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Abstract 

The ever-growing demand for clean water, efficient energy production, and 

sustainable industrial processes necessitates advancements in separation and 

purification technologies. This research explores the expanding field of ionic liquid 

membranes (ILMs), a novel class of membranes with the potential to transform these 

critical processes. ILMs come in diverse forms like supported ionic liquid 

membranes (SILMs), polymerized ionic liquid membranes (PILMs), composite 

ionic liquid membranes (CIMs), and inclusion membranes ionic liquid membranes 

(ILPIMs), each boasting unique advantages tailored through the selection of cations, 

anions, and support materials. This inherent tunability empowers researchers to 

design ILMs with exceptional performance surpassing traditional membranes. In gas 

separation, ILMs demonstrate remarkable selectivity for capturing CO2 from flue 

gas or purifying hydrogen (H2) streams, contributing significantly to clean energy 

initiatives.  For liquid separations, ILMs offer efficient removal of pollutants and 

heavy metals from wastewater, promoting environmental remediation efforts.  

Beyond separation, ILMs exhibit promise in catalysis, serving as both catalysts and 

reaction media, leading to enhanced reaction efficiency and catalyst recyclability.  

Furthermore, the controlled release and targeted delivery capabilities of ILMs in 

drug delivery applications hold immense potential for improved therapeutic 

outcomes.  However, challenges like cost-effectiveness, scalability, and long-term 

stability require further attention.  Fortunately, continuing research is actively 

addressing these limitations. Advancements in design strategies are optimizing pore 

structures, improving compatibility with support materials, and fostering the 

development of targeted functionalities for specific applications.  Interdisciplinary 

collaborations involving material scientists, chemists, engineers, and researchers 

from various fields are crucial for unlocking the full potential of ILMs.  Looking 
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ahead, ILMs hold immense promise to revolutionize separation technologies across 

diverse industries. Their tunable nature, versatility, and sustainability advantages 

pave the way for advancements in clean energy production, environmentally friendly 

processes, and targeted therapies, ultimately contributing to a more sustainable and 

healthy future. 
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Introduction 

Ionic liquid-based membranes (ILBMs) represent a revolutionary advancement in 

membrane technology, offering a multifaceted approach to address critical 

challenges in separation processes, energy storage, and environmental remediation. 

Composed of ionic liquids—organic salts that remain in a liquid state at or near room 

temperature—ILBMs exhibit a unique combination of properties that set them apart 

from conventional polymeric membranes. These properties include high thermal and 

chemical stability, low volatility, tunable physicochemical characteristics, and 

remarkable solvation capabilities. ILBMs leverage these attributes to achieve 

unparalleled selectivity, permeability, and durability, making them ideal candidates 

for a wide range of applications. In gas separation, ILBMs have shown remarkable 

promise in surpassing the performance limitations of traditional membranes, 

enabling efficient separation of gas mixtures with high purity and selectivity. 

Additionally, ILBMs have demonstrated significant potential in water treatment 

processes, where their superior chemical stability and tailored molecular structures 

enable effective removal of contaminants from aqueous streams. Moreover, ILBMs 

are being explored for energy storage applications, leveraging their high ionic 

conductivity and electrochemical stability for advanced battery and supercapacitor 

technologies. Despite these remarkable attributes, challenges such as scalability, 

long-term stability, and cost-effectiveness persist and require further research and 

development efforts. Nonetheless, the ongoing exploration of novel materials, 

fabrication techniques, and application domains continues to drive the advancement 

of ILBMs, positioning them as indispensable tools in addressing pressing societal 

and environmental challenges while opening up new avenues for innovation and 

sustainable development. 
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Research Problems 

While ILMs offer significant potential for various applications, several research 

problems need to be addressed for widespread adoption: 

1. Stability and Durability: 

• Long-term stability of ILs under operational conditions (temperature, 

pressure, exposure to specific chemicals). 

• Leakage of ILs from the membrane support material, leading to performance 

decline and potential environmental concerns. 

• Degradation of the support material over time, impacting the overall 

membrane integrity. 

2. Scalability and Cost-Effectiveness: 

• Developing cost-efficient methods for large-scale synthesis of ILs, 

particularly for industrial applications. 

• Scaling up fabrication processes for ILMs to meet the demands of industrial-

scale separations. 

• Optimizing the cost-performance balance to make ILMs economically 

competitive with existing technologies. 

3. Performance Optimization: 

• Improving the selectivity and permeability of ILMs for specific separation 

processes. 

• Understanding the fundamental mechanisms of transport and separation 

within ILMs to guide targeted improvements. 
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• Developing strategies to control pore size and distribution within ILMs for 

optimized performance. 

4. Long-Term Environmental Impact: 

• Assessing the environmental impact of ILs throughout their lifecycle, 

including synthesis, use, and disposal. 

• Developing strategies for the recovery and reuse of ILs to minimize waste and 

environmental footprint. 

• Exploring the biodegradability of ILs and designing environmentally friendly 

alternatives. 

5. Integration with Existing Technologies: 

• Developing strategies for integrating ILMs with existing separation processes 

and infrastructure. 

• Designing modules and systems specifically tailored for the unique properties 

of ILMs. 

• Addressing compatibility challenges between ILMs and other materials used 

in separation processes. 

6. Fundamental Understanding: 

• Deepening the understanding of the relationship between the structure and 

properties of ILs and their performance in ILMs. 

• Developing robust predictive models to guide the design of ILMs with tailored 

functionalities. 

• Investigating the interactions between ILs and target molecules at the 

molecular level to optimize separation processes. 
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Emerging Research Areas: 

• Exploring the potential of ILMs in novel applications like energy storage, 

sensors, and artificial photosynthesis. 

• Developing composite ILMs incorporating nanoparticles or other functional 

materials for enhanced properties. 

• Investigating the use of stimuli-responsive ILMs that can be triggered by 

external stimuli like light or pH changes. 

By addressing these research problems and exploring new frontiers, ILMs have the 

potential to revolutionize separation technologies and contribute to a more 

sustainable future. 

Literature Review 

A comprehensive literature review is crucial for understanding the current state of 

knowledge in ILM research. Here are some key areas to focus on: 

• Types of ILMs and their fabrication methods: Explore the different types 

of ILMs (SILMs, PILMs, etc.) and their advantages and disadvantages for 

specific applications. 

• Applications of ILMs: Review recent research on the use of ILMs in gas 

separation, liquid purification, catalysis, drug delivery, and other relevant 

applications. 

• Performance of ILMs: Analyze the reported permeabilities, selectivities, 

and long-term stability of ILMs in various studies. 
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• Challenges and limitations: Identify the key research problems hindering the 

widespread adoption of ILMs, such as stability, scalability, and cost-

effectiveness. 

• Recent advancements: Explore innovative approaches in ILM design, 

synthesis, and characterization techniques. 

• Future outlook: Discuss the potential opportunities and emerging research 

directions in the field of ILMs. 

By conducting a thorough literature review, researchers can gain valuable insights 

into existing knowledge and identify gaps that their research can address. 

Additionally, understanding the current limitations and emerging trends can help 

guide the development of novel ILMs with improved performance and broader 

applicability. 

Additional Considerations: 

• Selecting appropriate reference materials: Focus on reputable scientific 

journals and publications related to ionic liquids, membranes, and separation 

science. 

• Critical analysis of the literature: Evaluate the methodologies, results, and 

conclusions presented in existing studies, identifying strengths and 

weaknesses. 

• Identifying research gaps: Look for areas where existing research is lacking 

or inconclusive, which your research can address. 

By employing a well-defined methodology and conducting a comprehensive 

literature review, researchers can lay a strong foundation for their ILM research and 

contribute to advancements in this promising field. 
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Methodology 

This section outlines the general approaches for studying and developing ILMs. The 

specific methods will vary depending on the research question and desired 

application. However, some common techniques include: 

• IL Synthesis and Characterization: 

o Synthesis of desired ILs using standard organic chemistry techniques. 

o Characterization of synthesized ILs using techniques like nuclear 

magnetic resonance (NMR) spectroscopy, Fourier-transform infrared 

spectroscopy (FTIR), and thermogravimetric analysis (TGA) to 

confirm their structure, purity, and thermal stability. 

• Membrane Fabrication: 

o Selection of a suitable support material (polymer, ceramic, etc.) based 

on compatibility with the chosen IL and desired application. 

o Fabrication of the ILM using various techniques depending on the type 

of membrane: 

▪ Supported Ionic Liquid Membranes (SILMs): Physical 

impregnation of the support material with the IL, solvent casting, 

or coating methods. 

▪ Polymerized Ionic Liquid Membranes 

(PILMs): Polymerization of monomers containing ionic liquid 

moieties to form a film. 

▪ Ionic Liquid-Polymer Blends (ILPs): Physical mixing of the IL 

with a polymer solution, followed by casting or coating. 
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▪ Ionic Liquid Polymer Inclusion Membranes 

(ILPIMs): Incorporation of the IL into a pre-formed porous 

polymer membrane. 

▪ Composite Ionic Liquid Membranes (CIMs): Incorporation of 

ILs with other materials like nanoparticles or carbon nanotubes 

into the membrane structure. 

• Membrane Characterization: 

o Morphological characterization using techniques like scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) to 

analyze pore structure and distribution. 

o Performance evaluation: Measuring permeabilities and selectivities for 

target gas or liquid mixtures using permeation cells and separation 

experiments. 

o Long-term stability studies: Monitoring membrane performance over 

time under relevant operating conditions to assess durability. 

• Computational Modeling: 

o Utilizing molecular modeling and simulation techniques to understand 

the interactions between ILs and target molecules at the molecular 

level. 

o Developing predictive models to relate the structure and properties of 

ILs to their performance in ILMs, aiding in the design of tailored 

membranes. 



3 

 

Membranes 

Definition of Membranes: 

Membranes are physical barriers that selectively permit the passage of certain 

substances while restricting the passage of others. They can be categorized into 

various forms, including solid, liquid, and gas, and are integral to a wide range of 

scientific and industrial applications (Drioli & Giorno, 2010). 

Types of Membranes: 

1. Polymeric Membranes: Polymeric membranes, composed predominantly of 

polymers, stand as versatile workhorses in a multitude of industrial 

applications. Their flexibility, ease of fabrication, and cost-effectiveness have 

made them indispensable, and they are celebrated for their pivotal role in 

water purification, gas separation, and food processing. With a diverse range 

of polymers at their disposal, these membranes can be precisely engineered to 

meet the demands of specific processes. In the realm of water purification, 

polymeric membranes play a critical role in ensuring access to clean and safe 

drinking water. Whether it's removing impurities or microorganisms, these 

membranes act as gatekeepers, letting through only what is desired. 

Furthermore, in the domain of gas separation, where the separation of various 

gases is fundamental, polymeric membranes provide energy-efficient 

solutions. By selectively allowing the passage of specific gases while 

impeding others, they contribute to the extraction of high-purity gases vital 

for various industries. The food processing sector also reaps the benefits of 

polymeric membranes, where they enhance the quality and shelf life of 

products like fruit juices and dairy items, thanks to their proficiency in 

concentration and purification. These membranes exemplify the essence of 
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flexibility, versatility, and practicality, and their significance extends to 

countless industries worldwide (Drioli & Giorno, 2010). 

2. Ceramic Membranes: Ceramic membranes, constructed from robust 

materials such as alumina or zirconia, embody resilience and stability under 

extreme conditions. They have carved out a niche for themselves in 

applications that demand high-temperature resistance and unyielding 

chemical stability. These membranes are the silent sentinels of harsh industrial 

processes and filtration, where their ability to endure extremes is invaluable. 

In the unforgiving landscape of industrial operations, ceramic membranes 

thrive. They stand up to the challenges posed by aggressive chemicals, 

elevated temperatures, and demanding pressure differentials, offering 

reliability and longevity in conditions where other materials would falter. The 

filtration processes they facilitate are essential for diverse industries, ranging 

from pharmaceuticals and petrochemicals to wastewater treatment. In each of 

these realms, ceramic membranes have earned their place as stalwart 

protectors of product quality and process efficiency, demonstrating that when 

it comes to extreme conditions, they are the materials of choice (Zhang, Duke, 

& Chan, 2012). 

3. Biological Membranes: In the intricate tapestry of life, biological 

membranes are the unsung heroes, orchestrating a delicate dance of ions, 

molecules, and substances within cells. These membranes are the gatekeepers 

of life's essential processes, ensuring the precise regulation of what enters and 

exits the cellular domain. Their selective transport capabilities enable the 

separation of vital components, while their role in cell communication is 

fundamental for coordinating the complex functions necessary for survival. 

Comprising lipids and proteins, biological membranes are not merely physical 

barriers; they are dynamic entities that adapt and respond to the ever-changing 
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needs of cells. The lipid bilayer, a fundamental structural feature, harbors 

embedded proteins with specific functions, allowing for the selective passage 

of molecules. Whether it's the uptake of nutrients, removal of waste, or 

signaling between cells, biological membranes are at the heart of these 

processes. These membranes are not limited to a single role or function; they 

are versatile and intricate, reflecting the elegance of nature's design. They are 

the guardians of life's essential processes, facilitating the delicate balance 

required for the existence of all living organisms (Alberts et al., 2014). 

4. Ionic Liquid-Based Membranes: The emergence of ionic liquid-based 

membranes represents a significant leap forward in the world of materials 

science. These membranes incorporate ionic liquids, which are salts in a liquid 

state at or near room temperature, as a pivotal component. Ionic liquids are 

characterized by their unique properties, including low volatility and high 

thermal stability. These properties confer distinct advantages in various 

membrane applications. From the realm of fuel cells, where energy conversion 

is paramount, to electrochemical sensors and actuators, where precision and 

responsiveness are crucial, ionic liquid-based membranes have found their 

footing. Their ability to conduct ions with finesse is a remarkable feature that 

has the potential to revolutionize energy storage and electrochemical 

processes. These membranes are not just incremental improvements; they are 

a breakthrough that opens new avenues for innovation, offering a glimpse into 

a future where materials are engineered with unprecedented precision and 

tailored to specific needs, reshaping the landscape of energy production and 

electrochemical technologies (Duan & Liu, 2007). 

Each of these membrane types serves as a testament to human ingenuity and 

the boundless possibilities of materials science. From the flexibility and 

practicality of polymeric membranes to the resilience of ceramic membranes, 
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the intricate functions of biological membranes, and the breakthrough 

potential of ionic liquid-based membranes, they all contribute to diverse 

fields, driving progress, and offering solutions to complex challenges in the 

modern world. 

Applications of Membranes: 

1. Water Filtration: Membranes are widely used in water treatment processes 

to remove impurities, microorganisms, and contaminants, making water safe 

for consumption (Wang et al., 2018). 

2. Gas Separation: In industrial processes, membranes are employed to separate 

gases based on size and permeability. They are instrumental in natural gas 

purification, carbon capture, and hydrogen recovery (Kulkarni et al., 2015). 

3. Biomedical Applications: Biological membranes, both natural and synthetic, 

are crucial for drug delivery systems, artificial organs, and the study of cell 

transport mechanisms in medical research (Alberts et al., 2014). 

4. Electrochemical Cells: Membranes are used in electrochemical cells as 

electrolytes and separators, enabling the controlled transport of ions and 

preventing the mixing of reactants in applications like fuel cells and batteries 

(Choi et al., 2017). 

5. Wastewater Treatment: Membranes are integral to wastewater treatment 

processes, allowing the concentration and purification of wastewater, enabling 

its safe disposal or reuse (Wang et al., 2018). 
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Ionic Liquids (ILs) 

ILs are a captivating class of materials that exhibit a unique combination of 

properties, making them attractive for a wide range of applications. Unlike 

conventional solvents, ILs exist in a liquid state at room temperature, composed 

entirely of ions, electrically charged species that form strong electrostatic 

interactions. These interactions prevent the formation of a crystalline lattice, 

resulting in their liquid state (Seddon, 1997). 

ILs possess a remarkable versatility, offering a plethora of tunable properties that 

can be tailored for specific applications. Their melting points, viscosity, polarity, and 

miscibility can be adjusted by modifying the ionic structure, enabling them to 

dissolve a broad range of solutes (Wasserscheidt & Welton, 2008). 

Applications of ILs 

Due to their unique properties, ILs have emerged as promising candidates for a 

variety of applications, including: 

• Green Solvents: ILs offer a sustainable alternative to conventional solvents, 

often volatile and hazardous, in various chemical processes. Their non-

volatile nature and low toxicity make them environmentally friendly choices 

(Abbott & Ballinger, 1999). 

• Electrolytes: ILs serve as excellent electrolytes in batteries, fuel cells, and 

other electrochemical devices due to their high ionic conductivity and stability 

(Seddon, 1997). 

• Gas Separation Membranes: ILs can be incorporated into membranes for gas 

separation applications, facilitating selective permeation of specific gases 

based on their size and interactions with the IL (Wasserscheidt & Welton, 

2008). 
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• Catalysis: ILs can act as both solvents and catalysts in various chemical 

reactions, enhancing reaction rates and selectivities (Seddon, 1997). 

• Lubricants: ILs find application as lubricants due to their low volatility, high 

thermal stability, and ability to reduce friction and wear (Wasserscheidt & 

Welton, 2008). 

The field of ILs is rapidly evolving, with new applications and discoveries 

continuously emerging. As research delves deeper into their properties and potential, 

ILs are poised to revolutionize various industries and contribute to sustainable 

development. 

Applications of ILs in Separation and Purification: 

• Gas separation: CO2 capture, H2 purification, and other gas separation 

applications using ILs are explored in Antonio et al. (2014). 

• Liquid-liquid extraction: Metal, organic compound, and other solute 

extraction with ILs is mentioned in Antonio et al. (2014). 

• Desalination: Potential for IL-based desalination is discussed in Antonio et al. 

(2014). 

• Wastewater treatment: Pollutant removal from wastewater using ILs is 

covered in Antonio et al. (2014). 

• Biocatalysis: Advantages of ILs in biocatalytic processes are mentioned 

in Rogers (2003). 

Reasons for Preparing Ionic Liquids: 

• Tailored properties: ILs' tunable characteristics are described in Rogers 

(2003) and Antonio et al. (2014). Their high thermal stability, negligible 

vapor pressure, wide electrochemical window, and adjustable 
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viscosity/polarity are highlighted. Biocompatibility and biodegradability 

aspects are mentioned in Anastas & Warner (1998). 

Separation and Purification using Ionic Liquids: 

• Selective solvation: ILs' selective solute interactions for separation are 

discussed in Antonio et al. (2014) and Rogers (2003). 

• Immiscibility with other liquids: Biphasic separation based on immiscibility 

is explained in Antonio et al. (2014). 

• Ability to form complexes: Complexation for enhanced separation is covered 

in Rogers (2003). 

• Reusable and recyclable: Reusability and environmental benefits are 

emphasized in Antonio et al. (2014). 

Ionic Liquid-Based Membranes 

Ionic Liquid-Based Membranes represent an innovative class of membranes that 

integrate ionic liquids as a critical constituent. Ionic liquids, characterized by their 

unique properties like high ionic conductivity, low volatility, and tunable chemistry, 

are incorporated into these membranes to take advantage of their distinctive 

characteristics (Duan & Liu, 2007). 

Applications of Ionic Liquid-Based Membranes: 

Gas Separation  

Ionic liquid-based membranes exhibit exceptional selectivity and permeability in gas 

separation applications. They have shown promise in separating specific gases, such 

as carbon dioxide, making them valuable for natural gas processing and greenhouse 

gas capture (Liu et al., 2018). 
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Electrochemical Devices 

These membranes are employed as electrolytes in various electrochemical devices, 

including fuel cells and supercapacitors, due to their high ionic conductivity, which 

enhances device performance (Zhao et al., 2016). 

Batteries 

Ionic liquid-based membranes contribute to safer and higher-performing batteries, 

such as lithium-ion batteries. They aid in the prevention of issues like dendrite 

formation and thermal instability (Choi et al., 2017). 

Carbon Capture 

The selective permeability of these membranes is harnessed for carbon capture and 

storage (CCS) processes, helping reduce carbon dioxide emissions from industrial 

sources (Liu et al., 2018). 

Chemical Separations 

Ionic liquid-based membranes find use in various chemical separation processes, 

enabling the selective separation and purification of organic compounds in chemical 

and pharmaceutical industries (Zhao et al., 2016). 

Structure of Ionic Liquid-Based Membranes 

ILMs are composed of a thin layer of ionic liquid (IL) immobilized on a porous 

support material (Bartsch & Schneider, 2018). The IL provides the separation 

medium (Bartsch & Schneider, 2018), while the support material provides 

mechanical stability and can also control the permeability of the membrane (Bartsch 

& Schneider, 2018). There are three main types of ILMs (Choi et al., 2019): 

1. Supported ionic liquid membranes (SILMs): SILMs are the most common 

type of ILM (Wang & Li, 2016). They are composed of a thin layer of IL 
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immobilized on a microporous support material, such as a ceramic or 

polymeric membrane (Wang & Li, 2016). The IL is held in place by capillary 

forces and can be easily leached out of the membrane if not properly prepared 

(Wang & Li, 2016). 

2. Polymerized ionic liquid membranes (PILMs): PILMs are composed of a 

polymer that contains ILs in its structure (Kamio & Matsuyama, 2020). The 

ILs are chemically attached to the polymer backbone, which makes them more 

stable than SILMs and less susceptible to leaching (Kamio & Matsuyama, 

2020). PILMs can also be more easily tailored to specific applications by 

changing the type of IL or the polymer backbone (Kamio & Matsuyama, 

2020). 

3. Ion gel membranes: Ion gel membranes are composed of an IL dispersed in a 

polymer matrix (Zhang et al., 2010). The IL is held in place by physical 

interactions with the polymer chains (Zhang et al., 2010). Ion gel membranes 

are often more flexible than SILMs and PILMs and can be more easily 

processed (Zhang et al., 2010 

Here is a table summarizing the structure of different types of ILMs: 

Table X: mmmmmmmmmmmmmmmmm. (reference) 

Type of ILM Description 

SILM Thin layer of IL immobilized on a microporous support material 

(Bartsch & Schneider, 2018; Choi et al., 2019; Wang & Li, 2016). 

PILM Polymer that contains ILs in its structure (Kamio & Matsuyama, 

2020; Choi et al., 2019). 

Ion gel 

membrane 

IL dispersed in a polymer matrix (Zhang et al., 2010; Choi et al., 

2019). 
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Here are some additional details about the structure of ILMs: 

• The thickness of the IL layer can vary depending on the application (Bartsch 

& Schneider, 2018; Choi et al., 2019; Wang & Li, 2016). For gas separation, 

the IL layer is typically very thin (e.g., a few nanometers thick) to maximize 

permeability (Bartsch & Schneider, 2018). This is because a thinner IL layer 

allows for faster diffusion of gases through the membrane. For liquid 

separation, the IL layer can be thicker (e.g., a few micrometers thick) to 

provide better selectivity (Bartsch & Schneider, 2018). This is because a 

thicker IL layer provides more opportunity for interactions between the IL and 

the solutes in the liquid phase. 

• The type of IL used can also affect the structure of the ILM (Kamio & 

Matsuyama, 2020; Choi et al., 2019). Some ILs are more viscous than others, 

which can affect the permeability of the membrane (Kamio & Matsuyama, 

2020). This is because more viscous ILs have a higher resistance to flow, 

which can slow down the diffusion of gases and liquids through the 

membrane. Some ILs are also more miscible with the support material, which 

can affect the stability of the membrane (Kamio & Matsuyama, 2020). This is 

because more miscible ILs are more likely to dissolve into the support 

material, which can weaken the membrane and make it more susceptible to 

leakage. 

• The preparation method used to make the ILM can also affect the structure of 

the membrane (Zhang et al., 2010; Choi et al., 2019). For example, SILMs 

can be prepared by direct immersion or by vacuum impregnation (Zhang et 

al., 2010). Direct immersion involves simply immersing the support material 

in a solution of IL. Vacuum impregnation involves applying a vacuum to draw 

the IL solution into the pores of the support material. PILMs can be prepared 
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by polymerization or by grafting ILs onto a pre-formed polymer (Kamio & 

Matsuyama, 2020). Polymerization involves polymerizing monomers in the 

presence of ILs. Grafting ILs onto a pre-formed polymer involves attaching 

ILs to the polymer chains. 

The structure of an ILM can have a significant impact on its performance (Bartsch 

& Schneider, 2018; Choi et al., 2019; Wang & Li, 2016). By carefully tailoring the 

structure of the ILM, it is possible to optimize the membrane for specific 

applications. For example, the thickness of the IL layer, the type of IL used, and the 

preparation method can all be adjusted to control the permeability, selectivity, and 

stability of the membrane. 

Chemical Structure of Ionic Liquid-Based Membranes (ILMs) 

Ionic liquid-based membranes (ILMs) are a type of membrane that uses ionic liquids 

(ILs) as the separation medium (Bartsch & Schneider, 2018). ILs are a class of 

organic salts that are liquid at room temperature (Choi et al., 2019). They have a 

number of unique properties that make them attractive for use in membranes, such 

as high thermal stability (Kamio & Matsuyama, 2020), low vapor pressure (Wang 

& Li, 2016), wide electrochemical window (Bartsch & Schneider, 2018), and 

tunable properties (Choi et al., 2019). 

Structure of ILMs 

The structure of an ILM depends on the type of IL and the support material used 

(Bartsch & Schneider, 2018). However, in general, an ILM consists of a thin layer 

of IL immobilized on a porous support material (Bartsch & Schneider, 2018).  
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Figure X: mmmmmmmmmmmmmmmmmmmm. (Reference) 

Description of ILM Components 

• The IL layer is typically composed of a mixture of different IL cations and 

anions (Kamio & Matsuyama, 2020). The IL cations are positively charged 

ions, while the IL anions are negatively charged ions (Bartsch & Schneider, 

2018). The type of IL cation and anion can be chosen to tailor the properties 

of the ILM (Wang & Li, 2016). 

• The support material provides mechanical stability for the ILM and can also 

control the permeability of the membrane (Zhang et al., 2010). The support 

material can be made from a variety of materials, such as polymers, ceramics, 

or metals (Choi et al., 2019). 
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Impact of ILM Structure on Performance 

The chemical structure of an ILM can have a significant impact on its performance 

(Bartsch & Schneider, 2018). By carefully tailoring the chemical structure of the 

ILM, it is possible to optimize the membrane for specific applications (Choi et al., 

2019). For instance, the thickness of the IL layer, the type of IL used, and the 

preparation method can all be adjusted to control the permeability, selectivity, and 

stability of the membrane (Wang & Li, 2016). 

Applications of ionic-liquid membrane 

1. Gas separation: ILMs are being investigated for the separation of various gases, 

such as CO2, CH4, N2, and H2, from gas mixtures. The selective transport of 

gases through ILMs is based on the interaction between the gas molecules and 

the ILs. For example, CO2 can be selectively captured by ILMs containing amine 

groups, which can form reversible bonds with CO2. (Shi et al., 2019; Duan et al., 

2010). 

a. Gas Separation for Methane (CH4): ILMs are also under investigation for 

the separation of methane from gas mixtures. The selective transport of 

methane through ILMs is attributed to the specific interaction between the 

methane molecules and the ILs employed. Researchers have explored 

various functional groups within ILMs, such as those containing amine 

groups, to facilitate the preferential capture of methane. The reversible 

bonds formed between these functional groups and methane contribute to 

the selective separation process (Shi et al., 2019; Duan et al., 2010). 

b. Gas Separation for Nitrogen (N2): In the realm of gas separation, ILMs 

have demonstrated promise in selectively isolating nitrogen from gas 

mixtures. The underlying mechanism involves the tailored interaction 
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between nitrogen molecules and the ILs embedded in the ILMs. Specific 

functional groups, including those with distinct chemical properties, 

contribute to the effective separation of nitrogen. The development of 

reversible bonds plays a crucial role in achieving selective nitrogen capture 

through ILMs (Shi et al., 2019; Duan et al., 2010). 

c. Gas Separation for Hydrogen (H2): ILMs are actively explored for their 

potential in separating hydrogen from gas mixtures. The selective transport 

of hydrogen through ILMs relies on the intricate interplay between 

hydrogen molecules and the ILs integrated into the membrane. Certain 

functional groups, such as those facilitating reversible bonding with 

hydrogen, contribute to the selective capture of this gas. Ongoing research 

aims to optimize the performance of ILMs for efficient hydrogen 

separation (Shi et al., 2019; Duan et al., 2010). 

2. Liquid separation: ILMs can be used for the separation of liquids, such as the 

removal of heavy metals, organic pollutants, and dyes from water. The separation 

process is based on the different affinities of the target species for the IL and the 

feed solution. For example, ILMs containing imidazolium cations have been 

shown to be effective for the removal of lead and mercury from water. (El Seoud 

et al., 2012; Safyari et al., 2010). 

a. Heavy Metal Removal: ILMs play a pivotal role in efficiently removing 

heavy metals, such as lead and mercury, from water sources. The 

separation process hinges on the distinctive affinities exhibited by the 

target heavy metal ions for the ionic liquid within the membrane and the 

feed solution. For instance, ILMs containing imidazolium cations have 

demonstrated effectiveness in selectively capturing and immobilizing lead 

and mercury ions. The imidazolium cations form strong and specific 
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interactions with heavy metal ions, allowing for their successful removal 

from water (El Seoud et al., 2012; Safyari et al., 2010). 

b. Organic Pollutant Removal: Ionic liquid membranes have also shown 

promise in the separation and removal of organic pollutants present in 

water. The diverse chemical nature of ionic liquids allows for tailored 

interactions with different types of organic pollutants. Through careful 

selection of specific ionic liquid components, ILMs can selectively capture 

and separate organic compounds, contributing to the purification of water 

resources. This targeted approach aids in mitigating the environmental 

impact of industrial and anthropogenic activities that introduce organic 

pollutants into water systems. 

c. Dye Removal: In addition to heavy metals and organic pollutants, ILMs 

have proven effective in removing dyes from water, addressing the 

challenges associated with textile and industrial wastewater. The 

separation mechanism relies on the affinity of the ionic liquid components 

within the membrane for the target dye molecules. ILMs provide a 

selective barrier that facilitates the extraction and sequestration of dyes, 

ensuring the purification of water and prevention of environmental 

contamination. 

3. Catalysis: ILMs can be used as catalysts for various chemical reactions. The ILs 

can act as both solvents and catalysts, and the porous support material can provide 

a high surface area for the reaction. For example, ILMs containing transition 

metal complexes have been shown to be effective for the hydrogenation of 

alkenes and the hydroformylation of olefins. (Lu et al., 2010; Zhou et al., 2012) 

a. High Selectivity: Ionic liquid membranes (ILMs) offer high selectivity in 

catalytic reactions due to their tunable nature. The choice of cations and 
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anions can be tailored to enhance selectivity towards specific reaction 

pathways or products (Sheldon, 2005). 

b. Enhanced Mass Transfer: The use of ILMs can enhance mass transfer rates 

in catalytic reactions due to their unique properties such as low viscosity 

and high diffusivity (Werner et al., 2018). This can lead to improved 

reaction kinetics and efficiency. 

c. Immobilization of Catalysts: Ionic liquids serve as an excellent medium 

for the immobilization of catalysts. They prevent leaching of the catalyst 

into the reaction mixture, allowing for easier separation and recycling 

(Wang et al., 2017). 

d. Versatility: ILMs can accommodate a wide range of catalysts including 

transition metal complexes, enzymes, and nanoparticles (Li et al., 2019). 

This versatility allows for the development of tailored catalyst systems for 

various chemical transformations. 

e. Reaction Engineering: The use of ILMs in catalysis enables innovative 

reaction engineering strategies, such as membrane reactor configurations 

(Hancu et al., 2016). These systems offer advantages such as improved 

yield, reduced side reactions, and better control over reaction conditions. 

f. Green Chemistry: Ionic liquid-based catalysis contributes to the principles 

of green chemistry by reducing or eliminating the need for traditional 

organic solvents, which are often toxic or environmentally harmful (Jessop 

et al., 2005). Additionally, the ability to recycle and reuse catalysts further 

enhances the sustainability of catalytic processes. 

g. Industrial Applications: The effectiveness of ILMs in catalytic reactions 

has led to their consideration for various industrial applications, including 

fine chemical synthesis, pharmaceutical manufacturing, and petrochemical 

refining (Hallett et al., 2014). 
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h. Challenges and Opportunities: While ILMs offer significant potential for 

catalysis, challenges such as stability, scalability, and cost-effectiveness 

need to be addressed for widespread industrial adoption (Ganske et al., 

2020). Research efforts are ongoing to overcome these challenges and 

further explore the applications of ILMs in catalysis. 

4. Sensors: ILMs can be used as sensors for the detection of various analytes, such 

as heavy metals, organic pollutants, and biomolecules. The detection is based on 

the change in the properties of the ILM, such as its conductivity or fluorescence, 

upon interaction with the analyte. (Bin Ning et al., 2009; Welton, 1995) 

a. Analyte Detection: Ionic liquid membranes (ILMs) find application as 

sensors for detecting various analytes including heavy metals, organic 

pollutants, and biomolecules (Gao et al., 2016). These sensors operate 

based on changes in the properties of the ILM, such as conductivity or 

fluorescence, when they interact with the analyte. 

b. Selective Sensing: ILMs offer selective sensing capabilities due to their 

tunable properties. By modifying the composition of the ionic liquid or 

incorporating specific recognition elements, such as functionalized 

nanoparticles or polymers, the sensor can be tailored to detect specific 

analytes with high selectivity (Li et al., 2017). 

c. Real-Time Monitoring: The responsiveness of ILM-based sensors allows 

for real-time monitoring of analyte concentrations. This capability is 

particularly valuable in environmental monitoring, food safety, and 

medical diagnostics, where rapid and accurate detection of contaminants 

or biomarkers is essential for ensuring safety and health (Zheng et al., 

2018). 

d. Miniaturization and Portability: ILM-based sensors can be miniaturized 

and integrated into portable devices, offering on-site and point-of-care 
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detection capabilities (Wang et al., 2019). This miniaturization trend aligns 

with the growing demand for field-deployable sensing technologies in 

various applications, including environmental monitoring and healthcare. 

e. Multi-Analyte Detection: ILMs can be designed for multi-analyte 

detection by incorporating arrays of recognition elements or utilizing 

multiplexed sensing techniques (Wei et al., 2020). This enables 

simultaneous detection of multiple analytes in complex samples, 

enhancing the efficiency and utility of the sensor system. 

f. Long-Term Stability: ILM-based sensors can exhibit long-term stability, 

making them suitable for continuous monitoring applications (Buzzeo et 

al., 2004). The stability of the sensor is attributed to the robust nature of 

the ionic liquid matrix and the immobilization of recognition elements, 

which prevent leaching and degradation over time. 

g. Challenges and Opportunities: Despite their promising capabilities, 

challenges such as sensor drift, interference from matrix components, and 

optimization of detection limits need to be addressed for widespread 

adoption of ILM-based sensors (Buzzeo et al., 2004). Research efforts are 

ongoing to overcome these challenges and further enhance the 

performance of ILM-based sensing platforms. 

5. Drug delivery: ILMs can be used for the delivery of drugs and other bioactive 

molecules. The ILs can dissolve the drugs and protect them from degradation, 

and the porous support material can control the release of the drugs. For example, 

ILMs containing imidazolium cations have been shown to be effective for the 

delivery of anticancer drugs. (Deng et al., 2012; Rogers et al., 2013) 

a. Drug Encapsulation and Protection: Ionic liquid membranes (ILMs) serve 

as promising platforms for drug delivery, offering advantages such as the 

ability to dissolve drugs and protect them from degradation (Zhao et al., 
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2019). The unique solvation properties of ILs enable them to effectively 

encapsulate a wide range of drugs and bioactive molecules, preserving 

their stability during storage and transportation. 

b. Controlled Release: The porous support material in ILMs plays a crucial 

role in controlling the release of drugs (Li et al., 2016). By modulating the 

pore size, surface chemistry, and structure of the support material, 

researchers can achieve tailored release kinetics, allowing for sustained or 

triggered drug release profiles. This control over drug release kinetics is 

essential for optimizing therapeutic efficacy and minimizing side effects. 

c. Targeted Delivery: ILMs can facilitate targeted drug delivery by 

functionalizing the membrane surface with targeting ligands or stimuli-

responsive moieties (Shi et al., 2017). Targeting ligands enable specific 

binding to diseased tissues or cells, while stimuli-responsive moieties 

enable triggered drug release in response to external stimuli such as pH, 

temperature, or enzymatic activity. This targeted delivery approach 

enhances the therapeutic index of drugs and reduces systemic toxicity. 

d. Enhanced Therapeutic Efficacy: The use of ILMs for drug delivery has 

been demonstrated to enhance the therapeutic efficacy of various drugs, 

including anticancer agents (Feng et al., 2018). By encapsulating drugs 

within the IL matrix and controlling their release, researchers can achieve 

optimal drug concentrations at the target site, leading to improved 

treatment outcomes and reduced drug resistance. 

e. Biocompatibility and Safety: Ionic liquids used in drug delivery 

applications are often selected for their biocompatibility and low toxicity 

(Rogers et al., 2013). This ensures minimal adverse effects on biological 

tissues and organs, making ILMs suitable for use in biomedical 
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applications. Additionally, the ability to tailor the physicochemical 

properties of ILs further enhances their safety profile for drug delivery. 

f. Versatility and Innovation: ILMs offer versatility and flexibility in drug 

delivery applications, enabling the encapsulation and delivery of a wide 

range of therapeutic agents, including small molecules, peptides, proteins, 

and nucleic acids (Deng et al., 2012). Ongoing research efforts continue to 

explore innovative strategies for enhancing drug delivery efficiency, 

targeting specificity, and minimizing side effects using ILM-based 

platforms. 

g. Clinical Translation and Challenges: Despite significant progress, 

challenges such as scalability, reproducibility, and regulatory approval 

hinder the clinical translation of ILM-based drug delivery systems (Li et 

al., 2016). Addressing these challenges requires interdisciplinary 

collaborations between researchers, engineers, and clinicians to develop 

robust and clinically viable drug delivery platforms. 

The potential applications of ILMs are still being explored, and new applications are 

being discovered all the time. ILMs are a promising class of materials with the 

potential to revolutionize a wide range of industries. 

Types of Ionic Liquid Membranes (ILMs) 

Ionic liquid membranes (ILMs) can be categorized into several types based on their 

structure and preparation methods. Each type offers unique advantages and 

applications: 

1. Supported Ionic Liquid Membranes (SILMs): 

• Structure: IL immobilized on a porous support material 

(polymer, ceramic, etc.). 
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• Applications: Gas separation (CO2 capture, H2 purification), liquid 

separation (heavy metal removal, water purification), catalysis, sensors. 

• Advantages: High selectivity, good stability, easy regeneration. 

• Disadvantages: Limited mechanical strength, potential leakage of IL. 

• Examples: CO2 capture from flue gas (Duan et al., 2010), desalination (El-

Mofty et al., 2013), heavy metal removal from wastewater (Safyari et 

al., 2010). 

2. Polymerized Ionic Liquid Membranes (PILMs): 

• Structure: Polymers containing ionic liquid moieties in their backbone. 

• Applications: Gas separation, pervaporation (dehydration of organic 

solvents), fuel cells, sensors. 

• Advantages: Good film-forming properties, high mechanical 

strength, tunable properties. 

• Disadvantages: Can be expensive to synthesize, lower selectivity compared 

to SILMs. 

• Examples: CO2 capture from air (Liu et al., 2014), ethanol dehydration (Feng 

et al., 2018), lithium-ion batteries (Song et al., 2019). 

3. Ionic Liquid-Polymer Blends (ILPs): 

• Structure: Physical mixture of IL and polymer. 

• Applications: Similar to SILMs and PILMs, but often lower performance. 

• Advantages: Easier to prepare than PILMs, lower cost than SILMs. 
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• Disadvantages: Potential phase separation, lower stability compared to 

SILMs and PILMs. 

• Examples: Dehydration of natural gas (Zareie et al., 2011), pervaporation of 

water from organic solvents (Feng et al., 2016). 

4. Ionic Liquid Polymer Inclusion Membranes (ILPIMs): 

• Structure: Porous polymer membrane filled with IL trapped within its pores. 

• Applications: Similar to SILMs and PILMs, but potentially higher loading of 

IL. 

• Advantages: High IL loading, good mechanical strength, tunable properties. 

• Disadvantages: Can be complex to prepare, potential leaching of IL. 

• Examples: CO2 capture from flue gas (Wang et al., 2017), dehydration of 

natural gas (Yu et al., 2018). 

5. Composite Ionic Liquid Membranes (CIMs): 

• Structure: IL combined with other materials like nanoparticles or carbon 

nanotubes. 

• Applications: Can offer improved properties like enhanced 

selectivity, permeability, and stability. 

• Advantages: Tailored properties for specific applications. 

• Disadvantages: Can be complex to prepare, limited understanding of 

transport mechanisms. 

• Examples: CO2 capture with improved selectivity (Zhao et 

al., 2018), membrane reactors for chemical reactions (Li et al., 2017). 
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The choice of the specific ILM type depends on the desired application and required 

properties. Ongoing research aims to develop novel ILMs with improved 

performance and broader applicability. 

Conclusion 

Membranes have long served as workhorses in various separation and purification 

processes, enabling clean water production, gas separation (e.g., CO2 capture, H2 

purification), and even facilitating diverse industrial applications like catalysis and 

drug delivery. This research delved into the exciting potential of ionic liquid 

membranes (ILMs), a novel class of membranes offering unique advantages. ILMs 

come in various forms, including supported (SILMs), polymerized (PILMs), 

composite (CIMs), and inclusion membranes (ILPIMs), each with distinct 

advantages based on their structure and preparation methods. A key strength of ILMs 

lies in their highly tunable properties – the choice of cations, anions, and support 

materials allows researchers to tailor ILMs for specific applications. This tunability 

translates into superior performance compared to traditional membranes. In gas 

separation, ILMs demonstrate exceptional selectivity for capturing CO2 from flue 

gas or purifying hydrogen (H2) streams, contributing to clean energy production. 

For liquid separations, ILMs offer efficient removal of pollutants and heavy metals 

from wastewater, supporting environmental remediation efforts. In catalysis, ILMs 

serve as both catalysts and reaction media, enhancing reaction efficiency and 

recyclability. Furthermore, ILMs show promise in drug delivery, encapsulating 

drugs within their structure for controlled release and targeted delivery, potentially 

leading to improved therapeutic outcomes. Despite these advancements, challenges 

such as cost-effectiveness, scalability, and long-term stability remain. However, 

ongoing research efforts are actively addressing these limitations. Researchers are 

exploring advanced design strategies to optimize pore structures, improve 
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compatibility with support materials, and develop targeted functionalities for 

specific applications. Additionally, interdisciplinary collaborations involving 

material scientists, chemists, engineers, and researchers from other fields are 

fostering the development of novel ILMs with improved performance and broader 

applicability. Looking towards the future, ILMs hold immense potential to 

revolutionize separation and purification technologies across various industries. 

Their tunability, versatility, and sustainability advantages pave the way for 

advancements in clean energy production, environmentally friendly processes, and 

targeted therapies, ultimately contributing to a more sustainable and healthy future. 
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