this paper.

List of symbols

P Absolute pressure, Pa

T Absolute temperature, K
Pint Internal pressure, Pa

cp Isobaric heat capacity, J K!
c, Isochoric heat capacity, J K™
u Speed of sound, m s™'

PD Percent deviation, %

APD Average percent deviation, %
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Greek letters

p Density, kg m”

K Isentropic exponent

Kr Isothermal compressibility
a, Isobaric thermal expansibility
Y Thermal pressure coefficient
Index

0 Ambient pressure

SUPPLEMENTARY MATERIAL

Additional data and considerations are available electronically at the pages of the journal
website: http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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H3BOJ
(p,p,T) CBOJCTBA 1-OKTHUJI-3-METUWJINMHUJA30JINIYM-TETPA®JTYOPOBOPATA

JAVID T. SAFAROV"? AYGUL T. NAMAZOVA? ASTAN N. SHAHVERDIYEV? 1 EGON P. HASSEL'

'Institute of Technical Thermodynamics, University of Rostock, Germany u “Department of Heat Energy,
Azerbaijan Technical University, Baku, Azerbaijan

Y oBOoM pamy cy IpHKasaHM pe3yiaTaTH eKCInepuMeHTanHor oppehusama (p,p,T) mona-
Taka, y IIMPOKOM orcery temmneparypa og 278,15 no 413,15 K u Ha nputucuuma no 140 MPa.
ITpoueweHa BPENHOCT eKCIEPUMEHTATTHOT CPefmer NMPOLeHTyalHor ofcTynama (APD) oppe-
bhusama ryctune je +0,01-0,08 %. Mepemwa cy usspiueHa nomohy Anton Paar DMA HPM
rycTUHOMepa ca Bubpupajyhom xanumnapom. (p,p,T) nogauu 3a [OMIM][BF,] cy durosanu, a
napameTpu IpHMemeHe jemHauuHe ongpeheHn kao (yHKIMja NPUTHCKA U TEMIIEpAType.
HakoH feTasbHe aHanu3e JUTEpPaTypHUX NojaTaka M Baluavpawma KopuiiheHe jenHauyuHe
CTama, 338 UCIIUTUBAHU CHCTEM, Y TeMIepaTypHOM ormcery of 278,15 no 413,15 K u Ha mpH-
tacuma no 140 MPa, uspauyHara cy W gpyra Tepmodusnuka CBOjCTBA, Kao IUTO Cy H30-
TePMCKa KOMIPeCUOUIHOCT, KoeHUIMjeHT n3o0apcke eKcllaH3uje, pasiauka y u3odapckom U
HM30XOPCKOM TOIUIOTHOM KalalUTeTy, YHyTpallbd MPUTHUCAK, H300apCKH U H30XOPCKH TOII-
JIOTHM KanauuTeT, Op3uHa 3ByKa, UTH.

(ITpummeno 29. HoBembpa 2016, peBunupaHo 8. jyna, npuxsaheHo 13. jyna 2017)

REFERENCES

1. Applications of ionic liquids in science and technology, S. T. Handy, Ed., InTech, Rijeka,
2011

2. N. V. Plechkova, K. R. Seddon, lonic Liquids further UnCOlILed, Critical Expert
Overviews, Wiley, New York, 2014, p. 360

3. J. Safarov, A. Namazova, A. Shahverdiyev, E. Hassel, J. Processes Petrochem. Oil
Refining 17 (2016) 226

4. J. Safarov, R. Hamidova, S. Zepik, H. Schmidt, I. Kul, A. Shahverdiyev, E. Hassel, J.
Mol. Lig. 187 (2013) 137

5. J. Safarov, M. Geppert-Rybczynska, 1. Kul, E. Hassel, Fluid Phase Equilib. 383 (2014)
144

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



(o]

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

(p.p.T) DATA OF [OMIM][BF,] IONIC LIQUID 73

R. Hamidova, 1. Kul, J. Safarov, A. Shahverdiyev, E. Hassel, Braz. J. Chem. Eng. 32
(2015) 303

. Z.Gu, J. F. Brennecke, J. Chem. Eng. Data 47 (2002) 339
. K. R. Harris, M. Kanakubo, L. A. Woolf, J. Chem. Eng. Data 51 (2006) 1161
. R. L. Gardas, M. G. Freire, P. J. Carvalho, I. M. Marrucho, I. M. A. Fonseca, A. G. M.

Ferreira, J. A. P. Coutinho, J. Chem. Eng. Data 52 (2007) 80

Y. A. Sanmamed, D. Gonzalez-Salgado, J. Troncoso, L. Romani, A. Baylaucq, C. Boned,
J. Chem. Therm. 42 (2010) 553

D. Tomida, S. Kenmochi, T. Tsukada, K. Qiao, Q. Bao, C. Yokoyama, Int. J. Thermo-
phys. 33 (2012) 959

S. M. Hosseini, M. M. Alavianmehr, J. Moghadasi, Fluid Phase Equilib. 356 (2013) 185
N. Roshan, S. Ghader, Fluid Phase Equilib. 358 (2013) 172

M. C. C. Ribeiro, A. A. H. Padua, M. F. C. Gomes, J. Chem. Phys. 140 (2014) 244514/1
P. Navia, J. Troncoso, L. Romani, J. Chem. Eng. Data 55 (2010) 595

J. Safarov, F. J. Millero, R. Feistel, A. Heintz, E. Hassel, Ocean Sci. 5 (2009) 235

N. Nabiyev, M. Bashirov, J. Safarov, A. Shahverdiyev, E. Hassel, J. Chem. Eng. Data 54
(2009) 1799

H. Stabinger, Density Measurement using Modern Oscillating Transducers, South
Yorkshire Trading Standards Unit, Sheffield, 1994

S. J. Ascheroft, D. R. Booker, J. C. R. Turner, J. Chem. Soc., Faraday Trans. 86 (1990)
145

H. Fitzgerald, D. Fitzgerald, Petroleum Review, The Institute of Petroleum, London,
1992, p. 544

J. J. Segovia, O. Fandifio, E. R. Lopez, L. Lugoa, M. C. Martin, J. Fernandez, J. Chem.
Therm. 41 (2009) 632

J. T. Safarov, J. Chem. Therm. 35 (2003) 1929

J. T. Safarov, F. J. Millero, R. Feistel, A. Heintz, E. Hassel, Ocean Sci. 5 (2009) 235

J. T. Safarov, B. Ahmadov, S. Mirzayev, A. Shahverdiyev, E. Hassel, J. Mol. Lig. 209
(2015) 465

M. K. Fedorov, V. K. Stashulenok, J. Struct. Chem. 22 (1981) 140

J.N. A. C. Lopes, A. A. H. Padua, J. Phys. Chem., B 110 (2006) 3330.

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




