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Green Chemistry Pocket Guide
SO LVE NTE w f The 12 Principles of Green Chemistry

Provides a framework for learning about green

chemistry and designing or improving materials,
products, processes and systems.
/ 1. Prevent waste \
| . Atom Economy
Less Hazardous Synthesis

Design Benign Chemicals
Benign Solvents & Auxiliaries
Design for Energy Efficiency
Use of Renewable Feedstocks
Reduce Derivatives

Catalysis (vs. Stoichiometric)
Design for Degradation
Real-Time Analysis for Pollution
Prevention

12. Inherently Benign Chemistry
for Accident Prevention

TECNOLOGIA DE
EXTRACCION

ROV NSy REWNE

=

COMPUESTOS
BIOACTIVOS

TECNOLOGIA DE
PURIFICACION

www.acs.org/greenchemistry
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. QUE SON LOS DES?

hé‘"'l
s

Mezcla eutéctico ideal

\ Mezcla eutéctico |

DES: Deep Eutectic Solvents

Temperatura

ezcla de dos o mas compuestos puros
cuya temperatura de punto eutectico
esta por debajo de la correspondiente a
una mezcla liquida ideal. La mezcla
debe ser liquida a la temperatura de
operacion en cierto rango de
concentraciones

brofundo

- Tsz

TE, ideal

| — 4
r1dCCUI0OINT 1110

lar

Pinho, S. & Coutinho, J. Insights into the Nature of Eutectic and Deep Eutectic Mixtures. J Solution Chem 48. (2019)



. QUE SON LOS NADES?
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Mezcla eutéctico ideal

NADES: Natural Deep Eutectic Solvents

§ \ Mezcla eutéctico profundo
g 5

)

Q.

=

)

|_

Agrega a la definicion ? Tn,2
anterior que los .
componentes del DES E el

tienen origen “natural”
o

Fraccionmmolar

Pinho, S. & Coutinho, J. Insights into the Nature of Eutectic and Deep Eutectic Mixtures. J Solution Chem 48. (2019)




. QUE SON LOS NADES?

HBA: receptor de enlaces de hidrogeno HBD: dador de enlaces de hidrogeno .'

Ejemplos HBA Ejemplos HBD
OH
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HO
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OH
Cloruro de colina

CH;OH O
\ CHs
OH
C
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Prolina

H,OH OH

Acido lactico
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. QUE SON LOS NADES?

Cloruro de colina — acido malico
Cloruro de colina - glicerol

:'1"“Ihsan, A.; lgbal, J.; Zahid, M.; Pervaiz, A. & Sarwari, G. (2021). Theoretical investigation of supramolecular hydrogen-bonded choline
ic solvents using density functional theory. Chemical Physics Letters, 769.




NADES — SINTESIS
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Calor + agitacion
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NADES — SINTESIS
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Baja
volatilidad

Propiedades
fisicas
“ajustables’

Viscosidad
Densidad
Polaridad

NADES - PROPIEDADES

Biodegradables

NADES K Baja
toxicidad

No
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Fuente:

Parametros de busqueda:
NADES AND extraction AND

antioxidants OR polyphenols
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NADES — EXTRACCION DE COMPUESTOS BIOACTIVOS
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" NADES - EXTRACCION DE COMPUESTOS BIOACTIVOS

Innovative Food Science and Emerging Technologies 48 (2018) 228-239

Al pe rUJO ST Contents lists available at ScienceDirect

NADES UTILIZADOS

Contents lists availa
Cloruro de colina — acido citrico
Food and BiOpI‘O Cloruro de colina — acido lactico
Cloruro de colina — acido maldnico
e Cloruro de colina — acido glicélico — acido
Extraction of “L.5EVIEDiscover Food oxalico
eutectic soly ™ — Cloruro de colln.a = mqutosa
Cloruro de colina — xilitol
Cloruro de colina — sacarosa
Cloruro de colina — glicerol

TECNOLOGIAS UTILIZADAS

Homogeneizacion ion of phenolic comep Cloruro de colina — 1,4-butanodiol
Ultrasonido ; " Cloruro de colina — 1,2-butanodiol
Microondas IVE pomace using na Cloruro de colina — etilenglicol

Altas presiones timization by respon Cloruro de colina — propilenglicol
Agitacion mecanica Bitartrato de colina — acido citrico

Tratamiento hidrotérmico Bitartrato de colina — acido lactico
Bitartrato de colina — glucosa

Betaina — sacarosa L
Received: 20 September 2023 / Accepted: 17 May 2 Betaina — acido levulinico

Published online: 21 May 2024
. ©The Author(s) 2024 OPEN

abrera' - Lucia Xavier' - Berta Ze

Instituto de la Gri

Acido lactico — glucosa ) Bisios




NADES — EXTRACCION DE COMPUESTOS BIOACTIVOS

Granada (cascara — semillas)

HQ, COH

HO\v‘ OJ\CH=CH‘©fC!H

-
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OH

. . Acido clorogénico

Acido elagico



| ::NADES — EXTRACCION DE COMPUESTOS BIOACTIVOS

Innovative Food Science and Emerging Technologies 60 (2020) 102314

Granada (cascara — semillas)

Contents lists available at ScienceDirect

Innovative Fooc NADES UTILIZADOS S

Food Research International 161 (20 Cloruro de colina — acido citrico
- Cloruro de colina — acido acético
TECNOLOGIAS UTILIZADAS Contents lists available at Scie Cloruro de colina — acido lactico
Cloruro de colina — glucosa
Inter: Cloruro de colina — fructosa
b Cloruro de colina — sacarosa
Maceracion N SXiBkco Cloruro de colina — glicerol
Dle at ScienceDirect ) : )
Cloruro de colina — etilenglicol
. lorur lina — sorbitol
LWT - Food Science and Technology SIOIUIGIGS COINSSAIBI enares,
: Cloruro de colina — urea
Acetato de sodio — urea
Hidrocloruro de guanidina — urea

- 1 = 1

Ultrasonido
Infrarrgjo ology 111 (2019) 138-146

journal homepage: www.elsevier.com/locate/lwt

Acido malico — sacarosa
~ Gilicina — glicerol
Innovative process of polyphenol recovery from pomegranate peels by | Acido tartarico — glucosa

o ) . Ctra. Madri A ~i 21 I

combining green deep eutectic solvents and a new infrared technology . Ao meliee = gllugess) = glgeiel
zelona, Km. Glicerol — urea

Hiba N. Rajha”, Tania Mhanna, Sally El Kantar, Andre El Khoury, Nicolas Louka, Glicina — acido lactico

Richard G. Maroun

Centre d’Analyses et de Recherche, Unité de Recherche Technologies et Valorisation Agro-alimentaire, Faculté des Sciences, Université Saint-Joseph, B.P. 17-5208, Riad El
Solh, Beirut, 1104 2020, Lebanon

-



Maracuya (cascara)
Cebolla (cascara)
Jabuticaba (orujo)
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O
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MHE OH COOH



Carbohydrate Polymers 326 (2024) 121578 — AD E S U TI L I ZA D O S

Contents lists available at ScienceDirect Cloruro de Collna o éCldO Cl'trlco
M aracuyé (Céscara) Wi Cloruro de cqllna —’agldo Iacjuc.:o
- ) Cloruro de colina — acido tartarico
Cebolla (Cascara) FI SEVIER Cloruro de colina — acido malonico
Jabuticaba (Qrujo) Cloruro de colina — glucosa
Cloruro de colina — fructosa
An eco-friendly extract: & Jo Cloruro de colina — sacarosa
(Passiflora edulis sp.) us g 4N Cloruro de colina — dextrosa
eutectic solvents EL SEVIER Ly  Cloruro de colina — propilenglicol
; o . i Cloruro de colina — acido malico
Débora Tamires Vitor Pereira > y o
Alejandro Cifuentes, Julian | Betaina — acido citrico
i (o Mo Tc 1R 0Rn M r2\s) I . s NADES as potential solvents fo Sl — Seieo i res
——= e e = =S sk .. . ) Betaina — acido malodnico
e e et Mvreiaria cauliflora fruit bv-nr . oy o
Betaina — acido malico
Betaina — fructosa
Betaina — sacarosa
Betaina - dextrosa

d _— l d _ Prolina — acido tartarico .
- . . 7 s 7y 3, ogotd D.C, Colombia
ounda-assisted natural deep eutectic i el o) e g0

extraction of pectin from onion peel wastes SosliE Aeiele e Eries ,
Riyamol and Jeevitha G.C Prolina — fructosa ®* o o

I - e @ & & @
. Department of Biosciences, School of Bio Sciences and Technology (SBST), Vellore Institute of Techno Proll_na sacarosa g )
Prolina — dextrosa :

. e . . Acido citrico — glucosa sl i
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PRINCIPALES DESAFIOS EN EL USO
DE NADES PARA EXTRACCION DE
COMPUESTOS BIOACTIVOS




NADES — DESAFIOS
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NADES — DESAFIOS

Components Abbreviation Molar ratio
Choline bitartrate: Citric acid BtC-Ct 1:1
Choline bitartrate: Glucose BtC-Gc 1:1
V| SCOS | d ad N AD E S Choline bitartrate: Lactic acid BtC-La 1:1
Choline chloride: Citric acid ChC-Ct 1:2
Choline chloride: Glucose ChC-Gc 2:1
Choline chloride: Glycerol ChC-Gy 1:2
Viscosimetro Brookfield DV2T Choline chloride: Lactic acid ChC-La 1:2
60 °C — 5-30 rpm Choline chloride: Propylene glycol ChC-Pg 1:1
Lactic acid: Glucose La-Gc 5:1
NADES Viscosity (cP)
BtC-Ct 38.04 +1.20
BtC-Gc 34.56 + 1.20
BtC-La 19.80 + 1.20
ChC-Ct 22.08 +1.20
ChC-Ge 11.48 +0.20 En todos los casos, contenido de agua: 25% w/w
ChC-Gy 514 +0.20
ChC-La 5.52+0.20
ChC-Pg 544 +0.20 s
. La-Gc 8.08 + 0.20
- 70% (v/v} ethanol 1.63 +0.10
Water 0.73+£0.10 \

. (2024). EXi‘raction__of phenolic c*)unds"wimnt activity from olive pomace using natural deep eutectic solven;fs:_‘__;
ponse surface methodology. Discov Food 4, 29.



NADES — DESAFIOS

%8 —m— Ethaline
. —&— Glyceline
. . —Aa— Reline
Viscosidad NADES -—
A
- G Ethaline: Cloruro de colina — etilenglicol (1:2)
=" Glyceline: Cloruro de colina — glicerol (1:2)
I '-—-\ Reline: Cloruro de colina — urea (1:2)
0-2_ .HH"‘“H-.
Viscosidad agua @ 20 °C: 1,00 mPa.s ~—e
- %:____________:
0.0 - il - . . El
! I L I i I n I ' ) A I 4 I s I
0.0 2.5 5.0 75 10,0 125 150 175 20.0

water [wt%)|

Fig. 1 Viscosity of the three DESs at 20 °C as function of water content as
determined by rotating cylinder technique. Note error bars are all within
the size of the plot symbol.

stino, C.; G Mantle, M.; Abbott, A.; Ahmed, E.; Al-Murshedi, A. & Harris, R. (2015). Molecular and ionic diffusion in aqueous — deep eutectic solvent. 1 ,,,'.,
ing ir lar mteractlons using PFG NMR. Phys Chem. Chem. Phys. 17, 15297-15304. s &G es
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NADES — DESAFIOS

700 4 4
.’TEI | ) 25 -
e . e 3 20 -
= b
e 15 .
— o
> . e =
= 2 10
E £
3 : 5 2
D g = | | |- [ 1 E G ) } ' 3
0 5 10 25 50 100 0 5 10 25 50 100
Water % (v/v) Water % (v/v)

Contenido agua en

\ NADES Fig. 5. The solubility of quercetin (a) and carthamin (b) in PCH diluted with a
\ different percentage of water. The data is expressed in mean +SD (n=3). *p<0.1;
**p < 0.01.

PCH: Cloruro de colina — 1,2 propanodiol

rp50rt_e, R. & Choi, Y. (2015). Tailoring properties of natural deep eutectic solvents with water to facilitate their applications.

._:3.‘

Y.; Witkamp
Chem 187,




oH NADES

Cabrera, L.'; Xavier, L. & Zecc

NADES — DESAFIOS

Components Abbreviation Molar ratio
Choline bitartrate: Citric acid BtC-Ct 1:1
Choline bitartrate: Glucose BtC-Gc 1:1
Choline bitartrate: Lactic acid BtC-La 1:1
Choline chloride: Citric acid ChC-Ct 1:2
Choline chloride: Glucose ChC-Gc 2:1
Choline chloride: Glycerol ChC-Gy 1:2
Choline chloride: Lactic acid ChC-La 1:2
Choline chloride: Propylene glycol ChC-Pg 1:1
Lactic acid: Glucose La-Gc 5:1

MNADES pH

BtC-Ct 2.63+0.01

BtC-Gc 3.99 + 0.01

BtC-La 3.81 + 0.01

ChC-Ct 035+ 001 |

ChC-Ge 4.29 + 0.01 En todos los casos, contenido de agua: 25% w/w

ChC-Gy 3.36 + 0.01

ChC-La 0.99 +0.01 |

ChC-Pg 3.23 +0.01

La-Gc 0.61 + 0.01

70% (v/v) ethanol 6.53 +0.01

Water 6.83 + 0.01

modelling and optimization by response surface methodology. Discov Food 4, 29.

B. (2024). Extraction of phenolic c”)unds Wi”tiognt activity from olive pomace using natural deep eutectic solvents:.




NADES — DESAFIOS

urificar o no purificar...
esa es la cuestion
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NADES — DESAFIOS

Recuperacion NADES — purificacion extractos

| Extraccion sélido — liquido Precipitacion mediante antisolvente
Solventes: hexano, metanol, acetato Solventes: agua, etanol Antiolventes: etanol, agua [ECECECEE
de etilo, butanodiol, lactato de etilo




NADES — DESAFIOS

Recuperacion NADES — purificacion extractos

Solventes: hexano/acetato de etilo/agua,
acetato de etilo/butanodiol/agua,
hexano/acetato de etilo/metanol/agua

Fitoterapia 112 (2016) 30-37

Contents lists available at ScienceDirect
Fitoterapi®?

Fitoterapia

>

journal homepage: www.elsevier.com/locate/fitote

R

Countercurrent assisted quantitative recovery of metabolites from
plant-associated natural deep eutectic solvents

@ CrossMark

Yang Liu *™!, Jahir Garzon ™!, ]. Brent Friesen <, Yu Zhang ¢, James B. McAlpine >¢, David C. Lankin ®°,
Shao-Nong Chen *®, Guido F. Pauli *>**

* UIC/NIH Center for Botanical Dietary Supplements Research, College of Pharmacy, University of lllinois at Chicago, Chicago, IL 60612, USA
b Department of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of lllinois at Chicago, Chicago, IL 60612, USA

¢ Physical Sciences Department, Rosary College of Arts and Sciences, Dominican University, River Forest, IL 60305, USA

4 Department of Biopharmaceutical Sciences, College of Pharmacy, University of lllinois at Chicago, Chicago, IL 60612, USA

¢ Institute for Tuberculosis Research, College of Pharmacy, University of Illinois at Chicago, Chicago, IL 60612, USA




NADES — DESAFIOS

Recuperacion NADES — purificacion extractos

Food Chemistry 406 (2023) 135093

Contents lists available at ScienceDirect

Extraccion sélido — liquido Food Chemistry

i

ER journal homepage: www.elsevier.com/locate/foodchem

Solventes: agua, etanol ELSEVI

Combining eutectic solvents and food-grade silica to recover and stabilize
anthocyanins from grape pomace

Leonardo M. de Souza Mesquita™" ', Filipe H.B. Sosa”, Leticia S. Contieri ™",

Priscilla R. Marques , Juliane Vigané®, Joao A.P. Coutinho”, Ana C.R.V. Dias®, Sénia P.

M. Ventura ", Mauricio A. Rostagno ™

* Multidisciplinary Laboratory of Food and Health (LabMAS), School of Applied Sciences (FCA), University of Campinas, Rua Pedro Zaccaria 1300, 13484-350 Limeira,

Sao Paulo, Brazil
try, CICECO ~ Aveiro Institute of Materials, University of Aveiro Campus Universitério de Santiago, 3810-193 Aveiro, Portugal

Recuperacion NADES (8 ciclos): >90%  ermiymbundimiyvibigiissiey iy ria BN
4 Recuperacion antocianinas (8 ciclos): >90%




NADES — DESAFIOS

Recuperacion NADES — purificacion extractos

Precipitacion mediante antisolvente yyoey o A ok . £y
' Food Chemistry 221 (2017) 1400-1405
Antiolventes: agua ood Chemistry 221 (2017) 1400-140
e

Contents lists available at ScienceDirect

Food Chemistry

£ 1% j L ..

AR

ELS

L L
EVIER journal homepage: www.elsevier.com/locate/foodchem

Green and efficient extraction of rutin from tartary buckwheat hull by
using natural deep eutectic solvents
Recuperaciéon NADES (reuso 1, 2, 3): 92%; 87%, 81%

= : Yao Huang, Fang Feng, Jie Jiang, Ying Qiao, Tao Wu, Josef Voglmeir, Zhi-Gang Chen ”
Recuperacion rutina: >90%

Glycomics and Glycan Bioengineering Research Center, College of Food Science & Technology, Nanjing Agricultural University, Nanjing 210095, PR China
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