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ABSTRACT: The ability of some zwitterionic natural deep eutectic solvents (NADESs) based on 

N,N,N-trimethylglycine (TMG) and carboxylic acids (oxalic, glycolic and phenylacetic) to act as 

environmentally friendly solvents for CO2 capture has been investigated. The solubility of CO2 in the 

NADESs was measured gravimetrically at different temperatures in the range 298.15 - 333.15 K, and 

at different pressures in the range 0.1 - 4 MPa. The effect of the adopted experimental conditions has 

been discussed. The highest uptake has been observed for phenylacetic acid/TMG DES at 313.15 K 

and 4 MPa (45.5 mg CO2/g DES). The efficiency of this NADES as CO2 sorbent when reused in 

subsequent capture cycles has been evaluated. This work might open new perspectives in developing 

the most appropriate combination of HBA and HBD components of the DESs and the most 

appropriate operative conditions for an environmentally friendly CO2 capture. 

Keywords: Natural Deep Eutectic Solvents; CO2 capture; green chemistry  
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1. Introduction 

Global warming and the consequent adverse effects on the ecosystem represent one of the most 

crucial challenges of the 21st century for scientists. Humans are primarily responsible for global 

warming [1-4]. The first indication of an anthropogenic greenhouse effect was given in 1986 by 

Svante Arrhenius, who was the first to quantify the relationship between the increase in CO2 

concentration in the atmosphere and the Earth surface temperature, suggesting that a doubling of CO2 

concentration would lead to a 4-6°C temperature rise [5].  

The exaggerated anthropogenic production has led to an accumulation of CO2 in the atmosphere with 

a consequent increase in the amount of the heat retained by the planet and in global average 

temperatures [6].  

Many efforts have been made to identify and implement various strategies to reduce CO2 emissions 

[7]. Among the various developed CO2 capture technologies already in use either in laboratory or on 

an industrial scale, the chemical absorption using a liquid sorbent has been proposed as the most 

promising option to reduce CO2 emission [8].  

This technique is based on the ability of a sorbent to react with CO2 forming a compound 

characterized by weak bonds which will subsequently be degraded through heat or depressurization, 

regenerating the original sorbent and obtaining a CO2 flow at the outlet.  Aqueous alkanolamines are 

used as typical sorbents, due to their high affinity for CO2 through carbamate/carbonate formation, 

with the following efficiency trend: monoethanolamine (efficiency over 90%) > diethanolamine > 

diisopropanolamine > methyldiethanolamine [9].  

The use of alkanolamines as liquid sorbents, however, has some disadvantages such as the volatility, 

the corrosiveness and the thermal degradation to which they undergo at 100 – 150 °C so that the 

amine regeneration cannot be operated at optimal high values of temperatures and pressure, with 

consequent high energy consumption and cost increase [10]. Moreover, the amine degradation leads 
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to a considerable loss of active amine and to the generation of compounds which are potentially toxic 

for humans and harmful for the environment [11].  

To overcome these problems, alternative methods for carbon capture have been explored. Due to their 

peculiar characteristics, such as wide liquid range, thermal stability, low vapour pressure, non-

flammability and good solvating ability for a wide range of solutes, some ionic liquids (ILs), which 

are molten salts consisting of an organic cation and a polyatomic anion with asymmetric structures 

and delocalized charges, have attracted considerable interest as CO2 sorbents[12]. The main 

advantage of using ionic liquids as sorbents is that there is no loss of the capture agent into the gas 

stream during the CO2 capture process, thanks to their negligible vapor pressure.  Moreover, ILs can 

be easily regenerated by heating or bubbling nitrogen through the solution. Many studies have 

revealed a high CO2 solubility in ionic liquids, especially alkylimidazolium-based ILs [13]. In the 

capture process, conventional ILs act as physical solvents with CO2 solubility depending on several 

factors, such as free volume available to host CO2, strength of the interactions between the IL 

components, type of the constituent anion and cation [14, 15]. A more efficient CO2 capture has been 

obtained through a chemical absorption by using a task-specific ionic liquid (TSILs) in which the 

constituent ions have been functionalized with amine moiety [16-19].   

However, despite the fact that ILs have been often considered green solvents, many ionic liquids, 

especially those with lipophilic cations, have proven to be toxic since they are capable of destroying 

cell membranes due to the insertion of IL cations among the membrane phospholipids [20].  

Moreover, they are poorly biodegradable and water-soluble ionic liquids tend to accumulate in the 

aqueous environment, manifesting a certain toxicity towards various aquatic organisms [21]. Finally, 

their synthesis, that requires large amounts of salts and solvents, is really far from being 

environmentally friendly and the high cost of production and purification renders this method 

commercially unviable. 

Deep Eutectic Solvents (DESs) share with ILs many physicochemical characteristics (thermal 

stability, low vapour pressure, non-flammability) and, similar to ILs, their properties can be tuned 
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simply by changing the nature or the ratio of the DES constituents. Unlike ILs, the synthesis of DESs 

is very simple, it does not require the use of solvents and simply requires mixing the starting materials, 

a hydrogen bond donor (HBD) and a hydrogen bond acceptor (HBA), in the correct ratio to form 

eutectics that are liquid at ambient temperatures [22].  Additionally, most of the DES components are 

nontoxic [23], biodegradable [24] and inexpensive. For these reasons, DESs are considered a valid, 

truly "green" alternative, not only to conventional organic solvents but also to ionic liquids, 

overcoming the poor environmental benignity that some of ILs have shown. 

DESs have been successfully used as solvents in many organic reactions [25-30] and, recently, they 

have been proposed as liquid sorbents for gas absorption [31-34].  

Nowadays, special DESs made from natural metabolites such as organic acids, amino acids and 

sugars and commonly referred to as Natural Deep Eutectic Solvents (NADESs), have aroused 

particular interest from researchers especially in the field of green chemistry [35]. Considering that 

these components are natural occurring these solvents can be considered completely safe and 

environmentally friendly. In the present work, we have investigated the CO2-capture potential of 

some zwitterionic Natural Deep Eutectic Solvents (NADESs) based on N,N,N-trimethylglycine 

(TMG), a natural metabolite from choline and constituent of many foods [36], and some carboxylic 

acids, (oxalic, glycolic and phenylacetic acid, which are common constituents of plants [37]), as the 

HBA and HBD components, respectively.  

The amount of CO2 absorbed by the NADESs was determined gravimetrically and the effect of 

different operating conditions (pressure, temperature, exposure time) on the process was assessed. 

The NADES in which the best CO2 uptake was observed, was then subjected to subsequent CO2 

absorption cycles to evaluate whether it retains its effectiveness after use and regeneration. 
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2. Experimental 

2.1 Chemicals and materials 

Trimethylglycine (TMG), oxalic acid dihydrate, glycolic acid and phenylacetic acid were purchased 

from Sigma-Aldrich. TMG was dried under vacuum over silica gel and P2O5 prior to use. Carboxylic 

acids were crystallized (if necessary) and dried under vacuum at 60 °C over P2O5 for one day before 

use.  

CO2 was SS-grade (99.8% CO2) from SOL S.p.A. (Italy).   

2.2 Synthesis of NADESs  

The NADESs used in this work, are shown in Figure 1. They have been synthetized in the molar ratio 

HBA:HBD 1:2, following a procedure reported in the literature. [38] 

  

 

 

Figure 1. Structures of the components of the selected NADESs 

 

TMG and the carboxylic acid were directly weighed in a flask fitted with a stopper. The solid mixture 

was stirred and heated at 90 °C until a colourless liquid was formed, typically in 20–30 minutes. 
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2.3 Determination of CO2 capture 

The solubility of CO2 in the NADESs was measured gravimetrically at different temperatures (range: 

298.15 - 333.15 K) and pressures (range: 0.1 - 4 MPa).  Approximately 2 g of NADES were used for 

each experiment. Before each determination, the NADES was heated to 343.15 K for 1 hour under 

stirring (100 rpm) and under vacuum to remove any traces of moisture. 

Experiments were conducted in a pressure-resistant (up to 10 MPa) AISI 316L stainless steel reactor 

having an internal volume of 250 ml. The reactor was equipped with a Swagelok Quick fit inlet for 

gases, and a pressure gauge.  

The vial containing the sample was weighed and then introduced into the reactor chamber. The reactor 

was then connected to the cylinder containing CO2 from which the gas was introduced into the reactor 

at the desired pressure. The reactor was heated indirectly via a thermal chamber with flowing water 

maintaining a constant stable temperature. During gas loading the sample was agitated continuously.  

After introduction of the gas, a measurements were conducted after one hour. The vial containing the 

sample was then removed from the reactor, transferred to a small thermostated bath of Vaseline oil 

in order to maintain the temperature at the desired value, and weighed again.  

For high weighing precision, a Mettler Toledo AG265 Analytical Balance with Fully Automatic 

Calibration Technology (FACT) was used, resulting in a typical weighing uncertainty of less than 

0.005%. 

No change in the physical appearance and colour of the NADES samples were observed after the 

experiment. 

To evaluate the effect of the exposure time to CO2 on the ability of NADES to act as sorbent, in some 

cases experiments were carried out allowing the CO2/NADES system to equilibrate for 2 h.  Finally, 

three absorption / desorption cycles have been carried out to evaluate the possibility of recycling the 
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solvent. The CO2 desorption has been executed obtained by heating the sample at 343.15 K for 1 hour 

under vacuum and with a constant stirring rate of 100 rpm. 

2.4 FTIR measurements 

The IR spectra were recorded on a Varian Scimitar 1000 FT-IR spectrometer (Varian Inc., Palo Alto, 

California) by placing a thin film of the sample on a KBr tablet. All spectra were collected at 2 cm−1 

resolution in the range of 4000−400 cm−1. The obtained FTIR spectra were corrected for background 

spectra using pure NADES loaded-KBr tablet registered at the same parameter setup and were 

processed using Varian Resolutions software version 4.0.5.009 (Varian Inc., Palo Alto, California).  

3. Results and discussion 

3.1 Effect of temperature and pressure on CO2 capture 

The ability of the NADESs to absorb CO2 has been tested, gravimetrically, at three different 

temperatures and, for each selected temperature, at three different pressure values. Only in the 

NADES 3, which has proven to be the most effective sorbent for CO2, experiments were carried out 

even at P = 2.5 MPa.  

The experimental results are collected in Table 1 as a function of temperature and pressure. The 

amount of absorbed CO2 (1 hour after initial exposure to the gas) has been expressed in terms of mg 

absorbed CO2/ g NADES. As the three NADESs have different molecular weight, the amount of 

absorbed CO2 has been also reported in brackets as percentage of the ratio between the number of 

moles of absorbed CO2 (nCO2) and the number of moles of the sorbent (nNADES), for the sake of 

comparison.  

Data in Table 1 clearly show that NADES 1 is the solvent with the lowest absorption capacity while 

NADES 3 proves to be the best CO2 sorbent among the three tested NADESs.   
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Since the HBA component in the studied NADESs is the same, the different observed behaviour is 

assigned to the different characteristics of the HBD component. In our particular case, the HBD 

components are all carboxylic acids and therefore the acidic nature of the DESs is obviously due to 

the presence of the carboxylic functional group.  

Table 1. mg of CO2 absorbed per g of NADES at different temperatures and pressures. Measurements 

were carried out after a 1-hour interval following introduction of the gas. The percentages of the ratio 

nCO2/nNADES are reported in brackets 

T (K) 

mg absorbed CO2/g NADES                                                                                                                         

(% nCO2/nNADES)    

 0.1 MPa 1 MPa 2.5 MPa 4 MPa 

 1 2 3 1 2 3 3 1 2 3 

298.15 0               

(0) 

0.85 ±0.06 

(0.6) 

1.15±0.07    

(1.1) 

0.48±0.03 

(0.3) 

7.64±0.31 

(4.7) 

9.92±0.43 

(8.8) 

13.6±0.5  

(12.0) 

0.24±0.03 

(0.1) 

9.15±0.55 

(5.5) 

14.5±0.5 

(12.8) 

313.15 0.35±0.02 

(0.2) 

0.54±0.04 

(0.3) 

1.18±0.07 

(1.1) 

0.45±0.03 

(0.3) 

2.91±0.18 

(1.8) 

13.1±0.5 

(11.8) 

21.6±0.9  

(19.1) 

0.52±0.04 

(0.3) 

2.84±0.19 

(1.7) 

38.1±1.2 

(33.7) 

333.15 0.32±0.02 

(0.2) 

0.24±0.03 

(0.1) 

1.15±0.07 

(1.1) 

0.18±0.03 

(0.1) 

3.10±0.15 

(1.8) 

12.3±0.6 

(10.9) 

20.5±0.8  

(18.1) 

1.72±0.11 

(1.1) 

1.68±0.11 

(1.0) 

32.0 ±1.1 

(28.3) 

 

It is known that the solubility of CO2 in DESs is influenced by the pH value, with the CO2 showing 

a greater affinity towards basic solvent rather than acidic ones [39]. Taysun et al. have measured the 

pH of three DESs containing benzyl triethylammonium chloride as HBA and p-toluene sulfonic acid 

(PTSA), oxalic acid (OX) and citric acid (CA) as HBD [40]. They found pH values of −1.5, −0.8 and 

1 for the three DESs, respectively. As the pKa values of the acids follow the same trend (PTSA is the 

strongest acid followed by OX and CA), pKa can be considered representative of the acidity of the 

medium. In a recent paper it was shown that small differences in the pKa values of the components 

of the DESs do not linearly correlate with the acidic properties of the resulting liquids [41]. However, 
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in the current NADESs, the carboxylic acids used as HBD components are: oxalic acid (pKa = 1.46), 

glycolic acid (pKa = 3.6) and phenylacetic acid (pKa = 4.31); their differences in the pKa values are 

large, so their acidic behaviours are different. Indeed, the solubility of CO2 follows the different 

acidity of the HBD components: the lower pKa value of oxalic acid corresponds to the lower solubility 

of CO2; the higher pKa value of the phenylacetic acid corresponds to the higher CO2 uptake. This 

result agrees with that reported by Mirza et al. who showed that CO2 solubility decreases in the order: 

ethaline (HBD = ethylene glycol; pKa = 14.22) > reline (HBD = urea; pKa = 13.82) > malinine (HBD 

= malic acid; pKa = 3.40) [42]. 

NADESs used in the present work are conventional DES, i.e. they do not have functional groups that 

can chemically react with CO2, such as for example, amino groups. Therefore, they can interact with 

CO2 only as physical solvents through weak forces (electrostatic interactions and/or dispersion 

interactions), without a chemical reaction taking place. In general, carbonyl groups are CO2-philes 

thanks to the interaction between the Lewis-basic carbonyl oxygen and the Lewis-acidic central 

carbon of CO2 as well as the possibility of forming a hydrogen bond between the -OH group of the 

carboxylic acid and one of the electronegative oxygen atoms of CO2 [43, 44]. However, in the case 

of dicarboxylic oxalic acid and of glycolic acid, the presence of the extra carbonyl group and of the 

alcoholic group, respectively, allows the formation of a complex and strong intra- and inter-molecular 

H bond network between acids which results in a lower CO2 physisorption. Self-association of oxalic 

acid in choline chloride/ oxalic acid DES has been observed by Gilmore et. al. in a neutron scattering 

study [45]. Moreover, in NADES 1 the structural water molecules contribute to the H-bonding 

network and compete with CO2 molecules for the same interaction sites further reducing CO2 

absorption. 

Regarding the role of the HBA component of the NADES in the absorption of CO2, HBA could act 

as a basic site for CO2 so that the CO2 uptake could be obtained through the formation of a Lewis 

acid–base complex between HBA and CO2, in analogy to what has been demonstrated for the anionic 
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component of ionic liquids. Several studies have shown that the solubility of CO2 in ionic liquids is 

more influenced by the nature of the anion rather than that of the cation [13, 46-48]. However, the 

ability of the anion to interact with CO2 depends not only on its basicity but also on the strength of 

the anion-cation interactions. Weak anion-cation interactions would contribute to high CO2 

absorption capacity, while strong interactions would quench the ability of the anion to interact with 

CO2 thus reducing the CO2 uptake [49]. Different association constants between the two constituents 

of some NADESs have been observed [50]. Recently, Shukla et al. have compared the CO2 uptake in 

two DES both having ethylenediamine (EDA) as HBD and 1-methylimidazolium chloride 

(HMIM•Cl) or monoethanolammonium chloride (MEA•Cl) as HBA. They found lower CO2 

absorption in [HMIM•Cl] [EDA] than in [MEA•Cl] [EDA] and interpreted this result in terms of 

stronger H-bonding interactions in the former DES rather than in the latter [39]. 

In the current selection of NADESs the strength of the H-bond can be correlated to the pKa values of 

the carboxylic acids used as HBDs as it was also observed in Walden plot determination for these 

liquids [38]. Indeed, a lower pKa value corresponds to a higher partial positive charge density on the 

-OH oxygen of the carboxylic acid and, consequently, to a larger dipolar contribution to the H-bond. 

This makes the H-bond stronger, especially when the HBA has a formal negative charge [51], as in 

the case of TMG.  On this basis, the strength of the H-bonding interaction between HBA and HBD 

in the present NADESs increases in the order: phenylacetic acid < glycolic acid < oxalic acid, which 

is the reverse order of effectiveness of NADESs as CO2 sorbents. 

It is interesting to note that NADES 3, which has shown the greatest CO2 uptake, is the only one in 

which the carboxylic acid used as HBD has an aromatic ring. It has been demonstrated that the – 

interactions between aromatic and non-aromatic monomers may be stronger than that between two 

aromatic molecules [52, 53] and several authors have highlighted that the non-covalent stacking 

interaction between CO2 and a phenyl group, leading to a site-selective solvation of CO2 around the 

aromatic ring, significantly contributes to the absorption of CO2 [43, 54]. As NADES 1 and 2, in 
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which only electrostatic interactions such as hydrogen bonding can contribute to the physical 

absorption of CO2, turned out to be less efficient as CO2 sorbents than NADES 3, it can be suggested 

that − interactions play a dominant role so that NADESs with  delocalized systems could be 

considered the best candidates for CO2 physisorption.  

Beside solute-solvent interactions, a free volume mechanism for the dissolution of CO2, both in ionic 

liquids [48] and in DESs [55, 56], has been proposed according to which the CO2 molecules are 

hosted into the available void space between the solvent components.  

For ionic liquids, molecular dynamic simulation and quantum chemical calculation [57, 58] have 

suggested that empty vacancies, or holes, lie in the interionic space between cation and anion. In 

analogy, it can be supposed that, in DES, they lie in the space between the HBA and the HBD 

components so that weak HBA−HBD interaction, as in NADES 3, favour the CO2 uptake. 

Indeed, free volume is inversely related to fluid density [59, 60], i.e. a lower density corresponds to 

a larger free volume and, consequently, more space in the bulk of the liquid is available to host the 

CO2 molecules [55, 56]. For the current NADESs, density follows the trend: NADES 1> NADES 2 

> NADES 3 [38] which can justify the observed different CO2 solubility, according to the free volume 

mechanism.  

Cardellini et al. have also determined the energies for activation of the viscous flow, E, for the 

current NADESs and values of 34.2 KJ/mol, 42.6 KJ/mol and 41.6 KJ/mol have been calculated for 

NADES 1, NADES 2 and NADES 3, respectively [38]. E values inversely correlate with the radius 

of the vacancies in the liquid: high values indicate that molecules move with difficulty, due to the 

small dimensions of the vacancies [61, 62]. Even if a linear correlation between the viscosity-based 

calculated E and the ability of NADESs to act as CO2 sorbent cannot be found, it appears, however, 

that vacancy size should be as well considered because small vacancies may promote CO2 embedding 

when specific interactions, such as − interactions, are effective. 
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In NADES 3, the amount of the absorbed CO2 is rather poor at the lowest value of the operating 

pressure, while the efficiency of NADES as sorbent increases as the operating pressure increases, for 

each constant temperature. 

This result is not surprising and validates what has been reported in several previous studies. For 

example, Li et al. have determined the solubility of CO2 in choline chloride – urea DES at 313.15, 

323,15 and 333,15 K and pressures up to 13 MPa, showing that the solubility increases as pressure 

increases, at constant temperature [63]. The same trend had been reported a few years later by Leron 

et al. with a larger range of temperature (from 303.15K to 343.15 K in 10 K intervals) [64]. 

Considering the amount of absorbed CO2 as a function of temperature, at constant pressure, it is 

evident that the increase in temperature has no influence on the absorbing capacity of the NADES at 

the lowest pressure value (P = 0.1 MPa) while, for each considered pressure  1 MPa, an increase in 

temperature from 298.15 to 313.15 K, corresponds to an increase in the amount of absorbed CO2 (1.3 

times at P = 1 MPa; 1.6 times at P = 2.5 MPa; 2.6 times at P = 4 MPa). This result may seem in 

conflict with those obtained in the previous cited studies, which have shown, as a typical trend in 

DESs, a decrease in the solubility of CO2 with increasing temperature, at all pressure values. 

However, it should be noted that the NADES is highly viscous at 298.15 K and the viscosity 

represents an important obstacle to the mass transfer of the gas into the solvent. Indeed, on increasing 

the temperature from 298.15 to 313.15 K, the viscosity of NADES decreases [38] allowing the capture 

of greater amounts of CO2. A further increase in temperature up to 333.15 K leads, as expected, to a 

decrease in the absorption capacity of the NADES because of the weakening of the forces that restrain 

the gas into the liquids. 

For T = 313.15 K and 333.15 K a direct proportionality between the mg of absorbed CO2 and pressure 

values exists (Figure 2).  
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Figure 2. CO2 solubility as a function of pressure in NADES 3 (TMG-phenylacetic acid 1 : 2) at 

298.15 K (), 313.15 K (R2 = 0.98), and 329 K ( R2 = 0.98). 

 

 

At T = 298.15 K, a linear trend is not observed: initially the solubility increases with increasing 

pressure until a plateau is reached at P = 2.5 MPa. This behaviour could confirm the free volume 

mechanism of CO2 absorption. In fact, when the pressure increases the free volume available to host 

the CO2 molecules decreases until, at a certain pressure value, further CO2 molecules do not find 

space available to be accommodated. The plateau was not reached at higher temperatures because the 

NADES density decreases proportionally to the increase in temperature [38] so it is presumed that 

higher operating pressures have to be applied to reduce the vacancies in the fluid and reach the 

plateau, at these temperature values. 
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3.2 Effect of exposure time on CO2 capture 

To evaluate whether the ability of the NADES to absorb CO2 may also depend on the exposure time 

of the sorbent to the gas, experiments were performed keeping the system NADES/CO2 inside the 

reactor, at the desired pressure (P  1MPa) and at constant stirring, for two hours, at 313.15 and 

333.15 K. The results of gravimetric determinations are reported in Table 2. The comparison of the 

data in Table 2 with those reported in Table 1 shows that the absorption capacity of the NADES 

increases with increasing exposure time, at T = 313.15 K while no differences are evident for the 

absorption at 333.15 K. We can therefore conclude that at lower operating temperatures a longer 

equilibrium time is required for the system. . 

 

Table 2. mg of CO2 absorbed per g of NADES 3 at different temperatures and pressures. 

Measurements performed at a two-hour interval after introduction of gas  

T (K) mg absorbed CO2/g NADES 

 0.1 MPa 1 MPa 4 MPa 

313.15 15.9±0.7 28.3±0.7 45.5±1.7 

333.15 12.0±0.4 20.5±0.6 33.7±1.1 

 

 

 

3.3 FTIR measurements 

 

FTIR spectroscopy is a useful qualitative technique to assess the absorption of CO2 by a solvent. For 

example, by means of FTIR spectroscopy, Gurkan et al. have been able to distinguish between the 
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physical dissolved and the chemically reacted CO2 into the phosphonium- based amino acid ionic 

liquid, trihexyl(tetradecyl)phosphonium methioninate ([P66614][Met]) [65]. In fact, the physically 

absorbed CO2 can be easily detected by the appearance of the band due to the asymmetric stretching 

of CO2 between 2370 and 2310 cm-1 and to the active bending at around 670 cm-1 [65, 66]. In our 

work, we used FTIR spectroscopy to provide further information about the interactions between CO2 

and NADES 3. The spectra have been collected before and after a 2 hours-exposure of the NADES 

to CO2 at 313.15 K and 4 MPa and are reported in Figure 3. 

 

Figure 3. FTIR spectra of NADES 3 before (dashed line) and after exposure to CO2 (full line). The 

circles highlight the bands at 2350 cm-1 and at 668 cm-1 that confirm the physical absorption of CO2. 

 

As expected, there is no evidence of chemical interaction between the components of the NADES 

and CO2 while the physical absorption of the gas is proven by the appearance, in the spectrum 

recorded after the exposure of NADES to the gas, of the CO2 asymmetric stretching band at 2350 

cm-1 and of the band at 668 cm-1 due to the active bending of the CO2 molecule. The band at 668 cm-1 

is very weak because the groups of the NADES components strongly absorb in the same region. 
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3.4 Recyclability of NADES 

The possibility of a low-energy required purification of the sorbent as well as its recycling are 

fundamental in the economics of the CO2 capture process. Beside the disadvantage of physisorption, 

compared to chemisorption, of a lower quantity of absorbed CO2, physical sorbents have the 

advantage of being easily purified in a non-destructive manner, generally by heating. We recycled 

the process of CO2 uptake by repeating sorption/desorption cycles three times and the desorption has 

been obtained simply by heating the sample at 343.15 K under vacuum and stirring for 1 hour. The 

absorption cycles were performed at 313.15 K and 4 MPa and gravimetric measurements were carried 

out at 2 hours of exposure to the gas. The obtained results (2nd cycle: 43.3±1.2 mg absorbed CO2/g 

NADES; 3rd cycle: 37.5±1.5 mg absorbed CO2/g NADES) show a slight loss of the absorption 

capacity for subsequent cycles (Fig.4). 

 

Figure 4. mg of CO2 absorbed per g of NADES 3 in three subsequent absorption/desorption cycles. 

 

4. Conclusions 

The properties of three carboxylic acid-based NADESs as environmentally friendly solvents for the 

CO2 capture have been evaluated. The highest uptake has been obtained when phenylacetic acid is 
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used as the HBD component while glycolic acid- and oxalic acid-based NADESs showed slight CO2 

absorption. The suggested physisorption process, confirmed by FTIR measurements, turned out to be 

dependent on several factors such as the acidity of the HBD component, the strength of the 

interactions between HBA and HBD, the presence of water molecules and the molecular structure of 

the carboxylic acid. Indeed, the - interactions between the aromatic ring of the phenylacetic acid 

and CO2 seem to play a fundamental role in the ability of the NADES to absorb the gas. It is 

noteworthy that the CO2 absorption capacity is inversely related to the density of NADES and this 

result suggests the involvement of the free volume mechanism in which the CO2 molecules are 

accommodated into the  intermolecular spaces between the NADES components. The occurrence of 

the free volume mechanism is also supported by the fact that an absorption plateau is reached at the 

highest pressure values, at a fixed temperature. 

The amount of absorbed CO2 increases with increasing gas pressure and exposure time, with the 

maximum absorption occurring at P = 4 MPa, T = 313,15 K and t =2 h, for NADES 3. Finally, it has 

been demonstrated that NADES is still able to absorb CO2 after three absorption/desorption cycles 

even if its efficiency slightly decreases. This study provides a valuable insight for the design of the 

optimal NADES to act as physical sorbent for the capture of CO2. 

 

Notes  
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