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1. Introduction

Tonic liquids (ILs) are organic molken sats that hawe received special attention due to a negligible vapor presure [ 1,2] 2 broad
liquid range [2]. therma stabilivy up to high ternperatures, possess high salubilivy for both polar and nonpolar arganic and
inorganic substances, exhibit interesting salhwation and coordination properties that depend on the nature af the cation andjior
anion [45], Ionic liquids wsually consist of a large, asyrornetric organic cation couplad with a generally srnaller, wedhy
coordinating anion, Because a large nurber of caionic and anicnic structure corrbinations are possible, their physicocherric 4
properties can be ezsily tuned by changing the structure of the cormponent ions. Armong the rany applicstions of ionic liquids
that hawe been reported in the litersture ave the Following: = rmedia or clean liquid-liquid exteaction processes, as solwents For
electrochernic d applications, for catalytic cracking of polyethylens, For radical polynerization, and in nanormatei d technologies,
The design of industrid processes and new products bazed on s are only possible when their thermophasical propeties e
adequately known, Despite the Fact that the description of dense Auids at the mdecular lewel is very corplicated, they obey
sorne rdatively sirmple regulaity [6]. Fiwe oFthe best known reqularities, studied in this work, are the Following:

[11 Mear linearity of the izotherrnal bulk rodulus (Feciprocd cornpressibilitg of a liquid or supercritical Auid as a Function of
pressure,

(21 Haang and JConnal have Found that isotherre of the bulk rmodulus 2 3 function of densty intersect at a cornman paint
71

[31 It ha been obserwed For rany substances that isotherre of isobarnic expansion coeficient wersus pressure pass through a
COMnMan intersection point,

[4)There iz a sirilar behavior For isathermal cormprassibility, namely isothatns of the isothermal compresibility of sore liquids
a5 a hunction of pressure intersect at a corrrmon peint,

[S)There exists a comman intersection point For the iscbars of internd pressure & a Function of termperature,

2 Methods

In this work, bwo equations of states, Goharshadi-Morsali-fbbazpour (GMA equation of state [(EoS) and Tait EcS hawe been
used to reproduce the regularities, The GMAECSis based on the sverage potential energy andis given as [2]:

[2Z-1F ] = 4T+ B(T) (0

where Z, Yo and # are corrpressibility Rctor, molar woluree, and density, respectively, The intercept and slope of this
aquation depends on ternperature via the equations:

AfT) =, _M |:2:|

Rr L
(2B, 2RI K]
AT =& T

where &y - & and By - B, are constants, Ta use the equation of state For a liquid, the A and B paranneters must be known, Ta
find these pararneters, we may plot [22- 1%," versus p For different isothetmie, The slope and intercept of the straight lines can
be fitted to Eqs. (21 and (3) fom which &, - f and By - B can be found, respactively, The Tait EaS has the following Forrn [9]
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] A=t
where p(Po T) is the densty at ambient pressure Py, The B (T] is dependent on ternperature; Cis a constant; and aq 2y, a2 ba
and by ae the fitting pararetars,

3. Results and discussion
In this paper different classes of ionic liquids, listed in Table 1 have been studied, The fiwe reqularities mentioned abowe hawe
been checked using the existing experimental data, The results indicate that the same ionic liquids showthese regularities,

Table L Ferrula, critical properties, and ternperature ard pressure ranges of ionic liquids of studiad

P, 10°%,
Compound Formula T.(KF (MPa) (i mol) P (MPa) AT(K)

[ Comiirr] [CFa=r) CHOMFS0: 9952 3.8 T 0,135 293.15-393.15
[Carrpy][MHTES CoHFsS T 12283 275 17 0.1-35 293.15-393,15
[Carnp ][ MTE CoHd4FeSi 11963 ZE7 */I2 0.1-35 293.15-393,15
[ g [T, CH MFSS, 12092 248 10269 0,135 293.15-393.15
[Carnirn] [C5] CuHe s 118948 z0z 11167 0,160 315.15-425.15
[Carrirn][ MTF] CHMFeS, 12593 23 9321 0.1-59.59 313.15-333,15
[<Carirn ][ MTF] CuH HFeS 0y 128140 25k 1047 2 0.1-59.59 313.15-333.15
[Carirn][ MTF CiHMFS 0 12650 276 1007 .1 0.1-150 298.15-323.15
[Srviire]] MTF; CHSFSD, 12873 239 1121.3 0.1-150 298.15-223.18
[Carirn ][ BF] GHEMER 6323 04 6720 0,1-150 298.15-323.15

[ Canimn ][Ry GHIMPR 7089 173 Pk 0,10 295.15-323.15

[ Gorniirin] [PFo] CoH PR 7543 155 8937 0,1-200 3284723

[ Camirn] [PFy) CHAMPR 200.1 140 10079 0,1-200 3128 4723
[Carrirn][ BF ] CoHHBR  E79.1 179 TERZ 0,1-200 31334725

[ Srnirn][FF,] GH, MPF,  EEZS 195 653 0.1-200 3128 4724

*ritical properties taben Frorn Ref 10 & 11,

A8 EoS is able to show the linearity of bulk rodulus wersus pressure, EoS can not predict the second, third, and Fourth
reqularities For Is, Tat EoSis not able to predict the second and fourth reqularities For ILs, although the Tat EoS can predict

these regularities For other corpounds,

4, Condusions

In surnrmary, five of the best known regulatities hawe been imestigated experimentdly and thearet cally For different classes of
ILs to dewdop sdution theories for ionic liquids, All of this work points ta the need For more experirental and theoretic d
research to extend our understanding of ILs so that researchets will have additional key information ta help thern systematically
design 1L systeris to rieet their specific target applications.
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