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Carnerzl incroeclteeiorn = Sx¢erzieciorn ziriel Durifiezition

of Blommelzetllss

Extractionof addedvaluecompoundsrom raw materials

Valorizationof sub-productsor residuesrom biomass

Applicationsin the food, cosmeticand pharmaceuticaindustriest—

Precipitation U Expensive
Distillation Disadvantages U Low yields
Chromatography U Toxic solvents

Liquidiquid extraction

Indusiry cortiimutelly dlenaaiads

' Theoptimization of processes for the separation and purification of biomolecules aimin
finding costeffective methods, able to providaigh yieldsand high purity levels, and that
are simultaneously morenvironmentally friendly and sustainable.
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Canearal iniraclticiion = lorie Liejuiels (IL)

Characteristics
\/ Salts with a melting point below 100 °C

organic/
inorganic
anions

large organic

\/ Constituted by : cations

Properties
\/ Negligible vapour pressure;
V' Non-flammability;

V' High thermal and chemical stabilities; "

wit® |

V' High solvation ability for several compounds; T T

\/ Liquid in a wide range of temperatures.

V' Tunable properties by the selection of proper

cation/anion combinations.




Used to extract and separate a wide
variety of biomolecules
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Citethis: Chem. Soc. Rev.,, 2012, 41,4966-4995

WWW.ISCOrg/Cst CRITICAL REVIEW
Aqueous biphasic systems: a boost brought about by using ionic liquids¥
Mara G. Freire,*** Ana Filipa M. Claudio,” Joie M. M. Araiijo,”

Joiio A. P. Coutinho,” Isabel M. Marrucho,*® José N, Canongia Lopes™ and
Luis Paulo N. Rebelo*

Consist in two aqueous-rich phases containing
polymer/polymer, polymer/salt or salt/salt combinations

Do not use volatile organic compounds

Constituted by 70-90% of water
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b characterizes the IL

ability to form ABS
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b parameter

Applicability:

Optimization of the extraction conditions

backextraction and’
recyclability routes for -
based ABS

S

+KOH (ag)

+Cey0; (aq)

2.3
/ Prediction versus Expenmental

http: //path web.ua.pt
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96.19 96.85 96.93 9862 99.06
9018 9405
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Cloud point titration method
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PHYSICAL, CHEMISTRY

pubs.acs.org/IPCB

Critical Assessment of the Formation of lonic-Liquid-Based Aqueous
Two-Phase Systems in Acidic Media

Ana Filipa M. Claudio,” Ana M. Ferreira,” Shahla Shahriari,* Mara G. Freire,*" and Joao A. P. Coutinho®
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[C,mim][CF;SO,]
[C,mim][CH,SO,] [C“T(';T%[i?nﬁgsr'o?’]
[C,mim]C] [C,mim][N(CN),]
[C,mim][CH,CO,] [C,mim][CH,SO,]
[C,mim][HSO,] [C,mim][C,H:SO,]
[C,mim][DMP] [C,mIim][TOS]
[Cemim]Cl [C,mim][SCN]
[amim][C,H:SO,] [C,mim][CF,CO,]
[C,mpip]CI [C,mim][OctylSO,]
[C,mpy]CI [C7mim]CI
[C,mpyr]CI [C;H;mim]CI
[C,H;mim][C,H:SO,]
' [CepY]IN(CN),]
Do not promote ABS Able to promote ABS

ILs with anions or cations with more hydrophobic characteristics have a greater
capacity to promote ABS




Evaluation of the IL Anion 8 ——

[C,mim][PF]
[C,mim][NTf,]
[C,mim][BF,]

[C,mim][CF;SO4]
[C,mim][N(CN),]
[C,mim][CH;SO,]
[C,mim][SCN]
[C,mim][CF;CO,]
[C,mim][OctylSO,]
[C,mim]Br
[C,mim]CI
[C,mim][DMP]
[C,mim][CH;CO,]

0.21
0.24
0.38
0.46
0.60
0.67
0.71
0.74
0.77
0.87
0.95
1.12
1.20

[IL] / (mol-kg?)

Hydrogen- bonding basicity > N fa. "ax
& 4 L L]
Biphasic ’ o D‘U&J: ' .

-1 k) 4
- Region o Ofhe Xy
. ) {Zl:bﬁ “"I ,LO LI
'E) - On frud ‘C‘i L0
¥ . _ O[_;zg: w:(/ ;/} " “C"
i T - PO gy ¥
. G om == . _ Rl )
.5.1 .I -
oy =
/0 T 1
0.4 0.6
Monophasif"--___ e i XX XX X % o
Region | | - SR OIS bl
0.0 0.5 1.0 1.5 2.0

[Na,SO,] / (mol-kg?)

z [CF,SO,] > | [OctylSO,]'> @ [TOS] & + [SCN]'> = [N(CN),] > 3 [C,H:SO,] > Y [CF,CO,]-& i
[CH;SO,]->  Br (>> Clthat do not forms ABS with Na,SO, aqueous solutions with [C,mim]*)
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Evaluation of the Evaluation of the

56 lons Alkyl Chain 8 Cation Core
o o Length o
~ = ?6 i
b N - ot Biphasic
- Biphasi .
© Rlzg?:r:C © 4 | B ... Region
I — u] *®
— -l __ % * .
3 3. | :
2 N %"% e
O ° 0o 3 Monophasi [mmttttu .
'--%0- .<><>__ f>o_<>o o | Region \"\_____‘_mﬂlﬁuﬁ: u“
| | 0.0 05 1.0 15 20
0.0 0.5 1.0 1.5 2.0 .
[NaSQ8 k oY)yz2f 1 1 3 [NaSQ8 k @)Y2fi1 13

Figure 2.1.4: Ternary phase diagrams for selected ionic liquids at 25
°C and atmospheric pressure (evaluation of the cation/anion alkyl
chain length influence): # , [C,mim][CF;SO,]; ¥, [C,mim][CF;SO,]; 3,
[C,mim][C,H:SO,]; ' , [C,mim][CH,SO,], I , [C,mim] [OctylSO,].

[[C4mim][CF3SO3] > [C,mim][CF;SO,] ]

ﬁC4mim][OctyISO4] > [C,mim][C,H;SO,] > [C,mim][CH;SO,]

~

Figure 2.1.5: Ternary phase diagrams for selected ionic liquids at 25
°C and atmospheric pressure (evaluation of the cation core and
functionalized groups influence): Z , [Cgpy][N(CN),]; z ,
[C,mim][C,H:SO,]; , [C,mim][N(CN),]; I, [C,H,mim][C,H;SO,]; &,
[C,H;mim]CI; -, [C;mim]CI.

[C,H;mim]* > [Comim]*

[C,H;mim]* > [C,mim]*

J

Pyridinium cation >> imidazolium catiorﬂ

N o Hydrogen Bond Basicity
11




J. Chem. Thermodynamics 54 (2012) 398405

‘;‘% Contents lists ilable at i Direct
m J. Chem. Thermodynamics

ELSEVIER journal homepage: www.elsevier.com/locate/jct

JT

Teresa Mourdo, Ana Filipa M. Cliudio, Isabel Boal-Palheiros, Mara G. Freire*, Jodo A.P. Coutinho

Evaluation of the impact of phosphate salts on the formation
of ionic-liquid-based aqueous biphasic systems

5.0 ¢
’.c'n A
=~ 4.0 {KHPO,/KH,PO,
6 pH:7 A
. A
E . ) Klp_IZI-PIC§45 Decrease of pH
— K,HPO4 o
) pH? )
o pHa9 e
6c~r':c 20 B
. K3pq4 A p Ap
. p Hal3 Uog ¢ e
I:||:||:|:| Mg hatad
. DD]EEDIIDDDIEUJJ DEDDDDDDEIEI 0 Oooo
0.0 0.2 0.4 0.6 0.8
[Salt] / mol.kg?

)
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lonic liquid b Salts bility of [C,mim]-based ILs @n

[CmIim][CKESQ] 0.49*8 [Cmim][CRESQ]*8 > [Gmim][N(CN)]*8 > [Gmim][TOS] >
[Cmim][N(CN)] 0.60' 13 KPQ, [CmiIm][CECQ]*® > [GMIM][GH;SQ] > [CmIim[BFE £ im][CHSQ] >
[C,mim][CHSQ] 0.66% [Cmim][DMP] > [@mim][CHSQ]*8 > [Gmim]CI8 > [Gmim][CHCQ]!®
[Cmim][CHSQ] 0.850 pH [CmMIM][CKRSQ] > [CQY A Y 8 @ ¢ hrfing[N(EN)]c> [Gmim][CHsSQ] >
[C,mim]Br 0.875° 9 KHPQ [Gmim][CRCQO8 JAIM[CHBQE  Emind[DMP] > [(mim]Br >
[C,mim]C] 0.950 [CmIM][CHCQB  F,mim][@HSQ] > [Gmim]CI
[C,mim][DMP] 1.12%8 KHPQY [Cmim][CESQ]*3 > [Gmim][TOS} [C;mim][N(CN)]*® > [Gmim][CKECQ] >

[C,mim][CHCO] 100 7 . [CMIMI[CHSQIF WA Y 8 @5 a,mib][CRSQb*
[CMIM][CHCQ]*F ,mim]Br > [@mim]CF:> [Cmim][CHSQ]43

5 ( KJDES [C,mim][CRESQ]

| pH m) | Ability to form ABS

4
C,mim][CHC
25 _ [GmimICHCO] 4—- — [Gmim]Cl
F& [Cmim]CI o ° 3 © .
x 20 - ) o = [C,mim][CHCQ]
= [Cmiml[CHSQ] € g [C;mim]Cl °
£15 [CmMICRECQl o ~[cmim]Br X8 (Gmim][CHCQ) Eo [C,mim][N(CNY]
=~ ] iml[N(CN © imliCE [Cmim]Br
;1.0 [Cmim]IN(CN)] £21 [Cymim][ f)ﬂo e mimCHSl 5 [C,mim][SCN]
=05 - _ N — [Cmim][N(CN)] =1 - >
0.0 LGmmicEsal | =11 [Cmim][CRSQ]
0.0 0.5 1.0 15 [GmimliCRSQ @ 0 ‘ ‘
O T T
b parameter 0.0 05 10 15 00 %% parameter° -
b parameter 3

18. Venturaet al., J Phys Chem B,2009 113 93049310 43. Venturaet al,J Chem Eng Data,2012 57, 507-512 48. AbRaniet al., Phys Chem Chem Phys, 2011, 13, 168311684Q 50. Lungwitzet al., NewJ Chem, 2008 32, 392-394.




-

—-—
O
Q

ttp://path.web.ua.pt

letTaft dyes

"*‘-ﬂ " fi‘

The b value is a numerical description of the hydrogen-bond
basicity of ILs and describes the importance of the individual
ability of each IL anion to accept hydrogen bonds.

Experimental

The b parameter is widely used to support several IL features, approach

such as their solvation ability and phase behaviour.

This extended polarity scale of the ability of the IL anion to
hydrogen-bond can provide = prior information to select an

appropriate L for a specific application before extensive and Predictive model

COSMOthermX

Version C30_1301

©2013 COSMOlogic GmbH & Co. KG

time-consuming experiments.

Extended scale for the hydrogen-bond basicity
of ionic liquids+
Cite this: Phys Chem. Chem. Phys.,

2014, 16, 6595 Ana Filipa M. Claudio,® Lorna Swift,” Jason P. Hallett,” Tom Welton,®
Jodo A P. Coutinho® and Mara G. Freire*®

s
-
GmbH & Co. KG
Computational Chemistry and Fluid Thermodynamics 14
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[Cymim]-based ILs

Anion Abbreviation (kJEHB ;1)
1o
. Acetate [CH3C O, -40.17
Welton et al. Lungwitz et al. _  Decanoate _ [CsHoCO 3364
1.4 1.4 Bis(2.4.4-trimethylpentyl)phosphmate [C16H:402P] -38.45
a) ] b) . Benzoate [(CeHs)COa] -34.35
L 1.2 L1 2’ Diethylphosphate [(C2H50):PO2] -3341
’ Dimethvlphosphate [(CH30),P04] -32.85
L 1.0 L 1.0 Dibutylphosphate [(C4HgO)PO,] -32.46
’ ) Chlonde cr -30.72
< Nitrite [NO,J 29.96
- 08 ¢ - 0.8 Methanesulfonate [CH;S2O3]' -29.03
Bromude Br -25.60
- 0.6 > - 0.6 Salicylate [C/Hs0] 2546
& Toluene-4-sulfonate (tosylate) [C7HzSOs] -25.05
- 0.4 - 0.4 Trfluoroacetate [CFCO,] -24.38
bH=-0.02791 E,5(kJ.mat) + 0.0605 o | 02 H=-0.01621 E,g(kJ.mof) + 0.3954 02 Nitrate [NOs] 2421
— r 0. 2 — - O. Heptafluorobutanoate [CsF7CO] -22.64
R2=0.9234 R?=0.7984 Dicyanamide [N(C’N)j -22.60
; ; ; ; 0.0 r r r 0.0 2-(2-methoxyethoxy)ethylsulphate [Cs0C1SO4] -22.12
-50 -40 -30 -20 .10 0 .35 o5 . 5 ] Ethylsulfate [C2HsSO4] -22.10
\QEERRTTLLEL CUTTTITTH .. I Methoxyethylsulphate [C:HADS04] -21.92
'E-|B / (k-J .mo |'1) e EHB / (k-J .mo |'1) . Methylsulphate [CH3SO4] 2188
_________________________ > L I n e ar Ethoxyethylsulphate [C4HO50,4] -21.78
i i ; i Butylsulphate [CsHeSO4] -21.56
- Octylsulphate [CaH17S04] -20.76
Hydrogen bondlng InteraCtlon energy In the Dependence Bis(malon?to)borate [CHBOs] -20.33
equimolar cation-anion mixture obtained . lodie r o e
Tri(fluoromethane)sulfonate [CF350;] -17.11
f rom C O S M O = R S Bis(pentafluoroethyl)phosphinate [PO2(CaFs)a] -17.09
Thiocyanate [SCHN] -17.01
Tricyanomethane [N(CN):] -16.73
. . Bis(salicylato)borate [BC1H:O6] -16.50
l:) Hydrogen-bond acceptor ability of the IL anion. Bisbiphesyldilstobarate BCOl e
erclorate 104 -13.
Tetracvanoborate [BICN] -12.48
Bis(trifluoromethylsulfonyljmethane [CH(CF:50:0] -11.16
o Bis(oxalate)borate o [B(C204)a] -10.88
B1s(n1ﬂu¥ro111;tllane;.11lfonyljumde [N(C[gf?z)g]' —ggg
etrafluoroborate 4] -9,
2 d s Bis(pentafluoroethylsulfonyljimide [N({CyFsS0a)] -8.27
V C OS M O- R S IS aS a VI ab I e an d eXpe d Itl 0 u S tOOI to Tris(trifluoromethylsulfonyl)methide [C(SZOQCF:):]' -7.20
. - . Boron tetrachloride [BCLI -4.13
estimate the hydrogen-bond basicity of ILs Triodide ) 209
Hexafluorophosphate [PFq] -2.88
Hexafluoroarsenate [AsFg] -1.72
Hexafluorostibate [SbFg] -1.65
Tetrachloroferrate [FeCL] -0.99
15 Tris(pentafluoroethyl)trifluorophosphate [(C2Fs)sPF3] -0.74

Bis(nonafluorobutyl)trifluorophosphate [{C4Fg)2PFs] -0.69
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Applicability:
Optimization of theextraction conditions for
addedvalue compounds

96.19 96.85 96.93 9862 99.06
9018 9405

+KOH (ag)
g

- +CH0; (ag)

backextraction and_
recyclability routes for -
based ABS
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12 4

o
.

1+
1o o

(1] / (mol-kg*)

271 s \KXMO
= <> o o
‘\— @
T L 4
25

0.0 0.5 1.0 1.5 2.0
[CeHeK,0,] / (molkg )
Figure 2.4.4: Evaluation of the anion nature in the ternary phase
diagrams composed of ionic liquid + water + CgHsK307: =—,
[Csmim][CF3503]; ®, [Csmim][SCN]; +,[Camim][N(CN)2]; >,
[Camim][CF3CO]; 4, [Camim]Br; <>, [Camim]Cl; 4, [Camim][CH3S0s],
[, [C4mim][POa{CH3), , [Camim][CH3CO;].

V' Single-step extraction efficiencies

range between 72 % and 99 %.

http://path.web.ua.pt

Biochemical Engineering Journal 67 (2012) 68-76

Contents lists available at SciVerse ScienceDirect

Biochemical Engineering Journal

journal h page: www.el ler. /N /bej

citrate-based biodegradable salt

Characterization of aqueous biphasic systems composed of ionic liquids and a

Helena Passos, Ana R. Ferreira, Ana Filipa M. Cliudio, Jodo A.P. Coutinho, Mara G. Freire*

e —
YEE, 100 - /@ 97.02 96.19/96.85 96.93 98.62 99.06
. 80 (4 71.85
s
L1 Oy
L
NS 40 -
\
20
7o\ 2
o/ T 0
Sowesmrnrrnd? J \ \ \ \
g H TS O YO o
Aminoacid v & ¢ & & &F 3
N N & N @Q & QVY v
\(Q \@ N QV > O™ S
& & ¢ NN
O O™
SR

U The IL anion has a higher impact on the extraction of L-tryptophan

U Extraction efficiencies in the order of 97-99 %

17
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l pH =) l Ability to form ABS Why are these
@ systems |:>
important?
Chapter 2.2 @
S 80 Biphasic region . .
?g Fractionation of value-added
< compounds present in a complex
o %97 Salt fihs mixture or in an extract from
E phase * biomass
£ 40 ; Proof of concept
. m Sudan Il m PB27
e\o, 100 IL- rich phase
20 - w
L
0 ¥ pH Monophasic region ~

20 40 60
[Salt] / (wt %

10 Salt-rich phase
CminACl  [C,Cmim]ClI [enpy]CI [Enpip]CI

Complete separation 18




Effect of Salts in Gallic Acid Partitioning

Q

B Na,SO,

30

Kea

20

KH,PO,
= K,HPO,

101 [ K,PO,

0 .
> > > > 5 o N
S & L P X S ¢
CCIC CHEE A R T S
A
S & & § S ¢ ¢
N
S T o
< A S

The pH of the aqueous solution
plays the major role in the

: extraction of gallic acid

Na,SO0, >> K,HPO,/KH,PO, > K PO,

Kga decreases in the
following order of
inorganic salts:

Most lead to

acidicaqueous solutions
> piiln system depends on the

> pH=7
-> Alkaline pH

IL - RICHPREFESE

GALLIEGAIC HH,Q + IL + ST

Acidic
mediu

©
6

®

Neutral medium

—

SHITT- RICHPREIZESE

ﬂ
®

Alkaline
medium

pH >pKa = uncharged molecule

pH < pKa = charged molecule 19




e
SO g
Regenerati oafd5% of the IL
and further reutilization.

R chq_rg][gEgsq rich _phase ______ |
£00 - 1 : I
I'gp - 11 25 wt% of G,C,im|[CRSQ] |
I 1 +20 wit% of Ni§Q I
lonic Liquid 160 4 11 |
Na:CO3 ! 1 7 I
LD Lb \ 140 1 .
i lonic qumd "G ” 1 1
Gahc Acid / lonic Liquid 1 20 1 1
E g Q. OH E g 0_ |
/E'EL %EE System: !
. - o) 4 20 wt% of £,C,im][CRSQ] I
lonic|Liquid | + 10 wtd of NICQ !
. i lonic|Li 140 1 1
lonic L:quid Galiqhacid 1 |

Galic Aci ‘ 60 ]
N;zspf).d_w/ [ iy | ety : :

H=O 80 T
r ! 1
Ty g0 829 | _ _ ______ 923 _ _ |

Celic Akl Inorganicsalt- rich phase

O
HO OH

OH

N

ol

http://path.web.ua.pt

259

Cite this: Green Chemn., 2014, 16,

Development of back-extraction and recyclability
routes for ionic-liquid-based aqueous two-phase
systems+

Ana Filipa M. Claudio, Carlos F. C. Marques, Isabel Boal-Palheiros, Mara G. Freire*
and Jodo A. P. Coutinho*

20
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%wt Compoundl

[]

%wt Compound2

ST Chapter 3.
ce®® Extraction using ABS e :
and Caracterization SolidLiquid Extraction

from Biomass

21
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3. TS

A -
& Soliid-Liquid Bxetacioon

. from Biomass. .

Guarana seeds

-

_ 801
8
= 60 4
o
w
R 404
20
0 4 . .

lonic Liquids

High %EE Biomolecule recovery

i

L
N \0’
[Vanillin] / g.L!
5 8 9
<] S
. L
q
:
s
£l
¢

TSulubiliTy
100 | up to
& 18-fold
50
B ittt
0 5 10 15 20

[IL] in water / wt %
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Presents antibacterial and antifungal properties.

4

Natural pesticide

Caffeine could be used as an alternative repellent/toxicant for the control
of pest on food crops.

Interest on Caffeine

It iIs a residue with almost no

Guarana seeds contain .
: commercial value.

about two to three more =i
caffeine than coffee beans,
and are a huge source of
biomass, especially found in
Brazil.

The amount of caffeine ranges
from 3.59 to 8.09 mg/qg.

e

Valorization of spent coffee

Why Guarana?
Why Spent Coffee?

23
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To extract caffeine from guarana seeds and spent coffee using

aqueous solutions of ionic liquids (ILs)

Grinded biomass Filtration /.E
+ aqueous under
solutions of ILs vacuum
[Operational conditions optimized: )
V' Solid-liquid ratio - R \/ ILs chemical structure
\/ Particles diameter - d \/ Extraction temperature - T
\/ Concentration of IL-C  VV Extraction time - t
\. W,

. weightof caffeineextractec e
caffeine = _ : Quantification
(Wt%) weightof biomass

24
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@ Fixed parameters lonic Liquids studied
&/ i T=70°C i C=05M (GmimICl — [CmimIC)
> i Rg =110 U t=30min \/\/N\/NE —
. /\\ [OHCmIm]CI _ C4mirrETOS]
\/N N
Results > on e
[C4mpyrr]gl [CmimCHCQl
ILs are good solvents for the extraction of \/\/"G S \/E‘ o
caffeine e == >\0'
~ 8 ”
X éﬁ @ d<0.4mm
% extracted caffeine is similar forall ILs | £ ¢ | ?f’m B 04<d<lmm
)|~ 5.23 5.20 5.11
= / S —
) .86
&
- ex 0
L 2
[C,mIim][TOS] } "S
\, 0 - ‘ : : :
Ry > L& o &
' — o (JS‘\(Q & &
g extracted caffeine C C Particles diameter < SR N 3 &




-
#
O
Q

ttp://path.web.ua.pt

Response surface methodology: o/ VaT=[65 , |185] ecC:
factorial planning 23 (T, 2, ¢ E , g Caffeine
g 927! ) 2| V CRgy extraction
™ Vv t=[30, 50] min.
Constant TVsR tvs R Tvst
parameters 7 ol W Ry
U d=10.4;1.0] mm Ja : F o5
i (lemimici=1m | - -gn\f\can .
i Tme® {r(;“ ine extracton
1aple .
variaPi® = goine
Response surface ol I
plots and contour . e 10 “ di: c.
pIOtS = nn.g : i * 0.09 y ? ‘g/‘ 55 ;
5 7 I Y41 &

TEC)
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V. T=70°C T\
Response surface methodology: 2| v t=30min Optimized
Factorial planning 23 (1, =, C ) 2 R=110 point for the
actorial pia J - g| Vv R=L caffeine
x| v [C4mim]Cl =2.34 M  extraction
\_V d<0.4mm Y,
Constant _TvsR
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Conventional methods are
significantly less efficient.

(" Caffeine extraction with an organic solvent:
> methylene chloride and soxhlet;
> t =270 min

H

N [N) w =S o ) ~ @ ]
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(éeé)
11 times
(94 g/L)

Reusability (by cycles) /\

(" The aqueous solution of IL can be )

reused at least 3 times without
reaching saturation and without

loosing the extraction efficiency.

Results

H
o
I

[Caffeine] (g.1)
S
5

Recyc | ab | | | ty 1st extraction 2nd extraction. 3rd extraction

" Selection of an organic solvent )
£ | (non-miscible with water) capable
< | of re-extracting caffeine from the IL

medium.
Butanol can be agood  |Effect of butanol on

., . Volag candidate to re-extract caffeine). IL solutions?
= [Improved re-extraction solvents:f apy to)l(l'e _ _
2 |V chloroform; SOl pye. The IL solutions do not lose their
@ 1\ Methylene chloride. substitute eXtraggﬁgc‘;ghcﬁ?hcﬁuﬂﬁglthe re-
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Enhanced extraction of caffeine from guarana seeds
e this: Geen crem. 201115, 00: USING @aqueous solutions of ionic liquidst

Ana Filipa M. Claudio, Ana M. Ferreira, Mara G. Freire* and Joae A. P. Coutinho*

guorond
@ /

-
-
&l

Z

29



Response surface methodology:
Factorial planning 23 (1, =, 1)

Constants
parameters

U d<0.4mm

Solvent: WATER @

Response
surface and
contour plots

Results

"V aT=[80,
vV CR;
V' t>40 min.

tvs T
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I <1
<
<
=<
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g Caffeine
extraction

tvs R
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lonic Liquids studied
o Anions:
Cations: iy MRS g )oJ\
N
HO\/\,GH Ho/\/ \/\OH o
’ ~ diethanolamine

ethanolamine

> number of -OH groups

OH
0
=
H 2 :
N
Q
I N NG @ | > amount of extracted caffeine
triethanolamine

2.43

1.39

[EAJ[AC] [DEA][AC]I [TEA][AC] I[C4mim][Ac] H20
31
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Model molecules

n
o
<]

y

[Vanillin] /g.L -1
=
3

[N
(=3
]

IL display a _
ydrotropée role S %ﬂ 16710
@ \ 0 5 10

B L
\ ek vanillin
caffeine gallic acid J
23 ILs
6 conventional
salts
TSOlUbIth - @
at different
concentrations
and temperature
[IL]|n water / V

Molecules that are constituted by a hydrophilic and a hydrophobic group, and thus, dramatically
increase the solubility of sparingly soluble organic compounds in water
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Effect of the IL concentration

50

L)

§ 20 1

S A synergetic effect -

m Maximum
8 30 of the two solvents = /\
%

20 -
10 A \
Increase of 40-fold regarding the
0 5 , , , | | solubility of vanillinina 1.5 M
0 1 2 3 4 5 6 [C,mim][TOS] aqueous solution
[IL}/ mol.L-2 (compared to pure water)

Figure 3.3.3: Influenceof the ILsconcentrationin the solubility of gallicacid in
aqueous solutions of E , [C,Cim][N(CN)] and A, [C,Cim]Ct and vanillin in
aqueous solutions of , [CCiIm][N(CN)], z , [C,Cim][TOS], %, [C,Cim]CI,
caffeine in aqueoussolutions of , [C,Cim][N(CN)] at 303 K Lines have no
scientificmeaningandare only guidesfor the eye. 33




Ly
o

A complex
4 phenomenon
1.2 occurs

U

The IL cation and

[Vanillin] / mol.L:t
-
o

o
[ee)
!

v anion largely

047 influence the

0.2 solubility of

0.0 ¥ biomolecules in
00 02 04 06 08 10 12 1.6 water

[hy%j]4 / mol.L'L
Figure 3.3.4:Influence of ionic liquids concentration [hyd] in the vanillin solubility in water at
303 K+ [C,Cim]Cl,p [C,Cim]ClLr [CCim]Cl, [GCim]CIl, [C,,Cim]Cl,+[C,,Cim]Cl,E
[CL.GIm]CLi [CCIm]IN(CNY], & [CCim]IN(CNY], O [GCim][TOS], [C,Gim][SCN],
[CCPYICLA NACHO,], * Na[SCNJ Na[GHO,], - NaCl;1 [N,y JCl,. Na[TOSIE
[P12adClLE [N4u][TOS], [C,Cpyrr]Cl.Black dashed line is solubility in watér)(

Common salts do not increase the solubility of biomolecules

The capability of individual hydrotropes to improve the
solubility of each biomolecule is different

1 M aqueous solutions of lls may enhance the solubility of
the studied biomolecules up to 20-fold

IQ-|yd(m(-Jloiomolecule morlhydrotrope)

Hydrotrope
Vanillin Gallic acid Caffeine
[GGim]CI 0.163N0.006
[C4Gim]CI 0.424N0.014 0.556N 0.041 0.181N0.002
[CsGim]ClI 0.866N0.031
[CeCim]Cl 0.6141K0.013
[CLoGim]Cl 1.127N0.064
[CL.Gim]CI 1.099N0.038
[CLGim]CI 0.997N0.023
[C4Gim]Br 0.311N 0.012 0.080KN0.002
[CGIm][SCN]  0.376N0.017 0.460 N 0.016 0.465N0.006
[CGim][TOS] 0.633K 0.048 0.463N0.015
[GGIm][CHSQ] 0.438N 0.031 0.115N0.014
[CGGIM][CRSQ] 0.414KN 0.024 0.319N0.034
[C4CGim][N(CN)]  0.656N0.021 0.844N 0.049 0.541N0.029
[GGIM][N(CN)]  0.584N0.039
[C.Gpy]l[N(CN)] [1.284N 0.036* 1.533N 0.023]0.715N0.031
[C:Gpy]Cl 0.603N 0.058 0.612N 0.036 0.034N0.003
[C«CpiplCl [ 0.893N0.037 0.501N 0.015-0.021N0.00§
[C«Cpyrr]CI 0.420 N0.023 0.444N 0.042-0.017N0.003
[N1110H]CI _ 0.129N 0.011 -0.049N0.001
[Na4adCl (1.077N0.009 -0.107N 0.002 0.130N0.004
[P4444ClI 0.879 N0.007* -0.103N 0.001 0.103N0.002
[Na][SCN] 0.030N0.002 -0.005N 0.001)0.374N0.026
Na[GHsO;]  _0.270NO. 0.083N0.003 0.660N0.056
Na[GHsO7] | -0.059N0.008| 0.238N 0.004}0.162N0.00
NaCl (-0. -002 -0.013N0.00
Na[TOS] 0.444N°0.034 0.218N 0.025
[N4aad[TOS]  0.414KN 0.065* 0.706N0.096*
[Pa4s][TOS]  |1.029N 0.098* 0.932 N0.035

Na[N(CNyJ

0.325N 0.069 0.640N0.049 34
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| Inherent Interest: |

Important in the extraction and purification | Pure vanillin a)
of added-value products from a complex
mixture/solution.

'. il

Vanillin after precipitation d)

The recovery of vanillin from the [ 2 e
hydrotrope solution can be attained by a o o .
S|mp|e d|lut|0n W|th 95 90 65 80 75 70 65 60 S5 s’?@m;}) 40 35 30 25 20 15 10 0S 00

Anti-solvent

Figure 3.3.8: a) appearance of commercial vanillin and respective *H NMR spectrum; b) vanillin
dissolved in a 20 wt % aqueous solution of [C4C1im]Cl at 323 K; c) precipitation of vanillin with the
addition of water and decrease of temperature; d) precipitated vanillin and respective *H NMR

spectrum.

35




A - Ceonealusions

g Problem: - L
Extraction of added - value compounds from Biomass

V IL-based ABS are new approaches to perform
selective separations of added-value products and may |y
be further used for recycling or concentrating - .|

r< hydrophilic ionic liquids from agueous solutions. |:

F N
\

V' Linear correlations between b vs E,z providing an |‘
extended polarity scale capable of characterizing the |
Biomass | L ani onso6 abi-bondtwhem actingas h y|d
& Z solvent media. %
Compounds | g

Compared with traditional extraction methods this new
strategy proved to be selective towards caffeine and
capable of providing high extraction yields. The

Lé recovery and reusability of the ILs were successfully
demonstrated supporting the economic viability and low |
environmental footprint of the proposed methodology.

. Improvement of Extractions
# SustainqbleCBrocess

. Decrease of Environmental&hd Economic impact
@
>

p =

V Hydrotropy given by IL is of utmost important, since
molecules can be recovered from the solution by a

simple dilution with water /36
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C Extend this type of extractions, followed by purification, to other high-value
products, for instance triterpenic compounds from Portuguese agroflorestry

biomass (residues of the cork, pulp and olive industries);




Thank you for
our attention!




