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Abstract  
Carboxylic acids are a large group of compounds widespread in nature with a variety of applications in various 

areas, such as the food, chemical, biochemical and pharmaceutical industries. They are often present in 

fermentation media and industrial waste water, from where they must be removed and used. One way of removing 

organic acids from aqueous solutions is through liquid-liquid extraction. Conventional molecular extractants in 

this process are usually not used on their own. In most cases they are diluted with various toxic, inflammable and 

explosive organic diluents. In the last decade aqueous two-phase systems (ATPS) based on ionic liquids (ILs) 

have been successfully applied in various extraction and separation processes. The interest in them is based on 

the fact that they can be used both as extractants and as alternative substitutes for volatile diluents, for which 

reason they have been named “green” solvents. The present work shows the mechanisms of the extraction process 

of natural organic acids as well as the extractants which are primarily used for this purpose. These are 

conventional molecular extractants and ionic liquids. IL has the advantage of removing the acid in greater measure 

than conventional extractants, which makes them more effective. This determines the new methods as a solid 

basis for developing “green” strategies with a significantly reduced impact on the environment. 

 

Key words: organic acids, liquid-liquid extraction, molecular extractants, ionic liquid, aqueous biphasic system 
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Introduction 

Organic acids are a large part of biochemical 

substances widespread in nature - they are found in 

plants, fruits and vegetables. The interest in organic 

acids is determined by their wide and varied 

applications in various fields of industry - food, 

pharmaceutical, chemical and many others. They also 

play a very important role in everyday life because 

they are part of many products. 

Depending on the number of carboxyl groups in their 

molecular structure, acids could be monocarboxylic, 

dicarboxylic and tricarboxylic. 

Because of the high polarity of the O-H bond, 

carboxylic acids form solid hydrogen bonds, as a 

result of which lower fatty acids are less volatile than 

expected on the basis of their molecular mass. 

Physiochemical research shows that in a liquid phase, 

at a high enough concentration, they are found in the 

form of dimeric associations which disintegrate in 

high dilutions. 

At their first degree of dissociation the carboxylic 

acids are relatively equal in strength to the respective 

monocarboxylic acids.  

As the distance between the carboxylic groups 

increases, their acidity according to the first degree of 

dissociation decreases. 

In hydrocarboxylic acids one or more hydrogen atmos 

in the carbo-hydrogen chain are replaced with a 

hydroxyl group. They are better dissolvable in water 

than the respective alkane acids. 

Organic acids are the waste product of various 

industrial processes, from where it is desirable for 

them to be recovered for the purpose of their possible 

utilization.  

Many of the organic acids can be obtained in bioroute 

processes, but it is necessary for the end product to be 

removed in situ during the production process 

(Wasewar et al., 2012). Krzyzaniak et al.,  2013). 

There are many possibilities for recovering and 

separating components from aqueous solutions, and 

various separation techniques such as adsorption, 

distillation, electro-dialysis, ion-exchange, liquid 

surfactant membrane extraction, liquid-liquid 

extraction, precipitation, reverse osmosis and 

ultrafiltration, are used in practice and reported in the 

relevant literature. 

The process used depends on the nature of the 

component, its concentration in the media from which 

it is to be extracted, its physicochemical properties, 

the purity requirements for the end product, as well as 

the cost of the whole process. 

 

 

One alternative way to remove organic acids not only 

from waste water but also from fermentation media is 

the liquid-liquid extraction. A suitable organic phase 

is used in which the components of the feed aqueous 

solution have a different solubility. This method is 

easy to apply in a wide range of fermentation systems 

and conditions. The appropriate choice of solvents can 

provide high selectivity and yield (Flieger et al., 

1996). 

The right choice of organic phase is important for the 

implementation of a successful extraction. In the 

choice of the organic phase, e.g. composition and 

proportion of the compounds, it is not only the good 

extraction results that need to be taken into 

consideration. Things to be considered are also the 

physicochemical properties of the system, the techno-

economic aspects of the process, as well as the 

reduced risk of polluting the environment (Cusack et 

al., 1996). 

The reactive extraction is a reversible reaction 

between the acid molecule from the aqueous phase 

and the extractant in the organic phase by means of 

forming an acid-extractant complex. It follows the re-

extraction of the acid from the organic phase, the 

regeneration of the extractant and the return into 

recycle. The equilibrium condition depends on the 

concentration of the acid and extractant, the nature оf 

the acid, as well as the specific type of diluent.  

This research investigates and explains the 

mechanisms of extraction of organic acids through 

molecular extractants and ionic liquids, which have 

recently been applied for the recovery of different 

organic acids of industrial interest.  

 

Extraction mechanisms of organic acids 

extraction through molecular extractants  
 

The traditionally used extractants for the extraction of 

organic acids are generally divided into three groups: 

conventional, organophosphorous, amine and 

quaternary ammonium salts (Kertes et al., 1986).  

 

Extraction with a physical distribution 

Under this category of extraction fall all those cases 

where the process is not accompanied by a chemical 

interaction between the substance being extracted and 

the organic phase. It is based on the different solubility 

of components in the water and the organic phase, and 

it does not depend on the extractant concentration. As 

extractants are used polar and non-polar diluents 

which extract the component through physical 

extraction ( Juang et al., 1996). (Juang et al., 1994). 

(Sabolova et al., 2001). 

Organic acid dissociation in the aqueous phase: 
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  AHHA  

The dissociation constant is: 

[HA]

]].[A[H
Ka



  

Part of the non-dissociated acid molecules gets 

distributed between the two phases, namely aqueous 

and organic: 

HAHA   

The bar, here and after, denotes species in the organic 

phase. 

The monomer extraction constant is: 

[HA]

]HA[
KM   

In the organic phase there are also acid dimers formed: 

2)HA(HA2   

The dimerization constant is: 

2

2
D

]HA[

])HA[(
K   

The total concentration of acid in the aqueous phase 

will be: 

][A[HA]CHA
  

and in the organic phase will be: 

])HA2[(]HA[C 2HA   

The distribution coefficient of component being 

extracted will be: 

]/[HK1

.[HA].K2KK
m

a

D
2
MM




  

 

Extraction by chemical reaction 

Depending on the interactions between the acid being 

extracted and the organic phase, there are three 

mechanisms of extraction: solvation, neutralization 

and anion exchange. The prevalent mechanism 

depends on the nature of the acid and extractant, the 

pH environment and the diluent properties. 

 

 

Extraction through solvation  

In this case they can be used neutral extractants like 

alcohols, ketones, ethers, organophosphoric 

compounds (Kertes et al., 1986). All of the mentioned 

compounds have in their molecule a polar group 

containing oxygen, such as =C=O, ≡P=O, etc. The 

extraction capability of these compounds depends on 

the active group polarity, as well as on the spatial 

accessibility to oxygen. In this regard the simple linear 

ethers have low extraction capabilities due to the 

reduced spatial accessibility to oxygen from the ether 

group. On the other hand, the presence of another 

polar group in immediate proximity also reduces the 

extraction capabilities as a result of lowering the 

polarity of the active oxygen-containing group. 

The effect of the bonded organic radical is similar, as 

the long-chain and branched radicals lead to reducing 

the extraction capabilities of these compounds. 

Nevertheless, the most frequently used ones have in 

their molecule organic radicals with a chain length of 

4 and more C – atoms for the purpose of reducing the 

solubility of these compounds in water, and as a result 

– lowering extractant losses. 

Neutral extractants are highly sensitive to the media 

conditions where the extraction is taking place.  

Depending on the acidity of the medium, the 

extraction mechanism could vary – salvation, 

hydration-solvation, and oxonium. When extracting 

organic acids, a solvation mechanism is observed. In 

this case, the extractant molecules are directly joining 

the extracted molecules.  

The resulting solvating extractant )(S –acid )(HA  

bond of is of the donor-acceptor type and can be 

expressed by the following equation: 

pHASSpHA   

The salvation constant is: 

p

p

S
]S[HA].[

]HAS[
K  , 

where p is the salvation number, and pHAS  is the 

reaction product. 

The solvation number is an indication that the 

association process is running according to the 

stoichiometry of the reaction between the phosphoric 

and carboxyl groups.  

In essence it is the same as the number of carboxyl 

groups in the acid molecule (Kertes et al. 1986), but it 

is also possible for it not to match this number, for 

example if the acid has two carboxyl groups, there 

might be the case that only one of them is solvated. 

The most common extractants which extract based on 

the solvation method are: MIBK (methyl-isobutyl 

ketone), DIPE (di-iso-propyl ether), tributyl 

phosphate (TBP), TOPO (tri-octyl-phosphine oxide), 

decanol, butanol, ethyl ether, etc. 

 



НАУЧНИ ТРУДОВЕ НА 

УНИВЕРСИТЕТ ПО ХРАНИТЕЛНИ  

ТЕХНОЛОГИИ - ПЛОВДИВ 

2017 г.  
ТОМ 64, КНИЖКА 1 

 SCIENTIFIC WORKS OF 

UNIVERSITY OF FOOD  

TECHNOLOGIES 

2017  

VOLUME 64 ISSUE 1 

 

119 

 

Extraction through neutralization  
An acid extraction by means of a strong base is, 

according to the Lewis classification, based on 

neutralization (Eyal et al., 1995; Canari et al., 2003; 

Bizek et al., 1993). The process takes place through 

the formation of ionic pairs or hydrogen bonds 

between the extractant and the acid. Ionic pairs are 

formed when the extractant is strong base enough an 

acid and it can join a proton by forming a cation. The 

reaction can be illustrated by the equation: 

  AEHAHE  

The extractants, given that they are not strong enough 

acid to dissociate the extracted acid, form hydrogen 

bonds.  

The hydrogen bonds between the acid and the 

extractant are presented in this way: 

HA:EHAE   

The ionic pairs obtained during the extraction can join 

an acid molecule, thus creating a hydrogen bond: 

HY:AEH   

It is possible for the 
A and 

Y  to be either identical 

or different. 

Among the extractants which extract acids through 

neutralization are: TBP (tributyl phosphate), TOA 

(trioctylamine), TIOA (tri-iso-octylamine), Alamine 

336 (tri-octyl/decyl amine), etc. 

 

Extraction through anion exchange  

It is performed through the various organic bases and 

their salts (Lazarova et al., 1994; Eyal et al., 1995). 

All extractants being used are in the group of the 

ammonia organic derivatives, namely the amines. 

Depending on the number of hydrogen atoms replaced 

in the ammonium molecule, there are primary, 

secondary and tertiary amines. Quaternary 

ammonium salts also belong in this group. 

The extraction of the organic acids by amines is an 

acid-base type reaction and depends on the organic 

phase composition, on the nature and concentration of 

the amine, and the type of diluent. 

The reaction between tertiary amine and acid can be 

illustrated by the equation: 

HAN)(RHANnR n33   

Like ammonia, amines and their salts also have weak 

base properties. Consequently, their extraction 

qualities are only manifest in acid media where they 

extract an anion from the media and form salts of the 

corresponding acids. 

The interaction between an amine salt, e.g. a tertiary 

one with a monobasic acid can be expressed by the 

equation: 

  A.YNHRY.ANHR 33  

If it interacts with a quaternary ammonium salt, we 

will get: 

  XHANRAHXNR 44  

The basis of the respective type of amine increases in 

the following order: 

primary < secondary < tertiary < quaternary 

ammonium salt. 

In the same order the extraction capabilities of amine 

salts increase to acidic anions in aqueous solutions. 

The most common extractants which perform 

extraction by anion mechanism are: Aliquat 336 (tri-

methyl-ammonium chloride), TOMAC (tri-octyl-

methyl-ammonium chloride), TOA (trioctylamine), 

TIOA (tri-iso-octylamine), Alamine 336 (tri-

octyl/decyl amine), etc. 

The amine salts produced during the extraction 
process have, under certain conditions, reduced 

solubility in the organic diluents being used. Apart 

from this, there might be a tendency towards 

association, as a result of which various dimeric or 

polymeric forms are formed in the organic phase.  

This necessitates the use of various modifiers for 

improving the organic salt solubility in the diluent. 

And the modifiers can affect the extraction 

capabilities of the amines. In practice it is the higher 

alcohols with a carbon-hydrogen chain of C6 up to C13 

that have established themselves as the most common 

modifiers. 

Amines are good extractants of the components at low 

pH of the medium (Tomovska et al., 1999).  

At high pH of the medium, suitable extractants for the 

extraction of the components are the quaternary 

ammonium salts (Yang et al., 1991). During the 

extraction of the organic acids by Aliquat 336, the 

chloride anion of extractant was replaced with the 

anion of the organic acid. The increase of the 

equilibrium pH is advantageous to the dissociation of 

the acid, which improves the extraction. This is valid 

for an initial acid concentration below 10g.L-1. 

(Kyuchoukov et al., 2001). At higher initial 

concentrations of the acid, e.g. above 10g.L-1, the 

increase in pH has a negative effect on extraction 

(Choudhury et al., 1998). (Yang et al., 1991). At low 

acid concentrations, Aliquat 336 only reacts with the 

anion of acid. At high initial acid concentrations, 

Aliquat 336 not only reacts with the acid anion, but it 
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also adds whole molecules of acid (Kyuchoukov et al., 

2005). It has to be considered that the extraction of 

organic acids in most cases has an intermediate nature 

and it is determined by more than one mechanism, and 

the borderline between the mechanisms is not always 

clear. 

 

Extraction mechanisms of organic acids 

extraction by means of ionic liquids (ILs) 
 

In the last decade aqueous two-phase 

systems (ATPS) based on ionic liquids (ILs) have 

been successfully implemented in a wide range of 

extraction and separation processes. The interest in 

them rests on the fact they can be used both on their 

own as extractants, and as alternative substitutes for 

volatile, toxic, and explosive organic diluents, for 

which reason they have been named “green” solvents. 

Ionic liquids are also increasingly used for the 

removal of carboxylic acids.  

Ionic liquids are a large group of organic compounds 

with interesting and unusual properties, which have 

been known for a long time, but they have been 

intensively researched and becoming increasingly 

important over the past twenty years. They are salts, 

consisting of ions - usually a large asymmetric organic 

cation and an organic or inorganic anion. Typical 

cations are, for instance imidazolium, pyrrolidino, 

ammonium or phosphonium. Various organic groups 

are usually attached to a cation. Anions may be small 

inorganic ions, e.g. chloride, bromide, sulfates, 

nitrates, etc., or large organic anions, such as ethyl-

sulfate, trifluoroacetic trifluoromethyl-sulfonylamide 

and the like.  

The properties of these compounds depend on the type 

of cation, anion, and the organic groups attached to 

them. The huge number of possible combinations of 

an organic cation with an organic or inorganic anion 

makes it realistic to obtain liquids with heterogeneous 

physical and chemical properties. A purposeful 

change in their "structure and organization" can 

produce specific effects to fit the requirements of a 

particular process. For this reason they are viewed as 

“designer” solvents, which can be formed from a large 

variety of cations and anions in order for optimal 

properties of ILs for a specific application to be 

obtained (Bogdanov et al., 2009; Bogdanov et al., 

2010a; Bogdanov et al., 2010b). 

The development of new ILs with better physical and 

extraction properties in the separation processes 

requires an in-depth understanding of extraction 

mechanisms. 

Unlike molecular solvents, which are homogeneous 

liquids, ILs can be seen as structured nano-segregated 

liquids due to the asymmetric structure of ILs with 

localized polar and nonpolar areas. This greatly 

influences the extraction properties of ILs.  

Hydrophobic ILs show great potential as extractants 

of carboxylic acids. 

During the extraction of organic acids by molecular 

extractants the important things for the efficiency of 

the process are the concentration of the acid and the 

pH of the system. 

In the extraction of organic acids by means of ILs 

essential factors is the length of the cation chain, the 

nature of the anion, the hydrophobicity of the acid, as 

well as the interaction with the water molecules. The 

great importance of water in extraction processes 

through ILs is determined by the presence of water 

molecules in the complexes between the molecules of 

extracted components and ILs. 

In the process of reactive extraction, monocarboxylic 

acids usually form complexes containing a variable 

number of acid (HA) molecules and only one 

molecule of the extractant (IL), the so called (p, 1) 

complexes.  

In water saturated system, containing an IL as a 

solvent, one ion pair of IL and HA is hydrated with an 

almost constant amount of water and then the loading 

is independent of the IL concentration. So in the 

simultaneous extraction of acid and water there are 

formed stoichiometrically defined (p, 1, 2) complexes 

with the structure (HA)p(IL)(H2O)2, where p is in the 

range of 1 to 3. The process of hydrated complex 

formation can be described by the following reaction: 

22p2 O)(IL)(H(HA)ILO2HpHA   

According to the experimental results for the 

extraction of carboxilic acids by organic solvents 

containing ionic liquid, four mechanisms for 

simultaneous extraction of acid (HA) and water and 

are defined: 

 (1) Physical extraction of HA. The acid in organic 

phase is in the form of monomer and dimer. The 

physical extraction of HA is not related to the 

extraction of water. 

(2) Competitive reactive extraction of HA and water 

by IL. Stoichiometrical complexes of the types (1, 1) 

and (2, 1) are formed. The complex (1, 1) is formed 

from hydrated acid-free IL by replacing a portion of 

hydration water by HA. The complex (2, 1) is formed 

by replacing the residual hydration water in (1, 1) by 

another HA molecule. Thus, in complex (2, 1) there is 

no direct interaction between IL and water. 

(3) Noncompetitive reactive extraction of HA. The 

stoichiometrically complexes of the types (p − 1, 1) 

are formed, where p ≥ 3. In this case the acid is 
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attached to another molecule acid in the complex 

without the release of water. 

(4) Co-extraction of water with HA. The water is 

extracted in conjunction with the reactively extracted 

HA by both competitive and noncompetitive 

mechanisms. Such water does not interact directly 

with IL but with the reactively extracted HA, i.e. these 

are the water molecules which hydrate the acid 

molecule. 

In the recent years, the most used and therefore the 

best studied as extraction mechanisms for organic acid 

are ammonium, imidazolium and phosphonate Ils. 

 

Extraction of organic acids by ammonium -based 

ionic liquids  

Ammonium ILs with the tri-alkyl-methyl-ammonium 

cation and chloride anion, which are known as the 

commercial extractants Aliquat 336 was studied in the 

extraction processes without using the term “ionic 

liquid” (Blahušiak et al., 2013).  

A new ammonium ionic liquid (IL), tri-alkylmethyl 

ammonium bis-(2,4,4-trimethylpentyl) phosphinate 

([CnCnCnC1N][BTMPP]), was formed from the 

Aliquat 336 cation and the Cyanex 272 anion, and it 

was studied for  the extraction of organic acid 

(Blahušiak et al., 2013). 

The stoichiometrically defined complexes (p, 1, 3) are 

formed with a (HAH)p(IL)(H2O)3 structure, where p 

is in the range of 1 to 3 and the molecules of water is 

3. The reaction can be illustrated by the equation: 

32p2 O)(IL)(H(HAH)ILO3HpHAH   , 

where HAH is a undissociate form of organic acids. 

 

Phosphonium and imidazolium ILs exhibit excellent 

parameters in the process of acid extraction. The high 

distribution coefficients in the extraction determinate 

reactive mechanism of the extraction.  

 

Extraction of organic acids by imidazolium-based 

ionic liquids  

The extraction of organic acids by imidazolium-based 

ionic liquids се is based on the ability of the N-atom 

in the cation of the extractant to join the proton – H-

atom of the acid molecule and to form a hydrogen 

bond (Matsumoto et al., 2004; Tonova et al., 2014; 

Tonova et al., 2015). The interactions between H2O и 

ILs are highly dependent on the anion nature, which 

determines a different secondary structure between 

ILs and H2O, and thus the different manner of the HA 

inclusion. As a rule, the extraction through H-bonding 

is sensitive at about the pKa of the weak acid, and a 

complex between the IL and the undissociated form of 

acid is produced. Along with the acid extraction, the 

IL also extracts water, forming complexes of the type 

(HAH)р(IL)(Н2О)2, where p = 1, 2, 3. The water 

molecules interact with the anion of the IL through H-

bonding to form complexes of type A-…H2O…A-. 

A small change of the alkyl length in the imidazolium 

cation has little influence on the interaction 

parameters. In the case of physical extraction by 

imidazolium saccharinates ([C8/10C1im][Sac] – 1-

Methyl/1-Decyl -3-octylimidazolium saccharinate), 

the moving force is mainly the concentration gradient 

when KHA is about 1. 

 

Extraction of organic acids by phosphonium-based 

ionic liquids  

The organic acids by phosphonium-based ionic 

liquids are only extracted by an undissociated form of 

acid at about the pKa of the acid, through H-bond with 

the result that a complex between the IL and 

undissociated form of acid is produced (Marták et al., 

2006; Marták et al., 2007; Marták et al., 2016; Tonova 

et al., 2015). 

On the basis of experimental equilibrium data has 

been established that during the extraction of acid by 

means of ILs, two types of stoichiometrically defined 

complexes are formed. One of them has the structure 

(HAH)p(IL) and the other has an (HAH)p(IL)(H2O)2 

structure. 

As a result, stoichiometrically defined complexes (p, 

1, 2) are formed with a (HAH)p(IL)(H2O)2 structure, 

where p is in the range of 1 to 3. For the complex with 

the highest acid loading (p = 3), the number of water 

molecules for hydration is 2 and the stoichiometry of 

the complex, namely (HA, IL, H2O) is (3, 1, 2). When 

the complexes include two molecules of hydrate water 

the stoichiometry is: (p, 1, 2). 

In the reactive extraction there are formed (p, 1) 

complexes containing a variable number of acid 

molecules p and only one molecule of IL. For the 

complexes (HAH, IL) the stoichiometry can be: (1, 1), 

(2, 1), and (3, 1). The stoichiometry of the dominant 

(HAH, IL) complex depends on the concentration of 

acid in the aqueous phase.  

Generally, in the range of low acid concentrations 

(from 0.2 to 2.0kmol.m-3) the stoichiometry of the 

complex is: (2, 1). At higher concentrations the 

stoichiometry of the complex is (3, 1). The complex 

(1, 1) is being formed mainly at acid concentration 

levels below 2.0kmol.m-3. 

The IL load does not depend on the IL concentration, 

and then only (p, 1) complexes are formed. 
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Hence, the most typical complexes for imidazolium 

Ils are HA-H2O-IL, and the phosphonium ILs 

complexes are H2O-HA-IL. 

 

Conclusions 
 

In the present work the mechanisms of extraction of 

organic acids have been shown by means of both 

traditional molecular extractants, and ionic liquids 

(ILs), which become increasingly prevalent in 

extraction and separation processes. 

In the last years, there has been an increased necessity 

for using extractants with improved ecological and 

toxicological characteristics. ILs meet these 

requirements. Besides, their use significantly shortens 

the technological time span of implementing the 

respective process. 

The available technological equipment in the 

chemical industry could be used with ILs as solvents 

and/or extractants for a more efficient implementation 

of the processes in terms of speed and selectivity, and 

the only problem in relation to the use of given ILs is 

their cost. 

The extraction of acid through aqueous two-phase 

systems founded on ILs define them as a solid basis 

for the development of economically efficient "green" 

strategies with a significant reduction of the negative 

impact on the environment. 
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