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A major problem with the prevalent use of alkanolamines in conventional carbon capture 
technology is their inherent disadvantages, such as the demanding regeneration process, 
which involves high energy consumption, as well as the formation of toxic byproducts 
during degradation, which have triggered extensive research into alternative methods. 
An important area of research has focused on the development of green solvents as viable 
and sustainable replacements for traditional alkanolamine-based approaches. In this 
work, two cholinium amino acid-based ionic liquids (ChAAIL) were synthesized via the 
acid-base neutralization method. ChAAIL moieties were characterized using ATR - FTIR 
spectroscopy techniques. The high-water content of all ChAAIL ionic liquids confirmed the 
synergistic hygroscopic effect arising from both cholinium cations and amino acid anions. 
Thermophysical analysis data consisting of density and viscosity provide a better 
understanding of the correlation between the above properties and the molecular 
structure of ChAAIL. A thorough understanding of these novel ionic liquids is crucial for 
developing a greener and more effective green solvent for carbon capture and mitigation 
technology. 
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1. Introduction 
 

Combating climate change and its associated impacts is one of the crucial goals among the 17 
Sustainable Development Goals (SDGs) to be achieved by 2030. This global challenge is primarily 
caused by anthropogenic carbon dioxide emissions resulting from the burning of fossil fuels in various 
industrial sectors, which have a profound impact on our planet's delicate climate. Dependence on 
fossil fuels as a primary energy source remains a significant factor contributing to rising CO2 

concentrations in the atmosphere. In 2019, global CO2 concentration reached alarming levels, 
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reaching 409.18 0.1 ppm [1]. The relentless increase in anthropogenic CO2 emissions, combined with 
the release of other greenhouse gases, has led to a worrying rise in global temperatures. As the World 
Meteorological Organization (WMO) [2] confirmed in its January 2021 press release, the global 
average temperature in 2020 exceeded pre-industrial levels by a remarkable 1.2°C. 

Although conventional carbon capture and sequestration technology, which relies primarily on 
chemical absorption using alkanolamines, is mature, it is fraught with inherent problems. 
Alkanolamines exhibit low biodegradability and high ecotoxicity and corrosive properties that pose a 
significant threat to the environment and may cause irreversible damage [3]. The confluence of 
several factors, including the significant amount of alkanolamine required, the significant capital 
investment, the significant energy costs associated with solvent regeneration, and the environmental 
risks posed by commonly used alkanolamines make the overall chemical absorption CO2 capture 
process unsustainable and environmentally burdensome [4-9]. 

Ionic liquids (ILs) are a family of molten salts that have melting temperatures below 100 °C and 
are made up of organic cations and organic/inorganic anions [10]. These substances offer unique 
physicochemical characteristics, such as low vapor pressure, low flammability, and outstanding 
thermal stability, that have attracted a lot of attention from the scientific community as green 
solvents [10-12]. Unfortunately, despite the ‘green solvent’ status, not all ionic liquids can be 
regarded as biodegradable. Numerous ionic liquids made from imidazolium and pyridinium do not 
adhere to the requirements for biodegradability, according to Hou et al., [13] and Petkovic et al., 
[14]. Ionic liquids (ILs) based on cholinium cation have attracted a lot of attention from scientists as 
prospective substitutes for traditional ILs because of their greater biodegradability and affordable 
production [13,15,16]. The main characteristic of cholinium cations is their proven low toxicity. They 
are identified by a quaternary ammonium structure with an attached hydroxyl group on the alkyl 
side. This property makes cholinium-based ILs an attractive choice for accelerating the development 
of ecological and biodegradable green solvents. 

Amino acids are essential building blocks for protein inside of humans and animals. As bio – 
renewable material, anion that stemmed from amino acid groups would complement the cations 
selected in this study to improve the biodegradability aspect of the ionic liquid as well as facilitate 
the absorption of CO2. Unlike conventional ionic liquid made of perfluorinated anions that capture 
CO2 through physical absorption, the presence of amine group enabled the absorption of CO2 through 
weak chemisorption interaction [17-19]. In this work, two different ChAAIL, namely cholinium L – 
alaninate ([Chl][Ala]) and cholinium L – serinate ([Chl][Seri]) were synthesized via acid – base 
neutralization method. The moieties of the ionic liquids were confirmed by using attenuated total 
reflectance Fourier – Transform infrared (ATR - FTIR) spectroscopy. The water content for all ChAAIL 
were analysed by Karl Fischer titration volumetric method. The combined analysis of density and 
viscosity data employed in this study serves as platform to understand the molecular interactions 
between the cholinium cation and amino acid anion in ChAAILs. In addition, the insights from these 
data will serve as a valuable reference in determining the most suitable cholinium amino acid-based 
ionic liquid (ChAAIL) for effective CO2 capture applications. 
 
2. Methodology 
2.1 Materials 
 

L – alanine, L – Serine, acetonitrile and methanol were used as received without undergoing 
purification step prior to the neutralization reaction. Acetonitrile and methanol used during washing 
step were of analytical grade. Both amino acids were dissolved by using ultra – pure water (18.2 
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MΩ.cm at 25°C) that was obtained through purification of distilled water by using Simplicity UV 
(Millipore). Choline hydroxide (46%, stabilized in water) was purchased from Sigma Aldrich. 
 
2.2 Synthesis of Cholinium Amino Acid Based Ionic Liquid (ChAAIL) 
 

Synthesis of cholinium alaninate and cholinium serinate followed a simple acid – base 
neutralization principle [20]. A Schott bottle containing 30 mL of choline hydroxide was cooled in a 
glass trough filled with ice. Although the neutralization reaction is an equimolar reaction, 10% excess 
of amino acid solution was used to ensure complete neutralization reaction. The amino acid solution 
was added to the cooled cholinium hydroxide solution in a dropwise manner under stirring condition 
(500 rpm) for 24 hours. Water was removed from the pure product by using rotary evaporator 
operated at reduced pressure and temperature of 70 mbar and 50 °C for 120 hours. Excess unreacted 
amino acid was removed from the pure product by washing the pure product three times with solvent 
mixture of acetonitrile/methanol (9:1, v/v). The precipitated amino acid crystal was filtered out of 
the ionic liquid. The products were further dried in vacuum oven at 50 °C at 500 mbar for 48 hours. 
 
2.3 Cholinium Amino Acid – Based Ionic Liquid Moiety Characterization 
 

ATR - FT-IR spectrum were generated by using PerkinElmer FT-IR equipment. Attenuated Total 
Reflectance (ATR) mode was used to record the IR spectra of ChAAIL at ambient condition. The 
analysis of the functional group presence in the amino acid based ionic liquid focused on functional 
group region (4000 cm-1 – 1400 cm-1). 
 
2.4 Thermophysical Properties Analysis 
 

The water content of all ChAAIL were analyzed by using Karl Fisher Titrator Mettler Toledo V30 
through volumetric titration. The density of each ionic liquid was studied over a temperature range 
from 298.15 K to 323.15 K by using a glass pycnometer. 2 mL of ionic liquid was placed into the 
pycnometer bottle and the pycnometer bottle was partially submerged in a water bath. The 
temperature of the water bath was controlled by using a thermocouple. 

The dynamic viscosity of the ionic liquids was determined by using Brookfield CAP2000+ 
Viscometer. Due to the principal of the equipment that calculate the viscosity by using shear force, 
small amount of sample (67 µL) was placed on the sample plate and suitable cone spindle was placed 
directly on the sample. A low amount of torque was applied, and the viscosity was measured at 
temperature range of 298.15 K to 323.15 K. 
 
3. Results 
3.1 Characterization: ATR - FTIR 
 

ATR - FTIR spectrum in the following Figure 1 for all ChAAIL shows the characteristic peaks 

absorbance of aliphatic primary amine (NH2) as well carboxylate functional groups (COO-). The 

medium peak at wavenumber region of 3350 – 3310 cm-1 represents N-H stretching of cholinium 
alaninate (3255.32 cm-1) and cholinium serinate (3245.41 cm-1). Strong and sharp peak of C=O 
stretching can also be observed in the FTIR spectrum for cholinium alaninate (1560.95 cm-1) and 
cholinium serinate (1561.50 cm-1). Apart from these two prominent peaks in the functional group 
region, medium peak contributed by the bending of C-H bond of methyl group can also be seen in 
the FT-IR spectrum of ChAAIL in the wavenumber region of 1470 cm-1 to 1480 cm-1. 
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Fig. 1. ATR – FTIR of ChAAIL 

 
3.2 Water Content 
 

Despite an extensive drying process that includes both rotavap and vacuum oven techniques, the 
recorded water content for both cholinium amino acid-based ionic liquids (ChAAILs) in Table 1 
remains significantly elevated, ranging from 8.67 to 10.25 wt. %. It is important to note that while 
the alanine anion can be considered hydrophobic due to its methyl side chain, an important 
observation suggests that the primary contributor to the increased water content in these 
synthesized ionic liquids is the cholinium cation [20]. This may be attributed to the presence of a 
hydroxyl functional group in the cholinium cation. The relatively high-water content observed in all 
ChAAILs compared to conventional ionic liquids can be mainly attributed to the hydroxyl group in the 
cholinium cation. Furthermore, the inherent hygroscopic nature of the amino acid anion plays a 
minor role in this phenomenon. Given the significant water content observed, it is essential that 
careful care be taken in all further drying processes to ensure that the ionic liquids are not 
decomposed. 
 

Table 1 
Water content of ChAAIL 
ChAAIL Water Content (wt.%) 

[Chl][Ala] 8.67 
[Chl][Seri] 10.25 

 
3.3 Density and Viscosity 
 

Both density and viscosity measurements were performed for both cholinium amino acid-based 
ionic liquids (ChAAILs) over a temperature range of 298.15 K to 323.15 K. The results are shown in 
the following Table 2 and Table 3, as both tables show the temperature dependent nature of these 
ionic liquids, with both density and viscosity decreasing with increasing temperature. Surprisingly, 
when looking at Figure 2, which plots the densities of ChAAILs versus temperature, a peculiar trend 
emerges, where there was huge difference between the density of [Chl][Ala] and [Chl][Seri] at all 
temperature points, despite the small difference in the molecular weight of [Chl][Ala] (192.26 gmol-

1) and [Chl][Seri] (208.26 gmol-1). This intriguing finding suggests that the density of ChAAILs does not 
primarily depend on molecular weight or van der Waals forces. A plausible explanation for this 
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phenomenon lies in the ability of serine anions to form hydrogen bonds. It can be concluded that the 
density of ChAAILs depends on the strength and prevalence of hydrogen bond interactions between 
the choline cation and the amino acid anions. 
 

Table 2 
Density of ChAAIL 
Temperature 
(K) 

Density, ρ (g/cm3) 

[Chl][Ala] [Chl][Seri] 

298.15 0.966 1.0854 
303.15 0.9635 1.0828 
313.15 0.9583 1.0776 
323.15 0.9534 1.0721 
333.15 0.9484 1.0669 

 
Table 3 
Viscosity of ChAAIL 
Temperature 
(K) 

Viscosity, η (mPa·S) 

[Chl][Ala] [Chl][Seri] 

298.15 334.7 1051.54 
303.15 203.89 595.87 
313.15 77.25 199.05 
323.15 27.34 73.88 
333.15 12.15 31.52 

 

 
Fig. 2. Graph of ChAAIL densities against temperature 

 
The same trend was observed in the plot of viscosities for ionic liquids based on cholinium amino 

acids (ChAAILs) in Figure 3 below. Compared to [Chl][Ala] that demonstrated gradual decrease in the 
viscosity as the temperature increased by 10 K, the viscosity of [Chl][Seri] rapidly decrease as the 
temperature was increased from 298.15 K to 313.15 K. The extremely high viscosity of [Chl][Seri], 
particularly at low temperature, was determined by the ability of serine anions to form hydrogen 
bond, as well as the higher molecular weight of [Chl][Seri]. Nonetheless, selecting ChAAILs with high 
viscosity such as [Chl][Seri] would be detrimental, as it can hinder the diffusivity of CO2 and make it 
less suitable for absorption purposes. This discrepancy between density and viscosity data highlights 
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the complex interplay of factors affecting the properties of ChAAILs and highlights the importance of 
considering multiple factors when developing and optimizing ionic liquids for specific applications. 
 

 
Fig. 3. Graph of ChAAIL viscosities against temperature 

 
4. Conclusions 
 

In summary, the comprehensive analysis of various properties, including water content, density, 
and viscosity, has provided a solid basis for assessing the suitability of cholinium amino acid-based 
ionic liquids (ChAAILs) for CO2 absorption applications. The water content data highlighted the 
significant amount of moisture in the ChAAIL, while density and viscosity measurements revealed 
interesting relationships between the molecular composition of ChAAILs and their physical 
properties. Key findings included the observation that the density of ChAAILs does not solely depend 
on molecular weight or van der Waals forces but is influenced by the strength of the hydrogen bond 
interactions between the choline cation and the amino acid anions. On the other hand, the viscosity 
showed a clear correlation with the molecular weight of the anion, indicating the influence of 
intermolecular forces, especially van der Waals forces. Nevertheless, further research and 
optimization are required to fully exploit the potential of ChAAILs in CO2 capture processes and 
ensure their practicality and efficiency in real-world applications. 
 
Acknowledgement 
The authors are grateful for the financial support by the UTP-UniKL Collaboration Research Grant 
Scheme (UTP-UniKL CRGS - CoRI/CRFUTPUNIKL2022/07/Assoc.Prof.Dr.ChM.Ts.Dr.NorzahirSapawe) 
from Universiti Teknologi Petronas (UTP), Universiti Kuala Lumpur (UniKL) and Majlis Amanah Rakyat 
(MARA) Malaysia, and also the Universiti Kuala Lumpur Branch Campus Malaysian Institute of 
Chemical and Bioengineering Technology (UniKL MICET) for their support. 
 
References 
[1] Lindsey, Rebecca. "Climate Change: Atmospheric Carbon Dioxide." Climate.gov. April 9, 2024.  
[2] World Meteorological Organization. "2020 was one of three warmest year on record." WMO. Accessed August 9, 

2021.  
[3] Eide-Haugmo, Ingvild, Odd Gunnar Brakstad, Karl Anders Hoff, Kristin Rist Sørheim, Eirik Falck da Silva, and Hallvard 

F. Svendsen. "Environmental impact of amines." Energy Procedia 1, no. 1 (2009): 1297-1304. 
https://doi.org/10.1016/j.egypro.2009.01.170  

https://doi.org/10.1016/j.egypro.2009.01.170


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 119, Issue 2 (2024) 204-210 

210 
 

[4] Sumida, Kenji, David L. Rogow, Jarad A. Mason, Thomas M. McDonald, Eric D. Bloch, Zoey R. Herm, Tae-Hyun Bae, 
and Jeffrey R. Long. "Carbon dioxide capture in metal-organic frameworks." Chemical Reviews 112, no. 2 (2012): 
724-781. https://doi.org/10.1021/cr2003272  

[5] Zaman, Muhammad, and Jay Hyung Lee. "Carbon capture from stationary power generation sources: A review of 
the current status of the technologies." Korean Journal of Chemical Engineering 30 (2013): 1497-1526. 
https://doi.org/10.1007/s11814-013-0127-3  

[6] Reynolds, A. J., T. V. Verheyen, and E. Meuleman. "Degradation of amine-based solvents." In Absorption-Based 
Post-Combustion Capture of Carbon Dioxide, pp. 399-423. Woodhead Publishing, 2016. 
https://doi.org/10.1016/B978-0-08-100514-9.00016-0  

[7] Yu, Kun, William A. Mitch, and Ning Dai. "Nitrosamines and nitramines in amine-based carbon dioxide capture 
systems: fundamentals, engineering implications, and knowledge gaps." Environmental Science & Technology 51, 
no. 20 (2017): 11522-11536. https://doi.org/10.1021/acs.est.7b02597  

[8] Dai, Ning, and William A. Mitch. "Influence of amine structural characteristics on N-nitrosamine formation potential 
relevant to postcombustion CO2 capture systems." Environmental Science & Technology 47, no. 22 (2013): 13175-
13183. https://doi.org/10.1021/es4035396  

[9] Chen, Xiujuan, Gordon Huang, Chunjiang An, Yao Yao, and Shan Zhao. "Emerging N-nitrosamines and N-nitramines 
from amine-based post-combustion CO2 capture-A review." Chemical Engineering Journal 335 (2018): 921-935. 
https://doi.org/10.1016/j.cej.2017.11.032  

[10] Mjalli, Farouq S. "Novel amino acids based ionic liquids analogues: Acidic and basic amino acids." Journal of the 
Taiwan Institute of Chemical Engineers 61 (2016): 64-74. https://doi.org/10.1016/j.jtice.2015.12.020  

[11] Amhamed, Abdukarem, Mert Atilhan, and Golibjon Berdiyorov. "Permeabilities of CO2, H2S and CH4 through 
choline-based ionic liquids: atomistic-scale simulations." Molecules 24, no. 10 (2019): 2014. 
https://doi.org/10.3390/molecules24102014  

[12] Jumbri, Khairulazhar, Nuno M. Micaelo, and Mohd Basyaruddin Abdul Rahman. "Solvation free energies of nucleic 
acid bases in ionic liquids." Molecular Simulation 43, no. 1 (2017): 19-27. 
https://doi.org/10.1080/08927022.2016.1227075  

[13] Hou, Xue-Dan, Qiu-Ping Liu, Thomas J. Smith, Ning Li, and Min-Hua Zong. "Evaluation of toxicity and 
biodegradability of cholinium amino acids ionic liquids." PloS One 8, no. 3 (2013): e59145. 
https://doi.org/10.1371/journal.pone.0059145  

[14] Petkovic, Marija, Kenneth R. Seddon, Luis Paulo N. Rebelo, and Cristina Silva Pereira. "Ionic liquids: a pathway to 
environmental acceptability." Chemical Society Reviews 40, no. 3 (2011): 1383-1403. 
https://doi.org/10.1039/C004968A  

[15] Mustahil, Noorul Adawiyah, Siti Hawatulaila Baharuddin, Atikah Aini Abdullah, Ambavaram Vijaya Bhaskar Reddy, 
Mohamed Ibrahim Abdul Mutalib, and Muhammad Moniruzzaman. "Synthesis, characterization, ecotoxicity and 
biodegradability evaluations of novel biocompatible surface active lauroyl sarcosinate ionic liquids." Chemosphere 
229 (2019): 349-357. https://doi.org/10.1016/j.chemosphere.2019.05.026  

[16] Petkovic, Marija, Jamie L. Ferguson, H. Q. Nimal Gunaratne, Rui Ferreira, Maria C. Leitao, Kenneth R. Seddon, Luís 
Paulo N. Rebelo, and Cristina Silva Pereira. "Novel biocompatible cholinium-based ionic liquids-toxicity and 
biodegradability." Green Chemistry 12, no. 4 (2010): 643-649. https://doi.org/10.1039/b922247b  

[17] Ramdin, Mahinder, Theo W. de Loos, and Thijs J. H. Vlugt. "State-of-the-art of CO2 capture with ionic liquids." 
Industrial & Engineering Chemistry Research 51, no. 24 (2012): 8149-8177. https://doi.org/10.1021/ie3003705  

[18] Gurkan, Burcu E., Juan C. de la Fuente, Elaine M. Mindrup, Lindsay E. Ficke, Brett F. Goodrich, Erica A. Price, William 
F. Schneider, and Joan F. Brennecke. "Equimolar CO2 absorption by anion-functionalized ionic liquids." Journal of 
the American Chemical Society 132, no. 7 (2010): 2116-2117. https://doi.org/10.1021/ja909305t  

[19] Latini, Giulio, Matteo Signorile, Francesca Rosso, Andrea Fin, Marta d'Amora, Silvia Giordani, Fabrizio Pirri, 
Valentina Crocella, Silvia Bordiga, and Sergio Bocchini. "Efficient and reversible CO2 capture in bio-based ionic 
liquids solutions." Journal of CO2 Utilization 55 (2022): 101815. https://doi.org/10.1016/j.jcou.2021.101815  

[20] Tao, Duan-Jian, Zheng Cheng, Feng-Feng Chen, Zhang-Min Li, Na Hu, and Xiang-Shu Chen. "Synthesis and 
thermophysical properties of biocompatible cholinium-based amino acid ionic liquids." Journal of Chemical & 
Engineering Data 58, no. 6 (2013): 1542-1548. https://doi.org/10.1021/je301103d  

 
 
 
 
 

https://doi.org/10.1021/cr2003272
https://doi.org/10.1007/s11814-013-0127-3
https://doi.org/10.1016/B978-0-08-100514-9.00016-0
https://doi.org/10.1021/acs.est.7b02597
https://doi.org/10.1021/es4035396
https://doi.org/10.1016/j.cej.2017.11.032
https://doi.org/10.1016/j.jtice.2015.12.020
https://doi.org/10.3390/molecules24102014
https://doi.org/10.1080/08927022.2016.1227075
https://doi.org/10.1371/journal.pone.0059145
https://doi.org/10.1039/C004968A
https://doi.org/10.1016/j.chemosphere.2019.05.026
https://doi.org/10.1039/b922247b
https://doi.org/10.1021/ie3003705
https://doi.org/10.1021/ja909305t
https://doi.org/10.1016/j.jcou.2021.101815
https://doi.org/10.1021/je301103d

