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Abstract

The aim of this thesis is the experiment al study and thermodynamic mode ling of
mixtures containing natural antioxidants, ionic liquids and organic solvents.

Natural antioxidants are cinnamic acid derivatives, which belong to the family of
phenolic compounds and are widely distributed throughout the plant kingdom .
Due to their many  beneficial properties such as antioxidant, anticancer and anti -
viral, they constitute raw materials of high additive value for food, drugs and
cosmetic s industries. lonic liquids, which are molten salts, are alternative sol -
vents having the perspective of replacing the volatile organic ones used
throughout the chemical industry. This arises mainly from their unique proper -
ties such as large liquidus rang e, negligible vapor pressure and easy manipula -
tion of their physicochemical properties by simply changing cation and anion
combinations , making them appropriate for a specific application (designer sol -
vents).

The first part of the thesis focuses on the e xperimental study of the
solvating capacity of various ionic liquids for two cinnamic acid derivatives;
namely p-coumaric acid and caffeic acid and the comparison with the corre -
sponding one of two classic organic solvents, t-pentanol and ethyl acetate, at
the temperature range of (303t0 318 )K.

The experimentally studied ionic liquids consist of 1 -alkyl -3-methyl
imidazolium cation and four different anions; hexafluorophosphate (PFs),
tetrafluoroboate  (BF;"), bis(trifluoromethanesulfonyl)imide (TF;N7) and trifluoro -
methanesulfonate  (TFO"). The above anions have been selected so as to study
the influence of their different properties, such as polarity and hydrogen bonding

capacity to the solubility . As for the alkyl substitute on the cation, butyl and
octyl side chains have been selected, so as to study the influence of carb on
chain length to solubility.

Experimental results revealed that ionic liquids based on BF 4 and TFO
anions are better solvents than the organic ones, whereas those based on PF ¢
and T F,N° are worse. It is thus proven that with the proper choice of anion and
cation , the resulting ionic liquids may have higher solvating capacity for

cinnamic acid derivatives than classical organic  solvents. The anion ranking to a
decreasing solubility is : BF,” > TFO > PR, > TF,N" and is generally in agreement
with their relative polarity, hydrophilicity and hydrogen bond capacity.

The increase of the alkyl chain length on the cation invokes a decrease in
solubility in the case  of hydrophilic ionic liqgui  ds composed of BF , anion, while in
the case of hydrophobic ones composed of PFs" anion an increase in the solubili -
ty is observed. Between the two organic solvents t -pentanol thatis more polar s
also better solvent than ethyl acetate for both acids. Despite the solvent varia -
tion, caffeic acid is less soluble in all solvents than p -coumaric acid. Caffeic
acidds higher mel tandhgat df fisiop ie a redsanable cause. This
could also be attributed to the intramolecular hydrogen bonding develop ed be-
tween its two adjacent hydroxyls of the phenyl ring.




Abstract

By utilizing the experimental solubilities, the thermodynamic functions of
solution were determined so as to analyze solubilization process . The results
indicated that the solution process is not s pontaneous, is always endothermic
and the entropy  of solubilization is favorable for all systems studied.

Moreover, melting temperatures and heats of fusion of the two acids ,
thermo physical properties that are essential for thermodynamic modeling of
studi ed mixtures, were determined by differential scanning calorimetry, while
thermogravimetric analysis revealed that both acids decompose forthwith melt -
ing.

The second part of the thesis focuses on the thermodynamic modeling of
solid -liquid equilibrium of mi  xtures composed of natural antioxidants, ionic
liquids and organic solvents. The performance of three classic and widespread
activity coefficient models (NRTL, UNIQUAC, UNIFAC) as well as that of the
relatively new quantum chemical COSMO -RS model, which co mbines quantum
chemical molecular simulations and statistical thermodynamics calculations for
the prediction of various thermodynamic properties of pure compounds and
mixtures , is studied.

Successful correlation was obtained by both NRTL and UNIQUAC models
UNIFAC model has been applied for solubility prediction of the two cinnamic
acids in the two organic solvents, since for the mixtures with ionic liquids it is
not applicable. The classic UNIFAC and the UNIFAC -Dortmund version have been
tested, butin bot  h cases poor predictions were obtained

COSMO-RS model is a unique a priori predictive method for thermodynamic
properties that does not require any experimental data for its application. For an
initial assessment of this model , it has been applied to bina ry and ternary
mixtures of ionic liquids and organic solvents for which UNIFAC model has also
been extended. The efficiency of both models has been evaluated in activity
coefficient at infinite dilution, liquid -liquid equilibria and vapor  -liquid equilibria
calculations. Successful qualitative results have been obtained by both models,
while quantitatively UNIFAC results in most cases are superior. From this study
positive conclusions  are driven about the perspective of COSMO-RS model to be
a reliable predic tive tool, at least for an initial design, especially when
considering that, unlike UNIFAC model, not any of the studied experimental data
have been used for its implementation

Also, t he performance of the COSMO  -RS model has been evaluated in solid -
liquid equilibria predictions of the studied in present thesis binary mixtures of
cinnamic acid s, ionic liqguids and organic solvents and of binary and ternary
mixtures of cinnamic esters, ionic liquid s and organic solvent s available in
literature. The studied ci  nnamic acid derivatives (CADs) are p -coumaric acid
(pCA), caffeic acid (CA), methyl p -coumarate (MpCE), methyl feroulate (MFE)
and methyl sinapate (MSE). Firstly, the stable conformations of CADs were de -

termined and the structures were fully optimized in a quantum chemical DFT

(Density Functional Theory) | evel . The results revealed that
minima present same characteristics, such as planar geometry and cis -orienta -

tion of carboxylic and ester groups. Also, the influence of the conformations of

CADs to solubility predictions was exam ined. It was shown that the confor -




Abstract

mations affect significantly the computational results, with the solu bilities pre -
dicted from the dif ferent conformations to fluctuate remarkably from the
solubili ty predicted by using the weighted mixture of all conformations.

Solubility prediction results for the binary mixtures of CADs and ionic liquids
or organic solvents revealed that e ven though in some cases COSMO -RS pre -
dictions show significant deviations from the experim ental data, in most cases
they are qua litatively consistent with them . For the case of ternary mixtures
CAD / ionic liquid / organic solvent , COSMO -RS always predicts a positive syn -
ergistic effect, which is mainly due to the overprediction of the solubili ty of CADs
in the organic solvent.

For the binary mixtures of CADs and organic solvents, UNIFAC model is also
applicable. The comparative results indicated that the performance of the two
models is similar, with UNIFAC to be slightly better in the mixture s of acids and
COSMO-RS in the mixtures of esters.

Finally , the capability of the model for quantification of the different kind of
interaction energies; namely misfit, hydrogen bonding and van der Waals, as
well as the calculation of the  corresponding exc ess enthalpies, have been utilized
in order to iden tify the dominant energetic interactions that determine solubility.
The results for the relatively hydrophilic acids show a significant contribution of
hydrogen bond interactions in the behavior of their mixtures , while those for
lipophilic esters show that the dominant interactions are the misfit and van der
Waals ones.
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& Uemmim ][ TF;N]

HUOOUUBE eUUEAOBDSU RUBDUEUEDSsa0OUUE U¢u UpOBGHU
GAGEO, U1 4A£ U¢d OGREVUUEGT O 1T6UO0 A Od0GEO 06Ul bl
P OTE eUE U¢UTUBRETUUEGT U o6Ad0O eUUAGUUGEDO e&UUAE
6Ad/E U6 U0 UEO eU0OBACA&EVDsDUIUGERO eUE ¢@T EO, Ul
60T au0606 TUUAYPORIBOPVSAT OUU EOT UEeal oAdal UsU@O
01 U:FbmGnd[ Cl], [ bmim ][ Br], [ bmim ][ BF,], [ bmim ][ methide ], [ bmmim ][ PFs]

& Ufpmmim ][ TF:N].

GUET Ubd6UE eUUEAOBdsU, eAUED Uglo UWERELsAE O afF
UEGT 0O 16006 o6UTaude0 eU0UAIUULGED, UoRO eUE aUEIT
RGUOuad eUUAL UE exdi1 U GE E &I RGE o¢UDdT £ Udu UE (.
GUUGES GU 16U GAGE o¢utroelidol #BdOVs a WA PBE & UU
d»Ud UER) e #61 Ul lE RO U9 OU&lI Uai U UEO Ul VUseldsUO éesi
UE UEO UUTEGEDO UEO uOrbECA 2l O0e WaneMBDWES a UE 2Ubd
U071 EXy, oO1 UEe £ 6Ad A 10U Uo60@ UE[brim ][ BR baidd-£ 0sl UE
[TFN], [ bmim ][ dca], [emim ][ TF,N] & U fommim ][BF,] [29]. GUOI Dz i-Del 2
choOouEﬁEéOIUUE OE &Ud7 Oeolas0O UBIEO, o¢@iEO, o6UI
GOUT 1 O9pOpEGED AEU EV EUUé@TEe/E EOT UEe £ vo/E eXs)
T &8 000 UEO UEUGOBEe O @& Uo {oHfaréntial UScanig daldd-R G E O
metry ).

Dzl Ued GET UsO UQIEQEITU6O ) BTGES UpTO o6UI alid6d) T BUEY URGEC
GET U0 edo0GUUTNTH0 CAEREDE O( Eeal EOI UEeal o6Adal U0¢RO &R
i @R UEUGOBEe O &UBYT EU® .0006s0U0 GADBRGEOD

0Ol UEeu oA Tm/°C Ti/°C Tee ! °C Ty/°C

[emim][TF >N] -17 -50 -61 -92

[emmim][TF >N] 25 -25 - -

[pmmim][TF  >N] 15 - - -82

[omim][CI] 41 - - -69

[bmim][Br] - - - -50

[omim][BF 4] - - - -85

[omim][PF ] 11 - -37 -76

[bmim][TF  2N] -2 - -44 -86

[omim][tr iflate] 13 -19 - -

[bmim][methide] - - - -65

[omim[dca] -6 - -29 -90

[ommim][BF 4] 37 - -3 -68

[ommim][PF 6] - - - -58
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[S1][DCAl,  5: [Nu11 30CH[ TEN], 6: [N i1 (CH2),00CCHs]INTf 5], 7: [S 11,CH>COOC,Hs] -

[NTf5], 8 [Sz]INTFf 2], 9: [S,CHoCltbond]CHIINTE 5], 10: [Comim][NTf 5], 11: [C.mim] -

[Nng], 13: [C4C1m|m][NTf 2], 14: [C5C1m|m][NTf 2], 15: [C1(202)pyr][NTf 2], 16: [C4C1pyr] -

[NTf,], 19: [C.Cimim][BF 4], 20: [Cos mim][BF 4], 21: [Capyl[BF 4], 24: [C:mim][C :1SO.], 26:

[Comim][C ,S0O,], 27: [C2py][C 2S0O4], 32: [N uun,C20H][OAC], 39: [C,mim][SbF ¢], 40:

[C.mim][T FOJ, 42: [CsCipyr[FSI] [57] .
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#R 0y
0Ol UEed (3x280ud0b T /K T/ K P, (T )/mPa P, (T 1)/mPa
[Comim][TF ,N] Knudsen [74] 442 484 6.2 109
Transpiration [75] 499 538 157 1119
[Camim][TF ,N] Knudse n [69] 458 517 12.2 466
Transpiration [74] 438 517 3.6 515
[Cemim][TF ,N] Knudsen [74] 446 494 6.7 172
[Cemim][TF ,N] Knudsen [74] 455 498 7.8 154
[Csmim][dca] Transpiration [75] 449 480 192 2206
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[93]

GUIO DxT UelUoPo OB GEAAOT UUE GUUOT &l U UOTI EeUUEUUO
6AOAUE ObAUIEeOUO UGWEUIUVUUVUO UVedoUaT &TU RO uGleU
GoAeal UBRAGEDO U006 UEUT UUE% ¢i0Bs RIEOe DDA ¢ ¢ 156 GT OU
aUeé UE dousbtidfischeri (logECs) . a¢RO 1 o 0OOUVBs JOOEERE UWEUVUVLO ¢ 06
pUdO6GEAAOGI U0 Ep0BkERiDHobAdA U0 T ¢ 00000 TO
UOT EeuUEUUO UTUsGUOERUO T U0 006 Oi EE®HHEd WE@GO6E UE U
URT UdR7TUOUEeéeal OTaGORT, uU¢ROO OpUIUEDGED TGERTO6 ulIEE
TUeUEeail EAUBUBO UOTEeal EOITUEeal o6Adal Ugl UE E
OdU6T aiStasitez e UE (o1 UPAARIDST ¢UBO6GEAGUE -1 U Ul
AdDdgsU UT UTTUeUEeal EOI UEeal 6AdOT pO06 10 OU00T OC
alkoxymethyl -3-hydroxypyridinum & UE UU Udcdsilphdingte, saccharinate
and chloride eUE U7 GUT sad61 RUTETUUOBE UOT EeluUEL
UOT EGETUUEUOU. aUsi OUUE, 1 OE¢uT, UWUE E UOTEeuUEUU
UT UEY OUROEGUOs 7O eUUAITETE OU0ETI OAQG EUIl ORI
Dzl Uewdg. gOi EGUUEUVUO EHEHIOSORI oAdwAUT&ERET WEUI6U0GT Uedt
G1 @ U0 RO utUeUtEeuO TOAAGERT OO UEO &6 A&BIRUER WD ¢OE ¢
2607 OU U006 avivadiigchesd O@ogECs) [95, 96] .

No AT RGE |OgEC5o (ECsoCllj ‘i3)
1 [Cimim][CH 3S04] 4.76
3 [Cmim][CI] 455
5 [C4mim][PF ¢] 3.07
7 [C 4mim][Br] 3.23
8 [C 4smim][CI] 3.15
9 [Csmim][ dca] 2.99
11 [Csmim ][BF 4] 3.14
12 [C emim ][ Br] 0.81
13 [C smim ][CI] 2.13
14 [Cemmim ][CI] 1.74
15 [C smim ][PF 6] 2.17
16 [Csmim ][BF 4] 3.18
17 [Cseim ][BF 4] 2.15
18 [C7mim ][BF 4] 2.44
19 [C gmim ][Br] 0.07
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QUGAI UEO 2. Ol UEeAk 6Ad A
No AT ROE log ECso (EC5 G U 1 3)
20 [Csmim ][CI] 1.19
21 [Csmim ][PF 6] 0.95
22 [Csmim ][BF 4] 1.41
23 [Comim ][BF 4] 0.72
24 [C 1omim ][CI] 0.50
25 [C 10mim ][BF 4] -0.18
26 [mpy] 2.04
27 [C4pyl[Br] 2.73
28 [Csmpy][Br] 2.12
29 [C smmp y][Br] 2.08
30 [C4py]lCI] 2.64
31 [C4py][ dca] 2.61
32 [Csmpy][ dca] 1.99
33 [C4mmp y][ dca] 1.75
34 [Cempy][Br] 1.48
35 [Csmpy][CI] 1.44
36 [Csmpy][ Br] 0.25
37 [Cempyrrol ][CI] 2.99
38 acetone 5.47
39 ethyl acetate 4.82
40 diethyl ether 4.88
41 ethanol 5.88
42 methanol 7.00
42 methanol 7.00
43 2-butanol 3.37
44 acetonitrile 5.77
45 dimethyl sulfoxide 6.10
46 dimethyl formamide 5.44
47 tolue ne 2.33
48 phenol 2.58
49 ethyl benzene 1.96
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23 KGUdYT OAE 60 EOOT@Eeal o6AdGI
DEZ U0UGUdT OA&O URT EOTUEeal o6Adal RRoOpsaOlIUUE GO
Od061 EUEe &£ eUE a0 UsU0ax06 ¢$06 &#RO61T UGUBT OGUUS U
Ot g OoEeaed. gO U600 ¢LUEO UVUGUBY OABO URIE E@DJWEenl
UET 0eU0OU0UT T E 3067170 URT UO0OT 06U0UsRT U8B0l 0pUdO6
ROQGUE URT EOT UEedal o6Adal GUODABU[ EGEOH0WE GE 0 e &l EE
ToaEO eUE Ul aoi Eegd eUUAI 6GEO, AEORETEeé&0O0, ¢O0Is¢
6T @017 T U1 OUEY 200 ¢Ubitod . EUEeROQGOE U060 GU UEUBAU
U6T UE U¢sGEO UGEUUWUVUGOY &l E, EUEUsUUBU GUET U¢0GUUT
T EAT A(RY -113], GUET Ue® WV EG4 -118], U060 UGEURROEGT OUC
U0d ¢ RICO; [(119,120] .21 T U0 UGUBdT OA2ed UObOBBDBREUBsUOURD E
ET UeUdO01 OOUG, VT BEVUO é6U6GBT RT, AEU 1¢UUUBBUO, AE
d087T OG o6 biR®O, [®98A21 -123], RO o6Ad0s é&d0aUUTTOE a0 C
O¢pUEe &0 0 o[l2d)aed WEGET Ul Ul 6 URABY, REVUOS U E§IDE UEe £
GUEDo O ge UAJEEO U UG GoUA Y 0 UB9a) ©7] , 6 UOI@ RT E GO
[128] &.A£&
A1aAUTEG avTIdpaAcEWV
Blokataiuon
HAzkTpoAlTeg Opyavikég avTidpdoeig-kaTtdAuon Aiepyaciec Siaxwpiouol
KuweAideg FUvEEaN Vavo-UNKiY KAaopaTiky anéoTtagn
Kauoigwv MoAUEDIOWd ExxUAion
AIgBNTAPEG A Alaxwplopoi agpiou (nx.CO5)
MepBpaveg
Yypa kpUotahha . IovTiKé Yypé > AnoBrikeuon BeppdTnTag
080veC PeuoTa ancBrkeuong
/ \ BepudTnTac
v

AnavTika & Npbobera HAEKTPOEAACTIKG UAIKG

AInavTika AVOAUTIKN XnHEia TexvnTol plec

MpdofeTa kaugipwy Agpia XpwuaToypagia PopNGTIKA

KEeuRB.DADu @G UdT OEDI U EseAd a[129]

DE AEOI ERUI Eea&QRIGUDOTOREENT o6Ad0aT GU o¢oEI OUEe®
el g7 UeU, ¢UOOBOEAOIT D& VAU ¢2 E0OGOdsUO GRUUEe £
OUUEdUsU ¢O6 Ul &pU61T U UET U0OGUdT OA@, UE UWEUBAUGSU
GUE UGEUdAUGSU eUE UET elgiUeU UEO eAZe U0 UGUDY OAQ
UEAGUEY U Ul £ U671 EO eUE UGUdT OABOaBRT EROI BEE&OGT Ub B
7T OA®20 U¢1 UE OGRUOUEe£ 16AU0, AUAOT 0O ¢06 OGUsl OUU
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U1 UE UoUBUBUEUUO AEU 76U aEOI ERUIEeg UGUBdY OAQ,
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BASF, @GUtpl BsROE D£E£]1 OUEe @ gEUI OUED [131]
gUodOGoT ¢EVG U&O D£E£]1 OUEe @ N6eUEeu 1 00
JEUT 6 UO9OsEGE eo6UUUBSI EOD D£E£]1 OUEe @ gEUI OUED
IFP FET UBEGT 0O (UF W& ARisal)U Ki ¢ ObEe g gEUI OUEOD [132]
Scionix. UK gui avuT EGA DO DAT OUEeé@ (5 Ql UeUd Ol UUEOD [13 3]
cionix, [ N e A e N e s o o fn s a2 S e o sy S
Ol WedGUsT aRGE Ulo®iA®&RUO D£1 OUEe @ (1 Ol UeUdOT OUED [13 4]
G24i, US QT EUe A e00UUBU U6 UEGRERODERESD « KT ¢ O0EE @ 01 e UdOT UUED [113365]'
lolitec, o A o s M s e A o ox s gl UEGUUUEeu O el
Germany dzU6uUA éUeUdEUT OU D1 OUEé @ 6 Ud AADI UUO [132]
e o . o . f o e A s GUUe&UbY GAIE Ue
Supelco, US GUUeUdY GAUE U&OEUO RORTUUOAOGL KT ¢ ObEEQ RoRTI UUOAB UGS UO [137]
Degussa, ~ ~ GET 61 gRGE D£T OUEe @ gEUT OUEOD [12]
go0ody Ul 60 . 3 i ] o o
DHUGEVUU aU aUlded Ki ¢ ObEe g GUT UERUEe £ GUO [12]
Arkema, M s A e m A u s R Amsn Lo [132,
G0l 60 0 O0RUE 6UO0COAQI UI &0 Aé D1 OUEé O QUUUI UUEO 138]
Eli Lilly, US §E /EC ¢ WIER &5 U DAT OUEe @ (1 QUUUT UUEOG/ gl UETL [12,139]
Emt’?%"roiyzo Go1 ¢sVGE UUBBO6 a0 gPaUU&. eUIDEI OUEe o HABG &l & (12,140 |
Central Glass, gl UstidoVUGE G@abevEdE Al esd-ad WE . o aoa s s s s o
QUORI 6U  UEAD &Iode U0 RIEN &b R) KT ¢ OoEed QUUUT UUEO [12]
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Dzl UepO. KTl uUEeUEe®0O UEV &0 EOI UEeéedal 6AdtSigmal &irichoU U¢u U
[141]
Ol UEeu odAdU QUeUBUUEUU DDGUGEUU ¢gEV QO (0
1-Allyl - 3-methylimidazolium p 59 89.20
bistrifl thvisulfonvhimid 098.5% (HPI
is(trifluoromethylsulfonyl)imide 50 g 451.00
1-Butyl -3-methylimidazolium . 1009 237.50
bis(trif hvisulfonviimid BASF quality
is(trifluoromethylsulfonyl)imide 1Kg 1,315.00
59 63.70
1-Butyl -3-methylimidazolium 097.0% (HPI 50 148.50
hexafluorophosphate
2509 466.50
1-Butyl -3-methylimidazolium ) 1009 144.00
tetrafluoroborate BASF quality
1Kg 869.00
1-Ethyl -3-methylimidazolium P 59 41.10
diethvl phosph 098. 0% (HPI
iet Yyl pnosp ate 50g 188.00
1-Ethyl -3- methylimidazolium Produced by BASF 1009 196.50
diethyl phosphate 098 % 1Kg 999.00
ethanol Absolute 09 1L 177.50
acetone O 99.8% (HF 1L 49.20
ethyl acetate Anhydrous 99.8% 1L 87.10
methanol Anhydrous 99.8% 1L 60.00
hexane O 9.6 (HPLC) 1L 95.30
24 o0l UEé A (AOAEZUGUO UEUGUEUOOEE®ZO UEUU

GUET ¢Ud0OU0GU UEUGUeUOOdEed UkCEaFERIAE® Al WlimeE e §106
pd0eUpUOBT Uou UO GolluoBXGEUaADIEeAIR e UUEUT URT e Ul
UT E0T ORT 0T OV U eUE OE U001 «00ERBODPOERL UQUO Ox1 Ue U
nO eUUEL®RE®BUUO EVEUUVaUl EO, ¢06 Usl UE UO- ¢1 201 t
UEeOUO 6¢0evulUBUAOLVSG, aGUU TU TUT OUERUs E UpslodU
Uil6tgulUO eUE E UGUBTE ¢OI Eeal RUdbUeUEoEGUEeal Ol
$0 006 UU UTELT 0UOT V&l BB UU O9pOsU UEUGOOOOOEOQUI
T @A0& 006, UET o¢OIl EeduUEUU, UET o6uoOGOaEeuUEUU / o6t
UEUU GREYUUEGYT OU wvatyal oudOADlT 06 aaGUU T U0 V0T UUE
URT ¢UDdUYT &UBRT GUEGOE UDD (vl b.O6 0 E £a OT UUE OE aUl
EGEOUEUUO URT T 0T OUGY OTRT EOTUEeal o6AdGl
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ai ovu goi @ G611 UOT OAd U
—
1-butyl -3- [\ brmim ©
methyl imidazolium cation \/\/N\/
=
ooy 3 [y omme
methylimidazolium cation \/\/\/\/N\/
1-(2-hydroxyethyl) -3 e
-(2-hydroxyethyl) -3- N N
methylimidazolium cation \/N\/\OH czohmim
—
1-(2 -methoxyethyl) -3- NP c.omim *
L ) . M 3
methylimidazolium cation e \/
F
F F
hexafluorophosphate anion \F|"/ PFs
phosp F/ |\ . 6
F
F
tetrafluoroborate anion F—IT‘—F BF,
F
N\ M
bis (trifluoromethanesulfon .
yl) imide anion X \\ //\K TFN
F
NI
trifluoromethapesulfonate E s o TFO'
anion ”
F o)
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QUGAI UEO 2. Ol UEeAk 6Ad A
Dzl UenQl. 300EUeU  awB) OO ¢o6eél poyEellli OT Eeu G ET {Ta),
Ei aa@d URT WOIICRIG EOI UEeé[m4i2].6 Adal
0Ol UEeu HA MG glmol ! o/ k g Lm Tm/K 1/cP (30 °C)
[BMIM][ PFe] 284.18 1310 283.15 172.8
[OMIM][ PFe] 340.29 1190 203.15 * 908.2 °
[C:OHMIM][PF ¢] 272.13 1480 201.15 ( Tg)? 82.7
[C sOMIM][PF 6] 286.06 1400 299.15 148.1
[BMIM][BF ] 226.02 1210 192.15 65.2
[OMIM][BF 4] 282.13 1080 192.65 ( Tg)?2 42773
[COHMIM][BF 4] 213.97 1330 189.15 (T,)? 7094
[C sOMIM][BF 4] 228.00 1260 185.15 (T,)? 138
[BMIM][ TF2N] 419.36 1400 271.15 % 4155
[BMIM][ TFO] 288.29 1292 286.1° 64.2°
'DAJEB UYT UUEe @ UEY @ U¢osubélal. Be3hUasU ORI
27, @U0Ubd1 OedUasU o6UT U060 TUUAYURGED.
SDAJEBUT UUEed UET @ U¢ uSeddan et @[y 6 U URIT
‘gET QO aUBBO 25
SDAJEB U UUEe @ UEY @ U¢ OFredlaké etlad. A20f 6 U ORI
SDAYEB UT UUEe ¢ UEWG ADG wHabs & fal. [145 |
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85-4, CsH,0) UAOd A0 UEe U digma Aldieh Co. Dz OFT Eeud UE&61 UG Uad
(ethyl acetate , e U8 U U UEUU > 99. 8 CAB 144y /&8, 0,8,0,)

UAOd £aUEeé U MergklKGEME g U EROE A 6 A Buid -3-methyl -imidazolium

hexafluorop hosphate (bmimPF 4, e U8 U0 UEUU > 98 @AS: 1gs@Ea7T 00

64-5, CgHi5FgN,P), 1 -octyl -3-methyl -imidazolium hexafluorophosphate

(omimPF 4, e U UBUUEUU > 98 OAS: 30EBE 836 ROC;,HyFgPN,), 1 -

butyl -3-methyl -imidazolium tetrafluoroborate  (bmimBF ,, é U & U E 8 88 %,

gdE&7 U0AS: 174501 -65-6, CgHisBF4N,), 1 -octyl -3-methyl -imidazolium

tetrafluoroborate  (omimBF ,, e U8 U U UEUU 3o ¢8iak® 244193 -52-0,

CioHx3BF4Ny), 1-butyl -3-methyl -imidazolium  bis (trifluoromethanesulfonyl  )imide

(bmimTF ,N, e U& Ud b0 6Bk g o E & TCAD 174899 -83-3, CioH15FsN30,4S),),

1-butyl -3-methyl -imidazolium trifluoromethanesulfonate (bmimTFO , é&U&U
dUUEXIB%, goEES&TICAD 174899 -66-2, CoH1sF3N,03S8) UAOD A0 UEe UT U¢lu UE

Solchemar Lda., DDd UOAUsWUE UT UPED % eU&UdUYEMEIUO
VeOUOT EgHhEOUUBUYEBAOD A0 UEe U1 Hibhed Soikdtfic . g O

T UdUHPLC e Ve UdbuYHNADY A0 UEe U (vprak. GBOD®T Uewl 5

a6l Ot padl UUE UU ROEGET OpOEOUTUTI U 61 EeA E Go1U0UOT
OUUEoUsU ¢0OY JRUEUO U6 UG

D& Ue%0.06G00 101 00T UTRT 61 Eeal (REVEed OIOTUGsU, ol
éeUE éUeUdBUUEUU)

OUBUBUUEC

pPETEeg OT O1 UasU Gol UO1T OAdLl DOV E&UsU

(%)
3-(4-hy_drox3_/pheanyl) -2 pCA Sigma Aldrich  Co > 98.0
propenoic acid
3-(34 —@hydrox;{)phenyl) -2 CA Acros Organics > 98.0
propenoic acid
1-butyl -3-methyl -imidazolium bmimPF ¢ Solchemar Lda > 98.0
hexafluorophosphate
1-octyl -3-methyl -imidazolium omimPF ¢ Solchemar Lda > 98.0
hexafluorophosphate
1-butyl -3-methyl -imidazolium bmimBF , Solchemar Lda > 98.0
tetrafluoroborate
1-octyl -3-methyl -imidazolium OmimBF , Solchemar Lda > 98.0
tetrafluoroborate
1-butyl -3-methyl -imidazolium
bis(trifluoromethanesulfonyl) bmimTF ;N Solchemar Lda > 98.0
imide
1-butyl -3-methyl -imidaz olium bmimTFO Solchemar Lda > 98.0
trifluoromethanesulfonate
2-methyl -2-butanol t-pentanol Sigma Aldrich Co > 99.0
Ethyl acetate ethyl acetate Merck KGaA > 98.0
Methanol - Fisher Scientific 99.9
Acetonitrile - Fisher Scientific 99.9
Water - Merck KGa A 99.99
& p-coumaric acid
b caffeic acid

95



QUG Al UEO 5. DAJEBUYT UUEén 1 &d000

522 GoueuU 0
gU ooUEBdA UUU UEUT gReEGUT G 0r Ob &de Ve OE eebEVDGED
(Thermomixer comfort ) UEO UUUEppEndaf® UVGOuEUGT i E Y0 a&klE
8RIURT o6¢OEGRD®EG Oe EY Ud UE é tshfe -ibdk Tegpbnddrs Y U R 12 ml
(KEeub-). 0 doGelo6y ¢UdB2RUE uol UUUUEUU &0bd7 OedUGE
OUb O@3i(99)°Ce UE UURUUEUU U7 £Zulbpmi.EOG &RO 1400

QO &&dT UTGE UOEUSGARAI UUUE 1V 20R UARA@GO eUE ao6l UA
eppendorf s AU & U0dY UET OUYUTE ¢ A8 U0 UEOI Ableedlsn 0ided RIT GE &
GUTEGED ¢O6 ¢00eUT Us E o¢UBEGUOOGEED eéegiEGE UEO
Uou &l UT A1 OTU ¢UBEGUDBOGBO

QUAR URT U¢RTUEQT @&0dTOUUEUUO UT UEUsUO UEODO & &d
eppendorf s O UE &U0odV UET OV Ol E ¢1 AU, E ¢dUATUDIEEO &00®
P AT U U¢Oel gl UE Uou UET &I 0UVUETE UEO GoGeUo6o0 a
o OEgeEe Ul T UOUOQBAGUED T U ¢ouloe¢pd &UdT T OUBO GUO UOC
Ol EVUG@EIBUFAES) K, T &R UEGUAR Appdddotd Opol EIRT i O 70 1T 000
(DA ABUET U g)

KEeubl.Gouelo6y utEUT UARA @ ®hennohixérU toMfom ). (

523 DAJESUT UGE@A@Ee UG g U
gdREE A& OE&/EAOTUUE L oECOD spECROO U2 060A DU @ OB AUT EeOU 1
p0d86GCG0EU U7 UE TsareEl’ocEkUeEpemaJndLon miRTU g2eppendorfs
UO¢ 02 0UOUT UUE U Qi ¢t Choe rémbEmi kie#l O1 UUE AEU rgmi £u 06 G E
GUET U¢E&6T EU@ e /e 0 (ODBE BBEOT OBOUESUO ooOuUEe & U
pd08Use OUUE ¢OGUUEUU eUE U0U¢UT UT UYaA/l OUUE E UEUGE
eAe U ¢UAEOIUUTAUA UO ¢£dUO6 U060 ROUIO6 EGO0DO008UO.
RoUT O EGOC000¢sUO (eUV oUTE UEUIBOOQOAEDES) ¢ @0 GEE /
AdUGO (A 5.2.5).




o
\

N¢
e
C
m
—_
(ex

Co g SC D Co & C _’4 C o

(@) & m FFI [«

8 m

- O
Cie ©mc
m:
(@) C

e mm o m
O
c® o

Fﬁ‘ m o« o
Pz

1 Co
8 =

N =

=
C
(e (=]
(@]

«

7 Ci S Or O PO C O
o O O =
2
, T
e O @ » Vo
O Co Ct —_
[
— [Th =
—
o O &

— Ce Or>» O >»e
Ce O OrCe>»m &
o MmO Y

Fﬁ‘ C C Mm@ Fﬁ‘ (@}

—_ O’ Mm So — —
CO®MmMIDC o

GO0

(=
m g =

|'|'|? Cce
faid

[a)

O

=

(@7

o

)

O

O
O

é
é

o O O N
cC > e o
o ® O O

o O C M =
o
Sy [Th [T m»

a 0

TE GEAUUT E U ¢@usddFUCEst UE 0 gsald
GUGYT U0 aedywwisli ERT O U@ o i )
320 nm E BDS UHypersil C18 UE Ohermo Scientific & U @
250 mm x 46 mm i U T &@AUe 0O GRY UUEUSRI

m <o G
= (O LN o
Co 83‘ Co

HPLC Column
Packng Matera Chf(‘lﬂz’ll(){]’aﬂ\

Pasks = Yollow, 1oed, Bl

—

A\

Injector
AutoSampler
Sample Manager

TA— )
Solvent =

{Mobile Phase) Sample
Reservoir

Computer Data Station

Pump Detector
Solvent Manager
Solvent Delivery System

Waste

KEeub2 GREVT UUEeg UoUEeuil EGE UEAUUTEO 6A300 RORT UUOABUI
(

Co © M
C o Cc

Co

97



C[mg/L]

Goi eUT oUTE UTUGOD® £O. TuOEe UEe £,
O AEU eA2U0 O6GsU (GEUADA T UUU 5.1
120
100
y = 3.00E-06x - 7.39E-01

R=* = 1.00E+00
80
60
40
20 -
0 ‘ . . . .
0.0E+00 5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Area

GEAAD UIStWGo 0 Ee P eUl ¢ 01 E -000U 06 EOOG OF 200.

C[mg/L]

120
100
y = 3.34E-06x + 1.53E+00
R= = 1.00E+00
80
60
40 r
20
o . . . . .
0.0E+00 5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
Area
JEAADUII20g60Ee s eUT ¢UT E UT UGOd £O

™

Ce

Co
-

D

98

(@Z

'al



m»

Qe e O
c @

Cox> T
G Cl)ﬁ (e e
—_ —

Co oo

o’
Co.s Co C¢ o e

Co o _ O =
mg O

Ce

(@]

Co ™ — X Co Co [Th [T © Q
c
C
g < C°
5 o
—_, m

Co
mcaMe Mmoo N O C o o e
COMCD G~ O = CO Mmoo
4 >or O Co Mt
© > - —
o ]
=2
m»

ey
%

\

%

\

4

0.083 |
0.082 |
0.081 |
0.080 |
0.079 | < o

0.078 | <

AlgAutoTnTa, x

0.077

0.076 |

0.075 L L L
0 50 100 150 200

§EEAD UISI3UQUT ¢ U3 &21 00 GEUT o
ommBF, 6 006 O 3@

99



100

QUGAI UEO 5. DAEBUT UUEen 1 20500
526 g¢OUUI &G U0UU UBUOBDUEBOEUEURUEeal aU EOITUE
6Ad A
DEZ 7T 0U0d0U07T 0T U6 UEUT 6UUUEUVUO URT GUO Ul UBOE UEURUE
EOI UEeA£& o6Ad0A AEU (00 &ldsi cmapUi@Glelo OaodHMa Qi3BE ¢
Dxil U2 OA& U UET Y UIUEPOOOROUUUVE UE 1Y e&GE- UET @ U
T A5 UEURIT pVUEDdUYT AURI UE U0UO61 ARECUOI O0a G A5 RIT U
GVEDA VUOO. GUOI ¢61 Ue®UBEEODDUBEUORREEDOOGEE D U¢
GEUAD A 1-00808 B9UEe Ol sa061 UE UEUT 6UUDUEUU a0 Ad U
ORI GtUO Ofa@RT aUU 70T 0U0UGT VI U EOTUEe AL 6ADA GoT UBU
U0 GEAAET DUODOOOEAAVUUUE E UGEUT 6UUUVUEVUEBOURE&GUO O
6AdU U TsU0U eUdT OevUGsU AEU TsU T UeALkdUBE UVEeUl U
EOI UEeal o6Adal
Dzl Ue®O. gET 20 UEUT 6UUUEUUO U AdKi 1 OODOFUBIEEIIEIDOULOO
(pCA) eUE U006 eiUa®E&AOOE W 10T 000y 0T U EOI UEeA o6Ad A  GC
d0d7T OedvUGpsUOpaAaE. ¢ s UG E
e R pCA CA
QOlIl UEéu o T/IK ” RNggq " RNgg
303.1 0.0062 0.00001 0.0012 0.00005
bmimPF 307.9 0.0071 0.00004 0.0016 0.00004
6 312.6 0.0084 0.00028 0.0020 0.00001
317.4 0.0102 0.00020 0.0024 0.00004
303.1 0.0063 0.00020 0.0014 0.00001
omimPE 307.9 0.0074 0.00001 0.0018 0.00002
6 312.6 0.0090 0.00020 0.0021 0.00007
317.4 0.0119 0.00007 0.0024 0.00013
303.1 0.1951 0.00800 0.1536 0.00330
bmimBE 307.9 0.2132 0.00620 0.1637 0.00410
4 312.6 0.2357 0.00580 0.1706 0.00590
317.4 0.2513 0.01040 0.1827 0.00110
303.1 0.0803 0.00260 0.0451 0.00010
omimBE 307.9 0.0897 0.00230 0.0518 0.00276
4 312.6 0.0993 0.00370 0.0569 0.00239
317.4 0.1100 0.00470 0.0626 0.00162
303.1 0.0028 0.00003 0.0003 0.0000039
bmimTE JN 307.9 0.0037 0.00013 0.0005 0.0000044
2 312.6 0.0042 0.00021 0.0007 0.000027
317.4 0.0051 0.00006 0.0011 0.000027
303.1 0.1054 0.00450 0.0242 0.00104
bmimTEO 307.9 0.1206 0.0040 0.0316 0.00037
312.6 0.1333 0.00210 0.0415 0.00093
317.4 0.1481 0.00250 0.0541 0.00170
2gqUs1 UE E UboEEQ U¢uel EGE
DABUUEDdUs UDE-¢ DOUEUBEE Y OT 0 Ugsl UE ¢UBEGGUUUBO i
guGUfren a0 0T U UUOGODEUVUE&EBUEED b Ad EEde OR d UR®WDBT EO
U006 eUGOF @00 UoOUUT Ugs T 6 UR YOI OAFDWE B W67 ¢ USEG OB A
T 90000 AQL OV GUEO UEUGOBOUVUUEe®O UWEUYT OdbEUeaxbO euU
OEUO AGHEEDE aUES 1OV g6 URT uwUO OfF &Ri, UU OpOsU UE
@1 U1 06¢0eU0UUCUEBEOTIREY wUeUUTEO, 70U UO eUGUFeéen



Ce m

ey

b-6 061 UdEeln Of 0:
bmimBF , > bmimTFO > omimBF ;> omimPF g > bmimPF g > bmimTF ,N

e0GU0E e01 U:
bmimBF , > omimBF ;> bmimTFO > omimPF g > bmimPF g > bmimTF ,N

_,_

" SO o,
(e
—_

Ce
—_ O
o
o C

o O
) Oqu

v

o s~ T C
[l

o g
o200~ Ce
>»C O

GoAedsgl AUEDS UBd&EA T 0 Umnimg teBXUEU T E GUEB A U
Ul URTU B E U 0 BRy GETBO >P6sf WESRN. AUGE aaUlU

o < m
-
m: —
>
mr
By —_

o

o e e
C

C O CcO o 7/
2 C = O
G o
O _
o m
—_

Adsal TU0 UEEAG

G MM C iy O
[0}
o

= m

> Cy Sc™ S D
Ce M >» O O M S FH‘ Ccm O
—> (D
(@)}

Co [T ™ —
% Co ¢ O mp
C
Py
@D
o
B
)
Q
4 >
2
<
(0]
Co
=
@
PN
o g
S
o
m 3
[¢°)
Q
C 3
, N
(@ 8
, O 5
<
-~
o -
—)
Cy —
o

(@)}
C e Cc-
™ O O

Cc
=== s s s >~ Tt

= o
L
C C ©
™ QM ™ o

101



QUG A UEO 5 DAOEdUT UUEel 1 &0600
0.30
©bmimBF, (@)
ObmimTFO
0.25 } AomimBF, <&
<o
<o
0.20 o
X
g
=
o015 | o
-E D
< o = A
<lE 0.10 | A A
A
0.05
0.00 : . : : . . . : .
300 302 304 306 308 310 312 314 316 318 320
T/K
0.014
©bmimPpF, (b)
0.012 | OomimPF, o
AbmimTF,N
0.010 | <
a
X
s 0.008 r @
= 9
" 0.006 | g
=)
< A
)
L A
< 0.004 A
A
0.002 r
0.000 . . . . . . . . .
300 302 304 306 308 310 312 314 316 318 320
T/K
GEAADUT5-8 geOWAEVU a0 AdU0UT1 O OdEUe@O68 UAEEDU O &
EO1 UEeé £ ap BniindBF {, omimBF ,, bmimTFO & U Eb) bmimPF s, omimPF s, bmimTF ;N
G661 UBUGGUE UEO & Ups O baig U0 (U

102

S

o]

a0l



/A& UEO 5. D

(&)

0.25 [ ©bmimBF, (a)
ObmimTFO
aAomimBF,
0.20
<&
x o
3 L <&
E 0.15
c
=
-0
=
2
g 0.10
<
A
A ]
0.05 A o
[m]
0.00 1 1 1 1 1 1
300 302 304 306 312 314 316 318 320
0.0030
©bmimPF, (b)
OomimPFg
0.0025 | AbmimTF,N o
[m]
0.0020 <
X
-]
EOOOlS
5 o
5
-< 4 A
2 o.0010 |
=]
A
0.0005 r
A
0.0000 1 1 1 1 1 1
300 302 304 306 312 314 316 318 320

o WU & ADp-£1 bar.

EAD UI5-5] g EUlAIE @A S U 3
@) bmimBF 4, omimBF 4, bmimTFO é U
5 1 o :

OdEUEaAxDeUGUT @@@b(ﬁcﬁ]gﬁé
bmimPF 5, omimPF s, bmimTF ;N G 61 U

103

gL
m
(@4
Ce
C«
C

m
(0]



QUG A UEO 5. DNESBUT UUEeu 7 #5600

g¢“ UEOG UEY &0 ¢ OGafimichiaél EQ W6 TORI AUUnd], OE O0¢p 0sUC
b0 O0GUEOOSUUEROUBGE UEO GOI aUUOROMIR RedpgO ¢ RABAEHE e 3O
E UéuIOerbOUleEéw/B.ELE.IJO BREOT UEe £ dohit £é UUE BH,:

> TN > PRy, gl Ugp &Echidppe e UE6T U0 AAROIUO OE O¢p O OE RoEGE
PO EGUIUV-RIG ERT E& &UE UE Micherd (MK) E UE UUUoerUIOUE & el
(TCNE) , 70U GUUROGDBI T OUDVYPBOeU uxeUE eUE nnu"E 1
G000 EOI UEe £ GABAEU@ﬁ@%éEW&TﬁBTOEGGaéOUE auv 0 0
dOT Eeu0ORGUUDUE UTRNUT BB OB® OU &l Bi00Gel Eumbﬁbé
Zhang e UEi 6T Vo AADI)O OEO9OsBBEGET O¢ OWEG Wid Olos i E
(merocyanine ) RO &I U UV ¢ UEdEén ulgeUE UEO ¢Oi EeuUEUUO
EOT UEeal o6 Maldodn. e 6T U0 AEBHUBROGTO0UO gl®iEOl EeUUEUCU
eUBHOOET OGET Eied UBWAD #EOT UE8AD o N UROSOEUQI O Aa0WUO

ﬁ‘zaﬁz‘iEeMRuUEé(ﬁE lUJ¢JOUUIan|UUU OuEAOUI uUEI U

PR > TN, UT a 0O EOT UtiemPF (60A1 U0 E ¢UOEuuuUUoO o Ol Eén
bmmTFO G UT G RT U 1 Gingh@a0&E G061 ORA AU

0.20
0.15
0.10
0.05 |
®
g 0.006
=
_I-
2 0.004
=
<
=4
a I- 0.002
0.000
<° (0 6850 6‘ <° ’K@
2 N N
& & & & & 0@6‘
IovTiKO Uypo
§EAAD Wiste. g EVMAIEGUTAD UT T O OeE&EaWXPURT 0O O &RT (V1610 VoA
¢-e 067 UdoEeu OT U0, éeuneeEiT U0 V7 ¢A5U00: eUGUren OTU) AUV ViU U

104



QUG AI UEO 5. DAEdUT UUEen

] BooBEOOT aUUORE DO U7 U Kadetd Taft
UEeée £ obfinAg XU©O & OB G¢Bbp, TFO', PRy, TF,N') [18,
E OB a0 EeuUEOUO/ E&UT DUUEUUO oul RGE
I O U U:EbmimBF ,1 hinPF ¢ > bmimTFO > bmimTF ,N. G U EU-

T ®ib o U (&0 UED
|

Ce

70T 000y UT U EOT UEe

4
4

3

"

4
M o
g «

bl

(@7
(@)}

m - o
Ce m '8;
(et
h=2

C

E=2
O Cc

c ©

s Cy ¢ o ™
o

)
c & o ™ &
N
b D% 4
P o
>

C«
O) —)
(@)
;
~
=
e
s I¥| o
—
g
&
&
m
m»
[p))
C e [

' ’
o

[eZARY
Co
cc O
f e
—_

m m [’
[ =C—
> O o —
C° O Cy me

>
—_ O;
mc O CSe

oo "cemg
=
o = o
c © m —
m ™ Co
m» 2
CcCom

m C

m»

C o

L, [T
& v

C pul]

s & o C. —

Ce
4 = 8 Ccom

oMo 7
7 o O

> Co Cy &
O E"C(
Y C
o

=X
&
()

g =
C g o
e
(@Z
ms >

—

—_

Co
o
o<
(e} C

m Ce © > m o © o =

; C
<
§m)_)C°

(@}
8)
m:

com — © <
Cc D
O
[p))
o CC o

S Og PO
([as)
(@Z

cmg &
D
2 fn
=

> O
e(’ (@) - C
C
ot

—)
Mm@

N O R =R )
(@)
> ©

—_

me

o o >
o - 8 8o O o

[}
ISONN o > - o S

N )

&
&
(@)}
[<4
=
o
E)
Q
=
3
—_
: B
i

[
- [Th
O
C
M- Ex @’
&
[<=4
& ’:
2
& &

>

Cc Ce e [0}
(an
N ¢ =
S O =
D @<
e Fﬂ\ (e
cm
m

o =

IS

«

Y o (o}

& &

co = Ot =

o o S O
o > MmO

(@)
o (SN
(@ Co

Co 8(04

oo™ m
Ce &

-
o B o &

cc e 0 an-po;—ﬁ
Ce
(@)
T

c O B &
- C — =

Ceo Cc
- mc & &

m-
S

o

Ce

Co

Cy —

(o i«
- m— —m@mc o
B © o —
> A
TE M,
& co m
6? C e ¢
[0}
m
Ce o — (SN
m — co C
e <
=y
S o M
m» C e
Com
& & C
e
r O D
m> me _) - FH
C O
—_
ccm X ) ®¢
[0}
o ©
o

DE UUbdOUY 0 ORI o}

TEeOUO WEUT afiee 6-2-@ 06 UUT Utipéntanpl ) & 0o Oi-Ee Eeé
T 000 e&Ektdyl @eetate) AEWO &087 OedUGEUE&N-318Y00 @O ¢UDMDD
GEAZaOT UUE GUGE OB DUE&EBYT ® Ul UEGDOGROUUUVUE UE T a&lE C
G000 U1 01 ABUEURT o¢UEBdUYT AURT eRIE WODHATAREGIUEX E al O ad
guEOS6 OGUEODA UUDOO. GUOT o611 Ue(E u0ET sl GONOER E U ¢Uso0HEEC
Uobel EGE. ¢iOF Ug-R7EADYN) ECREDEES at EUT 6 UDUEUU a0 Ads Ui T OV
el A7 0 URIT 0O Oi @Rl 60060 uUUO GEUTOUOO aoel UBUBAH

105



Dmi UetB gEI 20 UGEUI 6UUUEUUO GU Adwi 1 DODOEFUBIEEDFEIDULOO
(PCA) eUE UO0s e&U0GUCAOU G 200 DODOD AUT EeOUO ,uEDDOUVUO
UEUGOBUVUUEEe®2O 8087 Oep-lbas 0O eUE ¢sU0GE
e ew s A pCA CA
gEUI OUEG TK < R oo ” R4
303.1 0.0744 0.0003 0.0184 0.0003
- pentanol 307.9 0.0774 0.0006 0.0221 0.0001
P 3126 0.0806 0.0016 0.0264 0.0006
317.4 0.0838 0.0013 0.0295 0.0007
303.1 0.0148 0.0004 0.0016 0.00001
ethvl acetate 307.9 0.0164 0.0003 0.0018 0.00002
Y 3126 0.0174 0.0002 0.0021 0.00002
317.4 0.0191 0.0004 0.0023 0.00001
"ggUs1 UE E UOGEeo Uouel EaE
al OEU 7TU UU EOI UEesf o6AdA eUE GUET o¢Uds¢URGE
dUBUUEBUBUUE 1Y UOAUT O00OXE -¢BBT 06&EBEBOU 00200 Ug
eUGWr0e GUETOUTUT O ¢06 UPOUsUuUUUE GUEO sUEUO ¢d0U
GUEO G6FTETUUUBUO UET &0 &Ub7 0edlapsUO eUE UTa&aUl gsUC
uel UOUUEUU O1 ApUsiT EO Ol udOl OdEUe&nT aoaY al oudOA
AUEBUOT Eeal ou00i o6l sRT Uald Ui @DOUEGBEESE AWET U1
Ol O A0OEUenl UITTETUOoEUdAGORT 70 UU TOUBEU UOs Ue A0
aaodl UGOdoA GUE GUBOE ORIV OWAUEEe ol FOAWAXDIT E
¢O0T UUT T E Ol UE eUT 0OU0UBOO WEUT UOUEG U¢l UOT Of E
UT U1 0T 07 01 O UBIOUEB @AW DUUBEDO ¢OT EeuUEUUO eUE uol UL
a0ay ol oudOAUl O UESDO Ul edul EO & Ul UE U066 UG Ue&dU.
0.09
@ <
0.08 <
o
<
0.07
x 0.06
g
= 0.05
=
-0
E o004}
<
s
g 0.03 | o
[m]
0.02 | 0 o
0.01 | ¢ p-CA
aOcA
O 1 1 1 1 1 1 1 1 1

300 302 304 306 308 310 312 314 316 318 320
T/K

106



Ce
m»
©)
6]
@)
&
m
(@4
c
C«
C
m
(0]
c

o A'EI

O
Co
c

0.025
op-CA (b)
OcA
0.02
o
o
X 0.015 °
- <&
=
=
=
-0
5
2 o001
s
d
0.005 r
o O = =
0 1 1 1 1 1 1 1 1 1
300 302 304 306 308 310 312 314 316 318 320
T/K
GEAAD UI5-U gEUWAE @WAD U1 T O OBE URAX) ¢-8 061 Ud BAGWG UF 8 OU
O1 #008(a)2-1 2206-00600T@al@E) O E®Ee6T UGU£0U0 6ol UbUBGUE UEO &Ue
a0 6 0p=Fl bar

360 U aUtGEead ¢0o0UpOeeGUEO ¢06 ¢o&pUE 10
UEUT OUEOG, uU¢RO 2 U EOIUEaWI BAOE, TOGWI UEeUVUUGUY
el UaGEeOUO UGEUT OUUO URT aEOT ERUTEeéedal UuEUOAUGEQT U
UEOG uUEUBAUGsUO. gou eU0dT Ouoei Ul Eegd GeOoEADO E U
UOTEGE UEOG UEUT6UUUEUCUO. GUET UTO0UEUU U6UB ¢UDd
Uo@UT GY UUU UWEUI 6UUUEUUO ORI 00O O1F &RI GUO auUl
UEUT 6001l eUE Ui £ZAUOUUE E eUUAUUTE UWEUT 6UDUEUUO Us |
Aa0RO ¢U0OBUEAAVUUBURBURES BEOe GEAAUT E WEI RN 0T VUG
UEUT 60T 70O GUEOA TUEOUTUTEO UWEUI 6UDUEUUO Usi UE
p-e 061 Ud & W
bmim BF; > bmimTFO > omimBF , > t-pentanol > ethyl acetate > omimPF¢ >
bmimPF ¢ > bmimTF ,N
euaulrenn
bmimBF , > omimBF , > bmimTFO > t-pentanol > ethyl acetate > omimPFg >
bmimPF ¢ > bmimTF ,N
DAUBUUEBUsUUE UWUE UU EOI UEe A& 6ADd EF@@@H@U 5a01 0
UpOUUT OUT eUT OUOBOO6O ULEUTUUUO UL UOGH6O UUO OdAUI
UO6O UsT UE eUI OUUBOE UGWEUT COUUO (MMP&U&UE&&ﬁEéDTOTE
EOT UEe £ 6AdA goOuUEel OOUUE, T OE¢ui, OUE V0 UEI

107



In (x)

M Q¢
—'m»

Fﬁ‘ — o

o O
— M >

™ M C
m_ =

C

o —

o e M Oi =
—_ Co
O o O8

CCCD ST — o Q)
(@

m [m Fﬁ‘ moOre O
COe Co >»0O

—

-2.5

55

-7.0 -

(i
—_
m o
™
=)

EpCA mCA

—_

'e'C(

vanot

Hoff, E
UEO UVUos&UlsUO 606 ¢

S
G U000 UEG) GBI §6UBEOEO

c &
(@)

o

feav

(e

o]

é

06

C

o TUGedUB B UE E1/UTEUT 6 VD UEUU

GUET

6001 OAEGUUS

5 UGG Of OLEDWEG® U &l B 006 1

Agi

U TReEE0REG B 00 QB0 Tv adngoQT OHACE!
GURG RE UUN 0T (A0 K

(5.1)

aktUVUE UEO

108

o

u



GUET ¢UdUOAI R U7 ¢6gHBIWR U@ Gba@WE OBGBHIE @I RO ¢6U wEUIT 6
UOpOsEGEODO UT O E Tg,UbiQEMm UWws WOT UdYT OT Eéed 1T &30 URI
e0dT OeorAEAI 16 ¢ O1 OApaUOUUE U¢u UE GReGE
n
Tom = — (5.2)
T

SIE

UoOa Usl UE O UdE&TUO URT el0awoéddEso WEGDaAR O]
T 000 0&VUBEY O, 861 UE 310.11 O.
QO UGWAY URT 1701 Uzl RT  Ad WEIOE ef@d) GwEIREUAL T V00
U 09 Op OEET &l EOv athioa & RHIEFU ¢ OEd UY UUEe A& iU
UEOG ¢UdBOUGUO HWEUUBEaAaWwO UpxeuRAU 6 |
T AT URFB 098) (EAADUIONU 55061 BoOUDFGRAIE UO6 vanot Hof f
A

EEG B0 UEMI Uil @100 ¢ ¢

(Y] RoEuE|O¢OEEeUﬂ AEU UOT o6¢01 O
Oavt 0T O U@y U0U.

Q JUlUaOdl @ UEO ¢ouUBOGEO U7 0 AUEU@GEQPi bbs UE
6901 OAgalal&E daEn ey UET Ui saRGE
qﬁ_goln =- R(.j—hm & (5.3)

C

UOOKE UPOU&RI T O06GU ¢O6 ¢00eUUUE Upu Ukl Bo UEY Ee o
UEUGOd M UTL) ( KL).
geel 00, E ¢duU60E Ul UdOogny),) t BYIOd DA %@ LDHEG B2 E :

qS:oln — qHsc,’ohjr' qﬁ;)oln (5.4)

hm

GUOI Dxi-Oepllo 6 GEAAOI UUE 6B 5 o0 iadio yime w=dE U0 O
UEUT 6 U0O0OBEGED URIO wl®oOi #6.Ch Qi EpWBI 0OIBCE e UU A0 U0 G
Ui vados A0 AEU U066 o6¢0O1 OAEGT OUO @&U0URBUsUUE 0O E
G6Aea&l UbRGE URT Of &R1T Ugl UE |dﬁmmw5@@umumunm@0
01 3 A0OEU Gibbs Ugl UE &@U0UUEeg GU 01l U0 WEG $OEZEP UG
U0 Go6VaUsi OE . Ugdlat EQWIs1 VUOUE Euw|k®Aqmwou£®ﬁ Uc
dOSECGEO Ugl UE & 00 el EMW awlOE®D, URET UUQ® E UE UaEéU 0 ¢
Oituel0dTE eUE U¢OT &I RO URE Uoeeéudit EUE. gou UET A
UOpOsEGEO Upil UE U¢psGEO 2UUEed U 01006 UEO ¢UBEGU
UEAI 6GE URT aUOd OB UO6 Oo6 L B OWIUDS O E e £

109



-10 5 0 5 10
(@ A\‘\\A_\A ©bmimPF 3
O\@i- BomimPF 3
2.2 "\9\6 AbmimBF X
\x\x R % omimBF X
2T T *bmimTF AN
32 T © bmimTFO
t-pentanol
x 1
= 3.7 ethyl acetate
- |
Rl = 0.9805 42 £
Rl = 0.9914 \"
5.7 \’\x
UT -UT 4,
-10 -5 0 5 10
(b) A . ® bmimPF 3
22 + ®omimPF 3
R|] = 0.9929 _
AbmimBF W
%_\x\x % omimBF W
\\e\@ *bmimTF AN
—
42 + ® bmimTFO
x
c t-pentanol
52 ethyl acetate
R = 0.9808
£ {Q‘S-}:-S_ E
72 T R = 0.99p22
T -UT o,
gEAAB UISIAG0UT 1 Eed 600 ReUENE E 6061 00T 06 Usba
URI GoaUEWaEURIO® OpY UdEEO OQOeUERUGEOF Ol
P OT 00ay 07T OaO.uEUT VU

110



Dzl Uewd gET 20 ¢ouU6 ¢RI &U0dT Ous6l Ul Eeal w0 WBERIOUN BAIES G
U006 eUGUFedl Of 200.
« = MY NS g Gosoln */ 2 Q H soln / z Q SOSoln 4
GEUIUUE ° "7y 99 (katnpl 99  (Jrmamwy 99
b-e 067 UdEeu Oi U
bmimPF ¢ 1250 0.02 279 0.92 49.6 2.91
OmimPF ¢ 12.32 0.03 353 1.76 74.0 5.58
bmimBF , 3.87 0.01 14.4 0.40 34.1 1.27
OmimBF 4 6.09 0.00 17.6 0.04 37.0 0.13
bmimTF ,N 14.33 0.03 324 1.58 58.3 5.01
bmimTFO 5.34 0.01 18.8 0.36 435 1.15
t-pentanol 6.55 0.01 6.7 0.01 0.4 0.11
ethyl 10.53 0.01 13.9 0.44 10.7 1.40
acetate
elGU0ren OiI U

bmimPF ¢ 1638 0.02 38.7 121 721 3.85
omimPF & 16.17 0.02 29.8 1.48 44.0 4.68
bmimBF 4 4.61 0.01 9.4 0.30 15.6 0.96
OmimBF 4 7.54 0.01 18.1 0.54 34.1 1.72
bmimTF >N 19.20 0.03 712 1.67 167.6 5.29
bmimTFO 8.56 0.01 45.1 0.25 117.9 0.78
t-pentanol 9.65 0.02 26.8 0.92 55.3 2.92
ethyl 16.11 0.01 20.9 0.67 15.4 2.13
acetate

2ggUs1 UE E U6¢0Eeg U¢uel EQE
*soln: GEUT 6 U009 OBEGED

ANO A

U beER)® UEe U UEUDBGET Ud OU

3]

m»
(@Z

—_

mr —* 8} 2 m —
—)

QM e O

o« O

m ©
o

Ce m»

O m>

cC O ™ C
— = o

Co cc Co ™

O
—
@

X
; O

) s

. &( o C MM

c M o o oS o
_, Co ¥ g c 8

m X O C¢ (g
O m — &

O
Q
Ce
Co
m
[p))
Q -
Ce
o
Py
o
Cc o
« % e - Co — @
y (D> e m
1"
7
>
&
4 (D¢
o &
Py Eg
Iien)

(S]]

O o
O

Ce

<

()

&

[t

(=11

, MF <
c

m e Cc o
' I C [T ™ [T O C

CoCcCy O © Co —*
o
o ©

)
o O

. Co

— O S Co D T D
(@)}
[ex}

Co O
mo Q Ce e —
—_
m: cc Co

£
a2 8‘
Ee
%4

uE UoU

Ceeep &

- o Q0 "G

Ll o

(SN 8‘ o C

CC X g, = o

ot Co c Co @é

Cm 5 C
C (e

o
o O
—_) -

o
m: =

ROH + SO, + RN —> [R&NH]SOsR (5.5)
R6NHJRS® ,0+1,+ RN 2[R

—_

86 RT 0 BROEWDEYT O¢ C

o)
O £ADRUE UAGE ROGO

o O

111



DA VU0 gLiERG £A QIUGBWBE e OTudtor TitroLine KF with Titration Stand

TMKFUEO uuusr—:raozumstruments ,EOpOHYOUUT Ugp DA ¢ ET 0
071 O¢oT EGT 0 ¢O6 ¢UoOouE/Ea—ﬁngL¢EJEDJL®EJI| OkBe Wil Wi
Us 01 OO e UE U]

o)
T0 0O

(@Z O
Co O»
m o

GEUT OUEO.

ORUsO UEGUARAGO uUgAY U0
EAIE UsU]l Ob
EAE GEUI OUE
A1 a0l O EIUIEG
ORUg O ﬁ
Ob0EUe £

301 A0 U 1

[=i(e]

O1 &UdBEGED

Cc D™
< Ce
O m
[
— O
Q>
C @
X
—_

No o~ ONE
(_N( (o )>| ]

m o —*

Co ™ O

= m >
m = Q m
& C OO
(2

[«

()

(o))

(<3

lad

(<]

@

s

=)

il

oOr» O
> <

KEeubB3.go6U001 UUOO U HAiiidLiden BROE O

D o

Co CcCo Co O M o

o O O ?B‘

N e e co oo OO
m= ~ QX Com,

< o cCo oo B

o cmccac /0 Ce
N

o ey

© B
g
3 &
~ m o

112



«

C
m
C
m
—_
C =
<m
Co
Cc
(=
Py
Co >
Q
C
O
o
¢
Co

o

% g: O

—_

Co

, — C
c &
m»

— C
—_

(=]
v — Co "

o

m ©

— O Co M
m s ™

So_ <
C O m &
o M

= CCo <
S O™ O
m G C

—_

@ O T O D
(@7

oM e O 7 C ?3‘ ot O
o DM P O o O
Qo Co Tme C©e

C S
ey
m @

(@}

m
O
C
m:
(@)
E=g
Co
O
m>
Co
[p))
(@)
m»
[0))
(o]
(@)
m:
C
Ce
(@)
o
(o7

Dzl Uesd. DO EUe UE&W WANDGO GT RT GEUT 6 UMm/w)a 0 T UdO (%

gEUI DUED H,0 (% wiw) g

o0 OT UEe £ 6Ad A

bmimPF ¢ 1.35 0.025
omimPF ¢ 1.40 0.027
bmimBF 4 0.97 0.018
omimBF 4 1.45 0.023
bmimTF >N 0.98 0.030
bmimTFO 1.55 0.029

DHAUT EeO¢ GWEUIT UUUO

t- pentanol 0.06 0.001
ethyl acetate 0.14 0.001

ggU¢1 UE E UG6¢Eew Uouel EGE

—_

Cc 0 Co Cc ©

113



QUGAI UEO 5. DAEBUT UUEen 1 20500

000 EDI, & 01 ¢
OéedUlGpg U0 UPDOUEDE

C ™
e S
wn O)
o me
c O

GEUUEUUO U6 Ux0
EUGODd &0. GUE a

U

UEOUD® OO UOUUO BE
Scanning Calorimetry -DSC) Al

gU UoOUUT &GT UU

O Ul UEOi UEuU

eu O1 0, AE
UGEOG eUUA UET 0@
i E O i U UEO 28Ud7 0edU
ol O GediERaId Al 600 Hiermogravimetric  Analysis i

& VR EGE UEO Go67 oUDEGOD AO (
UT @01l 9600 UGBTI EO.

T UUEea&d o6l egeud

Toledo DSC1, UO &Uod7v OedUGEUend UVUDdO6300 Ao RuE 6o &l

2®dT UT GEO Uwd EeWmih BAWED d10@1 ¢ UEe U a6l ORGO 500

Od7 OaEk&s U1 A1 60E ROEGEYT Op OEge E® Goledp ToaBSEV 6 & M

F/500 Star © System, UO &Ud7 OedUGEUe&D 0d Ode00ji Ay BEEOG @00
0

@

(5
U
e

Co
(e
D m)
O
s
(e}
> O
h=2
Z c
o
m»
k=2
C
o
[t
C
m
e
m
O
c
Cs
m»
=
, &
&\
hi=H

Eeaed AT U0 ULOBYEBO)OHB adAsaOl UUT al0°qoln UeodE
5 3 0 C 6AO0U0 UEOT Totedoe Tyd/OEC 1ME500 Stae r ©

a
& g1 ¢UED A UUU Uo¢ WidoWIEDI &EODWEO .

114



Co —7% Co Co Cy Co

Cc D Cc S

Cc D Q¢

e

- CcC

C m

O O Cee Ce

(e}

—’ ¢

O CC O MO FH‘

%
o~

O o @
- m — o —*
' o

115



|
«

O
c
c
i
C
m
O
9]
O
B
m
(@
-
Ce
-
m
o™
c
8
O
O
O

mp

Ce

- a;

)

(@

)

=

™ M = O
Yo o &

OO co
(@)}

= m

fa
G o

o™
- m C M
m o <
@ Cc o
2
Co© ;
o ©
Cc »
; Co
<Y —7

o’
o

GoG&am
O
;
}
3
)
\
D)
(¢
C
)
)
5
5
)

046, cCe o

O Fﬁ‘ Co Oy & m, e
Q»

Fﬁ, - cC ™ cC >
C 9; — —

c O
- o O — @
e S,
o ¢ H
= [T mp
Cy —¢

o O =
(@)}

—_—
) cx © o
e

—
M o = m

—

\

G‘ m
4

C

)
S em M T o
(=

& e Mo o
< m

G o

pull

Co

T
o’

QT T, Em o oY
>

m —

Co

cCQOS > CCct oo
O TCGH o TS mmC
S COMe OO O™
«
Co
&
&
=3
4 [wn ] y
, T Qs 2
&
—
Ce
— o & o

Co
(e
O

(@

LB e T T T T T T T
a0 100 150 200 250 300 350 400 450 500 980 °C

Lab: METTLER STAR® SW 9.20
“exo
mg mwW

(b)

L e e B N L e s e e s s A s s
50 100 150 200 250 300 350 400 450 500 550 °c

Lab: METTLER STAR® SW 9.20

116



QUG AN UEO 5. DAED U

" M Jmin '
55 min

&0 100 150 200 250 300 350 400 450 500 660 *C

100 : "
80
(b)
5-02. gooEeo éeUI ¢UTE ¢OGOGUEUs UG UU$GI BEUAU
oUd AARAOO UEO % (leolnil¢UlH (EO & iaalEQ) OABY 00
U Ot 0 eUE b) .AEU UO eUdGUfren O7T0

gl /Al 6 DEC gl Al 6 TGA?
_ 1° 5 P
I E A o o § s H PR 2 a U &t
UUUEeé i Tn/°C M ¢ (KiLmpl §g uNLégzuEegc Te/°CR 449
219.2 N 27.42 N 0.¢236.2 N 02388.3 N
232.5 N 27.68 N 0.1241.1 N 0332.1 N
A0UdT OedUABEOUEE WHWO T £ZaUO ¢ 0 WHWE QEHR 6 19dIGEIE ¢ Ud AARAOD
bgglpT UE E U6¢Eed Uouél EGE

117

C«
m»
(0]



QU

A1l UEO 5. DMEBUT UUEen 1 &100

GEal EOAdUGe U

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

(12]

(13]

(14]

[15]

L. Chebil, C. H umeau, J. Anthoni, F. Dehez, J. M. Engasser, M. Ghoul,
Solubility of Flavonoids in Organic Solvents, Journal of Chemical &
Engineering Data, 52 (200  7) 1552 -1556.

B. Peng, J. Zi, W. Yan, Measurement and Correlation of Solubilities of
Luteolin in Organic Solvents at Different Temperatures, Journal of
Chemical & Engineering Data, 51 (2006) 2038 -2040.

E. Panteli, P. Saratsioti, H. Stamatis, E. Voutsas, So lubilities of Cinnamic
Acid Esters in Organic Solvents, Journal of Chemical & Engineering Data,

55 (2009) 745 -749.

A.J. Queimada, F.L. Mota, S.P. Pinho, E. A. Macedo, Solubilities of
Biologically Active Phenolic Compounds: Measurements and Modeling, The
Journal of Physical Chemistry B, 113 (2009) 3469 -3476.

F.L. Mota, A.J. Queimada, S.P. Pinho, E. A. Macedo, Aqueous Solubility of
Some Natural Phenolic Compounds, Industrial & Engineering Chemistry
Research, 47 (2008) 5182  -5189.

R. Bogel -Lukasik, L.M. Nobre Gon calves, E. Bogel -Lukasik, Phase

equilibrium phenomena in solutions involving tannins, flavonoids and ionic

liquids, Green Chemistry, 12 (2010) 1947 -1953.
E.K. Panteli, E.K. Voutsas, Solubilities of Cinnamic Acid Esters in lonic
Liquids, Journal of Chemical & Engineering Data, 54 (2009) 812 -818.

W. He, D.S. Silvester, |. Streeter, L. Aldous, C. Hardacre, R.G. Compton,
Measuring the solubility of benzoic acid in room temperature ionic liquids
using chronoamperometric techniques, J Phys Org Chem, 22 (2009) 69

76.

C. Louren-o, C. | . -GMeklas,i k R. BERuckdBesly & |
Advantage of Pyrazine -2-carboxamide: Application of Alternative Solvents
on the Way to the Future Pharmaceutical Development, Journal of
Chemical & Engineering Data, 57 (2012) 1525 -1533.

K.B. Smith, R.H. Bridson, G.A. Leeke, Solubilites of Pharmaceutical
Compounds in lonic Liquids, Journal of Chemical & Engineering Data, 56
(2011) 2039 -2043.

A. Forte, Cl. Melo, R. Bogel -Gukasi k, EBukBeg &l A
solubility of isoniazi d, an antitubercular antibiotic drug, in alternative
solvents, Fluid Phase Equilibr, 318 (2012) 89 -95.

M.S. Manic, V. Najdanovic -Visak, Solubility of erythromycin in ionic
liquids, J Chem Thermodyn, 44 (2012) 102 -106.

H.M. Lin, H. Y. Tien, Y. T. Hone, M.J. L ee, Solubility of selected dibasic
carboxylic acids in water, in ionic liquid of [Bmim][BF4], and in aqueous
[bmim][BF 4] solutions, Fluid Phase Equilibr, 253 (2007) 130 -136.

M. Dotterl, I. Haas, H.G. Alt, Solubility Behaviour of TiCl(4), ZrCl(4), and

HfCI( 4) in Chloroaluminate lonic Liquids, Z Anorg Allg Chem, 637 (2011)
1502 -1506.

S. Carda -Broch, A. Berthod, D.W. Armstrong, Solvent properties of the 1

Sol ubili

favour al

118



QUG AN UEO 5. DAED U

C«
(=
m

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

butyl -3-methylimidazolium hexafluorophosphate ionic liquid, Analytical
and bioanalytical chemistry, 375 (2 003) 191 -199.

S.K. Poole, P.H. Shetty, C.F. Poole, Chromatographic and spectroscopic
studies of the solvent properties of a new series of room -temperal
liquid tetraalkylammonium sulfonates, Analytica Chimica Acta, 218 (1989)

241 -264.

A.J. Carmichael, K. R. Seddon, Polarity study of some 1 -alk

ture

yl -3-

methylimidazolium  ambient -temperature  ionic  liquids  with  the

solvatochromic dye, Nile Red, J Phys Org Chem, 13 (2000) 591 -595.

L. Crowhurst, P.R. Mawdsley, J.M. Perez -Arlandis, P.A. Salter, T. Welton,

Solvent -solute interactions in ionic liquids, Physical Chemistry Chemical
Physics, 5 (2003) 2790  -2794.

P. Wasserscheid, T. Welton, lonic Liquids in Synthesis, Second,
Completely Revised and Enlarged Edition ed., WILRY -VCH Verlag Gmb
Co. KGaA, Weinheim, 2008.

C. Chiappe, D. Pieraccini, Determination of lonic Liquids Solvent

H&

Properties Using an Unusual Probe: The Electron Donor T Acceptor

Complex between 4,4  Gbis(Dimethylamino) -benzophenone

Tetracyanoethene, The Journal of Physical Chemistry A, 110 (2006) 4937

494 1.

S.G. Zhang, X.J. Qi, X.Y. Ma, L.J. Lu, Y.Q. Deng, Hydroxyl lonic Liquids:
The Differentiating Effect of Hydroxyl on Polarity due to lonic Hydrogen
Bonds between Hydroxyl and Anions, J Phys Chem B, 114 (2010) 3912
3920.

and

M.J. Muldoon, C.M. Gordon, |.R. Du nkin, Investigations of solvent -solute

interactions in room temperature ionic liquids using solvatochromic dyes,

Journal of the Chemical Society, Perkin Transactions 2, (2001) 433 -435.
G. Singh, A. Kumar, lonic liquids: Physico -chemical, solvent properties

and their applications in chemical processes, Indian Journal of Chemistry,
47A (4) (2008) 495  -503.

M.G. Freire, L.M.N.B.F. Santos, A.M. Fernandes, J.A.P. Coutinho, |.M.
Marrucho, An overview of the mutual solubilities of water T imidazoli
based ionic liqu ids systems, Fluid Phase Equilibr, 261 (2007) 449 -454.
J.M. Lee, J.M. Prausnitz, Polarity and hydrogen -bond -donor strength
some ionic liquids: Effect of alkyl chain length on the pyrrolidinium cation,
Chemical Physics Letters, 492 (2010) 55 -59.

um -

for

R.R. Kr ug, W.G. Hunter, R.A. Grieger, Enthalpy -Entropy Compensation .1.

Some Fundamental Statistical Problems Associated with Analysis of Vant
Hoff and Arrhenius Data, J Phys Chem -Us, 80 (1976) 2335 -2341.

National Institute of Standards and Technology, Gaithersbu rg, Maryland

20899 USA, accessed on June 2014

M. D. A. Sal da¢fa, B. Tomberl i, S. E.

Temelli, Determination of vapor pressure and solubility correlation of

phenolic compounds in supercritical CO2, The Journal of Supercritical
Fluids, 40 (2007) 7  -19.

K.A. Park, H.J. Lee, |.K. Hong, Solubility prediction of bioantioxidants for

Guigard,

119

(0]



QUG AI UEO 5. DAEBUT UUEén 7 &500

functional solvent by group contribution method, Journal of Industrial and
Engineering Chemistry, 16 (2010) 490 -495,

120



m» )

D

S —

O o
—_

Co -

G
O m
= D
(@) Co
Co —;
C O
Cie

F CCCo O C

o
i & O

S e o CcQ

> Co Co
< [
[ O
™ © X Cc C &
mp
= 8
(@Z

m C C > @
o Te O o
m»

— o>
€S e OO ™ CcCcX>>» o [Ty M M Co Mh M-S
—_

C
X»
—_
S e = Co
(e
» O ’
' o
e 83 = C O O
[ (@Z o
—_

— o Co © O (0]
cE~n—gss
oo M S B = O

> O e O

- ™

e O m® —o -
_ O

oo &My
[0}
— [T
e m T o
- o O o
o S~ b
‘ C c
—, M C -
,® m ©
0 C)

R=2

a R 0 o} , U
1 U UE &Ud1 Ouai U é OT 00 GEOE T EA
U U UopOUUT 267 UOU UED UoOU0GUOD i OAgO ¢ 0o
O¢o0T UTE UTOUUEUU, wWHO VeBHEaPPD A1
Q UNIFAC U¢OUU0T Us UO ¢l &01 GEUUOUOYT &1 O &U0sY Ou
GOUDOEGEO UO6 @o6T UUTUVUGUG UT UBADUEUUO POEGEY O¢ O
PORUUOBREel GRUGEUGY gOaiE0BAUODLIEeUET U U006 101 U&
UNIFAC U UE OQUE TU UEBEU ReUWagEy OpoUTuE WG Od UUEeal aUGEe
[ Yo) U UE UGEU@&GETUO GUOBO ¢61 UeU@OUBUT BURRECUVOD
1 a 00URT Uppdd UalGUERD GEAGOdUVUO nGIHA A £02Rd E

T U ~ w ’I‘ 0 W ~ 20 U

£

[

(SN

Co — I [Th M O
® = oxp &

CcCSe o Mr 7 > @

— M

m < o
e

Mo & C R B g O
Co

ccOoS DO E ™, 0
—)
m = C Cc O

- o

o
‘oY e C

Fﬁ‘ m e

«

S Co o~ C—t oo
o Tg ~Tma ~
Ce

(@] ()

B2

C

Co

(@)
C

121



oUd A OC

u

G

TF,N, TFO, BF,, éU
C 6
pUEDd U R

01 O B[AYEGERD

U
4.
ou UOUUEé/E |raA|U 0 10.E OT OAECGUEed
®#Ae UEUUE aUOT ¢oOGUEOOEGT U URI ae&l UEGURT ¢UdUT 8
gUuduoel Ut Eeal 1TOT Ukl RI, AEU UEO 090sU0O0 O UREGUOG
URT o6¢O1 OAEGT T R1T e&eUE ¢UEBUTUUEednl UEYTal a6l 00T
ueUlEeD YT s6AY 0. DE ¢UEBUT UUEeOs G661 U0U0T VGUERDO U1
60001 OApalOl UUE KNgRIBBEO uoap OVe UG U¢ou UET Ve AGU0UOU
UEUT 6 UDUEUUO UQUEUUBUUE eUE E UEGUARAG UEO &uUdl
eAe 0 UTUEOI UEURUE&eOU, EUEUUEUUO ¢O06 ¢doOGuUEOBSGUE
Dzl UeUO 5. 6)
O Go1 ABUEGE U1 URDPE GMpOstEIGED (A VU UBDIAEDSBOT U ¢ 0
el Ud 0T 203 U] 600 EO o}

122



O
Co
ot
i
Ce
m
(@F
(]
(an]
Co
@]
O
¢
(@)
C«
oy
-
D
:
c
(@%

S

_@:,
FH¢
o
&
(@]
el
(e
Co

GEU U0 1NRTWEI UD A VU000 U6 RUg R0 salROWeEedO W

Ui U0 UEOGu®OBGEoGUURUDY eUE sGE 10 0.2 . (QHAIE)UD A U
tAeO®R) (URI T 08 RI AEU UNKQUACOB &1 OAgaUEe Ul AEU C
pVdsdpURGE URI T OdbEUenT OT aGURT RO UO #AedOEGT U
OpEGUT OyFOOE (0 AR)ABRT uOT Eedal O AORDsOGUUPEOGUT OUT VU
OE 09000 #RO61T 6¢0O1 OABRIU®BE ¥ WE WEs & de@u®d o UE WEY
URTHansen e UE Go6l OM&AAUWG o AEU UU EOIUEe&£k o6Ad A Ul gi
acEal EOAd UGS U. gT UT 6UEeuU0bB U bmnTEN OEO ¢EIDTAT B)OD O & A |
®#RO6T o6HOUBGA T U UBondi B DU ORywd&Kato e UE G661 OWRAUOD
Oia AEU UU 6601 OEQU wEUUgeEUI (Urdhal Bdidiiee i &EUDG 6 U6 0 E
Gol O AEDUOIE £RO61T o6¢O1 OAEGUUs T U UGUBT OAG Ol ud u
(polarizable continuum model ) . GUO1T D¢ UaWlse 0T UUE UT UToUEe £ (
eUE UO ¢1 0206 URT uOi Eeal O £uR1T ¢06 UpUBUsaldsI
Ul UsGUOERUO UET &0 ¢UBUT 2UbdRR, QUOIEX VI 00U ODR&VEe B Ae C
pUdBUUs& 0T UUE OE UET &O0R &RD URDO U0 WMUREe &2 URT EOT U
oAdOT
Dwi Ueed. KguOO eUE ¢1 @geO0O uOV Eeail OV AZuRI AEU UEO 7T OdEUe
oUd A OUbdOE U@EUE WeAred)o ,
AT RGE DA Au U DA g2 OO O A R Q
p-coumaric acid ACH 4 2.1252 1.6

ACOH 1 0.8 952 0.68

AC 1 0.3652 0.12

CH=CH 1 1.1167 0.867

COOH 1 1.3013 1.224

Go1 Ol Eeu TUDEOD 5.8036 4.491
caffeic acid ACH 3 1.5939 1.2

ACOH 2 1.7904 1.36

AC 1 0.3652 0.12

CH=CH 1 1.1167 0.867

COOH 1 1.3013 1.224

Go1 Ol Eeu T UDEOD 6.1675 4.771
t-pent anol CHs 3 2.7033 2.5440

CH, 1 0.6744 0.5400

c 1 0.2195 0.0000

OH 1 1.0000 1.2000

Go1 Ol Eeu TUDEOD 4.5972 4.2840
ethyl acetate CH3 1 0.9011 0.8480

CH, 1 0.6744 0.5400

CH;CO0 1 1.9031 1.7280

Go1 Ol Eéeu TUDEOD 3.4786 3.1160

GEU eUeéalIU UpOuPOALBs AT U0UU U/GEDT DOHERYEDIWEE:e O

6AB00 o ObAUT EeOU UGWEUT OUE) poOCUEODdsGUELUIT a00
T AOUEUUO ¢oUBA OUBOE UITEIUdsUOUNIGUAC GUGDOENEUABO 1
UONRTL, OE UEYT &0 URT O¢ ORI T Uas 10 aO&E TO0GGU 600
pUDUUse 0l UUE a®BOT Dmi UeU 6

123



QUG A UEO 6. UUBT Ouo6l UT Eée@ 7V OTUUI OPQOBEGE T U 7 O1 Uel

Dz Ueard DAUO A UUBOE UREGOUBsmAe OR] 101 OUUEe &l URT EOT UEeal

™

oOT UEeb o6ADdU R Q

bmimPF ¢ 2 11.034 6.958
omimPF ¢ 2 14.23 8.935
bmimBF 42 10.05 7 6.368
omimBF 42 13.187 8.357
bmimTF ,N ° 11.2 10.2
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pCA
bmimPF ¢ -195.76 811.03 17 -94.91 18554 17
OMIMPF ¢ 366.92 -94.21 4.9 55.08 -7.08 5.1
bmimBF -1301.63 570.11 14 -357.86 182.4 1.3
OMIMBF 4 -328.89 -226.05 25 26.22 -131.15 01
bmimTF ;N 734.98 -198.26 25 110.01 -7.20 2.4
bmimTFO -964.23 404.46 0.7 -259.57 106.32 0.9
t-pentanol 3592.01 -1025.72 3.7 683.59 -382.91 0.2
ethyl 2585.55 -1112.60 7.4 965.55 -399.18 2.4
acetate
3280 GGATU 3.1 1.8
CA
bmimPF o 736.31 -48.76 3.4 127.13 -4.99 38
OMIMPF ¢ 107.05 1183.92 27 -62.17 284.08 2.7
bmimBF -276.72 -603.84 05 1221 -191.95 05
OMIMBF 467.76 -618.91 0.9 -331.36 437.15 0.9
bmimTF ;N 1063.19 -58.98 213 201.67 -4.43 22,0
bmimTFO -460.68 205.44 12.8 -138.01 52.85 133
t-pentanol -191.48 61.08 1.5 -76.51 24.44 1.6
ethyl 229.18 3085.36 29 -177.36 1895.92 1.0
acetate
3800 GGAITU 5.8 5.7
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UE T UOAUT OUUBE UEUT A6UODUEUU U0 @UGQAGBIeDW 0OTEOWy i UE
UOT Ot Eel UEeéosi UaUxdoBF ETi GU0ODEs@OBEOBBEUGS U.

aaodl UGOd A GUET UoUbirAdDdfunde] E E ¢oual U E Ugl U
GRGUG RO ¢50O UE GUEBA UWEUT 6UUDUEUUSO URT wUO UEUI
6067 UdEeOU Oi 2006, U0UTa UO 101U O ¢v5dal #pUE UET 0O
UO0s eUGUFedU gOT ADIOOU0T 287 UUU ¢d0AaTUPES TUO OO ul
dUBEGGUUUBUVUO ¢UBEGUGGUVUESDS wUl UOUsl UE EeUl O9pOEEUEe £
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Dzzioéél-é.gq;éoma'eﬁrooo ¢oua|‘0 ()UN]FI&C €HE BEUOB8OO 00
UNIFAC -Dortm und . EUT 6 G0 UEUU@® Qi LEO/"éaJ | AIOB 09T UBEEOU O
(pCA) e UE e @A)U Q0 Cw0®d o AUT Ee C GEUT OUUVO.
Original UNIFAC
pCA CA
gEUI OUEOD TIK X g GG X g GG
t-pentanol 303.05 0.0562 24.4 0.0886 381.4
307.85 0.0609 21.3 0.0927 319.3
312.55 0.0658 18.3 0.0969 266.9
317.35 0.0712 15.1 0.1014 243.7
ethyl acetate 303.05 0.0561 279.1 0.0863 5293.1
307.85 0.0618 276.8 0.0915 4981.7
312.55 0.0678 289.7 0.0969 4512.4
317.35 0.0744 289.5 0.1027 4365.2
UNIFAC -Dortmund
t-pentanol 303.05 0.0124 83.3 0.0142 229
307.85 0.0158 79.6 0.0182 17.8
312.55 0.0199 75.3 0.0228 13.7
317.35 0.0249 70.3 0.0283 4.2
ethyl acetate 303.05 0.0005 96.6 0.0694 4240.0
307.85 0.0006 96.1 0.0753 4082.2
312.55 0.0008 95.4 0.0813 3773.3
317.35 0.0010 94.6 0.0879 3721.3
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73 gi EOI UAEGE UO6 TA@BMOaRS@GaI T g AT U0U
OdAUT Eeal UuUE&QUBOOODEenT o6Adal

GUET ¢UdOUGU OTOUUEUU ¢UbOCoGEAAOTI GUE UU U4 OUUOT &G
1 O6COSMO-RS G U uoUlUEeA eUE UBEUUEeA TsATUUU EOI UEe
[RRAM][PFR], Ul eUT gRI/ @RI QUILLIE OOT a1, a@UM ¢OVDAEGT OUO
a6l 00T 0GUGT VT UBAUUEUUO AYUESEO UbUsRBAOOUVUEG OB C
UE E0O0000sU0 @oAMORIEOUIWOioAeVUedET 21 U GoaU@T 0O
T OAg U066 101 U&l 06 UPUEUUs UE GEUT UARAG 6006 Uds
eUead Ul U UU G6GUVUUEe A ¢UBE®&ROI UUE GUE aA&ZdtE tl0ud

731 Gol 00T 0aU@O UT UBAUUEUUO GU APUEBE UbUsREO

GUO GETUsO Uo6ULD o6¢01 OAs G UECOBNO-RE WDEU@G 6T ODU BN 020
Ol 06 ADUECUUOG UUGGAdRI eUl OTEeal Ul eUTlsRT (o071 UA E
UE UoBei OBl eVl sRT (eoel Op01 UAT EO, eoeil OUT A1 EO,
EOT UEeéel -Kedl & methyl imidazolium hexafluorophosphate ([C  ¢MIM][PF g]) .
guU U¢OUUIT &at UOU U(“)o T 01 Ul O6 ¢UDdOAGEHADT GWH a
gEUAd A T-DUBUE éU GoAéedsil O UPOEE a0 Al BelE Wl u O =i U
eUE T U0 UU U¢OUUIT a6t WNIBACUOS6 T O Uel 06

gU ¢oUVUEBUT UUEeA G0OUOT T U 6¢OuUEeT U061 UWUE E TE
Uet A1 OUUE T 0 UET UUTEGE U066 1T10860060 UEO Ul eoli Eé
U600 ¢UODEADAGUUUE UoEUO6RIOxEUE DHEOUBeEUD PUOEAD
U¢ps0EO UPEUBROO GRUOUEeA£ Y0 UEI U¢sudUGE UEO @
UpOel g UEO URT w00 10102l RI 70 0ud060 T e&GRI  Udl
bE&VT Eeal 1O £ZuRT Upl UE EUGEUgUUBU EeUT O OEEUEE &0,
Uo¢u.® T OAUBE&T Eea2d TOT A0 aU i U0 U0 VAT 0UU.

GoAeodosl OTUUOG UU w00 7 O1 Ueal UCO3MDBRS UE oGl UslaEd Eb U E
i UAUT OUU0UBE UedsgaUEU a0 0l U0 OUU VAT UOUU UTeUl gRI
Ot 06RO GUU 1 6AT UUU eoeéel OUTeUTsRT T U U UGBBGE UO
U661 UE GUEO ¢UBEGGUUUBUO ¢UBEGQUO GCOSKRO-RERGE UG OO A
AA0E UEO 061 Ol Eeaed 72100 UpOel sGVUEO AEU 0l U U0UU 7
60 UdBORY UO6 TOIMORBSQGI3 | OAUBE&YT Ee &) i O EEUAIO6
i Ol U2lURBIBAC (0.23 1 OAB@aT Eead 1 QUUAEEB®E, . UOCosud-&zl O
6oUVUdUVUEUEYT £ UET U¢suodoUGE UO6 TEQOGET Fgep@U UR WU e UG
GUOERUO 101 006 UEO uwEUOET OUO aEal EOBISMO-REO @GUsT O
gl OE EUEUsUU0UBU EeUl OpOEEUEe £ U ¢ AEIUH Tal0 UAHICEE dURY
UdbUsROE OobAUTEedal aeGUUUH4GT GU EOT UEe ALk o6Ad A
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QUG A UEO 7. DDOGOI O6RUE EGODD0OPBOSMOREN URT 1

Dz Ue0. g OUUT &4 UOU 6¢ Ol OAEGT Ol Gol GUT UVUGUGT VT UBAUUEUUSO UTCeMINIERR] / & e TU@U T e00 TUsER TU
UNIFAC @ UBOSMO-RS&é UE G UAedEMWEUUBe £UEDO U OF &1 U
INA®P e = 0 hAP - INAP 4 0 Z20E Uouétl EGI
g/ (K) InA®,,.Y UNIFAC  COSMO -RS UNIFAC COSMO -RS UNIFAC  COSMO -RS
DT UA EO 298.15 2.62 2.15 2.64 0.46 0.03
313.15 2.50 1.94 2.45 0.56 0.05 0.45 0.09
323.15 2.14 1.79 2.33 0.34 0.19
K1 A ED 298.15 3.11 2.75 3.15 0.36 0.03
313.15 2.96 2.50 2.93 0.45 0.03 0.40 0.05
323.15 271 2.33 2.79 0.38 0.08
Ko OA EO 298.15 3.42 3.32 3.65 0.10 0.23
313.15 3.25 3.04 3.41 0.20 0.16 0.18 0.18
323.15 3.10 2.85 3.25 0.25 0.15
D2 U A EO 298.15 3.80 3.88 4.15 0.08 0.35
313.15 3.61 3.57 3.87 0.05 0.26 0.08 0.28
323.15 3.47 3.35 3.70 0.12 0.23
Oo6el 0¢ 07 UA E 298.15 2.14 1.95 2.18 0.19 0.04
313.15 1.98 1.78 2.01 0.19 0.04 0.18 0.06
323.15 1.81 1.66 1.91 0.14 0.10
298.15 2.54 2.58 2.60 0.04 0.06
O6el OUT A1 EO 313.15 2.36 2.37 2.41 0.01 0.05 0.02 0.05
323.15 2.24 2.23 2.29 0.01 0.05
298.15 2.84 3.18 3.05 0.35 0.22
Goel O UA EO 313.15 2.65 2.93 2.83 0.28 0.18 0.30 0.21
323.15 2.47 2.76 2.70 0.29 0.23
GolT OTEéeg 1 &0E Upuel EGE 0.23 0.13

*exp: 9 UEDUT UUEed UEYT O
* calc: 69 OT OAEGT &l E UET &

U [43]
308 U¢uel Eak

GUEO Ubd

(o]

0

E

O

(3)

gUo7 OedlGsLO
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& U U Ecadhmim *.
gO 1 O1 (oBMD-RS ¢0 0al 2o VUE AUOIEeA UE OGUEBA UGEU] ¢
EeUl Op OEEUEe £.

MpCE

DAJEDUY UUEe @

omimBF , > bmimBF , > omimPFg¢ > cs;omimBF , > bmimPFg¢ > c,ohmimBF , >
c,0hmimPF ¢ > csomimPF ¢
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COSMO-RS

omimBF , > bmimBF , > czomimBF , > omimPFg > c,ohmimBF , > bmimPF g >
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MFE

DAJESUT UUEe O

omimBF , > omimPFg > bmimBF 4
c,ohmimBF , > c,ohmimPF 4
COSMO-RS

omimBF , > omimPFgs > bmimBF ,
c,0hmimBF , > c,ohmimP Fg

MSE

DAJEBUY UUEe @

omimBF , > bmimBF , > omimPF ¢
c,ohmimPF 4 > c,ohmimBF ,
COSMO-RS

omimPF g > omimBF , > bmimPFg > bmimBF ,
c,ohmimPF 5 > c,ohmimBF ,

\Y
\%

bmimPF ¢ csomimBF 4, > csomimPF ¢ >

\

bmimPF ¢

\

czomimBF , > csomimPF ¢ >

Y
o
3
3
Y
M

(=2}
v

czomimBF , > csomimPF¢ >

\%

czomimBF , > csomimPF ¢ >

Dol UeDd.gEUGO020 aU 1 OAUBERT E& &0 1 Of Alild >Opred+|®gxupa>Eeou R
AEU UU uoUUEe A& 1V 6AT UG UaoaRED 1 BEII REIE@H HUD Ad 0

Ko Uaed UG MpCE MFE MSE

TIK

o Ho 303.2 3122 3212 | 3032 3122 3212 [3032 3122 3212

omim BF, -0.32  -021 -0.10 | 0.12 0.21 019 | -011  0.04 0.09

omim PFs -051 -0.35 -0.25 | 0.17 0.23 0.21 0.08 0.14 0.19

bmim BF;, -0.26 -019 -0.16 | 0.01 0.12 022 | -0.25 -0.14 -0.04

bmim PFs -0.33  -031 -0.22 | 0.10 0.26 026 | -0.09 -0.04 011

csomim BF, 0.08 0.09 0.05 -0.08 -0.11 -0.17 -0.29 -0.24 -0.21
czomim PFs -0.27 -0.25 -0.16 -0.16 -0.26 -0.23 -0.31 -0.25 -0.18
c;ohmim BF, | -0.23 -0.16 -0.28 -0.68 -0.60 -0.74 -1.05 -1.00 -1.02
czohmim PFs | -0.69 -0.69 -0.63 -0.13 -0.22 -0.24 -0.89 -0.90 -0.83

AAD 0.28 0.24 0.35
RMSD 0.18 0.18 0.35

gO 10T U2l O ¢50al &«pUE V0 UPEU6RsU UET U¢suodoUGE
g EUT 6 Ub &hitnt)*U= bmim * > czomim * > c,ohmim* AEU 00660 UBUEO UG U&d !
OU U0 UTEQTUOU, UVeUuOvpCEy U U gOD ODUa#0BBUT U 6 ¢ Oul
Ui UgaUdO0GE ODOEDAURT EOT GodimPF; 8 A&dshmimPFg. a ¢ RO
po0eU0dUUVE Uou UO EAADUITU 7.13 (A 7.4.3), OE U«
Oy GUT a0l OUO, a6l Uopad, GoAAel UEU T U UEO Uleéeodl Eéeea
el A ORI UGEUG¢ O ADL. 0O uEEn UL UEUVUABRIE, 00T UEGT OUL
UOUT EGE UEO ¢OIl EeuUEUUO URT eUUEUTURT, GUETOY 01O
T Ol UsoOBMO-RS e UE URB&EBH, UVosGEO, U¢u Uprdfile WURE 6GE UF
UVUEUT URT (ai. A 7.4.3). KoEdduaeaOUU, WUI @Ol Eeul
Ol EGROOG6T ET VUeUdbOGUUUEe®0 UITEITUVUGEUDAGCUED UORO
eUUVEUDIDOEAT UOO ¢$Ob6 UI UUARI 6aOTl UUE UEOG UI-TETUVU0ED
eUUEUT UDO.
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Dol UelUf.gEVGOB &0 GU OAUBE&T Ee 20 T Ol AlUddpQeid IGkJp EADD BU ALid VUDOA(T 6 AT UG U £6RIEEOT UET R
ObAUT Eeal UEUTo6U0UQT URT ¢d0aCeesMO-REecUBE VO UOULNBCO2] O
Kt Ua&ed U MpCE MFE MSE
5 E0T K {3032 | 3072 | 3122 |317.2 | 3212 | 3032 |307.2 | 3122 |3172 | 3212 | 3032 |307.2 | 3122 |317.2 | 321.2

COSMO -RS
eth yl acetate 0.10 0.11 0.12 0.14 0.16 0.29 0.28 0.28 0.30 0.30 0.20 0.22 0.22 0.26 0.28
t-pentanol -021 | -019 | -022 | -0.21 | -0.23 | 0.7 0.18 0.20 0.25 0.27 0.48 0.46 | 030 | 0.26 0.17
t-butanol 0.04 0.02 0.02 002 | -0.02 | 0.28 0.29 0.29 0.29 0.30 0.72 0.71 0.47 0.42 0.38
n-hexane 0.29 0.26 0.31 0.37 0.34 0.98 0.85 0.97 1.03 1.19 0.72 0.74 0.79 0.78 0.87
AAD 0.17 0.45 0.47
RMSD 0.11 0.33 0.22

UNIFAC

ethyl acetate 0.11 0.12 0.13 0.15 0.17 0.31 0.30 0.29 0.31 0.31 0.30 0.30 0.29 0.32 0.33
t-pentanol -0.37 | -0.35 | -0.37 | -0.36 | -0.37 | 0.09 0.11 0.14 0.21 0.25 0.27 0.24 0.06 0.01 | -0.08
t-butanol -029 | -0.30 | -0.28 | -0.26 | -0.29 | 0.22 0.23 0.25 0.26 0.29 0.49 0.48 0.24 0.20 0.18
n-hexane 0.90 0.81 0.79 0.79 070 | -0.34 | -051 | -045 | -047 | -0.44 | 2.19 2.14 2.13 2.05 2.09
AAD 0.40 0.29 0.72
RMSD 0.32 0.20 0.85
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Journal : Fluid Phase Equilibria

Volume: 284

Year: 2009

Pages: 99-105

Title: Prediction of phase equilibrium in m ixtures containing ionic liquids
using UNIFAC

Authors:  Efthimia I. Alevizou, Georgia D. Pappa, Epaminondas C. Voutsas

Abstract

The UNIFAC model is extended to mixtures of ionic liquids consisting of the
imidazolium cation and the hexafluorophosphate anio n with alkanes,
cycloalkanes, alcohols and water. Two new main groups, the imidazolium and

the hexafluorophosphate groups, are introduced in UNIFAC. The required group
interaction parameters between these groups and the existing UNIFAC main
groups, CH ,, OH and H ,0, are determined by fitting binary liquid -liquid equili -
brium and infinite dilution activity coefficient experimental data. The predictive

capability of the extended UNIFAC model is examined against experimental data

for vapour -liquid equilibrium,  liquid -liquid equilibrium and activity coefficients at
infinite dilution of binary and ternary systems containing 1 -alkyl -3-alkyl -
imidazolium hexafluorophosphate ionic liquids, alkanes, cycloalkanes, alcohols

and water. The results indicate that UNIFAC is a reliable model for phase
equilibrium predictions in mixtures containing this type of ionic liquids.
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Journal: The Journal of Chemical Thermo  dynamics
Volume: 62

Year: 2013

Pages: 69-78

Title: Solubilities of p -coumaric and caffeic aci d in lonic Liquids and Organic
Solvents

Authors:  Efthimia I. Alevizou, Epaminondas C. Voutsas

Abstract

The solubilities of two cinnamic acid derivatives, namely p -coumaric acid and
caffeic acid, in six 1  -alkyl -3-methyl imidazolium based ionic liquids comp osed of
the PFg4, BF,, TFO™ and TF,N™ anions, and in two organic solvents, t -pentanol

and ethyl acetate, have been measured at the temperature range of about (303

to 317) K. The p -coumaric acid was found to be more soluble than caffeic acid in

all studied solvents. Higher solubilities of both acids were observed in the ionic

liquids composed of the BF 47, and TFO ~ anions. The increase of the alkyl chain
length on the cation invokes a decrease in solubility in the case of hydrophilic

ionic liquids composed o f BF 4~ anion, while in the case of hydrophobic ones com -
posed of PF ¢ anion an increase in the solubility is observed. Between the two

organic solvents t -pentanol is better solvent than ethyl acetate for both acids.
Moreover, usi ng t he onsthe d@pareii Gibbis energyu emthalpy,

and entropy of solution were calculated. Finally, successful correlation of the
experimental data was achieved with the UNIQUAC and the NRTL activity coeffi -
cient models, while poor predictions of the solubility of the two acids in the or -
ganic solvents were obtained with two UNIFAC models.
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Journal:  Fluid Phase Equilibria

Volume: 369

Year: 2014

Pages: 55-67

Title: Evaluation of COSMO -RS model in binary and ternary mixtures of

natural antioxida nts, ionic liquids and organic solvents
Authors:  Efthimia I. Alevizou, Epaminondas C. Voutsas

Abstract

Cinnamic acid derivatives are natural antioxidants with increasing interest and
application trend by the food, pharmaceutical and cosmetics industries, which
create a wide research area for the design of physical and chemical processes

where these compounds are involved. Solvent selection is a very important de -
sign parameter for optimization efficiency of such processes. lonic liquids con -
stitute a group  of solvents that can serve as alternative to the commonly used

volatile organic solvents. Solubilities of cinammic acid derivatives in imidazolium

based ionic liquids, in organic solvents and in binary solvent mixtures composed

of an ionic liquid and an o rganic solvent have been experimentally determined
recently in our laboratory, but their limited number is inadequate for design

purposes. The time -consuming experiments combined with the huge number of

diverse ionic liquids, make the existence of thermody namic predictive models of
paramount importance. COnductor -like Screening MOdel for Real Solvents
(COSMO-RS) is a unique tool with quantum chemical background that enables

solubility predictions and is unrestricted to nature of substances or availability o f

experimental data.

The aim of this work is to evaluate the accuracy of the COSMO -RS model
in solubility predictions of cinnamic acid derivati ves in ionic liquids, organic sol -
vents and in binary solvents composed of an ionic liquid and an organic solve nt.
The privileged capability of the model for quantification of the three types of
molecular interactions (misfit, hydrogen bonding and van der Waals) along with
the corresponding excess enthalpies have been utilized for the analysis of the
governing ener gy interactions that determine solubility. Even though in some
cases COSMO -RS predictions show significant deviations from the experimental
data, in most cases they are qualitatively consistent with them, indicating that
COSMO-RS is a suitable model for a priori solvent screening. Finally, the UNIFAC
model has been applied for the case of solubilities in organic solvents just for
comparison purposes.
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