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Introduction

In the last decade, ionic liquids were the subject of the
most innovative and biocompatible ideas in science
research and literature [1]. The ionic liquid [BMIM]
[SCN] could be used in the separation of benzene and
thiophene and extraction of biologic products such
as biomolecules, DNA, bio-products, and advanced
technologies [2,3]. According to the rising trend in the
ILs industrial applications, a successful model series
named PC-SAFT has been developed [4]. This model
has been used to predict the physical properties of
systems containing ILs. The osmotic coefficient is the
most important value for the electrolyte system which
could be used to interpret the behavior of the system.

Materials and Methods

The IL 1-butyl-3-methylimidazolium thiocyanate was
prepared in a two-step procedure as reported in previous
work, [5]. Also, the characterization was carried out by
FTIR and HNMR analysis, and the water content was
determined by Karl Fischer titration that shows 120
ppm. The osmotic coefficients of the aqueous solution
of [BMIM][SCN] have been measured with a vapor
pressure osmometer K-7000 (Knauer). The instrument
has been calibrated with aqueous solutions of NaCl

[6].

Results and Discussion

The obtained osmotic coefficients have been used to
calculate the vapor pressure depression of water in
the solutions, water activity. The osmotic coefficient
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values have been decreased with IL concentration and
temperature. The water activity values have decreased
by raising the molality of IL but the slope of variation
has decreased at the higher temperature. The vapor
pressure depression slope has been increased with the
increase of the temperature. The Archer extension of
the Pitzer model was used to correlate the obtained
osmotic coefficients of the aqueous [BMIM][SCN],
and calculate the mean activity coefficient of the IL [7].
These values are decreased by raising the temperature.
The modeling of the osmotic coefficient of the aqueous
solutions of [BMIM][SCN] has been carried out with
two different versions of the PC-SAFT equation of
state [8]. The obtained deviation for the osmotic
coefficient prediction is about 2.5%.

Conclusions

The osmotic coefficient of the aqueous [BMIM]
[SCN] was determined experimentally. The Archer
extension of the Pitzer model was used to correlate
the experimental osmotic coefficient successfully.
Consequently, this model was used to obtain the
mean activity coefficient of [BMIM][SCN]. Also,
the PC-SAFT model has been used to predict the
osmotic coefficient in the studied systems with a 2.5%
deviation.

References

1. Rahman M, Brazel C S (2006) Ionic liquids:
New generation stable plasticizers for poly (vinyl
chloride), Polymer Degradation and Stability, 91,



12:3371-3382

Gonfa G, Bustam M A, Muhammad N, Ullah S
(2017) Effect of task specific thiocyanate based
ionic liquids on relative volatility of cyclohexane
and benzene azeotropic mixture, Journal of
Molecular Liquids, 238: 208-14.

Li Z, Pei Y, Wang H, Fan J, Wang J (2010) Ionic
liquid-based aqueous two-phase systems and their
applications in green separation processes, TrAC
Trends in Analytical Chemistry, 29, 11: 1336-
1346, https://doi.org/10.1016/j.trac.2010.07.014.
Gross J, Sadowski G (2001) Perturbed-chain
SAFT: An equation of state based on a perturbation
theory for chain molecules, Industrial and
Engineering Chemistry Research, 40, 4: 1244-
1260, doi.org/10.1021/ie0003887.

Shekaari H, Zafarani Moattar M T,
Golmohammadi B (2020) Thermodynamic and
transport properties of ionic liquids, 1-alkyl-3-
methylimidazolium thiocyanate in the aqueous

Petroleum Research, 2023(February-March), Vol. 32, No. 127

lithium halides solutions, The Journal of Chemical
Thermodynamics, 141: 105953, https://doi.
org/10.1016/j.jct.2019.105953.

Clarke E C W, Glew D N (1985) Evaluation of
the thermodynamic functions for aqueous sodium
chloride from equilibrium and calorimetric
measurements below 154 C. Journal of Physical
and Chemical Reference Data, 14, 2: 489-610,
https://doi.org/10.1063/1.555730.

Shekaari H, Zafarani-Moattar M T (2007) Osmotic
coefficients of some imidazolium based ionic
liquids in water and acetonitrile at temperature,
318.15 K. Fluid Phase Equilibria, 254, 1-2: 198-
203, https://doi.org/10.1016/j.fluid.2007.03.019.
Held C, Sadowski G, Carneiro A, Rodriguez O,
Macedo E A (2013) Modeling thermodynamic
properties of aqueous single-solute and
multi-solute sugar solutions with PC-SAFT,
AIChE Journal, 59, 12: 4794-4805, https://doi.
org/10.1002/aic.14212.



gy Al

ot 8 &
;M4 M- axiao NP1 a3 cyodg TV 05lads

J—=io-T- g sJLsu )Ll (S yogo—ul

9 = Jg—me 53 Dbl £a—Ig oy
PC-SAFT Ly 5T s it

T soaito 18 dozxe g 7 goezxo S5 ST o
u‘f' s olKisls aw ouSials “_Q)..d ‘5.«..\.\.: 05;—\

el s esless ) Bims oSl cogle oaSiasls ¢ ol 05,5 —Y

VEN A 5y gl

VNNV sl g

LRVCES

Slale .l Cdi Cmio 10 o ady slaanl b o Seae 5l (S0 b5 slmes gl )5 5l 805 5 oy (6 3llax

52 5> o=l leadion e 85 5 i 3l 4o 1 S5e e bay Sllwg el 5 Uil 4l = (S

ety S o Lk [ 355 Cpanl ey lagle 5l Al ol cld ol K08 gy 3l 5 ool Slalllas 4 cl

oals C) L.SLQQ’“"SN'Q)" AJJL!QAB)LJ) M}‘ LS‘)—’ b\_;|55@a=\_fu_~;| ;A_Jj)..i”wé‘)_r;»_».osu_lfw LS]"—“'”‘

|)_.> Cn )‘.))9_5){ ‘5_.ot> u_mhl )l }‘—“" LA—AJj)&J‘ 0‘5_4.94.: ‘_,,_.:5.) g.;l_:uLo )l_.d) 9y u_.;‘ )‘ .)9_.» oolai_wl LAM o

K L§—’L°‘> 09gd—re )0 (IL) ul.)L._M.\j.:.a f’ﬁ—:'lﬁ)“'x"‘”‘ J_....A —Y‘—J_..:y—\ kf’y &.\LA gé—;‘ J}Jm 6).0_.&‘ u_>).4 )lf u_x‘ 29y

s ol Lt (als s T e led el sas (g mSojlail ) mol kgt L Uiy Lid (o yegarnsl L YAANND - YYANNO

g,_JLaﬁ g,_s)..o L)_aS/JL».A Qo);‘ MO@BT)DU 6).4)_...;‘ wfab.f.._w.».e.mks‘)_: )_‘>)T—)).u.s 4_.3[4 4.'_.«;54 JM | 00

FOBWRYERR )_?)'l—))'.‘;.ﬁ Jome L (6 b i 50 (G ol oy molie (gl o sl Bl sl 1 Sileo o oola Wl IL

o oolaiwl 6}4—»«1‘ u_:)..a u’_ww 6b-1 La oJl> PCP-SAFT 9 PC-SAFT 4_.‘0.:|) )l O

PC-SAFT «(5Silie Cedlad g 3 )l HLid il (g jowsl i b ¢ gt 2o 35l bl

e 9 podgilaeenl 4l L el 5l (5 ok
omte &1yl asy [PR6] 5 [BF4] asilo 15,5558 ygss]
o i J o L LAl o Jas e 0
Leilooae 5 (Lol JSite (in Slosle ol (09
Loy (oo dgamme | bl (omio )57 S 09
Sl S5 S G5 Sl a4y

Aodo
3,lg—s gl amlio jo He Slle @535 4 ns yo
Ay g, g, [V 0] Wleai e, Say g0 xie
oo )5 molidlay e oladss o uolidl
ol 5LV sl el e g olmle (—mio

Sk e
b.golmohammadi@tabrizu.ac.ir S zSUl w0l
(DOI:10.22078/PR.2022.4706.3112) : Jteoms aulis



M=) axino NP ) sl 3 cads ATY o los -u_)p!",}
’

O Pt Sromal e o el (mio a b3
3l (e aS il g Sl i (gl oo
4 azg bogd eoliiwl i L8, i 6l
SS3NLE AS gy lale ] i Cpan

FENTIUER

J=8 slalie s (T sl et Sligs
y Lo 84S el T
el DY o] oyls o Jslns (oo sloagyg]

A S (5 S g

9 i o (Somil s 0 (0 5] sty
e (S ed Ll 5l g b o ol oS
[BMIM][SCN] (21 (6 jomel ey il ol 3 .ol
2 T= YYANO-YAAN O K —les oogame o
PC- sl oo Lz glol cpvizmon ol 00
i (S it slaeS Lie Ly SAFT

A_MB;)‘)_Q oolan_ul S g—0 6).6_“4‘ ;.«_’fa

3

(st b B30

Merck ;1 )15 oyl jo oolaiwl )50 OS5 —olas
08)9] yaiste SleMbl Ly ) Jgoz 9 g0 (5 )la 5
i OIS ol jo soliiwl 0,50 ol ol oo
Vem ) ps 5l S esmg (bl Lo el oo
ol il &S b o gl Slgo ol wn s il
Lol gilw s g dlge g cwl sl 315 S
el a8 )8 18 solazwl 5,5

Cidge L podgslacenl jm (e Sllwss (s
o5 5 O J—te (T Sl gyl 6l
S aole (ol Jodoma [V F 91V F] il oo ool
Y gmame gl seul gl Lo Pl oo g 5 S
o Gl )5 o jdig ) dg, an A >gi L 1o
9y s=mio sl gilwaign 5 >k ol
dee) )0 4S Jae slags B89 5l (S o
ol L7 eovol ot ool aswgs o IK—en 5 Sadowski
St (S5 PleS (i Gl Joe
u_:‘ PL.: ol 00 oola il ‘r:s.’ &:Lo 651_‘>
Ale oals (g S ojlail S0 5dge i ples Lo Jos
Cils (g cillae (b Pl plw s A
PC-SAFT «olnol gl ay 4> Ly YV 4 77

Gilwaige 9 —=b (6l o )08 Joo S

Gaii (pl o a8y S olge Y Jeuar

5T s, Sibeoalls s, B bl B CAS oske pb
oijles &5 1 501 5 ol >80 | Sye | SVFFV-Y Js 5] e )
oijlos &5 1 501 5 - > 8 | S, | )-a-889 gsgor)
sijles &5 1 50T 5 - >.90  | S,e | VF\-YA-F bl sl
0ijls &5 1 501 5 - >80 | S, | SV-FE i
i ISyl 2 oS sk 30 yolais Sye | VO-ea-Y REARLPS
s S ey sled 3 o0 S >0 | Sy | YTYYe— s iy
Y\ K BRI A
ojlos &5 1 501 5 s - >.390  | S,e | VEFV-1F-0 018 o
sijles &5 1 501 5 - >.390 | S,e | VFY-F.-y 1S el
D9l -FT-IR-H? - Oyl il 5 podgslomal ooV o
O3l S FRIRHNMR | =gyl 2lid-el ] SUAY | gy | VREYRCAV-- Mg
b 58 B9, yelali —5908 yiles — ((BMIM][SCN])
(T w‘..\.m )...]a.o.t YYYY-VA-O 053920 u_;‘




)Mssmﬁ&m

53 bl podgslovesl Joie V=S (o
Sos ol ol 0 g b oo eSS Y h Sos
oo laz ol slod [0 5euiy il 5l eolaul
9 99—bes b bl Lo oy S0 Pl
Seed a5 00,5 ol el L oy o 0
L».:LQH o o0 C)L_> ;LA[S S0 w..»._wLu
s &=l LF’T Jodore 4 0,5 &l s ol Jodoxe
Bl sms Jos Sllwgss 4 MalS oe s
é.ALo ul.«ow u—.u.!.: ] 00 ﬁL.?u‘ Qﬁjji
FTIR (Brucker, tensor27) sl a;JUl o vy g
slob .o b s>l HNMR (Brucker Av-400) 4
RGP B W °‘>)5T Y 9 \ LgL@JS_w )0 4_b9.afo
Oy Ly oo i (s amle o o Gl
o y—xd (751GPD Titrino-Metrohm) , &8 J I8

D9 VY. ppm oS

Layg, ¢ BolKlwd

[BMIM][SCN] ] Jsdme ol sl
ool eola ! Ly L3 ,Ld jegewl Lo
el ou il (g —Sojlasl K-7000 (Knauer)

FT-IR sl o bl ood yuw g amle gl g
JeS—i 5l plgebl 5 (Hele sloog S (s 61—
o el oS G sl 5 <3S plil
ol o2y HNMR Gl i, sl 1,51 5
T R
g=le Loy ao)y0 5 u b ool
e 0y51 iy Ol sloiome LU Ly abogsyo (s

| ATJT &5‘9—:’“’

OUlwwgs P9l slanol Jio—T'—Juigr-) i
b [YA ams 558 L3 15 0 aS 5 bijles
Sll—wgs po—dgslml Jie-V-so) —n
bl ol e gladeye 90 wlp S o
=Sy L ameg 2 po—dglaen] Jiie Y- fosig)
Sy Sy Gl e s e (5SS
OBssey Jse MY o1 55 a8 ol (a8l 25T
0a il a8l eoliul Ly slo,bd 5 bay
Jolbmsl J=iem) Jo—o) 4 e sl )0
YEh e 8 PYFNO K (slos 1o g oo 4blol
Slile (sloa o 2iSly g o5& oo JuaSS ol
erle 5l Al o as o bl sl 5l eslizul L
S3lmlaz v p podgslacl Jie Vo) (s
ool jLad coow bl L slile Pl g 095 o
SNy o 39—b o0 oz (S amle el
Ol ot plal ey Slbwss b (Sgail Jobs
L Seas gy Ss )3 boome glss po (ST
a=le am Sllwgd meuliy 5l oble jlase o553

\ \
Ty
z[[x [z <l =[x
-l » ‘;_ > |
=y > > > »
> . > >

llsge palsilrog] e ¥- Lo (it Sos ale HNMR Gl ) S



M=) axino NP ) sl 3 cads ATY o los -U_,M}
’

FENTIUER

(%) p28

TFas YA

AKERY AR RY Fou

(cml) (o 3e 22

ol 00 Ed Sl e g oad 1, S5 L
O min sgu> g ,—Folul o sl ploj (Ske
B Lo )l5 )5 6 - Foslul 335 Slorudes ol
50 0t cabad pae [V | el sai 4]l La
Ol s 1 2STas 5 05 £F olKiws g, S

g 00 (g =S o3Il jlafe slas o Y o

Olile 9 (02529 (5 jowl al oo

Ly, 5 osliial L Lo lone 3 0T JLsy Lt

el 00al ity 5

___Ina,
- vmM ®
ina, =n[ 2o {2027} .
' P RT
w=p-p ®)

wdad s pl g Vi By M ] s as
8 5 (Hee ez (JLpg p90 cmpo (oo p >
LU BTy / EPRNICE VU R ES I
Slm e 5O T g R Laoled aes oo Lis |y Jodoo
slasiagy | P g Vo« B, 4 byye yolie

Lyvl el sas a8 iy

sa—ds o, JIS NaCl 1 sl Joloea L oS o
L NaCl 1 slaJolxe (6ol ol s ol
Al duwlore Colin Jawgi 48l dxwgy atayl) oS

Iye 5 val

— N 4+ Bm, +Cm,*+ QD)

1+1.2Jm,

Dm > +Em,* +0m, exp(-2./m,)
35 s crulles )l b adal, ol cols
JPE SEWR L2 PRIE V- vl el oas 03,9 Ls
YAAMVO K sles ;o KCT ol sla Jgloe Ls Laosls
AVVT o ) ORI oals a Cs
[v1] Lol aulie 13 9250 slmosls 4 o
Sl 00 oo)sTV S e 6)‘.A_fd..>w u—" Cl—"‘"
03ls (gl ool Cwdds s O ailwl Gy il 4 S
E—io ;0 39290 slmosls 4y oS TNF o0
o dn 64—A¢\JY9A LJ a_xJlas S )90 ‘_5_.:5.: (':_JLQ AS_‘J
g=dmYe ™)

myv
wzlNsom, gm grol o g 5 ¢ Ol 0 aS
5 =9 amle Cdg Sl g ag S sl Sla i v, gV
gle s &2 lp i e 45 aiie (NaCl) g e

e 4_:94).’)_&(_;)_50)‘&’| ML"SAY l_’)_").: T:y



)MSGMJES-‘)%

JSi las o bles .cul oo i ools i (&
OB L Lou jlid pals ol il atin
sy sLmonls dglio el 4zl il58l Lo
g0 L adllas 0550 (e anle sl (22 S
5 9oy sl 5 Oy 09 L (S amle
OIS Gy oo L alie j0 a8 D5 kil
aS jeblen .cwl sai 00,5l O JSE o wiloals
Ay, AsS dw 2 g e odnl i O SIS o
o Sl jo Oglate slaco—i L olis
e Al s ooyl asileols Lt el Uy (g ol

ol LatisS oyl el o M5 )

molie g ol el wasl Cewoas (6ol el
Jeaz yo asllac 050 slapinpn jo Lo ,Lus
(_guLoO o (_g).o_»)‘ u_:‘J.»a REPRI I 00)5] Y
Qloais o) ‘r»y é_)LA 4_,.,.!5!3.@ J—:LM o e
Lo ,oolie ool asloai 00,9l (ol F S jo g
el a8l ol e anle cdale a8l
ccbale (o f ISto o of acdbs ,oolis logos
oa—% ool lis (e Lo sloles jo g amsle
oo jo Ol o cod Lol el a8l i olS
Jolie jo lse jLis codlcrwl asl pals YL
s o calize slobes ;o S amle atdVeo

Gilises slales ,o [BMIMI[SCN] 51 T cslaslns jo o ) Lis ials 5 T colld g yaml sl ¥ Jao

J T=YIAVOK T=Y-AMVOK T=YYANVOK T=YYANVO K
my, ¢ a, Ap @ a, Ap ¢ a,, Ap @ a, Ap
mol kg kPa kPa kPa kPa
EY TR G EEVAR & g BEYA & VA s BRYRRYAN BEVVN ¢ BRVA L VYA BRY DI S IRVAA R I YA R VY SN BEVER R gl IRVAA W S BEVE L VA AN BRYER &
IV | AN | +/RQY e | efe N | S IVEA | JRAVY | o[ NE | IVAY | </RAYY | «/eYE | </PAF | -/AaYF | ¢/-F)
INOXY | </VEY | /A0 | /YA | oYX | o/A8FA | /YR | </PYY | /2900 oSV | /20N | </290Y | /.Y
IYYY | <IVYY | «/RAYY | o[oXYO | </PYY | <JAAYY | <[ FN | <[20F | </RAYA | [-PA | </PYO | /24T AR
IS8V | «IYeA | <[AARY | /XY | «/2FE | /A2 | <[-0F | /2YY | /328 | <[<AA | </FA | <2900 JANG!
15988 | </PAD | <IAAYA | «[«YQ | <[8Y | JAAAA | +[<2Y | <J0RNY | </AARD | /NN | /OAY | </ANRE | VPO
[ONY < | /207 | «JAASY | <[<S¥ | </2NF | <JAAYY | <[<YY | <[OAY | </AAYA | <NV | <[OFQ | +/AAA- ARYS
IACQA | <12 | /AAYA | <[ OA | /0« | <[AAYQ | <[<QY | «[0F« | <[AAYA | </NOF | <JOFY | +/AAFY | +/YEQ
VXSS | <182 | JAYVE | <[YY | <JOVD | JAVAA | c/AY e | SJOYY | /AAY | N | <[OY | [ANY | ¢/YAF
5 b wall
€ ]
T Y .'
_ BT
% L ] Bl :: 3, = fA
3 « o ] 3
iy [ ] &> ) ’ E
g . A I N
".f.._,--u L ." A
gitaet = -
+ L 4 qy ia
G Al 7 1 WY o T o FAl AFa 1

(miol kg™ aziy.

N o A
(mol kg') 4z

" y %
{ mol kg') aelga

slales ;o [BMIM][SCN] s Jgdoro abogs o (i o )T 5 (g5l Jon 5 ()28 (6 o] o po (adl B SIS
Slid ials (z) g cadisee lales o Se asle atdVae wlwly [BMIM][SCN] (i Jodore jo T e lad (0 wcalizee
YYAMVO K (@) s YYANO K (¢) X ANO K (A) YAAND K (m) :calises slales ;o [BMIM][SCN] azdV¥ge Jolio jo ol v



A=Y axino NF ) aiil g cragg ATV o loud -uu",}
’

g’ alio

VY
\ x.‘
QAN e Tal g
} * [ . : " - u L
: 'y
S 0 S T PR
5 s °
SO A
v | eBMIMISON] A
m [BMIM][Br]
A [BMIM][BF4]
o \ V/o ¥

(mol kg!") os ol ey,
5900 ST VVMNO K (sled ;5 Sl yomg0ll 15 podgjlael ooV fgr) 5 o pordgslonesl Jite V- JS9m) (S
h“ * ] ===

S 50 G390 Lo 5l (S ) Jos

39— g amle bawgio o Jlad oy (bl
il 00 oolaiwl oy adal,y I e Jled

ln7+=—A¢|:

ml/z 2 v
1b”2+bln(1+bml/2):|+m ( a)
+bm

(2ﬂ°+Al+A2)+m72(3C°+A3)

(Y b)
240 2
A = agm 1-| 1+am" —a'2m exp(—almm)
1
2cV )
A3 = a4m2

3

2
{6—[6+6053m”2 +3aim +aim’ —af%]exp(—ajmz)l

BER QNS SRR YR S| VA ¢ IV U |1 S
sloles 1o o Se ale 4 Vg0 g Sae Jolie
S8 molie ol il oals ool ylis calizrs
Dl oo Gals Lo

Srowl g pb (S S

BMIM]] (o~ slaJslxe (ol cm po (55l Jsa
PC-SAFT cll> alasl, 5| Gilises as 30 L [[SCN
il e ol

5 48 Sllwssd podgslaasl Joie- V= figr) aisS
s Gl a3 5 1,8 Al 00 Gyl
9 Sy SLBaiss dy Cod (5 Tedle Ol i
el 0ol s 0 5l Ol yag,gldl 5
Sweladge i el

Sl o pd (Smmod J o

ol (Siod Gl )i Joo oyl oo
solaiwl I [BMIM][SCN] ;I ool Csdds (6 pou!

) gy dbogy o alal ) Lol S [V ] s
99— g0 0l lid

¢-1=f?+mB?+m>C"* *a)
A¢Il/2
¢ —_
L= *b)
o)

3/2
1 e’
A== |\22N d)| —————
(3) ! O[ZﬁgoDeKBT]

BY =ﬂ(0)+ﬁ(1) exp(—all”z)+ﬁ(2) eXp(—azll/z) & d)
c?=c+c" exp(—a31”2) e

slogall ¢ g cO (52 gV O Cls
N, 9 K, « —iomed O Joa— —% QMSM);
Ao A 9)»)&35" dd—<¢ 9 U—AI‘J}’ M_>L» (_QLQOLN
Jrai 4y , 0 sla 0 500 sl s g Lacul
3 RS C | P g ERC P S S
Sl L ¥ Jsoz 5o Lacal gl oo (b))
)_>)1 W_M ] 00 oé)s—l 4_I09.1).o \))‘J.'L»_ml



)Mssmﬁ&m

LT slbinl Sl ol jondy )3 Joe 2] meend (3312 51 Jol> sl el )y ¥ Jguar

Parameter T=YaAN O K T=¥-ANO K T=¥VANOK | T=YYAND K
0
Y —£IVA0 VIS Y -4
1
BY \Y/AY IEYY “\IYS Y/$5
2
B SVYIYSY CVAFYY RV RITRY
c ¥/. -5 V- AY ETIR —¥a0
c? SYAY/FVD AT ~¥5/A4Y RALRN
0 [Ny [Ny fee®
A
gt evreseesreens  eneaneansennsiid
.u..n" — e

—— 008,15 K
......... 308.15K

= + =3]18.15K

— — —328.15K

Yo Vo A\

(kg mol!) az¥ge ufe
S Joe )] et b il slales 1o Sgr ule atd¥Vge wgSae lie 10 S mole (uSile codlad oo & Sl

A_ 4 +Zl+[a(a/KBT)j QRD)
K,T K,T X,
il 0(a/K,T)
;xk ox J
H
Ing, =—~—-InZ
; QAP
(DWxW
yw - 0
o an
In(x, 7,
4o (x.7) OY)

10°M, Vi,
SrmpS1S e g 20 B S0 Z 5 P
J.»_WLUM)JAJ V; 9 Xi P N “)WM
)| VLRI I LQ‘)—.’ odig s J> 2 0 l_(b4.39f
u] WJIAB u_:}.o o eolarwl g_:] 6‘)_:W ua_’>l_..u
Sezge ol g padls Ol a wlEes clps 5 7, L
P 5 Pro Lt i it e sloed 55 by Lo o

] 00 ool QLM.Q

5 e L fasga |, elo alal, S JS_s
ol s o adaly b 5dgpada o]

a :ahc _l_adisp +a _l_adipole +ai0n \)

assoc

0253 §ly—m —bMasl disp g he 3l o o a s
M)o AJQHGA oolai__wl ‘rf.\j‘]’ 9 Cow
= assoc olai [V - | el su oI PC-SAFT Lol
S gm0 Bt 350 )0 [vol o solarwl oS
[v7] o soliwl HJO (sl 2B 5,5y, 5l casllias
Cdg 2SI g (51— 0N Jyv] Sg—ii go 00l jiles
25 lsy 6w L ples (e 1y s ammsl o 2 (1Y

0,5 dwlxe

z —1+p[a(a/KBT)J Q)
- "



M=) axino NP ) sl 3 cads ATY o los -u_)p!",}
’

39— 00l S sl ol b 0 ,5] Cwsds g Laosls
Lg‘ 9 PVT LngoLs J.QLM: as é;-j@ )‘)_9 obu.:_».u‘
L 5 s rtgenily 5l ool 5Shoe b 0
S 90 4) Sl LadlB 0ol jlou Lid 5, 5okl
S zls a8 (el (S e Lo &5 S Olslo
Ayl 8 a e ol a s
a=2.7927+10.11exp(-0.01775T )—1.417 exp(-0.01146T )
%

=2y 4l S )0 Sremmil cmpo (b B
9 (e—rhd g (s5L>) PCP-SAFT § PC-SAFT L
g.A_’)..@ A_:‘)_....’U A_35) Sl ol MLMV JL»;
=275 =S S 5 PC-SAFT ;o Lo L (6 50—l

FENTIUER

)_@ m ‘QLof_..u Slozs oud colai__ul Lgl_a:).’;.a‘)lg:
)5L';_.i)f 9 K‘AiBi s)_)§A (IS > sé‘A’B’/KB
YAl el oo 00,91 F Jou > jo 1« —dadgs
aile =,z glmosls (ol 30,k sl Lacsls ol
Lagg ¢l o—Sle o Jlad o o 5w il
A e sebaie ol gl ol e Swoa
Slasle gl calizes Lid g Loo jo an

o 5l eolai !

Sy = gmbe $lm S Srb el (g
Sg=ge gl ;o Joe sl el LMl ()
Jgars 5o eas 3,155 oledbl 51 [YA 5 V8] el
3 S by awl oo solawl Slwls jo F

ool sl ool g4 90 SAFT o it sla Jow

ol 00 oolaiwl Slawle 10 a5 Sg wle 3 ST PC-SAFT (slayal )l ¥ Jous

S m o &/K, e /K, Y u
A K K
PC-SAFT
water VIY-FY a YoY/ato YEYOIPY <[+ ¥0) VINOYS
PC-SAFT
[BMIM][SCN] V- VVEY Y/-Y Y¥rIa0 - - -
ePC-SAFT
[BMIM]* YEA-0 || vsey || YVANeE - - -
[SCNT f/o¥va YIYov FYFIVEY - - -
Ve
s L
]‘, - ——— — n_ _n__ ___________. _____________ [
i
e I PR
s |
\K L 1 L
Y N 4 \/Y

(mol kg!) «c¥ye

00 (i ym0lie ol e 4y YAANO K (m) sloo ;0 [BMIM][SCN] aidV¥so Jolin jo o) (el e o Y SIS
(.....) ePC-SAFT g (---) PCP-SAFT PC-SAFT () ;|



;MssMJf&m

as AR o QLHJ C—'L"' NG P 00)51 I\ Js.)._?
PC-SAFT slo sl )l b, sl —m Losls 31—
Jolt sla gy 4o 0Slgs oo gl ml 0l
S)9—0 LE)A—MJ‘ LSL“Q:G) (- u_j )\ Lm_i:.’:'ldoj)i B>
2 Jd ool mladiges 45 0,5 |8 esla

Lo s val coulsas saalie aolic

S =t =5 05— ;5] ;0 PCP- SAFT a5 J> o
ePC- 5l ool sty ol [YA] aias o oloss |,
a2 o i (6,5YL s o lasbiwl Gl il SAFT
Ccrs S, 0 oo o Lhawslas o as
S o sl o laslwl Gl ozl aslie glm o)l
Sl sbna ol oy (otarbay 5 Ln e
2 e Sys sbabes jo adlllas 8y (s anbe

i (5, AVY hPa L2 5 (i lise sLales ;0 ePC-SAFT § PC-SAFT¢ PCP-SAFT (sLa Jow 5 bl Gl 5l & Jgoesr

s Byl s o Jxe
YYANOK YYAMYVOK Y-AMVOK ARVVATAR Q
Y/va AR Y/ag A7AN1 PC-SAFT
AR AIARA Y/ZA YNY PCP-SAFT
AR VE/Y- VEIVD \Y/P¥ ePC-SAFT
el J33 ol cnled o o8, 50 el o2 S 5 o

=75 O yg0dy o] [BMIM][SCN] (6 jomul sy
g Laley o L5 Lid 5 ege—wl 3l oola wl Ly
La a3l .ad pwns (AYY hPa) ca Lo gla L

i el o S ern 45 wad o i
Al o LialS Los Lislil Ly ol  [BMIMI[SCN]
o L8 5 0y, sl e ol sleadly
s Sl Ly [BMIM][SCN] sy amsle (& ol
Sysmgysl 5 g aey slagyasl g it (55 Ly
s pmbe bl il Ly el e alie 4o
a5 Sl Gromnl cmpo )3 (> d ilS

g g0 0Bl _lo 45o5

=75 O y90ds ] [BMIM][SCN] (6 jomusl sy
9 L alos B )Li.g )L_mﬁ 6;*;054_&.:‘ )‘ oola__ul L_A
Lo a8l .o i (AVY hPa) Gl slo,lid
Db oo Lials Les iols8l L o o [BMIM][SCN]
el g LS sl 3 Jae ;2] Anogs
T SUU R W ool — 6)*—‘*" o
e A ool ! [BMIM][SCN] c_Jled

o
e 30 PC-SAFT oLl .l ool oola

&2y

[1]. Rahman M, Brazel C S (2006) Ionic liquids: New generation stable plasticizers for poly (vinyl chloride),
Polymer Degradation and Stability, 91, 12: 3371-3382.

[2]. Earle M J, Esperanca J M, Gilea M A, Canongia Lopes J N, Rebelo L P, Magee J W, Widegren J A (2006)
The distillation and volatility of ionic liquids, Nature, 439, 7078: 831-834.

[3]. Matthias Maase, Peter Wasserscheid, Thomas Welton (2015) Industrial applications of ionic liquids, 1st
edition, Springer., 1-386

[4]. Brennecke J F, Maginn E J (2001) Ionic liquids: innovative fluids for chemical processing, American Institute
of Chemical Engineers, AIChE Journal, 47, 11: 2384.

[5]. Stevenson D G, Biswas A, Jane J L, Inglett G E (2007) Changes in structure and properties of starch of four
botanical sources dispersed in the ionic liquid, 1-butyl-3-methylimidazolium chloride, Carbohydrate Polymers,
67, 1:21-31.



e? o F-3
M-2) axido NF) wohwl g ¢ AYY oyl - = g dlio
9 (ke °) %4 29y

[6]. Toledo Hijo A A, Maximo G J, Costa M C, Batista E A, Meirelles A J (2016) Applications of ionic liquids in
the food and bioproducts industries, ACS Sustainable Chemistry and Engineering, 4, 10: 5347-5369.

[7]. Rogers R D, Seddon K R, Volkov S (Eds.) (2012) Green industrial applications of ionic liquids, Springer
Science and Business Media, 92.

[8]. Gutowski K E (2018) Industrial uses and applications of ionic liquids, Physical Sciences Reviews, 3: 5.

[9]. Cvjetko M, Radosevi¢ K, Tomica A, Slivac I, Vorkapi¢-Fura¢ J, Gaurina Srcek V (2012) Cytotoxic effects
of imidazolium ionic liquids on fish and human cell lines, Arhiv za Higijenu Rada i Toksikologiju, 63: 15-20.

[10]. Ma Z, Yu J, Dai S (2010) Preparation of inorganic materials using ionic liquids, Advanced Materials, 22,
2:261-285.

[11]. Berthod A, Ruiz-Angel M J, Carda-Broch S (2008) Ionic liquids in separation techniques, Journal of
Chromatography A, 1184, 1-2: 6-18.

[12]. Holbrey J D, Lopez-Martin I, Rothenberg G, Seddon K R, Silvero G, Zheng X (2008) Desulfurisation of
oils using ionic liquids: Selection of cationic and anionic components to enhance extraction efficiency, Green
Chemistry, 10: 87-92 .

[13]. Gonfa G, Bustam M A, Muhammad N, Ullah S (2017) Effect of task specific thiocyanate based ionic liquids
on relative volatility of cyclohexane and benzene azeotropic mixture, Journal of Molecular Liquids, 238: 208—14.
[14]. Gonfa G, Ismail M, Bustam M A (2017) Benzene and cyclohexane separation using 1-butyl-3-
methylimidazolium thiocyanate, AIP Conference Proceedings, American Institute of Physics Inc., 1877, 1: 020005,
https://doi.org/10.1063/1.4999855.

[15]. Gonzalez Garcia E, Ressmann A K, Gaertner P, Zirbs R, Mach R L, Krska R, Bica K, Brunner K (2014)
Direct extraction of genomic DNA from maize with aqueous ionic liquid buffer systems for applications in
genetically modified organisms analysis, Springer, 406: 7773-84, https://doi.org/10.1063/1.4999855.

[16]. Zhang B, Xie F, Shamshina J L, Rogers R D, McNally T, Halley P J, Truss R W, Chen L, Zhao S (2017)
Dissolution of starch with aqueous ionic liquid under ambient conditions, ACS Sustainable Chemistry and
Engineering, 5, 5: 3737-3741, https://doi.org/10.1021/acssuschemeng.7b00784.

[17]. Chen R, Hempelmann R (2016) Ionic liquid-mediated aqueous redox flow batteries for high voltage
applications, Electrochemistry Communications, 70: 56-59, https://doi.org/10.1016/j.elecom.2016.07.003.
[18]. Li Z, Pei Y, Wang H, Fan J, Wang J (2010) Ionic liquid-based aqueous two-phase systems and their
applications in green separation processes, TrAC Trends in Analytical Chemistry, 29, 11: 1336-1346, https://doi.
org/10.1016/j.trac.2010.07.014.

[19]. Li Z, Liu X, Pei Y, Wang J, chemistry M H G (2012) Design of environmentally friendly ionic liquid
aqueous two-phase systems for the efficient and high activity extraction of proteins, Green Chemistry, 10, doi.
org/10.1039/C2GC35890E.

[20]. Gross J, Sadowski G (2001) Perturbed-chain SAFT: An equation of state based on a perturbation theory for
chain molecules, Industrial and Engineering Chemistry Research, 40, 4: 1244-1260, doi.org/10.1021/ie0003887.

[21]. Gross J, Sadowski G (2001) Perturbed-chain SAFT: An equation of state based on a perturbation theory for
chain molecules, Industrial and Engineering Chemistry Research, 40, 4: 1244-1260, doi.org/10.1021/ie0003887.

[22]. Gross J, Sadowski G (2002) Modeling polymer systems using the perturbed-chain statistical associating
fluid theory equation of state, Industrial and Engineering Chemistry Research, 41, 5: 1084-1093, https://doi.
org/10.1021/ie010449¢g.

[23]. Cameretti L F, Sadowski G, Mollerup J M (2005) Modeling of aqueous electrolyte solutions with perturbed-
chain statistical associated fluid theory, Industrial and Engineering Chemistry Research, 44, 9: 3355-3362, https://
doi.org/10.1021/ie0488142.

[24]. Ji X, Held C, Equilibria GS-FP (2014) Modeling imidazolium-based ionic liquids with ePC-SAFT.
Part II. Application to H,S and synthesis-gas components, Elsevier, 335: 64-73, https://doi.org/10.1016/].
fluid.2012.05.029.

[25]. Ji X, Held C, Sadowski G (2012) Modeling imidazolium-based ionic liquids with ePC-SAFT, Fluid Phase
Equilibria, Elsevier, 335, 64-73, https://doi.org/10.1016/j.fluid.2012.05.029.

[26]. Xiaoyan Ji (2016) Christoph Held, Modeling the density of ionic liquids with ePC-SAFT, Fluid Phase
Equilibria, 410: 9-26, https://doi.org/10.1016/j.fluid.2015.11.014.

[27]. Sun Y, Schemann A, Held C, Lu X, Shen G, Ji X (2019) Modeling thermodynamic derivative properties
and gas solubility of ionic liquids with ePC-SAFT, Industrial and Engineering Chemistry Research, 58, 19: 8401-
8417, https://doi.org/10.1021/acs.iecr.9b00254.

[28]. Shekaari H, Zafarani Moattar M T, Golmohammadi B (2020) Thermodynamic and transport properties of
ionic liquids, 1-alkyl-3-methylimidazolium thiocyanate in the aqueous lithium halides solutions, The Journal of
Chemical Thermodynamics, 141: 105953, https://doi.org/10.1016/j.jct.2019.105953.



Hed 9 Guesmo S5 ST e v B LS (6 g

[29]. Clarke E C W, Glew D N (1985) Evaluation of the thermodynamic functions for aqueous sodium chloride
from equilibrium and calorimetric measurements below 154 C. Journal of Physical and Chemical Reference
Data, 14, 2: 489-610, https://doi.org/10.1063/1.555730.

[30]. Shekaari H, Zafarani-Moattar M T (2007) Osmotic coefficients of some imidazolium based ionic liquids
in water and acetonitrile at temperature, 318.15 K. Fluid Phase Equilibria, 254, 1-2: 198-203, https://doi.
org/10.1016/j.fluid.2007.03.019.

[31]. Amado E, Blanco L H (2004) Osmotic and activity coefficients of aqueous solutions of KCI at temperatures
of 283.15, 288.15, 293.15 and 298.15 K: A new isopiestic apparatus, Fluid Phase Equilibria, 226: 261-265,
https://doi.org/10.1016/j.fluid.2003.08.007.

[32]. Nasirzadeh K, Neueder R, Kunz W (2005) Vapor pressures and osmotic coefficients of aqueous LiOH
solutions at temperatures ranging from 298.15 to 363.15 K, Industrial and Engineering Chemistry Research, 44:
3807—14, https://doi.org/10.1021/ie0489148.

[33]. Nasirzadeh K, Neueder R, Kunz W (2004) Vapor pressures, osmotic and activity coefficients for (LiBr +
acetonitrile) between the temperatures (298.15 and 343.15) K, Journal of Chemical Thermodynamics, 36: 511-7,
https://doi.org/10.1016/j.jct.2004.03.007.

[34]. Gonzalez B, Calvar N, Dominguez A, Macedo E A (2008) Osmotic coefficients of aqueous solutions of
four ionic liquids at T = (313.15 and 333.15) K, Journal of Chemical Thermodynamics, 40: 134651, https://doi.
org/10.1016/j.jct.2008.05.011.

[35]. Chapman W G, Gubbins K E, Jackson G, Radosz M (1990) New reference equation of state for associating
liquids. Industrial and Engineering Chemistry Research, 29, 8: 1709-1721, https://doi.org/10.1021/ie00104a021.
[36]. Huang S H, Radosz M (1991) Equation of state for small, large, polydisperse, and associating molecules:
extension to fluid mixtures, Industrial and Engineering Chemistry Research, 30, 8: 1994-2005, https://doi.
org/10.1021/ie000562a050.

[37]. Held C, Sadowski G, Carneiro A, Rodriguez O, Macedo E A (2013) Modeling thermodynamic properties
of aqueous single-solute and multi-solute sugar solutions with PC-SAFT, AIChE Journal, 59, 12: 4794-4805,
https://doi.org/10.1002/aic.14212.

[38]. Passos H, Khan I, Mutelet F, Oliveira M B, Carvalho P J, Santos L M, Coutinho J A (2014) Vapor-liquid
equilibria of water+ alkylimidazolium-based ionic liquids: Measurements and perturbed-chain statistical asso-
ciating fluid theory modeling, Industrial and Engineering Chemistry Research, 53, 9: 3737-3748, https://doi.
org/10.1021/ie4041093.



